
Abstract. Background: We have previously demonstrated
altered SIRT gene family in head and neck squamous cell
carcinoma (HNSCC). In the present study we aimed to
investigate whether the SIRT gene family was also altered in
peripheral blood (PB) of patients with HNSCC and the
possibility to be used as circulating biomarkers. Patients and
Methods: The expression profiles of the 7 SIRT genes of PB
leukocytes from 34 patients with HNSCC before and after
surgery and 31 healthy individuals were investigated. Results:
In the cancer group, the expression level of SIRT1 was down-
regulated (p<0.05); in contrast, SIRT6 and SIRT7 were
significantly up-regulated (p<0.001). Patients with advanced-
stage HNSCC had lower expression of SIRT1 and SIRT3.
Recovery of SIRT6 and SIRT7 was observed in postoperative
patients (p<0.005). Conclusion: SIRT genes were altered in
PB leukocytes of HNSCC patients and SIRT6 and SIRT7 are
potential circulating prognostic markers for HNSCC.

Squamous cell carcinoma of the head and neck (HNSCC) is
the sixth most common malignancy worldwide affecting
600,000 new patients each year. It also had the fifth
prevalence rate and is the fourth leading cause of mortality
rate in Taiwan in 2010 (1). These malignancies are strongly
associated with certain environmental and life-style risk
factors such as tobacco, excessive alcohol consumption (2,
3), endemic betel quid chewing (especially in the Asia-
Pacific region) (4, 5) and viruses (principally human
papillomavirus and Epstein-Barr virus) (6). HNSCC consists
of several distinct structures (e.g. lip, tongue, oropharynx,
larynx, hypopharynx, pyriform sinus) with distinct
microscopic features and lymphatic and venous drainage in
anatomy. Thus, treatment approaches and outcomes vary
significantly according to the different involved area (7). In
spite of the advances in cancer treatment, HNSCC is often
reported as having high rates of recurrence and poor
disease-free survival and overall survival rates (7). Since
most of the mortality begins with an undetectable recurrence
of the postoperative cases, the challenge would be how to
detect early and monitor the progression of HNSCC.
Therefore, studies in discovering new molecular pathways
that regulate cancer cell biology are crucial for the
development of biomarkers for early screening and better
approaches for cancer prevention and treatment.

Sirtuins, silent information regulator (SIR), are a family
of nicotine adenine dinucleotide (NAD+)-dependent protein
deacetylases or adenosine diphosphate-ribosyltransferases
(8). Each of the seven human sirtuin genes (SIRT1-7)
identified has its own unique characteristics, functions and
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localization. Re-localization of some sirtuins has been shown
to be involved in function of cell or tissue type,
developmental stage, metabolic status and certain stress
conditions, suggesting that localization is important for
regulating their function (9). They are heavily implicated in
cellular and tissue functions through chromatin regulation,
cell survival under stress, metabolic homeostasis regulation
and developmental and cell differentiation (8). For the
clinicians, sirtuins have been linked to aging (9-11), diabetes
(12), cardiovascular diseases (13) and neurodegenerative
diseases (14). The connection between sirtuins and circadian
rhythms has been suggested by the role of SIRT1 in linking
cellular metabolism to the circadian core clockwork
machinery (15). Moreover, the sirtuin family has also be
linked to cancers but with contradictory roles, as its members
may act as tumor suppressors in some types of cancers and
as tumor promoters in others depending on the cell- and
tumor-type and the presence of different stress or cell death
stimuli (16).

According to our previous studies, the expression levels
of SIRT1, SIRT2, SIRT3, SIRT5, SIRT6 and SIRT7 were
significantly down-regulated in HNSCC tissues compared
to their adjacent non-cancerous tissues (17). We had
further discussed about if the expression of the sirtuin
family can be detected in patients with HNSCC before
surgery or management. Therefore, the aim of this study
was to investigate the expression of circulating SIRT gene
expression in patients with HNSCC and the possibilities of
using their differential expression levels for early detection
and prognosis. Real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) was used to analyze
the expression levels of the SIRT genes in peripheral blood
(PB) leukocytes of patients with HNSCC and healthy
volunteers.

Materials and Methods

Patients, healthy subjects and samples. The study enrolled 31
healthy volunteer individuals (22 men and 9 women), aged 25 to
71 years (mean±SD, 47.7±13.3) and 34 patients (33 men and 1
woman), aged 42 to 69 years (57.6±8.7) from September 2009
through June 2012 who have undergone wide resection of head
and neck proven tumor at the Department of Otolaryngology,
Kaohsiung Chang Gung Memorial Hospital. PB samples of
patients were collected between 8:00 AM and 9:00 AM on the day
of surgery and two months after surgery. Clinical and pathologic
data including patients' sex, tumor (T), neck lymph node (N) and
metastasis (M) staging, tumor size, depth of invasion and survival
status are listed in Table I. All of the PB samples were processed
within 2 hours of collection using ammonium chloride lysis buffer
(150 mM NH4Cl, 10 mM KHCO3, 0.1 mM EDTA) to deplete red
blood cells from PB. Informed consent was obtained from all
patients and healthy volunteers prior to PB collection. This study
was approved by the Institutional Review Board of the Kaohsiung
Chang Gung Memorial Hospital.

qRT-PCR analysis of SIRT1-7 genes. Total RNA was extracted and
purified first from PB leukocytes by using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The 2-μg RNA input for cDNA
synthesis was determined by spectrophotometric OD260/OD280
measurement and cDNA was generated with the High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA)
according to the manufacture’s protocols. The expression of SIRT genes
were analyzed using the TaqMan® system and all the TaqMan® Gene
Expression Assays were purchased from Applied Biosystems as
previously described (17). Expression of human housekeeping genes,
ACTB (β-actin), was used for normalizing SIRT1-7 gene expression in
qRT-PCR. All reactions were carried out in a 20-μl final volume
containing 50 ng cDNA (as total input RNA), 1 μl 20× TaqMan® Gene
Expression Assay and 10 μl 2× TaqMan® Universal PCR Master Mix
(Applied Biosystems). Real-time quantitative PCR was performed in an
ABI 7500 Fast Real-Time System (Applied Biosystems) and the PCR
cycling parameters were set as follows: 95˚C for 10 minutes followed
by 40 cycles of PCR reactions at 95˚C for 20 seconds and 60˚C for 1
minute. Relative expression levels were calculated by the comparative
threshold cycle Ct (ΔΔCt) method. The Ct of SIRT1-7 genes was first
normalized to Ct of ACTB to obtain the relative threshold cycle (ΔCt) of
SIRT1-7 genes. The 2−ΔΔCt was then used to calculate the relative
expression-fold between HNSCC patients and healthy individuals.
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Table I. Characteristics of HNSCC patients.

Characteristic Number

Gender
Male 33
Female 1

Median age year (range) 59.0 (42-69)
Staging

CIS 1
I 3
II 3
III 9
IV 18

Site
Tongue 5
Buccal mucosa 6
Gingival 7
Tonsil 1
Tongue base 4
Palate 1
Larynx 2
Hypopharynx 8

Tumor size
<3 cm 12
>3 cm 22

N stage
N0 19
N1 7
N2a 1
N2b 4
N2c 3
N3 0

Survival
Expired 11
Survived 23



Immunocytochemical (ICC) staining of SIRT proteins. ICC staining was
performed on PB total leukocyte samples with HNSCC patients and
healthy individuals. For cytospin preparations, 5×105 cells were
cytocentrifuged onto glass slides and fixed in 1% formaldehyde/
phosphate-buffered saline (PBS) and blocked for nonspecific binding
with 10% bovine serum albumin/PBS. Polyclonal antibodies against
SIRT6 and SIRT7 (Epitomics, Burlingame, CA, USA) were used as the
primary antibodies. Samples were incubated with primary antibodies
(1:50 dilutions) for 30 min then incubated with ImmPRESS™ universal

reagent anti-mouse/rabbit Ig (Vector Laboratories, Burlingame, CA,
USA) for 30 minutes. The specific binding of the secondary antibodies
to the primary antibodies was visualized using an ImmPACT™ DAB
peroxidase substrate kit (Vector Laboratories). After staining, the cells
were mounted, cover-slipped and examined using a Zeiss microscope
(Zeiss, Gottingen, Germany).

Statistical analysis. All statistical analyses were computed with
SPSS for Windows Release 15.0 (SPSS, Chicago, IL, USA). The
paired t-test was used to detect the differences between patients with
HNSCC and healthy subjects in each SIRT gene expression of
leukocytes. The values of ΔCt were used for all the statistical
analyses. A p-value of <0.05 was considered statistically significant. 

Results

Analysis of SIRT gene expression in PB leukocytes using qRT-
PCR. PB samples from 34 patients with HNSCC and 31
healthy individuals were examined for the expression of the 7
SIRT genes (SIRT1-7) using qRT-PCR to elucidate whether
the expression levels of SIRT genes were altered in patients
with HNSCC. Our data demonstrated that the expression level
of SIRT1 was down-regulated in the PB of patients with
HNSCC (p<0.05), in contrast, the expression levels of SIRT6
and SIRT7 were significantly up-regulated (both p<0.001)
when compared to those in healthy individuals (Figure 1A).
SIRT4 expression was undetectable in the PB leukocytes of
patients with HNSCC or healthy individuals; therefore, SIRT4
was not included in the subsequent analyses.
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Figure 1. Expression of the SIRT gene family in peripheral blood (PB)
leukocytes of patients with head and neck squamous cell carcinoma
(HNSCC) determined by real-time quantitative reverse-transcriptase
polymerase chain reaction (qRT-PCR). (A) Expression of the SIRT genes in
PB leukocytes from 34 patients with HNSCC and 31 healthy individuals.
Compared to the PB leukocytes of healthy individuals, the expression of
SIRT1 was significantly down-regulated (p<0.05), while SIRT6 and SIRT 7
were significantly up-regulated (both p<0.001) in HNSCC patients. The y-
axis represents the relative mRNA expression level. The relative expression in
patients with HNSCC is calculated by the comparative CT (ΔΔCT method).
The value of mRNA expression in healthy individuals is designated 1,
whereas the level of mRNA expression in patients with HNSCC is calibrated
to obtain the fold change in patients with HNSCC. ** and * indicate the
statistical significance p<0.001 and p<0.05, respectively. (B) Shows the
expression of SIRT genes in patients with early- and advance-stage HNSCC.
The 34 patients with HNSCC were divided into two groups by their disease
stages, T1/T2 and T3/T4, for correlation analysis with expression of SIRT
genes. The y-axis represents the relative mRNA expression level. The relative
expression in patients with HNSCC is calculated by ΔΔCT. The value of
mRNA expression in healthy individuals is designated 1 and the level of
mRNA expression in the T1/T2 or T3/T4 group is calibrated to obtain the
fold change in patients with HNSCC. The p-value indicates the statistical
significance evaluated between the T1/T2 and T3/T4 group.

Figure 2. Comparison of SIRT family expression in peripheral blood
(PB) leukocytes of paired preoperative (Pre OP) and postoperative (Post
OP) samples from patients with head and neck squamous cell carcinoma
(HNSCC). The expression of SIRT1 and SIRT3 was up-regulated in the
1-month Post OP PB leukocyte samples as compared with the levels in
the Pre OP group (both p<0.05). In contrast, the expression of SIRT5
and SIRT6 was significantly down-regulated in the 1-month Post OP PB
leukocyte samples as compared with the levels in the Pre OP group
(p<0.001 and 0.005, respectively). The p-value indicates the statistical
significance evaluated between Pre OP and Post OP groups. The y axis
represents the relative mRNA expression level. The value of mRNA
expression in PB leukocytes of healthy individuals is designated as 1,
while the level of mRNA expression in patients’ Pre OP or Post OP
sample is calibrated to obtain the fold change. 



Correlations between tumor staging and expression of SIRT
genes in PB leukocytes of patients with HNSCC. We defined
the clinical and pathological tumor staging by the TNM staging
system, which includes tumor, neck lymph node and metastasis
according to the American Joint Committee on Cancer, seventh
edition. We categorized our patients into early- (stage I/II) and
advanced-stage (stage III/IV) groups to survey the correlation
with expression of SIRT genes in PB leukocytes. We found that,
in advanced stages, the expression levels of SIRT1 and SIRT3
were more down-regulated than those in early stages and their
correlation with tumor stage were statistically significant
(p<0.05 and p<0.01, respectively) (Figure 1B).

SIRT gene expression in pre-operative and post-operative PB
leukocytes in patients with HNSCC. To investigate whether
the altered SIRT gene expression in PB leukocyte of patients
with HNSCC recovers after surgery, we analyzed 34 paired

preoperative and one-month postoperative PB samples from
patients who underwent head and neck cancer surgery.
Among the 34 patients, 10 patients died within 5 year
postoperatively and the other 24 patients survived for more
than 2 years postoperatively. In patients who survived for
more than one year after surgery, the expression of SIRT1
(p<0.05) and SIRT2 (p<0.05) was significantly down-
regulated, whereas SIRT6 (p<0.001) and SIRT7 (p<0.005)
levels were significantly up-regulated in postoperative as
compared to the levels in preoperative samples (Figure 2).
Immunostaining of sirtuin proteins. We conducted an ICC
analysis of PB leukocytes to validate the protein expression
of the two genes that were most up-regulated in preoperative
samples among the 7 genes, SIRT6 and SIRT7. As shown in
Figure 3, only few cells of healthy individuals were positively
stained by the SIRT6 and SIRT7 antibodies. In contrast, most
cells of HNSCC preoperative samples were positively stained.
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Figure 3. Immunocytochemical staining for SIRT6 and SIRT7. In peripheral blood (PB) leukocytes from healthy individuals only a few cells are
positively stained (brown) for SIRT6 and SIRT7 antibodies; most cells of the preoperative (Pre OP) patients with head and neck squamous cell
carcinoma (HNSCC) were stained. In the cells from post-operative (Post OP) HNSCC patients, a significant reduction of SIRT6 or SIRT7 positively
stained cells was observed and the reduction was more remarkable in patient with stage T1 HNSCC than in the patient with T4b HNSCC. Percentages
of cells positively stained for SIRT6 and SIRT7 antibodies are also shown. Antibody staining was detected using peroxidase with diaminobenzidine
(DAB) substrate. Cells were counterstained with hematoxylin-eosin. (Original magnifications ×200.)



We also examined the SIRT6 and SIRT7 protein expression
in preoperative and postoperative patients with HNSCC. In
Figure 3, two representative patients with stage T1 or stage
T4b HNSCC are shown. In both patients, more cells of the
preoperative samples were positively stained by SIRT6 and
SIRT7 antibodies than those of the postoperative samples.
Interestingly, we also found that the cells of the patient with
T4b HNSCC were more strongly stained than that of the
patient with T1 HNSCC (Figure 3). These ICC results are
consistent with our observation obtained from qRT-PCR
analysis of preoperative and postoperative samples.

Recovery of SIRT6 and SIRT7 in postoperative patient. We
also surveyed a postoperative case that was, by image study,
a suspected recurrence. However, the result of this patient’s
CT-guided biopsy was negative and this patient was proved
to be non-recurrent after follow-up for six months. We
performed ICC to examine the SIRT6 and SIRT7 expression
of PB leukocytes of this patient during the time of suspected
recurrence and follow-up. The ICC results revealed that the
numbers of cells positively stained for SIRT6 and SIRT7
antibodies remained low (Figure 4). This ICC result implies
that SIRT6 and SIRT7 expression may have the potential to
be a candidate predictor for recurrence.

Discussion

This is the first study to investigate the altered expression of
circulating SIRT genes in patients with HNSCC. SIRT genes
are involved in the preservation of genomic stability, linkage
of DNA repair and metabolism, as well as prolongation of
lifespan (7), though many of their target interactions remain
unknown. Cancer cells alter normal cellular machineries to
promote persistent cell proliferation and maximize their
lifespan, but excessive proliferative signaling can trigger cell
senescence and lead to the shortened lifespan of the host
organism (18). Therefore, functional loss of SIRT genes
(particularly SIRT1), which is involved in maintaining
genome integrity and DNA repair, will promote
tumorigenesis. However, cancer cells also need sirtuins for
survival, proliferation and repairing the catastrophic genomic
events (19). In our previous study, we found down-regulation
of SIRT genes (SIRT1, SIRT2, SIRT3, SIRT5 and SIRT7) in
tumor tissues from patients with HNSCC and suggested that
loss of SIRT genes may contribute to development of cancer
and drive the cancer cells to more advanced stages (17).
Based on our previous observation in HNSCC tissues, we
think SIRT genes might have the potential to be prognostic
biomarkers for HNSCC. If the alteration of SIRT genes in PB
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Figure 4. SIRT6 and SIRT7 immunocytochemical (ICC) staining of peripheral blood (PB) leukocytes from a head and neck squamous cell carcinoma
(HNSCC) patient with suspected recurrence. In this representative case, only a few cells are positively stained (brown) for SIRT6 and SIRT7
antibodies in the postoperative PB leukocytes of this patient. After a six-month follow-up, this patient was proven to be not recurrent and the ICC
staining of this patient’s PB leukocytes for SIRT6 and SIRT7 demonstrated that the numbers of positively-stained cells remained low. Percentages of
cells positively stained for SIRT6 and SIRT7 antibodies are also shown. Antibody staining was detected using peroxidase with diaminobenzidine
(DAB) substrate. Cells were counterstained with hematoxylin-eosin. (Original magnifications ×200.)



reflects the alteration in HNSCC tissues, this would make PB
SIRT gene expression an even more useful and accessible
diagnostic tool. Therefore, in the present study, we analyzed
the expression of the SIRT genes in PB leukocytes from
patients with HNSCC and healthy individuals and we found
that SIRT1 was dowregulated; in contrast, SIRT6 and SIRT7
were significantly up-regulated in the PB of patients with
HNSCC when compared to those in healthy individuals.
These results revealed that the alteration of SIRT genes in PB
might not be compatible to the alteration in HNSCC tissues. 

Even though the circulating SIRT6 and SIRT7 did not
reflect the levels in HNSCC tissues, another interesting
finding of this study is the recovery of circulating SIRT6 and
SIRT7 expression in patients with HNSCC after surgery
(Figure 3). We also found that the cells of a patient with
higher grade (T4b) HNSCC were more deeply stained than
the cells of the patient with lower grade (T1) HNSCC (Figure
3). In the post-near-total laryngectomy case we have
surveyed, although suspected recurrence by CT, the low
circulating SIRT6- and SIRT7-positve cells at the times of
suspected recurrence and follow-up for six months suggested
this patient was non-recurrent. This implied that we might
predict no recurrence by circulating SIRT6 and SIRT7 in
some equivocal cases without positron emission tomography
(PET) or surgical biopsy.

In the last two decades, more and more bodily secretions
or plasma biomarkers were proposed to early screen,
diagnose and evaluate tumorgenesis of HNSCC (20). Park
et al. (21) and Zimmermann et al. (22) had proposed that
the mRNA extracted from the saliva may harbor a broad
spectrum of biological information for clinical diagnostic
applications. Metalloproteinase (MMP) families are
proteolytic enzymes that cause degradation of extracellular
matrix allowing for tumor cell migration, which play the
role of differentiation, proliferation and apoptosis. It has
been reported that members of the MMP family could be
biomarkers but this requires more study to evaluate their
specificity and clinical significance (23-25). IL-8 in saliva
and IL-6 in serum have also been indicated to hold promise
as biomarkers for oral cavity and oropharyngeal squamous
cell carcinoma (OSCC) (26). Annexin A1 (ANXA1) was
recently identified in PB by real-time PCR and has been
proposed as a potential diagnostic biomarker for OSCC
(27). In our previous study, we have demonstrated that
detection of circulating miR-21 and miR-26b pre- and
postoperatively might provide a novel tumor marker for
HNSCC (28). We have also demonstrated altered circadian
clock genes in PB leukocytes of patients with HNSCC and
PER1 and CLOCK are potential circulating prognostic
markers for HNSCC (29). 

In this study we further demonstrated expression of SIRT6
and SIRT7 in PB leukocytes that may be possibly account as
potential diagnostic biomarkers for HNSCC. SIRT6 and SIRT7

are both mainly located over the nucleus. SIRT6 is an important
promoter of fat utilization and key regulator of glucose
metabolism, and lack of this chromatin factor leads to a
phenotype that is reminiscent of the Warburg effect (30).
Indeed, SIRT6 has been recently described as a tumor
suppressor that regulates cancer metabolism. Mechanistically,
SIRT6 suppresses aerobic glycolysis and Myc-dependent
ribosome biosynthesis, and lack of this SIRT6 leads to robust
metabolic reprogramming, sufficient to promote tumorigenesis
(31). In consistence with this, SIRT6 expression is down-
regulated in human pancreatic and colorectal cancers, while
conditional deletion of SIRT6 promotes intestinal tumorigenesis
in vivo (31). Consistent with a tumor-suppressive function, it
has recently been shown that over-expression of SIRT6 induces
apoptosis in cancer cell lines (32). However, the mechanism
and physiological relevance of this observation remain as yet
unexplored. A recent study has demonstrated that SIRT7
functions as an H3K18 deacetylase that could repress
transcription of multiple genes involved in anchorage-
independent growth and contact inhibition (33). SIRT7
depletion markedly reduced tumorigenicity of cancer cells,
suggesting that SIRT7 may play a critical role in maintaining
oncogenic transformation (33).

Our next challenge will be to solve the limitations of our
study, including the detection range and detection
specificities of circulating SIRTs and the evaluation of some
confounding factors of the patients’ clinical condition,
inflammation and homeostatic status. Metabolic diseases
(such as diabetes mellitus or liver problem) will effect the
result of the SIRT family expression also need further
investigation. More studies will be needed to discover the
mechanism of action of surtuins in relation to genomic,
proteomic and metabolic abnormalities associated
withcancer. Based on our study, focusing on PB examination
and development of recurrence predictors for HNSCC
prevention and treatment should be a future direction.
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