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Abstract: Background: Obesity constitutes a chronic, low-grade inflammatory status that predisposes
people to the development of insulin resistance and cardiometabolic complications. Hypoxia, a main
pathological feature of visceral fat in obese individuals, has been shown to affect the secretome of
murine 3T3-L1 adipose cells, causing the upregulation of prothymosin-alpha (ProT-«), which is a
protein with immunomodulatory functions that was originally found in the thymus. The aim of
this case—control observational study was to measure the circulating levels of ProT-« in obese and
lean individuals and determine whether such levels are correlated with inflammatory and metabolic
parameters. Methods: Sixty-one obese patients (BMI > 30 Kg/m?) and fifty-one age-matched, lean
controls (BMI 18.5-24.9 Kg/ m?2) were recruited in the Endocrinology Unit (“Mater-Domini”) of
the University Hospital of Catanzaro, Italy. The exclusion criteria included affliction with acute
and systemic inflammatory states (i.e., leukocytosis), recent infectious diseases or vaccinations,
obesity complications (i.e., type 2 diabetes mellitus and cardiovascular diseases), hepatic or renal
failure, pregnancy and lactation, cancer, use of drugs or alcohol, and smoking. Apart from routine
biochemical determinations, serum samples were screened for the presence of ProT-« using an
ELISA method and for the presence of a panel of inflammatory cytokines and growth factors via
a multiparametric chemiluminescence micro-array. Results: Between the age-matched groups, no
statistically significant differences were shown in relation to fasting glucose, HbAlc, liver function
tests, lipid profiles, circulating interleukins (IL)-1e, -1f3, -2, -4, -8, and -10, MCP-1, TNF-«, VEGF and
EGE. Instead, significantly higher median levels were observed in obese patients vs. lean controls with
respect to fasting insulin levels (p < 0.001), a classic insulin resistance marker, and IL-6 (p = 0.004). In
addition, ProT-« levels were significantly and considerably higher in obese patients compared to lean
controls (median ProT-«, 600.0 vs. 411.5 pg/mL, p = 0.004) and showed a moderate to strong positive
relationship with fasting insulin levels and selected cytokines (i.e., TNF-« and IL-8). Conclusions: An
increase in circulating levels of ProT-« is linked with obesity and can be detected before any clinical
cardiometabolic complications develop. ProT-« may represent a novel and sensitive biomarker for
inflammation and insulin resistance in obese individuals.
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1. Introduction

Obesity is an exponentially increasing public health problem in Western countries
that predisposes individuals to several life-threatening disorders, including type 2 diabetes
mellitus, atherosclerotic cardiovascular diseases, and some kinds of cancers [1,2]. The global
challenge posed by the dramatic rise in obesity and its co-morbidities has produced several
studies aiming to acquire a deeper understanding of the currently unexplored biological
effects of adipose tissue in humans, i.e., transcending its classical role as a fat reservoir for
energy storage. In the last few decades, many important investigations have attributed a
novel, active role to adipose cells in the biosynthesis and secretion of several molecules, col-
lectively named adipokines, that have different functions, roles, and impacts at the systemic
level [3,4]. Among the most significant of these cells are leptin, adiponectin, interleukin-6
(IL-6), and tumor necrosis factor-alpha (TNF-«), which have major effects on insulin sen-
sitivity and glucose metabolism [4,5]. Even if the identification and characterization of
new biomolecules originating from adipose tissue are still ongoing, it has been widely
demonstrated that in obese individuals, many adipokines are dysregulated and contribute
to the development of chronic, low-grade inflammation; insulin resistance; thrombophilia;
and atherogenesis, all of which being conditions underpinning the pathophysiology of
obesity-related complications [1,2,6].

In the context of obesity, hypoxia has been implicated as a crucial, early trigger in the
switch to a less favorable adipokine profile in animal models and humans [7,8], wherein
hypoxia-inducible factor-1 (HIF-1) acts as the master regulator, at the transcriptional level,
of the molecular effects linked to hypoxia [9,10]. Molecular changes due to hypoxia sustain
inflammation and insulin resistance, which are two important features commonly observed
in obesity [7,11].

In an attempt to contribute to the identification of new molecules of interest with
respect to obesity, our group previously analyzed differentially expressed proteins in the
secretome of hypoxic vs. normoxic cultured murine differentiated 3T3-L1 adipose cells and
identified prothymosin-alpha (ProT-«) as numbering among the upregulated proteins in
cases of hypoxia [12].

ProT-oc is a small acidic protein encoded in humans by the PTMA gene that was initially
identified in the thymus but is also expressed in many mammalian cells [13,14]. Among
its multifaceted activities, it plays a role in inflammation by enhancing T-helper type 1
(Th1) adaptive immune responses and stimulating the differentiation of monocytes into
dendritic cells and their production of pro-inflammatory cytokines in vitro. [15]. Moreover,
it has been proven to stimulate cell proliferation and inhibit apoptosis and oxidative
stress [13,16]. The peculiar pleiotropic effects of ProT-u are evidenced by the variety of its
cellular action sites, being the main localization within the nucleus, in which ProT-« plays
a role in the compaction of chromatin by interacting with the histone H1, but also within
the cytoplasm and even the extracellular compartment. In the latter case, ProT-«, which
lacks a signal peptide, functions like many molecules termed “alarmins”; it is released
after degranulation, cell death, injury, or following immune stimulation to help orchestrate
the immune response [17]. One of its mechanisms of action is related, through toll-like
receptor 4 (TLR4), to the activation of NF-kB, which is the main transcriptional mediator of
inflammation [18].

To the best of our knowledge, even if adipose tissue has been previously described
as a source of ProT-o [14] and an increase in ProT-« has been reported in a surrogate
in vitro model of obesity (i.e., hypoxic 3T3-L1 adipose cells) [12], little is known about the
circulating levels of this biomolecule in obese patients, in which ProT-o could theoretically
promote the low-grade, chronic inflammation that typically characterizes obesity.
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The aim of this study is to investigate ProT-o levels in patients with obesity and
to evaluate this protein in terms of its role as a potential biomarker in obesity-related
inflammatory states.

2. Materials and Methods
2.1. Study Participants

For this case-control observational study, 61 obese patients and 51 lean, age-matched
controls of both genders were consecutively recruited at the Endocrinology Unit outpatient
service of the “Mater-Domini” University Hospital of Catanzaro, Italy, from June 2022
to February 2023. Inclusion criteria were as follows: age of 18-55 and body mass index
(BMI) > 30 Kg/ m? (obese patient group) or between 18.5 and 24.9 Kg/ m? (lean control
group). Exclusion criteria were as follows: known chronic or acute inflammatory states,
including autoimmune disorders, erythrocyte sedimentation rate (ESR) > 30 mm/h, leuko-
cytosis (white blood cell count (WBC) > 10.0 x 10°/mL), diagnosis of type 2 diabetes
mellitus (according to American Diabetes Association criteria [19]), hepatic or renal fail-
ure, cancer, hypertension, history of cardiovascular events or instrumental evidence of
atherosclerotic vascular lesions, pharmacological treatments (only hormonal substitution
therapy, such as L-thyroxine for managing non-autoimmune subclinical hypothyroidism,
was admitted), smoking, and consumption of alcohol. Potential participants who had
received vaccinations or were aware of having contracted systemic infection diseases, in-
cluding the novel coronavirus disease COVID-19 [20], within the last 30 days were excluded
from the study. In addition, to mitigate the possible impact of circulating estrogens and
other sex hormones on the cellular immune responses and production of pro-inflammatory
molecules [21], including ProT-« [22], women who were either pregnant, lactating, or
experiencing menopause were prevented from participating in the study.

On the morning of enrollment, after fasting for at least 8 h, patients and controls
underwent a clinical examination, which included the recording of anthropometric param-
eters and blood pressure measurement, phlebotomy for blood collection, and laboratory
assessments, as detailed in the next section.

2.2. Laboratory Assessments

Venous blood of fasting participants was collected and immediately processed to
determine WBC count via the blood analyzer ADVIA 2120i (Siemens Healthcare Diagnos-
tics, Berlin, Germany) and for routine biochemical analysis, for which parameters such
as glycemia, insulin, glycated hemoglobin (HbAlc), liver function tests (AST, ALT, and
vGT), total cholesterol, HDL-cholesterol, triglycerides, ESR, and creatinine were inves-
tigated. Serum aliquots, obtained following centrifugation, were frozen and stored at
—80 °C for further determination of ProT-« and cytokines/growth factors. HbAlc analy-
sis was carried out using an affinity boronate chromatographic method performed using
Hb9210, (Menarini Diagnostics, Florence, Italy), insulin analysis was performed using
an immunochemiluminescent method carried out on ADVIA Centaur XP (Siemens, Ger-
many), and glycemia, AST, ALT, yGT, creatinine, ESR, and lipid profile analyses were
performed using a Cobas 8000 (Roche Diagnostics, Switzerland). ProT-« levels were deter-
mined using an ELISA method with the human Prothymosin-alpha kit from MyBiosource
(MyBioSource Inc., San Diego, California, United Stated) on the Triturus analyzer (Diagnos-
tics Grifols, S.A., Barcelona, Spain). Intra-assay and inter-assay precision were <8% and
<10%, respectively, while the reported sensitivity was 3.9 pg/mL. Cytokines and growth
factors (IL-1«, IL-13, IL-2, IL-4, IL-6, IL-8, IL-10, monocyte chemoattractant-1 (MCP-1),
TNF-«, epidermal growth factor (EGF), and vascular endothelial growth factor (VEGF))
were determined via a multiparametric chemiluminescent method using Cytokine Array
I (Randox Labs, Dublin, Ireland) and the Evidence Investigator analyzer, as previously
described [23]. Concentrations below the limit of quantification (LOQ) are indicated with
zero. All assays were performed using the recommended reagents and according to the
manufacturers’ instructions.
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2.3. Statistical Analysis

Continuous traits were expressed as medians and interquartile ranges (IQR), while
categorical traits were expressed as numbers and percentages. The Mann-Whitney U test
was used to determine if there was a significant difference in the continuous variables
between obese patients and lean controls. The Chi-square test was used to compare propor-
tions. To investigate the relationship between ProT-o and obesity and its related known
inflammatory clinical and biochemical parameters that suggest a high cardiometabolic
risk [10], a series of Pearson’s correlation analyses were performed. To confirm that ProT-o
is associated with increased serum fasting insulin levels [24], linear regression analysis was
performed, adjusting for potential confounding factors. The dependent and independent
variables were log-transformed, and the assumption of residuals’ normality was checked
by visually inspecting the Q-Q plot distribution. A significance level of 0.05 was set for all
analyses. Data were analyzed using JASP Graphical Statistical Software Version 0.17.1.0
(University of Amsterdam, Amsterdam, Netherlands) based on R Stats packages.

3. Results
3.1. Clinical and Biochemical Features of the Study Participants

Even though patients with complicated obesity were prevented from participating
in this study (as shown in Table 1), the case and control groups differed with respect to a
number of clinical and biochemical variables that negatively affect cardiometabolic risk.
With the exception of weight and BMI, which were indicative of the inclusion criteria
of the study and the appropriate selection of patient groups, obese individuals had, on
average, higher systolic blood pressure levels (median systolic pressure: 128 vs. 110 mmHg,
p = 0.016) and a tendency for higher diastolic blood pressure compared to lean individuals
of the same age. These findings are consistent with the idea that obesity may lead to a more
rapid progression to hypertension and cardiovascular damage [1,2,6]. In addition, obese
patients had higher fasting insulin levels (median insulin, 20.0 vs. 8.0 pU/mL, p < 0.001)
and higher HOMA-IR indices (median HOMA-IR, 4.5 vs. 1.6, p < 0.001), suggesting that
they were efficiently compensating for insulin resistance by producing more insulin in order
to maintain glucose homeostasis. In fact, the fasting glucose levels and HbAlc fractions
were similar between the two patient groups and well below the diagnostic thresholds for
type 2 diabetes mellitus [19]. Additionally, there were no significant differences in the liver
function tests or lipid profiles (Table 1). However, obese patients tended to have lower
HDL cholesterol and higher triglyceride levels, which may indicate an initial metabolic
impairment that could lead to the development of metabolic syndrome over time.

The WBC counts did not indicate that there were any significant differences between
the two groups. However, the obese patients displayed marginally elevated rates of
erythrocyte sedimentation, despite the fact that the values fell within the normal range
(median ESR, 8 vs. 2, p < 0.001).

3.2. Cytokines, Growth Factors, and ProT-a as Markers of Inflammation and Insulin Resistance in
Obese Individuals

While searching for novel biomarkers of inflammation in obese individuals, we mea-
sured the circulating ProT-o levels together with selected cytokines (IL-1«, IL-1f3, IL-2,
IL-4, IL-6, IL-8, IL-10, MCP-1, and TNF-«) and growth factors (EGF, VEGF) that originate,
among other tissues, from visceral fat and are potentially linked with insulin resistance [10].
As shown in Table 2, no significant differences in the levels of serum cytokines and growth
factors could be observed between the obese patients and lean controls, with the exception
of the levels of IL-6 (median IL-6, 3.1 vs. 1.3 pg/mL, p = 0.004) and a trend for higher levels
of VEGF in the obese group. Remarkably, ProT-« levels were significantly and consider-
ably higher in the cases compared to the controls (median ProT-«, 600.0 vs. 411.5 pg/mL,
p = 0.004), thus supporting the original hypothesis that increased secretion of this protein
from visceral adipocytes might occur under the hypoxic conditions of obesity [12].
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Table 1. Clinical and biochemical characteristics of study participants grouped into obese patients
and lean controls.

Lean Controls (n = 51) Obese Patients (n = 61) p Value
Female gender, N 27 (52.9%) 45 (75.0%) 0.015
Age, years 33 (30-40) 33 (28-41) 0.690
Weight, Kg 60.0 (53.0-67.5) 99.0 (89.3-117.8) <0.001
BMI, Kg/m? 21.9 (20.0-23.3) 37.5(33.3-42.0) <0.001
Systolic pressure, mmHg 110 (110-122) 128 (120-134) 0.016
Diastolic pressure, mmHg 80 (75-80) 80 (80-88) 0.080
Glucose, mg/dL 88.0 (82.5-91.0) 90.0 (85.5-98.0) 0.087
Insulin, pU/mL 8.0 (5.3-10.0) 20.0 (12.0-26.0) <0.001
HOMA-IR 1.6 (1.0-2.2) 4.5 (2.7-6.5) <0.001
HbAlc, % 53 (5.2-5.4) 5.3 (5.1-5.5) 0.684
AST,U/L 15 (15-16) 17 (14-23) 0.455
ALT, U/L 19 (17-20) 19 (14-27) 0.949
vGT, U/L 29 (22-35) 18 (13-29) 0.486
Total Cholesterol, mg/dL 184.0 (153.7-215.3) 166.0 (152.0-186.0) 0.692
HDL Cholesterol, mg/dL 59.0 (52.0-68.0) 45.0 (38.0-49.0) 0.072
Triglycerides, mg/dL 81.0 (67.8-98.8) 106.0 (82.0-145.0) 0.210
Creatinine, mg/dL 0.74 (0.63-0.82) 0.69 (0.61-0.77) 0.761
WBC, 106 /mL 5.5 (4.6-7.0) 5.1 (4.1-5.8) 0.133
ESR, mm/h 2 (2-5) 8 (5-16) <0.001

Data are expressed as medians (IQR) or as N (%). Differences between patient groups were compared using the
Mann-Whitney U test or the Chi-square test as appropriate. Bold values denote statistical significance at p < 0.05.
HOMA-IR, the homeostasis model assessment of insulin resistance, was calculated using the following formula:
glucose (mg/dL) x insulin (uU/mL)/405 [25].

Table 2. Serum levels of cytokines, growth factors, and prothymosin alpha (ProT-).

Lean Controls (n =51) Obese Patients (n = 61) p Value
IL-1e, pg/mL 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.828
IL-1B, pg/mL 0.0 (0.0-0.9) 0.0 (0.0-0.0) 0.433
IL-2, pg/mL 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.457
IL-4, pg/mL 0.0 (0.0-1.5) 1.4 (0.3-1.7) 0.269
IL-6, pg/mL 1.3 (1.1-1.9) 3.1 (2.3-4.5) 0.004
IL-8, pg/mL 19.6 (6.4-38.1) 18.8 (10.0-55.9) 0.565
IL-10, pg/mL 0.0 (0.0-1.2) 0.0 (0.0-1.2) 0.906
MCP-1, pg/mL 263.8 (228.1-290.1) 259.0 (199.5-303.5) 0.838
TNF-«, pg/mL 8.0 (0.0-11.9) 3.7 (3.0-5.4) 0.239
EGF, pg/mL 172.7 (94.3-179.4) 140.7 (103.3-151.5) 0.838
VEGE, pg/mL 101.1 (69.1-193.9) 203.9 (166.9-305.0) 0.061
ProT-«, pg/mL 411.5 (267.3-663.0) 600.0 (395.8-915.8) 0.004

Data are expressed as medians (IQR). Differences between patient groups were compared using the Mann-Whitney
U test. Bold values denote statistical significance at p < 0.05.

Considering the immunomodulatory function of ProT-« and its theoretical potential
to promote the low-grade, chronic inflammatory status that predisposes obese individuals
to cardiometabolic risk, we performed a series of Pearson’s correlation analyses of this
protein and the clinical and biochemical markers relevant to inflammation and/or insulin
resistance. While the obese patients showed a slight but significant increase in levels of
cytokine IL-6 compared to the lean controls, there was no correlation between ProT-«
levels and this inflammatory marker. This suggests that ProT-« might have a modulatory
influence on inflammatory pathways different from those related to IL-6. The data shown
in Table 3 indicate that there is a moderate to strong positive relationship between ProT-«
and TNF-o (r = 0.561, p < 0.01), between ProT-« and IL-8 (r = 0.491, p < 0.01), and between
ProT-« and fasting insulin levels (r = 0.351, p < 0.01). The significant negative association
between ProT-a and age was lost when only female participants were examined in the
correlation analysis, thus correcting the imbalance in sex distribution that existed between
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cases and controls. In this regard, it is important to note that before their menopausal
transition, women are typically less likely to experience cardiovascular morbidity as a
result of obesity. When compared to men, the appearance of atherosclerotic vascular lesions
can be delayed by approximately ten years in women [26]. Gender-related factors affecting
the incidence and severity of cardiometabolic diseases may have contributed to the higher
enrollment rate of eligible female participants in the (uncomplicated) obese patient group
compared to the lean control group (75.0% vs. 52.9%, p = 0.015) (Table 1). However, the
possibility that female gender may influence cardiometabolic risk in obesity through a
distinct modulation of immune functions, possibly related to estrogens and other sex
hormones, cannot be excluded [21,27], as only women presented evidence of a significant
positive moderate association between ProT-« and IL-10 and between ProT-« and BMI
(r = 0.340 for both, p < 0.05) (Table 3).

Table 3. Correlation analysis concerning ProT-« and clinical and biochemical parameters of inflam-
mation and insulin resistance.

BMI Insulin IL-1x IL-1B3 IL-2 IL-4 IL-6 IL-8 IL-10 MCP-1 TNF-« EGF VEGF
ProT-o 0.214 0.351 ** 0.208 —0.137 0.171 —0.268 —0.090 0.492 ** 0.149 0.010 0.561 ** 0.240 0.259
ProT-o § 0.340 * 0.285* 0.199 —0.173 0.159 —0.385 —0.153 0.513 * 0.340 * 0.124 0.603 ** 0.303 0.184

Pearson’s coefficients are shown. § only female participants were included in correlation analysis. * indicates
p < 0.05; ** indicates p < 0.01.

Finally, to confirm the relationship between ProT-« and insulin resistance, linear re-
gression analysis was conducted, adjusting for age and gender as the potential confounding
factors and using fasting insulin levels as the dependent variable (Table 4). Increments
in circulating ProT-o were again found to relate, possibly with causality, with increments
in fasting insulin levels (standardized {3 = 0.443, p = 0.002). Hyperinsulinism is a known
compensatory mechanism for insulin resistance during the progression from obesity to the
early onset of type 2 diabetes mellitus. Additionally, it is a major factor contributing to the
increased risk of cancer and cardiovascular complications in obese individuals [28]. By
understanding the pro-inflammatory biomolecules that contribute to the initial disruption
of insulin signaling, we may be able to diagnose and manage insulin resistance in obese
individuals more effectively.

Table 4. Linear regression analysis elucidating the positive association between ProT-« and fasting
insulin levels.

Standardized 3 t Value p Value
ProT-a 0.407 3.650 <0.001
ProT-o * 0.443 3.263 0.002

* Age and gender were added as covariates in the adjusted regression model. Bold values denote statistical
significance at p < 0.05.

4. Discussion

The discovery of molecules that could represent useful clinical tools and/or contribute
to our knowledge of the pathogenetic mechanisms of diseases is an important issue in
biomedical research [29,30]. Since obesity predisposes individuals to metabolic and car-
diovascular risks without showing prodromal symptoms, investigations on potentially
relevant biomarkers predicting the its evolution into obesity-associated comorbidities could
eventually represent a big challenge in terms to improve surveillance and clinical care. In
this context, using proteomic strategies, our group previously identified ProT-« to num-
ber among the upregulated proteins in a surrogate in vitro model of obesity [12]. In this
observational study, we tested serum ProT-« protein levels in obese vs. lean patients and
demonstrated significantly higher circulating levels of ProT-« in the obese individuals.

It has been demonstrated that ProT-« is a pleiotropic protein, with a role in the modu-
lation of immune responses, proliferation/apoptosis, oxidative stress, neuroprotection, and
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cancer [16,31-33]. The molecular mechanisms linking ProT-o to these processes are known
to be mediated by a variety of protein—protein interactions [31,33-35].

Transgenic mice overexpressing ProT-« have been reported to develop pulmonary
emphysema [36] and polycystic kidney disease [37], while the administration of either
ProT-« or a mimetic hexapeptide has been shown to protect against brain damage in a
mouse model of cerebral ischemia [38]. In addition, of relevance to this work, a study
evidenced that transgenic mice overexpressing ProT-a become insulin-resistant and that
the inhibition of ProT o« using a lentiviral vector in mice fed a high fat-diet can prevent
this condition [39]. In the same report, higher levels of serum ProT-« compared to control
subjects were found in patients with type 2 diabetes mellitus, even after adjustment for
BMI [39]. However, even if we found a correlation between fasting insulin levels and
ProT-«, thus confirming the association between ProT-« and insulin resistance, unlike the
cited study, our major focus was on obesity, as we enrolled obese individuals who had
not yet developed glucose homeostasis issues. Furthermore, our data indicate that the
circulating levels of ProT-« may be affected by gender, which could help explain why the
clinical manifestations of obesity differ between men and women [40]. This result parallels
what is seen in chronic cardiovascular inflammatory lesions unrelated to insulin resistance
(i.e., theumatic heart valve disease), where ProT-« plays a role in orchestrating autoimmune
responses associated with estrogen receptor alpha activity [41].

TLR-4 is an important mediator of both insulin resistance and inflammation [42].
Previous studies have proven its crucial molecular role with regard to adipose cells/tissue
in vitro in cultured 3T3-L1 adipocytes and in vivo in TLR-4 knock-out animal models [42,43].
Although several mechanisms may contribute to these strictly associated conditions, a
major consideration is that ProT-c;, a known ligand of TLR-4 [18], may induce inflammation
and insulin resistance through TLR-4 and a downstream NF-kB-dependent pathway. In
addition, while adipose tissue hypoxia precociously induces both NF-kB and ProT-o expres-
sion [44], ProT-« has been shown to functionally cooperate with this factor and to enhance
its pro-inflammatory role by promoting NF-kB translocation to the nucleus [39]. Triggering
NF-kB activation has important implications for both metabolic disorders and cancer [28].
High abundance of circulating ProT-a may potentially contribute to the development of
cancer among individuals with insulin resistance, although more research is needed to fully
understand the causal mechanisms linking insulin resistance and cancer, both of which
obese patients are particularly predisposed to develop [28].

Another crucial way to contribute to inflammation is that ProT-o« (or its immuno-
active carboxyl-terminal peptide) modulates the immune response via the maturation
of monocytes into monocyte-derived dendritic cells, with the production of cytokines,
whose favorable milieu may ultimately promote lymphocyte activation [17,32]. In this
regard, since the adipose tissue of the obese compared to the adipose tissue of the lean is
more infiltrated by macrophages (with the prevalent M1 phenotype), dendritic cells, and
Th1 and Th17 lymphocytes [45], it is plausible that ProT-«, which is secreted by hypoxic
adipocytes [12], may also influence adipose tissue inflammation by contributing to the
abundance and phenotypic and functional properties of resident immune cells. In this
sense, the positive correlation between ProT-«, TNF-«, and IL-8 presented in our study
suggests the potential for the polarization of lymphocytes toward a pro-inflammatory Th1
response [46] and the infiltration of M1 phenotype macrophages [47].

Interestingly, when we determined some of the relevant biochemical markers of
obesity-related inflammation among obese and lean groups, with the exception of IL-6,
we did not find significant differences in circulating cytokines and growth factors but
only an increasing trend in obese individuals with regard to VEGF, whose expression in
the adipose tissue is controlled by hypoxia via HIF-1 activation [9,10]. This finding can
be explained, at least in part, by the limited sample size of the study cohorts, but it is
predominantly explained by the relatively young age of both the cases and controls and
the strict selection criteria, whose aim was to exclude overt inflammatory conditions and
obesity-related cardiometabolic comorbidities. In fact, while we previously reported that
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obese, hypertensive, and dyslipidemic patients who undergo bariatric surgery have higher
levels of circulating inflammatory cytokines and growth factors (which negatively affect
insulin signaling and glucose metabolism) than lean controls [10], these results were not
confirmed in other studies of our group addressing obesity, in which the limited number
of cases, and their mild clinical manifestations of cardiometabolic impairment, may have
affected significance [48,49]. These data, however, further emphasize our findings on ProT-
o, which can be seen as a potentially more sensitive marker of obesity-related inflammation
and insulin resistance compared to more conventional parameters. In this regard, it is worth
noting that even in the absence of systemic autoimmune and rheumatic disorders, obesity
may skew the traditional indicators of inflammation, such as ESR, and this phenomenon is
more pronounced in women [50]. However, factors other than pro-inflammatory cytokines,
such as paraproteins and erythrocyte morphology, may contribute to the increase in ESR
and adiposity may not be the primary cause per se [51].

The major limitations of this work include the relatively small sample size of our
cohorts and the study’s cross-sectional design. Moreover, the inability to detect certain
cytokines in the bloodstream of these asymptomatic individuals, even with the utilization
of a highly sensitive chemiluminescent method, might have inflated the statistical power of
the correlation analysis. However, this represents a pilot study, and as such, it is designed
to obtain proof-of-concept that may lead to further research. In contrast, a strength of the
study is the fact that—to the best of our knowledge—it represents the first report concerning
the measurement of ProT-o in obese individuals. The fact that this parameter increases in
obese individuals, whereas many relevant parameters—including metabolic indices—do
not, encourages further studies aiming to validate this molecule as a novel biomarker that
could be potentially useful for following up and properly treating obese patients.

5. Conclusions

Our data indicate that ProT-« is a novel, sensitive biomarker of inflammation and
insulin resistance associated with obesity. Further studies are necessary to validate these
findings in a larger population and in appropriate clinical settings to better evaluate their
potential clinical use.
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