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Abstract: Objective To investigate the efficacy of semaglutide combined with metformin in the treatment of type 2 diabetes
mellitus (T2DM) , and to analyze its regulatory effect on the interleukin-6 (IL-6) /Janus kinase 2 (JAK2) / signal transducer and
activator of transcription 3 (STAT3) signaling axis. Methods A total of 103 patients with T2DM admitted to Cangzhou Hospital
of Integrated Traditional Chinese and Western Medicine in Hebei Province from August 2022 to August 2024 were prospectively
selected as research subjects. They were divided into control group (7=51, metformin) and observation group (7=52, metformin
+ semaglutide) using random number table. The levels of glucose metabolism indexes [fasting plasma glucose (FPG), 2 - hour
postprandial plasma glucose (2hPG) , glycosylated hemoglobin (HbAlc) , Homeostasis Model Assessment Insulin Resistance
Index (HOMA - IR) ] , serum adipokines [serine protease inhibitor (Vaspin) , Chemerin, Apelin] and the expression of IL-
6/JAK2/STAT3 signal axis related mRNA [tumor necrosis factor alpha (TNF-a) , IL-6, STAT3, JAK2] in peripheral blood
mononuclear cells of two groups before and after treatment were observed. Results After 3 months of treatment, FPG, 2hPG,
HbA1C and HOMA- IR in the observation group were (6.56 + 0.66) mmol/L, (8.50 £ 1.01) mmol/L, (6.45 + 0.41) % and 1.88 +
0.31, respectively, which were lower than (7.12+£0.69) mmol/L, (9.36+1.11) mmol/L, (6.92+0.43) % and 2.24+0.33 in the control
group (P<0.05) ; the mRNA expression levels of TNF-q, IL-6, STAT3 and JAK2 in the observation group were 2.23+0.62,
2.35+0.68, 1.56+0.41 and 1.05+0.30 respectively, which were lower than 3.40+0.74, 3.05£0.87, 2.13+ 0.58 and 1.59+0.40 in the
control group (P<0.05) ; Vaspin, Chemerin, Apelin levels in the observation group were also lower than those in the control
group (P<0.05) . Conclusion Semaglutide combined with metformin has a significant therapeutic effect in the treatment of
T2DM patients, which can improve insulin resistance and regulate the level of adipokines, possibly by inhibiting the activation
of IL-6/JAK2/STAT3 signaling axis.
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Type 2 diabetes mellitus (T2DM) is clinically
characterized by chronic hyperglycemia. The prevalence
of T2DM in China is approximately 11.2%, and the
development and progression of T2DM may be related to
insulin resistance; as the disease advances, glycemic
control becomes increasingly difficult [1]. Metformin
tablets are commonly used in clinical practice for the
treatment of T2DM, which can control blood glucose
levels and promote the proliferation and differentiation of
pancreatic B-cells [2]. Semaglutide possesses the
advantages of rapid onset of action and a favorable
adverse-effect profile, effectively controlling blood
glucose levels and improving pancreatic f-cell function
[3-4]. Metformin reduces the sources of glucose, whereas
semaglutide primarily optimizes glucose utilization and
promotes insulin secretion. Their mechanisms of action are
complementary, covering multiple key pathophysiological
processes including islet functional defects, excessive
hepatic glucose output, and insulin resistance, thereby
achieving potent synergistic glucose-lowering effects [2].
For patients whose blood glucose remains inadequately
controlled on metformin monotherapy, the addition of
semaglutide represents a superior option compared with

traditional sulfonylureas or insulin, as it not only provides
potent glycemic reduction but also confers cardiovascular
and renal protective effects [4]. Previous studies have
demonstrated that activation of the interleukin-6
(IL-6)/Janus kinase 2 (JAK2)/signal transducer and
activator of transcription 3 (STAT3) signaling axis can
induce inflammatory responses and insulin resistance,
participating in the pathogenesis and progression of
various diseases including T2DM [5]. However, whether
semaglutide can modulate the IL-6/JAK2/STAT3 signaling
axis remains incompletely elucidated. The present study
was designed to investigate the therapeutic efficacy of
semaglutide combined with conventional treatment in
patients with T2DM, and to analyze its effects on glucose
metabolism, adipokines, and the IL-6/JAK2/STAT3
signaling axis, thereby providing a reference for the
exploration of its mechanisms of action and for rational
clinical drug use.

1 Subjects and Methods
1.1 General Data

The present study was reviewed and approved by the
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Ethics Committee of Cangzhou Integrated Traditional
Chinese and Western Medicine Hospital of Hebei Province
[project number: CZX2022093 (Shen)]. A prospective
selection was conducted among patients with T2DM
admitted to Cangzhou Integrated Traditional Chinese and
Western Medicine Hospital of Hebei Province from August
2022 to August 2024 as the screening population.

(1) Inclusion criteria:

(1) meeting the diagnostic criteria for T2DM [6],
namely fasting plasma glucose (FPG) >7.0 mmol/L, or
2-hour postprandial plasma glucose (2hPG) >11.1 mmol/L;

(2) meeting the indications for semaglutide treatment;

(3) tolerating the therapeutic agents;

(4) aged >45 years;

(5) voluntary participation in the study and signing of
the informed consent form.

(2) Exclusion criteria:
complicated by wurinary tract infection or
malignant tumors;

(2) history of glucocorticoid use;

(3) use of lipid-lowering agents within 3 months prior
to consultation;

(4) psychiatric disorders or cognitive impairment;

serum creatinine exceeding the upper limit of
normal;

(&) history of gastrointestinal surgery;

(7) concomitant primary cardiovascular disease.

(3) Withdrawal criteria:

(D) loss to follow-up;

(2) failure to complete the full course of treatment.

A total of 103 patients with T2DM were enrolled and
randomly allocated using a random number table method
into a control group (51 patients) and an observation group
(52 patients). No statistically significant differences were
observed in baseline general characteristics between the
two groups (P>0.05). See Table 1.

Tab.1 Comparison of general information between two groups

[case(%)]
Ttem Observation  Control group  t/%* P
group (n=52) (n=51) value value
Gender
Male 28(53.85) 30(58.82)  0.259 0.611
Female 24(46.15) 21(41.18)
Age(year, X ts) 57.54+6.58 58.44+5.03  0.779 0.438
BMIkg/m?* x + s 24.83+1.04 25.1841.23  1.561 0.122
Duration  of diabetes 5,063 3084052 0.527 0.600
(year, X + s)
Basic disease
Hypertension 10(19.23) 15(29.41) 1.452 0.228
Hyperlipidemia 11(21.15) 13(25.49) 0.271 0.603
Coronary heart disease 9(17.31) 7(13.73) 0.252 0.616

1.2 Treatment Protocol

Both groups received individualized diabetic diet and
exercise interventions. The control group was treated with
metformin (Hebei Tiancheng Pharmaceutical Co., Ltd.,
National Drug Approval Number HI13021647,
specification: 0.25 g/tablet) at a dose of 0.5 g per
administration, three times daily, orally, for a continuous
treatment period of 3 months. The observation group

received the same dose of metformin as the control group,
with the addition of subcutaneous injection of semaglutide
(Novo Nordisk Pharmaceutical, National Drug Approval
Number SJ20210014, specification: 1.34 mg/mL). The
initial dose was 0.25 mg per administration, once weekly;
after 4 weeks of continuous treatment, the dose was
adjusted to 0.5 mg per administration, once weekly; after
an additional 4 weeks of treatment, the dose could be
increased to 1.0 mg per administration, once weekly. The
total treatment duration was 3 months.

1.3 Observational Indices

1.3.1 Assessment of Glycemic Metabolic Parameters

Glycemic metabolic parameters were measured in
both groups before and after treatment. On the evening
prior to blood sampling, patients fasted for 8 hours. On the
following morning, 5 mL of fasting peripheral venous
blood was collected. Glycosylated hemoglobin (HbAlc)
levels were determined using a high-performance liquid
chromatography  system (AUPOS  SCIENTIFIC,
Germany). FPG and fasting insulin levels were measured
using a 7600 automatic biochemical analyzer (Hitachi,
Japan). At 2 hours after meal consumption, 5 mL of
peripheral venous blood was collected, and 2hPG levels
were measured using the same automatic biochemical
analyzer. The Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) index was calculated accordingly.

1.3.2 Determination of mRNA Expression Levels of
IL-6/JAK2/STAT3 Signaling Axis Components

Before and after treatment, 5 mL of fasting peripheral
venous blood was collected from each group and placed
into centrifuge tubes. An appropriate volume of Ficoll
separation solution was added, and the diluted blood was
carefully layered over the Ficoll solution along the tube
wall. After centrifugation at 1,500 r/min (centrifugal radius
10 cm) for 30 minutes at -20 °C, the liquid was clearly
separated into four layers. The uppermost plasma layer was
carefully aspirated and discarded using a sterile pipette.
The buffy coat layer (appearing as a white foggy layer)
along with approximately 1 mm thickness of the
surrounding liquid was gently aspirated along the tube wall
and transferred to a new centrifuge tube. At least 3 volumes
of pre-cooled phosphate-buffered saline were added, and
the pellet was gently resuspended. The washed cell pellet
was resuspended in an appropriate volume of culture
medium or buffer, yielding isolated peripheral blood
mononuclear cells (flow cytometry analysis revealed that
CD45+ cells accounted for 80%—-90% of total events, with
granulocyte contamination <10%). Total RNA was
extracted from mononuclear cells using Trizol reagent
(Invitrogen, USA). cDNA was synthesized according to
the instructions of the reverse transcription Kkit.
Quantitative reverse transcription polymerase chain
reaction was performed to determine the relative mRNA
expression levels of tumor necrosis factor o (TNF-a), IL-6,
STAT3, and JAK2. The reaction system consisted of 2 pL.
of cDNA, 10 uL of Real-Time Master Mix, 1 pL each of
forward and reverse primers, and RNase-Free ddH20 to a
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final volume of 20 pL. The reaction conditions were as
follows: 95 °C for 2 minutes, followed by 40 cycles of
95 °C for 15 seconds, 60 °C for 1 minute, and 72 °C for 30
seconds. All related kits were purchased from Tiangen
Biotech (Beijing) Co., Ltd.

1.3.3 Determination of Adipokine Levels

Before and after treatment, 3 mL of fasting peripheral
venous blood was collected from each group, and serum
was separated by centrifugation at 3,000 r/min (centrifugal
radius 10 cm) for 8 minutes at 4 °C. Serum levels of Vaspin,
Chemerin, and Apelin were determined using
enzyme-linked immunosorbent assay. Vaspin and
Chemerin detection kits were provided by Shanghai Yiyan
Biotechnology Co., Ltd., and the Apelin detection kit was
provided by Shanghai Saipaisen Biotechnology Co., Ltd.

1.4 Statistical Methods

Data analysis was performed using SPSS 26.0
software. Continuous variables conforming to a normal
distribution were expressed as X +s Comparisons
between groups were conducted using independent-sample
t-tests. Comparisons of indices measured at multiple time
points were performed using repeated-measures analysis
of variance, with pairwise comparisons conducted using
the LSD-¢ test. Categorical data were expressed as cases
(percentages) and compared using the chi-square test. A
P-value <0.05 was considered statistically significant.

2 Results

2.1 Comparison of FPG, 2hPG, HbAlc, and
HOMA-IR Levels Between the Two Groups

Compared with baseline values, both groups
exhibited a decreasing trend in FPG, 2hPG, HbAlc, and
HOMA-IR levels at 1 month and 3 months of treatment
(P<0.05). At both 1 month and 3 months, the levels of FPG,
2hPG, HbAlc, and HOMA-IR in the observation group
were significantly lower than those in the control group
(P<0.05). See Table 2.

2.2 Comparison of mRNA Expression Levels of

1L-6/JAK2/STAT3 Signaling Axis
Components Between the Two Groups
Compared with baseline values, the mRNA

expression levels of TNF-q, IL-6, STAT3, and JAK2 in
both groups showed a decreasing trend at 1 month and 3
months of treatment (P<0.05). At both time points, the
mRNA expression levels of TNF-a, IL-6, STAT3, and
JAK?2 in the observation group were significantly lower
than those in the control group (P<0.05). See Table 3.

2.3 Comparison of Adipokine Levels Between the
Two Groups

Compared with baseline, the levels of Vaspin,
Chemerin, and Apelin in both groups showed a decreasing
trend at 1 month and 3 months after treatment (P<0.05). At
both 1 month and 3 months, the levels of Vaspin, Chemerin,
and Apelin in the observation group were significantly lower
than those in the control group (P<0.05). See Table 4.

Tab.2 Comparison of FPG, 2hPG, HbA1C and HOMA-IR levels between two groups (X + s)

Time-point HbA1c(%) FPG(mmol/L) 2hPG(mmol/L) HOMA-IR
Observation  Control group Observation ~ Control group Observation  Control group Observation  Control group
group (n=52) (n=51) group (n=52) (n=51) group (n=52) (n=51) group (n=52) (n=51)

Before treatment 8.60+0.66 8.51+0.72 9.50+0.78 9.38+0.85 11.65+1.23 11.73£1.30 3.02+0.42 3.15+0.35

1 month after treatment  7.36+0.53* 7.89+0.60* 8.19+0.75 8.73+0.80* 10.02+1.15% 10.78+1.24* 2.53+0.35% 2.71+0.34*

3 months after treatment  6.45+0.41% 6.92+0.43 6.56+0.66° 7.12£0.69% 8.50£1.0120¢ 9.36£1.11% 1.88+0.31%° 2.24£0.33%

Fgroup/time/interaction Value 56.352/35.285/16.396 68.544/36.956/20.085 74.162/46.245/22.357 63.396/40.175/21.193

Pyroup/time/interaction Value <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

Note: Compared with before treatment, *P<0.05; Compared with 1 month after treatment, *P<0.05; Compared with control group, °P<0.05.

Tab.3 Comparison of expression levels of IL-6/JAK2/STAT3 signal axis related mRNA between two groups (X + )

TNF-o IL-6 p-STAT3 JAK2

Time-point Observation  Control group Observation  Control group Observation  Control group Observation  Control group

group (n=52) (n=51) group (n=52) (n=51) group (n=52) (n=51) group (n=52) (n=51)
Before treatment 6.64+1.73 7.18+1.29 7.11£1.46 6.87+1.59 6.00+1.38 5.74+1.53 5.52+1.23 5.74+1.01
1 month after treatment 4.12+0.95% 5.23+1.01° 4.35+1.12% 5.38+1.20* 3.56+0.73 *¢ 3.91+0.68* 3.88+0.87 % 4.26+0.95*
3 months after treatment 2.23+0.62 2 3.40+0.74 % 2.35£0.68 ¢ 3.05+0.87 % 1.56+0.41 ¢ 2.13+0.58 % 1.05+0.30 2 1.59+0.40
Fgroup/time/interaction Value 74.152/52.326/33.219 75.442/50.036/36.247 75.214/46.396/30.112 63.587/41.031/26.359
Pgroup/time/interaction Value <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

Note: Compared with before treatment, *P<0.05; Compared with 1 month after treatment, *2<0.05; Compared with control group, *P<0.05.

Tab.4 Comparison of expression levels of adipokines between two groups (X + s)

Vaspin(ng/mL) Chemerin(ng/mL) Apelin(pg/mL)
Time-point Observation grou Control grou Observation grou Control grou Observation grou _
(nzsz)g ’ (nZS%) ’ (n:52)g b (11:5g1) b (;1:52>g ® Control group (n=51)

Before treatment 2.35+0.44 2.46+0.40 105.12+15.56 103.98+16.63 815.52+211.18 817.99+208.99

1 month after treatment 1.58+0.36% 1.89+0.372 84.38+10.04% 93.67+11.122 679.95+145.53% 755.61£166.81*

3 months after treatment 0.91£0.312b¢ 1.34+0.33% 72.74+8.81%¢ 80.854+9.66 *° 526.63+100.24%¢ 601.12+120.84 %
Fgroup/time/interaction value 56.396/32.241/18.574 77.416/50.129/29.637 92.357/70.142/55.136
Pyroup/time/interaction Value <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

Note: Compared with before treatment, *P<0.05; Compared with 1 month after treatment, *2<0.05; Compared with control group, °P<0.05.
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3 Discussion

The pathogenesis of T2DM is relatively complex and
may be associated with an imbalance between oxidation
and antioxidation, as well as between pro-inflammatory
and anti-inflammatory factors [7]. T2DM is characterized
not only by chronic hyperglycemia but also by profound
adipose tissue dysfunction; alterations in adipose tissue
play a critical role in the development of systemic insulin
resistance, ectopic lipid accumulation, and metabolic
complications [8].

Metformin primarily lowers blood glucose by
inhibiting hepatic gluconeogenesis, an effect mediated
through modulation of the mitochondrial respiratory chain
complex, changes in cellular energy charge, and activation
of adenosine monophosphate-activated protein kinase
(AMPK) [9-10]. Semaglutide, as a glucagon-like peptide-1
receptor agonist, promotes insulin synthesis and secretion
from pancreatic B-cells and suppresses glucagon secretion
and release from pancreatic a-cells in a glucose-dependent
manner, thereby exerting its glucose-lowering effects. Its
clinical application can reduce FPG, 2hPG, and HbAlc
levels [11], and it is more effective than existing
therapeutic modalities in lowering HbAlc [12].
Semaglutide promotes the functional transition of adipose
tissue from a pro-inflammatory lipid-storing phenotype
toward a more oxidative, insulin-sensitive, and
metabolically flexible state; these adipose-centric
adaptations may contribute to improved systemic insulin
sensitivity, regulation of adipokine levels, reduction of
ectopic fat deposition, and mitigation of metabolic risk in
patients with T2DM [8].

Zhang et al. [13] demonstrated that semaglutide
combined with metformin effectively improves glycolipid
metabolism in patients with T2DM, although some
patients did not derive benefit from this combination. A
meta-analysis showed that semaglutide plus metformin
significantly improved glycemic control, insulin resistance,
body weight, body mass index, and lipid profiles in
overweight or obese patients with T2DM [11]. Another
study indicated that in patients with T2DM whose blood
glucose remained inadequately controlled on metformin,
the addition of oral semaglutide for 52 weeks resulted in
more pronounced reductions in HbAlc and body weight
compared with the addition of empagliflozin [14].
Moreover, no safety or tolerability issues were identified
with the combined use of metformin and semaglutide [15].
In terms of adipokines, elevated Apelin levels are
associated with decreased insulin sensitivity [16];
Chemerin is a pro-inflammatory adipokine whose
increased levels are closely related to insulin resistance
[17]; Vaspin regulates glucose and lipid metabolism,
induces vascular dysfunction, and participates in the
pathogenesis and progression of T2DM [18]. In the present
study, the combination therapy group (metformin plus
semaglutide) exhibited significantly lower levels of FPG,
2hPG, HbAlc, HOMA-IR, Vaspin, Chemerin, and Apelin
compared with the metformin monotherapy group,
supporting the aforementioned findings.

The IL-6/JAK2/STAT3 axis serves as a core signaling
pathway mediating chronic inflammation and insulin
resistance. TNF-o promotes the secretion of IL-6, which in
turn activates the downstream JAK2/STAT3 signaling
pathway, suppresses regulatory T-cell differentiation,
potentiates inflammatory immune responses, amplifies the
inflammatory cascade, and induces vascular endothelial
dysfunction, thereby contributing to the pathogenesis of
T2DM [5]. JAK2 activation promotes STAT3
phosphorylation and nuclear translocation; activated
STAT3 further regulates the expression of downstream
target genes, promotes adipocyte deposition, induces
pancreatic B-cell apoptosis, exacerbates oxidative stress,
and aggravates the severity of T2DM [19]. Deng et al. [20]
demonstrated that semaglutide inhibits STAT3 expression.
Martins et al. [21] showed that semaglutide suppresses
TNF-o and IL-6 expression and attenuates visceral
adipocyte inflammation and endoplasmic reticulum stress
in mice. Metformin, on the other hand, can inhibit the
JAK/STAT3 pathway via AMPK activation, reduce
p-STAT3  levels, and synergistically attenuate
inflammation, thereby alleviating insulin resistance [22].
Therefore, the combination of these two agents may exert
dual inhibition of this axis, both upstream (suppression of
TNF-a and IL-6) and downstream (blockade of p-STAT3),
with a synergistic effect stronger than that of either agent
alone. In the present study, after treatment with
semaglutide plus metformin, the levels of FPG, 2hPG,
HbAlc, HOMA-IR, and the mRNA expression of TNF-q,
IL-6, STAT3, and JAK2 were all significantly lower than
those in the metformin-alone group, supporting the above
hypothesis. The combined therapy may modulate the
IL-6/JAK2/STAT3 signaling pathway, inhibit JAK2 and
STAT3 activation, alleviate oxidative stress injury to
pancreatic B-cells, improve B-cell function, and thereby
enhance therapeutic efficacy and control the progression of
T2DM. Moreover, in vitro cell experiments have
confirmed that semaglutide plus metformin synergistically
suppresses high-glucose and high-lipid-induced release of
TNF-a and IL-6, downregulates p-STAT3, and protects
B-cell function [23], suggesting a potential mechanism
underlying the combination therapy for T2DM.

In summary, semaglutide combined with metformin
in the treatment of patients with T2DM can more
effectively control blood glucose levels and reduce
adipokine levels, and the mechanism may be related to the
inhibition of IL-6/JAK2/STAT3 signaling axis activation.
However, the present study did not include a semaglutide
monotherapy group, and therefore it cannot be asserted that
the observed therapeutic improvement is due to a genuine
synergistic  interaction between semaglutide and
metformin. Future studies should expand the sample size
and incorporate a semaglutide-alone treatment group to
clarify whether the effect is additive or synergistic, thereby
providing robust evidence-based support for the rational
treatment of T2DM. In addition, the present study did not
investigate the adverse effects of the two agents, which
constitutes a limitation that warrants further exploration in
subsequent research.
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F) SRS IRIA — H BUIGR YT 2 RS
NG TL-6/JAK2/STAT3 {553l 1 i 4

FOE, XE, BER
AL BN P ERES 5 ERRBEPY 2573, WL M 061001

FE: BR  BU A A% 8 RIS W SUIGA T 2 BUBR R IR (T2DM) B3GR, 43 #r 6 (40 i/ -6 (11-6)/
Janus B0 2 (JAK2) /{5555 S A5 S5 AL B -3 (STAT3) {5 5 5l mg I8 #2208 F , LA K 3t g 7 Rl 7 7K - 14 S il
Fik  HTREMELEE 2022 4 8 A 2 2024 4 8 F AU i v P B 25 A BE BEMACTR 1 103 441 T2DM AR E 1R AT
X5 R BENLEL T k2 R xt B4 (3597 R A H UK, n=51) RIS A A YT SR H XU+ ] SEA% B IR
n=52) . MEEBAIAYT A B bR [ 23 I8 MU (FPG) &5 2 /Nif i (2hPG) LI 21 3 11 (HbAL) Fads
AL TEAR 1 5 R AT EL(HOMA-TR) | L7 IR 10 PR [ 22 %W B (A M 1) & 1 (Vaspin) (#4163 (Chemerin) &
AT K (Apelin) 1K=, B A1 J& i B4 A% A1 1L-6/JAK2/STAT3 15 5 4l AH ¢ mRNA [ 9 SR FE P T o (TNF-a) \1L-6 .
STAT3 JAK2]FKh®., &R BI73 M HIG, WL FPG . 2hPG  HbA . . HOMA-IR 43 %] 4 (6.56+0.66 ) mmol/L .
(8.50+1.01) mmol/L, (6.45+0.41)% . 1.88+0.31, {f T %F fE4H ) (7.1220.69 ) mmol/L , (9.36+1.11) mmol/L , (6.92+
0.43)% ,2.24+0.33 (P<0.05) ; WL £% 4 TNF-« . IL-6 . STAT3 . JAK2 mRNA A} ¢354 23 1 Ry 2.23+0.62 . 2.35+
0.68.1.5620.41,1.05+0.30, Ik T-%F IRZH 1Y 3.40+0.74 .3.05+0.87 . 2.13+0.58 . 1.59+0.40( P<0.05) ; Vaspin ,Chemerin ,
Apelin AKCPALAL T X IRZL(P<0.05) . #4518 FISEASE KIS — HOBUINE YT T2DM A8 35 193R T7 8508 3, il e
B 5 B AT, TR 5 R 2K, T RESE A 0] IL-6/JAK2/STAT3 {55 Rl i3 A & #EVE T

REEIR : 2 AVBIRIG ; —TOBUIK; R G Sk AN 3R -6 Janus FIOCILEE 2 ; BERRALAG 554 AN TR AL A
T-3; R R IR T
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Effect of semaglutide combined with metformin on type 2 diabetes mellitus
and its regulation of IL-6/JAK2/STAT3 signaling axis
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Province, Cangzhou, Hebei 061001, China
Corresponding author: LI Xiaoxia, E-mail : ug5t1dhj1@21cn.com
Abstract: Objective To investigate the efficacy of semaglutide combined with metformin in the treatment of type 2
diabetes mellitus (T2DM) , and to analyze its regulatory effect on the interleukin-6 (IL-6)/Janus kinase 2 (JAK2)/
signal transducer and activator of transcription 3 (STAT3) signaling axis. Methods A total of 103 patients with T2DM
admitted to Cangzhou Hospital of Integrated Traditional Chinese and Western Medicine in Hebei Province from August
2022 to August 2024 were prospectively selected as research subjects. They were divided into control group (n=51,
metformin) and observation group (n=52, metformin + semaglutide) using random number table. The levels of glucose
metabolism indexes [fasting plasma glucose (FPG) , 2 - hour postprandial plasma glucose (2hPG) , glycosylated
hemoglobin (HbA..) , Homeostasis Model Assessment Insulin Resistance Index (HOMA -1IR) |, serum adipokines

[ serine protease inhibitor ( Vaspin) , Chemerin, Apelin] and the expression of IL-6/JAK2/STAT3 signal axis related
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mRNA [ tumor necrosis factor alpha (TNF-a), IL.-6, STAT3, JAK2] in peripheral blood mononuclear cells of two
groups before and after treatment were observed. Results After 3 months of treatment, FPG, 2hPG, HbA,; and HOMA-
IR in the observation group were (6.56+0.66) mmol/L, (8.50+ 1.01) mmol/L, (6.45+0.41) % and 1.88+0.31,
respectively, which were lower than (7.12+0.69) mmol/L, (9.36x1.11) mmol/L, (6.92+0.43) % and 2.24+0.33 in the
control group (P<0.05) ; the mRNA expression levels of TNF-a, I1.-6, STAT3 and JAK2 in the observation group were
2.23+0.62, 2.35+0.68, 1.56+0.41 and 1.05+0.30 respectively, which were lower than 3.40+0.74, 3.05+£0.87, 2.13+

0.58 and 1.59+0.40 in the control group (P<0.05) ; Vaspin, Chemerin, Apelin levels in the observation group were

also lower than those in the control group (P<0.05). Conclusion Semaglutide combined with metformin has a

significant therapeutic effect in the treatment of T2DM patients, which can improve insulin resistance and regulate the

level of adipokines, possibly by inhibiting the activation of IL-6/JAK2/STAT3 signaling axis.

Keywords: Type 2 diabetes mellitus; Metformin; Semaglutide; Interleukin-6; Janus kinase 2; Phosphorylated signal

transducer and activator of transcription 3; Insulin resistance; Adipokines

Fund program: Hebei Medical Science Research Project (20261688)

2 AUHE PRI (type 2 diabetes mellitus, T2DM ) Iffii &
2 B 18 1k B T, 3R T2DM & R 20
11.2% , T2DM Y & A= & Ji& n] g 5 e 15 SR AP AT G,
Wt 2 0 g 2 JR L4 X E R ol PR SR
ZHUSKR R YT T2DM, AT 43 6 Mf 7K1, e 2 J5 B
BANMIIE A o34k o F Sehs & K B AT A GE A
RS s, T R IR K, B B 5 B
AN IRE o HOBUNR AT U /b A 1 DR T ] 56
R IR AU RO A, P e R 8 R ilh . — %
VEFABLA E A, AR o R 5 T RE sk [ L JFFHE o ) ok
Z B RIRGUE LA BT , AT 5 R W ) 4
REAR IR o X e FH — HFOBUNBA 2436 97 IR AT AN
IBAR B, I R e RS B R LA G fi IR 2 s B
By LRI £F , N OB AL RE SR AL , i X0
HLAE AV I B G4 AR T . BRAE DR 5E R W1 11 20
fits /- % -6 (interleukin-6, IL-6) /Janus AH 5 34 i 2
(Janus kinase 2, JAK2)/{5F 5 % 3 B S0 A0 K53
(signal transducer and activator of transcription 3,
STAT3) {5 S4his AL il 5 R RPE S Jeiy R, =
5 T2DM S5 2R A LB A SR A H W] SEA% & fik
S 5 AT PR TL- 6/TAK2/STAT3 {55 5 il 18 A + 43 ¥
Wi o ASBIF 5T 32 BRI ] SE AR & IR & W IR T
T2DM S BB SFRCR , I 70 H A | g 17
T L IL-6/JAK2/STAT3 {5 5 4 B 520, S HLAR AL
BTN R & B 254 5%

I ARSI

L1 —ffH AR LmdeE N g g & s
Bt B 22 51 o3 A A% I oE [ 30 H g5« C2X2022093
(FH) 1o ATBEMEsEHEL 2022 4F 8 H % 2024 4F 8 H ik
BV G B 25 A B AR 1Y T2DM AR S A Sy i

NS (1) ABRUE : DFFA T2DM 2 WibR e, B 25
J1& 1L 4 (fasting plasma glucose, FPG)=7.0 mmol/L, ¥,
% J5 2 h Ifil B (2 - hour postprandial plasma glucose,
2hPG)=11.1 mmol/L; @FF & F LA & IKIGY T8 W I ;
QXHARIT 5T 37 ; DA y=45 % ;& A IS AR
WF5R I B AR R o (2) HEBRARAE : DA IR %
Yo SEAEIR ; QR A MR B R s Q2
3 NI FHREIR 254 s @A RS A A I Re R
15 s @ LEF> 15 (A R ; @R A TR O
A IFEIRANEC M . ()W ARHE : O H R KV QA
SEREIATT . LA 10361 T2DM R, SR FHREH LA
TR Fy R RRZH 51 GIFIER A 52 1], P2 — %
PRl ZER G R L (P>0.05), W1,

1.2 &7k MHSERIBCMREHE IR IR i3
G, XRRALIATT R W AU Gt R szl
FE 257 H13021647 , #l4% :0.25 ¢/H) ,0.5 ¢/Ik , 31K/,
FUIR, FRE69T 3 o W2 — FE XN o ] Xof R
2, DL BT S ) e A B IR o RN P I 24, [ 24
1E - SJ20210014, HLA% : 1.34 mg/mL) , 1 7 0.25 mg/
U, LR ESRYT 4 TR B 0.5 mg/ik, 1R/
il Ak Sy 4 s 50 Al S0 = 1.0 me/tR, 1 IR/
Ja, a9 30 H .

1.3 WEIRAR

131 RO s A e An P AR YT S A I il
PEACETE bR . KA — AR B 8 h, K H i R B &S
T2 A0 TR i 5 mL, SR FH R ROBORR €335 A (75
AUPOS SCIENTIFIC 7~ &) ) 6 P A6 1 £1 85 11 (glyco-
sylated hemoglobin, HbA ) 7K~ , >k FH 7600 A 4= H 5
A AT CH A H 32) R0 FPG 28 7 iR 5 2K
HEEJE 2 hoRAESME KI5 mL, R H 7600 #4x 1 2))
A AT AREIN 2h PG 7K TR RS AR Y T e
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Z AP F8 50 (Homeostasis Model Assessment of Insulin
Resistance , HOMA-IR ) .

1.3.2 A& TL-6/JAK2/STAT3 {5 5 4l A 5 mRNA #
PACE LIRSS 3 BIREE A A MAFHIK I 5 mL
BT EDE N, SE I AGE & Ficoll 732§, WU B
J B I, T A BE B2 0% 25 N B Ficol | W T L7, A
ELOHL(=20 °C, 1500 r/min, B5004E 10 em) B0
30 min J& , WK I BT 530 4 2, TGRS /IO )
Fidx BRI SRE I E SR AR Z (R A5
AR BN 21 mm JBEEE AR R e 200
MBS A A Z D 3RS PR ER Y P8 Wi R 6 22 o
W R R I R B i BRI 1Y
AU ITVE , BP R 70 5 G- &1 J] i P2 40 e (223 =X
LA A 7% CDAS 20 S 7 B2 15 809%0~90%
ARG Y <10% ) o R Trizol i3] (3E [ Invitrogen
O3 ) R A0 RNA , 2 18 R sl ) & 1t
B 45 & W cDNA | 22 it 300 7 5 58 G T 52 107 325 AGr
FRE RAE A o (tumor necrosis factor o, TNF-o0) L 1L-6.
STAT3 JAK2 55 mRNAAHXT A5 : cDNA 2 plL, Real-
Time Master Mix 10 wL, IE [0 54145 1 pL, RNase-
Free ddH,O #b 1A 2 & 20 plL; KW &5 17F: 95 C 2
min, 95 °C 15 s, 60 °C 1 min, 72 °C 30 s ( fi§ ¥ 40
W) o A G B I RARA AR

1.3.3 K IARIT A FoK-F - PIERIRYT RIS 20 5 R 4R

(%) FR, WBERHXY KK . P<0.05 HZESA G 12

2 # R

2.1 WmA—ETAeAR A — Rk L 2 R
it E L (P>0.05), W1,

2.2 ¥4 FPG.2hPG. HbA . & HOMA-IR 7K - bt %
B FIRITHT BT LA R34 A B, 4L FPG .
2hPG \HbA ¢ 2 HOMA-IR 7K 5 AR #3454 (P<0.05) ;
BIT 1A H A3 A A B, 4L FPG L 2hPG  HbA ¢ |
HOMA-TR /K34 i K X B4 (P<0.05) . W32,
23 4 IL-6/JAK2/STAT3 45 5 #h 48 % mRNA %k
K edR MECTIRYTHT BT 1 H A3 A H P4
TNF-a . IL-6 .STAT3 . JAK2 mRNA 35 7K V-2 [
#(P<0.05) ;3RIT 14 A 34 H ML TNF-a IL-6
STAT3 . JAK2 mRNA &k 7K - g A% T X IR 4 (P<
0.05), W3,

24 MARER R TR A B TIRITHTLIGIT
1/~ H A 34~ HE, B 4H Vaspin . Chemerin | Apelin 7K
BB H (P<0.05) ;3097 11 H 340 A WEEH
Vaspin , Chemerin , Apelin 7K F-I& T X B 41 (P<0.05) o
W34,

R P RBOR LA

Tab.1 Comparison of general information between two groups

A IESMATIKIL 3 mLJF 53 1L3 (4 °C, 3 000 r/min, "0 WAL AR T

B 10 om, B8 min) , M2 ZREARHIH o s (n=52) _ (n=51)

7 (Vaspin) \ #a1b & (Chemerin) . 2 M3 Ik (Apelin) 5 28(53.85) 30(58.82)

AR LN S e I A, LRy & 2404615 216a11) 0 00
AR (%, Fs) 57.54+£6.58 58.44+5.03 0.779 0.438

75 Al 4L Vaspin . Chemerin MR &5, [ i 585 %

B RFRAE R (kg/m®, v+s)  24.83x1.04 25.18+1.23 1.561 0.122

i#@ﬁﬂ%{ﬁApelin%j‘?ﬂﬂiﬁ%ﬂﬁo BHPRII TR (4F, Xxs) 3.24+0.63 3.18+0.52 0.527 0.600
14 it F & R SPSS 26.0 B Mgt . ERRRLHI(%)]

e AT S SN A il S L LY ] S = s [FLULS 10(19.23)  15(29.41) 1452 0.228
?Tni”f‘ﬂﬁm#iﬁﬁﬁﬁﬁ%si@?&’ﬂmtt%* T i IAE 11(21.15) 13(25.49) 0271 0.603
AR ST FEAS ¢ K 56, Z2 B[] 5 38 A e 3ok H 2 SO 9(1731)  7(13.73) 0252 0616

T3 25530, IR LR T LSD- 4 . JHECBE R LA

T T TR Sl DR BE A S

R2 P FPG.2hPG HbA X HOMA-IR KV AL (3s)
Tab.2 Comparison of FPG, 2hPG, HbA,c and HOMA-IR levels between two groups — (xs)

. HbA(%) FPG(mmol/L) 2hPG (mmol/L) HOMA-IR

WA (n=52)  XTHRZH (n=51) WEE (n=52) XML (n=51) WAL (n=52) XML (n=51) WELL (n=52) XJHE4L(n=51)
VRITHT 8.60+0.66 8.51+0.72 9.50+0.78 9.38+0.85 11.65+1.23 11.73£1.30 3.02+0.42 3.15+0.35
wIT 1A 7.36+0.53* 7.89+0.60° 8.19+0.75" 8.73+0.80" 10.02+1.15* 10.78+1.24° 2.53+0.35* 2.71£0.34*
T3 H 6.45+0.41" 6.92+0.43" 6.56+0.66" 7.12+0.69" 8.50+1.01" 9.36+1.11" 1.88+0.31" 2.24+0.33"
F it {H. 56.352/35.285/16.396 68.544/36.956/20.085 74.162/46.245/22.357 63.396/40.175/21.193
P sz [H <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

H 5ARGIRY TR, *P<0.05; SARLARYT 140 Hg, " P<0.05 5 5% B AL R0 H A, <P<0.05 .
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R3 PILLIL-6/JAK2/STAT3 5 SHIAIE mRNA Zk A HALE  (ets)
Tab.3 Comparison of expression levels of 1L-6/JAK2/STAT3 signal axis related mRNA between two groups — (x+s)

o TNF-a IL-6 STAT3 JAK2

ML (n=52) XHRZ (n=51) WIE (n=52) XTHEL(n=51) WA (n=52) XMA(n=51) ML (n=52) XFIRLA (n=51)
YRIT T 6.64+1.73 7.18+1.29 7.11+1.46 6.87+1.59 6.00+1.38 5.74+1.53 5.52+1.23 5.74+1.01
BT 1 H 4.12+0.95*" 5.23+1.01° 4.35+1.12* 5.38+1.20* 3.56+0.73" 3.91+0.68* 3.88+0.87" 4.26+0.95"
B 34H 2.2320.62" 3.40£0.74" 2.35+0.68" 3.05+0.87" 1.56£0.41" 2.13£0.58" 1.05+0.30" 1.59+0.40"
Fatwansiarser {E 74.152/52.326/33.219 75.442/50.036/36.247 75.214/46.396/30.112 63.587/41.031/26.359
P e (L <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

T GAREIRYTRTILEL, 'P<0.05; SANEIARYT 14 H Heke, 'P<0.05; 5 xR IR LL 4%, 'P<0.05.

&4 MANENIRTACFIEL (vas)

Tab.4 Comparison of expression levels of adipokines between two groups  (x+s)

S Vaspin(ng/mL.) Chemerin(ng/mL) Apelin(pg/mL)

WMEEA (n=52) X HEEH (n=51) MERA (n=52) XHRE (n=51) AL (n=52) X EZH (n=51)
VRYTHT 2.35+0.44 2.46+0.40 105.12+15.56 103.98+16.63 815.52+211.18 817.99+208.99
WY1 H 1.58+0.36" 1.89+0.37 84.38+10.04" 93.67+11.12° 679.95+145.53* 755.61+166.81"
T3 H 0.91+0.31" 1.34+0.33" 72.74+8.81™ 80.85+9.66" 526.63+100.24" 601.12+120.84"
F amsisern (L 56.396/32.241/18.574 77.416/50.129/29.637 92.357/70.142/55.136
P ammiinen <0.001/<0.001/<0.001 <0.001/<0.001/<0.001 <0.001/<0.001/<0.001

- AR AT L, "P<0.05; 5AIEYY 14 H AL, 'P<0.05; 5 X BE AL [F T e 4, <P<0.05,

3 it g

T2DM KA AL 4 2%, al B 5 Ak - P AL
Fetip MER T PR FREFEALT . T2DM FF?
AEAAHE T48 e o it , SR 7E TR BE AR i 2 20 e
BER , 1R 107 2 2L A A T 4 B PR I 5 R AT L S AR
FAR S AT AR 0 & e bt 5 AR

- FHOBUNR 3= S5 ek 400 ) B U S A ok AR i
W A 2 30 e T SRR P W B A 5 ) A i
AE et FL A 1 722 A 0 I R 05 16 2 11 93 (adenosine
monophosphate - activated protein kinase, AMPK) fi*)
TR 371 MR I WS 3R A IR-1 32 (A 80 511
1R ) SEAR 5 TR, DU L) 2 Al A 10 T AR O R
By BANNE 5 145 23 W00 i 2% AT 1 2 o 200 M 53 1 5
T s I 2R B 2 s U ) 4 R JFG i PRV ]
WA FPG \2hPG  HbA /K- 111 FL7E R AR Hb A 7
T LB IR T TEBCE AR . W e B Ik ik
JIig 107 AL 23 MARE 58 A i T3 i -2 250 1) B H AR IR
By R USRS R TR R DR FL 8 , X 2L LUR
95 Ay v o B T RE AT BT A 4 B R A AR U
P 955 15 17 PR3 OKSF b S B DR B AR
T2DM 2 AU ™

5 XU A5 I R B ] SEA% RIS — FRUNR
1677 T2DM B3 Al A RLBCE VAR AT, (HA o0
RN ER . — R ZER T s, w5k & KBS

T HOBUIR YT 3 B T S IR T2DM R Y
IOBE R 39 5 ZEACPT AT o | B A BT 4 BRI Il
BEAEM . —TRAFAE R, 2 HOBUIRIG I A 63k
P10 10UBE A9 T2DM SR BA HR A SE A% R 52
SIS, B A RS B4 RE B 5 35 M FAIK Hb A /K SF 5
W R H T SUIORD =] SEA% & KA FH I R
R B MR 32k () B S AN AR TR
I, Apelin TKAET i ] AR 2R AU " Chemerin
AR R NG I R T, HOK T S5 1 Z U YA
5 Vaspin AT TORENR A, 51 1045 D RE#45
S5 T2DM LA KBRS . ARMF5E — H XU &
) SEAR & JIKIATT 41 FPG .2hPG . HbA,. .HOMA-IR DA &%
Vaspin ,Chemerin , Apelin 7KF-34 i KT 5 B XY
WA HRZ, S5 T R gE e
IL-6/JAK2/STAT3 J& A1 18 P 40 5 [ 5 R AT
B 5l. TNF-a ATAERE T1-6 433 , T1-6 D)3
T BOE R I JAK2/STAT3 {5538 i , 4 35 1 T 40
JiL Ak AR E AR AE G g RN, R 98 P Rk 2 N
514 M N K A0 i Th e g, JE T35 T2DM 19 & 4=
KIES, JAK2 WAk n ek STAT3 Bl ik 521,
WO Y STAT3 HE— 25 45 T e 0 Ik R 3858, e i
5 20 B O, A 1 I B A AR YR T, Rl A= fk iz
PO N, INEE T2DM i 1 M R ™ . Deng 515
FEW T LRSS IR AT STAT3 %35 . Martins 252 B
5% 3¢ W 7] SEA% G KT 0] TNF- TL-6 635, 31T ik
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52 /IN B PN IR R 7 40 B 48 A — PN o DO 1 8 I o T
OSSR DN] AT 38 3<F AMPK #1i] JAK/STAT3 3 i , P A%
p-STAT3, PHEAERAE , S IR e & ZZ KT
I, ZF A AT RE N B (0] TNF-o  1L-6) 5 Ui
(BELUBT p-STAT3 ) WU #1112 , DI [ 358 iz 5 T~ P25

A 5T oADK S KR A HOWUIR YT A
FPG 2hPG HbA,..HOMA-IR, ) TNF-a IL-6.STAT3 ,
JAK2 1) mRNA 357K P38 i 2B T ol — H XU R
7, SCRET DAL, 5 106G oy FH B8] i 2o R 4
TL-6/JAK2/STAT3 {53 4% , 1 JAK2 J% STAT3 1%
Ak, VB IR 5 B A4 L A I B A7 , e MR % B At L T
fig, gEHE m TR, R T2DM B B R . B ERIT
ARSI M SZ B0 S, R S AR IR+ SR [ 417
] e W 5 R85 S Y TNF - IL-6 B ik, I °F 9 p-
STAT3, &4 B 40 L Dy e, X vl R & —H WA IRIT
T2DM HVEEFERLA .

zi Bk, w6 M KA XUIKIA YT T2DM
BB T T AT A A T IR KT | B AR i R K
S HALHI AT g 5306 1L-6/JAK2/STAT3 {5 5% 1k
Ao SRMABITE I A B BB ) W SEA% S TR YT
4, To W O B AT R T R T R SR AR R
5 XU A7 B R RER . 5 2o
N3 RAEAS B, 1 1 Bl R SEAS G BT 4, IR
H A& AR A S WM RIZLN , S T2DMIRY T $E it
FRAEIEACE o 3 A0, AR 8 R 25357 A
R, fE— KA, AR St st it — 2 e 3
EN
&% 3k
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