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Purpose: Dipeptidyl peptidase 4 (DPP4) is one of the newly identified adipokines, which

acts as paracrine in adipose tissue and as endocrine hormones in the liver, muscles and

central nervous system. Expression of DPP4 was significantly upregulated in obese patients

upon insulin resistance (IR) conditions, but the mechanism underlying the dysregulation of

DPP4 remains unclear. This study aimed to investigate the DPP4 expression in adipose tissue

and adipocytes under IR conditions or with liraglutide intervention, and explore the potential

molecular mechanisms.

Methods: Obesity-associated IR animal and cell models were, respectively, constructed by

using high-fat diet and palmitic acid (PA) stimulation. Expression of DPP4 in adipose tissues

and adipocytes was estimated by quantitative real-time RT-PCR and Western-blot. Effects of

the AMPK/JAK2/STAT3 pathway on DPP4 were examined by regulating the activity of

AMPK and the JAK2/STAT signaling. The therapeutic efficacy of liraglutide in the IR

models was evaluated, and its regulatory effects on DPP4 expression and the underlying

molecular mechanisms were explored.

Results: The expression of DPP4 was markedly upregulated in both the animal and cell IR

models. In the adipocyte, DPP4 expression was found to be suppressed by the activation of

AMPK, and this inhibition effect was mediated by the JAK2/STAT3 signaling. Moreover,

liraglutide could alleviate the obesity-induced IR, and led to the downregulation of DPP4 in

IR animal and cell models. Liraglutide intervention resulted in the activation of AMPK and

deactivation of the JAK2/STAT3 signaling in the adipocytes.

Conclusion: Taken together, the expression of DPP4 is upregulated in adipose tissues and

adipocytes upon IR conditions, but is reduced after liraglutide intervention. The dysregula-

tion of DPP4 in the adipocytes may be performed by the AMPK/JAK2/STAT3 pathway.
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Introduction
Obesity epidemic becomes a major global health burden due to the related comor-

bidities, such as hyperglycemia, diabetes mellitus and insulin resistance (IR).1

Obese individuals, particularly those with excess abdominal adipose tissue, have

an elevated risk of developing Type 2 diabetes mellitus (T2DM), cardiovascular

disease, and hypertension.2 During obesity, the production of inflammatory cyto-

kines and reactive oxygen species within adipose tissue increases as well as ectopic
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lipid deposition in liver or skeletal muscle.3,4 These con-

sequences reflect potential causative links between adipose

tissue dysfunction and IR.

Emerging studies indicate that adipose tissue is not

only an energy storage organ but also an important endo-

crine organ.5 Adipokines are a group of proteins and pep-

tides released by adipose tissue cells, which contribute to

the interconnection with other organs through the complex

signaling pathways.6 Obesity with the enlargement of adi-

pose tissues results in dysregulation of the adipokines,

leading to the disorder of glucose and lipid metabolism.7

Dipeptidyl peptidase 4 (DPP4) has been identified as

a novel adipokines by Daniela in 2011 and was proved

to be upregulated in obesity, especially in the cases upon

IR condition.8 In T2DM, the deregulated DPP4 plays as an

enhancer of IR development by regulating incretins.9,10 In

obesity, inhibition of DPP4 prevented the white adipose

tissue fibrosis by paracrine effect.11 Although a recent

research reported that there is no significant effect of

adipose cell-derived DPP4 on obesity-associated inflam-

mation and glucose homeostasis, the obviously increased

DPP4 in obesity is an established fact.12 Adipose tissue

and specifically adipocytes have been proposed to be

a significant circulating source of DPP4.8,13 DPP4 secre-

tion from adipose tissue was also demonstrated in vivo

with greater release in obese compared to lean

individuals.14 DPP4 release from visceral adipocytes was

also higher in obese patients.15 More importantly, obesity

with IR patients had markedly higher circulating DPP4

than the matched insulin-sensitive obese patients.14

However, the understanding of molecular mechanisms

underlying the dysregulation of DPP4 in obesity remains

limited.

It is generally considered that the mechanisms that

regulate DPP4 may be variant in different cell types.

Studies show that many STAT activators play a critical

role in the regulation of adipocyte gene expression and

exhibit differential expression in conditions of obesity and/

or IR.16,17 In chronic b lymphocytic leukemia cells, inter-

ferons could stimulate STAT1 to bind to a consensus inter-

feron-γ-activated sequence (GAS), and thereby led to the

upregulation of DPP4.18 STAT3 is abundantly expressed in

adipocytes19,20 and activated early in the adipogenic pro-

gram and mediates the action of numerous cytokines in

adipocytes.21,22 Notably, the association of the JAK2/

STAT3 signaling with DPP4 has been demonstrated in

other cells.23,24 The activity of JAK2/STAT3 signaling

could be suppressed by AMP-activated protein kinase

(AMPK) in adipose tissues and adipocytes, leading to the

inhibition of adipogenic processes.22 Additionally, the

AMPK signaling has been reported to mediate the function

of DPP4 inhibitor in some cells, such as HepG2 cell25 and

neuronal cell.26 However, the association of DPP4 with the

JAK2/STAT3 signaling pathway and AMPK has been

rarely reported in obesity. Liraglutide is a kind of incretin-

based drug, which has been widely used in the treatment

of T2DM with obesity.27 Cao et al indicated that liraglu-

tide administration in T2DM resulted in abnormal DPP4

expression.28 Our previous studies have reported that

AMPK was up-regulated in adipocyte with liraglutide in

db/db mice.29 Thus, we suspected that the treatment of

liraglutide might also regulate the expression of DPP4 via

regulation of AMPK in obesity.

To confirm the expression patterns of DPP4 in obesity

upon IR status or received liraglutide treatment, and

explore the molecular mechanisms underlying the regula-

tory effects, we constructed obesity-induced IR models

using rats and adipocytes, and assessed the expression of

DPP4 in adipose tissues and cells, as well as its relation-

ship with the AMPK/JAK2/STAT3 pathway.

Materials and Methods
Experimental Animals and Treatments
A total of 26 Sprague-Dawley (SD) rats (males, 6 weeks)

were purchased from Beijing Vital River Laboratory

Animal Technology Company (Beijing, China). All the

rats were kept in the departmental animal house under

a 12 hrs light-dark cycle and free access to water and

food conditions, with humidity of 50–60% and tempera-

ture of 22–25°C. The rats were used for experiments after

a one-week adaptation to the housing facilities. The pro-

tocols for animal experiments were performed following

the Principles of Laboratory Animal Care by the National

Institute of Health and approved by the Animal Ethics

Committee of Peking University First Hospital.

The rats were divided into three groups, including

normal control (NC) group (n = 10), IR group (n = 10)

and liraglutide group (n = 6). The animals in NC group

were fed with regular diet (10% fat). The rats in IR group

were fed with D12492 high-fat diet (HFD; 60% fat) for 12

weeks to establish IR animal models. In liraglutide group,

the rats were fed with HFD for 12 weeks and subsequently

received injection of liraglutide (200 μg/kg twice daily;

Novo Nordisk) or normal saline (NS) for 8 weeks. During

the treatment, the body weight (BW) was estimated
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weekly, and the fasting blood glucose (FBG) and fasting

serum insulin (FINS) of the rats was measured after the

feeding to evaluate the homeostasis model of assessment

for IR index (HOMA-IR). The omental adipose tissues

were collected from the animal models and immediately

frozen in liquid nitrogen for further experiments.

Cell Culture and Treatments
Mouse 3T3-L1 pre-adipocytes were obtained from

American Type Culture Collection (ATCC, Manassas,

USA) and cultured in Dulbecco’s modified Eagle’s med-

ium (DMEM; Gibco, CA, USA) supplemented with 10%

fetal bovine serum (FBS) in a humidified atmosphere of

5% CO2 a 37°C.

After the cells spread to all the bottom of the culture

plates, they were incubated in induction medium I, con-

taining 10 μg/mL of insulin, 0.5 mM 1-methyl-3-isobu-

tyl-xanthine and 1 μg/mL of dexamethasone in DMEM

supplemented with 10% FBS for 24 hrs. Then, the cells

were cultured in fresh DMEM with 10% FBS for other

24 hrs. Thereafter, the cells were placed in induction

medium II, including 10μg/mL of insulin in DMEM

with 10% FBS for 48 hrs. Lastly, the cells were incu-

bated in DMEM supplemented with 10% FBS, and the

medium was renewed every 2 days until about 95% of

the cells differentiated into adipocytes. The differen-

tiated 3T3-L1 adipocytes were divided into three

groups: normal control (NC) group, palmitic acid (PA)

group and liraglutide treated cell group. Cells in PA

group were treated with 1 mM of PA for 24 hrs to

establish IR cell model. In the liraglutide-treated cell

group, the cells were firstly incubated with PA to estab-

lish IR model and then received 50 nM liraglutide for

24 h. The JAK2/STAT3 signaling pathway activity was

regulated by STAT3 activator Colivelin (COL; 1 μM, 3

hrs) or inhibitor cryptotanshinone (CPT; 5μM, 24 hrs).

AMPK activity was modulated by its activator metfor-

min (MET; 2 mM, 5 days).

Oral Glucose Tolerance Test (OGTT) and

Intraperitoneal InsulinToleranceTest (IPITT)
OGTT was carried out before and after the drug treat-

ments. The animals free accessed to water and were fasted

for 12 hrs, and then treated with 40% of glucose (2 g/kg

BW) via oral injection. A glucose meter (ACCU-CHEK

Performa Roche, Germany) was used to examine the blood

glucose at the tip of the tail at 0, 30, 60, 90, and 120

mins after the administration of glucose. The area under

the curve (AUC) was calculated to evaluate the sensitivity

of islet β-cells.
We used IPITT to evaluate the insulin sensitivity

before and after the drug treatments. The rats free accessed

to water and were fasted for 12 hrs, and then treated with

insulin (0.75 IU/kg BW) through intraperitoneal injection.

A glucose meter (ACCU-CHEK Performa Roche,

Germany) was used to examine the blood glucose at the

tip of the tail at 0, 30, 60, 90, and 120 mins after the

administration of glucose. The AUC value was computed

to evaluate the insulin sensitivity.

Glucose Uptake Assay
In this study, the insulin-stimulated glucose uptake of the

3T3-L1 cells was examined using a glucose colorimetric/

fluorometric assay kit (Biovision, Inc., Milpitas, CA,

USA). Briefly, the cells were incubated with or without

insulin (100 nM) at 37°C for 20 mins. Then, the glucose

assay buffer was added into the cells and incubated at

37°C for 10 mins. The absorbance at 570 nm was mea-

sured by a microplate reader (BioTek, Beijing, China).

RNA Extraction and Quantitative

Real-Time RT-PCR (qRT-PCR)
Total RNA in the tissues and cells was extracted using

Trizol reagent (Invitrogen, Carlsbad, CA, USA). Reverse

transcription was performed to synthesize cDNA with the

obtained RNA using a PrimeScript RT reagent kit (Takara,

Shiga, Japan). Quantitative real-time PCR (qPCR) was

carried out using SYBR green I Master Mix kit

(Invitrogen, Carlsbad, CA, USA) and ABI Prism 7300

system (Thermo Fisher Scientific, Waltham, MA, USA).

The GAPDH was used as an endogenous control for the

normalization of mRNA, and the final expression value

was calculated using 2−ΔΔCt method.

Western Blot Assay
Total protein was extracted from the tissues and cells by

RIPA buffer and then separated using 12% SDS polyacry-

lamide gel electrophoresis. The proteins were transferred

to the PVDF membrane (Amersham, Little Chalfont, UK).

After the blocking with 3% nonfat milk, the membrane

was incubated with first antibodies against DPP4, JAK2,

p-JAK2, p-STAT3, and STAT3 at 4°C overnight, and then

was incubated with the second antibodies at room tem-

perature for 1 h. The final immunoreactivity was measured
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using an enhanced chemiluminescence detection system

(Amersham, Little Chalfont, UK). The protein bands

were quantified with an Image-Pro Plus 6.0 software

(Media Cybernetics, Inc., Rockville, MD, USA).

Statistical Analysis
All the statistical analyses were carried out using SPSS 21.0

software (SPSS Inc., Chicago, IL) and GraphPad Prism 5.0

software (GraphPad Software, Inc., USA). Data were

expressed as mean ± standard deviation (SD). Differences

between groups were compared using Student’s t test or one-

way ANOVA analysis followed by Turkey’s post hoc test.

A value of P< 0.05 was considered statistically significant.

Results
Establishment of Obese Animal Model

and Adipocyte Model with IR
This study, respectively, used HFD and PA treatment to

establish the obesity-associated IR animal and cell models.

As expected, the BWof the animals was increased in the IR

group as compared with the controls (P < 0.05, Figure S1A).

To verify that the obesity-induced IR model was established,

OGTTand IPITTwere carried out. As shown in Figures S1B

and 1C, the glucose tolerance and insulin tolerance were

significantly impaired in the IR group compared with the NC

group, and the AUCs of IR group for OGTT and IPITTwere

all increased compared with that in NC group (all P < 0.05,

Figure S1D). In addition, the IR animals had higher HOMA-

IR than the normal controls (P < 0.05, Figure S1E). For the

IR cell model, we estimated the ability of glucose uptake.

From Figure S1F, we found that the insulin-stimulated glu-

cose uptake was suppressed by PA treatment in the 3T3-L1

cells. These data indicated that the obesity-induced IR mod-

els were successfully constructed.

Expression of DPP4 Under IR Conditions
Upregulated expression of DPP4 has been reported in

obese patients with IR compared with those insulin sensi-

tive individuals. In the present study, the expression of

DPP4 was measured in the adipose tissue and adipocyte.

As shown in Figure 1A and B, both the mRNA and protein

expression levels of DPP4 were increased in the IR ani-

mals compared with the normal controls (all P < 0.05).

Similarly, the upregulated expression of DPP4 was also

observed in the adipocyte with IR as compared to the

normal controls (all P < 0.05, Figure 1C and D).

DPP4 Expression Was Regulated by the

JAK2/STAT3 Signaling Pathway in

Adipocytes
The activity of JAK2/STAT3 signaling pathway was inves-

tigated due to its important role in the adipogenesis.

According to the Western blot results, we found that the

JAK2/STAT3 signaling pathway was activated in the IR cell

Figure 1 Expression of DPP4 in adipose tissues and adipocytes under IR conditions. (A, B) The mRNA and protein expression levels of DPP4 were increased in the IR rats

compared with the normal controls. (C, D) The mRNA and protein expression levels of DPP4 were increased in the IR cells compared with the controls. *P < 0.05, **P < 0.01.
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models, which evidenced by the increased ratio of p-JAK2/

JAK2 and p-STAT3/STAT3 (all P < 0.05, Figure 2A and B).

Furthermore, the effect of the JAK2/STAT3 signaling path-

way on DPP4 was evaluated by using the inhibitor CPT and

the activator COL. The expression of p-STAT3 was signifi-

cantly decreased by CPT, while it was upregulated by COL

in the IR cells (P < 0.01, Figure 2B), indicating that the

activity of JAK2/STAT3 signaling pathway was blocked by

CPT, but was promoted by COL. As shown in Figure 2C, the

deactivation of JAK2/STAT3 signaling pathway led to

inhibited expression of DPP4, whereas the activation of

JAK2/STAT3 signaling pathway promoted the expression

of DPP4 in adipocyte (all P < 0.05).

AMPK Inhibits the Activity of JAK2/

STAT3 Signaling and the Expression of

DPP4 in Adipocytes
This study also focused on the expression of AMPK, which

has been reported to be involved in adipogenesis by regulat-

ing the JAK2/STAT3 signaling. As shown in Figure 2D

and E, we observed that the p-AMPK protein expression

was reduced in the IR cell models (P < 0.05). By using the

activator MET, p-AMPK expression was significantly upre-

gulated (P < 0.05), and the activity of JAK2/STAT3 signal-

ing pathway was expected inhibited in the adipocyte, which

is evidenced by the decreased p-JAK2 and p-STAT3 (all

P < 0.05, Figure 2E). More importantly, the expression of

DPP4 was also downregulated by the activation of AMPK in

the adipocyte (P < 0.05, Figure 2F).

Activation of the JAK2/STAT3 Signaling

Pathway Rescues the Effect of AMPK on

the Expression of DPP4
To confirm whether the effect of AMPK on the expression

of DPP4 was mediated by the JAK2/STAT3 signaling

pathway, this study used the JAK2/STAT3 signaling path-

way activator COL in the adipocyte pre-treated with MET.

As shown in Figure 2D and E, the inhibition of JAK2/

STAT3 signaling pathway induced by AMPK was abro-

gated after the treatment of COL (all P < 0.05). Notably,

the AMPK-induced DPP4 reduction in the adipocyte was

markedly rescued by the activation of JAK2/STAT3 sig-

naling pathway (P < 0.05, Figure 2F), indicating that the

JAK2/STAT3 signaling pathway mediated the suppressive

effect of AMPK on the expression of DPP4 in adipocyte.

Liraglutide Improves the Glucose

Homeostasis and Insulin Sensitivity in

Obesity-Associated IR
By the treatment with liraglutide, the glucose tolerance

and insulin sensitivity of the IR animals were all signifi-

cantly improved evidenced by the reduced AUCs for

OGRR and IPITT compared with the animals in IR

group (all P< 0.05, Figure 3A–C). Moreover, the

HOMA-IR value in the IR animals was also decreased

by the treatment of liraglutide (P< 0.05, Figure 3D). In

the IR cell model, the decreased glucose uptake induced

Figure 2 Effect of the AMPK/JAK2/STAT3 pathway on the expression of DPP4 in

adipocytes. (A) Western blot results for DPP4 and proteins in the JAK2/STAT3

signaling pathway. (B) Activity of the JAK2/STAT3 signaling pathway in adipocytes

under IR conditions, and its activity was inhibited by CPT and was promoted by

COL. (C) DPP4 expression was suppressed by deactivation of the JAK2/STAT3

signaling pathway, and was enhanced by activation of the JAK2/STAT3 signaling

pathway. (D) Western blot results for DPP4 and proteins in the AMPK/JAK2/

STAT3 pathway. (E) AMPK was deactivated in adipocytes under IR status, and the

activation of AMPK led to the suppression of the JAK2/STAT3 signaling pathway. (F)
The decreased expression of DPP4 induced by activation of AMPK was rescued by

the activation of the JAK2/STAT3 signaling pathway. *P < 0.05 compared with the

NC group; #P < 0.05 compared with the PA group; &P < 0.05 compared with the

MET group.
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by PA was abrogated by the treatment of liraglutide (P<

0.05, Figure 3E), which suggested that liraglutide could

improve the insulin-stimulated glucose uptake under IR

conditions.

Liraglutide Inhibits the Expression of

DPP4 in IR Animal and Cell Models
The regulatory role of liraglutide in the expression of

DPP4 has been previously reported in T2DM patients.1

In the current study, we found that the increased DPP4 in

the IR animal and cell models was significantly down-

regulated by the treatment of liraglutide (all P < 0.05,

Figure 4).

Liraglutide Regulates the Activity of

AMPK and the JAK2/STAT3 Signaling

Pathway in Adipocytes
The effects of liraglutide on AMPK and the JAK2/STAT3

signaling were also investigated. In the adipocyte under IR

conditions, we found that liraglutide could lead to

enhanced expression of p-AMPK, while suppressed the

expression of p-JAK2 and p-STAT3 (all P < 0.05,

Figure 5), suggesting that liraglutide in IR cells resulted

in activation of AMPK and inhibition of the JAK2/STAT3

signaling pathway.

Discussion
This study focused on the expression patterns of DPP4 in

adipose tissues and adipocytes under IR, and found that

DPP4 expression was elevated in the obesity-associated IR

animal and cell models. More importantly, the molecular

mechanisms underlying the dysregulation of DPP4 were

explored, and AMPK/JAK2/STAT3 pathway was proved

to exist critical regulatory role in the expression of DPP4

in adipocytes. In addition, our study also focused on the

effects of liraglutide on DPP4 in the IR models, and

considered that liraglutide administration in adipocytes

led to decreased DPP4 expression through the AMPK/

JAK2/STAT3 pathway.

Accumulated studies indicate that the expression of

DPP4 is upregulated in T2DM patients with IR, and the

inhibition of DPP4 represents an efficient therapeutic strat-

egy to maintain the balance of glucose.30 As a kind of

adipokine, DPP4 has been demonstrated to be closely

associated with obesity progression.31 Ghorpade et al

found that the increased hepatocyte-secreted DPP4

resulted in promoted adipose inflammation and IR in

obese mice.32 In addition, the upregulated expression of

DPP4 in obese IR patients might serve as a regulator of

insulin signaling in adipocytes.33 A recent study by Varin

et al also found the deregulated DPP4 expression in obe-

sity, but no significant association was observed between

Figure 3 Therapeutic efficacy of liraglutide against obesity-associated IR. (A) The impaired glucose tolerance was significantly improved by liraglutide. (B) The decreased insulin

sensitivity in IR animals was increased following the treatment of liraglutide. (C) AUCs for OGTTand IPITT significantly decreased after liraglutide treatment. (D) The increased

HOMA-IR in IR animals was reduced by liraglutide. (E) The insulin-stimulated glucose uptake ability was improved by the treatment of liraglutide. *P < 0.05, **P < 0.01.
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the adipose tissues derived DPP4 and regulation of inflam-

mation and glucose homeostasis.34 Ana and his colleagues

revealed that inhibition of DPP4 by vildagliptin in adipose

tissue and obese mice prevented the white adipose tissue

fibrosis.11 Collectively, the DPP4 expression is remarkably

deregulated in adipose tissues and adipocytes, and may

exist paracrine effects.

In the present study, both the mRNA and protein

expression levels of DPP4 were found to be upregulated

in the IR animal and cell models compared with the

normal controls, which was consistent with the results in

the previous studies.8 Emerging studies reveal the dysre-

gulation of STAT family members in obesity and IR, and

demonstrated their regulatory role on the expression of

adipocyte gene.35 A study by Wunderlich et al showed

that the activation of JAK2/STAT3 signaling by increased

leptin could lead to the resistance of leptin, and

IL-6-induced JAK2/STAT3 in obesity resulted in impaired

insulin action.12 In human adipocytes, Kim et al found that

Tau-Ribose could decrease the expression of adipokines

through the inhibition of STAT3 signaling pathway.36 In

our study, the JAK2/STAT3 signaling pathway was found

to be activated in adipocyte by PA treatment, which

implied that the activity of this signaling pathway was

elevated under the IR conditions. Interestingly, we found

that the increased DPP4 expression in the IR cells was

suppressed after blocking the JAK2/STAT3 signaling path-

way, indicating that the increased expression of DPP4 in

adipocytes under IR conditions might arise from the acti-

vation of JAK2/STAT3 signaling pathway. Furthermore,

Figure 4 Liraglutide treatment reduced the expression of DPP4 in IR animal and cell models. (A) DPP4 expression was decreased by liraglutide in adipose tissues under IR

conditions. (B) Liraglutide intervention in adipocytes led to decreased DPP4 expression. *P < 0.05.

Figure 5 Liraglutide regulated the activity of AMPK and the JAK2/STAT3 signaling

pathway. (A) Western blot results for activity of AMPK and the JAK2/STAT3

signaling pathway. (B) Liraglutide intervention in adipocytes resulted in the activa-

tion of AMPK and deactivation of the JAK2/STAT3 signaling pathway. *P < 0.05.
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this study examined the activity of AMPK, which is

a regulator of the JAK2/STAT3 signaling pathway during

adipogenesis. The results show that AMPK activity was

suppressed in the adipocytes following the stimulation of

PA, and the activation of AMPK led to inhibition of the

JAK2/STAT3 signaling and reduced DPP4 expression. The

rescue experiments proved that the dysregulation of DPP4

in adipocytes upon IR conditions was regulated by the

AMPK/JAK2/STAT3 pathway. AMPK can be phosphory-

lated and activated in response to energy deficit during

fasting or cellular stress, and is co-localized with STAT3.

Leptin, as a known activator of the JAK2/STAT3, has been

reported to be related with the decreased activity of

AMPK.37,38 These aforementioned results in combination

with our data inspired us to suspect that the increased

leptin in obesity might be involved in the regulation of

the increased DPP4. Future investigations are necessary to

confirm this hypothesize to further understand the sys-

temic regulatory mechanisms of DPP.

Liraglutide is one of the widely used incretin-based

drug, and performs well treatment outcomes in diabetes.

This study exhibited the liraglutide administration in the

constructed IR animal and cell models, and confirm that

liraglutide had a good therapeutic effect in obesity-

associated IR. Previous studies have reported the regulatory

effect of liraglutide on the expression of DPP4 in T2DM.28

In the current study, we observed that the increased DPP4 in

the adipose tissues and adipocytes under IR status was

significantly reduced by the treatment of liraglutide, which

is consistent with the previous study. The stimulation of

glucagon-like peptide receptor (GLP-1R), which is achieved

by liraglutide, has been reported to promote brown adipose

tissue thermogenesis and browning by activating AMPK.39

Our previous studies also have reported that AMPK was up-

regulated in adipocyte with liraglutide in db/db mice.29

Thus, we further examined the effects of liraglutide on

AMPK and the downstream JAK2/STAT3 signaling path-

way, and found that liraglutide intervention in adipocytes

led to the activation of AMPK and deactivation of JAK2/

STAT3 signaling. Thus, we suspected that liraglutide, as

a GLP-1R agonist, might inhibit the expression of DPP4

via the AMPK/JAK2/STAT3 pathway.

In addition to the AMPK, which was demonstrated to

regulate the JAK2/STAT3 signaling, PKA was also deter-

mined as a regulatory of STAT3 signaling in obesity and

obesity-associated hepatocellular carcinoma.40 Another

study by Zitman et al reported that liraglutide significantly

down-regulated p-STAT3 protein expression through

SIRT1 in diabetic kidney disease in db/db mice and in

cultured endothelial cells.41 Therefore, we considered that

the expression of DPP4 in adipocytes might also modulate

by the PKA JAK2/STAT3 pathway or SIRT1 JAK2/STAT3

pathway, which warrants further in-vitro and -vivo studies.

Conclusion
Taken together, all the data in this study revealed that the

expression of DPP4 was upregulated in adipose tissues and

adipocytes under IR conditions, and this dysregulation was

achieved by the AMPK/JAK2/STAT3 pathway. Additionally,

liraglutide intervention in led to decreased DPP4 expression

also via the regulation of the AMPK/JAK2/STAT3 pathway.

This study provides a novel insight into the regulatory

mechanism of DPP4 in adipocytes upon IR status, and the

AMPK/JAK2/STAT3 pathway may be a novel therapeutic

target for adiposity. Although this study investigated the

expression changes of DPP4, the levels of soluble DPP4

(sDPP4) in the circulation of IR animal and in cell culture

supernatant were not examined, and the activity of sDPP4

was also not evaluated, which are the limitations of our study.

Thus, further studies are necessary to uncover the activity of

DPP4 and the related regulatory mechanisms.
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