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Overexpression of COL5A| promotes tumor
progression and metastasis and correlates
with poor survival of patients with clear cell
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Background and aims: COL5A1 has been identified to be involved in metastasis of clear
cell renal cell carcinoma (ccRCC) by bioinformatic analysis. This study aimed to investigate
COLSA1 expression and its clinical significance in ccRCC. The function of COL5A1 in ccRCC
was further investigated.

Methods: COL5A1 expression was examined in 256 ccRCC tissues and paired adjacent normal
renal tissues by immunohistochemistry and real-time quantitative PCR. The clinical significance
of COL5A1 expression was evaluated. Downregulation of COL5A 1 was achieved using siRNA.
The effects of COL5AL1 silencing on cell proliferation, apoptosis, migration, invasion in vitro,
and tumor growth in vivo were investigated.

Results: COL5A1 expression was upregulated in the majority of the ccRCC tissues at both
protein and mRNA levels. COL5A1 expression was significantly correlated with tumor diam-
eter, tumor stage, tumor grade, distant metastasis, recurrence, necrosis, and sarcomatoid (all
P<0.05). COL5A1 expression was also significantly associated with overall survival of ccRCC
patients (HR 1.876; P=0.027) and recurrence-free survival of localized ccRCC patients (HR
4.751; P<0.001). The accuracy of TNM, University of California Los Angeles Integrated Stag-
ing System, and Mayo clinic stage, size, grade, and necrosis prognostic models was improved
when COLS5SA1 expression was added.

Conclusion: COL5A1 knockdown significantly inhibited cell proliferation, induced cell apopto-
sis, inhibited cell migration and invasion in vitro, and inhibited tumor growth in vivo. Therefore,
COLS5A1 may be a novel prognostic biomarker and a promising therapeutic target for ccRCC.
Keywords: clear cell renal cell carcinoma, COL5A1, biomarkers, prognosis

Introduction

Clear cell renal cell carcinoma (ccRCC) represents the most common and aggressive
malignant subtype of renal cell carcinoma.! Although more ccRCCs at an early stage
are detected with imaging examination, about 30% of patients present with metastasis
at the time of diagnosis.? Nephrectomy is the mainstay of treatment for early and local-
ized ccRCC; however, ~20% of patients who undergo surgery will develop metastasis.>
Despite the implementation of targeted therapies, patients with metastatic ccRCC have
a S-year survival rate of <10%.* Some existing prognostic systems and algorithms,
such as TNM, University of California Los Angeles Integrated Staging System (UISS),
and Mayo clinic stage, size, grade, and necrosis (SSIGN), are used in current clinical
practice; however, they still need to be improved for prognostic evaluation of ccRCC.>¢
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In addition, the only method for diagnosing metastatic
ccRCC is based on imaging techniques, because of the lack
of molecular markers that could be used for reliable detection
of metastatic ccRCC.” Therefore, identifying novel molecular
factors associated with invasion and/or metastasis of ccRCC
is of great importance, and could help guide the therapeutic
intervention and follow-up strategies.

Previous studies showed that invasion of the basement
membrane (BM) and extracellular matrix (ECM) might be
an essential event in metastasis of renal cell carcinoma.®'* As
a collagen family protein, COL5A1 is involved in ECM for-
mation.!! Bioinformatic identification showed that COL5A1
might be a key factor in many types of cancers including
breast cancer, gastric cancer, papillary thyroid carcinoma,
ovarian cancer, oral squamous cell carcinoma, and lung ade-
nocarcinoma.'?"'7 Importantly, high expression of COL5A1
is independently significantly associated with poor survival
according to survival analysis of The Cancer Genome Atlas
(TCGA) data from renal cell carcinoma samples.'®

However, the clinical significance and the function of
COLS5AL in ccRCC remain unknown. In this study, the associa-
tion between clinicopathological characteristics and COL5SA1
expression was assessed in the ccRCC clinical tissue specimens.
The prognostic value of COL5A1 was evaluated in ccRCC
patients. In addition, the biological function of COL5A1 was
investigated using ccRCC cell line and xenograft model.

Materials and methods

Patients and samples

A total of 256 matched pairs of ccRCC tissues (T) and
adjacent normal tissues (N) were obtained from patients
who underwent nephrectomy (radical or partial) without any
neoadjuvant treatment between April 2012 and April 2018 at
the First Affiliated Hospital of Wannan Medical College. All
tumors were staged according to the 2010 American Joint
Committee on Cancer TNM classification and graded accord-
ing to the Fuhrman grading system by two senior pathologists.
The information including age, gender, tumor diameter, TNM
stage, Fuhrman grade, distant metastasis, recurrence, histo-
logical tumor necrosis, histological sarcomatoid, and Eastern
Cooperative Oncology Group performance status (ECOG PS)
was collected from each patient. All procedures performed
in studies involving human participants were reviewed and
approved by the Ethic Committee of Wannan Medical Col-
lege and conducted in accordance with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. Written informed consent was obtained from all
individual participants included in the study.

Cell lines

Human renal proximal tubule epithelial cell line HK-2 and
human ccRCC cell lines 786-0 and Caki-1 were purchased
from the Chinese Academy of Sciences (Shanghai, China).
HK-2 cells were cultured in K-SFM medium (Thermo
Fisher Scientific, Waltham, MA, USA), and other cells were
cultured in RPMI-1640 medium (Thermo Fisher Scientific)
supplemented with 10% FBS (TransGen Biotech, Beijing,
China), 100 U/mL penicillin, and 100 pg/mL streptomycin
(Solarbio, Beijing, China). Cells were maintained in a
humidified incubator at 37°C with a mixture of 95% air
and 5% CO,.

Protein isolation and Western blot assay
Tissues and cells were lysed in RIPA buffer with protease
inhibitors (Solarbio). The protein concentration was then
quantified using BCA Protein Assay Kit (Beyotime, Jiangsu,
China), and 200 ug of protein was separated by SDS-PAGE
(Promoton, Shanghai, China) and transferred onto a poly-
vinylidene fluoride membrane (EMD Millipore, Billerica,
MA, USA). The membranes were blocked and incubated
overnight with primary antibody against COL5A1 (mono-
clonal antibody #ab112551; Abcam). The membranes were
then washed and incubated with horse radish peroxidase-
conjugated secondary antibody. The relative band density
was determined with the ECL Western Blotting Substrate Kit
(EMD Millipore) using Tanon 5200 Multifunctional Imaging
System (Beijing, China). GAPDH was used as the internal
control for protein loading.

RNA isolation and real-time quantitative
PCR

Total RNA was isolated from tissues and cells with the
Trizol reagent (Thermo Fisher Scientific). Extracted RNA
was reverse-transcribed into ¢cDNA using SuperScript®
IIT First-Strand Synthesis Kit (Thermo Fisher Scientific).
COLSAL transcript levels were measured by real-time quan-
titative PCR using Light Cycler 480-11 (Roche Applied Sci-
ence, Penzberg, Germany) in a 96-well plate. PPIA served
as the reference gene.'” PCR amplification was performed
using gene-specific TagMan Gene Expression Assays
(COL5AT1: Hs00609133_m1; PPIA: Hs99999904_m1)
and the TagMan Gene Expression Master Mix according to
the manufacturer’s instructions. Relative COL5A1 expres-
sion level was calculated by normalization to PPIA. Fold
expression was then determined as the ratio of the relative
COLS5AL1 expression level in ccRCC tissue to paired adja-
cent normal tissue.
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Histochemistry
Formalin-fixed, paraffin-embedded human ccRCC and adja-
cent normal tissue sections (4 um thick) were stained using
standard immunohistochemical methods. Sections were depa-
raffinized and incubated with 3% H,O, in methanol. Then,
sections were blocked with normal goat serum. After block-
ing, sections were incubated with anti-COL5A1 monoclonal
antibody (#ab112551; Abcam) overnight at 4°C, followed by
secondary antibody. Sections were visualized with diami-
nobenzidine solution and hematoxylin counterstain. Images
were acquired with a microscope (Nikon Eclipse E200).
Two pathologists blinded to the clinical data indepen-
dently scored the tissue staining. The percentage of stain-
ing was evaluated and scored as follows: 0, <1% staining;
1, 1%—-24% staining; 2, 25%—49% staining; 3, 50%—74%
staining; and 4, >74% staining. The intensity of staining was
defined as follows: 0, no signal; 1, weak; 2, moderate; and 3,
strong. The total score was finally calculated and graded as
follows: negative (—), score: 0; weak (14), score: 1-4; moder-
ate (2+), score: 5-8; and strong (3+), score: 9-12.

RNAIi knockdown

Three siRNA oligonucleotides (designated #1, #2, #3)
and mismatch siRNA control oligonucleotides were
synthesized by Shanghai Genepharma Co. Ltd. (Shang-
hai, China). The sequences of best inhibited siRNA
(designated #2) were as follows: siRNA-COLS5AL,
5’-AAGGAGAGGGUGAGACCUAUUA-3" and siRNA-
control, 5’~-CAGAGGGAGUGGGAGCCAAUAAUUA-3".%
Cells were transfected with siRNA-COLS5A1 or siRNA-
control using Lipofectamine 3000 reagent (Thermo Fisher
Scientific) following the manufacturer’s instructions.

Cell proliferation and apoptosis assay

For MTT assay, cells were plated in 96-well culture plates
at about 5,000 cells per well. At 0, 24, 48, 72, and 96 hours,
MTT was added to each well and cells were treated for
4 hours, respectively. After removal of the supernatant,
dimethy! sulfoxide (100 pL/well) was added and cells were
treated for 15 minutes. Absorbance values at 490 nm were
measured using a microplate reader (BioTek Instruments,
Winooski, VT, USA). For colony formation assay, cells
transfected with siRNAs were plated in six-well plates at
1,000 cells per well and then cultured for 2 weeks. The cells
were fixed and stained for 30 minutes in 35% methanol
solution with 1% crystal violet, and then the number of foci
>100 cells was counted. For apoptosis analyses, Annexin
V/propidium iodide staining of cells was carried out. At 48
hours after transfection, cells were harvested, washed, stained

with FITC Annexin V Apoptosis Detection kit (Beyotime).
The number of apoptotic cells was determined by a flow
cytometer (Guava easyCyte HT; Millipore). All assays were
performed in triplicate.

Cell migration and invasion assays

Cells were plated in six-well plates and allowed to grow until
100% confluency. Then, cell layer was scratched through the
central axis using a sterile plastic tip and loose cells were
washed. The widths of the initial gaps (0 and 24 hours) were
calculated using a microscope (Nikon Eclipse E200). Cell
invasion assay was carried out using Transwell chambers
(Corning Incorporated, Corning, NY, USA) with a pore size
of 8 um. The melted Matrigel (BD Biosciences, San Jose, CA,
USA) was diluted with medium, 30 mL of which was added
to the upper chamber of transwell, and then 5,000 cells in
serum-free medium were added to the upper chamber. After
24-hour incubation at 37°C and 5% CO,, cells invaded to the
lower surface of the membrane were fixed with 4% parafor-
maldehyde, stained with 10% crystal violet, and counted. All
assays were performed in triplicate.

Animal experiments

All applicable national and institutional guidelines for the care
and use of animals were followed. The animal protocol of this
study was approved by the Animal Research Committee of
Wannan Medical College. A total of 10 male BALB/c nude
mice (4 weeks, weight 20-23 g) were obtained from the Experi-
mental Animal Research Center of Wannan Medical College
and kept in the specific pathogen-free condition. Cells (1x10°)
were injected subcutaneously into the neck of nude mice. After
2 weeks, all nude mice with tumor were randomly divided into
two groups (n=5 for each group) to receive intratumoral injec-
tion of siRNA-COL5A1 or siRNA-control every 5 days.”! The
length (L) and width (W) of the tumor were measured before
every intratumoral injection. Tumor volume was calculated
according to the formula: LxW?/2. After five injections, all mice
were killed humanely and the resected tumors were weighed.

Statistical analyses

SPSS version 13.0, GraphPad 5.0 software, and R program-
ming language version 3.4.3 were used to perform statistical
analysis in this study. Numerical data were analyzed by Stu-
dent’s t-test, Mann—Whitney U test, or Kruskal—Wallis test as
appropriate. Categorical data were analyzed by chi-squared
test. Survival curves were generated using Kaplan—Meier
method, and the difference was analyzed by log-rank test.
Univariate and multivariate Cox regression analyses (for-
ward stepwise: likelihood ratio) were performed to identify
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prognostic factors for overall survival (OS) and recurrence-
free survival (RFS). Harrell concordance index (C-index)
and Akaike information criteria (AIC) analysis were applied
to investigate the accuracy of the prognostic models. A two-
sided P-value of <0.05 was considered statistically significant.

Results
COLS5AI is upregulated in ccRCC tissues
and ccRCC cell lines

COL5A1 protein was almost negatively expressed in the
adjacent normal renal tissue and positively expressed in the
majority of ccRCC tissue (Figure 1A). The rate of positive
expression of COL5A1 protein in ccRCC tissue was 93.75%
(240/256), which was significantly higher than that in the
adjacent normal renal tissue (7.4%) (P<0.001; Table 1).

Adjacent normal tissue

HK-2 786-O Caki-1
COL5A1

GAPDH

Figure | Expression of COL5AI in tissue and cell lines.

COLS5SA1 mRNA expression was also significantly higher
(1.74-fold) in ccRCC tissue than that in the adjacent normal
tissue (P<0.001). Western blot analysis revealed that COL5A1
protein expression was upregulated in ccRCC cell lines 786-O
and Caki-1, as compared with nonmalignant HK-2 cells (Fig-
ure 1B). As shown in Figure 1C, COL5A1 mRNA expression
was significantly higher in ccRCC cell lines 786-0 (1.67-fold)
and Caki-1 (3.87-fold) compared to HK-2 cells.

COLS5AI is correlated with
clinicopathological characteristics

A total of 256 ¢ccRCC patients (151 male and 105 female),
with a mean age of 57.6 years (range, 2485 years), and
tumor diameter ranging from 1.2 to 18.0 cm (mean 4.8 cm),
were included. The number of patients with TNM stages I,

ccRCC tissue

(9]

Relative COL5A1 mRNA levels

HK-2 786-0 Caki-1

Notes: (A) Representative COL5A| immunohistochemical images (200x) in adjacent normal tissue and ccRCC tissue. COL5AI protein expression in the ccRCC tissue was
significantly higher than that in the adjacent normal tissue. (B) Western blot detection of COL5AI protein expression in HK-2, 786-O, and Caki-1 cells. COL5AI protein
was upregulated in ccRCC cell lines in comparison with HK-2 cells. GAPDH was used as loading control. (C) COL5A| mRNA expression in HK-2, 786-O, and Caki-| cells.
The ccRCC cell lines showed a significantly higher COL5A1 mRNA expression in comparison with HK-2 (all P<0.05).

Abbreviation: ccRCC, clear cell renal cell carcinoma.

Table | The expression of COL5A1 protein in ccRCC tissue and paired adjacent normal tissue

Type of tissue No. COLS5AI immunostaining (%)

- 1+ 2+ 3+
ccRCC tissue 256 16 (6.3) 166 (64.8) 70 (27.3) 4(l.6)
Adjacent normal tissue 256 237 (92.6) 19 (7.4) 0 0

Abbreviation: ccRCC, clear cell renal cell carcinoma.
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IL, I, and IV was 168, 32, 36, and 20, respectively (65.6%,
12.5%, 14.1%, and 7.8%), whereas the number of patients
with Fuhrman grades 1, 2, 3, and 4 was 91, 74, 73, and 18,
respectively (35.5%, 28.9%, 28.5%, and 7.0%). Moreover,
lymph node metastasis and/or distant metastasis were pre-
sented in 57 patients at the time of diagnosis. Histological
tumor necrosis was observed in 71 (27.7%) patients, and
histological sarcomatoid was observed in 83 (32.4%) patients.
Forty-eight (18.8%) patients were assessed with ECOG PS >1.

As shown in Table 2, COL5A1 expression at protein
and mRNA levels was significantly associated with tumor
diameter (P=0.001 and P<0.001), TNM stage (P<0.001
and P<0.001), Fuhrman grade (P<0.001 and P<0.001),
distant metastasis (P<0.001 and P<0.001), histologi-
cal tumor necrosis (P<0.001 and P<0.001), histological
sarcomatoid (P=0.001 and P<0.001), UISS category
(P=0.002 and P<0.001), and SSIGN score (P<0.001 and
P<0.001).

Table 2 The relationship of COL5AI with the clinicopathological characteristics of patients with ccRCC

Characteristics No. COL5AI mRNA P-value COLS5ALI protein expression P-value
expression (fold: T/N) o/l+ 2+ 34+

Age (years) 0.710 0.657
<60 136 1.72+0.59 100 34 2
260 120 1.75+0.56 82 36 2

Gender 0.819 0.156
Male 151 1.74+0.56 113 37 |
Female 105 1.74£0.60 69 33 3

Tumor diameter (cm) 0.001 <0.001
<7 213 1.66+0.49 162 51 0
>7 43 2.14+0.76 20 19 4

TNM stage <0.001 <0.001
I+ 200 1.60+0.44 162 38 0
n+1v 56 2.21+0.72 20 32 4

Fuhrman grade <0.001 <0.001
Gl +G2 164 1.61+0.45 130 34 0
G3+ G4 92 1.96+0.69 52 36 4

Distant metastasis <0.001 <0.001
Absent 199 1.601£0.44 161 38 0
Present 57 2.20+0.72 21 32 4

Recurrence (after surgery) <0.001 0.002
Absent 144 1.51+0.41 124 20 0
Present 55 1.8310.45 37 18 0

Necrosis <0.001 <0.001
Absent 185 1.61+0.43 149 36 0
Present 71 2.07+0.74 33 34 4

Sarcomatoid 0.001 <0.001
Absent 173 1.63+0.48 135 38 0
Present 83 1.9610.68 47 32 4

ECOG PS 0.184 0.003
0 208 1.71+0.56 157 49 2
2| 48 1.85+0.64 25 21 2

UISS category 0.002 <0.001
Low risk 136 1.61+0.48 112 24 0
Medium risk 105 1.83+0.59 64 39 2
High risk 15 2.22+0.88 6 7 2

SSIGN score <0.001 <0.001
0-3 162 1.57+0.43 138 24 0
4-7 57 1.69+0.46 40 17 0
>8 37 2.5240.66 4 29 4

Abbreviations: ccRCC, clear cell renal cell carcinoma; ECOG PS, Eastern Cooperative Oncology Group performance status; N, adjacent normal tissue; SSIGN, Mayo clinic
stage, size, grade, and necrosis; T, ccRCC tissue; UISS, University of California Los Angeles Integrated Staging System.

Cancer Management and Research 2019:11

submit your manuscript

1267

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Feng et al

Dove

COL5AI is correlated with OS of

patients with ccRCC

The COL5A1 mRNA expression in patients with metastatic
ccRCC was significantly higher compared to patients with
localized ccRCC (P<0.001; Figure 2A). Based on the median
level of COL5A1 mRNA (1.70-fold) in ccRCC tissue, all
patients were divided into two groups. Kaplan—Meier analy-
sis demonstrated that ccRCC patients with high COL5A1
expression had a significantly worse OS probability than
those with low COLS5A 1 expression (log-rank test, P<0.001;
Figure 2B). As presented in Table 3, univariate analysis
indicated that tumor stage, tumor grade, distant metasta-
sis, necrosis, sarcomatoid, and COL5A1 expression (all
P<0.001) were statistically significant and correlated with
OS of patients with ccRCC. Multivariate analysis showed
that COL5A1 expression (HR 1.876; 95% CI: 1.073-3.279;

>

N

w

Relative COL5A1 mRNA levels
- N

0
Localized ccRCC Metastatic ccRCC
(n=199) (n=57)
C
ﬂ 4
(]
>
o
<3
X
S
52
-
(e}
O
()
=1
&
[0}
¥
Without recurrence Recurrence
(n=144) (n=55)

Figure 2 COL5A| mRNA is correlated with survival of ccRCC patients.

P=0.027), tumor stage (P=0.029), necrosis (P=0.001), and
sarcomatoid (P=0.015) were significantly correlated with OS
of patients with ccRCC after nephrectomy.

The C-indices were 0.664, 0.689, and 0.715, respectively,
when the OS was assessed with TNM, UISS, and SSIGN
outcome algorithms alone. Interestingly, C-indices of these
prognostic models were improved to 0.715, 0.736, and 0.742
with inclusion of COLS5SA1 expression. Furthermore, all
combined models had lower AIC values compared to their
conventional model alone (Table 4).

COL5A I is correlated with RFS of

patients with localized ccRCC

Among 199 patients with localized ccRCC, 55 had recurrence
after nephrectomy in follow-up. There was a significant dif-
ference in COL5SA1 mRNA expression between the patients

B
100 Low (n=129)
High (n=127)
80
~ 60
X
)
O 40
20 Log-rank test, P<0.001
0
0 12 24 36 48 60 72
Months after surgery
D
100 Low (n=115)
High (n=84)
80
& 60
T
@ 40
20 Log-rank test, P<0.001
0

0 12 24 36 48 60 72
Months after surgery

Notes: (A) COL5A| mRNA expression in patients with localized and metastatic ccRCC. Patients with metastatic ccRCC had significantly higher COL5A| mRNA expression
compared to patients with localized ccRCC (P<0.05). (B) Kaplan—Meier curves for OS after surgery. Patients with high COL5A| mRNA expression had poor OS (log-rank
test, P<0.001). (C) COL5A1 mRNA expression in ccRCC patients with and without recurrence. Patients with recurrence had significantly higher COL5A1 mRNA expression
compared to patients without recurrence (P<0.05). (D) Kaplan—Meier curves for RFS after surgery. Patients with high COL5A| mRNA expression had poor RFS (log-rank

test, P<0.001).

Abbreviations: ccRCC, clear cell renal cell carcinoma; OS, overall survival; RFS, recurrence-free survival.
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Table 3 Univariate and multivariate analyses for predicting overall survival of patients with ccRCC (n=256)
Characteristics Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (<60 years vs 260 years) 1.037 (0.653—1.647) 0.879 - -
Gender (female vs male) 1.209 (0.758-1.930) 0.426 - -
Tumor diameter (<7 cm vs >7 cm) 1.656 (0.971-2.824) 0.064 - -
Tumor stage (I + Il vs IIl + 1V) 3.633 (2.284-5.779) <0.001 1.837 (1.063-3.175) 0.029
Tumor grade (1+2 vs 3+4) 3432 (2.120-5.555) <0.001 - -
Metastasis (absent vs present) 3.416 (2.145-5.441) <0.001 - -
Necrosis (absent vs present) 3.087 (1.942—4.907) <0.001 2.214 (1.360-3.607) 0.001
Sarcomatoid (absent vs present) 2.707 (1.702—4.306) <0.001 1.871 (1.130-3.097) 0.015
ECOG PS (0 vs 1) 1.636 (0.983-2.722) 0.058 - -
COLS5AI expression (low vs high) 2.577 (1.523-4.359) <0.001 1.876 (1.073-3.279) 0.027

Abbreviations: ccRCC, clear cell renal cell carcinoma; ECOG PS, Eastern Cooperative Oncology Group performance status.

Table 4 Comparison of the prognostic accuracy of the prognostic
models and COL5A| expression for predicting overall survival of
patients with ccRCC

Model Overall survival
C-index AIC

COLSAI expression 0.645 664.244
TNM 0.664 654.684
TNM + COL5AI 0.715 650.497
uISsS 0.689 644.157
UISS + COL5AI 0.736 634.873
SSIGN 0.715 644.780
SSIGN + COL5AI 0.742 642.472

Abbreviations: AIC, Akaike information criteria; ccRCC, clear cell renal cell
carcinoma; SSIGN, Mayo clinic stage, size, grade, and necrosis; UISS, University of
California Los Angeles Integrated Staging System.

with and without recurrence (P<0.001; Figure 2C). The RFS
curve indicated that the group with high COL5A1 expression
had a significantly higher recurrence rate compared to the
group with low COL5A 1 expression (log-rank test, P<0.001;
Figure 2D). The results of univariate and multivariate analyses
for RFS are shown in Table 5. Univariate analysis indicated

that tumor diameter, tumor stage, tumor grade, necrosis,
sarcomatoid, and COL5A 1 expression (all P<0.001) were sig-
nificantly associated with RFS. Multivariate analysis showed
that COLSAT1 expression (HR 4.751; 95% CI: 2.613-8.637,
P<0.001), tumor grade (P<0.001), and sarcomatoid (P<0.001)
could be recognized as independent indicators of RFS in
patients with localized ccRCC after nephrectomy.

The C-indices were 0.609, 0.656, and 0.673, respectively,
when RFS was assessed with TNM, UISS, and SSIGN
outcome algorithms alone. Interestingly, C-indices of these
prognostic models were improved to 0.709, 0.739, and 0.740
with inclusion of COL5A1 expression. Furthermore, all
combined models had lower AIC values compared to their
conventional model alone (Table 6).

COL5AI knockdown inhibits ccRCC cell
proliferation and induces apoptosis in
vitro

The cell line Caki-1 (highest level of COL5A1 expression;
Figure 1B and C) was selected to examine whether COL5A1

Table 5 Univariate and multivariate analyses for predicting recurrence-free survival of patients with localized ccRCC (n=199)

Characteristics Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value
Age (<60 years vs >60 years) 1.164 (0.682—-1.968) 0.577 - -
Gender (female vs male) 1.152 (0.674-1.969) 0.605 - -
Tumor diameter (<7 cm vs >7 cm) 2.679 (1.478-4.857) 0.001 - -
Tumor stage (I vs II) 2.838 (1.583-5.089) <0.001 - -
Tumor grade (142 vs 3+4) 3.137 (1.828-5.383) <0.001 4.843 (2.714-8.641) <0.001
Necrosis (absent vs present) 2.314 (1.326-4.036) 0.003 - -
Sarcomatoid (absent vs present) 2.550 (1.477-4.402) 0.001 3.554 (2.010-6.283) <0.001
ECOG PS (0 vs >I) 1.892 (0.952-3.759) 0.069 - -
COLS5AI expression (low vs high) 3.549 (2.002-6.293) <0.001 4.751 (2.613-8.637) <0.001
Abbreviations: ccRCC, clear cell renal cell carcinoma; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Table 6 Comparison of the prognostic accuracy of the prognostic
models and COL5AI expression for predicting recurrence-free
survival of patients with localized ccRCC

Model Recurrence-free survival
C-index AlIC

COLS5AI expression 0.662 501.258
TNM 0.609 511.762
TNM + COL5AI 0.709 492.767
UISS 0.656 506.115
UISS + COL5ALI 0.739 482.557
SSIGN 0.673 504.193
SSIGN + COL5AI 0.740 481.659

Abbreviations: AIC, Akaike information criteria; ccRCC, clear cell renal cell
carcinoma; SSIGN, Mayo clinic stage, size, grade, and necrosis; UISS, University of
California Los Angeles Integrated Staging System.

knockdown could affect the growth of ccRCC cells. After
transfection with COL5A1 siRNA, significant reductions
of COL5A1 expression at protein and mRNA levels were
observed in Caki-1 cells (Figure 3A). MTT assay showed
that COL5A1 knockdown inhibited cell growth in a time-
dependent manner compared with controls (Figure 3B).

Colony formation assay showed that knockdown of COL5A1
caused significant reduction in colony numbers (Figure 3C).
Apoptosis analysis revealed that knockdown of COL5A1
significantly increased apoptosis of Caki-1 cells (Figure 3D).

COL5A| knockdown inhibits ccRCC cell

migration and invasion in vitro

Compared with controls, wound healing was significantly
inhibited by COL5A1 siRNA in Caki-1 cells (Figure 4A).
Furthermore, Matrigel invasion assay demonstrated that
the number of invading cells was significantly decreased in
COLSAL1 siRNA transfectants compared with their control
counterparts (Figure 4B).

COL5AI knockdown inhibits the
tumorigenicity in vivo

To investigate whether COL5A1 knockdown had the effect
of inhibition of tumor growth in vivo, a nude mice xenograft
model of ccRCC cell line Caki-1 was established, and intra-
tumoral injection with siRNA-COL5A1 or siRNA-control
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Figure 3 Effect of COL5AI knockdown on cell proliferation and apoptosis in vitro.

siRNA-control siRNA-COL5A1

Notes: (A) Effect of COL5AI knockdown in Caki-1 cells was determined by real-time PCR and Western blot analysis. (B) Cell viability was assessed by MTT assay at 0,
24, 48, 72, and 96 hours after treatment with siRNA. Knockdown of COL5AI inhibited Caki-| cells proliferation. (C) Effect of COL5AI on colony formation of Caki-|
cells. Knockdown of COL5AI caused significant reduction of colony number (P<0.05). (D) Apoptosis assay with Caki-| was done 48 hours post-siRNA transfection by flow
cytometric analyses. Knockdown of COL5AI significantly increased Caki-1 cells apoptosis (P<0.05).
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Figure 4 Effect of COL5AI knockdown on cell migration and invasion in vitro.
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Notes: (A) Representative images of wound healing assay. Knockdown of COL5AI significantly inhibited Caki-1 cells migration. (B) Representative images of crystal violet-
stained migrated cells. Knockdown of COL5AI significantly inhibited Caki-1 cells invasion.

in the nude mice with tumor burden was performed. As
shown in Figure 5A, the tumor was significantly smaller in
mice which received siRNA-COL5A1 intratumoral injection
than in mice which received siRNA-control intratumoral
injection. COLSA1 protein expression in siRNA-COLSA1
group was also decreased significantly (Figure 5B). Further-
more, COL5A1 siRNA resulted in a significant decrease in
the tumor volume and weight when compared with control
siRNA (all P<0.05; Figure 5C and D).

Discussion

The abnormal change of BM or ECM could lead to detach-
ment of tumor cells, which is the first stage of tumor metas-
tasis.?? Collagen type V (COLS5) is classified as a regulatory
fibril-forming collagen, and is formed by the combinations
of three different chains, namely COL5A1, COL5A2,
and COL5A3.22* COL5 presents in most connective tis-
sue matrices and plays a functional role in some cancers
including breast cancer, colon cancer, and pancreatic ductal
adenocarcinoma.®?’ Furthermore, bioinformatic analysis

has indicated that COL5A1 is a key factor in breast cancer,
gastric cancer, papillary thyroid carcinoma, ovarian cancer,
oral squamous cell carcinoma, and lung adenocarcinoma. !>
Ren et al reported that COL5A1 expression was associated
with distant metastasis-free survival in patients with breast
cancer.?® Additionally, Boguslawska et al evaluated the
prognostic significance of COL5A1 using TCGA data and
indicated that high COL5A1 expression correlated with poor
survival of ccRCC patients.'®

In this study, overexpression of COL5SA1 was observed in
ccRCC tissue compared with the paired adjacent normal renal
tissue. COL5A1 expression significantly increased with the
increase of tumor diameter and tumor stage. This finding can
be explained by the effect of COL5A1 on tumor cell growth.
High COL5A1 expression was also associated with higher
Fuhrman grade, suggesting that COL5A 1 might be correlated
with differentiation of ccRCC. Moreover, COL5A1 mRNA
expression in patients with metastatic ccRCC was signifi-
cantly higher than those with localized ccRCC, suggesting
overexpression of COL5A1 could promote metastasis of
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Figure 5 Effect of COL5AI knockdown on tumor growth in vivo.

Notes: (A) Knockdown of COL5AI by siRNA inhibited the growth of Caki-|-derived xenografts in nude mice. (B) Knockdown of COL5AI inhibited COL5AI protein
expression in vivo. (C) The tumor growth curves of the tumor xenografts. (D) The tumor weight of siRNA-control group and siRNA-COL5AI group (P<0.05).

ccRCC. Among 199 patients with localized ccRCC at the
time of diagnosis, 55 had recurrence after nephrectomy.
Compared to the patients without recurrence in follow-up,
the patients with recurrence had significantly higher COL5A1
mRNA expression, suggesting that COL5A 1 might correlate
with recurrence of ccRCC.

Although the outcome metric of OS might be impacted
by noncancer factors such as patient comorbidity status,
ccRCC patients with higher COL5SA1 expression had
worse OS in our study, which was in agreement with
the previous report by Boguslawska et al.!® In addition,
multivariate analysis clearly demonstrated the ability of
COLSAL1 expression to predict OS probability after sur-
gery. In order to further confirm the prognostic power of
COLS5A1 expression, COL5A1 expression was integrated
into conventional prognostic models such as TNM, UISS,
and SSIGN, respectively. We found that the accuracies of
all prognostic models were improved for OS when COL5A1
expression was added.

Because recurrence after surgery is a major cause of death
in patients with localized ccRCC, the association between
COLS5A1 expression and RFS was also investigated. The RFS
curve indicated that the group with high COL5A1 expres-
sion had a significantly higher recurrence rate than the group
with low COL5A1 expression. Furthermore, multivariate
analysis indicated that COL5A1 expression was significantly
associated with RFS of patients with localized ccRCC. Fur-
thermore, when COL5A1 expression was integrated into the
conventional prognostic models, their accuracies for RFS
of ccRCC were improved. Therefore, COL5A1 expression
seems to have the potential to predict localized ccRCC
patients’ outcome.

To further confirm the function of COL5A1 in ccRCC,
COLSA1 expression was investigated firstly in cell lines
HK-2 (nonmalignant), 786-O (nonmetastatic), and Caki-1
(metastatic). Intriguingly, we found a significantly increased
trend of COL5A1 expression among Caki-1 cells compared
to 786-0 cells and 786-O cells compared to HK-2 cells. Our
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finding suggests that COL5A1 might relate to metastatic
potentiality of ¢ccRCC cells. We observed that a transient
knockdown of COL5A1 significantly inhibited cell prolifera-
tion and induced cell apoptosis in vitro. Moreover, deletion
of COL5AL1 expression significantly inhibited tumor growth
in vivo using siRNA technique. Thus, COL5A1 might be
an important factor for the proliferation of ccRCC. In addi-
tion, COL5A1 knockdown also significantly inhibited cell
migration and invasion in vitro, suggesting that COL5A1 is
involved in malignancy of ccRCC. Several limitations of this
study should be acknowledged. First, a single cohort seems
to be inadequate to reach greater reliability. Multicentric and
large-scale validation studies are required in order to confirm
our present findings. Second, the molecular mechanism of
COLSAL1 in ccRCC needs to be further elucidated.

Conclusion

The present study first showed that COL5A1 expression was
upregulated in the majority of the ccRCC clinical tissue speci-
mens. Overexpression of COL5A1 was positively correlated
with the aggressive phenotype of ccRCC, and predicted poor
survival. COL5A1 knockdown using siRNA inhibited cell
proliferation, induced cell apoptosis, inhibited cell migration
and invasion in vitro, and inhibited tumor growth in vivo.
Therefore, COL5A1 may be a novel prognostic biomarker
and a promising therapeutic target for ccRCC.
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