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Abstract

Circadian genes were proven to play significant roles in tumor development and progression via coordinating various
cellular processes. Though circadian rhythm disturbances both on the level of expression and genetic variant analysis
have been associated with increased risk for many cancer types, none has investigated the potential effect of PER3 VNTR
in bladder tumorigenesis yet. In this study, we aimed to assess PER3 VNTR’s effect in terms of creating susceptibility to
bladder carcinoma formation. Our second target was to enlighten the possible associations between PER3 genotypes and
clinicopathological correlations in bladder carcinoma cohort and thus evaluate outcomes in bladder carcinoma
prognosis. In this case-control study, 116 patients and 120 healthy controls were recruited. DNA was isolated from
peripheral blood using the standard salting-out procedure and PER3 VNTR variants (ins/del polymorphism) were
determined with PCR technique to distinguish the 5-repeats allele (401 bp) from the 4-repeats allele (347 bp). Though
this exploratory analysis did not provide evidence supporting the role of PER3 VNTR in the onset of bladder carcinoma, it
enabled us to make a risk assessment for the prognosis of bladder carcinoma patients. The survival times of patients
decreased in the patient group (progression and cystectomy positive) for PER3 4/4 genotype and (recurrence,
progression and cystectomy positive) for PER3 4/5 genotype. Results presented in this study are highly recommended to
be investigated and validated in larger samples in different populations and ethnicities to generalize potential clinical
utility.
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PER3 VNTR GENOTIPLERI, TURKIYE POPULASYONUNDA MESANE KANSERI
HASTALARINDA GENEL SAGKALIMI TAHMIiN EDEBILIiR

Ozet

Sirkadiyen genlerin, cesitli hiicresel stirecleri koordine ederek tiimér gelisimi ve ilerlemesinde énemli roller oynadigi
kanitlanmistir. Her ne kadar hem ekspresyon seviyesi hem de genetik varyant analizi lizerindeki sirkadiyen ritim
bozukluklart bircok kanser tipi icin artmis riskle iligkili olsa da, mesane tiimérii olusumunda PER3 VNTR'nin potansiyel
etkisi heniiz arastirllmamistir. Bu ¢calismada PER3 VNTR'nin mesane karsinomu olusumuna duyarlilik yaratma agisindan
etkisini degerlendirmeyi amacladik. Ikinci hedefimiz mesane karsinomu kohortunda PER3 genotipleri ile klinikopatolojik
korelasyonlar arasindaki olast iligkileri aydinlatmak ve béylece mesane karsinomu prognozundaki sonugclari
degerlendirmektir. Bu vaka-kontrol ¢alismasina 116 hasta ve 120 saghkli kontrol dahil edildi. DNA, standart tuzla
¢coktiirme prosediirti kullanilarak periferik kandan izole edildi ve 5-tekrarli alleli (401 bp) 4-tekrarli allelden (347 bp)
ayirt etmek icin PCR teknigi ile PER3 VNTR varyantlari (ins/del polimorfizm) belirlendi. Bu arastirmanin sonuglarinin
analizi, mesane karsinomunun baglangicinda PER3 VNTR'nin roliinii destekleyen kanit saglamamasina ragmen, mesane
kanseri hastalarinin prognozu icin bir risk degerlendirmesi yapmamizi sagladi. Hastalarin sagkalim stireleri hasta
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grubunda PER3 4/4 genotipi (progresyon ve sistektomi pozitif) ve PER3 4/5 genotipi (rekiirens, progresyon ve sistektomi
pozitif) icin azalmistir. Bu ¢calismadan ¢ikan sonuglar, potansiyel klinik fayday1 genellestirmek icin farkli popiilasyonlarda
ve etnik kokenlerde, daha biiyiik érneklerde arastirilmasi ve dogrulanmasi gerektigini belirgin sekilde géstermektedir.
Anahtar kelimeler: Mesane kanseri, sirkadiyen genler, PER3, VNTR, sagkalim
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1. Introduction

The rhythmic oscillation periods changing in 24
hours are called circadian (from the Latin phrase circa
diem). These day-night changes are controlled by
autonomous biological pacemakers called circadian
clocks. The circadian clock has a master oscillator
located in the neurons of suprachiasmatic nuclei in the
anterior hypothalamus of the brain and master
circadian oscillator synchronizes peripheral tissues of
mammals [1-4]. Circadian clock gene family has nine
important members including circadian locomotor
output cycle kaput (CLOCK), brain and muscle Arnt-like
protein-1 (BMAL1), Period-1 (Perl), Period-2 (Per2),
Period-3 (Per3), Cryptochrome-1 (Cry1),
Cryptochrome-2 (Cry2), Caseinkinase-1 (CK1) and
Timeless (TIM) [5-6]. Circadian genes were proven to be
highly significant in medical field. As well as their major
roles in neurological and mood disorders, circadian
genes have also gained attention for cancer studies and
altered patterns of circadian genes have been shown in
various types of cancers as explained in detail in
discussion part.

Per family genes are considered as tumor
suppressor genes and they can manage the inhibition of
tumor formation through two main mechanisms; either
with combination with tumor suppressor p53 or with
promotion of the repair of the cells affected by
radiation-induced DNA damage [7]. PER3 variable
number tandem repeat (VNTR, rs57875989) length
polymorphism has either 4- or 5-copies of a 54-bp
sequence encoding 18 amino acids. The 5-repeat PER3
allele has already been shown to be associated with a
penetrant phenotype for morning circadian preference
[8], depressive symptoms and an earlier onset of bipolar
disorder [9-10]. Though PER3 VNTR has globally begun
to be an attractive target in mood disorders, there are so
few reports analyzing its possible effects in
tumorigenesis.

In the study, we aimed to investigate the
possible effect of PER3 VNTR in the formation of
bladder tumors in a Turkish cohort. Moreover, we also
targeted to search whether any PER3 genotype could be
associated with clinicopathologic correlations in
bladder carcinoma cohort.

2. Material-Methods

2.1.Participants

Unrelated 120 healthy controls and 116 patients were
recruited in this case-control study. Patients with
transitional cell carcinoma of the bladder were
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recruited from the Department of Urology, Istanbul
Medeniyet University, Turkey and none of the patients
had an accompanying tumor history. Healthy controls
included in the study were randomly selected from a
pool of healthy volunteers from the university. The
study was conducted in compliance with the Declaration
of Helsinki and was approved by the Local Ethics
Committee of Istanbul Medeniyet University (Approval
number: 2020/0031).

2.2. Genotyping

DNA was isolated from peripheral blood using standard
salting-out procedure [11]. PER3 VNTR variants were
determined with PCR technique with previously
described primer sequences [9]. PER3 PCR reaction was
carried out in a 25 pl total volume containing ~100 ng
genomic DNA, 0.5 uM of each primer, 0.2 mM of each
dNTP, 2 mM MgCl;, 1x Taq polymerase buffer, and 1.5 U
Taq polymerase (Thermo Fisher Scientific, Inc.).
Thermal cycler condition was as follows: 35 cycles of
denaturation for 40 sec at 94°C, annealing for 45 sec at
55°C and extension for 45 sec at 70°C. A pre-
denaturation step for 6 min at 94°C and a final extension
step for 12 min at 70°C were included. Post PCR
products were loaded on 2.5% ultra-pure agarose gel,
stained with ethidium bromide, electrophoresed and
analyzed with gel documentation system (SYNGENE
Ingenius 3, England) to enable to the analysis of ins/del
polymorphism to distinguish the 5-repeats allele (401
bp) from the 4-repeats allele (347 bp). Heterozygotes
(4/5) resulted with both bands.

2.3. Statistical analysis

Statistical analysis was done using R3.6.1 software. The
statistical level of significance was defined as p<0.05.
The relationship between bladder cancer risk and PER3
VNTR with 4/4, 4/5 and 5/5 genotypes was evaluated
using Pearson's Chi-squared test with Yates' continuity
correction and Fisher's exact test by means of using the
odds ratio (OR) and confidence intervals (95%). We also
studied the probability of death by means of
demographic and clinicopathologic characteristics of
patients for PER3 VNTR with the 4/4, 4/5 and 5/5
genotypes. Finally, we performed a survival analysis to
investigate the survival probabilities of patients over a
period of time.

3. Results and Discussion
We investigated whether PER3 VNTR was a potential
cause for bladder carcinogenesis. The study contained
120 healthy controls and 116 bladder cancer patients.
The controls and patients were divided into three
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groups based on their genotypes: 1 = 4/4 genotype, 2 =
4/5 genotype and 3 = 5/5 genotype. The outcome was
the status of a person (0 = alive and 1 = exitus). The
patients were inspected in terms of their demographic
and clinicopathologic characteristics. The categorical
variables representing the demographic characteristics
of patients were age (1 = < 60 years and 2 = 260 years),
gender (1 = male, 2 = female) and smoking status (0 =
No and 1 = Yes). Similarly, the categorical variables
representing the clinicopathologic characteristics of
patients were tumor type (1 = pTa/LMPUN and 2 =
pT1/pT2), grade (1 = Low and 2 = High), associated CIS
(0 =No and 1 = Yes), tumor size (1 =<3 cmand 2 = 23
cm), tumor number (1 = Single and 2 = Multiple),
recurrence (0 = No and 1 = Yes), progression (0 = No
and 1 = Yes) and radical cystectomy (0 = No and 1 =
Yes). Table 1 displays the number of observations (n)
and percentages (%) of the patients with respect to
their demographic and clinicopathologic characteristics
for PER3 VNTR with the 4/4, 4/5 and 5/5 genotypes
(and all patients together). Figure 1 displays two box
plots in which we compared the number of observations
between the levels of the groups (i.e., healthy controls
and bladder cancer patients) and the levels of the types
of genotypes (i.e.,, the genotypes 4/4, 4/5 and 5/5). In
Table 2, we investigated the relationship between PER3
VNTR and bladder cancer risk using Pearson's Chi-
squared test with Yates' continuity correction and
Fisher's exact test in terms of odds ratios (ORs) and
their confidence intervals. We compared the patients
against the controls to evaluate whether the types of
genotypes (and allele frequencies) for PER3 VNTR were
related to the risk of carcinoma by considering that the
reference category contains the people with the 4/4
genotype (and 4-repeats allele frequency). The results
in this table showed that the genotypes 4/5 and 5/5 do
not exert much influence on the risk of bladder cancer
when the people with the 4/4 genotype were the
reference category (x2 = 2.601, p = 0.107; x2 = 0.000, p
= 1.000). Similarly, 5-repeats allele frequency did not
have a significant impact on the risk of carcinoma when
the reference category was 4-repeats allele frequency
(x2 =0.222, p = 0.638). The results of Fisher's exact test
using the odds ratios and their confidence intervals
supported the conclusion above. Here, the odds ratio
represents the relationship between the risk of bladder
carcinoma and the type of genotype (or the allele
frequency) for which the value of one indicating the lack
of association between them. For example, the
confidence interval between the lower bound 0.908 and
the upper bound 2.971 contains the value of one. Thus,
OR = 1.637 indicates that there is not a significant
association between the levels of the groups (i.e,
controls and patients) and the levels of the type of
genotypes (i.e., the genotypes 4/4 and 4/5) in terms of
the risk of carcinoma. Stated otherwise, people with the
4/4 genotype had 1.637 times higher bladder carcinoma
risk than people with the 4/5 genotype, however, this
difference was not statistically significant. Similarly, OR
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= 1.114 indicates that having 5-repeats allele frequency
more than 4-repeats allele frequency does not increase
the risk of bladder carcinoma. There is no direct
association between the levels of the outcome the status
of patients (i.e., alive and exitus) and PER3 VNTR (x? =
0.057, p = 0.972). Table 3 shows the association
between the status of patients and the levels of the
demographic and clinicopathologic variables for PER3
VNTR with the 4/4, 4/5 and 5/5 genotypes (and all
patients together). For PER3 VNTR with 4/4 genotype,
the clinicopathologic variables recurrence (x2 = 5.457; p
= 0.019), progression (x2 = 15.717; p = 0.000) and
radical cystectomy (x2 = 4.471; p = 0.034) have
significant effects on the status of patients. Similarly,
recurrence (x2 = 6.681; p = 0.010), progression (x2 =
21.120; p = 0.000) and radical cystectomy (x2 = 9.725; p
= 0.002) exert significant effects on the status of
patients for PER3 VNTR with 4/5 genotype. These
variables do not have significant effects on the status of
patients for PER3 VNTR with 5/5 genotype. Figure 2
displays the association between the status of patients
and the levels of these three variables. This figure shows
that the probability of death increases as the patients
develop recurrence and tumor(s) have progression in
case of the radical cystectomy for PER3 VNTR with the
genotypes 4/4 and 4/5, while this association does not
apply to PER3 VNTR with the genotype 5/5.

We also performed a survival analysis to inspect
the survival probabilities of patients. The Kaplan-Meier
method is applied to create survival curves and the log
rank test is used to test whether these curves are
statistically different from each other. We first analyze
whether PER3 VNTR alone exerts a direct influence on
the survival probabilities of patients. Figure 3 shows
three survival curves each of which indicates one level
of PER3 VNTR. The corresponding log rank test
indicates that PER3 VNTR does not have a direct impact
on the overall survival of patients (x2 = 0.148; p =
0.928). Table 4 displays the log rank test results for the
relationship between the survival times of patients and
the levels of demographic and clinicopathologic
variables for PER3 VNTR with the 4/4, 4/5 and 5/5
genotypes (and all patients together). For PER3 VNTR
with 4/4 genotype, progression (x2 = 5.271; p = 0.022)
and radical cystectomy (x2 = 7.658; p = 0.006) have
significant impacts on the survival times of patients, but
this association is not apparent for the variable
recurrence (x2 = 0.167; p = 0.280). The results for PER3
VNTR with 4/5 and 5/5 genotypes are in line with the
results presented in Table 3. Figures 4, 5 and 6 display
the corresponding survival curves of the levels of
recurrence, progression and radical cystectomy for
PER3 VNTR with 4/4, 4/5 and 5/5 genotypes (and all
patients together), respectively. Note that Figure 6 does
not contain the survival curves showing the association
between the levels of variable radical cystectomy and
the survival times of patients for PER3 VNTR with 5/5
genotype, since there is no patient in the data who is
under radical cystectomy with 5/5 genotype.
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Altered expression patterns of circadian gene
family members have been shown in a variety of tumor
studies proving that there is a strong association
between disruption of circadian rhythm and occurrence
of some cancer types. That is not surprising considering
the fact that approximately 5-15% of genome-wide
mRNA expression is circadian rhythmic and driven by
clock genes [3]. Moreover, it has already been
demonstrated that there is an interaction between
circadian genes and tumor suppression and apoptosis
regulation; for instance, c-Myc is controlled by Per2
through the activity of Bmall/Clock heterodimers [12].
In comparison to the adjacent non-cancerous cells,
differential expression patterns of three PER genes
(PER1, PER2, PER3) were shown in breast tumor cells
[1]. Compared with the patterns of healthy individuals,
expression levels of PER1, PER2, PER3, CRY1, CRYZ2, and
BMAL1 were markedly impaired in both chronic phase
and blastic crisis of chronic myeloid leukemia cases and
downregulated PER3 expression was shown to be
associated with the inactivation of PER3 by methylation
[13]. PER1, PER2, PER3, CRY2, and TIM expression
levels decreased in hepatocellular carcinomas and PER3
downregulation level was as high as 78.3% compared to
the paired noncancerous tissues and correlated with the
tumor size (>3 cm) [2]. Expression levels of a number of
circadian genes were evaluated in colorectal cancer
patients and in the tumor tissues of the patients,
decreased expression patterns were shown for ARNTL1,
PER1, PER2, PER3, and CRYZ2, compared to the matched
healthy mucosa [3]. Compared to the adjacent normal
mucosas, elevated expressions of Clock and CK1€E and
decreased expression levels of Perl and Per3 were
shown in colorectal cancer [14]. In the study of Wang et
al. [15], a 2.8-fold decrease in PER3 mRNA levels of
colon cancerous tissues was reported and PER3
expression was also correlated to some
clinicopathologic variables such as tumor location,
differentiation, stage and survival. Statistically
significant decreased expression levels of Perl, Per2,
Per3, Cryl, Cry2, Tipin, Tim, CK1E, Bmal-ARNTL, and
Clock were reported in pancreatic cancer [16].
Compared with adjacent normal lung tissues, decreased
immunohistochemical expression levels of Perl, Per2,
and Per3 were shown in lung cancer samples and these
decreased patterns were associated with
clinicopathological factors such as poor differentiation,
tumor status, stage, and lymph node metastasis [5].
Downregulated mRNA expression patterns of PER1,
PER2, PER3, CRY1, CRY2, BMAL1, and TIM were
reported in acute leukemia and PER3 upregulation
resulted with a better clinical outcome [17]. Seven core
clock genes including CLOCK, BMAL1, PER1, PER2,
PER3, CRY1, CRY2 were shown to be downregulated in
colorectal liver metastases and lower mRNA levels of
PER3 were associated with the increased number of
metastases [4]. The altered mRNA levels of several
circadian genes were reported in breast tumor samples
compared to the non-tumor samples; while CLOCK and

123

TIMELESS genes were upregulated, PER1, PER2, PER3,
and CRY2 were downregulated [18]. In a very recent
study, significantly low mRNA expression levels of Per1,
Per2, and Per3 were reported in locally advanced head
and neck squamous cell carcinoma compared with
early-stage cancer patients [6].

The above studies emphasize the importance of
the altered expression patterns of circadian genes in
tumorigenesis. Though not related to bladder cancer,
there are also a limited number of cancer studies
proving that circadian gene variants can also drive
tumorigenesis. Firstly in 2005, it was shown that 5-
repeat alleles of PER3 VNTR were associated with an
increased breast cancer risk among premenopausal
women [19]. The first evidence related to the circadian
gene hypothesis was then proposed in prostate
tumorigenesis; CRY2-variant C allele was associated
with increased prostate cancer risk and NPAS2-variant
A allele was associated with decreased risk [20]. A
single functional SNP of PER3 (rs2640908) was
reported to be significantly associated with the overall
survival of hepatocellular carcinoma patients [21].
Though PER3 VNTR was not associated with colorectal
cancer susceptibility, an other circadian gene variant
(CLOCK 311T>C) was proposed to be a risk factor in
tumor development [22]. Four SNPs (rs3027178 in
PER1, 1rs228669, and rs2640908 in PER3 and
rs3809236 in CRY1) were reported to be significantly
associated with overall survival of hepatocellular
carcinoma patients, and three SNPs (rs3027178 in
PER1, rs228729 in PER3 and rs3809236 in CRY1) were
reported to be associated with recurrence-free survival
[23]. Circadian gene variations in CCRN4L (rs3805213)
and PER3 (rs228729) were risk factors in the
occurrence and development of non-small cell lung
cancer in Brazilian patients [24]. A PER1 variant
(rs2289591) was reported to be associated with overall
glioma risk [25]. CRY1 (rs1056560), PER1 (rs3027178)
and PER3 (rs228729) were proposed as the predictors
of the prognosis of gastric cancer patients [26]. PER3
rs10462020 variant was reported to be associated with
overall survival in diffuse large B-cell lymphoma in the
Mexican population [27]. PER3 5-repeat genotype was
proposed as a risk factor in colorectal adenoma
formation in contrast to our bladder carcinoma study
[28]. Very recently, PER3 VNTR genotypes were
evaluated in terms of radiotherapy time in breast cancer
patients and revealed that 4/4 PER3 VNTR was
associated with increased toxicity if treated in the
morning compared with the afternoon [29]. These
recapitulated studies on circadian genes variations
would be quite beneficial in the future to improve the
life quality of cancer patients and predict treatment
regimens.

4. Conclusion
To the best of our knowledge, our study is the first
evaluating the effect of PER3 VNTR in terms of both
creating susceptibility to bladder carcinoma and also
making risk assessment for overall survival. Disruption
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of circadian rhythms with various factors such as shift
work, sleep times (morning/evening) and light
exposure is a novel modifiable risk factor in cancer.
These dysregulations on circadian rhythms alter the
expression of PER/CLOCK circadian genes and the
cellular processes these genes regulate. Variations in
circadian genes influence sleep regulation and can thus
contribute to cancer susceptibility based on sleep
deprivation. Circadian genes have also
immunomodulatory and tumor suppressor properties
that render them an ideal candidate for future
comprehensive studies in cancer. PER3 variable number
tandem  repeat (VNTR; rs57875989) length
polymorphism contains 4 or 5 copies of a 54-bp
sequence encoding 18 amino acids and thus carries a
remarkable potential both to affect circadian gene
expression alone or its interaction with other circadian
genes and manages some hormonal secretion
differences in melatonin and cortisol levels. Our study
has several limitations. Firstly, our cohort may not be
large enough to detect minimal associations. The log
rank test can be applied to compare the survival times
of patients in two or more groups, but it does not take
the impacts of other predictors on the outcome into
account. The cox proportion hazard model can be used
to test the effects of recurrence, progression and
cystectomy status (and the other predictors) on the
survival times of patients simultaneously. However, the
cox proportion hazard model containing these
predictors must be a two-stage model considering both
the survival times of patients and their status (i.e., alive
or death). Our data contain categorical predictors and
limited number of events (deaths) in PER3 VNTR
groups. Thus, the cox proportion hazard model
containing these variables does not have enough power
to detect the significant effects of the variables on the
survival times of patients. Secondly, the important
clinical finding restricted to the Turkish cohort is
definitely needed to be warranted in other larger
populations and ethnicities. Based on our results,
although PER3 VNTR genotypes do not have a direct
influence on living status and survival times of the
patients, their association with recurrence, progression
and radical cystectomy play an important role to explain
the underlying phenomenon. These variables have
significant effects on the status of patients for PER3
VNTR with the genotypes 4/4 and 4/5. The survival
times of patients are influenced by the levels of these
variables for PER3 VNTR with the genotype 4/5 based
on the log rank test results. However, only the variables
progression and radical cystectomy, but not variable
recurrence, have significant effects on the survival times
of patients for PER3 VNTR with the genotype 4/4. In
conclusion, our study presents the first evidence
supporting the role of PER3 VNTR (rs57875989) in
prediction of risk assessment of bladder carcinoma
patients. As long as this hypothesis is also enlighted and
validated in other populations with larger cohorts,
individualized tailor-made clinical preventions could be
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planned in the future such as evaluation of PER3 VNTR
genotypes in patients and deciding about more
stringent treatment regimens and/or more frequent
follow-up studies for individuals with certain genotypes.
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Table 1. Frequencies (n) and percentages (%) of
bladder cancer patients in terms of their demographic
and clinicopathologic characteristics for PER3 VNTR
with 4/4, 4/5 and 5/5 genotypes (and all patients

together)
4/4 genotype n(%) 4/5 genotype n(%) 5/5 genotype n(%) Total n(%)
Variables Death Alive Death Alive Death Alive Death Alive
Age
<60 0 (0%) 10 (24%) 0 (0%) 13 (22%) 0 (0%) 2 (14%) 0 (0%) 25 (21%)
>60 3(7%) 29 (69%) 5 (8%) 42 (70%) 1(7%) 11 (79%) 9 (8%) 82 (71%)
Gender
Female 0 (0%) 9 (21%) 0 (0%) 8 (13%) 0 (0%) 4 (28%) 0 (0%) 21 (18%)
Male 3 (7%) 30 (72%) 5 (8%) 47 (79%) 1 (7%) 9 (65%) 9 (8%) 86 (74%)
Smoking
No 1 (3%) 6 (12%) 0 (0%) 9 (15%) 0 (0%) 2 (14%) 1(%1) 17 (15%)
Yes 2 (6%) 33 (79%) 5 (8%) 46 (77%) 1(7%) 11 (79%) 8 (7%) 90 (77%)
Tumor type
pTa/LMPUN 1(2%) 14 (33%) 0 (0%) 25 (42%) 0 (0%) 8 (57%) 1 (1%) 47 (40%)
pT1/pT2 2 (5%) 25 (60%) 5 (8%) 30 (50%) 1 (7%) 5 (36%) 8 (7%) 60 (52%)
Grade
Low 0 (0%) 27 (64%) 2 (3%) 40 (67%) 1 (7%) 11 (79%) 3 (3%) 78 (67%)
High 3(7%) 12 (29%) 3(5%) 15 (25%) 0 (0%) 2 (14%) 6 (5%) 29 (25%)
Associated CIS
No 3(7%) 38 (91%) 5 (8%) 52 (87%) 1(7%) 13 (93%) 9 (7%) 103 (86%)
Yes 0 (0%) 1 (2%) 0 (0%) 3(5%) 0 (0%) 0 (0%) 0 (0%) 9 (7%)
Tumor size
<3 3(7%) 26 (62%) 2 (3%) 39 (65%) 0 (0%) 10 (71%) 5 (4%) 75 (65%)
>3 0 (0%) 13 (31%) 3 (5%) 16 (27%) 1(7%) 3(22%) 4 (3%) 32 (28%)
Tumor number
Single 3(7%) 26 (62%) 2 (3%) 39 (65%) 0 (0%) 10 (72%) 5 (4%) 75 (65%)
Multiple 0 (0%) 13 (31%) 3 (5%) 16 (27%) 1 (7%) 3 (21%) 4 (3%) 32 (28%)
Recurrence
No 0 (0%) 31 (74%) 0 (0%) 5 (8%) 0 (0%) 10 (72%) 0 (0%) 79 (68%)
Yes 3(7%) 8 (19%) 38 (64%) 17 (28%) 1 (7%) 3(21%) 9 (8%) 28 (24%)
Progression
No 0 (0%) 37 (88%) 0 (0%) 50 (84%) 0 (0%) 12 (86%) 0 (0%) 99 (85%)
Yes 3(7%) 2 (5%) 5 (8%) 5 (8%) 1 (7%) 1 (7%) 9 (8%) 8 (7%)
Radical cystectomy
No 1 (2%) 36 (86%) 1 (2%) 48 (80%) 1 (7%) 13 (93%) 3 (3%) 97 (84%)
Yes 2 (5%) 3 (7%) 4 (6%) 7 (12%) 0 (0%) 0 (0%) 6 (5%) 10 (8%)
4/4 genotype 4/5 genotype 5/5 genotype Total
Median Median Median Median
(interquartile) (interquartile) (interquartile) (interquartile)
Survival times 62 (33.5) 84 (46) 73 (36) 45 (12) 66 (46) 160 (0) 69 (43) 49 (39)
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Table 2. The relationship between PER3 VNTR and
bladder cancer

Controls Patients
Genotype n % n % X p-value OR (95% ClI)
4/4 54 0.45 42 0.36
4/5 47 0.39 60 0.52 2.601 0.107 1.637 [0.908 2.971]
5/5 19 0.16 14 0.12 0.000 1.000 0.948 [0.390 2.262]
4-repeats allele frequency 155 0.65 144 0.62
5-repeats allele frequency 85 0.35 88 0.38 0.222 0.638 1.114[0.753 1.649]
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Table 3. Association between the status of patients and
the levels of demographic and clinicopathologic
variables for PER3 VNTR with the 4/4, 4/5 and 5/5
genotypes (and all patients together)

4/4 genotype 4/5 genotype 5/5 genotype Total

Variables e p X p X p X p

Age
<60

>60 0.091 0.763 0.437 0.508 0.000 1.000 1.477 0.224

Gender
Female

Male 0.044 0.835 0.052 0.819 0.000 1.000 1.036 0.309

Smoking
No

Yes 0.000 1.000 0.107 0.744 0.000 1.000 0.000 1.000

Tumor type
pTa/LMPUN

pT1/pT2 0.000 1.000 2.250 0.134 0.022 0.881 2.457 0.117

Grade

Low
High 3.191 0.074 1.039 0.308 0.000 1.000 4.433 0.035

Associated CIS
No

Yes 0.000 1.000 0.000 1.000 = = 0.000 1.000

Tumor size
<3

=3 0.309 0.579 0.847 0.357 0.242 0.623 0.281 0.596

Tumor number

Single
Multiple 0.309 0.579 0.847 0.357 0.242 0.623 0.281 0.596

Recurrence
No

Yes 5.457 0.019 6.681 0.010 0.242 0.623 17.572 0.000

Progression
No

Yes 15.717 0.000 21.120 0.000 1.122 0.290 49.664 0.000

Radical cystectomy
No

Yes 4471 0.034 9.725 0.002 - - 18.372 0.000
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Table 4. Association between the survival times of
patients and the levels of demographic and
clinicopathologic variables for PER3 VNTR with the 4/4,
4/5and 5/5 genotypes (and all patients together)

4/4 genotype 4/5 genotype 5/5 genotype Total

Variables X2 p X p X p X p
Age
<60

>60 0.828 0.363 1.434 0.231 0.000 1.000 3.000 0.083

Gender
Female

Male 0.278 0.598 0.770 0.380 0.500 0.480 1.787 0.181

Smoking
No

Yes 1.045 0.307 0.944 0.331 0.500 0.480 0.206 0.650

Tumor type
pTa/LMPUN

pT1/pT2 0.413 0.520 3.520 0.061 2.000 0.157 2.693 0.101

Grade

Low
High 3.162 0.075 2.162 0.141 0.000 1.000 5.813 0.016

Associated CIS
No

Yes 0.000 1.000 0.287 0.592 = = 0.563 0.453

Tumor size
<3

>3 2.019 0.155 1.988 0.159 2.000 0.157 0.625 0.429

Tumor number

Single
Multiple 2.019 0.155 1.988 0.159 2.000 0.157 0.625 0.429

Recurrence
No

Yes 0.167 0.280 8.891 0.003 0.000 1.000 10.982 0.001

Progression
No

Yes 5.271 0.022 30.057 0.000 0.500 0.480 41.443 0.000

Radical cystectomy
No

Yes 7.658 0.006 15.142 0.000 - - 10.084 0.000
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Figure 1. The box plots comparing the probabilities between the levels of groups (i.e., controls and patients) and the
levels of PER3 VNTR (i.e., the genotypes 4/4, 4/5 and 5/5)
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Figure 2. The interaction plots between the status of patients and the levels recurrence, progression and radical
cystectomy
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Figure 3. The survival curves for the levels of PER3 VNTR
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Figure 4. The survival curves for the levels of variable recurrence
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Figure 5. The survival curves for the levels of variable progression
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Figure 6. The survival curves for the levels of variable radical cystectomy
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