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Abstract
Introduction: Pancreatic adenocarcinoma (PAAD) is a lethal cancer, and metabolic reprogramming in
PAAD is a clinical concern. The RAS oncogene family member RAB10 is highly expressed in many tumor
tissues, but its role in PAAD remains unclear. Here, we explore correlations between RAB10 expression
and PAAD prognosis. This study investigated whether RAB10 regulates glucose uptake in PAAD cells
through modulating the expression and location of the glucose transporter1 (GLUT1).

Methods: Immunohistochemical staining was used to detect the expression of RAB10 in
pancreaticoduodenectomy specimens. The function of PAAD cells expressing different levels of RAB10
was assessed by CCK-8 proliferation, wound healing, and transwell migration assays. Glucose uptake
assays and lactate production assays were used to explore the effects of RAB10 on PAAD cell
metabolism. In addition, we used qRT-PCR, western blot, and immuno�uorescence to analyze interactions
between RAB10 and GLUT members.

Results: RAB10 was highly expressed in PAAD tissues and cell lines, and was signi�cantly correlated with
T classi�cation and pathological differentiation. High RAB10 expression was found to be an independent
prognostic factor of poor disease outcomes in PAAD. RAB10 knockdown inhibited proliferation, invasion,
and metastasis of PAAD cells, and downregulated glucose uptake and lactate production. Down-
regulation of RAB10 inhibited GLUT1 translocating to the cell membrane and downregulated GLUT1
expression, which in turn decreased glucose uptake in tumor cells.

Conclusion: These results demonstrate that overexpression of RAB10 is associated with worse PAAD
survival outcomes. Downregulation of RAB10 may decrease glucose uptake in tumor cells by inhibiting
GLUT1 membrane localization and downregulating GLUT1 expression.

1. Introduction
Pancreatic adenocarcinoma (PAAD) is the fourth leading cause of cancer death, with a �ve year survival
rate of 9% through 2020 [1]. PAAD accounts for about 90% of pancreatic cancer and is the primary cause
of pancreatic cancer mortality [2]. PAAD cells have extensively reprogrammed metabolism, whereby they
maintain the constant energy demand to support tumorigenesis and aggressiveness [3]. One of the most
common and important metabolic changes in PAAD is a shift to aerobic glycolysis, known as the
"Warburg effect". This effect causes cancer cells to preferentially consume more glucose and produce
more lactic acid, which facilitates acidi�cation of the tumor microenvironment to favor tumor invasion
and metastasis [4, 5].

RAB10 is a member of the small molecule GTPase family and is mainly involved in vesicle transport of
proteins [6]. In recent years, RAB10 has been found to regulated the transfer of glucose transporter solute
carrier family 2 member 4 (facilitated glucose transporter 4, GLUT4) to the cell membrane, thereby
improving the glucose uptake capacity of muscle cells and adipocytes [7, 8]. RAB10 is activated by Rab
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GTPase activating protein (GAP) TBC1D4, and is the main Rab GTPase involved in the transfer of GLUT4
to the cell membrane in adipocytes [9, 10]. In addition, RAB10 is highly expressed in gastric cancer, breast
cancer, glioma, and other malignant tumors, and high expression of RAB10 is associated with poor
prognosis [11–16]. The role of RAB10 in PAAD has not yet been explored, and the relationship between
RAB10 and the pathogenesis or progression of PAAD is uncertain. The purpose of this study was to
explore the correlation between the RAB10 expression and prognosis of PAAD, and to explore possible
molecular mechanisms of action of RAB10 in PAAD.

2. Materials And Methods
2.1 Patients and specimens

Tissue samples for this study were obtained from resected specimens of patients who underwent
pancreaticoduodenectomy from January 2016 to December 2019 in Northern Jiangsu People's Hospital.
We selected specimens with postoperative pathological �ndings of pancreatic ductal adenocarcinoma as
the tumor group; none of these specimens underwent preoperative radiotherapy or chemotherapy. We
selected specimens of non-pancreatic tumors (such as duodenal papilloma or extrahepatic bile duct
malignancies), and removed individuals with pancreatitis and pancreatic tumor metastasis as the normal
group. Ultimately, we obtained 86 PAAD tissue samples and 55 normal pancreatic tissue samples. Follow-
up and clinicopathological data were collected from patients in all groups. The samples used in the study
were obtained from the Department of Biobank, Subei People’s Hospital of Jiangsu province. Standards
from the American Joint Committee on Cancer (AJCC) [17] were used to guide tumor staging and
classi�cation. The latest follow-up time point for this study was January 1, 2022.

2.2 Cell lines and cell culture

The Shanghai Institute of Nutrition and Health, China provided the following human cell lines: HPDE,
PANC-1, SW1990, AsPC-1, CFPAC-1, and HPAF-II. HPDE cells are normal pancreatic ductal epithelial cells.
PANC-1 and HPAF-II are human PAAD cell lines. SW1990 was derived from human spleen metastatic
PAAD cells. AsPC-1 was derived from human ascites metastatic PAAD cells. CFPAC-1 cells are human
liver metastatic PAAD cells. Cells were cultured in Dulbecco’s modi�ed Eagle’s medium with 100 U/ml
penicillin, 100 μg/ml streptomycin, and 10% fetal bovine serum. All cells were grown in a humidi�ed
incubator with 5 % CO2 at 37°C

2.3 Immunohistochemistry (IHC)

The RAB10 antibody was used at a concentration of 1:100, and was purchased from Beijing Bioss
Biotechnology Co., Ltd. (Beijing, China). Brie�y, cells were incubated with goat anti-rabbit antibody
conjugated with horseradish peroxidase (HRP) at room temperature for 50 min. Cells were then stained
using a 3,3'-diaminobenzidine reagent kit, and re-stained using hematoxylin. RAB10 staining evaluation
included staining intensity (score 0: no staining; 1: weak coloring; 2: moderate staining; 3: strong staining)
and the percentage of positively stained cells (score 0: <10%; 1: 10-50%; 2: 51-80%; 3: >80%). We
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multiplied the two scores together to produce a comprehensive expression score of 0-9, where 0 is
negative, 1-4 is weakly positive, and > 4 is strongly positive.

2.4 RNA extraction and qRT-PCR

TRIzol reagent (Invitrogen, China, Shanghai) was used to extract total RNA from cells and tissues. cDNA
was reverse transcribed from the mRNA using a PrimeScript RT Reagent Kit (Takara, Shiga, Japan) and
quantitative real-time PCR (qPCR) kits were purchased from Vazyme (Nanjing, China). The qRT-PCR
assay was performed according to the MIQE guidelines [18]. The primers used are listed in Supplementary
Table 1.

2.5 Transfection of short interfering RNA (siRNA)

The siRNA targeting RAB10 (si-RAB10) and negative controls were obtained from GenePharma
(Shanghai, China). Brie�y, siRNAs and controls were transfected into PANC-1 and CFPAC-1 cells at 70–
80% con�uence in 6-well plates, using Lipofectamine 2000 (GenePharma). Quantitative real-time reverse
transcription PCR (qRT-PCR) was used to determine the transfection e�ciency. The sequences of gene-
speci�c siRNAs are shown in Supplementary Table 2.

2.6 Western blot analysis

Total proteins were extracted from cells using radioimmunoprecipitation assay (RIPA) buffer (Beyotime
biotechnology, Shanghai, China) with protease inhibitors. A bicinchoninic acid (BCA) Protein Assay Kit
(Beyotime biotechnology, Shanghai, China) was used to determine the total protein content. Proteins were
separated using 10% sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), and were
then transferred electrophoretically onto a polyvinylidene �uoride membrane. Membranes were blocked
for 1 h in 5% skim milk powder in Tris-buffered saline + Tween 20 (TBST). Thereafter, primary antibodies
were added at an appropriate dilution and incubated at 4ºC overnight. The primary antibodies comprised
anti-RAB10 (Proteintech, 11808-1-AP), anti-GLUT1 (Proteintech, 21829-1-AP), and anti-GLUT3
(Proteintech, 20403-1-AP). The membrane was washed using TBST, and then incubated with HRP
conjugated goat anti-rabbit antibody for 1 h. Protein bands were detected using ECL chemiluminescence.

2.7 Cell viability assay

A Cell Counting Kit 8 (CCK-8) kit assay (Beyotime Biotechnology) was used to evaluate cell viability.
Following the supplier’s protocol, cell suspension was seeded at 100 μL/well in 96 well plates and
incubated for 12, 24, and 48 h. CCK-8 solution (10 μL) was added to each well of the plate, and incubated
for 1–4 h. A microplate reader was used to measure the absorbance at 450 nm.

2.8 Wound healing scratch test

Cells in the logarithmic growth phase were digested and centrifuged, and plated at ~5×106 cells/well into
a 6-well plate. After the cells had adhered, thee scratches were made in well and cells were cultured for 24
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hours. During this time, images were recorded using a 100× microscope. The culture was continued for
24 hours and then then fresh medium was replaced, and images were recorded.

2.9 Transwell migration assay

Cells were cultured in the logarithmic growth phase, digested, washed with PBS and serum-free medium
successively, then suspended with serum-free medium, counted, and adjusted to 2×105/mL. Next, 600-
800 μL culture medium containing 10% serum was added to the bottom of a 24-well plate, and then 100-
150 μL cell suspension was added to the transwell insert and cultured in an incubator for 24 h. Following
24 h, the lower surface was immersed in 4% paraformaldehyde solution to �x for 30-60 min, then was
stained with crystal violet or trypan blue. After staining, the transwell inserts were imaged, and the
number of cells on the lower surface of the PET �lm was calculated by taking 5 representative �elds in
the middle and around, and taking the mean value per �eld.

2.10 Detection of glucose consumption and lactate production assay

Transfected cells were seeded at about 5×106 cells/well into 6-well plates and incubated for 24 h at 37°C
under the indicated treatments. Culture medium was collected and subjected to a glucose assay kit
(Abcam, ab136955) and a lactate assay kit (Solarbio, BC2335) to measure glucose consumption and
lactate production according to the manufacturer's instructions.

2.11 Cell immuno�uorescence assay

Cells in the logarithmic growth phase were lifted, centrifuged, and the cell density was adjusted to
inoculate into 12-well plates, with three replicate wells in each group. Cells were cultured overnight, �xed
in paraformaldehyde for 30 min, washed three times with PBS, and incubated with primary antibodies
overnight. The next day, primary antibodies were washed off and secondary antibodies were added and
incubated with cells for 2 h. Then, secondary antibodies were washed off and cells were incubated with
DAPI staining solution for 15 min. DAPI staining solution was washed off, and cells were photographed
under a �uorescence microscope.

2.12 Bioinformatics analyses

The Cancer Genome Atlas (TCGA) and Genotype Tissue Expression (GTEx) databases were queried using
the online GEPIA toolset [19]. Analysis of functional interactions among proteins was performed using the
STRING online tool [20] and protein-protein interaction network graphs (PPI Network) were generated.

2.13 Statistical Analyses

Data were analyzed using SPSS Version 25.0 (IBM Corp., Armonk, NY, USA), GraphPad Prism 9 software
(GraphPad Inc. La Jolla, CA, USA), and Origin Pro 2018C (OriginLab Corp., MA, USA). R Statistical
Software version 3.6.3 was used for visualization of survival curves for Kaplan-Meier analysis. Data are
presented as the mean ± the standard deviation (SD). The overall survival of patients with PAAD with
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high and low RAB10 levels was compared using Kaplan–Meier survival analysis and log-rank tests. A
two-tailed Student's t-test was used to compare the statistical differences between two groups. A chi
squared test was used to analyze the relationship between RAB10 expression and PAAD
clinicopathological features. A p-value of p < 0.05 was used to indicate a statistically signi�cant
difference.

3. Results
3.1 Overexpression of RAB10 in PAAD samples

We �rst used the online GEPIA tool set to query the Cancer Genome Atlas (TCGA) and Genotype Tissue
Expression (GTEx) databases. We compared differences in RAB10 expression between PAAD samples
and normal pancreatic samples. RAB10 expression was signi�cantly increased in PAAD samples (n =
179) compared with normal pancreatic tissue control samples (n = 171) (Fig.1a; p < 0.001). To validate
these �ndings in an independent sample cohort, we performed IHC staining on tissue sections to evaluate
RAB10 protein expression in tissue samples from 117 PAAD tumors and 32 normal pancreatic tissue
samples. Among all PAAD samples, 84 patients (71.8%) had high RAB10 expression and 33 patients
(28.2%) had low RAB10 expression. In contrast, among normal pancreatic tissue samples, only 11
patients (34.4%) had high RAB10 expression and 21 patients (65.6%) had low RAB10 expression. Overall,
RAB10 expression was signi�cantly increased in pancreatic tumor tissue samples (Fig. 1b; p < 0.001). 

3.2 High RAB10 expression correlates with clinicopathological features in PAAD patients and predicts
poor prognosis.

We next evaluated the association between RAB10 expression levels and clinicopathological features of
PAAD patients. RAB10 overexpression was signi�cantly related to T classi�cation and pathological stage,
and was unrelated to patient age, sex, clinical stage, N classi�cation, metastasis status, nervous invasion,
or venous invasion status (Table 1; p < 0.05).

Kaplan-Meier survival analysis and log-rank tests were performed on data from 177 PAAD patients in the
TCGA dataset (Fig.1c; p < 0.01). The same methods were used to validate the data in a cohort of 86
patients with PAAD, to analyze the relationship between overall survival (OS) and RAB10 expression, and
to determine the prognostic value of RAB10 expression in PAAD. Patients with high RAB10 expression
had lower OS compared with those with low RAB10 expression (Fig. 1d; p < 0.01).

Next, the relationship between risk factors and PAAD prognosis was subjected to univariate and
multivariate COX regression analyses (Table 2). RAB10 expression, clinical stage, T, N, M classi�cation,
pathological differentiation, and vascular invasion were correlated signi�cantly with prognosis upon
univariate Cox regression analysis (p < 0.05). Multivariate Cox regression analysis showed that RAB10
expression was an independent prognostic factor (p = 0.02). In summary, RAB10 expression may be used
as an independent prognostic factor of poor outcomes in PAAD. 
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Table1 

Correlations between RAB10 expression and clinicopathologic features in 86 PAAD patients
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Characteristics RAB10 RAB10

Low (n=24) High (n=62) P value (χ2 test)

Age (year)

≦ 60 10 26 0.982

> 60 14 36

Gender

Male 9 31 0.297

Female 15 31

Clinical stage

I, II 22 49 0.285

III, IV 2 13

T classi�cation

T1, T2 16 26 0.04*

T3, T4 8 36

N classi�cation

N0 14 30 0.408

N1, N2 10 32

Metastasis

No 24 60 1.000

Yes 0 2

Pathological differentiation

1, 2 19 34 0.037*

3, 4 5 28

Venous invasion

No 18 43 0.605

Yes 6 19

Nervous invasion

No 8 11 0.118

Yes 16 51  
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Table 2 

Univariate and multivariate Cox regression analyses of prognostic parameters in PAAD patients.

 Univariate analysis Multivariate analysis

Characteristics HR(95% CI)  P value HR(95% CI)  P value 

Age 0.844 (0.536-1.330) 0.465

Gender 1.072 (0.687-1.673) 0.761

Clinical stage 1.985 (1.127-3.497) 0.018 0.994 (0.508-1.946) 0.986

T classi�cation 1.594 (1.016-2.502) 0.042 1.414 (0.864-2.314) 0.168

N classi�cation 2.230 (1.415-3.512) <0.001 1.677 (0.964-2.916) 0.067

Metastasis 17.583 (3.650-84.701) <0.001 7.361 (1.403-38.629) 0.018*

Pathological differentiation 2.452 (1.533-3.923) <0.001 1.826 (1.060-3.145) 0.030*

Venous invasion 0.966 (0.584-1.597) 0.891

Nervous invasion 1.787 (1.027-3.108) 0.040 1.508 (0.847-2.684) 0.162

RAB10 expression 2.521 (1.461-4.351) <0.001 1.995 (1.114-3.573) 0.020*

 

3.3 RAB10 knockdown inhibits PAAD cell proliferation, metastatic behavior, and invasion in vitro

We next assessed the expression of RAB10 via qRT-PCR in normal pancreatic cell line (HPDE) and �ve
PAAD cell lines (PANC-1, SW1990, AsPC-1, CFPAC-1, HPAF-II) (Fig. 1e; p < 0.01). RAB10 mRNA levels were
signi�cantly overexpressed in PAAD cell lines compared with normal pancreatic cell lines. Subsequently,
we picked the cell lines with the highest RAB10 mRNA content, the carcinoma in situ cell line (PANC-1),
and the metastatic cancer cell line CFPAC-1, for subsequent functional testing.

RAB10 knockdown cell lines were constructed from these PAAD cells via transfection of an empty
plasmid or the si-RAB10 constructs. Transfection e�ciency was con�rmed via qRT-PCR and western blot
(Fig. 2a, b). These cells were then used for CCK-8, wound healing, and transwell assays. RAB10
knockdown cell lines exhibited reduced tumor cell proliferation, invasion, and migration (Fig. 2c-g). 

3.4 RAB10 knockdown inhibits glucose uptake and lactate production in PAAD cells

Uptake of glucose is essential for PAAD cells. Given the role of RAB10 on glucose transporter
translocation in adipocytes, we examined the glucose uptake ability and lactate production of cells in
PAAD cell lines. The glucose uptake ability and lactate production of RAB10-knockdown PAAD cells were
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signi�cantly reduced compared with the control group (Fig.2h, i). We hypothesize that knockdown of
RAB10 may inhibit the Warburg effect in PAAD cells in vitro. 

3.5 GLUT1 is a possible target of RAB10

We further explored the glucose transporters that RAB10 may interfere with in PAAD cells. We queried The
Cancer Genome Atlas (TCGA) and the Genotype Tissue Expression (GTEx) databases using the online
GEPIA toolset, and we compared the expression differences of Solute carrier family 2 (facilitated glucose
transporter, GLUT), members 1~4 in PAAD samples and normal pancreatic samples. GLUT1 and GLUT3
showed differential expression in PAAD samples, and GLUT4 expression was extremely low in PAAD
samples (Fig. 3a-d). PPI Network analysis was generated using the online STRING tool, and RAB10 was
found to have a direct action relationship only with GLUT1 and GLUT4, and an indirect relationship with
GLUT2 and GLUT3 (Fig. 3e). 

The mRNA and protein expression of GLUT1 and GLUT3 in the RAB10 knockdown cells was examined
using western blot and qRT-PCR. GLUT1 was signi�cantly down-regulated in the si-RAB10 group
compared with the control group (Fig. 3f, g). Interestingly, GLUT3 expression was unaffected by RAB10
knockdown. Subsequently, GLUT1 knockdown cell lines were constructed in these PAAD cells by
transfection of an si-GLUT1 construct, and RAB10 and GLUT1 were detected by qRT-PCR and western
blot. RAB10 expression was not signi�cantly down-regulated in PAAD cells with knockdown of GLUT1. 

3.6 Knockdown of RAB10 gene inhibits GLUT1 translocation to cell membrane

To determine whether RAB10 is involved in GLUT1 translocation to the membrane, we stained cells for
GLUT1 and GLUT3 and visualized them by �uorescence microscopy to evaluate protein subcellular
localization (Fig. 3h). Similar to the previous results, in RAB10-knockdown cells, the expression of GLUT1
was signi�cantly down-regulated, while GLUT3 was not signi�cantly changed. In addition, we observed
that GLUT1 localization on the cell membrane surface was reduced in the si-RAB10 group compared with
the control group, and subcellular localization changes of GLUT3 were not observed. This shows that
RAB10 plays an important role in the translocation of GLUT1 to the membrane.

In addition, to verify that GLUT1 is downstream of RAB10 and is regulated by RAB10, we knocked down
GLUT1 in the PANC-1 cell line and the CFPAC-1 cell line. We evaluated the expression of RAB10 using
western blot and qRT-PCR, and the expression of RAB10 in pancreatic cancer cell lines did not change
signi�cantly after knocking down GLUT1 (Fig. 4a, b). Meanwhile, knockdown of GLUT1 reduced glucose
uptake and lactate production in pancreatic cancer cells (Fig. 4c, d).

4. Discussion
Pancreatic ductal cell carcinoma is highly malignant, has a very poor prognosis, is di�cult to diagnose
early, and is prone to recurrence or metastasis after surgery, even if the patient has the opportunity to
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undergo surgical resection [21, 22]. At present, there are challenges in the early diagnosis and treatment of
PAAD, and the search for novel treatments for PAAD is ongoing [23, 24].

In a previous analysis of PAAD TCGA and GTEx database data, we found that RAB10 is highly expressed
in PAAD compared to normal pancreatic tissue [19]. To validate the �ndings, we collected resected
specimens from patients undergoing pancreatic surgery in our hospital, and grouped the samples
according to pathological �ndings. IHC staining results validated previous database analysis results.
When we further analyzed the clinicopathological features and RAB10 expression of PAAD samples, we
found that RAB10 expression was associated with pathological differentiation and T classi�cation. In
addition, low expression of RAB10 is associated with better prognosis in PAAD, and RAB10 is considered
to be an independent prognostic risk factor in PAAD. Together, these �ndings suggest that RAB10 may
promote PAAD and may be related to the aggressiveness of PAAD.

RAB10 has been mostly studied in non-tumor tissues, such as adipose tissue and neural tissue [25–28].
Recently, high RAB10 expression was found be present in a variety of malignancies, and was shown to be
associated with tumorigenesis and progression, predicting a poor prognosis. For example, RAB10
promotes the proliferation and migration of gastric cancer cells in mouse models [12], and RAB10 has
also been found to promote chemoresistance in breast cancer [13]. Analysis of differentially expressed
genes in stem cell carcinoma using microarray analysis revealed that RAB10 promotes the proliferation
of tumor cells by inhibiting the AMPK pathway [29]. Our preliminary cell assay results showed that RAB10
promotes the proliferation, metastasis and invasion of PAAD cells in both in situ and metastatic cancer
cell lines, which was similar to the performance of RAB10 in other tumors.

We also noted that Rab GTPases promote the Warburg effect in osteosarcoma [30]. The Warburg effect is
a unique preference for aerobic glycolysis in tumors, and glucose is an essential substrate for this effect
[31, 32]. In the Warburg effect, lactate produced by glycolysis can change the intracellular and extracellular
pH, and even enhance the viability of malignant tumor cells [33–35]. To investigate whether RAB10 is
involved in the regulation of metabolic reprogramming in PAAD cells, we examined glucose uptake and
lactate production in different groups of orthotopic PAAD cells, PANC-1, and in pancreatic
adenocarcinoma liver metastasis cells, CFPAC-1. Glucose uptake and lactate production were down-
regulated in the si-RAB10 group in both cell lines. This shows that RAB10 is likely to be involved in
glucose uptake in PAAD cells.

Rab GTPases are highly conserved vesicular tra�cking modulators with the main task of ensuring that
cargo is transported to the correct destination, and 66 members of this family have been described in the
human genome [36, 37]. The conversion between the GDP- and GTP-bound forms of RAB GTPases is
catalyzed by guanine nucleotide exchange factors (GEFs), while Rab molecules are activated by
interaction with the TCB domain of GTPase activating proteins (GAPs) [38–40]. These mechanisms have
been largely studied, but GAPs have limited speci�city [41]. Therefore, it is likely not worthwhile to search
for and validate RAB10-related GEFs and GAPs in PAAD. In cancer cells, vesicle tra�cking is closely
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related to tumor phenotypes such as metabolism, invasion, autophagy, and chemoresistance [42].
Currently, the effects of RAB GTPsaes on cancer cell metabolism has been studied, but the speci�c
details remain unclear. Initially, RAB25 was able to increase ATP and glycogen storage in tumor cells [43].
In the last decade, RAB GTPases were con�rmed to be involved in gastric cancer cells by regulating
GLUT1 translocate to the cell membrane to regulate glucose uptake [44]. However, it remained unknown
whether Rab GTPases are involved in the regulation of other members of the GLUT family. In this study,
we initially established a RAB10 knockdown model, and we identi�ed the glucose uptake ability and
lactate production ability of PAAD cells with RAB10 knockdown, con�rming that RAB10 regulates aspects
of metabolism. Afterwards, we analyzed the links between common GLUT family members and RAB10.
We found that GLUT1 was the most likely RAB10-regulated GLUT family member.

In conclusion, our results suggest that overexpression of RAB10 in PAAD is associated with worse patient
survival outcomes. Down-regulation of RAB10 may inhibit the survival and progression of tumor cells by
inhibiting GLUT1 translocate to the cell membrane and by down-regulating GLUT1 expression, which
decrease glucose uptake in tumor cells. These data suggest that RAB10 may be a viable prognostic
biomarker for assessing patients with PAAD, and may be a viable target for future therapeutic
development.
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Figure 1

RAB10 expression is elevated in PAAD. a TCGA and GTEx databases show high expression of RAB10 in
human pancreatic cancer tissues. The red box represents PAAD tumor tissue and the gray box represents
normal pancreatic tissue. b Representative images of both RAB10 negative and RAB10 positive samples
with 10x objective and 40x objective, respectively. c Kaplan-Meier curves generated using clinical data of
PAAD patients from the TCGA database showed that high RAB10 predicted poor prognosis (p < 0.01). d
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Clinical information collected from 86 PAAD patients in this study generated Kaplan-Meier curves
demonstrating a signi�cant relationship between high RAB10 expression and poor overall survival (p <
0.01). e Expression levels of RAB10 in pancreatic cancer cell lines determined by qRT-PCR. RAB10:
RAB10, member of the RAS oncogene family; TCGA: The Cancer Genome Atlas; GTEx: Genotype-Tissue
Expression; qRT-PCR: real‐time quantitative polymerase chain reaction

Figure 2
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Knockdown of RAB10 inhibits the malignant characteristics of PAAD cells. a, b Western blot (a) and qRT-
PCR (b) were used to quantify the e�ciency of RAB10 knockdown in pancreatic cancer cell lines. c The
effects of RAB10 knockdown on PAAD cell proliferation was assessed by CCK-8 analysis. d, e Wound
healing assays were used to assess the effects of RAB10 knockdown on PAAD cell migration. f, g
Transwell migration assays was used to assess the effects of RAB10 knockdown on PAAD cell invasion.
h Glucose uptake assays were used to assess the effects of RAB10 knockdown on glucose uptake
capacity. i Lactate production assay experiments were used to assess the effect of RAB10 knockdown on
the amount of lactic acid produced. Data are shown as mean ± SD (*p < 0.05, ** p < 0.01, *** p < 0.001)
from triplicate samples in three independent experiments. CCK‐8: Cell Counting Kit‐8; RT‐qPCR: real‐time
quantitative polymerase chain reaction; SD: standard deviation.
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Figure 3

a-d TCGA and GTEx databases show differential expression of common GLUT members in human PAAD
tissue. GLUT1 (a), GLUT2 (b), GLUT3 (c), GLUT4 (d) from left to right, respectively. e PPI network graph
generated using the STRING online tool, where GLUT1-4 are shown as SLC2A1-4 in Figure. f, g Western
blot (f) and qRT-PCR (g) were used to examine the effects of RAB10 knockdown on mRNA transcription
and protein expression of GLUT1 and GLUT3 in pancreatic cancer cells. h Cell immuno�uorescence
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assays showed that knockdown of RAB10 allowed GLUT1 to accumulate less on the membrane surface
and GLUT3 to be barely affected. Nuclei were stained using DAPI (blue) and GLUT1 and GLUT3 are
indicated by green �uorescence. GLUT1: Glucose transporter 1, facilitated solute carrier family 2 member
1, SLC2A1. The same naming conventions apply to GLUT1, GLUT2, GLUT3, and GLUT4.

Figure 4

a, b Western blot (a) and qRT-PCR (b) were used to determine the knockdown e�ciency of GLUT1 and
RAB10 expression in pancreatic cancer cell lines. c The glucose uptake assay was used to assess the
effects of GLUT1 knockdown on glucose uptake capacity. d Lactate production assays were used to
assess the effects of GLUT1 knockdown on lactate production
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