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Abstract: Serpina family A member 4 (SERPINA4), also known as kallistatin, exerts important effects in inhibiting
tumor growth and angiogenesis in many malignancies. However, the precise role of SERPINA4 in CRC has not been
fully elucidated. The present study aimed to investigate the expression of SERPINA4 and its clinical significance
in CRC. Quantitative real-time polymerase chain reaction (QRT-PCR) and western blot analyses showed that the
mRNA and protein expression of SERPINA4 in colorectal cancer (CRC) specimens was significantly decreased than
that in adjacent normal mucosa. Immunohistochemistry (IHC) was conducted to characterize the expression pat-
tern of SERPINA4 by using a tissue microarray (TMA) containing 327 archived paraffin-embedded CRC specimens.
Statistical analyses revealed that decreased SERPINA4 expression was significantly associated with invasion depth,
nodal involvement, distant metastasis, American Joint Committee on Cancer (AJCC) stage, and tumor differentia-
tion. SERPINA4 was also an independent prognostic indicator of disease-free survival and overall survival in pa-
tients with CRC. Furthermore, the impact of altered SERPINA4 expression on CRC cells was analyzed with a series of
in vitro and in vivo assays. The results demonstrated that SERPINA4 significantly inhibits malignant tumor progres-

sion and serves as a novel prognostic indicator and a potential therapeutic target for CRC.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the third leading cause of can-
cer death worldwide [1, 2]. At present, the gold
standard for early detection of CRC is colonos-
copy and surgical resection remains the main
treatments for patients with CRC [3]. Many
advancements have been made in CRC screen-
ing, detection, and targeted therapy in recent
years [4-7]; However, the long-term survival
rate is unsatisfactory [3], which may be attrib-
uted to late diagnosis and tumor recurrence.
Therefore, in order to improve the survival rate
of CRC, it is vital to continue to explore specific
diagnostic biomarkers for early detection and
targeted therapy.

Serpina family A member 4 (SERPINA4), also
known as KAL, KST, or kallistatin, was first iden-

tified as a tissue kallikrein-binding protein in the
1900s [8, 9]. SERPINA4 is a novel anti-angio-
genesis agent, which exerts multiple effects on
inflammation, angiogenesis, and tumor growth
[10-13]. SERPINA4 suppressed angiogenesis
and inflammation via inhibition of TNF-o-in-
duced NF-kB activation and by blocking VEGF
signaling pathway, inducing apoptosis of cul-
tured human endothelial cells [14-16]. SER-
PINA4 also inhibited xenograft tumor growth in
mice by antagonizing VEGF-related cell prolifer-
ation, migration, and invasion of endothelial
cells [11, 17]. Moreover, previous studies sh-
owed that SERPINA4 not only suppresses tumor
growth by its anti-angiogenesis activity [18, 19],
but also directly inhibits cancer cell prolifera-
tion, migration and invasion by adjusting cancer
cell signaling in many malignancies such as
lung, breast, and hepatocellular carcinoma [20-
23]. However, the precise role of SERPINA4 in
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CRC progression and prognosis has not been
fully elucidated.

In the present study, we investigated the ex-
pression and clinical significance of SERPINA4
in CRC. First, we evaluated SERPINA4 expres-
sion at both the transcriptional and translation-
al levels in CRC tumor tissues and paired adja-
cent normal mucosa. We then studied the rela-
tionship between SERPINA4 expression and
survival of patients with CRC using a tissue
microarray (TMA) analysis. We last examined
the function of SERPINA4 on CRC cell prolifera-
tion, migration and invasion, and cell cycle pro-
gression by overexpressing SERPINA4.

Materials and methods
Patients and specimens

Fresh primary cancer specimens and matched
normal mucosa were collected from 40 CRC
patients (25 males and 15 females) who under-
went surgery without prior chemotherapy or
radiotherapy at the Department of General
Surgery of Shanghai General Hospital. The tis-
sues were collected after surgical resection,
transferred immediately into RNA keeper
Tissue Stabilizer (Vazyme Biotech Co, Ltd,
Jiangsu, China), stored at 4°C overnight, and
then transferred to -80°C prior to RNA and pro-
tein extraction.

Three hundred twenty seven paired samples
were obtained from patients with primary CRC
(169 males and 158 females; median age,
67.52 y, range 24-92 y) at the time of tumor
resection by Shanghai General Hospital be-
tween January 2003 and December 2005.
Specimens were paraffin embedded for TMA
construction. Patients did not receive chemo-
therapy or radiotherapy before surgery. The
tumor staging was determined in accordance
with the American Joint Committee on Cancer
(AJCC). The disease-free survival (DFS) and
overall survival (OS) durations were defined as
the period from initial surgery to clinically prov-
en metastasis or recurrence and death, respec-
tively. The diagnoses were confirmed by at least
two pathologists. All patients provided written
informed consent before enrollment in the
study. This study was approved by the Ins-
titutional Review Boards of Shanghai Jiao Tong
University and the Shanghai General Hospital.
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RNA extraction and quantitative real-time PCR
(QRT-PCR)

Total RNA was extracted from cultured cells or
frozen tissues using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). After assessing RNA inten-
sity and purity, 2 pg of total RNA were reverse
transcribed into cDNA using PrimeScript/tm RT
Master Mix (Takara, Shiga, Japan) according to
the manufacturer’s instructions. Then, 1 ug of
cDNA was used as a template for gRT-PCR with
SYBR Premix Ex Taq (Takara, Shiga, Japan)
according to the manufacturer’s instructions.
The amplification protocol used was as follows:
an initial denaturation step for 2 min at 95°C
followed by 40 cycles of denaturation for 10 s
at 95°C, annealing for 30 s at 62°C, and elon-
gation for 30 s at 72°C, and a final extension
step at 72°C for 30 s. The following primers
were used for the gRT-PCR: GAPDH sense,
5-GGAGC GAGAT CCCTC CAAAA T-3’ and anti-
sense 5-GGCTG TTGTC ATACT TCTCA TGG-3’;
SERPINA4 sense, 5-CGAGC TGTCT GAGTC
CGATG-3' and antisense, 5-GCCCA CAGTG
TCGTA GAAGT T-3". GAPDH was used as the
internal control. Each reaction was performed
in triplicate. The relative SERPINA4 mRNA
expression was calculated by using the 224t
comparative method.

Western blot analysis

Total protein was isolated from CRC cells and
tissue samples using RIPA Lysis Buffer
(Beyotime Biotechnology, Jiangsu, China). The
protein concentration was measured using the
BCA protein assay kit (Beyotime Biotechnology).
Equal amounts of protein (30 ug) were sepa-
rated on 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and
then transferred to polyvinylidene fluoride
(PVDF) membranes. The membranes were
blocked in 5% fat-free milk solution containing
0.1% Tween-20 for 1 h at room temperature,
followed by incubation with the appropriate pri-
mary antibodies: SERPINA4 (1:2000 dilution,
Abcam, Cambridge, UK) and GAPDH (1:1000
dilution, Abcam) at 4°C overnight. The mem-
branes were then incubated with the secon-
dary detection antibody (1:5000 dilution,
Abgent, San Diego, CA, USA) against rabbit IgG-
HRP for 2 h at room temperature. The blots
were visualized with Immobilon Western
Chemiluminescent HRP Substrate (Millipore,
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Figure 1. Expression of SERPINA4 in human colorectal cancer tissues. A. SERPINA4 mRNA expression in 40 tu-
mor tissues and paired adjacent normal mucosa detected by qRT-PCR. The relative SERPINA4 mRNA level was
normalized to GAPDH expression. A logarithmic scale of 222 was used to represent the fold-change. B. Western
blot analysis of SERPINA4 protein expression in eight paired CRC tissues, with GAPDH being the loading control. C.
SERPINA4 protein is lower in tumor tissues than in paired adjacent normal mucosa. ‘N’ represents normal tissue;

‘T’ represents tumor tissue.

Billerica, MA, USA) according to the manufac-
turer’s instructions.

TMA construction and immunohistochemistry
(IHC)

TMA slides were constructed as previously
described [4]. After dewaxing and rehydration,
paraffin-embedded sections were immersed in
boiled citrate buffer (0.01 M, pH 6.0) for anti-
gen retrieval. Then immunohistochemistry st-
aining was performed using the SERPINA4 pri-
mary antibody (1:300 dilution, Abcam) at 4°C
overnight, followed by incubation with the anti-
mouse or anti-rabbit EnVision two-step Visua-
lization System (Gene Tech, Shanghai, China)
for 30 min at room temperature. Finally, tissue
sections were counterstained with Mayer’s
hematoxylin and covered with coverslips. Two
researchers who were blinded to patient prog-
nosis evaluated the slides independently. The
staining intensity for SERPINA4 was scored as
0 (no staining), 1 (weak staining), 2 (moderated
staining), and 3 (strong staining). The staining
area was scored as 0 (0%), 1 (1-25%), 2 (26-
50%), 3 (51-75%), 4 (76-100%) on the basis of
the percentage of positively stained cells. The
final staining scores, which is the sum of the
intensity and extension scores, were divided
into three groups as followed: 0-2, negative
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expression; 3-4, weak expression; and 5-7, pos-
itive expression.

Cell culture and reagent

Human CRC cell lines, HCT116, RKO, SW620,
SW480, Caco2, LoVo, HT29, and HCTS8, were
obtained from the Type Culture Collection of
the Chinese Academy of Science (Shanghai,
China). Cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine
serum (FBS, Gibco, Carlsbad, CA, USA) and 1%
penicillin-streptomycin (Gibco) in a humidified
atmosphere containing 5% CO, at 37°C.

Transfection of SERPINA4 in CRC cell lines

To restore the expression of SERPINA4 in CRC
cell lines, human full length SERPINA4 cDNA
was inserted into the GV260 vector (Jikai Gene
Chemical Co, Ltd, Shanghai, China). Caco?2 cells
and RKO cells (5 x 10%/well) were seeded in
6-well plates and cultured to 70-80% conflu-
ence. Cells were then transfected with GV260-
SERPINA4 or empty vector controls using Li-
pofectamine 2000 (Invitrogen) following with
the manufacturer’'s procedure. SERPINA4 ex-
pression was confirmed using quantitative PCR
and western blot analysis.

Am J Cancer Res 2016;6(8):1636-1649
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Figure 2. Immunohistochemical staining for SERPINA4 expression in tissue microarray. (

A) Positive SERPINA4 ex-

pression in normal colonic epithelium, (B) adjacent tumor tissue, and (C) well- dlfferentlated tumor tissue. (D, E)
Weak SERPINA4 staining in moderately differentiated colorectal cancer tissues. (F) Negative SERPINA4 staining in
poorly differentiated colorectal cancer tissue. Original magnification, 200 x (400 x for insets).

Table 1. SERPINA4 immunohistochemical staining

Colonies were then counted and

SERPINA4 expression

photographed. The experiment

Tissue sample

Negative (%) Weak (%) Positive (%)

P value was performed in triplicate.

Normal mucosa 327 49 (15.0) 115(35.2) 163 (49.8) <0.001*
327 165 (50.5) 107 (32.7) 55 (16.8)

CRC tissue

Nude mice xenograft models

*Indicates statistical difference, P value is based on the chi-square test.

Cell counting Kit-8 (CCK-8) assays

The effect of SERPINA4 overexpression on the
proliferation of CRC cells (Caco2 and RKO) was
evaluated by measuring the absorbance at 450
nm following the manufacturer’s instructions.
Briefly, cells were plated in triplicate in 96-well
cell culture plates at a density of 2 x 10° cells/
well. At the appropriate time (12, 24, 48, and
72 h), the cells were incubated with 10 pL
CCK-8 solution for 2 h at 37°C. The absorbance
was measured on a Genb microplate reader
(BioTek, Winooski, VT, USA). The experiment
was performed in triplicate.

Cell colony formation assays

To evaluate colony-formation assays, 800 log-
phase cells were seeded in six-well plates. The
cells were cultured at 37°C under a humidified
atmosphere containing 5% CO,. After 14 days,
the cells were fixed in methyl alcohol for 15 min
and stained with Giemsa solution for 20 min.

1639

CRC xenografts were establish-
ed in 4-week-old male BALB/C
nude mice purchased from the
Institute of Zoology, Chinese Academy of
Science Shanghai. First, the mice were ran-
domly divided into 2 groups (n = 5). Then, RKO-
SERPINA4 or RKO-Control cells (5 x 10°) were
suspended in 100 pL of PBS and injected sub-
cutaneously into their abdomen. All mice were
euthanized 3 weeks after injection and tumor
weight was measured. Paraffin sections of the
xenograft tissues were prepared for hematoxy-
lin and eosin (H&E) staining and IHC with
SERPINA4 antibody (1:300 dilution, Abcam)
and Ki67 antibody (1:500 dilution, Abcam). All
of the animal procedures were conducted fol-
lowing the Shanghai General Hospital Animal
Care guidelines. All efforts were made to mini-
mize animal suffering.

Cell migration and invasion assays

The migration and invasion ability of CRC cells
was evaluated by using Transwell chamber
(Millipore). In brief, 1 x 10°cells in serum-free
medium were seeded in the upper compart-

Am J Cancer Res 2016;6(8):1636-1649
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Table 2. Association between clinicopathological parameters and

SERPINA4 expression

SERPINA4 expression

parameters n Negative Weak Positive P value
(n=165) (%) (n=107) (%) (n=55) (%)

Age, years (%) 0.456
<65 123 60(36.4) 45 (42.1) 18 (32.7)
>65 204 105 (63.6) 62 (57.9) 37 (67.3)

Gender (%) 0.259
Male 169 80 (48.5) 57 (51.8) 32 (61.5)

Female 158 85 (51.5) 53 (48.2) 20 (38.5)

Location (%) 0.102
Right 77 41 (24.8) 26 (24.3) 10 (18.2)
Transverse 21 9 (5.5) 11 (10.3) 1(1.8)

Left 23 14 (8.5) 6 (5.6) 2(3.6)
Sigmoid colon 85 39 (23.6) 24 (22.4) 23 (41.8)
Rectum 121 62 (37.6) 40 (37.4) 19 (34.5)

T stage (%) 0.001*
T1 20 2(1.2) 11 (10.3) 7(12.7)

T2 69 35(21.2) 22 (20.6) 12 (21.8)
T3 137 63(38.2) 52 (48.6) 22 (40.0)
T4 101 65(39.4) 22 (20.6) 14 (25.5)

N stage (%)

NO 253 116 (70.3) 92 (86.0) 46 (83.6) 0.015*
N1 62 43 (26.1) 11 (10.3) 7(12.7)
N2 12 6 (3.6) 4(3.7) 2 (3.6)

M stage (%) 0.008*
MO 308 149 (90.3) 104 (97.2) 55 (100.0)

M1 19 16 (9.7) 3(2.8) 0 (0.0)

AJCC stage (%) <0.001*

| 83 24 (14.5) 37 (34.6) 22 (40.0)
Il 159 76 (46.1) 58 (54.2) 25 (45.5)
I 67 50 (30.3) 9 (8.4) 8 (14.5)

% 18 15 (9.1) 3(2.8) 0(0.0)

Differentiation (%) 0.022*
High 88 40(24.2) 31(29.0) 17 (30.9)

Moderate 192 91 (55.2) 69 (64.5) 32 (58.2)
Low 47 34 (20.6) 7 (6.5) 6 (10.9)

*P < 0.05 indicates a significant association among the variables.

ment of the Transwell chamber. The transwell
membrane was either coated with Matrigel (for
invasion; BD, CA, USA) or without (for migra-
tion). Then, the bottom chamber was filled with
600 pL of basal medium containing 10% FBS.
After incubation at 37°C in a humidified atmo-
sphere containing 5% CO, for 24 h, the migrat-
ed or invasion cells on the bottom chamber
were fixed with methanol, stained with crystal
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violet. The stained cells
were counted under a mic-
roscope in four randomly
selected files at a magnifi-
cation of 200 x. The exper-
iment was performed in
triplicate.

Flow cytometry analysis of
the cell cycle

The cell cycle was analyzed
using the Cell Cycle Kit (BD
Biosciences, San Jose, CA,
USA). Cells were trypsin-
ized, washed in phosphate
buffered saline (PBS) for 5
min, and collected by cen-
trifugation at 1200 revolu-
tions per minute (rpm) for 5
min. Then cells were fixed
with 5 mL of prechilled
70% ethanol for 2 h at 4°C.
The cells were then centri-
fuged, washed, and resus-
pended in a solution con-
taining RNase and propi-
dium iodide (PI). After 20
min of incubation, the cells
were analyzed by flow cyto-
metry (BD Accuri C6, BD
Biosciences). The experi-
ment was performed in
triplicate.

Statistical analysis

All statistical analyses we-
re carried out by using
the SPSS 19.0 statistical
software package (SPSS
Inc, Chicago, IL, USA). The
differences between two
groups were compared wi-
th the 2-tailed Student’s

ttest, x? test, or Fisher’s exact test, as appro-
priate. Survival rates were calculated using the
Kaplan-Meier method and the log-rank test
was used to compare the survival curves. The
Cox proportional hazards model was used to
calculate the univariate and multivariate haz-
ard ratios for the variables. A P value of less
than 0.05 was considered statistically signi-

ficant.
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Figure 3. Kaplan-Meier analysis of disease-free survival (DFS) and overall survival (0S) in 327 CRC patients. DFS
and OS of patients according to SERPINA4 expression levels determined by immunohistochemical staining. The sur-
vival rate of patients with SERPINA4-positive tumors was significantly higher than that of patients with SERPINA4-

negative tumors (P < 0.001).

Results

SERPINA4 expression is significantly down-
regulated in CRC

We analyzed 40 paired CRC specimens to eval-
uated SERPINA4 mRNA and protein expression.
As shown in Figure 1A, SERPINA4 was down-
regulated in 80% (32/40) of CRC tissues com-
pared with the matched adjacent normal tis-
sues (P < 0.001), and the relative level of
SERPINA4 mRNA in 22/40 (55%) tumor tissues
was below 0.5-fold compared with that of the
paired adjacent normal mucosa. The average
SERPINA4 expression (ACt value) in the colon
tumor group was 11.03 + 1.11 whereas in the
normal tissue group, it was 9.73 + 1.32 (P <
0.001), indicating that the SERPINA4 mRNA
level was downregulated in cancer tissues than
in paired normal mucosa. Subsequently, west-
ern blot analysis showed that SERPINA4 pro-
tein expression was significantly lower in tumor
tissues compared with that in the paired adja-
cent normal mucosa (0.64 + 0.04 vs. 1.20 +
0.30, respectively; P < 0.001) (Figure 1B, 1C).
These results confirmed that SERPINA4 expres-
sion decreased both at the transcriptional and
translational levels.
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Association of SERPINA4 staining with clinico-
pathological parameters of CRC

To analyze the clinicopathological parameters
of SERPINA4 expression, IHC was used to
detect SERPINA4 protein expression in a TMA
containing specimens from 327 cases of pri-
mary CRC paired with normal mucosa. As
shown in Figure 2, SERPINA4 was prominently
localized in the membrane and cytoplasm of
the colorectal epithelium. Of the 327 normal
mucosa specimens inthe TMA, 49/327 (15.0%)
were negative for SERPINA4 expression,
115/327 (35.2%) specimens presented a weak
staining, and 163/327 (49.8%) specimens
exhibited a strong staining. In contrast, in the
CRC mucosa, 165/327 (50.5%) specimens
were negative for SERPINA4, 107/327 (32.7%)
presented a weak staining, and 55/327 (16.8%)
presented a strong staining (Table 1). These
results revealed that the distribution of
SERPINA4 expression was significantly differ-
ent between colorectal normal mucosa and
tumor mucosa. SERPINA4 was significantly
downregulated in the CRC tissues than in the
matched normal mucosa (P < 0.001).

The associations between SERPINA4 expres-
sion and clinicopathological parameters for the

Am J Cancer Res 2016;6(8):1636-1649
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Table 3. Univariate analysis for disease-free survival (DFS) and overall survival (OS)

Variable DFS oS
HR 95% ClI P value HR 95% Cl P value
Age, years
<65 - e
>65 1.333 0.869-2.045 0.188 1.354 0.883-2.077 0.165
Gender
Male — —
Female 0.826 0.552-1.235 0.352 0.829 0.555-1.240 0.362
Location
Right 1.022 0.598-1.748 0.936 1.054 0.617-1.803 0.846
Transverse 1.192 0.528-2.691 0.672 1.201 0.532-2.711 0.659
Left 1.301 0.576-2.938 0.527 1.402 0.620-3.170 0.417
Sigmoid colon 1.053 0.632-1.754 0.844 1.082 0.649-1.802 0.764
Rectum —
T stage
T1 0.086 0.120-0.625 0.015* 0.093 0.013-0.675
T2 0.363 0.200-0.660 0.001~* 0.370 0.204-0.672 0.001~*
T3 0.460 0.296-0.715 0.001~* 0.485 0.312-0.754 0.001~*
T4
N stage
NO 0.176 0.090-0.346 < 0.001* 0.190 0.097-0.372 <0.001*
N1 0.346 0.166-0.721 0.005* 0.355 0.171-0.738 0.006*
N2
M stage
mo
M1 3.891 2.119-7.145 < 0.001* 3.536 1.928-6.485 < 0.001*
AJCC stage
| 0.126 0.058-0.278 < 0.001* 0.142 0.065-0.311 <0.001*
Il 0.226 0.119-0.432 < 0.001* 0.259 0.136-0.493 <0.001*
I 0.406 0.207-0.798 0.009* 0.441 0.225-0.866 0.017*
v
Differentiation
High 0.889 0.469-1.687 0.719 0.930 0.490-1.766 0.825
Moderate 0.922 0.522-1.631 0.781 0.966 0.546-1.709 0.906
low —
SERPINA4
Negative 11.727 3.691-37.257 < 0.001* 12.268 3.858-39.007 <0.001*
Weak 3.117 0.913-10.650 0.050* 3.219 0.941-11.010 0.042*
Positive — —

HR hazard ratio, Cl confidence interval. *P < 0.05 indicates that the 95% ClI of the HR did not include 1.

327 subjects are summarized in Table 2.
SERPINA4 expression showed a positive result
with the invasion depth (T stage) (P = 0.001),
nodal involvement (N stage) (P = 0.015), distant
metastasis (M stage) (P = 0.008), American
Joint Committee on Cancer (AJCC) stage (P <
0.001), and tumor differentiation (P = 0.022),
whereas no relationship was observed between
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SERPINA4 expression and the age, gender, or
tumor location (Table 2).

Survival analysis and prognostic significance
of SERPINA4 expression

To assess the possible association between
SERPINA4 expression in CRC tumors and

Am J Cancer Res 2016;6(8):1636-1649
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Table 4. Multivariate analysis for DFS and 0OS

. DFS 0S

Variable

HR 95% Cl P value HR 95% ClI P value
T stage 1.326 0.897-1.960 0.157 1.297 0.874-1.926 0.197
N stage 1.527 0.985-2.368 0.059 1.453 0.936-2.255 0.096
M stage 3.090 1.215-7.861 0.018* 2.590 0.999-6.715 0.050*
AJCC stage 0.859 0.499-1.479 0.583 0.882 0.506-1.535 0.656
SERPINA4 0.339 0.221-0.519 < 0.001* 0.329 0.215-0.503 < 0.001*

HR hazard ratio, Cl confidence interval. *P < 0.05 indicates that the 95% CI of the HR did not include 1.
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Figure 4. SERPINA4 expression in cell lines. (A) SERPINA4 mRNA levels and (B) protein levels in CRC cell lines.
Caco2 and RKO cells showed lower SERPINA4 expression than that of the other tested cell lines. (C) qRT-PCR
analysis and (D) western blot analysis of SERPINA4 expression in Caco2 and RKO cell lines stably overexpressing

SERPINA4 (*P < 0.05).

patient survival, Kaplan-Meier curves with a
log-rank test for DFS and OS were built in
327 patients who accepted radical colectomy
(Figure 3). Patients with SERPINA4-negative
tumors had a poorer DFS (log-rank test, P <
0.001) and OS (log-rank test, P < 0.001) than
that in patients with SERPINA4-positive tumors.
Kaplan-Meier curves also showed that the rate
of recurrence was significantly elevated in
patients negative for SERPINA4 expression. In
these recurrence cases, patients with a nega-
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tive SERPINA4 expression had a higher recur-
rence rate than in patients with a weak or posi-
tive expression [negative, 85/165 (51.5%);
weak, 19/107 (17.8%); positive, 3/55 (5.5%); P
< 0.001].

In univariate analysis, patients with negative
tumor SERPINA4 expression had a significantly
lower DFS and OS rate than that in patients
with positive tumor SERPINA4 expression (DFS,
HR =11.727,95% Cl: 3.691-37.257, P < 0.001;
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Figure 5. The effects of SERPINA4 overexpression in CRC cell proliferation. A. The effect of SERPINA4 overexpres-
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to assess the impact of SERPINA4 overexpression on cell growth. C. The number of CRC cell clones was quantified.
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0S, HR = 12.268, 95% CI: 3.858-39.007, P <
0.001) (Table 3). In addition, both DFS and OS
were significantly associated with pT stage, pN
stage, pM stage, and AJCC stage. In multivari-
ate analysis with clinicopathological parame-
ters, the expression of SERPINA4 was an inde-
pendent prognostic marker to predict tumor
recurrence (Table 4).

SERPINA4 overexpression inhibits CRC cell
proliferation

To explore the function of SERPINA4 in CRC, we
elevated the expression of SERPINA4.
Quantification by gRT-PCR and western blot
demonstrated that SERPINA4 expression level
was lower in Caco2 and RKO cells than in other
CRC cell lines (Figure 4A, 4B). Subsequently, a
SERPINA4 expression plasmid was transfected
into Caco2 and RKO cells. SERPINA4 overex-
pression was confirmed in transfected cells by
gRT-PCR and western blot analysis (Figure 4C,
4D). Next, we performed CCK-8 and plate colo-

1645

ny formation assays to evaluate the effect of
SERPINA4 in CRC cell growth. As shown in
Figure 5A, a significant inhibition of cell growth
was detected in the SERPINA4 overexpression
group compared with that in the control group
at 12, 24, 48, and 72 h after transfection (P <
0.05). In addition, the colony formation assays
showed that SERPINA4 overexpression inhibit-
ed cancer cell clonogenicity when compared
with the control group (Figure 5B, 5C; P < 0.01).
These results indicated that SERPINA4 overex-
pression significantly inhibited CRC cell
proliferation.

SERPINA4 overexpression inhibits xenograft
tumor growth

Based on the in vitro findings described above,
RKO-SERPINA4 cells and RKO-Control cells
were subcutaneously injected into the abdo-
men of nude mice to investigate the role of
SERPINA4 in tumorigenesis. As shown in Figure
6A, the growth index of the RKO-SERPINA4
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SERPINA4: a novel prognostic factor and therapeutic target for colorectal cancer

Caco2 N . CacoZ-CON
ﬂsmq{‘ﬂ ﬂ;;{f‘? A f,‘
wzf’ “:y ,', .

¢
-'z

RKO-CON

B
Caco2 . CacoZ %ON
) R, (5 Y i ity
E;.i" #‘."h\#{ 'r’ . ‘_1.
U
!&J'.l.'
h!, 4 |
'J' Al .;--:L -""‘u...u.u Rk

‘\\;“'_. =:~¢\ -" 3
hl

% A

CacoZ SERPINA4
w Sy 1K

f v,(h 3 *'t-‘ %
f' L3 g

Pay \\w:» 5
S

d e TN

KBt T R T WA T AN Y
o] :ﬁ?’”yz"’:‘.“ ’Ewwc?( ai',#.%‘! 3%:2f' ";‘t:'“ ?;‘.‘ 3

CacoZ SERF’INA4

RKO SERPINA4

3
.\\x? \ﬁ
-

-
o
T

cell migration number
0
o
T

o
1

Caco2 Caco2-CON Caco2-SERPINA4
250+

200
150
100

50+

cell migration number

RKO-CON RKO-SERPINA4

(=
o
T

@
b

cell invasion number
N B
. bl

Caco2 Caco2-CON Caco2-SERPINA4

1004

50+

cell invasion number

RKO RKO-CON RKO-SERPINA4

Figure 7. SERPINA4 overexpression significantly inhibits CRC cell migration and invasion. A. The effect of SERPINA4
overexpression on migration using transwell chambers without Matrigel and the number of migrating CRC cells was
quantified. B. The effect of SERPINA4 overexpression on invasion using transwell chambers with Matrigel and the
number of migrating CRC cells was quantified (**P < 0.01, ***P < 0.001).

tumors was significantly lower than that of the
RKO-Control tumors. Specifically, the average
tumor weight was 0.94 + 0.33 mg vs. 2.54 +
0.41 mg, respectively (Figure 6B). In addition,
we utilized IHC to detect SERPINA4 and Ki67 in
the xenograft tissues. The expression of Ki67
was significantly weaker in the RKO-SERPINA4
xenografts than in the RKO-Control xenografts
(Figure 6C). These data showed that SERPINA4
overexpression suppressed CRC tumor growth
in vivo.

SERPINA4 overexpression inhibits CRC cell
migration and invasion

Cell migration and invasion are necessary for
tumor development and metastasis. We used
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transwell chambers either uncoated or precoat-
ed with Matrigel to assess the effect of
SERPINA4 expression on cell migration and
invasion, respectively. SERPINA4 overexpres-
sion inhibited the migration and invasion of
CRC cells compared with that of the control
cells (Figure 7A, 7B; P < 0.001). These findings
indicated that SERPINA4 decreases the migrant
and invasive behavior of these cells.

SERPINA4 overexpression changes the CRC
cell cycle

Then we explored the role of SERPINA4 in the
CRC cell cycle by using flow cytometry analysis
and found that SERPINA4 overexpression cells
were arrested in the G1 phase and the number
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cells in S phase compared to cells in the control groups. B. The percentages of CRC cells in each phase were quanti-

fied (***P < 0.001).

of S phase cells had a reciprocal decrease in
compared with that in the control group (Figure
8A, 8B). Thesefindings indicated that SERPINA4
overexpression induced an accumulation of
CRC cells in G1 phase and a reduction in the
number of cells in S phase.

Discussion

Serine proteinase inhibitors (serpins) are single
chain proteins containing a conserved domain
structure of 370-390 residues and involved in a
variety of physiologic events such as coagula-
tion, fibrinolysis, complements activation, and
phagocytosis by interacting with their target
proteinase [24]. Many serpins such as PEDF
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and maspin have anti-angiogenic activities [25,
26]. Asa member of the serpin family, SERPINA4
also shows antiangiogenic properties, and has
been identified as an endogenous angiogenic
inhibitor that suppresses tumor growth [12, 13,
18]. However, the bio-functional and prognostic
value of SERPINA4 in CRC has not been fully
expounded.

In the present study, we showed for the first
time that SERPINA4 was downregulated in
cancerous colorectal tissues compared with
normal epithelium at the transcriptional as
well as translational level. Downexpression of
SERPINA4 was associated with cancer pro-
gression and metastasis. Individuals with
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SERPINA4-negatively stained tumors experi-
enced shorter OS and DFS, indicating SERPINA4
as a novel prognostic biomarker of CRC out-
come. Finally, by univariate and multivariate
Cox model analyses, we confirmed SERPINA4
to be an independent prognostic factor for DFS
and OS in CRC.

To further understand the role of SERPINA4 in
tumor progression, GV260 vector was used to
restore the expression of SERPINA4 in CRC
cell lines. In accordance with discoveries of Tse
et al. in hepatocellular carcinoma cells [23],
SERPINA4 overexpressed CRC cell lines exhi-
bited impaired proliferative potency using
CCK-8 and colony formation assays. Moreover,
SERPINA4 overexpression also led to a signifi-
cant reduction in xenograft tumor formation,
indicating that SERPINA4 significantly sup-
presses CRC cell proliferation both in vitro and
in vivo. Recently, Spinetti et al. [27] showed
SERPINA4 has a potent effect on cell invasion
incirculating proangiogenic cells. Coincidentally,
our study revealed SERPINA4 overexpression in
CRC cells suppressed migration and invasion,
which indicates the potential involvement of
SERPINA4 in tumor metastasis. In addition,
SERPINA4 was recently identified as a unique
inhibitor of expression of cyclin D1 [17, 28], and
cyclin D1 is a major regulator of the progression
of cells into the proliferative stage of the cell
cycle [29]. Thus, we analyzed the effect of
SERPINA4 on the CRC cell cycle, and our results
demonstrated SERPINA4 suppressed cancer
cell cycle progression through the regulation to
G1-S-phase transition. Judging by the observa-
tions aforementioned, targeting on SERPINA4
is viable for anti-cancer therapy.

In conclusion, our data suggest for the first
time, that decreased expression of SERPINA4
is significantly correlated with aggressive phe-
notype and poor clinical outcome in CRC.
SERPINA4 is a novel independent prognostic
indicator for patients with CRC. SERPINA4 sup-
presses cancer progression and serves as a
potential therapeutic target for CRC. Further
investigation into related signaling pathways
and precise mechanisms underlying the anti-
tumor activity of SERPINA4 are required in the
future study.
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