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Abstract

Background The fat storage capacity of the adipose tissue prevents ectopic lipid deposition, which is one of the risk factors
for metabolic abnormalities in obesity. This capacity depends upon the adipogenic gene expression and blood supply provi-
sion for tissue expansion through angiogenesis. Here, we studied hyperplasia/hypertrophy of subcutaneous white adipose
tissue (scWAT) concerning adipogenic gene expression, angiogenic status, and metabolic parameters in non-obese and dif-
ferent classes of obese individuals.

Methods The scWAT samples were collected from 80 individuals. The anthropometric parameters, adipose tissue cell size,
serum biochemistry, ER stress-induced XBP1 splicing, PPARy2, SFRP1, WNT10B, and VEGFA gene expression levels
were studied. In addition, the CD31 level was investigated by Western blotting.

Results The obese individuals had greater waist circumferences and higher serum TG, TC, insulin, and HOMA-IR than the
non-obese group. However, the largest adipocyte size, increased TNFa, insulin, and HOMA-IR, and the highest expression
level of sXBP1, WNT10B, and VEGFA were observed in Class I obese individuals. It means that inflammation, insulin resis-
tance, and ER stress accompany hypertrophic scWAT adipocytes with limited adipose tissue expansion ability. Furthermore,
the Class I1+11I obese individuals showed high PP4Ry2 expression and CD31 levels. There is adipogenesis through hyper-
plasia in this group. The SFRP1 expression was not significantly different in the studied groups.

Conclusion The results suggest that the capability of adipogenesis with inadequate angiogenesis is related to the metabolic
status, inflammation, and ER function. Therefore, therapeutic strategies that support both angiogenesis and adipogenesis can
effectively prevent the complications of obesity.
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Introduction

Obesity is a common global health problem. The exces-
sive fat deposition can be in subcutaneous white adipose
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the subcutaneous adipose tissue development mechanisms
could identify adipose tissue targets for treating metabolic
diseases.

Angiogenesis is a major molecular event pivotal in adi-
pose tissue enlargement. It is mainly regulated by the vas-
cular endothelial growth factors (VEGFs) secretion and
stimulation of endothelial cell proliferation of the exist-
ing blood vessels [4, 5]. Due to the excess caloric intake,
adipose tissue can undergo rapid expansion. Due to the
inability of the vasculature to keep pace with tissue growth,
like a rapidly expanding tumor mass, obese adipose tissue
becomes hypoxic. The hypoxic condition causes an increase
in the level of hypoxia-inducible factor-1a (HIF-1a) expres-
sion. It has been reported that HIF1a induces fibrosis and
inflammation in adipose tissue. [6]. Therefore, alternative
mechanisms, other than HIF-1a, are involved in the stimula-
tion of VEGFA production in adipose tissue.

Recent studies have shown the role of unfolded protein
responses (UPR) due to the endoplasmic reticulum (ER)
stress and Wnt signaling pathways in the process of angio-
genesis in different tissues [7, 8]. The X-box 1 binding pro-
tein (XBP1) is a central component of the UPR pathway
following ER stress, activating target gene expression as a
transcription factor. In this process, XBP1 mRNA splicing
to the active sXBP1 form mediates the production of pro-
teins associated with protein folding and endoplasmic retic-
ulum biogenesis [9]. In addition, XBP1 is involved in many
biological processes beyond the unfolded protein responses,
such as cellular differentiation, metabolism, insulin activity,
and inflammation [10]. The sXBP1 was also associated with
angiogenesis by binding to the VEGFA promoter and tran-
scription initiation in different tissues. However, the angio-
genic effect of this protein in adipose tissue is unknown [8].

Among the numerous Wnt pathway ligands in adipose
tissue, WNT10b is the dominant ligand. The binding of a
WNT-protein ligand to a Frizzled family receptor activates
Wnt pathways that lead to the regulation of gene transcrip-
tion through B-catenin activation. The Wnt pathways govern
many biological processes [11]. WNT10b regulates adipo-
genesis in adipose tissue by inhibiting adipogenic transcrip-
tion factors associated with obesity [12, 13]. Besides, the
Wnt pathway is active in endothelial cells, and B-catenin
binding sites in the VEGFA gene promoter regulate endo-
thelial cell proliferation and angiogenesis [14]. Wnt sig-
naling is antagonized at several levels. One group of these
antagonists secreted frizzled-related proteins (SFRPs). At
least five structurally similar SFRPs have been identified.
One is SFRP1, whose expression is altered in obese murine
and human scWAT. The SFRP1 / mice display reduced fat
mass [15].

This study aimed to investigate adipose tissue expansion
(adipogenesis level) and adipocytes size concerning PPARy2
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and WNT10b gene expression as regulators of adipogenesis;
XBP1 expression as a marker of ER stress; angiogenesis
parameters in the scWAT; and metabolic status of individu-
als with different levels of body mass index (BMI). Herein,
we examined if different adipogenesis vs. adipocyte hyper-
trophy capacities in different individuals can determine the
ER stress, angiogenesis, and metabolic status.

Materials and methods
Individuals

Eighty individuals aged 19 to 62 were selected from the
patients undergoing elective abdominal surgery at the
Shariati Hospital in Tehran, Iran. The participants had no
underlying diseases. Participants’ height, weight, BMI, and
waist circumference (WC) were determined before the sur-
gery. In addition, subcutaneous adipose tissue samples were
collected during the surgical procedure at the incision site.
Written informed consent was obtained from all patients to
be included in the study. The Tarbiat Modares University
Ethics Committee approved the study with the following
reference: IR'”TMU.REC.1395. 491.

Measurement of subcutaneous abdominal
adipocyte size

Collected scWAT samples were fixed in formalin 4% for
24 h. Then, the tissues were embedded in paraffin, and sec-
tions of 3 um were prepared and transferred onto slides for
Hematoxylin and Eosin (H&E) staining. Digital images
of the stained slides were prepared with 200x magnifica-
tion using the Leica Qprodit imaging software on a light
microscope (Leica Microsystems, Vlierweg, Netherlands).
To obtain the adipose tissue cell size, 150 adipocytes over
15 different zones on a slide were randomly selected, and
their size was measured using ImagelJ software (v1.51a).
The mean sizes of the measured cells were reported as the
subcutaneous abdominal adipocyte size.

Biochemical and inflammatory markers

The venous blood sample was obtained on the day of the
biopsy after an overnight fast of at least 10 h. Biochemi-
cal measurements include fasting blood glucose (FBG),
total cholesterol (TC), triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) were determined with an autoanalyzer
(Hitachi 917, Boehringer Mannheim, Marburg, Germany)
using colorimetric assay methods. In addition, serum insu-
lin (Cat. No: 2425-300 A, AccuBind, Netherlands), TNFa



Molecular Biology Reports (2023) 50:5755-5765

5757

(ab46087, Abcam), and IL10 (ab46034, Abcam) were
measured by Human ELISA kits. The homeostasis model
assessment of insulin resistance (HOMA-IR) index was cal-
culated using the following formula: Fasting insulin (in mU/
ml) X Fasting glucose (in mmol/l) /22.5.

Real-time PCR (qPCR)

A 300 mg frozen subcutaneous adipose tissue was homoge-
nized with a Sonicator (S3000-010; Misonix, Inc., Farming-
dale, NY, USA). Total RNA was extracted from adipose
tissue and adipocytes using the RNeasy Lipid Tissue Mini
Kit (Cat. No: 74,804, QIAGEN Science, Germany). RNA
concentration was determined based on the absorbance at
260 nm on a Nano Photometer (Thermo Scientific, Wilm-
ington, DE). For this purpose, 500 ng of the total RNA
was reverse transcribed to cDNA using PrimeScriptTM
RT reagent Kit (Cat. No: RR037A, Takara, Japan) contain-
ing oligo dT and random hexamer primers. Then, 2 ng of
cDNA per gene was amplified using the SYBR® Premix
Ex Taq ™ master mix (Cat. No. RR041A, Takara, Japan).
The conditions for cDNA synthesis were one cycle of 37 °C
for 15 min, one cycle of 85 °C for 5 s, and target sequence
amplification conditions composed of an initial denaturation
step at 95 °C for 30 s followed by 40 cycles of 95 °C for 5 s,
60 °C for 30 s. Real-time quantitative PCR was performed
with the Applied Biosystem Thermocycler (StepOnePlus™,
ABI, USA). Table 1 shows the primers used in this study.

Reverse transcription-PCR analysis

Reverse Transcriptase-PCR analysis of total RNA was per-
formed using MJ mini thermal cycler (PTC-1148 Bio-Rad,
Hercules, CA, USA) to assess the XBP1 splicing and simul-
taneous detection of both sXBP1 and uXBP1 mRNA, using
the following primers. Forward primer: TTACGAGAGAAA

Table 1 The forward and reverse primers were used in this study

Gene Primers
Forward Reverse
PPARy2 5'-GGGTGAAACTCTGGGAGA-  5'-GATGC-
TTCTC-3’ CATTCTG-
GCCCAC-3'
SFRP1 AGATGCTTAAGTGT- TCA-
GACAAGTTCC GATTTCAACTC-
GTTGTCACAG
WNTI10B 5'- AGAGCCCCTTTAACCCT- 5'-ACT-
GATTC-3' GTCTCCCAT-
TATCCCAC-3’
VEGFA 5'TCACAGGTACAGGGATGAG- 5-AAAGCA-
GACAC-3' CAGCAAT-
GTCCTGAAG-3'
185 RNA 5-GGCCCTGTAATTGGAAT- 5'-CAAGATC-
GAGT-3’ CAACTAC-
GAGCTT-3’

AC TCATGGCC, Reverse primer: GGGTC CAAGTT-
GTCCAGAATGC. PCR product sizes were as follows:
uXBP1=289 bp, sXBP1=263 bp. The XBP1 mRNA splic-
ing was evaluated using RT-PCR. For this purpose, cDNA
was subjected to PCR amplification using Taq Polymerase
(30 cycles, denaturation 1 min at 94 °C, hybridization 1 min
at 60 °C, and elongation 1 min at 72 °C). This situation also
detected hybrid XBP1 (hXBP1) combined from two forms
of XBP1, sXBP1 and uXBP1. PCR products were then
resolved by 2% agarose gel electrophoresis and visualized
using ethidium bromide and UV transillumination. The per-
cent of sXBP1 was calculated by Eq. 1 [16].

SXBP1% — sXBP1 + 0.5hXBP1 < 100

Eq. 1
SXBP1 + hXBP1 + uXBP1 (Eq- 1)

Western blotting

For Western blot analysis, total protein extraction from
scWAT biopsies was performed using an ice-cold radioim-
munoprecipitation assay (RIPA) buffer containing protease
inhibitors. First, the total protein content was measured
using the Bradford protein assay. Thus, 30 pg of extracted
proteins were loaded on 10% SDS-PAGE and transferred
to PVDF membranes (3,010,040,001, Amersham, USA)
by electroblotting using the BioRad transfer system. The
membranes were blocked with 5% nonfat dry milk in PBST
(phosphate-buffered saline containing 0.01% Tween-20) for
1 h at room temperature. Next, they were incubated in a
1:500 and 1:100 dilution of the primary mouse anti-human
CD31 (Santa Cruz, USA) 4 and primary rabbit antibody
anti-human B-actin (ab227387, Abcam Inc., Cambridge,
MA) antibodies, respectively, overnight at 4 °C. Next, the
membranes were washed with PBST three times and incu-
bated with a 1:2000 dilution of horseradish peroxidase-
conjugated secondary goat anti-mouse IgG (170-6516,
Bio-Rad). Finally, the Western blot bands were pictured fol-
lowing an enhanced chemiluminescence detection system
(11,500,708,007, Roche, USA) on radiography films. Then,
the photos were scanned and analyzed using Image J soft-
ware (v.1.41).

Statistical analysis

Data are provided as means=+SD. The SPSS version 19.0
statistical software was used for statistical analysis. The
skewed distribution in some variables was transformed log-
arithmically. The independent t-test and one-way ANOVA
tests were used to compare the means. In addition, Pearson’s
correlation analysis was used to assess associations between
variables. To compare the parameters of the individuals
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based on BMI, they were first divided into two non-obese
(BMI < 30) and obese (BMI>30) groups [17]. We further
divided the obese group based on BMI into three groups. So,
individuals with BMI < 35 as Class I obese, individuals with
35 <BMI <40 as Class II, and individuals with (BMI>40) as
Class III. However, because significant differences between
some parameters in Class I (mild obese individuals) with
two other obese classes has been known as severely obese
individuals [18, 19], we named the latter as Class 11+ 1I1.
P-value <0.05 was considered statistically significant.

Results
Anthropometric and biochemical parameters

Based on data in Table 1 S, the obese individuals had
greater BMI (36.32+5.72, 24.73+2.77 P=0.0001) and
WC (87.78 +8.84, 102.58 +10.58 P=0.0001) than the non-
obese group. They also had higher serum TG (2.04+0.16,
2.17+0.21 P=0.01), TC (2.19+0.08,2.25+0.11 P=0.04),
insulin (1.21+0.24, 1.36+0.22 P=0.01) and HOMA-IR
(0.62+0.28, 0.81+0.22 P=0.01) levels than the non-obese
group.

Table 2 shows that insulin and HOMA-IR were only
significantly higher in Class I obese individuals than in
non-obese individuals (p=0.03). However, no significant
differences were observed between Class II and III, which
we named Class II+III. On the other hand, among the
metabolic parameters, TC levels were significantly higher
in Class I1+1II obese groups than in non-obese (p=0.01)

Table 2 The clinical characteristics of the individuals according to the
obesity classes

Non-Obese  Class | Class
obesity II+11I
obesity
Age (years) 45.50+14.73 4541+16.47 47.2+10.17
Gender (male/female)  23/21 7/13 8/10
WC (cm) 87.78+8.84 98.94+84a 1094+118
WHR 0.87+£0.06 0.88+0.05 0.87+0.06
TG (mg/dl) 2.04+0.16 2.15+025 2.20+0.17
TC (mg/dl)* 2.19+0.08 2.20+0.08 2.29+0.15
Y
HDL-C (mg/dl) 38.68+10.69 35.20+8.3  40.54+7.43
LDL-C (mg/dl)* 1.93+£0.16 1.96+0.18  1.98+0.21
Insulin (pU/ml)* 1.21+024 14040236 1.29+0.19
HOMA® 0.62+028 0.81+0.24n 0.79+0.21

All data are presented as the means +SD.

% Data are transformed logarithmically

a: Class I obese compred to non-obese p=0.0001

B: Class 11+ 111 obese compred to non-obese p=0.0001
y: Class 11 +11I obese compred to non-obese p=0.01

8, n: Class I obese compred to non-obese p=0.03
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group. There were no significant differences between non-
obese and Class I obese groups in TC.

The Class | obese showed the largest adipocyte size

Figure la and b, and 1c show the subcutaneous abdominal
adipocytes of the individuals. Figure 1d indicates that the
adipocyte size of the obese individuals (all three Classes)
was significantly larger than that of the non-obese individu-
als (21,144 +5526 vs. 17,892 +3800 um?, p=0.02). When
the obese group was divided into subclasses (Fig. le), we
observed that only adipocytes in the Class I obesity were
significantly larger than the non-obese group (p=0.006).
However, the difference in cell size was not significant
between the non-obese group and the severely obese group
(Class IT+11I).

In addition, Fig. 1f g show the association between adi-
pocyte size with serum insulin (R=0.42 p=0.006), and
HOMA index (R=0.35 p=0.025), respectively.

The expression of adipogenic-related genes

The PPARy2 and SFRPI expressions as two positives and
WNT10B as a negative regulator gene of adipogenesis were
evaluated in the scWAT of the individuals with different
classes of obesity. Figure 2a shows the PP4Ry2 expression
was significantly higher in the Class 11+ 111 obesity group
than in other groups (p=0.001). However, the expression
level of PPARy2 was the same in the non-obese and Class |
obesity groups. Figure 2b also shows a significantly higher
expression of WNTI0B in the Class I obesity group than
in the Class I1+1III group. Notably, the expression level of
this gene in the Class II+1II obese group was even lower
(although not significant) than in the non-obese group.
There were no significant differences between the expres-
sion level of SFRPI in all studied groups (Fig. 2c).

The inflammatory markers

Figure 3a showed that the serum TNFa was higher in the
Class I than in the non-obese individuals (0.002). However,
there were no significant differences in IL10 levels between
groups (Fig. 3¢). Figure 3b indicates the association between
serum TNFa and adipocyte size (R=0.01 p=0.4).

The expression levels of the sXBP1 gene in scWAT

The sXBP-1 levels were evaluated as the main component
of the UPR pathway following ER stress. We observed
various degrees of sXBP1 expression in the studied groups
(Fig. 4a and b). Although there were no significant dif-
ferences between the sXBP1 expression in the non-obese
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Fig. 1 Subcutaneous white adipose tissue of obese and non-obese
individuals. Representative hematoxylin and eosin images of scWAT
sections of (a) non-obese, (b) Class I Obese, and (¢) Class II+1II
Obese groups, magnification -200. (d and e) Quantification of sScWAT

individuals with obese groups, its expression was signifi-
cantly (p=0.04) higher in the adipose tissue of mild obese
individuals (Class I) compared to the severely obese indi-
viduals (Class II+III).

VEGFA and CD31 levels in scWAT

We measured the expression of the VEGFA gene, an angio-
genic factor, in adipose tissue samples of all individu-
als. Figure 5a shows a trend of increase in the expression
of VEGFA in the scWAT of the obese groups compared to
the non-obese group. However, Fig. 5b shows a significant
difference between Class I obese and Class 114111 obese
individuals.

Adipocyte Size (um?)

adipocyte size in different groups. (f and g) Correlation between serum
Insulin and HOMA-IR with the adipocytes size, respectively. All data
are shown as mean=+ SEM. The level of significance is shown in the
histograms

Figure 5c shows Western blot spots of CD31, a specific
marker of endothelial cells and angiogenesis in adipose
tissue. Figure 5d indicates a significantly (p=0.02) higher
level of CD31 protein expression in the obese than in non-
obese individuals. However, when we compared the CD31
level between groups, Fig. Se, a significant (p=10.02) differ-
ence was observed between the non-obese and Class 11 +111
obese group.

Association between sXBP1, WNT 10B, and VEGFA
gene expression

The correlation between sXBP1, WNT 10B, and VEGFA

gene expression in the scWAT of the individuals in differ-
ent classes was analyzed. Significant positive correlations
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Fig. 2 PPARy2, Wnt10b, and SFRP1 gene expression in scWAT.
The expression of these genes was measured by quantitative PCR and
normalized to 18 s RNA. (a, b, and ¢) Relative mRNA expression of

existed between the expression levels of WNT10B, sXBPI,
and VEGFA, considering all obesity groups (r=0.7,
p=0.0001 and r=0.3, p=0.01, respectively) (Table 3).

Discussion

This study evaluated the metabolic, ER stress, and angio-
genic parameters concerning the hypertrophy/hyperplasia of
scWAT in individuals with different BMI levels. Our results
indicated an aberrant metabolic profile in obese individuals
relative to the non-obese group significantly associated with
the size of scWAT adipocytes. Adipocyte sizes were signifi-
cantly larger in Class I obese individuals with higher serum
TNFa, insulin levels, and HOMA-IR values. Furthermore,
all the studied cases showed positive correlations between
the scWAT adipocyte size, serum TNFa, insulin levels,
and HOMA index. Therefore, the adipocyte size is a more
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critical indicator in the glycemic parameters of obesity than
the extent of adiposity. In agreement with these results, the
positive correlation between adipocyte size in the visceral
and subcutaneous adipose tissue with TG and insulin levels
and a negative correlation with HDL and insulin sensitivity
has been reported previously [20]. It has also been reported
that adipocyte size could be an insulin resistance index inde-
pendent of BMI [21].

It has been found that people’s capacity in adipogenesis
and harmless storage of the mounted lipids is different based
on genetic, racial, and gender variables [22]. In addition to
other parameters such as dietary intake, lifestyle, and physi-
ological and pathological states, proper adipogenesis is the
primary determinant of the healthy expansion of adipose
tissue. In situations where the lipid load exceeds the capac-
ity of adipose tissue expansion and safe storage of lipids,
excessive fat causes hypertrophy of the scWAT adipocytes
and ectopic damaging fat accumulation. Moreover, these
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conditions are associated with inflammation and aberrant
metabolic outcomes [23, 24].

Based on our findings, the PPARy2 expression as a pri-
mary adipogenesis regulator in scWAT was significantly
higher in the Class II+III obese group, following their
higher BMI values. In addition, the level of WNTI10B
expression, as a negative regulator of adipose tissue expan-
sion, was lower in this group than in Class I obese group.
In contrast, individuals with Class I obesity with lower lev-
els of PPARy2 and higher levels of WNT10B would have a
lower capacity for tissue expansion in response to lipogene-
sis and excessive loads of lipids. In this situation, excess fat
causes the hypertrophy of the current adipocytes. Consistent
with our results, other studies reported the role of the pro-
adipogenic PPARy2 and the antiadipogenic of WNTI10B. A
negative relationship between preadipocyte differentiation
and adipocyte size was found in human abdominal obesity.
In comparison, the PPARy expression was high in preadi-
pocytes [25]. The lower expression of PPARy, as a gene

encoding marker of adipose cell differentiation, has also
been reported in scWAT of obese individuals with insulin
resistance [26]. The decreased PPARY, as the adipogenic
factor, is associated with the decreased mediators of insulin
signaling in adipose tissue [27]. Along with PPARY, the role
of WNT10 has also been considered in adipogenesis. The
transgenic induction of Wnt10b in animals receiving a high-
fat diet inhibited the development of adipose tissues and
weight gain [12]. In agreement with these findings, hypoxic
induction of WNT10B expression in adipogenic cells inhib-
ited adipogenesis of human mesenchymal stem cells [28].
SFRPI, as an adipogenic factor, was another gene we
tested for its expression. The adipogenic effect of SFRPI is
apparently mediated by Wnt pathway inhibition in adipose
tissue. In a study with a broad range of BMI participants, a
lower level of SFRP1 expression and a negative linear rela-
tionship with BMI has been reported in obese individuals
[29]. However, our results showed no significant differences
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Fig.4 The level of sXBP1 in scWAT of different groups. (a) Repre-
sentative image of XBP1 mRNA isoforms. (b) mRNA expression of
sXBP1 of non-obese, Class I, and Class I1 +III Obese groups measured

in the expression of this gene in different groups, possibly
due to the limited number of individuals.

In Class I obesity cases, the increased insulin level,
HOMA index, and sXBP1 levels were consistent with the
hypertrophy of adipocytes and their unfavorable metabolic
status. However, the ER stress marker and insulin resis-
tance were not elevated in Class II+III obese individuals,
despite the higher adiposity and BMI values. In line with
these results, the decreased expression of adipogenic genes
in obese individuals with type 2 diabetes compared to non-
diabetic obese individuals has been reported [30].

It has been shown that adipose tissue expansion during
adipogenesis requires adequate development of the blood
vessels and angiogenesis. In the current study, we found
higher levels of CD31 (a marker of microvessel density)
in Class II+III obese groups with higher scWAT hyper-
plasia than in Class I obese cases with hypertrophic adipo-
cytes. This result confirms the previous reports regarding
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the association of adipose tissue expansion with angiogen-
esis. Proportional vascular development with adipogenesis
ensures adequate infusion and prevents the consequences of
inadequate angiogenesis, including hypoxia, inflammation,
and metabolic disorders [31, 32]. This requirement was sat-
isfied with the Class I1 +III obesity group. However, in Class
I, the non-proportional fat accumulation regarding the lower
adipogenic capability and unmatched blood vessel density
(lower CD31 levels) could result in hypoxia, ER stress, and
metabolic impairment. The findings were confirmed by the
induced VEGFA, spliced XBP1, and insulin resistance in
Class I obese individuals. As the central mediator of angio-
genesis, VEGFA is induced in suboptimal perfusion and
hypoxia conditions that give rise to endothelial cell prolif-
eration and vessel sprouting [33]. The VEGFA expression
was higher in Class I obese group, suggesting insufficient
blood flow into the adipose tissue with hypertrophic cells.
The induced VEGFA levels correlated significantly with the
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Fig. 5 The level of VEGF mRNA and CD31 protein expression in
scWAT. (a) Relative mRNA expression of VEGF in scWAT of non-
obese and Obese groups. (b) Relative mRNA expression of VEGF in
scWAT of non-obese, Class I and Class I1+1II Obese individuals as
measured by quantitative PCR and normalized to 18 s RNA. (¢) Rep-
resentative Western blot image of CD31 protein. (d) The quantitative

Table 3 The correlation between WNT10B, sXBP1 and VEGF gene
expression

VEGF mRNA sXBP1 mRNA

R P R P
WNT10B 0.7 0.0001 0.6 0.0001
sXBP1 0.3 0.001

elevated sXBP1 levels. This result is in line with other stud-
ies that show the effect of sXBP1 on VEGFA gene expres-
sion [8]. Some previous studies focused on the importance
of angiogenesis in the healthy development of adipose tis-
sue and the associated metabolic status [34, 35]. It has been
shown that targeting angiogenesis by modulating VEGFA
levels could influence adipose tissue expansion and meta-
bolic variables such as insulin resistance [36, 37].

In addition, our previous study highlighted the criti-
cal role of WNT10B in adipose tissue angiogenesis. As a

analysis of CD31 protein to B-actin ratios in sScWAT from non-obese
and Obese groups. (e) The quantitative analysis of CD31 protein to
B-actin ratios in scWAT from non-obese, Class I, and Class 11+ 111
Obese groups. All data are shown as mean + SEM. The level of signifi-
cance is shown in the histograms

positive regulator, we showed that WNT10B promotes
the formation of new vessels through the upregulation of
VEGFA expression [38]. In the present study, we observed
a significant increase in the expression of these two genes
in Class I obesity, which might be induced by ER stress
and XBP1 splicing. These changes were accompanied by
a metabolic disorder, insulin resistance, and inflammation
in those with hypertrophic scWAT adipocytes and limited
adipose tissue expansion.

The present study’s limitations include the participants
were healthy individuals under elective surgery. In addi-
tion, these cases were not evaluated for nutritional status,
the dietary intake of carbohydrates and fat calories, or life-
style parameters such as physical activity. Therefore, we
have also suggested performing a similar study with a larger
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sample size of participants in both males and females with
different BMI levels.
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