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Abstract
Background  Bladder cancer is the most common malignancy of urinary system with high morbidity and mortality. In gen-
eral, the development and progression of bladder cancer are complicated pathological processes, and the treatment methods 
mainly include surgical resection, radiotherapy, chemotherapy, and combined therapy. In recent years, targeted therapy has 
made progress in the treatment of bladder cancer. Therefore, to improve survival rates of patients with advanced bladder 
cancer, novel therapeutic targets are still urgently needed.
Methods and results  In this study, we found that RAB38 expressed in tumor tissues of patients with bladder cancer was 
linked to clinical features including pTNM stage and tumor recurrence, and positively correlated with the poor prognosis of 
bladder cancer. Notably, further results indicated that depletion of RAB38 could significantly inhibit the proliferation and 
motility of two types of human bladder cancer cells, T24 and 5637 cells. In addition, RAB38 ablation obviously blocked 
tumor growth and development in mice compared with control.
Conclusion  In conclusion, this study provides significant evidence that RAB38 promotes the development of bladder cancer 
and provides a novel therapeutic target of bladder cancer.
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Introduction

Bladder cancer is the most common malignant tumor of 
urinary system, and its morbidity occupies the fourth place 
in male malignant tumors and ninth in female [1–3]. In 

fact, early stage of bladder cancer lacks obvious symptoms, 
whereas advanced bladder cancer is highly metastatic, which 
results in high mortality of this disease [4, 5]. The devel-
opment of bladder cancer is a complicated pathological 
process, increasing the difficulty of treatment [6]. As for 
bladder cancer, the main treatment methods include surgical 
resection, radiotherapy, chemotherapy and combined therapy 
[7]. In recent years, as VEGF/VEGFR, EGFR, and endosta-
tin became therapeutic targets for bladder cancer, targeted 
therapy has made some advances in the treatment of bladder 
cancer [8–10]. However, the 5-year survival rate of bladder 
cancer patients did not significantly increase, whereas the 
annual incidence of bladder cancer increased by 36% in the 
last decade [11]. Therefore, novel therapeutic targets are still 
urgently needed.

Rabs, which consist of more than 60 members, belong to 
small GTPase family. Rabs are involved in multiple cellular 
processes, including endocytosis, signal transduction, and 
cellular secretion, and the formation, docking, and fusion 
of vesicles or organelles [12, 13]. A variety of Rabs, such 
as RAB25 and RAB27B, have been reported for the role in 
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tumor growth and development [14, 15]. RAB38, a member 
of the RAB small G protein family, was involved in mem-
brane trafficking, cell growth and differentiation [12–14]. 
A point mutation in the postulated GTP-binding domain of 
RAB38 has been demonstrated to lead to human Herman-
sky–Pudlak syndrome [15–17]. RAB38 is high-expressed in 
multiple specific tissues and regulates intracellular vesicle 
trafficking, including early vesicle transport to the endoplas-
mic reticulum [16]. Previous study indicated that RAB38 
was associated with the synthesis, storage, and transport 
of melanin pigments in the biogenesis of melanosomes 
[16–19]. RAB38 is expressed in melanocytes and interacts 
with RAB32 and MYO5C, and therefore regulates melano-
some biogenesis and secretion [17]. The defect of RAB38 
could lead to several organ diseases and oculocutaneous 
albinism [18]. Previous study also provided evidence that 
RAB38 expression was associated with the poor progno-
sis of patients with glioma [19]. Furthermore, RAB38 is 
also over-expressed at the mRNA level in melanoma cancer 
[20, 21]. However, the role of RAB38 in the development of 
other tumors is still unknown.

Herein, we demonstrated that the expression of RAB38 
was positively associated with the poor prognosis of bladder 
cancer patients. RAB38, additionally, was found obviously 
link to the tumor pTNM stage and recurrence of patients 
with bladder cancer. Moreover, knockdown of RAB38 in 
T24 and 5637 human bladder cancer cells dramatically 
blocked cell proliferation and motility in vitro, and inhib-
ited tumor growth and development in mice. Collectively, 
RAB38 was proved to have high potential as a novel thera-
peutic target in the treatment of bladder cancer.

Materials and methods

Antibodies, primers, and plasmids

Rabbit anti-RAB38 (for immunohistochemical, 1:400 dilu-
tion, for immunoblot, 1:2000 dilution, bs-11244R, Bioss bio-
technology), Mouse anti-β-actin (1:1000 dilution, ab8226, 
Abcam). The qRT-PCR primer sequences of RAB38 were as 
follows: forward, 5′-GTA​ATC​GGC​GAC​CTA​GGT​G-3′ and 
reverse, 5′-TCC​ATT​CCC​GGA​ACC​TTC​AC-3′; The qRT-
PCR primer sequences of β-actin were as follows: forward, 
5′-CAG​CTC​ACC​ATG​GAT​GAT​GAT​ATC​-3′ and reverse, 
5′-AAG​CCG​GCC​TTG​CACAT-3′.

shRNA clone of vector (TRCN0000048183) was pur-
chased from the Open Biosystems (Huntsville). Then we 
designated the plasmid as shRNA-targeted RAB38.

Human tissue samples and analysis

One hundred and fifteen patients clinically and pathologi-
cally diagnosed with bladder cancer at the Second Hos-
pital of Tianjin Medical University. Tumor tissues were 
obtained after the surgical treatment and collected in 
this study. The clinical characters, such as ages, genders, 
pTNM stage, tumor size, and recurrence of patients were 
recorded.

To further explore the association between RAB38 and 
bladder cancer, immunohistochemical assays were then per-
formed. Briefly, paraffin-embedded tumor tissue sections 
were cut, and then sample sections were deparaffinized, 
rehydrated with xylene and graded alcohols. Then sections 
were blocked with 2% BSA and incubated with RAB38 
antibody for 2 h. Subsequently the sections were incubated 
with biotinylated secondary antibody for 1.5 h and streptavi-
din–biotin–peroxidase, and diaminobenzidine was used as a 
chromogen substrate. Finally, haematoxylin counterstaining 
was performed.

RAB38 was found mainly located in the cytoplasm of 
bladder cancer tissues. The proportion of positive tumor 
cells was graded as follows: 0, negative tumor cells; 1, < 5% 
positive tumor cells, 5–20% positive tumor cells and more 
than 20%, positive tumor cells. The staining intensity was 
evaluated on a score of 0 (no staining), 1 (weak staining), 
2 (moderate staining) and 3 (strong staining). The expres-
sion level of RAB38 was calculated based on the staining 
index: staining index was calculated as follows: staining 
index = staining intensity × positive tumor cell staining level. 
Staining index ≥ 4 was considered high expression, while 
staining index < 4 was considered low expression.

Cell culture and transfection

T24 and 5637 human bladder cancer cell lines were bought 
from ATCC. Both T24 and 5637 cells were cultured in 
RPMI-1640 culture medium and supplemented with 10% 
of fetal bovine serum. Cells were incubated at 37 °C in a 
5% CO2 incubator. The plasmids of shRNA-targeted RAB38 
were transfected into bladder cancer cells by lipofectamine 
3000 (Invitrogen). RAB38 stable depletion T24 cell lines 
were screened by shRNA lentivirus infection and used for 
the animal assays.

Quantitative PCR assay

Total RNA was extracted from T24 and 5637 cells using 
Trizol reagent (Invitrogen), respectively. Then the RNA was 
reverse-transcribed by M-MLV reverse transcriptase (Pro-
mega). Quantitative real-time PCR was performed using 
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SYBR mixture (Takara), and the relative expression level 
of RAB38 was normalized to the expression of β-actin.

Immunoblot assay

Total protein samples were extracted from bladder cancer 
cells or tumor tissues and the procedure for Immunoblot 
analysis was described before. The NC membranes were 
blocked with 5% dry milk in TBST buffer and then incubated 
with the primary antibodies for detection of RAB38 and 
β-actin for 2 h. Subsequently the membranes were incubated 
with HRP-conjugate secondary antibodies for 1 h. Signals 
were visualized with an ECL kit.

Cell proliferation assays

For colony formation assay, 2000 bladder cancer cells were 
added to a 6-well culture plate and transfected with RAB38 
or control shRNA and cultured at 37 °C for 48 h. Cells were 
subsequently fixed with 70% ethanol at − 20 °C and stained 
with 0.1% crystal violet at room temperature for 15 min and 
washed with PBS twice. Cell numbers were then counted.

For MTT assays, cells were plated in 96-well plates with 
a density of about 1000 cells each well, transfected with 
shRNA and cultured for 48 days. Cells were then incubated 
with MTT for 2 h and removed the medium. Subsequently 
cells were washed with PBS buffer. MTT was extracted by 
200 μL DMSO and the absorbance value was quantified with 
a microplate reader at a wave length of 570 nm.

Cell motility assays

For transwell assays, T24 and 5637 cells were transfected 
with control or RAB38-shRNA for 48 h and then re-sus-
pended in serum-free RPMI-1640 medium. The upper cham-
bers of filters (8.0 µm pores) were subsequently coated with 
20% matrigel and incubated at 37 °C for 1 h to form a thin 
gel layer. A total of 105 cells in 150 µL of medium were 
then added to the upper chambers of the inserts and were 
induced to migrate toward the bottom chambers, which con-
tained RPMI-1640 medium with 10% FBS. After 24 h, the 
cells that remained in the top chamber were removed, and 
cells on the underside were fixed in 4% paraformaldehyde 
and stained with 0.1% crystal violet for 20 min, and pho-
tographs were then taken. Quantification of migrated cells 
was performed by dissolving crystal violet with 10% acetic 
acid, and the optical density of each sample was read with a 
microplate reader at 570 nm wave length.

For wound closure assays, bladder cancer cells were 
transfected and grown as confluent monolayers. Then 
mechanical wound was made with a 10 μL pipette tip to 
generate the wound. Cell debris was washed twice with 
PBS, and the complete culture medium was added to induce 

wound healing. Photographs were taken at 0 h and 24 h, and 
the extent of wound closure was measured and calculated.

In vivo tumor growth and metastasis assays

All animal assay procedures were approved by our Institu-
tional Animal Care and Use Committee.

For tumor growth assay, T24 cells were stable trans-
fected with control or RAB38 shRNA lentivirus. About 
3 × 106 cells were subcutaneously inoculated into athymic 
nude mice. After 2 weeks, when tumors had established, 
the tumor was isolated, photographed, and the tumor vol-
ume was measured per week with a caliper and calculated 
in length × (width 2)/2.

For metastasis assay, about 106 T24/shControl, T24/
shRAB38 cells in 100 μL PBS buffer was injected through 
the tail vein to induce the lung metastasis. After 7 weeks, all 
mice were sacrificed and the lungs of mice were isolated and 
photographed. Pulmonary metastases were then measured.

Statistics

Data are presented as the mean ± SEM, and the Student’s t 
test was used for comparison between two groups. Connec-
tion between RAB3 8 expression level and patients’ sur-
vival time after surgery were performed by Kaplan–Meier 
method. The categorical data were analyzed by Chi square 
test. The value of statistical significant was considered as 
P < 0.05. *P < 0.05.

Results

RAB38 is positively correlated with the prognosis 
of patients with bladder cancer

To explore the relationship between RAB38 expression and 
bladder cancer growth, Immunohistochemical assays and 
survival analysis were performed. The expression of RAB38 
in surgery samples from 115 patients with bladder cancer 
was detected. Immunohistochemical results indicated that 
RAB38 was mainly localized in plasma membrane (Fig. 1a). 
Actually, RAB38 was found highly expressed in the blad-
der cancer tissues (Fig. 1a). According to the expression 
of RAB38, surgery samples are classified into RAB38 low 
(31.3%, n = 36) and high- (68.7%, n = 79) expression groups 
(Table 1). Also, according the staining results of non-tumor 
adjacent tissues marked low RAB38 expression was detected 
in adjacent tissues, suggesting that RAB38 may play a criti-
cal role in bladder cancer growth (Fig. 1b).

Then we analyzed the difference of clinicopathological 
characteristic between low and high RAB38 expression 
groups. Results showed that the expression of RAB38 in 
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the bladder tumor tissues was obviously associated with 
tumor pTNM stage (p = 0.000) and recurrence (p = 0.016), 
indicating a potential relationship between RAB38 and 
bladder cancer (Table 1). However, no significant differ-
ence was found between RAB38 high and low expression 
groups in other characteristics, such as patient age, gen-
der, tumor grade, and lymph node metastasis (Table 1).

On the basis of previous results, we further investi-
gated the prognosis of bladder cancer patients of RAB38 
low and high-expressed groups, and found that patients 
with low expression of RAB38 had higher overall survival 
rate and disease-free survival rate, compared with patients 
in high-expression groups (Fig. 1c). In conclusion, these 
data firstly revealed that RAB38 was correlated with the 
poor prognosis of patients with bladder cancer.

RAB38 depletion inhibited the proliferation 
and motility of bladder cancer cells in vitro

To explore the regulation mechanism of RAB38 promoting 
bladder cancer, we used shRNA-targeted RAB38 to block 
its expression in T24 and 5637 human bladder cancer cells. 
The knockdown efficiency mediated by RAB38 shRNA 
was detected simultaneously by both quantitative PCR and 
Immuneblot assays. Results revealed that RAB38 shRNA 
was enough to obviously block RAB38 expression in both 
mRNA and protein level, respectively (Fig. 2a, b).

Uncontrolled proliferation and abnormal migration could 
result in tumor formation and metastasis [20]. Thus we then 
examined the effect of RAB38 on the proliferation and 
migration of two types of bladder cancer cells. Performing 

Fig. 1   RAB38 was positively associated with the poor prognosis of 
bladder cancer patients. a Immunohistochemical assays were per-
formed, and the representive photographs of RAB38 expression level 
in bladder cancer tissues were exhibited (× 100 and × 200 magnifica-
tion, respectively). b Immunohistochemical assay results of RAB38 

expression in the adjacent tissues are shown (× 100 and × 200 magni-
fication, respectively). c The KM-plot analysis of overall survival rate 
and disease-free survival rate between RAB38 low- and high-expres-
sion groups was performed, and the results are shown
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colony formation and MTT assays, the effects of RAB38 
ablation on cell proliferation were detected. As we expected, 
the proliferation capacity was dramatically restrained by 
RAB38 knockdown with obviously decreased cell numbers. 
(Fig. 3a). In addition, the results of MTT assays showed a 
significant dropped absorbance value at 570 nm wavelength 
in T24 and 5637 cells, consistent with the results of colony 
formation assays (Fig. 3b).

Since cancer metastasis is partly caused by the motil-
ity of cancer cells, we then explored the effects of RAB38 
depletion on bladder cancer cell migration and invasion. T24 
and 5637 cells exhibited an obvious low-invasive property 
through the matrigel-coated membranes caused by RAB38 
ablation, both cell numbers and the OD value at 570 nm 
wavelength significantly dropped after RAB38 knockdown 
(Fig. 3c). As we expected, shRNA-mediated depletion of 
RAB38 obviously inhibited the extent of wound closure in 
T24 and 5637 cells (Fig. 3d).

Collectively, we demonstrated that RAB38 was associ-
ated with the proliferation and motility regulation of bladder 
cancer in vitro.

Knockdown of RAB38 impaired bladder tumor 
growth in vivo

According to the previous results, RAB38 depletion resulted 
in the inhibition of proliferation and motility of bladder can-
cer in vitro, we then further detect the effects of RAB38 on 
the growth and development of bladder cancer in mice.

Table 1   Relationships of RAB38 and clinicopathological characteris-
tics in 115 patients with bladder cancer

Feature All n = 115 RAB38 
expression

χ2 P

Low High

n = 36 n = 79

Age (year) 2.184 0.139
 < 65 46 18 28
 ≥ 65 69 18 51

Gender 0.332 0.565
 Male 99 30 69
 Female 16 6 10

Tumor stage 13.431 0.000*
 T2 54 26 28
 T3/T4 61 10 51

Tumor grade 1.408 0.235
 Low 33 13 20
 High 82 23 59

Lymph node metas-
tasis

1.669 0.196

 Yes 35 8 27
 No 80 28 52

Recurrence 5.830 0.016*
 Yes 51 10 41
 No 64 26 38

Vascular invasion 0.208 0.648
 Yes 35 12 23
 No 80 24 56

Fig. 2   The expression of 
RAB38 was blocked effectively 
in T24 and 5637 human bladder 
cancer cells caused by RAB38-
targeted shRNA. a Results 
of quantitative PCR assays 
revealed the decreased expres-
sion level of RAB38 caused 
by its shRNA in T24 and 5637 
cells, respectively. b Immu-
noblot assays confirmed the 
efficiently silencing of RAB38 
expression caused by RAB38 
shRNA in both T24 and 5637 
cells. Results are presented as 
mean ± SEM, *P < 0.05
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Firstly, T24 cells were infected with shRNA lentivirus-
targeted RAB38 or control and subsequently subcutane-
ously injected into nude mice. 2 weeks later, tumor began 
to grow and volume was examined each week. Representa-
tive photographs of tumors were taken and shown in Fig. 4a. 

Interestingly, the volume of tumors isolated from RAB38 
knockdown groups was obviously smaller than that in con-
trol groups (Fig. 4a).

Additionally, we conducted lung metastasis assay in mice 
and found that the incidence of lung metastasis for RAB38 

Fig. 3   Knockdown of RAB38 
dramatically restrained the pro-
liferation and motility of blad-
der cancer cells in vitro. a Rep-
resentive photographs showed 
the results of colony formation 
assays of T24 (A) and 5637 
cells (B) transfected with con-
trol or RAB38 shRNA. b The 
results of MTT assays showed 
the inhibition of proliferation 
in RAB38 depletion bladder 
cancer cells. c Transwell migra-
tion assays using T24 and 5637 
cells transfected with control or 
RAB38 shRNA were performed 
and the extent of transwell 
migration was quantified by cell 
numbers. d T24 and 5637 cells 
were transfected with control or 
RAB38-shRNA, and the migra-
tion capacity was examined by 
wound healing assays. Results 
are presented as mean ± SEM, 
*P < 0.05
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depletion T24 cells was significantly reduced compared with 
control (Fig. 4b).

Immunohistochemistry assays showed markedly 
decreased RAB38 expression in RAB38-depletion tumor 
tissues of mice (Fig. 4c). Therefore, all these results revealed 
that RAB38 was critical in the regulation of bladder cancer 
growth and development.

Discussion

Bladder cancer has a high mortality rate due to its compli-
cated pathological process, inconspicuous early symptoms 
and the lack of effective treatment [1–7]. Current targeted 
therapy drugs and therapeutic targets for bladder cancer, 
such as VEGF/VEGFR, have achieved some therapeutic 
advances, but still cannot achieve a higher 5-year survival 
rate [22]. To combat bladder cancer, novel and more effec-
tive therapeutic targets should be identified. Although the 
results in TCGA database found that the mRNA level of 
the RAB38 had no change between tumor tissues and 
normal tissues, and the survival results between low- and 
high-expression RAB38 groups did not make any sense, 
the results from the Western Countries were not accurate 
for predicting the expression of RAB38 in China. Our 
results were based on clinical evidence. In this study, we 
found that a small GTPase, RAB38 was closely related to 
the poor prognosis of bladder cancer patients and could 

regulate cell proliferation and migration of bladder cancer 
in vivo and in vitro. This study proves that RAB38 can be 
a potential therapeutic target for bladder cancer. In fact, 
more accurate molecular mechanisms for the involvement 
of RAB38 in the occurrence and metastasis of bladder 
cancer still need further studies.

Rabs participate in a variety of biological processes. 
RAB8 mediates cytoskeleton remodeling [23]. RAB5 reg-
ulates the formation of early endosome [24]. Additionally, 
RAB8 and RAB11 are necessary for ciliogenesis through 
the regulation of ciliary protein transport [25]. Various 
studies demonstrated that Rab family could further affect 
the development of tumors by regulating cell migration, 
proliferation, apoptosis and drug resistance [26]. RAB27 
was correlated with the invasive potential of breast cancer 
[27]. Rab25 high-expression was associated with the pro-
liferation and invasion of renal cell carcinoma [28]. Rabs 
could mediate the invasion of tumor cells by affecting the 
formation of lamellipodia by the transport of cargos along 
microtubules or filaments [29]. Rabs can also interact with 
several cytoskeleton-associated proteins and participate in 
the regulation of cell division, thereby regulating tumor 
cell proliferation [30]. Here we found that RAB38 could 
affect the proliferation and motility of bladder cancer cells 
and further participate in the development of bladder can-
cer, possibly through the regulation of vesicle transport. 
In view of the specificity of Rab family protein function, 

Fig. 4   RAB38 promotes bladder 
cancer growth and development 
in mice. a T24 cells infected 
with RAB38 or control shRNA 
lentivirus were implanted into 
nude mice. After 2 weeks, 
tumors were isolated, photo-
graphed and volume was calcu-
lated each week. (n = 6 in each 
group). Tumor growth curves 
were calculated according to 
average volume of six tumors 
for each group. b Lung metasta-
sis assays were performed, and 
the photographs of lung in the 
groups of T24 cells transfected 
with control or RAB38 shRNA 
lentivirus are shown. c The 
results of immunohistochemical 
assays indicated the expression 
level of RAB38 in control or 
RAB38 depletion tumor tissues 
isolated from mice. Results 
are presented as mean ± SEM, 
*P < 0.05
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the molecular mechanism underlying RAB38 promoting 
bladder cancer development needs further study.

The depletion or mutation of RAB38 can lead to many 
diseases, such as platelet-dense granule storage pool dis-
ease [31]. However, there are limited studies that showed 
the effects of RAB38 on tumor development. RAB38 was 
previously thought as a melanocyte differentiation antigen, 
which is highly expressed in normal melanoma tissues 
[32]. Similarly, studies have demonstrated that RAB38 
ablation affected the development of anaplastic gliomas 
and glioblastomas, and was also closely related to the poor 
prognosis of non-small cell lung cancer [19]. Interestingly, 
we found a significant link between RAB38 and bladder 
cancer, suggesting a similar regulatory mechanism under-
lying RAB38 promoting these types of tumors. By immune 
response profiling of malignant pleural mesothelioma, 
RAB38 was also thought as a novel prognostic bio-marker 
[33]. We found that RAB38 affects the proliferation and 
migration of bladder cancer cells, but whether RAB38 
affects the occurrence and development of bladder cancer 
in the aspect of immune response is still worth discussing.

It is well known that the progression stage and morbid-
ity of cancers is critical for the clinical assessment. Our 
studies indicated that RAB38 expression was associated 
with grade malignancy of bladder cancer (Table 1), which 
was similar to the previous study that RAB38 was cor-
related with the poor prognosis of patients with glioma. 
Interestingly, our study showed that patients with high 
expression of RAB38 had obvious shorter overall survival 
rate and disease-free survival rate and more advanced 
tumor stage than the patients with lower expression of 
RAB38.

In conclusion, we found that a small GDPase, RAB38, 
could act as a novel and potential therapeutic target for 
bladder cancer. RAB38 was associated with the poor 
prognosis of bladder cancer patients, and through clinical 
data analysis, we found that the expression of RAB38 was 
associated with pTNM stage and the recurrence of patients 
with bladder cancer. We further indicated that RAB38 
affected the proliferation and invasion of bladder cancer 
cells, which was also confirmed by in vivo experiments.
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