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Abstract. Pin2/TRF1‑binding protein X1 (PinX1) functioned 
as a potent inhibitor of telomerase, which was also widely 
considered to be a sufficient tumor suppressor. Previous 
studies have demonstrated that PinX1 expression was 
reduced in several types of cancer and was associated with 
poor overall survival. However, little is known regarding 
the role of PinX1 in colorectal cancer (CRC). The present 
study investigated PinX1 expression via immunostaining of 
CRC tissue microarrays consisting of tumor and adjacent 
non‑cancerous tissues (ANCT) from 568 patients. PinX1 
expression was significantly lower in CRC tissues than in 
ANCT. Decreased PinX1 expression was revealed to be 
associated with lymph node metastasis, distant metastasis and 
advanced Tumor‑Node‑Metastasis stage, as well as a poorer 
overall and disease‑free survival. Furthermore, Cox regression 
analysis determined that a decreased PinX1 expression was 
an independent prognostic marker for patients with CRC. In 

an in vitro assay, PinX1 markedly restricted CRC cell migra-
tion and invasion. Additionally, the present study revealed that 
PinX1 could hinder the activity of matrix metalloproteinase 
2 (MMP2) through nuclear factor (NF)‑κB‑dependent tran-
scription to further suppress the migration and invasion ability 
of CRC cells through western blot analysis and a gelatin 
zymography assay. In vivo studies verified that PinX1 could 
suppress CRC metastasis, as well as the expression of MMP2 
and NF‑κB p65. These results suggested that PinX1 can serve 
as an independent prognostic factor for patients with CRC 
and that it may function as a tumor metastasis suppressor 
in the progression of CRC though negatively regulating the 
NF‑κB/MMP2 signaling pathway.

Introduction

Colorectal cancer (CRC) is the third leading cause of 
cancer‑associated mortality worldwide (1,2). Notably, owing 
to the increasing participation in colonoscopy screening, the 
incidence and mortality rates of CRC have declined by ~3% 
per year in males and females in recent years (1). However, 
recurrence and metastasis continue to be the main factors in 
the long‑term survival and prognosis of patients with CRC, but 
the precise mechanism of this remains unclear. Furthermore, 
clinically effective treatment protocols for inhibiting tumor 
recurrence and metastasis are lacking. Therefore, identifying 
metastasis‑associated genes in CRC and discovering the 
potential mechanism of this disease are of great significance 
to reduce the rates of recurrence and metastasis in order to 
alleviate the symptoms and enhance the quality of life of 
patients with CRC.

The PinX1 gene is located on chromosome 8p23, where a 
loss of heterozygosity is frequently observed in various types 
of human malignancy  (3,4). Additionally, the PinX1 gene 
encodes a 45‑KDa nucleolar protein comprising 328 amino 
acids (5), known as Pin2/TRF1‑binding protein X1 (PinX1), 
which is characterized by its function as a potent inhibitor 
of telomerase by binding human telomerase reverse tran-
scriptase (6,7). Additional studies have reported that PinX1 
was downregulated in breast, stomach, renal and ovarian 
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carcinoma, and that a decrease in PinX1 expression was 
associated with CRC progression and that it may serve as an 
independent prognostic marker (7‑12). Our previous studies 
have reported that PinX1 functions as a tumor suppressor in 
breast cancer and leads to a decrease or an increase in the 
invasion and metastasis abilities of breast cancer and clear cell 
type renal cell carcinomas through inhibiting cell migration 
and invasion (10,11). However, the role of PinX1 in the occur-
rence and development of CRC remains unclear. Therefore, it 
is worth investigating the biological functions of PinX1 and 
the potential mechanism of this in the development of CRC.

To assess the function of PinX1 in CRC, a tissue microarray 
(TMA) of CRC was used to analyze the association between 
PinX1 expression, and the survival and clinicopathological 
parameters of patients with CRC. Additionally, our in vitro 
and in vivo studies have revealed that PinX1 suppresses the 
migration and invasion of CRC by repressing the activity 
and expression of matrix metalloproteinase 2 (MMP2) in a 
nuclear factor (NF)‑κB pathway‑dependent manner. These 
results highlighted that PinX1 acted as an inhibitory factor of 
tumor metastasis in the improvement of CRC and suggested 
that PinX1 serves as a novel prognostic marker and a potential 
therapeutic target in patients with CRC.

Materials and methods

Patient information and specimen collection. A total of 
568 patients with CRC were retrospectively enrolled from the 
Affiliated Hospital of Xuzhou Medical University (Jiangsu, 
China). All the patients had received a definitive diagnosis of 
CRC and subsequently underwent radical surgery (including 
abdominoperineal resection and low anterior resection, 
depending on the distance between the anus and the tumor, 
as well as the patient's nutritional status and other under-
lying diseases) at the Affiliated Hospital of Xuzhou Medical 
University between April 2010 and March 2015. The present 
study was approved by the Ethics Committee of the Affiliated 
Hospital of Xuzhou Medical University and all patients or their 
families provided written informed consent. Cancer tissues and 
adjacent para‑carcinoma tissues (APCT) were obtained from 
the Department of Pathology, Affiliated Hospital of Xuzhou 
Medical University. The tissues were fixed with 10% formalin 
at room temperature for 24 h and embedded into tissue blocks 
with paraffin. Each patient for whom general information 
and clinicopathological parameters were obtained from the 
Medical Records Department of the Affiliated Hospital of 
Xuzhou Medical University had complete follow‑up records.

In the present study, 327 males and 241  females were 
recruited. The mean age of the patients was 61.7 years (range, 
21‑91  years), and the majority of the patients received a 
pathological diagnosis of adenocarcinoma (559/568). There 
were 88, 391 and  82  cases with poorly‑, moderately‑ and 
well‑differentiated cancer, respectively; 209 patients with 
lymph node metastasis; and 24 cases with distant metastasis. 
The data of the remaining patients were lost to follow‑up. 
The Tumor‑Node‑Metastasis stage was graded according to 
the American Joint Committee on Cancer staging system, 
299 patients were classified as having stage I and II disease, 
and 193 patients were classified as having stage III and IV 
disease  (13). The data of the remaining patients were lost 

to follow‑up. The survival time was defined as the time 
period between surgery and mortality or the last follow‑up 
(December 1, 2016).

Tissue microarray (TMA) and immunohistochemistry 
(IHC). Duplicate 1.5‑mm diameter cores were punched from 
the paraffin block of CRC and processed into a TMA. The 
streptavidin‑peroxidase (SP) method was applied for IHC 
using a standard SP kit (OriGene Technologies, Inc., Beijing, 
China). Prior to immunostaining, the TMA was heated for 2 h 
at 70˚C, followed by deparaffinization, washing with xylene 
and rehydration in a graded ethanol series. Endogenous 
peroxidases were inhibited by 3% hydrogen peroxide for 
30 min at room temperature. A standard antigen retrieval 
method was performed by heat‑induced epitope retrieval 
by heating the TMA slides immersed in retrieval solution 
(10 mM sodium citrate buffer, pH 6.0) at 100˚C for 6 min in a 
pressure boiler. Following boiling, the slides remained in the 
pressure boiler, were initially cooled to 90˚C and were then 
cooled to room temperature. The slides were subsequently 
incubated with a polyclonal rabbit anti‑PinX1 antibody (1:50; 
cat. no. NBP2‑32265; Novus Biologicals, LLC, Littleton, CO, 
USA) at 4˚C overnight, and known immunostaining‑posi-
tive/negative slides served as positive and negative controls.

Evaluation of immunostaining. Positive expression of KIF4A 
was identified by brown staining using a fluorescence micro-
scope (Nikon ECLIPSE 80i; Nikon Corporation, Tokyo, Japan) 
at magnifications of x100 and x400. NIS‑Elements F 4.00.00 
software (Nikon Instruments, Inc., Melville, NY, USA) was 
used to acquire and analyze images. Positive PinX1 immunos-
taining is observed primarily in the nucleus and partially in the 
cytoplasm. Two blinded pathologists individually evaluated the 
scores of PinX1 staining. The scores of PinX1 staining were 
ranked according to the immunoreactive score (IRS), which is 
determined by multiplying the scores of staining intensity by 
the percentage of positive cells. The PinX1 staining intensity 
was graded as 0, 1, 2 or 3, corresponding to negative, weak, 
moderate and strong. The percentage of positive cells was also 
graded into four categories: 1, 0‑25%; 2, 26‑50%; 3, 51‑75%; 
and 4, 76‑100%. The PinX1 staining was characterized as 
negative (IRS, 0), weak (IRS, 1‑3), moderate (IRS, 4‑6) or 
strong (IRS, 8‑12). By applying receiver operating character-
istic (ROC) curve analysis, an optimum cut‑off value for IRS 
was determined, where IRS 0‑3 and 4‑12 were categorized as 
low and high PinX1 expression, respectively.

Cell culture and transfection. The human colorectal cancer 
HCT116 and SW480 cell lines were obtained from (American 
Type Culture Collection, Manassas, VA, USA). Cells were 
cultured in Dulbecco's modified Eagle's medium (High 
glucose; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in 
a 5% CO2 incubator. Prior to transfection, HCT116 and SW480 
cells were grown to 50% confluence. Recombinant lentivirus 
of PinX1 and its lv3‑control retrovirus (Shanghai GenePharma 
Co., Ltd., Shanghai, China) were used for infecting HCT116 
and SW480 cells according to the manufacturer's protocol. 
In each 60x15  mm cell culture dish, 40  µg PinX1 small 
interfering (si)RNA, NF‑κB‑p65 siRNA or negative control 
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siRNA (Shanghai GenePharma Co., Ltd.) were transfected 
using 8 µl siLentFect Lipid Reagent (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). A total of 48 h after transfection, 
the cells were used for subsequent experimentation according 
to the manufacturer's protocol. The siRNAs sequences were 
as follows: siPinX1, GAG​CCA​CAG​AUC​AUA​UUA​ATT; 
siNF‑κB‑p65, CCC​UAU​CCC​UUU​ACG​UCA​UTT; and siCtrl, 
UUC​UCC​GAA​CGU​GUC​ACG​UTT.

Gelatin zymography assay. Gelatin zymography was 
performed as previously described (10). At 36 h after trans-
fection, the cells were incubated in serum‑free DMEM 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 24 h. Following 
absorption and concentration of the supernatant medium with 
centrifugal filters (EMD Millipore, Billerica, MA, USA) at 
7,500 x g for 20 min at 4˚C, the protein samples were mixed 
with 2X SDS‑PAGE non‑reducing buffer (P0015B; Beyotime 
Institute of Biotechnology, Haimen, China) at a 1:1 ratio. 
Next, 50  µl of the mixed sample was loaded onto a 10% 
polyacrylamide gel containing 0.1% gelatin (Sigma‑Aldrich; 
Merck  KGaA, Darmstadt, Germany). Next, the gels were 
washed twice in eluent buffer (2.5% Triton X‑100, 50 mM 
Tris‑HCl, 5 mM CaCl2 and 1 µM ZnCl2, pH 7.6) for 30 min 
at room temperature; equilibrated twice in developing buffer 
(50 mM Tris‑HCl, 5 mM CaCl2 and 1 µM ZnCl2, pH 7.6) for 
20 min at room temperature; and finally put in incubation 
buffer (50 mM Tris‑HCl, 5 mM CaCl2, 1 µM ZnCl2, 0.02% 
Brij and 0.2 M NaCl) at 37˚C for 40 h. Next, the gels were 
incubated with staining buffer (0.05% Coomassie blue G‑250 
in 45% methanol, 10% acetic acid and 30% methanoic acid) for 
3 h and then washed with destaining buffer (45% methanol and 
10% acetic acid) until clear bands appeared. The images were 
obtained using a gel imaging system (Bio‑Rad Laboratories, 
Inc.) and the activities of MMPs were measured by densi-
tometric analysis using ImageJ  1.45s software (National 
Institutes of Health, Bethesda, MD, USA).

Western blot analysis. Western blot analysis was performed 
as previously described (10). The HCT116 and SW480 cell 
lines were collected and lysed in radioimmunoprecipitation 
assay buffer (50 mM Tris/HCl, pH 7.4; 150 mM NaCl; 1% 
NP‑40; 0.1% SDS) containing protease inhibitors (10 µg/ml 
leupeptin, 10 µg/ml pepstatin A, 10 µg/ml aprotinin and 1 mM 
4‑[2‑aminoethyl] benzenesulphonyl fluoride) for 30 min on ice. 
Next, the cell lysate was harvested and centrifuged at 15,000 x g 
for 10 min at 4˚C. Protein concentration was evaluated using 
an Enhanced bicinchoninic acid protein assay kit (P0010; 
Beyotime Institute of Biotechnology). Proteins (20‑40 µg) were 
separated on 10% SDS gels and transferred onto polyvinyli-
dene fluoride membranes (GE Healthcare Life Sciences, Little 
Chalfont, UK). The membranes were incubated in blocking 
buffer composed of 5% skimmed milk in Tris‑buffered saline 
with Tween‑20 (TBST) on a shaking Table at room tempera-
ture for 2 h. Next, the blocked membranes were incubated 
overnight at 4˚C with the following primary antibodies: Rabbit 
anti‑PinX1 (1:1,000; NBP2‑32265; Novus Biologicals, LLC), 
rabbit anti‑MMP2 (1:500; GTX104577; GeneTex, Inc., Irvine, 
CA, USA), anti‑MMP‑9 (1:500; GTX100458; GeneTex, Inc.), 
rabbit anti‑TMP metallopeptidase inhibitor 1 (TIMP‑1; 1:1,000; 
D10E6; Cell Signaling Technology, Inc., Danvers, MA, USA), 

anti‑TIMP‑2 (1:1,000; D1887; Cell Signaling Technology, Inc.), 
anti‑NF‑κB p65 (1:1,000; 8242P; Cell Signaling Technology, 
Inc.) and anti‑phosphorylated‑NF‑κB p65 antibodies (1:1,000; 
3033S; Cell Signaling Technology, Inc.), as well as mouse 
anti‑GAPDH (Cell Signaling Technology, Inc.), which acted as 
an internal control for the quantity of target protein. Following 
washing three times with PBS with Tween 20 on a shaking 
Table for 5 min, membranes were incubated with secondary 
goat anti‑mouse or anti‑rabbit antibodies (1:10,000; anti‑mouse 
cat. no. SA00001‑1; anti‑rabbit cat. no. SA00001‑2; Proteintech 
Group, Inc., Chicago, IL, USA) for 1 h at room temperature and 
the signals were identified using the Tanon 6600 Luminescent 
Imaging Workstation (Tanon Science & Technology Co., Ltd., 
Dalian, China). ImageJ 1.45s software (National Institutes of 
Health) was used for densitometric analysis.

Cell migration and invasion assay. The migration and invasion 
assays were performed using modified two‑chamber plates 
with 8‑µm pores. The Transwell filter coated with Matrigel 
(BD  Biosciences, Franklin Lakes, NJ, USA) was applied 
for the invasion assay. A total of 15x105 cells into the upper 
chamber with serum‑free DMEM (Invitrogen; Thermo Fisher 
Scientific, Inc.) while DMEM (Invitrogen; Thermo Fisher 
Scientific, Inc.) containing 20% fetal calf serum (Invitrogen; 
Thermo Fisher Scientific, Inc.) was simultaneously added to 
the lower chamber. For the migration and invasion assays, the 
process was terminated after 24 and 36 h of incubation at 37˚C, 
respectively. The cells were removed from the upper chamber 
using swabs, and the cells that had crossed the membrane were 
fixed in 4% paraformaldehyde at room temperature for 20 min 
and stained at room temperature with crystal violet for 15 min, 
prior to images being captured and cells being counted under 
an inverted microscope at x200 magnification in 5 random 
fields (DP80; Olympus Corporation, Tokyo, Japan).

Cell proliferation assay. Cell Counting kit (CCK)‑8 analysis 
was performed to determine the effect of PinX1 on cell prolif-
eration. Approximately 4x103 cells were seeded into each well 
of 96‑well plates and CCK‑8 solution was added 24, 48, 72 
and 96 h afterwards. Cells were incubated at 37˚C for 1 h 
after 10 µl CCK‑8 solution was added. The absorbance was 
measured at 450 nm.

Animals and tail intravenous assay of metastasis. Female 
BALB/c nude mice (16‑17 g; 6 weeks old) were purchased 
from the Shanghai Laboratory Animal Center (Shanghai, 
China) for studies approved by the Animal Care Committee 
of Xuzhou Medical College (Xuzhou, China). The nude mice 
were maintained in a controlled environment with controlled 
temperature (24‑25˚C), humidity (50‑70%) and (light, 07:00; 
dark, 22:00). The water and mouse feed were sterilized by 
uperization and were freely available. The nude mice were 
randomly divided into two groups: PinX1 short hairpin RNA 
(shPinX1) and Control short hairpin RNA (shCtrl), with each 
group consisting of 10 mice. The mice were intravenously 
injected with 2.0x106 HCT116 cells in 200 µl PBS through 
the tail vein. After 45 days, the two groups of mice were 
sacrificed following anesthesia, prior to the occurrence of 
pathological mortality, and the lungs and liver were dissected 
and fixed with 10% formalin at room temperature for 24 h 
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for metastatic nodule counting and further histopathological 
analysis and hematoxylin‑eosin staining at room temperature 
for 2 min of 4‑µm paraffin‑embedded sections. The number 
of metastatic nodules on the surfaces of the lungs and liver of 
animals in each group was counted by visual inspection using 
a stereoscopic dissecting microscope at x100 magnification in 
5 randomly selected fields.

Statistical analysis. All statistical analyses were performed 
using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). 
Based on the paired Wilcoxon signed‑rank test, the significance 
of PinX1 expression between cancer tissues and ANCT was 
evaluated. The association between PinX1 expression and the 
clinicopathological parameters of the patients with CRC was 
examined by the χ2 test. The Kaplan‑Meier curve method and 
the log‑rank test were implemented to assess the association 
between PinX1 expression and patient survival. Univariate and 
multivariate Cox regression analysis was used for estimating 
the crude hazard ratios (HRs) and 95% confidence intervals 
(CIs) of the HRs. Two‑way analysis of variance and Dunnett's 
test were conducted to assess differences between treatment 
groups. Data are presented as the mean ± standard deviation. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

PinX1 expression is downregulated in CRC tissues. To detect 
the PinX1 protein expression in CRC tissues and the ANCT, 
immunostaining analysis of colorectal TMA consisting of 
a total of 568 pairs of samples was performed. Following 
removal of the samples lost due to antigen retrieval, 515 CRC 
tissues, 528 ANCT and 507 matched samples were obtained. 
As shown in Fig. 1A, it was revealed that PinX1 expression was 
mainly distributed in the cell nucleus and partially distributed 
in the cytoplasm. Furthermore, 507 pairs of CRC and ANCT 
samples were compared using a paired Wilcoxon signed‑rank 
test, and the data revealed that PinX1 protein expression was 
significantly decreased in cancer tissues, compared with 
ANCT (P<0.001; Fig. 1B).

Association between PinX1 expression and clinicopatho‑
logical parameters of CRC. As samples with IRS 0‑3 and 
IRS 4‑12 were classified as low and high PinX1 expression, 
respectively, the low and high expression rates of 515 CRC 
samples were 46.4%  (239/515) and 53.6%  (276/515), 
respectively (Table I). Next, the association between PinX1 
expression and the clinicopathological parameters of CRC was 
evaluated using Fisher's exact test, and the data demonstrated 
that low PinX1 expression was significantly associated with 
lymph node metastasis  (P=0.021; Fig.  1C), distant metas-
tasis (P=0.030; Fig. 1D) and advanced TNM stage (P=0.014; 
Fig. 1E). Furthermore, there was no noTable significance in 
the association between PinX1 expression, and age, sex, depth 
of the invasion, tumor diameter and differentiation (Table I).

Low PinX1 expression contributes toward a poor prognosis 
in patients with CRC. The Kaplan‑Meier survival curve and 
log‑rank test revealed that low PinX1 expression was associ-
ated with overall and disease‑free survival of patients with 

CRC (Fig. 2; P=0.001 and P=0.017, respectively). Furthermore, 
univariate Cox regression analysis indicated that PinX1 expres-
sion was significantly associated with overall and disease‑free 
survival in patients with CRC (P=0.001 and P=0.009, respec-
tively; Table II). Furthermore, the independent prognostic value 
of PinX1 expression in CRC was confirmed using the multi-
variate Cox regression model, and the data revealed that the 
expression of PinX1 could serve as an independent prognostic 
marker for overall survival with P=0.001 (HR=0.57; 95% CI, 
0.41‑0.79) and disease‑free survival with P=0.017 (HR=0.53; 
95% CI, 0.31‑0.90; Table III).

Silencing of PinX1 promotes CRC cell migration, invasion and 
proliferation in vitro. The results of the present study demon-
strated that low PinX1 expression is associated with a poorer 
prognosis than high PinX1 expression and may accelerate 

Table  I. Association between PinX1 expression and clinico-
pathological features in patients with colorectal cancer.

	 PinX1
	 expression (n=515)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Low (%)	 High (%)	 P‑valuea

All patients	 239 (100)	 276 (100)
Age, years			   1.000
  ≤60	 140 (59)	 161 (58)
  >60	 99 (41)	 115 (42)
Sex			   0.050
  Male	 126 (53)	 170 (62)
  Female	 113 (47)	 106 (38)
Depth of invasionb			   0.747
  T1/T2	 53 (22)	 57 (21)
  T3/T4	 216 (78)	 219 (79)
Lymph node metastasis			   0.021
  N0	 141 (59)	 190 (69)
  N1/N2/N3	 98 (41)	 86 (31)
Distant metastasis			   0.030
  M0	 226 (95)	 271 (98)
  M1	 13 (5)	 5 (2)
TNM stage			   0.014
  I‑II	 133 (56)	 187 (66)
  III‑IV	 106 (44)	 93 (34)
Tumor diameterc			   0.366
  ≤5 cm	 174 (73)	 195 (71)
  >5 cm	 65 (27)	 81 (29)
Differentiationd			   0.267
  Poor	 37 (18)	 43 (14)
  Moderate/high	 169 (82)	 259 (86)

aTwo‑sided Fisher's exact tests; bThe data of 1 patient could not be 
assessed; cThe data of 2 patients were lost; dThe data of 7 patients 
with CRC were lost. PinX1, Pin2/TRF1‑binding protein X1; TNM, 
Tumor‑Node‑Metastasis.RETRACTED
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tumor metastasis in CRC. Therefore, it was further examined 
whether PinX1 participated in CRC cell migration and inva-
sion in vitro. For the in vitro assay, HCT116 and SW480 cells 
with stable interference of PinX1 expression were constructed 
though retroviral interference (Fig. 3A and B).

Notably, cell migration was markedly increased following 
silencing of PinX1 expression in the HCT116 and SW480 cell 
lines (Fig. 3C and D). Concurrently, analogous results were 
observed in the cell invasion assay, demonstrating that cell 
invasion was also significantly increased (Fig. 3E and F).

The CCK‑8 cell proliferation assay revealed that cell 
proliferation in the HCT116 and SW480 cell lines with 

PinX1‑knockdown was increased compared with that in the 
cells in the control groups (Fig. 3G and H).

PinX1 inhibits invasion by decreasing the expression and 
activity of MMP2 in CRC. Previous studies have demon-
strated that the MMP family serves an important role in 
malignancy metastasis, which could degrade the extracel-
lular matrix (ECM) and facilitate the invasion of tumor cells 
through the basement membrane (14,15). To examine whether 
PinX1 regulates metastasis through MMPs in CRC cells, the 
protein expression level and activity of MMPs were detected 
by western blot analysis and gelatin zymography, respectively. 

Figure 1. Immunostaining of PinX1 in CRC tissues. (A) Intensity of staining in CRC tissues. Top panel, x100 magnification; bottom panel, x200 magnification; 
a and e, negative; b and f, weak; c and g, moderate; d and h, strong. (B) The distribution of different staining intensities of PinX1 in CRC tissues compared 
with adjacent non‑cancerous control tissues (P<0.001, paired Wilcoxon signed‑rank test). (C) Low PinX1 expression is associated with lymph node metastasis 
(*P=0.021, χ2 test). (D) Low PinX1 expression is associated with distant metastasis (*P=0.030, χ2 test). (E) Low PinX1 expression is associated with advanced 
Tumor‑Node‑Metastasis stage (*P=0.014, χ2 test). PinX1, Pin2/TRF1‑binding protein X1; CRC, colorectal cancer; N‑C, adjacent non‑cancerous tissues‑CRC 
tissues; N, node; M, metastasis.
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Figure 2. Expression of PinX1 is associated with overall and disease‑free survival in patients with CRC. (A) Low PinX1 expression is associated with a poorer 
overall cumulative survival in patients with CRC (P=0.001, log‑rank test). (B) Low PinX1 expression is associated with a poorer disease‑free cumulative 
survival in patients with CRC (P=0.017, log‑rank test). Cum, cumulative; PinX1, Pin2/TRF1‑binding protein X1.

Table II. Univariate Cox regression analysis of PinX1 expression and clinicopathological variables predicting the survival of 
515 patients with colorectal cancer.

	 Overall survival	 Disease‑free survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variablea	 HR (95% CI)	 P‑value	 HR (95%CI)	 P‑value

PinX1	 0.60 (0.42‑0.79)	 0.001	 0.55 (0.33‑0.91)	 0.019
Age	 1.20 (0.88‑1.65)	 0.250	 1.46 (0.89‑2.41)	 0.135
Sex	 1.40 (1.03‑1.92)	 0.034	 1.97 (1.19‑3.25)	 0.010
LNM	 1.30 (0.95‑1.78)	 0.107	 1.97 (1.19‑3.25)	 0.008
Distant metastasis	 2.86 (1.39‑5.85)	 0.004	 3.39 (1.23‑9.39)	 0.019
TNM stage	 1.45 (1.06‑1.98)	 0.021	 2.01 (1.22‑3.31)	 0.006
Differentiation	 0.83 (0.72‑0.96)	 0.012	 0.75 (0.59‑0.94)	 0.012
Tumor diameter	 1.30 (0.93‑1.82)	 0.126	 1.78 (1.07‑2.97)	 0.027
Depth of invasion	 1.80 (1.45‑2.83)	 0.011	 5.49 (1.72‑17.5)	 0.004

PinX1, Pin2/TRF1‑binding protein X1; HR, hazard ratio; CI, confidence interval; LNM, lymph node metastasis; TNM, Tumor‑Node‑Metastasis. 
aPinX1, low vs. high; Age, ≤60 vs. >60; Sex, male vs. female; LNM, N0 vs. N1, N2 and N3; Depth of invasion, T1‑T2 vs. T3‑T4; Distant 
metastasis, M0 vs. M1; Differentiation, moderate and high vs. poor; TNM stage, I‑II vs. III‑IV; Tumor diameter, ≤5 vs. >5.

Table III. Multivariate Cox regression analysis models assessing the effects of covariates on overall and disease‑free survival in 
515 patients with colorectal cancer.

	 Overall survival	 Disease‑free survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variablea	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

PinX1	 0.57 (0.41‑0.79)	 0.001	 0.53 (0.31‑0.90)	 0.017
Age	 1.20 (0.87‑1.65)	 0.273	 1.38 (0.83‑2.28)	 0.213
Sex	 1.45 (1.04‑2.01)	 0.030	 2.29 (1.35‑3.87)	 0.002
Tumor diameter	 1.27 (0.89‑1.80)	 0.174	 1.87 (1.10‑3.17)	 0.020
TNM stage	 1.48 (1.07‑2.04)	 0.020	 2.11 (1.27‑3.53)	 0.004
Differentiation	 1.44 (1.03‑2.00)	 0.033	 0.74 (0.58‑0.94)	 0.014

HR, hazard ratio; CI, confidence interval; PinX1, Pin2/TRF1‑binding protein X1; TNM, Tumor‑Node‑Metastasis. aPinX1, low vs. high; 
Age, ≤60 vs. >60; Sex, male vs. female; Tumor diameter, ≤5 cm vs. >5 cm; Differentiation, moderate and high vs. poor; TNM stage, I‑II 
vs. III‑IV.
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It was revealed that MMP2 expression and activity were 
increased following PinX1‑knockdown in HCT116 and SW480 

cells  (Fig. 4A and B). However, MMP9 expression did not 
exhibit a significant change under identical conditions (Fig. 4A). 

Figure 3. PinX1 inhibits the migration and invasion of colorectal cancer cells. (A) The relative protein expression level of PinX1 in PinX1‑knockdown (shPinX1) 
and control groups (shCtrl) in HCT116 and SW480 cells was detected by western blotting. (B) Densitometric analysis of the relative protein expression level of 
PinX1 in PinX1‑knockdown (shPinX1) and control groups (shCtrl) in HCT116 and SW480 cells. (C and D) PinX1‑knockdown inhibited the migration ability 
of HCT116 and SW480 cells. (E and F) PinX1‑knockdown inhibited the invasion ability of HCT116 and SW480 cells. (G and H) PinX1‑knockdown inhibited 
the proliferation ability of HCT116 and SW480 cells. All experiments were performed in triplicate. Data are presented as the mean ± standard deviation. 
***P<0.001; **P<0.01. PinX1, Pin2/TRF1‑binding protein X1; sh, short hairpin RNA; Ctrl, control.
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Therefore, we hypothesized that PinX1 could inhibit invasion 
by decreasing MMP2 expression and activity in CRC cells.

Furthermore, the protein levels of TIMP1 and TIMP2, 
which are tissue inhibitors of MMP9 and MMP2, respectively, 
were detected. The results of the present study demonstrated 
that MMP2 expression varied with PinX1 expression, whereas 
the expression of TIMP1 and TIMP2 did not present a signifi-
cant alteration with PinX1 silencing in HCT116 and SW480 
cells (Fig. 4A).

PinX1 suppresses MMP2 expression via the NF‑κB signaling 
pathway in CRC. Evidence has indicated that the NF‑κB 
signaling pathways are crucial for tumor development (16) 
and contribute toward tumor ECM destruction  (17,18). 
NF‑κB could regulate MMPs at the transcription level 
through recognizing the κB sites in the promoters of MMP 
genes (19). The present study demonstrated that the expres-
sion levels of NF‑κB‑p65 (p65), phosphorylated‑NF‑κB‑p65 
(p‑p65) and MMP2 were significantly increased following 
PinX1‑knockdown in HCT116 and SW480 cells  (Fig. 4C). 
Therefore, we hypothesized that PinX1 may regulate MMP2 
through the NF‑κB pathway in CRC.

To further ascertain whether PinX1 affects MMP2 through 
the NF‑κB signaling pathway, p65 siRNA was transfected 
into PinX1‑silenced HCT116 and SW480 cells. Western blot 
analysis demonstrated that the levels of MMP2, p65 and 
p‑p65 were decreased following p65 interference in CRC 

cells (Fig. 5A and B). Additionally, the migration and inva-
sion abilities repressed by PinX1‑knockdown were markedly 
reversed by the silencing of p65 (Fig. 5C and D). These data 
suggested that PinX1 regulates migration and invasion via the 
NF‑κB/MMP2 signaling pathway.

PinX1 negatively regulates CRC cell metastasis in  vivo. 
To further investigate the role of PinX1 in CRC metastasis 
in vivo, HCT116 cells infected with shCtrl or shPinX1 were 
injected into two groups of nude mice via the tail vein. A 
total of 45 days later, the mice were sacrificed, the lungs 
and livers were dissected and fixed with 10% formalin for 
metastatic nodule counting and further histopathological 
analysis.

Hematoxylin‑eosin staining revealed that the randomly 
selected metastatic foci were present in the livers, rather than in 
the lungs (Fig. 6A). Extensive micro‑metastases were detected 
in the livers of the mice injected with HCT116‑shPinX1 
cells  (Fig.  6B). Furthermore, statistical analysis revealed 
that the number of metastatic foci was markedly increased 
in the shPinX1 group compared with that in the shCtrl 
group (Fig. 6C).

Immunohistochemical staining of metastatic nodules in 
the liver demonstrated that the expression levels of MMP2 and 
p65 in the shPinX1 group were increased compared with those 
in the shCtrl group (Fig. 6D). These results further confirmed 
our in vitro conclusions.

Figure 4. PinX1 expression inhibits the expression and activity of MMP2, and inhibits expression of p65 and p‑p65. (A) Western blot analysis of the relative 
protein levels of PinX1, MMP2, MMP9, TIMP‑1 and TIMP‑2 in HCT116 and SW480. (B) Gelatin zymography analysis of MMP2 in HCT116 and SW480. 
(C) Western blot analysis of the relative protein levels of PinX1, MMP2, p65 and p‑p65 in HCT116 and SW480. All experiments were performed in triplicate 
through comparing knockdown of the PinX1 group (shPinX1) with that of the control group (shCtrl). Histograms represent the mean ± standard deviation. 
***P<0.001. PinX1, Pin2/TRF1‑binding protein X1; MMP2, matrix metalloproteinase 2; p‑, phosphorylated; TIMP, TMP metallopeptidase inhibitor 1; sh, short 
hairpin RNA; Ctrl, control.
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Discussion

The present study investigated the roles of PinX1 in human 
CRC by combining PinX1 immunostaining with the retrospec-
tive cohorts of 515 patients with CRC. The results revealed that 
low PinX1 expression was significantly associated with tumor 
metastasis to distant organs or lymph nodes and advanced 
TNM stage (Table I). Prognostic analysis demonstrated that 
low levels of PinX1 were associated with poorer overall 
and disease‑free survival rates (Fig. 2A and B). Cox regres-
sion analysis revealed that low PinX1 expression acts as an 
independent adverse prognostic indicator for patients with 
CRC (Tables II and III). These results supported the possible 

inhibitory effects of PinX1 on colorectal tumor metastasis and 
its potential as an independent indicator for the treatment of 
patients with CRC. However, how PinX1 regulates the metas-
tasis of CRC remains unclear; therefore, the present study 
investigated the potential mechanisms of regulating CRC 
metastasis.

The in vitro assay revealed that the migration and invasion 
of CRC cells was markedly increased following knockdown 
of PinX1 (Fig. 3). Furthermore, the migration and invasion 
of tumor cells has crucial effects on tumor metastasis, and 
acquiring such a capacity is typically a vital step in tumor 
metastasis. Therefore, tumor cells would move to the basement 
membrane to combine with the corresponding receptors and 

Figure 5. PinX1 suppresses MMP2 expression via the nuclear factor‑κB pathway. Western blot analysis of the relative protein expression levels of PinX1, 
MMP2, p65 and p‑p65 in shCtrl and shPinX1 groups and those co‑treated with p65 siRNA in (A) HCT116 and (B) SW480 cells. The p65‑specific siRNA 
efficiently prevented the upregulation of MMP2 expression induced by the knockdown of PinX1. (C and D) The improved migration and invasion ability 
resulting from the knockdown of PinX1 was inhibited by p65‑siRNA in HCT116 and SW480 cells. All experiments were performed in triplicate. Histograms 
represent the mean ± standard deviation. **P<0.01; ***P<0.001. PinX1, Pin2/TRF1‑binding protein X1; MMP2, matrix metalloproteinase 2; p‑, phosphorylated; 
si, small interfering; sh, short hairpin RNA; Ctrl, control.
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degrade the ECM (20,21). It is known that the MMP family 
of proteolytic enzymes degrades the ECM and basement 
membrane, which serves an important role in facilitating 
the invasion of tumor cells through the basement membrane 
barrier to result in infiltration and metastasis (14,15,22). The 
individual MMPs, MMP2 and MMP9, are the major enzymes 
in the degradation of the basement membrane and ECM (23). 
Previous studies have reported that increased expression of 
MMP2 and MMP9 contributed toward a poorer prognosis for 
patients with CRC, and participated in the process of CRC 
metastasis (24,25). The present study demonstrated that PinX1 
could suppress the expression and activity of MMP2 but not 
those of MMP9 (Fig. 4A and B). Therefore, we hypothesized 
that PinX1 may inhibit the migration and invasion of CRC by 
regulating MMP2 expression.

A vital mechanism for the regulation of the activity of 
MMPs draws support from binding to the specific endogenous 
tissue inhibitors of metalloproteinases (TIMPs) (26). Among 
the TIMPs, TIMP1 and TIMP2 are indicated as specific tissue 
inhibitors of MMP9 and MMP2, respectively (27). The results 

of the present study indicated that following PinX1‑knockdown, 
the expression of TIMP1 and TIMP2 did not significantly 
change in CRC cells, suggesting that the PinX1 gene is not 
regulated through TIMP2 and that other mechanisms regulate 
MMP2 to affect the ability of CRC cell migration and invasion 
in vitro. Therefore, this specific mechanism requires further 
investigation.

Recent studies have indicated that the NF‑κB pathway 
is important for tumor development and that it is involved 
in stimulating cell proliferation, inhibiting apoptosis, and 
increasing metastasis and angiogenesis  (16), including 
CRC (28). NF‑κB comprises different protein dimers that bind 
to a common sequence motif known as the κB site, which was 
identified in the promoters of genes that encode MMPs (17‑19). 
NF‑κB is constitutively expressed in cells as a heterodimer, 
comprising a p50 DNA‑binding subunit and the p65 trans‑acti-
vating subunit (29). Previous studies have reported that the 
N‑terminal Gly‑rich patch (G‑patch) of PinX1 is a key nucleic 
acid binding domain that combines with the C‑terminus of the 
NF‑κB‑repression factor (NRF) (30). NRF, a nuclear inhibitor 

Figure 6. PinX1 negatively regulates colorectal cancer cell metastasis in vivo. (A) Right panel, representative image of liver with metastatic nodules; middle 
panel, H&E staining sections of liver with metastatic nodules; left panel, representative image of H&E stained lung sections. (B) Representative image of 10% 
formalin‑fixed liver with metastatic nodules. (C) The number of liver metastatic nodules was counted under a dissecting microscope. Compared with the shCtrl 
group, a statistically significant increase in the number of the liver metastases was observed in the shPinX1 group (***P=0.002). (D) Immunohistochemical 
staining of MMP2 and p65 in metastatic liver nodules. MMP2 and p65 expression was increased in the shPinX1 group, compared with the shCtrl group. 
sh, short hairpin; Ctrl, control; PinX1, Pin2/TRF1‑binding protein X1; MMP2, matrix metalloproteinase 2.
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of NF‑κB, can constrain the transcriptional activity of NF‑κB 
proteins by protein‑protein interactions (31). Therefore, we 
hypothesized that PinX1 can also inhibit the transcriptional 
activity of NF‑κB proteins by direct protein‑protein interac-
tions through its G‑patch domain. The results of the present 
study demonstrated that p65‑siRNA efficiently inhibited the 
upregulation of MMP2 expression induced by PinX1‑knock
down (Fig. 5A and B). Furthermore, the enhanced migration 
and invasion resulting from PinX1‑knockdown were also 
suppressed by p65‑siRNA in CRC cells  (Fig.  5C  and  D). 
Therefore, these results suggested that PinX1 may control the 
NF‑κB/MMP2 signaling pathway for the regulation of the 
migration and invasion of CRC cells. However, the molecular 
mechanism of how PinX1 regulates the NF‑κB/MMP2 
signaling pathway was not investigated; therefore, future 
studies will focus on investigating whether PinX1 could func-
tion as a transcription factor and regulate NF‑κB/MMP2 at the 
transcription level.

To further determine the functional effect of PinX1 in 
CRC metastasis in vivo, an experimental model comprising 
two groups of nude mice was constructed. Using this model, 
it was demonstrated that PinX1‑knockdown in CRC cells 
significantly inhibited the formation of metastasis nodules 
in the livers of nude mice. Further immunohistochemical 
staining of MMP2 and p65 revealed that the expression levels 
of MMP2 and p65 in the shPinX1 group were increased 
compared with those in the shCtrl group (Fig. 6). This obser-
vation confirmed that PinX1 suppressed CRC metastasis 
by inhibiting MMP2 expression and activity via the NF‑κB 
pathway.

In conclusion, the results of the present study suggested that 
reduced PinX1 expression could be regarded as an independent 
prognostic factor for patients with CRC and that PinX1 can 
function as an authentic tumor metastasis suppressor in the 
progression of CRC by negatively regulating the NF‑κB/MMP2 
signaling pathway. These findings indicated that PinX1 may 
be an effective target for targeted therapy of patients with 
CRC and may serve an important role as a therapeutic target 
to combat CRC metastasis.
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