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Abstract Basal cell carcinoma (BCC) is the most common
tumor in humans. Reduced expression of sirtuins interferes
with DNA repair, which may cause mutations and genomic
instability, and eventually leads to tumor development. In the
present study, we investigate the expression levels of SIRT
genes in non-tumoral and tumor tissues of patients with
BCC. A total of 27 patients (16 males, 11 females) with
BCC were included in the study; the mean age was 65.40±
10.74 years and mean follow-up was 2.5±0.5 years. There
were multiple synchronous lesions in six patients, and the
remaining 21 patients had a single lesion. Tumor and non-
tumoral tissue samples were collected from all patients, and
mRNA expression levels of SIRT1–7 (Sirt1.1, Sirt1.2, Sirt2,
Sirt3, Sirt4, Sirt5, Sirt6, and Sirt7) were examined by real-time
PCR. The results showed that expressions of SIRT1.1,
SIRT1.2, SIRT4, SIRT5, SIRT6, and SIRT7 mRNAs were
unchanged in tumor tissues of BCC patients compared with
non-tumoral tissue samples. Importantly, the expressions of
SIRT2 and SIRT3 mRNAs were significantly reduced in tu-
mor tissue samples from BCC patients compared with non-

tumoral tissues (P=0.02 and P=0.03, respectively). In light of
the previous reports that have demonstrated a link between
SIRT proteins and cancer, our findings suggest that SIRT2
and SIRT3 may plan important roles in BCC pathogenesis
and could be candidate prognostic biomarkers for BCC.
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Introduction

Basal cell carcinoma (BCC) is the most commonly seen tumor
type in humans and shows local invasion and slow progres-
sion [1, 2]. BCC is thought to originate from the basal layer of
the epidermis or hair follicles [3]. Although the mortality rate
of BCC is low, its incidence rate is high. If treatment is de-
layed or inadequately performed, BCC may become an im-
portant public health issue because of local recurrence. BCC
treatment strategies include surgical excision, chemotherapy,
and radiotherapy [4]. Curative treatment is possible with early
diagnosis [5].

Sirtuins are NADH-dependent deacetylases in mammals
that are encoded by seven different gene loci [6, 7]. In this
entire sirtuins, 275-amino-acid catalytic core domain is locat-
ed in the well-preserved regions [8]. SIRT1, 6, and 7 are lo-
calized primarily in the nucleus, SIRT2 is in the cytoplasm,
and SIRT 3, 4, and 5 are located in mitochondria [9]. SIRT
proteins function in a variety of metabolic processes including
cell differentiation, viability, senescence, and inflammation.
SIRT proteins also play a prominent role in the modification
of many biochemical components, such as cytoskeletal pro-
teins, transcription factors, and cell signaling components
[10]. Previous studies have shown that some of the members
of this protein family function as tumor suppressors [11, 12],
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and SIRT proteins are involved in a variety of important phys-
iological processes including oxidative stress, genomic stabil-
ity, cell survival, development, metabolism, aging, and lon-
gevity [13–15]. Because of these biological functions, in-
creased expression of sirtuins is considered beneficial for lon-
gevity and provides a protective function against cancer
[16–18].

Previous studies showed that sirtuins exert protective ef-
fects against DNA damage and promote longevity via reduc-
ing oxidative stress and genomic instability [19]. In contrast,
loss of their expression interferes with proper DNA repair,
thus leading to mutations, genomic instability, and, conse-
quently, tumor growth [13]. We hypothesized that SIRT pro-
teins may influence the pathogenesis of BCC. Therefore, we
evaluated expression levels of SIRT genes in tumor and non-
tumoral tissue samples of BCC patients.

Materials and methods

Patients and tissue samples

All patients were admitted to the Plastic, Reconstructive, and
Aesthetic Surgery Clinic and diagnosed with BCC. Patients
were informed about the study and provided informed consent
before inclusion in the study. This study was approved by the
local ethics committee. Exclusion criteria included the follow-
ing: patients under the age of 18, pregnant women, patients
unauthorized to sign, patients who refused to participate in the
study, tumor diameter of less than 1 cm, presence of external
tumors in other areas of the body than BCC, patients receiving
chemotherapy and/or radiotherapy for cancer in other parts of
the body, patients with immunodeficiency, and patients with
predisposition to skin cancer formation (Gorlin syndrome,
basal cell nevus syndrome, Bazexim syndrome, albinism,
xeroderma pigmentosum). Patients were subjected to local
and general anesthesia prior to surgical operation, and tumoral
and macroscopically non-tumoral tissue samples of patients
were excised during surgical operation. Some specimens tak-
en from patients were preserved in 10 % formalin solution
after necessary markings and pathologically correlated with
the presence of skin tumors. The non-tumoral tissues of the
patients were used as control groups of the tumor tissues. The
cancer location, histological subtypes, demographic character-
istics of patients, lesion location, presence of recurrence or
primary disease, and closure technique of the defect after ex-
cision are presented in Table 1.

Total RNA isolation from tissues

Tumoral and non-tumoral tissue samples were cut in pieces,
and 25 mg was homogenized on ice by a homogenizer
(Kinematica, Gmdh, Switzerland). The High Pure RNA

Tissue Kit (Roche, Cat. No. 12 033 674 001, Mannheim,
Germany) was used for isolation of total RNA from tissue
samples according to the manufacturer’s protocol.

Quantitative real-time polymerase chain reaction

cDNA was obtained from mRNAs of all samples using the
miScript II RT Kit (Qiagen, Hilden, Germany, Cat. No.
218161) and the 2720 Thermal Cycler (Applied Biosystems,
Foster City, CA, USA). Primer sets for specific reverse tran-
scription for SIRT1–7 and endogenous control ActB genes
were obtained from Qiagen. qRT-PCR was carried out using
a LightCycler 480 II (Roche, Mannheim, Germany). The PCR
master mix (Qiagen, Cat. No. 218073) containing 2×
QuantiTect SYBRGreen PCRMasterMix, 10× miScript Uni-
versal Primer, 10× miScript Primer Assay (related mRNA
primer), RNase-free water, and template cDNA in 25 μL vol-
ume was analyzed using the following conditions: 95 °C for
15 min and 40 cycles of 94 °C for 15 s, 55 °C for 30 s, and
70 °C for 30 s. The signal was collected at the endpoint of
every cycle.

Statistical analysis

The collected data were analyzed using SPSS version 19.0
(SPSS Inc., Chicago, IL, USA). Tumor and non-tumor
tissues of BCC patients were compared with the Wilcoxon
signed rank test. P values <0.05 were interpreted as sta-
tistically significant.

Table 1 Patients’ data

Demographic data of patients N=27/Med±SD

Mean age years 65.40±10.74

Follow-up period (years) 2.5±0.5

Sex (male–female) 16 M/11 F

Areas of the lesions

Nose n=11

Eyelid n=4

Malar region n=6

Forehead n=4

Ear n=1

Leg n=1

Defect closure techniques

Primary closure n=4

Full thickness skin grafting n=12

Local flaps n=11

The number of lesions

Multiple synchronous lesions n=6

Single lesion n=21

Med±SD median±standard deviation
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Results

This study included a total of 27 patients (16 males, 11 fe-
males) diagnosed with BCC. The mean patient age was 65.40
±10.74 years, and mean follow-up was 2.5±0.5 years. No
recurrence or wound healing problem was detected in any
patient. BCC lesions were observed in the nose (n=11), eyelid
(n=4), malar region (n=6), forehead (n=4), ear (n=1), and leg
(n=1). To close defects, primary closure was employed in four
patients, while grafting was performed in 12 patients and de-
fects were closed by appropriate local flaps in the remaining
11 patients. There were multiple synchronous lesions in six
patients, while the remaining 21 patients had a single lesion
(Table 1).

Expression levels of SIRTmRNAwere assessed in tumoral
and non-tumoral tissues of BCC patients. We examined the
expression levels of two different transcription variants of
SIRT1, SIRT1 transcript variant 1 (NCBI accession number
NM 012238) and SIRT1 transcript variant 2 (NCBI accession
number NM 001142498.1). Levels of both transcription vari-
ants of SIRT1, SIRT1.1, and SIRT1.2 as well as SIRT4,
SIRT5, SIRT6, and SIRT7 mRNAs were not altered in tumor-
al tissues compared with non-tumoral tissue samples. Howev-
er, expression levels of SIRT2 and SIRT3 mRNAs were sig-
nificantly reduced in tumor tissues of BCC patients compared
with non-tumoral tissues, as presented in Fig. 1 and Table 2
(P=0.02 and P=0.03, respectively).

Discussion

Previous studies have linked sirtuin family members with tu-
mor suppressor functions. Here, we evaluated the expression
levels of SIRT1–7 genes in tumor and non-tumoral tissue
samples of BCC patients and found that the expression levels
of SIRT2 and SIRT3 were significantly reduced in tumor tis-
sues of BCC patients compared with non-tumoral tissues.
SIRT2 and 3 act like tumor suppressors in patients with
BCC as well as other tumors. As a result of the decrease in
these sirtuins, the exposure to cancerous like ultraviolet radi-
ation (UV) causes genomic instability and BCC due to the
mutations. However, there is not a precise explanation about
which path these molecules use during this process.

The SIRT1 NAD(+)-dependent histone deacetylase is in-
volved in transcription, DNA replication, and DNA repair
[20] and increases survival of cells by downregulating rRNA
genes during undesirable conditions such as starvation [21].
SIRT1 is also involved in DNA repair together with p53, APE/
Ref1, and PARP1 proteins [22–24]. To the best of our knowl-
edge, our study is the first to examine the relationship between
SIRT1 expression and BCC. The pathogenesis of BCC resem-
bles squamous cell carcinoma (SCC) in many ways. Alter-
ations of SIRT1 expression levels were reported in head and

neck squamous cell carcinoma patients and shown to be asso-
ciated with good prognosis [25]. SIRT1 was also
overexpressed in malignant melanoma [26]. However, our
results did not reveal any changes in SIRT1 expression in
tumor tissues from BCC patients.

SIRT6 is a nuclear protein that is associated with hetero-
chromatin and functions in base excision repair (BER). BER
protects the genomic structure against alkylation, oxidation,
and point mutations formed during deamination or by chem-
ical mutagens [9, 27]. The ADP-ribosylation target of SIRT6
has not been determined; however, histone and DNA repair
proteins have been considered possible targets. As SIRT2 and
SIRT6 are localized together in the nucleus during DNA re-
pair, the SIRT2–SIRT6 crosstalk can be thought to induce
mitosis progression. The replicative lifespans of human fibro-
blast cells were postulated not to be long because of the in-
creased expression levels of SIRT6 [27]. SIRT6 is considered
a tumor suppressor because of its ability to block mutations
and increase genomic stability [13]. UV-induced mutations
are known to play significant roles in BCC pathogenesis,
and we speculate that SIRT6 expression would increase dur-
ing UV-inducedDNA damage repair in BCC. However, in our
study, we did not observe any changes in expression levels of
SIRT6 in tumoral samples of BCC patients. We believe this
may be due to two possible reasons. First, it is possible that re-
evaluating SIRT6 protein levels from the same sample could
generate different results. Second, we did not perform group-
ing according to cancer staging when determining the expres-
sion level of SIRT6mRNA, and expression levels of genes are
known to vary depending on the cancer stage.

SIRT7 is located in the nucleus and functions during chro-
matin condensation in mitosis. SIRT7 is highly expressed in
tissues with increased proliferation ability, including the liver,
testis, and spleen of the mouse [9, 28] and expressed at low
levels in non-proliferative tissues of the heart, brain, and skel-
etal muscle. SIRT7 interacts with RNA polymerase I and in-
creases the transcription of rRNA genes. SIRT7 expression
levels were elevated in papillary thyroid carcinoma tumor tis-
sues compared with normal tissues [29, 30]. SIRT7 was also
highly expressed in breast cancer patients with lymph node
metastasis compared with breast cancer patients without
lymph node metastasis and normal breast tissues [31]. Some
reports have indicated that human U2OS cells undergo apo-
ptosis due to defective endogenous SIRT7 expression; thus,
SIRT7 seems to play a crucial role in the survival of these cells
[28]. SIRT is required both for the survival and proliferation of
normal and transformed cells because it regulates the tran-
scription of rRNAs. In our study, SIRT7 expression levels
were found to be similar between tumor tissues and non-
tumoral tissues.

Previous studies showed that SIRT2 functions as a tumor
suppressor [27, 32–37]. SIRT2 plays an essential role in the
regulation of the mitosis and positively regulates anaphase by
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promoting the function of the anaphase complex/cyclosome
function. SIRT2 dysfunction has been associated with geno-
mic instability and tumorigenesis [36], and deregulation of
SIRT2 was observed in gliomas [19]. Reduced levels of
SIRT2 were shown to inhibit apoptosis through p53 in HeLa
cells [38]. Here, we found reduced expression of SIRT2 in
tumor tissues of BCC patients compared with non-tumoral
tissues, suggesting that SIRT2 may play a significant role in
BCC development. SIRT2 is involved in both mitotic control
and apoptosis control through p53. Thus, decreased expres-
sion levels of the SIRT2 gene could lead to BCC development
through deregulation of these cellular pathways.

SIRT3, SIRT4, and SIRT5 proteins are all localized in the
mitochondria. Approximately 20 % of mitochondrial proteins
are found in an acetylated form and are associated with
lifespan and metabolism [39]. Mitochondria play key roles
in lifespan and aging as these organelles contain reactive ox-
ygen species (ROS) that cause oxidative stress. Mitochondrial
sirtuins play a key role in the regulation of energy metabolism
and in regulating response to oxidative stress in tumor cells.
Although some literature is available on SIRT3 and SIRT4,
little is known regarding SIRT5 [9, 40]. Several studies have
shown an association between SIRT3 and aging in humans
[41, 42].

SIRT3 changes the redox balance of the cell by affecting
the function of a number of enzymes through deacetylation

and regulates the response to oxidative stress. The increase of
ROS in cells interferes with physiological functions by affect-
ing DNA, proteins, and lipids and causes several pathological
conditions such as diabetes, aging, neurodegenerative dis-
eases, and cancer [43]. While defects in SIRT3 interfere with
the deacetylation of mitochondrial proteins, defects in SIRT4
and SIRT5 had no impact on mitochondrial protein
deacetylation [44]. Therefore, SIRT3 is considered the major
enzyme responsible for mitochondrial deacetylation events.
Previous studies have shown that SIRT3 acts as a mitochon-
drial tumor suppressor protein [45–47]. SIRT3 is synthesized
as an inactive protein and activated by matrix peptidases [48,
49] and regulates oxidative stress [50–52]. Chen et al. evalu-
ated SIRT3 levels in oral SCC cases and reported that while
the SIRT3 enzyme level was relatively normal, SIRT3 enzyme
activity was defective; the authors also found a loss of hetero-
zygosity of the SIRT3 gene in five of 21 (23.8 %) patients
[53]. Loss of function of SIRT3 increases the level of ROS and
results in genomic instability, thus supporting its role as a
tumor suppressor [45]. In our study, SIRT3 gene expression
was significantly decreased in tumoral tissues of BCC patients
compared with non-tumoral tissues. In a previous study,
SIRT3 overexpression was shown to inhibit prostate cancer
cell proliferation in both in vivo and in vitro experimental
setups [54]. In the same study, silencing SIRT3 expression
was found to promote the growth of prostate cancer cells.

Fig. 1 Comparison of SIRT gene expression in non-tumoral (Non-T) and
tumor (T) tissue of BCC patients. Gene expression levels of SIRT1
(SIRT1-1 SIRT1 transcription variant-1, SIRT1-2 SIRT1 transcription

variant-2), SIRT2–7, and β-actin (ACTB) were determined in mRNA
samples of non-tumoral and tumor tissues of BCC patients. ACTB was
used as an internal control for the normalization of SIRT gene expressions

Table 2 SIRT proteins fold change values and standard error (deviation)

SIRT1.1 SIRT1.2 SIRT2 SIRT3 SIRT4 SIRT5 SIRT6 SIRT7

Non-tumor 3.40±0.22 2.67±0.15 2.18±0.19 2.60±0.26 2.31±0.11 1.97±0.08 1.89±0.08 1.85±0.08

Tumor 2.80±0.22 2.62±0.21 1.63±0.11 1.88±0.13 2.27±0.16 1.93±0.14 1.87±0.14 1.85±0.13

P valuea >0.05 >0.05 <0.05 <0.05 >0.05 >0.05 >0.05 >0.05

aWilcoxon signed-rank test
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Wang et al. demonstrated that inhibition of SIRT3 affects
NOTCH-1 mRNA and protein levels in gastric cancers [55].
Previous reports showed that the sonic hedgehog (SHH) path-
way is involved in the development of BCC [56]. Besides,
numerous studies that show NOTCH-1 as SHH transcription
factor as effective on expression levels were reported [57, 58].
In the light of all these previously reported studies and the data
we obtained, it makes us think that the lower levels of SIRT-3
expressions on tumors of patients with BCC affect NOTCH-1
levels through SHH and cause tumor development. Moreover,
reduction of SIRT3 expression may lead to tumor develop-
ment by increasing mitochondrial ROS levels. ROS level is
an important factor in tumor development because increased
ROS levels are responsible not only for DNA mutations but
also for disrupting the balance of apoptosis in cells. The tumor
suppressor function of SIRT4 was reported in many studies,
and SIRT4 was suggested as a novel therapeutic target for
some types of cancers, such as colorectal cancer [18]. How-
ever, our results showed no change in the expression levels of
SIRT4 and SIRT5 mRNAs.

Several studies have demonstrated an association be-
tween the expression levels of mitochondrial sirtuins and
cancer [18, 59–61]. These reports showed that SIRT3 and
SIRT4 function in various types of cancers and could be
novel therapeutic targets. However, our study demonstrat-
ed a significant finding that among all mitochondrial
sirtuins, only SIRT3 expression was altered in BCC path-
ogenesis. The SHH pathway plays a critical role in BCC
development, and SIRT3 is the only sirtuin that affects
this pathway. This may explain the increased expression
of this gene in BCC.

Conclusion

Investigation of the relationship between sirtuins and cancer
has generated promising results for the treatment of cancer,
and these molecules have been suggested as therapeutic tar-
gets. In the current work, we provide the first report of reduced
expression of mRNA levels of two SIRT family members
(SIRT2 and SIRT3) in tumoral tissues from BCC patients
compared with non-tumoral tissues of BCC patients. In light
of previous studies that have established a relationship be-
tween SIRT and cancer, SIRT2 and SIRT3 seem to have key
roles in BCC pathogenesis and could be candidate prognostic
biomarkers in BCC.
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