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Glucose tolerance in obese men is associated
with dysregulation of some angiogenesis-related
gene expressions in subcutaneous adipose tissue
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Obesity and its metabolic complications are one of the most profound public health problems and result
from interactions between genes and environmental. The development of obesity is tightly connected with
dysregulation of intrinsic gene expression mechanisms controlling majority of metabolic processes, which
are essential for regulation many physiological functions, including insulin sensitivity, cellular prolifera-
tion and angiogenesis. Our objective was to evaluate if expression of angiogenesis related genes VEGF-A,
CYR61, PDGFC, FGF1, FGF2, FGFR2, FGFRLI, E2FS8, BAI2, HIF1A, and EPASI at mRNA level in
adipose tissue could participate in the development of obesity and metabolic complications. We have shown
that expression level of VEGF-A, PDGFC, FGF2, and FGFRLI genes is decreased in adipose tissue of
obese men with normal glucose tolerance (NGT) versus a group of control subjects. At the same time, in
this group of obese individuals a significant up-regulation of CYR61, FGF1, FGFR2, E2FS8, BAI2, and
HIF 1A gene expressions was observed. Impaired glucose tolerance (IGT) in obese patients associates with
down-regulation of CYR61 and FGFR2 mRNA and up-regulations of E2F8, FGF1, FGF2, VEGF-A and
its splice variant 189 mRNA expressions in adipose tissue versus obese (NGT) individuals. Thus, our data
demonstrate that the expression of almost all studied genes is affected in subcutaneous adipose tissue of
obese individuals with NGT and that glucose intolerance is associated with gene-specific changes in the
expression of E2F8, FGF 1, FGF2, VEGF-A, CYR61 and FGFR2 mRNAs. The data presented here provides
evidence that VEGF-A, CYR61, PDGFC, FGF1, FGF2, FGFR2, FGFRLI, E2F8, BAI2, and HIF 14 genes
are possibly involved in the development of obesity and its complications.
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INTRODUCTION clock because biological rhythms are an integral
component of essentially all aspects of life and
regulate many physiological functions, includ-
ing insulin sensitivity and cellular proliferation
[4-7]. Molecular and cellular studies have de-

Accumulating evidence raises the hypothesis
that development of obesity and its metabolic
complications is tightly associated with dys-
regulation of mechanisms controlling majority _ _
of metabolic processes, especially in adipose rponstrat.ed re.latlonshlps between the dysfunc-
tissue, which is at the center of metabolic syn- tion of circadian clocks and the development of
drome in obese individuals [1-3]. Obesity and obesity and metabolic abnormalities, including
its metabolic complications are one of the most  type 2 diabetes [8]. At the same time, metabolic
profound public health problems and result from  processes feed-back into the circadian clock,

interactions between genes and environmen-  affecting clock gene expression and timing of
tal. There is data that development of obesity ~ behavior [9].
is connected with dysregulation of numerous The growing adipose tissue is associated

gene expressions mainly through biological with cell proliferation and angiogenesis like
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other growing tissues including tumors [10-12].
It is well known that angiogenesis is mediated by
numerous factors, but substantial evidence accu-
mulating over the last decade has established the
fundamental role of vascular endothelial growth
factor (VEGF) as a key regulator of normal and
abnormal angiogenesis evidence especially in
tumors [13-15]. Importantly, VEGF is released
by tumor cells and induces neovascularization
in the majority of human tumors. Furthermore,
VEGF is implicated in intraocular neovasculari-
zation associated with diabetic retinopathy [16].
In addition, there are factors, such as connective
tissue growth factor (CTGF), which can bind
VEGF and inhibits VEGF-induced angiogenesis
[17]. Moreover, downregulation of CTGF by the
miR-17-92 microRNA enhances neovasculariza-
tion [17].

An important role in the control of angiogene-
sis also play cysteine-rich angiogenic inducer 61
(CYRG61), brain-specific angiogenesis inhibi-
tor 2 (BAI2), platelet derived growth factor C
(PDGFC), fibroblast growth factors and their
receptors, and some transcription factors like
hypoxia inducible factor la (HIF1A), endo-
thelial PAS domain protein 1 (EPAS1/HIF2A),
and E2F8 (transcription factor of E2F family)
[18-25]. Thus, CYR61 and PDGFC play an
important role in proliferation and angiogene-
sis [18, 20]. Fibroblast growth factor proteins
(FGF1 and FGF2), which also known as acidic
and basic fibroblast growth hormones, are
mitogenic signaling molecules that have roles
in angiogenesis and function as a modifier of
endothelial cell migration and proliferation, but
FGF2 mainly induces lymphangiogenesis [21-
23]. Moreover, FGF1 is required for adaptive
adipose remodeling and metabolic homeostasis
and FGF2 prevents cancer cells from endoplas-
mic reticulum stress-mediated apoptosis [21,
23]. Biological effect of the fibroblast growth
factors is realized through the fibroblast growth
factor receptors, some of which are related
to VEGF signaling pathway [24, 25]. Thus,
FGFR2 (fibroblast growth factor receptor 2)
interacts predominantly with FGF1 and FGF2,
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but FGFRLI (fibroblast growth factor receptor-
like 1) protein expression was lower in bladder
tumors compared to normal tissue. Furthermore,
a marked difference between FGFRL1 and the
other family members is its lack of a cytoplasmic
tyrosine kinase domain and potentially inhibit
signaling.

There is also data that transcription factor
E2F8 creates complexes with other members
of E2F family of transcription factors and co-
ordinates various cellular functions through the
regulation of the expression of target genes,
thereby regulating cell cycle, apoptosis, and an-
giogenesis, including transcriptional activation
of VEGFA in cooperation with HIF1 [26-28].
There is data [29] that metabolic reprogramming
of cancer cells without tumor suppressor LKB1
is realized through HIF1 [29]. Furthermore, an
important role in metabolic integration plays
the unfolded protein response/endoplasmic
reticulum stress, which activates a complex set
of signaling pathways and links obesity with
insulin action and contributes to the expression
profile of many regulatory genes resulting in
peripheral insulin resistance and diabetic com-
plications, acting by inhibiting insulin receptor
signaling [30-33].

However, detailed molecular mechanisms of
the involvement of angiogenesis-related genes in
the development of obesity and its complications
are not clear yet and remain to be determined.
The aim of this study was to investigate the
expression of genes encoded key angiogenesis-
related factors in subcutaneous adipose tissue of
obese men with normal and impairment glucose
tolerance for evaluation of possible significance
these genes in the development of obesity and its
complications, particularly glucose intolerance.

METHODS

The 18 adult males participated in the study.
They were divided into three equal groups:
6 lean healthy controls, 6 obese with normal
glucose tolerance (NGT), and 6 obese with
impaired glucose tolerance (IGT). Clinical cha-
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racteristics of the study participants are shown in
Table 1. All participants gave written informed
consent and the studies were approved by the
local research ethics committees of Institute of
Experimental Endocrinology Slovak Academy
of Sciences.

RNA was extracted from subcutaneous
adipose tissue samples using RNasy Lipid Tis-
sue Mini Kit (QIAGEN, Germany) according
to manufacturer’s protocol. The RNA pellets
were washed with 75 % ethanol and dissolved
in nuclease-free water. For additional purifica-
tion RNA samples were re-precipitated with
95 % ethanol and re-dissolved again in nuclease-
free water. QuaniTect Reverse Transcription
Kit (QIAGEN, Germany) was used for cDNA
synthesis according to manufacturer protocol.

The expression levels of VEGF-4, CYRG61,
PDGFC, FGF1, FGF2, FGFR2, FGFRLI, E2F8,
BAI2, HIF 1A, and EPASI genes were measured
in subcutaneous adipose tissue by quantitative
PCR (gqPCR). The 7900 HT Fast Real-Time PCR
System (Applied Biosystems), Absolute QPCR
SYBRGreen Mix (Thermo Scientific, UK) and
pair of specific primers (Sigma-Aldrich, USA)
were used. For amplification all splice variants
of VEGF-A (vascular endothelial growth fac-
tor A) cDNA we used next forward and reverse
primers: 5~ CGAAACCATGAACTTTCTGC
-3”and 5’- CCTCAGTGGGCACACACTCC
-3’, correspondingly. The nucleotide sequences
of these primers correspond to sequences 1032 —
1051 and 1333-1314 of human VEGF-A cDNA
(GenBank accession number NM_003376).
The size of amplified fragment is 302 bp. The
amplification of VEGF-A splice variant 189
cDNA for real time RCR analysis was performed
using two oligonucleotides primers: forward —
5'- CCCACTGAGGAGTCCAACAT -3’ and
reverse — 5= TTTCTTGCGCTTTCGTTTTT
—3’. The nucleotide sequences of these primers
correspond to sequences 1317 — 1336 and 1502
— 1483 of human VEGF-A cDNA (GenBank
accession number NM _003376). The size of
amplified fragment is 186 bp. For amplifica-
tion of E2F8 (E2F transcription factor 8) cDNA
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we used next forward and reverse primers:
5’— CCACCACAGCAAATATCGTF -3’ and
5’-CTTTGGCCTCAGGTAATCCA -3’, cor-
respondingly. The nucleotide sequences of these
primers correspond to sequences 596 — 615 and
805 — 786 of human E2F8 ¢cDNA (GenBank
accession number NM_024680). The size of
amplified fragment is 210 bp. The amplification
of EPAS1 (endothelial PAS domain protein 1),
also known as hypoxia-inducible factor 2alpha
(HIF-2a), cDNA for real time RCR analysis was
performed using two oligonucleotides primers:
forward — 5°-AAGCCTTGGAGGGTTTCATT
—3’and reverse — 5’- TCATGAAGAAGTCCC-
GCTCT -3’. The nucleotide sequences of these
primers correspond to sequences 788 — 807 and
1021 -1002 of human EPAS1 ¢cDNA (GenBank
accession number NM_001430). The size of am-
plified fragment is 234 bp. For amplification of
FGF1 (fibroblast growth factor 1) cDNA we used
forward (5>~ CTGCAGTAGCCTGGAGGTTC
—37and reverse (5°- GGCTGTGAAGGTGGT-
GATTT —3’) primers. The nucleotide sequences
of these primers correspond to sequences 3 — 22
and 199 — 180 of human FGF1 ¢cDNA (GenBank
accession number NM_000800). The size of am-
plified fragment is 198 bp. For amplification of
FGEF2 (fibroblast growth factor 2) cDNA we used
forward (5~ AGAGCGACCCTCACATCAAG
-3’ and reverse (5’—- ACTGCCCAGTTC-
GTTTCAGT -3’) primers. The nucleotide
sequences of these primers correspond to se-
quences 571 — 590 and 804 — 785 of human
FGF2 cDNA (GenBank accession number
NM _002006). The size of amplified fragment is
234 bp. For amplification of FGFR2 (fibroblast
growth factor receptor 2) cDNA we used forward
(5>~ GTGCTTGGCGGGTAATTCTA -3’ and
reverse (5°— TACGTTTGGTCAGCTTGTGC
—37) primers. The nucleotide sequences of these
primers correspond to sequences 1325 — 1344
and 1566 — 1547 of human FGFR2 cDNA
(GenBank accession number NM_001144918).
The size of amplified fragment is 242 bp. For
amplification of FGFRLI1 (fibroblast growth
factor receptor-like 1) cDNA we used forward
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(5>~ CAGCCTGAGCGTCAACTACA -3’ and
reverse (5= CTCATCTTGGAGGGCTGTGT
—37) primers. The nucleotide sequences of these
primers correspond to sequences 340 — 359 and
489 — 470 of human FGFRL1 ¢cDNA (GenBank
accession number NM_021923). The size of
amplified fragment is 150 bp. For amplification
of PDGFC (platelet derived growth factor C),
also known as VEGFE, cDNA we used forward
(5>-CTCCTGGTTAAACGCTGTGG -3’ and
reverse (5’— TATCCTCCTGTGCTCCCTCT
—37) primers. The nucleotide sequences of these
primers correspond to sequences 1314 — 1333
and 1528 — 1509 of human PDGFC cDNA
(GenBank accession number NM_016205).
The size of amplified fragment is 215 bp. For
amplification of BAI2 (brain-specific angio-
genesis inhibitor 2) ¢cDNA we used forward
(5>- CATTGTCCTGGTGAACATGC -3’ and
reverse (5'-TGCACAGCAGTGATGACAAA
—37) primers. The nucleotide sequences of these
primers correspond to sequences 3612 — 3631
and 3959 — 3940 of human BAI2 cDNA (Gen-
Bank accession number NM_001703). The size
of amplified fragment is 348 bp. For amplifica-
tion of CYR61 (cysteine-rich angiogenic inducer
61), also known as insulin-like growth factor
binding protein 10, cDNA we used forward
(5>~ CTCCCTGTTTTTGGAATGGA -3’ and
reverse (5’—- TGGTCTTGCTGCATTTCTTG
—37) primers. The nucleotide sequences of these
primers correspond to sequences 852 — 871 and
1092 — 1073 of human CYR61 ¢cDNA (GenBank
accession number NM_001554). The size of
amplified fragment is 241 bp. For amplification
of HIF1A (fibroblast growth factor receptor like
1) cDNA we used forward (5'- GAAAGCG-
CAAGTCCTCAAAG -3’ and reverse (5°—
TGGGTAGGAGATGGAGATGC -3’) prim-
ers. The nucleotide sequences of these primers
correspond to sequences 2175 — 2194 and 2341
—2322 of human HIF1A ¢cDNA (GenBank acces-
sion number NM_001530). The size of amplified
fragment is 167 bp. The amplification of beta-ac-
tin (ACTB) cDNA was performed using forward
-5-GGACTTCGAGCAAGAGATGG -3’ and
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reverse - 5’-AGCACTGTFTTGGCGTACAG
—3’ primers. These primer nucleotide sequences
correspond to 747 — 766 and 980 — 961 of hu-
man ACTB cDNA (GenBank accession number
NM 001101). The size of amplified fragment
is 234 bp. The expression of beta-actin mRNA
was used as control of analyzed RNA quantity.

An analysis of gPCR was performed using
special computer program “Differential expres-
sion calculator”. The values of all studied gene
expressions were normalized to ACTB expres-
sion and represent as percent of control (100 %).
Statistical analysis was performed as described
previously [34]. All values are the means + SEM
for six different samples. P < 0.05 was conside-
red significant in all cases.

RESULTS

As shown in Table 1, the lean healthy control
participants were individuals with mean age
44 + 3.4 years and mean body mass index
(BMI) 23+0.6 kg/m?. Two obese groups with
normal and impaired glucose tolerance had
similar age (45 + 3.0 and 44 + 3.2 years), but
significantly higher BMI (324+0.6 and 34+0.6
kg/m?, correspondingly; P < 0.05 in both cases)
versus control men. Waist circumstance was also
increased in both obese groups versus control
individuals (+31 and +32 %, correspondingly;
P < 0.05 in both cases). In the group of obese
participants with impaired glucose tolerance
the levels of 2h blood glucose, insulin, and
triglycerides were increased versus obese
patients with normal glucose tolerance: +47%,
+62%, and +60%, correspondingly; P < 0.05
in all cases (Table 1). Correspondingly, insulin
sensitivity index T was decreased in obese
patients with glucose intolerance versus obese
patients with NGT (close to 2 fold; P < 0.05).
To test how obesity affects the expression
levels of VEGF-A gene, strongly related to
positive control of angiogenesis, we used two
sets of primers: one for all alternative splice
variants of this mRNA and other specific only
for VEGF-A-189. Figure 1 demonstrates
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Table 1.Characteristics of the study participants.

| Variable | Lean, NGT | Obese, NGT | Obese, IGT |
Age at visit (years) 44+34 45+3.0 444+3.2
(n) (6) (6) (6)
Body mass index (BMI) (kg/m?) 23+ 0.6 32+0.6 * 34+£0.6 *
(n) (6) (6) (6)
Fasting glucose (mmol/I) 4.5+0.09 5.0£0.22 5.5+£0.26
(n) (6) (6) (6)
2h oral glucose tolerance test (OGTT) glucose (mmol/l)  5.08 + 0.64 5.31+0.88 7.83 £ 0.36 *»
(n) (%) (6) (6)
Insulin sensitivity index (T; mg/kg/min) 7.9 £0.58 5.1+£0.67 % 2.7+ 0.19 *»
(n) (6) (6) (%)
Fasting triglycerides (mmol/l) 1.0£0.19 1.36 £ 0.20 2.17 £ 0.44*~
(n) (6) (6) (6)
Fasting insulin (nIU/ml) 8.0+ 1.62 9.37+0.92 1524 1.15 *A
(n) 3) 3) 4
Waist circumstance (cm) 86+4.3 113+£3.3 * 114 +£3.4 *
() &) (6) (6)

Data are means £ SEM; NGT — normal glucose tolerance; IGT —impaired glucose tolerance; *P < 0.05 versus
control (lean group); “P < 0.05 vs obese (NGT) group.

that expression level of VEGF-A mRNA with  individuals. The expression level of VEGF-
primers, which recognize all splice variants,  A-189 mRNA is also down-regulated (-49 %)
is decreased (-39 %) in subcutaneous adipose  in this group of obese patients. At the same
tissue of obese men as compared to control  time, the expression level of both VEGF-A and
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Figure 1. Expression levels of VEGF-A and its alternative splice variant VEGF-A-189 mRNA in subcutaneous adipose tissue of
control and obese individuals with normal glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose
tolerance (Obese + IGT). The values of the expression of VEGF-A and VEGF-A-189 mRNA were normalized to the expression
of beta-actin mRNA and are represented as a percent of control (100 %). Data is expressed as mean + SEM of values from each
group; n==6
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VEGF-A-189 mRNA is increased in obese men
with impaired glucose tolerance as compared
with group of obese individuals, which have
normal glucose tolerance: +34 % and +71 %,
correspondingly (Figure 1).

We next studied the expression level of
PDGFC and CYR61 mRNA in subcutaneous
adipose tissue of obese men with normal and
impaired glucose tolerance. As shown in Figure
2, obesity affects both of these gene expressions
in opposite ways: down-regulates PDGFC
mRNA level (-17 %) and strongly up-regulated
the expression of CYR61 gene (+86 %).

Figure 3 demonstrate that obesity affects the
expression of two different fibroblast growth
factor genes in subcutaneous adipose tissue in
opposite ways: induces FGFI gene expression
(+135 %) and down-regulates the expression
level of FGF2 gene (-36 %). At the same time,
the expression level of both FGFI and FGF2
genes is up-regulated in subcutaneous adipose
tissue of obese patients with glucose intolerance:
+27 % and +67 %, correspondingly (Figure
3). Thereafter, we tested how these changes in
FGF1 and FGF2 gene expressions correlate with
the expression of FGF receptors FGFR2 and
FGFRL1. As shown in Figure 4, the expression

of FGFR2 gene is up-regulated and FGFRLI
gene is down-regulated in obese men with
normal glucose tolerance: +61 % and -50 %,
correspondingly. Moreover, glucose intolerance
decreases the expression level of FGFR2 mRNA
(-20 %) and does not affect FGFRL1 mRNA
expression (Figure 4).

We also analyzed the expression level of
brain-specific angiogenesis inhibitor 2 gene in
subcutaneous adipose tissue of obese men with
and without glucose intolerance. As shown in
Figure 5, BAI2 gene is expressed in adipose
tissue both control and obese individuals and its
expression is up-regulated in obesity (+23 %).
However, no significant changes were observed
in the expression of this gene in subcutaneous
adipose tissue of obese men with glucose
intolerance as compared to group of obese men
with normal glucose tolerance. At the same time,
the expression of E2F§ gene, which encoded a
key transcription factor related to the control of
cell proliferation and angiogenesis, is strongly
increased in adipose tissue of obese men with
normal glucose tolerance (+146 %) as compared
to control group (Figure 5). Furthermore,
development of glucose intolerance in obesity
leads to additional induction of this gene
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Figure 2. Expression levels of PDGFC and CYR61 genes in subcutaneous adipose tissue of control and obese individuals with
normal glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose tolerance (Obese + IGT). The values
ofthe expression of these genes were normalized to the expression of beta-actin mRNA and are represented as a percent of control
(100 %). Data is expressed as mean + SEM of values from each group; n =6
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Figure 3. Expression levels of FGFI and FGF2 genes in subcutaneous adipose tissue of control and obese individuals with nor-
mal glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose tolerance (Obese + IGT). The values
of the expression of these FGF genes were normalized to the expression of beta-actin mRNA and are represented as a percent
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expression (+86 %) as compared to obese men
with normal glucose intolerance.
Additionally, we studied how expression
of transcription factors HIF1A and EPASI1/
HIF2A, which mediate numerous hypoxia-
induced processes including proliferation in
cell-specific manner, is affected by obesity and
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its complications, because there is data [24,
25] that transcription factor E2F8 can create
complexes with other members of E2F family
of transcription factors and in cooperation with
HIF1 coordinates the regulation of the expression
of target genes, thereby regulating cell cycle
and angiogenesis, including transcriptional
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Figure 4. Expression levels of FGFR2 and FGFRLI genes in subcutaneous adipose tissue of control and obese individuals with
normal glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose tolerance (Obese + IGT). The values
of the expression of these FGFR genes were normalized to the expression of beta-actin gene and are represented as a percent of
control (100 %). Data is expressed as mean + SEM of values from each group; n = 6.
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Figure 5. Expression levels of BA/2 and E2F8 genes in subcutaneous adipose tissue of control and obese individuals with normal
glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose tolerance (Obese + IGT). The values of the
expression of BAI2 and E2F8 genes were normalized to the expression of beta-actin mRNA and are represented as a percent of
control (100 %). Data is expressed as mean = SEM of values from each group; n =6

activation of VEGFA. As shown in Figure
6, HIF 1A gene expression is up-regulated in
subcutaneous adipose tissue of obese individuals
with NGT (+25 %) as compared to control
individuals; however, glucose intolerance does
not change significantly the expression of this
gene as compared to obese men with NGT.
Moreover, no significant changes were found in
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the expression level of other HIF-alpha protein —
EPAS1/HIF2A in adipose tissue of both groups
of obese patients (Figure 6).

Thus, the expression almost all studied
genes encoded angiogenesis-related growth
factors, with the exception of EPASI, are
affected by obesity in gene-specific manner,
but with development of glucose intolerance is
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Figure 6. Expression levels of transcription factor HIF 1A and EPAS1 genes in subcutaneous adipose tissue of control and obese
individuals with normal glucose tolerance (Obese + NGT) as well as in obese patients with impaired glucose tolerance (Obese +
IGT). The values of the expression of these transcription factor genes were normalized to the expression of beta-actin gene and
are represented as a percent of control (100 %). Data is expressed as mean + SEM of values from each group; n =6
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associated the expression of VEGF-A, FGF1I,
FGF2, FGFR2, E2F8, and CYRG61 genes.

DISCUSSION

Results of this study clearly demonstrated that
the expression level of almost all tested genes
(VEGF-4, CYR61, PDGFC, FGFI1, FGF2,
FGFR2, FGFRLI, E2FS8, BAI2, and HIFIA)
encoding key angiogenesis-related transcrip-
tion factors, is affected in subcutaneous adipose
tissue of obese men and possibly participate in
the development of obesity and its complica-
tions, particularly glucose intolerance. Thus,
angiogenesis should be also altered in both
obesity and obesity-associated glucose intoler-
ance, because growing adipose tissue needs neo-
angiogenesis for cell proliferation like tumors
[11, 13]. We have shown that the expression of
pro-angiogenic genes VEGF-4 and PDGFC in
adipose tissue of obese men is down-regulated,
but other pro-angiogenic genes such as CYR61,
FGFR2, FGF1, E2F8, and HIF14 is up-regula-
ted. Moreover, anti-angiogenic gene BA/2 is also
up-regulated in subcutaneous adipose tissue of
obese men. It is important to note that angiogene-
sis is a complex network and is regulated by
hundreds of pro-angiogenic and anti-angiogenic
factors possibly through different mechanisms
in tissue-specific manner and varies in a range
of pathological conditions. Furthermore, Hose et
al. [35] do not show a significantly higher me-
dian number of expressed pro-angiogenic (45)
or anti-angiogenic (31) genes in CD138-purified
myeloma cells from 300 untreated patients, but
almost all of these myeloma cells samples aber-
rantly express at least one of the angiogenic fac-
tors. Thus, our results concerning deregulation
of the expression of different pro-angiogenic
and anti-angiogenic genes in adipose tissue of
obese individuals possibly reflect specificity
of angiogenesis in subcutaneous adipose tissue
upon obesity and argue to data Hose et al. [35].
It is also possible that in our cohort of obese
men there is stabilized or slightly suppressed
angiogenesis because these individuals have
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increased but constant weight prolonged time
and this observation correlate with decreased
expression of VEGF-A as well as with increased
expression of BAI2.

At the same time, development of insulin
resistance and glucose intolerance in obesity
significantly reprogrammed the expression of
most studied angiogenesis-related genes in adi-
pose tissue and possibly contributed to aberrant
angiogenesis, which is associated with obesity
complication, including type 2 diabetes and its
complications. Increased expression of VEGF-A
as well as FGF1 and transcription factor E2F8,
which we observed in adipose tissue of obese
individuals with IGT as comparted to obese men
with NGT, can contribute to enhancement of
angiogenesis, but development of insulin resis-
tance is also associated with vascular endothe-
lial growth factor resistance despite the presence
of functionally active VEGF receptor 1 [36]. It is
important to note that the expression of FGFR2,
which predominantly interacts with both FGF1 and
FGF?2 and responsible for enhanced angiogenesis,
is up-regulated in adipose tissue of obese individu-
als with NGT, but slightly down-regulated in obese
patients with IGT and this down-regulation is associ-
ated with additional increase of FGFI gene expres-
sion. At the same time, the expression of FGFRLI,
another member of FGFR family, is decreased in
obese tissue upon obesity and these results correlate
with its biological function as potentially inhibitor
of FGF signaling, because FGFRL1 does not have
a cytoplasmic tyrosine kinase domain [25]. We also
analyzed the expression level of two different HIF-
alpha subunits (HIF1A and EPAS1) and shown that
only HIF1A is up-regulated in adipose tissue upon
obesity and that development of insulin resistance/
glucose intolerance does not affect it. These results
agree with data Weijts et al. [28] that HIF 1 in coope-
ration with another transcription factors (E2F§ and
E2F7) promote angiogenesis through transcriptional
activation of VEGFA.

However, detailed molecular mechanisms of
the involvement of angiogenesis-related genes in
the development of obesity and its complications
are not clear yet and remain to be determined.
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CONCLUSIONS

Results of this study demonstrated that the
expression of almost all studied genes encoded
key angiogenesis-related factors is affected in
subcutaneous adipose tissue of obese individuals
with NGT in gene-specific manner. Thus, the
level of VEGF-A, PDGFC, FGF2, and FGFRLI
gene expressions is decreased in adipose tissue
of obese men with normal glucose tolerance
(NGT), but is increased of CYR6I, FGFI,
FGFR2, E2F8, BAI2, and HIF1A gene expres-
sions. Impaired glucose tolerance (IGT) in obese
patients associates with down-regulation of
CYR61 and FGFR2 mRNA and up-regulations
of E2F8, FGF1, FGF2, and VEGF-A mRNA ex-
pressions in adipose tissue versus obese (NGT)
individuals. Thus, our data provides evidence
that VEGF-A, CYR61, PDGFC, FGFI1, FGF?2,
FGFR2, FGFRLI, E2FS8, BAI2, and HIFIA
genes are possibly involved in the development
of obesity and its complications; however, mo-
lecular mechanisms of the regulation of prolife-
ration-related transcription factor genes warrant
further investigation for clarification the role
of these genes in obesity and its complications.
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EKCHPECIA I'EHIB, IO MAIOTbB BIJHO-
IMEHHSA 10 AHTIOTEHE3Y, Y IIIIIKIPHIA
JKUPOBI TKAHUHI YOJIOBIKIB 3 OKUPIH-
HAM TA HOPMAJIBHOIO YU ITOPYHIEHOIO
TOJEPAHTHICTIO JO INTIOKO3H1

O>kupiHHA Ta HOT0 MeTaOOIYHI YCKITaTHEHHS € OJHIETO 3 Haii-
BOKJIMBIIIHAX MPOOIEM OXOPOHH 310POB’si. PO3BUTOK OKUpIHHS
3yMOBJICHHH B3a€EMOJII€O TeHIB 13 JaKTOpaMH JOBKIILIA 1 TICHO
OB’ SI3aHMH 13 TUCPETYIALIEI0 TOHKUX MEXaHI3MiB PeTyJIsii
eKCIIpecii TeHiB, M0 KOHTPOJIOIOTH OUIBIIICTh META0OIIIHUX
MIPOIIECIB 1 € BYKIIMBUMHU JJIS PETyJIsiiii 6ararbox ¢izionoriv-
HUX (YHKIIH, BKIIOYAIOYH 9yTIUBICTh JO 1HCYIIHY, TPOITi-
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(epalliro KJIITHH Ta aHTiOTeHEe3. MEeTOI0 IIbOTO A0 CITIKCHHS
Oys10 oriauTH poiib ekcripecii MPHK renis VEGF-A, CYRG61,
PDGFC, FGF1, FGF2, FGFR2, FGFRLI, E2F8, BAI2, HIF'14
Ta EPAS1, 1110 MaloTh BiJIHOLICHHS 10 PETryJIsiLii aHT10TeHe3Y,
y JKHMPOBIi TKAHHMHI B IUIaHI X MOXKJIMBOI y4acTi y PO3BHTKY
OXKMPIHHS Ta HOro MeTaboniYHuX yckiaaHeHs. [lokasaHo, 1o
piBenb ekcnpecii rediB VEGF-A, PDGFC, FGF2 ta FGFRLI1
3HIDKY€ETBCS Y )KUPOBIH TKAHMHI YOJIOBIKIB 3 OXKMPIHHSM 1 HOP-
MaJIbHOIO ToJIepaHTHICTIO 710 rmoko3u (NGT) y nopiBHsHHI 3
IPYIOI0 KOHTPOJIbHUX Cy0’€KTiB. Y TOii e yac y wiit rpymi
YOJIOBIKIB 3 OXKHMPIHHAM BHUSBICHO 3HAYHE ITiABUIIICHHS CKC-
npecii reniB CYR61, FGF1, FGFR2, E2F8, BAI2 ta HIF1A.
[Mopymenns ToxepantHocTi g0 nmoko3u (IGT) y manieHris
3 OKUPIHHIM aCOINIOETHCS 31 3HMKEHHsIM ekcrpecii MPHK
CYRG61 i FGFR2 Ta 36insmenasm MPHK E2F8, FGF1, FGF2,
VEGF-A i #ioro crutaiic-Bapianty 189 y skupoBiii TKaHUHI Yy
HOPIBHSHHI 3 rpynoro 40i0BiKiB 3 oxkupinHsIM i NGT. Takum
YUHOM, OTPUMaHi HaMHU Pe3yJIbTaTH IPOJIEMOHCTPYBAJIH, 110
eKcIIpecist OUIBIIOCTI JOCIIKEHUX T'€HIB MOPYLIYEThCS Y
i TUIKIPHIN )KUPOBIH TKAHUHI YOJIOBIKIB 3 oxkupiHHsaM i NGT
i 110 MTOPYIIEHHS TOJIEPAHTHOCTI /10 TIIFOKO3U ACOLHIOETHCS 13
reHo-crerupiuanMu 3minamu excripecii MPHK E2F8, FGFR2,
FGF1, FGF2, VEGF-A, CYRG61 i FGFR2. TIlpexacrasneni
TYT pe3yJbTaTH CBiuarth 1po Te, mo reun VEGF-A, CYR6],
PDGFC, FGF1, FGF2, FGFR2, FGFRLI, E2FS8, BAI2 Ta
HIF1A MOXIUBO 3aJisiHi y PO3BUTKY OXHPIHHA Ta HOro
YCKJIaJHCHb.

Kirouosi ciosa: excripecis MPHK, VEGF-A, CYRG61, FGF1,
FGF2, FGFR2, E2F8, HIF1A, »upoBa TKaHWHA, OKUPIHHS,
YOJIOBIKH.

O.I'. Minuenko, FO.M. Bamra, /I.0. Min4enko,
0.0. Patymna

9KCHIPECCUATEHOB,YTO UMEIOT OTHO-
INEHUE K AHTUOTEHE3Y, B IOJIKOKHOM
JKUPOBOM TKAHU MYKYHUH C OXKUPE-
HUEM U HOPMAJIbHOM WU HAPYIIE-
HHOM TOJIEPAHTHOCTBIO K INTIOKO3E

O’XKupeHne U ero MeTaboIMYeCKNe YCIOKHEHHs SBISIOTCS
ofHOW M3 Hambosee BaXKHBIX MPOOIEM 31paBOOXPAHCHUS.
Pa3BuTHe OXHpeHus 00yCIOBICHO B3aUMO/ICHCTBHEM T'€HOB
¢ (akTOpaMH OKpYXKalOIIeil Cpe/ibl U TECHO IMOBA3aHO C
JIUCPETYNALUEN TOHKUX MEXAHU3MOB PETYIISALMU SKCIIPECCUH
I'€HOB, YTO KOHTPOJHUPYIOT OOJBIIMHCTBO META0OINYECKUX
NPOLIECCOB M SABJIAIOTCA BaXKHBIMU JUISL PErYISLMA MHOTMX
¢busnonornyecknx QyHKIHH, BKIOYas 4yBCTBUTEIBHOCTD
K MHCYJIHHY, TIponudepaluio KIeToK 1 aHruoreHes. llensio
9TOTO HCCIIeI0BaHUs OBIIO OLEHUTH Poiib 3kcnpeccun MPHK
reHoB VEGF-A, CYR61, PDGFC, FGFI, FGF2, FGFR2,
FGFRLI, E2FS8, BAI2, HIF1A v EPASI, 9T0O UMEIOT OTHOIIIE-
HHE K PEryJIsAlMU aHTHOI€HE3a, B )KMPOBOH TKAHH B IUIAHE X
BO3MOXKHOM Y4acCTH B Pa3BUTUH OKMPEHUS U €ro MeTabosnye-
CKUX ycsoxkHeHui. IToka3ano, 4To ypoBeHb SKCIIPECCHH TEHOB
VEGF-A, PDGFC, FGF2 nu FGFRLI cHnxaeTcs B 5KUPOBOM
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TKaHU MY’>K4UH C O)KUPEHUEM U HOPMaJIbHOM TOJIEPaHTHOCTHIO
k niroko3e (NGT) B cpaBHEHUH € TPpyNIIOH KOHTPOJIBHBIX CyOb-
€KTOB. B To e BpeMs B 3TOi1 rpyIine MyX4YiH ¢ OKUPEHHEM
BBISIBJICHO 3HAYMTEJIbHOE MOBBILICHHE 3KCIPECCUU T€HOB
CYRG61, FGFI1, FGFR2, E2FS8, BAI2 u HIFI1A. Hapymenue
TojsepaHTHOCTH K Iitoko3e (IGT) y manueHToB ¢ oxxUpeHueM
accouuupyercs co cHmkeHueM skcnpeccu MPHK CYR61 u
FGFR2 u yBenmnuennem MPHK E2F8, FGF1, FGF2, VEGF-A
U ero cIuiaiic-BapuanTa 189 B 5xupoBOil TKaHU 110 CPAaBHEHUIO
¢ rpynmnoi myxuut ¢ oxupenueM u NGT. Takum obpaszom,
IIOJIy4YeHHbIE HaMH Pe3yJIbTaThl IPOAEMOHCTPUPOBAIIH, YTO
IKCIPECcCHst OOJIBIINHCTBA UCCIIEI0BAHHbIX IEHOB HAPYIIIACTCs
B MOJIKOJKHOM JKMPOBOI TKaHU Myx4HH ¢ oxkuperneM u NGT
Y 4TO HapyILICHUE TOJIEPAHTHOCTH K INIFOKO3€ aCCOLMUPYETCS
3 FeHO-CIIenM(pUUCHCKUMH U3MeHeHUsIMH dKcripeccur MPHK
E2FS, FGF1, FGF2, VEGF-A, CYR61 u FGFR2. IIpencras-
JICHHBIE 31€Ch PE3YNbTaThl CBUJECTEILCTBYIOT O TOM, YTO FeHBI
VEGF-A, CYR61, PDGFC, FGF1, FGF2, FGFR2, FGFRLI,
E2FS, BAI2 v HIF 14 BO3BMOXHO 33JIciiCTBOBaHbI B PA3BUTHH
OXKHPEHHUS U €ro yCIOKHEHUH.

Kitouessie ciosa: skcnpeccust MPHK; VEGF-A; CYR61;
FGF1; FGF2; FGFR2; E2F8; HIF1A; >xupoBasi TKaHb; 0XKH-
pEeHUE; MY>KUUHBIL.
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