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Yuxin Chen1,2,3, Siqi Wang1,2,3 and Guojun Zhang1,2,3*

1Department of Clinical Diagnosis, Laboratory of Beijing Tiantan Hospital, Capital Medical University,
Beijing, China, 2Beijing Engineering Research Center of Immunological Reagents Clinical Research,
Beijing Tiantan Hospital, Capital Medical University, Beijing, China, 3National Medical Products
Administration (NMPA) Key Laboratory for Quality Control of In Vitro Diagnostics, Beijing Tiantan
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Background: Guillain-Barre syndrome (GBS) is an immune-mediated

inflammatory peripheral neuropathy. This study aimed to conduct a systematic

analysis of the serum lipids profile in GBS.

Methods: We measured the serum lipids profile in 85 GBS patients and

compared it with that of 85 healthy controls matched for age and sex.

Additionally, we analyzed the correlation between lipids and the severity,

subtypes, precursor infections, clinical outcomes, clinical symptoms,

immunotherapy, and other laboratory markers of GBS.

Results: Compared to the healthy controls, GBS exhibited significantly elevated

levels of Apolipoprotein B (APOB), Apolipoprotein C2 (APOC2), Apolipoprotein

C3 (APOC3), Apolipoprotein E (APOE), triglycerides (TG), and residual cholesterol

(RC). Conversely, Apolipoprotein A1 (APOA1), Apolipoprotein A2 (APOA2), and

high-density lipoprotein (HDL) were substantially lower in GBS. Severe GBS

displayed noticeably higher levels of APOC3 and total cholesterol (TC)

compared to those with mild disease. Regarding different clinical outcomes,

readmitted GBS demonstrated higher RC expression than those who were not

readmitted. Moreover, GBS who tested positive for neuro-virus antibody IGG in

cerebrospinal fluid (CSF) exhibited heightened expression of APOC3 in

comparison to those who tested negative. GBS with cranial nerve damage

showed significantly reduced expression of HDL and APOA1 than those

without such damage. Additionally, GBS experiencing limb pain demonstrated

markedly decreased HDL expression. Patients showed a significant reduction in

TC after intravenous immunoglobulin therapy. We observed a significant positive

correlation between lipids and inflammatory markers, including TNF-a, IL-1b,
erythrocyte sedimentation rate (ESR), white blood cells, monocytes, and

neutrophils in GBS. Notably, APOA1 exhibited a negative correlation with ESR.

Furthermore, our findings suggest a potential association between lipids and the

immune status of GBS.
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Conclusion: The research demonstrated a strong connection between lipids and

the severity, subtypes, clinical outcomes, precursor infections, clinical

symptoms, immunotherapy, inflammation, and immune status of GBS. This

implies that a low-fat diet or the use of lipid-lowering medications may

potentially serve as an approach for managing GBS, offering a fresh viewpoint

for clinical treatment of this condition.
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Background

Guillain-Barre syndrome (GBS) is a prevalent disorder

characterized by demyelination of both spinal and peripheral

nerves. It affects an estimated 1-2 individuals per 100,000

annually worldwide (1, 2) and stands as the leading cause of

global acute flaccid paralysis (3). The initial symptom typically

manifests as weakness in the lower limbs, peaking within a span of

3-15 days. More than 90% of patients cease progression within 4

weeks and achieve complete recovery within weeks or months.

However, 1.7%-5% of patients encounter life-threatening

tetraplegia and respiratory paralysis, while 10%-15% experience

long-term complications, such as muscle weakness in both the

lower and upper limbs, muscle atrophy, muscle pain, and foot drop

(4). Certain patients may also present with facial palsy, dysphagia,

dysarthria, choking, and sputum retention. Also, vegetative

dysfunction in some individuals manifests as either excessive or

insufficient sweating in the hands and feet, dry skin on the

extremities, or urinary and fecal retention or incontinence.

Given the ongoing improvement in quality of life, the

prevalence of hyperlipidemia has reached unprecedented levels.

This condition significantly impacts the physical and mental well-

being of individuals, raising substantial societal concerns. Recent

studies have highlighted a potential correlation between abnormal

serum lipids profile and GBS.

In our previous study investigating proteomic differences between

the cerebrospinal fluid (CSF) samples of GBS patients and the control

group, we observed that the identified proteins were primarily enriched

in pathways associated with lipid metabolism (5). Additionally, our

study revealed significantly higher expression of APOC3 in the CSF and

serum of GBS patients compared to other neurological disease groups

and healthy individuals undergoing physical examination (5). A recent

investigation demonstrated that APOC3 induces the activation of the

NLRP3 through Caspase8 and TLR2/4, leading to the release of

interleukins and amplification of the inflammatory response (6).
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Correspondingly, animal experiments demonstrated that APOC3

exacerbates tissue damage and delays tissue repair. Several studies

have reported reduced levels of APOE in the CSF of GBS patients,

and it has been suggested that blood-brain barrier dysfunction, caused

by APOE deficiency, may increase susceptibility to GBS and worsen the

clinical symptoms of affected individuals (7). APOE has been shown to

suppress the expression, augmentation, and activation of CD4+ T cells,

regulate the Th1/Th2 balance, suppress Th1 and Th17 cells, and

participate in the immune response in experimental autoimmune

neuritis (EAN), an animal model of GBS (8, 9). APOA1, the primary

protein component of HDL, is a multifunctional protein involved in

cholesterol transport, inflammation regulation, and immune response.

It inhibits the production of pro-inflammatory cytokines by activated T

cells. APOA1 can also bind and neutralize lipopolysaccharide (LPS), a

Gram-negative product, leading to reduced activation of TLR4 and

decreased release of TNF-a and IL-1b, thereby alleviating clinical

symptoms in GBS patients (10). In recent years, the concept of

cholesterol toxicity has emerged, suggesting that hypercholesterolemia

may compromise the integrity of the blood-brain barrier (11, 12). Statins

are commonly used lipid-loweringmedications, and several studies have

demonstrated their effective therapeutic effects in animal models of GBS

(13). Apolipoprotein D (APOD) is a small glycoprotein responsible for

the localized transport of small hydrophobic ligands. APOD exhibited

high expression in GBS and showed a correlation with increased levels

of proteins in the CSF and a compromised blood-nerve barrier (14).

To date, there is a lack of large-scale clinical trials that

comprehensively investigate the relationship between lipids and

GBS, and the existing evidence is controversial. Therefore, we

conducted a prospective analysis of 13 lipid levels and

retrospectively collected clinical data from a substantial cohort of

GBS patients. Our objective was to thoroughly analyze serum lipids

profile in GBS and explore the correlation of lipids with the severity,

prognosis, pre-infection status, clinical symptoms, and other

laboratory parameters of GBS.
Methods

Patients and healthy controls

A total of 85 patients diagnosed with GBS based on the

diagnostic criteria (15) were selected as the GBS group from
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December 2019 to April 2022 at Beijing Tiantan Hospital of Capital

Medical University. The study also enrolled 85 healthy controls

whose gender and age were not statistically different from the GBS

group. All healthy controls had no history of infection, autoimmune

diseases, or other medical conditions. We measured the serum

lipids profile in GBS and healthy controls. Also, we analyzed the

correlation between lipids and the clinical data and other laboratory

markers of GBS.
Data collection

Clinical data were retrospectively collected, including

information on antecedent infections, cranial nerve damage, limb

pain, Hughes scores at admission, nadir, and discharge. Blood

samples were collected upon admission from all GBS patients.

Peripheral whole blood was utilized for the analysis of various

parameters including white blood cell count (WBC), neutrophils

(NEUT), monocytes (MONO), erythrocyte sedimentation rate

(ESR), and lymphocyte subsets such as CD19+ cells (B cells),

CD3+ T cells (ToT), CD4+ T cells (Th), CD8+ T cells (Ts), and

the CD4+/CD8+ ratio (Th/Ts). In addition, serum samples were

employed to measure levels of APOA1, APOA2, APOB, APOC2,

APOC3, APOE, TG, TC, HDL, low-density lipoprotein (LDL),

oxidized-LDL (ox-LDL), lipoprotein a (LPa), TNF-a, IL-1b, and
immunoglobulin G (IgG). Remnant cholesterol (RC) was calculated

by subtracting HDL and LDL from TC. CSF samples were obtained

through lumbar puncture, performed 2-3 weeks after disease onset.

These CSF samples were analyzed for IgG levels and the presence of

neurological virus antibodies such as Cytomegalovirus (CMV),

Toxoplasmavirus (TOX), Rubella virus (RUB), Herpes simplex

virus (HSV), and Epstein-Barr virus (EBV). CSF samples with

one or more positive results were categorized as CSF neurovirus

IgG (+), while the negative group was labeled as CSF neurovirus

IgG (-).
Evaluation of disease severity and short-
term prognosis

The clinical scores of the 85 GBS patients were assessed at three

time points (admission, nadir, and discharge) using the widely used

Hughes Functional Grading Scale (HFGS), a disability assessment

tool specifically designed for GBS patients (16). The grading criteria

were as follows: 0, no symptoms; 1, mild symptoms with the ability

to run; 2, ability to walk independently for 10 meters or more, but

unable to run; 3, ability to walk 10 meters with assistance; 4,

bedridden or wheelchair-bound; 5, requiring supplementary

ventilation for at least part of the day; 6, deceased.

A GBS disability score of ≥3 at admission or at nadir was

considered as severe GBS, whereas a GBS disability score of < 3 at

admission or at nadir was labeled as mild GBS. Poor short-term

prognosis was defined as a GBS disability score of ≥3,while good

short-term prognosis was indicated by a GBS disability score of < 3

at discharge.
Frontiers in Immunology 03
Statistical analysis

Statistical analysis was performed using SPSS software (version

20.0). Normally distributed continuous variables were compared

using the Student’s t-test, whereas non-normally distributed data

were assessed using the Mann-Whitney U test. The Spearman rank

correlation coefficient was employed to analyze the relationship

between clinical characteristics and serum profile. A p-value less

than 0.05 was considered statistically significant (*p<0.05,

**p<0.01, ***p<0.001).
Results

Comparison of serum lipids profile in GBS
and healthy controls

There were a total of 85 patients with GBS and 85 healthy

controls included in this investigation. The characteristics and 13

serum lipids of GBS and healthy controls are presented in Table 1,

namely APOA1, APOA2, APOB, APOC2, APOC3, APOE, TG, TC,

HDL, LDL, RC, oxLDL, and LPa. As depicted in Figure 1, APOB,

APOC2, APOC3, APOE, TG, and RC exhibited significantly higher

expression levels, while APOA1, APOA2, and HDL were markedly

lower in GBS compared to healthy controls (HC). TC, LDL, oxLDL,

and LPa showed no statistical differences between the two groups.
Correlation of serum lipids with GBS
severity and subtypes

GBS can generally be categorized into four subtypes: acute

inflammatory demyelinating polyneuropathy (AIDP), acute motor

axonal neuropathy (AMAN), acute motor sensory axonal

neuropathy (AMSAN), and Miller-Fisher syndrome (MFS) (17,

18). Due to the limited number of cases for AMSAN and MFS,

our lipid analysis focused on comparing AMAN (n=11) and AIDP

(n=21). As illustrated in Figure 2B, oxLDL exhibited significantly

higher levels in patients with AMAN compared to those with AIDP.

Additionally, according to the Hughes Functional Grading Scale

(HFGS), GBS patients were classified as having either mild or severe

disease. Notably, APOC3 and TC were considerably higher in

patients with severe GBS (n=37) compared to those with mild

disease (n=48) (as shown in Figure 2A).
Relationship between serum lipids and
infection in GBS

Two-thirds of GBS patients reported experiencing precursor

infections (pre-infection) prior to the onset of neurological

symptoms (19). As illustrated in Figure 3A, a comparison was

made between GBS patients with pre-infection (n=29) and No- pre-

infection group (n=56). Patients with pre-infection displayed

significantly lower levels of TG, TC, and HDL compared to the
frontiersin.org
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control group. The GBS patients were divided into two groups

according to whether they had diarrhea before the onset of the

disease, and the results showed that the diarrhea group (n=12) had

lower APOE and HDL than the No diarrhea group (n=73)

(Figure 3B). Additionally, a total of five neurological viruses,

including CMV, TOX, RUB, HSV, and EBV, were selected for

our study, and we detected CSF IgG antibodies. CSF neurovirus IgG

(+) (n=50) referred to the presence of one or more positive results,

while the absence of neurovirus IgG was denoted as CSF neurovirus

IgG (-) (n=15). Our findings indicated a significant increase in

APOC3 expression in patients with neurovirus IgG (+) compared to

those with CSF neurovirus IgG (-) (Figure 3C).
Frontiers in Immunology 04
Serum lipids in GBS with different
clinical outcomes

GBS patients can exhibit varying clinical outcomes. Based on

their readmission status, GBS patients were classified into two

groups: Re-admitted (n=40) and No re-admitted (n=45). The

results demonstrated higher levels of RC in re-admitted patients

compared to the controls; however, no significant difference was

observed in APOC3 expression between the two groups

(Figure 4A). According to the Hughes Functional Grading Scale

(HFGS), GBS patients were categorized as having either a good

(n=68) or poor (n=17) short-term prognosis. Notably, there were

no statistically significant differences in RC and APOC3 levels

between the two categories (Figure 4B).
Serum lipids in GBS with or without cranial
nerve damage or limb pain

In this cohort, GBS patients presenting symptoms of cranial

nerve damage or limb pain were classified as the experimental

group, while the remaining patients formed the control group. GBS

patients with cranial nerve damage (n=25) exhibited reduced levels

of HDL and APOA1 compared to those without damage (n=59)

(Figure 5A). Furthermore, GBS patients with limb pain (n=23)

showed significantly lower HDL levels in comparison to the control

group (n=61) (Figure 5B).
Serum lipids show associations with
inflammatory markers in GBS

The present study investigated various inflammatory markers,

including cytokines (TNF-a, IL-1b), white blood cells (WBC),

monocytes (MONO), neutrophils (NEUT), and erythrocyte

sedimentation rate (ESR). The results revealed positive

correlations between APOC2 and APOE with TNF-a .
Additionally, TC, APOB, and LDL exhibited positive associations

with IL-1b (Figure 6A, n=42). In Figure 6B (n=85), multiple lipids

were found to be positively associated with inflammatory cells

(APOC2, APOC3, APOE, TG, APOB, and RC with WBC; TG

and RC with MONO; APOC2, APOC3, APOE, TG, TC, APOB, and

RC with NEUT). Moreover, we observed positive associations

between APOC2, APOC3, TG, and RC with ESR; however, a

negative correlation was found between APOA1 and ESR

(Figure 6C, n=85).
Serum lipids were found to be related to
immune status of GBS

Certain indices can indirectly reflect the immune status of the

body, such as immunoglobulins (IgG, IgA, IgM) and lymphocyte

subsets, including CD19+ cells (B cells), CD3+ T cells (ToT), CD4+

T cells (Th), CD8+ T cells (Ts), and the CD4+/CD8+ ratio (Th/Ts).

As shown in Figure 7A (n=70), APOA1 displayed a significant
TABLE 1 Clinical and laboratory characteristics in patients with GBS and
healthy controls.

Characteristics
Healthy
Controls

Patients
with GBS

P

n 85 85

Sex,male, n (%) 1.000

Female 34 (20%) 34 (20%)

Male 51 (30%) 51 (30%)

Age, y 45 (36, 57) 52 (33, 63) 0.397

Hyperlipidemia 10 (5.9%) 51 (30%)
<

0.001

Diabetes 2 (1.2%) 23 (13.5%)
<

0.001

Hypertension 22 (12.9%) 30 (17.6%) 0.183

Heart disease 7 (4.1%) 8 (4.7%) 0.787

APOA2 29 (26.7, 31.7) 24.6 (21.3, 27.4)
<

0.001

APOC2 3.81 (3.29, 4.25) 4.19 (3.5, 5.23) 0.002

APOC3 9.99 (8.62, 11.78) 11.71 (8.7, 14.42) 0.007

APOE 3.73 (3.27, 4.07) 4.6 (3.9, 5.47)
<

0.001

TG 0.95 (0.75, 1.21) 1.53 (0.97, 2.12)
<

0.001

TC 4.42 (3.93, 4.74) 4.33 (3.79, 5.01) 0.820

HDL 1.47 (1.33, 1.61) 1.23 (1.0375, 1.3925)
<

0.001

LDL 2.52 (2.24, 2.87) 2.505 (1.975, 3.105) 0.995

APOA1 1.4499 ± 0.15161 1.2329 ± 0.266
<

0.001

APOB 0.77 (0.67, 0.84) 0.835 (0.72, 1.0225)
<

0.001

RC 0.36 (0.3, 0.42) 0.49 (0.35, 0.68)
<

0.001

Lpa
9.005

(4.9475, 24.552)
11.665

(6.8475, 20.07)
0.328

oxLDL
52.414

(22.346, 71.795)
42.169

(22.159, 56.655)
0.150
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inverse correlation with serum IgG (S-IgG), while positive

associations were observed between APOC3 and S-IgG

(Figure 7B, n=78). Furthermore, APOC2, APOC3, APOE, and RC

demonstrated significant and positive correlations with CSF-IgG

(Figure 7C, n=78). Most lipids exhibited negative associations with

lymphocyte subsets (APOB, LDL, and TC with ToT; APOC2,

APOC3, TG, TC, LDL, APOB, and RC with Ts cells; APOC2

with B cells). However, significantly positive correlations were

noted between APOC3, APOE, TC, LDL, and Th/Ts

(Figure 7D, n=12).
Serum lipids with immunotherapy

To date, intravenous immunoglobulin and plasma exchange are

the only recognized immunotherapeutic drugs that can accelerate
Frontiers in Immunology 05
recovery in GBS. We retrospectively analyzed the changes in serum

lipids before and after treatment in 27 patients with GBS, which

showed a significant reduction in TC after intravenous

immunoglobulin therapy (Figure 8).
Discussion

To the best of our knowledge, this study represents the first

comprehensive investigation of the association between serum

lipids and GBS. Our findings unveiled elevated levels of APOC2,

APOC3, APOE, TG, APOB, and RC in GBS patients compared to

healthy controls, whereas APOA2, APOA1, and HDL were lower.

No statistically significant differences were observed in TC, LDL,

oxLDL, and LPa between the two groups. These outcomes are

consistent with a study by Bin Zhang et al., who reported decreased
FIGURE 1

Comparison of Serum Lipids Profile in GBS and Healthy Controls Differences in the expression levels of Apolipoprotein B (APOB), Apolipoprotein C2
(APOC2), Apolipoprotein C3 (APOC3), Apolipoprotein E (APOE), triglycerides (TG), and residual cholesterol (RC) were observed, with noticeably
higher levels in Guillain-Barre syndrome (GBS) subjects than in healthy controls (HC). Conversely, Apolipoprotein A1 (APOA1), Apolipoprotein A2
(APOA2), and high-density lipoprotein (HDL) exhibited markedly lower levels in GBS patients compared to the HC. No statistically significant
differences were found in total cholesterol (TC), low-density lipoprotein (LDL), oxidized-LDL (ox-LDL), lipoprotein a (LPa) between the two groups
(**p<0.01, ***p<0.001).
A B

FIGURE 2

Correlation of Serum Lipids with GBS Severity and Subtypes. (A) Severe GBS displayed considerably higher levels of APOC3 and TC compared to
those with Mild GBS. (B) Significantly higher levels of ox-LDL were observed in patients with acute motor axonal neuropathy (AMAN) subtype
compared to those with acute inflammatory demyelinating polyneuropathy (AIDP) subtype (*p<0.05).
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1301577
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Wang et al. 10.3389/fimmu.2023.1301577
expression of APOA1 in GBS and other autoimmune demyelinating

diseases (20). Furthermore, previous research also supports the

increased levels of TG, TC, HDL, LDL, RC, APOA1, and APOB in

GBS patients (21). However, this study is the first to report the

detection of APOA2, APOC2, oxLDL, and LPa in GBS and their

comparison with healthy controls.

The finding of higher levels of serum ApoE in GBS patients

compared to healthy controls, especially when contrasted with

decreased levels of ApoE in the cerebrospinal fluid (CSF),

suggests an intriguing and complex relationship between ApoE

and GBS (9). ApoE is produced in different tissues, including the

liver and the central nervous system. The source of ApoE in serum

and CSF is different. Serum ApoE primarily comes from the liver,

while CSF ApoE may have contributions from the brain and other

neural tissues. Variations in ApoE levels between these

compartments can be due to differences in local production and

metabolism. GBS is characterized by an immune-mediated

inflammatory response, particularly in the peripheral nervous

system. Elevated serum ApoE levels could be a part of the

systemic immune response to inflammation and tissue damage.

ApoE has been associated with anti-inflammatory and

immunomodulatory properties. In the context of GBS, the
Frontiers in Immunology 06
peripheral nerves are the primary target of the autoimmune

attack. The higher serum ApoE levels might reflect a systemic

response to the tissue damage and potential repair processes

occurring in peripheral nerves (22, 23). ApoE is known to play a

role in neuronal repair and regeneration. The contrasting levels of

ApoE in serum and CSF could have biomarker potential. Measuring

ApoE levels in both compartments may provide valuable

information for diagnosing and monitoring GBS and potentially

predicting its course and outcomes. In summary, the higher levels of

serum ApoE in GBS patients suggest that ApoE is involved in the

immune response and potential repair processes related to the

peripheral nervous system damage in GBS. The difference

between serum and CSF levels likely reflects the complex biology

of ApoE in different tissues and its role in immune regulation and

neural repair. Further research is needed to fully understand the

implications of these findings and their potential clinical

significance in GBS.

In a previous study, significantly higher levels of APOC3 were

detected in the CSF and serum of GBS patients compared to other

neurological diseases and healthy control groups (5). Similarly,

current analysis revealed elevated expression of APOC3 in severe

GBS cases and GBS patients with positive CSF neurovirus IgG.
A B C

FIGURE 3

Relationship between Serum Lipids and Infection in GBS. (A) GBS with pre-infection demonstrated significantly lower levels of TG, TC, and HDL
compared to No pre-infection group. (B) Patients with diarrhea had lower APOE and HDL than the No diarrhea. (C) Patients with cerebrospinal fluid
(CSF) neurovirus IgG (+) exhibited a considerable increase in the expression of APOC3 compared to those with CSF neurovirus IgG (-) (*p<0.05).
A B

FIGURE 4

Serum Lipids in GBS with Different Clinical Outcomes. (A) Re-admitted GBS patients exhibited higher levels of RC compared to the No re-admitted
group, while no significant difference in APOC3 expression was observed between the two groups. (B) There were no statistically meaningful
differences in the levels of RC and APOC3 between patients with a good or poor short-term prognosis (*p<0.05).
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Numerous studies have demonstrated that APOC3 can activate

alternative inflammasomes, triggering inflammation and organ

damage (6, 24, 25). Moreover, experimental animal studies have

shown that APOC3 can exacerbate tissue damage and delay repair

(6). If APOC3 is found to be a key factor in GBS-related

inflammation, it could open up possibilities for developing

targeted therapies aimed at modulating APOC3 or its effects,

potentially reducing the severity of inflammation and the

progression of GBS. The identification of APOC3 as a factor

associated with GBS-related inflammation might lead to the

development of diagnostic and prognostic biomarkers. Detecting

elevated levels of APOC3 or other associated molecules could help

in the early diagnosis and management of GBS. Understanding the

role of APOC3 in GBS-related inflammation could shed light on the

underlying mechanisms of the disorder. It might provide insights

into how the immune system responds to peripheral nerve damage

and whether APOC3 plays a role in this response.
Frontiers in Immunology 07
In this study, we observed that severe GBS cases exhibited high

levels of TC, while GBS patients who required re-admission showed

elevated levels of RC. These findings are in line with previous

discovery that RC is a risk factor for both GBS and severe GBS (21).

The research conducted by Zhao Jia Jun et al. introduced the

concept of “cholesterol toxicity<city/>,” which proposes that

elevated cholesterol levels are a contributing factor to several

common chronic conditions, including liver diseases, diabetes,

chronic kidney disease, Alzheimer’s disease, osteoporosis,

osteoarthritis, and pituitary-thyroid axis dysfunction (12).

Additionally, excessive cholesterol accumulation has been linked

to immune dysfunction (12). Oxysterols, including 27-

hydroxycholesterol, are oxidized forms of cholesterol. They have

been shown to influence inflammatory processes. 27-

hydroxycholesterol, in particular, has been linked to the

upregulation of inflammatory cytokines, indicating its potential

role in promoting inflammation. Oxysterols, including 27-
A B

FIGURE 5

Serum Lipids in GBS with or without Cranial Nerve Damage or Limb Pain. (A) GBS patients with cranial nerve damage displayed reduced levels of
HDL and APOA1 compared to those No cranial nerve damage. (B) GBS patients experiencing limb pain showed notably lower HDL levels compared
to the No limb pain group (*p<0.05, **p<0.01).
A B C

FIGURE 6

Serum Lipids show associations with Inflammatory Markers in GBS. (A) Positive correlations were observed between APOC2 and APOE with tumor
necrosis factor -a (TNF-a). TC, APOB, and LDL exhibited positive associations with Interleukin 1b (IL-1b). (B) Multiple lipids were found to be
positively associated with inflammatory cells: APOC2, APOC3, APOE, TG, APOB, and RC with white blood cells (WBC); TG and RC with monocytes
(MONO); APOC2, APOC3, APOE, TG, TC, APOB, and RC with neutrophils (NEUT). (C) Positive associations were observed between APOC2, APOC3,
TG, and RC with erythrocyte sedimentation rate (ESR). A negative correlation was found between APOA1 and ESR (*p<0.05).
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hydroxycholesterol, can influence the behavior of macrophages,

which play a central role in both cholesterol metabolism and the

immune response. Oxysterols can promote pro-inflammatory

phenotypes in macrophages. Oxysterols and immune system

dysregulation can promote inflammation and impact immune

responses and that from the findings in this paper, we speculate

that inflammation has a key role to play in nerve damage. GBS is

considered an autoimmune disorder, and factors that influence

immune responses and self-recognition may play a role in its

development. Dysregulation in immune responses, including the

Th1/Th2 balance, can potentially influence autoimmunity.

Cholesterol is a component of myelin, the protective sheath

around nerve fibers. Altered cholesterol metabolism may affect

myelin integrity, which, in some forms of GBS, is targeted by the

immune system. Moreover, 27-hydroxycholesterol induces an

upregulation of inflammatory cytokines, such as IL-8, IL-1b, and
TNF-a, in monocytes via the TLR4/NF-kB pathway (26). Statins,

widely prescribed lipid-lowering drugs, have demonstrated

beneficial therapeutic effects in animal models of GBS (13).
Frontiers in Immunology 08
However, the precise role of cholesterol in the pathogenesis of

GBS and its association with severe GBS remains to be

fully elucidated.

Compared with healthy individuals, patients with GBS

exhibited decreased levels of APOA1 and HDL. Moreover,

patients experiencing cranial nerve damage or limb pain

demonstrated reduced expression of these two lipids. This

observation aligns with the notion that APOA1 and HDL

function as protective lipids (27–29). APOA1 is a characteristic

apolipoprotein found in HDL particles. HDL facilitates the efflux of

cholesterol from cells into the peripheral circulation, possesses

antioxidant enzymes such as paraoxonase, and exerts anti-

inflammatory properties through the inhibition of adhesion

molecule expression on endothelial cell membranes and

monocyte recruitment inhibition (30). HDL is known for its anti-

inflammatory properties. It can help reduce inflammation in blood

vessels and limit damage caused by inflammation. While GBS is not

primarily an inflammatory disorder, inflammation can be a

secondary effect, and the anti-inflammatory properties of HDL
A B

C D

FIGURE 7

Serum Lipids were found to be related to Immune Status of GBS. (A) APOA1 displayed a remarkable inverse correlation with serum IgG (S-IgG). (B)
Positive associations were observed between APOC3 and S-IgG. (C) APOC2, APOC3, APOE, and RC demonstrated prominent and positive
correlations with CSF-IgG. (D) Most lipids exhibited negative associations with lymphocyte subsets: APOB, LDL, and TC with CD3+ T cells (ToT);
APOC2, APOC3, TG, TC, LDL, APOB, and RC with CD8+ T cells (Ts); APOC2 with CD19+ cells (B cells). However, substantially positive correlations
were noted between APOC3, APOE, TC, LDL, and CD4+/CD8+ ratio (Th/Ts) (*p<0.05, **p<0.01).
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may have a modulating influence. HDL plays a key role in

transporting cholesterol away from peripheral tissues and back to

the liver for metabolism. In some forms of GBS, such as the Miller

Fisher variant, the immune system may target nerve structures

containing cholesterol-rich components like gangliosides. HDL

may have neuroprotective properties that could indirectly affect

the course and outcomes of GBS. Protecting nerve structures from

oxidative damage or inflammation may be relevant in the context of

neurological disorders.

Additionally, this study presents novel findings indicating

differential expression of oxLDL among different GBS subtypes.

GBS patients with pre-infection exhibited higher levels of TG, TC,

and HDL compared to controls. However, further investigation is

necessary to decipher the exact underlying causes of

these observations.

TNF-a and IL-1b, prominent pro-inflammatory cytokines, are

secreted by Th1 cells. Accumulating evidence indicates that these

cytokines play crucial roles in the initiation and progression of GBS

and EAN (31–33). Several studies have reported significantly

elevated levels of ESR in GBS patients when compared to healthy

individuals (34, 35). Moreover, numerous studies have

demonstrated higher ratios of neutrophil-to-lymphocyte (NLR)

and monocyte-to-lymphocyte ratio (MLR) in GBS patients than

in healthy controls. When comparing the mild and severe groups,

the severe group exhibited even higher NLR and MLR (36, 37).

Jahan et al. proposed a positive correlation between monocyte count

and the severity of GBS (36). Ren et al. discovered that patients with

acute-onset GBS showed significantly increased neutrophil ratios

and counts compared to healthy controls. These counts/ratios

decreased during remission but rose again in patients with

recurrent GBS (38). Our findings demonstrate a positive
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association between serum lipids and inflammatory markers,

including TNF-a, IL-1b, ESR, WBC, monocytes, and neutrophils

in GBS patients. Only APOA1 displayed a negative correlation with

ESR. These data suggest that lipids are strongly associated with

inflammatory markers in patients with GBS.

The immune status can be assessed by evaluating humoral

immunity (including immunoglobulins G, A, and M) and cellular

immunity, which encompasses CD19+ B cells, CD3+ T cells, CD4+ T

cells, CD8+ T cells, and the CD4+/CD8+ ratio. Previous research has

demonstrated that individuals with GBS exhibit elevated

proportions of CD4+ T cells and the CD4+/CD8+ T cell ratio in

CSF, while CD8+ T cells are decreased in individuals with GBS (39).

Furthermore, some scholars have indicated that alterations in T

lymphocyte subsets, particularly CD4+ T cells, may play a

significant role in the pathogenesis of AIDP and the mechanism

of action of intravenous immunoglobulin (IVIG) against AIDP

(40). GBS patients exhibited notable reductions in the percentage of

CD3+ T cells compared with individuals with other neuropathies, as

well as a decrease in the proportion of CD8+ T cells compared with

healthy controls (41). Currently, IVIG is a commonly used and

relatively safe treatment for GBS (42). After IVIG treatment, there

was an increase in the CD4+/CD8+ T cell ratio, while the percentage

of CD8+ T cells and CD19+ B cells decreased significantly (40).

Research has demonstrated that the concentrations of IgG, IgA, and

IgM during the acute phase of GBS were significantly higher than

those in normal controls (43, 44). Our findings revealed a significant

negative correlation between APOA1 and serum IgG levels, whereas

APOC3 displayed a positive correlation with serum IgG levels.

Additionally, APOC2, APOC3, APOE, and RC were significantly

and positively associated with CSF IgG levels. APOB, LDL, and TC

exhibited negative correlations with CD3+ T cells, while APOC2,

APOC3, TG, TC, LDL, APOB, and RC showed negative correlations

with CD8+ T cells. APOC2 exhibited a negative correlation with

CD19+ B cells. Noteworthy positive associations were observed

among APOC3, APOE, TC, LDL, and the CD4+/CD8+ T cell ratio.

Furthermore, previous studies have proposed that APOA1

functions as an immune regulator, capable of suppressing pro-

inflammatory cytokines produced by activated T cells in specific

autoimmune diseases (20). Silvia Iannello demonstrated that low

TG levels may serve as an early marker of autoimmunity or

hyperactivity of the immune system (45). Taken collectively,

lipids are closely related to the immune status of GBS.
Conclusion

This research comprehensively analyzed the serum lipids profile

of GBS. The findings exhibit heightened expression levels of

APOC2, APOC3, APOE, TG, APOB, and RC in GBS subjects,

while protective APOA2, APOA1, and HDL were observed as

downregulated. Moreover, lipids were closely associated with the

severity, subtypes, clinical outcomes, precursor infections, clinical

symptoms, immunotherapy, inflammation, and immune status of

GBS. This suggests that low-fat diets or lipid-lowering drugs may be

useful for the treatment of GBS, providing a new perspective for the

clinical treatment of GBS.
FIGURE 8

Serum Lipids with immunotherapyGBS patients showed a significant
reduction in TC after intravenous immunoglobulin
therapy (**p<0.01).
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388(10045):717–27. doi: 10.1016/S0140-6736(16)00339-1

2. Esposito S, Longo MR. Guillain-Barré syndrome. Autoimmun Rev (2017) 16
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