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Association of SIRT1 and HMGAT1 expression
in non-small cell lung cancer
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Abstract. The roles of Silent mating type information regu-
lation 2 homolog 1 (SIRT1) and High mobility group Al
(HMGAL1) in human diseases have been extensively studied
separately; however, to the best of our knowledge, the current
study is the first to report on their interrelationship in lung
cancer. The association of SIRT1 and HMGAI in non-small
cell lung cancer (NSCLC) was investigated by evaluating their
expression and prognostic significance in 260 patients with
NSCLC using immunohistochemistry. SIRT1 and HMGA1
expression were found to be significantly correlated with each
other (P<0.001), and both were significantly associated with
clinicopathological parameters, including histological type and
degree of differentiation. In squamous cell carcinoma (SCC),
SIRT1* specimens were significantly associated with shorter
overall survival (OS) time (P=0.019). However, in patients with
adenocarcinoma (AD), no association was identified between
SIRT1 and OS. In addition, HMGAI1* specimens were signifi-
cantly associated with poor differentiation (P=0.028), and were
more frequent in SCC than AD (P=0.015). However, HMGA1
was not associated with OS on univariate Cox regression anal-
ysis or Kaplan-Meier analysis (both P>0.05). SIRTI/HMGA1
coexpression was significantly associated with male gender
(P=0.016), and moderately and poorly differentiated histo-
logical grade (P=0.025). The findings indicate that SIRT1 and
HMGAT1 may have significant effects during tumor progression
in NSCLC, particularly in patients with SCC, and are poten-
tially useful as prognostic indicators for patients with NSCLC.

Introduction
Lung cancer is the leading cause of cancer-associated mortality

worldwide, and non-small cell lung cancer (NSCLC), which
consists predominantly of squamous cell carcinoma (SCC)
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and adenocarcinoma (AD) (1), accounts for ~80% of all lung
cancer cases. Thus, understanding of the mechanisms of lung
carcinogenesis in NSCLC subtypes is urgently required.

The Silent information regulator 2 (Sir2) family of genes,
encoding a group of nicotinamide adenine dinucleotide
(NAD%)-dependent histone deacetylases, is highly conserved
from bacteria to humans (2). Mammalian cells possess seven
homologs of yeast Sir2, Silent mating type information regula-
tion 2 homologs (sirtuins); these homologs, SIRTs 1-7, have a
common catalytic domain with Sir2 (3). SIRT1, which local-
izes predominantly in the nucleus, is the closest homolog of
yeast Sir2 and has been extensively studied. Numerous studies
have demonstrated that SIRT1 is overexpressed in various
types of cancer, including breast (4), liver (5), prostate (6)
and lung cancers (7,8), and that SIRT1 inhibitors are able to
suppress tumor growth. SIRT1 is responsible for the deacety-
lation of various transcription factors that are involved in stress
responses and apoptosis, including p53 (9), Ku70 (10), Nuclear
factor kB (8), Forkhead box protein O (11) and Hypermethyl-
ated in cancer 1 (HIC1) (12,13).

The High-mobility group A (HMGA) family comprises
three proteins (HMGA1la, HMGA1b and HMGA?2), which
are encoded by two distinct genes; HMGAla and HMGA1b
proteins are generated through alternative splicing of a single
gene (14). During embryogenesis, HMGA protein expres-
sion is high (15,16), whilst normal adult tissues exhibit low
or undetectable HMGA expression. However, high HMGA
expression levels have been observed in human malig-
nant neoplasias, including carcinomas of the thyroid (17),
colon (18), prostate (19), pancreas (20), cervix (21), ovary (22)
and breast (23). Although HMGA proteins alone do not exert
transcriptional activity, they are able to alter chromatin struc-
ture, and thus regulate the expression of a number of genes,
by interacting with the transcription machinery (24,25).
Overexpression of HMGA proteins is associated with a
highly malignant phenotype and a poor prognostic index, as
their overexpression correlates with metastasis and reduced
survival time (26). P53 is a well-established tumor suppressor
gene (27), the product of which mediates tumor develop-
ment (28). Recently, HMGA1-p53 interactions have been
demonstrated to affect carcinogenesis. HMGAI1 binds with
p53, thus interfering with the p53-mediated transcription of
BCL2-associated X protein (BAX), P21Wafl, MDM?2 and
B-Cell CLL/Lymphoma 2 (BCL2); this results in reduced
p53-dependent apoptosis (29-31). HMGAL also inhibits p53
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apoptotic function by relocalizing the nuclear p53 proapop-
totic activator Homeodomain-interacting protein kinase 2
(HIPK2) to the cytoplasm (32).

Based on these reports, we hypothesized that SIRT1
may affect the progression of lung cancer in association
with HMGAL. To test this, the expression levels of SIRT1
and HMGA1 and the prognostic value of these proteins in
NSCLC were investigated. The association between SIRT1
and HMGAI1 expression was also evaluated.

Materials and methods

Patients and tissue samples. Paired tumor and normal lung
specimens were obtained from 260 patients with NSCLC
who were surgically treated at Zhejiang Hospital (Hangzhou,
China) between 2002 and 2010. Informed consent was obtained
from the patients, in compliance with the Declaration of
Helsinki, and the study was approved by the ethics committee
of Zhejiang Hospital (no. 2013-k-2). Clinicopathological data,
including gender, age and presence of distant metastasis, were
collected from medical records. All cases were reviewed
and classified according to the criteria of the World Health
Organization (WHO) (33). Pathological staging was based
on the Tumor-Node-Metastasis (TNM) staging system of the
American Joint Committee on Cancer (34). The patients were
grouped according to age, gender, tumor size, TNM stage,
histological type, histological grade, tumor invasion (vascular
and pleural invasion), presence of lymph node metastasis and
smoking history. The mean follow-up period was 37.1 months
(range, 0-128 months). All patients were followed up through
March 2012. The 260 lung tumors comprised 127 cases of
AD and 133 cases of SCC. For the normal lung tissue, 100 of
these cases were selected and tissue was taken at a distance
of >3 cm from the tumor. All specimens were fixed in 10%
neutral formalin.

Immunohistochemical analysis. All tissues were neutral
formalin-fixed and paraffin-embedded. Tissues were
sectioned into 4-pm slices and then processed using standard
deparaffinization and rehydration techniques. Immunohisto-
chemical staining was performed using the enhanced labeled
polymer method (35). Briefly, tissue sections were subjected
to a boiling antigen retrieval procedure in sodium citrate
buffer (pH 6.0; Zhongshan Golden Bridge Biotechnology
Co., Ltd., Beijing, China) for 3 min. After blocking endoge-
nous peroxidase activity with peroxidase quenching solution
(Zhongshan Golden Bridge Biotechnology Co., Ltd.), the
sections were incubated overnight at 4°C with a monoclonal
rabbit anti-human SIRT1 antibody (clone E104; ab32441;
1:200; Abcam, Cambridge, UK) and a polyclonal rabbit
anti-human HMGA1 antibody (ab4078; 1:200; Abcam).
Negative control sections were treated in the same manner
except they were incubated in phosphate-buffered saline
(Zhongshan Golden Bridge Biotechnology Co., Ltd.) without
primary antibody. After applying the EnVision System-HRP
(Invitrogen) for 20 min, the reaction products were visual-
ized by immersing in a mixture which contained 1 drop of
DAB-SuperPicture GenIHC Detection Kit and 1 ml DAB
substrate buffer, and the samples were counterstained with
hematoxylin (Invitrogen). Immunohistochemical scoring
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was determined by consensus by two pathologists who were
blinded to the clinicopathological information associated
with the specimens. SIRT1 and HMGAL1 expression levels
were semi-quantitatively scored by assessing the intensity
of staining (0, no staining; 1, mild staining; 2, moderate
staining; and 3, strong staining) and the percentage of
positively stained cells (0, <30%; 1, 30-49%; 2, 50-69%;
and 3, =70%). The sum index was obtained by totaling the
staining intensity and percentage scores. A final score of =4
was considered to indicate positive expression in a specimen;
otherwise, the tumor was considered negative, based on the
findings of previous reports (36,37).

Statistical analysis. Statistical analysis was performed using
SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA).
P-values for differences between groups were determined by
¥* tests. Overall survival (OS) time was calculated from the
day of surgery to the date of mortality or the last follow-up.
Univariate Cox regression analyses were performed to estimate
the effect of clinicopathological factors and expression of each
marker on OS. Survival curves were calculated according to
the Kaplan-Meier method; comparison was performed using
the log-rank test. P<0.05 was considered to indicate statisti-
cally significant differences.

Results

SIRT1 and HMGA1 expression was evaluated immu-
nohistochemically in 260 NSCLC and 100 normal lung
specimens (Fig. 1). The median age of the patients was
63 years (range, 35-90 years; Table I). Although immunore-
activity for SIRT1 has been reported in the cytoplasm and the
nucleus (38), SIRT1 exhibited only nuclear staining the current
study; its score in normal tissues was 0-1. HMGA expression
was also found to be nuclear, and was weak in normal tissues,
with overall scores of 2-3. Among the NSCLC samples, 12
of 133 SCC cases (9.0%) were SIRT1", all exhibiting positive
expression in the nucleus. A significantly higher percentage
of the AD specimens were SIRT1* (18.9%; P=0.021 vs. SCC
specimens). HMGA1* expression, which was also localized
to the cell nuclei, was observed in 62.6% of NSCLC patients
(163 of 260 cases), and was significantly associated with male
gender (P=0.041), histological type (P=0.015) and degree
of differentiation (P=0.028), and also with positive SIRT1
expression in NSCLC (P<0.001) (Table I).

To clarify the clinicopathological significance of the
combined SIRTI/HMGALI expression status, the patients were
divided into four groups based on SIRT1 and HMGAL status
(SIRT1/HMGAT1-, SIRT1/HMGAT1*, SIRTI*/HMGA1" or
SIRTI*/HMGAT1"), and the association with clinicopathological
parameters was assessed. As shownintable I, SIRT1"/HMGA I
was associated with male gender (P=0.016) and poorly and
moderately differentiated tumors (P=0.025). Univariate
Cox regression analysis of OS time was conducted in the
260 patients with NSCLC for whom complete information for
all variables was available. No significant difference in OS time
was observed between the four groups (P>0.05). By contrast,
tumor size (P=0.049), T1 stage (P=0.005), T2 stage (P=0.006),
T3/T4 stage (P=0.002), positive lymph node metastasis
(P<0.001) and tumor invasion (P=0.047) were significantly
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Table I. Association between clinicopathological characteristics and HMGA1 and SIRT1 expression, and their effect on survival
in non-small cell lung carcinoma assessed by univariate Cox proportional hazards regression analysis.

Univariate

HMGAI1 expression SIRT1 expression Cox regression

Positive, Positive, Hazard

Characteristic n n (%) P-value n (%) P-value ratio P-value
All 260 163 (62.7) 36 (13.8)
Gender 0.041 0.111

Male 188 125 (66.5) 30 (16.0) 1.000

Female 72 38 (52.8) 6 (8.3) 1.116 0.526
Age, years 0.310 0.768

<69 175 106 (60.6) 25 (14.3) 1.083

>69 85 57 (67.1) 11 (12.9) 1.000 0.727
Histological type 0.015 0.021

Squamous cell carcinoma 133 93 (69.9) 12 (9.0) 1.000

Adenocarcinoma 127 70 (55.1) 24 (18.9) 0.796 0.286
Tumor size, cm 0.898 0.683

<4 129 80 (62.0) 19 (14.7) 1.000

>4 131 83 (63.4) 17 (13.0) 1.532 0.049
T stage 0.300 0.491

T1 87 53 (60.9) 10 (11.5)

T2 87 51 (58.6) 13 (14.9) 2.213 0.006

T3/T4 86 59 (68.6) 13 (15.1) 3.130 0.002
Lymph node metastasis 0.602 0.608

Present 156 100 (64.1) 23 (14.7) 1.000

Absent 104 63 (60.6) 13 (12.5) 0419 <0.001
Tumor invasion 0.859 0.818

Absent 213 133 (62.4) 29 (13.6) 1.000

Present 47 30 (63.8) 7(14.9) 1.659 0.047
Degree of differentiation 0.028 0.300

Well 61 31(19.0) 6 (16.7) 1.000

Moderate/poor 199 132 (81.0) 30 (83.3) 1.195 0477
Smoking 0.123 0.100

Present 163 108 (66.3) 27 (16.6) 1.000

Absent 97 55 (56.7) 9(9.3) 0.927 0.734
HMGAI1 expression <0.001

Negative 97 44.1) 1.165

Positive 163 32 (19.6) 1.000 0477
SIRT1 expression <0.001

Negative 224 131 (58.5) 1.000

Positive 36 32 (88.9) 1.024 0.939

HMGAI, high mobility group Al; SIRT1, silent mating type information regulation 2 homolog 1.

associated with a shorter OS time on univariate Cox regression
analysis (Table I). Kaplan-Meier survival curves for the effect
of various factors on OS are shown in Fig. 2. Tumor invasion
(P=0.043), lymph node metastasis (P<0.001), larger (=4 cm)
tumor size (P=0.047), higher pathological T stage (P=0.003)
and SIRTI1* SCC (P=0.019) predicted shorter OS time in
NSCLC patients (Fig. 2).

Discussion

The present study evaluated SIRT1 and HMGA1 expres-
sion immunohistochemically in human NSCLC. Previous
studies revealed that SIRT1 can act as a tumor suppressor by
repressing a number of oncogenes (39-41). By contrast, SIRT1
expression has been observed to be increased in various human
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Figure 1. Immunohistochemical staining revealed nuclear expression of (A and B) SIRT1 and (C and D) HMGALI in non-small cell lung cancer.
(A and C) Magnification, x100; (B and D) magnification, x400. SIRT1, silent mating type information regulation 2 homolog 1; HMGA1, high mobility group Al.
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Figure 2. Kaplan-Meier analysis of patients with (A-D) non-small cell lung cancer and (E) squamous cell carcinoma. Overall survival in groups by (A) lymph
node metastasis, (B) tumor size, (C) T stage, (D) tumor invasion and (E) SIRT1 expression. P-values were determined by comparing survival distributions using
the log rank test. SIRT1, silent mating type information regulation 2 homolog 1.
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Table II. Association between clinicopathological characteristics and combined expression of HMGA1/SIRT1.

HMGAT1/SIRT1 expression, n

Characteristic n -/- -/+ +/- +/+ P-value

All 260 93 4 131 32

Gender 0.016
Male 188 61 2 97 28
Female 72 32 2 34 4

Age, years 0.427
>69 85 28 0 46 11
<69 175 65 4 85 21

Histological type 0.281
Squamous cell carcinoma 133 38 2 83 10
Adenocarcinoma 127 55 2 48 22

Degree of differentiation 0.025
Well 61 29 1 26 5
Moderate and poor 199 64 3 105 27

Tumor size, cm 0.124
<4 129 46 3 64 16
>4 131 47 1 67 16

T stage 0.255
Tl 87 33 1 44 9
T2 87 34 2 40 11
T3/T4 86 26 1 47 12

Lymph node metastasis 0.518
Present 156 53 3 80 20
Absent 104 40 1 51 12

Tumor invasion 0.767
Absent 213 76 4 108 25
Present 47 17 0 23 7

Smoking 0.064
Present 163 51 4 85 23
Absent 97 42 0 46 9

HMGAL, high mobility group Al; SIRT1, silent mating type information regulation 2 homolog 1.

malignancies (6,42), and changes in SIRT1-mediated signaling
allows mammalian cells to survive under oxidative stress and
DNA damage, which are closely associated with tumorigen-
esis (43,44), cancer progression and poor prognosis in cancer
patients (3,4,36). The present study identified an association
of SIRT1 overexpression with shorter OS time and poor prog-
nostic indicators in SCC, which was consistent with the results
of previous studies (4,36,45). By contrast, certain reports have
found a significant association between SIRT1 overexpres-
sion and more favorable prognosis in serous carcinoma of the
ovary (46) and colorectal cancer (47,48). In the present study,
Kaplan-Meier survival analysis suggested that patients with
tumor invasion (P=0.043), lymph node metastasis (P<0.001),
larger tumor size (P=0.047) and higher pathological T stage
(P=0.001) have poorer prognoses (Fig. 2).

Inthe current study, SIRT1* SCC was significantly associated
with shorter OS time compared with SIRT1~ SCC (P=0.019).

However, no association was identified between SIRT1 expres-
sion in AD and shorter OS. A previous study reported that
patients with SCC had significantly higher low-acetylated p53
status compared with patients with AD (P=0.012), and that
low-acetylated p53 was associated with poorer survival rela-
tive to that of patients with acetylated p53 (13). These findings
indicate that p53 deacetylation may play a role in lung tumori-
genesis, particularly for SCC patients. The different status of
p53 acetylation/deacetylation in patients with lung AD and SCC
may be caused by the distinct deregulation of SIRT1 epigenetic
control (13). In addition, AD is now classified according to its
predominant pattern following comprehensive histological
subtyping into lepidic, acinar, papillary, solid, mucinous, mixed
muciniusand nonmucinous adenocarcinoma, and other subtype
AD, based on the WHO classification criteria (33). In the present
study, there were 71 cases of lepidic adenocarcinoma, 6 cases of
acinar adenocarcinoma, 7 cases of papillary adenocarcinoma,
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4 cases of solid adenocarcinoma, 25 cases of mucinous adeno-
carcinoma, 14 cases of mixed mucinius and nonmucinous
subtype AD, however, no association was identified between
SIRT1 expression in AD subtypes and shorter OS. This may be
due to the heterogeneity of the subtype of adenocarcinoma, and
the pathogenesis of these subtypes is different. Taken together,
these results suggest that SIRT1 expression is associated with
tumor progression and poor prognosis in NSCLC, particularly
for patients with SCC.

HMGA protein overexpression and gene rearrangements
are frequent in various types of human cancer (22). HMGA
localization appears to be almost exclusively nuclear (30), and
was so in the present study. HMGA1 overexpression is associ-
ated with a highly malignant phenotype and a poor prognostic
index, due to its association with metastasis and reduced
survival time (26). Sarhadi et al (49) observed that HMGA1
overexpression was present in all types of lung cancer, and
was an independent indicator of poor prognosis, particularly
in patients with AD. By contrast, the present study found that
neither univariate Cox regression analysis nor Kaplan-Meier
survival analysis associated HMGA 1* expression with poor OS
(P>0.05 for both methods). This discrepancy may be due to a
high rate of patients lost to follow-up. However, the present
study did identify a clear association between HMGA1* expres-
sion and poor cellular differentiation (P=0.028). In addition,
SCC patients were more likely to express HMGAL1 than AD
patients (P=0.015), and HMGA1* expression was significantly
associated with male gender (P=0.041).

To the best of our knowledge, the current study is the first
to report on the association between SIRT1 and HMGA1
expression in lung cancer, although their respective roles in
tumorigenesis have been widely studied previously (12-15,26).
HMGALI proteins are reported to be important in the process
of carcinogenesis, based on the HMGA1-p53 interaction.
As p53 functions as a tumor suppressor, P53 mutations
commonly lead to the development of cancer. By binding
p53, HMGALI interferes with p53-mediated transcription of
BAX, P21Wafl, MDM?2 and BCL2, leading to a reduction in
p53-dependent apoptosis (29-31). HMGAL also counteracts
p53 transcriptional activity by relocalizing the nuclear p53
proapoptotic activator HIPK2 to the cytoplasm, thereby
inhibiting the apoptotic function of p53 (32). SIRT1 is able
to promote cell survival or inhibit apoptosis by deacetylating
p53 (50,51). Deacetylation of the p53 protein promotes its
accumulation during the stress response, and is required
for pS3-induced apoptosis and arrest of cell growth (52,53).
It has been reported that p53 is responsible for transcriptional
repression of SIRT/ in humans and mice, which depends upon
p53 response elements in the proximal promoter. The region
of the SIRTI promoter containing the p53-binding sequence
also contains a binding site for the transcriptional repressor
HIC1 (12). In addition, dysregulation of the HIC1-SIRT1-p53
loop may be involved in lung tumorigenesis and disease
outcome (13). Taken together, these results indicate there is a
mechanism connecting the expression of SIRT1 and HMGALI.
We hypothesized that SIRT1 and HMGAI1 may interact
with each other by inactivating or activating p53-mediated
transcription. Therefore, the current study investigated the
possible associations between SIRT1 and HMGAI1 expres-
sion and the clinicopathological significance of combined
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expression of these factors in NSCLC. HMGA1 expression
was found to be significantly correlated with SIRT1 expres-
sion (P<0.001). SIRT1*/HMGAT1" expression was significantly
associated with male gender (P=0.016) and and poorly and
moderately differentiated tumors (P=0.025; Table II). Thus,
SIRT1 and HMGA1 may cooperate during tumor progression
in NSCLC, particularly in patients with SCC.

In conclusion, the present study demonstrated the expres-
sion of SIRT1 and HMGA1 in lung cancer and their association
with clinicopathological factors and patient survival. NSCLC
specimens in this study frequently expressed SIRT1 and
HMGALI, and their expression was significantly associated
with unfavorable NSCLC characteristics. Furthermore, SIRT1
and HMGAL1 expression were found to be significantly corre-
lated in NSCLC patients. SIRT1 and HMGA1 may interact
with each other through p53; this mechanism merits further
study, as do the SIRT1- and HMGA 1-associated pathways that
are involved in NSCLC progression.
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