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Abstract: Kallikrein-related peptidase (KLK) family is one of the major serine proteases in tumor microenvironment,
which plays a crucial role in cancer invasion and metastasis. A number of KLK family members have been found
to be upregulated or downregulated in some cancers, and some KLKs may be potential biomarkers for cancers.
However, little is known about the role of KLKs in endometrial carcinoma (EC). In this study, we analyzed the mRNA
sequencing data of EC from The Cancer Genome Atlas (TCGA) public database and found that the higher expression
of KLK family members 5-8 (KLK5-8) was associated with an aggressive clinicopathologic phenotype and worse
prognosis in EC patients. High expression of KLK5-8 was also confirmed in our patients with advanced stage and
high-grade EC, as well as in a highly invasive cell line. Our study also demonstrated the differences between the
subcellular localization of KLK5-8 and the co-expression of different splicing variants of KLK5-8 in EC cells, sug-
gesting that various isoforms of KLK5-8 may work synergistically to regulate invasion and migration. We found that
the elevation of more KLKs in a patient’s sample indicated a higher risk of worse survival. Combination of KLK5-8
was shown to be an independent prognostic factor for overall survival by multivariate Cox regression (hazard ratio:
2.215, 95% confidence interval: 1.045-4.694, P=0.038), and may be a promising biomarker.
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Introduction

Endometrial carcinoma (EC) is a common gyne-
cologic cancer that is most commonly found in
perimenopausal and postmenopausal women.
Although it is usually diagnosed at an early
stage with an overall favorable prognosis, up to
20% of patients with EC have a risk of recur-
rence and death [1]. Classification of EC is
based on the FIGO stage, pathologic grade, and
histologic type. Poor prognosis is usually asso-
ciated with advanced stage, higher grade, seri-
ous type, and lymphovascular invasion. How-
ever, recurrence and distant metastasis also
occur in 8% to 10% of patients with early-stage
ECs [2]. The diversity of molecular alterations
may be the fundamental cause of heterogene-
ity in prognosis. Based on a combined analysis
of tumor mutation burden, somatic copy num-
ber alterations, and microsatellite instability,
The Cancer Genome Atlas (TCGA) has classified
EC into the following 4 groups: POLE ultramu-

tated (POLE), microsatellite instability hypermu-
tated (MSI), copy number high (CNH), and copy
number low (CNL) [3]. These four molecular
subtypes are prognostically significant, but are
impractical for clinical application. Thus, efforts
have been made to identify more accurate mo-
lecular markers to complement the existing
prognostic factors.

The kallikrein-related peptidase (KLK) family
comprises 15 serine proteases with trypsin- or
chymotrypsin-like activities. They are involved
in a broad spectrum of physiological processes,
including extracellular matrix (ECM) remodeling,
skin desquamation, pro-hormone processing,
and neural plasticity [4]. Deregulated expres-
sion of some of the family members has been
reported in several human cancers, such as
ovarian cancer, colon carcinoma, and prostate
cancer [5-8]. Several KLK genes have been
studied to explore their use as biomarkers for
the diagnosis and prognosis in various cancer
types [9]. For example, KLK3 (also known as
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Table 1. Characteristics of patients in TCGA
database

Variable No. of patients  Percentage
FIGO Stage

I 339 62.43%

Il 51 9.39%

1 124 22.84%

% 29 5.34%
Histological grade

G1 98 18.05%

G2 120 22.10%

G3 325 59.85%
Histological Pathology type

Endometrioid 407 74.95%

Mixed 22 4.05%

Serous 114 21.00%
Molecular subtype

POLE 17 7.33%

MSI 65 28.01%

CNL 90 38.79%

CNH 60 25.86%
Lymph node status

Positive 84 18.79%

Negative 363 81.20%
Peritoneal cytology

Positive 57 14%

Negative 350 86%
Recurrence & metastasis

Positive 70 15.12%

Negative 393 84.88%

prostate-specific antigen) has been widely us-
ed as a tumor marker in the diagnosis and
screening of prostate cancer [10]. Other KLKs
can also degrade ECM proteins, thereby facili-
tating tumor cell detachment from primary
tumor sites and leading to tumor dissemination
and metastasis [11]. However, little is known
about the role of KLKs in EC.

TCGA has provided comprehensive, multi-di-
mensional genomic and clinicopathological da-
ta on 33 types of cancer for the research com-
munity, which facilitates research on genes
involved in cancer development and progres-
sion, and enables the identification of promis-
ing biomarkers for cancer prognosis.

In this study, we analyzed the expression of 15
members of the KLK family in EC using data
from TCGA and defined the relationships be-
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tween KLKs and outcomes in EC patients to
provide new insights into the molecular patho-
genesis and progression of EC, as well as to
identify useful novel biomarker candidates. As
most of the KLKs have several alternative splic-
ing variants, their expression patterns and
functions in cancer may be different from those
in normal tissues where they have physiological
functions. We therefore tried to identify tumor-
specific splicing variants and to determine
whether they are meaningful in the pathogene-
sis and prognosis of EC.

Materials and methods

Data on endometrial cancer from TCGA public
database

Level 3 mRNA expression data (HTSeq-FPKM)
on 583 endometrial cancers, corresponding
clinical information (version 11-27-2017) of
605 patients, and survival data of 592 patients
(version 10-25-2017) were downloaded from
the UCSC xena browser (https://xenabrowser.
net/datapages/). After excluding repetitive spe-
cimens, recurrent samples, and normal solid
tissue samples, 543 patients with both se-
quencing and clinical data were selected for
this study.

We grouped the patients according to histologi-
cal grade, FIGO stage, histological type, molec-
ular subtype, lymph node invasion, peritoneal
cytology, and status of recurrence and metas-
tasis of cancer (Table 1). Information of molec-
ular subtype classification was obtained from
the cBioportal (www. cbioportal.org), in which
232 patients were divided into the following 4
groups: POLE, MSI, CNL, and CNH.

Statistics

GraphPad Prism Software (v.7.0, La Jolla, CA,
USA) and SPSS (v.20.0, Inc., Chicago, IL, USA)
were used for statistical analysis and graph
plotting. The normality of distribution of vari-
ables was evaluated by the Shapiro-Wilk test.
The Mann-Whitney U-test was used to compare
the means between two groups. The Kruskal-
Wallis test was used for comparison among
three or more groups. P<0.05 was considered
statistically significant.

X-tile software version 3.6.1 (Yale University
School of Medicine, New Haven, CT, USA) [12]
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Table 2. Primers for gPCR and variant-specific PCR

Gene Sequence Position

Primers for gPCR
KLK5F GGATGCTTACCCGAGACAGAT exon 6
KLK5R CAGGGAGCCATTGCAGACC exon 7
KLKGBF CCAGCCAAACTCTCTGAACT exon 5
KLKBR CTGGATGGTGTCAGGGAAATC exon 5
KLKT7F ACGAGCCCAGATGTGACCTT exon 4-5
KLK7R CCTTGTAAACCTTCGTGCAGTC exon 5
KLK8F CAGATCACAGATGGCATGGTCT exon 5
KLK8R GGAGTGCACCATCACACACC exon 6

Primers for variant-specific PCR
KLK6 ADF  GACAAAGCCCGATTGTTCCT exon 1
KLK6 ADR  AACAGCATGATGTCCTGGTC exon 5
KLK6 BCE F  ACAGAACCAGCCTCTTCCAG exon 1
KLK6 BCER ACAACAGAACTCTGCTCCTG exon 4
KLK7 1 F CCAGCAGAGGGATGAAGATTT exon 1
KLK7 1 R TGTCGCCCAGCGTATCA exon 4
KLK7 2 F TCCAAGCCTGACTCTGCTCT exon 1
KLK7 2 R TGTCGCCCAGCGTATCA exon 4
KLK8 1 F ACGTGGATGTTCCTGCTCTT exon 2
KLK8 1 R TCCTAGAATCAGCCCTTGCT exon 6

Note: KLK6 AD F & AD R: variant-specific primer for variants A
and D in KLK6; KLK6 BCE F & BCE R: variant-specific primer for
variants B, C, and E in KLK6; KLK7 1 F & 1 R: variant-specific
primer for variants 1, 3, and 4 in KLK7; KLK7 2 F & 2 R: variant-
specific primer for variant 2 in KLK7; KLK8 1 F & 1 R: variant-

specific primer for variants 1, 2, 3, 4, and 5 in KLK8.

was used to determine the best cut-off points
between high- and low-expression categories
for survival analysis. Kaplan-Meier overall sur-
vival (0S) curves were plotted for gene expres-
sion below and above the cut-off point, and the
log-rank test was used to examine the differ-
ences between two groups. OS time was calcu-
lated from the date of initial diagnosis to death
or date of the last follow up. All deaths from any
cause were considered as an event. Relapse-
free survival (RFS) curves were also plotted and
the recurrence, metastasis and deaths from
any cause were considered an event.

The Cox proportional hazards regression model
was used for multivariate analysis to compare
the influence of expression of KLKs on survival.
Clinicopathologic characteristics, including sta-
ge, grade, age, lymph node status, peritoneal
cytology, and histological subtype, were select-
ed through univariate analysis and were includ-
ed in the model for comparison. Results were
reported as hazard ratios (HR) with 95% confi-
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dence intervals (Cl). P<0.05 were consid-
ered to be statistically significant.

Cell lines and tissue samples

Human EC cell lines (HEC-1A, HEC-1B,
Ishikawa, AN3CA, RL95-2, and KLE) were
obtained from the American Type Culture
Collection (Manassas, VA, USA) and main-
tained in our laboratory. Ishikawa, RL-95-2,
and KLE cells were cultured in DMEM/F12
(Gibco-BRL, Gaithersburg, MD, USA). AN3CA
and HEC-1B cells were cultured in EMEM
(Gibco-BRL), and HEC-1A cells was cultured
in McCoy’s SA (Gibco-BRL). All of the cell
lines were maintained in a culture medium
containing 10% fetal bovine serum (Hyclone,
Logan, UT, USA) under 5% CO, at 37°C.

EC tissues were obtained from 40 patients
treated at the Department of Obstetrics and
Gynecology of Peking People’s Hospital
(Beijing, China). The histological grade and
FIGO stage of endometrial cancer were con-
firmed by the pathologists in our hospital.
The study was approved by the Ethics
Committee of the People’s Hospital, Peking
University.

RNA extraction and reverse transcription

Total RNA was isolated from 6 endometrial car-
cinoma cell lines and 40 cancerous tissues
using the RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s
instructions. Then 1.5 ug total RNA was reverse
transcribed using the TransScript One-Step
gDNA Removal and cDNA Synthesis SuperMix II
kit (Transgene, Beijing, China). Both oligo-dT
and random primers were included in cDNA
synthesis. The cDNAs were used for quantita-
tive PCR (qPCR) and variant-specific PCR am-
plification.

gPCR and variant-specific PCR

The gPCR reaction was conducted on Opticon2
(BioRad, Hercules, CA, USA) using the SYBR
Green Real-Time PCR Master Mix kit (Toyobo,
Osaka, Japan) and primers listed in Table 2 to
evaluate the expression levels of KLKs. Relative
expression levels were normalized to glyceral-
dehyde 3-phosphate dehydrogenase as the in-
ternal reference.
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Variant-specific PCR was conducted to examine
the splicing variants of KLK6, KLK7, and KLK8
expressed in EC using specially designed prim-
ers (Table 2) based on the sequences of known
splicing variants from the NCBI database
(https://www.ncbi.nIm.nih.gov/). PCR products
were electrophoresed on 3.5% NuSieve aga-
rose gels (FMC Bio Products, Rockland, ME,
USA). Unexpected DNA bands were recovered
and sequenced.

Western blotting

The Tricine-SDS-Page system was used for
Western blotting to detect low molecular weight
protein isoforms. Equal amounts of 20 ug total
protein were loaded onto 15.5% acrylamide
Tricine-SDS gels (Solarbio, Beijing, China) and
subjected to electrophoresis. Then the proteins
were transferred onto polyvinylidene difluoride
membranes. After blocking in 5% skim milk, the
membranes were incubated with primary anti-
bodies (the same antibodies used in immuno-
histochemistry [IHC]) at 4°C overnight, followed
by incubation with HRP-conjugated secondary
antibody (ZSGB-BIO, Beijing, China) at room
temperature for 1 h. The bands were visualized
using SuperSignal™ West Pico Chemilumi-
nescent Substrate from Thermo Fisher Sci-
entific (Waltham, MA, USA).

Immunohistochemistry

All of the tissue sections underwent an antigen
retrieval step (water bath at 98°C for 20 min in
EDTA buffer, pH=9.0) before immunohisto-
chemical staining. Anti-KLK6 goat antibodies
(Cat: ab223230) and anti-KLK8 (Cat: ab150-
395) rabbit antibodies were purchased from
Abcam (Cambridge, UK). Anti-KLK7 rabbit anti-
bodies (Cat: TA324188) were purchased from
OriGene (Rockville, MD, USA). Tissue slides
were incubated overnight with primary antibody
at 4°C. Following a TBS wash, the slides were
incubated with secondary antibody for 30 min
using PV-9000 (containing horseradish peroxi-
dase [HRP]-conjugated anti-rabbit antibody)
and PV9003 (containing HRP-conjugated anti-
goat antibody) kits purchased from ZSGB-BIO
(Beijing, China). Then the slides were stained
with DAB substrate and counterstained with
hematoxylin.

Results
TCGA data analysis

Expression of KLK family members and asso-
ciation with clinicopathologic features of EC
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patients: We analyzed the expression of KLK1-
15 in patients with different clinicopathologic
phenotypes of EC and found that the expres-
sion levels of KLK5-KLK8 were significantly
higher (Figure 1) while KLK12 and KLK14 were
significantly lower in advanced stage, serious
type, higher grade, and CNH subtype, and in
samples with positive lymph nodes. As down-
regulation of KLK12 and KLK14 in aggressive
EC samples cannot be explained by known bio-
logical effects and upregulation of KLK12 and
KLK14 has been detected in other cancer
types [13, 14], we focused our study on KLK5,
KLKG, KLK7, and KLKS.

As shown in Figure 1, KLK5-8 were also up-
regulated in samples with positive peritoneal
lavage cytology and local recurrence or distant
metastasis, although the result was not statis-
tically significant for KLK6, 7, and 8 (possibly
because of limited cases available for perito-
neal washes, and recurrence or distant metas-
tasis status).

The expression of KLK5-8 in EC showed the
following characteristics: there was little or no
expression of KLK5-8 in most of the EC speci-
mens. Only a small amount of specimens
showed high gene expression with dispersal
distribution (Figure 2). The samples showing
high expression were mainly found in advanced
stage, serous type, higher grade, and CNH
molecular subtype EC.

As KLK5-KLK8 showed similar expression fea-
tures, we performed a pairwise correlation ana-
lysis. The results showed that KLK5-KLK8 were
positively correlated with each other (KLK5/
KLK6 r=0.658, KLK5/KLK7 r=0.709, KLK5/
KLK8 r=0.538, KLK6/KLK7 r=0.799, KLK6/
KLK8 r=0.693, KLK7/KLK8 r=0.819) with sta-
tistical significance on analysis by the Spearman
test (P<0.001).

Survival analysis based on KLK5-8 expression:
In this study, we did not use a median cut-off
point approach in survival analysis because of
the skewed distribution of KLKs expressed in
patients’ samples. Better results were achieved
in our Kaplan-Meier survival analysis by using
the powerful X-tile tool, which uses the maxi-
mum statistic to define the best split of patients.

As shown in Kaplan-Meier plots (Figure 3), high-
er expression levels of KLK5, 6, 7, and 8 were
associated with a worse prognosis of EC
patients (log-rank test, P<0.05). Univariate Cox
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Figure 1. Differential expression of KLK5, KLK6, KLK7, and KLK8 in different clinicopathologic phenotypes of EC.
Expression level and characteristics of KLK5-8 were shown in different recurrence and metastasis status (A1-A4),
grades (B1-B4), stages (C1-C4), lymph nodes status (D1-D4), peritoneal washing cytology status (E1-E4), molecular
subtypes (F1-F4), and histological types (G1-G4). N: negative; P: positive; R&M: recurrence and metastasis; PWC:
peritoneal washing cytology; P: POLE; M: MSI; L: CNL; H: CNH; E: endometrioid EC; M: mixed EC; S: serous. *P<0.05;

**pP<0.01; ***P<0.001.
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Figure 3. Kaplan-Meier analysis of OS based on KLK5, KLK6, KLK7, and KLK8 expression. A-D: OS analysis of
KLK5-8 based on low- and high-expression levels using X-tile determined cut-off point; E: Integrated analysis of OS
of KLK5-8 based on the number of high-expressed KLK5-8 genes; F: Integrated analysis of RFS of KLK5-8 based
on the number of high-expressed KLK5-8 genes. Group 1: all KLK5-8 genes below the cut-off point; Group 2: 1-3
KLK5-8 genes above the cut-off point; Group 3: all KLK5-8 genes above the cut-off point.

regression verified their association with OS
(Table 3A). However, multivariate Cox regres-
sion did not show independent prognostic sig-
nificance of any of these genes on an individual
basis.

As KLK5-8 were co-expressed, they may work
synergistically to promote cancer invasion.
Therefore, we performed an integrated analysis
of KLK5, 6, 7, and 8. In this integrated analysis,
patients were grouped into KLK-high and KLK-
low groups, and KLK-high was defined when
the expression level of at least one KLK gene
was above the cut-off point determined by the
X-tile method. The four-gene combination was
analyzed by multivariate Cox regression, and
showed independent prognostic significance
compared with other clinicopathologic charac-
teristics (significantly associated with outco-
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mes by univariate analysis), with a HR of 2.215
(95% Cl: 1.045-4.694) (Table 3B).

Although the expression levels of KLK5, 6, 7,
and 8 were positively correlated, they were not
up-regulated simultaneously in the same sam-
ple. Therefore, we stratified the patients into 3
groups by the number of high-expression KLK
genes in their samples. We found that patients
with low-expressed KLK5-8 showed the best
OS and RFS on Kaplan-Meier analysis, with a
5-year survival rate of 86.1%. Patients with four
highly expressed KLK genes showed the worst
OS and RFS, with a 5-year survival rate of
61.9%; and those with 1-3 highly expressed
KLK genes showed intermediate OS and RFS
(Figure 3). There were more samples showing
grade 3, advanced stage, serous type, CNH,
and recurrence and metastasis in groups that
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Table 3A. Univariate Cox analysis Regression analysis of prognostic factors for overall survival

Clinicopathologic variable

HR (95% Cl) p-value

Lymph Node Status (positive vs. negative)
Peritoneal Cytology (positive vs. negative)

Histology (mixed or serous vs. endometrioid)

Stage (lll or IV vs. | or Il)

Grade (3vs. 1 or2)

Age (continuous)

KLK5 (categorical, above or below the cut-off point)
KLK®6 (categorical, above or below the cut-off point)
KLK7 (categorical, above or below the cut-off point)
KLKS8 (categorical, above or below the cut-off point)

KLK5-8 combination (at least 1 gene > the cut-off point)

3.797 (2.324-6.204) <0.001
4.622 (2.798-7.632) <0.001
3.026 (1.991-4.599) <0.001
3.806 (2.502-5.792) <0.001
3.336 (1.941-5.734) <0.001
1.035 (1.015-1.056) <0.001
2.057 (1.353-3.127) <0.001
2.917 (1.834-4.639) <0.001
2.326 (1.524-3.550) <0.001
2.246 (1.453-3.473) <0.001
2.901 (1.766-4.764) <0.001

Note: HR: Hazard ratio; Cl: confidence interval.

Table 3B. Multivariate Cox Regression analysis of prognostic factors

for overall survival (backward method)

were very low in Ishikawa,
HEC-1B, and AN3CA cell

Clinicopathologic variable

HR (95% Cl) p-value

lines, but much higher ex-

Stage (lll or IV vs. | or 1l)
Peritoneal Cytology (Positive vs. Negative)

KLK5-8 combination (High vs. Low)

2.819 (1.505-5.280) 0.001
1.990 (1.044-3.794) 0.037
Histology (Mixed or Serous vs. Endometrioid) 1.888 (1.020-3.494) 0.043
2.215 (1.045-4.694) 0.038

pression was detected in
KLE and RL95-2 cell lines
(Figure 4). It has been re-
ported that KLE cells have
stronger proliferation and

Note: HR: Hazard ratio; Cl: confidence interval.

Table 4. Proportion of aggressive clinicopathologic phenotypes in the
three groups classified based on the number of high-expression KLKs

invasion abilities than Is-
hikawa and HEC-1B cells
[15], which supports the
effects of KLK5-8 on pro-
motion of progression.

Group 1 Group 2 Group 3
Mixed & Serous 8.80% 25.60% 56% Transcript variants de-
Grade 3 48.20% 60.30% 91.30% tected in EC cell lines and
Recurrence & metastasis 13.10% 13.10% 28.30% tissues
Stage Il & IV 22.40% 25.20% 52.50%

Note: Group 1: All KLK5-8 genes below the cut-off point; Group 2: 1-3 KLK5-8 genes
above the cut-off point; Group 3: All KLK5-8 genes above the cut-off point.

have more highly expressed KLK5-8 genes
(Table 4).

Expression of KLK5-KLK8 in EC cell lines and
tissues samples

The expression levels of KLK5-8 were evaluat-
ed by qPCR in six EC cell lines and EC samples
from 40 Chinese patients. Most of the tissue
samples showed very low expression, and high
expression levels were found in only a small
number of patients with higher grade, advanced
stage, and serous type (Figure 4). These find-
ings were similar to those found in TCGA cohort.
A similar phenomenon was also observed in EC
cell lines. The expression levels of KLK5-KLK8

4186

The presence of several al-
ternative splicing variants
of the same gene is com-
mon among kallikreins. Th-
erefore, we performed variant-specific PCR and
DNA electrophoresis to study the splicing vari-
ants of KLK genes using representative sam-
ples selected on the basis of qPCR results.
Considering the very low levels of KLK5 in our
samples, this gene was excluded from variant-
specific PCR.

Five protein-coding transcripts of the KLKG6
gene have been annotated to date, and they
are designated as KLK6 variants A, B, C, D, and
E (accession numbers: NM_002774.3, NM
_001012964.2, NM_001012965.2, NM_00-
1319948.1, and NM_001319949.1, respec-
tively). We used two sets of primer pairs (Table
2) to detect variants A and D and variants B, C,

Am J Transl Res 2019;11(7):4180-4191
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primers for KLK6 variants A and D (A); KLK6 variants B, C, and E (B); KLK7
variant 2 (C); KLK7 variants 1, 3, and 4 (D); KLKS8 variants 1-5 (E). Marker:
100 bp DNA ladder. Lane 1-8 are different EC tissue samples or cell lines.
1: Grade 3, stage lll, endometrioid; 2: Grade 3, stage IV, endometrioid; 3:
Grade 1, stage |, endometrioid; 4: Grade 1, stage |, endometrioid; 5: normal
endometrium; 6: ISHIKAWA cell line; 7: KLE cell line; 8: RL95-2 cell line.

1281431.1, respectively). We
used one primer pair (Table 2)
to detect all of the variants.
The main expressed KLK8
variants were variants T1, T3,
T4 and T5 (Figure 5E).

As we used multiplex PCR to
amplify the splicing variants,
the multiplex products had
common sequences that eas-
ily formed a hybrid. There were
several unexpected bands in
agarose gels, which were prov-
en to be hybrids through se-
quencing.

Protein isoforms of KLK7-8
detected in EC cell lines and

and E, respectively. We found that the main
PCR products of KLK6 were variants A and B.
(Figure 5A, 5B).

KLK7 has four splicing variants V1-V4 (acces-
sion numbers: NM_005046.3, NM_139277.2,
NM_001207053.1, and NM_001243126.1,
respectively). We used two sets of primer pairs
(Table 2) to detect variant 2 and variants 1, 3,
and 4, respectively. The main expressed KLK7
variants were variants 1 and 2. Another new
splice variant (216 bp, with exon 2 deletion) of
KLK7 was detected and verified through se-
quencing (Figure 5C, 5D).

KLK8 has five splicing variants T1-T5 (acces-
sion numbers: NM_007196.3, NM_144505.2,
NM_144506.2, NM_144507.2, and NM_00-
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tissues

The Western blot results are shown in Figure 6.
Relative higher abundance of protein expres-
sion in KLK7 and KLK8 was observed in aggres-
sive clinicopathologic phenotypes of EC.

A band of approximate 31 kDa was detected by
anti-KLK7 antibody. This band represents pro-
tein isoform 1, which is the product of transcript
variant 1 and variant 2. Other protein isoforms
were not detected.

Anti-KLK8 antibody detected a band of approxi-
mate 33 kDa. This band represents protein iso-
form 1, which is the product of variant T1. KLK8
isoforms 3, 4 and 5 were not detected by
Western blotting, although the high abundance
of KLK8 transcript variant T3 and T4 was
observed in variant-specific PCR. This might be

Am J Transl Res 2019;11(7):4180-4191
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Figure 6. Western blotting results of KLK7 and KLK8 in EC cell lines and
tissues. Lane 1-8 are different EC tissue samples or cell lines. 1: Grade 3,
stage Ill, endometrioid; 2: Grade 3, stage IV, endometrioid; 3: Grade 1, stage
I, endometrioid; 4: Grade 1, stage |, endometrioid; 5: normal endometrium;
6: ISHIKAWA cell line; 7: KLE cell line; 8: RL95-2 cell line.

due to the advantageous amplification of the
small DNA fragments in PCR, and the difficul-
ties to detect the extreme low molecular weight
and low abundance proteins in Western blot-
ting. The anti-KLK6 antibody we used is not rec-
ommended for western blotting. Even though,
we conducted the experiment many times, but
didn’t find a band of 30 KD, except some higher
molecular non-specific bands.

Results of IHC

The characteristics of expression and localiza-
tion in KLK6, KLK7, and KLK8 were observed
by IHC in representative samples and cells
selected on the basis of qPCR results. KLK6
and KLK7 showed homogeneous staining of
the cytoplasm and KLK8 showed granular
staining in the cytoplasm. Samples showing hi-
gh expression levels detected by qPCR showed
stronger staining. Considering the very low lev-
els of KLK5 in our samples, this gene was
excluded from IHC examination. Representative
IHC images are shown in Figure 7.

Discussion

In the study, we analyzed the expression of KLK
family members in EC using TCGA public data.
The results showed that higher expression lev-
els of KLK5-8 was associated with aggressive
clinicopathologic phenotypes, including advan-
ced stage, serious type, higher grade, and posi-
tive lymph nodes. High expression of KLK5-8
was also confirmed in our patients with ad-
vanced stage and high-grade EC, as well asin a
high invasive cell line. Kaplan-Meier analysis
showed that the higher expression levels of
KLK5-8 were associated with the worse prog-
nosis of EC patients. However, multivariate Cox
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N 31kDa pendent prognostic signifi-
33kDa cance of any of these genes

on an individual basis, possi-

35kDa bly because of relatively fewer
cases in the high expression

8 group divided by the X-tile

determined cut-off point. Wh-
en these four genes were
combined for multivariate Cox
regression analysis, they sh-
owed independent prognostic
significance.

KLK5-8 genes are located in a tandem cluster
on chromosome 19, and they share a certain
degree of sequence similarity [16]. Although
they all have chymotrypsin-like activity and are
often co-expressed, their locations in the cell
compartment are different, which indicates
that they are not tautological. A proteolytic cas-
cade has been described for the skin desqua-
mation process, in which KLK7 is activated by
activated KLK5 [17]. Although the exact mecha-
nism of interaction among KLK members 5-8 is
not clear, our finding that a higher number of
elevated KLKs in a patient’s sample indicates a
higher risk of worse survival provides implica-
tions of their biologically synergistic effect in
cancer.

The chymotrypsin-like activity and ability to
degrade ECM proteins are the main mecha-
nisms underlying the facilitation of tumor inva-
sion and metastasis by KLKs. The three resi-
dues, histidine, aspartate, and serine, located
on exons 2, 3 and 5, form the serine-type cata-
lytic triad of KLKs [18]. Most of the splicing vari-
ants detected in EC contain exons 2, 3, and 5,
except for KLK8 T3, T4, and T5. Variants with-
out the catalytic triad are non-proteolytic, and
their roles in cancer progression require further
study. KLK8 T3 and KLK8 T4 have also been
reported to be the most abundant forms in lung
cancer [19]; thus, reconfirming their cancer-
related function. Although we failed to find a
tumor-specific splicing variant, our study show-
ed that co-expression of different splicing vari-
ants of KLK5-8 existed in EC cells, which sug-
gests that they may work synergistically.

The upregulation of KLK5-KLKS8 and their asso-
ciation with patients’ prognosis have been
reported in many cancers, including ovarian,
prostate, renal cell, and colon cancers [5, 6,

Am J Transl Res 2019;11(7):4180-4191
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Figure 7. Representative pictures of KLK6, KLK7, and KLK8 expression detected by IHC. A1-A3. Immunoperoxidase
(DAB) labelling of KLKG in EC tissue with Grades 1-3. B1-B3. Immunoperoxidase labelling of KLK7 in EC tissue with
Grades 1-3. C1-C3. Immunoperoxidase labelling of KLK8 in EC tissue with Grades 1-3. D1-D3. Immunoperoxidase
labelling of KLK6, 7, 8 in RL 95-2 cell line. Magnification was 200x% for all pictures.

20]. No systematic study of KLK5-KLKS8 in EC
has been published. One report showed signifi-
cantly higher KLK6 expression levels in serous
type (n=13) compared with endometrioid EC
(n=13) by gPCR [21]. Another study showed
that KLK8 expression was significantly higher
in early-stage and low-grade EC samples than
in advanced-stage and higher-grade EC sam-
ples [22]. Although this finding is contradictory
to our results, it is not convincing because only
a few cases of advanced stage and higher-
grade samples were included in their studies.
The expression of KLK5 and KLK7 and their

4189

association with the outcome of EC have not
been reported. In addition, there is a great defi-
ciency of studies concerning splicing variants in
tumors. Further intensive studies are required
to better understand their roles in tumor pro-
gression and their clinical significance.

Prognostic outcome prediction in EC is usually
based on FIGO stage, pathologic grade, and
histologic type. However, interobserver dis-
agreement in grade and histotype assignment
is common [23], and some patients with early-
stage EC also develop recurrence and metasta-
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sis [1]. Molecular subtypes can better stratify
patients with different prognosis, which is more
convincing as the molecular changes are the
basis of different phenotypes. However, bioin-
formatics analysis of second-generation se-
quencing data is required to determine a sam-
ple’s molecular subtype. Samples showing high
expression of KLK5-8 were mainly found in the
CNH molecular subtype, which is characterized
by high copy number, high grade, more serous
type, and poor prognosis. Furthermore, sam-
ples showing very low expression could be neg-
ative if detected by IHC and they can be easily
distinguished from samples showing high ex-
pression, which are practical for clinical appli-
cation. Thus, the prognosis analysis based on
the number of high-expression KLK5-8 could
be a promising molecular marker.

In summary, higher expression of KLK5-8 was
associated with an aggressive clinicopatholog-
ic phenotype and worse prognosis of EC pa-
tients. Various isoforms of KLKb, 6, 7, and 8
may work synergistically to regulate invasion
and migration. The combination of KLK5-8 was
shown to be an independent prognostic factor
for OS in EC patients, and it could be comple-
mentary to the present clinicopathological
prognostic criteria. To the best of our knowl-
edge, this is the first study to demonstrate the
prognostic and clinical value of KLK5, KLK6,
KLK7, and KLK8 in EC.
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