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Abstract
Introduction. Bladder cancer (BCa) is one the most common urinary system malignancies and approximately one 
quarter of diagnosis is invasive muscle-invasive BCa. Accumulating evidence revealed that keratin 17 (KRT17) is 
closely related to the prognosis and progression of various tumors including a recent study also implying the poten-
tial role of KRT17 in the diagnosis of BCa. However, the specific role of KRT17 in BCa remains to be elucidated.
Material and methods. The expression of KRT17 in 5637 BCa cells and SV-HUC-1 normal human urothelial 
cells was detected using quantitative real-time PCR (qRT-PCR) and western blot. Short hairpin RNA targeting 
KRT17 was used to knockdown KRT17 in BCa cells. The colony formation was assessed and the proliferation 
of cells was studied by Cell Counting Kit-8 (CCK-8). Invasion and epithelial-mesenchymal transition (EMT) 
capacity of BCa cells were assessed using transwell assay and western blot, respectively. Cisplatin sensitivity of 
cancer cells was measured by evaluating the cell viability using CCK-8 assay. The downstream pathway of KRT17 
was explored by western blot.
Results. The expression of KRT17 was elevated in BCa cells in comparison with the normal human urothelial 
cell at the mRNA and protein levels. The in vitro assays demonstrated that KRT17 interference affected the 
proliferation, colony formation and invasion capacity of BCa cells, as well as EMT. Furthermore, knockdown 
of KRT17 enhanced cisplatin sensitivity in BCa cells. Mechanically, KRT17 ablation led to the inactivation of 
both AKT and ERK pathways.
Conclusions. Our results elucidate the vital role of KRT17 in the development of malignancy of BCa cells, 
probably by the activation of AKT and ERK pathways and suggest that it may represent a novel therapeutic 
target for BCa. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 1, 40–48)
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Introduction

Bladder cancer (BCa) is one of the most common 
malignancies of the urinary tract with approximately 
440,000 newly diagnosed and 150,000 deaths every 
year [1]. Approximately 25–30% patients are di-

agnosed as muscle-invasive BCa [2]; the rest are 
diagnosed as non-muscle-invasive BCa. Muscle-in-
vasive BCa is more prone to infiltrate other tissues 
and metastasize. Patients with metastatic BCa have 
poor prognosis with less than 10% of 5-year survival 
rate [3]. Surgical techniques, radiation therapy and 
chemotherapy are widely applied in BCa treatment; 
however, the high rate of recurrence and mortality 
are not well controlled. For example, cisplatin is  
a front-line chemotherapeutic agent for BCa treat-
ment since most patients show a good initial response 
to cisplatin, unfortunately they will ultimately develop 
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the cisplatin-resistance [4]. The patients with cisplatin 
resistance usually suffer a recurrence what limits the 
therapeutic potential of chemotherapy [5]. Recent 
advances in morphological investigation have indicat-
ed some ultrastructural changes in cisplatin-resistant 
(Cis-R) bladder cancer cells, e.g., more double mem-
brane vesicles and pinocytic vesicles [6]. Moreover, the 
Cis-R cells develop some strategies to reduce cisplatin 
uptake and accelerate cisplatin efflux [7]. The devel-
opment of malignancy and chemoresistance of BCa 
are not well understood; thus, there is a great need 
to increase our knowledge about progression of BCa. 
Keratins are members of the intermediate filament 
family of proteins, and are widely expressed in epi-
thelial cells. Currently, there are 54 known distinct 
keratins in mammals, 28 type I keratins and 26 type 
II keratins [8], according to their substructure and 
sequence homology. The keratins provide structural 
support and maintain cellular integrity of epithelial 
cells. Besides, accumulating evidence suggests the reg-
ulatory roles of keratins in multiple cellular functions, 
including proliferation and motility. The role of kerat-
ins as markers in tumor progression has been widely 
documented. For instance, the loss of keratin 8 and 
18 in epithelial cancer cells increases their migration 
and invasion capacity, as well as cisplatin sensitivity 
[9]. It was reported that keratin 19-positive hepato-
cellular carcinoma cells display such properties like 
self-renewal capacity, higher proliferation rate and 
5-fluorouracil resistance [10]. Besides, the high level 
of keratin 14 was noticed to be closely associated with 
the nodal metastasis of lung cancer, and the further 
research revealed the relationship between keratin 
14 and gastrokine 1 expression in metastasis [11]. 
The pro-tumor role of keratin 23 was also observed 
in human colorectal cancer by promoting stem cell 
properties, proliferation and migration [8]. Keratin 17 
(KRT17) belongs to the type I intermediate filaments 
family. The aberrant expression of KRT17 has been 
investigated in various carcinomas, and could serve 
as a potential diagnostic and prognostic marker, 
including cervical carcinoma, breast cancer and oral 
carcinoma [12–14]. A recent study based on RNA-
seq analysis of urinary extracellular vesicle mRNA 
from patients with urological diseases identified the 
overexpression of KRT17 in high stage BCa [15]. 
Moreover, KRT17 has been recognized as a sensi-
tive and specific biomarker in diagnosis of urothelial 
neoplasia, and muscle-invasive urothelial carcinoma 
had a higher proportion of positive KRT17 detection 
than the non-muscle-invasive type [16]. These clinical 
findings may imply the potential role of KRT17 in 
bladder tumorigenesis; however, its specific effect 
remains to be elucidated.

In an attempt to certify the implication of KRT17 in 
BCa, we knockdowned KRT17 in two different BCa 
cell lines, T24 and 5637, and our results demonstrated 
that knockdown of KRT17 leads to a decrease of pro-
liferation and invasion, as well as epithelial-mesenchy-
mal transition (EMT); furthermore, KRT17-deficient 
BCa cells were more sensitive to cisplatin. Mechanis-
tically, silencing of KRT17 deactivated AKT and ERK 
pathway by suppressing phosphorylation. These data 
may suggest the critical role of KRT17 in the tumor-
igenesis and cisplatin resistance of BCa implicating 
KRT17 as a possible target for BCa therapy.

Materials and methods

Cell culture and lentiviral transfection. The normal 
human urothelial cells SV-HUC-1 and human BCa cell 
lines 5637 were obtained from American Type Culture 
Collection (Manassas, VA, USA), and the human BCa 
cell lines (T24, J82 and TCCSUP) were obtained from the 
Chinese Academy of Sciences (Shanghai, China). All the 
cells were cultured in DMEM medium (Gibco, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum 
(FBS). Lentiviral vectors expressing shRNA targeting 
KRT17 or negative control were generated from Gen-
Pharma (Shanghai, China). BCa cells were transfected 
with recombinant lentiviruses in the presence of 5 μg/mL 
polybrene according to the manufacturer’s instruction. At 
48 hours after infection, the efficiency of transfection was 
measured by western blot.

RNA isolation and quantitative RT-PCR (qRT-PCR). Total 
RNA was extracted using TRIzol (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. Comple-
mentary DNA (cDNA) was synthesized using Takara First 
Strand cDNA Synthesis Kit following the manufacturer’s 
instructions. Real-time (RT)-PCR amplifications were 
performed with SYBR Green (TaKaRa, Dalian, Liaoning, 
China). The GAPDH was used as reference to normalize 
the KRT17 expression. The genes primers and accession 
numbers employed in this study were listed in Table 1. The 
relative expression of the KRT17 was calculated using 2-ΔΔCT 
method [17].

Western blot assay. Total proteins were extracted from cells 
using pre-cooling mammalian protein extraction reagent 
RIPA (Beyotime Bio, Shanghai, China) containing cocktail 
(SigmaAldrich, St. Louis, MO, USA). BCA Protein Assay 
kit (Beyotime Bio) was applied for protein concentration 
determination. An equal amount of protein was separated 
with 10% SDS-PAGE and transferred onto polyvinylidene 
fluoride (PVDF) membranes (SigmaAldrich). After blocked 
by 5% non-fat milk for 2 h, the PVDF membranes were 
incubated overnight at 4°C with specific primary antibodies 
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Table 1. Genes, primers sequences and accession numbers

Gene Accession number Forward primer (5’-3’) Reverse primer (5’-3’)

KRT17 NM_000422 CTCAGTACAAGAAAGAACCGGTGA CACAATGGTACGCACCTGAC

GAPDH NM_002046 AATCCCATCACCATCTTCCAG CACGATACCAAAGTTGTCATGG

against keratin 17 (ab109725, 1:2000, Abcam, Cambridge, 
MA, USA), GAPDH (ab8245, 1:5000, Abcam), E-cadherin 
(ab238099, 1:2000, Abcam), N-cadherin (ab98952, 1:5000, 
Abcam), vimentin (ab92547, 1:1000, Abcam), p-AKT (SC-
1619, 1:2000, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), AKT (SC-1619, 1:2000, Santa Cruz Biotechnology), 
p-ERK (ab76299, 1:2000, Abcam), ERK (ab184699, 1:3000, 
Abcam). Protein signals were visualized using Bio-Rad 
imaging system (Hercules, CA, USA) and analyzed using 
Image J Software (NIH, Bethesda, MD, USA).

Cell viability assay and colony formation assay. Cell via-
bility was detected using the Cell Counting Kit-8 (CCK-8; 
Diojindo Laboratories, Kumamoto, Japan) following manu-
facturer’s instructions. The transfected cells were seeded on 
96-well plates at 2000 cells/well. CC-K8 solution was added 
at indicated time and cells were incubated for 1 h in dark. 
The absorbance at a wavelength of 450 nm was measured 
using a microplate reader.
For colony formation assay, cells were plated into 6-well 
plates at 500 cells/well and incubated at 37°C. After two 
weeks of cultivation, the plates were fixed with methanol and 
stained with crystal violet, and the colonies were counted 
and photographed. 

Transwell assay. Approximately 2 × 104 cells suspended 
in serum-free medium were seeded to the upper chambers  
(8 μm pore size, Costar, Cambridge, MA, USA). The low-
er chamber was filled with medium containing10% FBS. 
After incubation at 37°C for 24 h, non-invasion cells on the 
upper chamber were removed and the invasion cells on the 
lower surface were fixed with 4% formaldehyde and stained 
with crystal violet. Images of stained cells were counted in  
5 randomly selected microscopic fields. 

Cisplatin sensitivity determination. The transfected cells 
were seeded into 96-well plates at a density of 5000 cells/well 
and incubated with increasing concentrations of cisplatin 
(SigmaAldrich) for 24 h or 48 h. After incubation, the cell 
viability was measured using the CCK-8 method according 
to the manufacturer’s instructions.

Statistical analysis. All results are present as mean ± 
standard deviation (SD) from at least three independent 
determinations. Student t-test was performed to compare 
the difference between two groups. P < 0.05 was considered 
statistically significant.

Results

Expression of KRT17 was upregulated in BCa cells
Given the KRT17 as an oncoprotein, we first deter-
mined whether the expression KRT17 varies between 
normal and malignant cells. Firstly, one normal 
human urothelial cell line (SV-HUC-1) and four 
BCa cell lines (5637, T24, J82 and TCCSUP) were 
employed in our experiment to detect the expression 
of KRT17. As indicated in Figure 1A and 1B, KRT17 
mRNA and protein levels were significantly higher 
in four BCa cell lines compared to normal urothelial 
cells, and T24 and 5637 cells showed the highest ex-
pression. These results may imply the involvement of 
KRT17 in malignance of bladder cancer cells.

Knockdown of KRT17 suppressed BCa cells 
proliferation
To study the biological role of KRT17 in the reg-
ulation of cell proliferation, the BCa cells with the 
highest level of KRT17 were selected for lentiviral 
knockdown assay. After 48 h past transfection, the 
knockdown efficiency was evaluated using western 
blot (Fig. 2A). As shown in Figure 2B, depletion of 
KRT17 led to a significant decline of cell viability in 
two BCa cell lines. Furthermore, KRT17 knockdown 
also impaired the colony-forming capacity in both 
types of cancer cells (Fig. 2C). Taken together, these 
findings suggested the proliferation inhibitory effects 
of KRT17 knockdown in BCa cells.

Knockdown of KRT17 suppressed BCa cells 
invasion and EMT
It is well established that invasion is the first step of 
metastasis, translocation of the cells of the primary 
tumor to the distant organs [18]. As previous report-
ed, higher expression of KRT17 in muscle-invasive 
urothelial carcinoma [16], it is necessary to elucidate 
the role of KRT17 in BCa cell invasion. As shown in 
Figure 3A, the invasion capacity assessed by transwell 
assay was remarkably suppressed by KRT17 ablation 
in both BCa cell lines. Since cells which undergo EMT 
lose some epithelial features and gain features much 
like mesenchymal cells, including migratory capacity 
[19], we decided to determine whether the knockdown 
of KRT17 affect EMT process in BCa. In accordance 
with our hypothesis, silencing of KRT17 significantly 
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A B

C

Figure 2. KRT17 depletion suppressed proliferation and colony formation of BCa cells. T24 and 5637 cells were transfected 
with KRT17 shRNA or scramble shRNA as described in Methods. A. The KRT17 knockdown efficiency in T24 BCa cells 
and normal urothelial 5637 cells was evaluated by western blot. B. and C. Viability and colony formation capacity of BCa 
cells was detected using CCK-8 (B) and colony formation assays (C), respectively (*p < 0.05, Student’s t-test).

A

Figure 1. Expression of keratin 17 (KRT17) was increased in bladder cancer (BCa) cells. Relative KRT17 mRNA (A) 
and protein (B) expression in human BCa cells (T24, J82, 5637, TCCSUP cell lines) and normal human urothelial cells  
(SV-HUC-1), *p < 0.05, Student’s t-test.

B

changed EMT-related markers, such as the increase 
of E-cadherin, and decrease of N-cadherin and vi-
mentin expression (Fig. 3B). These data indicated 
that KRT17 may have an important role in BCa cells’ 
invasion and EMT. 

Knockdown of KRT17 enhanced the sensitivity  
to cisplatin of BCa cells
Previous studies have linked KRT17 expression with 
paclitaxel resistance in cervical cancer [20]. To deter-
mine whether depletion of KRT17 could influence the 
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A

B

Figure 3. KRT17 depletion suppressed invasion capacity and epithelial-mesenchymal transition in BCa cells. A. Transwell 
assay was conducted to evaluate the invasion capacity of T24 BCa cells and normal urothelial 5637 cells after shKRT17 
transfection. B. EMT-related expression of proteins (epithelial marker: E-cadherin; mesenchymal markers: N-cadherin and 
vimentin) was evaluated using western blot after transfection of T24 and 5637 cells with shKRT17 or its negative control  
(Y axis represent the relative protein abundance normalized to the GAPDH), *p < 0.05, Student’s t-test.

cisplatin tolerance, BCa cell lines T24 and 5637, trans-
fected with shKRT17 were incubated with indicated 
concentration of cisplatin for 24 h and 48 h. As shown 
in Figure 4A and 4B, survival T24 cells with KRT17 
interference was dramatically reduced compared to 
the counterpart transfected with negative control, 
after incubation for 24 h and 48 h. A similar result 
was also investigated in 5637 cells (Fig. 4C and 4D), 
suggesting the implication of KRT17 in the cisplatin 
tolerance of BCa. 

KRT17 regulated AKT and ERK pathway
It has been reported previously that KRT17 silencing 
inactivates ERK1/2 but not AKT pathway in pancre-
atic cancer cells [21]. Therefore, we tested whether 
the same mechanism of KRT17 action is involved in 
BCa. The activation of ERK and AKT pathway was 
evaluated by western blot as shown in Figure 5. Our 
results suggest that phosphorylated-ERK1/2 was de-
creased in KRT17-knockdown cells while the content 
of the total ERK1/2 remained unchanged. Besides, the 

activation of AKT was also reduced after KRT17 abla-
tion in both cell types when compared to the control, 
as assessed by the reduction of phosphorylated-AKT. 
Thereby, these results indicate that targeting KRT17 
may exert antitumor function through inactivation of 
both ERK and AKT pathways.

Discussion

BCa is still a major cause of mortality of human uri-
nary tract malignancies due to the distant metastasis 
and high recurrence rates. Metastasis is an important 
feature of malignancy and EMT is a critical process 
for metastasis of cancer cells. Cells which undergo 
EMT lose some epithelial features and gain features 
much like mesenchymal cells, with more migratory 
capacity, escaping from the primary tumor and dis-
seminating to other organs via continuity or by the 
blood or lymphatic vessels [22]. Since the gain of in-
vasive capacity increases aggressiveness and mortality 
of BCa, a better understanding of the pathogenesis 
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Figure 4. KRT17 depletion increased the cisplatin sensitivity of BCa cells. Cisplatin tolerance of T24 (A &B) and 5637 (C & 
D) cells was assessed after shNC or shKRT17 transfection after 24 h and 48 h of incubation with the indicated concentration 
of cisplatin, respectively. *p <0.05, Student’s t-test.

A B

C D

Figure 5. KRT17 depletion led to the inactivation of AKT and ERK pathways. Western blot was conducted to detect The 
effects of KRT17 knockdown on AKT and ERK pathways activation were assessed by western blot, p-AKT and p-ERK1/2 
represent phospho-AKT and phospho-ERK1/2, AKT and ERK1/2 represent total AKT and phospho-ERK1/2. Y axis rep-
resents the relative protein abundance normalized to the GAPDH. *p < 0.05, Student’s t-test.
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of BCa is of great importance for anticancer therapy. 
In this study, we reported that KRT17 expression was 
associated with BCa malignant characteristics, such 
as proliferation, invasion, EMT and chemotherapy 
resistance. In addition, we also revealed that the 
silencing of KRT17 leads to the inactivation of both 
AKT and ERK pathway. 
Recent studies have established that the aberrant 
expression of KRT17 has been observed in various 
types of malignancies. For instance, a study on pan-
creatic cancer suggests that high expression of KRT17 
is closely related with short survival and implies ag-
gressive form of pancreatic ductal adenocarcinoma 
[23]. Moreover, KRT17 expression is correlated 
with triple-negative breast cancer and predicts poor 
prognosis [14]. In our present study, higher KRT17 
expression was found in BCa cells than normal human 
urothelial cell, similarly as shown by Murakami et al. 
[15] and Babu et al. [16]. Together, these findings 
may imply the potential role of KRT17 in the bladder 
tumorigenesis.
The relationship between KRT17 and cancer growth 
and metastasis has been documented in several solid 
tumors. For instance, KRT17 ablation suppresses the 
proliferation of oral squamous cell carcinoma in vitro 
and in vivo in nude mice [24]. Similarly, the pro-pro-
liferation function of KRT17 was also observed in 
pancreatic cancer cell line [21]. It was demonstrated 
that pancreatic cancer cells transfected with KRT17 
siRNA showed lower Reactive-Oxygen-Species and 
mTOR/S6K1 phosphorylation levels, as well as re-
duced proliferation, migration and invasion [25]. In 
lung adenocarcinoma, overexpression of KRT17 is 
closely associated with advanced TNM stage and poor 
overall survival, and KRT17 depletion remarkably 
suppresses cancer cell proliferation and invasion in 
vitro [26]. Besides, the high expression of KRT17 also 
predicts the poor prognosis in cervical cancer, and 
further investigations revealed that KRT17 functions 
as a negative regulator of p27KIP1, which prevents cell 
G0-G1 to S-phase transitions [27]. KRT17 loss-of-
function inhibits cervical cancer cells proliferation 
by modulating p27KIP1 subcellular localization and 
degradation [27]. In the present study, we noticed that 
BCa cells with KRT17 depletion showed decreased 
viability, colony formation capacity and invasion, 
consistent with the previous observations in other 
cancer cell lines. 
It is widely accepted that EMT plays critical roles in 
cancer progressions, including initiation, prolifera-
tion, dissemination, metastasis and chemotherapy 
resistance [28]. During the process of EMT, tumor 
cells lose their epithelial characteristics and acquire a 
mesenchymal phenotype, supporting cell survival and 

metastasis [29]. The involvement of KRT17 in EMT 
progression is also reported by some recent studies. 
Chiang and colleagues demonstrates the potential 
role of  KRT17 in EMT process in areca nut-induced 
cancer [30]. Recent studies conducted on cervical 
cancer cells [20] and non-small cell lung cancer cells 
[31] also confirm the contribution of KRT17 in the 
EMT process. We noticed that KRT17 knockdown 
impaired EMT in BCa cell lines, in accordance with 
these previous reports. 
It is well established that cancer cells would acquire 
some features similar to cancer stem cells, which con-
fers the capacity to drug efflux or other mechanisms 
to resist chemotherapy cytotoxicity [31]. Data from 
studies of cervical cancer has proven that KRT17 de-
pletion leads to drug sensitivity [20, 27]. In our study, 
the interference of KRT17 indeed increased cisplatin 
sensitivity, and this sensitivity to cisplatin may result 
from the EMT process reversal.
Intriguingly, when we analyzed the downstream 
pathways of KRT17, we noticed that the ablation of 
KRT17 also leads to the deactivation of both AKT and 
ERK pathway. It was reported that KRT17 deficien-
cy impairs the activation of ERK, while makes little 
difference on AKT activation in pancreatic cancer 
cells [21], which disagrees with our present results. 
However, a recent in vitro and in vivo study on osteo-
sarcoma cells have shown that KRT17 participates in 
the regulation of the AKT/mTOR/HIFa pathway [32]. 
Besides, the pro-tumor effect of KRT17 was found 
to be AKT-dependent in gastric cancer [33], as well 
as in esophageal squamous cell carcinoma [34]. The 
inconsistences between the reported studies may be 
caused by the underlying cell type specificity in various 
types of tumor.
In the present work, we confirmed for the first time 
that KRT17 may promote BCa progression by means 
of various processes including proliferation, migra-
tion, invasion, EMT and drug resistance. The silencing 
of KRT17 impairs both ERK and AKT phosphoryla-
tion activation in BCa cells, suggesting ERK and AKT 
as downstream effectors of KRT17. 
We are aware that our study has some weak points. 
The main drawback of this study is that although we 
revealed the role of KRT17 in BCa malignancy and 
identified ERK and AKT pathways as the downstream 
of KRT17, the correlation between BCa malignancy 
and pathways are not well illuminated. In other words, 
whether KRT17 affects BCa malignancy via modu-
lation of ERK and AKT pathways is still elusive. In 
conclusion, our study is the first to suggest the vital 
role of KRT17 in the progression of bladder cancer, 
and may imply the potential therapeutic value of 
KRT17 targeting in BCa treatment.
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