
Summary. Background. A rich history of studies have 
manifested the importance of miRNAs to cancer 
progression, while miR-194-3p has been seldom 
explored. 
      Objective. The purpose of this study is to unearth the 
way the miR-194-3p/KLK10 axis modulates colorectal 
cancer (CRC). 
      Methods. Differentially expressed genes of CRC in 
TCGA database were analyzed. Western blot and qRT-
PCR were employed to test protein and mRNA 
expressions of two researched genes. Their targeting was 
confirmed using dual-luciferase. Biological behaviors of 
cells were tested by a series of cellular functional assays. 
      Result. Remarkably low miR-194-3p expression and 
high KLK10 expression were observed in cancer cells. 
Overexpressing miR-194-3p hindered the progression of 
CRC cells. Overexpression of miR-194-3p significantly 
weakened the promoting effect of upregulated KLK10 
on cell migration, invasion and proliferation. Their 
targeting was verified by dual -luciferase assay. 
Therefore, miR-194-3p hindered cell behaviors of CRC 
through KLK10. 
      Conclusion. This investigation casts new light on the 
treatment of CRC through the miR-194-3p/KLK10 axis. 
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Introduction 
 
      Colorectal cancer (CRC) triggers a massive number 
of deaths every year. Despite the great progress in 
medical approaches, most CRC patients are still 
diagnosed in late stages and miss the optimal time for 
surgery. Therefore, CRC still features a relatively high 
rate of incidence and mortality (Connell et al., 2017; 

Thanikachalam and Khan, 2019). Moreover, recurrence, 
metastasis and drug resistance are also important reasons 
for the poor prognosis of CRC patients (Brenner and 
Chen, 2018). Hence, it is necessary to deeply 
comprehend the underlying mechanisms of CRC 
pathogenesis and metastasis, so as to develop new 
therapies and improve the survival rate of CRC patients.  
      Varying cellular biological processes were reported 
to be mediated by miRNAs (Zhang et al., 2007; Lee and 
Dutta, 2009). Therefore, identifying CRC-related 
miRNAs is of great significance for cancer therapy. 
Some research showed that miR-194, is pivotal in 
carcinogenesis, and was found to be down-regulated in 
liver cancer (Meng et al., 2010), multiple myeloma 
(Pichiorri et al., 2016), gastric cancer (Song et al., 2012), 
and CRC (Zhao et al., 2014). MiR-194 also 
conspicuously reduces colony formative ability and 
tumor growth as a suppressor gene in CRC (Chang et al., 
2017). As a complementary sequence of mature miRNA, 
miRNA* is generally degraded after the formation of 
mature miRNA. MiR-194-3p, the mature body of miR-
194, has been rarely studied in cancer. A study 
conducted by Yi and other experts revealed the functions 
of lncRNA PTPRG-AS1/PRC1/miR-194-3p in 
nasopharyngeal carcinoma (NPC), and it was found that 
the corresponding mechanism has clinical significance in 
the treatment of NPC (Yi et al., 2019). Bioinformatics 
analysis so far has proved down-regulated miR-194-3p 
in CRC (Chiang et al., 2012), yet whether the 
dysregulation of miR-194-3p is related to CRC 
progression needs further study. 
      KLK10 belongs to the human kallikrein related 
peptidase family (Borgono and Diamandis, 2004). 
Studies exhibited that the expression patterns of KLK10 
in different tumors are different. For example, KLK10 is 
lowly expressed in prostate cancer (Sidiropoulos et al., 
2005), breast cancer (Liu et al., 1996), and NSCLC 
(Zhang et al., 2010). On the contrary, KLK10 is up-
regulated in oral squamous cell carcinoma and ovarian 
cancer as a tumor promoter (Zhang et al., 2010). 
Although studies showed that KLK10 is pertinent to 
CRC patient’s dismal prognosis (Petraki et al., 2012; 
Talieri et al., 2011), the upstream regulatory mechanism 
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of KLK10 in in this cancer has rarely been investigated. 
      We decided to clarify the expression and targeting 
relationship of the two genes. The effect of their 
interaction on the development and progression of CRC 
was also investigated. We posited that miR-194-3p 
targeted KLK10 to mediate progression and performed 
the subsequent experiments to prove the speculation. 
The results may cast light on CRC therapy. 
  
Materials and methods 
 
Microarray analysis 
 
      First, miRNA (tumor: 521; normal: 46) and mRNA 
(tumor: 535; normal: 59) data were accessed from 
TCGA database. The “edgeR” package was utilized for 
examining the differential miRNA expressions 
(|logFC|>2, padj<0.05), and the survival significance of 
the differentially expressed miRNAs (DEmiRNAs) was 
examined by “survival” package. Overlap of miR-194-
3p-targeted mRNAs (calculated by miRTarBase, 
TargetScan and miRDB) and differentially expressed 
mRNAs (DEmRNAs) was deemed as the target mRNA. 
 
Cell culture 
 
      BeNa Culture Collection (BNCC) (Shanghai, China) 
was the provider of the cells used in this study. The cell 
lines and their mediums used in this study were as 
follows: normal cell line NCM-460 (BNCC339288) in 
McCoy’s medium with 10% FBS, colon carcer cell lines 
HCT116 (BNCC337692) in RPMI-1640 medium 
containing 10% FBS, and SW1116 (BNCC341365) in 
high glucose-DMEM with 1% streptomycin/penicillin 
and 10% FBS. All of them were kept in an incubator 
under routine conditions. 
 
Cell transfection 
 
      RiboBio (Guangzhou, China) offered all plasmids 
used in this investigation. The mimics, plasmids and 
vectors were respectively transfected or co-transfected 
with colon cancer cells HCT116 and SW1116 using 
Lipofectamine 2000 Kit (Invitrogen, Carlsbad, CA, 
USA). Upon 24 h, these cells could be employed to the 
follow-up assays. 
 
qRT-PCR  
 
      Isolation of total RNA was performed by using 
Trizol (15596026, Invitrogen, Carlsbad, CA, USA). 
Complimentary DNA (cDNA) for mRNA and miRNA 
was synthesized respectively with the PrimeScript RT 
Master Mix (Takara, Dalian, China) and MiScript II RT 
kit (Qiagen, USA). Real-time PCR apparatus (ABI7500, 
ABI, Foster City, CA, USA) was employed with the 
assistance of SYBR Premix EX Taq kit (RR420A, 
Takara Bio Inc., Otsu, Shiga, Japan). Data analysis was 
conducted using 2-ΔΔCt method. Internal references were 

as follows: miRNA: U6; mRNA: KLK10. The primers 
were: miR-194-3p: F, 5’-TTCCCGCCCCCTGTAAC-3’, 
R, 5’-GGCCCTCGCCCCAGATAA-3’; U6: F, 5’-
CTCGCTTCGGCAGCACA-3’, R, 5’-AACGCTTC 
ACGAATTTGCGT�3’; KLK10: F, 5’-GCCCGGAG 
AGTGAAGTACAA-3’, R, 5’-GTAAACACCCCA 
CGAGAGGA-3’; GAPDH: F, 5’-GGACCTGAC 
CTGCCGTCTAG-3’, R, 5’GTAGCCCAGGATGC 
CCTTGA-3’. 
 
Western blot (WB) 
 
      Extraction of total proteins was performed through 
RIPA buffer (Beyotime, China). Concentration 
measurement was carried out with BCA Kit (Beyotime, 
China). Proteins were isolated on SDS-PAGE. The 
proteins were subsequentially mounted on a PVDF 
(Millipore) membrane under constant current. The 
membrane was sealed using 5% skimmed milk powder 
(2 h), followed by a culture overnight with primary 
rabbit anti-KLK10 antibody (Abcam, China) or rabbit 
anti-GAPDH antibody (Abcam, China) at 4°C. 
Afterwards, secondary antibody goat anti-rabbit IgG 
(Abcam, China) was utilized for an extra 2 h of 
incubation. Protein signal examination was implemented 
using ECL kit (GE Healthcare, Chicago, IL, USA). 
 
CCK-8 
 
      Cells from each transfected group were plated 
(2.5×103 cells/well). Then, 10 μL CCK-8 reagent 
(CK04; Dojindo Laboratories, Kumamoto, Japan) was 
dropped at indicated times (0/24/48/72/96 h). Thereafter, 
24 h of routine culture was implemented. A microplate 
reader (Multiskan MK3; Thermo Fisher Scientific Inc., 
Waltham, MA) was utilized to read absorbance (490 
nm). 
 
Wound healing assay 
 
      Cells were plated first. When the coverage of cells in 
each well reached 80%, a straight line on the surface of 
the monolayer cells was drawn by pipette tips to form a 
clear cell-free area. After 24 h of cultivation in medium 
free of serum, wound closure was calculated (0/24 h). 
 
Transwell method 
 
      Matrigel-coated Transwell room was incubated at 
37°C for solidification. The upper chamber was then 
added with about 2×104 cells. The lower room was filled 
by DMEM with 10% FBS (Thermo Fisher, USA). Forty-
eight h later, the non-invading cells were wiped with a 
cotton swab, while invading cells were stained with 
0.1% crystal violet. 
 
Dual-Luciferase reporter gene assay 
 
      Mutant (mut)/wild type (wt) KLK10 3’ untranslated 

302

MiR-194-3p/KLK10 modulates progression of CRC cells



region (3’UTR) reporter carriers included binding sites 
with miR-194-3p and mutant binding sites (General 
Biosystems; Anhui, China). Co-transfection was 
performed on NC mimic or miR-194-3p mimic and the 
carriers described with HCT116 and SW1116 cells. In 
this process, the kit used was Lipofectamine 2000 
(Invitrogen). Luciferase activity examination was 
performed 48 h later. The kit used in this procedure was 
Dual-Lucy Assay Kit (Solarbio). 
 
Data analysis 
 
     GraphPad Prism 6.0 Software (GraphPad Prism 
6.0, San Diego, CA, USA) was employed to process 
s ta t is t ics  obtained.  Our experiment  processes 
included three biological and technical replicates. 
The form of mean ± standard deviation denoted 
results. Significant differences were compared using 
methods like two-tail student’s t-test and one way of 
var iance,  for  two group and mult iple  groups 
respectively. Afterwards, Turkey HSD test was 
applied. Statistical significance was defined when p 
value was less than 0.05. 

Results 
 
Down-regulated miR-194-3p in colon cancer cells 
correlates with patient’s prognosis 
 
      MiRNA expression in TCGA-COADREAD dataset 
was analyzed through bioinformatics analysis (patient’s 
clinical information is shown in Supplementary Table 1). 
As suggested by results, miR-194-3p was conspicuously 
poorly-expressed in CRC tissue (p=1.7e-07, Fig. 1A). 
Survival analysis illuminated patients with lower miR-
194-3p expression having shorter survival time in CRC 
patients (p=0.012, Fig. 1B). qRT-PCR discovered 
conspicuously down-regulated miR-194-3p in colon 
cancer (p=9.06e-06, 2.96 e-05, Fig. 1C). 
 
MiR-194-3p overexpression inhibits the progression of 
colon cancer cells 
 
      To unearth the functions of the researched miRNA in 
SW116 and HCT116, it was overexpressed in the two 
cell lines. After detection by qRT-PCR, conspicuously 
up-regulated miR-194-3p was recorded (p=2.12e-05, 
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Fig. 1. MiR-194-3p is lowly expressed in SW116/HCT116cells and correlates 
with patient’s poor prognosis. A. Boxplots of miR-194-3p expression (blue for 
normal tissue group and yellow for tumor tissue group). B. Survival curves of 
CRC patients (yellow for high expression and blue for low expression).  
C. Expressions of the researched miRNA. *** represents p<0.001.



p=2.53e-06, Fig. 2A). Thus, the cell lines successfully 
overexpressing miR-194-3p were eligible for the follow-
up assays. Next, CCK-8 demonstrated conspicuously 
lower proliferative potential in miR-194-3p-mimic 
(p=2.31e-13, p=6e-15, Fig. 2B). Wound healing and 
Transwell methods also demonstrated the conspicuous 
reduction of migratory and invasive potentials in miR-
194-3p-mimic (p=3.75e-06, p=7.83e-06, p=1.45e-07, 
p=2.86e-07, Fig. 2C,D). Altogether, the potentials of 
SW1116 and HCT116 cells to proliferate, migrate and 
invade were hindered by miR-194-3p overexpression. 
 
High expression of KLK10 in SW1116 and HCT116cells 
 
      MiR-194-3p-targeted mRNAs were found by 
multiple databases. Besides, these genes were 
overlapped with the 1,141 up-regulated DEmRNAs 
screened from TCGA to obtain the differentially 

expressed gene KLK10 (p<2.2e-16, Fig. 3A) which was 
with binding sites of miR-194-3p. TCGA data revealed 
that KLK10 was highly expressed in tumor tissue 
(p=7.496e-03, Fig. 3B). Correlation analysis based on 
TCGA data revealed negative correlation between these 
two genes (Fig. 3C). KLK10 expression was further 
tested and found to be conspicuously high in two colon 
cancer cell lines (p=6.72e-03, p=2.7e-03, Fig. 3D). 
Similarly, WB result showed observably up-regulated 
KLK10 protein expressions in two cell lines (Fig. 3E). 
Considering the above results, we speculated the target 
between KLK10 and the studied miRNA in CRC. 
 
KLK10 is targeted by miR-194-3p 
 
      We first predicted the target locations of miR-194-3p 
on KLK10 3’UTR through bioinformatics analysis. They 
proved to have target locations (Fig. 4A). Dual-
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Fig. 2. MiR-194-3p overexpression hinders biological behaviors of SW1116/HCT116 cells. A. Expressions of miR-194-3p. B. The proliferative 
potentials of cells. C. The invasive potential of cells. D. The migratory potential of cells. * p<0.05, ** p<0.01, *** p<0.001.



luciferase assay was used to confirm their targeting. 
Then, we found inhibited luciferase activity of KLK10-
WT by miR-194-3p-mimic, but there was no such effect 
on KLK10-MUT (p=1.68e-04, p=0.95, p=1.01e-03, 
p=0.37, Fig. 4B). KLK10 mRNA expression in 
transfecting groups was tested by qRT-PCR. KLK10 
mRNA expression was conspicuously down-regulated in 
miR-194-3p-mimic, whereas the expression was the 
opposite in miR-194-3p-inhibitor (p=1.01e-05, p=1.26e-
04, p=1.19e-04, p=1.78e-04, Fig. 4C). WB illuminated 
similar results in mRNA protein expressions (Fig. 4D). 
Altogether, KLK10 was hindered by miR-194-3p in 
CRC cells. 
 
MiR-194-3p hinders cellular functions of colon cancer via 
modulating KLK10  
 
      NC mimic+vector, miR-NC+oe-KLK10, miR-194-
3p mimic+oe-KLK10 groups were established in rescue 
assay. The expression of KLK10 in miR-NC+oe-KLK10 
was found to be significantly up-regulated, while the 
expression was rescued in miR-194-3p mimic+oe-
KLK10 (p=0.0003, p=5.93e-04, p=3.91e-04, p=6.01e-
04, Fig. 5A,B). As shown in CCK-8 results, KLK10 
overexpression conspicuously strengthened the 
potentials for SW1116/HCT116 cells to proliferate, 

whereas overexpressing miR-194-3p counteracted such 
an impact (p=7e-15, p=4-e15, p=1.58e-12, p=6.3e-13, 
Fig. 5C). Wound healing and Transwell methods also 
displayed the similar trends (p=1.5e-03, p=1.05e-03, 
p=7.45e-04, p=3.45e-03, p=1.41e-03, p=7.63e-04, 
p=1.99e-03, p=1.7e-03, Fig. 5D,E). Altogether, miR-
194-3p hindered the cellular functions of CRC via 
KLK10. 
 
Discussion 
 
      In previous studies, it was found that during the 
development of CRC, expression of many miRNAs 
alters, which is related to the basic cellular function, 
such as cell differentiation and progression (de Krijger et 
al., 2011). Here, conspicuously down-regulated miR-
194-3p was discovered to hinder the cellular functions of 
SW1116/HCT116. For miR-194, it was reported that 
miR-194 displays an anti-tumor effect in assertive 
cancers (Basati et al., 2016; Yi et al., 2019; Zhou et al., 
2020). Sun et al. (2019) covered that miR-194 hampers 
CRC stem cells to proliferate. MiR-194 modulates 
epithelial-mesenchymal transition of tumor to cast new 
lights on CRC onset and metastasis (Cai et al., 2017). 
      Nonetheless, little data are available about miR-194-
3p in CRC. Bioinformatics analysis and cell function 
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Fig. 3. High expression KLK10 and its negative correlation with miR-194-3p in SW1116/HCT116. A. Venn diagram of target mRNAs. B. Boxplot of 
KLK10 expression (yellow for tumor group and blue for normal group). C. Pearson analysis of the two studied genes. D. The expression of KLK10 
mRNA. E. The expression of KLK10 proteins. ** p<0.01.



experiments proved that miR-194-3p functions as a 
tumor suppressor in the processes of CRC cell 
progression. 
      Alteration of KLK10 expression in prostate cancer, 
testicular cancer and ovarian cancer is considered to be 
an effective prognostic indicator of disease progression 
(Luo et al., 2001; Shvartsman et al., 2003; Yousef et al., 
2003, 2004). In cervical cancer, miR-199b-5p 
downregulates KLK10 to facilitate tumor growth (Xu et 
al., 2018). According to the research of Feng and other 
experts, up-regulated KLK10 in CRC and gastric cancer 
correlates with the malignant progression of the diseases 
and poor prognosis (Feng et al., 2006). Constantina 
Petraki and other researchers proposed that KLK10 is 
pertinent to CRC patient’s survival outcomes (Petraki et 
al., 2012). The study conducted by Maroulio and other 
researchers showed that KLK10 may exert as a 
biomarker for CRC treatment (Petraki et al., 2012). 
Previous studies only were limited to the clinical aspect, 

and there has not yet been any study on the mechanism 
and biological functions of KLK10 in CRC. Here, dual-
luciferase assay further confirmed the targeting of these 
two genes. Moreover, KLK10 overexpression enhanced 
the cellular functions of SW1116/HCT116, suggestive of 
dismal prognosis of patients with high KLK10 
expression. The results are consistent with those of Feng 
et al., and the regulatory mechanism of KLK10 was 
further verified on this basis. In addition, according to 
the rescue experiments, In CRC, miR-194-3p hindered 
cancer cellular functions by modulating KLK10. 
      On the whole, we unearthed the functions of miR-
194-3p/KLK10. Specifically, overexpression of miR-
194-3p conspicuously hindered cancer cell functions. 
MiR-194-3p could mediate the KLK10 in a targeting 
manner, thus exerting its anti-cancer effect on CRC. 
These findings provide a breakthrough point for finding 
a new targeted therapy for CRC. Nonetheless, 
limitations still existed in our study. We did not verify 

306

MiR-194-3p/KLK10 modulates progression of CRC cells

Fig. 4. MiR-194-3p inhibits KLK10. A. The target locations of the two studied genes. B. Images of dual-luciferase assay. C. The expression of KLK10 
mRNA. D. KLK10 protein expression. ** p<0.01, *** p<0.001.



307

MiR-194-3p/KLK10 modulates progression of CRC cells

Fig. 5. MiR-194-3p hinders cellular functions of SW1116/HCT116 via modulating KLK10. A, B. Expression of KLK10 mRNA and protein. C. The 
proliferative potential of cells. D. The migratory potential of cancer cells. E. The invasive potential of cancer cells. * p<0.05, ** p<0.01, *** p<0.001.



the expression of two genes in CRC patient’s tissue. We 
did not apply in vivo approaches to probe their impacts 
on tumor growth. In the future, we will enrich these 
parts. 
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