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Editorial on the Research Topic

Immune-Related Non-Communicable Diseases in Africa

The African continent has a long-standing tradition of research in communicable diseases. Indeed,
several national, regional, and international agencies are investing in understanding the
pathogenesis of and immunity to infection, particularly those diseases which are endemic to the
continent and responsible for substantial morbidity and mortality, notably HIV/AIDS, tuberculosis,
and malaria. More recently, interesting efforts have been made to encourage and support research in
the field of neglected tropical diseases. In contrast, with few exceptions African immunologists are
less involved in researching other immune-mediated diseases such as allergy, cancer, autoimmunity,
inborn errors of immunity (IEI), and auto-inflammation despite an expansion of the burden of
these diseases on the African continent, commensurate with the epidemiological transition from
infectious diseases to chronic, non-communicable diseases. Public health authorities are reporting a
surge of non-communicable diseases. Their particularities in African populations are interesting
challenges worthy of investigation.

To dissect the immunological mechanisms underlying several of these immune-mediated non-
communicable diseases and highlight their specificities in Africa were the aims of this Research
Topic. The frontiers between communicable and non-communicable diseases also require
exploration, such as host genetic susceptibility to infection, and the interplay between allergy and
parasitic infection.

Ten articles were included in this Research Topic and classified into the following categories: six
original and not original research manuscripts (Elhaj Mahmoud et al., Tahiat et al., Engelbrecht
et al., Harrison et al., Sibanda et al., Ait Ssi et al.); three case reports (Rais et al., Snen et al., Belaid
et al.) and one review (Ghouzlani et al.).

Three original research papers explored immune mechanisms underlying autoimmune and
rheumatological conditions. Sibanda et al. investigated systemic sclerosis in Zimbabwe, an
autoimmune disease that is rarely reported in Africa. In a large cohort of 240 patients, they
showed that specific autoantibodies are biomarkers of the condition and can precede overt disease.
Autoantibodies also determine disease phenotypes and vary between racial groups. Elhaj Mahmoud
et al. studied the pro-inflammatory activity of Wnt5a in rheumatoid arthritis tissue-derived
fibroblast-like synoviocytes. They showed that this activity is enhanced in vitro in the presence of
SFRP5 through mechanisms involving the inhibition of TCF4 and LRP5 expression. These findings
may contribute to the identification of potential therapeutic targets. In another contribution,
Harrison et al. described features of the arthropathy rarely observed in children with advanced HIV
org January 2022 | Volume 12 | Article 81625715

https://www.frontiersin.org/articles/10.3389/fimmu.2021.816257/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.816257/full
https://www.frontiersin.org/research-topics/15858/immune-related-non-communicable-diseases-in-africa
https://doi.org/10.3389/fimmu.2021.663683
https://doi.org/10.3389/fimmu.2021.665322
https://doi.org/10.3389/fimmu.2021.665621
https://doi.org/10.3389/fimmu.2021.665621
https://doi.org/10.3389/fimmu.2021.677984
https://doi.org/10.3389/fimmu.2021.679531
https://doi.org/10.3389/fimmu.2021.685213
https://doi.org/10.3389/fimmu.2021.692107
https://doi.org/110.3389/fimmu.2021.695954
https://doi.org/10.3389/fimmu.2021.696350
https://doi.org/10.3389/fimmu.2021.696350
https://doi.org/10.3389/fimmu.2021.679425
https://doi.org/10.3389/fimmu.2021.679531
https://doi.org/10.3389/fimmu.2021.663683
https://doi.org/10.3389/fimmu.2021.663683
https://doi.org/10.3389/fimmu.2021.677984
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:ridha.barbouche@laposte.net
https://doi.org/10.3389/fimmu.2021.816257
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.816257
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.816257&domain=pdf&date_stamp=2022-01-11


Barbouche and Eley Editorial: Non Communicable Diseases in Africa
infection, which may be linked to immune suppression where
multiple immune aberrations contribute to loss of self-tolerance.

Molecular aspects of IEI were addressed in two original studies
and two case reports. Tahiat et al. completed the first systematic
evaluation of autoimmunity and autoantibody profiles in Algerian
patients with IEIs. Of approximately 300 IEI patients screened for
54 different autoantibodies, 32% had detectable autoantibodies, a
significantly higher prevalence than the healthy control group.
Predictably, the prevalence of autoantibodies was highest among
those patients with diseases of immune dysregulation. An
interesting benefit of systematic screening was the identification of
several asymptomatic patients with transglutaminase IgA antibodies
who on further investigation were shown to have early celiac
disease. In Africa, next generation sequencing technologies are
not widely available for evaluating patients with suspected IEI.
The study of Engelbrecht et al. demonstrated the utility of whole
exome sequencing and/or targeted gene panels in 80 patients with
suspected IEI. Although molecular diagnoses of IEI were confirmed
in 31%, the impact of molecular testing was far greater, influencing
the management of two-thirds of the patients. The introduction of
routine molecular diagnostic testing is an important priority for
African countries. This will improve patient care as shown in this
study, increase our understanding of epidemiology of IEI in Africa
particularly in many countries with limited or no access to routine
immunological diagnostics, and enhance the continent’s capacity to
contribute to elucidating the molecular pathogenesis of IEI. Novel
case reports by Rais et al. and Belaid et al. reveal phenotypic
commonality between IPEX and ALPS and expands the spectrum
of hyper-IgE syndrome to include selective interleukin-2 receptor
common gamma chain defects, respectively.

Immunity to cancer in the African context is addressed in one
original research paper and one review, both focusing on the
immunological microenvironment of glioma, a common primary
brain neoplasm. Ait Ssi et al. analysed the tumour
microenvironment using transcriptomic data from patients with
glioma. Unsupervised, hierarchical clustering after enrichment
analysis enabled the identification of two patient groups, one
characterized by immune cells with anti-tumour immune
potential and the other enriched by immunosuppressive immune
cells. The timely review by Ghouzlani et al. complemented the
findings of the Ait-Ssi study and described immune checkpoints
and checkpoint inhibitors used by glioma cells to regulate the
immune response and evade immune destruction. While these
molecules are potential immunotherapeutic targets, a major
Frontiers in Immunology | www.frontiersin.org 26
consideration is the development of immunotherapies that will
cross the blood brain barrier in concentrations capable of blocking
immune checkpoint inhibitors used by glioma cells to escape the
immune response.

Finally, the paper by Snen et al. described the treatment of a
complicated case of allergic bronchopulmonary aspergillosis
(ABPA) in a patient with underlying asthma. This report
draws attention to the difficulty of diagnosing ABPA and the
importance of early diagnosis and effective treatment to
circumvent the long-term morbidity of the condition.

In conclusion, this Research Topic documented
immunological perspectives on a range of non-communicable
diseases, demonstrating the potential of African immunologists
to contribute to this interesting area of research and
clinical practice.
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Algiers Faculty of Medicine, University of Algiers 1, Algiers, Algeria, 5 Department of Pediatrics, Ain Taya Hospital, Algiers
Faculty of Medicine, University of Algiers 1, Algiers, Algeria, 6 Department of Pediatrics, Bab El-Oued University Hospital,
Algiers Faculty of Medicine, University of Algiers 1, Algiers, Algeria, 7 Department of Pediatrics A, Hussein Dey University
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Objectives: To evaluate the diagnostic and predictive contribution of autoantibodies
screening in patients with primary immunodeficiencies (PIDs).

Methods: In the present study, PID patients and healthy controls have been screened for
54 different autoantibodies. The results of autoantibodies screening in PID patients were
correlated to the presence of autoimmune diseases.

Results: A total of 299 PID patients were included in this study with a predominance of
antibody deficiencies (27.8%) followed by immunodeficiencies affecting cellular and
humoral immunity (26.1%) and complement deficiencies (22.7%). Autoimmune
manifestations were present in 82 (27.4%) patients. Autoimmune cytopenia (10.4%)
was the most common autoimmune disease followed by gastrointestinal disorders
(10.0%), rheumatologic diseases (3.7%), and endocrine disorders (3.3%).
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Autoantibodies were found in 32.4% of PID patients and 15.8% of healthy controls (P <
0.0005). Anti-nuclear antibodies (ANA) (10.0%), transglutaminase antibody (TGA) (8.4%),
RBC antibodies (6.7%), anti-smooth muscle antibody (ASMA) (5.4%), and ASCA (5.0%)
were the most common autoantibodies in our series. Sixty-seven out of the 82 patients
with autoimmune manifestations (81.7%) were positive for one or more autoantibodies.
Eleven out of the 14 patients (78.6%) with immune thrombocytopenia had positive
platelet-bound IgM. The frequencies of ASCA and ANCA among patients with IBD
were 47.4% and 21.0% respectively. All patients with celiac disease had TGA-IgA,
while six out of the 11 patients with rheumatologic diseases had ANA (54.5%). Almost
one third of patients (30/97) with positive autoantibodies had no autoimmune
manifestations. ANA, rheumatoid factor, ASMA, anti-phospholipid antibodies and
ANCA were often detected while specific AID was absent. Despite the low positive
predictive value of TGA-IgA and ASCA for celiac disease and inflammatory bowel disease
respectively, screening for these antibodies identified undiagnosed disease in four
patients with positive TGA-IgA and two others with positive ASCA.

Conclusion: The present study provides valuable information about the frequency and
the diagnostic/predictive value of a large panel of autoantibodies in PIDs. Given the
frequent association of some AIDs with certain PIDs, screening for corresponding
autoantibodies would be recommended. However, positivity for autoantibodies should
be interpreted with caution in patients with PIDs due to their low positive predictive value.
Keywords: primary immunodeficiencies, autoantibody, screening, autoimmune cytopenia, celiac disease,
platelet-bound IgM, transglutaminase antibody
INTRODUCTION

Primary immunodeficiencies (PIDs) are a heterogeneous group of
genetic disorders that affect distinct components of both humoral
and cellular arms of the immune system (1). PIDs are no longer
defined by recurrent infections alone. Patients with such disorders
are increasingly recognized with features of immune dysregulation,
including autoimmunity and inflammation (2–5). In a retrospective
study of the French Registry, authors have reported that more than
26% of patients with PIDs developed one or more autoimmune or
inflammatory manifestations throughout their lifetime (6). The risk
for autoimmune diseases (AID) was at least 10 times higher than in
the general population (6). Mechanisms underlying the
development of autoimmunity in PIDs include defective T and B
cell development and tolerance, defective regulatory T cell (Treg)
development or function, increased type I interferon signature and
lack of clearance of immune complexes and apoptotic debris (7).

The presence of serum autoantibodies directed to multiple cell
surface and intracellular antigens is a serological hallmark of
autoimmune diseases and a helpful biomarker for establishing an
early and accurate diagnosis. Autoimmunity has been widely
studied in PIDs. However, most of published studies were focused
on clinical manifestations and only few is known about the clinical
relevance of autoantibody testing in such monogenic defects (6, 8).
In the present study, a large series of patients with PIDs have been
screened for a broad panel of autoantibodies. The study’s main
objective was to evaluate the diagnostic and predictive contribution
org 28
of autoantibodies screening in patients with PIDs. A secondary goal
was to report the frequency of autoantibodies in different
PID categories.
MATERIAL AND METHODS

Patients and Healthy Controls
In the present study, 299 Algerian patients with PIDs have been
enrolled in two-year period (January 2018 to January 2020). All
patients met the updated criteria of the European Society for
Immunodeficiency (ESID) (www.esid.org). Secondary
immunodeficiencies were ruled out for each patient. Patients
were categorized according to the International Union of
Immunological Societies (IUIS), Primary Immunodeficiency
Diseases Committee Report on Inborn Errors of Immunity
(2019) (1). In addition, the study included 120 healthy subjects
(70 children and 50 adults) as a control group. The study was
approved by the local ethics Committee and it conforms to the
provisions of the World Medical Association’s Declaration
of Helsinki.

Diagnosis of Autoimmune Diseases
Data on autoimmune manifestations were collected and analyzed
for each patient. The diagnosis of AID was based on clinical and
complementary paraclinical findings (ex., radiology, endoscopy,
colonoscopy and biopsy results) and laboratory tests (ex.,
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Coombs test, antinuclear antibodies, and transglutaminase
antibody), according to international criteria for a specific
disease. For instance, patients who were diagnosed with
autoimmune hemolytic anemia (AIHA) presented with anemia
that was associated with a positive Coombs test.

Autoantibody Testing
Patients and healthy controls were systematically screened for a
broad panel of autoantibodies (54 distinct autoantibodies) that
included : anti-nuclear antibodies (ANA), rheumatoid factor
(RF), anti-citrullinated protein antibody (ACPA), anti-
neutrophil cytoplasmic antibodies (ANCA), anti-phospholipid
antibodies (aPL), anti-tissue antibodies (such as anti-smooth
muscle antibody (ASMA)), anti-saccharomyces cerevisiae
antibody (ASCA), transglutaminase antibody (TGA), red blood
Frontiers in Immunology | www.frontiersin.org 39
cell (RBC) antibodies, platelet-bound antibodies (PA) and anti-
neutrophil antibodies (Table 1).

ANA screening was performed at a dilution of 1:80 by indirect
immunofluorescence (IIF) using HEp-2 cell line as substrate. For
positive sera, nuclear and cytoplasmic staining patterns were read by
two experts and ANA specificities, including dsDNA, extractable
nuclear antigens (ENA), nucleolar antigens and cytoplasmic
antigens were identified by enzyme-like immunosorbent assay
(ELISA) and/or Immunodot. IIF and ELISA have been used for
ANCA screening and identification, respectively. Detection of RBC
antibodies was performed by Coombs test. PA-IgG, PA-IgM and
PA-IgA were detected by flow cytometry, using a commercial kit
(THROMBOCYTEST, BD Biosciences, CA, USA), according to the
manufacturer’s instructions. Briefly, isolated platelets from EDTA
whole blood were incubated with PE-labeled goat Ig anti-human
TABLE 1 | Immunoassays used for antibody testing.

AID Autoantibody Immunoassay (manufacturer)

Rheumatologic diseases ANA (screening) IIF/HEp-2 (EUROIMMUN,
Germany)

ANA (identification)
dsDNA
ENA : Sm, RNP, Sm/RNP, SSA, SSB, Scl-70, PM/Scl, Ku, CENP-A/B, PCNA, Mi-2 & DFS-
70
Nucleolar antigens : PM/Scl, Th/To, Fibrillarin, NOR-90
Cytoplasmic antigens : M2/nPDC, Jo-1, PL-7, PL-12, SRP and Ribosome P0

ELISA (Bio-Rad, CA, USA)
Immunodot (D-tek, Belgium)
Immunodot (D-tek, Belgium)
Immunodot (D-tek, Belgium)

RF Laser Nephelometry
(BN ProSpec, Siemens, Germany)

ACPA ELISA (Bio-Rad, CA, USA)
APS aCL-IgG & aCL-IgM ELISA (Bio-Rad, CA, USA)

ab2GPI-IgG & b2GPI-IgM ELISA (Bio-Rad, CA, USA)
AAV ANCA (screening) IIF/human neutrophils

(EUROIMMUN, Germany)
ANCA (identification) Immunodot (D-tek, Belgium)

IBD ASCA-IgA & ASCA-IgG ELISA (Bio-Rad, CA, USA)
CD TGA-IgA & TGA-IgG ELISA (Bio-Rad, CA, USA)
Pernicious anemia APCA IIF (EUROIMMUN, Germany)
AIH & PBC ASMA IIF (EUROIMMUN, Germany) and

Immunodot (D-tek, Belgium)
anti-LKM 1 IIF (EUROIMMUN, Germany) and

Immunodot (D-tek, Belgium)
anti-LC1 IIF (EUROIMMUN, Germany) and

Immunodot (D-tek, Belgium)
anti-SLA Immunodot (D-tek, Belgium)
AMA IIF (EUROIMMUN, Germany) and

Immunodot (D-tek, Belgium)
anti-gp210 Immunodot (D-tek, Belgium)
anti-SP100 Immunodot (D-tek, Belgium)

Autoimmune thyroiditis anti-TPO ELISA (EUROIMMUN, Germany)
anti-TG ELISA (EUROIMMUN, Germany)

Insulin-dependent diabetes
mellitus

anti-GAD ELISA (EUROIMMUN, Germany)

AIHA RBC antibodies Coombs test
ITP PA (IgG, IgM et IgA) Flow cytometry
Autoimmune neutropenia anti-neutrophil antibodies

(IgG et IgM)
Indirect GIFT- Flow cytometry
April 2
AAV, ANCA associated vasculitis; ACPA, anti-citrullinated protein antibody; aCL, anti-cardiolipin antibodies; ab2GPI, anti-b2 glycoprotein I antibodies; AID, autoimmune disease; AIH,
autoimmune hepatitis; AIHA, autoimmune hemolytic anemia; AMA, anti-mitochondrial antibody; ANA, anti-nuclear antibodies; ANCA, anti-neutrophil cytoplasmic antibodies; APCA, anti-
parietal cell antibody; APS, anti-phospholipid syndrome; ASCA, anti-saccharomyces cerevisiae antibody; ASMA, anti-smooth muscle antibody; CD, celiac disease; ELISA, enzyme-like
immunosorbent assay, GIFT, granulocyte immunofluorescence test; IBD: inflammatory bowel disease; IIF, indirect immunofluorescence, ITP, immune thrombocytopenia; LC, liver cytosol;
LKM, liver-kidney microsome; PA, platelet-bound antibodies; PBC, primary biliary cirrhosis; RBC, red blood cell; RF, rheumatoid factor; SLA, soluble liver antigen; TG, thyroglobulin; TGA,
anti-transglutaminase antibody; TPO, thyroid peroxidase.
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IgG, IgM and IgA to detect platelet-bound antibodies. Binding of
the antibodies was measured with a FACSCanto (BD Biosciences,
CA, USA). Anti-neutrophil antibodies (IgG and IgM) were detected
by indirect granulocyte immunofluorescence test (GIFT) as
described previously (9). Briefly, a mixture of fresh anticoagulated
blood samples obtained from 10 healthy subjects was used as a
source of neutrophils. The rationale for using multiple donors was
to obtain a good representation of two common human neutrophil
antigens (HNA) alloforms 1 and 2. The mixed blood sample was
treated with ammonium chloride-based RBC-lysing reagent. The
cells were thoroughly washed, resuspended and incubated at room
temperature with the patients’ sera for 30 minutes, washed twice
and incubated for 15 minutes with FICT-conjugated anti-human
IgG and IgM rabbit F(ab’)2 antibody fragment.

Statistical Analysis
The comparison of frequencies was performed by chi-square test
or Fisher’s exact test. The threshold for statistical significance
was set to a P value of less than 0.05 in all analyses. The statistical
analyses were performed using SPSS version 23.0 (software
package (IBM), Chicago, IL, USA).
RESULTS

Demographic Data
The demographic data of PID patients and healthy controls are
shown in Table 2. Of the 299 patients included in this study, 169
(56.5%) were males and 130 (43.5%) were females. The mean age
of patients was 12.8 years (0.1 – 80 years), the mean age at onset
of PID symptoms was 4,2 years (0 – 60 years) and the mean
disease duration was 5.7 years (0.1 – 53 years). Two hundred
three (68%) patients were children and 96 (32%) were adults.
Ninety patients (30.1%) were born from consanguineous parents.
Diagnosis of PID was confirmed by immunological testing in all
patients and genetically in 60 (20%) patients. The distribution of
Frontiers in Immunology | www.frontiersin.org 410
patients according to the classification from the IUIS Expert
Committee is shown in Table 2. Predominantly antibody
deficiencies (27.8%) were the most common, followed by
immunodeficiencies affecting cellular and humoral immunity
(26.1%) and complement deficiencies (22.7%).

Autoimmune Diseases
Autoimmune manifestations were present in 82 (27.4%) patients,
including 45 (55%) males and 37 (45%) females. There was no
statistically significant association between having AID and
gender (P = 0.72). AIDs was more common in patients with
immune dysregulation (70.0%), followed by immunodeficiencies
affecting cellular and humoral immunity (33.3%) (P < 0.0005).
The lowest frequency of AID was seen in patients with
complement deficiencies (10.3%) (Table 3). Unlike patients
with “classical” severe combined immunodeficiencies (SCIDs),
patients with atypical forms of SCID, including Omenn
syndrome (OS) (n = 6) and leaky SCID (n = 9) presented a
high frequency of AID (14.3% vs. 66.7%; P = 0,006). The
frequency of autoimmune manifestations in patients with
predominantly antibody deficiencies was 24.1%. Such
manifestations were more frequent in patients with common
variable immunodeficiencies (CVID) compared to patients with
other antibody deficiencies (30.9% vs. 17.1%), but the difference
did not reach level of significance (P = 0.14) (Tables 3 and 5).

A wide range of autoimmune manifestations was observed in
our series; autoimmune cytopenia (10.4%) was the most
common AID followed by gastrointestinal disorders (10.0%),
rheumatologic diseases (3.7%), skin manifestations (3.3%) and
endocrine disorders (3.3%) (Table 4). The distribution of
different AIDs with respect to PID categories is shown in
Table 5. The most striking findings are that autoimmune
cytopenia and skin diseases were common in patients with
combined immunodeficiencies (CID), especially atypical SCID,
while IBD and endocrine disorders predominated in patients
with diseases of immune dysregulation. IBD was also common in
patients with chronic granulomatous disease (CGD).
TABLE 2 | Demographic data of PID patients and healthy controls.

Category Number (%) Gender M/F Age Mean/years (range) Disease duration Mean/years (range)

Immunodeficiencies affecting cellular and humoral immunity 78
(26.1)

48/30 3.9
(0.1 – 76)

2.8
(0 – 21)

Combined immunodeficiencies with
associated or syndromic features

28
(9.4)

20/8 3.3
(0.2 – 14)

3.0
(0 – 13)

Predominantly antibody deficiencies 83
(27.8)

46/37 19.2
(0.3 – 80)

6.6
(0 – 30)

Diseases of immune dysregulation 20
(6.7)

13/7 4.4
(0.3 – 17)

3.4
(0 – 13)

Congenital defects of phagocyte
number or function

9
(3.0)

7/2 4.8
0.1 – 31

0.7
(0 – 2)

Defects in intrinsic and innate immunity 6
(2.0)

2/4 6.7
(2 – 21)

5.7
(1.5 – 17)

Complement deficiencies 68
(22.7)

28/40 26.6
(0.5 – 67)

18.7
(2 – 53)

Other immunodeficiencies 7
(2.3)

5/2 20.1
2 – 65

1.1
(1 – 3)

Healthy controls 120 69/51 17.9
(1 – 58)

/

April 2021 | Volume 12 | Article 665322

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Tahiat et al. Autoantibodies in Primary Immunodeficiencies
Autoantibodies
The results of autoantibody testing in PID patients and healthy
controls are shown in Table 3 and 6. One or more autoantibodies
were found in 32.4% of PID patients and 15.8% of healthy
individuals (P < 0.0005). Among the 97 patients with positive
autoantibodies, 58 (60%) were males and 39 (40%) were females.
There was no statistically significant association between having
autoantibodies and gender (P = 0.54). The distribution of
patients according to the number of positive autoantibodies
showed that 46 patients (47.4%) were positive for 1
autoantibody, 22 patients (22.7%) were positive for 2
autoantibodies, 15 patients (15.5%) had 3 autoantibodies, while
14 patients (14.4%) developed 4 or more autoantibodies. There
was a statistically significant association between having
autoantibodies and PID category (P = 0.001). Serum
autoantibodies were more frequent in patients with diseases of
immune dysregulation followed by T cell immunodeficiencies,
including immunodeficiencies affecting cellular and humoral
immunity (38.5%) and CID with associated or syndromic
features (50%) (Table 3).

The most frequent autoantibodies in our series were: ANA
(10.0%), TGA (8.4%), RBC antibodies (6.7%), ASMA (5.4%), RF
(5.0%), ASCA (5.0%), ANCA (4.3%), and PA (4.3%). RBC
antibodies (P = 0.002), PA-IgM (P = 0.023), TGA-IgA (P =
0.021), anti-ENA antibodies (P = 0.039), and RF (P = 0.048) were
significantly more frequent in PID patients when compared to
healthy controls (Table 6). The distribution of different
autoantibodies with respect to PID categories is shown in
Table 7. The frequencies of most tested autoantibodies were
higher in patients with diseases of immune dysregulation (Table
7). However, when considering PID patients with increased
susceptibility to infections, and after excluding patients who
have defects of phagocyte number or function, and defects in
intrinsic and innate immunity due to low numbers, the
frequency of RBC antibodies was significantly higher in
patients with T cell immunodeficiency (P = 0.003). The
frequency of PA was also higher in patients with T cell
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immunodeficiency but the difference did not reach level of
significance (P = 0.26). There was no statistically significant
association between having ANA, ASCA, ANCA and TGA-IgA
and PID category. However, it is interesting to note that TGA-
IgA (8.8%) was common in patients with complement
deficiencies, especially in patients with hereditary angioedema
due to C1-inhibitor deficiency (HAE/C1-inhibitor deficiency)
(9.1%) (Table 7).

Sixty-seven out of the 82 patients (81.7%) with autoimmune
manifestations were positive for one or more autoantibodies. All
patients with AIHA had positive Coombs test. Twelve out of the
14 patients (85.7%) with immune thrombocytopenia (ITP) had
positive PA. Among these patients, six (50%) were positive
for PA-IgM, three (25%) for PA-IgM and PA-IgG, two (16.7%)
for PA-IgM and PA-IgA and one (8.3%) for PA-IgG.
Interestingly, PA-IgM and PA-IgG were present in a patient
with autoimmune lymphoproliferative syndrome (ALPS) (due to
homozygous mutation in FAS) and normal platelet count
(188000 per uL). IgM (n = 2) and IgG (n = 1) anti-neutrophil
have been detected by indirect GIFT in three patients with
autoimmune neutropenia. The prevalence of ASCA and ANCA
among patients with IBD (n = 19) were 47.4% and 21.0%
respectively. All patients with celiac disease (CD) (n = 8) had
TGA-IgA, while none of them had TGA-IgG. Among patients
with rheumatologic diseases (n = 11), six had ANA (54.5%), two
were positive for RF (18.2%) while none had ACPA.

Almost one third of patients (31%) with positivity for one or
more autoantibodies had no autoimmune manifestations. ANA,
RF, ASMA, aPL and ANCA were often detected while specific
AID was absent (Figure 1). Thus, only 20% of patients with
positivity for ANA had rheumatologic disease. Such AID was
found in only 13.3% of patients with RF. Similarly, 18.7% of
patients with positive ASMA had autoimmune hepatitis (AIH)
and none of the eight patients who were positive for aPL had
anti-phospholipid syndrome (APS).

Eight out of the 22 patients (36.4%) with positive TGA-IgA
had CD. The screening of TGA-IgA in our series identified four
earlier undiagnosed CD. The diagnostic was confirmed by a
TABLE 3 | AID and autoantibodies in different PID categories and healthy controls.

Category AIDs
n(%)

Autoantibodies
n(%)

Immunodeficiencies affecting cellular and humoral
immunity

26
(33.3)

30
(38.5)

Combined immunodeficiencies with
associated or syndromic features

8
(28.6)

14
(50.0)

Predominantly antibody deficiencies 20
(24.1)

17
(20.5)

Diseases of immune dysregulation 14
(70.0)

13
(65.0)

Congenital defects of phagocyte
number or function

3
(33.3)

3
(33.3)

Defects in intrinsic and innate immunity 2
(33.3)

2
(33.3)

Complement deficiencies 7
(10.3)

15
(22.1)

Healthy controls 0
(0)

19
(15.8)
AID, autoimmune disease.
TABLE 4 | Main autoimmune manifestations in our series.

AID Number Percentage (n = 299)

Autoimmune cytopenia 31 10,4
AIHA 17 5,7
ITP 11 3,7
Evans syndrome 3 1,0
Autoimmune neutropenia 3 1,0
Gastrointestinal disorders 30 10.0
IBD 19 6,4
Celiac disease 8 2,7
Pernicious anemia 4 1.3
Rheumatologic disorders 11 3,7
SLE 4 1.3
Endocrine disorders 10 3,3
Insulin-dependent diabetes mellitus 6 2,0
Hashimoto’s disease 4 1,3
Skin diseases 10 3,3
A
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AID, autoimmune disease; AIHA, autoimmune hemolytic anemia; IBD: inflammatory bowel
disease; ITP, immune thrombocytopenia; SLE, systemic lupus erythematosus.
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biopsy in two patients with CID and CVID and by a “no-biopsy
approach” (i.e., TGA-IgA values ≥10 times the upper limit of
normal and positive endomysial antibodies (EMA-IgA) in a
second serum sample) in two patients with HAE/C1-inhibitor
deficiency. Nine out of the 15 patients (60%) with positive ASCA
(IgA and or IgG) had IBD. The screening for ASCA identified
two undiagnosed IBD in two patients with CGD and CVID.
DISCUSSION

In the present study, a large series of Algerian patients with PIDs
were systematically tested for a broad panel of autoantibodies.
The results of autoantibodies screening were correlated to the
presence of autoimmune manifestations. Although the
occurrence of autoimmunity in patients with PIDs has been
previously reported, to the best of our knowledge, this is the first
report to evaluate the diagnostic and predictive values of
Frontiers in Immunology | www.frontiersin.org 612
autoantibodies for AIDs in the context of PIDs. Moreover this
is the first systematic report of autoimmunity and autoantibody
profile in patients with PIDs from Africa.

A total of 299 Algerian patients with 60 different PIDs,
belonging to 7 different categories of IUIS classification, were
included in this study. Autoimmune manifestations were present
in 27.4% of patients. A similar prevalence (26.2%) has been
reported in a previous study of the French National Primary
Immunodeficiencies Registry (6). However, the frequency of
AIDs in the Slovenian (22%) and Kuwaiti (20%) studies were
lower (8, 10). Many factors, such as ethnicity, environment,
cohort size, age of patients, disease duration, and access to
hematopoietic stem cell transplantation could have contributed
to such differences between series. In our study, AIDs were more
common in patients with immune dysregulation (70.0%)
followed by immunodeficiencies affecting cellular and humoral
immunity (33.3%). Although autoimmunity was less prevalent in
patients with complement deficiencies, it is worth to be
mentioned that six out of the 55 patients (10.9%) with HAE/
TABLE 5 | Distribution of major autoimmune diseases among different categories/types of PIDs.

Category/type of PIDs Number of
patients

Autoimmune Cytopenia
(%)

IBD
(%)

CD
(%)

Endocrine disease
(%)

Skin
(%)

Immunodeficiencies affecting cellular and humoral immunity 78 17.9 2.6 2.6 1.3 10.3
SCID 14 14.3 0 0 0 0
OS 6 50.0 0 0 0 100
Leaky SCID 9 33.3 0 0 0 11.1
bona fide CID 49 12.2 4.1 4.1 2.0 2.0
Combined immunodeficiencies with associated or syndromic
features

28 17.9 0 3.6 3.6 0

Wiskott–Aldrich syndrome 6 33.3 0 16.7 0 0
DiGeorge syndrome 4 25.0 0 0 0 0
Ataxia telangiectasia 6 0 0 0 0 0
Hyper-IgE syndrome 7 0 0 0 0 0
Other CID with syndromic features 5 40 0 0 20 0
Predominantly antibody deficiencies 83 8.4 7.2 2.4 1.2 1.2
Agammaglobulinemia 14 0 0 0 0 0
CVID 42 11.9 9.5 4.8 0 2.4
Other antibody deficiencies 27 7.4 7.4 0 3.7 0
Diseases of immune dysregulation 20 20.0 40.0 5.0 20.0 5.0
ALPS (Fas deficiency) 3 100 0 0 0 0
IPEX syndrome 1 100 0 0 100 0
LRBA deficiency 1 0 0 0 0 0
Immune dysregulation
with colis

6 0 100 0 0 16.7

Familial hemophagocytic
lymphohistiocytosis

3 0 0 0 0 0

Chediak Higashi 2 0 0 0 0 0
Other diseases of immune dysregulation 4 0 50 25 75 0
Congenital defects of phagocyte number or function 9 11.1 22.2 0 11.1 0
CGD 4 0 50.0 0 25.0 0
Congenital neutropenia 3 33.3 0 0 0 0
Other phagocytic defects 2 0 0 0 0 0
Defects of intrinsic and innate immunity 6 0 0 0 16.7 0
STAT1 GOF 2 0 0 0 50 0
MSMD 4 0 0 0 0 0
Complement deficiencies 68 0 0 2.9 0 0
HAE/C1-inhibitor deficiency 55 0 0 3.6 0 0
Other complement deficiencies 13 0 0 0 0 0
April 202
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ALPS, autoimmune lymphoproliferative syndrome; CD, celiac disease; CGD, chronic granulomatous disease; CID, combined immunodeficiency; CVID, common variable
immunodeficiency; GOF, gain-of-function; HAE, hereditary angioedema; IBD, inflammatory bowel disease; IPEX, immune dysfunction, polyendocrinopathy, enteropathy, LRBA,
lipopolysaccharide-responsive and beige-like anchor protein; MSMD, mendelian susceptibility to mycobacterial disease; OS, Omenn Syndrome; PID, primary immunodeficiency
disease; SCID, severe combined immunodeficiency; STAT, signal transducer and activator of transcription.
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C1-inhibitor deficiency (which is the most common complement
deficiency in our series) had autoimmune diseases, including two
patients (3.6%) with systemic lupus erythematosus and two
others (3.6%) with CD.

Autoimmune cytopenia (10.4%) was the most common
autoimmune manifestation in our series. This finding is in
accordance with the French and the Kuwaiti studies and
emphasize the importance of recognizing autoimmune
cytopenia as ‘warning sign’ of immunodeficiency (especially in
children) that should trigger an immune evaluation.
Furthermore, gastrointestinal disorders (10.0%), rheumatologic
diseases (3.7%) and endocrine disorders (3.3%) were also
Frontiers in Immunology | www.frontiersin.org 713
common in our series. This is comparable to the percentages
found in the French study (9.5%, 5.0% and 3.2%, respectively) (6,
8). However, skin manifestations, which have been observed in
3.3% of our patients were more frequent in the French registry
(5.5%) (6).

In our series, autoantibodies were present in 97 patients
(32.4%), they were significantly more frequent than in the
control group (P < 0.0005). Among patients with positive
autoantibodies, 67 (69%) had AIDs while 30 (31%) did not
exhibit any autoimmune manifestation. The presence of
autoantibodies was a common feature of all types of PIDs.
However, their prevalence was significantly higher in patients
with defects of immune dysregulation. In our study, all patients
with ALPS, lipopolysaccharide-responsive and beige-like anchor
protein (LRBA) deficiency and immune dysfunction,
polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome
developed autoantibodies, highlighting the role of B-cell
homeostasis (Fas deficiency), Treg (IPEX syndrome) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) surface
expression (LRBA deficiency) in the control of autoreactive B
cells and autoantibody production. Furthermore, 38.5% of
patients with immunodeficiencies affecting cellular and
humoral immunity were positive for at least one autoantibody.
Although this category is mainly characterized by defects in T-
cell development and function (1), aberrant autoantibody
production is likely to be related to defects in B-cell tolerance
and function. In recombination-activating gene (RAG)
deficiency, the presence of a wide spectrum of autoantibodies,
both in patients (11) and in animal models (12, 13) has been
attributed to defects in central and peripheral B-cell tolerance.
Re-expression of RAG proteins in mice allows receptor editing in
bone marrow immature B cells and reduce the frequency of self-
reactive B-cells (14).

Red blood cell and platelet-bound antibodies were detected in
6.7% and 4.3% of patients respectively. All patients with AIHA
had positive Coombs test, while 85.7% of patients with ITP had
positive PA. The detection of PA by flow cytometry is an
excellent diagnostic tool for ITP, but it is worth noting that PA
could be detected in the absence of ITP. Unlike RBC antibodies,
most of detected platelet-bound antibodies were IgM. PA-IgM
was present in 78.6% of patients with ITP (mostly children),
while PA-IgG was detected in only 28.6% of patients. This
finding is in accordance with a recent Danish study, in which
PA-IgM were significantly more frequent than PA-IgG in
children with ITP (63% vs. 44%, P = 0.03) (15). Schmidt et al
have also reported that anti-platelet antibodies were
predominantly of the IgM class in children with newly
diagnosed ITP (16). In the same study, the authors have noted
that IgM responses were present short term without evidence of
class-switching to IgG (16). Such responses are likely to be
triggered by infections, and molecular mimicry may play a
central role in the development of self-directed anti-platelet
immunity (17, 18). Furthermore, a pathophysiological role of
IgM anti-platelet antibodies in ITP has been demonstrated (16,
19). Unlike IgM anti-erythrocyte autoantibody that promotes
anemia through a massive agglutination of RBCs in spleen and
TABLE 6 | Frequencies of different autoantibodies in PID patients
and healthy controls.

Autoantibody PID patients % Healthy controls % P

Autoantibodies 32.4 15.8 <0.0005
RBC antibodies 6.7 0 0.002
PA 4.3 0 0.024
PA-IgM 4.0 0 0.023
PA-IgG 1.7 0 NS
PA-IgA 0.7 0 NS
aNL 1.0 ND ND
aNL-IgM 0.7 ND ND
aNL-IgG 0.3 ND ND
ASCA 5.0 4.2 NS
ASCA-IgA 4.3 4.2 NS
ASCA-IgG 1.3 1.7 NS
ANCA 4.3 0.8 NS
TGA 8.4 1.7 0.014
TGA-IgA 7.4 1.7 0.021
TGA-IgG 2.3 0.8 NS
APCA 2.0 2.5 NS
ANA 10.0 6.7 NS
anti-dsDNA 1.7 0 NS
anti-ENA 3.7 0 0.039
anti-SSA/Ro 1.3 0 NS
anti-SSB/La 0.7 0 NS
anti-RNP 1.3 0 NS
anti-Sm 0.7 0 NS
anti-Scl70 0.3 0 NS
anti-Ku 0.3 0 NS
anti-DFS70 0.3 0 NS
RF 5.0 0.8 0.048
ACPA 1.0 0.0 NS
ASMA 5.4 0.8 0.051
anti-LKM1 0.3 0.0 NS
anti-GAD 1.7 ND ND
anti-TPO 2.0 ND ND
anti-TG 1.3 ND ND
aPL 2.7 0.8 NS
aCL-IgG 1.0 0 NS
aCL-IgM 1.0 0.8 NS
ab2GPI-IgG 0 0 NS
ab2GPI-IgM 1.0 0 NS
ACPA, anti-citrullinated protein antibody; aCL, anti-cardiolipin antibodies; ab2GPI, anti-b2
glycoprotein I antibodies; ANA, anti-nuclear antibodies; ANCA, anti-neutrophil
cytoplasmic antibodies; aNL, anti-neutrophil antibody; APCA, anti-parietal cell antibody;
aPL, antiphospholipid antibodies; ASCA, anti-saccharomyces cerevisiae antibody; ASMA,
anti-smooth muscle antibody; GAD, anti-glutamic acid decarboxylase, LKM, liver-kidney
microsome; ND, not determined; NS: not significant; PA, platelet-bound antibodies; RBC,
red blood cell; RF, rheumatoid factor; TG, thyroglobulin; TGA, anti-transglutaminase
antibody; TPO, thyroid peroxidase.
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liver, PA-IgM induces thrombocytopenia through uptake of
opsonized platelets (19, 20). In the mouse, it has been reported
that IgM autoantibody-mediated thrombocytopenia was
macrophage dependent and the Fca/mR was required for
macrophage uptake of opsonized thrombocytes (21).
Complement fixation on IgM might also potentially activate
phagocytosis involving complement receptors expressed on
macrophages (16). Taken all findings together, childhood ITP
unlike chronic adult ITP is mainly IgM-mediated. Patients
should be tested for both PA-IgM and PA-IgG in order to
improve the sensitivity of the flow cytometric test and to
determine the prognosis of the ITP (16).

When considering PID patients with increased susceptibility
to infections (i.e., after excluding patients with diseases of
immune regulation), RBC antibodies and PA were more
common in patients with T-cell immunodeficiency. Of 8 RAG-
deficient patients, 3 (37.5%) were positive for RBC antibodies or
Frontiers in Immunology | www.frontiersin.org 814
PA and exhibited autoimmune cytopenia. In previous studies,
biallelic RAG1 and RAG2 mutations have been associated with a
wide range of clinical and immunological phenotypes (22).
While null mutations result in SCID with the absence of T and
B lymphocytes (T− B− NK+ SCID) (23), hypomorphic
mutations allowing for residual protein function are associated
with atypical forms including OS (24–26), and leaky SCID (23,
27). Autoimmune manifestations are rare in RAG-deficient
patients presenting with typical SCID. However, cytopenias, in
particular AIHA, have been reported in more than half of
patients with hypomorphic mutations in RAG1 and RAG2
(28). In our series, none of the two RAG-deficient patients
with SCID had autoimmune cytopenia while three out of the 6
patients with hypomorphic mutations (manifesting as OS in 4
patients and leaky SCID in 2 others) presented with autoimmune
cytopenias, including AIHA in two patients and ITP in
another one.
TABLE 7 | Distribution of autoantibodies among different categories/types of PIDs.

Category/type of PIDs Number of patients RBC antibodies(%) PA
(%)

ASCA
(%)

ANCA
(%)

TGA
(%)

ANA
(%)

Immunodeficiencies affecting cellular and humoral immunity 78 11.5 5.1 2.6 3.8 5.1 11.5
SCID 14 14.3 0 0 0 0 0
OS 6 33.3 16.7 0 0 0 0
Leaky SCID 9 22.2 0 0 11.1 11.1 11.1
bona fide CID 49 6.1 6.1 4.1 4.1 6.1 16.3
Combined immunodeficiencies with associated or syndromic
features

28 14.3 7.1 0 0 17.8 7.1

Wiskott–Aldrich syndrome 6 33.3 0 0 0 16.7 0
DiGeorge syndrome 4 25.0 25.0 0 0 0 0
Ataxia telangiectasia 6 0 0 0 0 0 16.7
Hyper-IgE syndrome 7 0 0 0 0 28.6 0
Other CID with syndromic features 5 20 20 0 0 40 20
Predominantly antibody deficiencies 83 2.4 4.8 2.4 1.2 3.6 6.0
Agammaglobulinemia 14 0 0 0 0 0 0
CVID 42 4.8 4.8 4.8 0 7.1 2.4
Other antibody deficiencies 27 0 7.4 0 3.7 0 14.8
Diseases of immune dysregulation 20 20.0 10.0 25.0 30.0 20.0 30.0
ALPS (Fas deficiency) 3 100 66.7 0 66.7 0 33.3
IPEX syndrome 1 100 0 100 0 100 100
LRBA deficiency 1 0 0 0 0 0 0
Immune dysregulation
with colis

6 0 0 16.7 50 0 33.3

Familial hemophagocytic
lymphohistiocytosis

3 0 0 0 0 0 33.3

Chediak Higashi 2 0 0 50 0 0 50
Other diseases of immune dysregulation 4 0 0 50 25 75 0
Congenital defects of phagocyte number or function 9 11.1 11.1 22.2 0 11.1 11.1
CGD 4 0 0 50.0 0 25.0 25.0
Congenital neutropenia 3 33.3 33.3 0 0 0 0
Other phagocytic defects 2 0 0 0 0 0 0
Defects of intrinsic and innate immunity 6 0 0 16.7 33.3 0 16.7
STAT1 GOF 2 0 0 0 50 0 50
MSMD 4 0 0 25 25 0 0
Complement deficiencies 68 0 0 2.9 1.5 8.8 7.3
HAE/C1-inhibitor deficiency 55 0 0 3.6 1.8 9.1 7.2
Other complement deficiencies 13 0 0 0 0 7.7 7.7
April 2021
 | Volume
 12 | Article
ALPS, autoimmune lymphoproliferative syndrome; ANA, anti-nuclear antibodies; ANCA, anti-neutrophil cytoplasmic antibodies; ASCA, anti-saccharomyces cerevisiae antibody; CD,
celiac disease; CGD, chronic granulomatous disease; CID, combined immunodeficiency; CVID, common variable immunodeficiency; GOF, gain-of-function; HAE, hereditary angioedema;
IBD, inflammatory bowel disease; IPEX, immune dysfunction, polyendocrinopathy, enteropathy, LRBA, lipopolysaccharide-responsive and beige-like anchor protein; MSMD, mendelian
susceptibility to mycobacterial disease; OS, Omenn Syndrome; PA, platelet-bound antibodies; PID, primary immunodeficiency disease; RBC, red blood cell; SCID, severe combined
immunodeficiency; STAT, signal transducer and activator of transcription; TGA, anti-transglutaminase antibody.
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Inflammatory bowel disease was the most common
gastrointestinal disease in our cohort. IBD was more frequent
in patients with defects of immune dysregulation (40%), CGD
(50%), and CVID (9.5%). The frequencies of ASCA and ANCA
among patients with IBD were 47.4% and 21.0%, respectively.
ASCA was associated with IBD in 60% of patients. Interestingly,
the systematic testing for ASCA identified two undiagnosed IBD,
representing 10.5% of total IBD cases. Hence, patients presenting
PIDs with a high risk for IBD, such as CGD and CVID, should
be tested for ASCA even in the absence of digestive symptoms.
In case of positive ASCA, additional investigations (ex.,
radiology, colonoscopy and biopsy) are necessary to confirm
the diagnosis.

One of the most striking results of our study is the high
frequency of TGA. We were somewhat surprised to observe that
25 patients (8.4%) were positive for TGA-IgA and/or TGA-IgG
(compared to 1.7% in the control group). Among patients with
TGA-IgA, only 8 (36.4%) had CD. Despite their low positive
predictive value (PPV), TGA-IgA testing identified four earlier
undiagnosed CD, representing 50% of total CD cases in our
series. Interestingly enough, the screening of HAE patients for
TGA-IgA revealed a frequent association of CD with C1-
inhibitor deficiency (3.6%). Such association was also reported
by a Hungarian study in which 3.1% of patients with HAE had
CD (29). Considering the high prevalence of CD among patients
with HAE, screening for the former is warranted. In addition, it
may help in differential diagnosis as well as in the selection of the
most appropriate therapy, which is very important known the
similarities between the symptoms of HAE and CD.

In our study, ANA and RF were present in 10% and 5% of
patients respectively. However, their PPVs for rheumatologic
diseases were very low (20% and 13.3% for ANA and FR,
respectively). Similarly, only 18.7% of patients with positive
ASMA had AIH and none of the positive patients for aPL had
Frontiers in Immunology | www.frontiersin.org 915
APS. The aberrant autoantibody production in patients with
PIDs may be related to several intrinsic and environmental
factors (7, 30). Infections would play a central role in
triggering autoimmunity and autoantibody production in
patients with PIDs. In fact, the presence of autoantibodies such
as ANA, RF, ACPA, aPL, ANCA and ASMA has been described
as an epiphenomenon in several bacterial and viral infections
(ex., Staphylococcus aureus, Mycobacterium tuberculosis and
HCV) (30–34).

In conclusion, the present study provides valuable
information about the frequency and the diagnostic/predictive
value of a large panel of autoantibodies in PIDs. Considering the
frequent association of some AIDs with certain PIDs, such as
autoimmune cytopenia/Fas and RAG deficiencies, CD/C1-
inhibitor deficiency and IBD/CGD, systematic screening for
corresponding autoantibodies would be recommended.
However, positivity for autoantibodies, especially ANA, RF,
ANCA, aPL and ASMA, should be interpreted with caution
due to their low positive predictive value.
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10. Blazina Š, Markelj G, Jeverica AK, Toplak N, Bratanič N, Jazbec J, et al.
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Primary immunodeficiency disorders (PIDs) are inborn errors of immunity (IEI) that cause
immune system impairment. To date, more than 400 single-gene IEI have been well
defined. The advent of next generation sequencing (NGS) technologies has improved
clinical diagnosis and allowed for discovery of novel genes and variants associated with
IEI. Molecular diagnosis provides clear clinical benefits for patients by altering
management, enabling access to certain treatments and facilitates genetic counselling.
Here we report on an 8-year experience using two different NGS technologies, namely
research-based WES and targeted gene panels, in patients with suspected IEI in the
South African healthcare system. A total of 52 patients’ had WES only, 26 had a targeted
gene panel only, and 2 had both panel and WES. Overall, a molecular diagnosis was
achieved in 30% (24/80) of patients. Clinical management was significantly altered in 67%
of patients following molecular results. All 24 families with a molecular diagnosis received
more accurate genetic counselling and family cascade testing. Results highlight the clinical
value of expanded genetic testing in IEI and its relevance to understanding the genetic and
clinical spectrum of the IEI-related disorders in Africa. Detection rates under 40% illustrate
the complexity and heterogeneity of these disorders, especially in an African population,
thus highlighting the need for expanded genomic testing and research to further
elucidate this.

Keywords: inborn errors of immunity, South Africa, whole exome sequencing, targeted sequencing,
genetic variants
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INTRODUCTION

Primary immunodeficiency disorders (PIDs) are a group of
genetically heterogeneous inborn errors of immunity (IEI),
which lead to a predisposition to the development of
autoimmune and inflammatory diseases, lymphoproliferation
and infection (1–5). Individually, IEIs are rare, but collectively
represent a significant burden of disease (4, 6). It has recently
been estimated that close to one million people in Africa suffer
from an IEI, with South Africa contributing approximately
42,000 cases (7). However, human immunodeficiency virus
(HIV), tuberculosis (TB) and other infectious epidemics
in sub-Saharan Africa, limited clinical and laboratory
infrastructure for IEIs, as well as lack of awareness for IEIs in
these settings, have been major obstacles to diagnosis and
treatment (7–10).

The diagnostic workup for a suspected IEI is shifting from
only detailed clinical evaluations of the patient, to include a
number of laboratory tests which may include targeted gene
screening and immunological assays. Given that most IEIs are
monogenic, genetic testing has become an important modality
for providing an accurate and definitive diagnosis, altering
management and aiding genetic counselling (11–13). This said,
the identification of a disease-associated variant in a suspected
case of IEI can be challenging with many cases having no single
causative variant identified and large genotype-phenotype
variation reported (14–16).

The identification of genes and genetic variants associated
with IEIs has increased exponentially, with International Union
of Immunological Societies (IUIS) currently reporting on 406
distinct disorders, with 430 genetic defects (6). Between 2015 and
2017, a total of 85 new genes were associated with IEIs (17). This
increase has largely been driven by the use of next generation
sequencing (NGS), more specifically whole genome sequencing
(WGS), whole exome sequencing (WES) and the more restricted
targeted gene panel sequencing (17). WES involves the
investigation of all the protein-coding regions of the human
genome (exome) allowing identification of around 85% of all
disease-associated mutations (18). NGS gene panels are more
targeted and analyse only known disease-associated genes for
specific diseases. The advantages of panels over WES or WGS
include lower cost, simpler analysis, and optimisation of variant
detection in the included genes. Disadvantages include the
inability to analyse or re-analyse genes not included on the
panel (19).

Currently, NGS gene panels are the mainstay diagnostic tools
in clinical settings, whereas WES and WGS may be second-line
testing options. In South Africa, WES and WGS largely remain
research tools because of their cost and the complexity of data
interpretation. Factors that limit their provision in clinical
service as diagnostic/clinical tests are that they must have
acceptable analytical and clinical validity and clinical utility
(20), must meet rigorous quality assurance standards, and
must ensure rapid turnaround times in order to achieve ethical
test outcomes (20). In a developing country, clinical genomic
testing remains a considerable logistical challenge, with low
Frontiers in Immunology | www.frontiersin.org 219
volumes of samples, from patients with rare genetic diseases,
leaving them to be considered lower priority.

In the interests of patient care, Tygerberg Hospital has
sourced clinical genomic tests from specific international
genomic testing providers since 2017, and supplemented this
with research-basedWES/WGS, at no cost to the patient. To date
more than 730 diagnostic panels have been ordered across all
clinical areas, of which 28 have been ordered on patients with
suspected IEIs. WES has been performed on the DNA of 54
patients, two of whom had prior NGS panel testing.

The benefit of using NGS in patients with suspected IEIs has
been shown in numerous international studies (11, 16, 21–23)
and is likely to be beneficial in African patients. However it is
likely that pathogenic variants, and perhaps even genes, may
differ in the African population compared to more intensively
studied populations. There was therefore a need to assess the
clinical utility of gene panel testing and/or WES in a South
African cohort. We report on molecular results, diagnoses and
alterations in clinical management in patients with suspected
IEIs, tested within the South African state healthcare system.
MATERIALS AND METHODS

Patients
The study includes 80 patients and 107 family members recruited
over an 8 year period (2013-2020). Most of the patients have
received or are currently receiving their medical care at
Tygerberg Hospital, a state academic hospital situated in Cape
Town that provides tertiary level services to a population of
nearly 3 million people in the Western Cape province of South
Africa. The immunology service also receives referrals from
further afield in South and southern Africa. Three patients
included in this study are receiving medical care in the private
healthcare sector and one was within the Gauteng state
healthcare system. These patients’ data were included in this
study as the families had either sought care from one of the
immunology or genetic healthcare specialists working at
Tygerberg Hospital or had received genetic testing through
this system.

WES was performed in-house on DNA samples from 54
patients. Patients recruited for WES were children between the
ages of 0 and 15 years that have a history of severe, unusual,
persistent and/or recurrent TB or were suspected to have
mendelian susceptibility to mycobacterial disease (MSMD).
Depending on the available family members, genomic analysis
of a trio (patient and both parents), duo (patient and one parent)
or a single individual was performed. Of note is that not all 107
recruited family members were subjected to WES or genomic
analysis as a result of either lack of budget or DNA that did not
meet quality metrics for sequencing.

NGS diagnostic panel testing became available in 2017
through an external provider, and 28 gene panel tests were
performed. Gene panel testing was offered to patients thought
to have any one of a broad range of IEIs. This was done following
a clinical and immunological assessment by a rheumatologist/
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clinical immunologist, and assessment of the family history by a
genetic counsellor. Tygerberg hospital budget funded panel
testing for 22 of the 28 patients, and this was performed
through Invitae Corporation (San Francisco, California, United
States). Panel selection was based on the clinical phenotype and
presentation of the patient, with the number of genes available
for inclusion increasing from 207 to 407 genes over time. In
January 2019, a number of IEI diagnostic gene panel tests were
made available free of charge through a pilot sponsored
programme for Jeffrey Modell Centers Network (JMCN)
patients, in collaboration with Invitae Laboratories. This
allowed access to a 207 gene panel for 6 patients who were not
eligible for tests through the hospital and could not themselves
afford the cost (2, 4, 17). For patients who received NGS panel
tests, family member testing was performed, if required for
resolution of variants of uncertain significance (VUS) or for
carrier testing of relatives.

NGS gene panels soon became the first-line genomic
diagnostic test, with patients that had a negative panel result,
or an atypical clinical phenotype, then receiving WES if the
research budget allowed. Two patients received both panel
testing and subsequent WES testing.

Panel Testing
Saliva was collected for each of the patients in saliva kits provided
by Invitae. Saliva was collected and stored in Oragene™ assisted
saliva collection kits (DNA Genotek, Ottawa, Ontario, Canada)
(OG575/ODG575), specifically for young children or patients
where active saliva donation may be difficult. Two saliva tubes
totalling 0.75ml of saliva were collected per kit. Saliva was
subsequently stored at room temperature and shipped to
Invitae for sequencing and analysis of 207 genes well
established to be associated with IEIs. Genomic DNA obtained
from the submitted samples was enriched for targeted regions
using a hybridization-based protocol, and sequenced using
Illumina technology. All targeted regions were sequenced with
≥50x depth or in cases where this falls lower than the accepted
range, are supplemented with additional analysis. Reads were
aligned to reference sequence hg19 (GRCh37). Promoters,
untranslated regions, and other non-coding regions were not
interrogated. More information on Invitae’s assays can be found
here: (https://www.invitae.com/en/assay/).

Whole Exome Sequencing
DNA was extracted from whole blood of recruited patients and,
wherever possible, their parents and additional family members
using standard protocols. A total of 5ml of blood was drawn into
BD Vacutainer! EDTA blood collection tubes (Becton,
Dickinson and Company, Franklin Lakes, New Jersey, United
States). DNA was extracted using the Macherey-Nagel
NucleoSpin XL DNA extraction kit (GmbH & Co. KG, Düren,
Germany). Library preparation was conducted using the Ion
AmpliSeq™ Exome RDY Kit and the Ion Xpress™ Barcode
Adaptors 1–16 Kit (Life Technologies, Carlsbad, California,
United States). The DNA template was prepared on the Ion
Chef system using the Ion PI™ Hi-Q™ Chef Kit and the Ion
Frontiers in Immunology | www.frontiersin.org 320
PI™ Chip Kit v3. Sequencing was performed at the Central
Analytical Facility (CAF) at Stellenbosch University,
Stellenbosch, South Africa using the Ion Proton™ (Thermo
Fisher, Carlsbad, California, United States). The average
coverage for WES was 30X across the entire exome.

Variant calling: Sequences were aligned to the human
reference genome, GRCh37 using TMA (version 5.2.1) in the
ion-analysis workflow on the Torrent Suite (version 5.2.1). The
Variant Caller (version 5.2.1.1) plugin on the Torrent suite was
used for base quality score recalibration, indel realignment and
variant calling and variant called format (VCF) files were
produced. Variant annotation was done using ANNOVAR (5)
and variant prioritization was carried out using a custom-
designed, in-house method, TAPER™ (21).

Sanger Sequencing: All candidate variants identified
through WES were verified using Sanger sequencing. Each
amplicon was bi-directionally sequenced using the BigDye®

Terminator v3.1 Cycle Sequencing Kit (Perkin-Elmer, Applied
Biosystems Inc., Foster City, California, USA.), followed by
electrophoresis on an ABI 3130XL Genetic Analyzer (Perkin-
Elmer, Applied Biosystems Inc., Foster City, California, USA).
All automated DNA sequencing reactions were performed at the
Central Analytical Facility (CAF) at Stellenbosch University,
Stellenbosch, South Africa.

Variant interpretation: Variants detected by NGS testing were
all rigorously subjected to the American College of Medical
Genetics and Genomics and the Association for Molecular
Pathology (ACMG-AMP) variant classification criteria in order
to establish pathogenicity (24). Variants that were classified as
benign or likely benign were not reported in this study. Variants
classified as uncertain, likely pathogenic and pathogenic (LP/P)
were included.

Confirmation of diagnosis and reporting: A WES-based
molecular diagnosis was made in a patient when a LP/P
variant was found in a gene associated with the phenotype,
consistent with the known patterns of inheritance associated
with that gene, and confirmed on Sanger sequencing. In these
cases, a report was issued to the referring clinician and explained
to the patient and their family members by a genetic counsellor.

Ethics and Institutional Approvals
NGS gene panels were performed as part of clinical diagnostic
investigation of patients suspected to have a broad range of IEIs.
Tests were preceded by genetic counselling and subject to
informed consent. WES was performed as part of two research
studies that aimed at identifying genes and variants associated
with a specific sub-group of IEIs known MSMD.

The WES studies were approved by the Health Research
Ethics Committee of Stellenbosch University (study numbers:
N13/05/075 and N13/05/075(A) and done through the Division
of Molecular Biology and Human Genetics, Faculty of Medicine
and Health Sciences, Stellenbosch University. Patients included
in these studies are children between the ages of 0 and 15 years
clinically suspected to have MSMD. Such patients were
identified by both the National Health Laboratory Services
and Desmond Tutu Centre for Tuberculosis and recruited by
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a clinical immunologist and a clinical geneticist at Tygerberg
Hospital. Written and informed consent was obtained from the
parents or legal guardians of eligible patients. Children of age
were also asked to assent to the study. The studies adhered to
the ethical guidelines as set out in the “Declaration of Helsinki,
2013” (16).
RESULTS

This study includes a total of 80 patients. Patient demographic
data can be found in Table 1.

A molecular result that explained all or some of the
patient’s phenotype was made in 24/80 (30%) cases, using
panel and/or WES. Of the patients who had panel testing only,
a diagnosis was made on 12/26 (46%). For patients that had
WES only, 12/52 (23%), had a confirmed molecular diagnosis.
Of the two patients who had both panel and WES, a molecular
diagnosis that confirmed part of the phenotype was made by
WES in one. A total of 35/80 (44%) patients have uncertain
results and 21/80 (26,2%) patients had no variants of
interest identified.

Genetic Spectrum and Clinical
Implications of Molecular Findings
In the 24 probands with a confirmed molecular result, 24
different LP/P variants were identified in 19 genes well known
to be associated with IEIs. Clinical and molecular information for
each proband can be found in Table 2. In 22 probands with an
uncertain result, VUSs identified using WES will be subject to
further investigation using functional studies, family studies
(where possible) and follow-up for re-analysis of variant
classification over time. This is because they were identified to
potentially be causative of the patients’ phenotype, but currently
do not meet ACMG-AMP classification criteria to be classified as
likely pathogenic or pathogenic (information in Supplementary
Table 1) (24).

For 24 probands with a confirmed molecular diagnosis, the
mode of inheritance was found to be autosomal recessive in 10/
24 (41,2%) cases; X-linked recessive in 8/24 (33,3%) cases and
autosomal dominant (de novo or due to germline mosaicism) in
6/24 (25%) cases. Results are summarised in Table 3.

Molecular diagnosis altered management in 67% (12/18) of
living patients. Management could have been altered in 29,1%
(7/24) of cases with a molecular diagnosis if referral and
diagnosis was made sooner and patients had not died. Having
a molecular diagnosis also allowed for family cascade testing,
identifying 19 families at risk of having another child affected
with an IEI.
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DISCUSSION

NGS is becoming the gold standard for confirming diagnoses in
patients with suspected IEIs (12, 15) with our detection rates
being comparable to other published studies (14, 16). This study
highlights several important aspects of the clinical utility of NGS
testing in patients with IEIs, even in setting where the healthcare
services are significantly resource-constrained, and the majority
of patients belong to indigenous African populations
(populations considered understudied in genetic research) (25).

Our results show that NGS testing yielded a definitive
diagnosis in 30% (24/80) of patients tested. Three of these
diagnoses were made after the patient died and four died
shortly after diagnosis was made. In 67% of the 18 living
patients, a molecular diagnosis allowed significant alteration to
management that in the long term may reduce morbidity,
mortality and costs of care. Significant changes to health
management included two patients successfully receiving
HSCT and three more being eligible for HSCT as a curative
option. It is now known that some patients have variant
associated malignancy risks and screening for this has been put
into place. Definitive diagnosis has also allowed access to various
other clinical screenings for some such as audiological,
endocrinological and haematological screening, as well as
dedicated ophthalmology screening (e.g. for glaucoma and
uveitis). Various diagnosed PIDDs are known to benefit from
antibiotic prophylaxis based on risks for bacterial infection, and
relevant patients will now appropriately receive this either
chronically or intermittently. Diagnosis has also assisted with
identifying patients that are required to avoid live vaccines
because of known risks for dissemination. One patient is now
under observation as a candidate for organ transplant (liver) in
adulthood. The remainder of live patients with a confirmed
genetic diagnosis largely continued on treatment prescribed
pre molecular diagnosis. However, having a confirmed genetic
result allows them to potentially be eligible for curative
treatments such as gene therapy in the future.

A total of 5 patients with life-threatening IEIs in this cohort
died before receiving HSCT as a curative therapy, highlighting
the need for rapid diagnosis in IEIs. This issue urgently requires
increased awareness of PIDs among primary practitioners and
subsequent referral to clinical immunology and genetic services
without delay. It also requires early use of NGS testing as part of
patient care, where possible in the form of clinical/diagnostic
testing (as opposed to research recruitment). In our services,
these difficulties are improving over time as awareness increases
of the availability of suitable NGS testing, and it becomes more
widely understood. These improvements have resulted in part
from an active molecular genetic research program in the field of
IEIs. In addition, there is hospital buy-in from Tygerberg
Hospital to the clinically appropriate use of NGS clinical/
diagnostic testing for rare disease diagnosis, but this is not
currently the case at national level, and there remains an
urgent need for national policy on NGS diagnostic testing for
rare diseases.

A positive outcome for all families whether with deceased or
living probands is that molecular results allowed for accurate
TABLE 1 | Patient demographic data.

Total number of patients 80

Males 48
Females 32
Age (Mean) 6 years 7 months
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TABLE 2 | Clinical presentation of patients with genes with pathogenic/likely pathogenic variants.

Diagnosis Status Medical interventions
as indicated and/or
substantiated by

molecular
diagnosis

utosomal dominant
ctivated PI3K-delta
ndrome

Alive Prophylactic antibiotics.
Annual surveillance for
malignancy
(Lymphoma).
Regular surveillance for
TB.
Monthly Immune
replacement therapy
for life.
Annual audiology
screening.

D40 Ligand
eficiency/X-linked
yper IgM syndrome

Demised
after
molecular
diagnosis

3 weekly immune
replacement therapy.
Regular neutrophil
screening for indication
of GCSF.
Cotrimoxazole
prophylaxis.
Would have qualified
for HSCT.

utosomal recessive
lycogen storage
isease type Ib

Alive GCSF administration
for neutropenia.
High calorie diet to
prevent hypoglycemic
attacks.
Regular infection
screening.
Endocrine surveillance.
Organ transplant if
needed.

-linked
gammaglobulinemia

Demised
after
molecular
diagnosis

Ig replacement therapy.

utosomal recessive
yper-IgE syndrome
ith combined
munodeficiency

Alive Prophylactic antibiotics.
Malignancy surveillance
of skin lesions.
Qualifies for HSCT.
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ID Sex Age at
diagnosis

Relevant family
history

Main clinical features Panel/
WES

Implicated gene Variant
classification
(zygosity)

Accession
numbers for
pathogenicity

scores

Patients with likely pathogenic/pathogenic variants in genes previously associated with IEI (IUIS criteria)
001 F 2 years 5

months
None Recurrent URTI;

lymphadenitis; recurrent
abscesses of lymph nodes;
soft dysmorphism.

Panel1 PIK3R1 c.1425+1G>A
(Splice donor)

Pathogenic
(heterozygous)

rs587777709/
VCV000372467.8

A
a
s

002 M 8 months Unknown Recurrent and severe URTI
requiring ICU admission in
1st year of life.

Panel1 CD40LG c.346G>T
p.Gly116Cys

Likely
pathogenic
(hemizygous)

Invitae internal
calling.

C
d
H

003 M 4 months Unknown Persistent hypoglycemia;
eczema; recurrent fevers and
infections with persistent
neutropenia. Massive
hepatosplenomegaly.

Panel1 SLC37A4 c.59G>A
p.Gly20Asp;
c.1047_1059delinsGGCTAT
p.Phe349Leufs*52

Pathogenic
(compound
heterozygous)

rs193302881/
VCV000551776.1
and Invitae internal
calling.

A
g
d

004 M 10 months Mom is a
confirmed carrier

Septicaemia with empyema
at 8/12, progressive
neurodevelopmental delay
and encephalopathy with
persistent enteroviral
shedding from stool,
suspected to be oral Polio
vaccine derived strain.

Panel2,3,4 BTK c.215dupA
(p.Asn72Lysfs*13)

Pathogenic
(hemizygous)

rs886041148/
VCV000279713.4

X
A

005 F 8 months No Recurrent URTI; flat diffuse
warts; raised IgE levels.

Panel5 DOCK8 c.3803del
(p.Phe1268Serfs*3)

Pathogenic
(homozygous)

Invitae internal
calling.

A
h
w
im

22
y
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TABLE 2 | Continued

Diagnosis Status Medical interventions
as indicated and/or
substantiated by

molecular
diagnosis

D40 Ligand
ficiency/X-linked
yper IgM syndrome

Demised
after
molecular
diagnosis

May have benefited
from HSCT.
Ig replacement therapy.

are Lymphocyte
ndrome 2

Demised
before
molecular
diagnosis

May have benefited
from HSCT.

linked severe
mbined
munodeficiency

Demised
after
diagnosis

Ig replacement therapy.
Did not meet criteria for
HSCT due to
disseminated persistent
CMV infection).

SMD Alive Ig replacement therapy.
Prophylactic antibiotics.
Live BCG vaccines
avoided in sib at birth.
Sibling vaccinated once
results confirmed to be
normal.

lau Syndrome Alive Methotrexate.
Regular Follow up for
uveitis progression.

evere Congenital
eutropenia

Unknown
Patient
lost to
follow up.

GCSF subcutaneous
injections.
Monitor for
malignancies.

linked
gammaglobulinemia

Alive Ig replacement therapy.
Eligible for gene
therapy.

ichohepatoenteric
ndrome

Demised
before
molecular
diagnosis

Parenteral nutrition.
Ig replacement therapy.
Surveillance for liver
dysfunction.
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ID Sex Age at
diagnosis

Relevant family
history

Main clinical features Panel/
WES

Implicated gene Variant
classification
(zygosity)

Accession
numbers for
pathogenicity

scores

006 M 1 year 1
month

Affected maternal
uncles (deceased)
Mom is a
confirmed carrier

Recurrent sepsis and shock;
CMV induced LRTI; candida
UTI; chronic gastroenteritis;
FTT.

Panel6 CD40LG Deletion (Exon 3) Pathogenic
(hemizygous)

Invitae internal
calling.

C
d
H

007 M 1 year 2
months

None Progressive paralysis likely
due disseminated oral polio
vaccine; progressive
weakness; nosocomial
sepsis; reduced CD4 cells,
with normal number of C8,
C19 and CD16/CD56 cells.

Panel6 RFX5 c.367_368del
(p.Leu124Cysfs*21)

Pathogenic
(homozygous)

rs1228361094 B
s

008 M 2 months Yes; brother died
at 3 months from
severe infection
(suspected SCID)

SCID; lung disease; CMV;
hepatitis.

Panel1 IL2RG c.116-1G>A (Splice
acceptor)

Pathogenic
(hemizygous)

rs104895462/
VCV000004696.4

X
c
im

009 F 1 year 8
months

No PJP in early infancy,
hypogammaglobulinemia
with normal CD19, later
onset neutropenia.

Panel1 MAP3K14 c.1033G>A
p.Val345Met

Likely
pathogenic
(homozygous)

Invitae internal
calling

M

010 F 3 years 3
months

None Boggy tenosynovitis of wrists
and ankles; uveitis

Single
gene
screen

NOD2 c.1000C>T
p.Arg334Trp

Pathogenic
(heterozygous)

rs104895462/
VCV000004696.4

B

011 F 2 years 1
month

None Recurrent septicaemia, oral
ulcers; congenital
neutropenia; FTT.

Single
gene
screen

ELANE c.416C>T
(p.Pro139Leu)

Pathogenic
(heterozygous)

rs137854448/
VCV000016743.4

S
N

012 M 2 years 2
months

Mom is a
confirmed obligate
carrier

Agammaglobulinemia;
absence of mature B-cells;
recurrent pneumonias.

Single
gene
screen

BTK Partial Deletion (Exon
11)

Pathogenic
(hemizygous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

X
A

013 M 3 months Yes: brother died
from the same
condition; further
history of CID in
cousins. Both
parents are
carriers

Multi-lobular pneumonia; low
IgG; dysmorphism;
diarrhoea.

WES TTC37 c.4507 C>T
p.R1503C

Pathogenic
(homozygous)

rs200067423/
VCV000287653.5

T
s

23
e

y

-
o

-

r
y
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TABLE 2 | Continued

Diagnosis Status Medical interventions
as indicated and/or
substantiated by

molecular
diagnosis

di-Goutières
ome-5

Alive Anticoagulant therapy.
Immunomodulation
therapy.
Surveillance for unusual
infections including TB.
Surveillance for
glaucoma.

di-Goutieres
ome-5

Alive
Follow up
defaulter

Management of
glaucoma.
Surveillance for unusual
infections including TB.

mon variable
nodeficiency-2
al B and T cells
ow IgG.

Alive Ig replacement therapy
for life.

mon variable
nodeficiency-8
utoimmunity

Demised
before
molecular
dx.
Molecular
diagnosis
made
post
mortem

Ig replacement therapy
and immune
modulation eg. CTLA-4
(Orencia) HSCT would
have been indicated.

and Mendelian
ptibility to
bacterial
se

Alive TB surveillance.
Antibiotic prophylaxis.
Ig replacement therapy.

ed severe
ined
nodeficiency

Alive HSCT successful.
Thriving requiring no
further intervention.

ott–Aldrich
ome

Alive Immune replacement
therapy.
Prophylactic antibiotics
Surveillance of
autoimmunity and
thrombocytopenia.
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ID Sex Age at
diagnosis

Relevant family
history

Main clinical features Panel/
WES

Implicated gene Variant
classification
(zygosity)

Accession
numbers for
pathogenicity

scores

014 F 9 years
and 6
months

Yes, affected
sibling

Central nervous system and
skin; vasculitis, stroke with
hemiparesis, seizures,
progressive contractures of
interphalangeal joints without
bone resorption.

WES SAMHD1 c.1681_1682del
p.Ser561Phe fs*61)

Pathogenic
(homozygous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

Aica
synd

015 F 14 years Yes, affected
sibling

Contractures of
interphalangeal joints without
bone resorption, severe
glaucoma.

WES SAMHD1 c.1681_1682del
p.Ser561Phe fs*61

Pathogenic
(homozygous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

Aica
synd

016 M 2 years 1
month

Unknown Recurrent pneumonia and
recurrent gastroenteritis.
Chronic oral herpes lesions.

WES TNFRSF13B c.236 A>G
p.Tyr79Cys

Pathogenic
(heterozygous)

rs72553876/
VCV000281110.4

Com
imm
Norm
with

017 F 9 years 5
months

No Recurrent bacterial
septicemias; pneumonias
and herpes Labialis
Molluscum; encephalitis;
intellectual disability.

WES LRBA c.3407 C>T
p.Pro1136Leu

Pathogenic
(homozygous)

rs113022115/
VCV000287734.2

Com
imm
with

018 F 3 years 7
months

None Initial cutaneous BCG
abscess and later chronic
CNS BCG dissemination,
severe
hypogammaglobulinemia.

WES MAP3K14 Likely
pathogenic
(homozygous)

VCV000843423.2 CVID
susc
myc
disea

c.1033 G>A
p.Val345Met
Avoid live vaccines.

019 M Birth Yes; male sibling
with SCID died in
early infancy prior
to HSCT

Asymptomatic severe
combined immunodeficiency
T-B+NK-, identified on basis
of positive family history.

WES IL2RG c.443 T>G
p.Leu148Arg

Pathogenic
(hemizygous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

X-lin
com
imm

020 M 4 months Yes, brother died
in early infancy
from persistent
diarrhea,
thrombocytopenia
(probable WAS)

Chronic diarrhoea,
eczematous skin rashes,
CMV pneumonitis, septic
arthritis, Group B
Streptococcal Septicaemia.
Delayed onset
thrombocytopaenia.

WES WAS c.397 G>A
p.Glu133Lys

Pathogenic
(hemizygous)

VCV000870492.1 Wisk
synd
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TABLE 2 | Continued

nt
ation
ity)

Accession
numbers for
pathogenicity

scores

Diagnosis Status Medical interventions
as indicated and/or
substantiated by

molecular
diagnosis

Qualifies for HSCT but
no consent.

ic
ous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

Autosomal recessive
hyper-IgE syndrome
with combined
immunodeficiency

Alive Screening for TB,
malignancy (cervical
and skin) & hepatic
disorders.
Ig replacement therapy.
Qualifies for HSCT.

ic
us)

rs1057519074/
VCV000372154.6

Immunodeficiency-
50 (Mild phenotype)

Alive Immune replacement
therapy.
Prophylactic antibiotics.
HSCT not indicated
because of mild
phenotype.

ic
ous)

rs202001697/
VCV000474775.4

DAVID syndrome Alive Hormone replacement.
Ig replacement therapy.
Surveillance for Liver
disease and other
endocrine deficiencies.

ic
ous)

ous)

Novel; Not
reported in
population
databases; Not
reported in
literature.

Hyper IgE syndrome Alive Immune replacement
therapy.
Prophylactic antibiotics.
ZNF341 c.2167 A>C
p.Thr723Pro

08111.02.2: Add-on Common Variable Immunodeficiency Genes; Panel4, PR08111.02:Invitae
ncy (CID) Panel; Panel7, PR08143.02:Invitae Mendelian Susceptibility to Mycobacterial Disease
eficiencies That Can Mimic Common Variable Immunodeficiency; Panel10, PR08114.01: Invitae
enes; Panel13, PR08120.02: Invitae Autoinflammatory Syndromes Panel; Panel14, PR08113.04:
to thrive; UTI, urinary tract infection; TBM, tuberculosis meningitis; ACTH, adrenocorticotropic
Immunodeficiency; GIT, gastrointestinal tract; HSCT, haematopoietic stem cell transplant; GCSF,
variable immune deficiency; BCG, Bacillus Calmette Guérin; CNS, central nervous system; VUS,
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ID Sex Age at
diagnosis

Relevant family
history

Main clinical features Panel/
WES

Implicated gene Varia
classific
(zygos

021 F 6 years 4
months

None Disseminated verrucae,
chronic otitis media, Herpes
Keratitis, bacterial
pneumonias and suspected
pulmonary tuberculosis.

WES DOCK8 c.3912del
p.N1267fs

Pathogen
(homozyg

022 M 2 years 4
months

Yes; affected
maternal uncle

Stable neutropenia,
lymphopenia,
hypogammaglobulinemia,
pneumonias & upper
respiratory infections in
infancy and early childhood
with spontaneous gradual
improvement.

WES MSN c.511C>T
p.Arg171Trp

Pathogen
(hemizygo

023 F 5 years 4
months

None Hypogammaglobulinemia,
isolated ACTH deficiency,
asymptomatic pulmonary
infiltrates and canalicular liver
function abnormalities.

WES NFKB2 c.1288C>T
p.Pro430Ser

Likely
pathogen
(heterozy

024 F 7 years 6
months

None Recurrent pneumonias with
bronchiectasis, skin
abscesses, scoliosis

WES STAT1 c.802 G>T
p.Glu268Ter

Likely
pathogen
(heterozy
VUS
(heterozy

Panel1, PR08100.02: Invitae Primary Immunodeficiency Panel; Panel2, PR08111.02.1: Add-on Hypogammaglobulinemia Genes; Panel3, PR
Agammaglobulinemia Panel; Panel5, PR08113.01:Invitae Hyper IgE Syndrome Panel; Panel6, PR08137.02: Invitae Combined Immunodeficie
Panel; Panel8, PR08112.01: Invitae Common Variable Immunodeficiency Panel; Panel9, PR08112.01.1: Add-on Genes for Primary Immunod
Hyper IgM Syndrome Panel; Panel11, PR08114.01.1: Add-on Clinically-overlapping Genes; Panel12, PR08120.02.01: Add-on Autoimmunity G
Invitae Hyper IgE Syndrome Panel; M, male; F, female; WES, whole exome sequencing; URTI, upper respiratory tract infections; FTT, failure
hormone; LRTI, lower respiratory tract infections; ACTH, adrenocorticotropic hormone; LRTI, lower respiratory tract infections; CID, Combined
Granulocyte colony-stimulating factor; CMV, Cytomegalovirus; PJP, Pneumocystis jirovecii pneumonia; DAVID, Deficient anterior pituitary with
variant of unknown significance; ICU, intensive care unit.
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genetic counselling around diagnosis and prognosis and allowed
for the provision of psychosocial support. The confirmed results
allowed parents and interested extended family members to have
carrier testing to better understand recurrence risks. Of relevance
to testing in resource constrained environments is that familial
cascade testing, for probands who had a positive molecular result
on an Invitae Panel, is free of charge.

In this cohort, familial testing allowed for 19 sets of parents to
know their carrier status and therefore potential reproductive
risks. For the 11 sets of parents that are proven or assumed
obligate carriers of an autosomal recessive condition, the risk to
have another affected child is 25% for each pregnancy. The 8
mothers that were confirmed to be carriers of an X-linked IEI
could be informed of the 50% chance of sons being affected and
daughters being carriers. One maternal aunt of a proband with
an X-linked IEI was excluded as a carrier. The autosomal
dominant conditions in this cohort were all seen to be de novo
with low recurrence risk for future pregnancies (as germline
mosaicism cannot be excluded) and no risk to extended family
members. Although not relevant to this cohort, genomic testing
to identify asymptomatic affected individuals has an important
clinical role in allowing early diagnosis to allow for screening and
preventative measures to improve health outcomes (13, 22,
26, 27).

Knowing carrier status provides access prenatal diagnosis
(PND), with the option of termination of an affected
pregnancy, or to prepare for the birth of an affected child, in
which case it facilitates optimal neonatal management (e.g. avoid
live vaccinations; haplotyping for a HSCT donor) (28, 29).
Although the data are not presented, we are aware that several
family members have received PND in subsequent pregnancies.
The option of preimplantation genetic diagnosis (PGD) to
prevent an affected pregnancy is another consideration, but is
unfortunately not available within the South African state health
sector. PGDmust be accessed privately and requires considerable
financial means.

Even with NGS-based approaches dramatically improving
IEI diagnoses, detection rates remain below 50% (14–16).
Proposed reasons include IEIs with a complex mode of
inheritance, limitations of certain genomic technologies and
cases caused by genes and variants not yet discovered or
understood (5, 14–16, 19). Our results have shown the same
with a detection rate of 30%. In consanguineous families, this
detection rate may be as high as 70%, indicating the clinical
Frontiers in Immunology | www.frontiersin.org 926
utility of these NGS platforms (30). Lower detection rates in a
South African cohort may also be due to limitations of testing
methods used. TGPs look only at a specific subset of genes
which have been clinically associated with disease, while WES
looks at 1,2% of the human genome, specifically that which,
when translated and transcribed, will be expressed as proteins.
TGP and WES share a major limitation in that both methods
rely on an exon-capture step upstream of the sequencing.
Various approaches to exon capture have been developed and
modified, but no single method is able to ensure perfect
uniformity of target coverage – put plainly, some regions may
sequence better and at a higher vertical coverage than others
(26, 31, 32). Coupled to this, WES does not consider the fact
that non-coding regions of the genome harbour an estimated
15% of variants which have large effect sizes on disease traits
and for this reason, any pathogenic variant which may be in
these regions, would not be identified (26).

Given the restrictiveness of both TGP and WES, numerous
variants and/or novel genes may have been missed as a possible
cause for IEI in the remaining 70% of the patients. Multiple
studies have shown that WGS is more powerful than TGP
and WES as this technique expands beyond targeted regions,
and is not restricted by the capture methods which is a significant
limitation in both TGP and WES (26, 33–35). WGS was not used
on patients in this study even though it is the better genomic
testing option in rare diseases. Going forward, a number of
patients in this study with no definitive diagnosis or candidate
genetic variants identified, will be subjected to WGS as a
continuation of the research projects earlier described. Patients
with IEIs not previously recruited will also be considered
for WGS, with the hopes of improving understanding
of genetic contribution to IEIs in African patients and in
increasing diagnosis.

Lower detection rates in this cohort could also be attributed to
genomic testing in a population in which the genome is highly
diverse, understudied and poorly understood. In African
patients, undiscovered variants and their corresponding
immune pathways may account for differences in susceptibility
and consequent clinical manifestations of disease, making
variant calling and interpretation following NGS testing a huge
challenge (25, 36). To overcome such limitations, there is an
urgent need for more research focusing on African genetic
diversity in both health and disease, and how this determines
the predominant host specific immune responses (25).
TABLE 3 | Summary of results from probands and family member testing.

PROBANDS AR IEI XLR IEI AD IEI TOTAL

Probands with LP/P variant on panel 4 (3 homozygous; 1 compound heterozygous) 5 (hemizygous males) 3 (heterozygous) 12
Probands with LP/P variant on WES 6 (homozygous or compound heterozygous) 3 (hemizygous males) 3 (heterozygous) 12
Probands total 10 (homozygous or compound heterozygous) 8 (hemizygous males) 6 (heterozygous) 24
FAMILY MEMBERS AR IEI XLR IEI AD IEI TOTAL
Family members identified as carriers 20 (either through testing or known obligate carrier) 8* (heterozygous females) 0 28
Family member excluded as carriers/affected n/a 1 (maternal aunt of proband) 6* 7
May 2021
 | Volume 12 | Article
*All were parents of probands.
VUS, variant of unknown significance; WES, whole exome sequencing; AR, autosomal recessive; XLR, X-linked recessive; AD, autosomal dominant; LP/P, likely pathogenic/pathogenic;
IEI, inborn error of immunity.
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An interesting finding from this study was that detection rates
using targeted NGS gene panels were higher than detection rates
using broader based WES (46% vs 25%), despite panel testing
being more restrictive than WES. This is possibly due to more
focused phenotyping of patients selected for panels versus those
selected for research-based WES. Patients selected for WES were
done so based on history of severe, unusual, recurrent or
persistent TB and therefore thought to have MSMD. Using
such inclusion criteria in a country where the rates of TB are
exceptionally high, may have resulted in including patients with
a clinical picture that is attributed to environmental exposures
and social circumstances, rather than due to an underlying
genetic defect. There also remains the possibility that the
underlying genetic defects for susceptibility to mycobacterial
disease, such as TB, is different in the African population,
making gene and variant prioritisation through current
bioinformatic pipelines difficult. Selecting for patients with
suspected MSMD remains a challenge in countries, such as
South Africa, where TB remains a pandemic and very careful
evaluation by immunology and genetics experts is needed to
ensure resources are not unnecessarily spent.

This study has highlighted how genomic testing has positively
altered clinical and family management in a significant number
of patients. Motivation for the government to allocate funds for
genomic services and testing going forward requires evidence of
clinical and public health utility and this study serves as the first
of its kind to show this in South Africa. The challenge remains
getting government funding for incorporation of such testing
into routine clinical care for patients with suspected IEIs. The
rapid decline in NGS sequencing cost and the per-sample cost of
a singleton WES (i.e. on the proband only) being comparable to
that of targeted panels should convince public and private health
funders to consider implementing such testing in funded as well
as resource constrained environments. Our findings allow the
start of the conversation to mainstream NGS testing for IEIs,
with the goal being improved overall patient and family care.
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SFRP5 Enhances Wnt5a Induced-
Inflammation in Rheumatoid Arthritis
Fibroblast-Like Synoviocytes
Dorra Elhaj Mahmoud1, Wajih Kaabachi2, Nadia Sassi1, Amel Mokhtar1, Myriam Moalla3,
Lobna Ben Ammar3, Samia Jemmali3, Sonia Rekik3, Lamjed Tarhouni4,
Maryam Kallel-Sellami1, Elhem Cheour1 and Lilia Laadhar1*

1 Immuno-Rheumatology Research Laboratory, Rheumatology Department, La Rabta Hospital, University of Tunis-El Manar,
Tunis, Tunisia, 2 Medicine School of Tunis, University of Tunis-El Manar, Tunis, Tunisia, 3 Rheumatology Department, La
Rabta Hospital, Tunis, Tunisia, 4 Department of Hand and Reconstructive Surgery, Kassab Institute of Traumatic and
Orthopedic Surgery, Tunis, Tunisia

Background: Tissue derived fibroblast-like synoviocytes (td-FLS) are key actors in
pannus formation and contribute to joint destruction and inflammation during
rheumatoid arthritis (RA). Several members of the Wnt family, including Wnt5a, may
contribute to RA td-FLS activation and can potentially serve as therapeutic targets.

Objective: The present work aimed to investigate the expression of Wnt5a signaling
elements in RA td-FLS and their potential precursors (fluid derived (fd) FLS and fibrocytes).
We also studied the role of Wnt5a in RA td-FLS pro-inflammatory activity and whether the
inhibitor SFRP5 could restore Wnt5a-induced synovial dysfunction in vitro.

Materials and Methods: The levels of Wnt5a, SFRP5, Wnt5a receptors/coreceptors
and Wnt5a pro-inflammatory targets were determined in cultured RA td-FLS, fd-FLS and
fibrocytes using qPCR under basal conditions. The expression of pro-inflammatory
molecules was assessed after RA td-FLS stimulation with Wnt5a and SFRP5 at
different time points.

Results: Our data showed that td-FLS, fd-FLS and fibrocytes from patients with RA
expressed similar levels of Wnt5a and a set of Wnt5a receptors/coreceptors. We also
demonstrated that Wnt5a stimulated the expression of the pro-inflammatory targets,
especially IL1b, IL8 and IL6 in RA td-FLS. Wnt5a-induced inflammation was enhanced in
the presence of SFRP5. Furthermore, Wnt5a alone and in conjunction with SFRP5
inhibited the gene expression of TCF4 and the protein levels of the canonical
coreceptor LRP5.

Conclusion: Wnt5a pro-inflammatory effect is not inhibited but enhanced by SFRP5 in
RA td-FLS. This research highlights the importance of carefully evaluating changes in
Wnt5a response in the presence of SFRP5.

Keywords: rheumatoid arthritis, Wnt pathway, FLS, fibrocytes, inflammation
Abbreviations: RA, Rheumatoid Arthritis; FLS, fibroblast-like synoviocytes, SF, Synovial fluid; SFRP, Secreted Frizzled-
Related Protein.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune disease that
affects approximately 1% of population worldwide (1). Synovial
lining fibroblast-like synoviocytes (also called tissue derived
fibroblast-like synoviocytes (td-FLS)) are mesenchymal cells
that display many characteristics of fibroblasts including
expression of type I and V collagens, fibronectin vimentin, and
CD90. During RA, these cells exhibit multipotent pathogenic
proprieties (2, 3). Explanations for RA td-FLS aggressiveness
include migration of new cells from the blood and bone marrow
into the inflamed joint (4).

It is also possible that circulating fibrocytes can migrate into
the inflamed joint and then differentiate along a fibroblast-like
synoviocyte pathway. Furthermore, synovial fluid (SF) from RA
patients has been described to give rise to fluid derived FLS (fd-
FLS), which are morphologically similar to td-FLS (5). These
cells are also described in osteoarthritis (OA) synovial fluid and
exhibit similar pro-inflammatory characteristics to OA td-
FLS (6).

The activation of td- FLS during RA results from many
alterations in several homeostatic mechanisms and signals
including the Wnt pathway. This signaling is involved in many
biological processes including embryonic development, cell
migration, tissue organization and human diseases (7, 8).
Wnt5a, a prototype Wnt, is involved in several inflammatory
diseases. It mediates the production of many inflammatory
molecules including IL1b, IL6 and IL15 during autoimmune
disorders (4, 9). In RA td-FLS, Wnt5a expression is enhanced (4,
9). The signaling pathways induced by Wnt5a are mediated by
canonical (b-catenin-dependent) or noncanonical (b-catenin
independent) pathways (10). The b-catenin dependent
signaling pathway is by far the best-characterized and
comprises signal transduction through the accumulation of b-
catenin protein as well as specific T-cell factor/lymphoid
enhancer factor (LEF/TCF) family transcription factors (11, 12)

Wnt5a binds several receptors, including members of frizzled
(Fzd) receptor family, Ror2 and Ryk (9, 13). In addition to Fzd
receptors, the canonical Wnt pathway requires transmembrane
proteins that belong to a subfamily of low-density lipoprotein
(LDL) receptor- related proteins (LRP) such as LRP5 (9, 13). The
Frontiers in Immunology | www.frontiersin.org 231
interaction of Wnt5a with Fzd receptors is antagonized by
secreted frizzled -related proteins (SFRP) such as SFRP5.
However, a previous study postulated that SFRP could also
promote long-term Wnt signaling in certain instances by
binding to Wnt proteins and protecting them from
degradation (14). Data on the relationship between Wnt5a and
SFRP5 in humans are limited and inconsistent (15, 16).
Furthermore, the Wnt5a ligand can have disparate effects on
cells depending on receptor availability. Therefore, the cellular
context dictates the effect of Wnt5a (17). Even though td-FLS
perform key functions in RA pathogenesis and joint
inflammation, the expression of Wnt5a signaling elements in
these cells and their previously described precursors (fd-FLS and
fibrocytes) has not been well studied.

We investigated whether the three cell types express Wnt5a,
SFRP5, Wnt5a receptors/coreceptors and Wnt5a principal
targets. We also studied the involvement of Wnt5a in td-FLS
pro-inflammatory activities during RA.
MATERIALS AND METHODS

Patients and Samples
The study included 14 patients with RA. Each patient donated a
unique biological sample (peripheral blood, synovial fluid, or
synovial tissue). Peripheral blood samples were obtained from
five patients with RA. Synovial tissues were obtained from five
patients with RA during total joint replacement or synovectomy.
Synovial fluid (SF) samples were collected from the knees of four
patients with active RA using a standard sterile procedure. The
median age of all patients was 57 years old (range 35–79) with a
disease duration of 15 years (7–26). RA patients fulfilled the criteria
for the ACR/EULAR 2010 (18). RA patient characteristics are
detailed in Table 1. As a control, 3 synovial membranes from
patients with osteoarthritis (OA) were used. These tissues were
collected at the time of total knee replacement surgery. The
experimental protocols used in this study were approved by the
ethics committee of la Rabta hospital, Tunis, Tunisia. Informed
consent was obtained from each patient included in this study.
TABLE 1 | RA Patient characteristics.

Donation Blood (n = 5) Synovial fluid (n = 4) Synovial Tissue (n = 5)

Age, yearsa 59 (50-79) 60 (52-79) 50 (35-64)
Disease duration, yearsa 14 (7-26) 18 (12-26) 14 (8-20)
Female sex, n (%) 3/5 2/5 3/5
Site Peripheral blood Knee Wrist (1 synovectomy and 4 total joint replacement)
Volume (ml) 10-12 1-20
Sample collection Sterile heparinized tubes sterile syringe 50 ml Falcon centrifuge tube with medium
ACPAb + and RFc+, n (%) 5/5 4/4 N/A
CRPa mg/l 42.9 (5-164.8) 16.4 (7.6-13.6) N/A
Medications, n 5/5 4/4 N/A
TNF-inhibitorsd, n 0 0
Methotrexate, n 5/5 2/4
Prednisone, n 0 2/4
aMedian and range, bAnti-citrullinated Protein Antibody, cRheumatoid Factor, dTNF inhibitors = Humira, Enbrel, Simponi, Remicade, N/A data at the time of donation is not available.
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Td-FLS Isolation and Culture
RA and OA synovial fragments were washed with sterile
phosphate-buffered saline (PBS). The tissues were minced and
treated overnight with 1.5 mg/ml of collagenase A (Roche®) in
Dulbecco’s modified Eagle medium (DMEM) (Gibco®) at 37°C.
Dissociated cells were then centrifuged at 3500 rpm for 3 min,
washed and resuspended in DMEM supplemented with 20% fetal
bovine serum (FBS) and 1% penicillin- streptomycin (Gibco®).
The cell pellet was seeded in T-75 culture flasks (Nunc®) and
cultured at 37°C with 5% CO2. After 72h, non-adherent cells were
removed, and adherent cells were kept at 37°C in 5% CO2. The
medium was replaced every 3 days. After 10-14 days of culture,
adherent cells were trypsinized using trypsin-EDTA (Gibco®)
and transferred to new flasks with a density of 5.105 cells/flask.
Passage 3 cells were morphologically homogenous and were used
for experiments.

Fd-FLS Isolation and Culture
RA synovial Fluid was centrifuged at 1000 rpm for 30 min and
cell pellets were resuspended in DMEM containing 20% FBS and
1% penicillin-streptomycin in a T-75 flask. After 72h, non-
adherent cells were removed by replacing the culture medium
with a fresh one, and attached cells were cultured in the above
-described culture medium. Passage 3 cells were used for RNA
and protein extraction.

Fibrocyte Isolation and Culture
RA Fibrocytes were generated in peripheral blood mononuclear
cell (PBMC) cultures. Peripheral blood was mixed with DMEM
(2:1), layered over Ficoll/Plaque (Sigma®) and centrifuged at 1800
rpm for 30 min. PBMC were collected, washed then cultured in
DMEM supplemented with 20% FBS and 1% penicillin-
streptomycin (Gibco®). On the fifth day, DMEM was replaced
with a fresh medium. After 14 days, the adherent fibrocytes were
trypsinized and transferred in 6 well plates (Nunc®). The viability
of the isolated cells was assessed by the trypan blue exclusion
method. Fibrocytes were identified based on the previously
described criteria: adherent cells with elongated spindle-shaped
Frontiers in Immunology | www.frontiersin.org 332
morphology distinct from lymphocytes or adherent monocytes
and oval nuclei (19, 20). Fibrocytes were used on day 17 for RNA
and protein extraction.

RA td-FLS Stimulation
RA td-FLS were seeded in 6-well plates at a density of 12 × 104

cells/well and maintained at 5%CO2 for 24h. Cells were treated
with recombinant Wnt5a (300 ng/ml) (R&D systems®) and/or
recombinant SFRP5 (R&D systems®) for 4h and 24 h. For the
combined Wnt5a/SFRP5 treatment, SFRP5 was added 10 min
before Wnt5a stimulation. Td-FLS were collected and used for
RNA and/or protein extraction.

RNA Isolation and cDNA Synthesis
Total RNA was extracted using the “PureLink® RNA Mini Kit
(Invitrogen®) according to the manufacturer’s protocol. Sample
concentrations were measured (Nanodrop 2000®). Reverse
transcription was realized as follows: 1ml of random primers
(Invitrogen®) was added to the RNA solution and incubated 10
min at 70°C followed by 5 min incubation on ice. dNTP, M-
MLV, RNase out, 5X buffer and DTT (Invitrogen®) were added
to RNA solution, incubated for one hour at 37°C then 10 min at
70°C.

Quantitative PCR
Real-time PCRwas performed using ABI7500® qPCR System using
the SYBR Green qPCR Kit (Invitrogen®) with the primers listed in
Table 2. A reaction volume of 20 ml (2.0 ml cDNA) was amplified
for 40 cycles after initial denaturation (95°C, 10 min) with the
following parameters: 95°C for 15 s, 60°C for 1min. Specificity was
checked and reaction concentration was optimized before sample
analysis. Samples were run in duplicate or triplicate, and a relative
quantification of mRNA level was performed using glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) as an endogenous
reference. The basal gene expression between RA td-FLS, RA
fd-FLS and fibrocytes were analyzed using the DCT method; all
other data (stimulation experiments) were presented as fold change
using the 2-DDCT method.
TABLE 2 | Primers (Invitrogen®) used for qPCR.

Targets Forward Reverse

Wnt5a CAACTGGCAGGACTTTCTCA TTCTTTGATGCCTGTCTTCG
SFRP5 CACAAGTTCCCCCTGGACAA TGTGCTCCATCTCACACTGG
Fzd4 TACCTCACAAAACCCCCATCC GGCTGTATAAGCCAGCATCAT
Fzd5 GTCACACCCGCTCTACAACA CACTGAAGGACGGCTGGTAG
Ror2 ATGGAACTGTGTGACGTACCC GCGAGGCCATCAGCTG
Ryk TCTACCTGAGCGAGGACGAG CCACTTGGAATCCCAGCTTA
LRP5 ATGGGCGCCAGAACATCAA AGATGTCGATGCTGAGGTCGTG
TCF4 CTGCCTTAGGGACGGACAAAG TGCCAAAGAAGTTGGTCCATTTT
b-catenin TCTGAGGACAAGCCACAAGATTACA TGGGCACCAATATCAAGTCCAA
IL6 GTAGCCGCCCCACACAGA CATGTCTCCTTTCTCAGGGCTG
IL8 ATAAAGACATACTCCAAACCTTTCCAC AAGCTTTACAATAATTTCTGTGTTGGC
IL1b AAATACCTGTGGCCTTGGGC TTTGGGATCTACACTCTCCAGCT
CCL2 CAGCCAGATGCAATCAATGCC TGGAATCCTGAACCCACTTCT
CXCL10 GAGCCTACAGCAGAGGAACC GAGTCAGAAAGATAAGGCAGC
COX2 CCCATGTCAAAACCGAGGTG CCGGTGTTGAGCAGTTTTCTC
GAPDH ACTTCAACAGCGACACCCACTC TACCAGGAAATGAGCTTGACAAAG
Ju
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Western Blotting
Total protein extraction was realized using the “Qproteome
mammalian protein prep kit” (Qiagen®) according to the
manufacturer’s protocol. Protein concentrations were
measured and 40µg of proteins were loaded into an 8% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred into nitrocellulose membranes (Biorad®).
Membranes were blocked with 5% nonfat dry milk in PBS-
0.5% Tween 20 (PBS-T) at room temperature for 1h, followed by
overnight incubation at 4°C with primary antibodies against
alpha-1 type I collagen (ColIA1), fibronectin, LRP5, GAPDH or
b-actin (R&D systems®). The membranes were washed 3 times
with PBS-T and incubated 1h at room temperature with
horseradish peroxidase-conjugated secondary antibodies
(RnDsystems®). After PBS-T washing, membranes were
incubated for 1 min with the enhanced chemiluminescence
detection solution (ECL) (Perkin Elmer®) and signals were
detected using Biomax MR® Films (Kodak®).

Statistical Analysis
Since sample size is not large enough to verify the normality of
the data, significance was determined with a non-parametric
Kruskal Wallis test using Graph Pad Prism 6. If the Kruskal
Frontiers in Immunology | www.frontiersin.org 433
Wallis test rejected the null hypothesis a post-hoc test was run for
multiple comparisons using XLSTAT. Significance is represented
as follows: *p<0.05 and **p<0.01.
RESULTS

Expression of Wnt5a in RA vs. OA td-FLS
To determine whether Wnt5a expression is specific to RA FLS,
we first cultured td-FLS from patients with RA or OA for 3
passages (Figures 1A, B). Then, we analyzed the basal mRNA
expression of Wnt5a. The real-time PCR showed that Wnt5a was
expressed in RA td-FLS but not in OA td-FLS (Figure 1C).

Phenotypic Identification of RA td-FLS
Eventual Precursors: RA fd-FLS
and RA Fibrocytes
As for td-FLS, successful fd-FLS and fibrocyte cultures
were obtained from synovial fluids and blood of patients with
RA. After 3 passages, td-FLS and fd-FLS from patients with RA
showed similar morphology with a spindle-shaped appearance
and few branched cytoplasmic processes (Figures 2A–D).
FIGURE 1 | Comparison of Wnt5a expression in td-FLS from patients with RA and OA: Third passage RA td-FLS (A). Third passage OA td-FLS (B). Wnt5a mRNA
expression in RA td-FLS (n=3) and OA td-FLS (n=3) (C). Wnt5a was expressed in RA td-FLS but not in OA td-FLS. ND, Not detected. Results are shown as the
mean ± SD.
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Cultured fibrocytes had a spindle-shaped morphology with
numerous cytoplasmic projections (Figures 2E, F). Since
fibronectin and collagen I (colI) are mesenchymal markers, we
evaluated their expression in RA td/fd-FLS from passage 3 and RA
fibrocytes after 17 days of cultures using Western blot. As shown
in Figure 2G, only RA td-FLS and RA fd-FLS expressed
fibronectin. The three cell types expressed ColIA1. The higher
levels of ColIA1 were observed in RA FLS (td and fd) compared
to fibrocytes.

Expression of Wnt5a and SFRP5 in RA
td-FLS, RA fd-FLS and RA Fibrocytes
After obtaining homogenous cultures, we investigated the
expression of Wnt5a and SFRP5 genes in td-FLS, fd-FLS and
fibrocytes from patients with RA.

No significant difference in Wnt5a transcript level was found
between the three cell types (Figure 3A). SFRP5 mRNA was
detected in RA td-FLS and RA fd-FLS but not in RA fibrocytes
(Figure 3B).
Frontiers in Immunology | www.frontiersin.org 534
Expression of Wnt5a Receptors and
Coreceptors in RA td-FLS, RA fd-FLS,
and RA Fibrocytes
To examine whether RA td-FLS, RA fd-FLS and RA fibrocytes
express receptors/coreceptors for Wnt5a, we analyzed the
mRNA expression for Fzd4, Fzd5, Ror2, Ryk and LRP5 by
qPCR. As shown in Figure 4, the Fzd5 mRNA level was
significantly higher in RA fibrocytes than in td-FLS and
fd-FLS. Therefore, no differential expression in Fzd4, Ror2,
Ryk and LRP5 level was found between the three cell types.

Expression of Inflammatory Mediators in
RA td-FLS, RA fd-FLS, and RA Fibrocytes
In order to obtain a basic measure of cultured RA td-FLS, fd-FLS
and fibrocyte inflammatory profile, we examined the mRNA
expression of the inflammatory mediators: IL6, IL1b, IL8,
CXCL10, CCL2 and COX2.

We found a significantly higher expression of IL6 in RA
fd-FLS compared to td-FLS and fibrocytes (Figure 5A). The mRNA
FIGURE 2 | Light microscopic features and mesenchymal marker expression in td-FLS, fd-FLS and fibrocytes from patients with RA: Spindle-shaped adherent cells
started to appear in synovial fluid cultures from patients with RA after few days of culture (C). Third passage fd-FLS showed a spindle-shaped appearance (D) similar
to RA td-FLS (A, B). Fibrocytes from PBMC of patients with RA displayed some features of td-FLS, such as a fibroblast-like morphology. Fibrocytes showed
cytoplasmic projections and a slim bipolar-shape (E, F) (original magnification ×100). Western blot analysis showed fibronectin, ColIA1 and GAPDH expression in
fd-FLS, td-FLS and fibrocytes from patients with RA (G). The Western blots are representative of one experiment out of two.
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expression levels of IL1b, IL8, CXCL10 and CCL2 were
significantly higher in RA fibrocytes than in td-FLS and fd-FLS
(Figures 5B–E). Furthermore, IL1b transcript levels were greater
in RA fd-FLS when compared to RA td-FLS (Figure 5B). No
differential COX2 expression levels were found between the three
cell types (Figure 5F).

Effect of Wnt5a on Inflammatory Mediator
Synthesis by Activated RA td-FLS
The above findings prompted us to explore the involvement of
Wnt5a in the pro-inflammatory activity of RA td-FLS. The
Wnt5a stimulated expression profile of pro-inflammatory
Frontiers in Immunology | www.frontiersin.org 635
mediators in RA td-FLS was analyzed using qPCR after 4h and
24h of stimulation.

As shown in Figure 6A, IL1b expression was enhanced
robustly, more than 48 times over the untreated cells after 4h
of treatment. IL8, IL6, CCL2 and COX2 were also rapidly up-
regulated (25.7 fold, 13.7 fold, 8.5 and 7.4 fold respectively).
CXCL10 was up-regulated mildly (1.5 fold) after 4 h of
treatment. We sought if the inflammatory profile induced by
Wnt5a in RA td-FLS was inhibited by the Wnt5a soluble
regulator: SFRP5. RA td-FLS cytokine production induced by
Wnt5a was enhanced in the presence of SFRP5. The combined
Wnt5a/SFRP5 treatment induced a massive expression of IL1b,
A B

D E

C

FIGURE 4 | Expression of Wnt5a receptors and coreceptors in td-FLS, fd-FLS and fibrocytes during RA: Relative mRNA levels of Fzd4, Ror2, Ryk and LRP5 in the
three cell types: No difference was detected between the cells using qPCR analysis (A, C–E). Fzd5 was highly expressed in fibrocytes compared to td-FLS and fd-
FLS (n=3-4) (B). Results are shown as the mean ± SD *Statistically significant difference p < 0.05, **statistically significant difference p < 0.01, using non-parametric
Kruskal Wallis test with a post hoc test.
A B

FIGURE 3 | Expression of Wnt5a and SFRP5 in td-FLS, fd-FLS and fibrocytes during RA. Wnt5a gene level profiles in the three cell types by quantitative RT-PCR:
No significant differences were found in mRNA levels (A). SFRP5 mRNA expression: SFRP5 was expressed in td-FLS and fd-FLS but not in fibrocytes (n=3-4) (B).
ND, Not detected. Results are shown as the mean ± SD.
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A

B

FIGURE 6 | Effect of Wnt5a on the inflammatory response of RA td-FLS. RA td-FLS (passage 3) were stimulated with recombinant Wnt5a (300 ng/ml) in the
presence or absence of SFRP5 (1 mg/ml) for 4 h (A) and 24h (B). Cytokine expression profiles (CCL2, IL8, IL1b, CXCL10 and COX2) were determined in cell culture
using qPCR. Gene expression levels in unstimulated cells were assumed to be 1. Data are means ± SD of two independent experiments each performed in
triplicates using at least two different lots of each of the recombinant Wnt proteins.
A B

D E F

C

FIGURE 5 | Expression of Wnt5a pro-inflammatory targets in td-FLS, fd-FLS and fibrocytes during RA. IL6 was highly expressed in fd-FLS compared to td-FLS and
fibrocytes (A). IL1b and CCL2 were expressed by the three cell types (B, E). The higher mRNA levels for IL1b and CCL2 were found in fibrocytes followed by fd-
FLS. IL8 and CXL10 expression profiles were greater in fibrocytes than in td-FLS or fd-FLS (C, D). Relative mRNA levels of COX2 in the three cell types (F): No
difference was detected between the cells using qPCR analysis (n=3-4). Results are shown as the mean ± SD.*Statistically significant difference p < 0.05 using
non-parametric Kruskal Wallis test with a post hoc test.
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IL8, IL6, COX2 and CCL2 (65.5 fold, 45,2 fold, 30.1 fold, 24.2
fold and 8.5 fold respectively).

At 24h of Wnt5a stimulation, IL1b, IL8, IL6 and CCL2
expression declined and dropped under the initial levels found
in the untreated cells (Figure 6B).

Effect of Wnt5a on the Principal Canonical
Wnt Component Expression
Finally, we analyzed whether Wnt5a alone or associated with
SFRP5 changed the expression of the principal canonical Wnt
elements. We analyzed the gene expression levels of b-catenin
and TCF4. We also evaluated the protein expression of the
coreceptor LRP5 which is crucial for the canonical
Wnt activation.

After Wnt5a stimulation for 4 h and 24 h, no changes in b-
catenin expression were observed. The expression of the
canonical transcription factor TCF4 decreased after 4h of
Wnt5a stimulation and Wnt5a/SFRP5 treatment (Figure 7A).
Consistent with this, td-FLS treatment with Wnt5a alone or
associated with SFRP5 for 24h diminished the protein expression
levels of the canonical coreceptor LRP5. It is worth noting that
SFRP5 alone did not elicit LRP5 expression (Figure 7B).
DISCUSSION

RA is an acquired disorder that results from the concerted
actions of different cell types both in the inflamed joint and in
the circulation. RA td-FLS have a key role in all principal features
of RA including hyperplasia and inflammation (3). Since neither
Frontiers in Immunology | www.frontiersin.org 837
increased proliferation nor inadequate apoptosis are totally
responsible for the accumulation of RA td-FLS in the joint and
synovial hyperplasia, there is certainly a cell migration
phenomenon of progenitors from the blood to the synovium.
The paper by Galligan and colleagues suggests that circulating
fibrocytes are precursors of td-FLS and their activation in the
circulation may be indicative of subsequent synovial
inflammation and joint destruction (21). In a previous study,
we showed that synovial fluid from RA patients gives rise to fd-
FLS that contribute to the progression of RA (22). It is possible
that fd-FLS derived from circulating fibrocytes (5).

As td-FLS are important in the pathogenesis of RA, the
identification of endogenous molecules that regulate td-FLS
function is of paramount importance. The evidence
accumulated to date shows that the Wnt signaling pathway
plays a critical role in the pathogenesis of RA. In fact, some
members of the Wnt pathway, such as Wnt5a, have been
identified in the synovial tissue and serum of patients with RA
(9). Firstly, we found that Wnt5a expression was restricted to td-
FLS from RA patients. Our results are consistent with Sen and
colleague’s study showing that RA tissues express high gene
levels of Wnt5a whereas OA tissues express either much less or
almost no detectable Wnt5a mRNA (4). Subsequently, we
demonstrated that Wnt5a was expressed in the two eventual
precursors of td-FLS: fd-FlS and fibrocytes during RA.

Surprisingly, it has been possible to show greater expression
of Wnt inhibitors such as SFRP in blood and synovial tissues
during RA (23). Our data, demonstrated that SFRP5 was
expressed in RA td-FLS, RA fd-FLS but not in RA fibrocytes.
Indeed, as was shown by Kwon and colleagues, both RA td-FLS
A

B

FIGURE 7 | Effect of Wnt5a on the canonical Wnt pathway activation in RA td-FLS. RA td-FLS (passage 3) were stimulated with recombinant Wnt5a (300 ng/ ml) in
the presence or absence of SFRP5 (1 mg/ml) for 4 h and/or 24h. Intracellular regulator expression profiles (b- catenin and TCF4) were determined in cell culture
using qPCR (A). Gene expression levels in unstimulated cells were assumed to be 1. Results are shown as the mean ± SD of two independent experiments each
performed in triplicates using at least two different lots of each of the recombinant Wnt proteins. The protein abundance of LRP5 was studied by Western blot
analysis after 24h of stimulation (B). The Western blot is representative of one experiment out of two.
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and PBMC express SFRP5 (24). SFRP can prevent Wnt
interaction with some Fzd receptors and decrease Wnt
signaling. However, in some contexts, SFRP proteins could
facilitate Wnt signaling by enhancing Wnt diffusion (14, 23).

Recent reports identified Wnt5a to interact with various
members of the Fzd receptor family (Fzd 4, 5, 8) as well as the
receptors Ror2 and Ryk (9, 13, 25). Our data revealed that td-
FLS, fd-FLS and fibrocytes expressed several Wnt5a receptors:
Fzd4, Fzd5, Ror2, Ryk and the coreceptor LRP5 during RA.
Interestingly, our study demonstrated that the expression profile
of Fzd5 was particularly higher in fibrocytes compared to td-FLS
and fd-FLS during RA. A previous report demonstrated that
Fzd5 is expressed in RA tissues. Furthermore, Fzd5 levels are
higher in RA synovium in comparison to osteoarthritis and
normal adult synovium. This Wnt5a receptor plays an important
role in FLS-mediated inflammatory response. RA td-FLS
treatment with a polyclonal antibody specific for the
extracellular domain of Fzd5 blocks IL6 and IL15 expression at
both RNA and protein levels (9). Fzd5 plays a pivotal role not
only in inflammation but also in cell migration (26). Considering
all these results, Fzd5 may constitute one of the receptors
involved in fibrocyte migration into the inflamed joint
during RA.

Several research lines suggest that the Wnt5a-mediated
signaling plays an important role in the induction of cytokines
and other pro-inflammatory molecules in many cell types
including neutrophils, monocytes, and endothelial cells
(27–29). To understand the functional role of Wnt5a in vitro,
RA td-FLS were stimulated with Wnt5a for 4 h and 24 h.Our
data showed that Wnt5a enhanced rapidly the expression of
IL1b, IL6, IL8, CCL2, CXCL10 and COX2 in RA td-FLS.
According to Sen and colleague’s study, the transfection of RA
td-FLS with either an antisense Wnt5a vector or a dnWnt5a
down-regulates cytokine expression (9). Our data clearly
demonstrated a robust induction of IL1b in response to Wnt5a
in RA td-FLS. This cytokine plays a key role in invasiveness,
inflammation and FLS activation (30). It may promote the
formation of osteoclast‐like cells that can enlarge channels
between the bone marrow and the synovial cavity (9). Wnt5a
stimulated the expression of three important chemokines: IL8,
CCL2 and CXCL10; it might stimulate leukocyte migration,
predominantly neutrophils and fibrocytes (30).

Although the role of the inhibitor SFRP5 was characterized in
some cell types, there is little to no evidence about its
inflammatory function in RA td-FLS. Surprisingly, we found
that RA td-FLS cytokine production induced by Wnt5a was not
inhibited but enhanced in the presence of SFRP5. This
observation is consistent with a previous report by Yu and
colleagues who demonstrated that SFRP5 enhances the pro-
inflammatory activity of Wnt5a in macrophages (31). In fact,
IL12, IL6 and TNF levels were higher in macrophages treated
with Wnt5a associated with SFRP5 than in macrophages
stimulated by Wnt5a alone. A similar picture was seen when
macrophages are treated with Wnt5a associated with the
canonical inhibitors: SFRP1 or Dickkopf 1. These observations
indicate that there is, in fact, a direct link between the pro-
Frontiers in Immunology | www.frontiersin.org 938
inflammatory effect of Wnt5a and the inhibition of the canonical
Wnt pathway. In our study, we measured the gene expression of
TCF4 and b-catenin after cell treatment. We were able to detect a
decrease in the canonical transcription factor: TCF4 levels after
Wnt5a addition alone or associated with SFRP5. However, we
did not observe changes in b-catenin expression after cell
stimulation. Our data agree with a previous report by Mikels
and Nusse. The authors described that Wnt5a protein treatment
has no effect on b-catenin levels but rather inhibits canonical
Wnt signaling at the level of TCF transcription (25). Other
researchers found that Wnt5a inhibits the canonical Wnt
signaling by diminishing the gene expression of Axin2 which is
an important element in the canonical cascade (31). In this study,
we limited our exploration to an evaluation of the mRNA
expression of b-catenin and we did not assess the
phosphorylated form of this protein in RA td-FLS after Wnt5a
and SFRP5 treatment. It is also believed that Wnt signaling
pathways can act in an antagonistic manner. Various
noncanonical Wnt signaling mechanisms have been reported
to inhibit the b-catenin pathway by increasing b-catenin
turnover or decreasing b-catenin/TCF association with DNA
(32). It will also be interesting to explore the noncanonical Wnt
pathways after cell treatment with Wnt5a and SFRP5.

Finally, we examined the effects of Wnt5a and SFRP5 on the
canonical coreceptor LRP5. Our results indicated that the
addition of Wnt5a alone and in conjunction with SFRP5
induced a clear drop in LRP5 protein expression. In fact,
Wnt5a can activate the canonical and the noncanonical
pathways depending on the cell type or the repertory of
available receptors (13, 25, 33). A study conducted by Mikels
and Nusse showed that Wnt5a activates the canonical Wnt
pathway in the presence of both Fzd4 and LRP5. However, the
interaction between Wnt5a and Ror2 inhibits the canonical Wnt
pathway and activates a noncanonical Wnt signaling (25). The
diversity of receptors that interact with Wnt and transduce their
signals is matched by an equally diverse set of proteins that
modulate Wnt activity in the extracellular space (34). Several
molecules, including SFRP, act by forming nonfunctional
complexes with some Wnt receptors and then reduce the
possibilities of interaction between Wnt molecules and those
receptors (35). As previously noted, noncanonical Wnt signaling
can inhibit b-catenin transcriptional activity (32). Such a
mechanism could be activated by some SFRP, such as SFRP5,
via blocking particular receptors to enhance the interaction
between Wnt and some noncanonical receptors (36). This
could be the reason behind the enhanced pro-inflammatory
response of Wnt5a when associated with SFRP5. The
contradictory results between the studies that used
recombinant SFRP5 (31) and the studies based on SFRP5 gene
silencing (24) could perhaps be explained by the role of SFRP5
protein in controlling Wnt5a-Wnt receptor interactions.

Certain limitations should be considered in our study. The
first limitation was related to the small number of RA patients
and samples. While increasing the number of synovial fluid and
blood samples was possible, it was difficult to obtain more fresh
synovial tissue specimens for td-FLS cultures. Recent advances in
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managing patients with RA have resulted in reduced access to
synovial tissues for researchers. A second limitation of our study
was inherent to the exclusive use of cell cultures, which is known
to be unable to recapitulate the full pathogenesis of RA. The third
limitation was the absence of an evaluation of Wnt5a and SFRP5
effects on normal or OA td-FLS pro-inflammatory response. The
findings may not be similar in non- RA cells, perhaps due to the
unique aggressive characteristics of RA FLS and the cellular
context. In addition, our study was limited to the evaluation of
mRNA expression of the pro-inflammatory targets after Wnt5a
and SFRP5 treatment. The evaluation of cytokine secretion in the
supernatant remains to be established to firmly establish the
importance of the Wnt5 pathway involvement in RA-FLS
mediated inflammation.
CONCLUSION

The findings of this study indicate that td-FLS and their eventual
precursors: fd-FLS and fibrocytes express Wnt5a signaling
elements during RA. The pro-inflammatory effects of Wnt5a
on td-FLS are enhanced in the presence of SFRP5. Furthermore,
the association of Wnt5a with SFRP5 stimulates RA td-FLS
response through mechanisms involving the inhibition of
TCF4 and LRP5. We provide Wnt5a signaling a new argument
for a potential target of td-FLS-directed RA therapy.
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Allergic bronchopulmonary aspergillosis (ABPA) is an immunological pulmonary disorder
caused by hypersensitivity to Aspergillus which colonizes the airways of patients with
asthma and cystic fibrosis. Its diagnosis could be difficult in some cases due to atypical
presentations especially when there is no medical history of asthma. Treatment of ABPA is
frequently associated to side effects but cumulated drug toxicity due to different molecules
is rarely reported. An accurate choice among the different available molecules and
effective on ABPA is crucial. We report a case of ABPA in a woman without a known
history of asthma. She presented an acute bronchitis with wheezing dyspnea leading to an
acute respiratory failure. She was hospitalized in the intensive care unit. The
bronchoscopy revealed a complete obstruction of the left primary bronchus by a sticky
greenish material. The culture of this material isolated Aspergillus fumigatus and that of
bronchial aspiration fluid isolated Pseudomonas aeruginosa. The diagnosis of ABPA was
based on elevated eosinophil count, the presence of specific IgE and IgG against
Aspergillus fumigatus and left segmental collapse on chest computed tomography. The
patient received an inhaled treatment for her asthma and a high dose of oral
corticosteroids for ABPA. Her symptoms improved but during the decrease of
corticosteroids, the patient presented a relapse. She received itraconazole in addition
to corticosteroids. Four months later, she presented a drug-induced hepatitis due to
itraconazole which was immediately stopped. During the monitoring of her asthma which
was partially controlled, the patient presented an aseptic osteonecrosis of both femoral
heads that required surgery. Nine months after itraconazole discontinuation, she
presented a second relapse of her ABPA. She received voriconazole for nine months
associated with a low dose of systemic corticosteroid therapy with an improvement of her
symptoms. After discontinuation of antifungal treatment, there was no relapse for one year
follow-up.
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INTRODUCTION

Fungal pulmonary infections are rare in immunocompetent
patients. These infections can be caused by several pathogens
such as Aspergillus, Pneumocytis jirovecii and Cryptococcus.
However, even immunocompetent patients can be affected by
these pathogens. In fact, they can affect patients with chronic
bronchopulmonary pathologies such as asthma, cystic fibrosis
and chronic obstructive pulmonary disease (1). The most
frequent pathogen associated with fungal pulmonary infections
is Aspergillus, which is a saprophytic mold isolated abundantly
from soil, construction sites and hospitals (1, 2). There are three
clinical presentations of pulmonary aspergillosis: chronic
pulmonary aspergil losis (CPA), invasive pulmonary
aspergillosis (IPA) and allergic bronchopulmonary aspergillosis
(ABPA) (3). Depending on the interaction between the pathogen
and its host, pulmonary aspergillosis can lead to one of these
clinical presentations (4). The estimated worldwide global rate of
ABPA among asthmatic adult patients is 2,5% (5, 6), however
only some cases are reported in Tunisia (7). ABPA is most often
associated with severe uncontrolled asthma (5, 6) and drug
toxicity is frequently reported during therapeutic management.
We report a case of ABPA in a patient with a medical history of
an allergic rhinitis, with no respiratory symptoms and who
developed drug toxicity to corticosteroids then to itraconazole.
Thus, we emphasize the challenges in diagnosing and treating
ABPA due to its atypical clinical presentations and significant
drug toxicity associated with its therapeutic management.
CASE PRESENTATION

A 72-year-old woman, non-smoker, consulted in December
2017, an office-based pulmonologist for acute bronchitis with
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wheezing dyspnea. In her medical history she reported an allergic
rhinitis diagnosed in childhood without respiratory symptoms.
She was sensitized to some pollen types which were not specified.
She is of French origin and living in Tunisia for thirty years. She
had no respiratory nor rhinitis symptoms since she came in
Tunisia and until she developed a bronchitis in December 2017.
This bronchitis was resistant to symptomatic treatment and
short-term systemic corticosteroid therapy. The patient was
hospitalized in an intensive care unit for an acute respiratory
failure due to her bronchitis. A chest X-ray (face and profile,
Figure 1) showed a left hilo-axillary linear opacity with
retraction signs evoking atelectasis. Her blood tests didn’t show
a biological inflammatory syndrome (CRP= 11mg/l; white blood
cells= 9780/mm3 with an eosinophilic count= 939/mm3). Chest
computed tomography (CT) confirmed the diagnosis of
atelectasis and showed segmental collapse of the lingula and
posterior segment of the left basal pyramid with no
parenchymatous lesion (Figure 2). Flexible bronchoscopy
revealed a complete obstruction of the left primary bronchus
by a sticky greenish material that could be removed (Figure 3).
Bacterial culture of this material isolated Pseudomonas
aeruginosa and the patient received consequently an
antibiotherapy associating Levofloxacin and Cefpodoxime for
two weeks, with partial improvement in respiratory symptoms.
The mycological culture isolated Aspergillus fumigatus.
Aspergillus serology (IgG) was positive at 12 AU/mL (ELISA,
Biorad®). Total IgE count was 233 IU/ml (ELFA, Biomérieux®).
Aspergillus fumigatus specific IgE and Aspergillus skin testing
were not done. During pulmonary function test, the forced vital
capacity (FVC) was at 1,97 l (82%) and forced expiratory volume
in one second (FEV1) was at 1,60 l (81%). The diagnosis of
ABPA associated to an asthma was established. The patient
received a high-dose regimen of oral corticosteroids for five
weeks (1 mg/kg/day: 80mg of prednisone for one week then
FIGURE 1 | Left hilo-axillary linear opacity associated with retraction signs evoking atelectasis on chest-ray face and profile.
June 2021 | Volume 12 | Article 695954

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Snen et al. Case Report: Allergic Bronchopulmonary Aspergillosis Revealing Asthma
40mg for one week then 20mg for one week then 10mg for one
week then 5mg for one week) and an inhaled association of long-
acting bronchodilator and a high dose of corticosteroids
(salmeterol and fluticasone). When searching for mold
exposure in the patient’s medical history, we discovered her
gardening activities and that she had multiple indoor plants at
her house. In addition to medical treatment, it was
recommended that the patient should remove all the indoor
plants. The evolution has been marked by the disappearance of
respiratory symptoms and of the atelectasis on chest x-rays and
the decrease in the eosinophils’ count (282/mm3). However,
during the decrease of corticosteroid therapy dosage, she
Frontiers in Immunology | www.frontiersin.org 343
presented a relapse of her respiratory symptoms at the dose of
5mg of prednisone per day. She consulted in March in our
department. The itraconazole was prescribed in association with
corticosteroid therapy (medium-dose regimen: 0,5 mg/kg/day;
40mg of prednisone for one month then 30mg for one month
then 25mg for two weeks then 20mg for two weeks then 15mg for
two weeks, then 10mg for two weeks). After four months of anti-
fungal treatment, the patient developed a jaundice with an
intense deterioration of her general condition. Liver biological
tests showed significant hepatic cytolysis (AST= 485 IU/L, ALT=
182 IU/L) and cholestasis (Gamma-GT= 933 IU/L, Alkaline
phosphatse= 758 IU/L). After exclusion of the intake of any
other treatment associated to drug liver toxicity, the diagnosis of
an acute liver failure due to a drug-induced hepatitis associated
to the anti-fungal treatment was established. As a result, the
itraconazole was immediately stopped. At that time, the titer of
Aspergillus fumigatus specific IgE was 0.59 KUA/L (FEIA,
Thermaoscientific/Phadia®), hence the decision to continue
inhaled asthma treatment and to continue monitoring the
patient. For the next seven months, the patient’s asthma was
partially controlled. The patient developed a right hip joint pain
and a lameness. The various explorations concluded to an aseptic
osteonecrosis of both femoral heads. The patient underwent
surgery for her right hip. In May 2019, the patient presented
acute bronchitis with mucus produced by coughs. She had
persistent respiratory symptoms which were resistant to
antibiotherapy and short-term systemic corticosteroid therapy.
Chest X-ray showed an atelectasis in the left lower lobe. Flexible
bronchoscopy revealed a mucus plug at the left lower lobar
bronchus. The middle lobar bronchus had a reduced caliber and
was non-catheterizable. Chest CT revealed alveolar opacities
associated with bronchiectasis in the posterior and medial
segment of the right basal pyramid and lateral segment of the
middle lobe (Figure 4). During bronchoscopy, the plug has been
FIGURE 3 | Complete obstruction of the left strain bronchus by sticky
greenish material in flexible bronchoscopy.
FIGURE 4 | Chest CT scan image showing alveolar opacities associated to
bronchiectasis in posterior and medial segment of the right basal pyramid.
FIGURE 2 | Chest CT scan image showing segmental aerated collapse of
the lingula.
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removed and cultures done. Bacterial culture of this material was
negative. The mycological culture isolated Aspergillus fumigatus.
In vitro susceptibility testing against voriconazole was performed
using E-test (Biomérieux®). This strain was susceptible to
Voriconazole (MIC: 0.38µg/mL). Total IgE count was at 301
IU/ml, eosinophilic count was at 159/mm3. The titer of
Aspergillus fumigatus specific IgE was at 13.90 KUA/L.
Voriconazole was prescribed in addition to a step up in the
patient’s asthma treatment. The patient received antifungal
treatment for nine months in addition to a low dose of
systemic corticosteroid therapy (prednisone 10mg/day) and an
inhaled long-acting anticholinergic (tiotropium) in association to
montelukast and an inhaled association of long-acting
bronchodilator and a high dose of corticosteroids. The
Aspergillus fumigatus specific IgE decreased to 2 KUA/L. The
pulmonary function test results improved [FVC=2,38 l (90%)
and FEV1 = 1,98 l (96%)]. After discontinuation of antifungal
treatment, there was no relapse for one year follow-up.
DISCUSSION

ABPA is caused by hypersensitivity to Aspergillus fumigatus (8).
It is frequently associated with severe and uncontrolled asthma
or cystic fibrosis. The small conidia of Aspergillus fumigatus can
easily enter the airways. Exposure to large numbers of conidia
may cause ABPA (9, 10), but not all asthmatics develop ABPA
despite being exposed to the same environmental factors. This
means that other factors play a role in the pathogenesis of ABPA
(9). In a genetically predisposed individuals, inhaled conidia of
Aspergillus fumigatus germinate into hyphae with release
antigens that activate the innate and adaptive immune
responses (Th2 CD4+ T cell responses) of the lung (9, 10).

When treating ABPA, exposure to molds in the patient’s
environment must be investigated to indicate remediation. This
is important to prevent relapse after discontinuation of
treatment, which was the case for our patient. The first
publication about ABPA as an entity was in 1952, from the
United Kingdom (11). A decade later, the second case of ABPA
was described in the United States (12, 13). The diagnosis of this
disease is still difficult, particularly during atypical clinical
presentations which was the case of our patient, who had an
allergic rhinitis and no prior asthma history or diagnosis. In fact,
up to one third of patients with controlled asthma had a
relatively asymptomatic ABPA, and the diagnosis is discovered
during routine testing (14). Moreover, some clinical
presentations are confusing such as the case reported by Savi
and al. and where the diagnosis of ABPA was established in a
previously healthy male (15). Also, in a nationwide Japan survey,
19% of patients diagnosed with ABPA had no medical history of
asthma (16). ABPA is due to an inflammatory pulmonary
disorder which often causes non-specific symptoms such as
chronic cough, wheezing and recurrent pulmonary infiltration
(8). It may be associated to other symptoms such as fever, weight
loss, deterioration of general condition, hemoptysis, chest pain
Frontiers in Immunology | www.frontiersin.org 444
and night sweats (17). Expectoration of yellowish-green lumps of
mucus is characteristic of ABPA and can be observed in half of
the cases (8) which was the case of our patient. The chest X-ray
may be normal in the early stages of the disease and can reveal
some abnormalities such as “Tramline shadows” and “finger-in-
glove opacities” which are temporary patterns corresponding to
bronchial wall edema and thickening; “Toothpaste shadows”
which are also transient and indicate mucus plugs within
bronchi; “parallel line shadows” which appear when the mucus
plugs are expectorated (18, 19). In the case of our patient, the
chest X-ray showed a linear opacity due to an atelectasis during
the first consultation and during the relapse. The chest CT
confirmed the diagnosis of segmental collapse during the first
consultation and showed bronchiectasis during the relapse.
Flexible bronchoscopy has an important place particularly in
patients with atelectasis to rule out malignant etiologies. It also
allows bacteriological and mycological samples. Sputum or
bronchial fluid cultures are positive for Aspergillus in nearly
40–60% of cases (20, 21). The presence of Aspergillus fumigatus
in the sputum culture is not sufficient to confirm the diagnosis of
ABPA as this fungus is human saprophyte and can be present in
other pulmonary diseases (9, 10). Sputum cultures can contribute
to the diagnosis by isolating Aspergillus and by performing in
vitro antifungal-susceptibility testing and molecular testing for
resistance, of the isolated strains (9, 10, 22). In a study involving
13 countries from four continents, 6% of the 2026 isolates of A.
fumigatus were triazole resistant using molecular tools (23). This
resistance prevalence varies in its geographic distribution. For
example, in a French study, the prevalence of Aspergillus
fumigatus azole resistance in patients with cystic fibrosis was
detected in 6.8% of cases (24). However, in an English study, the
azole resistance prevalence was higher. Resistance to at least one
azole antifungal drug was confirmed in 13.2% of included
patients among whom 16.2% had cystic fibrosis (TR34/L98H
was identified in 27.3% of azole-resistant isolates) (25).
Furthermore, the association of Pseudomonas aeruginosa and
Aspergillus fumigatus has been reported in the literature. Both
microbes are responsible for considerable morbidity and
mortality particularly in patients with cystic fibrosis, among
whom the co-infection accelerates the lung disease progression
(26). In fact, metabolite exchange and intermicrobial
competitions between both germs have been studied to better
explain the important morbidity and mortality due to their
association (27).

When the diagnosis of ABPA is suspected, some biological
investigations are used for the diagnosis and monitoring of ABPA.
The relevant tests are eosinophil count, total serum IgE level,
serum IgE antibodies specific to Aspergillus fumigatus and serum
precipitins or specific IgG against Aspergillus fumigatus (9, 14).
First, blood eosinophil count should be checked and a level over
500 cell/L can help to establish the diagnosis. Our patient had an
elevated eosinophilic count (939/mm3). However, high eosinophil
counts can be detected in many other diseases and normal levels
are reported in patients with ABPA receiving corticosteroids (14).
It is known that the pulmonary eosinophilia is far greater than in
peripheral blood; thus, a low eosinophil count does not exclude
June 2021 | Volume 12 | Article 695954
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ABPA (9, 28). The measurement of the serum total IgE level is an
accurate and important test for the diagnosis and the follow-up of
ABPA (10). Active ABPA is generally excluded when serum IgE is
normal (9, 10). For the cut-off value of IgE level that should be
used in the diagnosis of ABPA, there is no consensus, and it
remains uncertain (9). In addition, the reported IgE values in
different units (IU/mL, ng/mL) could lead to false interpretation
(9). Some laboratories employ 417 IU/mL as a cut-off value, while
others use a value of 1000 IU/mL (29). So, a validation of the IgE
cutoff value across all populations is required since it could be
influenced by both risk of exposure to Aspergillus antigens and
ethnicity (9, 18). Despite this, the most sensitive investigation in
the diagnosis of ABPA is currently the detection of high levels of
serum IgE antibodies specific toAspergillus fumigatus (>0.35 kUA/
l). This test is also considered the preferred one for screening
asthmatic patients for ABPA (6, 9, 10). When our patient had the
first relapse, the serum specific IgE were high with a value of 13.9
KUA/L. Although the detection of IgE antibodies specific to
Aspergillus fumigatus is useful for the diagnosis, it is less
helpful in the follow up of patients (10). In addition, serum
precipitins or specific IgG against Aspergillus fumigatus are
detected in 69–90% of cases of ABPA (9, 30). In our case, the
patient had positive specific IgG, but the technics used are not
equal. In fact, double gel diffusion technique for the detection of
Aspergillus fumigatus-specific IgG has a limited sensitivity (27%)
in the diagnosis of ABPA, whereas, commercial enzyme
immunoassays have a sensitivity exceeding 90% (10, 30).

The diagnosis of ABPA is confirmed when the case
presentation meets the criteria established in 2013 by the
ABPA Working Group of the International Society for Human
and Animal Mycology. If total IgE level are over 1000 IU/mL,
two among three criteria are sufficient for establishing the
diagnosis of ABPA: positive serum precipitins/Aspergillus
fumigatus IgG, eosinophil count >500 cell/L, chest CT
consistent with ABPA (mucus impaction, tree-in-bud pattern,
centrilobular nodules, mosaic attenuation (31); high attenuation
mucus, pathognomonic for ABPA (9, 32); segmental, lobar and
total lung collapse due to mucus plugs (33–35); central or
peripheral bronchiectasis). Patients with a total IgE levels
under 1000 IU/mL, who, otherwise, meet all the remaining
criteria are also diagnosed with ABPA (9). This is the case for
our patient who had a total IgE level under 1000 IU/mL. In the
different cases reported in Tunisian patients, total IgE level was
also under 1000 IU/mL (7). Patients with uncontrolled asthma
and positive skin prick test to Aspergillus or IgE sensitization to
Aspergillus and who have a total IgE levels under 1000 IU/mL,
without meeting all the other criteria may be diagnosed with
severe asthma with fungal sensitization. A normal total IgE level
or a negative screening test in a glucocorticoid-naïve patient
potentially excludes the diagnosis of ABPA (9).

Different therapeutics have shown their efficiency in the
treatment of ABPA. Glucocorticoids are the first molecules to be
used. A randomized trial showed that the medium-dose regimen
and high-dose regimen are both effective against ABPA with less
side effects for the medium-dose regimen (36). In the medium-
dose regimen, prednisolone is prescribed in monotherapy for a
Frontiers in Immunology | www.frontiersin.org 545
total duration of three to five months (0.5 mg/kg/day for two
weeks, then on alternate days for eight weeks, then 5 mg less every
two weeks) (37). When a patient is on glucocorticoids and still has
recurrent exacerbations or worsening pulmonary function test or
become glucocorticoid-dependent, antifungal therapy could be
added (37, 38). In our case, the patient presented a severe
complication of glucocorticoid treatment which is aseptic
osteonecrosis of both femoral heads requiring surgery.
Itraconazole is usually used with or without glucocorticoids for
at least six months, at a dose of 200 mg twice a day (38). It requires
frequent liver enzymes level monitoring because of its toxicity
(38). In fact, itraconazole can cause liver toxicity which was the
case of our patient. Other oral azoles such as voriconzaole and
posaconazole are also effective in ABPA and can be used when
itraconzaole is toxic or contraindicated (39). However, when there
is a drug toxicity due to one molecule of azole, there is a risk of a
cross-azole toxicity. So alternative approaches to antifungal
treatment, in ABPA, that avoid systemic effects were tested and
inhaled amphotericin B has been explored with varying results in
uncontrolled studies (40, 41). In our case, inhaled amphotericin B
was not available and voriconazole was used without a cross-azole
toxicity. It led to remission without relapse after discontinuation of
antifungal therapy. Furthermore, omalizumab has also proven its
efficacy in ABPA, compared to long-term glucocorticoids and it
can be administered even in cases with high level of IgE (42). In
the case of acute lung collapse, broncho-alveolar lavage during
rigid or flexible bronchoscopy helps the lung re-expansion and
significant improvement of ABPA symptoms (33, 43). For patients
with thick sputum, chest physiotherapy and nebulized hypertonic
saline solution improve the symptoms (44, 45). Patients should be
examined every two months with chest radiography and total
serum IgE levels until remission (9). Exacerbation is confirmed
when the baseline total IgE levels doubles with clinical or
radiological deterioration (9). Response to therapy is defined by
a minimum of 25% decrease in total IgE levels with clinical and
radiological improvement and remission is confirmed when the
patient has no exacerbations for at least six months after stopping
all therapeutics (9). However, it has not been demonstrated that
there are benefits of treating ABPA diagnosed on routine
investigation in asymptomatic patients with well controlled
asthma. Long-term prognosis of patients with ABPA is still not
clear (46). But early detection of the disease and prescription of
treatments lead to a good prognosis (47). Untreated patients
progress to irreversible lung fibrosis and respiratory failure (48).
CONCLUSION

We report a case of ABPA occurring in a woman with a prior
history of atopic rhinitis but without known history of asthma.
She was exposed to a high indoor and outdoor fungal load. We
emphasize the importance of an early diagnosis in order to
prevent long-term morbidity associated with the irreversible
changes that occur with untreated ABPA. This case highlights
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the challenges of establishing the diagnosis of ABPA and
especially the challenges faced during its therapeutic
management due to glucocorticoids’ and triazoles’ significant
side effects and drug toxicity. Management of ABPA must
include mandatory Aspergillus exposure remediation to prevent
relapse after discontinuation of treatment.
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X-linked severe combined immunodeficiency (X-SCID) is caused by mutations of IL2RG,
the gene encoding the interleukin common gamma chain (IL-2Rg or gc) of cytokine
receptors for interleukin (IL)-2, IL-4, IL-7, IL-9, IL-15, and IL-21. Hypomorphic mutations of
IL2RG may cause combined immunodeficiencies with atypical clinical and immunological
presentations. Here, we report a clinical, immunological, and functional characterization of
a missense mutation in exon 1 (c.115G>A; p. Asp39Asn) of IL2RG in a 7-year-old boy.
The patient suffered from recurrent sinopulmonary infections and refractory eczema. His
total lymphocyte counts have remained normal despite skewed T cell subsets, with a
pronounced serum IgE elevation. Surface expression of IL-2Rg was reduced on his
lymphocytes. Signal transducer and activator of transcription (STAT) phosphorylation in
response to IL-2, IL-4, and IL-7 showed a partially preserved receptor function. T-cell
proliferation in response to mitogens and anti-CD3/anti-CD28 monoclonal antibodies was
significantly reduced. Further analysis revealed a decreased percentage of CD4+ T cells
capable of secreting IFN-g, but not IL-4 or IL-17. Studies on the functional consequences
of IL-2Rg variants are important to get more insight into the pathogenesis of atypical
phenotypes which may lay the ground for novel therapeutic strategies.

Keywords: Interleukin-2 receptor gamma, combined immunodeficiency, hypomorphic mutations, hyper-IgE, inborn
error of immunity
Abbreviations: FOXP3, forkhead box P3; HIES, Hyper-IgE syndrome; IFN, Interferon; IL, Interleukin; IL2RG, Interleukin 2 receptor
gamma; JAK3, Janus kinase 3; gC, common gamma chain; NK, Natural Killer; PBMC, Peripheral Blood Mononuclear cells; PHA,
phytohemagglutinin; PMA, Phorbol 12-myristate 13-acetate; STAT, Signal transducer and activator of transcription.; SCID, Severe
combined immunodeficiency; Th, Helper T lymphocyte.
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INTRODUCTION

X-linked severe combined immunodeficiency (X-SCID) is a life-
threatening inborn error of immunity, accounts for approximately
half of all cases of SCID (1–5). Most infants with SCID die within
their first year of life in the absence of immune reconstitution via
hematopoietic stem cell transplantation, due to severe and
recurrent infections that begin in the first months of life,
frequently associated with diarrhea and growth retardation. The
infections may be viral, bacterial, and/or fungal, and vaccination
with BCG may lead to disseminated infection (6).

X-SCID is caused by hemizygous pathogenic variants of the
interleukin 2 receptor gamma (IL2RG) gene, organized in eight
exons that encode the common g chain, (IL-2Rg or gc, also
known as CD132), which is a part of the IL-2 high-affinity
receptor and several interleukin receptors, including those for IL-
4, IL-7, IL-9, IL-15 and IL-21 (7, 8). The gc protein is expressed
on the surface of lymphoid, myeloid, and hematopoietic
progenitor cells. The extracellular domain of the chain is
encoded by exons 1–5, followed by a transmembrane domain
encoded by exon 6, while the two last exons encode the
intracellular portion which can cooperate with the Janus kinase
family member 3 (JAK3) (9, 10), a signaling kinase that interacts
with other JAK and STAT proteins in complex signal
transduction through common gamma chain of cytokine
receptor subfamily (11). These receptors’ engagement is crucial
to lymphocyte activation, proliferation, and function. Impaired
signaling downstream of IL-7 (12) and IL-21 (13–17) explains, at
least in part, the absence of T cells and impaired B-cell function,
respectively, of X-SCID patients. Altogether, the absence of
normal IL-4, IL-7, IL-9, IL-15, and IL-21 signaling leads to the
almost complete absence of T and NK cells, with nonfunctional B
cells observed in the typical T-B+NK- X-SCID patients carrying
amorphic mutations of IL2RG (4, 6). On the other hand, atypical
cases of X-SCID have been described in male patients carrying
hypomorphic mutations of IL2RG, resulting in either a residual
expression of gc protein with a weaker affinity for IL-2, or a
weaker interaction of gc with the downstream kinase JAK3
leading to an impaired signaling (18–21).

The pathogenic genetic variations causing X-SCID are found
throughout the IL2RG sequence, with missense mutations being
the most common ones, followed by nonsense mutations and
insertions/deletions (7). Mutations resulting in a complete
absence of IL-2Rg expression are likely to result in the classical
X-SCID phenotype. On the other hand, missense mutations in
the IL2RG locus have been mainly associated with less severe
phenotypes referred to as “leaky or atypical X-SCID” (22–24).
Furthermore, some atypical X-SCID cases with hypomorphic
mutations may display, later in life, chronic lung diseases, warts,
and recurrent respiratory and gastrointestinal tract infections, as
well as other atypical clinical manifestations (25).

We report the case of a male child with an atypical clinical
presentation carrying to a missense mutation of IL2RG gene,
with normal T, B, and NK cell counts, high serum IgE levels,
persistent eczema, and recurrent sinopulmonary infections. We
performed a deep immunophenotyping and functional tests
to better characterize the impact of this IL2RG variation.
Frontiers in Immunology | www.frontiersin.org 249
This report adds to the ever-growing knowledge on atypical X-
SCID disorders and contributes to a better understanding of the
clinical variability associated with the IL2RG gene defect.
RESULTS

Case Presentation
The patient, a 7-year-old Algerian male born to unrelated healthy
parents, was admitted to the department of pediatrics at Beni
Messous University Hospital due to recurrent sinopulmonary
infections and treatment-resistant eczema. He was born at term
by cesarean section with a birth weight of 3400g and received all
the routine vaccinations with no noticeable complications. Besides
moderate growth retardation, his mental and psychomotor
development was normal. Recurrent upper and lower
respiratory tract infections began at four years of age, requiring
antibiotic therapy and hospitalization. In addition, the patient had
several episodes of ear, nose, and throat (ENT) infections with a
marked increase of C-reactive protein (CRP) concentration. He
suffered from severe eczema since the age of 4 years, refractory to
topical corticosteroids; one year later, he also developed a
cutaneous leishmaniasis treated successfully with pentavalent
antimonial salts (meglumine antimoniate) by parenteral
administration. Investigation of his family history (Figure 1A)
revealed that two of his maternal uncles displayed similar clinical
manifestations, with one of them who has been treated for a celiac
disease and who died of infectious complications at 22 years of age,
while the other one, who was treated for bronchiectasis and severe
refractory eczema, died at the age 28 years.

The patient who was underweight exhibited during the first
physical examination, at the age of 6 years, a ringworm of the
scalp accompanied by hair loss (Figure 1C), and an eczema
present on his ears, elbow folds, and bursae. His first blood test
(Table 1) showed a high white blood cell (WBC) count 13800/
mm3 (neutrophils 57%, lymphocytes 21%, monocytes 6.5%,
eosinophils 15.5%), and normal liver and kidney function tests.
Measurement of serum immunoglobulin concentrations showed
a pan-hypergammaglobulinemia: IgG 1755 mg/dL (normal or
elevated IgG subclasses), IgA 219 mg/dL, IgM 145 mg/dL, and
IgE 31120 IU/mL. A flow cytometry analysis of the different
lymphocyte subsets (Supplementary Figure S1) revealed normal
numbers and frequencies of CD3+ T cells 84% (absolute count
2434/mm3), CD3+CD8+ T cells 61.5% (1782/mm3), CD19+ B
cells 9.5% (275/mm3), and CD56+NK cells 6.5% (188/mm3).
However, the patient had low numbers of CD3+CD4+ T cells
15.5% (449/mm3), with inverted CD4+/CD8+ ratio (0.25).

Further characterization of the lymphocyte subpopulations
(Table 1) showed a substantial shift towards a memory phenotype
(Supplementary Figure S2) with an increased percentage of
CD45RO+ CD4+ and CD45RO+ CD8+T cells, low percentages
of naïve T cells (CCR7+CD45RA+), and high percentages of CD4+
and CD8+ effector memory T cells (TEM) (CCR7-CD45RA-)
(Supplementary Figure S3). By contrast, the frequency of CD4+

T cells displaying the phenotypical characteristics of recent thymic
emigrants (RTE) (CD4+CD45RA+CD31+) was in the normal range
(Supplementary Figure S4). similarly, the evaluation of peripheral
June 2021 | Volume 12 | Article 696350
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B lymphocytes demonstrated a normal distribution of B cell subsets
(Supplementary Figure S5). In fact, despite an expansion of
CD19+CD21–/low B cell subset, the Percentages of naïve B cells
(CD19+IgD+CD27-), switched and unswitched memory B cells
Frontiers in Immunology | www.frontiersin.org 350
(CD19-CD27+IgD- and CD19+CD27+IgD+, respectively),
transitional B cells (CD19+CD24++CD38++), as well as
plasmablasts (CD19+CD24-CD38++) did not significantly differ
from values observed in healthy age-matched individuals.
A

B

D

C

FIGURE 1 | (A) Family pedigree of the patient. (B) Sanger sequencing confirmed the presence of the mutation in exon 1 (c.115G>A; p.Asp39Asn). The heterozygous (mother)
and WT states. (C) Scarring alopecia, hypotrichosis with ringworm of the scalp. (D) Schematic diagram of the IL-2RG protein, with its extracellular (EC), transmembrane (TM),
intracellular (IC) domains. In red the mutation carried by the patient and in black the positions affected by the mutations already described in the literature.
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Given the presence of refractory eczema associated with high
serum IgE concentrations, hypereosinophilia, and recurrent
bacterial infections, we initially suspected a hyper-IgE syndrome.
Therefore, we used a scoring system which the NIH has developed
to help in the diagnosis of these patients based on both the
immunologic and clinical features of the syndrome. Indeed, a
score of ˃40 points makes the diagnosis of AD-HIES highly
probable and unlikely with a score of < 20 points (26). When
the scoring criteria were applied to our patient, the overall clinical
and immunological presentation was between STAT3-HIES and
DOCK8-CID with 39 points in the NIH-HIES score. Therefore,
IL-6-induced expression of intracellular phospho-STAT3
(pSTAT3) was determined in CD4+T-cells by whole blood flow
cytometric analysis, which included assessment of surface IL-6RA
Frontiers in Immunology | www.frontiersin.org 451
and gp130 expression. No difference for pSTAT3 expression was
detected between patient and healthy control (Figure 2B).

In order to identify the molecular defect behind the pathology,
whole-exome sequencing (WES) identified the presence of a
hemizygous missense mutation (c.115G>A) in exon 1 of the IL2RG
gene. The presence of the missense mutation was further confirmed
by Sanger sequencing (Figure 1B). This substitution resulted in an
amino acid change from Aspartic Acid to Asparagine at position 39
(p.Asp39Asn) of the mature protein. Bioinformatic analysis
predicted that the p.Asp39Asn mutation was predicted to be
probably pathogenic and affected a highly conserved amino-acid
residue (SIFT-deleterious; PolyPhen2-possibly damaging),
(Supplementary Figure S6). The high CADD score of 24.2
(sensitivity: 0.41; specificity: 0.98) also suggested a probably
TABLE 1 | Immunologic characteristics of the patient with hypomorphic/atypical X-SCID.

Parameters Result Normal range

Complete blood count
White blood cells (cells/µl) 13800 4400 – 9500
Lymphocytes (cells/µl) 2898 1900 – 3700
Neutrophils (cells/µ) 7866 2600 – 6300
Eosinophils (cells/µl) 2139 0 – 200
monocytes (cells/µl) 897 300 – 900
Hemoglobin (g/dl) 12.5 12 – 17
Platelet (×103 cells/µl) 489 150 – 450
Immunoglobulin levels
IgG (mg/dl) 1755 680 – 1180
IgG1 (mg/dl) 1312.4 288 – 918
IgG2 (mg/dl) 144 44 – 375
IgG3 (mg/dl) 160.1 15.5 – 85.3
IgG4 (mg/dl) 44.6 0.4 – 99.2

IgA (mg/dl) 219 70 – 190
IgM (mg/dl) 145 32 – 98
IgE (IU/ml) 31120 <45
Lymphocyte subsets
CD3+ T cells/µl 2434 1200 – 2600
abT cells (TCRab+TCRgd−/CD3+)/T cells% 83 85 – 95
gdT cells (TCRab−TCRgd+/CD3+)/T cells% 17 7 – 20
CD4+ T cells/µl 449 650 – 1500
CD4memoryCD45RO

+ T cells/CD4+ T cells% 65.5 13 – 30
CD4NaiveCD45RA

+CCR7+ T cells/CD4+ T cells% 20.13 15.5 – 59.4
CD4CMCD45RA

-CCR7+ T cells/CD4+ T cells% 19.32 12.2 – 26.2
CD4EMCD45RA

-CCR7- T cells/CD4+ T cells% 54.31 10.6 – 34.2
CD4TEMRACD45RA

+CCR7- T cells/CD4+ T cells% 6.24 4.5-43.6
CD4RTECD45RA

+CD31+/CD4+ T cells% 24.5 19.4 – 60.9
CD8+ T cells/µl 1782 370 – 1100
CD8memoryCD45RO

+ T cells/CD8+ T cells% 82 8 – 37
CD8NaiveCD45RA

+CCR7+ T cells/CD8+ T cells% 1.6 5.5 – 39.7
CD8CMCD45RA

-CCR7+ T cells/CD8+ T cells% 0.25 1.2 – 3.8
CD8EMCD45RA

-CCR7- T cells/CD8+ T cells% 91.98 20.1– 44.7
CD8TEMRACD45RA

+CCR7- T cells/CD8+ T cells% 6.17 21.5 – 61
CD4+/CD8+ Ratio 0.25 1.5 – 2.9
DN T cells (CD4−CD8−/CD3+TCRab+) 0.35 0.18 – 2.81
Regulatory T cells (CD25+IL7R−/CD3+CD4+) 11.52 4 – 14
CD19+B cells/µl 275 270 – 860
Bnaive (CD27

-IgD+)/CD19+ B cells % 68.11 69.4 – 80.4
Bswitched memory (CD27

+IgD-)/CD19+ B cells % 8.09 5.2 – 12.1
Bunswitched memory (CD27

+IgD+)/CD19+ B cells % 7.13 7.5 – 12.4
Btransitional (CD24

++CD38++)/CD19+ B cells % 4.3 4.5 – 9.2
Bplasmablast (CD24

-CD38++)/CD19+ B cells % 2.43 0.7 – 3.5
BCD21(-/low) (CD21

lowCD38low)/CD19+ B cells % 17.5 0.9 – 3.5
CD3-CD16+CD56+ NK cells/µl 188 100 – 480
June 2021 | Volume 12 |
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damagingeffect of thevariant.Noadditionalmutationswere found in
any other known disease-causing genes (Supplementary Figure S7).

We also found that the patient’s mother was a heterozygous
carrier of this variant. An immunostaining with anti-CD132 and
flow cytometry analysis showed a significant reduction of gc
surface expressions on T, B and NK cells of the patient when
compared to his parents, siblings, or healthy control (Figure 2A).
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In order to study the impact of Asp39Asn amino acid
substitution on immune cell signaling, we measured STAT
phosphorylation in CD4+ T cells and monocytes. The
mutation was associated with defective phosphorylation of
STAT5, STAT6, and STAT5 upon the stimulation of CD4+ T
cell with IL-2, IL-4, and IL7, respectively. However, gc
independent signaling in monocytes (IFN-g induced pSTAT1)
A

B

C

D

FIGURE 2 | Immune functional and proliferation assays in subsets of lymphocytes. (A) Flow cytometry analysis of CD132 (gc) expression on T, B and NK cells of the
patient, his mother, and healthy control, and screening of siblings for CD132 expression on T cells. (B) Histogram of CD4+ T cell and monocyte response with STAT
phosphorylation to several gc dependent (IL-2, IL-4, IL-7) and independent (IL-6, IFN-g) cytokines in whole blood of patient. (C) Analysis of proliferation of healthy
control (HC) and patient CFSE labeled cells with the indicated stimuli: 4 days of culture with Phytohemaglutinin (PHA) and 6 days with anti-CD3/anti-CD28
monoclonal antibodies. (D) The percentages of IL-17A, IFNg and IL-4-producing CD4+ T cells from patient and age-matched control using PMA/Ionomycin
stimulation in the presence of monensin for 5 hours. *Gamma chain dependent cytokines; the others are gamma chain independent.
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was not affected (Figure 2B). Evaluation of CD3+ T cell
proliferation through carboxyfluorescein succinimidyl ester
(CFSE) staining revealed a significant defect of mitogen
phytohemagglutinin (PHA)-induced cell proliferation
compared to healthy control (39% vs. 90.3%). Similarly, the
activation of CD3+ T cells of the patient with anti-CD3 and
anti-CD28-coated beads led to a reduced proliferation
compared to healthy control (67% vs. 85%) (Figure 2C).
Taken together, these data suggest that the patient has a
“leaky” form of SCID.

To better characterize the immunologic defects associated with
the patient’s mutation, the percentages of CD4+IFNg+ (Th1), CD4
+IL4+ (Th2), and CD4+IL-17A+ (Th17) cells were assessed in
PBMCs by flow cytometry. The patient exhibited a significant
reduction in the proportion of IFNg producing CD4+ T cells
(Th1) and normal CD4+IL4+(Th2) and CD4+IL17A+(Th17)
frequencies when compared to an age-matched control subject
(Figure 2D). CD4+CD25highCD127low/-FoxP3+ Regulatory T-cells
represent 11,52% of CD4+ T-cells. Based on these findings, we have
recommended allogeneic hematopoietic stem cell transplantation as
a definitive treatment. Since, the patient regularly performed
immunoglobulin replacement therapy and received prophylactic
antimicrobial (co-trimoxazole, sulfamethoxazole, and itraconazole).
He is checked for signs of malignant disease on a regular basis, but
so far, no lymphoma or other tumors have been noted.
Frontiers in Immunology | www.frontiersin.org 653
DISCUSSION

This report describes the case of a seven-year-old Algerian patient
carrying a hemizygous missense (c.115G>A) variant of IL2RG
gene, and results in replacement of aspartic acid by asparagine at
position 39 (p.Asp39Asn) in the extracellular domain of the
protein (Figure 1D). As far as we are aware, only a single other
case carrying a same mutation has been reported in the literature
(27, 28).

Our patient displayed unusual clinical and immunological
features with persistent eczema and ringworm of the scalp,
associated with recurrent sinopulmonary infections, high IgE
levels, and peripheral blood eosinophilia, which initially
suggested a hyper-IgE syndrome. A reported case (27, 28) with
the same amino acid substitution and a more severe clinical
phenotype (Table 2) was mainly characterized by repetitive
infections and protracted diarrhea starting around nine months
of age without a history of eczema. Given the different clinical and
immunological manifestations, it seems reasonable to hypothesize
that other factors, such as epigenetic, environmental, and ethnic
contributions, could affect the disease’s evolution (29). These
findings emphasize the issues that might be involved in the
relationship between the environment and the genome in
multifactorial disorders, in which numerous environmental
factors are included (30). As reported by Dworkin et al,
TABLE 2 | Characteristics of reported patient carrying the IL2RG115G>A missense mutation.

DiSanto et al. (16), de saint basile et al. (17) Belaid et al.

Patient (age,
ethnicity)

5 1/2-year-old Portuguese male 7-year-old Algerian male

Consanguinity No No
Medical history protracted diarrhea, otitis media Persistent eczema, recurrent infections, cutaneous leishmaniasis
Family history 3 maternal uncles and 2 older brothers died of bronchopneumonitis with

bronchiectasis, skin infections, protracted diarrhea, and failure to thrive
2 maternal uncles died of recurrent infections with bronchiectasis.

Onset 9-month-old 4-year-old
Immunological
findings
Thymic shadow extreme thymic atrophy with rare Hassal’s corpuscles n.a
Blood count Normal Normal
Immunophenotype Tlow, B+, NK+ T+, B+, NK+

gd T cells Normal Normal
Microbiological
examination

Poliovirus, Bordetella pertussis leishmania infantum

Extended
immunophenotyping

T cells skewed to the memory phenotype T cells skewed to the memory phenotype, profound decreased
of naïve T cells, normal distribution of B cells, reduced Th1.

Immunoglobulin
levels

Normal with elevated IgE levels Hypergammaglobulinemia with extremely high IgE levels.

TCR-Vb repertoire limited TCRb heterogeneity and diminished functional activity n.a
Lymphocyte
proliferation

Reduced Reduced

IL2RG expression n.a Severely reduced (by FCM)
IL21/STAT3
phosphorylation

n.a n.a

IL2 &IL7/STAT5
phosphorylation

n.a Partially defective

IL4/STAT6
phosphorylation

n.a Partially defective

TRECs n.a n.a
n.a, not assessed; FCM, flow cytometry; TRECs, T-cell receptor excision circles.
Both Disanto et al, and de Saint Basile et al. had reported the same case.
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attempting to understand the molecular interaction of genetic
background effects using model organisms, found that were partly
associated with differentially expressed genes where quantitative
transcription level differences correlated with variation for the
phenotype (31). Furthermore, Lachance et al. studied genetic
background effects on an X-linked gene in Drosophila
melanogaster leading to wing defects. The natural variant was
placed into multiple backgrounds, then they assessed penetrance
and expressivity of wing defects. They found significant complex
interactions that were affected by the genetic background (32).

Typically, patients with genetic mutations of the IL2RG gene
are classically characterized by the absence or severe reduction of
T and NK cell numbers, as well as the presence of non-functional
B cells (33), these mutations are mainly localized within the exons
3-5 (34, 35). Missense mutations are the most common pathogenic
changes observed, followed by nonsense variants and insertions/
deletions (35). On the other hand, atypical clinical presentations of
X-SCID have been also described in patients carrying missense
mutations of IL2RG resulting in the expression of lower amounts of
gc protein with conserved binding affinity for IL-2, or in its reduced
interaction with JAK3, and thus impairing T cell activation (9, 36).
However, such mutation requires assessing a cell line from the
affected patient to evaluate gc cell surface expression and/or IL2RG
mRNA transcripts as a direct proof if the mutation is deleterious. In
the present case, an accurate diagnosis of atypical X-SCID was
initially compromised because of the unusual clinical presentation,
with almost normal development and growth, a low number of
infections during the first 3 years of life. Moreover, the most first-
line immunological investigations showed normal percentages and
numbers of total T, NK, and B cells, but CD4+ T cell counts
decreased while CD8+ T cell counts were expanded, combined
with a polyclonal hypergammaglobulinemia; hence, these findings
were initially inconsistent with X-SCID. Atypical cases with normal
numbers of T and NK cells are very unusual and were previously
reported in only few cases with IL2RG mutations (37–41), and
some IL2RG mutations can lead to functional lymphocyte
abnormalities rather than cell development defects, as some
patients with normal lymphocyte differentiation and normal
thymus biopsies were reported (37). Such phenotype can be a
direct consequence of a residual gc expression providing sufficient
signal for normal T and NK cell development. This is in accordance
with the preserved signaling by the IL-7R and IL-15R, as it has been
shown before by Smyth et al. that signal transduction by the IL-7R
is crucial for T-cell development but is dispensable for NK cell
development, whereas adequate signaling via the IL-15R is essential
for NK cell but not for T-cell development (42, 43). This
mechanism corroborates with our findings, suggesting that the
amount of gc required for the correct signaling of various signaling
pathways is different.

In addition to the aforementioned findings, the T lymphocyte
differentiation and maturation skewed toward memory
phenotype (CD45RO+), combined with increased counts of
total CD8+ T cells as well as expansion of CD45-CCR7- effector
memory for both CD4+ and CD8+ T cells. This condition
probably is in consistence with persistent viral infection (44),
although no virological confirmation was possible. On other
Frontiers in Immunology | www.frontiersin.org 754
hand, thymic stromal lymphopoietin (TSLP) is another cytokine
that is not a member of the gc family but has overlapping
functions with IL-7 (45). Indeed, whereas the IL-7 receptor
contains IL-7Ra and gc, the TSLP receptor consists of IL-7Ra
and TSLPR, which is closely related to gc (46, 47). IL2RG−/− mice
treated with recombinant TSLP, which cannot respond to IL-7 or
other gc family cytokines, lead to a partial increase in CD8+ T cell
numbers (48). Moreover, TSLP promotes the survival of CD8+ T
cells in both normal and lymphogenic conditions (49).

In addition, our patient displayed moderately reduced
capacity of T cells to proliferate in response to PHA or anti-
CD3/anti-CD28 stimulation, reflecting disturbed IL-2 signaling.
Indeed, IL-2 is key growth factor required for T cell expansion
and promotes the proliferation and survival of activated T cells
(50). Thus, it influences effector T cell differentiation and
promotes fate decisions in activated T cells (51).

Furthermore, our patient had normal percentages of switched
memory B cells, transitional B cells, and plasmablasts, but negligible
reductionofnaïveBcells, andunswitchedmemoryBcells.Theremay
exist a threshold level of gc expression necessary for normal B cell
function, consequently, the collaborative IL-4 and IL-21 signaling
might be sufficient for humoral responses (52–55). In contrast, we
found signs of misguided enhanced B cell activity reflected by a large
CD21lowCD38low B cell population, in addition to a polyclonal
hypergammaglobulinemia. CD21lowCD38low B cells are a distinct B
cell population that is mainly associated with manifestations of
chronic immune activation, lymphoproliferation, and
autoimmunity (56–58). Interestingly, in our case there was no
evidence of conditions considered to be autoimmune or
lymphoproliferation. This is in consistence with normal numbers
of regulatory T cells (T reg) in indexed patient, although IL-2 is also
critical for the development of Tregs in the thymus and for their
maintenance and function in the periphery (59). In addition, high
IgG1 and IgG3 levels were also observedwhich can recognize protein
and viral antigens (60, 61). In fact, viral infections in general lead to
IgGantibodies of the IgG1 and IgG3 subclasses,with IgG3 antibodies
appearing first in the course of the infection (60, 61).

In the case reported by DiSanto et al., with the same mutation as
the present patient, a reduced capacity to splice a correct-sized
transcript, leading to the production of a nonfunctional transcript
containing an insertion of 27 bp, and a reduced amount of a normal
sized transcript containing a single amino acid substitution has been
shown (28). Thus, they demonstrated that splicing of exons 1 and 2
normally generates the codon GAT, but with the base change, the
resultant codon becomes AAT, and the point mutation (D39N)
appeared not to impair IL-2 binding or its subsequent endocytosis
(28). Therefore, a residual expression of IL2RG transcripts with
normal length may account for the limited expression of gc
detectable at the cell surface. Unfortunately, the size of the
transcripts and gc protein were not assessed in the current work.
However, our data showed that gc expression and STAT5/STAT6
phosphorylation were reduced but not completely abolished. These
findings are consistent with a moderate phenotype suggesting that
this mutation (p.Asp39Asn) is hypomorphic.

Interestingly, our patient developed atopic dermatitis-like skin
lesions and alopecia associated to IgE hyperproduction (31,120 IU/
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ml) and hypereosinophilia (2139 cells/µl), such conditions were
surprisingly rare in reviewed patients carrying IL2RG hypomorphic
mutations. Indeed, only four patients, suffering from eczema or
other skin rashes, were reported in the literature (15, 62–64).
Milner et al. demonstrated that reduced T-cell activation caused
by a weak signaling has been associated with a skew towards the
development of T helper type 2 cells (Th2 cells) (62), this may
suggest its profile as a default differentiation pathway partly
underlying the features of skin lesions in these patients. This is a
typical finding in patients with Omenn syndrome in whom
expanded T-cell clones were consistently found to be
predominantly of TH2 type (65), and to secrete IL-4/IL-13, IL-5
and IL-9, which promote immunoglobulin class-switching to IgE,
activates eosinophils, and activates mast cells, respectively (66–69).
These results are consistent with our patient, who showed normal
percentage of IL-4 producing T cells and low proportions of IFN-g
producing T cells compared to age-matched control subject
(Figure 2D), suggesting that Th2-type cytokines are central in
the pathogenesis of this hyper-IgE production. Moreover, previous
studies have also demonstrated that B cells from X-SCID patients
with decreased expression of gc can respond to IL-4 via a type II
IL-4R complex composed of IL-4Ra/IL-13R chains (70–72).

In conclusion, X-SCID is an inborn error of immunity that
manifests as different clinical phenotypes, from milder to severe
disease. Most of the attention focused on the possible relationship
between mutations of the IL2RG gene and clinical/immunological
features. Further investigations are required to achieve a better
classification of the disease. We believe that unusual clinical and
laboratory observations may be very useful to unravel complex
diseases and help find novel gene-function relationship laying the
ground for novel targeted therapeutic approaches.
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Gliomas are the most common primary brain tumors in adults. Despite the fact that they
are relatively rare, they cause significant morbidity and mortality. High-grade gliomas or
glioblastomas are rapidly progressing tumors with a very poor prognosis. The presence of
an intrinsic immune system in the central nervous system is now more accepted. During
the last decade, there has been no major progress in glioma therapy. The lack of effective
treatment for gliomas can be explained by the strategies that cancer cells use to escape
the immune system. This being said, immunotherapy, which involves blockade of immune
checkpoint inhibitors, has improved patients’ survival in different cancer types. This novel
cancer therapy appears to be one of the most promising approaches. In the present
study, we will start with a review of the general concept of immune response within the
brain and glioma microenvironment. Then, we will try to decipher the role of various
immune checkpoint inhibitors within the glioma microenvironment. Finally, we will discuss
some promising therapeutic pathways, including immune checkpoint blockade and the
body’s effective anti-glioma immune response.

Keywords: Glioma, immune response, immune checkpoint, immunotherapy, Glioblastoma
INTRODUCTION

The immune system is made up of several cell types, which defend the body against possible
pathogens (1).

Gliomas or glial tumors are the most common primary brain tumors and they account for 81%
of all malignant ones. Although they are relatively rare, gliomas cause significant morbidity and
mortality. Glioblastoma is the most aggressive and common (45%) of all 6 glioma types and grades,
and presents with a median survival of around 15 months (2).

For more than 10 years of research there has been no significant progress in Glioma treatment
until now (3) and the lack of effective treatment for glioma can be explained by the many strategies
that cancer cells use to escape the immune system (4).

Immunotherapy is an immunological treatment which uses the host’s immune system to
recognize and eliminate cancer cells. Indeed, this type of treatment has been shown to be fairly
effective against various types of cancer (3), especially with the blockade of inhibitory immune
checkpoint molecules (5). These immune checkpoints control the interactions between T cells and
cancer cells through the inhibition or activation of T cells. This process occurs according to the
organism’s needs and action of the tumor (3). Moreover, immunotherapy, which acts on immune
org July 2021 | Volume 12 | Article 679425158
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checkpoint inhibitor’s blockade, has improved patients’ survival
in different types of cancers. This new hope of cancer therapy
remains one of the most promising approaches for the effective
activation of therapeutic antitumor immunity (6).

In recent years, these observations have raised the curiosity of
researchers who have taken a great interest in immune
checkpoint blockade in glioma. Previous studies have shown
that the combination of anti-PD-1 and anti- CTLA-4 blocking
Abs, does not improve the overall survival [(7), p. 143].

In addition, no obvious benefit of neoadjuvant nivolumab was
obtained with resectable glioblastoma (GBM), and presented
with a median overall survival of just 7.3 months (8). Similarly,
a phase III trial comparing nivolumab (anti-PD-1 blocking Ab)
to bevacizumab (anti-VEGF blocking Ab) on patients with
recurrent GBM failed to substantiate the benefit of nivolumab,
and conferred a similar median overall survival (mOS, 9.8 vs 10.0
months) (9).

The present review aims at describing the immune response
within the glioma microenvironment, and discussing the
involvement of various immune checkpoint inhibitor
molecules used by glioma cells in order to escape the immune
response. It will also report some potential therapeutic pathways
which involve immune checkpoints blockade.
IMMUNE RESPONSE WITHIN THE BRAIN

It is becoming more and more accepted that there exists an
intrinsic immune system which is present and functional in the
central nervous system (CNS) (10). However, in the 20th century,
the brain was defined as a privileged organ, which meant that the
brain and meninges were devoid of lymphatics (11). It was
initially presumed that the physiological characteristics of the
CNS, absence of antigen-presenting cells (dendritic cells) and
presence of the blood brain barrier (BBB) were the causes of the
lack of immune surveillance in the brain. Previous studies have
shown that upon infiltration of bacteria and viruses, the immune
system response could not be recognized or established (12).
Hence, when Lowenstein et al. transplanted skin grafts into the
brain of non-immunized animals, they found that it did not elicit
an immune response (13). These studies led to the belief that the
brain is a privileged organ (11, 13).

However, in October 2015, a study conducted by Louveau
et al. on mice showed that the brain, like every other tissue, is
connected to the peripheral immune system (10).

Through the use of novel techniques, such as staining mice’s
meninges with immunohistochemistry, they were able to
highlight that endothelial cells, T cells and MHC II-expressing
cells were the most present near the dural sinuses. Upon
resection of the deep cervical lymph nodes, there was an
accumulation of meningeal T-cells due to an inability of T-
cells to drain from the meningeal space (14). Hence, the
suggestion that the primary route of drainage is from the
meningeal vessels (15). The basis of this new theory was a
report by Aspelund et al. where they discovered that the
Schlemm’s canal in the eye acted like a lymphatic vessel (16).
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This led other scientists to hypothesize that similar vessels may
also be present within the brain and to question the extent of the
brain’s immune privilege (10).

Innate immunity-related molecules like cytokines, toll-like
receptors and the major histocompatibility complex are
expressed in the brain and they influence the generation of an
efficient immune microenvironment (17). These cellular
constituents elicit an immune response which further supports
the idea that the brain does in fact have immune surveillance.
Microglia cells are the most predominant and make up 80% of
the immune cells in the brain (18). Others include dendritic cells,
B-cells, and T-cells, of which B-cells are the most abundant (15).
The movement of immune cells and fluid from the CSF is made
possible by the lymphatic system lining the dural sinuses (10).
Cytokines are signaling proteins and are mostly secreted by
immune cells. They can be described as pro-inflammatory or
anti-inflammatory (19). It was originally thought that cytokines
could not pass through the BBB via membrane diffusion as they
were too large and hydrophobic. However, cytokines have
overcome this by using saturable transport systems or by
passing through the disrupted parts of the BBB (20).

Chemokines are lowmolecularweight proteins that are involved
in direct cell migration. They attract leukocytes to the site of
infection to allow the mediation of acute and chronic
inflammation (21).

In normal circumstances, however, their expression is
diminished. Homeostatic chemokines are involved with
maintaining leukocyte composition in preparation for an
immune response to an insult. Still, inflammatory chemokines
are produced during infections or in response to an
inflammatory stimulus (22). The immune response in the
brain progresses at a much slower rate as opposed to that in
the peripheral tissue (14).

Microglia are the tissue resident macrophages of the brain
and are involved in innate immunity and infection. They are the
largest source of inflammatory mediators in the brain and are
derived from hematopoietic precursor cells of the yolk sac and
are defined as CD11b+/CD45 low (23).

Microglia are incredibly important for the regulation of
angiogenesis and vascularization, which plays a key role in
tumor development. In pathological states, injury serves as an
example; there is microglia-mediated neuronal injury and glial
cell injury through the production of proinflammatory factors
like cytokines and chemokines (20). Following this activation,
inflammatory molecules are released, which, in turn, activates
astrocytes and cells of the immune system. In this disease state,
the activated cytokines and the chemokines are essential in
maintaining the immune surveillance (22).

Cancer cells are capable of avoiding recognition and cancer
immune-editing can be conceptualized into three phases :
Elimination, Equilibrium and Escape (17, 24). However, when
the tumor cells escape immune recognition, they progress to a
clinical stage of cancer and mark the escape stage of immune-
editing. Tumors are able to escape either because of tumor
induced immunosuppression or because of immune system
deterioration (17).
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GLIOMA MICROENVIRONMENT

Primary tumors of the central nervous system account for only
2% of all tumors. Despite their low incidence, they are highly
prevalent in small children, adolescents and young adults with
relatively high mortality and morbidity (25). Gliomas are the
most common primary central nervous system (CNS) tumors
(26), and are classified according to grades (I to IV) of the World
Health Organization (WHO) (27). Thus, gliomas are divided
into two groups according to the malignancy of the tumor:
tumors of low grades (grades I and II), which have slow
growth, and high-grade gliomas (III and IV), which strongly
infiltrate the brain parenchyma (28).

To date, glioblastoma is the most aggressive glioma and the
deadliest of all (29). Even with the current treatments, namely
surgical resection, radiotherapy, and chemotherapy (30), it is still
an incurable disease with a fairly poor survival rate, ranging
between 12 to 15 months,. GBM manages to escape the immune
system in a deadly symbiotic collaboration. Furthermore, it can
also come from several cell types, not just glial cells. It is mainly
present in adults aged 64 years and older, but can also occur in
children, with a higher incidence in men compared to women.
Gliomas can either be primary (precursor), or secondary (when a
low-grade glioma is transformed) (30, 31). Studies have shown
that patients with an isocitrate dehydrogenase (IDH) mutation
have a longer survival and respond to chemotherapy and
radiotherapy well unlike those who do not have the
mutation (32).

Tumor-infiltrating immune cells are cells that have left the
bloodstream to enter the tumor microenvironment. Their
function may change throughout tumor progression,
depending on the type of cells and their functional
interactions. Indeed, immune cells may play a key role in
tumor suppression or in tumor growth support, with specific
effects on patient behavior (33).

Tumor-Associated Macrophages (TAM)
They represent microglia which are intrinsic to the brain, and act
by creating supporting stroma for the expansion and invasion of
neoplastic cells. TAMs that are recruited into the tumor
microenvironment of gliomas can release growth factors and
cytokines in response to cancer cell activity (34). Thus, TAM
infiltrates gliomas in moderate numbers and often exhibit an
immunosuppressive phenotype and functional behavior (33).

Natural Killer Cells (NK)
NK cells are the prototypes of innate lymphoid cells. They are
characterized by large granular lymphocytes containing
perforins and granzymes and have a destructive function.
These cells are able to kill tumor cells using soluble molecules
of the tumor necrosis factor (TNF) family (35). Additionally, NK
cells have also been identified in primary and metastatic brain
neoplasms, where they have a key role in suppressing brain
tumors (36). The level of tumor infiltration by NK cells tends to
remain low and their functionality often affected by factors
released by tumors or other immunosuppressive cells (37, 38).
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Dendritic Cells (DC)
DC are professional antigen-presenting cells that are found upon
recognition of the pathogen at the site of inflammation. In
cancers, in addition to antigen presentation, mature dendritic
cells (mDC) release cytokines and chemokines to induce tumor-
specific T cell activation (39). CD11c+ DCs were studied
extensively in GL261 mouse glioma model and showed little or
no co-stimulatory molecules in addition to being unable to
stimulate T cells. However, these cells favored the development
of regulatory T cells (Treg). Analysis of the peripheral blood in
glioma patients showed a decrease in numbers compared to
healthy patients, suggesting that these cells may have been
implicated in tumor pathogenesis (33).

Usually, high levels of cytotoxic T cell-directed human glioma
cells (CTL) are associated with increased antitumor activity,
whereas high levels of helper T cells (particularly Th17) are
thought to be associated with the role of promoting tumor
development. Treg cells are a subset of CD4 T cells that
express CD25 and FoxP3 (40). These play an important role in
the regulation of the immune response by suppressing the
proliferation of other T cells presented in the tumor
microenvironment, through mechanisms directly dependent on
cell contact or indirectly by the secretion of IL-10 and TGFb (41,
42). In the tumor microenvironment, the production of specific
chemokines and cytokines appears to be associated with
preferential recruitment of Treg and subsequently poor
prognosis (43) (Figure 1).
IMMUNE CHECKPOINT INHIBITORS IN
GLIOMA THERAPY

Immune Checkpoints in Cancer
To escape immune surveillance, cancer cells have developed
several mechanisms that induce a state of immune tolerance
and evade immune destruction (44). One of the mechanisms is
the use of the inhibitory and costimulatory receptors, called
“immune checkpoints” (45). Clinical cancer treatment has
become directed towards targeting T cell inhibitory receptors
by using immune checkpoint inhibitors (ICI) (46, 47).

Each tumor has a specific dynamic interaction of immune
checkpoints, which highlights the importance of having a better
understanding of the tumor-immune interactions in a hope to
achieve and design a rational combination therapy specific to
each tumor (48). Cancer immunotherapy differs from
chemotherapy in that it aims to enhance the immune response
in different stages of tumor progression and, in so doing,
reducing patients’ clinical poor outcomes. Chemotherapy, on
the other hand, destroys cancer cells directly (Figure 2) (49).

In recent years, inhibitors of CTLA-4 have shown remarkable
success in cancer immunotherapy. Tremelimumab is a fully
human monoclonal antibody to CTLA4 that has shown
beneficial responses in clinical trials against different tumors,
especially when combined with PD-1/PD-L1 blockade. However,
in the case of glioblastoma, several studies reported that anti-
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FIGURE 1 | Immunosuppressive microenvironment of glioma. Tumor cells release molecules which contribute to multiple unique immunosuppression mediated by
various cellular players in glioma microenvironment. (A) After recruitment to the tumor site, Tregs directly suppress the activity of cytolytic T cells and induce their
apoptosis through secretion of various types of cytokines including IL-10 and TGFb. (B) Angiogenesis is a pathologic hallmark of glioblastoma mainly mediated by
vascular endothelial growth factor (VEGF). (C) Immune checkpoints suppress T cell function in glioma microenvironment through distinct mechanisms.
FIGURE 2 | Immune checkpoint blockade in gliomas. The mechanisms by which various immune checkpoints promote each other and contribute to the
immunosuppressive microenvironment in gliomas. PD-1/PD-L1, CTLA-4/B7, TIM3/GAL9, and TIGIT/CD96 expressed on different types of immune cells such as T
cells (CD4 and CD8) Dendritic cells (DC), Natural killer cells (NK) B cells. These pathways could induce FoxP3 expression and promote tumor escape, cytotoxic cell
inhibition and Treg conversion with the help of TGF-b and IL-10. The blockade of these immune checkpoint molecules through mono or combined therapy could be
used as a potential therapeutic for glioma and especially glioblastoma.
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CTLA-4 and/or anti-PD-1 antibodies exhibit no survival benefit
compared to standard chemotherapy (50–53).

However, resistance to ICIs has become a common clinical
phenotype that we currently do not have much knowledge about.
Collaborative efforts are needed for a deeper understanding of
biology to prevent, overcome or reverse this resistance (54).

The successful preclinical trials and the very positive results
obtained with other tumors promoted the utilization of immune
checkpoint inhibitors in GBM. Indeed, the survey of the NIH
Clinical Trials Database (https://www.clinicaltrials.gov)
performed on July 2018 showed registered trials of malignant
glioma. (Table 1).

Due to the recent COVID-19 outbreak, oncologists are
wondering about the risk of administering ICIs to patients.
The concern was mainly regarding the overlap between the
possible pneumological toxicity from anti-PD-1/PD-L1 agents,
which could be life threatening in the case of coronavirus-related
interstitial pneumonia. The overall incidence rate of ICI-related
pneumonitis ranges from 2.5–5% with anti-PD-1/PD-L1
monotherapy to 7–10% with anti-CTLA-4/anti-PD-1
combination therapy (55).

Immune Checkpoints in Glioma
Glioma cells secrete different types of chemokines, cytokines and
growth factors that enhance infiltration of various cells such as
astrocytes, pericytes, endothelial cells, circulating progenitor cells,
and a range of immune cells including microglia, peripheral
macrophages, myeloid-derived suppressor cells (MDSC), CD4+
T cells as well as Treg cells into the tumor (56–59). However,
identification of these factors may facilitate the improvement of
glioma immunotherapy as immunomodulatory and immune
evasion mechanisms used by glioma cells.

Glioma cells express the ligands which recognize and bind to
partner proteins (receptor) on the surface of immune cells.
Subsequent preclinical research showed their important role in
the maintenance of peripheral immune tolerance and control
overreaction to inflammatory responses. In fact, in glioma case
different immune checkpoint molecules have been described
such as CTLA-4, PD-1, TIM-3, and LAG-3; each of these
receptors has corresponding ligands (60).

PD-1/PD-L1
In 2014, the FDA approved immune checkpoint PD-1 targeting.
The anti-PD-1 and anti-PD-L1 mAbs act to block distinct
inhibitory signals that unleash T cells to have the ability to
eradicate tumors (46, 61–63). In the case of GBM, PD-1 is
expressed on T cells, B cells, tumor associated macrophages
(TAMs), MDSCs, and NK cells (64). Immunotherapy is used to
target the PD-1/PD-L1 pathway (Figure 3B) to trigger an
antitumor immune response (65–67). The immunosuppressive
tumors can then be resected, followed by a continuation of
immunotherapy to enhance the functions of the TILs (64, 68).

The BBB is a factor that requires attention, unfortunately
numerous drugs that have been tested in clinical trials for GBM
patients have failed due to the lack of successful drug delivery
across the BBB (69), thus affecting their therapeutic efficacy on
intracranial tumors. However, despite recent studies showing
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that anti-PD-1 antibodies cannot cross the BBB, it is in fact not
entirely true. Anti-PD-1 have a mechanism which enables them
to bind irreversibly to PD1 or CTLA-4 on peripheral
lymphocytes and ultimately penetrate the BBB. Once they have
passed the BBB, they can bind TILs which occupy the
intracranial tumors (70).

In a previous study, GBM tumor-bearing mice were treated
with anti-PD-1 antibody or with a combination of anti-PD-1 and
anti-CTLA-4 antibodies. Significant improvement in survival
was noted in WT and CD73−/− mice treated with a
combination of anti-PD-1 compared to controls (48).
Furthermore, GBM patients who received anti-PD-1 therapy
showed a persistence of immunosuppressive CD73 high myeloid
subsets. Benefits of therapy by immune checkpoint inhibitors in
a CD73−/− mouse model should be explored further (48).

TIM3/GAL9
T cell immunoglobulin and mucin domain-containing molecule 3
(Tim-3) is an inhibitory receptor expressed on the surface of T cells
and plays a key role in the inhibition of T cell responses against
tumors (71) (Figure 3C). Galectin-9 has been identified as a ligand
forTim-3, anduponbinding, it results in the apoptosis ofT cells and
a negative regulation of T cell immunity (72–75).

A recent study investigated the expression of Tim-3 and
galectin-9 in glioma tissues and showed that there is an
association between the expression of these immune
checkpoint receptors and the malignancy of gliomas (50). The
expression level of Tim-3 on healthy PBMCs was low and the
expression of galectin-9 on non-cancerous brain tissues also
followed a similar pattern. However, Tim-3 and galectin-9
were highly expressed in TILs and glioma tissues (50).

Yuan et al. demonstrated that Gal9 was highly expressed in
the core than in the periphery of tumors in GBM patients, and
that those with high expression of Gal9 had significantly shorter
survival than those with low expression (76). This suggests that
Gal9 is closely related to glioma patient’s prognosis and plays a
key role in the malignant progression of GBM (76, 77).

CTLA4
In 2011, the FDA approved an immune checkpoint agent,
ipilimumab, a monoclonal antibody (mAbs) that targeted the
checkpoint molecule CTLA4. This was based on a randomized
phase III clinical trial that demonstrated an improved survival
rate with durable clinical response for patients with advanced
melanoma (46). As shown in Figure 3A; CTLA-4 suppresses
antigen-specific T-cell activation and is expressed on activated T
cells and CD4+Foxp3+ Tregs (78, 79).

A higher expression of CTLA-4 was observed in more severe
grades of glioma, and this indicates that it is linked to a worse
prognosis (80, 81). It was also found that CTLA-4 significantly
correlates with PD-1, CD40, and ICOS (53). Besides, it was
tightly associated with CXCL12, CXCR3, CXCR6, and TIGIT (a
new promising immune checkpoint-related protein). The
combination of these molecules can potentially enhance the
efficacy of CTLA-4 blockade in cancer immunotherapy (53).
Furthermore, it has been observed that the CTLA-4 antibodies
do not cross the BBB. To solve that, Galstyan et al. attempted to
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TABLE 1 | Current clinical trials involving immune checkpoint blockade in human glioma.
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NCT01670890 Efficacy and Safety of TMZ Plus CDDP in
the Patients With Recurrent Malignant
Gliomas

Malignant Gliomas Phase I Drug: Temozolomide Drug:
Temozolomide plus neoadjuvant
CDDP

Alloca
Maski
Treatm
Assign

NCT03011671 Study of Acetazolamide With
Temozolomide in Adults With Newly
Diagnosed or Recurrent Malignant Glioma

Malignant Glioma of Brain Phase I Drug: Acetazolamide and
Tolomozomide

Alloca
Assign
Purpo

NCT03973879 Combination of PVSRIPO and
Atezolizumab for Adults With Recurrent
Malignant Glioma

Malignant Glioma Phase I
Phase II

Biological: PVSRIPO
Drug: Atezolizumab

Alloca
Interve
Maski
Prima

NCT00953121 Bevacizumab Plus Irinotecan Plus
Carboplatin for Recurrent Malignant Glioma
(MG)

Malignant Glioma Phase II Drug: bevacizumab and CPT-11 and
Carboplatin

•Alloc
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Maski
Prima

NCT02313272 Hypofractionated Stereotactic Irradiation
(HFSRT) With Pembrolizumab and
Bevacizumab for Recurrent High Grade
Gliomas

Malignant Glioma Phase I Radiation: Hypofractionated
Stereotactic Irradiation (HFSRT)
Drug: Pembrolizumab
Drug: Bevacizumab

Alloca
Interve
Maski
Prima

NCT02829931 Hypofractionated Stereotactic Irradiation
With Nivolumab, Ipilimumab and
Bevacizumab in Patients With Recurrent
High Grade Gliomas

Malignant Glioma Phase I Radiation: Hypofractionated
Stereotactic Irradiation
Drug: Nivolumab
Drug: Bevacizumab
Drug: Ipilimumab

Alloca
Interve
Maski
Prima

NCT01891747 A Phase I Study of High-dose L-
methylfolate in Combination With
Temozolomide and Bevacizumab in
Recurrent High Grade Glioma

Malignant Glioma Phase I Drug: Bevacizumab
Drug: Temozolomide
Dietary Supplement: Vitamin C

Alloca
Interve
Maski
Prima

NCT00271609 Bevacizumab for Recurrent Malignant
Glioma

Recurrent High-Grade
Gliomas
Malignant Gliomas

Phase II Drug: Bevacizumab Alloca
Interve
Maski
Prima

NCT02590263 Study Evaluating ABT-414 in Japanese
Subjects With Malignant Glioma

Malignant Glioma
Glioblastoma Multiforme

Phase I
Phase II

Radiation: Whole Brain Radiation
Drug: Temozolomide
Drug: ABT-414

Alloca
Interve
Maski
Prima

NCT00782756 Bevacizumab, Temozolomide and
Hypofractionated Radiotherapy for Patients
With Newly Diagnosed Malignant Glioma

Brain Cancer
Malignant Glioma

Phase II Other: radiotherapy (RT) in
combination with temozolomide and
bevacizumab

Alloca
Interve
Maski
Prima

NCT01738646 Ph II SAHA and Bevacizumab for
Recurrent Malignant Glioma Patients

Recurrent Glioblastoma
Multiforme
Malignant Glioma
Adult Brain Tumor

Phase II Drug: Vorinostat
Drug: Bevacizumab

Alloca
Interve
Maski
Prima
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combine nanotechnology and immunotherapy. They delivered
nanoscale immunoconjugate (NIC) drugs across the BBB to treat
GBM (82). They used a versatile drug carrier and poly (b-L-malic
acid) (PMLA),a natural polymer obtained from the slime
mold Physarum polycephalum, to deliver covalently conjugated
CTLA-4 and PD-1 antibodies to brain tumor cells. This resulted
in a local immune system activation and a prolonged survival of
intracranial GBM in GL261-bearing mice (82). Currently,
clinical trials of anti-CTLA-4 (ipilimumab) and anti-PD-1
(nivolumab) are being performed in patients with glioma,
testing the safety, toxicities, and efficacy (78).

LAG3
Lymphocyte activation gene‐3 (LAG3), also known as CD223, is a
potential cancer immunotherapeutic target because of its negative
regulatory role onT cells (83). It is expressed on activated humanT
andNKcells, and is an activationmarker forCD4+andCD8+Tcells
(83).Mair et al. have shown that LAG-3+TILs are rarely observed in
IDH-wt andabsent in IDH-mtglioma (84).However, these cells are
more present in an active inflammatory microenvironment but
according to LAG-3+ TIL infiltration; there was no difference in
overall survival (84).

TIGIT/CD96
T-cell immunoglobulin and ITIM domain (TIGIT) and CD96 are
co-inhibitory receptors. TIGIT is expressed on conventional ab T
cells uponactivation,memoryT cells, regulatoryTcells (Treg), both
follicular helper T cells (TFH) and follicular regulatory T cells
(TFR), NKT and NK cells (85). However the expression of CD96
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has been reported primarily on conventional ab and gd T cells, NK
cells, and NKT cells (85). Hung et al. have found high levels of
TIGIT expressiononCD8+andCD4+TILs ingliomapatients.They
have also shown that anti-TIGIT therapy alone had no significant
effect on the survival rate in the GBMmouse model (86). However,
combination therapy using anti-TIGIT and anti-PD-1 showed a
significant increase in survival (87, 88); this was carried out through
modulation of both the T cell and myeloid compartments (86).
Additionally, elevated frequencies of CD8 + andCD4 +T cells with
double expression of IFNg and TNFa have also been reported
during combination therapy, compared to monotherapy and
control groups (86).

Zhang et al. showed that high expression of CD96 was present
in the malignant molecule phenotype, including IDH wild type
and mesenchymal subtype. They also stressed that it had a
positive association with inflammatory activities (89). Indeed,
CD96 showed a h igh concordance wi th immune
checkpoints such as PD-1, CTLA-4, TIGIT, TIM-3, NR2F6,
and GITR, which would suggest a potential synergism (89). In
addition to that, they discovered that higher CD96 expression
predicted worse survival rates in glioma and GBM patients
overall. This implied that CD96 blockade may significantly
improve the prognosis of glioma patients (89) (Figure 2).
CONCLUSION

In the present review, we managed to collect further evidence
which demonstrates that the immune system is involved in
FIGURE 3 | Immune checkpoint inhibitors in glioblastoma. The CTLA-4 immune checkpoint (A) operates early during the priming phase of the immune response.
CTLA-4 preferentially binds to CD80/CD86 on the surface of APCs, thus leading to decreased T-cell activation and proliferation in the context of tumor antigen
presentation. The T cell-expressed inhibitory PD-1 receptor interacts with PD-L1 (B), which is expressed on tumor cells. Engagement of PD-1 and PDL-1, in the
context of tumor antigen- presentation by MHC class I molecules, induces T cell apoptosis, inhibits T cell activation/cytotoxicity, promotes Tregs proliferation and
blocks the production of inflammatory mediators, resulting in T cell inactivity. TIM-3/GAL-9 pathway (C) negatively regulates T cell immunity and induces T cell
apoptosis. *ICP, Immune Checkpoint.
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glioma physiopathology and describes the general concept of
immune response within the glioma microenvironment.

The immune cells are highly inhibited in the glioma
microenvironment through various mechanisms, including
immune checkpoint inhibitors. Undoubtedly, the discovery of
immune checkpoints such as CTLA-4 and PD-1 played a key role
in the development of cancer immunotherapy. Although these
molecules were originally discovered as molecules with a role in
the activation and apoptosis of T cells, subsequent preclinical
studies showed their important role in the maintenance of
peripheral immune tolerance. In addition, several predictive
glioma biomarker studies are completed and many are
underway. Indeed, the clinical validation of the identified
biomarkers is necessary. Lastly, investigations in glioma
immunotherapy should decipher adequate ways to facilitate
BBB crossing of these therapeutic molecules in order to
potentially benefit from current and future therapies.
Integrated approaches should also be developed to identify
Frontiers in Immunology | www.frontiersin.org 865
patient-specific choices for checkpoint monotherapies or
combination therapies.
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Background: HIV infection has been associated with a non-erosive inflammatory arthritis
in children, although few published reports exist. This study describes the clinical,
laboratory and imaging features of this noncommunicable disease in a series of HIV-
infected children in South Africa.

Methods: A database search was conducted to identify HIV-infected children enrolled in
a Paediatric Rheumatology service in Cape Town, South Africa between 1 January 2010
and 31 December 2020. Retrospective data were collected from individuals classified with
HIV arthropathy, based on a predefined checklist. Demographic, clinical, laboratory,
sonographic, therapeutic, and outcomes data were extracted by chart review. Descriptive
statistical analysis was performed using R (v4.0.3).

Results: Eleven cases of HIV arthropathy were included in the analysis. Cases
predominantly presented in older boys with low CD4+ counts. Median age at arthritis
onset was 10.3 years (IQR 6.9 – 11.6) and the male-female ratio was 3.0. The median
absolute CD4+ count was 389 cells/uL (IQR 322 – 449). The clinical presentation was
variable, with both oligoarthritis and polyarthritis being common. Elevated acute phase
reactants were the most consistent laboratory feature, with a median ESR of 126 mL/h
(IQR 67 – 136) and median CRP of 36 mg/L (IQR 25 – 68). Ultrasonography demonstrated
joint effusions and synovial hypertrophy. Response to therapy was slower than has
generally been described in adults, with almost all cases requiring more than one
immunosuppressive agent. Five children were discharged in established remission after
discontinuing immunotherapy, however outcomes data were incomplete for the remaining
six cases.

Conclusions: In this case series, HIV arthropathy was associated with advanced
immunosuppression. Therapeutic modalities included immunomodulators and
antiretroviral therapy, which consistently induced disease remission although data were
limited by a high rate of attrition. Prospective studies are needed to define and understand
this HIV-associated noncommunicable disease.

Keywords: paediatric HIV, inflammatory arthritis, Africa, autoimmunity, non-communicable disease,
musculoskeletal manifestations
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INTRODUCTION

Autoimmune disease has been reported in the context of human
immunodeficiency virus (HIV) infection since the origin of the
HIV pandemic. The spectrum of HIV-associated rheumatic
disease has evolved over time, likely reflecting the effects of
antiretroviral therapy (ART) on survival and immunological
function (1–4). Variable prevalence rates (11 - 72%) have been
reported for musculoskeletal disorders in HIV-infected adults
(5–8). However, data are scarce for the paediatric population.

South Africa is positioned at the epicentre of the global HIV
pandemic, with a prevalence of 19% in adults and approximately
340,000 HIV-infected children (9, 10). The number of new
paediatric HIV infections decreased almost five-fold from 47,000
in 2010 to 10,000 in 2020, reflecting reduced vertical transmission.
However, a considerable treatment gap remains in the paediatric
population, with only 63% ofHIV-infected children receiving ART
and only 46% of those on ART achieving viral suppression (11).
Despite this, mortality in HIV-infected children has declined
dramatically (12–14). As life expectancy in this high-risk group
increases, a greater number of childrenmay presentwith rheumatic
sequelae of HIV infection and therapy.

HIV infection disrupts the immunological milieu, giving rise to a
broad spectrum of inflammatory and immune-mediated syndromes
(1–3). In the setting of advanced HIV infection, multiple immune
aberrations contribute to lossof self-tolerance.Proposedmechanisms
include the destruction of CD4+ T-lymphocyte populations,
autoreactive CD8+ T-lymphocyte responses, T-regulatory cell
dysfunction, exposure of autoantigens, B-lymphocyte activation,
generation of autoantibodies and immune complexes, molecular
mimicry, and direct viral invasion of immunologically active tissue
(1, 15–20).Acombinationof thesemechanismshavebeen implicated
in the diverse immune-mediated non-communicable sequelae of
HIV infection. Conversely, the balance of immune activation and
deficiency induced by HIV infection appears to be protective against
certain autoimmune phenomena, including rheumatic heart disease
and systemic lupus erythematosus (SLE) (2, 21, 22).

Inflammatory arthritis appears to be associated with HIV
infection, although the existing literature is limited by conflicting
definitions of disease, inconsistent application of classification
systems, and variable availability of relevant diagnostic tests and
expertise (2). The spondyloarthropathies have been extensively
investigated in relation to HIV infection (23–26). These
conditions are strongly associated with the human leucocyte
antigen (HLA)-B27 allele. This HLA haplotype is extremely
Abbreviations: ALC, Absolute lymphocyte count; ANC, Absolute neutrophil
count; ART, Antiretroviral therapy; CLQ, Chloroquine; CMV, Cytomegalovirus;
CRP, C-reactive protein; DIPJ, Distal interphalangeal joint; ESR, Erythrocyte
sedimentation rate; Hb, Haemoglobin; HIV, Human immunodeficiency virus;
HLA, Human leucocyte antigen; HREC, Human Research Ethics Committee;
HSV, Herpes simplex virus; IPJ, Interphalangeal joint; IQR, Interquartile range;
IRIS, Immune reconstitution inflammatory syndrome; LAD, Lymphadenopathy;
MCPJ, Metacarpophalangeal joint; MTX, Methotrexate; NSAID, Nonsteroidal
anti-inflammatory drug; PIPJ, Proximal interphalangeal joint; RA, Rheumatoid
arthritis; SLE, Systemic lupus erythematosus; TB, Tuberculosis; uL, Microlitre;
UWFA, Underweight-for-age; VPS, Ventriculoperitoneal shunt; VZV, Varicella
zoster virus; WCC, White cell count; WFA, Weight-for-age.
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uncommon in Black African populations (27, 28), and
resultantly the spondyloarthropathies were rarely reported in
Africa prior to the HIV pandemic. The prevalence of these
conditions in sub-Saharan Africa appears to have increased
dramatically in tandem with the HIV pandemic (29–31). HIV-
related immunosuppression can reduce disease activity and even
induce remission in patients with established rheumatoid
arthritis (RA) (32). Early reports describing this phenomenon
led to the conviction that HIV and RA were mutually exclusive
disorders. However, this position has since shifted in the face of a
growing body of evidence indicating that HIV-positive
individuals can develop an entity clinically indistinguishable
from RA (8, 33–35), with a reported prevalence of 0.1 - 5.0%
(31, 36–38). Most cases present in immunocompetent HIV-
infected individuals (34, 39).

HIV arthropathy has been defined as a self-limiting,
asymmetrical, nonerosive, oligo- or polyarthritis that
predominantly involves the lower limbs and typically resolves
within six weeks (1, 2, 40). Some authors have suggested that
rheumatoid factor (RF) and HLA-B27 negativity be required for
its diagnosis (41, 42), in order to differentiate the entity fromRA or
spondyloarthropathies. Reveille and colleagues define adult-onset
HIV arthropathy as “arthritis of the large joints, lasting less than six
weeks, in the absence of either HLA B27 positivity, or radiological
changes … distinct from any other recognized rheumatological
entity, withnodiscerned infective triggers” (41).A prevalence of 0.4
– 13.8% has been reported in adults (2, 37, 43–47), with higher rates
reported in studies conducted in predominantly African
populations (31, 44, 48). HIV arthropathy is generally described
in the setting of advanced HIV (8, 49). When performed, synovial
fluid analysis reveals sterile inflammation,with nonspecific features
of chronic synovitis on biopsy (49, 50). Tubulo-reticular inclusions,
HIV-associated p24 antigen, and HIV DNA-containing dendritic
cells have been identified in the synovial tissue of affected
individuals, suggesting a direct viral aetiology (40, 49, 51, 52). It
has been proposed that HIV arthropathy may represent a type of
reactive arthritis triggered by the virus itself (2, 53), however the
precise pathophysiology has yet to be described.

The optimal management of HIV arthropathy has not been
completely defined. In the current understanding of the disease,
therapy is primarily directed at the underlying cause. Therefore,
effective ART and immune reconstitution are the cornerstones of
management. Specific therapy may also be directed against the
inflammatory component of HIV arthropathy. Chloroquine is
frequently used and has been shown to have beneficial anti-viral
activity in addition to its anti-inflammatory effects (54–56).
Nonsteroidal anti-inflammatories are routinely used for
symptomatic control. Systemic corticosteroids may be used,
although the duration of therapy should be limited to reduce
toxicity. Similarly, intra-articular corticosteroids are considered
safe and efficacious. The role of other immunomodulator
therapies, including methotrexate, sulfasalazine, and biologic
agents, remains undefined.

There are few published reports on HIV arthropathy in
children. A case series from Durban, South Africa described 35
HIV-infected children with arthritis (50). This series reported a
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male predominance, and amean age of onset of 5.5 years. Themost
common pattern of articular involvement was asymmetrical
polyarthritis, and RF and HLA-B27 were negative in almost all
cases. Another report from the same centre described seven HIV-
infected children with both arthritis and uveitis, in whom no cause
other than HIV could be found (57). Two isolated case reports of
paediatric HIV-associated arthritis have been published in India
(58, 59). Arthritis was the presenting feature of HIV infection
in both cases. A case series of musculoskeletal manifestations in
HIV-infected children in India reported 3 cases of inflammatory
arthritis, all of which occurred in older girls with advanced
immunosuppression (60). Another report from India described a
single case of HIV arthropathy, and three cases of HLA-B27-
associated arthritis in HIV-infected children (61). A study of
juvenile idiopathic arthritis from Zambia reported 7 cases
of arthritis in HIV-infected children, but did not provide details
of subgroup analysis (62). A large South African study which
screened perinatally HIV-infected adolescents and HIV-
uninfected controls for musculoskeletal disorders reported a low
prevalence ofmusculoskeletal abnormalities, whichwere associated
with advanced immunosuppression and longer duration of ART
(63). A pre-ART study conducted among 40HIV-infected children
in the United States found no clinically significant rheumatological
manifestations, although high rates of hypergammaglobulinemia,
autoantibody positivity, and the presence of circulating immune
complexeswere reported (64). AMexican study of 26HIV-infected
children described several cases of Raynaud’s phenomenon and
peripheral vasculitis, and one child with septic arthritis (65).
Although no cases of inflammatory arthritis were observed in the
North American children, arthralgia was commonly reported in
both studies (64, 65).

There is very limited published data on paediatric HIV
arthropathy, both globally and in sub-Saharan Africa. This
study aimed to describe features of HIV arthropathy in a case
series of children who presented to a Paediatric Rheumatology
centre in Cape Town, South Africa.
MATERIALS AND METHODS

Aims, Design, and Setting
This study was conducted at two large referral centres in Cape
Town, South Africa. The study was approved by the Human
Research Ethics Committee of the University of Cape Town
(HREC 011/2021). The aim of this study was to describe HIV
arthropathy in terms of clinical presentation, laboratory
characteristics, sonographic features, therapy, and outcomes in
a case series of HIV-infected children in South Africa. Relevant
data were collected by retrospective review of medical records.

Participants
All HIV-infected paediatric patients enrolled in the Paediatric
Rheumatology clinics at either Red Cross War Memorial
Children’s Hospital or Groote Schuur Hospital between 1
January 2010 and 31 December 2020 were retrospectively
identified by searching the digital databases of the two centres,
Frontiers in Immunology | www.frontiersin.org 370
using the keywords human immunodeficiency disease/HIV and
retroviral disease/RVD. Chart review was undertaken to identify
those patients classified as having HIV arthropathy, using a
predefined checklist adapted from Reveille and colleagues’
definition (41). HIV-infected children with other rheumatic
disorders were excluded from the analysis.

Data Collection
Demographic, clinical, and laboratory data were extracted by
review of participant details, case notes and laboratory results.
Clinical manifestations, laboratory results, and medical therapies
were captured at initial presentation and subsequent follow up.
Radiographic and ultrasonographic data were extracted by
review of saved images and reports for existing studies.
Therapeutic modalities were analysed as binary variables, with
positivity conferred by a record of an agent having been
previously prescribed. Response to therapy was measured by
extrapolating clinical data recorded at outpatient follow up
consultations, such as the number of active involved joints,
and linear scales of patient/parent-rated functional limitation
and clinician-rated functional limitation, relative to dates of
starting or stopping therapies, or changing doses.

Statistical Analysis
Characterisation of demographics and clinical presentation was
summarised using descriptive statistics. Demographic, clinical
and laboratory variables were expressed as medians with
interquartile ranges, as the frequency distributions for these
data were skewed. Treatment and outcomes data were
summarized using line graphs, in which duration of a specific
therapy was plotted against a measure of disease activity. Data
were analysed through statistical package R version 4.0.3.
RESULTS

An initial search identified 22 HIV-infected patients, from a total
of 900 children enrolled in the Paediatric Rheumatology clinics.
Eleven patients were excluded, due to alternative diagnoses
(sarcoidosis, n=1; systemic sclerosis, n=1; uveitis, n=3; Osgood-
Schlatter, n=2; vasculopathy, n=1; pernio, n=1; cellulitis, n=1) or
incomplete data (n=1). A total of 11 cases of paediatric-onset
HIV arthropathy were included in the analysis.

Clinical Presentation
Most HIV arthropathy cases presented in older children, with a
median age at arthritis onset of 10.3 years (IQR 6.9 – 11.6). There
was a significant male predominance (male-female ratio 3.0).
Although the median age at HIV diagnosis was 7.6 years (IQR
5.6 – 10.6), it was considered likely that most of these patients
acquired HIV infection via vertical transmission. Most cases
presented in the setting of advanced HIV infection, with a
median absolute CD4+ count of 389 cells/uL (IQR 322 – 449)
and median CD4+ proportion of 19.5% (IQR 14.8 – 25.0) at
presentation, although there was one outlier with an absolute
CD4+ count of 2364 cells/uL (CD4+ proportion 49.0%).
July 2021 | Volume 12 | Article 677984
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Arthritis was the presenting feature of HIV infection in 4 cases.
Six children (55%) were ART naïve at the time of presentation
with arthritis. The remaining five children had all defaulted ART
for a period of more than six months prior to presentation.

Clinical features are summarized in Table 1. The pattern of
articular involvement was variable, with six cases of oligoarthritis
and five cases of polyarthritis. The median number of involved
joints was 4 (IQR 3- 6). The distribution of joint involvement is
shown in Figure 1. All eleven children had large joint involvement
(wrists, n=8; knees, n=7; ankles, n=5; hips, n=2; elbows, n=2;
shoulders, n=1), which was asymmetrical in nine cases. In
addition, four children had asymmetrical small joint involvement
(finger interphalangeal, n=3; toe interphalangeal, n=1;
metacarpophalangeal, n=2; midtarsal, n=1) and one child had
symmetrical involvement of the subtalar and midtarsal joints.
Enthesitis was found in four patients, and one child had dactylitis.
Frontiers in Immunology | www.frontiersin.org 471
Associated clinical features included lymphadenopathy (n=5),
hepatomegaly (n=4), splenomegaly (n=2), and parotidomegaly
(n=2). Seven children had associated skin rashes, which were
classified as papular pruritic eruption (n=4), psoriasis (n=1),
erythema nodosum (n=1), and scabies (n=1). Two children had
uveitis. The nutritional status of these patients was generally poor,
with 89% being classified as underweight-for-age and all being
stunted. Approximately half (54.5%) had a personal history of
previous tuberculosis (TB), of which four cases were pulmonary
and one case was intra-abdominal. There was also one case of TB
monoarthritis, involving the left knee, in a child with pre-existing
HIV arthropathy involving both wrists and the interphalangeal
joint of the left great toe. Other opportunistic infections included
oral candidiasis, mucocutaneous herpes simplex ulcers, varicella
zoster meningitis, parvovirus B19 aplastic anaemia, and
cytomegalovirus gastroenteritis.
TABLE 1 | Clinical presentation.

CD4 count at HIV
diagnosis, cells/uL (%)

Pattern of articular involvement
(number of active joints)

Associated
rheumatic
features

Associated clinical
features

Opportunistic
infections

Comorbidities Nutritional
status

1 431 (20) Polyarthritis (6) Erythema
nodosum

LAD, hepatomegaly Pulmonary TB – Mild UWFA
Mild
stunting

2 752 (29) Oligoarthritis (3) Tenosynovitis Splenomegaly, PPE – – Normal
WFA
Mild
stunting

3 444 (15) Oligoarthritis (4) Enthesitis PPE Oral candidiasis – Moderate
UWFA
Mild
stunting

4 453 (15) Oligoarthritis (2) – LAD, hepatomegaly,
parotidomegaly, PPE

– – Moderate
UWFA
Mild
stunting

5 161 (11) Oligoarthritis (4) – LAD, HSM Abdominal TB, parvovirus
B19 aplastic anaemia

Severe acute
malnutrition

Severe
UWFA
Moderate
stunting

6 375 (19.5) Polyarthritis (10) Enthesitis,
myalgia

Oral ulcers, clubbing,
scabies

Pulmonary TB Post-TB
bronchiectasis

*

7 237 (18) Oligoarthritis (3) Dactylitis,
myalgia

LAD, PPE TB monoarthritis, CMV
enteritis

– Severe
UWFA
Severe
stunting

8 389 (21) Oligoarthritis (2) Enthesitis,
uveitis

Bilateral cataracts,
hepatomegaly

Pulmonary TB, VZV
meningitis

– Severe
UWFA
Severe
stunting

9 2364 (49) Polyarthritis (6) – LAD Chronic HSV ulcers Severe acute
malnutrition

Severe
UWFA
Severe
stunting

10 282 (14) Polyarthritis (8) Enthesitis – – Obstructive
hydrocephalus

Severe
UWFA
Severe
stunting

11 361 (34) Polyarthritis (5) Psoriasis Parotidomegaly Pulmonary TB – *
July 2021
 | Volume 12 | Ar
Rt, right; Lt, left; LAD, lymphadenopathy; UWFA, underweight-for-age; WFA, weight-for-age; MCPJ, metacarpophalangeal joint; IPJ, interphalangeal joint; PIPJ, proximal interphalangeal
joint; DIPJ, distal interphalangeal joint; TB, tuberculosis; HSV, herpes simplex virus; CMV, cytomegalovirus; VZV, varicella zoster virus.
*Insufficient data.
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Laboratory and Imaging Characteristics
Laboratory features are summarised inTable 2. Synovial aspirate was
performed in 3/11 cases. The typical findings were of a lymphocyte-
predominant, exudative effusion with negative bacterial and
Frontiers in Immunology | www.frontiersin.org 572
mycobacterial analyses. Synovial biopsy was performed in 4/11
cases. Histological analyses demonstrated nonspecific subacute
and chronic synovitis. All microbiological analyses were negative
(Ziehl-Neelson, Auramine, Gram, Brown-Brenn, and periodic
FIGURE 1 | Distribution of joint involvement.
July 2021 | Volume 12 | Article 677984
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acid-Schiff stains; CMV immunohistochemistry; bacterial and
mycobacterial cultures), except for a repeat synovial biopsy
sample which cultured Micrococcus species, which was
interpreted as a contaminant. Autoimmune serological data are
presented in Table 3.

Joint ultrasound data were available for 7/11 cases (63.6%);
findings included joint effusions (6/7) and synovial hypertrophy
(4/7). Joint plain film radiographic data were available for 3/11
cases (27.3%); two X-rays were normal, and one showed a
joint effusion.

Treatment and Outcome
Immune-directed therapeutic modalities are summarized in
Table 4. Non-steroidal anti-inflammatory drugs (NSAIDs)
were used in all cases. Oral steroids were used in seven
children. Intra-articular steroids were used in three of the
remaining four children, and the fourth child never returned
for follow-up after initial presentation. Two children required
intravenous pulse steroid therapy to control severe disease flares.
Clinical responses to chloroquine, methotrexate, and prednisone
therapy are illustrated in Figures 2–4. Chloroquine was either
withheld or stopped in four children, due to possible or
Frontiers in Immunology | www.frontiersin.org 673
confirmed TB infection, and methotrexate was stopped in one
child with active TB infection.

Five children were discharged in established remission after
discontinuing immunotherapy. Two children were lost to follow-
up immediately after presentation. Another four children were
lost to follow-up after longer periods of routine assessment,
however all four were in remission at last assessment.

ART was initiated in all eleven children, at a median age of 7.4
years (IQR 6.3 – 10.1). Viral suppression (defined as a single
recorded viral load <100 copies/uL) was achieved in 9/11
children (82%), with a median time to viral suppression of
45.5 months (IQR 9.3 – 124.9). Over the study period, the
mean change in absolute CD4+ count was -57.1 cells/uL and
the mean change in CD4+ proportion was +3.0%. Five children
were changed to a second-line ART regimen during the
study period.
DISCUSSION

A plethora of research efforts have attempted to explore
and address the diverse biopsychosocial challenges which
shape the lives of children living with HIV/AIDS. However,
musculoskeletal manifestations of HIV infection have not been
prioritized and remain poorly defined. Rheumatological
disorders in HIV-infected children appear to be relatively
uncommon, and paediatric practice has been shaped by data
generated in adult populations.

While the number of children with advanced HIV/AIDS has
declined substantively in the current era of universal ART,
significant treatment gaps continue to affect children living
with HIV. A recent study integrating paediatric HIV data
sources in South Africa reported that approximately one
quarter of HIV-infected children remain undiagnosed,
compared to a corresponding estimate of one tenth of adults
(66). ART coverage in children was estimated to be only 51.2%.
This data suggests that the dramatic reductions in AIDS-related
under-five mortality have largely been driven by preventive
TABLE 3 | Autoantibodies.

n tested (%) n positive

ANA 6/11 (54.5) 0
Anti-dsDNA 3/11 (27.3) 0
RF 6/11 (54.5) 0
HLA-B27 3/11 (27.3) 1
ASO 3/11 (27.3) 0
Anti-DNase B 3/11 (27.3) 0
ANA, antinuclear antibodies; anti-dsDNA, anti-double stranded deoxyribonucleic acid
antibodies; RF, rheumatoid factor; HLA-B27, human leukocyte antigen B27; ASO,
antistreptolysin O; anti-DNase B, anti-deoxyribonuclease B.
TABLE 2 | Laboratory features.

n/N (%)

Leucocytosis (WCC > 11.0 x109 cells/L) 2/11 (18.2)
Leucoopenia (WCC <4.0 x109 cells/L) 1/11 (9.1)
Neutropenia (ANC < 1.5 x109 cells/L) 2/10 (20.0)
Lymphopenia (ALC < 1.4 x109 cells/L) 3/9 (33.3)
Anaemia (Hb < 11.0 g/dL) 6/11 (54.5)
Thrombocytosis (Platelet count > 400 x109 cells/L) 5/11 (45.5)
CRP > 10 mg/L 11/11 (100)
ESR > 30 mL/h 10/11 (90.9)

Median (IQR)
WCC, x109 cells/L 8.8 (8.0 – 9.2)
ANC, x109 cells/L 4.2 (3.4 – 5.6)
ALC, x109 cells/L 1.9 (1.3 – 2.1)
Hb, g/dL 10.7 (9.9 – 11.9)
Platelet count, x109 cells/L 361 (335 – 503)
CRP, mg/L 36 (25 – 68)
ESR, mL/h 126 (67 – 136)
WCC, white cell count; ANC, absolute neutrophil count; ALC, absolute lymphocyte count;
Hb, haemoglobin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; n,
number; N, sample; IQR, interquartile range.
TABLE 4 | Therapeutic modalities.

n (%) Duration at remission, in
months Median (IQR)

Total duration, in
months Median (IQR)

NSAID 11
(100.0)

– –

CLQ 9
(81.8)

12.0 (9.1 – 18.9) 22.8 (18.0 – 48.1)

MTX 5
(45.5)

15.0 (11.5 – 20.0) 27.7 (11.7 – 30.1)

Leflunomide 1 (9.1) – –

Oral
prednisone

7
(63.6)

13.8 (12.4 – 18.7) 22.0 (18.0 – 32.9)

Intravenous
steroid therapy

2
(18.2)

– –

Intraarticular
steroid therapy

4
(36.4)

– –
July 2021 | Volu
NSAID, nonsteroidal anti-inflammatory drug; CLQ, chloroquine; MTX, methotrexate; n,
number; IQR, interquartile range.
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strategies, such as prevention of mother-to-child transmission,
rather than effective management of existing paediatric HIV
cases. In this context, the effective recognition and management
of both communicable and non-communicable sequelae of
paediatric AIDS remains imperative. This report adds to the
small body of literature on paediatric HIV arthropathy, which
has emerged as a clinical entity distinct from other rheumatic
disorders of childhood. As in adults, paediatric HIV arthropathy
occurs in the setting of advanced immunosuppression (8, 49).
Additionally, it appears to predominantly affect older children
(50, 60). In this case series, the median age of arthritis onset was
Frontiers in Immunology | www.frontiersin.org 774
10.3 years (IQR 6.9 – 11.6), which is similar to existing literature.
Most children had advanced immunosuppression at the time of
presentation, with a median CD4+ proportion of 19.5% (IQR
14.8 – 25.0).

A high male-female ratio was evident in this case series. This
finding is consistent with reports of a male predominance in both
children and adults with HIV arthropathy (23, 50, 67) and
contrasts with reports of older children with advanced HIV
disease without arthropathy (68–70). The mechanisms
contributing to the observed sex difference remain unclear.
Biological sex has a profound effect on the immune
dysregulation that characterises HIV infection. Numerous
studies in children and adults have demonstrated lower levels
of viraemia in females (71–74). Women are over-represented
amongst HIV-infected individuals with the capacity to
spontaneously suppress viraemia without ART, known as elite
controllers. Across the literature, approximately 80% of adult
elite controllers and 90% of paediatric elite controllers are female
(71, 75–78). Sex differences in other non-communicable HIV-
associated comorbidities, such as cardiovascular disease,
neurocognitive disorders and malignancies, have been linked to
substantial differences in immune activation and regulation
between males and females living with HIV (79–81).

In comparison with adults, most untreated HIV-infected
children follow a rapid course of disease progression. At one
year of life, 35–50% of untreated, perinatally infected infants will
have progressed to AIDS or died (71, 82–85), although it should
be noted that outcomes vary widely across different settings, with
environmental exposures playing a significant role in early life.
By comparison, the median survival time in untreated adults is
approximately 10 years (86). It is therefore surprising that a
significant proportion of children (5-10%) exhibit the
immunological phenomenon of non-progression, which is
extremely uncommon in adults (75, 87). Non-progressors are
FIGURE 2 | Response to chloroquine therapy.
FIGURE 3 | Response to methotrexate therapy.
FIGURE 4 | Response to prednisone therapy.
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ART-naïve HIV-infected individuals who do not experience
immunosuppression but maintain normal CD4+ counts
despite ongoing viraemia (75, 88). Most of the children in this
series experienced long delays to ART initiation, with median age
at ART initiation being 7.4 years (IQR 6.3 – 10.1). This suggests
that delay to ART initiation and subsequent HIV progression may
be a risk factor forHIV arthropathy in children. Conversely, at least
some of these children may have been transient non-progressors,
facilitating their survival into later childhood. HLA haplotype-
encoding genes influence the rate of disease progression in HIV
infection (88–91),with certainHLAhaplotypes being recognized as
protective. However, several such alleles are also implicated in the
pathogenesis of specific rheumatic syndromes. In a large case-
control study based in Zambia, López-Larrea and colleagues
demonstrated that the presence of the HLA-B*5703 allele was
independently associated with both HIV non-progression and the
development of spondyloarthropathy (92). Other reports have
demonstrated high frequencies of HLA haplotypes associated
with spontaneous HIV control in individuals with psoriasis and
spondyloarthropathy (93, 94). An intriguing possibility in the
pathogenesis of HIV arthropathy is the notion that an as-of-yet
unknown factormaybepartiallyprotectiveagainstHIVprogression
and confer an increased risk of inflammatory arthritis.

A variable pattern of articular involvement was observed in
this case series, with six children presenting with oligoarthritis
and five having polyarthritis. This differs from reports of adult-
onset HIV arthropathy, in which asymmetrical oligoarthritis
predominates, although symmetrical polyarthritis and
monoarthritis have also been described (23, 95). Polyarthritis
was the commonest presentation in the largest existing report of
arthritis in HIV-infected children (50). Most of the children in
this case series (9/11) had symmetrical involvement of the large
joints, particularly wrists and knees. Existing literature has
reported preferential involvement of the lower limbs,
particularly knees and ankles, in both adults and children (23, 49,
50). Enthesitis (3/11) was less prevalent than reported elsewhere
(50, 96), and only one case was associated with psoriasis. Other
observed clinical features (such as papular pruritic eruption,
Frontiers in Immunology | www.frontiersin.org 875
stunting, lymphadenopathy, hepatosplenomegaly and
parotidomegaly) likely reflect the advanced stage of HIV infection
in which arthropathy presents, rather than a true association.
Opportunistic infections were common in this case series,
particularly TB (6/11) including two extrapulmonary cases.

Themost consistent laboratory findingwas elevated acute phase
reactants, which were present in more than 90% of cases. ESR was
usually elevated to a greater extent than CRP. Themedian ESRwas
126 mL/h (IQR 67 – 136), compared to a median CRP of 36 mg/L
(IQR 25 – 68). Joint ultrasound data were available for seven cases
(63.6%) in this series. Prominent sonographic features included
joint effusion (6/7) and synovial hypertrophy (4/7). Synovial
hypertrophy was distinctive; all four cases were described as
having abundant or exuberant hypertrophy, relative to findings in
patients with juvenile idiopathic arthritis (Figures 5–7). Published
evidence on the sonographic features of HIV arthropathy is scarce
for adults and children alike. However, several reports have
highlighted the radiographic features of joint effusions, juxta-
articular osteopenia, joint space narrowing, and marginal erosions
in adults with HIV-associated arthritides (95, 97, 98). Findings on
plain radiograph are generally similar to those seen in patients with
RA, with the exception of periosteal reaction and proliferative bone
formation, which are more specific to HIV arthropathy (97, 99).

Approximately half of the children in this case series (45.5%)
were discharged in established remission after discontinuing
immunotherapy. The remaining six children were lost to
follow up; four of them were in remission at last assessment.
Two children had no follow up data, having been lost to follow
up immediately after initial presentation. Notably, all cases with
reliable follow-up data had joint disease persisting beyond 6
weeks, which contrasts with Reveille and colleagues’ classic
definition of adult-onset HIV arthropathy as a self-limiting
condition (41). This phenomenon has been observed in some
adults, who develop a chronic arthropathy associated with
functional impairments (100).

The small size of this series limited statistical power.
Participants were recruited from a single clinical service, based
at two referral centres in Cape Town, South Africa. Health
A B

FIGURE 5 | (A) Right knee, superior longitudinal view, greyscale (6 year old male, Case 2), demonstrating abundant proliferative synovitis (*) and effusion (e).
(B) Right knee, superior longitudinal view, color Doppler (6 year old male, Case 2), demonstrating proliferative synovitis with intense 3+ Doppler signal (D).
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systems in this region differ considerably from the rest of the
continent, potentially limiting the generalisability of these
findings to other settings and populations. The study was
limited by a retrospective design and the availability of data in
existing case files, laboratory records, and imaging reports.
Sonographic data were only available for approximately two
thirds of participants. Number of active joints was used as an
objective surrogate marker of disease activity, as physician- and
parent/patient-rated severity scores were not available for every
follow-up encounter. It was not possible to assess a possible
correlation between arthropathy disease activity and HIV viral
load, as the timeframes over which viral load data and serial
rheumatological assessment data were available differed in 7/11
cases. This study was further limited by a high rate of attrition.
The study describes a series of highly vulnerable children living
with a chronic health condition. Many of these children endure
adverse social conditions, including poverty, parental and sibling
Frontiers in Immunology | www.frontiersin.org 976
mortality, household substance abuse, and inconsistent primary
caregiver relationships, which may have contributed to loss to
follow-up. Additionally, these chronically ill children have a
significant risk of death, which may have contributed to
attrition. In the comparable setting of paediatric ART clinics,
several reviews have described high attrition rates (101–105).

A large prospective study would be beneficial to better define
the characteristics, diagnosis, and optimal management of HIV
arthropathy in children. Translational research is needed to
investigate disease pathogenesis and identify biomarkers that
could aid diagnosis in under-resourced environments without
access to specialist assessment.

This study contributes to the small body of evidence on
paediatric HIV arthropathy. Cases predominantly presented in
older boys with advanced immunosuppression. The clinical
presentation was variable, with both oligoarthritis and
polyarthritis being common. Response to therapy was slower
A B

FIGURE 6 | (A) Right wrist, 4th compartment, longitudinal view, greyscale (6 year old male, Case 2), demonstrating proliferative synovitis (*) and effusion (e). (B) Right
wrist, 4th compartment, longitudinal view, color Doppler (6 year old male, Case 2), demonstrating intense 3+ Doppler signal (D) in proliferative synovium.
A B

FIGURE 7 | (A) Left elbow, posterior longitudinal view, greyscale (10 year old male, Case 6), demonstrating dense proliferative synovitis (*) in olecranon fossa with
effusion (e). (B) Left elbow, posterior longitudinal view, color Doppler (10 year old male, Case 6), demonstrating intense Doppler signal (D) in olecranon fossa.
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than has generally been described in adults, although fair
outcomes were obtained with immunomodulating and
antiretroviral therapy. Prospective and translational research is
required to improve our understanding of this understudied disease.
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et al. Clinical Spectrum of Rheumatologic Diseases in a Department of
Rheumatology in Ouagadougou (Burkina Faso). Clin Rheumatol (2014) 33
(3):385–9. doi: 10.1007/s10067-013-2455-4

37. Marquez J, Restrepo CS, Candia L, Berman A, Espinoza LR. Human
Immunodeficiency Virus-Associated Rheumatic Disorders in the HAART
Era. J Rheumatol (2004) 31(4):741–6.

38. Calabrese L, Kirchner E, Shrestha R. Rheumatic Complications of Human
Immunodeficiency Virus Infection in the Era of Highly Active Antiretroviral
Therapy: Emergence of a New Syndrome of Immune Reconstitution and
Changing Patterns of Disease. Eur PMC (2005) 35(3):166–74. doi: 10.1016/
j.semarthrit.2005.03.007

39. Azeroual A, Harmouche H, Benjilali L, Mezalek Z, Adnaoui M, Aouni M,
et al. Rheumatoid Arthritis Associated to HIV Infection. Eur J Intern Med
(2008) 19(6):e34–5. doi: 10.1016/j.ejim.2007.09.020

40. Mody G, Parke F, Reveille J. Articular Manifestations of Human
Immunodeficiency Virus Infection. Best Pr Res Clin Rheumatol (2003) 17
(2):265–87. doi: 10.1016/S1521-6942(03)00003-2

41. Reveille JD, Conant MA, Duvic M. Human Immunodeficiency Virus-
Associated Psoriasis, Psoriatic Arthritis, and Reiter’s Syndrome: A Disease
Continuum? 1Arthritis Rheum (1990) 33(10):1574–8. doi: 10.1002/art.
1780331016

42. Mody G, Patel N. Articular syndromes in association with HIV infection.
CME (2011) 29(8):320–1. doi: 10.1007/978-0-387-79061-9_5137

43. Berman A, Reboredo G, Spindler A, Lasala M, Lopez H, Espinoza L.
Rheumatic Manifestations in Populations at Risk for HIV Infection: The
Added Effect of HIV. J Rheumatol (1991) 18(10):1564–7.

44. Ekwom PE, Oyoo GO, Amayo EO, Muriithi IM. Prevalence and
Characteristics of Articular Manifestations in Human Immunodeficiency
Virus Infection. East Afr Med J (2010) 87(10):408–14.

45. Medina-Rodriguez F, Guzman C, Jara L, Hermida C, Alboukrek D, Cervera H,
et al. Rheumatic Manifestations in Human Immunodeficiency Virus Positive
Frontiers in Immunology | www.frontiersin.org 1178
and Negative Individuals: A Study of Two Populations With Similar Risk
Factors. J Rheumatol (1993) 20(11):1880–4.

46. Lawson E, Walker-Bone K. The Changing Spectrum of Rheumatic Disease in
HIV Infection. Br Med Bull (2012) 103:203–21. doi: 10.1093/bmb/lds022

47. Berman A, Cahn P, Perez H, Spindler A, Lucero E, Paz S, et al. Human
Immunodeficiency Virus Infection Associated Arthritis: Clinical
Characteristics. J Rheumatol (1999) 26(5):1158–62.

48. Blanche P, Taelman H, Saraux A, Bogaerts J, Clerinx J, Batungwanayo J, et al.
Acute Arthritis and Human Immunodeficiency Virus Infection in Rwanda.
Eur PMC (1993) 20(12):2123–7.

49. Rynes R, Goldenberg D, DiGiacomo R, Olson R, Hussain M, Veazey J.
Acquired Immunodeficiency Syndrome-Associated Arthritis. Am J Med
(1988) 84(5):810–6. doi: 10.1016/0002-9343(88)90057-5

50. Chinniah K, Mody GM, Bhimma R, Adhikari M. Arthritis in Association
With Human Immunodeficiency Virus Infection in Black African Children:
Causal or Coincidental? Rheumatology (2005) 44:915–20. doi: 10.1093/
rheumatology/keh636

51. Espinoza L, Aguilar J, Espinoza C, Berman A, Gutierrez F, Vasey F, et al.
HIV Associated Arthropathy: HIV Antigen Demonstration in the Synovial
Membrane. J Rheumatol (1990) 17(9):1195–201.

52. Hughes R, Macatonia S, Rowe I, Keat A, Knight S. The Detection of Human
Immunodeficiency Virus DNA in Dendritic Cells From the Joints of Patients
With Aseptic Arthritis. Br J Rheumatol (1990) 29:166–70. doi: 10.1093/
rheumatology/29.3.166

53. Hochberg M, Fox R, Nelson K, Saah A. HIV Infection Is Not Associated With
Reiter’s Syndrome: Data From the John Hopkins Multicenter AIDS Cohort
Study. AIDS (1990) 4(11):1149–51. doi: 10.1097/00002030-199011000-00016

54. Romanelli F, Smith K, Hoven A. Chloroquine and Hydroxychloroquine as
Inhibitors of Human Immunodeficiency Virus (HIV-1) Activity. Curr
Pharm Des (2004) 10(21):2643–8. doi: 10.2174/1381612043383791

55. Savarino A, Boelaert JR, Cassone A, Majori G, Cauda R. Effects of
chloroquine on viral infections: An old drug against today’s diseases?
Lancet (2003) 3(November):722–7. doi: 10.1016/S1473-3099(03)00806-5

56. Devaux CA, Rolain J, Colson P, Raoult D. New Insights on the Antiviral
Effects of Chloroquine Against Coronavirus: What to Expect for COVID-19?
Int J Antimicrob Agents. (2020) 55. doi: 10.1016/j.ijantimicag.2020.105938

57. Zaborowski AG, Parbhoo D, Chinniah K, Visser L. Uveitis in Children With
Human Immunodeficiency Virus–Associated Arthritis. J Am Assoc Pediatr
Ophthalmol Strabismus (2008) 12(6):608–10. doi: 10.1016/j.jaapos.2008.
04.011

58. Lakshmanan P, Shah I. Human Immunodeficiency Virus Polyarthropathy.
J Fam Med Prim Care (2016) 5(3):725–6. doi: 10.4103/2249-4863.197289

59. Zaki SA, Tilak L, Shanbag P. Arthritis as the Presenting Feature of HIV
Infection in a Child. J Infect (2009) April):391–2. doi: 10.1016/j.jinf.2009.
03.002

60. Chakladar D, Mondal RK, Sabui TK, Bhowmik S, Biswas T. Musculoskeletal
Manifestations in Pediatric Patients InfectedWith Human Immunodeficiency
Virus: Developing Country Perspective. Eur J Rheumatol (2019) 6(1):7–11.
doi: 10.5152/eurjrheum.2018.18045

61. Suri D, Sharma A, Bhattad S, Rawat A, Arora S, Minz RW, et al. Arthritis in
Childhood Human Immunodeficiency Virus Infection Predominantly
Associated With Human Leukocyte Antigen B27. Int J Rheum Dis (2016)
19(10):1018–23. doi: 10.1111/1756-185X.12947

62. Chipeta J, Njobvu P, Wa-Somwe S, Chintu C, McGill PE, Bucala R. Clinical
Patterns of Juvenile Idiopathic Arthritis in Zambia. Pediatr Rheumatol
(2013) 11(33). doi: 10.1186/1546-0096-11-33

63. Mahtab S, Scott C, Chris Machemedze T, Joubert S, Asafu-Agyei NA, Myer
L, Zar HJ. Musculoskeletal conditions among perinatally HIV-infected
adolescents in the Cape Town Adolescent Antiretroviral cohort. In: Proc
25th Eur Paediatric Rheumatol Congress (PReS 2018) Lisbon Portugal (2018),
16:50–1. doi: 10.1186/s12969-018-0265-6

64. Schuval S, Bonagura V, Ilowite N. Rheumatologic Manifestations of
Pediatric Human Immunodeficiency Virus Infection. J Rheumatol (1993)
20(9):1578–82.
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ALPS and IPEX are two well-characterized inborn errors of immunity with immune
dysregulation, considered as two master models of monogenic auto-immune diseases.
Thus, with autoimmunity as their primary clinical manifestation, these two entities may
show clinical overlap. Traditionally, immunological biomarkers are used to establish an
accurate differential diagnosis. Herein, we describe a patient who presented with clinical
features and biomarkers fulfilling the diagnostic criteria of ALPS. Severe apoptotic defect
was also shown in the patient’s cell lines and PHA-activated peripheral blood
lymphocytes. Sanger sequencing of the FAS gene did not reveal any causal mutation.
NGS screening revealed a novel deleterious variant located in the N terminal repressor
domain of FOXP3 but no mutations in the FAS pathway-related genes. TEMRA cells
(terminally differentiated effector memory cells re-expressing CD45RA) and PD1
expression were increased arguing in favor of T-cell exhaustion, which could be
induced by unrestrained activation of T effector cells because of Treg deficiency.
Moreover, defective FOXP3 observed in the patient could intrinsically induce increased
proliferation and resistance to apoptosis in T effector cells. This observation expands the
spectrum of FOXP3 deficiency and underscores the role of NGS in detecting mutations
that induce overlapping phenotypes among inborn errors of immunity with immune
dysregulation. In addition, these findings suggest a potential link between FOXP3 and
FAS pathways.

Keywords: FOXP3, IPEX, ALPS, NGS, inborn errors of immunity
org August 2021 | Volume 12 | Article 692107181

https://www.frontiersin.org/articles/10.3389/fimmu.2021.692107/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.692107/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:imen.benmustapha@pasteur.rns.tn
https://doi.org/10.3389/fimmu.2021.692107
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.692107
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.692107&domain=pdf&date_stamp=2021-08-31


Rais et al. FOXP3 Mutation in a Patient Presenting With ALPS
INTRODUCTION

Primary immune dysregulation diseases are a group of
monogenic disorders characterized by defective immune
regulatory pathways (1–3). Their clinical presentation mainly
comprises organ-specific autoimmunity, hyperinflammation,
and nonmalignant lymphoproliferation. New sequencing
technologies have improved the understanding of this ever-
expanding group of disorders but they still often pose
a diagnostic challenge because of their variable and complex
phenotypic expressions and the overlap of symptoms
between different entities (1, 4). Immunodysregulation,
polyendocrinopathy, enteropathy, X-linked (IPEX) and
autoimmune lymphoproliferative syndrome (ALPS) are
archetypes of inborn errors of immunity (IEI) with immune
dysregulation and have gained attention as models of
monogenic autoimmunity.

IPEX syndrome is secondary to mutations in the Forkhead
Box Protein 3 (FOXP3) gene, a transcription factor essential for
regulatory T cell differentiation and function. Its clinical
expression encompasses various combinations of autoimmune
manifestations appearing early in life, with a characteristic triad
comprising enteropathy, dermatitis, and autoimmune
endocrinopathy, usually, type 1 diabetes (5).

ALPS represents a distinct pathologic mechanism for loss of
immune tolerance caused by a defect in the Fas-FasL pathway.
Noninfectious and nonmalignant lymphoproliferation
associated with autoimmune cytopenias and a greatly
increased lifetime risk of lymphoma constitute the major
features of ALPS. The marking immunological phenotype
remains an expansion of autoreactive double-negative T
(DNT) cells (6), a subset of CD3+ cells bearing a/b T cell
receptor (TCR), and negative for both CD4 and CD8 co-
receptors. They massively accumulate in patients with ALPS
but are also reported in other inflammatory and autoimmune
conditions (7, 8). A chronic non-malignant lymphadenopathy,
an elevation of peripheral DNT cells, and a defective apoptosis
assay were first proposed as a required triad of criteria to
establish the diagnosis of ALPS (9). Later on, serum sFasL,
IL-10, and vitamin B12 were shown to be elevated in ALPS
because of FASmutations (ALPS-FAS), and their association to
high DNT cells rose as an accurate predictor for the presence of
germline or somatic FAS mutation (10, 11). Consequently,
these biomarkers were included in the revised diagnostic
criteria of ALPS to facilitate the patients’ identification
particularly in settings where no access to advanced genetic
analysis or functional testing are available (12).

The functional apoptosis test allows to detect a defective
response upon Fas stimulation which results in abnormal cell
survival and is sufficient for definitive ALPS diagnosis provided
that required criteria are fulfilled (12). Therefore, defective Fas
driven apoptosis is considered specific to ALPS and prompts
molecular testing when a patient has suggestive clinical and
laboratory features.

Despite the establishment of well-characterized ALPS
diagnostic guidelines, phenotypic overlap with other primary
Frontiers in Immunology | www.frontiersin.org 282
immune dysregulation conditions still poses a diagnostic
challenge (13). Indeed, previous reports have shown that LRBA
deficiency, STAT3 GOF mutations and ITK deficiency may be
misdiagnosed as ALPS and may share with it some clinical and
immunological features (13–17).

Herein, we describe a patient bearing a novel FOXP3mutation
in the N terminal repressor domain of the protein who fulfills the
current criteria for definitive diagnosis for ALPS (12, 18).
CASE DESCRIPTION

Born to a non-consanguineous marriage, the patient had a family
history of infant deaths without clearly identified causes. His
clinical manifestations started at the age of 2 months and were
marked by generalized squamous dermatitis and multiple
adenopathies without hepatosplenomegaly. Langerhans cell
histiocytosis diagnosis was initially proposed based on the
presence of multiple CD1a+PS100+ cells in a retroauricular
lymph node biopsy, then ruled out because of the atypical
cutaneous manifestation and the absence of histiocytic
proliferation. The dermatitis significantly improved after the
use of topical corticosteroids and evolved to skin xerosis. At
the age of 10 months, the clinical course was marked by the
occurrence of a severe prolonged diarrhea episode with edema
and hypoproteinemia requiring hospitalization. Etiological
investigations, including coeliac disease autoantibodies
screening, sweat test, and RAST test to cow milk proteins were
all negative. The diarrhea resolved under symptomatic treatment
with exclusion of cow milk and did not relapse. Interestingly,
during this episode, biological investigations revealed hemolytic
anemia with positive direct Coombs test (AIHA). The patient
received oral prednisone at 2 mg/kg/day during 1 month
followed by a progressive decrease during 3 months with a
stabilization of the hemoglobin rate. At the age of 14
months, he presented with an Evans syndrome as revealed by
epistaxis and purpura. The patient’s platelet level was very low
with a normal platelet size, and his anemia was critical, requiring
transfusion. He underwent corticosteroid treatment (prednisone,
2 mg/kg/day) and received intravenous immunoglobulins
(1 g/kg) with a poor response. During hospitalization, he also
experienced a resolutive episode of pneumonia. The clinical
picture was further worsened by multiple relapses of Evans
syndrome, which required full-dose corticosteroid (prednisone,
2 mg/kg) and two hospitalizations at age 18 months and 3 years
(Figure 1). Following the initial period of recurrent corticosteroid-
dependent cytopenias, he continued to receive full dose of
corticosteroids, allowing full remission at the age of 4 years.
Interestingly, corticosteroid has been decreased then stopped for
3 years. His follow-up at age 7 years showed a favorable outcome.
His condition is now characterized by the persistence of chronic
adenopathies with no histological signs of malignancy and
skin xerosis. During this follow-up, no gastro-intestinal
manifestations, no endocrinopathies, or other auto-immune
manifestations were recorded with the exception of a recent
episode of thrombocytopenia. His infectious course was
August 2021 | Volume 12 | Article 692107
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characterized by the occurrence of recurrent episodes of
otitis media.
TIMELINE

The timeline is presented in Figure 1.

Diagnostic Assessment
The diagnosis of IEI was suspected given the patient’s presentation.
Preliminary immunological investigations showed polyclonal
hypergammaglobulinemia (IgG: 15.51 g/L), elevated IgE, and
hypereosinophilia. The standard immunophenotyping of
lymphocyte subpopulations (T, B, and NK cells) assessed by flow
cytometry was within the normal range. Lymphoproliferative
responses to mitogens and antigens were normal. Recurrent
Evans syndrome associated with chronic lymphoproliferations
prompted the evaluation of ALPS criteria. Double negative T cells
CD3+TCRa/b+CD4−CD8− percentage was increased, reaching
5.1%. Soluble FasL and IL-10 plasma levels were high. Apoptosis
functional assay was performed on the patient’s EBV-transformed
B-cells and showed severe resistance to Fas-mediated cell death in
comparison to a healthy control, as confirmed in two separate
experiments (Figure 2A). It has also been performed on the
patient’s PHA-activated peripheral blood lymphocytes and
confirmed the resistance to apoptosis as compared with healthy
control (Figure 2A). This defect of apoptosis is persistent at age 7
years. All biological and immunological investigations are
summarized in Table 1.

The criteria for definitive ALPS diagnosis were fulfilled.
Indeed, the two required criteria (i.e., expanded double
negative T cells and chronic lymphadenopathy) were present
together with one accessory primary criterion, namely, defective
lymphocyte apoptosis in two separate assays and two accessory
secondary criteria, namely, autoimmune cytopenia with elevated
polyclonal IgG and elevated plasma sFasL levels (>200 pg/ml)
and IL-10 levels (>20 pg/ml). The resistance to Fas-driven
apoptosis argued in favor of a defect in the Fas pathway. The
FAS gene was screened by Sanger sequencing for mutations in all
exons and intron-exon junctions, because FAS deficiency
Frontiers in Immunology | www.frontiersin.org 383
accounts for approximately 65% of all ALPS cases.
Surprisingly, no FAS germline mutation was found. Somatic
FAS mutations were excluded because their presence does not fit
with the defective apoptosis assay.

Targeted NGS, using the PID v2 gene panel (including all
known ALPS genes) and an Ion Torrent S5 sequencer identified a
novel missense mutation c.224C>T (p.Pro75Leu) located in
FOXP3. No variants in other genes were found, which might
have contributed to the patient’s phenotype. Sanger sequencing
confirmed the mutation using forward and reverse specific
primers (5′CCATGAGCCTCAGTTTCCAT and 5′ CACCTTT
GACCCCCAGAGTA). The patient’s mother was heterozygous
for the same mutation (Figure 2B). This mutation is located in
the repressor domain of FOXP3 and is not reported in 1000G or
ExAC databases. The affected residue is conserved among
vertebrates (Figure 2C), and the mutation is predicted to be
deleterious in multiple in silico prediction tools (probably
damaging in Polyphen2, damaging in SIFT and CADD score
of 24).

To assess the consequences of the FOXP3 mutation, FOXP3
expression was performed in patient’s PBMCs as compared
to healthy control, after staining with anti-CD4/APC, anti-
CD25/BB-515 and anti-Foxp3/PE with or without activation
for 72 h using anti-CD3/anti-CD28 monoclonal antibodies.
FOXP3+ CD25+ cells were absent in patient’s unstimulated
cells (0.1% of CD4+) but were induced after activation
(27.8%) (Figure 2D).

The search for the presence of autoantibodies using an
extensive set of antigens displayed negative results except for
anti-cardiolipin IgG (Table 1).

To decipher the potential link between FOXP3 defect and the
ALPS phenotype, and based on the hypothesis that Treg
deficiency would induce an unrestrained activation of T
effector cells that are resistant to Fas driven apoptosis (19), we
performed an immunophenotyping of TEMRA cells. These cells
have been defined as the latest stage of T-cell differentiation
which accumulate through successive rounds of antigen
encounters (20, 21) and could be induced by persistent re-
stimulation of individual clones (22). We found increased
percentage of CD4+ TEMRA cells in the patient reaching 24%
FIGURE 1 | Timeline of the clinical events and treatment strategies. AIHA, autoimmune hemolytic anemia; IVIG, intravenous immunoglobulin.
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(normal range for the age, 4–15%) (Table 1 and Figure 3A).
Moreover, the patient showed high PD1 expression by 10.9% on
CD4+T cells, one of the hallmarks of T cell exhaustion (23), in
comparison to healthy controls (Figure 3B).
DISCUSSION

The classical IPEX presentation consists of a triad of symptoms,
comprising diarrhea, autoimmune endocrinopathies and
dermatitis (5, 24, 25). The most consistent clinical finding, often
inaugural in this disease, is the exudative enteropathy (24). It
classically begins very early, during the first few months of life,
characterized by its persistence, and usually complicates with
malabsorption and failure to thrive (5, 24, 25). The patient we
report did first present with dermatitis and multiple adenopathies.
Unlike in the IPEX classical presentation, this patient had a single
limited episode of severe diarrhea at age ten months. Shortly after,
he developed Evans syndrome associated with bleeding
complications. Autoimmune cytopenias are a characteristic
feature of ALPS. However, they are also observed in up to 26%
of IPEX patients (25, 26). Moreover, the patient did not develop
autoimmune endocrinopathies, which are frequently reported in
IPEX patients and consist most commonly in type 1 diabetes
mellitus occurring in the first year of life (5, 24, 25). It has been
Frontiers in Immunology | www.frontiersin.org 484
reported that in the absence of clinical disease, anti-glutamic acid
decarboxylase antibodies or anti-islet cell antibodies may be
positive (5). The screening of this patient’s serum for
autoantibodies associated with endocrinopathies was negative,
and no endocrine disorders were recorded during the follow-up.
The patient’s clinical presentation was also marked by the
occurrence of infectious manifestations consisting of recurrent
media otitis and one episode of resolving pneumonia. This
contrasts with the classical severe infections observed in IPEX
patients, which may be life-threatening sepsis (5, 24, 25). Thus, the
IPEX clinical presentation in this patient is unusual with mild or
absent features of the characteristic IPEX triad and the
predominance of an Evans syndrome. In this context, the
persistence of benign adenopathies and hypergamma-
globulinemia shaped a clinical picture more reminiscent of
ALPS, the most typical IEI associated with autoimmune
cytopenias (27). Moreover, the immunohistological pattern of
sinus histiocytosis with S100 positive cells observed in the
patient’s lymph node biopsy has not only been reported in
ALPS (6) but also in a single description of IPEX patient (28).

The patient’s laboratory investigations showed hyper-
eosinophilia and elevated IgE. The increase of these two
parameters is common in IPEX patients. Although they are
not usually characteristic of ALPS classical presentation,
their increase was reported in patients with ALPS (29–31).
A B

D

C

FIGURE 2 | Genetic and functional investigations (A) Apoptosis assay: The IPEX patient exhibits a significantly altered apoptosis. Fas-induced apoptosis in EBV-
lymphoblastoid cell lines (EBV-LCL) or PHA-activated peripheral blood lymphocytes of the patient and a healthy control were stimulated for 24 h with or without
APO-1-3 in the presence of protein A. Subsequently apoptosis was measured by flow cytometric detection of Annexin V-PE and 7AAD. For apoptosis in EBV-LCL,
data represent two separate experiments and the T bars indicate the standard deviation. The dotted red line represents 50% of the cell death observed in the control.
(B) Genomic DNA sequence analysis of FOXP3 gene showing a missens hemizygous mutation p.Pro75Leu in the patient, the mother was heterozygous for the
mutation. (C) Multiple protein alignment showing the position of the conserved proline 75 residue in different species using the NCBI Multiple Sequence Alignment
Viewer, Version 1.19.1. (D) FOXP3 expression in PBMCs after staining with anti-CD4/APC, anti-CD25/BB-515 and anti-Foxp3/PE as compared to healthy control. Treg
cells were absent in patient’s unstimulated cells and induced after activation with anti-CD3 (aCD3)/anti-CD28 (aCD28) mAb during 72 h.
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Besides these overlapping features, the most striking finding in
this observation is the presence of almost all ALPS biomarkers.

To our best knowledge, there are no published reports of
IPEX associated with elevated ALPS biomarkers and a defective
Fas apoptosis assay. Elevated DNT cells were initially
considered as a hallmark of ALPS (9) and are still a required
criterion for the diagnosis (12). This biomarker specificity has
been challenged because other IEIs have displayed elevated
DNT cells, such as LRBA deficiency, STAT3 GOF disease and
CVID (13, 16). Elevation of DNT cells has also been reported in
patients with autoimmune diseases (8, 32). However, when they
exceed 4%, they are considered as highly predictive of FAS
mutations (11). Nevertheless, high percentages of this subset,
Frontiers in Immunology | www.frontiersin.org 585
exceeding this threshold, have been recorded in LRBA
deficiency, reaching 10% and in STAT3 GOF disease reaching
20% (13, 16). In our patient, DNT cells reached 5% and were
associated with other ALPS biomarkers, including elevation of
IL-10 and sFasL and a defective Fas-induced apoptosis.
Interestingly, in a recent review of key diagnostic markers of
ALPS, the combination of elevated DNTs and an abnormal in
vitro apoptosis functional test was considered the most useful in
identifying all types of ALPS patients (33). The combination of
an abnormal in vitro apoptosis functional test and elevated sFasL
was a predictive marker for ALPS-FAS group classification (33).

The FOXP3 mutation identified changed the diagnosis from
ALPS to IPEX, clearly showing that NGS use is critical to unmask
TABLE 1 | Results of the immunological investigations.

Immunological Investigation Results Reference Values Unit

Absolute leucocyte count 21.7 6.4–12.00 109/L
Absolute lymphocyte count 7.1 3.60–8.90 109/L
Absolute eosinophil count 9.8 <0.5 109/L

Flow cytometry lymphocyte phenotyping
T CD3+ 91 53–75 % of Lc
T CD4+ 52 32–51 % of Lc
T CD8+ 25 14–30 % of Lc
TCR a/b+ CD4-CD8- (DNT cells) 5↑ <1.5 % of CD3+ Lc
CD25+FOXP3+ (Treg cells) 0.11↓ – % of CD4+ Lc
CD45RA+CCR7- (TEMRA cells) 24↑ 4–15 % of CD4+ Lc

Lymphocyte proliferation tests
PHA 108307 Control: 98849 cpm
Anti-CD3 112209 Control: 80842 cpm

Immunoglobulins
IgG 15.51↑ 3.4–6.2 g/L
IgA 1.12 0.33–1.22 g/L
IgM 0.31↓ 0.48–1.43 g/L
IgE 6046↑ <144 KU/l

ALPS parameters
sFasL: 1.4↑ ≤0.2 ng/ml
IL-10 (tested twice): 69.4↑ ; 24↑ ≤20 pg/ml
CD95: 67 – % of Lc
Apoptosis functional assay in EBV-LCL: 19.6↓ Control: 79; 4 % of cell death
Apoptosis functional assay in PHA-PBL: 23↓ Control: 49 % of cell death
Vitamin B12 (tested twice): 1061; 564 345–1154 pg/ml

Autoantibodies
Anti-nuclear antibodies Negative <1:80 Titer
Anti-DNA Negative <1:10 Titer
Anti-smooth muscle Negative <1:100 Titer
Anti-mitochondrial antibodies Negative <1:100 Titer
Anti-cardiolipin IgM Negative <12 PL U/ml
Anti-cardiolipin IgG 20,81↑ <12 PL U/ml
Anti-b2 glycoprotein 1 IgM Negative <5 PL U/ml
Anti-b2 glycoprotein 1 IgG Negative <5 PL U/ml
Rheumatoid factor Negative 15 U/ml
Anti-cyclic citrullinated peptides Negative 5 U/ml
Anti-TSH receptor Negative 5 IU/ml
Anti- thyroperoxidase antibodies Negative <50 U/ml
Anti-intrinsic factor antibodies Negative – NA
Autoantibodies against parietal cell antigens Negative – NA
Anti-enzyme tissue transgulataminase IgA Negative <4 U/ml
Anti-deamidated gliadin peptide Negative <10 IU/ml
Anti-glutamic acid decarboxylase Negative <10 IU/ml
August 2021 | Volume 12 |
Altered parameters are in bold. : ↑: increased; ↓: reduced. SI, Stimulation Index; NA, not applicable; DNT, cells: double negative t cells; Treg cells, T regulatory cells; TEMRA cells, terminally
differentiated effector memory cells reexpressing CD45RA; PHA, phytohemagglutinin. Lymphocyte proliferation, expressed as radioactive counts per minutes (cpm) measured by 3H
thymidine incorporation into DNA from the patient and a healthy control studied the same day. EBV-LCL, EBV-lymphoblastoid cell lines; PHA-PBL, PHA-activated peripheral blood
lymphocytes; anti-TSH receptor, anti-thyroid stimulating hormone receptor.
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atypical presentations of IPEX and is reshaping the clinical and
immunological spectrum of this rare and probably under-
diagnosed disease (34). No less than 70 pathological variants
have been identified in the FOXP3 gene (5, 35). Interestingly,
some mutations were more frequently associated with a mild or
atypical presentation (34), such as reported here with currently a
favorable outcome. This contrasts with the classical outcome of
IPEX syndrome, generally associated with a poor prognosis (24).
The mutation we report resides in the N terminal proline-rich
domain, thought to mediate the repressive activity of FOXP3
(36). On another hand, the mutation is located in exon 3, which
is the second coding exon (the first being a non-coding one) of a
total of 12 exons. It is worth mentioning that some of these exons
could be alternatively spliced leading to naturally occurring
FOXP3 isoforms and may be associated with slower kinetics of
FOXP3 export (37, 38). The mutation we identified was
associated with the absence of CD4+CD25+FOXP3+ cells.
Since steroid administration may reduce FOXP3 expression,
the latter was assessed after activation and found to be
restored. This finding is in accordance with the study of
Gambineri et al. (39), showing that some FOXP3 mutations
may not hinder protein expression after activation despite initial
very low levels of Treg. The assessment of the correlation
Frontiers in Immunology | www.frontiersin.org 686
between restored FOXP3 expression and residual Treg function
must be further investigated and may explain the moderate
clinical phenotype of the patient.

The defect of apoptosis assay observed in the patient is
somewhat intriguing. An altered functional apoptosis assay was
previously observed in other immune regulation disorders, such
as STAT3 GOF disease and LRBA deficiency (14, 16). Resistance
to apoptosis in STAT3 GOF disease appears to be secondary to a
disturbance in the balance of BCL2 family proteins, which are
critical intrinsic regulators of the apoptotic pathway (16). The
compromised Fas triggered apoptosis described in LRBA
deficiency is suggested to be due to an altered autophagy.
Indeed, autophagy is significantly reduced in LRBA deficient
cells and has been shown to facilitate Fas-mediated
apoptosis (14).

The Treg deficiency in the patient could result in unrestrained
activation of T effector cells. The latter would become exhausted
and thus resistant to apoptosis (19). Consistent with this
hypothesis, we found increased CD4+TEMRA cells and PD1
expression in patient as compared with healthy controls.

On the other hand, defective FOXP3 observed in the patient
could intrinsically induce increased proliferation and resistance
to apoptosis in T effector cells, as herein reported. There is
A

B

FIGURE 3 | Investigation of T cell exhaustion. (A) High percentage of TEMRA cells (Q3) was found in patient after whole blood staining with anti-CD3/PerCP, anti-
CD4/FITC, anti-CD45RA/PE-Cy7 and anti-CCR7/PE as compared to one representative healthy control. (B) Increased surface expression of PD1 on the patient’s
CD4+ lymphocytes as compared to one representative control..
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evidence in the literature that the amount of FOXP3 expressed
within a cell controls the balance between life and death. Indeed,
it has been shown that T cells from mice and humans that lack
functional FOXP3 are hyper-responsive to TCR stimulation, and
those from mice that overexpress FOXP3 are hypo-responsive to
TCR-mediated stimulation as manifested by the reduction in
proliferative capacity. Consequently, defect in cell cycle
progression after TCR engagement may result in altered
apoptosis (40).

In summary, this case expands the clinical spectrum of Foxp3
deficiency and suggests a potential link between FOXP3 and the
FAS apoptotic pathway that requires further investigation.
PATIENT PERSPECTIVE

The patient did adhere to the treatment proposed. He and his
family were satisfied by the relative improvement of his
clinical condition.
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Background: Glioma is the most common type of primary brain tumor in adults. Patients
with the most malignant form have an overall survival time of <16 months. Although
considerable progress has been made in defining the adapted therapeutic strategies,
measures to counteract tumor escape have not kept pace, due to the developed
resistance of malignant glioma. In fact, identifying the nature and role of distinct tumor-
infiltrating immune cells in glioma patients would decipher potential mechanisms behind
therapy failure.

Methods: We integrated into our study glioma transcriptomic datasets from the Cancer
Genome Atlas (TCGA) cohort (154 GBM and 516 LGG patients). LM22 immune signature
was built using CIBERSORT. Hierarchical clustering and UMAP dimensional reduction
algorithms were applied to identify clusters among glioma patients either in an
unsupervised or supervised way. Furthermore, differential gene expression (DGE) has
been performed to unravel the top expressed genes among the identified clusters.
Besides, we used the least absolute shrinkage and selection operator (LASSO) and
Cox regression algorithm to set up the most valuable prognostic factor.

Results: Our study revealed, following gene enrichment analysis, the presence of two
distinct groups of patients. The first group, defined as cluster 1, was characterized by the
presence of immune cells known to exert efficient antitumoral immune response and was
associated with better patient survival, whereas the second group, cluster 2, which
exhibited a poor survival, was enriched with cells and molecules, known to set an
immunosuppressive pro-tumoral microenvironment. Interestingly, we revealed that gene
expression signatures were also consistent with each immune cluster function. A strong
presence of activated NK cells was revealed in cluster 1. In contrast, potent
immunosuppressive components such as regulatory T cells, neutrophils, and M0/M1/
M2 macrophages were detected in cluster 2, where, in addition, inhibitory immune
checkpoints, such as PD-1, CTLA-4, and TIM-3, were also significantly upregulated.
Finally, Cox regression analysis further corroborated that tumor-infiltrating cells from
cluster 2 exerted a significant impact on patient prognosis.
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Conclusion: Our work brings to light the tight implication of immune components on
glioma patient prognosis. This would contribute to potentially developing better immune-
based therapeutic approaches.
Keywords: glioma, tumour-infiltrating immune cell, biomarker, immune response, prognosis
INTRODUCTION

Glioma is the most common type of primary brain tumors in
adults, with the most aggressive form known as glioblastoma.
Glioma patients are known to be extremely resistant to
chemotherapy. Indeed, such a trait is the leading cause of
cancer-related mortality and morbidity (1, 2). Patients with
glioma have a median overall survival of <16 months (3). The
World Health Organization (WHO) classified gliomas into two
groups, low-grade glioma (LGG) assembling grades I and II, and
high-grade glioma (HGG) of grades III and IV (4, 5).
Furthermore, based on histological and molecular features,
glioma patients can be stratified into oligodendroglioma or
astrocytoma (LGG) and glioblastoma (HGG) with clinically
relevant molecular subtypes including mesenchymal,
proneural, neural, and classical. Nevertheless, these features
can be associated with tumor niche (stromal cells, reactive
astrocytes, tumor cells, and immune cells), patient survival,
and prognosis (6, 7).

Previous studies on glioma have provided an overview
regarding tumor initiation and development (8, 9). As a matter
of fact, a variety of chemoattractant and inflammatory cytokines
secreted by either cancer or immune cells play a pivotal role in
glioma tumor progression by attracting Treg cells into the tumor
microenvironment, thus inhibiting NK cell activity and
hampering the activation of effector T cells. Moreover, it leads
to a plasticity phenomenon that leads to the conversion of
tumor-associated macrophages (TAMs) from M1 state to an
anti-inflammatory M2 phenotype and T cell transition from Th1
toward a Th2 phenotype which are often associated with poor
outcome (6, 10–12). Hence, the cross talk between tumor and the
immune cells results in the establishment of an immunosuppressive
tumor microenvironment, which promotes tumor escape and
cancer progression.

Over the past few years, several immunotherapeutic
approaches have been developed (13); however, clinical trials
testing vaccines, cell adoptive transfer, and immune checkpoint
inhibitors (ICIs) point to a lack of efficacy (14–16).

This failure has shifted the focus toward a more thorough
understanding of the distinct components of the glioma
microenvironment (17–19). Glioblastomas are very low-
immunogenicity tumors (16), enriched with immune-
suppressive T cells mainly embedded in the central nervous
system (20). As a matter of fact, future treatment strategies
should be designed based on an improved understanding of
key immune cell interactions with glioma cells.

Recently, computational analyses of RNA-seq data have
demonstrated that a glioblastoma microenvironment lacking
central memory CD4 T cells or natural killer (NK) cells is
org 290
further correlated with better prognosis, and the expression
levels of ICOS and TNFSF14 were negatively associated with
clinical outcome (21). It has also been reported that the
glioblastoma microenvironment contains hub genes (CCT3,
OLIG2, PSMB9, TRIM21) that were associated with distinct
immune cell infiltration characterized by the expression of
immune checkpoints and are further involved in cancer
development and progression in patients with high-grade
glioblastoma (22–24). In low-grade glioma, the expression level
of transforming growth factor beta 1 (TGF-b) and programmed
cell death ligand 1 (PDL1) was positively correlated with immune
risk score, and prognostic hub genes that were positively
correlated with immune cell infiltration have also been
revealed (25, 26). Notably, T follicular helper (TFH) cells,
activated NK cells, and macrophages have been demonstrated
to be independent predictors for malignant transformation in
low-grade glioma (27). Furthermore, it has been suggested that
the expressions of JAK3, IL2Rß, and CD3e are further associated
with the presence of B cell memory and CD8 T cells, which
adversely impact immune cell response in the tumor
microenvironment (28). As a matter of fact, Qiu et al. recently
demonstrated, through their PROMISE model, differences in
immune cell abundance between risk groups (29). Although
innate immune cells such CD8 T cells were upregulated and
further associated with good prognosis, a downregulation of
TFH cells was observed in the high-risk group of glioma patients
(29). Zhong et al. demonstrated that resting NK cells, CD8+ T
cells, TFH cells, gamma delta T cells, and M0 macrophages were
negatively related to prognosis. However, their proportion was
significantly related to patient’s age and sex (30).

Nevertheless, these studies assessed low-grade glioma or
glioblastoma patients individually and did not consider both
subtypes as a whole to identify striking resemblance and active
involvement of immune genes in glioma patients.

Here we assessed the presence of two distinct groups of glioma
patients. The first group, defined as cluster 1, was associated with
better patient survival, whereas the second group, cluster 2,
exhibited a poor survival. Interestingly, a strong presence of
activated NK cells was revealed in cluster 1. In contrast, potent
immunosuppressive components such as regulatory T cells,
neutrophils, and M0/M1/M2 macrophages were detected in
cluster 2, where inhibitory immune checkpoints, such as cytotoxic
T-lymphocyte-associated protein 4 (CTLA4), lymphocyte-
activation gene 3 (LAG3), and T cell immunoglobulin mucin 3
(TIM3), were also significantly upregulated. Finally, Cox regression
analysis further corroborated that tumor-infiltrating cells from
cluster 2 exerted a significant impact on patient prognosis. Our
results pinpoint that the immune response type impacts the clinical
outcome of glioma patients.
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MATERIALS AND METHODS

Data Analysis From TCGA and
Independent Datasets
The workflow of our study is shown in Figure 1. Molecular data,
including mRNA expression of LGG (n = 516) and GBM (n =
154) patients, were downloaded from The Cancer Genome Atlas
(TCGA) data portal (https://www.cbioportal.org/). Clinical data
related to glioma patients were downloaded altogether with
matrix mRNA gene expression.

Quantification of Immune Signature
Enrichment Levels in Glioma Patients
We analyzed 22 immune signatures (e.g., CD8+ T cells, CD4
naive T cells, Treg cells, naïve B cells, memory B cells, plasma
cells, CD4 memory resting T cells, CD4 memory activated
T cells, follicular helper T cells, gamma delta T cells, resting
NK cells, activated NK cells, monocytes, macrophages M0/M1/
M2, resting dendritic cells, activated dendritic cells, resting mast
cells, activated mast cells, eosinophils, neutrophils). The
enrichment level of this immune signature in glioma samples
was quantified as the mean expression level of immune signature
marker genes. We, therefore, used CIBERSORT (https://
cibersort.stanford.edu/index.php) which estimates the relative
fraction of each cell type in the signature matrix, such that the
sum of all fractions is equal to 1 for a given mixture. The absolute
immune fraction score was estimated by the median expression
level of all genes in the signature matrix divided by the median
expression level of all genes in the mixture.

Hierarchical Clustering
To compare distinct immune cell infiltration genes in glioma
patients, unsupervised hierarchical clustering was performed to
Frontiers in Immunology | www.frontiersin.org 391
group the 658 patients into two subgroups termed cluster 1 (n =
293) and cluster 2 (n = 365).

Global Gene Expression Analysis
Differential gene expression (DGE) analysis with RNA-seq data
was performed using the R package.

An average raw read count for each gene >1 was applied to
determine candidate genes that were reasonably expressed. The
expression fold change (FC) denotes upregulation or
downregulation according to the FC value. Subsequently, log
FC, log CPM, p-value, and the corresponding false discovery rate
(FDR) were all reported by the R package. FDR < 0.05, log
CPM > 1, and |log FC| > 2 were set as inclusion criteria for
DEG selection.

Association of Immune Signature
Enrichment Levels With Various
Molecular Features
R Programming Environment (version 3.2.5) and Bioconductor
were used for preprocessing and data analysis. For data filtering
and quality control, the following methods were used. The
median rank scores were identified in the dataset, and quartile
normalization was performed. Data were visualized as Uniform
Manifold Approximation and Projection (UMAP) which engage
different parameters such as the distance between points and
number of neighbors for a better reduced dimensional
representation. We identified the upregulated genes that were
significantly associated with immune signature enrichment levels
(ISELs) using the Mann–Whitney U test.

Gene-Set Enrichment Analysis
We used FunRich to identify the KEGG pathways that were
significantly associated with the genes having an important
FIGURE 1 | Graphical abstract.
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expression correlation with the immune signature using a
threshold of FDR < 0.05.

Survival Analysis
We compared the overall survival (OS) between clusters and in
the glioma cohort. We used Kaplan–Meier survival curves to
show the survival time differences and the log-rank test to assess
the significance of survival time differences. Statistical analyses
were carried out with GraphPad Prism 5.0 software (GraphPad
Software, Inc., La Jolla, CA, USA). Single comparisons between
two groups were performed with Student’s t-test.

Univariate and multivariate Cox regression analyses were
used on tumor-infiltrating immune gene signature and clinical
parameters, including IDH status and age in TCGA cohorts.

Cox regression analyses were used to evaluate the prognostic
effect of the immune signature on glioma patient prognosis and
were performed using the R Programming Environment (version
3.2.5) and Bioconductor. To evaluate the difference between
groups, the hazard ratios HR ≥ 1 and p-value of ≤0.05 were
considered significant.
RESULTS

Independent Immunostimulatory and
Immunosuppressive Profiles of
Glioma Patients
To identify the role of distinct tumor-infiltrating immune cells in
glioma patients, a transcriptomic dataset from the Cancer
Genome Atlas (TCGA) cohort (153 GBM and 512 LGG
patients) was analyzed in this study. A pretreatment step of
glioma transcriptomic data was carried out by emerging LGG
and HGG databases, followed by a harmonization step. The
unsupervised hierarchical clustering after the enrichment
analysis enabled us to demonstrate the presence of two distinct
clusters (groups of patients). The first group defined as cluster 1
was characterized by an immunostimulatory profile gathering
monocytes, naïve B cells, plasma cells, naïve CD4+ T cells,
activated mast cells, NK cells, and T follicular helper cells,
whereas the second group (cluster 2) was enriched with
immunosuppressive immune cells such as neutrophils, M0/
M1/M2 macrophages, regulatory T cells (Tregs), resting mast
cells, resting NK cells, resting CD4 memory T cells, and memory
B cells (Figure 2A).

We further integrated clinicopathological parameters such as
IDH status and glioma subtypes (LGG and GBM) to this
hierarchical clustering, to assess whether the two clusters were
correlated with these parameters. As shown in the hit map
(Figures 2B, C), cluster 1 contains mainly LGG patients with
only six GBM patients inside. However, the majority of GBM
patients were grouped in (cluster 2). Moreover, a greater part of
LGG patients with IDH mutant and 1p19q codeletion (codel)
were gathering in cluster 1. Further, LGG patients with IDH
wild-type or IDH mutant with 1p19q non-codeletion (non-
codel) were likewise distributed within two clusters.

In order to confirm these results, we used high-dimension
reduction algorithm that is based on manifold learning and
Frontiers in Immunology | www.frontiersin.org 492
nonlinear dimensionality reduction, used here as an effective
preprocessing step to boost the performance of clustering. These
results were confirmed either by increasing the distance between
points (near neighbors) or by adding UMAP parameters
(Canberra, Cosine, Dice) that control the balance of local
versus global structure in our data. Indeed, we could observe
the same clusters, which clearly suggest that this clustering
depends on pat ients ’ immune profi les rather than
clinicopathological parameters (Figures S1A, B and Figures
S2A, B).

Difference in Immune Cell Abundance
Within the Clustered Patients
To confirm that unsupervised clustering could mostly be driven
by the immune enrichment profile in patients with gliomas
associated with the tumor microenvironment, we used this
time UMAP to score the intensity of each infiltrated immune
cell population within the clustered patients (Figure 3). As a
matter of fact, we observed more naive B cells, plasma cells, naive
CD4 T cells, TFH cells, monocytes, activated mast cells, and
activated NK cells in cluster 1 than in cluster 2. When compared
to cluster 1, cluster 2 seems to gather more less memory B cells,
CD4 memory resting T cells, CD4 memory activated T cells,
regulatory T cells, resting NK cells, M0/M1/M2 macrophages,
resting dendritic cells, resting mast cells, and neutrophils.
According to the Wilcoxon test, there were statistically
significant differences in the immune cell subtypes between the
two clusters (p < 0.05; FC > 2) (Figure 4), which confirm the
immunosuppressive trait of cluster 2 relative to cluster 1. Indeed,
these results highlight the weight of the immune profile
on patients.

Association of Immune Checkpoints
Overexpression With Immunosuppressive
Status
Considering the critical role of the immune checkpoint
inhibitors such as programmed-death receptor-1 (PD-1) and
cytotoxic T lymphocyte antigen-4 (CTLA-4), not only in the
negative regulation of T-cell activity but also in modulating T-
cell migration into tissues (31), we aimed to compare the
expression level of immune checkpoints between cluster 1 and
cluster 2. As illustrated in Figure 4, PDL-1, CTLA-4, TIM-3,
LAG-3, band T lymphocyte-associated (BTLA), inducible T cell
costimulator (ICOS), inducible T cell costimulator ligand
(ICOSL), and GATA-binding protein 3 (GATA-3) expressions
were significantly higher in cluster 2 than in cluster 1 (p value
<0.05; FC > 2).

Furthermore, a significant correlation between the expressions of
PD-1, BTLA, and ICOS has been observed. In addition, our results
showed that infiltration of immune cells such as CD8 T cells was
associated with the expression ofGATA3. Activated CD4memory T
cells and macrophages (M1/M2) were importantly correlated with
expressions of BTLA and ICOS [r (-1 to +1), p<0.05]. Moreover,
regulatory T cells were highly correlated with CD4 memory T cells,
resting NK cells, macrophages (M0), and resting mast cells.
Likewise, activated NK cells were associated with plasma cells, B
September 2021 | Volume 12 | Article 685213
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cells naïve, follicular helper T cells, eosinophils, and activated mast
cells (Figure 5 and Figure S3).

Our results suggest that NK cells, plasma cells, naïve B cells,
follicular helper T cells, eosinophils, and activated mast cells
cooperatively exhibit a balance of inhibitory and activating signals
in cluster 1 where the cells expressed fewer immune checkpoints.

Relevant Activator and Inhibitor Markers
to Guide Characterization of
Glioma Clusters
To further deepen our investigation on the identified clusters, we
performed differential expression gene (DEG) analysis based on
10,000-gene fold change expression within each cluster. As a matter
of fact, we used as a fold change cutoff FC > 0.5 and FC < -0.5; all
Frontiers in Immunology | www.frontiersin.org 593
downregulated genes and upregulated genes are shown in the
volcano plot (Figure 6).

Our results demonstrated that, on the one hand, genes such as
neural cell adhesion molecule 1 (NCAM1), neural cell adhesion
molecule 2 (NCAM2), MHC class I polypeptide-related sequence
B (MICB), killer cell lectin-like receptor K1 (NKG2D), and
interleukin 12 (IL-12) described as markers of activation were
exclusively upregulated in cluster 1. On the other hand, the
expressions of genes such as TGFb, IL-10, interleukin 6 (IL-6),
GATA3, regenerating family member 1 (REG-1), RAR related
orphan receptor C (RORC), LAG3, CTLA4, cluster of
differentiation 276 (CD276), cytokine-inducible SH2-
containing protein (CISH), and cluster differentiation (CD44),
further associated with the inhibition of T cell effector activity,
A

B

C

FIGURE 2 | Segregation of enriched immune cell subsets by unsupervised hierarchical clustering. Hierarchical clustering of immune cell frequency in glioblastoma
samples. RNA sequencing (RNA-Seq) gene expression data was analyzed with CIBERSORT to quantify the amount of different immune cells in the TCGA
glioblastoma samples. Hierarchical clustering of these quantities after normalization is shown in the heat map. (A) Hierarchical clustering of immune cell frequency in
glioblastoma samples, (B) Glioma Subtype groups (GBM and LGG) localisation in cluster 1 and 2; (C) Glioma IDH mutation status localisation in cluster 1 and 2. The
cluster of samples enriched in immunosuppressive immune cells are represented in cluster 2 (red); the cluster of samples enriched in activated immune cells are
represented in cluster 1 (blue). Hierarchical clustering was performed using Euclidean distance and complete linkage methods.
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were upregulated in cluster 2, where immunosuppressive
populations are strongly enriched, as we previously
demonstrated. Indeed, we could clearly observe the consistent
link between the upregulated genes in each immune
cluster component.

Immune Cell-Dependent Prognostic
Drivers of Glioma Patients’ Survival
To assess whether the difference in immune components and
other upregulated genes within cluster 1 and cluster 2 would
reliably affect patient prognosis, we performed Kaplan–Meier
(K-M) analysis between the two clusters. As a matter of fact,
cluster 2 was strikingly associated with poor survival (at 50% of
overall survival (OS), the survival median was at roughly 25
months) (p < 0.0001), which fits our results (Figure 7).

Then, we conducted a univariate Cox regression analysis
based on clinical features and tumor-infiltrating immune cell
parameters of cluster 2 patients for assessing prognostic factors
that independently influence glioma patient survival (Table 1).

However, we have demonstrated by multivariate Cox
regression analysis that regulatory T cells (Treg), neutrophils,
and macrophages M0/M1/M2 are key drivers of cluster 2 patient
survival, since the Ex coefficients were respectively 7.662e+00,
5.288e+01, 1.974e+04, 1.974e+04, and 1.765e+00; p < 2 e-6; and
hazard ratio (HR) ≥ 1 (Table 1). These results might shed light
on the importance of immune infiltrate when establishing
Frontiers in Immunology | www.frontiersin.org 694
patient diagnosis, a key feature that might influence glioma
patient overall survival.
DISCUSSION

The tumor microenvironment plays an important role in glioma
pathogenesis. Here, we provided the immune signature, which
might impact glioma patient prognosis. Using LM22
CIBERSORT, followed by unsupervised hierarchical clustering
and UMAP dimensional reduction algorithms, we identified two
clusters in glioma patients. These clusters were associated with
immune infiltration character which is basically related to some
specific expressed genes inside the tumor microenvironment and
further associated with either good or poor prognosis. Thus, even
though clinico-pathological parameters were added to the
unsupervised clustering, those two groups of patients were
identified independently of other prognostic parameters such
as IDH status and glioma subtype. Then, we employed different
methods to confirm our unsupervised clustering. Indeed, our
data highlight the strength of the defined immune cells shown in
terms of hierarchically clustering our patients.

As a matter of fact, we found that cluster 1 was highly
correlated with naive B cell, plasma cell, naive CD4 T cell, T
follicular helper cell, NK cell, and monocyte infiltration. It has
been previously reported that B cell infiltration in melanoma,
FIGURE 3 | Uniform Manifold Approximation and Projection (UMAP) plots of transcriptomic profiles from glioblastoma datasets. Clustering of tumor-infiltrating
immune cell populations (T regulatory cells, dendritic cells, macrophages M0, M1, and M2, CD8 T cells, activated CD4 T cells, activated NK cells, resting NK cells,
B cells, T follicular helper cells); intensity of immune cell frequency within the clustered patients (cluster 1 and cluster 2). Light blue reflects a high enrichment intensity,
and dark blue is associated with low infiltration intensity.
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FIGURE 4 | Differential distribution of immune cell proportion within the two clusters of glioma patients. Violin plots present the distribution of each immune subset.
Violin plots show median values (black horizontal lines) in glioblastoma data. The Wilcoxon test shows statistically significant differences in the immune cell subtypes
between the two clusters (*p < 0.05, **p < 0.01, ****p < 0.0001, ns, statistically no significant).
FIGURE 5 | Differential gene expression of immune checkpoint within the two clusters of glioma patients. Violin plots represent the relative mRNA gene expression in
the two clusters (pink: cluster 1; red: cluster 2). Each dot represents a sample. Violin plots show median values (black horizontal lines) in glioblastoma data. The two-
tailed independent test was applied. p values of differences between groups are shown above (p < 0.05, ****p < 0.0001, ns, statistically no significant).
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breast, and lung cancers was positively correlated with a better
survival (32, 33). Indeed, naive B cells and plasma cells can
enhance an efficient immune response by activating cytotoxic T
cell response (34). Furthermore, B cells have been described as a
central player in the response to immune checkpoint blockade in
patients with metastatic melanoma and renal cell carcinoma,
through the activation of T cells and the generation of IgG
subclasses of antibodies (35–37). Moreover, combining
radiation, PD-L1 inhibition, and B cell-based vaccine that
Frontiers in Immunology | www.frontiersin.org 896
consists of 4-1BBL+B cell activation promoted glioma cell
regression by 80% in mice (38).

Besides, the presence of cytotoxic immune cells such as NK
cells is associated with a good prognosis in glioma patients (39).
Considering the role of NK cells in glioma immunosurveillance,
many clinical trials focus on CAR-NK cells for the treatment of
glioblastoma patients (40, 41).

Naïve CD4 T cells can proliferate and differentiate into an
effector ThCTL subpopulation which contributes to an effective
antitumor response through antigen recognition of peptides
presented by MHC class II molecules following CTLA4
blockade (42). Yet, it has been reported that naïve T cells are
missing in the glioblastoma microenvironment due to their
sequestration in the bone marrow (43). Our data consolidate
the thought that cluster 1 is enriched by antitumoral cell subsets
with immunostimulatory characteristics.

Our results not only showed that cluster 2 was
poorly enriched in activated and cytotoxic T cells but
also underlined the high prevalence of M0 and M1
macrophages and neutrophils. Moreover, Treg cells and M2
macrophages were highly enriched in this group of glioma
patients. Moreover, Treg accumulation in the tumor
microenvironment was associated with antitumor T cell
repression (44), poor prognosis (45), and resistance to
vascular endothelial growth factor (VEGF) therapy in
glioblastoma (46). The predominance of M2 macrophages in
the glioma microenvironment has been described to be
associated with poor survival and resistance to radiotherapy,
FIGURE 7 | Kaplan–Meier survival probability of the two clusters of glioma
patients. Red curve represents overall survival (OS) of cluster 2 patients. Blue
curve represents overall survival (OS) of cluster 1 patients, with p value <
0.0001.
FIGURE 6 | Differentially expressed genes at a Bonferroni-corrected p-value. Volcano plot showing upregulated genes in cluster 1 shown in red vs. upregulated
genes in cluster 2 shown in blue while non-DE genes are in black.
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whereas M1 macrophages have been reported to be less
abundant in high-grade glioma and expression of M1 marker
C–C motif chemokine ligand 3 (CCL3) was further associated
with a good survival (47, 48). Moreover, clinical data suggest
that neutrophils were associated with poor prognosis and
tumor progression in glioma patients (49, 50). Altogether,
these studies and our results come to strengthen the
hypothesis that the immune infiltrate components should be
taken into consideration when establishing patients’ diagnosis.
These data show that cluster 2 is infiltrated by pro-tumoral
cells with immunosuppressive properties.

According to the results of patients responding to anti-PD-1/
anti-PD-L1 immunotherapy, Mellman and colleagues described
two categories of microenvironment immune profile. The first is
“immune inflamed tumor” that exhibits a preexisting antitumor
immune response and provides a more favorable environment
for T cell activation and renewal. The second profile is named
“non-inflamed tumors” where cells are in a pausing state either
in the parenchyma or in the tumor stroma and release more
immunosuppressive cytokines (51). Our observations
demonstrated that the immune components of cluster 1
patients presented similar features to “immune inflamed
tumor” such as the abundance of IL-12, MICB, NCAM1,
NCAM2, and NKG2D while the second group (cluster 2)
seemed to exhibit some of the “non-inflamed tumors”
characteristics such as the expressions of TIM3, PDL1, IL-10,
and TGF-b.

Differential expression genes revealed the top genes that are,
according to the literature, distinctively associated with an
antitumor immune response in cluster 1 (MICB, NKG2D,
NCAM1, NCAM2, and IL-12). As a matter of fact, MICB
overexpression by tumor cells activates cytotoxic lymphocyte
functions such as lysis and elimination of cancer cells through
NKG2D receptor activation (52, 53). Furthermore, NKG2D
receptor and NCAM upregulation triggers cytotoxic effector
functions and provides costimulatory signals for NK cells, CD8
T cells, and ɣϨT cells (54–56). Moreover, IL-12, which plays a
key role in changing tumor microenvironment composition
from one that contains less differentiated Th0 cells to one that
has more inflammatory Th1 cells, was also upregulated (57).
Besides, TLE3 upregulation may also induce cell cycle arrest and
Frontiers in Immunology | www.frontiersin.org 997
tumor growth suppression via inhibition of MAPK and AKT
pathways (58, 59). On the other hand, GATA2 upregulation
induces cell surface PDL-1 and PDL-2 expression in brain
tumors, and its inhibition has been reported to stimulate
chemotherapy-mediated apoptosis in human AML cells
overexpressing GATA2 (60, 61). Further, BCL6 overexpression
has pro-survival and proliferative activities of glioma cells; its
expression inmonocytes/macrophage lineage reduces the antitumor
immune response and increases the immunosuppressive
microenvironment. It has been demonstrated recently that BCL6
deletion in Treg cells significantly inhibited tumor progression
(62–64).

Most interestingly, upregulated genes in cluster 2 (TGFb, IL-
10, IL-6, GATA3, REG-1, RORC, LAG3, CTLA4, CD276, CISH,
and CD44) were related to an activated regulatory T-cell
phenotype. Indeed, transcription factors such as GATA3 and
RORC are further related to the differentiation of CD4 T cells
into Th17 that plays a pivotal role in regulatory T cell generation
and recruitment (61–64). TGF-b and IL-10 are anti-
inflammatory, which, produced by many cell types, play a
crucial role in inhibiting the antitumor immune response in
glioma (65–67) by activating the polarization of M0 into M1 or
M2 macrophages (68–70). Strikingly, CD276 and nuclear factor
interleukin 3-regulated (NFIL3) overexpression is capable of
inducing T cell immunosuppression (71, 72). Moreover, the
co-expression of PD-1 with other inhibitory receptors, such as
PDL-1, TIM-3, LAG3, and CTLA-4, induces effector T cell
exhaustion (73, 74). It has also been reported that the PD-1/
PDL-1 pathway is significantly correlated with the most
aggressive histological subtype of glioma (75, 76). This could
reflect the importance of the complex mechanisms established by
the tumor microenvironment to suppress the antitumor
immune response.

Our survival results highlight the importance of immune
parameters in the outcomes of glioma patients and could further
be considered as the most suitable predictive feature when adopting
new treatment strategies. So far, clinicopathological and genetic
features could not be used as predictive parameters in glioma
patients’ survival. In fact, glioma patients who have been grouped
based on similar clinical characteristics could still present
contradictory outcomes (25, 77).
TABLE 1 | Multivariate analysis of the mean tumor-infiltrating immune cells in cluster 2 and glioma clinicopathologic features (IDH status, age).

TIICs and clinicopathologic parametres Ex (-coefficient) Ex (coefficient) (95% CI)

Lower Upper

IDH status 2.535e + 00 3.945e - 01 0.33134 4.698e - 01
Age 1.179e + 00 8.480e - 01 0.63580 1.131e + 03
Regulatory T cells 1.305e - 01 7.662e + 00 0.00735 7.988e + 03
Neutrophils 1.891e - 02 5.288e + 01 0.15337 1.823e + 04
Macrophages M0 3.537e - 02 1.974e + 04 6.53557 1.223e + 02
Macrophages M1 5.065e - 5 1.974e + 04 16.30275 2.391e + 07
Macrophages M2 5.666e - 01 1.765e + 00 0.66034 4.718e + 00
Septemb
er 2021 | Volume 12 | A
Concordance: 0.786 (se = 0.018) p-value<2e-6.
Likelihood ratio: 154.8 p-value<2e-6.
Wald test: 158.8 p-value<2e-6.
Score (log-rank test):179.8 p-value<2e-6.
e = Exponential, i.e., e-01 = 10-1.
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Cox regression results indicated that macrophages M0/M1/
M2, neutrophils, and Treg cells might have a detrimental impact
in cluster 2 patients’ survival. Our findings shed light on the
importance of immune infiltration on glioma patients’ survival.
Differential expression of the immune checkpoint inhibitors
between cluster 1 and cluster 2 might occur due the presence
of macrophages and Treg cells. Indeed, cluster 2 exhibited a high
expression of immune checkpoints and was mainly enriched
with macrophages M0/M1/M2, neutrophils, and regulatory T
cells. In fact, these cells could be involved in the upregulation of
checkpoint expression and thus the inhibition of cytotoxic T cell
activities (cluster 2). Therefore, understanding the signaling
pathways of these cell subsets and their interaction with
immune checkpoints would provide more information to
define best-suited treatment strategies for glioma patients.

Over the past decade, it has been strongly believed that glioma
patients exhibit resistance to adjuvant therapy. As a matter of
fact, several resistance mechanisms limit the efficiency of classical
treatments (78). Moreover, glioblastoma bears characteristics
that contribute to significant therapeutic resistance by
preventing adequate control of the entire tumor mass by drugs.
Glioblastoma therefore facilitates escape mechanisms by
mediating blood–brain barrier junction proteins dysfunction
(79). Understanding the different interactions that occur inside
the tumor microenvironment is crucial to conceive reliable
therapeutic approaches.

Our findings shed light on the importance of using some
immune markers to further stratify high- and low-risk glioma
patients in order to suggest the adequate treatment for each
group. As a matter of fact, Treg and NK cell infiltration rates
found within cluster 2 in our study further indicate that this
group would probably respond to NK activation treatment or to
Treg cell targeting.

Our study comes with important findings which should be
further corroborated. As a matter of fact, we have used
CIBERSORT to identify critical immune infiltration subtypes.
However, given that LM22 involves a limited set of genes and
that we still lack evidence for a direct role of each cell subtype
within glioma TME, a deepened characterization of immune
infiltrates in glioblastoma might be necessary to further
strengthen our findings.
CONCLUSION

Our work brings to light the tight implication of immune
components on glioma patient prognosis. Moreover,
Frontiers in Immunology | www.frontiersin.org 1098
characterizing immune subsets in the tumor microenvironment
could also provide predictive factors that would contribute to
potentially developing better immune-based therapeutic approaches.
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Introduction: Systemic sclerosis (SScl) is an autoimmune disease whose prevalence is
rarely reported in Africa. Autoantibodies are the biomarkers of the condition, precede overt
disease and determine disease phenotypes. SSc specific autoantibodies also vary
between racial groupings. Objective: To investigate the clinical and laboratory
characteristics of Zimbabwean patients who were reactive SSc specific autoantibodies.

Materials and Method: 240 patients, 173 of them female with SSc specific
autoantibodies were included. Autoantibodies were detected by indirect
immunofluorescence microscopy and immunoblotting using a panel of 13 SScl
(Euroimmun Ag., Germany). Demographic, clinical and laboratory parameters relevant
to the monitoring of SScl were captured. These included pulmonary function tests,
hematology, clinical chemistry, serology and thyroid function tests. Allergy skin prick
tests (SPT) to inhalant and food allergen sources were conducted when indicated.

Results: All the 240 patients (median age was 36 years) expressed SSc specific
autoantibodies. 86% were Black, 11% White and 3% Asian and a fifth (20%) were
younger than 16 years. Eleven (4.6%) fulfilled the ACR/EULAR classification of SSc.
Clinically they had limited cutaneous (n=6), diffuse cutaneous (n=3) and SScl/inflammatory
myopathy overlap (n=2). The most frequently detected antibodies anti-RNA polymerase III
(RNAP) 55%, anti-Th/To (28%) anti-RNAP 11 (22%), anti-CENPB (18%) and anti-Scl-70/
ATA (13%). Racial variations in the expression of these antibodies were apparent between
Black, White and Asian patients. The majority (95%), who did not fulfil the ARA/EULAR
criteria were symptomatic. Raynaud’s Phenomenon was documented in 24%.
Respiratory symptoms included coughing, dyspnea and wheezing. There was a
restrictive ventilatory defect with increased FEV1/FVC ratio. Pruritus, urticaria and skin
depigmentation were the main cutaneous features while constipation, bloating,
Gastroesophageal reflux disease (GERD) and abdominal pain dominated GI symptoms.
Mean blood pressure readings while normal varied with biomarkers. Haematology and
biochemistry parameters were within normal reference ranges.
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Conclusion: The expression of SSc specific autoantibodies is common and associated
with known SSc symptoms. The types and frequency of autoantibodies varied with racial
groupings. A fifth of the patients were children below the age of 16 years.
Keywords: systemic sclerosis, autoantibodies, clinical, laboratory, respiratory, cutaneous, Zimbabwe
INTRODUCTION

Systemic sclerosis (SSc) is amultisystem autoimmune condition that
characterized by cutaneous changes, microvascular abnormalities,
visceral fibrosis and internal organ dysfunction (1). SSc specific
autoantibodies are detected in over 95% of SSc patients and some
are included in the international classification criteria for the
condition. The diffuse cutaneous (dcSSc) or limited cutaneous
(lcSSc) variants are described on the basis of the extent of
skin involvement (2). The variants are respectively associated
with the SSc specific autoantibodies, anti-topoisomerase I
antibodies (ATA) (also known as anti-Scl-70) and anti-
centromere antibodies (ACA) whose detection is mutually
exclusive. Some patients with anti-RNA polymerase (RNAP)
antibodies have the dcSSc phenotype. The skin changes that are
universal in advanced disease may be subtle in early disease.
Autoantibodies are detectable at all stages and may temporally
correlate with the presence of Raynaud’s Phenomenon (RP) a
recognized early feature and precursor of SSc. Autoantibodies are
diagnostic and predict organ involvement, disease phenotypes
and clinical outcomes (3–6). A limited number of autoantibodies
are included in the ARA/EULAR classification criteria (7). This
SSc classification describes cutaneous changes in symptomatic
patients with detectable (anti-ATA, anti-ACA, anti-RNA
polymerase III) but does not adequately address non-
cutaneous respiratory, gastrointestinal or endocrine symptoms
that are early disease features (8).

Pathology
The pathogenesis of SSc involves interplay between an exposure
to unidentified trigger, the processing of such an antigenic trigger
by genetically predisposed individuals and an immune response
that triggers autoreactivity. The systemic immune response
culminates in multi-system endothelial cell proliferation,
smooth muscle hypertrophy, myofibroblast activation
and extracellular matrix synthesis. Host tissue specific
autoantibodies that can precede ARA/EULAR classifiable
disease by many years are produced in this immune response
cascade (4).

Clinical Presentation
Early SSc manifestations are non-specific, and depending on
affected organs the symptoms can be variously confused with
asthma, dermatitis, rheumatic disease or food allergy. Raynaud’s
Phenomenon (RP) is one of the early features and, in the
presence of SSc-specific autoantibodies predicts the
development of SSc in patients (9). The types of autoantibodies
detected influences the disease phenotypes and the type and
extent of organ involvement. Clinical phenotypes vary with
org 2102
the types of autoantibodies. Some autoantibodies have been
associated with malignant conditions.

SSc specific autoantibodies differ with the genetic
backgrounds, and (10) are likely to be different in Africans
(11). Black ethnicity is associated with a greater frequency of
SSc, (12–15) a younger age of onset and more severe disease (16).
There are no comparable regional data addressing laboratory and
clinical features of patients with detectable SSc specific
antibodies. The objective of this study was to profile the
clinical and laboratory characteristics of patients with
detectable systemic sclerosis specific antibodies.
PATIENTS AND METHODS

Study Design
This was a single center observational study. A review of clinical
and laboratory records of patients who had attended the Asthma,
Allergy and Immune Dysfunction Clinic, the only clinical
immunology referral clinic in Zimbabwe was undertaken.

Study Population
We included 240 patients that had been referred to the Asthma,
Allergy and Immune Dysfunction Clinic in Harare, Zimbabwe
between 2013 and 2018 (Table 1). The commonest reasons for
referral was the evaluation of respiratory, gastrointestinal,
cutaneous or other symptoms. Patients with detectable SSc
specific and associated serum autoantibodies were included.
HIV antibody positive patients were excluded since some can
aberrantly produce non-specific autoantibodies.

Clinical and Laboratory Investigations
Demographic and routine clinical records, temperature and
blood pressure and body mass index (BMI) records were
documented. A detailed history and clinical evaluation was
performed. Skin thickness was evaluated by palpation and
pinching of the face, upper arms, forearms and hands.
Capillaroscopy was not conducted for lack of requisite
equipment. The respiratory system was assessed using a
detailed history, the Asthma Control Test (ACT), lung
function testing and both skin prick testing and immunoblot
assays to common aeroallergens. Similarly, suspected food
allergy was excluded based on the history of exposure and
relevant testing.

Autoantibody Determination
Line Immunoblot Assay
Patient sera were analysed using the SSc [Nucleoli] Profile
EuroLine [IgG]; Euroimmun, Catalogue Number DL 1532-
November 2021 | Volume 12 | Article 679531
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1601G, a fixed immunoblot panel containing 13 autoantigens that
detect SSc specific IgG autoantibodies. The 13 immunoblot panel
included ATA, CENP-A, CENP-B, RP11, RP155, NOR 90,
fibrillarin (or anti-U3RNP), Th/To, PM-Scl100, PMScl-75, Ku,
PDGFR and Ro-52. The patients had been screened using the Ig G
antibodies against nuclear antigens (ANA) immunoblot panel
from the same manufacturer (Euroline Cat # DL 1590-6401-3G)
that includes ATA, CENPB, PM-Scl100 and Ro-52 as well as non-
SSc specific AMA-M2, SS-A, SS-B, dsDNA, nucleosomes, Sm,
RNP/Sm, PCNA, histones, Rib-P-protein and Jo1. The patients
were tested using either the SSc profile or theANAprofile. In some
cases samples were tested with both panels. Testing was in
accordance with the manufacturer’s instructions. Briefly,
immunoblot test strips impregnated with different ENA
specificities were incubated with a dilution of 15 microliters of
serum in 1.5 ml (1:101) of sample buffer. Autoreactivity was
detected by incubating the strips with alkaline phosphatase
labelled anti-human IgG antisera. The addition of the NBT/BCIP
substrate elicited a color reaction, that was evaluated using the
manufacturer’s software (EUROlabScan) to report positive,
borderline or negative reactivity. Positive control bands are
included in each strip.

Immunofluorescence
Immunofluorescence examination was conducted in 16% of
patients with the aim of correlating this standard method of
SSc diagnosis with the line blot immunoassays. Patient sera were
stained using the IIFT mosaic basic profile 3A slides (Cat. FA
1802-2010-3) and examined using the EuroStar III Plus
immunofluorescence microscope (Euroimmun Ag, Germany).
Reagents were from the same manufacturer.

Clinical Laboratory Measurements
Other laboratory investigations were requested as indicated in the
course of routine clinical care, and not all 240 patients had all the
tests. The parameters measured included but were not limited to
Frontiers in Immunology | www.frontiersin.org 3103
complete blood cell counts, erythrocyte sedimentation rate (ESR),
C-Reactive Protein (CRP), urinalysis, electrolytes, urea and
creatinine, liver enzymes, Complement C3, C4, creatinine kinase
(CK), serum IgG, IgA, IgM and IgE immunoglobulin levels, T
lymphocyte subsets and thyroid function tests (TSH, T3, T4).
Laboratory testing was conducted in an ISO 15189 accredited in-
house clinical laboratory. T lymphocyte subset enumeration was
performed using a FACSCalibur (Becton Dickinson) dual laser,
four colour flow cytometer. Thyroid function parameters were
measured using the ELISA technique, different commercial kits
were used in the study period.

Statistical Analysis
The one-way ANOVA test was used to compare the means in the
different subgroups. The null hypothesis was that the means of
the different variables was the same for the different groups of
data. A p-value <0.05 was considered significant. The StatPlus
(version 6.1) software was used.

Ethics Statement
Institutional approval was obtained and ethical approval to
conduct the study was granted by the Medical Research
Council of Zimbabwe (MRCZ/B/1479).
RESULTS

Patient Demographic Profile, Ages
Gender, and Race
During the period 2013-2018, 4335 patients were referred to the
Clinic. Amongst these, 240 had detectable SSc specific
autoantibodies and were selected for further investigation. The
age distribution of the population was bimodal, 20% were under
the age of 16 years, mean age 7.56 (95% CI 2.73-12.38) years. The
mean age of older patients was 41.93 (95% CI 39.79-44.07) years.
The racial groupings were Black Africans (84.6%), White (11.3%)
TABLE 1 | Demographic profile of patients.

Combined data Under 16 yrs. Over 16 yrs. Female: Male (F:M) ratio

All patients (n=240) 240 49 (20%) 191 (80%)
Age range (years) <1 - 94 <1 - 16 17 - 94
Median age (years) 36 7.5 (2.73-12.38) 41.9 (39.8-44.0)

Proportion females 173 (72.1%) 25 (46.5%) 152 (77.6%) 2.4:1
Proportion males 67 (27.9%) 23 (53.5%) 44 (22.4%)

Black patients (n=203) 203 46 (20.7%) 161 (79.3%) 3.5:1
Age range 0-84 <1-16 years 17-84
Median age (years) 35 7.56 (2.73-12.38) 40

White patients (n=27) 27 1 (3.7%) 26 (96.3%) 3:1
Age range (years) 15-94 15 17-94
Median age (years) 46 15 47

Asian patients (n=10) 10 2 (20%) 8 (80%) 9:1
Age range (years) 1-60 1-4 22-60
Median age (years) 31.5 2.5 33.5
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and Asians (4.1%). The ancestry of Blacks was Zimbabwean,
Whites were European, mainly British and Asians were of the
Indian subcontinent. The median age was 36 years, when
stratified into racial subgroups, the median age was lowest in
Asians (31.5 years), while Black (35 years) were younger than
White patients (46 yrs.). Autoantibody positive patients <16
years were Black (45/48) or Asian (2/48), one was White.
There was a female predominance amongst the adults, the
Female to Male (F:M) was 3.5:1. In the <16-year age group the
gender proportion was F:M= 1.2:1.

Vital Signs and Baseline
Laboratory Findings
Blood Pressure (BP)
The mean systolic BP for all the groups was normal, 121.66 (95%
CI 114.76-128.56) mmHg. There were no significant differences
between the autoantibody subgroups. Although mean diastolic
BP readings were also normal 75.37 (CI 71.06-79.68) mmHg,
there were significant differences between autoantibody
subgroups, being higher in the anti-Th/To (78 mmHg, 95%
CI=76-81) than the anti-CENPB (72 mmHg 95%CI=68-76
mmHg) groups. (p=0.015). The mean BP readings amongst
three race groups were comparable to the overall means in all
autoantibody subgroups.

Laboratory Investigations
Haematology
Although mean hematology parameters were within normal
reference ranges, there were variations that depended on the
types of autoantibodies detected. The hemoglobin (Hb)
concentration was higher in anti-RP11 (14.01 g/L, 95%
CI=13.6-14.4 g/L) compared to the anti-RP155 (13.4g/L, 95%
CI=13.1-13.6) (p=0.016) anti-CENPB (13.15, 95%CI=12.7-13.6
g/L) p=0.006, and anti-ATA (13.1 g/L, 95%CI= 12.4-13.9),
p=0.019 positive patients.

The overall erythrocyte sedimentation rate (ESR) was elevated
(50.6 mm/h) when all patients were pooled. The ESR however
variedwith the types of autoantibodies andwas significantly higher
in anti-CENPB (56.58, mm/h, 95%CI=50.8-62) than anti-NOR90
(41.9 mm/h 95% CI=32.9-50.8), p=0.008 and anti-Ku (41.96 mm/
h, 95%CI=33.7-50.2 mm/h), p=0.005 groups. The C-Reactive
protein (CRP) was positive in 20% of the patients.

Lymphocyte Subsets
The median total lymphocyte percentage was 35.37% (95%
CI=31.91-38.42) with no significant inter-group variations. The
mean absolute and percentage CD4+ and CD8+ T lymphocyte
counts, while within normal ranges also varied with
autoantibody types. The CD4+ T lymphocyte percentage was
highest in the anti-ATA (47.33%, 95% CI= 41.97-52.70) and
lowest in the anti-CENPB (41.72% CI 37.94-45.50) and anti-
RP11 (41.56%, 95%CI 36.98-46.146) antibody positive patients.
The mean CD8+ T lymphocyte percentage was 27.56%, (95%
CI=22.79-32.66), being highest in the anti-CENPB (28.6%, 95%
CI= 24.28-32.92) and lowest in the anti-ATA subgroups (23.7%,
95%CI=19.00-28.41). Values for the other subgroups were not
statistically different.
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Complement
Complement protein concentrations differed in tandem with SSc
specific autoantibody types. Mean C3 complement values (0.126
g/L) were significantly higher in the anti-PMScl100 (p=0.017)),
than the anti-CENPB or anti-RP155 groups (p=0.005).

The mean C4 complement levels were highest in the anti-
ATA (0.045 g/L) and lowest (0.026 g/L) in the anti-CENPB
positive subgroups (p=0.003).

Immunoglobin Isotypes
Four immunoglobulin isotypes (IgA, IgM, IgG and IgE) were
measured. The quantities of total IgG and IgA serum antibodies
varied depending on the SSc specific autoantibody profile.

Patients who were anti-ATA and anti-PMScl 100
autoantibody positive had the highest total IgG antibody levels.
The IgG antibody concentrations were highest in the anti-ATA,
1.717 g/L (95% CI=1,316-2,118) and anti-PMScl 100, 1,581 g/L
(95%CI= 1,310 1,851) positive patients. The values anti-
fibrillarin (1.221 g/) and anti-Ku (1.217 g/L) anti-Ku, anti-
PMScl751,310 g/L anti-RP155 (1,347 g/L) and anti-Th/To
1,301 g/L positive patients were significantly lower (Table 2).

The mean IgA concentration for all the patients was 0.270 g/L.
There were inter-group variations and the mean concentration of
IgA was highest in the anti-ATA, (0.335 g/L) anti-fibrillarin (0.335
g/L) and anti-Ro52 (0.316 g/L) positive patients. The lowest values
were obtained in anti-PMScl75 (0.234 g/L) positive patients
(Table 2). IgM levels were comparable across the autoantibody
subgroups. The mean IgE antibody levels of 164 kU/L (95% CI=
-127-455) was comparable across all autoantibody subgroups.

Thyroid Function
Abnormal thyroid function (hypothyroidism or hyperthyroidism)
was the commonest endocrine abnormalities occurring in 7% (17/
240). Diabetes was diagnosed in 5% and parathyroid adenomas
in three.

Thyroid hormone levels varied with types of autoantibodies.
Mean free thyroxine (fT4) levels for all the patients were 2.53

ng/dL. The concentrations varied with the types of SSc specific
autoantibodies. The concentration of fT4 was highest in anti-ATA
(3.36 ng/dL) and anti-PMScl100 (3.02ng/dL) positive patients.
These values were significantly higher than in anti-fibrillarin (1.51
ng/dL), anti-Ku (1.05 ng/dL), anti-PMScl 75 (1.23 ng/dL) and
anti-Ro-52 (1.32 ng/dL) positive patients (Table 3).

The mean free triiodothyronine (fT3) levels were 2.65 pg/mL.
The highest fT3 concentrations were in anti-PMScl 100 positive
patients (3.25 pg/mL, 95% CI 1.79-4.70). The lowest fT3
concentrations were in anti-PMScl75 positive patients. (1.99
pg/mL, CI 1.61-42.37) (p=0.02).

There were no statistically significant differences in the levels
of Thyroid Stimulating Hormone (TSH) between the groups.
The mean TSH levels were 2.58 mIU/mL (95% CI 1.22-4.03).

Detection of SSc Specific Autoantibodies
Line Immunoblot Assays
The two immunoblot panels that include SSc specific and
associated autoantibodies were used. None of the patients (0%)
had detectable anti-CENP-A. The remaining detectable
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autoantibodies were specific for anti-RNAP III 155 kD (RP155)
54.6%, anti-RNAP III, 11 kD (RP11) 21.6%. Other autoantibodies
were anti-Th/To (27.9%) anti-CENPB (18%), anti-ATA/ATA
(13%) anti-PMScl75 (17.9%), anti-NOR90 (12%) and anti-
PMScl100 (10.4%). The SSc associated anti-Ku antibody was
Frontiers in Immunology | www.frontiersin.org 5105
detected in 12% (Figure 1). There was infrequent reactivity to
SLE specific autoantibodies anti-dsDNA (5.8%), anti-Rib-P-
protein (5.4%) and anti-PCNA (4%). The Sjogren’s syndrome
associated anti-SS-A was detected in 5.4% while the inflammatory
myopathy associated anti-Jo-1 was detected in 2.1%.
TABLE 3 | Immunofluorescence staining patterns and immunoblot reactivity clinical characteristics of patients fulfilling the ACR/EULAR criteria for the diagnosis of
systemic sclerosis.

Case Number Lab ref Gender, Age Immunofluorescence staining pattern Immunoblot result Clinical classification

10695 5016 Female, 54 yrs. positive RP11, PM-Scl75 overlap
Female, 35 yrs. cytoplasmic, nucleolar, RNAP 155 Diffuse

17170 4139 Female, 39 yrs. positive, nucleolar use slide Not done diffuse
9818 2620 Male, 51 yrs. speckled, CENPB, RP11, RP155 limited
10101 5329 Female, 39 yrs. positive, nucleolar, titer 1:1280. use slide fibrillarin, AMA-M2, Ro-52, SS-A Diffuse
12193 7208, 7715 Female, 45 yrs. Positive, nucleolar RP11, Th/To limited
12634 5016 Female, 60 yrs. Granular, speckled RP11, RP155, PMScl 75, overlap
13271 112974 Female, 45yrs speckled, titer 1:640 Ro-52 limited
13908 289/114361 Male, 55 yrs. Positive, nucleolar CENPB, Th/To, PMScl 100 limited
17132 4973 Female, 42 yrs. homogenous, positive Scl-70, CENPB Neg limited
17320 4648 Male 47 yrs. Positive, speckled CENP-B limited
23190 11204 Female, 35 yrs. nucleolar staining, Titer, 1:960 RNAP 155, Fibrillarin, NOR90, SSA Diffuse
November 2021 | Volu
TABLE 2 | Comparison of total serum IgA, IgM, IgG antibody levels, complement C3, C4 and lymphocyte subset values in patients with different SSc-specific autoantibodies.

Autoantibody Mean g/L 95%Confidence Interval p-value

IgG antibody PMScl-100 1,581 1,310 1,851
a. Fibrillarin 1,221 1,129 1,313 0.001
b. Ku 1,217 1,023 1,411 0.008
c. NOR90 1,276 1,071 1,480 0.017
d. PMScl-75 1,310 1,220 1,401 0.009
e. Th/To 1,301 1,196 1,407 0.003

ATA (ATA) 1,717 1,316 2,118
a. Fibrillarin 1,221 1,129 1,313 0.005
b. Ku 1,217 1,023 1,411 0.002
c. NOR90 1,276 1,071 1,480 0.004
d. PMScl-75 1,310 1,220 1,401 0.002
e. RP155 1,347 1,269 1,425 0.003
f. Th/To 1,301 1,196 1,407 0.001

IgA antibody Fibrillarin 0.335 0.267 0.404 0.005
a. PMScl-75 0.234 0.195 0.273

ATA 0.336 0.270 0.401 0.005
a. PMScl-75 0.234 0.195 0.273

Ro-52 0.316 0.268 0.365 0.013
a. PMScl-75 0.234 0.195 0.273

Complement (C3) 0.126 g/L.
PMScl 100 0.136 0.089 0.183 0.017

a. CENPB 0.128 0.111 0.145
Th/To 0.136 0.119 0.153 0.023

a. Ro-52 0.109 0.092 0.126
Complement C4

ATA 0.045 g/L 0.003
a. CENPB 0.026 g/L

Total Lymphocyte % 35.37% 31.91 38.42
CD4+ T lymphocytes % %

ATA 47.33 41.96 52.70
a. anti-RP11 41.56 36.98 46.15
b. CENPB 41.72 37.94 45.50

Th/To 45.45 42.47 48.43
a. CENPB 41.72 37.94 45.50

CD8+ T lymphocytes % 27.56% 22.79 32.66
CENPB 28.6 24.28 32.92

a. ATA 23.7 19.00 24.41
me 12 | Article
The levels of IgA, IgG, complement and CD4+ T lymphocytes were highest in anti-ATA and anti-PMScl100 seropositive patients.
The bold values were used as a comparator in the statistical analyses. The p-values are a comparison of the frequency of autoantibody detection relative to the bold values.
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Immunofluorescence Reactivity
Reactivity to autoantigens was investigated by immunofluorescent
(IF) microscopy of Hep-2 cells. The characteristic speckled,
threads, nucleolar and centromere staining patterns were
observed in some of the patients. Staining patterns that could
not be categorized were classified as positive IFT.

Eleven (4.6%) fulfilled the ACR/EULAR criteria for SSc. Six
had lcSSc, three dcSSc and three had symptoms suggestive of an
overlap between SSc and inflammatory myopathies. One, RNAP
155, fibrillarin, NOR90 and SS-A positive female patient with
rapidly progressive dcSSc succumbed, aged 35 years, within 15
months of the diagnosis of SSc. Results for the eleven ACR/
EULAR consistent patients are presented in Table 3.

Co-Occurrence of the Major
Autoantibodies
The co-occurrence of autoantibodies was common, however the
expression of (i) anti-ATA and anti-CENPB and (ii) anti-ATA
and anti-RNAP11 was mutually exclusive. anti-RNAP155 and
anti-ATA were co-associated in 4/31 (13%), anti-CENP-B and
anti-RNAP155 in 8/44 (18%) and anti-RNAP11 and anti-
CENPB in 5/44 (11%) patients. The RNA polymerase III
autoantibodies were infrequently co-associated, anti-RP11 and
anti-RP155 were co-associated in 12.9% (31/240). The two
PMScl exosomes, (PMScl-100 and PMScl-75) were only co-
associated in 3/61 (4.9%).

Autoantibodies in Different Racial Groups
There were racial differences in the frequency of autoantibody
detection (Figure 2). Anti-ATA was detected in 48% (13/27)
White compared to 5% (10/203) Blacks and 0% Asians. Anti-
RNAP 11 detection was highest in White (17%) compared to
Black (9%) or Asian (5%) patients. Anti-NOR90 was twice more
frequent in Black (13%) than in White (6%) or Asian (5%)
Frontiers in Immunology | www.frontiersin.org 6106
patients. Anti-PMScl100 and anti-PMScl75 were more frequent
in Asian patients. The detection rate for anti-CENPB, anti-
RP155, anti-Th/To and anti-Ku was comparable across the
racial subgroups. The most frequently detected autoantibodies
amongst the 27White patients were anti-RP11, anti-RP155, anti-
Th/To, anti-ATA and anti-CENP-B. None of the White patients
had detectable anti-PM-Scl-100 antibodies.

Organ Involvement
The symptoms were referrable to multiple organs predominantly
the respiratory (92%), cutaneous (87%), musculoskeletal (51%)
and gastrointestinal (47%). Symptoms of Raynaud ’s
vasculopathy were reported by 24% of the patients. The type
and frequency of involvement of different organs is summarized
in Table 4.

Respiratory Tract
Respiratory symptoms were dominant (92%) and included
dyspnea, a non-productive dry cough, wheezing, chest pain
and chest tightness (6%). Bi-basal velcro sounds were often
heard on auscultation. The Asthma Control Test (ACT), a
subjective symptom assessment tool gave an average score of
16 (range 6 to 25) amongst those with respiratory symptoms.
Nebulization with beta-2 agonist bronchodilators infrequently
demonstrated significant changes in FVC, FEV1 or FEF25-75.
The values were often depressed following bronchodilator
inhalation. Bronchodilator reversibility was only observed in a
subset of patients with a positive family history of atopy,
reactivity to seasonally relevant inhalant allergens and a clinical
diagnosis of asthma (17.5%) and/or allergic rhinitis (11.5%).
Pulmonary function parameters varied with the types of
autoantibodies detected (Table 5).

The FEV1 varied with the types of detectable autoantibodies.
The mean FEV 1 for all the patients (79.96%) was in the lower
FIGURE 1 | Frequency of reactivity to a panel of selected autoantibodies by SSc specific autoantibody reactive patients.
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limit of normal values. The highest FEV1 volumes were
documented in anti-PMScl-100 (87.7%) and anti-Th/To
(85.1%) autoantibody positive patients. The FEV1 values for
the anti-PMScl-75 (73.6%) p=0.017 and anti-Ku (70.9%) positive
patients were significantly lower than the group means and the
anti-PMScl100 values.

The FVC values were decreased (mean 74%).
The FVC values varied with the types of detectable SSc

specific autoantibodies. FVC% values for anti-PMScl100
(82.35%, CI 73.17-91.53) and anti-Th/To (78.66%, CI 72.69-
84.63) positive patients were within were within normal (80-
120%) or near-normal ranges and higher than the group means.
In contrast the FVC% values for the anti-Ku (65.7%), p=0.013,
anti-PMScl75 (68.7%) (p=0.014) and anti-Ro52 (69.86%)
posit ive patients were significantly lower than the
normal ranges.

The mean FEV1/FVC ratio for all the patients combined was
(107.6%, 95%CI 104.19-111.91) significantly greater than
predicted for age, gender, ethnicity, and BMI suggesting a
predominantly restrictive pulmonary defect. The severity of the
restrictive changes varied with the types of autoantibodies
detected. The highest was FEV1/FVC ratios were in anti-Ro-52
(112; 108.61-115.39), anti-CENPB (111.07, CI=106.37-115.77)
and anti-Ku (109.19, CI=105.70-112.68) positive patients. High
FEV1/FVC ratios were also documented in anti-NOR90 (105%),
anti-RP155 (106.5%) and anti-Th/To (108.8%) positive patients.
When the FEV1/FVC ratio of the non-SSc specific anti-Ro-52
antibody positive patients was compared with that of patients
with the SSc specific anti-NOR90, anti-RNAP155 and anti-Th/
To groups the differences were significant (p=0.01).

The mean PEFR for all the patients was 87% of predicted
values. There were differences in PEFR values depending on
detectable autoantibodies. The mean PEFR of 107.6% for the
anti-PMScl-75 positive patients was significantly higher than in
the anti-Th/To (89.7%), p=0.006.
Frontiers in Immunology | www.frontiersin.org 7107
Skin Involvement and Tissue Swelling
Cutaneous symptoms were present in 87% (209/240) of patients
in all age groups. The most frequent was a predominantly
acral pruritic rash of different morphological descriptions
(76%), urticaria (38%), dermatitis/eczema (30%), hypo/
hyperpigmentation (23%) and a psoriasiform rash (7%)
(Figure 3). The pruritus was often antihistamine refractory.
Morphoea and various dermatoses including a pruritic rash
with a psoriasiform morphology were frequent findings in
patients of all ages including a 2-year-old (Figure 4). Hair
thinning, hair loss and alopecia were common (17%)
(Figure 4). Keratinization, digital ulceration, sclerodactyly and
calcinosis were infrequent, being observed in the subgroup that
fulfilled the ARA/EULAR criteria for SSc.

Subcutaneous tissue swelling was observed in 41% (99/240).
This included angioedema (12%) variously involving the lips, eye
lids or hands (6.7%). Skin thickening was observed in 5% of the
patients. Puffy fingers (Figure 5) were observed in 5% and were
most prominent in pediatric groups.
Gastrointestinal Tract
The most frequent gastrointestinal symptoms were nausea
(51%), constipation (48%) abdominal and/or epigastric pain
(47%), bloating (35%) and gastro-esophageal reflux (30%) and
constipation. The symptoms were associated with the presence of
defined SSc specific autoantibodies. Constipation was associated
with anti-ATA (p=0.033), anti-NOR90 (p=0.039) and anti-Ku
(p=0.026). Diarrhea was associated with anti-ATA (p=0.001) and
anti-PM-Scl75 (p=0.005), abdominal pain with anti-RP 155
(p=0.023), GERD with anti-fibrillarin (p=0.011) and bloating
with anti-Th/To (p=0.011). The most common symptom, nausea
and other poorly localizable symptoms (e.g. heartburn, belching,
dyspepsia and melena) showed no significant associations with
specific autoantibodies.
FIGURE 2 | Proportions and types of autoantibodies detected in different racial groups. Anti-ATA and anti-Ro-52 were not detected in any of the Asian patients and
anti-PMScl-100 was not detected in any White patient.
November 2021 | Volume 12 | Article 679531

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Sibanda et al. SSc Specific Autoantibodies in Zimbabwe
Musculoskeletal involvement was documented in 51% (122/
240) of the patients. Joint pains (39%) involving knees (24%),
fingers (17%), ankles (10%) and wrists (8%) were dominant.
Muscle cramps were reported by 5%. Madonna fingers were seen
in three patients. Neurological and psychiatric conditions were
reported by 54% (130/240) with headaches (31%) being
dominant. The carpal tunnel syndrome was reported by 3%.

Ocular symptoms were reported in 46% (110/240) of the
patients (Supplementary Table 3). These reported Itchy (35%),
inflamed (25%) or red (18%) eyes. The ocular sensations were
described as sand grain (13%), gritty (7%), dry (3%) or dry like
sandpaper. Allergic conjunctivitis (7.5%) was diagnosed in a
subgroup with a positive family history of atopy and SPT or
Frontiers in Immunology | www.frontiersin.org 8108
immunoblot confirmed sensitization to aeroallergens. Eye
discharge or sticking of the eyelids was in 6% and tearing in
4.5%. Photosensitivity and photophobia were commonly
reported (Supplementary Table 2).

Neurological Symptoms
The dominant neurological symptoms were headaches (31%),
the carpal tunnel syndrome was infrequent (3%) and only
diagnosed in patients with the dc-SSc associated autoantibodies.

Cardiovascular symptoms were infrequent, being reported in
42/240 (17.5%) of the patients (Supplementary Table 3).
Retrosternal or pericardial pain (8%) palpitation (7%) and
hyper tens ion (3%) were dominant . Card iomega ly ,
TABLE 4 | Frequency and types of vascular, respiratory, gastrointestinal, cutaneous and musculoskeletal symptoms reported by patients with SSc-specific autoantibodies.

Raynaud’s Phenomenon Raynaud’s Vasculopathy N %
57 24%

Respiratory symptoms
cough 174 75.5%
Dyspnea/tightness of the chest 162 67%
wheeze 59 24.60%
nasal discharge 59 24.6%
sneezing 54 22.50%
Nasal blockage 47 19.60%
asthma 42 17.50%
chest pain 18 7.50%
Rhinorrhea 37 15.4%
Posterior nasal drip 34 14%
Allergic rhinitis 27 11.5%

Gastrointestinal
constipation 114 47.5%
Abdominal pain 113 47%
bloating 84 35%
Gastro-esophageal Reflux 72 30%
Heartburn 68 28.3%
Dysphagia/esophageal dysmotility 42 17.5%
Peptic ulcers 38 15.8%
Vomiting 37 15.4%
Diarrhea 26 10.8%
Inflammatory bowel disease/syndrome 23 9.6%

Cutaneous
urticaria and pruritus 195 81%
Skin hypo/hyperpigmentation 51 21.3%
Alopecia or hair thinning 40 16.7%
psoriasiform rash (morphea)? 37 15%
Alopecia or hair thinning 40 16.7%
eczema 39 16.3%
perioral or periorbital hyperpigmentation 12 5%
cutaneous blisters or skin ulcers 11 4.6%
Classical morphoea 7 2.9%
Calcinosis, teleangiectasia, skin keratinization 8 4.5%
fingertip ulcers 5 2.1%

Tissue swelling
Angioedema (19) face (23), lips (17), eyelids (16) 19 12%
Hands or feet (including palms and soles) 34 14%
Puffy fingers 24 10%
Generalized swelling 10 4.2%
Other swelling Ear lobe (5), scalp (3), torso (2) 11 4.6%

Musculoskeletal
joint pain unspecified (93), knee (57), finger (41), ankle (24), wrist (20), hip (16), feet (12), elbow (12) 93 39%
Muscle cramps 13 5.4%
Madonna fingers 3 1.3%
Jaw movement limitation 3 1.25%
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cardiomyopathy, pericardial effusion, chronic cardiac failure, and a
history ofmyocardial infarctionwere diagnosed or reported in two
patients each, while pulmonary embolism, arrythmia, ventricular
septal defect and tricuspid regurgitation in one patient each.

The systemic, endocrine, gynecological, renal, hematological,
immunological and malignant conditions detected in patients
expressing SSc specific autoantibodies are summarized in
Supplementary Table 2.

Raynaud’s disease (24%) was the dominant vascular
abnormality. Lymphadenopathy was recorded in 7% of the
patients. Non-specific systemic features included tiredness
(7%), exhaustion, feeling drained, sweating, fever and chills.
Menstrual irregularities were the most frequent gynecological
conditions, one (28-year-old) reported premature menopause.

Renal diseases affected 7% of the patients, malignant
hypertension being the most severe and the remainder being
documented after urinalysis findings. Cortical kidney cysts
were detected in two patients. Current or prior diagnoses
of malignancy were documented in 2.5% (6/240) of the
patients and involved cervical and breast cancer. Other
malignant conditions were Kaposi’s sarcoma and non-
Hodgkin’s lymphoma.

The co-existing autoimmune conditions were Sjogren’s
syndrome (n=1), Myeloperoxidase (MPO) positive vasculitis
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(n=1) and myasthenia gravis (n=1). Patch test reactivity to
epoxy resin, thiuram mix, potassium dichromate and paraben
esters that was confirmed in four SSc-specific antibody positive
patients were the only potential associations of SSc autoantibody
production with an occupational allergen. Anemia and von
Willebrand’s disease were the only hematological abnormalities.
Current infection with tropical diseases was infrequent, two had
Schistosoma haematobium.
DISCUSSION

This study describes the clinical and laboratory findings in
symptomatic Zimbabwean patients who were referred for the
evaluation of often non-specific skin, respiratory or
gastrointestinal tract, ocular and musculoskeletal ailments. All
were reactive to extractable SSc specific cytoplasmic or nuclear
antigens. Although a majority of the patients did not fulfil ARA/
EULAR criteria for SSc, their symptoms were consistent with
those recognized in SSc. A sub-sample of the patients was offered
immunofluorescence testing to investigate concordance with
standard SSc laboratory diagnostic criteria. The results of the
comparison were concordant. The autoantibody profiles differed
with the racial groups. An association between the presence of
TABLE 5 | Variation of pulmonary function test results FEV1 and FVC depending on the types of serum autoantibodies.

Lung Function Test Mean 95% Confidence interval p-value

FEV1
PMScl-100 87.7 79.2 96.2

PMScl-75 73.6 65.5 81.6 0.017
Ku 70.9 61.3 80.5 0.011

Th/To 85.1 78.9 91.4
PMScl-75 73.6 65.5 81.6 0.017
Ku 70.9 61.3 80.5 0.011

FVC
PMScl 100 82.352 73.2 91.5

Ro-52 69.8 64.9 74.8 0.019
PMScl 75 68.7 61 76.4 0.014
Ku 65.7 56.4 75 0.007

Th/To 78.7 72.7 84.6 0.013
Ku 65.7 56.4 75

FEV1/FVC ratio %
Ro-52 112 108.6 115.4

NOR90 104.9 99.79 109.9 0.02
RP155 106.5 104.1 108.8 0.01
Th/To 106.8 103.8 109.7 0.02

PEFR
PMScl 75 107.6 103.3 111.8

§ 89.7 78.7 100.8 0.006
Ro 82.7 74 91.5 0.001
ATA 81.2 62.4 100.1 0.003
NOR90 77.6 62.6 92.6 0.001
PMScl100 76 67.5 84.5 0.0001
RP155 75 69.4 80.6 0.002
RP11 74 63.4 84.6 0.018
Ku 73.8 64.7 82.9 0.0001
Fibrillarin 71.9 63.5 80.4 0.009
November 2021 | Volume 12 | Article
Patients with detectable anti-PMScl-100 and anti-Th/To had significantly higher FEV1 and FVC values than those who were anti-PMScl-75, anti-Ku or anti-Ro-52 positive. The highest
PEFR values were recorded in anti-PMScl75 positive patients.
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autoantibodies and disease phenotypes was observed with
respect to the respiratory and gastrointestinal tracts and
thyroid abnormalities.

Patients
The overall female predominance amongst adult patients
(F:M=3.5:1) is comparable to other studies (17, 18). The
median adult ages differed significantly along racial subgroups
being lowest in Asians (31.5 years), Blacks (35 years) and
highest in White (48 years) patients. This difference could
explain the recognized earlier onset of SSc in Asian and
Black patients. A remarkable finding of this study was that
20% of autoantibody positive patients were <16 years old
(mean age 7.56, 95%CI 2.7-12). These were Black (45/48),
Asian (2/48) and White (1/48). The racial differences suggest
that the presumed rarity of SSc in children could be due to
study biases that predominantly report findings in White but
not Black patients. To our knowledge, this number of Black
pediatric patients with symptoms suggestive of SSc and
Frontiers in Immunology | www.frontiersin.org 10110
detectable SSc specific autoantibody reactivity has not been
previously reported.

Blood Pressure
Overall systolic and diastolic BP readings were within normal
ranges. However, the diastolic pressure readings varied with the
types of detected autoantibodies. Diastolic BP was highest in
the anti-ATA group and lowest in the anti-PMScl 75 group.
The differences in BP could suggest that the types of antibodies
produced influence disease phenotypes, skewing patients to
towards either the dcSSc or lcSSc phenotypes. The diastolic BP
differences between two lcSSc associated anti-Th/To (78 mmHg,
95%CI=76-81) and anti-CENPB (72 mmHg 95%CI=68-76
mmHg) subgroups, (p=0.015) could indicate the recognized
higher frequency of renal crisis in association with Th/To but
not anti-CENPB as previously reported (19).
FIGURE 3 | Psoriasiform dermatosis in a patients with SSc specific
autoantibodies.
FIGURE 4 | Figure shows skin changes and alopecia in a child with
detectable SSc specific autoantibodies.
November 2021 | Volume 12 | Article 679531

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Sibanda et al. SSc Specific Autoantibodies in Zimbabwe
Detection of SSc Specific Autoantibodies
in Different Racial Subgroups
The detection of autoantibodies varied with race, anti-ATA and
anti-RP11 were more frequently detected in White than Black
patients, while anti-PM-Scl 100 was detected in 21% Asian and
6% Black and none (0%) White patients (Table 3). The
frequency of the lsSSc associated anti-CENPB, anti-RP155,
anti-Th/To and anti-Ku was comparable across racial groups.
The racial variations that reflect genetic differences, suggest that
autoantibodies influence disease phenotypes. The different types
of autoantibodies detected in racial groups, makes the targeted
tailoring of SSc test panels for defined population groups, one
size does not fit all. The textbook focus on anti-ATA and anti-
ACA and more recently anti-polymerase III antibodies as prime
biomarkers for SSc likely underestimates the prevalence of SSc
specific antibodies amongst Black patients, who overwhelmingly
expressed anti-RNAP155 in this study.

SSc Diagnosis
The ARA/EULAR criteria for the diagnosis of SSc are
internationally accepted. Although only 5%, fulfilled the ARA/
EULAR criteria for SSc, all the patients had symptoms that are
recognized in established SSc. Raynaud’s Phenomenon (RP) an
Frontiers in Immunology | www.frontiersin.org 11111
early precursor and predictor of progression to overt SSc was
documented in 24%. This figure may underestimate the true
prevalence, since cutaneous manifestations of RP in African
patients are not obvious and have to be pro-actively solicited.
They are affected by the skin colour as well as the climatic
conditions. Patients often reported cold hands or feet in colder
months of the year. While it is recognized that the mere presence
of SSc specific autoantibodies is per se not diagnostic of SSc, these
are associated with early symptoms that predate overt SSc (5, 15).
The purpose of making a diagnosis is to inform the clinical
management of patients. In that vein, a combination of the
clinical symptoms and the results of detailed physical
examination, complemented by relevant laboratory or imaging
test results should be prioritized over the fulfilment of
international criteria when making a diagnosis. Nevertheless,
due to the non-fulfilment of these standard criteria, we avoided
labelling all patients as SSc, preferring to describe them as
possible early SSc. Nail fold capillaroscopy, a key component
for the fulfilment of the Le Roy and Medsger (20) and VEDOSS
(21) criteria for early SSc could not be performed. Longitudinal
follow-up studies to establish whether or not these patients have
SSc and to monitor any disease progression particularly in the
pediatric population are recommended.

Laboratory Findings
Laboratory tests were requested and individualized for the
routine clinical care of the patients, therefore patients did not
have uniform panels of laboratory tests. The elevation of the
inflammatory marker ESR, positivity of CRP in 20% and the
presence of reactive lymphadenopathy (16%) indicates ongoing
inflammatory activity in a proportion of this patient population.
The presence and persistence of inflammation in SSc is
recognized and has been previously reported (22, 23).
Although the patients had GIT symptoms, anemia, a feature of
advanced SSc was not observed (24). Anemia is considered less
likely in early SSc. The higher mean IgE levels reported in this
study could be explained by the inclusion of patients with co-
existing allergic asthma and/or rhinitis.

Immune Responses
The innate, cellular, and humoral responses to SSc autoantigens
varied significantly with the types of autoantibodies (Table 6).
Higher levels of Complement (C3), IgA and IgG as well as CD4+
T lymphocytes were more frequent in patients with dc-SSc
specific autoantibodies (ATA, PMScl 100 and anti-RP11) than
in those with lc-SSc associated autoantibodies (CENPB, Ku and
Th/To) who also had lower C3 complement, IgA, IgG antibody
levels and CD4+ T lymphocyte percentages. The implication is
that immune responses to target autoantigens influence disease
phenotypes. Interestingly, the CD8+ lymphocyte percentages
were, in contrast, higher in anti-CENPB than anti-ATA
positive patients.

Thyroid Function
The frequency of thyroid abnormalities in this cohort was higher
than in the background population suggesting it could be
FIGURE 5 | Puffy fingers and cuticle hypo pigmentation in a child with
detectable SSc specific autoantibodies.
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attributable to the autoantibodies. Abnormalities of thyroid
function varied with types of SSc autoantibodies. The dc-SSc
associated autoantibodies (ATA and PMScl 100) correlated with
higher levels of fT3 and fT4, while the lc-SSc associated
autoantibodes correlated with lower fT3 and fT4 levels. An
association between anti-ATA and thyroid dysfunction is
recognized (25). There was a dichotomous relationship
between the two PMScl autoantibodies and thyroid disease.
Anti-PMScl 100 antibody positive patients had higher fT4
while anti-PMScl75 positive had lower fT3 levels suggesting
different effects of the two PMScl antibodies on thyroid function.

Cutaneous Disease
Skin involvement in early stages of SSc consists of different
morphological features. The anatomical distribution of the
dermatoses tended to be acral with limited or transient flexural
involvement. Care providers should consider SSc as a differential
diagnosis in managing these frequently atypical dermatoses. The
dominant cutaneous symptoms were non-specific pruritus
(54%), urticaria (28%) and dermatitis (10%) that are not
considered hallmarks of SSc. The characteristic finger-tip
ulcers, calcinosis, keratinization of the skin and the classic
Madonna were infrequent, being observed amongst those
fulfilling the ARA/EULAR criteria. Non-pitting edema of the
hands or feet and puffy fingers were prominent in the
younger patients.

Respiratory Tract Disease
The predominance (92%) of patients with respiratory symptoms
may have been influenced by a referral bias to the Asthma and
AllergyClinic. However, most of the autoantibody positive patients
did not have allergic asthma or rhinitis. Lung volume abnormalities
were bronchodilator refractory, and the spirometry pattern was
predominantly restrictive, contrary to the obstructive,
bronchodilator reversible pattern that characterizes asthma.
Taken together, with findings of Velcro crackles on auscultation,
the spirometry findings suggest fibrotic pulmonary disease, a
feature of pulmonary SSc (18, 26). The significant association of
the presence of anti-Ku, anti-PMScl-75 and anti-Ro-52 with FVC
reductions supports the association of anti-Ku and anti-PMScl75
with ILD as reported by others (27, 28).
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Gastrointestinal Tract
The significant association of constipation, diarrhea,
abdominal pain, GERD and bloating respectively with anti-
ATA, anti-NOR90, anti-Ku anti-PM-Scl75, anti-RP 155, anti-
fibrillarin and anti-Th/To suggests that these autoantibodies
influence the symptom manifestations. Since the frequency of
the antibodies differs with racial groups, these could also
explain racial differences in the types and severity of
GIT symptoms.
Neurological and Psychiatric Conditions
There was an association between autoantibodies with central
and peripheral nervous system symptoms that are recognized in
SSc. The carpal tunnel syndrome was only reported in anti-
fibrillarin and anti-ATA positive patients. Psychiatric conditions
were infrequent, anxiety featured prominently.

Cardiovascular was infrequent as expected in an early SSc
cohort. Renal involvement was limited. There were no significant
renal abnormalities and observed hematuria and kidney cysts
could reflect their prevalence in the background population.

Shortcomings
The main shortcoming is that this paper was not prospective and
collected data were not standardized. The absence of a
prospectively administered standardized questionnaire poses a
risk under reporting the symptoms that were not solicited. In
mitigation, all patients were attended to by one of us only (ES)
who obtained case histories, examined all the patients and
requested the laboratory and imaging tests. Therefore,
notwithstanding the shortcomings, any inherent bias is
therefore likely to be uniform. While the presence of
antibodies suggests SSc, only 5% of the patients fulfilled ARA/
EULAR criteria that are designed for the inclusion of patients in
clinical trials. These criteria may not be appropriate for early SSc.
We suspect our antibody positive symptomatic patients 24% of
whom had RP could have early SSc that could not be confirmed
or excluded for lack of requisite equipment. The study describes
the clinical presentations and laboratory findings that included
SSc specific autoantibody reactivity who may or may not have
SSc. The lack of access to nail-fold capillaroscopy limited our
TABLE 6 | Comparison of thyroxine (T3) and triiodothyronine (T4) hormone levels in patients with different types of autoantibodies.

Thyroxine (T4) Normal range: 0.7-1.8 ng/dL 95% Confidence Interval p-value

ATA 3.37 0.77 5.97
a. fibrillarin 1.51 0.82 2.19 0.025
b. Ku 1.05 0.79 1.32 0.024
c. PMScl-75 1.23 1.04 1.43 0.010
d. Ro-52 1.32 1.05 1.59 0.017

PMScl 100 3.02 1.07 4.97 0.022
PMScl75 1.23 1.04 1.43

Triiodothyronine (T3) Normal range: 2.3 - 4.1 pg/mL
PMScl 100 3.25 1.79 4.71 0.020
PMScl 75 1.99 1.61 2.37

Thyroid Stimulating Hormone (TSH) Mean for all patients 2.58 mIU/mL 1.22 4.03
November 2021 | Volume 12 | Article
Autoantibodies that are associated with diffuse cutaneous SSc (anti-ATA, anti-PMScl100) were associated with significantly higher hormone levels.
The bold values were used as a comparator in the statistical analyses. The p-values are a comparison of the frequency of autoantibody detection relative to the bold values.
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ability to confirm early SSc, longitudinal studies if funded will
help answer that question.
CONCLUSION

This report covers the clinical history, clinical findings and
laboratory investigations conducted on 240 Zimbabwean
patients with detectable SSc specific antibodies, 20% of them
being younger than 16 years. The observed cutaneous,
respiratory, gastrointestinal, musculoskeletal and endocrine
aberrations are consistent with findings reported in patients
fulfilling the ARA/EULAR criteria. A tendency of alignment of
respiratory, gastrointestinal, laboratory and endocrine findings
with either dc-SSc or lc-SSc specific autoantibodies was observed.
The findings suggest a decisive influence of innate, humoral and
adaptive immune responses on disease phenotypes. Racial
differences in autoantibody presence and the dominance of
anti-RNAP antibodies amongst Black patients, should inform
the tailoring of autoantibody test panels to specific populations.
We conclude that the presence of SSc specific autoantibodies is
common, albeit infrequently detected in Zimbabwe. A fifth of
our patients were under 16 years old and presented with non-
specific symptoms that should be investigated with a higher
index of suspicion in this and similar settings.
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