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Lack of association between the PIN1 promoter -667T>C
(rs2233679) polymorphism and cancer risk:
Evidence from meta-analysis
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Abstract. Peptidyl-prolylcis-trans isomerase NIMA-
interacting 1 (PINI) is a critical catalyst involved in multiple
oncogenic signaling pathways. The PINI promoter -667T>C
(rs2233679) polymorphism plays a role in cancer risk. The
association between PINI (-667T>C) polymorphism and
cancer risk has been previously investigated. However, the
available results are inconclusive. To derive a more precise
estimation, a meta-analysis of seven published case-control
studies including 4,524 cases with different tumor types and
4,561 controls was performed. Published literature from
PubMed and EMBASE was retrieved. Crude odds ratios
(ORs) with 95% confidence intervals (CIs) were calculated to
evaluate the strength of the association. Overall, the results
did not suggest any associations between the PINI promoter
(-667T>C) polymorphism and cancer susceptibility (OR=1.04,
95% CI: 0.91-1.18 for CC vs. TT; OR=0.98, 95% CI: 0.89-1.09
for TC vs. TT; OR=1.00, 95% CI: 0.91-1.10 for TC/CC vs.
TT; OR=1.07, 95% CI: 0.97-1.18 for CC vs. TC/TT). Further
stratified analysis by cancer type, ethnicity and sample size
did not reveal any significant associations in the genetic
models. The results of the present study demonstrate that the
PINI promoter (-667T>C; rs2233679) polymorphism is not
associated with cancer susceptibility.
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Introduction

Pro-directed phosphorylation, also known as phosphorylation
of proteins on serine or threonine residues, is a pivotal intra-
cellular signaling mechanism in regulating diverse cellular
processes, such as cell cycle progression, transcriptional
regulation, RNA processing and cell proliferation and differ-
entiation (1,2). It has been demonstrated that the deregulation
of Pro-directed phosphorylation is a prevalent and specific
event in various types of cancer, resulting in cell transforma-
tion and oncogenesis (1).

Peptidyl-prolylcis-trans isomerase NIMA-interacting 1
(PINI) specifically isomerizes the conformation of Pro-directed
phosphorylation sites, revealing a novel post-phosphorylation
regulatory mechanism (3,4). PINI has a high specificity to
substrate with Ser/Thr-Pro (Proline) motifs and changes the
conformation of phosphoproteins by recognizing and binding
to specific phospho-Ser/Thr-Pro motifs (5). PINI substrates
containing phosphorylated Ser/Thr-Pro motifs include many
important cell cycle regulators as well as oncogenic and tumor
suppressor proteins, such as cyclin D1 (6), p53 (7), Cdc25 (8),
myc (9), c-Jun (7), B-catenin (10), GSK-3  (9) and Bcl-2 (11).
Therefore, by targeting these important substrates which
contain phosphorylated Ser/Thr-Pro motifs, PIN/-induced
conformational changes may function as a critical catalyst
that potentiates multiple oncogenic signaling pathways during
cancer development (12). It has been reported that PIN] is
aberrantly overexpressed in many types of cancer, including
prostate cancer (13), lung cancer (13), esophageal squamous
cell carcinoma (6) and breast cancer (7,10). By contrast, inhibi-
tion of PINI in cancer cells triggers apoptosis or suppresses
the transformed phenotype (14,15). These results indicated that
the PINI gene may play an oncogenic role in tumorigenesis.

Human PINI gene, located at chromosome 19p13, contains
4 exons within a 14-kb region, encodes a 163-amino acid
protein and has a promoter region of 1.5 kb (16). Several puta-
tive functional single-nucleotide polymorphisms (SNPs) have
been identified in the coding and promoter regions of PINI,
the most common one being rs2233679T>C: c.-667T>C in the
promoter. The association between PIN/ promoter (-667T>C)
polymorphism and risk of cancer of various organs, including
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liver cancer (17), lung cancer (16), breast cancer (18,19), squa-
mous cell carcinoma of the head and neck (20), nasopharyngeal
cancer (21) and esophageal cancer (22) has been recently
investigated. However, the results of those studies remain
controversial. In consideration of the extensive role of PIN/ in
the carcinogenic process, we carried out a meta-analysis on all
eligible case-control studies to estimate the overall cancer risk
associated with PINI promoter (-667T>C) polymorphism and
to quantify the potential between-study heterogeneity.

Materials and methods

Identification and eligibility of relevant studies. A search was
conducted on the PubMed and EMBASE databases using the
search terms ‘PINI’, ‘polymorphism’ and ‘cancer’ (last search
update was 8 May 2013) in order to include all the case-control
studies concerning the association between PINI (-667T>C)
polymorphism and cancer risk. The search was limited to
English language studies. Additional studies were identified
by manual search of the references of original studies. When
more than one study of the same population was included in
several publications, the most recent studies with the largest
sample size were selected. Studies included in our meta-anal-
ysis were required to meet the following criteria: i) evaluation
of the PINI (-667T>C) polymorphism and cancer risk; ii) use
of a case-control design; and iii) containing available geno-
type frequency.

Data extraction. Two authors extracted data independently
according to the inclusion criteria and reached a consensus
on all the items. The following characteristics were collected
from each study: the first author's last name, year of publi-
cation, cancer type, country of origin, ethnicity, source of
control groups (population- or hospital-based controls), geno-
typing method, number of cases and controls and P-value for
Hardy-Weinberg equilibrium (HWE) in the controls (Table I).
Different ethnic descents were categorized as European
and Asian. For studies including subjects of different ethnic
groups, data were extracted separately for each ethnic group
whenever possible. Additionally, studies investigating more
than one sample were considered as individual data sets.

Statistical analysis. For the control group of each study, the
allelic frequency was calculated and HWE was assessed using
the Chi-square goodness-of-fit test and P<0.05 was considered
representative of a departure from HWE. The strength of the
association between the PINI (-667T>C) polymorphism and
cancer risk was measured by odds ratios (ORs) with 95%
confidence intervals (CIs). We first estimated the risks of the
TC and CC genotypes on various cancer types, compared with
the wild-type TT homozygote and then evaluated the risks
of TC/CC vs. TT and CC vs. TC/TT on these cancer types,
assuming dominant and recessive effects of the variant C
allele, respectively. Stratified analyses were also performed by
cancer type (if one cancer type occurred in only one individual
study, it was combined into the ‘other cancers’ group), ethnici-
ties and sample size (subjects >500 in both cases and controls).
In consideration of the possibility of heterogeneity across the
studies, a statistical test for heterogeneity was performed based
on the Q statistic (23). If P>0.1 of the Q test, indicating a lack of
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Figure 1. Peptidyl-prolylcis-trans isomerase NIMA-interacting 1 C allele
frequency among controls stratified by ethnicity.

heterogeneity among studies, the summary estimates of ORs
of each study was calculated by the fixed-effects model (the
Mantel-Haenszel method) (24). Otherwise, the random-effects
model (the DerSimonian and Laird method) (25) was used.
Furthermore, the meta-regression model was used to explore
the possible source of heterogeneity among different types of
studies (26). Sensitivity analyses were performed to assess the
stability of the results, i.e., a single study in the meta-analysis
was deleted each time to reflect the effect of the individual
data set to the pooled OR. Publication bias was evaluated
using the Begg's funnel plot and Egger's test (27). Analyses
were performed with Stata software (version 11.0; StataCorp
LP, College Station, TX, USA), and all tests were two-sided.

Results

Characteristics of studies. Seven articles in English on
PINI (-667T>C) polymorphism and cancer risk were avail-
able for this analysis. One article investigated two individual
samples collected at different time periods. Another article
investigated three individual samples obtained from different
countries. Each of these articles was counted as individual
studies. Ten case-control studies met our inclusion criteria,
including 4,524 cases and 4,561 controls. The characteristics of
the selected studies are shown in Table I. The study comprised
case-control studies only, including four breast cancer studies,
two lung cancer, with the remaining studies being classified
as the ‘other cancer’ group. Three of the studies obtained
comprised individuals of European descent and seven studies
of Asian descent. Cancers were confirmed histologically or
pathologically in the majority of studies. Genotyping methods
used were polymerase chain reaction-restriction fragment
length polymorphism. Genotype distribution in the controls of
all the studies was consistent with HWE, with the exception of
one study (17) (without data for all three genotypes).

Quantitative synthesis. There was a wide variation of the
C allele frequencies across different ethnicities. The C allele
frequencies in the European and Asian populations were
34.7 and 47.3% on average, respectively (Fig. 1). As shown
in Table II, no significant associations between the PIN/
promoter (-667T>C) polymorphism and cancer risk were
observed in any of the genetic models [OR=1.04, 95% CI:
0.91-1.18 for CC vs. TT; OR=0.98, 95% CI: 0.89-1.09 for TC
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Table I. Characteristics of studies included in the meta-analysis.
Source of  Genotyping Sample size

Authors (year) Tumor type Country  Ethnicity  controls method HWE  (case/control) Refs.
Segat et al (2007)  Liver cancer Italy European  Hospital PCR-RFLP NA 228/250 a7
Lu et al (2011)* Lung cancer China Asian Hospital PCR-RFLP  >0.05 1,056/1,056 (16)
Lu et al (2011)° Lung cancer China Asian Hospital PCR-RFLP  >0.05 503/623 (16)
Naidu et al (2011)  Breast cancer Malaysia  Asian Hospital PCR-RFLP  0.986 107/80 (19)

Breast cancer China Asian Hospital PCR-RFLP  0.856 219/111

Breast cancer India Asian Hospital PCR-RFLP 0981 61/61
Han et al (2010) Breast cancer USA European  Hospital PCR-RFLP  0.229 467/488 (18)
Lu et al (2009) SCCHN USA European  Hospital PCR-RFLP  0.080 1,006/1,007 (20)
Lu et al (2013) Nasopharyngeal cancer ~ China Asian Hospital PCR-RFLP  0.056 178/156 21
You et al (2013) Esophageal cancer China Asian Hospital PCR-RFLP  0.578 699/729 (22)

“These samples were collected between March 2007 and March 2009 in Southern China. *These samples were collected between March 2008 and
May 2010 in Eastern China. HWE, Hardy-Weinberg equilibrium; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism;
NA, not available; SCCHN, squamous cell carcinoma of the head and neck.

Table II. Summary OR of the PINI (-667T>C) polymorphism on cancer risk.

TC/CCvs. TT CCvs. TC/TT
Cases/ CCvs. TT TCvs. TT (dominant) (recessive)

Variables n* controls OR (95% CI)° P OR (95% CI)° P OR (95% CI)° P OR (95% CI)° P
Total 10 4,524/4561 1.04(091-1.18) 0484 0.98 (0.89-1.09) 0.404 1.00(0.91-1.10) 0.336 1.07(0.97-1.18) 0.938
Cancer types

Breast cancer 4 854/740 0.97 (0.70-1.35) 0.995 1.02(0.82-1.26) 0.783 1.01(0.82-1.23) 0.865 0.97 (0.71-1.32) 0.979

Lung cancer 2 1,559/1,679 1.11(091-137) 0.608 1.04(0.85-1.26) 0.701 1.07 (0.89-1.29) 0.631 1.09 (0.94-1.25) 0.734

Other cancers 4 2,111/2,142  0.99 (0.82-1.21) 0.066 0.95(0.82-1.09) 0.057 0.97 (0.84-1.10) 0.037 1.08 (0.92-1.26) 0.428
Ethnicities

Europen 3 1,701/1,745 1.00 (0.80-1.26) 0.273 0.99 (0.86-1.14) 0.428 0.99 (0.87-1.13) 0.263 1.01(0.82-1.26) 0.445

Asian 7 2.822/2816 1.05(0.90-1.23) 0.446 0.90 (0.76-1.08) 0.181 0.89(0.75-1.06) 0.197 091 (0.72-1.15) 0.969
Sample size!

<500 6 1,260/1,146 0.81(0.62-1.05) 0.571 0.90 (0.76-1.08) 0.181 0.89 (0.75-1.06) 0.197 0.91 (0.72-1.15) 0.969

>500 4 3264/3415 1.12(097-1.30) 0.965 1.03(091-1.16) 0915 1.06(0.94-1.19) 0.955 1.11(0.99-1.24) 0.933

“Number of comparisons. "Random-effects model was used when P=0.05 for heterogeneity test; otherwise, fixed-effects model was used. °P-value of Q-test for

heterogeneity test. “Both cases and controls. OR, odds ratio; PINI, peptidyl-prolylcis-trans isomerase NIMA-interacting 1, CI, confidence interval.

vs. TT; OR=1.00, 95% CI: 0.91-1.10 for TC/CC vs. TT (Fig. 2);
OR=1.07, 95% CI: 0.97-1.18 for CC vs. TC/TT]. Similarly, in
further stratified analysis by cancer type, ethnicity and sample
size, no significant associations were observed in any of the
genetic models (Table II).

Test of heterogeneity, publication bias and sensitivity
analyses. No significant heterogeneity between the studies
was observed in the overall comparisons (Table IT). Begg's
funnel plot and Egger's test were performed to assess the
publication bias of the studies. The shapes of the funnel plots
did not show any evidence of obvious asymmetry in any of
the compared models. The Egger's test was used to provide
statistical evidence of funnel plot symmetry. As expected, the
results did not reveal any evidence of publication bias (t=-1.57,

P=0.154 for TC/CC vs. TT; Fig. 3). The effect of each study on
the pooled OR was examined by repeating the leave-one-out
sensitivity analysis and the sensitivity analysis proved that
our results were reliable and robust (Fig. 4). Furthermore,
following exclusion of the study by Segat et al (17) for which
data on HWE were not available, no change in the estimated
pool OR was evident.

Discussion

PINI is not an oncogene itself, but it can serve as an indispens-
able translator and amplifier of oncogenic signal transduction.
PINI specifically recognizes phospho-Ser/Thr-Pro motifs and
regulates the conformation of the Pro-directed phosphorylation
site which potentates multiple oncogenic signaling pathways
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Study %
D OR (95% CI) Weight
Segat (2007) _— 0.76 (0.53, 1.10) 7.97
Lu (2011) R 1.03 (0.82, 1.30) 17.35
Lu (2011) _— 1.14 (0.83, 1.57) 8.28
Naidu (2011) < 1.03 (0.58, 1.84) 266
Naidu (2011) - 1.19(0.75, 1.88) 3.99
Naidu (2011) = 0.88 (0.43, 1.79) 191
Han (2010) —_— 0.97 (0.75, 1.26) 1378
Lu (2009) —o— 1.07 (0.89, 1.27) 28.33
Lu (2013) - 0.45 (0.24, 0.85) 357
You (2013) —_— 1.02(0.77, 1.34) 12.14
Overall (-equared = 11.6%, p = 0.336) <> 1.00 (0.91, 1.10) 100.00
T T
0.239 1 4.18

Figure 2. Forest plot of cancer risk associated with the peptidyl-prolylcis-trans isomerase NIMA-interacting 1 promoter (-667T>C) polymorphism for TC/CC
vs. TT. The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the study-specific weight (inverse
of the variance). The diamond represents the summary OR and 95% CI. OR, odds ratio; CI, confidence interval; I?, measure to quantify the degree of hetero-

geneity in the meta-analysis.
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Figure 3. Begg's funnel plot of publication bias test for TC/CC vs. TT. Each point represents a separate study for the indicated association. Log(OR), natural

logarithm of odds ratio; horizontal line, mean effect size.

during carcinogenesis (12). PINI overexpression is a prevalent
and specific event in human cancers (28). Consequently, results
of previous studies have demonstrated that a high expression
of PINI is correlated with poor prognosis in patients with
different cancer types, such as prostate cancer (29) and esoph-
ageal squamous cell carcinoma (30). Thus, it is biologically

reasonable that the functional polymorphisms of PINI may
play an important role in the aetiology of cancer. Thus, since
the identification of a functional polymorphism known as
-667T>C (rs2233679) in PINI promoter, accumulating studies
have evaluated the association between the PINI (-667T>C)
polymorphism and cancer risk. Findings of an Italian study
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Figure 4. Sensitivity analysis of cancer risk associated with the peptidyl-prolylcis-trans isomerase NIMA-interacting 1 promoter (-667T>C) polymorphism
for TC/CC vs. TT. The figure shows the influence of individual studies on the summary odds ratio.

showed that the -667T>C SNP over-represented the T allele in
the hepatocellular carcinoma cases (17). Recently, Lu e al (21)
showed that the PINI promoter (-667T>C) polymorphism was
associated with a decreased risk of nasopharyngeal carcinoma
(NPC) in Chinese populations. However, it has been indicated
that the variant -667C allele was not associated with risk of
cancer (16,18-20,22). To resolve this conflict, we performed a
meta-analysis of seven published case-control studies including
4,524 cases with different tumor types and 4,561 controls to
derive a more precise estimation of the association. To the
best of our knowledge, this is the first meta-analysis focusing
on a comprehensive assessment of the relationship between
the PINI polymorphism (-667T>C) and cancer risk. Results
of this study suggest that the PINI -667T>C (rs2233679)
polymorphism is not associated with risk of cancer in all the
studied populations.

In the stratification analysis of cancer type, no significant
associations were observed in breast, lung and other cancers
in any of the genetic models, suggesting that tumor origin
did not play a clear role in the PINI promoter (-667T>C)
polymorphism associated with risk of cancer. A similar
result was observed in the subgroup analysis by sample size.
Ethnicity was an important influence factor for the develop-
ment of cancer. As shown in Fig. 1, the frequency of -667C
allele in the Asian controls, was significantly higher than that
in the European controls (P<0.05). Beyond our expectation,
in this study, there were no significant associations found in
Europeans and Asians in any of the genetic models, suggesting
that ethnic differences in genetic backgrounds and/or envi-
ronmental and social factors did not affect the association
between PINI promoter (-667T>C) polymorphism and cancer
risk. These insignificant results may be due to the limited
number of studies with available data on these characteristics,
which had insufficient statistical power to detect a slight effect
or may have generated a fluctuated risk estimate.

In interpreting the current results, some limitations of the
meta-analysis should be considered. First, our result was based
on unadjusted estimates, while a more precise analysis should
be conducted if more detailed individual data were available,
which would allow for an adjusted estimate by other factors
such as age and gender. Lack of information relevant to the
data analysis may cause serious confounding bias. Second,
the lack of original data of the reviewed studies limited our
evaluation of potential interactions, as the interactions among
gene-gene, gene-environment and even different polymorphic
loci of the same gene may modulate cancer risk. Third, in this
meta-analysis, the studies were all based on hospital and only
comprised European and Asian populations. Thus, validations
with larger population-based studies in different ethnic groups
are necessary. Fourth, the number of published studies was
not sufficiently large for a comprehensive analysis, particularly
for the single type of cancer. However, there were benefits to
our meta-analysis that should be considered. First, a substan-
tial number of cases and controls were pooled from different
studies, which significantly increased the statistical power
of the analysis. Second, the quality of case-control studies
included in current meta-analysis was satisfactory and did not
detect any publication bias suggesting that the whole pooled
result should be unbiased.

In conclusion, our meta-analysis suggests that the PIN/
promoter (-667T>C; rs2233679) polymorphism is not associ-
ated with risk of cancer, indicating that this polymorphism
is not a biomarker for susceptibility to cancer. However,
large-scale studies in different ethnic groups using standard-
ized unbiased methods, enrolling precisely defined cancer
patients and well-matched controls, with more detailed indi-
vidual data are needed to validate our findings. Investigations
of the gene-environmental interaction may lead to an
improved, more comprehensive understanding of the roles of
PINI polymorphisms in the aetiology of cancer.
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