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Abstract: PinX1 plays positive and negative roles in the maintenance of telomerase and
telomeres, as well as in tumorigenesis. The aim of the present study was to investigate the
expression and clinical significance of PinX1 in colorectal carcinoma (CRC) and to determine the
effect of PinX1 on CRC cell proliferation and apoptosis. A total of 86 CRC patients treated with
radical resection and 5-fluorouracil-based adjuvant chemotherapy were enrolled in this study.
The expression dynamics of PinX1 was detected by immunohistochemistry in the CRC patients
and 25 normal colonic mucosa controls. PinX1 expression was significantly reduced in tumor
tissues as compared to normal tissues, and the rate of PinX1 protein low/negative expression
in CRC and normal tissues was 60% (52/86) and 24% (6/25), respectively (P=0.037). In addi-
tion, PinX1 downregulation was significantly associated with short overall survival (P=0.016)
and disease-free survival (P=0.042) in CRC patients. Cox proportional hazards model further
revealed that PinX1 expression was an independent factor in predicting overall survival and
disease-free survival for CRC patients. Furthermore, we demonstrated that ectopic overex-
pression of PinX1 in CRC cells inhibited their proliferation, promoted apoptosis, repressed
telomerase activity, and induced telomere shortening. These findings suggest that PinX1 may
be a prognostic biomarker for CRC patients’ survival and that it inhibits cell proliferation and
promotes apoptosis by repressing telomerase activity and inducing telomere shortening. Target-
ing PinX1 may therefore provide a novel therapeutic strategy for CRC patients.

Keywords: colorectal carcinoma, PinX1, cell proliferation, apoptosis, telomerase, telomere,
prognostic biomarker

Introduction

Colorectal carcinoma (CRC) is the third most common type of cancer and the second
leading cause of cancer deaths worldwide.!? The incidence of CRC has increased annu-
ally, together with lifestyle changes, and is ranked the fifth most commonly diagnosed
cancer in the People’s Republic of China.?

CRC arises through a multistep carcinogenic process during which cells acquire the
hallmarks of cancer, such as immortality.** This involves the stabilization of telomere
length, which is achieved by telomerase activation in over 85% of human tumors.®*
Telomerase is a specialized ribonucleoprotein reverse transcriptase required for the de
novo synthesis of telomeric DNA at chromosomal ends after the cell cycle. It is repressed
in the majority of somatic cells, but is reactivated in most human cancer types, and these
malignant cells maintain their telomere lengths and demonstrate unlimited proliferative
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capacity.”!” Thus, the maintenance of telomeres by telomerase
constitutes part of CRC tumorigenesis and could be a promising
target for predicting clinical prognosis and cancer therapy.
The nuclear protein Pin2—TRF1 interacting protein
(PinX1) was originally shown to be a telomerase/telomere
interacting factor, which is evolutionary conserved from
yeasts to humans. Zhou and Lu'' found that PinX1 bound
the telomerase catalytic protein subunit telomerase reverse
transcriptase, and the PinX1-telomerase reverse transcriptase
interaction has been experimentally shown to have a telom-
ere activity-inhibitory effect, suggesting it is an intrinsic
telomerase inhibitor and a putative tumor suppressor. Other

-

groups demonstrated that PinX 17~ mice are embryonic lethal,
while PinX1*~ mice spontaneously develop malignant tumors
resulting from chromosomal instability.'

Our most recent in vitro and in vivo studies revealed that
the ectopic overexpression of PinX1 in telomerase-positive
cancer cells resulted in resistance to DNA damaging agents
and ionizing radiation, which could be attributed to the
maintenance of telomere stability, and the reduction of DNA
damage-induced cell apoptosis and mitosis catastrophe.!* !
Furthermore, the high expression of PinX1 positively cor-
related with esophageal squamous cell carcinoma patient
resistance to chemoradiotherapy and was a strong predictor
for short disease-specific survival in esophageal squamous
cell carcinoma patients.'> However, Deng et al reported that
PinX1 expression was decreased in CRC and that its down-
regulation was significantly associated with poorer 5-year
overall survival (OS) and disease-free survival (DFS) rates.'
These contradictory results suggested that PinX1 abnormali-
ties may be tumor type-specific and could play different roles
in cancer progression at different stages.

In this study, we investigated PinX1 regulation in CRC
patients and examined its effect on CRC cell apoptosis, pro-
liferation, and telomere maintenance. Our findings highlight
the functions and roles of PinX1 in CRC and suggest PinX1
may be used as a novel prognostic marker and potential
therapeutic target for CRC patients.

Materials and methods

Tissue specimens and cell cultures

CRC tissue samples were obtained with written informed
consent under Institutional Review Board-approved pro-
tocols. All paraffin-embedded samples were collected
at the Tianjin Medical University Cancer Institute and
Hospital (Tianjin, People’s Republic of China). The CRC
cases selected were based on clear pathological diagnosis
and follow-up data and were from patients who had not

received previous local or systemic treatment in the period
2006-2010. Patients consisted of 52 males and 34 females,
with a median age of 53 (range, 37-76) years. Tumor stage
was conducted according to the 2010 tumor node metastasis
classification of malignant tumors by the American Joint
Committee on Cancer, and patients were at stages I (n=6),
I (n=27), III (n=45), and IV (n=8). Cellular differentiation
was graded according to the World Health Organization
(WHO) grading system. In addition, 25 normal colonic
mucosa tissues removed during benign colorectal lesions
surgical procedures were obtained from the same period.
All samples were formalin-fixed, paraffin-embedded, and
pathologically diagnosed. This study was approved by the
Institute Research Ethics Committee of Tianjin Medical
University Cancer Institute and Hospital.

The human colorectal cancer cell lines SW1116 and
SW480 were obtained from ATCC (American Type Cul-
ture Collection, Manassas, VA, USA). Cells were cul-
tured <3 months after resuscitation and maintained in RPMI
1640 media (SW1116) or Dulbbecco’s Modified Eagle’s
Medium, (SW480) (Thermo Fisher Scientific, Waltham,
MA, USA) with 10% (vol/vol) fetal bovine serum (Thermo
Fisher Scientific) at 37°C in a 5% CO, incubator.

Immunohistochemistry

Immunohistochemistry (IHC) staining was performed on
5 um tissue sections rehydrated through graded alcohols.
Endogenous peroxidase activity was blocked with 0.3%
hydrogen peroxide for 15 minutes. An antigen retrieval
process was accomplished in a microwave oven with 10 mM
citrate buffer, pH 6.0, for 15 minutes. Nonspecific binding
was blocked with 10% normal rabbit serum for 10 minutes.
The tissue slides were incubated with the rabbit polyclonal
antibody against human full-length PinX1 (ProteinTech
Group, Inc., Rosemont, IL, USA; 1:100 dilution) overnight
at 4°C. Subsequently, the slides were sequentially incubated
with biotinylated goat antirabbit immunoglobulin (ZSGB-
BIO, Beijing, People’s Republic of China) at a concentra-
tion of 1:100 for 30 minutes at 37°C and then reacted with
a streptavidin—peroxidase conjugate for 30 minutes at 37°C
and 3’-3” diaminobenzidine as a chromogen substrate. The
nucleus was counterstained using Meyer’s hematoxylin.
Known immunostaining-positive/negative slides were used
as positive and negative controls. Two independent observ-
ers blinded to the clinicopathologic information performed
scoring using a previously validated scoring system for PinX1
expression.!” This system scores nuclear PinX1 expression
by recording the percentage of nuclei staining positive for
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the PinX1 protein, irrespective of staining intensity, in which
PinX1 immunoreactivity was classified into two groups: low
expression, when PinX1-positive cells were <50%, includ-
ing samples with negative expression of PinX1 (Figure 1B
and C), and high expression, when at least 50% of the cells
showed positive immunoreactivity of PinX1 in the nuclei
(Figure 1A and D). In an IHC study, a minimum of 500 epi-
thelial cells was counted for each normal or tumor case.

Normal

50
40
30
20
10

Cases%

Low/negative

Figure | Expression of PinX| in human colorectal carcinoma (CRC) tissues.

Plasmid construction, lentivirus
production, and transduction

The full-length PinX1 constructs were amplified and cloned
into the pPCDH-CMV-MSC-EF1-coGFP cDNA expression
lentivector (System Biosciences, Palo Alto, CA, USA). Then,
the lentiviral expression construct and packaging plasmid mix
were cotransfected into 293 cells to generate recombinant
lentivirus according to the manufacturer’s manual. SW1116

Tumor-negative

B Tumor
I Normal

High

Notes: (A) High expression of PinX| was observed in a normal colonic mucosa tissue, in which almost all colonic mucosa cells showed positive staining of PinX1 in nuclei.
(B) A CRC (case |1) shows negative expression of PinXI. (C) A CRC (case 52) was examined with low expression of PinXl, in which <50% of carcinoma cells showed
positive staining of PinX1 in nuclei. (D) High expression of PinX| was examined in another CRC sample (case 36) in which >50% carcinoma cells demonstrated positive
staining of PinX 1. (E) The percentage of the cases with low/negative or high PinX| expression in tumor and normal tissues (**P<<0.01).
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and SW480 cells were infected with recombinant lentivirus-
transducing units plus 8 pug/mL Polybrene (Sigma-Aldrich
Co., St Louis, MO, USA).

Western blotting assay

Cells were lysed in lysis buffer. BCA kit (Pierce, Rockford,
IL, USA) was used to determine protein concentrations.
SDS-PAGE and Western blotting were done according to
standard procedures. Proteins were detected with antibod-
ies recognizing full-length PinX1 (45 kDa). GAPDH (Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) was used as a
loading control.

MTT proliferation assay

Cell viability was measured with the use of 3-(4,
S-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) proliferation assay (Sigma-Aldrich Co.). Briefly, cells
were seeded in 96-well plates and cultured. Cell viability
was examined following standard procedures. Experiments
were done in triplicate.

Annexin V-APC/propidium iodide flow

cytometry apoptosis assay

Annexin V-APC and propidium iodide stains were used to
determine the percentage of cells undergoing apoptosis.
The apoptosis assay was conducted using the protocol supplied
by the manufacturer (BD Biosciences, San Jose, CA, USA).
Each sample was then subjected to analyses by flow cytometry
(BD FACSCanto II Flow Cytometer, BD Biosciences).

Telomerase activity assay

Telomerase activity was measured with the TRAPeze telom-
erase detection kit (Chemicon, Temecula, CA, USA). PCR
products were separated by electrophoresis on a 12.5% non-
denaturing polyacrylamide gel, visualized by SYBR green
(Thermo Fisher Scientific) staining and semiquantitated
according to the manufacturer’s instruction. Briefly, telom-
erase activity consists of the intensity of the TRAP product
band and the processivity of TRAP ladders.

Telomere lengths analysis

Two micrograms of genomic DNA from tissue extracts were
doubly digested with Hinf I and Rsa I overnight at 37°C. The
DNA products of enzymes digestion were electrophoresed on
0.8% agarose gel and transferred onto a nylon membrane for
hybridization with digosin-labbed (TTAGGG)3 oligos. The
hybridization signal was detected by the AP-conjugated anti-
digosin antibodies (Hoffman-La Roche Ltd., Basel, Switzer-
land) and imaged by CDP-Star (Hoffman-La Roche Ltd.).

Statistical analysis

Statistical analysis was carried out using SPSS 16.0 (SPSS
Standard version 13.0, SPSS Inc., Chicago, IL, USA).
Student’s ¢-test was used to analyze the results expressed as
mean * standard deviation. The chi-squared test or Fisher’s
exact test was used to analyze the association of PinX1
expression and clinicopathological parameters. The survival
curves were plotted by Kaplan—Meier analysis. Differences
were considered significant when the P-value was <0.05.

Results

PinX1 was downregulated in CRC tissues
We examined PinX1 protein expression using IHC in 86
cases of primary CRC and 25 normal colonic mucosa
controls (Figure 1A-D). Low/negative PinX1 expression
was observed in 60% (negative: 9; low: 43, 52/86) of CRC
tissues and only 24% (negative: 0; low: 6, 6/25) of normal
colonic mucosa. High PinX1 expression was observed in 40%
(34/86) of CRC tissues but 76% (19/25) of normal colonic
mucosa (P=0.012, Figure 1E). The association between
PinX1 expression and clinicopathological features of the 86
CRC cases is summarized in Table 1. PinX1 expression cor-
related closely with tumor differentiation (P=0.037), but no
significant association was found between PinX1 expression
and other clinicopathological variables, such as patient age,
WHO grade, tumor location, or tumor size (P>0.05).

Low expression of PinX| correlates with

poor CRC survival

Univariate analysis found that low PinX1 expression was
significantly correlated with poor OS (Figure 2A, P=0.016)
and DFS (Figure 2B, P=0.042) in CRC patients. Multivari-
ate analysis showed that PinX1 expression as well as tumor
node metastasis stage, local invasion, and lymph node metas-
tasis were independent predictors of patient OS and DFS
(P=0.015, 0.006, 0.031, and 0.014, respectively; Table 2).

PinX| suppresses proliferation and

promotes apoptosis in CRC cells

To explore the potential cancer-suppressive role of PinX1
in CRC, the PinX1 construct was stably transfected into
the SW1116 and SW480 cell lines. PinX1 expression was
confirmed by Western blotting (Figure 3A), and the MTT
assay showed that ectopic overexpression of PinX1 inhibited
cell growth compared with blank and vector-transfected
control cells (Figure 3B, **P<<0.01). To determine whether
PinX1 has a proapoptotic effect on CRC cells, the Annexin
V/propidium iodide staining cell apoptosis assay was
performed. Flow cytometry analysis then indicated that
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Table | Clinicopathological correlation of PinX| expression in colorectal carcinomas

Variables Cases Low/negative expression (%) High expression (%) P-value*

Age (years) 0612
=55 40 24 (60) 16 (40)
>55 46 28 (60.8) 18 (39.1)

Sex 0.164
Male 52 34 (65.3) 18 (34.6)
Female 34 18 (52.9) 16 (47.1)

Tumor location 0.431
Proximal 24 13 (54.2) Il (45.8)
Distal 27 17 (62.9) 10 (37)
Rectum 35 22 (62.8) 13 (37.1)

Tumor size (cm)*** 0.540
=5 36 22 (61.1) 14 (38.9)
>5 50 30 (60.0) 20 (40.0)

Differentiation 0.037
Well 19 9 (47.3) 10 (52.6)
Moderate 39 23 (59.0) 16 (41.0)
Poor 28 20 (71.4) 8 (28.6)

Local invasion 0.415
TI-2 35 23 (65.7) 12 (34.3)
T34 51 29 (56.8) 22 (43.1)

Lymph metastasis 0.216
No 38 24 (63.1) 14 (36.8)
Yes 48 28 (58.3) 20 (41.7)

Stage 0.422
17 33 19 (57.6) 14 (42.4)
v 53 33 (62.6) 20 (37.7)

Notes: *Chi-square test; **mean age; ***mean tumor size. Data in bold indicates statistical significance (P<<0.05).

PinX1 significantly promoted tumor cell apoptosis in both
cells compared with control cells under normal conditions
(Figure 3C, **P<0.01).

PinX| suppresses telomerase activity and

induces telomere shortening in CRC cells
PinX1 functions as an intrinsic inhibitor of telomerase enzy-
matic activity. TRAP assays in our study consistently indicated
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that the ectopic overexpression of PinX1 significantly
suppressed telomerase enzymatic activities in SW1116 cells
(approximately fourfold, Figure 4A). SW1116 cells overex-
pressing PinX1 were also shown to have reduced telomere
lengths compared with control vector cells (approximately
twofold, Figure 4B). Together, these results demonstrate that
PinX1 suppresses telomerase activities and induces telomere
shortening in CRC cells.
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Figure 2 Kaplan—Meier statistical analyses of overall survival (OS) and disease-free survival (DFS) in 86 colorectal carcinoma patients.
Notes: Downregulation of PinX| was significantly associated with poorer OS (A) and poorer DFS (B), according to PinX| expression levels in the primary tumor (P<0.05,

log-rank test).
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Table 2 Multivariate Cox regression analysis for OS in CRC

patients

Factors HR 95% CI P-value
PinX1 expression 2.296 1.557-4.520 0.015
TNM stage (II/IV vs VS I/11) 2973 1.429-6.985 0.006
Local invasion (T3—4 vs T1-2) 1.421 0.493-3.247 0.031
Lymph metastasis (yes vs no) 1.310 0.652-3.017 0.014

Abbreviations: Cl, confidence interval; CRC, colorectal carcinoma; HR, hazard
ratio; OS, overall survival; TNM, tumor node metastasis.
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Discussion

Surgical resection and adjuvant chemotherapy are standard,
effective treatments for CRC patients in the early stages or
with locally advanced disease.'®"” However, CRC patients
with the same clinical stage often display considerable
variability in their response to these anticancer therapies
because of differences in intrinsic molecular characteristics.*
Therefore, there is an urgent need to identify subgroups of
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Figure 3 PinXI suppresses proliferation and promotes apoptosis in colorectal carcinoma cells in vitro.

Notes: (A) Expression of PinX| was detected by Western blot in stable transfected SW 1116 and SW480cells (SW1116-PinX|; SW480-PinX|) relative to empty vector
control cells (SW1116-Vector; SW480-Vector) and blank control cells (SW1 I 16-Blank; SWW480-Blank). Expression was normalized against endogenous GAPDH. (B) Cell
growth rate was suppressed by ectopic overexpression of PinX| in SW1116 cells detected by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide assay. Results
are expressed as mean =+ standard deviation (SD) of three independent experiments. (C) PinX| promoted tumor cell apoptosis in SW1 116 cells compared with the vector-
transfected control cells and blank control cells under normal conditions. Cell apoptotic death events were monitored by Annexin V/propidium iodide (Pl) staining and flow
cytometry assays. The percentage of cell apoptosis was shown as the mean + SD from three independent experiments (**P<<0.01, P-value was according to Student’s t-test).
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Figure 4 Effect of PinX1 on telomerase activity (TA) and telomere length in colorectal carcinoma cells.
Notes: TA was measured by TRAP assays and Southern blot analysis of telomeric terminal restriction fragments was used for the determination of the telomere length.
Ectopic overexpression of PinX| in SW1 116 and SW480 cells decreased TA (A) and shortened telomere (B).

patients with different outcomes to develop individualized
treatments. Although CRC has been widely studied, the
identification of specific genetic alterations associated with
patient outcomes remains limited.?! Thus, further work
is needed in the development of reliable molecular bio-
markers, not only for CRC but also for an array of human
neoplasms.

Telomerase has been implicated in human cancers for
its role in counteracting the telomere shortening-induced
replicative senescence. Targeting pathways involved in the
maintenance of telomerase/telomeres may be therefore a
useful anticancer therapeutic strategy.*** Originally, PinX1
was identified as an intrinsic telomerase inhibitor and a puta-
tive tumor suppressor through its binding to and inhibition
of telomerase.!' However, we previously demonstrated that
PinX1 had a positive role in regulating telomere maintenance
by telomerase and that it inhibited the drug-induced apoptotic
effect in telomerase-positive cancer cells, which may be
caused by the PinX1-mediated telomerase/telomere recruit-
ment pathway.'>!* More recently, Deng et al reported that
PinX1 expression was significantly reduced in CRC tissues
compared with normal tissues and that its downregulation
was significantly associated with adverse 5-year OS and DFS
in CRC patients treated with radical resection and 5-fluorou-
racil-based adjuvant chemotherapy.'® However, our studies
reported high PinX1 expression in ~60% of esophageal
squamous cell carcinoma patient (n=157) tissues from two

cancer centers, but high PinX1 expression in only 16.7% of
normal esophageal mucosa specimens. Further correlation
analysis showed that high PinX1 expression was positively
correlated with poor disease-specific survival in esophageal
squamous cell carcinoma patients treated with chemoradio-
therapy.'* These contradictory results led us to detect PinX1
expression in CRC tissues from our own hospital.

In accordance with Deng et al’s reports, we found that the
expression of PinX1 in CRC tissues was lower than in normal
noncancerous tissues.'® Moreover, low PinX1 expression
was an independent predictor for short OS and DFS in CRC
patients treated with radical resection and 5-fluorouracil-based
adjuvant chemotherapy. We believe that telomerase/telomere
pathways play critical roles in cell differentiation and tumori-
genesis.” As shown in Table 1, we found that low expression
of PinX1 was closely correlated with poor differentiation of
CRC, indicating that PinX1 may play roles in tumor pro-
gression through regulating telomerase/telomere pathways.
In addition, we observed that ectopic overexpression of PinX1
could increase the sensitivity of CRC cells to 5-fluorouracil,
the main component of the adjuvant chemotherapy regimen
administered to our patients with CRC (Figure S1), which
further supports our clinical data and those of Deng et al.'¢
Our results, together with those of others, suggest that
PinX1 plays a dual role in cancer progression and that the
abnormalities and/or functions of PinX1 in tumorigenesis are
complicated and possibly tumor type-specific.
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Cell proliferation and apoptosis are important stages of
cancer development and therapy and are regulated by multi-
ple molecular pathways, including telomere maintenance.
Our current in vitro results showed that the ectopic restoration
of PinX1 suppressed cell proliferation and promoted cellular
apoptosis in both SW1116 and SW480 cells. Our previous
study demonstrated that upregulation of PinX1 in urothelial
carcinoma of the bladder cells increased the proportion of
cells in the GO/G1 phase and decreased those in the S phase
through the p16/cyclin D1 pathway.”® We obtained similar
results for SW1116 cells in the present study (Figure S2).
These results suggest that PinX1 may have a tumor suppres-
sive function in CRC progression.

Based on our recent work and other previous studies, we
propose that PinX1 regulates the telomere maintenance of
cancer cells through at least two distinct mechanisms. In the
first, we postulate that PinX1 induces telomere dysfunction
by binding to telomerase and directly suppressing its activity.
In the second, we speculate that PinX1 plays a positive role
in telomere length regulation through stimulating the access
of telomerase to telomeres.

Zhang et al® previously revealed that PinX1 without the
G-patch motif (69-328 amino acid) induced cell apoptosis
and G1 arrest, but had no effects on telomerase activity in
CRC SW480 cells. However, the detailed role of PinX1
in telomerase/telomere regulation has not been clearly
elucidated in CRC cells. Herein, we hypothesized whether
the reintroduction of full-length PinX1 would regulate
telomerase activity and telomere length in CRC cells. Our
results clearly showed that telomerase activity is markedly
inhibited when the telomere length is dramatically shortened
in full-length PinX1-restored SW1116 and SW480 cells.
G-patch motif of PinX1 may play critical roles in regulat-
ing telomerase activity in CRC cells. Moreover, in our [HC
study, a significant inverse correlation of PinX1 expression
and hTERT expression was found in our CRC patients
(Figure S3). This result was in accordance with previous
reports'®!7 and provides evidence of a telomerase-inhibited
function of PinX1 in CRC.

To our knowledge, the maintenance of telomere sta-
bility by telomerase is required for the immortalization
and rapid growth of almost all cancer cells.>* Moreover,
telomere dysfunction-induced senescence and/or apoptosis
are important mechanisms of tumorigenesis inhibition in
humans while the disruption of telomere maintenance can
enhance cancer cell sensitivity to chemotherapeutic agents
and ionizing radiation.’'*? Therefore, our findings strongly
suggest that the functional loss of PinX1 leads to enhanced

telomerase activity and telomere stabilization. In turn, this
promotes cellular proliferation and cellular resistance to
apoptosis, which consequently favors CRC progression.
Thus, the examination of PinX1 may be used as an effective
tool to predict the outcome of CRC patients and optimize the
making of clinical decisions.

Conclusion

In summary, we describe the expression pattern of PinX1 in
human CRC. Our results provide a basis for the concept that
low PinX1 expression, as revealed by IHC, may be a novel
predictor of aggressive CRC and an independent prognostic
factor for CRC patients. Furthermore, functional and mecha-
nistic studies suggest that PinX1 inhibits cell proliferation
and promotes apoptosis via the suppression of telomerase
activity and the shortening of telomere length in CRC cells.
Thus, targeting of the PinX1-mediated telomerase/telomere
maintenance pathway might represent a novel therapeutic
strategy to improve the outcome for CRC patients.
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Figure S| Ectopic overexpression of PinX| enhances colorectal carcinoma cells’ chemosensitivity to 5-fluorouracil (5-FU).

Notes: SWI 1 16-PinX| and corresponding control cells (blank and vector control) were treated with 5-FU for 48 hours at the indicated concentration. The cell viabilities
were detected by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide assay. Data represent the mean * standard error derived from three individual experiments
with triplicate wells (*P<<0.05, P-value was according to Student’s t-test).
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Figure S2 PinX| regulates G|/S phase transition of the cell cycle.
Notes: (A) Upregulation of PinX| expression in SWI116 cells increased the proportion of cells in the GO/G| phase and decreased those in the S phase. The percentage
of cell numbers was shown as the mean = standard error from three independent experiments (*P<<0.05, P-value was according to Student’s t-test). (B) Overexpression of

PinX1 upregulated P16 expression and downregulated Cyclin D| expression detected by Western blot.
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Figure S3 Correlation between the expression of PinX| and hTERT in CRC tissues.

Notes: (A) Representative PinX| and hTERT expression in CRC tissues determined by IHC. (B) Relationship of PinX| and hTERT expression in tumors. Herein, for
evaluation of PinX| and hTERT staining, a semiquantitative scoring criterion was used, in which both staining intensity and positive areas were recorded. A staining index
(values 0—12) obtained as the intensity of positive staining (week, |; moderate, 2; strong, 3) and the proportion of immune-positive cells of interest (0%, 0; <10%, 1; 10%-50%,
2; 51%—80%, 3; >80%, 4) were calculated. (C) The predictive value of PinX| expression regarding hTERT expression in CRC tissues. Receiver operation characteristic curve
analysis was employed to determine the specificity and sensitivity of PinX| expression regarding hTERT expression (AUC =0.328, P=0.027).

Abbreviations: AUC, area under the curve; CRC, colorectal carcinoma; hTERT, human telomerase reverse transcriptase; IHC, immunohistochemistry.
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