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Objective: To investigate the association between KRT17 and the prognosis in bladder
cancer patients.

Methods: The clinical data of 101 patients with bladder cancer from May 2013 to May 2015
were retrospectively analyzed. At the same time, the expression of KRT17 and its correlation
with clinicopathological factors were examined by immunohistochemistry. We search the
prognostic value of KRT17 in bladder cancer from the cancer genome map (TCGA) online
database. To explore the possible cellular mechanism, gene set enrichment analysis (GSEA)
was used. The patients were divided into two groups: high expression of KRT17 and low
expression of KRT17. The patients were followed up for 5 years to observe the survival.
Kaplan—Meier method and Log rank test were used for univariate survival analysis, and Cox
regression analysis was used for multivariate analysis. Finally, a nomogram was constructed
on this basis for internal verification.

Results: Among the 101 patients, 46 (45.5%) were in the KRT17 low expression group and
55 (54.5%) in the high KRT17 expression group. After 5 years of follow-up, 79 patients
survived with a survival rate of 78.2% and 22 patients died with a mortality rate of 21.8%.
Kaplan—Meier survival analysis showed that OS and PFS of patients with high expression of
KRT17 were significantly higher than those of patients with low expression of KRT17
(p<0.001, p=0.005). Cox multivariate analysis showed that KRT17 expression was an
independent risk factor for tumor progression (p=0.019). And tumor size, vascular tumor
thrombus, and T stage also affected tumor progression (p<0.05). In the internal validation,
the c-index of nomogram was 0.898 (95% CI: 0.854-0.941).

Conclusion: The decreased expression of KRT17 is associated with poor prognosis in
patients with bladder cancer. KRT17 can be used as a novel predictive biomarker to provide
a new therapeutic target for bladder cancer patients.

Keywords: keratinl7, bladder cancer, overall survival, prognosis, progression-free survival,

risk factors, nomograph

Introduction

Bladder cancer (BC) is the 10th most common cause of cancer and the 13th leading
cause of cancer death in the world,! with an estimated 549,000 new cases and
200,000 deaths in 2018.% Although considerable progress has been made in surgical
techniques, the five-year survival rate is still at a relatively low level.” Non-muscle
invasive bladder cancer (NMIBC) is the most common type of bladder cancer,
accounting for about 75%.* Postoperative tumor recurrence and NMIBC progres-
sion to MIBC are the main clinical events affecting the prognosis of such patients.’
At present, many studies have shown that tumor pathological stage, pretreatment
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neutrophils-lymphocyte ratio (NLR) and let-7g,® pretreat-
ment lymphocyte—monocyte ratio (LMR), pretreatment
platelet-lymphocyte ratio (PLR),” CENPF,* Ki-67° and
Serum Cholinesterase'® can predict the survival and prog-
nosis of NMIBC patients, but the recurrence rate and
progression rate of the disease are still very high,'' so it
is particularly important to find new prognostic evaluation
indicators and treatment targets.

Keratin is an intermediate fiber in epithelial cells, includ-
ing 28 type I and 26 type Il keratins. It is an important part
of cytoskeleton formation, and is mainly used for cell pro-
tection and cell structure support.'>'*> Loss or mutation of
specific types of keratin can increase the sensitivity to apop-
tosis, further lead to decreased immunity, increased perme-
ability of tight junctions, and misplacement of apical
proteins in different epithelial cells.'*'> With the develop-
ment of tumor-targeting therapy, the influence of keratin
family in human tumor is also being studied and discovered.
For example, keratin 1, as a target receptor for p160 peptide
overexpression in breast cancer cells, plays a key role in the
early detection and treatment of breast cancer.'® A recent
study reported that knockdown of KRT17 may be an effec-
tive method to treat osteosarcoma by inhibiting the prolif-
eration of osteosarcoma cells and inhibiting the Warburg
effect of Akt/mTOR/HIF1-o pathway.!” KRT17 was initi-
ally studied in basal cell carcinoma of the skin, which
belongs to type I keratin family with a molecular weight
of about 48kd."® Existing studies have shown that KRT17 is
involved in the occurrence and development of a variety of
tumors or guide the different prognosis of many tumors,

19 O cervical

such as colorectal cancer,'” gastric cancer,’
camcer,21 renal cell carcinoma,22 pancreatic cancer,23 non-
small cell cancer,”* etc. However, the role of KRT17 in the
prognosis of bladder cancer and its possible pathogenesis
are still unclear.

In this study, we used immunohistochemical staining to
examine the expression of KRT17 in a large number of
bladder cancer tissue samples to determine its clinico-
pathological significance. In addition, we further eluci-
dated the possible pathogenesis of KRT17 through the

analysis of GSEA database.

Data and Methods
The Cancer Genome Atlas (TCGA) and Oncomine data-
base were used for computer analysis.

To investigate the expression pattern of KRT17 in
bladder cancer, two data sets were used (https://tcga-data.
nci.nih.gov/) (www.oncomine.com/). Data were collected

and analyzed using R3.1.2software. The expression of
KRT17 gene in bladder cancer tissues and normal tissues
was compared according to the standard calculation
method mentioned above.”’

Tissue Specimen

From May 2013 to May 2015, 101 patients with bladder
cancer underwent surgical resection in the Department of
Urology, Nantong cancer hospital. There were 30 cases of
bladder cancer with corresponding matched paracancerous
tissue. None of these patients had received neoadjuvant
chemoradiotherapy or other anti-tumor therapy before sur-
gery, and these patients only had bladder cancer as a tumor
diagnosis. Postoperative adjuvant treatment was performed
according to normal time and dose. Follow up was per-
formed by outpatient review or telephone follow-up. The
follow-up was performed every 3 months in the first year,
half a year in the second year, and once a year after the
operation. The patients were followed up until May 2020.
Follow-up items: abdominal and pelvic CT or color
Doppler ultrasound, chest X-ray, tumor markers, routine
urine test, liver function test and kidney function test, etc.
(additional examinations should be conducted according to
the patient’s condition).

Outcome measures: PFS was defined as an indication of
disease progression from the beginning of treatment to any
follow-up. At the end of follow-up, the data of survival and loss
of follow-up were taken as the final cut-off time for statistical
analysis. The mean age of the patients was 63.0 + 9.5 years
(range, 3481 years). There were 82 males and 19 females. All
samples were collected with the written informed consent of
the participants, and the experiment was approved by the ethics
committee of Nantong cancer hospital.

Construction of Tissue Microarray

Tissue microarray was constructed by the pathology depart-
ment of Nantong cancer hospital. Paraffin sections of 101
cases of bladder cancer were stained with hematoxylin—
eosin, and the most typical features were selected under
a microscope to mark the fixed points. Each point array
contains less than 160 points. Three micron thick sections
were cut from the receptor block and transferred to the slide
by tape transfer system for UV crosslinking.

Immunohistochemistry

IHC staining was performed according to the procedure
previously described.?® Polyclonal antibody KRT17
(1:200, Proteintech, USA) was used. The tissue sections
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were examined by two experienced pathologists using
a double-blind method. The proportion of positive cells
and the intensity of cell staining were considered to score
the results of immunohistochemistry. According to the
proportion of positive staining cells, the scores were 0
(negative), 1 (<25%), 2 (25-50%), 3 (51-75%) and 4
(>75%) and staining intensity: 0 (negative or no staining),
1 (weak positive), 2 (central type), 3 (strong positive). The
value obtained by multiplying the two scores is the final
score corresponding to each specimen. After calculating
the arithmetic mean of these scores, the specimen with
a score lower than 8 is defined as KRT17 low expression.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from bladder cancer and adjacent
normal tissues using TRIzol reagent (Invitrogen, Carlsbad,
CA). cDNA was synthesized using the PrimeScript RT

b

reagent kit (Thermo Fisher Scientific). Quantitative real-
time PCR was performed using SYBR Green assays (V
azyme) and executed by a StepOnePlus real-time PCR sys-
tem (Life Carlsbad, CA, USA). The
sequences of the primers for KRT17 were as follows: for-
ward, 5~-CTACAGCCAGTACTACAGGACA-3'; reverse,
5-AACTTGGTGCGGAAGTCATCA-3". We
GAPDH as an internal control. The relative quantification
values of KRT17 were calculated using the 22 2T method.

Technologies,

used

GSEA for KRT17

GSEA (gene set enrichment analysis) is a computational
method to determine whether a priori defined gene sets
have statistically significant and consistent differences
between two biological states.”” In our study, GSEA first
generated an ordered list of genes based on the correlation
between all genes and KRT17 expression, and then, we
used GSEA to clarify the significant survival differences
observed between groups with high and low KRT17. The

d

Figure | (A) Low expression of KRT 17 in cancer tissues (a, magnification, x4; b, magnification, X 10; ¢, magnification, %20; d, magnification, x40). (B) High expression of
KRT17 in cancer tissues (a, magnification, x4; b, magnification, x10; ¢, magnification, X20; d, magnification, x40). (C) Low expression of KRT |7 in the adjacent tissues (a,
magnification, *4; b, magnification, X10; ¢, magnification, %20; d, magnification, x40). (D) High expression of KRTI7 in the adjacent tissues (a, magnification, x4; b,

magnification, X 10; ¢, magnification, x20; d, magnification, x40).
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enriched pathways in each phenotype were determined
using the nominal p value and the normalized enrichment
score (NES).

Statistical Analysis

SPSS 22.0 software (IBM company) was used for statis-
tical analysis. Chi-square test was used to compare and
analyze the clinical and pathological conditions of the two
groups. Kaplan—-Meier method was used to evaluate the
survival of patients, and Log rank statistical method was
used to test the significance. Finally, Cox proportional
hazards regression model was used to identify the inde-
pendent prognostic factors that are significant for the prog-
nosis of bladder cancer patients. Finally, R language was

14
|
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|

BLCA
(num(T)=404; num(N)=28)

* was statistically significant.

Figure 2 High mRNA expression level of KRT17 in tumor tissues in the online
database GEPIA.
Note: *Was statistically significant.

used to draw nomogram and build a prediction model. The
difference was statistically significant (p< 0.05).

Results
Up-Regulation of KRT |17 Expression in

Bladder Cancer

We examined the expression of KRT17 in 101 cases of
bladder cancer and 30 cases of normal adjacent tissues. It
was found that KRT17 was low expressed (45.5%) in 46
bladder cancer tissue samples and high expression (54.5%)
in 55 bladder cancer tissue samples (Figure 1). In order to
confirm the expression level of KRT17 in bladder cancer,
we used the online database GEPIA (http://gepia.cancer-
pku.cn/detail.php?gene=KRT17). The mRNA expression
level of KRT17 was searched and analyzed. The expres-

sion of KRT17 was significantly higher than that in normal
bladder tissues in the online database GEPIA (Figure 2).
The mRNA expression level of KRT17 was significantly
increased in 11 paired tumour tissues compared with the
adjacent normal tissues using qRT-PCR in our study
(Figure 3). The results of our study were consistent with
those in the database.

Correlation Between Expression of
KRT 17 and Clinicopathological

Parameters

Among the 101 bladder cancer patients, 46 (45.5%) were
in the KRT17 low expression group and 55 (54.5%) in the
high KRT17 expression group. There were no significant
differences in gender, age, recurrence, number of tumors,
operation method, adjuvant chemotherapy, involvement of
triangle area, external invasion, vascular tumor thrombus,

P=0.0437
1.5-
~
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[
f 1.0+
o
<
2
o
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[
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Tumor Paired adjacent non-tumor

Figure 3 High mRNA expression level of KRT 17 in tumour tissues using qRT-PCR.
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Table |1 The Relationship Between the Expression of KRT17 and Clinicopathological Data
Variables Total Low Expression High Expression p
n (%) n (%) n (%)
Gender
Male 82 (81.2) 37 (45.1) 45 (54.9) 0.859
Female 19 (18.8) 9 (47.4) 10 (52.6)
Age (years)
<65 39 (38.6) 19 (48.7) 20 (51.3) 0.55
>65 62 (61.4) 27 (43.5) 35 (56.5)
Recurrence
Yes 23 (22.8) 8 (34.8) 15 (65.2) 0.238
No 78 (77.2) 38 (48.7) 40 (51.3)
Number of tumors
Single 70 (69.3) 30 (42.9) 40 (57.1) 0415
Multiple 31 (30.7) 16 (51.6) 15 (48.4)
Tumor size (cm)
<5 76 (75.2) 30 (39.5) 46 (60.5) 0.033*
>5 25 (24.8) 16 (64.0) 9 (36.0)
Operation mode
Transurethral resection 50 (49.5) 18 (36.0) 32 (64.0) 0.057
Radical cystectomy 51 (50.5) 28 (54.9) 23 (45.1)
Adjuvant chemotherapy
Yes 54 (53.5) 22 (40.7) 32 (59.3) 0.299
No 47 (46.5) 24 (51.1) 23 (48.9)
Bladder triangle involvement
Yes 18 (17.8) 10 (55.6) 8 (44.4) 0.347
No 83 (82.2) 36 (43.4) 47 (56.6)
External invasion
Yes 13 (12.9) 8 (61.5) 5 (38.5) 0.215
No 88 (87.1) 38 (43.2) 50 (56.8)
Vascular tumor thrombus
Yes 13 (12.9) 7 (53.8) 6 (46.2) 0.520
No 88 (87.1) 39 (44.3) 49 (55.7)
T stage
TI 51 (50.5) 7(13.7) 44 (86.3) <0.0001*
T2+T3+T4 50 (49.5) 39 (78.0) 11 (22.0)
Grade
GI+G2 49 (48.5) 3 (6.1) 46 (93.9) <0.0001*
G3 52 (51.5) 43 (82.7) 9 (17.3)
Lymph node metastasis
Yes 32 (31.7) 14 (43.8) 18 (56.2) 0.805
No 69 (68.3) 32 (46.4) 37 (53.6)
Other site metastasis
Yes 10 (9.9) 5 (50.0) 5 (50.0) 0.766
No 91 (90.1) 41 (45.1) 50 (54.9)
Note: *P < 0.05 was statistically significant.
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Figure 4 (A) Kaplan—Meier analysis of overall survival (OS) in patients with bladder cancer. (B) Kaplan-Meier analysis of progression-free survival (PFS) in patients with

bladder cancer.

lymph node metastasis and other site metastasis between
the two groups (p>0.05) (Table 1).

In order to determine the prognostic value of KRT17 in
bladder cancer, Kaplan—-Meier analysis was used to ana-
lyze the relationship between KRT17 expression and clin-
ical follow-up data, and Log rank statistical method was
used for significance test. The results showed that the high
expression of KRT17 was positively correlated with over-
all survival (OS) and progression-free survival (PFS) (n =
61, p<0.001, Figure 4A and B), indicating that the OS and
PFS of patients with low expression of KRT17 were sig-
nificantly lower than those with high expression of
KRT17.

To further identify the risk factors associated with
OS in patients with bladder cancer, univariate and multi-
variate analyses were performed to determine whether
low expression of KRT17 is an independent risk factor
for poor prognosis. Univariate analysis showed that
tumor size, presence or absence of vascular tumor
thrombus, T stage, grade and expression of KRT17
were the factors influencing OS (p<0.05). Cox multi-
variate analysis showed that KRT17 expression was an
independent risk factor for tumor progression (p=0.019).
At the same time, tumor size, vascular tumor thrombus,
and T stage also affected tumor progression (p<0.05).
These data suggest that elevated KRT17 expression sig-
nificantly prolongs OS and PFS in patients with bladder
cancer (Tables 2 and 3).

Based on Cox regression analysis, the nomogram was
constructed for internal validation, and the prediction
model was constructed (Figure 5). In the internal valida-
tion, the c-index of nomogram was 0.898 (95% CI:
0.854-0.941).

To explore the possible cellular mechanism, gene set
enrichment analysis (GSEA) was used. As shown in
Figure 6, apoptotic pathway is the most relevant enrich-
ment pathway in high KRT17 group.

Discussion
KRT17 is a member of type I keratin family with a molecular
weight of about 48kd. Some members of this family have
been identified as carcinogenic genes involved in many pro-
cesses of tumorigenesis, such as KRT19,*® KRT1,%
KRTé6c.*® However, the high expression of some members
of this family is positively correlated with the good prognosis
of tumor. For example, the high expression of kRT7 and
kRT19 is related to the good prognosis of patients with
renal clear cell carcinoma.®' Biihler et al*® also found that
the high expression of KRT18 is related to the decreased
invasiveness of breast cancer in vitro, that is, it is related to
good prognosis.

KRT17 is also involved in the occurrence and devel-
opment of a variety of tumors or is associated with poor
prognosis of a variety of tumors, such as colorectal

O cervical cancer,”’ renal cell

cancer,'® gastric cancer,”
carcinoma,22 pancreatic Cancer,23 non-small cell cancer,24
etc., but no related research has been conducted in bladder
cancer.

The abilities to predict outcome and to identify key
players in biological mechanisms that lead to poor out-
come are two important objectives in cancer research.>* In
our study, we first analyzed microarray data from different
databases and found that KRT17 mRNA expression was
significantly up-regulated in bladder cancer tissues com-
pared with normal tissues. At the same time, our immu-
and qRT-PCR result also

nohistochemical results
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Table 2 Univariate Analysis of Clinical Factors on 10] Patients Table 2 (Continued).
with OS
Variabl HR 95% CI
Variables HR (95% CI) p artables ( ) p
Gender Expression of KRT17
Male 1019 (0.344-3.021) 0972 Low expression | (0.034-0.320) 0.000
Female I. ’ ' ’ High expression 0.105
Age (years)
S:; (I)8|7 (0352-1.896) 0638 confirmed the high expression of KRT17 in bladder can-
> - . .
cer. Cox regression analysis showed that KRT17 expres-
Recurrence sion, maximum pathological diameter, presence or absence
Ye 1.116 0.414-3.009 0.829 .
Ijs | ( ) of vascular tumor thrombus, and T stage were independent
o . . .
prognostic factors for bladder cancer.* But interestingly,
Number of tumors we found in the Kaplan—Meier survival analysis that
Singl | 0.169-1.473 0.208 . . . . .
r’llniél 0498 ( ) patients with high KRT17 expression showed higher OS
ultiple . . .
and PFS than those with low KRT17 expression. The
Tumor size (cm) results of immunohistochemistry also showed that the
<5 3.342 1.442-7.746 0.005 . . . .
o5 | ( ) patients with high expression of KRT17 had better tumor
differentiation than those with low expression of KRT17,
Operation mode and the expression of KRT17 on the cell membrane was
Transurethral resection 1.693 (0.704-4.075) 0.240 . . .
) also higher. In contrast to the results reported in traditional
Radical cystectomy [
studies that high expression of KRT17 is associated with
Adjuvant chemotherapy poor prognosis of tumors,’ this also arouses our interest
Yes 1.105 (0.475-2.573) 0.817 . . . .
No | in further research and discussion. For example, Chivu-
Economescu, et al’® found that KRT17 affects the prog-
Bladder triangle invol . . .
adder triangle involvement nosis of gastric cancer in two ways: AKT/mTOR, that
Yes 2.105 | (0.491-9.023) 0316 _ - _
No | sustains proliferation and survival, and the AMPKal/
CREB pathway, which was recently shown to induce
External invasion . ..
organ protection and anti-inflammatory response. Wang,
Yes I (0.229-2.027) 0.490 e o
No 0681 et al”” pointed out that KRT17 promotes proliferation and
Vascular tumor thrombus
Yes | (0.135-0.885) 0.027 Table 3 Multivariate Analysis of Clinical Factors in 10| Patients
No 0345 with OS
T stage Variables HR (95% CI) p
TI 50.404 | (5.122—496.040) | 0.00I Tumor size (cm)
T2+T3+T4 | <5 | (0.16-0.904) 0.029
Grade >5 0.380
GI1+G2 11915 | (3.34-42.504) 0.000 Vascular tumor thrombus
G3 | Yes 3.138 (1.18-8.343) 0.022
Lymph node metastasis No !
Yes 1.054 | (0.426-2.608) 0.909 T stage
No | TI I (0.001-0.400) 0.01
Other site metastasis T2+T3+T4 0.022
Yes | (0.145-1.283) 0.131 Expression of KRTI7
No 0431 Low expression 4263 (1.272-14.290) 0.019
(Continued) High expression |
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Figure 5 Prediction model of nomogram construction.

invasion of NSCLC cells via activation of the Wnt signal-
ing pathway. However, bladder cancer cells are mainly
transitional cells, which are different from gastric cancer
cells and lung cancer cells. Bladder cancer has complex
biological characteristics, such as multifocality, recurrence
and heterogeneity, which is different from the biological
characteristics of gastric and lung
Therefore, KRT17 may affect the prognosis of bladder

cancer through different mechanisms.

cancer cancer.

One of the important characteristics of benign and
malignant cell transformation is the loss of cell differentia-
tion, which can lead to a series of changes in cell structure,
which in turn can lead to tumor cells detachment from the
epithelial layer and metastasis. In these processes, cytos-
keleton and cell adhesion proteins just play a very impor-
tant role.*> Cell adhesion proteins include desmosomes
which help the
cytoskeleton.?® In the process of malignant transformation,

and adhesion junctions, stabilize
the tight network of interaction between the three has
undergone great changes, which leads to the reduction of
cell adhesion and structural changes, and finally leads to
the occurrence of migration.*” Therefore, as a member of
the skeleton protein, when KRT17 is highly expressed, the
cell stability is better, the cell structure is not easy to
change, the cell adhesion is also better, and it is not easy
to migrate. Therefore, the prognosis of patients with this
type of patients is better than that of patients with low
expression of KRT17. One study found that KRT17 func-
tions as an oncoprotein by regulating the subcellular

07 06 05 04 03 02 041

localization and degradation of p27(KIP1) in patients
with cervical cancer.*® Therefore, it is necessary to further
explore whether p27 and KRT17 also have
a relationship in bladder cancer in the future. This will

such

provide better support for the effectiveness of KRT17 as
a predictor.

On the basis of the results of Cox regression analysis,
we drew a nomogram and conducted internal verification,
so as to have a more accurate judgment on the 3-year and
S-year survival rate prediction of bladder cancer patients,
which also has certain practical significance for the devel-
opment of clinical treatment. In the internal validation, the
c-index of nomogram is 0.898 (95% CI is 0.854—0.941).
Therefore, the prediction model has relatively good
accuracy.

Since patients with high KRT17 expression have better
OS and PFS than patients with low KRT17 expression, we
explored the possible cellular mechanism through gene set
enrichment analysis (GSEA). At present, some studies
have reported that the loss or mutation of certain types
of keratin can increase the sensitivity to apoptosis, further
lead to increased permeability of tight junctions and mis-
positioning of apical proteins in different epithelial cells,
thus leading to the occurrence of bad results of cell
mig:{ration.m"15 We also found that the apoptotic pathway
was the most relevant enrichment pathway in the high
KRT17 group (Figure 6). Therefore, we will further
explore this pathway in future cytological research, so as
to better explain this interesting phenomenon.
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Figure 6 The GSEA result showed the most relevant enrichment pathway.

Conclusion

In conclusion, our study shows that KRT17 is significantly
up-regulated in bladder cancer, and KRT17 expression can
be used as an independent prognostic factor for bladder
cancer patients. In addition, we found that patients with
high expression of KRT17 have better prognosis and may
regulate cell migration through apoptosis. Therefore, it is
necessary to further study to elucidate the more specific
molecular mechanism, which is helpful for the develop-
ment of new drug candidates for targeted therapy of blad-
der cancer.
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