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Abstract

BACKGROUND

Gastric cancer (GC) is one of the leading causes of cancer-related death world-
wide. Although targeted therapies such as antibodies against human epidermal
growth factor receptor 2 or vascular endothelial growth factor receptor 2 have
been widely used in the treatment of metastatic cancer, the overall outcomes are
poor. Therefore, elucidation of the mechanism underlying cancer progression is
important to improve prognosis. Overexpression of the Rab5a gene has been
confirmed to correlate with tumorigenesis of many cancers, but the mechanism
underling, especially of GC, is still unclear.

AIM
To investigate the effects of Rab5a overexpression on the tumorigenesis of GC.

METHODS
First, the expression levels of Rab5a and Rab4a in primary tumorous tissues of GC
patients diagnosed between 2015 and 2018 were analyzed. Then we constructed
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HGC-27 cell lines overexpressing green fluorescent protein-Rab5a or red
fluorescent protein-Rab4a and investigated the interaction between Rabba or
Rab4a using Western blotting, co-immunoprecipitation, confocal microscopy, and
colocalization analysis. Finally, epidermal growth factor-stimulated proliferation
of these cell lines was analyzed using cell counting kit-8 cell viability assay.

RESULTS

Compared with normal gastric tissues, the expression levels of Rab5a and Rab4a
increased progressively both in paracancerous tissues and in advanced cancerous
tissues. Epidermal growth factor could promote the proliferation of HGC-27 cells,
especially Rab5a-overexpressing HGC-27 cells. Notably, Rab5a and Rab4a co-
overexpression promoted the proliferation of HGC-27 cells to the greatest extent.
Further analysis identified a direct interaction between Rab5a and Rab4a in HGC-
27 cells.

CONCLUSION

Co-overexpression of Rab5a and Rab4a in GC may promote the endosomal
recycling of epidermal growth factor receptor, which in turn contributes to poor
prognosis and tumor progression in GC patients. Inhibition of Rab5a or Rab4a
expression might be a promising therapy for refractory GC.

Key Words: Rab4a; Rab5a; Epidermal growth factor; Cell proliferation; Gastric cancer;
HGC-27 cell lines

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Firstly, our data proved that Rab5a can directly interact with Rab4a. Se-
condly, our study provided evidence that increased level of Rab5a can promote the
expression of Rab4a, but increased Rab4a expression does not significantly affect
Rab5a level. Lastly, our study suggests that the interaction between Rab5a and Rab4a
is important for enhanced epidermal growth factor receptor expression on the cell
membrane surface, which facilitates epidermal growth factor-stimulated proliferation
of gastric cancer cells.

Citation: Cao GJ, Wang D, Zeng ZP, Wang GX, Hu CJ, Xing ZF. Direct interaction between
Rab5a and Rab4a enhanced epidermal growth factor-stimulated proliferation of gastric cancer
cells. World J Gastrointest Oncol 2021; 13(10): 1492-1505

URL: https://www.wjgnet.com/1948-5204/full/v13/i10/1492.htm

DOI: https://dx.doi.org/10.4251/wjgo.v13.i10.1492

INTRODUCTION

The incidence of gastric cancer (GC) in China ranks second only after lung cancer[1]. It
was reported that there are about 400000 new GC cases in China every year,
accounting for 42% of the world’s total GC new cases[1]. Although specific inhibitors
against epidermal growth factor receptor (EGFR), vascular endothelial growth factor,
and phosphatidylinositol 3-kinase signaling pathways have already been utilized in
the treatment of GC, 25%-40% of patients with stage II-IV GC still suffer from post-
treatment recurrence[2-4]. Therefore, there is an urgent need to elucidate the mecha-
nism underlying GC progression for developing new drugs and improving prognosis.
Rab and Rab-related factors have been established as the main regulators of the
activity of membrane trafficking and signal transduction pathways, which in turn
regulate cell growth, survival, and programmed cell death or apoptosis[5-7]. Among
Rab and Rab-related factors, Rab5 was first found to be a member involved in sorting
pathways and endocytic trafficking. There are three subtypes of Rab5 in eukaryotes,
namely Rab5a, Rab5b, and Rab5c[7]. These three subtypes can stimulate early
endosome fusion and regulate the endocytosis of transferrin[8]. Rab5a is highly
expressed in human breast cancer[9], ovarian cancer[10], lung cancer[11], oral cancer
[12], hepatocellular carcinoma[13], and gliomas tissues[14]. Its overexpression is
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correlated with tumor malignancy and metastasis and may affect cell proliferation by
regulating the activity of epidermal growth factor (EGF) signaling. Upon EGF
stimulation, Rab5a can bind with its downstream effector PTB domain and leucine
zipper motif 1 (APPL1), which leads to the transportation of APPL1 from the cy-
toplasm to the nucleus, thereby improving cell proliferation[15,16]. Rab4 includes
three different subtypes: Rab4a, Rab4b, and Rab4c[17]. Among these, Rab4a regulates
the sorting and recycling of endosomes during membrane trafficking. Rab4a has also
been implicated in the development of various types of cancer. For instance, Rab4a
was found to be overexpressed in breast cancer and is believed to be involved in the
rapid circulation of the invasive protein such as integrin and membrane-type 1 matrix
metalloprotease[18].

Previous studies have found that Rabba is significantly overexpressed in GC tissues,
and that overexpression of Rab5a may be related to the advancement of GC[19-21].
However, the underlying mechanisms remain unclear. To investigate the implication
of Rabba overexpression on GC development, in this study, we compared the
expression levels of Rab5a and Rab4a in GC tissues with those in intestinal metaplasia
tissue and surrounding normal gastric mucosa and found that the cancerous tissues
exhibited significantly higher levels of Rab5a and Rab4a (P < 0.01). Additionally, we
found that Rab5a and Rab4a could directly interact with each other in HGC-27 cells.
These results suggest that overexpression of Rabba and Rab4a in GC may promote the
endosomal recycling of EGFR, thereby enhancing the signal transduction and effects of
EGF stimulation. This study may provide new ideas for the study of the occurrence
and treatment of GC.

MATERIALS AND METHODS

Objectives

Primary tumor specimens were obtained from 42 GC patients who underwent
resection between 2015 and 2018 in Huashan Hospital. Patients who had received
chemotherapy or radiotherapy prior to surgery were excluded. The histological
diagnosis was evaluated according to the World Health Organization guidelines[22].
Clinical data were obtained from medical records. Patients aged from 32 to 81 years
(60 £ 12 years, mean + SD) were included in this study. The tumor stage was classified
according to the eighth edition of tumor node metastasis (TNM) classification of the
Union for International Cancer Control[23]. Twenty patients (47.62%) were classified
as early stage (stages I and II), while 22 patients (52.38%) were classified as advanced
stage (stages III and IV) according to the clinical TNM. As for the histological grade, 27
patients (64.28%) were graded as grade I or II, while 15 (35.71%) were grade III or IV.
With regard to metastasis, lymph node metastasis was observed in 22 patients
(52.38%), while 20 patients (47.62%) were without metastasis.

Immunohistochemistry

All tissue sections were deparaffinized, rehydrated, and blocked as described by
Crosby et al[24]. The sections were then incubated with antibodies (specified below)
overnight at 4 °C. After washing with phosphate buffered saline (PBS), the sections
were incubated with horseradish peroxidase-labeled goat anti-rabbit antibody (1: 200;
Santa Cruz Biotechnology, Dallas, TX, United States) for 1 h at room temperature.
After repeated washing with PBS, the antigen-antibody complex was visualized with
substrate chromogen (DAB; Dako Cytomation, Carpinteria, CA, United States) and
counterstained with hematoxylin. Antibodies used in this study included rabbit
polyclonal antibody against Rab5a, rabbit polyclonal antibody against Rab4a, rabbit
polyclonal antibody against APPL1, and rabbit polyclonal antibody against histone
deacetylase 1. All these antibodies were purchased from Santa Cruz Biotechnology.
For grading purpose, the percentage of stained samples was determined based on
immunohistochemical staining results. Samples in which no cell was stained were
defined as “negative”. “Weak positive” was defined as < 10% of the tumor cells
positively stained, moderate positive was defined as 10%-50% of the tumor cells
positively stained, and strong positive was defined as > 50% of the tumor cells
positively stained.

Construction and transfection of lentiviral plasmids

To construct a lentiviral plasmid overexpressing red fluorescent protein-Rab4a,
upstream primer 5'-CCG GAATTC GCCACC ATGTCGCAGACGGCCATGTC-3" and
downstream primer 5'-CCG GGATCC CTAACAACCACACTCCTGAGCGTTC-3
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were used to isolate Rab4a complementary DNA (cDNA). Then the polymerase chain
reaction products were digested and inserted into the pGMLV-mCherry-puro vector
(Genomeditech Inc., Shanghai, China). For the construction of lentiviral plasmid
overexpressing Rabba, two primers were synthesized, including 5-CCG GAATTC
GCCACCATGGCTAGTCGAGGCGCAA-3" and 5-CCG GGATCC TTAGTTAC-
TACAACACTGATTCCTGGTTGGTT-3, for amplification of Rab5a cDNA. The po-
lymerase chain reaction products were then digested and inserted into the pGMLV-
ZsGreenl-Blasticidin vector (Genomeditech, Inc.). All the constructed plasmids were
verified by Sanger sequencing at the Invitrogen DNA sequencing facility (Shanghai,
China). HEK 293T cells were cultured in Dulbecco’s Modified Eagle Medium
containing 10% fetal bovine serum, 1 mg/mL puromycin, and 10 mg/mL blasticidin,
penicillin and streptomycin. When cells reached 70%-80% confluence, they were co-
transfected with aforementioned constructed plasmids using HG Transgene reagent
(Genomeditech, Inc.) in accordance with the manufacturer’s protocol and maintained
at 37°C for 48 h. For blank control, HEK 293T cells were transfected with the empty
vectors (pPGMLV-mCherry-puro or pGMLV-ZsGreenl-Blasticidin). The supernatant
was harvested after 40 h.

Cell culture

Human GC cell line HGC-27 was purchased from the cell bank at the Institute of
Biochemistry and Cell Biology (Shanghai Institute for Biological Sciences, Chinese
Academy of Sciences, Shanghai, China). The cells were cultured in Roswell Park
Memorial Institute 1640 medium supplemented with 10% fetal bovine serum (Gibco,
Grand Island, NY, United States), streptomycin (100 pg/mL), and penicillin (100
U/mL) in a humidified atmosphere of 5% CO, at 37°C. For overexpression of green
fluorescent protein-Rabba or/and red fluorescent protein-Rab4a, HGC-27 cells were
treated with the aforementioned supernatant containing lentiviruses.

Western blotting

Immunoblotting analysis was carried out using standard methods. Lysates prepared
from control and transfected cells were separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis, and transferred onto polyvinylidene fluoride
membranes (Millipore Corporation, Billerica MA, United States). The membranes were
incubated with rabbit anti-human Rabba (1: 300) or Rab4a antibody (1:1000) overnight
at 4°C. After washing polyvinylidene fluoride membranes with PBS, they were
incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G
(1:2000) for 2 h. After further washing, the immunoblots were developed using the
enhanced chemiluminescence reagents (Amersham Life Science, Piscataway, NJ,
United States). Each experiment was repeated three times.

Immunoprecipitation assay

Cell lysates were sonicated for 30 min before centrifugation at 12000 rpm for 10 min at
4°C. For co-immunoprecipitation, lysates were incubated with 20-40 pL of washed
protein G agarose beads (Roche, Basel, Switzerland) for 3 h at 4°C to reduce non-
specific binding. Supernatants were incubated with primary antibodies for 2 h
followed by the addition and overnight incubation with 20 pL of protein G agarose
beads at 4°C with constant rotation. Last, samples were incubated at 95°C for 5 min
with Laemmli buffer and subjected to immunoblotting.

Confocal microscopy and colocalization analyses

The transfected HGC-27 cell lines were cultured for live-cell confocal imaging on four-
or eight-well chambered glass slides. Representative confocal images were recorded
using Leica SP8 confocal microscope equipped with an HCX PL APO 63X/1.4 oil
objective (Leica Microsystems, Wetzlar, Germany). Image acquisition was conducted
at 1240 x 1240 pixels using sequential scanning for each channel. After background
correction, RGB profile intensity and Manders’ correlation coefficient were used to
measure the degree of colocalization between Rabba and Rab4a with the EzColocal-

ization tool in the National Institutes of Health Image]J software (version: 2.1.0/1.53c)
[25].

Cell proliferation assay

Viability of HGC-27 cells was measured using cell counting kit (CCK)-8 (Dojindo,
Rockville, MD, United States). Briefly, cells were seeded into six 96-well plates at the
density of 1000 cells per well. For each cell line, two parallel samples were prepared,
one was directly stimulated with 10 ng/mL EGF, the other remained untreated. The
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Figure 1 Microscopic images of immunohistochemical staining for Rab4a or Rab5a in gastric tissues. A and B: Negative (-) in normal tissue
sections; C and D: Weak positive (+) in paracancerous tissue sections; E: Strong positive (+++); F; Moderate positive (++) in gastric cancer tissue sections. Original

magnification: 200 x.

JBaishideng®

plates were cultured in a 5% CO, incubator at 37 °C. The proliferation of cells was
evaluated at 0 h, 24 h, 30 h, 48 h, 54 h, and 72 h respectively by adding 5 pL CCK-8
solution (Fluka, Buchs, Switzerland) into each well. After that, the optical density of
each well was measured at 450 nm and 630 nm using a microplate reader. All
experiments were performed in triplicates.

Statistical analysis

All images were acquired using identical acquisition parameters, and all data are
presented as means * standard error. Significance was determined using student’s ¢-
test or Kruskal-Wallis Test. Values of *P < 0.05, *P < 0.01, and P < 0.001 were
considered indicative of significance. All statistical analyses were performed with R
software packages, version 3.6.3 (The R Foundation).

RESULTS

Rab5a and Rab4a were overexpressed in GC tissues compared with normal tissues
Our immunohistochemical staining analysis revealed “negative” (-) (Figure 1A and B)
and “weak positive” (+) levels of Rab5a and Rab4a in normal and paracancerous
gastric tissues, respectively (Figure 1C and D). In the epithelial cells of GC tissues,
Rab5a and Rab4a were both overexpressed (+++) in the cytoplasm or on cell
membrane (Figure 1E and F).

The 42 GC specimens were classified into different clinical stages, and their
immunohistochemical phenotypes were examined (Table 1): Among the 42 GC
specimens, the overall Rabba positive rate was 76.2%, while the overall Rab4a positive
rate was 85.7%; among the 20 early-stage GC specimens, the Rab5a positive rate was
60.0%, and the Rab4a positive rate was 70.0%; the expression levels of Rab5a and
Rab4a were further enhanced in advanced-stage GC specimens, with positive rates of
90.9% and 100% being observed for Rab5a and Rab4a, respectively. The difference
between the two groups was statistically significant (P < 0.05). Notably, the expression
level of Rab5a increased from negative (-), to positive (+), to strong positive (++), and
to very strong positive (+++) with the up stage of GC (P < 0.01). For Rab4a, a similar
trend was observed. Taken together, these data suggest that Rab5a and Rab4a may be
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Table 1 Expression levels of Rab5a and Rab4a in gastric cancer tissues with different clinicopathological characteristics

Clinical stages Histological classification Metastasis
Classification
Advanced Early I+l +1v Yes No
Number of cases 22 20 27 15 22 20
Gender Male 18 12 18 12 16 14
Female 4 8 9 3 6 6
Age 60+ 11 62+17 59 +12 62+11 63+10 57 +13
Rab5 - 2 8 9 0 0 6
+ 6 10 1 4 12 10
++ 10 2 7 8 10 4
+++ 4 0 0 3 2 0
Statistics () 13.87 12.963 10.476
P value <0.01 <0.01 0.015
Rab4 - 0 6 7 0 0 8
+ 6 12 12 6 4 8
++ 12 2 8 6 12 4
ot 4 0 0 3 6 0
Statistics (1) 19.091 9.644 19.282
P value <0.01 0.022 <0.01

Statistical analysis of expression levels of Rab5a, Rab4a between difference stages of clinical stages (early stage and advanced stage), between histological
grades (I + II and III + IV), and between metastasis condition (yes and no) by Kruskal-Wallis H Test.

Table 2 Expression levels of Rab5a, Rab4a, leucine zipper motif 1, and histone deacetylase 1 in normal gastric mucosa, gastric tissues
adjacent to the tumors, early-stage gastric cancer tumor tissues, and advanced-stage gastric cancer tissues as determined by

immunochemical analysis

- + ++ 44 - + ++ +++ - + ++ +H+ - + ++ +++
Normal gastric tissue 20 0 0 0 12 8 0 0 18 2 0 0 16 4 0 0
Paracancerous tissue 24 10 0 0 24 10 0 0 20 14 0 0 22 12 0 0
Early-stage gastric 4 8 8 0 5 10 5 0 6 12 2 0 8 10 2 0
cancer
Advanced-stage 0 8 10 4 2 6 10 4 0 6 12 4 2 6 10 4
gastric cancer
Statistics (%) 59.162 43.456 58.338 45.719
P value <0.001 <0.001 <0.001 <0.001

Statistical analysis of expression levels of Rab5a, Rab4a, leucine zipper motif 1, histone deacetylase 1 between four groups of normal, paracancerous, early-
stage gastric cancer, and advanced-stage gastric cancer tissues by Kruskal-Wallis H Test. HDAC1: Histone deacetylase 1; APPL1: Leucine zipper motif 1.

involved in GC development. To verify these results, we further analyzed the
expression patterns of Rab5a and Rab4a in normal gastric mucosa, gastric tissues
adjacent to the tumors, early-stage GC tumor tissues, and advanced-stage GC tumor
tissues. As shown in Table 2, the Rab5a and Rab4a positive rates were 20% and 10% in
normal gastric mucosa, 35.3% and 40% in adjacent tissues, 60% and 70% in early-stage
GC (L, 1II) tissues, and 90.9% and 100% in advanced-stage GC tissues, respectively.
Moreover, the expression levels of Rab5a and Rab4a were significantly different
among groups (P < 0.01) (Table 2). Collectively, these results confirmed that the
expression levels of Rab5a and Rab4a were progressively enhanced with the advan-
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cement of GC. In addition, similar trends were also observed for APPL1 and histone
deacetylase 1 in normal gastric mucosa, gastric tissues adjacent to the tumors, early-
stage GC tumor tissues, and advanced-stage GC tumor tissues with statistically
significant differences (P < 0.01) (Table 2).

Overexpression of Rab5a and Rab4a in 293T cells

The lentiviral plasmids were first constructed to transfect transiently 293T cells; the
expression levels of Rab5a and Rab4a were determined by western blot (Figure 2).
After transfection, the level of Rab4a was significantly improved (Figure 2A), while
that of Rab5a was moderately enhanced (about 5-8-fold as high as the endogenous
expression level) (Figure 2B). The results showed that the endogenous Rab4a cannot
even be detected by western blot in the 293T cell line (Figure 2A), while Rabba
expression is minimal (Figure 2B), and that the transfection was successful.

Overexpression of Rab5a and Rab4a enhanced EGF-stimulated HGC-27 cell

proliferation

Before EGF administration, similar HGC-27 cell densities were observed in the Control
group, Rab5a overexpression group, and Rab5a + Rab4a overexpression group.
However, after 24 h of EGF stimulation, cell proliferation was found to increase
significantly in all the groups. Among them, the Rabba + Rab4a overexpression group
had the highest cell density, followed by the Rab5a overexpression group, and finally
the Control group (Figure 3A and B). There were statistically significant differences in
cell density before and after (Figure 3A) EGF stimulation in all the groups (P < 0.05). In
addition, 24 h after EGF stimulation, there were statistical differences between the
Rabba overexpression group and the Control group (P < 0.05) and between the Rab5a
+ Rab4a overexpression group and the Rabba overexpression group (Figure 3A) (P <
0.05).

To characterize further EGF-stimulated HGC-27 cell proliferation, the cell viability
of each group was then evaluated by CCK-8 assay as previously described[26]. Upon
EGF stimulation, cell proliferation in each group was increased significantly
(Figure 3C, P < 0.05). Among all the groups, the Rab5a + Rab4a overexpression group
showed the largest increase in cell viability. These results indicated that Rab5a overex-
pression can significantly promote EGF-mediated cell proliferation, and this effect was
further enhanced by Rab4a overexpression.

Rab5a directly interacted with Rab4a in HGC-27 cells

Under normal circumstances, HGC-27 cells express a low level of Rab5a and even a
lower level of Rab4a (Figure 4A: al-a4). We found that Rab5a overexpression resulted
in a significantly increased level of endogenous Rab4a and that the two proteins co-
localized in endosomes (Figure 4A: bl-b4). On the contrary, Rab4a overexpression did
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The asterisks indicate P < 0.05; C: Cell proliferation of each group was analyzed by cell counting kit-8 assay. The results showed that overexpression of Rab5a
increased the proliferation of HGC-27 cells, and this effect was further enhanced by Rab4a overexpression. The asterisks indicate P < 0.05 (n = 3).
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not significantly affect the protein level of Rabba (Figure 4A: c1-c4). In HGC-27 cells of
the Rab5a + Rab4a overexpression group, the two proteins co-localized in a large
number of endosomes (Figure 4A: d1-d4). Quantitative analysis of the co-localization
between Rab5a and Rab4a with Image] showed (Figure 4B) that despite background
noises in the red and green fluorescence channels, a clear overlap between the two
colors was observed. The above results suggest that Rabb5a could directly interact with
Rab4a to increase its protein level in HGC-27 cells.

In order to verify the aforementioned observations, we performed immunoprecip-
itation experiments in HGC-27 cells. As shown in Figure 5A and E, although Rab5a
and Rab4a exhibited low endogenous expression levels in HGC-27 cells, an interaction
between the two proteins was observed. This result confirmed a direct interaction
between endogenous Rabba and Rab4a proteins. In the Rabba + Rab4a overexpression
cells, a stronger interaction between the two guanosine triphosphatases was observed
as expected (Figure 5D and H). Interestingly, in HGC-27 cells overexpressing Rab5a
alone, although there is no artificial expression of Rab4a protein, the co-precipitation
of Rabb5a and Rab4a was still clearly observed (Figure 5B and F). On the contrary, in
HGC-27 cells overexpressing Rab4a alone, the co-precipitation of Rab5a and Rab4a
was weak (Figure 5C and G). Collectively, these results indicated that overexpression
of Rabba promoted the expression of endogenous Rab4a in HGC-27 cells and that the
two proteins could directly interact with each other.

DISCUSSION

Rab proteins are small guanosine triphosphate-binding proteins. They belong to the
largest Ras subfamily and are ubiquitously expressed in all eukaryotes[27]. Rab5
protein was first cloned from a pheochromocytoma cDNA library by Zahraoui et al[28]
in 1989. The first subtype was named Rabba. Rab5a can stimulate early endosome
fusion and regulate transferrin endocytosis[29,30]. More studies have shown that
overexpression of Rab5 is implicated human breast cancer[9], ovarian cancer[10], lung
cancer[11], oral cancer[12], hepatocellular carcinoma[13], and gliomas[14]. Rab4a is
another subtype of Rab proteins. It is mainly located in the reticular coated vesicles,
early endosomes, and circulatory endosomes and is an important regulator of
endocytosis and circulation[31-34]. It was found that the protein levels of Rab5a and
Rab4a in malignant tumor cells were significantly higher than those in paracancerous
tissues, which is consistent with the results of this study. Barbieri ef al[29] found that
EGF stimulation induced a specific, rapid, and transient activation of Rab5a in NR6
cells and that the activation of endocytosis by EGF was enhanced by expression of
Rabb5a, but not Rab5b or Rab5c. Similar to this finding, an inhibition on EGFR
endocytosis had been observed by fluorescent assay in porcine aortic endothelial cells
expressing a dominant negative Rab5a mutant and EGFR[35]. Fukui et al[36] found
that Rab5a enhanced EGF-EGEFR signal transmission in hepatocellular carcinoma and
promoted the metastasis of hepatocellular carcinoma. Zhao et al[10] found that EGF
combined with EGFR could accelerate ovarian cancer cell proliferation through
shuttling Rab5a and APPL1 from the plasmalemma into the nucleus. Yang et al[37]
found that the increased expression of Rab5a protein in 123 breast cancer patients was
associated with axillary LN metastasis. Tubbesing et al[38] found that Rab4 could
increase EGFR activation in breast cancer cells.

In this study, we found that EGF can stimulate HGC-27 GC cell proliferation and
that overexpression of Rab5a or Rab5a + Rab4a further enhanced the effect of EGF.
Interestingly, the proliferation rate was the highest in the Rab5a + Rab4a group. The
results of confocal microscopy suggested that Rab5a co-localized with Rab4a in
endosomes. This observation was subsequently verified by our co-immunoprecip-
itation experiments, in which we found that Rab5a could directly interact with Rab4a
in HGC-27 cells. There are very few reports about interaction between Rabb5a and
Rab4a[34,39]. De Renzis et al[40] discovered in 2002 that activated Rab5a could interact
with Rab4a via recruiting Rabenosyn-5 and a series of Rab effector proteins.

In conclusion, these results suggests that the interaction between EGFR and Rabba is
enhanced after EGF stimulation and that the direct interaction between Rab5a and
Rab4a enhances the endosomal circulation of EGFR and thereby maintains its
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Figure 4 Confocal immunofluorescent analysis of the co-localization between Rab5a and Rab4a in endosomes of HGC-27 cells. A: Green
fluorescent protein (GFP)-Rab5a and red fluorescent protein (RFP)-Rab4a overexpressed in HGC-27 cells were visualized using immunofluorescent confocal
microscopy. Four groups of HGC-27 cells are shown, namely the Control group (a1-a4), the Rab5a overexpression group (b1-b4), the Rab4a overexpression group
(c1-c4), and the Rab5a + Rab4a overexpression group (d1-d4). Scale bar = 20 um; B: The colocalization between Rab5a and Rab4a was evaluated by
EzColocalization plugin of ImageJ. Scatterplot of GFP-Rab5a and RFP-Rab4a is shown for cells in the Rab5a + Rab4a overexpression group (d4).

expression level on the cell membrane. This can in turn enhance the effects of EGF, inc
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CONCLUSION

Co-overexpression of Rab5a and Rab4a in GC may promote the endosomal recycling
of EGFR, which in turn contributes to poor prognosis and tumor progression in GC
patients. Inhibition of Rab5a or Rab4a expression might be a promising therapy for
refractory GC.

ARTICLE HIGHLIGHTS

Research background
Gastric cancer (GC) is a common malignant tumor of digestive system with a poor
overall prognosis.
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Research motivation
The purpose of our study is to explore the pathogenesis of GC and improve the
prognosis of GC.

Research objectives
We constructed HGC-27 cell lines overexpressing green fluorescent protein-Rab5a or
red fluorescent protein-Rab4a and tissue samples of 42 patients with GC.

Research methods
Western blot, co-immunoprecipitation, immunohistochemistry, immunoprecipitation
assay, cell culture, confocal microscopy, etc. were utilized.

Research results

Rab5a and Rab4a were overexpressed in GC tissues. The direct interaction between
Rabba and Rab4a enhanced epidermal growth factor-stimulated proliferation of GC
cells.

Research conclusions

Co-overexpression of Rabba and Rab4a in GC may promote the endosomal recycling
of epidermal growth factor receptor, which in turn contributes to poor prognosis and
tumor progression in GC patients. Inhibition of Rab5a or Rab4a expression might be a
promising therapy for refractory GC.

Research perspectives
To explore the pathogenesis of GC and improve the prognosis of GC.
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