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KRT15 overexpression predicts poor prognosis in colorectal cancer 
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Keratin-15 (KRT15) is a type I keratin lacking a defined type II partner and plays a key role in maintaining cytoplasmic 
stability. Recently, studies have reported that KRT15 was correlated with tumor formation and progression. However, 
the clinical significance of KRT15 in colorectal cancer is unclear. In this study, we aimed to investigate the expression of 
KRT15 and its clinical significance in colorectal cancer. KRT15 expression was examined in 98 cases of colorectal cancer 
and matched adjacent normal tissues by quantificational real-time polymerase chain reaction (qRT-PCR) and immuno-
histochemistry (IHC), respectively. Then, the clinical significance of KRT15 expression was evaluated in colorectal cancer. 
QRT-PCR results revealed that the mRNA levels of KRT15 in colorectal cancer tissues were significantly higher compared 
with those in normal tissues (p<0.0001). The rates of KRT15 high-expression in colorectal cancer and normal tissues were 
57.1% and 8.9%, respectively, and the difference was statistically significant (p<0.0001). KRT15 high-expression correlated 
with differentiation, T stage, lymph node metastasis and clinical stage in colorectal cancer (p<0.05). Meanwhile, KRT15 
overexpression predicted poor prognosis and could be used as an independent prognostic factor. These data indicate KRT15 
is highly expressed in colorectal cancer and may serve as a prognostic biomarker. 
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Colorectal cancer (CRC) is the third most common cancer 
type in the world [1–2]. The incidence of CRC is predomi-
nated in 40–50 age group; however, an increasing burden of 
colorectal cancer is observed among younger adults [3–4]. 
Nowadays, surgery, chemotherapy and radiotherapy are 
main strategies for the treatment of CRC, however, the 5-year 
survival rate is less than 10% in metastatic cases [5–7]. There-
fore, identifying the novel cancer-related genes is meaningful 
for the evaluation of clinical therapy.

Keratin-15 (KRT15) is a type I keratin lacking a defined 
type II partner, which plays a key role in maintaining 
cytoplasmic stability [8–10]. KRT15 is mainly expressed in 
basal keratinocytes of stratified epithelium, while abnormal 
expression of KRT15 is involved in tumor formation and 
progression [11–16]. However, the clinical significance of 
KRT15 in colorectal cancer is unknown.

In present study, KRT15 expression was detected in 98 
cases of colorectal cancer and matched adjacent normal 
tissues. Moreover, the correlation between KRT15 expres-
sion and clinicopathological characters was further analyzed 
in CRC.

Patients and methods

Patient samples. A total of 98 paraffin-embedded tissue 
specimens from patients with colorectal cancer were obtained 
from March 2012 to August 2018 at the Zhongnan Hospital, 
Wuhan University. Matched adjacent normal tissues were 
more than 5 cm away from a tumor. Patients who received 
chemotherapy or radiotherapy before surgery were excluded 
from the study. Detailed patients` information was obtained 
from medical records, including age, sex, tumor size, tumor 
differentiation, T stage, lymph node metastasis, distant 
metastasis and clinical stage. Follow-up time started from the 
day of surgery. Pathological diagnosis was confirmed by the 
pathologists in Zhongnan Hospital, Wuhan University. This 
study was performed in accordance with the Declaration of 
Helsinki and approved by the ethics committee of Zhongnan 
Hospital, Wuhan University. All patients signed an informed 
consent to agree with the use of samples.

qRT-PCR. All fresh tissues were collected after surgery 
and immediately stored in liquid nitrogen until RNA extrac-
tion. All operations were performed according to manufac-
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turer’s instructions. Total RNAs were extracted using TRIzol 
reagent (Invitrogen, Grand Island, NY, USA) and reverse-
transcribed into cDNAs by using PrimeScript RT Reagent 
kit (TaKaRa Corp, Dalian, China). Then, DNAs/DNAs were 
amplified and quantified by TaqMan Universal PCR Master 
Mix (Applied Biosystems). Cycling conditions were 95 °C for 
3 min, 40 cycles of 95 °C for 10 s and annealing temperature for 
10 s. Fold changes were evaluated by delta-delta Ct method. 
The primer sequences of KRT15 were 5’-AGAAATCT-
GAATTCCTATTGCAGGAGA-3’ and 5’-CCCTGAAAGCT-
TAGACCGAGGGACCCT-3’. The primer sequences of 
GAPDH were 5’-GGAGCGAGATCCCTCCAAAAT-3’ and
5’-GGCTGTTGTCATACTTCTCATGG-3’. 

Immunohistochemical staining. Tissue sections were 
deparaffinized, rehydrated and immersed in hydrogen 
peroxide for blocking endogenous peroxidase activity. 
Antigen retrieval was performed by sodium citrate buffer 
(pH 6.0). Then, sections were incubated with rabbit polyclonal 

KRT15 antibody (Abcam Corp, USA, diluted 1:300) at room 
temperature for 2 h. Then, sections were washed with PBS 
and incubated with biotin-labeled secondary antibodies at 
room temperature for 30 min. Finally, sections were devel-
oped by diaminobenzidine tetrahydrochloride (DAB) and 
counterstained with hematoxylin staining (Zhongshan 
corp, China). Serum substituted the primary antibody 
was used as negative control. Based on the staining inten-
sity and percentage of positive cells, immunohistochemical 
staining was analyzed independently by two pathologists. 
Staining intensity was recorded as 0 (negative), 1 (positive 
1+), 2 (positive 2+) and 3 (positive 3+). Percentage of cells 
were recorded as 1 (1–25%), 2 (26–50%), 3 (51–75%) and 
4 (76–100%). Total score was calculated by multiplying the 
scores of staining intensity and percentage (range from 0 to 
12). According to the receiver operating characteristic curve 
(ROC) analysis, KRT15 expression was divided into high-
expression and low-expression.

Figure 1. KRT15 expression was examined in colorectal cancer. A) The mRNA levels of KRT15 in colorectal cancer and normal tissues were measured 
by qRT-PCR (N=98). B) KRT15 low-expression was shown in normal tissues by IHC (N=98). C) KRT15 high-expression was shown in colorectal cancer 
tissues by IHC (N=98). D) A statistics graph for KRT15 expression in normal tissues and colorectal cancer tissues. *: Compared with colorectal cancer, 
p<0.0001.
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Statistical analysis. All data were presented as mean ± SD 
and analyzed by SPSS software (version 19.0; SPSS, Chicago, 
IL, USA). Paired t-test was used to analyze the mRNA levels 
of KRT15 between colorectal cancer and matched adjacent 
normal tissues. The correlation between KRT15 expres-
sion and clinicopathological characteristics was analyzed 
by Chi-square test (χ2). Kaplan-Meier method and Cox’s 
proportional hazards model were used to evaluate patients’ 
survival. A p<0.05 was considered statistically significant.

Results

KRT15 is highly expressed in colorectal cancer. Firstly, 
the expression levels of KRT15 in colorectal cancer and 
matched adjacent normal tissues were detected by qRT-PCR. 
Results shown that the mRNA levels of KRT15 in colorectal 
cancer were significantly increased compared with those 

in normal tissues (p<0.0001, Figure 1A). Then, the protein 
expression levels of KRT15 in colorectal cancer and matched 
adjacent normal tissues were further examined by IHC. As 
shown in Figure 1B, positive staining of KRT15 was hard 
to detect in normal tissues, while it was easy to observe in 
colorectal cancer tissues (Figure 1C). According to the ROC 
analysis, IHC score = 6 was regarded as the cut-off to differ-
entiate KRT15 high-expression and low-expression. The rate 
of KRT15 high-expression in colorectal cancer was 57.1%, 
which was significantly higher than those in normal tissues 
(8.9%, Table 1, Figure 1D, p=0.004). Subsequently, the corre-
lation between KRT15 expression and clinicopathological 
characteristics was analyzed in colorectal cancer. KRT15 
high-expression was significantly associated with tumor 
differentiation, T stage, lymph node metastasis and clinical 
stage (Table 2, p<0.05), while was not correlated with age, 
gender, tumor size and distant metastasis (Table 2, p>0.05).

KRT15 overexpression predicts poorer prognosis 
in colorectal cancer. To investigate the correlation between 
KRT15 expression and patients’ survival, Kaplan-Meier 
method and Cox’s proportional hazards were performed. 
Kaplan-Meier analysis revealed that KRT15 expression, 
differentiation, T stage, lymph node metastasis, distant 
metastasis and clinical stage correlated with patients’ survival 
(Table 3, p<0.05). Patients with KRT15 high-expression 
presented shorter survival time compared with those with 
KRT15 low-expression (Figure 2, p<0.001). Furthermore, 
Cox regression analysis shown that KRT15 expression as 
well as lymph node metastasis and distant metastasis were 
independent prognostic factors in colorectal cancer (Table 4, 
p<0.05).

Table 1. KRT15 expression was detected in colorectal cancer by IHC.

Types N
KRT15 

p-valueLow-expression 
(%)

High-expression 
(%)

Colorectal cancer tissues 98 42 (42.9) 56 (57.1) 0.004
Normal tissues 98 90 (91.1) 8 (8.9)

Table 2. The correlation between KRT15 expression and clinicopatho-
logical characters was analyzed in colorectal cancer.

Clinicopathological 
characters N

KRT15 
p-value

Low-expression High-expression 
Age (years)

≤54 53 21 32 0.542 
>54 45 21 24

Gender
Male 64 29 35 0.528 
Female 34 13 21

Tumor size (cm)
≤3 39 21 19 0.103 
>3 59 21 38

Differentiation  
High grade 56 34 22 <0.0001
Middle-low grade 42 8 34

T stage
T1–T2 68 36 32 0.004 
T3–T4 30 6 24

Lymph node metastasis
Negative 62 34 28 0.003
Positive 36 8 28

Distant metastasis
Negative 91 41 50 0.233 
Positive 7 1 6

Clinical stage
I–II 62 34 28 0.003
III 36 8 28

Figure 2. Kaplan-Meier survival analysis shown KRT15 overexpression 
predicted poorer prognosis in colorectal cancer.
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observed in breast cancer [17], non-small cell lung cancer 
[18], urothelial cell carcinomas [19], ameloblastoma [20] and 
hepatocellular carcinoma [21]. KRT15 downregulation was 
found in oral squamous neoplasms [12], prostate tumors [22] 
and gastric cancer [23]. However, the expression of KRT15 in 
colorectal cancer remains unknown.

In this study, we detected the expression of KRT15 in 
colorectal cancer by qRT-PCR and IHC. Results showed that 
the mRNA levels of KRT15 in colorectal cancer were signifi-
cantly increased compared with those in matched normal 
tissues. IHC results showed that positive staining of KRT15 
was easily detected in colorectal cancer, while was hard to 
detect in normal tissues. Moreover, the rate of KRT15 high-
expression in colorectal cancer was significantly greater than 
those in normal controls. These data indicated that KRT15 
might be as an oncogene that implicated in the formation 
of colorectal cancer, which was consistent with the current 
reports [17–21]. The detection of KRT15 might be helpful 
for the diagnose of colorectal cancer. Moreover, KRT15 
high-expression was significantly associated with tumor 
differentiation, T stage, lymph node metastasis and clinical 
stage in CRC, suggesting that KRT15 high-expression 
might contribute to tumor progression. Survival analysis 
shown that KRT15 was an independent prognostic factors 
in colorectal cancer and patients with KRT15 high-expres-
sion had poorer prognosis. These data indicated that KRT15 
might serve as a prognostic biomarker in colorectal cancer. 
Furthermore, KRT15 was reported to be associated with 
breast cancer progression and could be as an independent 
prognostic factor [9, 17]. Zhang et al. reported that KRT15 
was differentially expressed in gastric cancer and associated 
with prognosis [23]. KRT15 expression was reported to be 
associated with tumor type, stage and differentiation grade in 
non-small cell lung cancer [13, 18]. Therefore, our data was 
in line with these studies [9, 17–21] and further supported 
that KRT15 was an oncogene.

In conclusion, these data indicate that KRT15 as an 
oncogene is highly expressed in colorectal cancer. KRT15 
overexpression might be involved in the formation and 
progression of CRC. Moreover, KRT15 overexpression 
predicts poor prognosis in  colorectal cancer, which may 
serve as a prognostic biomarker. Of course, further investiga-
tions are needed to validate our findings.

Acknowledgments: Thanks for all patients who supported this 
study.

Table 3. Survival analysis was performed by Kaplan-Meier method. 

Variables N Survival time  
(Month, 95% CI) p-value

KRT15
Low-expression 42 56 (52–60) 0.003
High-expression 56 48 (43–53)

Age (years)
≤54 53 52 (46–58) 0.648 
>54 45 51 (47–55)

Gender
Male 64 52 (47–57) 0.276 
Female 34 53 (48–58)

Tumor size (cm)  
≤3 39 57 (52–62) 0.083
>3 59 48 (44–52)

Differentiation  
High grade 56 56 (53–59) <0.0001
Middle-low grade 42 43 (37–49)

T stage  
T1–T2 68 58 (54–62) <0.0001
T3–T4 30 39 (32–46)

Lymph node metastasis
Negative 62 55 (52–58) <0.0001
Positive 36 42 (35–49)

Distant metastasis
Negative 91 56 (53–59) <0.0001
Positive 7 12 (10–14)

Clinical stage
I–II 62 55 (52–58) <0.0001
III 36 42 (35–49)

Table 4. Survival analysis was performed by multivariate Cox regression 
analysis. 

Variables Hazard 
ratio 95% CI p-value

KRT15 
(High-expression vs. Low-expression)

2.319 1.268–4.242 0.006

Age (≤54 years vs. >54 years) 1.121 0.546–2.300 0.755
Gender (Female vs. Male) 0.662 0.320–1.372 0.267
Tumor size (>3 cm VS ≤3 cm) 1.398 0.764–2.558 0.277
Differentiation 
(Middle-low grad vs. High grade)

2.284 0.669–7.796 0.187

T stage (T1–T2 vs. T3–T4) 1.645 0.491–5.513 0.420 
Lymph node metastasis 
(Positive vs. Negative)

1.903 1.015–3.565 0.045

Distant metastasis 
(Positive vs. Negative)

36.598 10.534–127.145 <0.0001

Clinical stage (III–IV vs. I–II) 0.856 0.171–4.363 0.86

Discussion

KRT15, a type I keratin, is expressed primarily in the basal 
keratinocytes of stratified tissues [8]. Recent studies have 
reported that Keratin-15 expression is involved in tumor 
formation and progression [11–16]. KRT15 upregulation is 
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