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Abstract: Disulfide-bond A oxidoreductase-like protein (DsbA-L) is a molecular chaperone involved in the multimeri-
zation of adiponectin. Recent studies have found that DsbA-L is related to metabolic diseases including gestational 
diabetes mellitus (GDM), and can be regulated by peroxisome proliferator-activated receptor γ (PPARγ) agonists; the 
specific mechanism, however, is uncertain. Furthermore, the relationship between DsbA-L and the novel adipokine 
chemerin is also unclear. This article aims to investigate the role of DsbA-L in the improvement of insulin resistance by 
PPARγ agonists in trophoblast cells cultured by the high-glucose simulation of GDM placenta. Immunohistochemistry 
and western blot were used to detect differences between GDM patients and normal pregnant women in DsbA-L 
expression in the adipose tissue. The western blot technique was performed to verify the relationship between PPARγ 
agonists and DsbA-L, and to explore changes in key molecules of the insulin signaling pathway, as well as the effect of 
chemerin on DsbA-L. Results showed that DsbA-L was significantly downregulated in the adipose tissue of GDM 
patients. Both PPARγ agonists and chemerin could upregulate the level of DsbA-L. Silencing DsbA-L affected the 
function of rosiglitazone to promote the phosphatidylinositol 3-kinase (PI3K)-protein kinase B (PKB)/AKT pathway. 
Therefore, it is plausible to speculate that DsbA-L is essential in the environment of PPARγ agonists for raising insulin 
sensitivity. Overall, we further clarified the mechanism by which PPARγ agonists improve insulin resistance. 
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1  Introduction 

 
Disulfide-bond A oxidoreductase (DsbA) is a 

protein disulfide isomerase that contributes to the 
formation of disulfide bonds in Escherichia coli 
(Wang and Scherer, 2008). Glutathione S‐transferase 

kappa (GST-κ) shares high structural similarities to 
DsbA, and hence it is also called “DsbA-like protein 
(DsbA-L).” The DsbA-L gene, located in the mito-
chondria, is essential to maintain mitochondrial ho-
meostasis. The downregulation of DsbA-L could trigger 
the imbalanced secretion of mitochondrial DNA 
(mtDNA), thereby inducing mitochondrial dysfunc-
tion (Deng et al., 2020). Furthermore, it has been 
reported that the lack of DsbA-L could activate the 
cyclic guanosine-adenosine monophosphate synthase- 
stimulator of interferon genes (cGAS-STING) path-
way to enhance inflammation and insulin resistance 
(Bai et al., 2017). It was supposed that polymorphisms 
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of the DsbA-L gene might be associated with meta-
bolic diseases (Gao et al., 2009). 

Gestational diabetes mellitus (GDM) is defined 
as a type of metabolic disease, characterized by hy-
perglycemia at the onset of pregnancy. The world-
wide prevalence of GDM has reached approximately 
15% to date (Griffith et al., 2020), with the risk of 
type 2 diabetes mellitus (T2DM) getting higher with 
the extension of follow-up time in GDM patients 
(Li et al., 2020). Studies have found that adiponectin 
expression showed constantly lower levels in GDM 
patients (Lorenzo-Almorós et al., 2019), which is 
likely related to decreased levels of chaperone DsbA-L. 
Insulin resistance is the major feature of GDM. The 
exact roles DsbA-L plays in the mechanism of insulin 
signaling transduction in GDM are not yet fully un-
derstood. Therefore, we established a cell model to 
mimic GDM placenta by adding glucose at high con-
centration (25 mmol/L) to the growth medium of a 
type of human trophoblastic cell lines, namely HTR-8/ 
SVneo cells. The relevant methods have been verified 
by multiple papers in the literature (Basak et al., 2015; 
Kuricova et al., 2016; Lampropoulou et al., 2016; 
Wang et al., 2019). 

As a molecular chaperone, DsbA-L has the 
critical role of dominating the assembly and secretion 
of adiponectin (Zhou et al., 2010). Interactions be-
tween DsbA-L and other adipokines, however, re-
main to be fully explored. An inflammatory chemo-
kine named chemerin was firstly identified by Go-
ralski et al. (2007), as a novel adipokine. A later re-
view elaborated that chemerin affects lipogenesis 
and angiogenesis via binding to chemokine-like re-
ceptor 1 (CMKLR1) (Helfer and Wu, 2018). Beyond 
that, chemerin also participates in the regulation of 
glucose metabolism (Helfer and Wu, 2018). Previous 
studies by authors of the present work have shown 
that peroxisome proliferator-activated receptor γ 
(PPARγ) agonists can affect insulin signaling path-
ways by regulating chemerin (Zhou et al., 2020). 
These agonists could enhance the secretion of adi-
ponectin by binding to the peroxisome proliferator 
response element (PPRE) in the promoter of DsbA-L 
(Jin et al., 2015). Thiazolidinediones (TZDs), such as 
rosiglitazone (RSG), are types of drug for the treat-
ment of diabetes, decreasing insulin resistance through 
the activation of PPARγ (Lebovitz, 2019).  

Given that both DsbA-L and insulin signaling 
pathways could be dominated by the activation of 
PPARγ, we investigated the effect of PPARγ on 
downstream molecules of the insulin pathway after 
silencing DsbA-L gene to determine whether DsbA-L 
affects PPARγ agonist function. In addition, since 
DsbA-L is associated with adiponectin multimeriza-
tion, we explored the relationship between DsbA-L 
and chemerin, a novel adipokine, to better understand 
the role of DsbA-L in regulating adipokines other 
than adiponectin. 

 
 

2  Materials and methods 

2.1  Human samples 

A total of 16 samples of subcutaneous adipose 
tissue were collected from pregnant women who 
underwent regular obstetric examination and suffered 
cesarean delivery in Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Tech-
nology (Wuhan, China). There were six cases of 
GDM patients and ten normal pregnancies among 
these cases. A diagnosis of GDM was determined via 
75 g Oral Glucose Tolerance Test (OGTT) according 
to the standards set by International Association of 
Diabetes and Pregnancy Study Groups (IADPSG). 
Pregnancies accompanied by basic illnesses, infec-
tious diseases, and other complications of pregnancy 
besides GDM were excluded. The present study was 
approved by the Ethics Committee of Tongji Hospital 
(No. TJ-IRB20170506). 

2.2  Immunohistochemical analysis 

Subcutaneous adipose tissue samples were rapidly 
washed in phosphate-buffered saline (PBS) and pre-
served in liquid nitrogen for frozen sections. For 
sample analysis, they were subjected to antigen re-
trieval after blocking with hydrogen peroxide solu-
tion, and incubated with anti-DsbA-L rabbit poly-
clonal antibody (ab92819; 1:100 (volume ratio); Abcam, 
UK) at 4 °C overnight. The next day, the secondary 
antibody was added to these sections and they were 
stained by diaminobenzidine. Images were recorded 
at 100-fold magnification and evaluated with Image- 
Pro Plus 6.0 (Media Cybernetics, Denver, USA), with 
the average optical densities applied for analysis. 
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2.3  Cell culture and small interfering RNA 
transfection 

Cells of the HTR-8/SVneo line were obtained 
from Wuhan Servicebio Technology Co., Ltd., China. 
Dulbecco’s modified Eagle’s medium (DMEM) with 
high glucose concentration (about 25 mmol/L) was 
applied as the basic medium to mimic circulatory 
glucose levels of GDM. Additionally, the medium 
was also supplemented with 10% fetal bovine serum 
(FBS) and 1% antibiotic. Cells were cultured under 
the conditions of 37 °C and 5% CO2. Before addition 
to the cell medium, small interfering RNA (siRNA) of 
DsbA-L (si-DsbA-L, target sequence CTGTGCC 
GGTATCAGAATA, Guangzhou RiboBio Co., Ltd., 
China) and Lipofectamine® 3000 transfection rea-
gents were diluted separately by Opti-MEM™ Re-
duced Serum Medium, and mixed for 10 min. 

2.4  Western blot analysis 

The HTR-8/SVneo cells were lysed in radio 
immunoprecipitation assay (RIPA) buffer and phe-
nylmethanesulfonyl fluoride (PMSF), and the ex-
tracted protein was denatured by boiling at high 
temperature. Samples were then subjected to sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene difluo-
ride (PVDF) membranes. Thereafter, all membranes 
were blocked using 5% bovine serum albumin (BSA) 
for 1 h, and incubated overnight at 4 °C with the fol-
lowing primary antibodies: anti-PI3K (phosphatidyl-
inositol 3-kinase) p110β rabbit polyclonal antibody 
(21739-1-AP; 1:500; Proteintech, China), anti-chemerin 
rabbit polyclonal antibody (10216-1-AP; 1:200; Pro-
teintech, China), anti-DsbA-L rabbit polyclonal an-
tibody (ab92819; 1:2000; Abcam, UK), anti-AKT2 
(protein kinase B (PKB) β) rabbit monoclonal anti-
body (#3063; 1:1000; Cell Signaling Technology, USA), 
anti-p44/42 MAPK (mitogen-activated protein kinase) 
(extracellular signal-regulated kinase 1/2 (ERK1/2))  
 

 
 
 
 
 
 
 
 

rabbit monoclonal antibody (#4695; 1:1000; Cell 
Signaling Technology, USA), anti-phospho-p44/42 
MAPK (ERK1/2) rabbit monoclonal antibody (#4370; 
1:2000; Cell Signaling Technology, USA), anti-β-actin 
mouse monoclonal antibody (66009-1-Ig; 1:5000; Pro-
teintech, China), and anti-GAPDH (glyceraldehyde-3- 
phosphate dehydrogenase) mouse monoclonal anti-
body (60004-1-Ig; 1:10 000; Proteintech, China). The 
next day, the membrane was incubated with horse-
radish peroxidase (HRP)-conjugated secondary an-
tibodies for 1 h at room temperature, and subjected to 
electrochemiluminescence assay with detection by 
G:BOX Chemi XRQ (Syngene, UK). Quantitative 
analysis was performed using GeneTools software 
(Syngene, UK). 

2.5  Statistical analysis 

The SPSS 25.0 software was used for statistical 
analysis, and GraphPad Prism 5.0 was applied to draw 
graphics. On the basis of conforming to the normal 
distribution, a Student’s t-test was utilized to compare 
two independent samples with the mean±standard de-
viation (SD) presented for description. The difference 
was considered statistically significant, when P<0.05. 

 
 

3  Results 

3.1  Clinical metabolic parameters of participants 

There were no statistically significant differ-
ences in maternal age, weight, or body mass index 
(BMI) of pregnant women between the GDM group 
and the control group. However, results of OGTT for 
the GDM group were significantly higher than those 
for the control group (Table 1). 

3.2  Expression of DsbA-L in the subcutaneous 
adipose tissue 

Research has revealed that DsbA-L exists mainly 
in the mitochondria and endoplasmic reticulum (ER)  
 

 
 
 
 
 
 
 
 

Table 1  Clinical metabolic parameters of participants 

Group Age (year) Weight (kg) BMI (kg/m2) 
OGTT 0 h 
(mmol/L) 

OGTT 1 h 
(mmol/L) 

OGTT 2 h 
(mmol/L) 

GDM (n=6) 35.17±3.66 74.00±7.72 28.18±3.24 5.11±0.43 10.00±2.70 9.35±0.98 
Control (n=10) 32.70±3.62 66.55±7.53 26.26±2.70 4.55±0.35   7.46±1.37 6.32±1.04 

P value 0.210 0.087 0.222 0.013* 0.024* 0.000* 
t value −1.314 −1.886 −1.277 −2.833 −2.527 −5.758 

GDM: gestational diabetes mellitus; BMI: body mass index; OGTT: oral glucose tolerance test. All data are expressed as mean±standard 
deviation (SD). *P<0.05 
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of adipocytes (Liu et al., 2015). Moreover, DsbA-L is 
expressed at the highest level in adipose tissue in a 
location where adiponectin is secreted (Wang and 
Scherer, 2008). In order to determine the level of 
DsbA-L in the subcutaneous adipose tissue of GDM 
patients and normal pregnant women, immunohisto-
chemistry and western blot analyses were performed. 
We found that DsbA-L existed both in the control 
group and the GDM group (Figs. 1a and 1b) as op-
posed to the blank group (Fig. 1c) based on staining, 
while DsbA-L expression was remarkably reduced in 
the subcutaneous adipose tissue of GDM patients  
(Fig. 1d). Western blot showed the same results  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Fig. 1e); quantitative analysis indicated that the GDM 
group showed significantly lower DsbA-L levels 
compared with the control group (Fig. 1f). 

3.3  Effect of chemerin on DsbA-L expression 

In order to investigate the effect of chemerin  
on DsbA-L, different concentrations of recombinant 
chemerin (#300-66; PeproTech, USA) were addi-
tionally supplemented to high glucose-treated HTR-8/ 
SVneo cells, and the effects of chemerin on DsbA-L 
expression were observed by western blot analysis. 
Compared with the control group (without extra 
chemerin), the protein expression of chemerin was  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Expression of DsbA-L in the subcutaneous adipose tissue of GDM patients and normal pregnant women 
(a) Level of DsbA-L in normal pregnant women; (b) Expression of DsbA-L in GDM patients; (c) PBS was a substitute for 
DsbA-L antibody in the blank group; (d) Comparison of DsbA-L levels by immunohistochemistry experiment; (e) Representative 
image of the immunoblots of adipose tissue samples (25 μg); (f) Relative quantitative analysis of protein expression of DsbA-L. 
DsbA-L: disulfide-bond A oxidoreductase-like protein; GDM: gestational diabetes mellitus; PBS: phosphate-buffered saline; 
AOD: average optical density. Data are shown as mean±standard deviation (SD) (n≥3). * P<0.05, *** P<0.001 
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gradually elevated with increased dose, and the level 
of DsbA-L also improved simultaneously with raised 
chemerin concentration. Chemerin at 80 ng/mL led to 
the most obvious increase of DsbA-L expression, 
with a statistically significant difference compared 
with the control group (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4  Effect of PPARγ agonists on DsbA-L expression 

In order to examine the effect of activation of 
PPARγ on DsbA-L, high glucose-treated HTR-8/SVneo 
cells were subjected to 20 μmol/L RSG (HY-17386; 
MedChem Express, USA) and 20 μmol/L GW1929 
(HY-15655; MedChem Express, USA), two small 
molecule agonists of PPARγ, and subsequent western 
blot analysis following 72 h of incubation. Results 
showed that protein levels of DsbA-L were signifi-
cantly increased in the RSG and GW1929 groups  
(Fig. 3) compared with the control group, suggesting 
that PPARγ agonists had an effect of upregulating 
DsbA-L expression. 

3.5  Effect of silencing the DsbA-L gene on PPARγ 
agonist action of improving insulin resistance 

The following treatment was conducted to iden-
tify the role of DsbA-L in the process of PPARγ  
agonist enhancing insulin signaling pathways. Firstly, 
HTR-8/SVneo cells were incubated with insulin  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(100 nmol/L) for 48 h to induce the signaling path-
ways downstream of insulin. Then, we transfected 
siRNA into these cells targeting the DsbA-L gene 
(si-DsbA-L group). Six hours later, RSG (20 μmol/L) 
was added to the cell medium on the basis of silencing 
the DsbA-L gene for the group named si-DsbA-L+ 
RSG. Finally, we carried out western blot analysis 
after 72 h; the protein signals of PI3K p110β, AKT2, 
ERK1/2, and DsbA-L are shown in Fig. 4a. There 
were no significant changes in the protein expression 
of PI3K p110β or total AKT2 (Figs. 4b and 4c). The 
phosphorylation of ERK1/2 was significantly in-
creased after DsbA-L knockdown compared with the 
negative control (NC, cells transfected with scramble 
siRNA) group (Fig. 4d). Moreover, the phosphoryla-
tion of ERK1/2 was diminished in the si-DsbA-L+ 
RSG group compared with the si-DsbA-L group. In 
addition, the protein level of DsbA-L was reduced in 
the si-DsbA-L group, whereas it was elevated in the 
si-DsbA-L+RSG group (Fig. 4e). 

 
 

4  Discussion 
 
The enzyme DsbA-L was firstly found and named 

by Liu et al. (2008); they identified that DsbA-L could 
regulate the multimerization of adiponectin. Since 

Fig. 2  Expression of DsbA-L upregulated by chemerin 
The chemerin concentration gradient consisted of 20, 40, and 
80 ng/mL treatments, as well as a control group without 
additional chemerin. (a) Representative image of the im-
munoblots of cell samples (50 μg); (b) Relative quantitative 
analyses of chemerin and DsbA-L. DsbA-L: disulfide-bond 
A oxidoreductase-like protein; GAPDH: glyceraldehyde-3- 
phosphate dehydrogenase. Data are shown as mean±standard 
deviation (SD) (n=3). * P<0.05, *** P<0.001 

Fig. 3  Protein expression of DsbA-L enhanced by PPARγ 
agonists, RSG, and GW1929 
(a) Representative image of the immunoblots of cell samples 
(50 μg); (b) Relative quantitative analysis of DsbA-L. PPARγ: 
peroxisome proliferator-activated receptor γ; DsbA-L: disulfide- 
bond A oxidoreductase-like protein; RSG: rosiglitazone. Data 
are shown as mean±standard deviation (SD) (n=3). ** P<0.01 
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then, DsbA-L has appeared in front of the public as a 
multifaceted player in adiponectin secretion (Wang 
and Scherer, 2008). It is of great significance to 
elaborate how this protein participates in the patho-
physiological processes of GDM. In the present study, 
we found that the level of DsbA-L was significantly 
reduced in GDM-affected adipose tissue. Previous 
reports revealed that patients with obesity had a sig-
nificantly decreased level of DsbA-L in contrast to 
normal-weight controls (Chen et al., 2017). Women 
with GDM are potentially associated with obesity, 
and most cases of GDM are related to increased BMI 
(Kim et al., 2010; Giannakou et al., 2019). This, to 
some extent, explains the low level of DsbA-L in 
GDM. 

It was observed in previous studies that DsbA-L 
overexpression could improve insulin sensitivity in 
mice by promoting the phosphorylation of adenosine 
5'-monophosphate-activated protein kinase (AMPK) 
and PKB/AKT (Liu et al., 2012). Adiponectin sig-
naling primarily enhances insulin receptor substrates 
(IRSs) to sensitize insulin action (Achari and Jain, 
2017). Promoting the biosynthesis and secretion of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

adiponectin may be an effective way to treat meta-
bolic diseases (Liu and Liu, 2012). The multimeriza-
tion of adiponectin is attributed to DsbA-L, which 
seems to suggest a potential relationship between 
DsbA-L and insulin sensitivity. 

Adiponectin multimerization was shown to be 
promoted by DsbA-L through the regulation of di-
sulfide bond formation (Achari and Jain, 2017). A 
study demonstrated that circulating levels of adi-
ponectin were reduced in obesity and associated dis-
eases (Liu et al., 2008), indicating that adiponectin 
was involved in the pathophysiology of these diseases. 
In fact, adiponectin has some beneficial properties, 
such as anti-inflammatory and insulin sensitization 
(Simpson and Whitehead, 2010). Increasing the levels 
of DsbA-L could improve the stability of adiponectin 
by inhibiting the adverse effect of ER stress (Zhou  
et al., 2010). Therefore, heightening the expression of 
DsbA-L is likely to be a promising strategy to in-
crease insulin sensitivity (Zhou et al., 2010).  

In the present study, the expression of DsbA-L 
was downregulated, resulting in decreased PPARγ 
agonist function, suggesting that DsbA-L not only 

Fig. 4  Effect of si-DsbA-L on action of PPARγ agonist of improving insulin resistance 
(a) Representative image of the immunoblots of cell samples (20 μg); (b) Relative expression of PI3K p110β quantified with 
β-actin; (c) Relative expression of total-AKT2 quantified with β-actin; (d) Relative expression of phospho-ERK1/2 quantified 
with total-ERK1/2; (e) Relative expression of DsbA-L quantified with β-actin. PPARγ: peroxisome proliferator-activated re-
ceptor γ; si-DsbA-L: small interfering RNA (siRNA) of disulfide-bond A oxidoreductase-like protein (DsbA-L); PI3K: phos-
phatidylinositol 3-kinase; AKT2: protein kinase B (PKB) β; ERK1/2: extracellular signal-regulated kinase 1/2; NC: negative 
control; RSG: rosiglitazone; t-AKT2: total-AKT2; p-ERK1/2: phospho-ERK1/2; t-ERK1/2: total-ERK1/2. Data are shown as 
mean±standard deviation (SD) (n=3). ** P<0.01, *** P<0.001 
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participates in insulin sensitivity, but also plays a 
critical role in insulin signaling pathways. Several 
studies have indicated extensively that DsbA-L is 
found downstream of PPARγ (Jin et al., 2015; He  
et al., 2016). Consistently with these findings and fur-
thermore, we conclude that DsbA-L is extremely sig-
nificant in PPARγ action. The latter may exert an effect 
on the PI3K-AKT pathway by regulating the tran-
scription of DsbA-L. The molecular process by which 
PPARγ agonists improve insulin resistance was fur-
ther elaborated in mechanism.  

Insulin resistance is associated with a damaged 
insulin signaling pathway (Plows et al., 2018). Phos-
phorylation of IRS is accompanied by the activation 
of two insulin signaling pathways: the PI3K-AKT 
pathway and the ras-MAPK pathway (Taniguchi  
et al., 2006). There are different negative and positive 
feedback loops in the AKT and MAPK pathways at 
the molecular level (Arkun, 2016). The PI3K-AKT 
signaling pathway is important in the metabolic role 
of insulin. In this pathway, the p110β subtype of PI3K 
is essential for mediating the glucose uptake of insulin 
sensitive tissues. Differently from AKT1 and AKT3, 
AKT2 is particularly enriched in the liver and adipose 
tissue, and is co-located with glucose transporter 4 
(GLUT4), which is responsible for bringing glucose 
into the cell as energy supply (Plows et al., 2018). In-
terestingly, DsbA-L suppression stimulated the phos-
phorylation of ERK1/2, which might be attributed to 
mitochondrial dysfunction. The ERK1/2 of the MAPK 
pathway is mainly involved in the regulation of cell 
growth and survival, but not the metabolic effect of 
insulin. As commonly known, mitochondria provide 
energy for vital cell functions. Therefore, when mi-
tochondrial function is injured via DsbA-L silencing, 
cells promote the activation of ERK1/2 signaling in 
order to adapt to new energy requirements and repair 
the damage (Pal et al., 2020). 

We also showed that chemerin could elevate the 
expression of DsbA-L, which might further increase 
adiponectin levels. Although we did not verify this 
possibility via experiments, recent research supports 
that chemerin exerts an effect on adiponectin to 
regulate fat metabolism (Ferland et al., 2020), which 
is attributed to the interactions of adipocytokines. It 
has been reported that tumor necrosis factor-α (TNF-α) 
inhibits the multimerization and secretion of adi-
ponectin by impairing DsbA-L (He et al., 2016). 

Chemerin may be a favorable adipokine, as its func-
tion is unlike that of TNF-α. Chemerin was originally 
discovered as an inflammatory chemokine, encoded 
by the retinoic acid receptor responder 2 (RARRES2) 
gene. Further studies have shown that it is a novel 
adipocytokine secreted by adipose tissue, and is in-
volved in the pathophysiological mechanism of nu-
merous diseases, including obesity and metabolic 
syndrome (Goralski et al., 2007; Helfer and Wu, 2018). 
In addition to that of adiponectin, the understanding 
of the regulatory function of DsbA-L and its interac-
tion with other adipokines is incomplete (Liu et al., 
2012). Further research is required to elucidate these 
mechanisms. 

It should be noted that our research has some 
limitations. Neither the expression of GLUT4 down-
stream of the insulin signaling pathway is verified by 
our study, nor does it be clear whether HTR-8/SVneo 
cells cultured with high glucose in vitro are similar to 
the circulatory blood glucose levels of GDM patients. 
The role of DsbA-L in the action of PPARγ agonists 
in vivo remains to be further explored in animal  
experiments. 

 
 

5  Conclusions 
 
In summary, we confirmed the necessity of 

DsbA-L in PPARγ agonist function that improves 
insulin resistance, and for the first time we demon-
strated that chemerin promotes DsbA-L expression. 
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中文概要 
 
题 目：高糖细胞模型中 DsbA-L 基因沉默损害 PPARγ

激动剂改善胰岛素抵抗的功能 

目 的：在高糖滋养细胞模型中，探讨二硫键 A 氧化还原

酶样蛋白（DsbA-L）在过氧化物酶体增殖物激

活受体 γ（PPARγ）激动剂改善胰岛素抵抗过程

中的作用，以及 DsbA-L 与趋化素（chemerin）

的关系。 

创新点：发现 DsbA-L 在 PPARγ激动剂改善胰岛素抵抗的

过程中起作用，并首次证明 chemerin 能促进

DsbA-L 的表达水平。 

方 法：采用免疫组织化学（IHC）和蛋白免疫印迹法

（western blot）检测妊娠期糖尿病（GDM）患者

与正常对照组孕妇的皮下脂肪组织中 DsbA-L 的

定位和表达差异。在高糖滋养细胞模型中，通过

western blot 研究 PPARγ 激动剂和 chemerin 对

DsbA-L 蛋白的调节作用，并探究 DsbA-L 基因沉

默对 PPARγ 激动剂调控胰岛素信号通路分子磷

脂酰肌醇 3 激酶（PI3K）、蛋白激酶 B（PKB/AKT）

和细胞外信号调节激酶 1/2（ERK1/2）蛋白表达

的影响。 

结 论：GDM 患者的皮下脂肪组织中 DsbA-L 的水平较对

照组低。PPARγ 激动剂和 chemerin 均可增强

DsbA-L 蛋白的表达。DsbA-L 基因沉默影响

PPARγ激动剂对胰岛素信号 PI3K-AKT通路的上

调作用。 

关键词：二硫键 A 氧化还原酶样蛋白（DsbA-L）；过氧

化物酶体增殖物激活受体 γ（PPARγ）；趋化素

（Chemerin）；胰岛素信号通路；妊娠期糖尿病 
 


