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Abstract: MOB kinase activator 1A (MOB1A) plays an important role in many diseases and cancers. Here, we ob-
served that MOB1A was substantially overexpressed in gallbladder carcinoma (GBC) tissues compared with non-
tumor tissues. The high expression of MOB1A was closely associated with poor survival in patients with GBC at 
advanced TNM stages. Furthermore, our study indicated that MOB1A promoted autophagy by activating the IL6/
STAT3 signaling pathway and regulating the chemosensitivity to gemcitabine under glucose deprivation conditions 
both in vitro and in vivo. In conclusion, these findings suggested that MOB1A is critical for the development of GBC 
via the MOB1A-IL6/STAT3-autophagy axis.
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Introduction

Gallbladder carcinoma (GBC) is the most com-
mon biliary tract cancer, accounting for 80-95% 
of all biliary tract cancers [1, 2] and is known to 
have poor prognosis with, most patients only 
receive chemotherapy and other comprehen-
sive treatments. However, the efficacy of those 
therapies is known to be limited, as demon-
strated by the rapid recurrence and concomi-
tant chemoresistance in such patients [4]. 
Therefore, in order to treat patients with GBC 
more effectively, novel and effective potential 
biomarkers and therapeutic targets are urgent-
ly needed to be identified and facilitate the 
increased understanding of the molecular 
mechanisms supporting the malignant trans-
formation of this deadly disease [5, 6].

In cancers, autophagy might take part in sup-
pressing the earliest stages of tumorigenesis; 

however, it might also play an opposite role and 
favor tumor progression by coping with intracel-
lular and microenvironment stresses, such as 
hypoxia [7, 8], nutrient shortage [9], or chemo-
therapy [10]. Autophagy is known to be induced 
by starvation in order for cells to collect and 
degrade intracellular dysfunctional proteins 
and organelles into lysosomes, and to sustain 
metabolism and survival by recycling intracellu-
lar components [11]. Meanwhile, autophagy 
might also play an important role in the chemo-
resistance of the tumor to chemotherapy [12]. 
The role of autophagy in the development of 
GBC remains unknown. 

MOB kinase activator 1A (MOB1A), one of the 
members of the family of Mps One binder (MOB) 
coactivator proteins, was first explored in 2004 
[13]. MOB1A, a member of the conserved MOB 
proteins, is a mainly cytoplasmic protein that is 
known to control organ size and tumor growth 
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[14]. It has been reported to be involved in the 
Hippo signaling pathway, which can hyperacti-
vate NDR/LATS kinases [15]. Furthermore, 
MOB1A has also been reported to be associat-
ed with various proteins, such as S100 Calcium 
Binding Protein A8 (S100A8), Thyroid Hormone 
Receptor Interactor 6 (TRIP6), Histone Dea- 
cetylase 3 (HDAC3), and TNF Receptor Asso- 
ciated Factor 6 (TRAF6) [16]. However, the 
mechanisms underlying these interactions 
have not yet been confirmed. Dysregulation of 
MOB1A has been reported in many cancer 
cells, and thus the functional role of MOB1A in 
specific tumors needs to be further studied.

Although MOB1A was reported to be involved in 
many other cancers [17], its roles in cancer 
development and progress are still poorly un- 
derstood. However, in our previous study that 
involved sequencing of gallbladder cancer sam-
ples using microarrays, we found that MOB1A 
was significantly upregulated in GBC tissues 
compared with the corresponding adjacent 
nontumor tissues [18]. Therefore, the present 
study aimed to investigate the role of MOB1A in 
GCB. Further, considering the established roles 
of autophagy and glucose-deprivation in can-
cer cells, we also investigated their interaction 
with MOB1A. 

Material and methods

Human sample and clinicopathological data 
collection

This study was received the approval of the 
Ethics Committee of Xinhua Hospital. Tissue 
specimens were collected from 45 patients 
with GBC and the patients with cholecystitis 
who had radical cholecystectomy without any 
therapy before surgery between 2015 and 
2018 at the Department of General Surgery, 
Xinhua Hospital, Shanghai Jiao Tong University, 
Shang Hai, China. The corresponding clinico-
pathological information including age, sex, 
tumor size, regional lymph node status, TNM 
stage were also obtained, and all patients pro-
vided informed consent. Then, the survival 
information of patients was gained through 
phone calls. All specimens were confirmed by 
pathologists and staged according to the 7th 
AGCC-TNM Classification of Malignant Tumors.

Cell culture and reagents

The human Gallbladder cancer cell line GBC-SD 
was purchased from the cell bank of the 

Shanghai Institute for Biological Science, 
Chinese Academy of Sciences (Shanghai, 
China). NOZ and OCUG were obtained from the 
Health Science Research Resources Bank 
(Osaka, Japan). SGC996 was a gift from the 
Tongji University School of Medicine (Shanghai, 
China). The GBC cell lines were cultured in high-
glucose Dulbecco’s Modified Eagle Medium 
(DMEM) (Gibco) and William’s Medium (Gibco) 
supplemented with 10% FBS (Gibco), 1% peni-
cillin/streptomycin. These cells were cultured 
at 37°C in a stable humidified atmosphere of 
5% CO2. HCQ and Gemcitabine were purchased 
from MedChemExpress. 

Plasmid construction and stable cell line es-
tablishment

The complete coding sequence of the human 
MOB1A gene (NM-018221) was cloned into the 
hU6-MCS-CBh-gcGFP-IRES-puromycin vectors 
(genechem), Lentiviruses were produced in 
293T cells for the stable transfection of the cell 
lines, per the manufacturer’s instructions, and 
an empty vector was transfected into cells to 
be used as a control. A total of 1 × 105 tumor 
cells in 2 mL medium with 8 μg/mL polybrene 
were infected with 1 mL lentivirus supernatant. 
After 48 hours, puromycin (solarbio) was added 
for selection.

The RNA interference target sequences of Hu- 
man MOB1A (NM-018221) were AGAUGGU- 
ACUAAUAUUAAA and cloned into the hU6-MCS-
CBh-EGFP-IRES-puromycin. Lentiviruses were 
produced in 293T cells and scrambled se- 
quences were transfected into the cells to be 
used as controls. Then, after 48 hours, puromy-
cin (solarbio) was added for selection.

Immunohistochemistry and immunofluores-
cence

The Immunohistochemistry (IHC) staining was 
performed to detect MOB1A in tumor tissues 
following the standard procedure. Paraffin-em- 
bedded sections of tumor tissues were heated 
in a ventilated and heated box for 2 hours to 
deparaffinized. Then, the sections were putted 
into the Leica BOND RXm automatic scientific 
research staining platform. These sections 
were sealed and observed under a microscope. 
The intensity of IHC staining was graded as 0 
for no, 1 for weak, 2 for medium, 3 for strong; 
and the positive area of staining was evaluated 
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as 0, 0% stained; 1, 1%-25% stained; 2, 26-50% 
stained; 3, 51%-100% stained. The final score 
of sections were got by multiplying stain area 
coefficient and stain intensity coefficient and 
divided into four groups: 0, absent (-); 1 to 2, 
weak (+); 3 to 5, moderate (++); 6 to 9, strong 
(+++).

Immunofluorescence staining was performed 
on the GBC cells. The cells were seed in 12-well 
plates, washed with PBS three times for 5 min-
utes each and fixed with 4% polyformaldehyde. 
Then, the cells were sealed at room tempera-
ture with 1% BSA for 1 hour. After adding the 
primary antibody against LC3 I/II (1:100) at 4°C 
overnight, the cells were incubated with fluores-
cent dye-labelled secondary antibody at room 
temperature for 1 hour and cultured with anti-
fluorescence quenching of sealing solution con-
taining DAPI. Finally, the cells were visualized 
under a microscope.

Quantitative real-time PCR and ELISA

The total RNA of tissues and cells were isolated 
by Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. 
Then, the cDNA was synthesized through a 
reverse transcription reagent kit (TaKaRa, 
China). The StepOnePlus™ Real-Time PCR sys-
tem was performed to detect the expression of 
the candidate genes. GAPDH was used as an 
internal reference. All reactions were run from 
three independent experiments and the prim-
ers were list in Table S2. ELISA for cell lysates 
was performed using a commercial kit, accord-
ing to the manufacturer’s protocol (human IL6 
kit was purchased from ABclonal).

Western blotting

Total proteins from cell lysates were extracted 
in RIPA lysis buffer and three proteinase inhibi-
ter cocktails. 20 ug proteins per sample were 
separated by 10%-12.5% SDS-PAGE (EpiZyme, 
China) and next transferred on 0.20 and 0.45 
um PVDF membranes under 100 V constant 
voltage for 120 minutes. The membranes were 
blocked with 5% skim milk (Yeasen, China) for 
120 minutes and then incubated at 4°C over-
night with a series of primary antibodies. After 
three times washing with TBST (TBS with 0.5% 
Tween) buffer, the membranes were incubated 
with HRP-conjugated secondary antibody for 1 
hour at room temperature. The information of 

primary antibodies and secondary antibodies 
were showed in Table S1 and the bands were 
visualized with chemiluminescent detection 
reagent from Pierce.

Cell viability assays

Cell viability assays were examined by Flow 
cytometry and Cell Counting Kit-8 (CCK8) 
(Yeasen, China). CCK8 was according to the 
manufacturer’s instructions. Flow cytometry 
was performed to detect cell apoptosis with a 
FITC Annexin V Apoptosis Detection Kit (BD 
PharmingenTM). All the supernatants and pre-
cipitates of the cells were collected and centri-
fuged. After washed by PBS and resuspended 
in 100 ul Binding buffer, the cells were incubat-
ed with 5 ul Annexin V and 5 ul PI solution for 
15 minutes at room temperature in the dark. 
Then, supplemented with 400 ul binding buff- 
er, the cells were detected by using a Flow 
cytometry.

Nude mouse model of subcutaneous xenograft

All animal studies were approved by the Xinhua 
Hospital Ethics Committee Affiliated and oper-
ated by skilled experimenters. 1 × 106 NOZ or 
SGC996 cells resuspended with 100 ul serum-
free William’s Medium were injected subcuta-
neously into the right abdomen regions of the 
nude mice (4 weeks old, male, BALB/c). Tumor 
size was measured twice a week with the tumor 
development. The tumor volume was calculat-
ed according to the formula: tumor volume 
(mm3) = 1/2 × length (mm) × width (mm2). The 
nude mice were sacrificed after 6 weeks, and 
the tumor tissues were performed to IHC 
analysis.

Statistical analysis

Statistical analysis was performed with the IBM 
SPSS Statistics Program (version 22.0) and 
GraphPad Prism software (version 6.0). All the 
data were presented as the mean ± SD and 
analyzed by Student’s t test. Kaplan-Meier 
curves and log-rank test were used for the sur-
vival analysis. For the Cancer Genome Atlas 
(TCGA) data analysis, the log-rank test was per-
formed to determine the survival of patients 
with different expression of MOB1A in PAAD.  
P < 0.05 was considered as statistically sig- 
nificant.
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Results

MOB1A was overexpressed in gallbladder car-
cinoma

According to the results of our previous micro-
arrays, MOB1A was upregulated in GBC tissues 
compared with the corresponding adjacent 
nontumor tissues (P = 4.11 × 10-5, Figures 1A 
and S1A) [18]. To explore the roles of MOB1A in 
gallbladder carcinoma, the expression of 
MOB1A was identified in 10 pairs of fresh GBC 
tissues and their corresponding adjacent non-

tumor tissues using qPCR analysis (Figure 1B) 
and western blotting (Figure 1C). From our 
data, we observed that MOB1A was overex-
pressed in GBC tissues (P = 0.0180, Figure 
S1B). Consistent with the level of MOB1A noted 
in tumor tissues, we also found that MOB1A 
was overexpressed in GBC cell lines both at the 
protein and mRNA levels (Figure S2A, S2B).

To illustrate the clinical significance of MOB1A 
in GBC, we further determined the its expres-
sion using immunohistochemistry (IHC) in 45 
human GBC samples (Figure 1D). As shown in 

Figure 1. The expression and clinical significance of MOB1A in GBC tissues. (A) Part of the cluster analysis of miRNA 
expression profiles of GBC tissues and nontumor tissues from our previous microarray results. (B, C) Ten pairs of 
fresh GBC tissues and corresponding adjacent nontumor tissues were used for qRT-PCR analysis (B) and western 
blotting (C) to compare the expression levels of MOB1A. (D) Distribution of IHC results in 45 GBC tissues. (E) Sec-
tions used for the analysis of the expression levels of MOB1A in GBC tumor and cholecystitis tissues. Representa-
tive images of cholecystitis and GBC tissues are shown for weak (+), moderate (++), and strong (+++) staining. (F) 
Kaplan-Meier overall survival curve of patients with GBC based on different levels of MOB1A. Tests of significance 
were two-sided; *P < 0.05; **P < 0.01; ***P < 0.001. 
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Figure 1E, MOB1A was higher expressed in 
GBC tissues than in normal cholecystitis sam-
ples. Meanwhile, the overall survival time of 
patients with high expression of MOB1A were 
shown to be clearly shorter than those with low 
expression of MOB1A (P = 0.019; Figure 1F). As 
shown in Table 1, the high level of MOB1A was 
obviously related to the advanced tumor T 
stage (P = 0.014) and pTNM staging (P = 0.033). 

Similarly, the clinical significance and expres-
sion level of MOB1A were also confirmed in 
pancreatic ductal adenocarcinoma (PDAC). We 
analyzed the data obtained from The Cancer 
Genome Atlas (TCGA) and demonstrated that 
MOB1A was overexpressed in PDAC (Figure 
S3A; P < 0.01), with high levels of MOB1A being 
apparently correlated with poor overall survival 
of patients (Figure S3B; P = 0.034). Consistent 
with this observation, the level of MOB1A 
detected in 3 PDAC cell lines was shown to be 
higher than that in normal human pancreatic 
epithelial cells (HPNE) (Figure S4A). 

MOB1A promoted the survival of GBC cells in a 
glucose-deprivation microenvironment

To further investigate the role of MOB1A in the 
development of GBC, we constructed stable 

of advanced tumors; however, glucose-depriva-
tion is a common factor affecting the develop-
ment of tumor. To better simulate the role of 
MOB1A in the actual environment of GBC, we 
explored the role of MOB1A in GBC under glu-
cose deprivation conditions. Therefore, we cul-
tured GBC cells in medium with decreased glu-
cose concentration (0.75 mmol/L) to mimic the 
glucose deprivation conditions. As shown in 
Figure 2F and 2G, MOB1A markedly promoted 
the survival of GBC-SD and NOZ cells under a 
glucose deprivation situation. Based on these 
data, we inferred that MOB1A promoted the 
survival of GBC cells under glucose deprivation 
conditions.

MOB1A promoted autophagy and protected 
cancer cells from apoptosis under a glucose-
deprivation condition

When GBC cells were cultured under glucose 
deprivation conditions, we found that they ex- 
hibited a higher expression of autophagy mole-
cules compared with cells under normal condi-
tions. As shown in Figure 3A, analysis of west-
ern blotting revealed a significant increase in 
the ratio of LC3-I to LC3-II in GBC-SD and NOZ 
cells in response to the glucose deprivation 

Table 1. Association between MOB1A expression and clinicopath-
ological features of patients with GBC

Total  
(n = 45)

MOB1A expression
χ2 P value

Low (n = 20) High (n = 25)
Gender 0.799 0.371 
    Male 17 9 8
    Female 28 11 17
Age (year) 0.161 0.688 
    < 65 21 10 11
    ≥ 65 24 10 14
Tumor size (cm) 0.602 0.438
    ≤ 3.5 cm 11 6 5
    > 3.5 cm 34 14 20
T staging 6.000 0.014*

    T1-T2 18 12 6
    T3-T4 27 8 19
Nodal staging 1.500 0.221
    N0 27 14 13
    N1 18 6 12
TNM 4.543 0.033*

    I/II 17 11 6
    III/IV 28 9 19
*P < 0.05 (Chi-Square Tests).

cell lines that either overex-
pressed MOB1A or had MOB1A 
knocked down (Figure 2A, 2B). 
Subsequently, we established 
nude mice transplanted with 
GBC cell lines with a MOB1A 
knockdown. Mice were sacri-
ficed, and the tumors harvest-
ed (Figure 2C) and assessed by 
IHC staining, which indicated 
that the level of Ki-67 in the 
scramble group was higher 
than that in the shMOB1A 
group (Figure 2D). As shown in 
Figure 2E, we found that the 
tumor volume and weight in the 
shMOB1A group were signifi-
cantly inhibited. Thus, these 
data indicated that MOB1A 
was important for the growth of 
GBC.

Our data indicated that MOB1A 
may play a vital role in the pro-
gression of GBC. As is known, 
the growth of a tumor needs 
many nutrients, especially that 
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Figure 2. MOB1A promotes the survival of cancer cells in a glucose-deprivation microenvironment. (A) Protein ex-
pression of MOB1A in GBC cells lines, including NOZ, GCB-SD, OCUG, and SGC996, as well as in normal gallbladder 
cells, HGEPC. (A, B) Indicated GBC cells were transfected with lentiviruses to knockdown (A) or upregulate (B) the 
expression of MOB1A. Western blotting was performed to verify the stable cell lines. (C, D) Representative image (C) 
and expression levels of MOB1A and Ki-67 detected in a GBC subcutaneous xenograft model by IHC (D) after scari-
fication (scale bar, 100 μm). (E) The tumor size and weight formed in nude mice injected with either scramble or 
shMOB1A-NOZ expressing cells, were measured. (F, G) Flow cytometry analysis (F) was used to detect cell apoptosis 
(G) of GBC-SD, and NOZ scramble, or shMOB1A cells under nutritional-deprived conditions (**P < 0.01). 

conditions. Similar results were showed in our 
immunofluorescence analysis (Figure S5A, 
S5B). With respect to the relation between glu-
cose-deprived environment and autophagy, we 
investigated whether MOB1A regulated autoph-

agy. As shown in Figure 3B, 3C, our results indi-
cated that the level of autophagy in the scram-
ble group was higher than that in the shMOB1A 
group, and similar results were obtained in 
SGC996 and OCUG cells. We also found that 
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Figure 3. MOB1A promotes autophagy and protects cancer cells from apoptosis in glucose-deprivation conditions. 
(A) Indicated GBC cells were incubated with or without glucose for 24 h and then collected for western blotting to de-
tect the level of LC3, SQSTM1, and BECN1. (B, C) Cells were treated with glucose-free medium for 24 h and then col-
lected to detect the level of LC3, SQSTM1, and BECN1, following downregulation (B) or upregulation (C) of MOB1A. 
(D, E) The level of LC3 in GBC-SD cells was visualized by immunofluorescent staining (D). GBC-SD cells expressing 
scramble or shMOB1A, cultured in glucose-free medium for 24 h, and analyzed for LC3-expressing puncta (E) (**P 
< 0.01). (F) Following incubation with glucose-free medium for 24 h indicated MOB1A-overexpressing GBC cells pre-
vented cell apoptosis induced by the glucose deprivation conditions. Western blotting was performed to detect the 
levels of cleaved-PARP and cleaved-caspase 3. (G) Following treatment with HCQ (10 μM) to block autophagy and 
incubated in glucose-free medium for 24 h, the inhibition effect of MOB1A on apoptosis was abolished. The levels of 
cleaved-PARP and cleaved-caspase 3 were detected by western blotting. (H, I) Following incubation in glucose-free 
medium for 24 h, MOB1A-overexpressing GBC cells exhibited increased cell viability; when treated with HCQ (10 
μM), no difference was observed between the EV and the MOB1A group. Flow cytometry analysis (H) was used to 
detect cell viability (I). **P < 0.01; ***P < 0.001. 

MOB1A promoted autophagy in vivo (Figure 
5E). Furthermore, to more clearly observe the 
activation of autophagy, we performed immu-
nofluorescence analysis of LC3 (Figure 3D). 
And observed that the GBC-SD scramble group 
had more LC3-II expression puncta than the 
shMOB1A group (P < 0.001; Figure 3E). 
Meanwhile, we also examined the promotion of 
autophagy by MOB1A in PDAC cells (Figure 
S4D). Our data indicated that MOB1A promot-

ed autophagy in a nutrition-limited environ-
ment. As shown in Figure S5C, S5D, cancer 
cells with high autophagy activity had more 
power to defend against the pressure from the 
nutritional limited conditions and decelerated 
the apoptosis of cells. Therefore, we hypothe-
sized that MOB1A promoted the survival of 
cells under the stress of nutritional limited con-
ditions via upregulating autophagy. To test this 
hypothesis, we performed flow cytometry anal-



MOB1A regulates autophagy in gallbladder carcinoma

3903 Am J Cancer Res 2020;10(11):3896-3910



MOB1A regulates autophagy in gallbladder carcinoma

3904 Am J Cancer Res 2020;10(11):3896-3910

Figure 4. MOB1A regulates the chemosensitivity to gemcitabine via autophagy in GBC cells. (A, B) Indicated MOB1A-overexpressing GBC cells exhibited resistance to 
GEM, as assessed by a cell viability assay following treatment with GEM for 48 h at indicated doses (B); shMOB1A cells showed a corresponding tendency (A). (C) In-
dicated GBC cells either expressing scramble or shMOB1A assessed by apoptotic assay for flow cytometry after treatment with GEM for 48 h. (D) Following treatment 
with or without HCQ to block autophagy, MOB1A-overexpressing SGC996 cells were subjected to flow cytometry to detect their apoptotic level. (E-G) Overexpression 
of MOB1A prevented the growth inhibition of the xenograft and apoptosis induced by intraperitoneal injection (i.p.) of GEM in SGC996 MOB1A-overexpressing cell 
xenografts, as evaluated by representative images (E), tumor growth volume (F), and Ki-67 (upper) and TUNEL (down) staining in xenograft tissues after scarification 
(G). *P < 0.05; **P < 0.01; ***P < 0.001.
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ysis and western blotting. Our results confirmed 
that MOB1A promoted autophagy to protect 
cells in a glucose-deprived environment (Figure 
3F-I). Similar results were also obtained from 
our in vivo studies, where the expression of 
cleaved-caspase 3 in the shMOB1A group was 

shown to be much higher than that in the 
scramble group (Figure 5E). Based on our data, 
we pondered whether the expression of MOB1A 
was affected by different nutritional environ-
ments. Both SGC996 and OCUG cells were 
treated with the indicated conditions, and we 

Figure 5. MOB1A promotes autophagy under glucose-deprivation conditions via the IL6-STAT3 pathway. (A, B) Indi-
cated GBC cells either downregulated (A) or upregulated (B) for the expression of MOB1A were subjected to western 
blotting to detect the expression level of LC3, IL6, and p-STAT3. (C) Indicated MOB1A-overexpressing GBC cells were 
transfected with anti-IL6 silencing RNA (IL6 siRNA) or control RNA. (D) The expression level of LC3 was detected 
by western blotting in MOB1A-downregulated GBC-SD cells following treatment with or without rhIL-6. (E) IHC was 
used to detect the expression of LC3-II, p-STAT3, cleave-cas3, and IL6 in the scramble and shMOB1A groups in vivo.
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found that the level of MOB1A in glucose- 
deprived environment group was much higher 
than that in the group grown under normal con-
ditions (Figure S5E). Further, we found that the 
expression of MOB1A was regulated in the low-
glucose condition through the ERK signal path-
way (Figure S5F). This is supported by previous 
studies that reported the activation of ERK sig-
nal pathway in a low-glucose environment, 
which in turn regulated the expression of many 
genes [19-22].

MOB1A regulated the chemosensitivity to gem-
citabine via autophagy in GBC cells

Considerable evidence has shown that autoph-
agy plays an important role in the chemoresis-
tance observed following cancer chemothera-
py. Here, we investigated whether MOB1A regu-
lated the chemosensitivity to gemcitabine via 
autophagy in GBC cells. To test this, GBC cells 
either with MOB1A knocked down or overex-
pressing it were treated with different concen-
trations of gemcitabine in a no-glucose environ-
ment for 48 h. As shown in Figure 4A, 4B, the 

MOB1A promoted autophagy through the IL6-
STAT3 pathway

The regulatory network of autophagy is very 
complex, with many signaling pathways partici-
pating in it. It has been reported that the IL6/
STAT3 signaling pathway plays an important 
role in the adaptation of cells to a glucose-
depleted environment, participating also in 
autophagy. To determine whether this pathway 
was involved in MOB1A-promoted autophagy, 
we performed a series of assays. The expres-
sion levels of interleukin 6 (IL6) and phospho- 
signal transducer and activator of transcrip- 
tion 3 (p-STAT3) were shown to be markedly 
decreased in GBC-SD and NOZ shMOB1A cells, 
whereas the scramble group exerted an oppo-
site tendency (Figure 5A). Similar results were 
also observed in SGC996 and OCUG cells 
(Figure 5B). Moreover, IHC staining of IL6 and 
p-STAT3 in mice tumors (Figure 5E) also sup-
ported that the IL6/STAT3 signaling pathway 
participated in MOB1A-mediated autophagy 
during the progression of GBC. To further sup-
port the role of the IL6/STAT3 pathway in 

Figure 6. Schematic of the role of MOB1A in the survival of GBC cells under 
glucose-deprivation conditions. MOB1A promoted autophagy via the IL6/
STAT3 signaling pathway to attenuate cell apoptosis, regulate the chemore-
sistance to GEM, and then help cells survive in glucose deprivation condi-
tions.

high level of MOB1A markedly 
increased the viability of cells 
under treatment with gemci- 
tabine. When hydroxychloro-
quine (HCQ) was used to block 
autophagy, the effect of MOB- 
1A in promoting the resis-
tance of cells to gemcitabine 
was abrogated. In addition, 
flow cytometry analysis con-
firmed this result (Figure 4C, 
4D). To verify our hypothesis, 
we established nude mice 
transplanted with empty vec-
tor (EV) or MOB1A-overex- 
pressing cells treated with or 
without gemcitabine, and sub-
sequently harvested the tu- 
mors for TUNEL analysis. Fi- 
gure 4E-G shows that the 
MOB1A groups treated with 
gemcitabine had increased 
cell viability compared with 
the EV groups treated with 
gemcitabine. These data sug-
gested that MOB1A could reg-
ulate the chemosensitivity to 
gemcitabine via promoting 
autophagy in GBC cells.
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MOB1A-regulated autophagy, as shown in 
Figure 5C, the effect of MOB1A in regulating 
autophagy was abrogated following treatment 
with siRNA-IL6. Similar results are also present-
ed in Figure 5D; and it was observed that the 
effect of MOB1A in autophagy was markedly 
suppressed by rhIL6. In order to further explo- 
re how MOB1A regulates the expression of IL6, 
we referred to the TCGA database and found 
that MOB1A had a close relationship with NFκB 
(Figure S6B), and western blot was used to ver-
ify it (Figure S6C, S6D). The NFκB signal path-
way reportedly plays an important role in the 
transcriptional expression of IL6 [23-26]. 
Therefore, we hypothesized that MOB1A pro-
moted autophagy by activating the IL6/STAT3 
signaling pathway (Figure 6).

Discussion

In previous studies, MOB1A was considered to 
have a tumor suppressive role in the develop-
ment of many tumors [27, 28], playing a role in 
cell proliferation [29], and apoptosis signaling 
[30]. However, the exact role of MOB1A in spe-
cific forms of tumors has been poorly under-
stood, and its involvement in the progression of 
GBC has not been previously investigated. 
Intriguingly, we identified that the expression of 
MOB1A in GBC tissues was higher than that in 
the corresponding nontumor tissues from our 
previous microarrays [18] and based on TCGA 
data further found that the mRNA levels of 
MOB1A were higher in pancreatic cancer than 
normal tissues. Consistently, MOB1A was 
shown to be positively correlated with T stage, 
pTNM stage, and shorter overall survival (OS) 
time based on clinicopathological data. In this 
study, we also demonstrated that MOB1A pro-
moted the survival of GBC cells both in vitro 
and in vivo. Therefore, MOB1A may play a criti-
cal role in the development of GBC.

During tumor progression, with the increase in 
metabolic requisition, the nutritional limited 
stress has always been commonly consider- 
ed as an inevitable characteristic of tumors. 
Moreover, cancer cells have to regulate their 
complex metabolic network to cope with this 
harsh environment [31]. However, there is still 
much uncertainty regarding this network in 
GBC. In the present study, we incubated cancer 
cells with glucose-deprived medium to mimic  
a nutritional deprived situation. We found that 
GBC-SD and NOZ cells with knockdown of 

MOB1A exhibited increased cell apoptosis 
when grown in the glucose-free medium. This 
result was reversed when MOB1A was overex-
pressed in SGC996 cells. Based on these data, 
we hypothesized that MOB1A could promote 
the survival of cancer cells in a glucose-
deprived environment. 

While adapting to nutritional deprivation and 
tolerance to chemotherapy, tumor cells adjust 
to a series of activities, such as autophagy [32], 
apoptosis [33], and increased demand of nitro-
gen [31]. It has been reported that autophagy 
has a crosstalk with apoptosis under harsh 
conditions [33, 34]. Similarly, our data also indi-
cated that autophagy induced by glucose-
deprivation attenuated cell apoptosis. Further- 
more, our results suggested that the role of 
MOB1A in the survival of cancer cells was to 
promote autophagy and increase the resis-
tance to gemcitabine under a nutrient limited 
environment.

Mechanistically, MOB1A promoted autophagy 
via the IL6/STAT3 pathway. IL6, a biomarker 
that is overexpressed in many cancers and is 
related to poor prognosis [35, 36], has been 
reported to exert tumor-promoting effects and 
be upregulated under conditions of harsh 
microenvironment, such as starvation, hypoxia, 
and other stressful conditions [37]. In addition, 
STAT3 is a latent transcription factor that is 
activated primarily by tyrosine phosphorylation 
[38]. Recently reports have identified that 
STAT3 is involved in the regulation of autophagy 
[39, 40]. Our results showed that when the IL6/
STAT3 pathway was inhibited, the MOB1A-
regulated autophagy was abolished, indicating 
that MOB1A regulated autophagy through the 
IL6/STAT3 pathway. Further research is re- 
quired to elucidate the precise mechanism.

There are many limitations in the present study. 
Though our study found that GBC cells in glu-
cose-deprived conditions had higher expres-
sion of MOB1A than those in normal conditions, 
further exploration of the relationship between 
them is required. Moreover, there are many sig-
naling pathways involved in the regulation of 
autophagy, and hence other signaling pathways 
that influence the regulation of autophagy by 
MOB1A may exist.

In conclusion, the present study is the first to 
explore the clinical and biological significance 
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of MOB1A in the progression of GBC. Our find-
ings revealed that MOB1A promoted the sur-
vival of GBC cells via upregulating autophagy to 
reduce cellular apoptosis and increase the che-
moresistance to gemcitabine through the IL6/
STAT3 signaling pathway under glucose depri-
vation conditions. Therefore, MOB1A may be 
used as a potential biomarker for the diagnosis 
and treatment of GBC in the future.
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Table S1. The base sequence of Interfering oligonucleotides and PCR primers
Interfering oligonucleotides
sh-Human MOB1A CCGGCAACAAAGACATGCAGAACAACTCGAGTTGTTCTGCATGTCTTTGTTGTTTTTG
Si-Human MOB1A-1 AGAUGGUACUAAUAUUAAAdTdT

UUUAAUAUUAGUACCAUCUdTdT
Si-Human MOB1A-2 GGGAGAGGAUCUCAAUGAAdTdT

UUCAUUGAGAUCCUCUCCCdTdT
Si-Human MOB1A-3 GGCACCUCUUCAAGAAUUAdTdT

UAAUUCUUGAAGAGGUGCCdTdT
PCR primers
Human MOB1A
    Forward primer TCTAAAGCGTCTGTTCAGGGT
    Reverse primer GCCAGCTCACGCCTATCAAT
Human GAPDH
    Forward primer ACAACTTTGGTATCGTGGAAGG
    Reverse primer GCCATCACGCCACAGTTTC

Table S2. The sheet of the antibody information
Name Company Cat. No. Concentration

For IF IHC and WB Anti-MOB1A antibody Abclonal A4818 1:1000 (WB)
Anti-MOB1A antibody Abclonal A4818 1:100 (IHC)
Anti-LC3I/II antibody Abclonal ab113642 1:1000 (WB)
Anti-SQSTM1 antibody Abclonal A7758 1:1000 (WB)
Anti-IL6 antibody Abclonal A0286 1:1000 (WB)
Anti-phosphorylated STAT3 antibody Abclonal AP0070 1:1000 (WB)
Anti-cleave-caspase 3 antibody CST #9664 1:1000 (WB)
Anti-cleave-PARP antibody CST #5625 1:1000 (WB)
Anti-STAT3 antibody Abclonal A1192 1:1000 (WB)
Anti-BECN1 antibody Abclonal A17028 1:1000 (WB)
Anti-GAPDH antibody Abways AB0037 1:5000 (WB)
Anti-Tubulin antibody Abways AB0039 1:5000 (WB)
Anti-LC3I/II antibody Abclonal A7198 1:100 (IF)
Anti-LC3 A/B antibody abcom ab128025 1:100 (IHC)
Anti-cleave-caspase 3 antibody CST #9664 1:1000 (IHC)
Anti-IL6 antibody Abclonal A0286 1:100 (IHC)
Anti-phosphorylated STAT3 antibody abways CY6566 1:100 (IHC)
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Figure S1. A. The heatmap of MOB1A in GBC tissues and the corresponding adjacent nontumor tissues. B. The 
protein levels of MOB1A in GBC fresh tissues and the adjacent nontumor tissues. 

Figure S2. A. The protein levels of MOB1A in different GBC cell lines and HGEPC cells. B. The mRNA levels of MOB1A 
in different GBC cell lines and HGEPC cells (**P < 0.01, ***P < 0.001).

Figure S3. MOB1A is overexpressed in PAAD and negatively correlated with survival. A. The mRNA profiles and 
follow-up data of 178 patients with pancreatic carcinoma from TCGA were analyzed for the correlation of the MOB1A 
mRNA expression and survival. B. The expression levels of MOB1A in the gene expression profile of pancreatic can-
cer tumor samples and paired normal tissues from TCGA (*P < 0.05).
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Figure S4. The expression level of MOB1A in pancreatic cancer cells and MOB1A promotes autophagy in pancreatic 
cancer cells. A. The mRNA expression levels of MOB1A were examined in pancreatic cancer cells (*P < 0.05). B, 
C. The mRNA and protein expression levels of MOB1A were examined in pancreatic cancer cells transfected with 
siRNA-NC or siRNA-MOB1A. D. MOB1A promotes autophagy in pancreatic cancer cells. 
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Figure S5. Glucose-deprived condition can induce cancer cell autophagy and apoptosis when autophagy repressed. 
A, B. The LC3 level in GBC cells were visualized by immunofluorescent staining, cultured in complete or glucose-free 
medium for 24 hours, and analyzed for LC3-II-expressing puncta (**P < 0.01). C, D. GBC-SD and NOZ cells were 
treated with or without HCQ (10 uM) and were incubated in DMEM, William’s medium or glucose-free medium for 24 
hours. Cell lysates were subjected to Western blotting to detect the level of cleave-PARP and cleave-Caspase 3. E, F. 
The expression of MOB1A in GBC cell lines was regulated in low-glucose condition through the ERK signal pathways. 
SCH772984 was a specific inhibitor of ERK.
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Figure S6. MOB1A promoted autophagy through the IL6-STAT3 pathway. A. ELISA measured secreted IL6 levels in 
conditioned media from MOB1A overexpression cells and control cells (*P < 0.05). B. The relationship between 
MOB1A and NFκB in cancers from TCGA database. C, D. The activation of P65 in the MOB1A-overexpression cells 
was involved in the regulation of IL6 by MOB1A. and the regulation of MOB1A was abolished si-P65.


