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Abstract
BACKGROUND 
Atherosclerosis is a major cause of mortality worldwide and is driven by multiple 
risk factors, including diabetes, which results in an increased atherosclerotic 
burden, but the precise mechanisms for the occurrence and development of 
diabetic atherosclerosis have not been fully elucidated.

AIM 
To summarize the potential role of retinol binding protein 4 (RBP4) in the 
pathogenesis of diabetic atherosclerosis, particularly in relation to the RBP4-Janus 
kinase 2/signal transducer and activator of transcription 3 (JAK2/STAT3) 
signaling pathway.

METHODS 
Male Wistar rats were randomly divided into three groups, including a control 
group (NC group), diabetic rat group (DM group), and diabetic atherosclerotic rat 
group (DA group). The contents of total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-c), triglycerides (TG), low-density lipoprotein cholesterol (LDL-
c), fasting insulin (FINS), fasting plasma glucose, and hemoglobin A1c (HbA1c) 
were measured. Moreover, the adipose and serum levels of RBP4, along with the 
expression levels of JAK2, phosphorylated JAK2 (p-JAK2), STAT3, 
phosphorylated STAT3 (p-STAT3), B-cell lymphoma-2 (Bcl-2), and Cyclin D1 in 
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aortic tissues were also measured. Besides, homeostasis model assessment of 
insulin resistance (HOMA-IR) and atherogenic indexes (AI) were calculated.

RESULTS 
Compared with the NC and DM groups, the levels LDL-c, TG, TC, FINS, HOMA-
IR, RBP4, and AI were upregulated, whereas that of HDL-c was downregulated in 
the DA group (P < 0.05); the mRNA levels of JAK2, STAT3, Cyclin D1, and Bcl-2 in 
the DA group were significantly increased compared with the NC group and the 
DM group; P-JAK2, p-JAK2/JAK2 ratio, p-STAT3, p-STAT3/STAT3 ratio, Cyclin 
D1, and Bcl-2 at protein levels were significantly upregulated in the DA group 
compared with the NC group and DM group. In addition, as shown by Pearson 
analysis, serum RBP4 had a positive correlation with TG, TC, LDL-c, FINS, 
HbA1C, p-JAK2, p-STAT3, Bcl-2, Cyclin D1, AI, and HOMA-IR but a negative 
correlation with HDL-c. In addition, multivariable logistic regression analysis 
showed that serum RBP4, p-JAK2, p-STAT3, and LDL-c were predictors of the 
presence of diabetic atherosclerosis.

CONCLUSION 
RBP4 could be involved in the initiation or progression of diabetic atherosclerosis 
by regulating the JAK2/STAT3 signaling pathway.

Key Words: Diabetes mellitus; Petinol binding protein 4; Atherosclerosis; JAK2/STAT3 
signaling pathway; Cyclin D1
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Core Tip: Atherosclerosis is a major cause of mortality worldwide and is driven by 
multiple risk factors including diabetes, which entails increased atherosclerotic burden, 
but the precise mechanisms for the occurrence and development of diabetic 
atherosclerosis are yet to be fully made clear. Retinol binding protein 4 is clinically 
associated with obesity, insulin resistance, type 2 diabetes, and cardiovascular diseases. 
This study aimed to explore the expression regulation and mechanism of retinol 
binding protein 4 that is involved in diabetic macrovascular disease in order to find 
therapeutic targets for diabetic macrovascular disease.

Citation: Zhou W, Ye SD, Wang W. Elevated retinol binding protein 4 levels are associated 
with atherosclerosis in diabetic rats via JAK2/STAT3 signaling pathway. World J Diabetes 
2021; 12(4): 466-479
URL: https://www.wjgnet.com/1948-9358/full/v12/i4/466.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i4.466

INTRODUCTION
Atherosclerosis is a chronic disorder that involves inflammatory cell recruitment, 
endothelial dysfunction, local cytokine generation, and lipid accumulation in the 
vascular wall intima[1]. Retinol binding protein 4 (RBP4) is a novel adipokine released 
from hepatocytes and adipocytes and is considered as  an emerging cardiometabolic 
risk factor that is correlated with obesity, insulin resistance (IR), impaired glucose 
tolerance, and type 2 diabetes (T2DM). This molecule was first reported by Yang 
et al[2], who, using a mouse model, found that the increased RBP4 expression in 
circulation resulted in IR by suppressing the activity of phosphatidylinositol 3-kinase 
(PI3K) in the skeletal muscle while upregulating the hepatic level of phosphoenol-
pyruvate carboxylase. Increasing experimental and clinical studies have shown that 
upregulated RBP4 are positively associated with the prevalence of cardiovascular 
diseases including strokes, coronary heart disease, and hyper-tension[3-5], which thus 
indicates that RBP4 has a pivotal function in the mediation of cardiovascular diseases. 
However, the exact role of RBP4 in the occurrence and development of atherosclerosis 
remains elusive.

Recent studies have shown that the increased proliferation and migration of 
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vascular smooth muscle cells (VSMCs) are a key event in the progression of 
cardiovascular diseases[6]. The Janus kinase/signal transducer and activator of 
transcription (JAK/STAT) pathway, which can regulate various pathophysiological 
processes, has been implicated in mediating cell migration and proliferation in 
VSMCs. Binding of cytokines to their receptors induces their autoactivation through 
transphosphorylation. Once activated, JAK2 is then rapidly activated in VSMCs, and 
STAT3 is phosphorylated and translocated to the nucleus in a JAK2-dependent 
manner[7].

Therefore, the aim of the present study was to determine the expression and 
function of RBP4 in diabetic rats with atherosclerosis, and to confirm whether the role 
of RBP4 in the development of atherosclerosis is mediated via the JAK/STAT signaling 
pathway.

MATERIALS AND METHODS
Animals
The study was approved by the Ethics Committee of Anhui Provincial Hospital 
Medical Institution Animal Care and Research Advisory Committee (Hefei, China) 
and was carried out in compliance with the Animal Research: Reporting in vivo 
Experiments Guidelines (ARRIVE Guidelines). Altogether 70 2-mo-old male Wistar 
rats weighing 190-210 g were purchased from the Experimental Animal Center of 
Anhui Medical University and raised in  clean plastic cages at a temperature of 20 ± 1 
°C, humidity of 47% ± 9%, and photoperiod of 14 h (light)/10 h (dark) during the 
entire experiment. The animals were divided into a normal control (NC, n = 20) or 
observation (n = 50) group. The NC group was given a normal diet, whereas the 
remaining animals were given a high-glucose and high-fat diet composed of 78.3% 
carbohydrates, 10% lard, 6% sugar, 5% cholesterol, 0.2% propylthiouracil, and 0.5% 
sodium cholate. The rats were acclimatized to the experimental conditions, and then, 
30 mg/kg streptozotocin (STZ; Sigma-Aldrich, United States) was used to induce 
diabetes in rats randomly selected from the observation group. To confirm T2DM, we 
used a glucometer (Roche, Diagnostics GmbH, Germany) to carry out glucose 
tolerance tests on the rats fasted for 12 h. As a result, the 50 rats were shown to have 
T2DM (fasting plasma glucose, FPG > 7.8 mmol/L). The observation group rats 
continued on the high-glucose-high-fat diet and were randomly divided into diabetic 
rats (DM group, n = 25) and diabetic rats with atherosclerosis (DA group, n = 25). The 
rats in the DA group were then intraperitoneally injected with recombinant RBP4 
(ab109146, abcam, United Kingdom) at 3 µg/g every 12 h for 3 wk.

Collection of specimens
At the end of week 19, each rat was anaesthetized intraperitoneally with 2% sodium 
pentobarbital sodium at a dose of 30 mg/kg. Then, blood was sampled to detect the 
related serum component contents. Except for samples for hematoxylin and eosin (HE) 
staining and immunohistochemistry, samples for Western blot assays of JAK2, 
phosphorylated JAK2 (p-JAK2), STAT3, phosphorylated STAT3 (p-STAT3), Cyclin D1, 
and B-cell lymphoma-2 (Bcl-2) were obtained when the thoracic aorta was separated 
and used to extract mRNA and protein. In addition, visceral adipose tissue was 
extracted for the measurement of the RBP4 mRNA level and the quantitative protein 
expression of RBP4. All methods were performed in accordance with the relevant 
guidelines and regulations.

Laboratory assays
The levels of low-density lipoprotein cholesterol (LDL-c), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-c), and triglycerides (TG) were detected with an 
automatic biochemical analyzer (Hitachi 7600-020, Japan). Additionally, the levels of 
fasting insulin (FINS) were tested with an insulin radioimmunoassay kit (Atom Hi-
Tech, China). The level of serum RBP4 was evaluated by enzyme-linked immuno-
sorbent assay (ELISA; BIOHJSW, United States). Whole hemoglobin A1c (HbA1C) was 
measured by affinity chromatography with an HbA1c radiometer (BIO-RAB-D10, 
United States). HOMA-IR (homeostasis model assessment insulin resistance) index 
was calculated according to the following equations: HOMA-IR = FINS × FPG/22.5, 
and atherogenic index (AI) was estimated by the formulas AI = TC - HDL-c/HDL-c.
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Western blot analysis
BCA assays were conducted to determine the protein levels in cell lysates. After 
separation through 12% SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis), the separated proteins were transferred onto a PVDF (polyvinylidene 
fluoride) membrane. At 4 °C, the membrane was simultaneously exposed overnight to 
solution containing primary antibodies [1:300, anti-JAK2 (Bioss, China); 1:5000, anti-p-
JAK2 (abcam, United States); 1:1000, anti-STAT3 (Bioss, China); 1:10000, anti-p-STAT3 
(abcam, United States); 1:300, anti-Cyclin D1 (Bioss, China); 1:1000, anti- Bcl-2 (Bioss, 
China); 1:1000, anti-RBP4 (Bioss, China)]. After the membrane was washed with Tris-
buffered saline (TBS)-0.1% Tween 20 solution four times every 5 min, it was incubated 
with the corresponding secondary antibodies conjugated to horseradish peroxidase 
(1:10000, Zs-BIO, China). Western blots were treated with an ECL (electro-
chemiluminescence) detection kit (Thermo, United States) to induce the 
chemiluminescence signal (Thermo, United States), which was captured on X-ray film.

Real-time quantitative reverse transcription-polymerase chain reaction
TRIzol (Invitrogen, United States) was used to extract total RNA. Thereafter, the 
RevertAidTM First Strand cDNA Synthesis Kit (Thermo, United States) was used to 
prepare cDNA in accordance with specific protocols. Moreover, the Novostart SYBR 
qPCR SuperMix Plus (Novoprotein, China) was adopted for real-time quantitative 
polymerase chain reaction (PCR) by using the fluorescence quantitative LightCycler 96 
Real-Time PCR System (Thermo, United States). The primer sequences are listed in 
Table 1. The relative gene expression was calculated by using the 2-ΔΔCt method.

Enzyme-linked immunosorbent assay
The serum RBP4 expression was detected by ELISA in accordance with specific 
instructions. After sample collection and standard preparation, the prepared products 
were added to specific wells. Thereafter, the substrate solution, together with detection 
reagents A and B, was added, for incubation at 37 °C for 30 min. Then, the stop 
solution was added to terminate the reaction, and the absorbance (OD) value was 
detected at 450 nm using a microplate reader.

Immunohistochemistry
The fixed tissue was washed, cleared, dehydrated, paraffin embedded, and cut into 
sections. Each tissue section was subjected to deparaffinization and treated with 3% H2

O2 for 10 min to inactivate endogenous peroxidases, followed by 30 min of heating at 
120 °C in 10 mmol/L citrate buffer to retrieve the antigen. Subsequently, primary 
antibodies dissolved in the phosphatebuffered saline (PBS) were added to incubate the 
sections at 4 °C overnight. The sections were then washed with PBS thrice, followed by 
20 min of incubation with secondary antibodies and visualization with diamino-
benzidine. Hematoxylin was then used for the counterstaining of each section. Ten 
visual fields were randomly chosen to take photographs (OLYMPUS, CX43) under a 
microscope, and the proportion of positively stained area to one visual field area 
(expressed as %) was determined for semiquantitative analysis.

Statistical analysis
Variables are presented as the mean ± SD or median. Two groups were compared by t-
tests, and multiple groups were analyzed by one-way analysis of variance (ANOVA). 
Pearson’s correlation coefficient was used to assess the relationship between RBP4 and 
other markers. Multivariable logistic regression analysis was used to calculate the 
odds ratios and 95% confidence intervals for diabetic atherosclerosis; P < 0.05 was 
considered statistically significant. All statistical analyses were carried out with SPSS 
23.0 statistical software (IBM, Armonk, NY, United States).

RESULTS
Changes in biochemical indexes of rats in each group
As depicted in Table 2, the levels of FPG, HbA1C, TG, LDL-c, FINS, RBP4, AI, and 
HOMA-IR increased, while the level of HDL-c decreased in the DM and DA groups 
compared to the NC group (P < 0.05). When compared with the DM group, the levels 
of LDL-c, TG, TC, FINS, HOMA-IR, RBP4, and AI were significantly increased; 
conversely, the level of HDL-c was increased.
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Table 1 Primer sequences of target genes and internal reference genes

Gene Amplicon size (bp) Forward primer (5'→3') Reverse primer (5'→3')

β-actin 150 CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC

Cyclin D1 138 TCAAGTGTGACCCGGACTG GACCAGCTTCTTCCTCCACTT

STAT3 115 GCAATACCATTGACCTGCCG AACGTGAGCGACTCAAACTG

RBP4 131 GCGAGGAAACGATGACCACT TGGGGTCACGAGAAAACACA

JAK2 179 ACAAGCAGGACGGGAAGGTC AATTGGGCCGTGACAGTTGC

Bcl2 102 GAGTACCTGAACCGGCATCT GAAATCAAACAGAGGTCGCA

Table 2 Comparison of indicators among each group

Index Group NC (n = 20) Group DM (n = 25) Group DA (n = 25) F P value

Weight (kg) 491.84 ± 80.82 504.61 ± 63.16 526.07 ± 85.66 1.155 0.321

TG (mmol/L) 0.65 ± 0.10 1.36 ± 0.17a 1.82 ± 0.28a,b 191.339 < 0.001

LDL-c (mmol/L) 0.35 ± 0.12 0.49 ± 0.12a 0.57 ± 0.14a,b 17.562 < 0.001

HDL-c (mmol/L) 1.07 ± 0.19 0.98 ± 0.20 0.71 ± 0.11a,b 27.856 < 0.001

TC (mmol/L) 1.98 ± 0.39 2.23 ± 0.42 2.95 ± 0.50 a,b 30.234 < 0.001

FPG (mmol/L) 5.42 ± 0.82 13.37 ± 2.16a 14.04 ± 2.40a 125.463 < 0.001

FINS (mU/L) 9.84 ± 1.99 14.42 ± 2.12a 19.24 ± 3.17a,b 77.990 < 0.001

HbA1C (%) 5.10 ± 0.81 9.95 ± 2.02a 10.86 ± 1.65a 78.800 < 0.001

RBP4 (ng/mL) 15.37 ± 2.07 21.23 ± 2.70a 32.28 ± 4.68a,b 144.583 < 0.001

AI 0.58 ± 0.23 1.71 ± 0.71a 3.31 ± 0.76a,b 105.551 < 0.001

HOMA-IR 2.38 ± 0.62 8.49 ± 1.36a 12.24 ± 2.82a,b 149.994 < 0.001

aP < 0.05 vs control group.
bP < 0.05 vs diabetic rat group. NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group; TG: Triglycerides; LDL-c: Low-density 
lipoprotein cholesterol; HDL-c: High-density lipoprotein cholesterol; TC: Total cholesterol; FPG: Fasting plasma glucose; FINS: Fasting insulin; HbA1C: 
Hemoglobin A1c; RBP4: Retinol binding protein 4; AI: Atherogenic indexes; HOMA-IR: Homeostasis model assessment of insulin resistance.

HE staining in each group
As illustrated in Figure 1A-C, the vessels had no obvious intimal thickening or lumen 
stenosis in the NC group. However, the intima became thicker and the structure and 
arrangement of VSMCs were disordered in the DM group. The lumen became 
narrower and a large number of VSMCs migrated and proliferated in the DA group.

Expression of RBP4 in adipose tissue of rats in each group
As shown in Figure 2, the mRNA expression of RBP4 in adipose tissue was higher in 
the DA group (1.85 ± 0.17) than in the NC group (1.0 ± 0.08) and the DM group (1.58 ± 
0.10). As illustrated in Figure 3, the protein expression of RBP4 was low in the NC 
group but dramatically increased in the DM and DA groups, and the increase was 
more significant in the DA group.

Expression of JAK2, STAT3, Cyclin D1, and Bcl-2 in aortic tissues of rats in each 
group
mRNA expression: The data revealed that the mRNA expression of JAK2 in aortic 
tissues was 0.60 ± 0.02, 0.81 ± 0.03, and 0.99 ± 0.11 in the NC, DM, and DA groups, 
respectively. The mRNA expression of STAT3 in aortic tissues was higher in the DA 
group (1.0 ± 0.08) than in the NC group (0.37 ± 0.06) and the DM group (0.92 ± 0.08). In 
addition, the mRNA expression of Cyclin D1 (1.0 ± 0.15) and Bcl-2 (1.67 ± 0.11) in the 
DA group was significantly increased compared with the NC group (Cyclin D1: 0.5 ± 
0.08; Bcl-2: 0.85 ± 0.03) and the DM group (Cyclin D1: 0.82 ± 0.09; Bcl-2: 1.25 ± 0.05) 
(Figure 4).
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Figure 1 Thoracic aorta (hematoxylin and eosin staining). A: The vessel had no obvious intimal thickening and lumen stenosis in the control group; B: The 
intima became thicker and the structure and arrangement of vascular smooth muscle cells were disordered in the diabetic rat group; C: The lumen became narrower 
and a large number of vascular smooth muscle cells migrated and proliferated in the diabetic atherosclerotic rat group.

Protein expression by Western blot: P-JAK2, the p-JAK2/JAK2 ratio, p-STAT3, and 
the p-STAT3/STAT3 ratio were significantly increased in the DA group compared 
with the NC group and the DM group, while there was no significant difference in 
JAK2 and STAT3 expression among the groups (Figure 5A and B). The protein 
expression levels of Cyclin D1 and Bcl-2 in the DA group were significantly increased 
compared with the NC group and the DM group (Figure 5C).

Protein expression by immunohistochemistry: The positive protein expression of 
Cyclin D1 distributed in the nucleus (Figure 6A-C) and that of Bcl-2 distributed in the 
cytoplasm (Figure 6D-E), which were stained brown-yellow, were highly expressed in 
the aortic tissues of the rats in the DA group but were dramatically decreased in the 
DM and NC groups. The corresponding statistics are recorded in Table 3.
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Table 3 Immunohistochemical analysis of Cyclin D1 and B-cell lymphoma-2 protein expression in all groups

Index Group NC (%) Group DM (%) Group DA (%) F P value

Cyclin D1 6.84 ± 1.03 10.24 ± 1.78a 14.71 ± 2.26a,b 15.017 0.005

Bcl-2 7.25 ± 0.96 10.44 ± 1.21a 13.28 ± 2.04a,b 12.510 0.007

aP < 0.05 vs control group.
bP < 0.05 vs diabetic rat group.
NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group; Bcl-2: B-cell lymphoma-2.

Figure 2 Comparisons of retinol binding protein 4 mRNA expression in each group. aP < 0.05 vs control group, bP < 0.05 vs diabetic rat group. 
RBP4: Retinol binding protein 4; NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group.

Figure 3 Comparisons of protein expression of retinol binding protein 4 in each group. aP < 0.05 vs control group, bP < 0.05 vs diabetic rat group. 
RBP4: Retinol binding protein 4; NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group.

Correlation analysis and independent predictors of presence of atherosclerosis
As shown in Table 4, the results of correlation analysis revealed that serum RBP4 were 
positively correlated with TG, TC, LDL-c, FINS, HbA1C, p-JAK2, p-STAT3, Bcl-2, 
Cyclin D1, AI, and HOMA-IR but negatively correlated with HDL-c. Multiple logistic 
regression analysis was also used to determine the independent associations with the 
presence of diabetic atherosclerosis. The occurrence of atherosclerosis was set as a 
dependent variable, and the factors in the DM and DA groups were selected as 
independent variables. The results revealed that serum RBP4, LDL-c, p-JAK2, and p-
STAT3 were risk factors for atherosclerosis (Table 5).

DISCUSSION
Atherosclerosis is a major cause of mortality worldwide and is driven by multiple risk 
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Table 4 Correlation between serum retinol binding protein 4 and the other indicators in type 2 diabetes groups (n = 50)

Indicator r P value

Weight (kg) 0.121 0.401

TG (mmol/L) 0.622 < 0.001

LDL-c (mmol/L) 0.395 0.005

HDL-c (mmol/L) -0.566 < 0.001

TC (mmol/L) 0.586 < 0.001

AI 0.716 < 0.001

FPG (mmol/L) 0.111 0.444

FINS (mU/L) 0.556 < 0.001

HOMA-IR 0.541 < 0.001

HbA1C (%) 0.284 0.045

JAK2 0.239 0.094

p-JAK2 0.433 0.002

STAT3 -0.040 0.781

p-STAT3 0.539 < 0.001

Cyclin D1 0.476 < 0.001

Bcl-2 0.325 0.021

TG: Triglycerides; LDL-c: Low-density lipoprotein cholesterol; HDL-c: High-density lipoprotein cholesterol; TC: Total cholesterol; FPG: Fasting plasma 
glucose; FINS: Fasting insulin; HbA1C: Hemoglobin A1c; RBP4: Retinol binding protein 4; HOMA-IR: Homeostasis model assessment of insulin resistance; 
JAK2: Janus kinase 2; p-JAK2: Phosphorylated Janus kinase 2; STAT3: Signal transducer and activator of transcription 3; p-STAT3: Phosphorylated signal 
transducer and activator of transcription-3; Bcl-2: B-cell lymphoma-2.

Table 5 Multivariable logistic regression in type 2 diabetes groups (n = 50)

Variable β value SE χ2 OR 95%CI P value

RBP4 0.951 0.338 7.933 2.589 1.335-5.019 0.005

LDL-c 5.211 2.421 4.631 18.253 1.592-39.597 0.031

p-JAK2 2.040 0.866 5.554 7.693 1.410-41.979 0.018

p-STAT3 2.734 1.187 5.305 15.402 1.503-57.794 0.021

Constant -21.007 7.916 7.041 0.000 0.008

CI: Confidence interval; OR: Odds ratio; RBP4: Retinol binding protein 4; LDL-c: Low-density lipoprotein cholesterol; p-JAK2: Phosphorylated Janus kinase 
2; p-STAT3: Phosphorylated signal transducer and activator of transcription-3.

factors, including diabetes, which results in an increased atherosclerotic burden, but 
the precise mechanisms for the occurrence and development of diabetic atherosclerosis 
have not been fully elucidated. Dyslipidemia and inflammation have important 
synergistic effects in deteriorating vascular walls when diabetic atherosclerosis 
develops[8]. In addition, VSMCs play a critical role in various processes, including 
abnormal cell migration and proliferation, and synthesis of the extracellular matrix, 
which contribute to the progression of diabetic atherosclerosis[9]. JAK2/STAT3 is an 
important signal transduction pathway that mediates VSMC proliferation[10,11]. STAT3 
can be activated when the signal transduction protein JAK2 is stimulated by cytokines 
to phosphorylate the STAT3 tyrosine 705 residue. Consequently, activated STAT3 
forms dimers, translocates to the nucleus, and binds to downstream targets such as 
Bcl-2, Cyclin D1, c-Myc, and survivin to promote the proliferation and differentiation 
of VSMCs[12,13]. As previously reported, the JAK/STAT signal transduction pathway 
participates in the regulation of the inflammatory response of the arterial adventitia in 
diabetic patients. Banes et al[14] observed an increase in JAK2 and STAT3 tyrosine 
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Figure 4 Comparisons of mRNA expression in each group. A: Janus kinase 2; B: Signal transducer and activator of transcription 3; C: Cylin D1; D: B-cell 
lymphoma-2. aP < 0.05 vs control group, bP < 0.05 vs diabetic rat group. NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group; JAK2: 
Janus kinase 2; STAT3: Signal transducer and activator of transcription 3; Bcl-2: B-cell lymphoma-2.

phosphorylation levels in STZ-induced rat thoracic aortae. These researchers also 
found that the treatment of diabetic rats with ketanserin prevented the increase in p-
STAT3 and p-JAK2 levels in the aorta [14]. Recent studies have indicated that mice with 
endothelial STAT3 knockdown display decreased atherosclerotic lesions, lessened 
formation of fatty streaks, and intensified staining for activated STAT3 within 
inflammatory areas in atherosclerotic lesions relative to regions in their wild-type 
counterparts[15]. In the present study, both the mRNA and phosphorylated protein 
expression of JAK2 and STAT3 was significantly upregulated in the DA group 
compared with the NC group and the DM group, which was in accordance with 
previous studies.

RBP4 is clinically associated with obesity, IR, T2DM, and cardiovascular diseases. 
Furthermore, patients with diabetes complicated with macroangiopathy have 
enhanced serum RBP4 levels compared to diabetic patients with mild or no 
macroangiopathy[16-18], suggesting that RBP4 is involved in the pathogenesis of diabetes 
with macrovascular complications. As the causative factor and marker of vascular 
injury, RBP4 is related to IR[19]. Mohapatra et al[20] reported that concentrations of RBP4 
in T2DM complicated with cardiovascular diseases were significantly increased and 
associated with glycolipid imbalances. RBP4 can also promote atherogenesis by 
inducing macrophage-derived foam cell formation[21]. As reported by Zabetian-Targhi 
et al[22], holo-RBP4 and apo-RBP4 result in the production of specific risk markers for 
inflammation and cardiovascular diseases, such as interleukin-6 and tumor necrosis 
factor-alpha in macrophages as well as vascular cell adhesion molecule-1 and 
intercellular cell adhesion molecule-1 in endothelial cells. Furthermore, RBP4 may 
directly induce cardiovascular diseases through inflammatory pathways. In our 
previous research, we found that RBP4 may contribute to the development of diabetic 
atherosclerosis through some mechanisms, such as IR, inflammatory reactions, and 
glycolipid metabolic disorder[23]. There are few studies on the potential role of RBP4 in 
the development of cardiovascular diseases, except for inflammation, IR, and 
glycolipid metabolism disorder. Gao et al[24] showed that RBP4 can promote the 
proliferation of VSMCs through the PI3K/AKT signaling pathway, which further 
leads to the occurrence of atherosclerosis. Moreover, Li et al[25] found that insulin 
induced the proliferation of VSMCs through the JAK2/STAT3 pathway and that RBP4 
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Figure 5 Comparisons of protein expression in each group. A: Janus kinase 2 and phosphorylated Janus kinase 2; B: Signal transducer and activator of 
transcription 3 and phosphorylated signal transducer and activator of transcription 3; C: Cylin D1 and B-cell lymphoma-2. aP < 0.05 vs control group, bP < 0.05 vs 
diabetic rat group. NC: Control group; DM: Diabetic rat group; DA: Diabetic atherosclerotic rat group; JAK2: Janus kinase 2; P-JAK2: Phosphorylated Janus kinase 2; 
STAT3: Signal transducer and activator of transcription 3; P-STAT3: Phosphorylated signal transducer and activator of transcription 3; Bcl-2: B-cell lymphoma-2.

significantly promoted the hyperinsulinism-induced proliferation of VSMCs. These 
two studies are both consistent with the hypothesis that RBP4 may activate 
proliferation and migration of VSMCs through the JAK/STAT pathway. We therefore 
aimed to verify whether the JAK2/STAT3 signal is responsible for RBP4-induced 
proliferation and migration in VSMCs. In the present study, signs of atherosclerosis 
were present in the rats after 3 wk of intraperitoneal recombinant RBP4 injection. 
Statistical analysis also showed that RBP4 was positively correlated with p-JAK2, p-
STAT3, Bcl-2, Cyclin D2, and AI and that RBP4 was one of the predictors of the 
presence of diabetic atherosclerosis, which implies that RBP4 can increase the degrees 
of phosphorylation of JAK2 and STAT3 and participate in the formation of 
atherosclerosis through the JAK2/STAT3 pathway. Previous studies have shown that 
elevated RBP4 may lead to IR and dyslipidemia through the JAK/STAT signaling 
pathway. It has been demonstrated that treatment of cultured adipocytes with RBP4 
triggers the phosphorylation of retinoic acid gene 6 (STRA6), activation of JAK2 and 
STAT, and upregulation of suppressor of cytokine signaling 3 (SOCS3), leading to the 
suppression of insulin responses. Similarly, RBP4 injection in mice led to the activation 
of STRA6, resulting in the phosphorylation of JAK2 and STAT and the subsequent 
upregulation of SOCS3 expression in muscle and adipose tissue[26]. One study showed 
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Figure 6 Protein expression by immunohistochemistry in each group. A: Cyclin D1 expression in control group; B: Cyclin D1 expression in diabetic rat 
group; C: Cyclin D1 expression in diabetic atherosclerotic rat group; D: B-cell lymphoma-2 (Bcl-2) expression in control group; F: Bcl-2 expression in diabetic rat 
group; G: Bcl-2 expression in diabetic atherosclerotic rat group.

that the RBP4/retinol complex stimulates the expression of SOCS3 through JAK/STAT 
signaling, which has been implicated in IR. These observations further revealed that 
activation of a JAK/STAT cascade by RBP-retinol leads to the upregulation of the 
expression of STAT target genes, which can inhibit insulin signaling or control lipid 
homeostasis[27]. Zargha et al[28] found that RBP4 can affect lipid metabolism through the 
JAK/STAT3 pathway mediated by STRA6. Leptin can affect vascular endothelial cell 
function and VSMC proliferation through the JAK/STAT pathway, which indicates 
that JAK2/STAT3 is an adipocyte-derived signaling pathway[29]. There are few studies 
investigating whether RBP4 can promote VSMC proliferation by using JAK/STAT 
signaling. We investigated the association between diabetic vascular complications 
and the RBP4-JAK2/STAT3 signaling pathway in STZ-induced diabetic rats and found 
that the expression of JAK2, STAT3, Bcl-2, and Cyclin D1 was increased after 
intraperitoneal injection of recombinant RBP4. Therefore, we speculate that RBP4 may 
be the upstream signal of the VSMC proliferation pathway by triggering the 
phosphorylation of JAK2 and STAT3, which leads to the upregulation of the 
expression of Bcl-2 and Cyclin D1 and accelerates the occurrence of diabetic 
atherosclerosis. It is important to explore the regulation and mechanism of RBP4 
expression in diabetic macrovascular disease to find therapeutic targets for diabetic 
macrovascular disease.
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CONCLUSION
In summary, increased secretion of RBP4 stimulates the expression of JAK2, STAT3, 
Bcl-2, and Cyclin D1 in diabetic rats and promotes the development of atherosclerosis. 
RBP4 may contribute to the development of diabetes complicated with cardiovascular 
disease, particularly through the RBP4-JAK2/STAT3 signaling pathway.

ARTICLE HIGHLIGHTS
Research background
With the increasing incidence of diabetes, the incidence of diabetic macroangiopathy 
continues to rise, which entails and increases atherosclerotic burden. Retinol binding 
protein 4 (RBP4) is clinically associated with obesity, insulin resistance, type 2 
diabetes, and cardiovascular diseases. However, the precise role of RBP4 in the 
initiation and progression of atherosclerosis remains elusive.

Research motivation
We tried to provide new insight into the mechanism of diabetic atherosclerosis.

Research objectives
This study aimed to explore the expression regulation and mechanism of RBP4 in the 
diabetic rats with atherosclerosis, and to examine whether the role of RBP4 in the 
progression of atherosclerosis is mediated via the Janus kinase 2/signal transducer and 
activator of transcription 3 (JAK2/STAT3) signaling pathway.

Research methods
Male Wistar rats were randomly divided into a control group (NC group), diabetic rats 
(DM group), and diabetic atherosclerosis rats (DA group). At the end of week 19, 
serum RBP4, fasting insulin (FINS), fasting plasma glucose, total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-c), triglycerides (TG), low-density 
lipoprotein cholesterol (LDL-c), and hemoglobin A1c were measured. Except for 
hematoxylin and eosin staining and immunohistochemistry, the thoracic aorta was 
separated and extracted for mRNA and Western blot assay of JAK2, phosphorylated-
JAK2 (p-JAK2), STAT3, phosphorylated-STAT3 (p-STAT3), Cyclin D1, and B-cell 
lymphoma-2 (Bcl-2). In addition, visceral adipose tissue was extracted for the 
measurement of RBP4 mRNA and the quantitative protein expression of RBP4. 
Homeostasis model assessment of insulin resistance (HOMA-IR) and atherogenic 
index (AI) were calculated.

Research results
Compared with the NC group and DM group, the levels of LDL-c, TG, TC, FINS, 
HOMA-IR, RBP4, and AI increased, while the level of HDL-c decreased in the DA 
group. The mRNA expression of JAK2, STAT3, Cyclin D1, and Bcl-2 in the DA group 
was significantly increased compared with the NC group and DM group. P-JAK2, p-
JAK2/JAK2 ratio, p-STAT3, p-STAT3/STAT3 ratio, Cyclin D1, and Bcl-2 in the DA 
group were significantly increased at protein levels compared with the NC group and 
DM group. Pearson analysis showed that serum RBP4 was positively correlated with 
TG, TC, LDL-c, FINS, hemoglobin A1c, p-JAK2, p-STAT3, Bcl-2, CyclinD1, AI, and 
HOMA-IR but negatively correlated with HDL-c. In addition, multivariable logistic 
regression analysis showed that serum RBP4, p-JAK2, p-STAT3, and LDL-c were 
predictors of the presence of diabetic atherosclerosis.

Research conclusions
The current study demonstrated that RBP4 could be involved in the initiation or 
progression of diabetic atherosclerosis by regulating the JAK2/STAT3 signaling 
pathway.

Research perspectives
These results provide important insights into the mechanism of diabetic 
atherosclerosis and may help find therapeutic targets for diabetic macrovascular 
disease.
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