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Abstract. Kallikrein‑related peptidase 12 (KLK12) is overex-
pressed in cancer tissues including gastric, breast and prostate 
cancer. However, the role of KLK12 in colorectal cancer is not 
fully understood. In the present study, the level of KLK12 was 
determined by performing reverse transcription‑polymerase 
chain reaction (RT‑qPCR) in colorectal cancer tissues and cell 
lines. Lipofectamine® 2000 was used to transfect HT‑29 cells to 
overexpress and knockdown KLK12. Cell viability, migration, 
invasion and apoptosis were detected by MTT, wound healing, 
Transwell and flow cytometry assays, respectively. The mRNA 
and protein expression levels of EMT‑associated proteins, 
apoptosis‑associated proteins, phosphorylated adenosine 
monophosphate‑activated protein kinase (p‑AMPK) and 
phosphorylated mammalian target of rapamycin (p‑mTOR) 
were determined by RT‑qPCR and western blot analysis. It 
was identified that the KLK12 mRNA levels were increased 
significantly in colorectal cancer tissues and cell lines. KLK12 
small interfering RNA inhibited cell viability, migration and 
invasion. Furthermore, epithelial‑mesenchymal transition 
(EMT)‑associated proteins were altered by siKLK12. Cell 
apoptosis was induced by KLK12 downregulation, which 
was demonstrated by the changes in apoptosis‑associated 
proteins; however, KLK12 overexpression produced the 

opposite effect. SiKLK12 enhanced the expression of 
p‑AMPK and suppressed the expression of p‑mTOR, while 
KLK12 overexpression had the opposite effect. Promotion of 
KLK12 overexpression‑induced cell viability was reversed by 
5‑aminoimidazole‑4‑carboxamide ribonucleotide, an activator 
of the AMPK signaling pathway, and rapamycin, a specific 
inhibitor of the mTOR signaling pathway. Taken together, the 
results of the present study indicated that KLK12 was overex-
pressed in colorectal cancer and may regulate cell behavior, 
potentially via the AMPK and mTOR pathways.

Introduction

Colorectal cancer, which is one of the most common types 
of malignant tumor, has the third highest incidence in men 
and the second highest incidence in women globally; as a 
result, colorectal cancer is responsible for a high number of 
mortalities  (1). Radical surgical resection is currently the 
only method for treating colorectal cancer (2). The primary 
cause of failure in colorectal cancer surgery is metastasis 
and tumor recurrence. To date, no effective medication has 
been identified to inhibit the progression of colorectal cancer. 
Therefore, the development of protective therapies to suppress 
the progression of colorectal cancer is necessary in treatment 
of colorectal cancer.

Epithelial mesenchymal transition (EMT) is a key mecha-
nism in tumor metastasis (3,4). In tumor cells, it is a biological 
process in which tumor cells allow epithelial cells to trans-
form into cells with mesenchymal phenotype characteristics. 
During the process, tumor epithelial cells lose their polarity 
and adhesion among cells is decreased. Through this, intersti-
tial cell characteristics including high migration and invasion 
ability, anti‑apoptosis and degradation of extracellular matrix 
are obtained (5,6). Therefore, EMT, which serves an important 
role in the process of tumor metastasis is also a critical condi-
tion for invasion and metastasis in colorectal cancer, (7).

As a class of serine/threonine protein kinases in eukaryotic 
cells, the primary function of adenosine monophosphate‑acti-
vated protein kinases (AMPK) is to serve as a cellular energy 
sensor to modulate cellular responses to a low nutrient envi-
ronment (8). A previous study has indicated that AMPK may 
regulate cell proliferation, growth and autophagy  (9). The 
tumor suppressor gene serine/threonine kinase 11 may activate 
AMPK, while tumor suppressor gene TSC complex subunit 2 
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(TSC2) is a downstream effector of AMPK (10). These studies 
provide evidence that AMPK may be a potential target for 
cancer therapy. Mammalian target of rapamycin (mTOR) 
is also a serine/threonine protein kinase that regulates cell 
growth by integrating nutrient and growth factor signaling (11). 
Numerous studies have indicated that rapamycin may inhibit 
the proliferation of colorectal cancer cells in vivo and in vitro, 
and it has been suggested that the mTOR pathway is activated 
in patients with colorectal cancer (12,13). Therefore, targeting 
AMPK and mTOR signal pathways may be a promising 
protective strategy for management of colorectal cancer.

As a class of serine proteases, human kallikrein‑related 
peptidases (KLKs) are encoded by 15 different genes that 
localize to human chromosome 19q13.4 and have a highly 
conserved set of gene structures and protein sequences (14). 
KLKs have been demonstrated to serve important roles in 
tumor growth and metastasis and are considered as markers 
for various types of cancer (15). A previous study indicated 
that KLKs were closely associated with colorectal cancer, 
as it participated in tumor cell proliferation, apoptosis and 
prognosis (16). An additional study also identified that KLK 
promoted the invasion and metastasis of cancer cells by 
hydrolyzing certain macromolecular substances including 
the extracellular matrix (ECM), cell adhesion molecules 
(CAM), and importantly, KLK may degrade almost all 
ECM molecules  (17). It was also demonstrated that the 
AMPK/TSC2/mTOR signaling pathway was involved in 
the process of tissue kallikrein to protecting the SH‑SY5Y 
neuronal cell line against oxygen and glucose depriva-
tion‑induced injury (18). KLK12 is known as kallikrein 5, and 
a previous study has demonstrated that KLK12 mRNA levels 
were upregulated in cancer tissues including gastric, breast 
and prostate cancer (19). It has been suggested that KLK12 
may become a novel tumor biomarker, as data from a recent 
study demonstrated that the mRNA expression of KLK12 was 
upregulated in phase III colorectal cancer tissues (20), which 
also suggested that KLK12 may be involved in the pathogen-
esis of cancer and malignant changes in tissues (19). However, 
the mechanisms underlying the effect of KLK12 in human 
colorectal cancer remain unclear.

The present study was performed to investigate the role of 
KLK12 in cellular and animal colorectal cancer models, and 
to identify the potential underlying mechanisms. The results 
from the study increased understanding on the role of KLK12 
in colorectal cancer.

Materials and methods

Human tissue samples. From May 2016 to May 2017, 45 patients 
who received radical colorectal cancer resection in The First 
Affiliated Hospital of Zhejiang Chinese Medical University 
(Hangzhou, China), were recruited to the study. Specimens 
were obtained immediately following surgical resection and 
stored at ‑80˚C for subsequent analysis. All patients had a 
negative preoperative history of chemotherapy or radiotherapy 
and no other types of cancer were diagnosed concomitantly. 
The present study was approved by the Ethical Committee 
of The First Affiliated Hospital of Zhejiang Chinese Medical 
University and written informed consent was obtained from 
each patient.

Immunohistochemistry (IHC). Tissues were fixed with 4% 
paraformaldehyde for 24 h at room temperature and embedded 
in paraffin. The paraffin‑embedded block tissues were cut 
into 4 µm sections. The samples were dehydrated in a graded 
ethanol (100,‑95, 90, 80, 70 and 0%), and for antigen retrieval, 
deparaffinized sections were incubated in a microwave oven 
at 95˚C for 5 min and cooled for 1 h at room temperature. 
Following washing with PBS for two times, the sections were 
treated with methanol containing 3% hydrogen peroxide for 
10 min at room temperature and blocked with 5% goat serum 
(Beijing Solarbio Science & Technology Co., Ltd.) at room 
temperature for 20 min. Subsequently, anti‑KLK12 antibody 
(cat. no.  AF3095; R&D systems, Inc.) was added to the 
sections at 4˚C and incubated for 24 h. Following washing with 
PBS three times, biotin‑labeled goat anti‑rabbit IgG secondary 
antibody (1:5,000, cat. no. ab97049, Abcam) was added to the 
sections and incubated for 10 min at room temperature. The 
sections were then stained by 0.05% DAB staining solution 
(Leica Microsystems, Inc.) at room temperature for 15 min 
and stained with 2 g/l hematoxylin (Beijing Solarbio Science 
& Technology Co., Ltd.) for 3 min at room temperature. The 
sections were then observed using an MF43 fluorescence 
microscope (Guangzhou Micro‑shot Technology Co., Ltd.), 
with magnification of x100 and 200.

Cell culture. Colorectal cancer HT‑29, LoVo, SW‑480, 
SW‑620, Caco2, HCT‑116, HCT‑15, RKO, LS174T and 
DLD‑1 cell lines, and the normal colon CCD‑18Co cell line 
were purchased from American Type Culture Collection. 
RPMI‑1640 medium containing 2 mM L‑glutamine, 10% fetal 
bovine serum (FBS), penicillin G (100 U/ml) and streptomycin 
(0.1 mg/ml) was used as cell culture medium and cultured 
with the cells at 37˚C with 5% CO2. All culture reagents were 
purchased from Gibco; Thermo Fisher Scientific, Inc. HT‑29 
cells were inoculated and grown to 80% confluency prior to 
treatment with adequate concentrations of rapamycin (10 nM; 
cat. no. V900930; Sigma‑Aldrich; Merck KGaA) and 5‑amino-
imidazole‑4‑carboxamide ribonucleotide (AICAR; 2 mM; cat. 
no. A9978; Sigma‑Aldrich; Merck KGaA) for 90 min, and the 
cells were then transfected with KLK12 plasmid for 12, 24 and 
48 h to detect cell viability.

Transfection. 50 nmol/l small interfering RNA targeted KLK12 
(siKLK12) and negative siRNA (Shanghai GenePharma 
Co., Ltd.) were inserted into pLKO.1‑TRC vector (Shanghai 
Institute of Biochemistry and Cell Biology, Chinese Academy 
of Sciences) to produce the recombinant plasmid. siRNA was 
used to transfect HT‑29 cells using Lipofectamine™ 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). The KLK12 
coding region was inserted into the pLKO.1‑TRC vector, and 
the HT‑29 cells were transfected with KLK12 plasmid or 
empty vector. The cells that did not undergo transfection were 
used as a control. Sequences of the siRNAs used in the present 
study were as follows: KLK12 siRNA sense, 5'‑AAA​CAG​UGA​
CAG​CCA​CGU​ATT‑3'; KLK12 siRNA antisense, 5'‑UAC​GUG​
GCU​GUC​ACU​GUU​UGG‑3'; negative siRNA sense, 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3'; negative siRNA antisense, 
5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'. Transfected cells 
were cultured in complete medium for 48 h prior to use in the 
invasion, migration and apoptosis experiments.
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MTT assay. HT‑29 cells were transfected with or without 
exposure to AICAR/rapamycin. The transfected cells were 
seeded in 96‑well plates at a density of 5x103/l. Following 
incubation at 37˚C for 12, 24 and 48 h, 10 µl MTT solution 
(5 mg/ml) was added into the wells and the plate was incu-
bated in an atmosphere containing 5% CO2 at 37˚C for 4 h. 
Next, a microplate reader was used to measure the absor-
bance at 450 nm. Cell viability was detected by MTT assay 
(Thermo Fisher Scientific, Inc.) according the manufacturer's 
protocol.

Wound healing assay. After 48 h of cell culture transfection, 
the cell density of each group was ~90%. The cells were 
serum‑starved for 24 h, and 200 µl sterile tip was used to 
scratch the cells in the well plate. The medium was discarded 
and the surface was gently washed 3 times with PBS to rinse 
off the exfoliated cells. After 0 and 24 h, the cell culture plate 
was placed under a 40‑fold inverted microscope (Olympus 
Corporation) to be observed, and images at the same position 
were captured twice.

Transwell assay. Transwell chambers (8  µm; Corning 
Incorporated) was placed on a 24‑well plate with a layer of 
50 µl Matrigel (BD Biosciences) coated onto the Transwell 
chamber 37˚C for 30 min. Then, 6x104 transfected cells were 
cultured in serum‑free medium for 12  h to eliminate the 
effects of the serum and then resuspended in RPMI‑1640 
medium without FBS. A total of 100 µl suspended cells were 
added to the Transwell chamber, while 400 µl RPMI‑1640 
medium containing 20% FBS was added to the lower cham-
bers. The cells were cultured with 5% CO2 for 24 h at 37˚C 
in an incubator. The Transwell chamber was then removed, 
the culture solution in the Transwell plate was discarded and 
washed with calcium‑free PBS twice, and the chamber was 
fixed in 100% methanol solution at 4˚C for 30 min and stained 
with 0.1% crystal violet for 20 min at room temperature. Next, 
PBS was used to wash the chamber, and the upper chamber 
liquid was aspirated. The unmigrated cells in the upper layer 
were gently wiped off using a cotton swab. The microporous 
membrane was removed using a small tweezers carefully 
and dried with the bottom side up and then transferred to a 
glass slide, sealed with a neutral gum. Images were observed 
and captured using an inverted light microscope (Olympus 
Corporation), with the magnification of x200.

Apoptosis assay. An Annexin V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) apoptosis detection kit (BD 
Biosciences Medical Devices Shanghai Co., Ltd.) was used 
to detect HT‑29 cells apoptosis. Colorectal cancer HT‑29 
cells (5x105 cells per well) were seeded in 6‑well plates until 
cell density reached 85%. siKLK12, KLK12 plasmids and 
the corresponding control plasmids were used to transfect 
HT‑29 cells, which were then cultured in serum‑free medium 
at 37˚C for 5 h. After 48 h of culture, the cells were centri-
fuged at 4˚C for 10 min, at the speed of 5,000 x g, and washed 
twice with PBS, and 100 µl 1X Annexin V Binding Buffer 
and 5 µl FITC‑labeled Annexin V (20 µg/ml) were added to 
the cells and incubated at room temperature for 20 min. Next, 
the cells were added with 5 µl PI (50 µg/ml) for 5 min and 
400 µl binding buffer (BD Biosciences). A flow cytometer (BD 
Biosciences Medical Devices Shanghai Co., Ltd.) was used 
to analyze cell apoptosis; among those cells, FITC‑/PI‑ cells 
represented healthy living cells, FITC‑/PI+ cells represented 
necrotic cells, FITC+/PI‑ cells indicated early apoptotic cells, 
FITC+/PI+ cells represented late apoptotic cells.

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Following transfection, HT‑29 cells were incu-
bated in an incubator for 48 h, and total RNA from HT‑29 
cells (2x104 cells/well in 6‑well plates) and 50 mg of colorectal 
cancer and normal tissues were extracted using TRIzol® reagent 
(Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. NanoDrop™ 2000 spectrophotometer (NanoDrop 
Technologies; Thermo Fisher Scientific, Inc.) was conducted 
to measure RNA quality; an A260/A280 ratio between 1.8‑2.0 
was required for the generation of cDNA. The oligo‑dT or 
stem‑loop reverse transcriptase primers (Takara Bio, Inc.) were 
used to obtain cDNA, and the RT thermocycler conditions 
were set at 42˚C for 60 min, 70˚C for 5 min and maintenance 
at 4˚C. qPCR was performed with SYBR® Premix Ex Taq™ II 
(Takara Bio Inc.) using real‑time PCR Detection System (ABI 
7500; Thermo Fisher Scientific, Inc.). PCR reaction conditions 
were as follows: Pretreatment at 95˚C for 10 min, followed by 
40 cycles at 94˚C for 15 sec, 60˚C for 1 min and 60˚C for 1 min, 
and preservation at 4˚C. The 2‑ΔΔCq method was used to quantify 
the data (21). The primers used in this assay are listed in Table I.

Western blot analysis. The HT‑29 cells were treated with 
siKLK12, KLK12 and the corresponding control plasmid and 

Table I. Primers for reverse transcription quantitative polymerase chain reaction.

Genes	 Forward	 Reverse

KLK12	 GCCTCAACCTCTCCATCGTC	C TTGAAGGACTCCCCCACAC
E‑cadherin	C GAGAGCTACACGTTCACGG	 GGGTGTCGAGGGAAAAATAGG
Vimentin	 TGCCGTTGAAGCTGCTAACTA	CC AGAGGGAGTGAATCCAGATTA
Snail	 TCGGAAGCCTAACTACAGCGA	 AGATGAGCATTGGCAGCGAG
MMP‑2	 TTGATGGCATCGCTCAGATC	 TTGTCACGTGGCGTCACAGT
MMP‑9	 GACGCAGACATCGTCATCCA	C ACAACTCGTCATCGTCGAAA
GAPDH	 AACGTGTCAGTGGTGGACCTG	 AGTGGGTGTCGCTGTTGAAGT

KLK12, kallikrein‑related peptidase 12; E‑cadherin, epithelial cadherin; MMP, matrix metalloproteinase.
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then cultured in an incubated for 48 h. Total proteins were 
extracted from HT‑29 cells (2x104 cells/well in 6‑well plates) 
and tissues (50 mg) by radioimmunoprecipitation assay lysis 
buffer (Cell Signaling Technology, Inc.). A BCA Protein Assay 
kit (Pierce; Thermo Fisher Scientific, Inc.) was applied to 
measure the concentrations of proteins, which were adjusted to a 
concentration of 6 µg/µl using 1X loading and DEPC water. The 
samples (5 µl) were separated by 10% SDS‑PAGE gels and then 
transferred to polyvinylidene fluoride membrane (PVDF; EMD 
Millipore). Following blocking in 5% nonfat milk in PBST 
(0.1% Tween-20 in PBS) for 1 h at 37˚C, the PVDF membranes 
were probed with the primary antibodies overnight at 4˚C, 
followed washing 3  times with PBST. Next, the membrane 
was incubated with the secondary antibody (horseradish 
peroxidase‑conjugated goat anti‑mouse/rabbit IgG, 1:2,000; cat. 
nos. sc‑516102/sc‑2357; Santa Cruz Biotechnology, Inc.) at room 
temperature for 2 h and washed with PBST 3 times. An EZ‑ECL 
kit (Biological Industries) was used to develop the membranes, 
and the gray values of the bands were analyzed and quantified 
using ImageJ v5.0 software (Bio‑Rad Laboratories, Inc.). The 
antibodies used in the study were as follows: Anti‑GAPDH 
(mouse; 1:1,000; cat. no. LS‑B1625; LifeSpan BioSciences, Inc.); 
anti‑epithelial (E)‑cadherin (mouse; 1:1,000; cat. no. ab1416; 
Abcam); anti‑vimentin (rabbit; 1:1,000; cat. no.  ab92547; 
Abcam); anti‑matrix metalloproteinase (MMP)‑2 (rabbit; 
1:1,000; cat. no. ab37150; Abcam); anti‑MMP‑9 (rabbit; 1:1,000; 
cat. no. ab73734; Abcam); anti‑zinc finger protein SNAI1 (Snail; 
rabbit; 1:1,000; cat. no. 3879; Cell Signaling Technology, Inc.); 
anti‑cleaved caspase‑3 (rabbit; 1:1,000; cat. no. ab13847; Abcam); 
anti‑Bax (rabbit; 1:1,000; cat. no. ab32503; Abcam); anti‑Bcl‑2 
(rabbit; 1:1,000; cat. no. ab32124; Abcam); anti‑AMPK (mouse; 
1:1,000; cat. no.  ab32047; Abcam); anti‑phosphorylated 
(p)‑AMPK (rabbit; 1:1,000; cat. no.  ab133448; Abcam); 
anti‑mTOR (rabbit; 1:1,000; cat. no. ab32028; Abcam); and 
anti‑p‑mTOR (rabbit; 1:1,000; cat. no. ab84400; Abcam).

Statistical analysis. All the experimental data are presented 
as the mean ± standard deviation. Statistical analyses were 
performed using GraphPad Prism 6 (GraphPad Software, Inc.) 
statistical software. A one‑way analysis of variance followed 
by Turkey's post hoc was used to analyze differences among 
the experimental groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

KLK12 is highly expressed in colorectal cancer tissues and cell 
lines. In the present study, the expression levels of KLK12 in 
colorectal cancer tissues and adjacent normal tissues of cancer 
were initially explored using RT‑qPCR. The results indicated 
that the KLK12 mRNA level was increased in the cancer 
tissues compared with the adjacent normal tissues (Fig. 1A). 
The IHC results indicated a large number of brown particles 
in the cancer tissues (Fig. 1B). Next, the KLK12 levels in the 
colorectal cancer cell lines and normal cells were determined 
using RT‑qPCR; the results in the cell lines were consistent 
with those from the cancer tissues, in that the KLK12 mRNA 
levels were identified to be increased at different degrees in the 
majority of the colorectal cancer cell lines, with the exception 
of HCT‑15 and RKO cells, compared with normal colorectal 
cells CCD‑18Co (Fig. 1C). HT‑29 cells exhibited the highest 
expression of KLK12; therefore, HT‑29 cells were selected to 
be used in the following experiments.

Knockdown of KLK12 inhibits HT‑29 cells viability and 
promotes the cell apoptosis. To further investigate the functional 
effects of KLK12 on colorectal cancer HT‑29 cells, KLK12 
expression was silenced by siRNA using Lipofectamine® 2000 
transfection reagent, and RT‑qPCR (Fig. 2A) and western blot 
analysis (Fig. 2B and C) were performed to confirm that the 
transfection was successful. Subsequently, HT‑29 cells were 
seeded in a 96‑well plate and transfected with small interfering 
RNA of KLK12 for 12, 24 and 48 h. The viability of HT‑29 
cells was analyzed using the MTT assay. It was identified that 
knockdown of KLK12 significantly decreased the viability of 
HT‑29 cells at 24 and 48 h (Fig. 2D). Furthermore, cell apop-
tosis levels were quantified by flow cytometry using Annexin V 
and PI double staining, and it was demonstrated that KLK12 
silencing noticeably increased the proportion of apoptotic 
HT‑29 cells compared with the control and NC groups (Fig. 2E).

Knockdown of KLK12 inhibits HT‑29 cells migration and 
invasion. Migration and invasion are typical biological 
characteristics of malignant tumors; therefore, invasion and 
migration were determined by wound healing and Transwell 
invasion assays, respectively. It was observed that KLK12 
silencing for 24 h significantly decreased the migration rate in 

Figure 1. KLK12 is highly expressed in colorectal cancer tissues and cell lines. (A) RT‑qPCR analysis of mRNA expression levels of KLK12 in colorectal cancer 
tissues and normal tissues. (B) Immunohistochemistry was used to detect the expression of KLK12 in colorectal cancer and normal tissues. (C) RT‑qPCR 
analysis of mRNA expression of KLK12 in colorectal cancer cell lines and normal colorectal cells. *P<0.05 and **P<0.01 vs. normal or CCD‑18Co cells. 
KLK12, Kallikrein‑related peptidase 12; RT‑qPCR, reverse transcription quantitative polymerase chain reaction.
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HT‑29 cells (Fig. 3A and B). Concomitantly, cell invasion was 
inhibited following 24 h downregulation of KLK12 in HT‑29 
cells (Fig. 3C and D).

Overexpression of KLK12 suppresses apoptosis in HT‑29 cells. 
The expression level of KLK12 was overexpressed by a KLK12 
plasmid using Lipofectamine® 2000 transfection reagent, and 
RT‑qPCR (Fig. 4A) and western blot analysis (Fig. 4B and C) 
were performed to confirm that the transfection was successful. 
Subsequently, HT‑29 cells were seeded in a 96‑well plate and 
transfected with the KLK12 plasmid for 12, 24 and 48 h. The 
viability of the HT‑29 cells was analyzed using the MTT assay. 
KLK12 overexpression significantly increased the viability of 
HT‑29 cells at 48 h (Fig. 4D). Furthermore, cell apoptosis levels 
were quantified by flow cytometry with Annexin V and PI 
double staining, and it was identified that KLK12 overexpres-
sion significantly decreased the proportion of apoptotic HT‑29 
cells compared with the control and mock groups (Fig. 4E).

Upregulation of KLK12 promotes migration and invasion in 
HT‑29 cells. In the present study, invasion and migration were 
determined by wound healing and Transwell invasion assays, 
respectively. The results demonstrated that overexpressing 
KLK12 for 24 h significantly increased the migration rate of 
HT‑29 cells (Fig. 5A and B), and that cell invasion was also 
increased following KLK12 upregulation for 24 h in the HT‑29 
cells (Fig. 5C and D).

EMT‑associated and apoptosis‑associated proteins are altered 
in HT‑29 cells treated with siKLK12/KLK12. The effects of 
siKLK12/KLK12 on the EMT‑associated proteins including 
E‑cadherin, Vimentin, Snail, MMP‑2 and MMP‑9 were deter-
mined in HT‑29 cells by performing RT‑qPCR and western 
blot analysis. It was identified that treatment with KLK12 

siRNA significantly upregulated the expression of E‑cadherin 
and downregulated the expression levels of vimentin, Snail, 
MMP‑2 and MMP‑9 at mRNA levels (Fig. 6A) and protein levels 
(Fig. 6B and C). However, overexpression of KLK12 produced 
the opposite effect in these proteins, in comparison with the 
results from siKLK12 treatment (Fig. 6A‑C). It was also identified 
that apoptosis was induced by siKLK12 treatment and inhibited 
by KLK12 overexpression from the results of flow cytometry; 
however, alterations to the apoptosis‑associated proteins remained 
unclear. Therefore, the effects of KLK12 silencing and over-
expression on the expression of apoptosis‑association proteins 
including Bcl‑2, Bax and cleaved caspase‑3 was examined in 
the HT‑29 cells by western blot analysis. The results indicated 
that KLK12 silencing induced apoptosis, as the expression of 
anti‑apoptosis protein Bcl2 was significantly downregulated and 
the expression levels of pro‑apoptosis proteins Bax and cleaved 
caspase-3 were upregulated, when compared with the control 
group (Fig. 6D and E), while overexpression of KLK12 elicited 
the opposite effect in these proteins, in comparison with the 
effects of siKLK12 treatment (Fig. 6D and E).

AMPK and mTOR pathways are involved in HT‑29 cells treated 
with siKLK12/KLK12. The AMPK/mTOR signaling pathway 
serves an important role in tumor progression and metastasis. To 
explore the potential mechanism of KLK12 in the regulation of 
colorectal cancer cell migration and invasion, the present study 
examined the effects of KLK12 on AMPK/mTOR signaling. The 
levels of p‑AMPK, AMPK, p‑mTOR and mTOR in the HT‑29 
cells, which were transfected with siKLK12 and the KLK12 
plasmid, were determined by western blot analysis. The results 
demonstrated that in HT‑29 cells transfected with siKLK12, 
p‑AMPK levels were significantly upregulated compared with 
control group; by contrast, the expression of p‑mTOR was 
decreased (Fig. 7A and B). However, overexpression of KLK12 

Figure 2. Knockdown of KLK12 inhibits HT‑29 cell viability and promotes cell apoptosis. (A) The transfection efficiency of KLK12 mRNA level was 
confirmed by reverse transcription quantitative polymerase chain reaction. (B and C) The transfection efficiency of KLK12 protein level was (B) verified and 
(C) quantified by western blot analysis. (D) Analysis of cell viability using the Cell Counting Kit‑8 assay in HT‑29 cells treated with or without siKLK12 or 
NC. (E) Flow cytometry was used to detect HT‑29 cells apoptosis with or without siKLK12 or NC. **P<0.01 vs. control group. ^^P<0.01 vs. NC group. KLK12, 
kallikrein‑related peptidase 12; si, small interfering RNA; NC, negative control; con, control.
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resulted in the opposite effect in those proteins compared with 
siKLK12 treatment (Fig. 7A and B). In order to confirm the role 
of AMPK/mTOR in the progression of HT‑29 cells, an activator 

of the AMPK signaling pathway, AICAR (2 mM), and a specific 
inhibitor of mTOR signaling pathway, rapamycin (10 nM), 
were incubated with HT‑29 cells with or without the KLK12 

Figure 4. Overexpression of KLK12 suppresses apoptosis in HT‑29 cells. (A) The transfection efficiency of KLK12 mRNA level was confirmed by reverse 
transcription quantitative polymerase chain reaction. (B and C) The transfection efficiency of KLK12 protein level was (B) verified and (C) quantified by 
western blot analysis. (D) Analysis of cell viability using the Cell Counting Kit‑8 assay in HT‑29 cells treated with or without KLK12 or NC plasmid. (E) Flow 
cytometry was used to detect HT‑29 cells apoptosis with or without KLK12 or NC plasmid treatment. *P<0.05 and **P<0.01 vs. control group. ^P<0.05 and 
^^P<0.01 vs. mock group. KLK12, kallikrein‑related peptidase 12; Con, control.

Figure 3. Migration and invasion are inhibited by KLK12 silencing in HT‑29 cells. (A and B) The migration rate of HT‑29 cells treated with siKLK12 for 0 and 24 h 
were (A) visualize and (B) quantified using a wound healing assay. (C and D) Invasion rate of HT‑29 cells treated with siKLK12 for 24 h were (C) visualized and 
(D) quantified using a Transwell assay. **P<0.01 vs. control group. ^^P<0.01 vs. NC group. KLK12, kallikrein‑related peptidase 12; NC, negative control; con, control.
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Figure 5. Migration and invasion are promoted by KLK12 overexpression in HT‑29 cells. (A and B) Migration rate of HT‑29 cells treated with KLK12 plasmid for 
0 and 24 h were (A) visualized and (B) quantified using a wound healing assay. (C and D) Invasion rate of HT‑29 cells treated with KLK12 plasmid for 24 h were 
(C) visualized and (D) quantified using a Transwell assay. **P<0.01 vs. control group. ^^P<0.01 vs. mock group. KLK12, kallikrein‑related peptidase 12; con, control.

Figure 6. Expression of epithelial‑mesenchymal transition‑associated and apoptosis‑associated proteins is altered in HT‑29 cells treated with siKLK12 or 
KLK12 overexpression plasmids. (A) The mRNA levels of E‑cadherin, vimentin, Snail, MMP‑2 and MMP‑9 were analyzed by reverse transcription quantita-
tive polymerase chain reaction. (B and C) The protein levels of E‑cadherin, vimentin, Snail, MMP‑2 and MMP‑9 were analyzed by western blot analysis. 
(D and E) The protein levels of Bcl‑2, Bax protein and cleaved caspase‑3 were analyzed by western blot analysis. *P<0.05 and **P<0.01 vs. NC group. ^P<0.05 
and ^^P<0.01 vs. mock group. The ‘KLK12’ group represents the KLK12 overexpression group. KLK12, kallikrein‑related peptidase 12; si, small interfering 
RNA; E‑cadherin, epithelial cadherin; Snail, zinc finger protein SNAI1; MMP, matrix metalloproteinase; NC, negative control.
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plasmid for 12, 24 and 48 h. The viability of the HT‑29 cells was 
analyzed using MTT assay. The data demonstrated that AICAR 
reversed the effect of KLK12 overexpression on cell viability, 
and that AICAR had significant inhibitory effect on viability of 
HT‑29 cells (Fig. 7C). Surprisingly, the results of rapamycin on 
the effect of KLK12 on HT‑29 cell viability were consistent with 
AICAR (Fig. 7D).

Discussion

Tissue or serum levels of KLK are examined individually 
or in small groups as a diagnostic or prognostic factor for 
determining different types of cancer (22,23). In the colorectal 
cancer, KLK has been demonstrated to act as a diagnostic or 
prognostic factor (16). However, KLK12 has not been studied 
extensively in colorectal cancer. In the present study, KLK12 
overexpression was demonstrated promoting the viability and 

inhibit apoptosis in the colorectal cancer‑derived HT29 cell 
line via the activation of the AMPK/mTOR signaling pathways.

There have been multiple previous studies concerning 
KLK12 in different types of cancer: Li et al identified that 
KLK12 levels were significantly increased in gastric cancer 
cells compared with in GES‑1 cells (24). In addition, analysis of 
a combined sample of 3,153 cases and 3,199 controls indicated 
that the KLK12 tag single nucleotide polymorphism rs3865443 
was marginally and statistically correlated with the risk of 
developing prostate cancer (25). KLK12 expression at mRNA 
level was markedly increased in MKN‑45 gastric cancer 
cells compared with normal mucosal cells and 2 other gastric 
cancer cell lines (26); the mRNA level of KLK12 observed in 
the present study was consistent with previous studies. It was 
also identified that KLK12 expression levels were increased 
in colorectal cancer tissues and colorectal cancer‑derived 
cell lines compared with their corresponding controls. These 

Figure 7. AMPK and mTOR pathways are involved in HT‑29 cells treated with siKLK12 or KLK12 overexpression plasmids. (A and B) Protein levels of AMPK, 
p‑AMPK, mTOR, p‑mTOR and GAPDH in HT‑29 cells were (A) analyzed and (B) quantified by western blot analysis. (C) Analysis of cell viability using the CCK‑8 
assay in mock or KLK12‑transfected HT‑29 cells incubated with or without AICAR treatment. (D) Analysis of cell viability using the CCK‑8 assay in mock or 
KLK12‑transfected HT‑29 cells incubated with or without rapamycin treatment. *P<0.05 and **P<0.01 vs. NC group. ^P<0.05 and ^^P<0.01 vs. mock group. #P<0.05 
vs. KLK12. &P<0.05 vs. AICAR. $P<0.05 vs. rapamycin. The ‘KLK12’ group represents the KLK12 overexpression group. KLK12, kallikrein‑related peptidase 12; 
AMPK, adenosine monophosphate‑activated protein kinase; p‑APMK, phosphorylated adenosine monophosphate‑activated protein kinase; mTOR, mammalian target 
of rapamycin; p‑mTOR, phosphorylated mammalian target of rapamycin; CCK‑8, Cell Counting Kit‑8; AICAR, 5‑aminoimidazole‑4‑carboxamide ribonucleotide.
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data demonstrated that the oncogenic potential of KLK12 in 
colorectal cancer was similar to that in other types of cancer.

Metastasis is regarded as a major factor contributing to the 
poor prognosis of patients with colorectal cancer and is a typical 
feature of malignant tumors. Overexpression of KLK12 protein 
was significantly associated with lymph node metastasis, and 
the proliferation of gastric cancer MKN‑45 cells was markedly 
decreased by the knockdown of KLK12 protein (26).

Transfection of AGS cells with KLK12 siRNA led to 
decreased cell proliferation (24). KLK12 efficiently cleaved 
human extracellular matrix proteins fibronectin and tenascin, 
both of which are involved in the regulation of endothelial cell 
adhesion and migration (27). In the present study, cell viability, 
migration and invasion were inhibited when the HT‑29 cells 
were transfected with siKLK12. Concomitantly, E‑cadherin 
expression was upregulated and vimentin, Snail, MMP‑2 and 
MMP‑9 expression were downregulated in siKLK12‑trans-
fected HT‑29 cells. However, KLK12 overexpression 
elicited the opposite effect on those factors. Therefore, it was 
concluded that KLK12 may be involved in the process of EMT 
in colorectal cancer, at least in HT‑29 cells.

Previous data supports the hypothesis that targeting 
apoptosis may be a promising and protective strategy for the 
management of colorectal cancer. MLK7‑AS1 knockdown 
promoted CRC cell apoptosis in vitro (28). Lupeol‑induced 
cellular apoptosis of both colorectal cancer cell lines, which 
increased p53 and decreased Bcl2 protein levels (29). In the 
present study, apoptosis levels and the expression levels of 
apoptosis‑associated proteins were determined by flow cytom-
etry and western blot analysis, respectively. It was identified 
that cell apoptosis was induced by the knockdown of KLK12 
in HT‑29 cells. In addition, the anti‑apoptosis protein (Bcl‑2) 
was expressed at low levels and the pro‑apoptosis proteins 
(Bax and cleaved caspase-3) were expressed at high levels 
in the siKLK12 group, compared with the control group. 
However, KLK12 upregulation produced the opposite effect 
on those factors. These results suggested that the function of 
KLK12 as a carcinogenic factor in colorectal cancer may be 
realized by the inhibition of apoptosis, at least in HT‑29 cells. 
However, the precise mechanisms underlying KLK12 activity 
in colorectal cancer required further investigation.

At present, the mechanism by which KLK12 induced 
viability and metastasis of colorectal cancer is not fully 
understood. AMPK, a ubiquitous serine/threonine protein 
kinase, regulates tumorigenesis, development and chemical 
resistance through negative regulation of mTOR (30). The 
phosphorylation of AMPK and inhibition of downstream 
phosphorylation of mTOR in cholangiocarcinoma cells 
were activated by FYN proto‑oncogene, Src family tyrosine 
kinase knockdown (31). In the present study, the functions of 
KLK12 on AMPK/mTOR signaling were explored, and it was 
identified that the phosphorylation of AMPK was activated 
and downstream phosphorylation of mTOR was inhibited 
by KLK12 downregulation, while KLK12 overexpression 
inhibited the phosphorylation levels of AMPK and promoted 
phosphorylation of mTOR. Furthermore, the viability of 
KLK12 plasmid‑transfected HT‑29 cells incubated with 
AICAR or rapamycin was determined by MTT assay. It was 
identified that cell viability was improved by HT‑29 cells, 
which was reversed by AICAR or rapamycin. These data 

demonstrated that the AMPK/mTOR signaling pathway was 
activated by KLK12 in colorectal cancer. siKLK12 inhibited 
the viability and EMT process of HT‑29 cells via regulation of 
the AMPK/mTOR signaling pathway. However, the method by 
which KLK12 functions in colorectal cancer animal models 
or in patients with colorectal cancer remains unclear. The 
present study also demonstrated that rapamycin may produce 
limited effects on cell viability, compared with AICAR, and 
this may be explained by a more marked inhibition of AICAR 
on mTOR and its downstream genes.

Previous studies have indicated that KLK12 splice variant 
KLK12sv3 may be used as a marker in predicting a desirable 
prognosis in breast cancer (19). Papachristopoulou et al (32) 
described the value of KLK12sv1/2 and KLK12sv3 in 
differentiating between benign and malignant breast tumors 
and their potential prognostic value. We hypothesized that 
KLK12 expression may also be associated with the survival 
and prognosis of patients with colorectal cancer, however, 
whether it may be used as a prognostic marker for colorectal 
cancer remains to be explored. However, by referring to other 
studies (33,34), the effects of KLK12 on cell proliferation and 
migration were verified. In the present study, it was identified 
that silencing KLK12 inhibited the cell viability and promoted 
apoptosis of human colorectal cancer HT‑29 cells. However, 
colorectal cancer is a highly heterogeneous disease, and the 
role of KLK12 requires additional confirmation in multiple 
different colorectal cancer cells.

In conclusion, KLK12 down‑regulation inhibited cell 
viability and metastasis via regulating AMPK/mTOR 
signaling pathway in HT‑29 cells. The present results provided 
that KLK12 was an oncogene and could be used as a thera-
peutic target for treating colorectal cancer.
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