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Background: Telomeres are essential for chromosomal stability and may play a key role in carcinogenesis.
Telomere length is suggested as a tentative biomarker of risk for renal cell carcinoma (RCC). However,
results of previous association studies between telomere length and risk for RCC are inconsistent.
Methods: We evaluated RCC risk in relation to peripheral blood leukocyte telomere length using a
hospital-based case—control study of 169 RCC cases and 189 controls. Cases were histologically-confirmed
RCC patients who were treated at the Moffitt Cancer Center (Tampa, FL). Controls with no history of
cancer underwent a screening exam at the Lifetime Cancer Screening Center at Moffitt Cancer Center to
rule out the presence of cancer. Relative telomere length (RTL) was measured by quantitative real-time
polymerase chain reaction (PCR) using peripheral blood leukocyte DNA. Logistic regression was used to
determine the association between RTL and RCC risk.

Results: As expected, increasing age was inversely correlated with RTL (Pearson r=-0.213, P=0.003)
among controls but not cases. Average RTL was significantly shorter in cases as compared with controls [mean
+ standard deviation (SD): 3.18+1.50 and 4.39+1.99, respectively, P<0.001]. In contrast, average RTL was not
significantly different by gender, race, smoking status among controls or by clinical stages among RCC cases.
In regression analysis, we observed that shorter RTL is significantly associated with RCC risk [odds ratio (OR)
=1.48; 95% confidence interval (CI): 1.27-1.71] after adjustment for covariates.

Conclusions: We found that shorter RTL is associated with an increased risk for RCC. Our findings
suggest that telomere length may be involved in the development of RCC.
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Introduction

Renal cell carcinoma (RCC) accounts for 3.8% of all new
cancer cases in US and its incidence rate has been increased
over the last several decades (1). Although a few clinical
tests, GFR (glomerular filtration rate) and creatinine level,
are available for predicting renal function, the typical
detection methods for RCC are abdominal imaging, such
as ultrasonography, magnetic resonance imaging and
computed tomography, then confirmed by histological
evaluation (2). Similar to other cancers, early detection of
RCC is a significant challenge. Therefore, identification
of biomarkers is critical to improve current management
of RCC.

Telomeres maintain the structural stability of
chromosomes by preventing aberrant recombination during
cell division and fusion of chromosomal ends (3). In general,
telomeres shorten with each cell division, and eventually
chromosomal abnormalities can occur if telomere length
(TL) becomes critically short, which leads to cellular
apoptosis or senescence (4-6). The role of telomeres in
carcinogenesis is not well established in RCC.

The association between TL and cancer risk is also
inconsistent across different malignancies (6,7). Several
studies have reported that TLs are negatively associated
with risk for various cancers, including breast, stomach, lung
and myelodysplastic syndrome (MDS) (7,8). Meanwhile,
other investigators have observed significant associations
between long TL and increased risk of melanoma, breast,
lung, and pancreatic cancers (9-14). Likewise, several RCC
studies have reported inconsistent results. Two case-control
studies reported no association between TL in leukocytes
and risk for RCC (15,16). However, two earlier small studies
(17,18) reported that individuals with short telomeres had
a significantly increased risk of RCC. In addition, three
studies evaluated the role of TL in survival and reported
conflicting results. Svenson ez /. [2009] reported an
association between long TL and poor survival (19) while
two studies reported that short TL was associated with poor
prognosis for RCC (20,21). Pal et al. (22) reported that TL
was significantly shorter in renal tumor tissues compared
to that of paired adjacent renal tissues. In the present study,
we aimed to investigate the differential association between
TL and RCC risk in a hospital-based case-control study.
We further sought to investigate the associations between
TL and patient characteristics to glean insights into how
telomeres may influence RCC risk.
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Methods
Study population

RCC cases comprised of patients undergoing a surgical
treatment for a suspected RCC under the care of the
Genitourinary Oncology (GU) Program at Moffitt Cancer
Center in Tampa, FL and enrolled between 2011 and 2014
in Moffitt’s RCC Study Cohort. This cohort protocol
aims to enroll all Moffitt surgical RCC patients, obtaining
biospecimens, clinical data and questionnaire information
that were accessed. Cases in the current study did not have a
previous cancer history and provided a blood sample before
treatment within 3 months of a confirmed renal cancer
diagnosis.

Controls were recruited from genitourinary (GU) Clinics
or from the Lifetime Cancer Screening Center at the
Moffitt Cancer Center. Briefly, the controls are individuals
who visited the GU clinic or underwent a routine cancer
screening exam at Moffitt’s Lifetime Cancer Screening
Center between 2011 and 2014, were found to be cancer-
free upon physical examination, and self-reported no
history of any cancer. At the time of enrollment, controls
provided blood samples and completed a structured
questionnaire. The questionnaires were used to collect
data on demographic characteristics and cancer risk factors
including smoking status. Information for clinical and
histologic characteristics of RCC cases, including histologic
subtype, was obtained from the Moffitt Cancer Registry
and patient medical records. All patients provided a written
informed consent and this study protocol was approved by
the University of South Florida (USF) Institutional Review
Board.

Telomere length measurement

Relative telomere length (RTL) was measured in peripheral
blood leukocytes from blood samples, obtained from
cases before treatment, within three months of pathologic
confirmation. Genomic DNA samples were extracted from
leukocytes using the FlexiGene DNA kit (Qiagen), then
stored at -20 °C until use. The RTL was measured using
Cawthon’s real time PCR method as we reported previously
(8,9,23,24). Briefly, amplification of genomic DNA from
blood samples and reference DNA were performed using
two different primer set with the T primer pair (tell, 5'-GG
TTTTTGAGGGTGAGGGTGAGGGTGAGGGTG
AGGGT-3"; tel2, 5'-CCCGACTATCCCTATCCCTA
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TCCCTATCCCTATCCCTA-3") and the S primer pair
(36B4u, 5'-CAGCAAGTGGGAAGGTGTAATCC-3";
36B4d, 5'-CCCATTCTATCATCAACGGGTACAA-3").
Reference DNA from the T47D cell line was used for
a standard curve with five different concentrations.
Quantitative real time PCR was performed with the
following cycling profiles: for telomere amplification: 95 °C
for 10 min followed by 30 cycles of 95 °C for 15 s and 54 °C
for 2 min; for 36B4: 95 °C for 10 min, 40 cycles of 95 °C for
15 s and 60 °C for 1 min.

The ratio of telomere (T) repeat copy number to a
single-copy gene (S) copy number (T/S ratio) for each
sample was estimated by subtracting the mean threshold
cycle value (Ct) for 36B4 from the mean telomere Ct. The
single copy gene used as a reference was 36B4. The relative
T/S ratio was estimated by subtracting the T/S ratio of the
standard curve point from the T/S ratio of each unknown
sample. Telomere and 36B4 amplifications were performed
in triplicate for each participant. The means of triplicates
were used for further analysis. In addition, 5 internal
replicated quality control samples were included in all 386
well plates to assess inter and intra assay variability.

Statistical analysis

The participants’ demographic and clinical factors by the
RCC status were compared using the Student’s t-test.
Pearson correlation test was performed to confirm an
inverse correlation between age and RTL and validity
of RTL assay. Linear regression was used to test for
differences in RTL by age, gender, race and smoking status.
Logistic regression was used to test for the association
between TL and RCC risk with and without adjusted for
the above covariates. RTL and age were used as continuous
variables, while gender, race and smoking status were used
as categorical variables. All P values were two-sided and
considered statistically significant at P value <0.05. SAS
version 9.1.2 (Cary, NC, USA) was used to conduct all
analyses.

Results

Table 1 presents selective descriptive characteristics of
the RCC cases and controls and distribution of RTLs
by different variables and the RCC status. Compared to
controls, RCC cases were more likely to be male, older, and
ever-smokers. The mean age of controls was 55.7 years and
61.3 years among RCC cases (P<0.001).
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RTL was inversely correlated with age (Pearson
r=-0.213, P=0.003) (Figure 1) among controls but not
cases (Pearson r=-0.070, P=0.363). RTL did not differ
significantly by gender, race and smoking status in both
groups (Table 2). Among the RCC case, we did not observe
an association between RTL and AJCC clinical stage (P=0.45
stage I & II vs. stage III & IV) or histological types (P=0.38).
Clear cell RCC was the most common histological subtype
(62.1%, 105/169) and the majority of cases had stage I
disease (75.7%, 128/169). The ranges of RTL in controls
and cases are similar (1.02-11.6 and, 0.73-11.48). However,
mean RTL was significantly shorter among cases compared
with controls (mean + standard deviation: 3.18+1.50 vs.
4.39+1.99, respectively, P<0.001) (7able 1, Figure 2).

We also found that shorter RTL was significantly
associated with increased RCC risk (OR=1.52, 95% CI:
1.32-1.75) using the logistic regression (7able 3). Age is an
independent risk factor for RCC (OR=1.05, 95% CI: 1.03-
1.07); however, gender (P=0.06), race (P=0.09) and smoking
status (P=0.12) were not significantly associated with RCC
risk. The association between shorter RTL and RCC risk
remained significant after adjusting gender, race, age and
smoking status (OR=1.48, 95% CI: 1.27-1.71).

Discussion

In this study, we found that short RTL was associated
with an increase in risk for RCC using a hospital-
based case-control study design. Telomere shortening
causes chromosomal instability, eventually may lead to
carcinogenesis. The classic study on dyskeratosis congenita
(DC) reported that individuals with defective telomere
process have 11-fold higher risk of cancer compared with
the general population (25). Further, shorter RTL was
observed in peripheral blood leukocytes in many cancer
cases. Therefore, individuals with shorter RTL may
have a higher risk of cancer. Our findings are consistent
with results from previous studies (17,18) in which both
suggested that shorter telomeres were associated with an
increased risk for RCC. In contrast to the results from the
current study, the same associations were not confirmed
in other previous studies (15,16). A recent large RCC
study reported that a longer RTL is strongly associated
with increased RCC risk (26). However, this study used
genetically-predicted TL based on genetic variants, which
are associated with longer RTL. Thus, rather than direct
measuring TL from blood samples, genetic polymorphisms
as a surrogate of RT'L were used to evaluate the relationship
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Table 1 Selected characteristics of and relative telomere length (RTL) by RCC cases & controls

Characteristics

Controls (n=189)

Renal cases (n=169)

RTL' N (%) RTL' N (%) P value

RTL 4.39+1.99 189 (100.0) 3.18+1.50 169 (100.0) <0.001
Age’ 55.7+10.0 61.3+12.2 <0.001
Gender

Female 4.22+1.65 94 (49.7) 2.99+1.27 70 (41.4) 0.0001

Male 4.55+2.28 95 (50.3) 3.33+1.64 99 (58.6) 0.0001
Race

White 4.29+1.91 107 (56.6) 3.24+1.53 140 (82.8) <0.0001

Black 4.29+2.33 25(13.2) 2.83+0.97 16 (9.5) 0.02

Latino 4.62+2.04 54 (28.6) 3.05+1.92 9 (5.3 0.04

Other 4.51+1.31 3 (1.60) 2.87+1.36 4(2.4) 0.17
Smoking status

Never 4.51£2.12 96 (50.8) 3.24+1.70 69 (40.8) <0.0001

Ever 4.26+1.92 93 (49.2) 3.14+1.36 100 (59.2) <0.0001
Histology 0.38

Clear cell RCC 3.10+1.56 105 (62.1)

Papillary RCC 3.54+1.53 30(17.8)

Chromophobe RCC 3.21+£1.17 11 (6.5)

RCC unspecified 3.27+1.40 19 (11.2)

Other RCCs 2.09+0.28 4(2.4)
AJCC stage 0.45

1&1l 3.22+1.55 137 (81.1)

&IV 3.00+1.30 32 (18.9)

', data are shown as mean =+ standard deviation, P value based on t-tests by comparing RTL for each selected sub-groups between cases
and controls. %, age at diagnosis (case) or at consent (control). RCC, renal cell carcinoma; AJCC, American Joint Committee on Cancer.

with RCC risk (26).

These inconsistent results among studies may be
contributed by differences distribution of risk factors
associated with RTL, such as age, smoking and chronic
diseases (i.e., diabetes, and hypertension) across study
populations. Furthermore, different laboratory procedures
for measuring TL, storage condition of blood samples,
and DNA extraction methods were suggested as potential
sources underlying inconsistent results on association
studies between cancer risks and TL (27).

The strength of this study is a strong internal validity
because all participants were from a single hospital. Thus,
they were managed in a relatively consistent manner and
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clinical information were gathered in a similar fashion.
Further, the blood samples from the RCC patients were
collected before treatments within three months of a
confirmed renal cancer diagnosis. Therefore, we do not
anticipate a potential confounding effect from treatments,
which might influence telomere biology process.
Limitations of the current study include the use of hospital-
based controls, which limits generalizability to a larger
community-based population. However, the patient and
control populations, who were served by the Moffitt Cancer
Center, and Moffitt affiliated Lifetime Cancer Screening
Center, are from similar catchment areas. Therefore,
selection bias not likely exists because both groups had
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Figure 1 Relationship of age and the relative telomere length. (A) Relationship between age and the telomere length among control; as the

age increases, the telomere length decreases in control; (B) relationship between age and telomere length among case, an inverse relationship

between age and telomere length was not observed among cases.

Table 2 Variables correlated with relative telomere length (RTL)

Univariable model

Multivariable model

Variables coefficient P value cosfficient P value
Controls
Age -0.213 0.003 -0.219 0.003
Smoking (ever vs. never) —-0.063 0.391 -0.063 0.405
Gender (female vs. male) -0.082 0.264 -0.128 0.097
Race (non-white vs. white) 0.008 0.908 0.073 0.336
Cases
Age -0.070 0.363 -0.088 0.261
Smoking (ever vs. never) -0.030 0.695 -0.080 0.322
Gender (female vs. male) -0.116 0.135 -0.140 0.082
Race (non-white vs. white) 0.085 0.271 0.104 0.182
similar environmental exposures. Any difference in telomere
12.000 °
£ : length between cases and control may be due to exposure
% 10.000 - to risk factors of RCC that also influence TL. Furthermore,
= L) .
g 8.000 ° we measured RTL from patients’ blood samples collected
g 6000 prior to the treatment. Therefore, treatment effect on
£ 4000 RTL was not anticipated. However, because RTL was
Lo} . . .
g 2.000 measured after diagnosis of RCC, these RTL changes in
0.000 blood may be a consequence of renal tumor (i.e., reverse
Case Control

RCC
Figure 2 Relative telomere lengths in renal cell carcinoma (RCC)
cases and controls. Relationship between RCC status and the relative
telomere length (RTL). This boxplot showed range, 25 and 75
percentiles, and median of RTL in RCC patients and controls. RTTL
was significantly higher in the control than the RCC group (P<0.0001).
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causation) rather than an etiologic biomarker. In addition,
TL in peripheral blood samples may not represent TL
in renal tissues. Although we controlled for age variable
in logistic regression, some residual confounding effect
still may exist. Additional limitations include lack of data
on other factors that influence telomere length and RCC
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Table 3 Variables associated with renal cell carcinoma (RCC) risk
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Variables Crude OR (95% Cl) Adjusted* OR (95% ClI)
Age 1.05 (1.03-1.07) 1.03 (1.01-1.06)
Smoking 1.50 (0.98-2.27) 1.21 (0.75-1.94)
Gender (male/female) 1.40 (0.92-2.13) 1.55 (0.96-2.51)
Race 0.93 (0.85-1.01) 0.93 (0.84-1.02)
Relative telomere length 1.52 (1.32-1.75) 1.48 (1.27-1.71)

*, the model included gender, age, race, smoking status and relative telomere length (RTL). OR, odds ratio; Cl, confidence interval.

risk, such as smoking, alcohol, obesity, personal history of
diabetes, hypertension and germline variation in telomere 2.
maintenance genes, which may have influenced the results

to some extent.

In summary, our data suggested that a short TL in blood 3.
is associated with increased RCC risk. Our results provide
additional information that TL could be an integrative
molecular marker of RCC and could have value for early 4.
detection of RCC toward timely clinical intervention. Given
the small sample size and inconsistent results with previous
studies, additional studies are needed to further investigate 5.
the association between TL and RCC in larger cohorts and
examine the effect of TL on prognosis of RCC. 6.
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