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Recently, it has been argued that obesity leads to a chronic pro-inflammatory state that
can accelerate immunosenescence, predisposing to the early acquisition of an immune
risk profile and health problems related to immunity in adulthood. In this sense, the present
study aimed to verify, in circulating leukocytes, the gene expression of markers related to
early immunosenescence associated with obesity and its possible relationships with the
physical fitness in obese adults with type 2 diabetes or without associated comorbidities.
The sample consisted of middle-aged obese individuals (body mass index (BMI) between
30-35 kg/m²) with type 2 diabetes mellitus (OBD; n = 17) or without associated
comorbidity (OB; n = 18), and a control group of eutrophic healthy individuals (BMI:
20 - 25 kg/m²) of same ages (E; n = 18). All groups (OBD, OB and E) performed the
functional analyses [muscle strength (1RM) and cardiorespiratory fitness (VO2max)],
anthropometry, body composition (Air Displacement Plethysmograph), blood
collections for biochemical (anti-CMV) and molecular (gene expression of leptin, IL-2,
IL-4, IL-6, IL-10, TNF-a, PD-1, P16ink4a, CCR7, CD28 and CD27) analyses of markers
related to immunosenescence. Increased gene expression of leptin, IL-2, IL-4, IL-10,
TNF-a, PD-1, P16ink4a, CCR7 and CD27 was found for the OBD and OB groups
compared to the E group. Moreover, VO2max for the OBD and OB groups was
significantly lower compared to E. In conclusion, obesity, regardless of associated
disease, induces increased gene expression of markers associated with inflammation
and immunosenescence in circulating leukocytes in obese middle-aged individuals
compared to a eutrophic group of the same age. Additionally, increased adipose tissue
and markers of chronic inflammation and immunosenescence were associated to
impairments in the cardiorespiratory capacity of obese middle-aged individuals.
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INTRODUCTION

Obesity is considered a global health problem, affecting a large
part of the population and becoming one of the main causes of
reduced quality of life, morbidity and mortality (1–3). Several
studies have proposed that the central mechanism underlying
obesity and its related comorbidities comes from a persistent
state of low-grade chronic inflammation together with
dysregulation in the inflammation-stress feedback mechanisms
(4–6), mainly due to increased production of pro-inflammatory
markers such as leptin, interleukin-6 (IL-6), tumor necrosis
factor -a (TNF-a), C-reactive protein (CRP) and monocyte
chemotactic protein - 1 (MCP1) in the withe adipose tissue,
together with the M1 macrophage phenotype infiltration in this
tissue associated with obesity (6–8).

Furthermore, it has been proposed that dysfunctional
adipocytes are involved in the production of oxidative stress
through the generation of reactive oxygen species, implicating
further inflammation and tissue damage (9). Additionally, there
is a consensus that an appropriate defensive immune response
requires low levels of oxidation and inflammation
interconnected with many feedback loops (10). However, cell
damage was seen to appear when these levels were increased (as
in the case of obesity) and innate immunity cells, such as
macrophages, exhibit an over-activated production of oxidative
and inflammatory compounds which occurs mainly in the
absence of antigenic stimulus and cannot be neutralized by
antioxidant nor anti-inflammatory defenses, thus leading to a
chronic state of oxidative and inflammatory stress (5, 10).

In addition, increase evidence suggests that the process of
aging is the result of the accumulation of cellular damage caused
by oxidative and inflammation stress throughout the lifetime of
an organism, where the immune system seems to be involved in
this stress and in the rate of aging (5, 11). Thus, given the context
of neuro-immune-endocrine communication and its changes in
oxidative and inflammatory situations, as well as the impairment
of the immune system, characteristics similar to those observed
in aging, it has been speculated that obesity generates premature
immunosenescence (biological aging of the immune system),
and this may be one of the reasons for the increased rate of
morbidity and risk of death related to this disease (12–15).

Immunosenescence has a number of hallmark features such
as increased activities of immune cells and progressive decline in
the functional activity of phagocytic cells, natural killer cells,
lymphoproliferative response and mitogen-stimulated cytokine
production (16–18), accumulation of late-differentiated subsets
of T lymphocyte accompanied by lowered proportions of naïve T
cells and seropositivity for latent cytomegalovirus (CMV) and
Epstein-Barr virus (EBV) infections (15, 18, 19), these changes
being associated with poor vaccine efficacy, decreased immune
surveillance and increased morbidity and mortality as a result of
infectious diseases (19–21). In fact, studies show that obese
individuals have a higher prevalence and severity of persistent
viral infections, such as the herpes simplex virus type 1 - (HSV1)
(22) and SARS-CoV-2 (21) and a lower immune response to
infections by pathogens and vaccines (23, 24), thus indicating the
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presence of a less competent immune system when compared to
non-obese individuals with similar age.

Furthermore, it has been postulated that the presence of
senescent cells may be the causative agent in the development
and progression of type 2 diabetes (T2D) and contributes to
tissue dysfunction; however, the diabetic milieu might permit the
development of senescent cells (25). Additionally, it has been
shown that increased presence of senescent T cell has a
detrimental impact on the immune function of obese people
living with T2D (26). Thus, the need for studies that
investigate the adverse effects of obesity with or without
associated comorbidity on the various factors related to
immunosenescence is evident. Given this context, the present
study aimed to verify the effects of obesity per se or with
associated comorbidity T2D on the gene expression of pro and
anti-inflammatory and senescence markers of the immune
system in circulating leukocytes and their correlations with
physical fitness in obese middle-aged adults with T2D or
without associated disease.
MATERIALS AND METHODS

Subjects and Study Design
The project was publicized by means of fliers, posters in the
university campus, internet, advertising in city newspapers and
by visits to places such as public town squares and malls. The
inclusion criteria adopted were as follows: middle-aged (40 – 60
years old) male or female classified as obese [(body mass index
(BMI) > 30 kg∙m-2)] with T2D or with absence of an associated
disease or middle aged individuals of both sexes´ eutrophics
(BMI between 20 - 25 kg/m²) who had not participated in regular
exercise and/or dietary programs over the last 12 months
preceding the start of the study, according to the Baecke
Habitual Physical Activity Questionnaire (27). Furthermore,
volunteers should be non-smokers. Specifically in relation to
the female sex, the volunteers had to be postmenopausal.

Initially, 228 subjects were recruited; however, 145 were
excluded at the initial interview for not meeting the inclusion
criteria and/or for having any feature covered by the exclusion
criteria. Exclusion criteria included the following: coronary
artery disease, severe hypertension, type 1 diabetes mellitus or
insulin-dependent, chronic obstructive pulmonary disease,
limiting osteo-articular diseases, or were using any medication
that could interfere in the physiological responses of evaluations.
Of the 83 subjects who were selected, 65 were approved
on clinical examination and exercise electrocardiogram
(ECG); however, 12 volunteers were excluded according to
the discontinuity criteria which were: lack of motivation
or availability of the volunteer in attending the evaluation
sessions or other risks that might occasionally arise, even after
clinical release. Thus, after the initial evaluations, the middle-
aged volunteers were allocated to each specific group: obese with
T2D (OBD; n = 17; 7 males and 10 females); obese with absence of
associated disease (OB; n = 18; 9 males and 9 females); and
the eutrophic group (E; n = 18; 9 males and 9 females). All
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volunteers in the OBD group were using metformin to
treat T2D.

All groups (OBD, OB and E) performed the functional
analyses [muscle strength (1RM) and cardiorespiratory fitness
(VO2max)] , anthropometry , body composit ion (Air
Displacement Plethysmograph), blood collections for
biochemical (anti-CMV) and molecular (gene expression of
leptin, IL-2, IL-4, IL-6, IL-10, TNF-a, PD-1, P16ink4a, CCR7,
CD28 and CD27) ana lyses o f markers re la ted to
immunosenescence at baseline. All evaluations were performed
with the volunteers under conditions of spontaneous breathing
of atmospheric air, in a room with an average ambient
temperature of 23° C. In order to familiarize themselves with
the location, tests and equipment used, the volunteers were
invited to visit the premises used for the evaluations and an
explanation of the procedures to be used were given.

All the experimental methods and procedures adhered to the
Helsinki declaration and were all approved by the local University
Research Ethics Committee (CAAE: 55952516.6.0000.5404).
Additionally, all participants were informed about the purpose
and risks of the study and signed an informed consent document
before participation.

Anthropometric Measures and
Body Composition
Height was measured using a wall-mounted stadiometer with a
precision of 0.1 cm, and the weight was taken using a calibrated
manual scale (Filizola® S.A., São Paulo, SP, Brazil) with a
precision of 0.1 kg. The BMI was calculated by dividing body
mass (kg) by height squared (m²). Waist circumference was
measured at the midpoint between the last ribs and the iliac
crests with an inelastic metric tape, with the precision of
0.1 cm. The measurement was performed in triplicate by the
same trained professional and the average of these three
measurements was calculated.

Body composition of the volunteers was estimated by
plethysmography in the Bod Pod ™ (COSMED USA, Inc.,
Concord, CA) body composition system. The same
investigator performed all measurement assessments.

Dietary Intake Assessments
Food records were given to the participants by trained researches
who instructed them individually through a presentation of an
already completed model food record and photographs of model
home measures. They were instructed to complete food records
for three nonconsecutive days (two days in the week and one day
at the weekend) and the mean of the three food records was used
as the dietary intake of each subject. Total calories,
carbohydrates, lipids and protein were calculated using the
DietPro® Software program, version 5i (Viçosa, Minas
Gerais/Brazil).

Maximal-Strength Assessments
Maximal-strength for upper- and lower-body was measured by a
one-repetition maximum (1RM) test on bench press and leg
press. The test protocol was conducted on RIGUETTO®
Frontiers in Immunology | www.frontiersin.org 3
equipment’s (São Paulo/Brazil). Subjects were required to
perform 10 repetitions at 50% of their estimated 1RM
(according to each participant’s capacity). After 3 min of rest,
subjects were required to perform 3 repetitions at 70% of their
estimated 1RM. Another 3 min of rest was applied and then
subsequent trials were performed for 1RM with progressively
heavier weights until the 1RM was determined within three
attempts, with 3–5 min of rest between trials (28).

Cardiorespiratory Assessment
The cardiorespiratory assessment was performed using a
progressive effort protocol on a treadmill (Quinton, model
TM55, USA), with a continuous collection of expired gases
breath to breath (CPX Ultima, MedGraphics, USA). The
cardiorespiratory fitness verified by the maximum oxygen
consumption (VO2max) was determined by the average values
of the last 30 s of the test (29).

Blood Sampling and Analysis
Approximately 10 ml of blood was collected from the antecubital
vein into Vacutainer® tubes (Becton Dickinson Ltd, Oxford/
England) for plasma samples (containing anticoagulant EDTA),
in the morning (07:00 – 09:00 a.m.), after a 12 hour overnight fast
and at least 72 hours before the physical and functional
evaluations. Additionally, all individuals were instructed not to
consume caffeine and alcohol 24 hours before collection. All
samples were collected, processed, divided into aliquots, and
stored at -80°C for subsequent analysis. Peripheral blood
leukocytes were separated by density gradient centrifugation
using Histopaque ® (Histopaque® - 1077, Sigma, MO, USA).
Plasma glucose analysis was performed using the GOD-Trinder
method. Anti-CMV analysis was determined by enzyme-linked
immunosorbent assay (ELISA), according to the specifications of
the manufacturer (Novus Biologicals, catalog number KA1452,
Abnova® Corporation, USA).

Additionally, the extraction of the total leukocyte mRNA was
performed following the instructions of the Trizol® reagent. At
the end of the extraction of the total RNA, the purity and
quantity of the RNA of the samples were verified in the Gene
Quant® spectrophotometer (Pharmacia Biotech), paying
attention to the 260/280 ratio (possible contamination with
protein). All the ratios found in the samples were between 1.8
- 2.0 and the samples were considered optimal for use. For the
production of the cDNA, we used the High Capacity cDNA
Reverse Transcription Kit® (Applied Biosystems, CA, USA), and
followed the manufacturer’s instructions. The gene expression of
leptin, IL-2, IL-4, IL-6, IL-10, TNF-a, PD-1, P16ink4a, CCR7,
CD28 and CD27 of circulating leukocytes was performed in
duplicate using the Real Time Polymerase Chain Reaction (RT-
PCR) technique, following the descriptions of Pradella etal. (30).
The human HPRT primer was used as the reference gene for the
reaction (endogenous control). A minimum of 15 ng cDNA per
reaction was used for all genes in order to ensure the efficiency of
the RT-PCR reaction. All cDNAs were placed in a set of primers
and a probe marked with SYBR Green. As for the list of primers,
the following 5´ and 3´ sequences were used: HPRT (forward:
G A C C A G T C A A C A G G G G A C A T , r e v e r s e :
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Brunelli et al. Obesity May Accelerate Immunosenescence
AACACTTCGTGGGGTCCTTTTC); Leptin (forward:
GGCTTTGGTCCTATCTGTCTTATGTTC; reve r s e :
CCTGTTGATAGACTGCCAGAGTCTG); CD27 (forward:
A C T A C T G G G C T C A G G G A A A G C T ; r e v e r s e :
GGATCACACTGAGCAGCCTTTC); CD28 (forward:
GAGAAGAGCAATGGAACCATTATC ; r e v e r s e :
TAGCAAGCCAGGACTCCACCAA); P16INK4a (forward:
G G G G G C A C C A G A G G C A G T ; r e v e r s e :
GGTTGTGGCGGGGGCAGTT ) ; PD – 1 ( f o rw a r d :
C G T G G C C T A T C C A C T C C T C A ; r e v e r s e :
ATCCCTTGTCCCAGCCACTC ) ; I L - 2 ( f o rw a r d :
GAATCCCAAACTCACCAGGATGCTC ; r e v e r s e :
TAGCACTTCCTCCAGAGGTTTGAGT); IL-6 (forward:
G G T A C A T C C T C G A C G G C A T C T ; r e v e r s e :
GTGCCTCTTTGCTGCTTTCAC) ; IL -10 ( fo rward :
C C G T G G A G C A G G T G A A G A A T G ; r e v e r s e :
AGTCGCCACCCTGATGTCTC ) ; I L - 4 f o r w a r d :
AACTTTGTCCACGGACACAAGTGC ; r e v e r s e :
GAATCGGATCAGCTGCTTGTGCCT); CCR7 (forward:
G C C C A G A T G G T T T T T G G G T T C ; r e v e r s e :
GCAAGGTACGGATGATAATGAGG); TNF–a (forward:
C G A G T C T G G G C A G G T C T A C T T T ; r e v e r s e :
AAGCTGTAGGCCCCAGTGAGTT).

Statistical Analysis
Initially, the data was organized according to the following
groups: Obese diabetic (OBD) or Obese without associated
disease (OB) or Eutrophic (E). Then, the data distribution was
tested with the Shapiro-Wilk test. From data distribution
(parametric or non-parametric), verification of normality and
the presence of outliers, the appropriate statistics were applied to
verify the differences between the groups studied: one-way
Analysis of Variance (ANOVA) for the parametric variables
(age, mass, height, waist circumference, VO2max, bench press, leg,
fat mass, fat-free mass, carbohydrate, protein, lipids and total
calories), and when an interaction was observed, Tukey’s post-
hoc test was applied; Kruskal-Wallis test for non-parametric
variables (BMI, blood glucose and gene expression of leptin,
IL-2, IL-4, IL-6, IL-10, TNF-a, PD-1, P16ink4a, CCR7, CD28 and
CD27), and when an interaction was pointed out, Dunn-
Bonferroni’s post-hoc test was applied. The association between
physical fitness and body composition with the gene expression
of the immunosenescence markers used in the present study was
tested by Spearman’s correlation test. All the data were analyzed
using the IBM® SPSS® Statistics 20.0 (IBM Corp. © Copyright
IBM Corporation, USA) software program. The level of
significance was set at p≤ 0.05. All data are presented in values
of mean ± SD.
RESULTS

All volunteers did not perform any systematic physical activities
in the period prior to the study and were classified as irregularly
active according to the Baecke questionnaire, with the times of
weekly physical activity reported as follows: OBD = 65.03 ±
Frontiers in Immunology | www.frontiersin.org 4
8.08 min; OB = 63.13 ± 7.08 min; and E = 68.50 ± 9.30 min.
Furthermore, all volunteers (with the exception of 1 individual in
the E group) presented serum positivity for CMV. Thus, we do
not separate the results between CMV seropositive or
negative individuals.

Table 1 presents the results for anthropometric
measurements, body composition and fasting glucose.
Significant differences were found for weight, BMI, body fat,
fat-free mass, waist circumference and VO2max for OBD and OB
as compared to E (p < 0.0001 for all the comparisons). However,
there were no differences between OBD and OB for these same
variables (p > 0.05). Additionally, as expected, fasting glucose
was significantly higher for OBD as compared to OB (p < 0.0001)
and E (p < 0.0001), without differences between OB and E (p >
0.05). Furthermore, no significant differences were observed in
age, height and 1RM of the bench press and leg press between the
groups studied (p > 0.05).

Table 2 presents the results for dietary intake assessments.
Carbohydrate ingestion was significantly higher for OBD as
compared to OB (p = 0.038) and E (p = 0.001). Additionally,
protein ingestion was significantly lower for OB as compared to
E (p = 0.016). Furthermore, a tendency of higher total caloric
ingestion was observed for OBD (p = 0.063) and OB (0.060) in
comparison to E. There was no significant difference in lipids
ingestion between groups (p > 0.05).

Figure 1 represents the values of quantifications relative (QR) to
endogenous control (HPRT) of the gene expression of the markers
analyzed in the present study. Leptin expression was significantly
higher for the OBD and OB groups compared to E (p = 0.001 and
p = 0.047, respectively; Figure 1A) and also for OBD compared to
OB (p = 0.020; Figure 1A). Additionally, gene expression of IL-2
(p = 0.003 and p = 0.0001, respectively; Figure 1B), IL4 (p = 0.001
and p = 0.011, respectively; Figure 1C), CD27 (p = 0.014 and p =
0.043, respectively; Figure 1D), IL10 (p = 0.001 and p = 0.0001,
respectively; Figure 1E), TNF-a (p = 0.001 and p =
0.029, respectively; Figure 1F), PD-1 (p = 0.006 and p = 0.003,
respectively; Figure 1G), P16ink4a (p = 0.014 and p =
0.029, respectively; Figure 1J) and CCR7 (p = 0.0001 and p =
0.012, respectively; Figure 1K) were significantly higher for OBD
and OB compared to E, with no difference between OBD and OB
for these same variables (p > 0.05 for all the comparisons). On the
other hand, gene expression of IL-6 showed significant higher only
for the OB group compared to E (p = 0.038; Figure 1I), with no
difference when comparing the OBD group to OB (p = 1.00) and E
(p = 0.253). There were no significant differences for CD28 in the
comparison between the groups studied (p> 0.05 for all
comparisons; Figure 1H).

As regards the correlations between the physical fitness and
body composition variables, significant negative correlations
were observed between VO2max and BMI (r = -.504, p =
0.0001) and VO2max and body fat (r = -.762, p = 0.0001). In
addition, a significant correlation was found between VO2max

and fat-free mass (r = .762, p = 0.0001). Furthermore, the
correlations between physical fitness and body composition
with the gene expression of the immunosenescence markers
analyzed in the present study are shown in Table 3.
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DISCUSSION

Over time, scientific evidences have elucidated that obesity is a
complex disorder and a major risk factor for many diseases and
health problems such as cardiovascular diseases, T2D, cancer,
among others (31). Additionally, based on similar characteristics
for cellular senescence as those observed in aging, obesity has
been linked to the development of early immunosenescence and
decreases in life span (12–15, 31). In animal models used in
experimentation, Hunsche et al. (5) observed that macrophage
and lymphocyte chemotaxis, macrophage phagocytosis, NK cell
activity, lymphocyte proliferative response, secretion of IL-1b,
TNF-a, IL-6, IL-2 and IL- 10 in leukocyte cultures, as well as the
antioxidant and oxidative capacity of obese adult rats were
significantly impaired when compared to non-obese adult rats
and similar to elderly rats, thus concluding that obesity can
generate premature immunosenescence that is aggravated as the
obese adult rat ages. In agreement with these finding, studies
have shown that obesity and diabetes accelerate biological ageing
and consequently the appearance of age-related diseases
especially through premature induction of the senescent state
(26, 31–33). Results presented herein show that obesity,
regardless of associated disease (such as type 2 diabetes
mellitus), induces increased gene expression in circulating
leukocytes of markers related to chronic inflammation and to
senescence of the immune system in obese middle-aged
individuals compared to a eutrophic group of the same age.
Furthermore, we observed that obesity could lead to
impairments in cardiorespiratory fitness which has significant
correlations with inflammation and the immunosenescence
markers investigated in the present study.
Frontiers in Immunology | www.frontiersin.org 5
Several studies have shown that the dysfunction in adipose
tissue resulting from obesity leads to a chronic inflammatory
state firstly in all of the adipose tissue but becoming systemic
through the release of pro-inflammatory adipokines and
cytokines such as Leptin, TNF-a, IL-6, IL-8, CRP, MCP1,
among others in the peripheral blood circulation (6–8, 34).
This chronic inflammation associated with obesity directly
impacts innate and adaptive immunity cells with both a pro-
inflammatory orientation of immune cells in the basal state and
results in a decrease in their ability to respond to infection and
re-infection (6, 34). In accordance with the previous statements,
our results showed increases in gene expression both for markers
related to chronic inflammation (leptin, TNF-a, IL-2 and IL-6)
and for markers related to senescence of the immune system
(PD-1, P16ink4a, CCR7 and CD27) in circulating leukocytes of
obese middle-aged individuals when compared to lean
individuals of equal age and similar physical exercise habits,
regardless of having an associated disease. Despite this, we did
not find significant differences as regard CD28 expression.
However, the eutrophic individuals showed a tendency to
express higher levels of CD28, in circulating leukocytes, than
obese and diabetic individuals. Lack of CD28 expression has
been suggested as an important marker of senescent T cells (35).

We also observed that anti-inflammatory markers (as in the
case of IL-10 and IL-4) were more expressed in the circulating
leukocytes of obese individuals with or without diabetes when
compared to lean individuals. This may be explained, in part, by
the overexpression of leptin found in the present study, since the
systemic increase in this adipokine increases the proliferation of
B lymphocytes, decreases its apoptosis and activates its secretion
of cytokines such as TNF-a, IL-6 and IL-10 (36). Additionally,
TABLE 1 | Anthropometric measurements, body composition, functional capabilities and fasting glucose of obese diabetic (OBD) or Obese without associated disease
(OB) or Eutrophic (E) middle-aged individuals.

OBD (n = 17) OB (n = 18) E (n = 18)

Age (years) 52.4 ± 5.0 50.2 ± 5.5 52.5 ± 4.4
Height (m) 1.66 ± 0.08 1.69 ± 0.10 1.69 ± 0.11
Weight (Kg) 88.6 ± 9.3& 93.6 ± 13.3& 68.2 ± 10.1
BMI (kg/m2) 32.3 ± 2.2& 32.5 ± 1.5& 23.8 ± 1.4
Body fat (%) 39.9 ± 6.4& 43.9 ± 7.7& 26.8 ± 8.1
Fat-free mass (%) 60.1 ± 6.3& 56.1 ± 7.7& 73.3 ± 8.0
Waist circumference (cm) 101.6 ± 5.7& 101.3 ± 8.2& 85.1 ± 8.1
Fasting glucose (mg/dL) 142.1 ± 36.6*& 89.3 ± 8.8 87.5 ± 7.6
VO2max (ml/kg/min) 20.92 ± 4.59& 22.43 ± 5.33& 29.30 ± 4.67
1RM – bench press (Kg) 31,5 ± 14,6 31,4 ± 17,8 25,7 ± 13,6
1RM - leg press (kg) 208,8 ± 57,8 204,7 ± 62,5 165,3 ± 46,5
Diabetes duration (years) 5,2 ± 3,1 – –
January 2022 | Volume 12 | A
BMI, body mass index. *Significantly different from OB; &Significantly different from E; p ≤ 0.05.
TABLE 2 | Carbohydrates, protein, lipids and total calories ingestion of obese diabetic (OBD) or Obese without associated disease (OB) or Eutrophic (E) middle-aged
individuals.

OBD (n = 17) OB (n = 18) E (n = 18)

Total calories (Kcal) 1836.4 ± 464.2 2122.0 ± 760.3 1595.8 ± 454.7
Carbohydrates (g) 342.5 ± 91.9*& 250.2 ± 112.2 200.8 ± 71.7
Lipids (g) 62.9 ± 21.4 74.3 ± 33.1 58.4 ± 20.8
Protein (g) 80.1 ± 21.5 70.2 ± 15.1& 96.1 ± 30.0
*Significantly different from OB; &Significantly different from E; p ≤ 0.05.
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IL-4 is one of the signature cytokines of type II inflammatory
response and is the key regulator of activation, growth and
differentiation of lymphocyte functions (37). Furthermore,
studies have shown that IL-4 and IL-13 mediated IL-4 receptor
(IL-4R) signaling in both mouse and human neutrophils inhibits
their migration and effector functions in vitro and in vivo (38–
40). Although IL-4 plays a protective role in inflammation by
suppressing pro-inflammatory cytokine production like IFN-
gamma, TNF-a and IL-1 (41), our results herein may indicate
that obesity can contribute to a cascade of pro-inflammatory
Frontiers in Immunology | www.frontiersin.org 6
cytokines that IL-4 are unable to suppress. Thus, according to
other studies that also found an increase in IL-4 associated with
obesity (42), we speculate that increased expression of IL-4 in the
obese groups compared to lean subjects may be due to a
compensatory mechanism trying to maintain cell functions,
homeostasis and tissue integrity.

In our study, obese middle-aged individuals with T2D or
without any associated disease showed higher expression of
senescent markers such PD-1 and P16ink4a when compared to
lean middle-aged subjects, thus indicating the presence of a
A B D
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J K

C

FIGURE 1 | Gene expression of leptin (A), IL-2 (B), IL-4 (C), CD27 (D), IL-10 (E), TNF-a (F), PD-1 (G), CD28 (H), IL-6 (I), P16ink4a (J) and CCR7 (K) in PBMCs of
obese diabetic (OBD) or Obese without associated disease (OB) or Eutrophic (E) middle-aged individuals.* Significantly different from OB; & Significantly different from
E; p ≤ 0.05.
TABLE 3 | Correlations between physical fitness and body composition with gene expression of the immunosenescence markers of obese diabetic (OBD) or Obese
without associated disease (OB) or Eutrophic (E) middle-aged individuals.

Leptin IL-2 IL-4 IL-10 TNF-a PD-1 IL-6 P16ink4a CCR7 CD28 CD27

BMI Spearman’s correlation .498* .515* .387* .483* .250 .360** .271 .241 .570* -.137 .414*
Sig. (2-tailed) .000 .000 .005 .000 .086 .010 .055 .088 .000 .353 .002

VO2max Spearman’s correlation -.373* -.467* -.305** -.357** -.258 -.321** -.197 -.169 -.485* .148 -.517*
Sig. (2-tailed) .007 .001 .033 .012 .083 .026 .175 .246 .000 .327 .000

Chest press Spearman’s correlation .051 .101 .038 .251 .212 -.012 .077 .255 .125 .187 -.018
Sig. (2-tailed) .726 .495 .795 .082 .157 .933 .602 .077 .404 .220 .904

Leg press Spearman’s correlation .171 .206 .157 .353** .191 .074 .112 .170 .258 .063 .067
Sig. (2-tailed) .239 .166 .292 .014 .209 .619 .455 .249 .084 .682 .653

Body fat Spearman’s correlation .488* .439* .339** .339** .256 .395* .194 .164 .369** -.147 .456*
Sig. (2-tailed) .000 .002 .018 .018 .089 .006 .186 .265 .011 .330 .001

Fat free mass Spearman’s correlation -.487* -.437* -.337** -.338** -.252 -.395* -.197 -.162 -.369** .144 -.456*
Sig. (2-tailed) .000 .002 .019 .019 .095 .006 .180 .272 .011 .341 .001
Ja
nuary 2022
 | Volume 12
 | Article 8
*Correlation is significant at the 0.01 level (2-tailed); **Correlation is significant at the 0.05 level (2-tailed); n=53.
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premature immunosenescence associated with obesity once PD1
is primarily associated with immune exhaustion (43). In
agreement with our results, Wang etal. (44) demonstrated for
the first time that obesity increases T cell aging resulting in
higher PD-1 expression and dysfunction, which is driven, at least
in part, by leptin signaling. In addition, the expression of P16ink4a

increases markedly with aging in most mouse tissues and in
human skin and kidney tissues (45, 46), which suggests the
importance of this tumor suppressor in aging and senescence
(47, 48). In addition, overexpression of P16ink4a has been
reported in senescent fibroblasts (49), in response to oxidative
stress (50, 51), DNA damage and changes in the structure of
chromatin (52, 53). However, there is currently no complete
understanding of the signs that trigger senescence and, although
P16ink4a appears to be one of the main factors in senescence,
more information is needed to determine the exact role of each
factor in this process (54). Thus, the involvement of PD-1 and
P16ink4a during inflammation may contribute to increased cell
senescence in obesity and type 2 diabetes (55).

The co-receptors CD28 and CD27 have frequently been used
to define sub-populations of memory cells, and historically,
down-regulation of CD28 was typically associated with loss of
functionality, especially with a diminished proliferative capacity
and loss of telomeres (56). Although the loss of the co-receptors
CD27 and CD28 can be considered to be indicative of impaired
telomere function in T cells and denotes progression towards
replicative senescence (57), Colonna-Romano etal. (58) have
reported an increase in the percentage of CD27+ B cells and
NK cells during aging. Thus, since CD28 expression in our study
trend to be lower in the obese groups, we speculate that chronic
inflammation associated with obesity increases successive rounds
of T cell proliferation and may induce exhaustion in memory
CD8+ T cells, since these cells tend to lose CD28 expression
before losing CD27 (57). Additionally, diet-induced obesity does
not appear to affect the maintenance of pre-existing long-term
memory CD8 + CD27 + T cells, as well as their cytokine
production and functions (59). In this regard, since our results
point to a negative correlation between the values of VO2max and
CD27 expression, it is possible to infer that the persistence of
CD27 + cells have some involvement in the context of
dysregulation of the respiratory parameter in a systemic
inflammatory process as observed in obesity.

Another interesting result found in our study was the higher
expression of CCR7 in the obese groups when compared to the
lean subject. CCR7 is expressed mainly in including naïve T cells,
central memory T cells, regulatory T cells, naïve B cells, semi-
mature/mature DCs and NK cells, and a minority of tumor cells,
and it acts as a key regulator guiding homeostatic lymphocytes to
secondary lymphoid organs (60). Studies have shown that CCR7
expression is elevated in response to hypoxia conditions (60) and
different types of cancer (61, 62). Through the use of animal
models, it was possible to demonstrate the involvement of CCR7
in the process of chronic inflammation and insulin resistance.
Obese mice knocked out for CCR7 -/- show a decrease in the
accumulation of immune cells in adipose tissue, and
consequently reduced inflammation. This observation, in turn,
Frontiers in Immunology | www.frontiersin.org 7
is related to increase in glucose uptake in these animals;
suggesting that cell migration of CCR7 + populations should
influence the local inflammatory process (63).

It must be taken into consideration that this study is not
without limitations. First, the lack of specificity of the
immunosenescence markers since we did not evaluate the
immunophenotyping of circulating lymphocyte subsets.
Furthermore, the lack of assessments of protein levels for the
soluble mediators coded by the investigated genes and their
possible correlations between RNA expression in PBMC and
serum/plasma protein levels could bring a better understanding
of the effects of obesity to associated early immunosenescence.
However, other studies have already demonstrated that the
upregulation of gene expression levels of most adipokines in
PBMC is associated with their circulating concentrations,
suggesting the contribution of these type of cells to the
increased circulating levels in obesity states (64–66).

In conclusion, obesity, regardless of associated disease,
induces increased gene expression of markers associated
with inflammation and immunosenescence in circulating
leukocytes in obese middle-aged individuals compared to a
eutrophic group of the same age. Additionally, the increase in
adipose tissue and consequently in chronic inflammation
and early senescence of the immune system can lead to
impairments in the cardiorespiratory capacity of obese middle-
aged individuals.
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