OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy

3

Dove

ORIGINAL RESEARCH

Knockdown of KLK | | reverses oxaliplatin
resistance by inhibiting proliferation and activating
apoptosis via suppressing the PI3K/AKT signal
pathway in colorectal cancer cell

Yiyi Zhang*

Zongbin Xu*

Yanwu Sun*

Pan Chi

Xingrong Lu

Department of Colorectal
Surgery, Fujian Medical University

Union Hospital, Fuzhou,
People’s Republic of China

*These authors contributed equally
to this work

Correspondence: Xingrong Lu; Pan Chi
Department of Colorectal Surgery,

Fujian Medical University Union

Hospital, 29 Xinquan Road, Fuzhou City,
350001 Fujian, People’s Republic of China
Tel +86 591 8335 7896 (ext 8410)

Fax +86 591 8711 3828

Email fixhlxr@163.com;
chipan363@163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Introduction: Kallikrein 11 (KLK11) plays a crucial role in drug-resistance to oxaliplatin
(L-OHP) in the treatment of metastatic colorectal cancer (mCRC). The study aimed to inves-
tigate the role of KLK11 in chemoresistance, and to clarify the mechanism underlying reverse
of L-OHP resistance by knockdown of KLK11.

Materials and Methods: Resistance to oxaliplatin was induced in HCT-8 (HCT-8/L-OHP)
colorectal adenocarcinoma cell lines by exposing cells to increasing concentrations of L-OHP.
MTT, RT-qPCR, and Western blot were used to evaluate the resistance to L-OHP. We then
knocked down KLK 11 in HCT-8/L-OHP cells to explore the mechanism through which KLK11
reverses L-OHP resistance. The mRNA and protein expression of KLK11 in tissues from mCRC
patients were detected by RT-qPCR and immunohistochemistry.

Results: The drug resistance index (RI) of HCT-8/L-OHP cell line to L-OHP, 5-Fluorouracil
(5-FU), Irinotecan (CPT-11), Vincristine (VCR) and Cis-diamminedichloroplatinum (CDDP)
were 10, 5.35, 3.23, 1.28, and 6.64, respectively. Increased expression of multi-drug resistant
genes ABCC1,ABCBI1, GSTP1 and ERCCI were detected in HCT-8/L-OHP cell line. Moreover,
the activated PI3K/AKT pathway was related to L-OHP-resistance. Knockdown of KLK/1 in
HCT-8/L-OHP cell reversed L-OHP-resistance by inhibiting cell growth and activating apoptosis
via suppressing the PI3K/AKT signaling pathway. Moreover, high expression of KLK11 in
chemoresistant-patients was associated with lymph node metastases and histopathology.
Conclusion: KLK11 was highly expressed in chemoresistant-patients and L-OHP-resistant cell
lines. Moreover, L-OHP resistance was associated with activated PI3K/AKT signal pathway. Knock-
down of KLK11 can reverse L-OHP resistance by blocking PI3K/AKT signaling pathway.
Keywords: colorectal cancer, kallikrein 11, oxaliplatin, drug resistance, apoptosis

Introduction

Colorectal cancer (CRC) is one of the leading causes of cancer-related deaths in the
world." Chemotherapy, together with surgery, radiotherapy and immunotherapy,
constitutes the most common treatment for patients with CRC. Oxaliplatin (L-OHP), a
third-generation platinum compound, is a promising therapeutic drug for the treatment
of advanced CRC, typically in combination with 5-fluorouracil (5-FU) and leucovorin
(FOLFOX/CapeOX).? Unfortunately, approximately 50% of patients with CRC develop
resistance to chemotherapeutic agents, such as oxaliplatin, and this thus results in dis-
ease recurrence.’ However, studies focused on these issues are limited, and the exact
mechanism responsible for resistance to L-OHP remains largely unclear. Exploring
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the underlying mechanism reversal of L-OHP resistance has
generated huge research interest. The phosphatidylinositil-
3-kinase (PI3K)/AKT pathway plays a crucial role in tum-
origenesis, and is associated with the proliferation, invasion,
and metastasis of cancer cells.* In addition, accumulating
evidence has demonstrated that the PI3K/AKT pathway is
involved in the drug resistance of cancer cells.>” However,
whether the PI3K/AKT pathway is associated with L-OHP
resistance in CRC has not yet been elucidated.

Human tissue kallikreins (KLKs), a family of 15 closely
related serine proteases, have been demonstrated to possess
protease activities, and are involved in various physiological
processes, such as regulating apoptosis, proliferation, and
cytokines.® Human kallikrein 11 (KLK11) is a member of the
human KLK gene family and was originally isolated from the
human hippocampus.’ Previous studies have shown that KLK 11
is expressed in human brain, skin, gastric, breast, prostate, ovar-
ian, and intestinal tissues.!* !> Alexopoulou et al'* demonstrated
that the expression of KLK11 mRNA was upregulated and it
could be used as a novel prognostic biomarker of CRC, whereas
Talieri et al did not provide similar results.'” In our previous
study, we have identified that the differential MRNA expression
of KLK11 was associated with chemosensitivity in patients
with CRC. Furthermore, knockdown of KLLK11 increased
oxaliplatin sensitivity, and knockdown of KLK11 inhibited
cell proliferation in human CRC cell lines.'s

In this study, we successfully established the L-OHP
resistance CRC cell line HCT-8/L-OHP, and demonstrated
that the activated PI3K/AKT/apoptosis signal pathway was
involved in L-OHP resistance. KLK11 is highly expressed
in the HCT-8/L-OHP cell line and chemotherapy-resistant
patients. Moreover, knockdown of KLK 11 in the oxaliplatin-
resistant CRC cell line HCT-8/L-OHP reverses oxaliplatin
resistance by inhibiting cell proliferation and inducing cell
apoptosis via suppressing the PI3K/AKT pathway.

Materials and methods

Patients, chemotherapy and follow-up

The Fujian Medical University Union Hospital Ethics
Committee approved this study, and all patients provided
written informed consent for the scientific use of the clinical
tissue samples.

A total of 55 patients with metastatic colorectal cancer
(mCRC) who received the neoadjuvant FOLFOX4/CapeOX
chemotherapy regimen between January 2013 and December
2013 were identified from our prospective CRC database.
The medical data of all patients was supplied by the Ethics
Committee, and had already been de-identified. The Response

Evaluation Criteria in Solid Tumors (RECIST) criteria were
used to assess patient response following completion of
the three cycles of chemotherapy.!” Among these patients,
complete response (CR; two patients) and partial response
(PR; 23 patients) were included in the chemotherapy-
sensitive group (25 patients); stable disease (SD; eight
patients) and progressive disease (PD; 22 patients) were
included in the chemotherapy-resistant group (30 patients).
Patient follow-up lasted until death or until the cutoff date
of January 31, 2017.

Collection of surgical specimens

All eligible patients underwent RO resection of primary
colorectal tumors, which were documented pathologically,
following the completion of neoadjuvant chemotherapy.
Partial surgical specimens were harvested and cryopreserved
in liquid nitrogen for further experiments.

Immunohistochemical analysis

The concentration of KLK11 protein in the paraffin—wax-
embedded samples from 55 patients with mCRC was mea-
sured using the immunohistochemical streptavidin—biotin
complex method.?® Phosphate-buffered saline (PBS) was
used for the negative control, and the image of the positive
control was from GE Healthcare Life Sciences. The criteria®!
were used as follows: the percentage of positive cells for
each of the sections and the color was determined on the
basis of the intensity score. The intensity score as follows:
0), no staining; 1), light yellow staining; 2), brown staining;
and 3), deep brown staining. Furthermore, the percentage
of positive cells was scored as follows: 0, <5% stained
cells; 1, 5%-25% stained cells; 2, 25%—-50% stained cells;
3, 50%—75% stained cells; and 4, >75% stained cells. The
mean value was calculated for each case with the aforemen-
tioned scoring methods and the final score was obtained by
multiplying these two scores. The expression of KLK11 was
qualitatively determined by the final score: 0, for negative (-);
1-3, for weakly positive (+); 47, for positive (++); and 8—12,
for strongly positive (+++). All analyses were conducted in
a double-blind manner.

Reverse transcription-quantitative PCR

Total RNA from cells and patient tissues were isolated using
TRIzol reagent (Thermo Fisher Scientific, Inc., Carlsbad,
CA, USA) according to the manufacturer’s instructions,
and 1 pg total RNA was used for reverse transcription
reaction using M-MLV Reverse Transcriptase Product
(Promega, Madison, WI, USA). Quantitative PCR (qPCR)
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was conducted using an ABI 7500 real-time PCR system
(Thermo Fisher Scientific, Inc.), and KLK11, ABCBI,
ABCCI1, GSTP1, and ERCC1 mRNA levels were assessed
by real-time quantitative polymerase chain reaction
(RT-qPCR), with GAPDH used as an internal control. PCR
amplification was done by denaturation at 94°C for 5 s, and
annealing and extension at 62°C for 40 s for 40 cycles. The
relative expression level of KLK11 was calculated using
the AACq method. All PCR amplification was carried out
in triplicate and repeated in three independent experiments.
RT-gqPCR analysis was conducted using primers as follows:
GAPDH Forward 5GGGAAACTGTGGCGTGAT3?,
Reverse 5’GAGTGGGTGTCGC TGTTGA3’; ABCCI,
Forward 5’ATCTTGGTCACGCACAGCAT3’, Reverse
5’GCATAGGTACGCAGGAACTCA3’; ABCBI, Forward
5’AACACCACTGG AGCATTGACTA C3’, Reverse 5’ATT
ACAGCAAGCCT GGAACCTAT3’; GSTP1, Forward
5’ACCGTGGTCTATTTCCCAGTTC3’, Reverse
5’AGGTGACGCAGGATG GT ATTG3’; ERCCI,
Forward STTTGGCGACGTAATTCCCG3’, Reverse
5T CCGCTGGTTTCTGCTCATAG3’; KLK11 Forward
5’CCTAA GCCAAGACCCTC TACG A3’, Reverse S’AAC
AAACCAGGTGTTGTCATTCC3'.

Cell culture and reagents

The human colon cancer HCT-8 cell lines were purchased
from Shanghai Genechem Co., Ltd (Shanghai, People’s
Republic of China). Resistance to L-OHP was induced in
a colonic cancer cell line (HCT-8/L-OHP) created from the
parental HCT-8 cell line as described further. Parental and
HCT-8/L-OHP were cultured in RPMI-1640 (Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(FBS; Hangzhou Sijiqing Bio-Engineering Material Co. Ltd.,
Hangzhou, People’s Republic of China), 100 U/mL penicillin
and 100 mg/mL streptomycin (Thermo Fisher Scientific, Inc.)
in 5% CO, at 37°C.

Establishment of the HCT-8/L-OHP cell line
Cells from the human colon cancer cell line HCT-8 were
seeded in a 25 mL culture flask, and 2 umol/L (1/3 half
maximal inhibitory concentration [IC,]) L-OHP solution
was added into the medium; the medium was changed after
48-h incubation. When cells recovered to normal growth and
subculture, treatment with the same drug concentration was
repeated. The cell culture with L-OHP was repeated 81 times
(L-OHP concentration increased by 1 umol/L every three
subcultures). The HCT-8 cell line from the last subculture,
which was resistant to 30 umol/L L-OHP, was cultured in a

complete culture medium containing 4 umol/L L-OHP, and
was defined as HCT-8/L-OHP. The period for the establish-
ment of the drug-resistant cell line was 10 months.

Gene silencing with the lentivirus

encoding specific RNAI

In order to silence KLK11,the RNA interference (RNAi) was
generated by ligating synthetic oligonucleotides (Thermo Fisher
Scientific, Inc.) against the target genes into the Agel and EcoRI
sites of a pLKO.1-TRC cloning vector (designed by Shanghai
GeneChem Co., Ltd. [Shanghai, People’s Republic of China]).
The sequences of the KLK 11 RNAi were as follows: KLK11-
RNAi (41637), 5"-AGCACCAGAAGTGTGAGAA-3’
(KD1); KLK11-RNAi (41638) 5-AGGAGACGATGAA
GAACAA-3" (KD2); KLK11-RNAi (41640), 5-TCTGG
CAACAGGGCTTGTA-3" (KD3); and KLK11-Control,
5-TTCTCCGAACGT GTCACGT-3’ (control groups [CON]).
Lentiviral virions were produced by co-transfection of
HEK293T cells with 5 ug pLKO.1-puro vector and 5 ug
packaging and envelope vectors by using Lipofectamine
2000 (Thermo Fisher Scientific, Inc.) according to the
manufacturer’s protocol. Lentivirus was harvested 48 h after
transfection. HCT-8/L-OHP cells were infected with lentivirus
containing KL.K11-RNAi or CON for 24 h. Then 2 days later,
the virus-infected cells were selected by 4 pg/mL puromycin
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 48 h
and subjected to the requisite assays.

Cell viability assay

Cell viability was quantified using a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly,
3x10° HCT-8 cells (CON or KLK11 RNAi) were seeded in
96-well plates and 20 uL MTT solution (5 mg/mL; Sigma-Al-
drich) was added to each well 24,48, 72,96, 120, 144, and 168 h
later. The optical density was measured using a microplate
reader (Thermo Fisher Scientific, Inc.) at 595 nm.

For drug sensitivity, cells were plated in 96-well plates at
3x103 cells per well; when the cells reached 60% confluence,
the medium was removed and replaced with fresh medium
containing varying concentrations of L-OHP, 5-fluorouracil
(5-FU), irinotecan (CPT-11), vincristine (VCR), and cis-
diamminedichloroplatinum (CDDP) and incubated for 48 h.
The optical density was then measured, and the cell viability
was calculated.

Caspase-3 activity analysis
The activity of caspase-3 was measured using a Caspase-3
Assay kit (Beyotime Biotechnology, Co., Ltd, Shanghai,
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People’s Republic of China) according to the manufacturer’s
instructions. In brief, 2x107 cells were harvested, resuspended
in 100 uL chilled cell lysis buffer, and incubated on ice for
15 min. Then, 40 UL reaction buffer was added to each sample,
along with 10 uL N-Acetyl-Asp-Glu-Val-Asp-p-Nitroanilide
(DEVD-pNA) (2 mM) substrate and the mixture was incubated
for 2 h at 37°C. The optical density was measured at 405 nm
using a microplate reader (Thermo Fisher Scientific, Inc.).

Apoptosis assay

Apoptosis detection was undertaken using an Annexin V
Apoptosis Detection kit I (BD Biosciences, Franklin Lakes,
NJ, USA). Cells were seeded in six-well plates (4x10° well)
and incubated for 12 h and then 10 umol/L L-OHP was
added; after 48 h, the cells were collected and washed with
PBS. Then, 5 uL annexin V and propidium iodide was added
to the cell suspension and incubated at room temperature
in the dark for 30 min. The volume was then made up to
500 uL and the cells were analyzed using a FACS Calibur
flow cytometer (BD Biosciences).

Western blot assay

Total protein was extracted from cells using RIPA buffer
(Thermo Fisher Scientific, Inc.) and quantified using the BCA
protein assay kit according to the manufacturer’s instruc-
tions (Pierce, USA). Totally, 10 g protein was loaded onto
sodium dodecyl sulfate-polyacrylamide gel electrophoresis for
electrophoresis. After transfer, membranes were blocked with
tris-buffered saline with Polysorbate 20 (TBST) containing
5% nonfat milk for 0.5 h at room temperature, and incubated
with primary polyclonal antibodies raised in rabbits against
KLK11, PI3K, AKT, pAKT, Bax, Bcl-2, and GAPDH (Abcam,
Cambridge, UK), excision repair cross-completionl (ERCC1),
multidrug-resistant protein (MRP, ABCC1), glutathione
S-transferase-P1 (GSTP1), and P-glycoprotein (P-gp, ABCB1).
Signals were detected after incubation in horseradish peroxi-
dase (HRP)-conjugated secondary antibodies with the addi-
tion of the ECL substrate kit (Thermo Fisher Scientific, Inc.).
GAPDH acted as the reference protein for loading control.

Statistical analysis

Statistical analysis was conducted using SPSS version 20.0
(SPSS, Inc., Chicago, IL, USA). Categorical variables were
expressed as numbers with percentages and compared using
a chi-square test or Fisher’s exact test when appropriate.
Normally distributed data were described by means + standard
deviations and analyzed using Student’s ¢-tests. Statistical
significance was considered to be indicated by P<<0.05.

Results

KLK11 is associated with resistance to
L-OHP and poor prognosis in mCRC
patients

A total of 55 patients were included in the present study,
including 25 patients in the chemotherapy-sensitive group,
and 30 patients in the chemotherapy-resistant group. No sta-
tistical differences were observed between the two groups in
terms of age, gender, American Society of Anesthesiologists
(ASA) score, tumor location, gross type, tumor differ-
entiation, pathological T stage, pathological N stage, the
number of primary distant metastasis sites, and pretreatment
carcinoembryonic antigen (CEA) level (Table 1). Kaplan—
Meier analysis was used to evaluate the contribution of
chemoresistance to the low survival rate in patients with
mCRC. With a median follow-up period of 23 months (range
846 months), the 3-year overall survival (OS) rate was 3.3%
in the chemotherapy-resistant group, lower than 20% in the
chemotherapy-sensitive group; however, this difference was
not significant (P=0.204, Figure 1D).

The relative KLK11 mRNA expression levels in
the chemotherapy-sensitive and -resistant groups were
0.988+0.082 and 3.658+0.103, respectively (P<0.01,
Figure 1 A). Immunohistochemical analysis demonstrated that
the KLK 11 protein was observed in the cytoplasm (Figure 1E
and F) of tumor tissues in the chemotherapy-resistant group,
with lower or no expression in the chemotherapy-sensitive
group (P<<0.01, Figure 1B). The numbers of grades —, +, ++,
and +++ in the chemotherapy-resistant group were 1, 10,
11, and 8, respectively, and that of grades —, +, ++, and +++
in the chemotherapy-sensitive group were 7, 14, 4, and 0,
respectively. These results indicated that higher expression of
KLK11 was associated with the chemosensitivity to L-OHP-
containing chemotherapy.

We further evaluated whether KLK11 expression was
relevant with regard to the clinicopathological features of
patients with mCRC (Table 2). Noticeably, the overexpres-
sion of KLK11 was significantly associated with lymph
node metastasis and histopathology (mucinous or signet-
ring adenocarcinoma), but was not associated with age,
gender, ASA score, tumor location, gross type, pathological
T stage, the number of primary distant metastasis sites, and
pretreatment CEA level. Kaplan—Meier analysis was used to
determine the prognostic value of KLK11 in patients with
mCRC. The 3-year OS rate was 0% in patients with high
KLK11 expression, compared to 18.8% in patients with low
KLK11 expression. (P=0.014, Figure 1C).
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Table | Patient characteristics in metastatic colorectal cancer

Characteristics Chemotherapy- Chemotherapy- P-value

sensitive group resistant group

(n=25) (n=30)
Gender (%) 0.960
Male 11 (44) 13 (43.3)
Female 14 (56) 17 (56.7)
Age (mean £ SD, years) 53.2+9.0 52.4+10.9 0.769
ASA score (%) 0.554
| 15 (60) 18 (60)
2 8 (32) 7 (23.3)
3 2 (8) 5(16.7)
Tumor location (%) 0.962
Sigmoid 15 (60) 16 (53.3)
Ascending colon 4 (l16) 6 (20)
Transverse colon 2(8) 3 (10)
Descending colon 4 (16) 5(16.7)
Gross type (%) 0.621
Expanding 14 (56) 15 (50)
Ulcerating 7 (28) 7 (233)
Infiltrating 4 (16) 8 (26.7)
Histopathology (%) 0.215
Adenocarcinoma 21 (84) 20 (67.7)
Mucinous or signet- 4 (16) 10 (33.3)
ring adenocarcinoma
Tumor differentiation (%) 0.487
Well to moderately 22 (88) 24 (80)
differentiated
Poorly differentiated 3 (12) 6 (20)
and others?
Pathological T stage (%) 0.106
TO 0 (0) 0 (0)
TI I (4) 0 (0)
T2 5 (20) I 3.3)
T3 9 (36) 10 (33.3)
T4 10 (40) 19 (63.4)
Pathological N stage (%) 0.091
NO 8 (32) 4(13.3)
NI 15 (60) 18 (60)
N2 2 (8) 8 (26.7)
Pretreatment CEA level (%) 0.716
<5 ng/mL 5 (20) 4(13.3)
=5 ng/mL 20 (80) 26 (86.7)
Metastasis (%) 0.436
Single 23 (92) 25 (83.3)
Multiple 2 (8) 5(16.7)

Note: *indicates inclusion of mucinous or signet ring adenocarcinoma.
Abbreviations: ASA, American Society of Anesthesiologists; CEA, carcinoem-
bryonic antigen.

Characterization of HCT-8/L-OHP

cell lines

After continuous exposure to L-OHP for 286 days, the resis-
tant phenotypes of the resultant HCT-8/L-OHP cells were
verified by exposure of cells to the L-OHP concentrations at
which the resistant cells were continuously propagated in the
final stages. Thus, the parental HCT-8 and HCT-8/L-OHP

cells were exposed to a range of L-OHP concentrations
(10, 20, 40, 80, and 160 wmol/L) and the HCT-8/L-OHP
cells were significantly less sensitive to L-OHP (P<<0.01,
Figure 2A). As shown in Figure 2F, the IC_  of parental
HCT-8 was 5.78+0.05 umol/mL, whereas the IC, of L-OHP—
resistant HCT-8/L-OHP cells increased to 62.33+1.87 wmol/
mL, with drug resistance index (RI) of 10.78, indicating that
HCT-8/L-OHP cells were significantly resistant to L-OHP
(P<<0.01).

Further, the cells were tested for sensitivity to a
range of 5-FU, CPT-11, VCR, and CDDP concentrations
(Figure 2B-E), and the HCT-8/L-OHP cells were signifi-
cantly less sensitive to multiple anti-tumor drugs (P<<0.01).
As shown in Figure 2F, the IC, of the parental HCT-8 cell
line to 5-FU, CPT-11, VCR, and CDDP was 296.45£10.63,
12.45+0.96, 15.3310.68, and 0.44+0.03 wmol/mL, respec-
tively. Meanwhile, the IC, of L-OHP-resistant HCT-8/L-
OHP cells to 5-FU, CPT-11, VCR, and CDDP elevated to
1,587.22+16.96, 40.21£1.28, 19.56%0.95, and 2.92+0.18
wmol/mL, respectively. This demonstrated that the L-OHP—
resistant cell line HCT-8/L-OHP was a multidrug resistance
(MDR) cell line, not only resistant to L-OHP. To further
validate whether the HCT-8/L-OHP was an MDR cell line,
four multidrug-resistance-related genes — ABCB1, ABCCI,
GSTP1, and ERCCI — were determined by RT-qPCR and
Western blot analysis. As shown in Figure 2G and H, the
mRNA expressions of ABCC1, ERCCI, and ABCBI were
increased in resistant cells of HCT-8/L-OHP (P<<0.01),
and the protein expressions of ABCB1 (P=0.24), ABCCl,
GSTP1, and ERCC1 were all increased in the HCT-8/L-OHP
cell line. These results confirmed that the L-OHP—-resistant
cell line HCT-8/L-OHP was also an MDR cell line.

The high expression of KLK 11 in the HCT-8/L-OHP cell
line and stable knockdown of KLLK11 specifically inhibits
KLKI11 mRNA and protein expression.

Our previous study showed that high expression of
KLK11 was associated with resistance to FOLFOX4 che-
motherapy in patients with CRC. To explore whether the
expression of KLK 11 was associated with L-OHP resistance,
we detected the expression of KLK 11 in the HCT-8/L-OHP
cell line and parental cell line HCT-8 by RT-qPCR and
Western blot. The expression of KLK11 was significantly
increased in the HCT-8/L-OHP cell line, when compared
to the parental cell line (P<<0.01, Figure 3A, C and D).
To determine whether KLK 11 was involved in the progres-
sion of L-OHP resistance, three different lentivirus-based
RNAIi (KLK11KD1,KLK11 KD2, and KLK11 KD3) were
employed to downregulate KLK 11 expression. The mRNA
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Figure | Expression of KLK11 mRNA and protein in mCRC tissues, and Kaplan—Meier analysis.

Notes: (A) The mRNA expression of KLKI | in mCRC tissues. (B) Immunohistochemical analysis of KLK| | protein in mCRC tissues. (Streptavidin—biotin complex method;
magnification, x400). (C) Kaplan—Meier analysis of chemotherapy-resistant and -sensitive groups. (D) Kaplan—Meier analysis of KLK || expression in mCRC patients. The
KLKI protein was observed in the cytoplasm of tumor tissues in (E) chemotherapy-resistant group and (F) chemotherapy-sensitive group. Data are presented as mean = SD
of triplicate experiments. Magnification x400. *P<0.05, **P<<0.01 versus chemotherapy-resistant group.

Abbreviations: KLK| I, kallikrein 11; mCRC, metastatic colorectal cancer.

and protein levels of KLK11 in stably transfected HCT-8/
L-OHP cells were confirmed using RT-qPCR and West-
ern blot analysis (P<<0.01, Figure 3B-D). The mRNA
expression and protein expression levels of KLK11 were
significantly decreased in KLK 11 KD2 groups in HCT-8/L-
OHP cells. The subsequent assays were conducted with
KLK11 KD2, which is, furthermore, referred to as KLK11-
RNAI. These results suggested that the lentivirus-mediated
KLK11-RNAi targeting KLK11 could effectively knock-
down KLKI11 expression in colorectal L-OHP-resistant
cells. Together, these results demonstrated that the expres-
sion of KLK11 was increased in the HCT-8/L-OHP cell

line. Moreover, we established a stable KLK 11 knockdown
HCT-8/L-OHP KD2 cell line.

Downregulation of KLKI | enhanced
sensitivity of HCT-8/L-OHP cells to L-OHP

and L-OHP—-induced apoptosis in vitro

Our initial result showed that knockdown of KLK11
gene reversed L-OHP resistance in the CRC cell line 18.
However, whether KLK11 played an important role in
L-OHP-resistant CRC cells was unclear. Herein, paren-
tal HCT-8, HCT-8/L-OHP, control, and HCT-8/L-OHP
cells with stable KLK11 silencing were treated with 10,
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Table 2 Clinical association between KLKII| and the clinico-
pathological factors of patients with mCRC

Variables KLKI I expression  P-value
—to+  ++to+++
(n=23) (n=32)

Gender (%) |
Male 13 (56.5) 18 (56.2)

Female 10 (43.5) 14 (43.8)

Age (mean + SD, years) 529488 52.7+10.9 0.944

ASA score (%) 0.892
| 13 (56.5) 20 (62.5)

2 7(304) 8(25)
3 3(13.1) 4(125)

Tumor location (%) 0.719
Sigmoid 12 (52.2) 19 (59.4)
Ascending colon 5(21.8) 5(15.6)
Transverse colon 3(13) 2 (6.2)

Descending colon 3 (13) 6(18.8)

Gross type (%) 0.996
Expanding 12 (52.2) 17 (53.1)
Ulcerating 6(26.1) 8(25)

Infiltrating 5217 7219

Histopathology (%) 0.004
Adenocarcinoma 22 (95.7) 19 (594)
Mucinous or signet-ring 1 (4.3) 13 (40.6)
adenocarcinoma

Tumor differentiation (%) 0.150
Well to moderately differentiated 18 (78.3) 18 (56.2)

Poorly differentiated and others® 5(21.7) 14 (43.8)

Pathological T stage (%) 0.099
TI+T2 5217) 2(62)

T3+T4 18 (78.3) 30 (93.8)

Pathological N stage (%) 0.002
NO 10 (43.5) 2(6.2)

N+ 13 (56.5) 30 (93.8)

Pretreatment CEA level (%) 0.467
<5 ng/mL 5(21.7) 4(125)
=5 ng/mL 18 (78.3) 28 (87.5)

Metastasis (%) 0.219
Single 22 (95.7) 26 (81.2)

Multiple 1 (4.3) 6 (18.8)

Note: *Including mucinous or signet-ring adenocarcinoma.
Abbreviations: KLK1 I, kallikrein| I; ASA, American Society of Anesthesiologists;
CEA, carcinoembryonic antigen; mCRC, metastatic colorectal cancer.

20, 40, 80, and 160 umol/L L-OHP for 48 h. MTT assays
showed that HCT-8/L-OHP cell lines developed a sig-
nificant increase in resistivity to L-OHP, compared with
the parental cell lines (P<<0.01). Meanwhile, knockdown
of KLK11 in HCT-8/L-OHP cell lines led to a significant
reduction in resistance to L-OHP in a dose-dependent
manner, compared with HCT-8/L-OHP cell lines and CON
(P<<0.01, Figure 4A).

To clarify the mechanism underlying enhanced sensitivity
to L-OHP, we detected the drug-resistance markers after
knocking down KLKII in L-OHP-resistant cells by
Western blotting (Figure 4B); the results demonstrated that

knockdown of KLKI1 did not regulate the expression of
ABCBI1, ABCCI, ERCC1, and GSTP1.

Furthermore, flow cytometric analysis showed that the
apoptosis rate of HCT-8/L-OHP cell lines was significantly
lower than that in the parental cell lines, whereas HCT-8/
L-OHP KD2 cell lines had a significantly higher apopto-
sis rate than HCT-8/L-OHP and CON groups (P<0.01,
Figure 4C and D). Taken together, these results suggested
that the L-OHP-resistant HCT-8/L-OHP cell line decreased
the chemosensitivity, and knockdown of KLK// could
increase the chemosensitivity to L-OHP by enhancing
apoptosis in vitro.

Downregulation of KLKI | expression
inhibits cell growth and activates the

PI3BK/AKT apoptosis signaling pathway

To explore the biological function of KLK11 in L-OHP—
resistant HCT-8/L-OHP cell progression, MTT assays were
used to examine the proliferative ability of parental HCT-8,
HCT-8/L-OHP, control, and HCT-8/L-OHP KD2 cells on
days 2, 3,4, 5, 6, and 7. As shown in Figure 5A, the pro-
liferation rates of HCT-8/L-OHP cells started to increase
and enhance as compared with parental cell lines HCT-8
(P<<0.01), and the proliferation of HCT-8/L-OHP KD2 cells
decreased and reduced, when compared with those of the
HCT-8/L-OHP and CON groups (P<<0.01).

To clarify the mechanism underlying the regulation
of cell growth, we detected the PI3K/AKT and apoptosis
signaling pathway proteins — Bcl-2 and Bax.? The results
showed that HCT-8/L-OHP cells induced a high expression
of PI3K, pAKT, and Bcl2 proteins, and reduced expression
of Bax protein. Moreover, knockdown of KLK11 led to a
reduction of PI3K, pAKT, and Bcl-2 and an increase of
Bax in HCT-8/L-OHP KD2 cells (Figure 5C). These results
demonstrated that the caspase-3 activity was significantly
reduced in HCT-8/L-OHP cell lines as compared with the
parental cell lines. Meanwhile, the HCT-8/L-OHP KD2
cell line had a significantly higher caspase-3 activity rate
than that in HCT-8/L-OHP cell lines and CON (P<<0.01,
Figure 5B). Together, these data demonstrated that the
activated PI3K/AKT signaling pathway played an important
role in L-OHP resistance, and downregulation of KLK11
reversed L-OHP resistance via suppression of the PI3K/
AKT signaling pathway.

Discussion

Oxaliplatin resistance is a critical medical problem in
CRC, and the underlying mechanism has not yet been
fully elucidated. We previously revealed that KLKI11
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Abbreviations: L-OHP, oxaliplatin; 5-FU, 5-fluorouracil; CPT-1 |, irinotecan; VCR, vincristine; CDDP, cis-diamminedichloroplatinum; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide.

was associated with chemosensitivity to the FOLFOX4
regimen.?® Additionally, knockdown of KLK 11 can inhibit
cell proliferation and increase oxaliplatin sensitivity
in human CRC.'"® Herein, we demonstrated increased

constitutive activity of the PI3K/AKT signaling pathway
in CRC cancer cells with acquired resistance to L-OHP.
In addition, we revealed that KLK11 expression was associ-
ated with chemoresistance and poor prognosis in patients
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Notes: Expression of KLKI I mRNA (A) and protein (C and D) in parental HCT-8 cells and HCT-8/L-OHP cells. The expression of mMRNA (B) and protein (C and D) in
stably knocked down KLKI | cells. Data are presented as mean + SD of triplicate experiments. **P<<0.0| versus HCT-8/L-OHP cells versus CON.

Abbreviations: KLKI, kallikrein| I; L-OHP, oxaliplatin; CON, control groups; KDI, knockdown KLKI I group-1; KD2, knockdown KLKI I group-2; KD3, knockdown
KLKT1 group-3.

with mCRC. More importantly, knockdown of KLK11 can ~ Mucinous histological type has been shown to be an indepen-
reverse oxaliplatin resistance by inhibiting proliferationand  dent factor associated with poor prognosis, such as overall
activating apoptosis via suppressing the PI3K/AKT signal  survival.?’?® The correlation between KLK11 expression
pathway in an L-OHP-resistant cell line. and lymph node metastases and histopathology type may
KLKI11 is expressed in numerous human malignancies  be associated with the response to chemotherapy in patients
and correlates with malignant behavior of tumors, including ~ with mCRC. Moreover, patients with high KLK11 expression
in CRC. It was reported that the expression level of KLK11  had a significantly poorer 3-year OS rate when compared to
might be a novel prognostic marker of gastric cancer.®  patients with low KLK11 expression. Together, these results
Previous studies showed elevated expression of KLK11  demonstrated that KLK11 may be used as a biomarker to
in CRC specimens as compared with paired normal colon  predict the response to L-OHP—containing chemotherapy
mucosa, and it was associated with worse overall survival.'®!”  and prognosis in patients with mCRC.
In our study, we evaluated the expression of KLK11 mRNA HCT-8 cell lines, a widely useful model system of CRC,
and protein in tissues from patients with mCRC, and dem-  may provide an easily manipulable discovery platform that
onstrated that the mRNA and protein expression of KLK11  can facilitate preclinical studies and thus uncover clinical
was increased in tumor tissue from L-OHP-resistant patients.  obstacles. In our previous study, we found that knockdown of
In addition, the expression level of KLK11 was associated =~ KLK// inthe HCT-8 cell line can enhance L-OHP sensitivity.
with lymph node metastasis and histopathology (mucinous or  In this study, we successfully established the L-OHP resistance
signet-ring adenocarcinoma). It is well documented that lymph  cell line HCT-8/L-OHP, which not only showed stable resistance
node metastasis indicates poor response to chemotherapy.”?  to L-OHP, but also showed resistance to 5-FU, CPT-11, VCR,
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Figure 4 KLK1 | silencing reversed the resistance to L-OHP and inhibited proliferation and activated apoptosis.

Notes: (A) Viability of HCT-8, HCT-8/L-OHP, CON, and KD2 cells treated with the indicated concentrations of L-OHP for 48 h. (B and D) The effect of L-OHP on
apoptotic levels of the indicated cells analyzed by flow cytometry. (C) Proliferation levels of HCT-8, HCT-8/L-OHP, CON, and KD2 cells analyzed by MTT assay. Data are
presented as mean + SD of triplicate experiments. **P<<0.0| versus HCT-8/L-OHP cell, and versus CON.

Abbreviations: KLK| I, kallikrein| I; L-OHP, oxaliplatin; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; CON, control groups.

and CDDP via increased expression of multidrug-resistant
genes ABCCI1, ABCBI1, GSTP1, and ERCCI indicating that
they were associated with the mechanisms of MDR. In this
study, we attempted to verify whether KLK11 was associ-
ated with L-OHP efficiency, and the HCT-8 cell line can be
an appropriate experimental model to study the relationship
between KLK11 and the L-OHP-resistance mechanism. More-
over, we believed the use of the same cell line would reduce
errors caused by using different cell lines in investigating the
same gene KLK11. PI3K is a lipid kinase and plays a critical
role in cell growth and survival.? Overexpression of AKT
has been reported in CRC cell lines, and was closely related
to chemoresistance and a poor prognosis for patients.’*-32

In addition, our study revealed that the activated PI3K/AKT
signal pathway was related with L-OHP resistance in CRC.
More importantly, searching novel compounds that target
PI3K/AKT signaling as a new potential therapeutic option
for drug-resistance treatment is of much scientific interest.>>=*
Therefore, we further clarified that the KLK11 regulated the
PI3K/AKT signal pathway in the L-OHP-resistance cell line
HCT-8/L-OHP and affected the L-OHP resistance.
Evidence from our previous study indicated that KLK11
was associated with L-OHP resistance. Therefore, we postu-
lated that KLK1 1 might be an L-OHP-resistance-related gene.
However, the underlying mechanism through which KLK11
regulates the L-OHP resistance remains elusive. Based on the
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successfully established L-OHP—resistant cell line HCT-8/L-
OHP, we demonstrated that KLK11 was highly expressed
in an L-OHP-resistant cell line, and knockdown of KLK11
in the L-OHP—resistance cell line inhibited cell growth and
induced apoptosis. Meanwhile, we showed that the KLK11
knockdown cell also had increased caspase-3 activity through
activation of the PI3K/AKT/apoptosis signaling pathway,
which induced a reduction of the Bcl-2/Bax ratio.

KLK11, a member of the KLK family, is expressed in
numerous normal tissues, and dysregulated expression of
KLK11 is reported to be associated with various tumors.*
Given that KLK11 is associated with L-OHP resistance, we
hypothesized that KLK// is an L-OHP-resistance-related
gene. As expected, lentivirus-mediated KLK/ silencing in
HCT-8/L-OHP cells effectively enhanced the sensitivity to
L-OHP. Moreover, knockdown of KLK1 I suppressed the pro-
liferation of HCT-8/L-OHP KD2 cells in vitro. Meanwhile,
apoptosis in HCT-8/L-OHP KD2 cells was significantly
upregulated compared with the CON. Taken together, these
results suggested that KLK11 played an important role in
L-OHP resistance in vitro.

Previous study has shown that KLK11 expression was
associated with an inactivated PI3K/AKT pathway.’’ To
further elucidate how KLK 11 mediates L-OHP resistance and
cell growth, we investigated PI3K/AKT signaling pathway
and Bcl-2, Bax, two crucial regulatory proteins related to
apoptosis, which have both anti- and pro-apoptotic effects
in the HCT-8/L-OHP KD2 cells.*** The result showed that
the L-OHP—-resistant cell line acquired resistance to apoptosis
by activation of PI3K/AKT signaling pathway, upregula-
tion of Bcl-2 and downregulation of Bax.*' The inactivated
PI3K/AKT signaling pathway promoting apoptosis induced
a reduction of the Bcl-2/Bax ratio, eventually triggering
caspase-3 activation and inducing apoptosis.** Similarly,
we found that knockdown of KLK/1 inactivated the PI3K/
AKT signaling pathway, increased the Bax expression, and
decreased the Bcl-2 expression, which led to a reduction of
the Bel-2/Bax ratio. Additionally, downregulation of KLK11
activated caspase-3 activity, and subsequently induced
apoptosis of tumor cells. These results suggested that KLK1 1
silencing inactivated the PI3K/AKT signaling pathway, and
induced apoptosis. There is considerable evidence supporting
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the hypothesis that inactivated apoptosis is associated with
resistance to chemotherapy.* Consistent with data mentioned
above, downregulation of KLK 11 in an L-OHP-resistant cell
line resulted in the inhibition of cell growth and apoptosis,
and thus reversed the L-OHP resistance in vitro.

In this study, we successfully established the L-OHP—
resistant CRC cell line HCT-8/L-OHP, and demonstrated that
the activated PI3K/AKT signaling pathway was related to
L-OHP resistance. More importantly, we revealed differen-
tially expressed KLK 11 between the chemotherapy-sensitive
and -resistant groups. KLK11 overexpression was associated
with lymph node metastases, histopathology, and prognosis
in patients with mCRC, indicating that KLK11 is involved
in response to chemotherapy. Furthermore, downregulation
of KLK11 could inhibit cell proliferation, induce apoptosis,
and reverse L-OHP resistance via suppression of the PI3K/
AKT signaling pathway in vitro. KLK11 may be used as
a valid biomarker to predict resistance to L-OHP and can
also offer a novel therapeutic approach for L-OHP-resistant
CRC treatment.
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