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Abstract. In the present study, to investigate the expression 
of PinX1 gene and its functional effects in human esopha-
geal carcinoma (Eca)‑109 cell line, expression vectors of 
human PinX1 (pEGFP‑C3‑PinX1) and its small interfering 
RNA (PinX1‑FAM‑siRNA) were constructed and trans-
fected into Eca‑109 cells using Lipofectamine 2000. Firstly, 
the mRNA expression level of PinX1 was examined using 
reverse transcription‑polymerase chain reaction (RT‑PCR). 
Once successful transfection was achieved, the effects on 
the mRNA level of human telomerase reverse transcriptase 
(hTERT), telomerase activity, cell proliferation and apop-
tosis were examined by semi‑quantitative RT‑PCR, stretch 
PCR, MTT assay and flow cytometry, respectively. Analysis 
of restriction and sequencing demonstrated that the recom-
bining plasmids were successfully constructed. The results 
also indicated that transfection with pEGFP‑C3‑PinX1 and 
PinX1‑FAM‑siRNA into Eca‑109 cells significantly increased 
PinX1 mRNA, decreased hTERT mRNA by 29.9% (P<0.05), 
and significantly reduced telomerase activity (P<0.05), inhib-
ited cell growth, and increased the cell apoptotic index from 
19.27±0.76 to 49.73±2%. The transfected PinX1‑FAM‑SiRNA 
exhibited PinX1 mRNA expression levels that were signifi-
cantly decreased by 70% (P<0.05), whereas the remaining 
characteristics of Eca‑109 cells, including cell growth, mRNA 
level of hTERT, telomerase activity and cell apoptotic index 
were not altered. Exogenous PinX1 has been demonstrated to 
be highly expressed in human Eca. PinX1 can inhibit human 
telomerase activity and the expression of hTERT mRNA, 
reduce tumor cell growth and induce apoptosis. Notably, these 
inhibitory functions were inhibited by silencing PinX1 in Eca 
with PinX1‑FAM‑siRNA. PinX1 was successfully increased 
and decreased in the present study, demonstrating that it may 

be a potential telomerase activity inhibitor. As PinX1 is an 
endogenous telomerase inhibitor, it may be used as a novel 
tumor‑targeted gene therapy.

Introduction

Esophageal carcinoma (Eca) is a recurrent malignant neoplasm 
that is most common in China, resulting in China having the 
highest mortality and hospitalization rates for Eca. Eca is 
complicated by various causes, genes and phases; therefore, 
the majority of patients are diagnosed during the middle or 
late stages of the cancer. Furthermore, the prognosis is not 
promising with a 5‑year survival rate of 5‑20% (1). Therefore, 
the mechanism underlying Eca must be explored in order to 
provide effective treatment. Previous studies have demonstrated 
that antisense oligodeoxynucleotides are able to inhibit tumor 
cell growth by inhibiting RNA as well as human telomerase 
reverse transcriptase (hTERT) (2,3). In Eca, the amount of 
positive RNA is as high as 90.8%, whereas normal esophagus 
smooth muscle cells are negative (4). RNA‑targeted genetic 
treatment is a popular novel treatment for Eca. Pin 2/TRF 1 
interacting protein 1 (PinX1) has been demonstrated to be 
a potential endogenous telomerase inhibitor that is able to 
inhibit the telomerase activity of some cancer cells', resulting 
in apoptosis  (5,6). However, this remains controversial as 
other studies have reported opposite findings (7,8). PinX1 may 
function via different mechanisms in different tumors, and 
the mechanisms underlying the inhibition of the telomerase or 
RNA are complex. In order to investigate PinX1's inhibiting 
mechanism in Eca and telomerase activity, expression vectors 
of human PinX1 (pEGFP‑C3‑PinX1) and its small interfering 
RNA (PinX1‑FAM‑siRNA) were constructed. The present 
study investigates whether PinX1 may be a potential telom-
erase activity inhibitor, and whether it can be used as a novel 
tumor‑targeted gene therapy.

Materials and methods

Materials. Austrian newborn cow blood serum was 
purchased from Weijia Company (Guangzhou, China); 
Lipofectamine 2000 and all primers (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA); reverse tran-
scription‑polymerase chain reaction (RT‑PCR) detection kit 
(Takara Biotechnology Co., Ltd., Dalian, China); Thiazolyl 
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blue tetrazolium bromide for the MTT assay (Sigma‑Aldrich 
St. Louis, MO, USA); telomerase activity detection kit (Toyobo, 
Co., Ltd., Osaka, Japan).

Cell culture and transfection. Human Eca‑109 and human 
umbilical vein endothelial ECV‑304 cells (both 2x104 cells/ml; 
both purchased from Takara Biotechnology Co., Ltd.) were 
cultured in RPMI 1640 and Dulbecco's modified Eagle 
medium (both purchased from HyClone (GE Healthcare Life 
Sciences, Chalfont, UK) supplemented with 10% newborn 
calf serum with 5% CO2 at 37.5˚C and normal digestive 
subculture. Expression vectors and siRNA were transfected 
with Lipofectamine 2000, according to the manufacturer's 
protocol, and were observed under a fluorescence microscope 
after 24‑48 h. 

Plasmid construction and siRNA. pEGFP‑C3‑PinX 1 and 
pEGFP‑C3 expression vectors were synthesized in  vitro 
by Wuhan Sanying Biotechnology (Wuhan, China) with 
anti‑kanamycin siRNA (PinX1‑FAM‑siRNA sense, 5'‑GUA​
AAG​AUG​UGG​AAA​GUU​ATT‑3' and antisense, 5'‑TTC​AUU​
UCU​ACA​CCU​UUC​AAU‑3'), which was used to test PinX1 
expression and was composed by Shanghai Gene Pharma Co., 
Ltd., (Shanghai, China).

Grouping. Groupings were as fol lows:  Group  A, 
pEGFP‑C3‑PinX1 (transfected vectors with PinX1); 
group  B, pEGFP‑C3 (transfected empty vectors without 
PinX1); group C, Lipofectamine only; group D, control cells 
(Eca‑109 cultured normally with no intervention); group E, 
PinX1‑FAM‑siRNA (PinX1‑targeted with siRNA).

Semi‑quantitative RT‑PCR analysis. RT‑PCR was used to 
analyze the expression of PinX1 in Eca‑109 cells and the 
mRNA expression of hTERT. Following transfection for 48 h, 
total RNA was extracted using TRIzol and reverse transcribed 
into cDNA using avian myeloblastosis virus RT. According 
to the manufacturer's protocol for the Takara RT‑PCR detec-
tion kit (Takara Biotechnology Co., Ltd.), PinX1 mRNA was 
assessed using the following conditions: 94˚C pre‑denaturation 
(2 min), 94˚C denaturation (1 min), followed by 25 cycles of 
55˚C annealing (1 min) and 72˚C extension (2 min), and final 
extension at 72˚C for 5 min. hTERT mRNA was assessed 
using the following conditions: 94˚C pre‑denaturation (4 min) 
and 94˚C denaturation (30  sec), followed by 30  cycles of 
49˚C annealing (30  sec) and 72˚C extension (45  sec), and 
final extension at 72˚C for 5 min. GAPDH was used as an 
internal reference for both reactions. PCR products were 
detected by 1% sepharose electrophoresis and were detected 
by a UVI Gel Imager. Quantity One software (version 4.62; 
Bio‑Rad Laboratories, Inc., Hercules, CA, USA) was used to 
analyze the relative gray‑scale values of PinX1/GAPDH and 
hTERT/GAPDH, respectively. Primers are listed in Table I.

MTT assay. An MTT assay was used to detect the prolifera-
tion of Eca‑109 cells, according to the manufacturer's protocol. 
Eca‑109 cells were inoculated in a 96‑well plate, transfected 
and subsequently assessed for their proliferation rates after 
0, 24, 48 and 72 h by MTT. Proliferating cells were counted 
using a light microscope at an absorbance value (OD) of 490 

(wavelength,  490  nm), and the growth curve was charted 
to determined the growth inhibitory rate (IR), as follows: 
IR  =  (OD490control group ‑   OD490transfected group)/OD490control 

group х 100%.

Stretch PCR. Stretch PCR was used to assess telomerase 
activity. Eca‑109 was inoculated in a 96‑well plate, transfected 
and telomerase activity was detected after 48 h by stretch PCR 
using a TeloChaser kit (Toyobo Co., Ltd.), according to the 
manufacturer's protocol.

Statistical analysis. Results were analyzed by SPSS 13.0 (SPSS, 
Inc., Chicago, IL, USA). With the exception of cell prolifera-
tion by MTT, which was analyzed by a two‑way analysis of 
variance (ANOVA) followed by Student‑Newman‑Keuls 
(SNP) tests, all data were analyzed by one‑way ANOVA. Data 
were presented as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

PinX1 mRNA expression levels. RT‑PCR analysis demon-
strated that there were extended PinX1 fragments in each 
group. pEGFP‑C3‑PinX1 significantly increased the expres-
sion of PinX1 mRNA in Eca‑109 cells by as much as 160% 
(P<0.05). Following PinX1‑FAM‑siRNA transfection, the 
expression levels of PinX1 mRNA decreased by 70%, which 
effectively silenced the expression of PinX1. No signifi-
cant differences in PinX1 expression were detected in the 
pEGFP‑C3, Lipofectamine only and control groups (Table II 
and Fig. 1).

pEGFP‑C3‑PinX1 significantly inhibits the proliferation of 
Eca‑109 cells. Two‑way ANOVA was used to analyze the 
proliferation rates of Eca‑109 and a significant difference 
was detected between the groups (F=35.870; P<0.001). SNK 
analysis demonstrated that OD490 was significantly lower 
in the pEGFP‑C3‑PinX1 group (2.15±0.27), as compared 
with the control group (2.52±0.50; P=0.038), indicating that 
pEGFP‑C3‑PinX1 significantly inhibited the proliferation 
of Eca‑109 cells. No significant differences in proliferation 
were detected between the pEGFP‑C3, Lipofectamine and 
PinX1‑FAM‑siRNA groups, as compared with the control 
group cells, which indicated that these three treatments did not 
alter the proliferation of the Eca‑109 cells. Furthermore, the 
inhibition of proliferation induced by pEGFP‑C3‑PinX1 was 
time‑dependent between 24 and 48 h (F=437.621; P<0.001), 
SNK demonstrated the OD490 value increased as the transfec-
tion duration increased from 0, 24, 48, 72 to 96 h, indicating 
that the alteration was time‑dependent. Fig. 2 demonstrates 
the growth curve according to the alterations in OD490 at the 
various time points, and the inhibition rate of proliferation was 
calculated. MTT assay demonstrated that pEGFP‑C3‑PinX1 
had a significant inhibitory effect on cell growth, whereas 
PinX1‑FAM‑siRNA had no obvious effect on Eca‑109.

hTERT mRNA expression. RT‑PCR demonstrated that 
pEGFP‑C3‑PinX1 decreased the expression levels of 
hTERT mRNA by 29.9%, whereas no significant difference 
in the expression of hTERT mRNA was detected between 
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PinX1‑FAM‑siRNA, which silenced PinX1, and the control 
group cells (P=0.757; Fig. 3 and Table III).

Telomerase activity. Stretch PCR demonstrated that Eca‑109 
exhibited strong positive telomerase activity, whereas the 
ECV‑304 cells exhibited weak positive activity. Following 
transfection, pEGFP‑C3‑PinX1 was able to reduce the telom-
erase activity of Eca‑109 cells, whereas PinX1‑FAM‑siRNA 
exhibited no significant influence on the telomerase activity of 
Eca‑109 cells. Following transfection, pEGFP C3 PinX1 was 
able to reduce the telomerase activity of Eca 109 cells, whereas 
PinX1 FAM siRNA exhibited no significant influence on the 
telomerase activity of Eca 109 cells. The difference between 
these two groups was significantly different (F=59.436; 
P<0.001; Fig. 4).

Discussion

Eca is a type of malignant neoplasm of esophagus epithelial 
tissue, which is associated with a high risk (8th in the world) 
and mortality rate (6th in the world), as 410,000 individuals 
succumb to the disease each year. Eca is widespread in 
undeveloped countries and China is a particularly highly 
Eca‑striken area with the highest incidence and mortality rates 
in the world, accounting for ~210,000 Chinese lives each year. 
The current therapeutic strategy was not particularly effec-
tive and patients were unlikely to live longer than 5 years (1). 
Therefore, studies in this field have focused on the mechanism 
underlying Eca and the discovery of molecule‑targeted treat-
ment. In the 1990s, in vitro research demonstrated that the 
proliferation of these cells was due to telomerase activity and 
one of tumor cells' chief characteristics was infinite prolifera-
tion (2). This finding signaled a new era for the study of the 

mechanisms underlying tumor cell molecules. Since telom-
erase has become a novel target for anti‑tumor treatment, it 
is important to conduct further research into the control of 
telomerase and better cultivate its clinical value.

PinX1 is one of various conservative nucleoprotein discov-
ered in human and yeast cells which may affect telomerase. 
Human PinX1 is located in chromosome 8p23, where the 
loss of heterozygosity often occurs in various types of cancer. 
Banik et al (9) analyzed the relationship among PinX1, hTERT 
and hTR and indicated that PinX1 was directly associated with 
hTERT and hTR. Furthermore, it was demonstrated that the 
co‑work of PinX1 and hTR relied on hTERT, since PinX1 
inhibition of telomerase activity was dependent upon the 
combination of hTERT and hTR. Chen et al (10) discovered 

Table II. Expression of PinX1 mRNA.

Group	 mRNA

Group A: pEGFP‑C3‑PinX1	 1.599±0.102a

Group B: pEGFP‑C3 (transfected empty vectors without PinX1) 	 1.103±0.160
Group C: Lipofectamine only	 1.041±0.129
Group D: Control cells (Eca‑109 cultured normally with no intervention)	 1.000±0.160
Group E: PinX1‑FAM‑siRNA (PinX1‑targeted with siRNA)	 0.303±0.048a

PinX1, Pin 2/TRF 1 interacting protein 1; EGFP, enhanced green fluorescent protein; FAM, PinX1‑FAM‑siRNA PinX1 gene transfection by 
small interfering RNA. Data are presented as the mean ± standard deviation (n=3). One‑way analysis of variance demonstrated F=39.626, 
P<0.001. Pair‑wise comparison demonstrated aP<0.001, as compared with Group D.
 

Table I. Primers of Pin 2/TRF 1 interacting protein 1 (PinX1), human telomerase reverse transcriptase (hTERT) and GAPDH for 
reverse transcription‑quantitative polymerase chain reaction analysis.

Gene	 Sense (5'‑3')	 Anti‑sense (5'‑3')	 Product size (bp)

PinX1	 TTTTCTCGAGATGTCTATGCTGG	 TTTTGAATTCTCATTTGGAATC	 987
	 CTGAACG	 TTTCTTC
hTERT	 CCGAGTGACCGTGGTTTCTGTG	 GGAAGCGGCGTTCGTTGTG	 670
GAPDH	 GGAAGATGGTGATGGGATT	 GGATTTGGTCGTATTGGG	 205
 

Figure 1. Expression of Pin 2/TRF 1 interacting protein 1 (PinX1) mRNA was 
assessed by semi‑quantitative reverse transcription‑polymerase chain reac-
tion in the (A) pEGFP‑C3‑PinX1, (B) pEGFP‑C3, (C) Lipofectamine 2000 
only, (D) control and (E) PinX1‑FAM‑siRNA groups. 
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that the mechanism of PinX1 was complex; indicating that its 
fragments worked respectively with Pin2/TRF1 and hTERT, 
LPTS/PinX1 (254‑289) combined with Pin2/RF1, and 
in vitro LPTS/PinX1 (290‑328) exhibited strong inhibition 
of telomerase activity and was able to shorten the telomerase 
to induce apoptosis. PinX1 is composed of 328 amino acids 
(aa), with a hTERT bonding site at both the N‑ (aa, 1‑142) 
and C‑terminals (aa 254‑328), whereas the highly expressive 

PinX1 C fragment was able to greatly decrease telomerase 
activity, shorten and inhibit the growth of positive telomerase 
cancer cells, although it could not affect the length of negative 
telomerase cells (11,12). Therefore, PinX1 is considered to 
be an effective anti‑cancer gene or cancer inhibitor. In some 
types of cancer, such as stomach and liver cancer, studies have 
also demonstrated that PinX1 is able to inhibit the telomerase 
activity of cancer cells and induce their apoptosis  (4,5). 
However, Sun et al (13) discovered that during the differentia-
tion of emergent acute promyelocytic leukemia, the expression 
of PinX1mRNA was accordant with the telomerase activity, 
therefore it was concluded that the expression of PinX1 was 
just a reaction following the expression of hTERT, aimed at 
maintaining stable telomerase activity. Another hypothesis 
proposed that in prostatic carcinoma  (14), gastrointestinal 
carcinoma (15) and medulloblastoma (16), the expression of 
PinX1 had no association with telomerase activity and was 
not the key inhibiting factor on telomerase activity, rather just 

Figure 4. Telomerase activity, as assessed by stretch polymerase chain reac-
tion in the (A) pEGFP‑C3‑PinX1, (B) pEGFP‑C3, (C) Lipofectamine 2000 
only, (D)  control and (E)  PinX1‑FAM‑siRNA groups. ECV‑304 cells 
showed weak positive telomerase activity, whereas Eca‑109 exhibited 
strong positive activity. These findings indicated that pEGFP‑C3‑PinX1 
successfully inhibited telomerase activity, whereas the PinX1‑FAM‑siRNA, 
Lipofectamine 2000 only and pEGFP‑C3 treatments did not alter telomerase 
activity.

Figure 3. Expression of human telomerase reverse transcriptase (hTERT) mRNA 
was assessed by semi‑quantitative reverse transcription‑polymerase chain 
reaction in the (A) pEGFP‑C3‑PinX1, (B) pEGFP‑C3, (C) Lipofectamine 2000 
only, (D) control and (E) PinX1‑FAM‑siRNA groups.

Figure 2. Inhibition rate of cell growth, as determined by MTT assay.

Table III. Expression of human telomerase reverse transcriptase mRNA.

Group	 mRNA

Group A: pEGFP‑C3‑PinX1	 0.701±0.088a

Group B: pEGFP‑C3 (transfected empty vectors without PinX1) 	 0.928±0.110
Group C: Lipofectamine only	 0.974±0.048
Group D: Control cells (Eca‑109 cultured normally with no intervention)	 1.000±0.088
Group E: PinX1‑FAM‑siRNA (PinX1‑targeted with siRNA)	 1.024±0.145b

PinX1, Pin 2/TRF 1 interacting protein 1; EGFP,  enhanced green fluorescent protein; FAM, PinX1‑FAM‑siRNA PinX1 gene transfection 
by small interfering RNA. Data are presented as the mean ± standard deviation (n=3). One‑way analysis of variance demonstrated F=5.608, 
P=0.012. Pair‑wise comparison demonstrated aP=0.003 and bP=0.007, as compared with Group D.
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one phenomenon of the gene's varied states. Progress has been 
made in the elucidation of the dynamics of PinX1 function. 
Yuan et al (17) discovered that PinX1 settles in the nucleus 
and telomerase and would attach around chromosomes and 
the outside plate of the kinetochore during mitosis, during 
which period siRNA could be used to inhibit PinX1 and the 
chromosome would lose the ability to split correctly. This 
finding indicated that PinX1 has an important role in mitosis. 
Furthermore, Li et al  (18) have demonstrated that, during 
the mitotic period, nucleolin aided the transport of PinX1 
around the chromosome and enhanced the composition of 
the middle plate. All these studies suggested that PinX1 
functions differently in various types of cancer and thus has 
different regulations and mechanisms. Until now, there was 
no unanimous hypothesis about the function of PinX1, and its 
underlying mechanism requires further investigation.

During the present study, an expression vector 
(pEGFP‑C3‑PinX1) and an altered RNA (PinX1‑FAM‑siRNA) 
targeted at PinX1 were successfully constructed. Following 
transfection of Eca‑109 cells, RT‑PCR was used to detect 
PinX1 mRNA expression levels. It was demonstrated that 
pEGFP‑C3‑PinX1 increased PinX1 mRNA expression by 
160%, whereas PinX1‑FAM‑siRNA decreased PinX1 mRNA 
expression by 70%, which indicated that the present model of 
upregulation and silencing of PinX1 expression was successful, 
facilitating the further study of the function of PinX1 in Eca 
cells. The results showed that, following pEGFP‑C3‑PinX1 
transfection of the Eca cells, both hTERT mRNA and telom-
erase activity were significantly inhibited (compared with the 
untransfected), resulting in the inhibition of the proliferation 
of Eca‑109 cells. Following PinX1‑FAM‑siRNA silencing of 
PinX1, the telomerase activity and proliferation of the Eca‑109 
cells exhibited no alteration, this may be because the inhibiting 
function of PinX1 was hindered. It is possible that the endog-
enous PinX1 of Eca cells was very low or completely lacking, 
therefore even siRNA silencing was unable to have a marked 
influence on telomerase activity. Similarly, it is possible that 
the duration that PinX1‑FAM‑siRNA was able to affect PinX1 
was too short (48 h), therefore it was impossible to observe the 
biological alteration in Eca cells.

In conclusion, the results of the present study demon-
strated that the addition of exogenous PinX1 into carcinoma 
cells inhibited targeted telomerase activity, which indicated 
that PinX1 was a potential telomerase activity inhibitor. 
This finding may launch a novel field for treating malignant 
neoplasms, such as Eca, by gene‑targeting.
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