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Abstract

Recently, the roles of SIRT1 and deleted in breast cancer 1 (DBC1) in human cancer have been extensively studied and it has
been demonstrated that they are involved in many human carcinomas. However, their clinical significance for soft-tissue
sarcomas has not been examined. In this study, we evaluated the expression and prognostic significance of the expression
of SIRT1, DBC1, P53, B-catenin, cyclin D1, and KI67 in 104 cases of soft-tissue sarcomas. RESULTS: Immunohistochemical
expression of SIRT1, DBC1, P53, B-catenin, and cyclin D1 were seen in 71%, 74%, 53%, 48%, and 73% of sarcomas,
respectively. The expression of SIRT1, DBC1, P53, B-catenin, and cyclin D1 were significantly correlated with advanced
clinicopathological parameters such as higher clinical stage, higher histological grade, increased mitotic counts, and distant
metastasis. The expression of SIRT1, DBC1, P53, B-catenin, cyclin D1, and KI67 were significantly correlated with each other
and positive expression of all of these predicted shorter overall survival and event-free survival by univariate analysis.
Multivariate analysis revealed the expression of SIRT1 as an independent prognostic indicator for overall survival and event-
free survival of sarcoma patients. In conclusion, this study demonstrates that SIRT1- and DBC1-related pathways may be
involved in the progression of soft-tissue sarcomas and can be used as clinically significant prognostic indicators for
sarcoma patients. Moreover, the SIRT1- and DBC1-related pathways could be new therapeutic targets for the treatment of
sarcomas.
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Introduction functional inhibition of SIRT1 with nicotinamide decreased
tumorigenesis in c-Myc driving liver cancer animal models [3].
Deleted in breast cancer 1(DBC1) was first identified by its
deletion in breast cancer [12] and was suggested as a tumor
suppressor because it acts as a suppressor of SIRTI1 [10].
However, increasing recent evidence has demonstrated that
DBCI could act as tumor promoter via various signaling pathways
| HLex v ; [13-15]. DBC1 can act as a co-activator of hormone receptors
SIRTI-mediated signaling give survival benefits under the stress [16] and inhibits tumor suppressors BRCAI [13] and SUV39H]
conditions, which is closely related with tumorigenesis [1,3-7]. methyltransferase [15]. In human cancers, the expression of DBC1
The expression of SIRT1 increases resistance to anticancer agents is associated with advanced cancer and predicted poor survival of
[8,9] and is associated with progression of cancers and poor various human malignant tumors [3,11,14,17].
prognosis of cancer patients [3,5,10,11]. SIRT1 was determined to Most soft-tissue tumors are benign and soft-tissue sarcomas are
be an indicator 01_“ poor prognostic for.gastric Carcinoma. [5]’ rare. Benign soft-tissue tumors are 100 times more frequent than
hepatocellular carcinoma (3], breas.t. carcinoma [11], and diffuse soft-tissue sarcomas [18]. Soft-tissue sarcomas account for less than
large B cell lymphoma [10]. In addition to the r OIC‘Of SIRTI asa 1% of human malignant tumors. However, there are more than 50
deacetylase, recent reports have shown that SIRT1 is also involved histological subtypes, and they show aggressive behavior [18].
in the transcriptional f:xpression of vario.u§ oncogenes such as c- Therefore, diagnosing and treating soft-tissue sarcomas are
Mye, P-catenin, cyclin DI, and survivin [3,6,7]. Moreover, challenging to clinicians, and there is a need for new therapeutic

target for the treatment of sarcoma. When considering the

SIRTT (silent mating type information regulation 2 homolog 1)
1s a type III histone deacetylase, but, also deacetylates non-histone
proteins, especially proteins involved in tumorigenesis [1-4]. A
role of SIRT1 as a non-histone deacetylase tumor promoter which
is centrally mediated by functional inhibition of P53 has been
proposed [1]. Recent extensive studies have shown that changes in
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extensive studies and important role of SIRT1 and DBCI1 in
human carcinomas, there is a rationale that SIRT1 and DBC1
also could be involved in the pathogenesis of sarcoma. Recently,
substantial expression of SIRT1 in soft-tissue neoplasms with
myoid differentiation has been reported [19]. However, there have
been no previous reports examining the prognostic significance of
the expression of SIRT1 and DBCI in soft-tissue sarcoma.
Therefore, we investigated the prevalence and prognostic signif-
icance of SIRT1 and DBCI expression in soft-tissue sarcoma
patients. In addition, we investigated the expression of B-catenin
and cyclin D1 expression because of both of them have been
suggested as a down-stream targets of SIRT1 [3].

Results

Association of SIRT1, DBC1, P53, B-catenin, and cyclin D1
expression with clinicopathological characteristics of soft
tissue sarcoma patients

The wvariable clinicopathological features of sarcoma are
summarized in Table 1. As shown in Figure 1, the expression of
SIRT1, DBCI1, P53, cyclin D1, and Ki67 were primarily in the
nuclei. Cytoplasmic expression of SIRT1 was seen in some cases.
Although B-catenin is expressed in the cytoplasmic membrane,
cytoplasm, and nuclei, we evaluated nuclear B-catenin expression
only. Positive expression of SIRT1, DBC1, P53, B-catenin, and
cyclin D1 were seen in 71% (74 of 104), 74% (77 of 104), 53% (55
of 104), 48% (50 of 104), and 73% (76 of 104) of sarcomas,
respectively. The expression of these markers according to the
histological type of soft-tissue sarcomas was shown in Table 1.
Expression of SIRT1 significantly correlated with tumor stage
(P=0.013), distant metastasis (£=0.001), histological grade
(P=0.008), mitotic count (P=0.002), Ki67 index (£=0.014),
cyclin D1 expression (P<0.001), B-catenin expression (P<<0.001),
P53 expression (P=0.003), and DBC1 expression (P<0.001).
DBCI1 expression was also significantly correlated with tumor
stage (P=0.019), distant metastasis (P=0.003), histological grade
(£=0.013), mitotic count (P=0.032), cyclin DI expression
(P<0.001), B-catenin expression (P<0.001), and P53 expression
(P=0.005). P53 expression significantly correlated with patient
age, tumor stage, distant metastasis, histological grade, tumor
differentiation, mitotic count, Ki67 index, cyclin D1 expression,
and [-catenin expression. The expression of P-catenin was
significantly associated with histological grade, tumor differentia-
tion, mitotic count, and cyclin D1 expression. The expression of
cyclin D1 was significantly associated with tumor stage, histolog-
ical grade, tumor differentiation, and mitotic count. Ki67 index
was significantly associated with tumor stage, distant metastasis,
histological grade, tumor necrosis, and mitotic count (Table 2).

The expression of SIRT1, DBC1, P53, B-catenin, and cyclin
D1, and Ki67 index in sarcomas correlate with reduced
overall survival and event-free survival

Univariate Cox regression analysis for OS and EFS are shown
in Table 3 and Kaplan-Meier survival curves for the impact to OS
and EFS are shown in Figure 2. Older age of patients, high tumor
stage, high histological grade, deeply located tumor, presence of
tumor necrosis, increased mitotic count, and presence of distant
metastasis predicted shorter OS and EFS (Figure 2 A and B).
Expression of SIRT1 was significantly associated with shorter OS
[P<<0.001, HR; 7.357, 95% confidence interval (95% CI); 2.871—
18.855] and EFS (P<0.001, HR; 4.186, 95% CI; 2.055-8.525) by
univariate analysis (Figure 2 C). DBCI1 expression was also
significantly associated with shorter OS (P=0.029, HR; 2.338,
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95% CI; 1.090-5.013) and EFS (P=0.005, HR; 2.761, 95% CI,;
1.361-5.601) by univariate analysis (Figure 2 D). The expression of
P53, B-catenin, and cyclin D1 were significantly associated with
shorter OS (P<<0.001, P=0.002, and P=0.006, respectively) and
EFS (P<<0.001, P=0.026, and P=0.007, respectively) by univar-
iate analysis (Figure 2 E F and G). The Ki67 index also predicted
shorter OS (P=0.002) and EFS (£=0.007) (Figure 2 H).

The expression of SIRT1 in soft-tissue sarcoma is an
independent prognostic factor for shorter event-free
survival and poor overall survival

Multivariate analysis was performed using the variables
significantly correlated with OS or RFS by univariate Cox
regression analysis. The variables considered in the multivariate
analysis for OS and RFS were the age of the patients, tumor stage,
tumor depth, lymph node metastasis, distant metastasis, histolog-
ical grade, tumor necrosis, tumor differentiation, mitotic count,
Ki67 index, and the expression of SIRT1, DBC1, P53, B-catenin,
and cyclin D1. From the multivariate analysis, the expression of
SIRT1 was an independent prognostic indicator significantly
associated with both OS and EFS. The patients with SIRT1
expression had a 10.062-fold (95% CI, 2.851-35.509) greater risk
of death (P<0.001) and a 2.459-fold (95% CI, 1.166-5.185)
greater risk of EFS (P=0.018). In addition, tumor stage
(P=0.002), tumor depth (P=0.007), tumor necrosis (£=0.007),
P53 expression (P=0.033), DBC1 expression (P<0.001), and B-
catenin expression (P=0.020) were independent prognostic
indicators of shorter OS by multivariate analysis. Tumor depth
(P=0.017), distant metastasis (P<0.001), tumor necrosis
(P=0.035), and P53 expression (P=0.004) were independent
prognostic indicators of EFS (Table 4).

Discussion

In this study we have shown that SIRTI1, DBCI, P53, B-
catenin, and cyclin D1 were expressed in 71%, 74%, 53%, 48%,
and 73% of human soft-tissue sarcomas, respectively, and they
significantly correlated with advanced clinicopathological param-
eters such as higher clinical stage, higher histological grade, poorly
differentiation of sarcoma, increased mitotic counts, and distant
metastasis. Moreover, the expression of SIRT1, DBC1, P53, B-
catenin, cyclin D1, and KI67 were significantly correlated with
cach other, and their expression predicted shorter survival by
univariate analysis. Especially, the expression of SIRT1 was an
independent prognostic indicator of OS and EFS by multivariate
analysis. These findings suggest that the expression of SIRT1 and
DBCI can be used as clinically significant prognostic indicators for
sarcoma patients. Moreover, SIRT1- and DBC1-related pathways
may be involved in the progression of soft-tissue sarcomas and
SIRT1- and DBCl-related pathways may provide targets for
novel therapeutic approaches for soft-tissue sarcomas.

The role of SIRT1 in human carcinomas has been extensively
studied. However, the study for the expressional status of SIRT in
human mesenchymal tumors is limited. Recently, common
expression of SIRT1 in soft-tissue tumors with myoid differenti-
ation compared with other types of soft-tissue tumor has been
reported [19]. This report has shown that 29 of 49 (64%) cases of
leiomyosarcoma expressed cytoplasmic SIRT1 but could not
detect SIRT1 expression in 7 synovial sarcoma, 5 liposarcoma, 4
Ewing sarcoma, 4 malignant peripheral nerve sheath tumor, 4
undifferentiated pleomorphic sarcoma, and 4 clear cell sarcoma
[19]. However, as shown in Figure 1 and Table 1, our result
showed that the expression of SIRT1 is common in soft-tissue
sarcomas regardless of histological type. This discrepancy might
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Figure 1. Inmunohistochemical expression of SIRT1, DBC1, B-catenin, cyclin D1, P53, and Ki67 in various soft tissue sarcomas. All
markers are expressed primarily in the nuclei of the tumor cells. Abbreviations: FS, adult fibrosarcoma; LMS, leiomyosarcoma; US, undifferentiated
sarcoma; SS, synovial sarcoma; ES, Ewing sarcoma; LS, liposarcoma; RMS, rhabdomyosarcoma; MPNST, malignant peripheral nerve sheath tumor; AS,

angiosarcoma. Original magnification, x400.
doi:10.1371/journal.pone.0074738.g001

come from the specificity of used anti-SIRT1 antibody and
evaluation for the subcellular localization of SIRT expression.
Concerning the subcellular localization of SIRTI, it has been
reported that SIRT1 expresses both nuclei and cytoplasm
[3,5,10,11,20]. In contrast to the role of SIRT1 for the resistance
for the stresses [1,3,4], cytoplasmic localization of SIRT sensitized
the cells to oxidative stress-mediated apoptosis [20]. In addition,
the prognostic effect of SIRT1 according to the expressional
localization was variably reported. In gastric carcinoma, only the
nuclear expression of SIRT predicted poor prognosis of patients
but not in cytoplasmic expression of SIRT1 [5]. In contrast, both
nuclear and cytoplasmic expression of SIRT1 associated with poor
prognosis of breast carcinoma patients [11]. In our study, we
evaluated nuclear expression of SIRT because main localization of
SIRT lexpression was nuclei as shown in Figure 1 and nuclear
expression 1s easy to evaluate and predicted poor survival in
various human malignant tumors. In this study, nuclear expression
of SIRT1 was an independent prognostic indicator for OS and
EFS in soft-tissue sarcoma patients. When separately analyzed the
soft-tissue sarcomas according to the tumor stage (stage I and II
versus stage III and IV) and histological grade (grade 1 versus grade
2 and 3), nuclear expression of SIRT1 predicted sorter OS and
EFS regardless of the tumor stage or histological grade (Figure S1).
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There are seven types of sirtuins (SIRT1-7). Among them,
SIRT1 is known for its role in prolonging mammalian cell survival
under stress [2,4,21]. However, its role in the resistance to the
stresses suggested that SIRT1 could be involved in the progression
of cancers by regulating histone and non-histone proteins
[1,3,6,7,21]. In addition, other types of sirtuins could also be
mvolved in tumorigenesis. SIRT?2 stabilized Myc oncoproteins and
promoted Myc-induced oncogenic effects [22,23]. However, the
roles of SIRT3 and SIRT6 in tumorigenesis are controversial.
Their potential roles as tumor promoters and tumor suppressors
have been suggested in various reports [24-26]. Recently, SIRT4
has been suggested as a tumor suppressor by regulating DNA
damage response pathways [27].

Concerning to the role of SIRT1 in human malignant tumors
most studies demonstrated that the expression of SIRT1 in human
tissue related to the survival of cells and present benefits to the
survival of cells despite some controversies [3,5-7,10,11]. In
functioning cells and tissue, SIRT1 expression provides resistance
to various stresses and repairs genetic damage [1,9,28]. However,
when there are oncogenic signals, SIRT1 served to promote the
proliferation or survival of tumor cells [3,8]. In addition, the
expression of SIRT1 increased in human cancer tissue and during
experimental carcinogenesis [3,5,11,14,21]. This phenomenon
raised the question of whether the increased expression of SIRT1
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in cancer is the cause of the cancer or the consequence of the
deregulation of key factors involved in the development of cancer.
The expression of SIRT1 is positively controlled by the oncogenes
¢-Myc and N-Myc [3,6,7,29], and the function of SIRT1 is post-
transcriptionally regulated by CK2-mediated phosphorylation
[30] and post-transcriptionally repressed by microRNA-204
[31]. In addition, overexpression of SIRT1 induced chemoresis-
tance of cancer cells by up-regulating P-glycoprotein expression
[9]. The higher expression of SIRT1 in chemoresistant types of
cancer cells raises the possibility that the increased expression of
SIRTT in the poor prognostic group of cancer is the consequence
of the progression of cancer. However, ectopic expression of
SIRTT increases the proliferation of cancer cells and blocks stress-
induced apoptosis [3,4,8,9]. Especially, SIRT1 forms a positive
feedback loop with the oncogenes ¢-Myc and N-Myc [3,6,7,29]. In
addition, SIRT1 induces expression of tumor progressing targets
such as constitutive Wnt signaling pathway and survivin [3,32].
Furthermore, inhibition of SIRT1 inhibited the proliferation of
cancer cells and triggered cancer cell death [33-36]. Moreover,
SIRT1 mediated cellular proliferation was cancer specific. Knock-
down of SIRT1 enhanced apoptosis only in the cancer cells, but
not in normal cells [37]. The possibility that SIRT1 could be a
therapeutic target of human cancer has also been suggested in
xenograft tumorigenic assays. The SIRT1 inhibitor amurensin G
increased doxorubicin responsiveness in MCF-7 cells [38]. In
addition, SIRT1 inhibitor nicotinamide delayed tumor initiation
in c-Myc mediated liver-specific tumorigenesis in a murine model
[3].

In human cancers, SIRT1-mediated resistance to death closely
related with deacetylation-mediated inhibition of death-related
proteins such as P53 and FoxO3 [1,4]. Especially, the expression
of both SIRT1 and P53 were closely related with progression of
cancers and poor prognosis of cancer patients [3,5,10,11]. In this
study, the expression of SIRT1 and P53 were significantly
correlated. In addition, both of them predicted poor survival of
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Table 1. The expression of SIRT1, DBC1, P53, B-catenin, cyclin D1, and Ki67 according to the histological type of soft-tissue
sarcomas.

Histological type Total SIRT1 + DBC1 + P53 + p-catenin +  cyclin D1 + Ki67 index +
Leiomyosarcoma 20 13 (65%) 16 (80%) 13 (65%) 5 (25%) 16 (80%) 11 (55%)
Synovial sarcoma 16 13 (81%) 13 (81%) 9 (56%) 14 (88%) 14 (88%) 4 (25%)
Undifferentiated sarcoma 11 9 (82%) 10 (91%) 9 (82%) 7 (64%) 10 (91%) 10 (91%)
Myxoid liposarcoma 10 4 (40%) 4 (40%) 3 (30%) 1 (10%) 5 (50%) 6 (60%)
Well differentiated liposarcoma 4 3 (75%) 4 (100%) 0 (0%) 1 (25%) 2 (50%) 1 (25%)
Dedifferentiated liposarcoma 3 0 (0%) 0 (0%) 1 (33%) 0 (0%) 0 (0%) 1 (33%)
Ewing sarcoma 6 5 (83%) 4 (67%) 4 967%) 4 (67%) 5 (83%) 5 (83%)
Malignant peripheral nerve sheath tumor 6 6 (100%) 4 (67%) 1 (17%) 3 (50%) 4 (67%) 3 (50%)
Adult fibrosarcoma 5 4 (80%) 4 (80%) 1 (20%) 3 (60%) 3 (60%) 2 (40%)
Angiosarcoma 5 5 (100%) 4 (80%) 4 (80%) 4 (80%) 4 (80%) 5 (100%)
Myxofibrosarcoma 4 1 (25%) 2 (50%) 2 (50%) 1 (25%) 2 (50%) 3 (75%)
Epitheliod sarcoma 4 3 (75%) 3 (75%) 3 (75%) 1 (25%) 2 (50%) 4 (100%)
Alveolar rhabdomyosarcoma 3 3 (100%) 3 (100%) 2 (67%) 2 (67%) 3 (100%) 3 (100%)
Embryonal rhabdomyosarcoma 2 1 (50%) 1 (50%) 1 (50%) 0 (0%) 2 (100%) 1 (50%)
Pleomorphic rhabdomyosarcoma 2 2 (100%) 2 (100%) 1(50%) 2 (100%) 2 (100%) 1 (50%)
Low grade myofibroblastic sarcoma 2 1 (50%) 2 (100%) 1 (50%) 1 (50%) 1 (50%) 1 (50%)
Clear cell sarcoma 1 1 (100%) 1 (100%) 0 (0%) 1 (100%) 1 (100%) 0 (0%)
doi:10.1371/journal.pone.0074738.t001

sarcoma patients and were closely related with advanced
clinicopathological indicators of soft-tissue sarcomas. Although
the prognostic significance of P53 expression in soft-tissue
sarcomas is well-known [39,40], this study is the first to
demonstrate SIRT1 as a prognostic indicator of soft-tissue
sarcomas. In addition, our study suggests that SIRT1- and P53-
related pathways may also have roles in the tumorigenesis of soft-
tissue sarcoma. However, immunohistochemical identification of
P53 may not directly represent the functional status of P53,
especially without knowing mutational status of the TP53 gene.
Therefore, further study is needed to explore the exact mechanism
of SIRT1- and P53-related tumorigenesis of sarcoma.

The Wnt/B-catenin signaling pathway is critical to the survival
and proliferation of cells [41-44]. When the Wnt protein is
activated, B-catenin dissociates from the destructive complex and
translocates to the nuclei. In the nuclei, B-catenin binds to TCF
and induces downstream signaling that is involved in the
proliferation of cells [45]. Although, there are some controversies
[3], most studies have shown that nuclear expression of B-catenin
1s associated with the progression of human cancers. In human
sarcomas, nuclear expression of B-catenin predicted poor prog-
nosis of synovial sarcoma [46,47]. Our results have also indicated
that the expression of B-catenin and cyclin D1 are significantly
associated with shorter OS and EFS by univariate analysis.
Concerning the role of SIRT1, in addition to the role of SIRT1 as
an epigenetic acetylation modifier, SIRT1 could induce the
expression of various oncogenes and vice versa. The expression of
SIRT1 was reversibly controlled by the expressional status of
oncogene ¢-Myc [3,6,7]. SIRT1 also induces the transcription of c-
Myec, B-catenin and the down-stream cyclin D1, and survivin [3].
This study has also demonstrated a significant correlation between
the expression of SIRT1 and p-catenin, in addition to the
prognostic role of SIRT1 in soft-tissue sarcomas. Therefore, when
considering the signaling relationship between SIRT1 and pB-

catenin in carcinoma [3] and a possible relationship in sarcoma,
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Figure 2. Kaplan-Meier survival analysis of soft tissue sarcoma patients. Overall survival and event-free survival according to tumor stage
(A), histological grade (B), and the expression of SIRT1 (C), DBC1 (D), P53 (E), B-catenin (F), cyclin D1 (G), and Ki67 (H).

doi:10.1371/journal.pone.0074738.g002

our results suggest that SIRT1- and B-catenin-related signaling
may be involved in both carcinomas and sarcomas, and SIRT1-
and B-catenin-related signaling could be therapeutic targets for the
treatment of soft-tissue sarcomas.

In this study, the pro-proliferative role of SIRT1 and B-catenin
in sarcoma is supported by significant correlations of their
expression with higher mitotic count and Ki67 index. The mean
Ki67 index of SIRT1-expressing sarcomas was eight times higher
than SIRT'1-negative sarcomas (mean * standard error: 434 = 85
versus 59 * 24, 2-tailed t-test; P= 0.006). The sarcomas expressing
B-catenin or cyclin D1 also had a significantly higher Ki67 index
(2-tailed t-test; P=0.021 and P=0.014, respectively). A positive
correlation of SIRT1 expression and Ki67 index has also been
reported in liver cancer and the expression level of SIRT1 was
directly correlated with the proliferative potential of tumor cells
[3]. In addition, Ki67 index itself was predictive for OS and EFS

PLOS ONE | www.plosone.org

of soft-tissue sarcomas. In agreement with our findings, Ki67 as a
prognostic indicator of soft-tissue sarcomas has been reported in
the soft-tissue sarcoma [39,48] and malignant fibrous histiocytoma
[49].

In this report, we are the first to demonstrate that DBCI
expression in soft-tissue sarcoma significantly correlated with
higher tumor stage, higher histological grade, presence of distant
metastasis, and increased mitotic count. Moreover, DBC1
expression predicted shorter OS and EFS. In line with our results,
DBCI expression significantly correlated with the progression and
survival of human carcinomas, such as gastric carcinoma [5],
breast carcinoma [11], esophageal carcinoma [14], and diffuse
large B cell lymphoma [17]. Although DBC1 was first recognized
as a tumor suppressor because it is deleted in breast cancer [12]
and principally inhibits SIRT1 [10], recently there has been
increasing evidence that DBC1 has an important role in the
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Table 3. Univariate Cox regression analysis for overall survival and event-free survival in soft tissue sarcoma patients.
Characteristics N os EFS

HR (95% CI) P HR (95% ClI) P
Age, y, = 60 (vs < 60) 37/104 1.961 (1.129-3.405) 0.017 2.073 (1.261-3.408) 0.004
Sex, male (vs female) 59/104 1.290 (0.737-2.256) 0.373 1.201 (0.731-1.974) 0.470
Stage, lll and IV (vs | and 1) 51/104 5.400 (2.809-10.381) < 0.001 3.747 (2.205-6.367) < 0.001
Depth, deep (vs superficial) 65/104 3.735 (1.754-7.951) < 0.001 2.923 (1.614-5.296) < 0.001
Tumor size, > 5 cm (vs = 5 cm) 71/104 1.611 (0.856-3.029) 0.139 1.147 (0.675-1.947) 0.612
LN metastasis, presence (vs absence) 15/104 2.224 (1.138-4.345) 0.019 1.843 (0.982-3.460) 0.057
Distant metastasis, presence (vs absence) 31/104 4264 (2.433-7.472) < 0.001 4.953 (2.946-8.329) < 0.001
Histological Grade, 1 22/104 Ref < 0.001 Ref < 0.001
2 34/104 5.058 (1.467-17.437) 0.010 3.648 (1.460-9.110) 0.006
3 48/104 8.866 (2.670-29.442) <0.001 5.468 (2.272-13.161) < 0.001
Tumor necrosis, No necrosis 48/104 Ref <0.001 Ref 0.004
< 50% 42/104 3.464 (1.794-6.687) <0.001 2.481 (1.431-4.303) 0.001
= 50% 14/104 4.050 (1.767-9.283) <0.001 2.318 (1.092-4.924) 0.029
Tumor differentiation, 1 8/104 Ref 0.021 Ref 0.090
2 40/104 1.861 (0.540-6.416) 0.325 1.754 (0.603-5.099) 0.302
3 55/104 3.670 (1.102-12.221) 0.034 2.649 (0.940-7.459) 0.065
Mitotic count, 0-9/10 HPF 40/104 Ref 0.002 Ref < 0.001
10-19/10 HPF 22/104 3.572 (1.574-8.104) 0.002 3.261 (1.617-6.575) < 0.001
> 19/10 HPF 42/104 3.589 (1.717-7.499) < 0.001 2.993 (1.603-5.589) < 0.001
SIRT1, positive (vs negative) 74/104 7.357 (2.871-18.855) < 0.001 4.186 (2.055-8.525) < 0.001
DBC1, positive (vs negative) 77/104 2.338 (1.090-5.013) 0.029 2.761 (1.361-5.601) 0.005
P53, positive (vs negative) 55/104 4.303 (2.260-8.195) < 0.001 3.049 (1.790-5.195) < 0.001
B-catenin, positive (vs negative) 50/104 2.556 (1.423-4.591) 0.002 1.760 (1.071-2.894) 0.026
cyclin D1, positive (vs negative) 76/104 2.811 (1.342-5.888) 0.006 2.440 (1.269-4.689) 0.007
Ki67 index, > 10/5 HPF (vs = 10/5 HPF) 61/104 2.606 (1.418-4.790) 0.002 2.060 (1.219-3.480) 0.007
Abbreviations: OS, overall survival; EFS, event-free survival; HR, hazard ratio; 95% Cl, 95% confidence interval; HPF, high-power fields; LN, lymph node; SIRT1, silent
mating-type information regulation 2 homologue 1; DBC1, deleted in breast cancer 1; Ref, reference.
doi:10.1371/journal.pone.0074738.t003

Table 4. Multivariate Cox regression analysis for overall survival and event-free survival in soft tissue sarcoma patients.
Characteristics os EFS

HR (95% CI) P HR (95% CI) P
SIRT1, positive (vs negative) 10.062 (2.851-35.509) <0.001 2.459 (1.166-5.185) 0.018
P53, positive (vs negative) 2412 (1.074-5.421) 0.033 2.265 (1.298-3.952) 0.004
DBC1, positive (vs negative) 6.501 (2.160-19.565) <0.001
B-catenin, positive (vs negative) 2.491 (1.158-5.361) 0.020
Stage, Il and IV (vs | and 1) 3.424 (1.547-7.579) 0.002
Depth, deep (vs superficial) 2.927 (1.347-6.357) 0.007 2.128 (1.142-3.965) 0.017
Tumor necrosis, No necrosis Ref 0.007 Ref 0.035
< 50% 3.163 (1.507-6.641) 0.002 1.785 (1.019-3.126) 0.043
= 50% 1.566 (0.651-3.767) 0317 0.799 (0.355-1.796) 0.587
Distant metastasis, presence (vs absence) 3.263 (1.827-5.827) < 0.001
Abbreviations: OS, overall survival; EFS, event-free survival; HR, hazard ratio; 95% Cl, 95% confidence interval; SIRT1, silent mating-type information regulation 2
homologue 1; DBC1, deleted in breast cancer 1; HPF, high-power fields; Ref, reference.
doi:10.1371/journal.pone.0074738.t004
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progression of human cancers via various cellular pathways
[13,15]. In addition, co-expression of DBC1 and SIRTI in
human cancers is becoming a more common phenomenon, as
presented in hepatocellular carcinoma [50], gastric carcinoma [5],
and breast carcinoma [11]. Our result also has shown that the
expression of DBC1 and SIRT' are positively correlated and both
closely related with poor prognosis of sarcoma. These findings
raised the possibility that increased expression of DBCI in
advanced cancer could be a consequence of tumor progression.
However, recent evidence has shown that DBC1 has its own role
in the progression of human cancers by inhibiting the tumor
suppressors BRCA1 [13] and SUV39H1 methyltransferase [15],
and is involved in the regulation of androgen receptor [16] and
estrogen receptor o [51]. Recent report has shown that DBC1
inhibit anoikis by activating the NF-kB pathway [52]. In our
study, the expression of DBC1 was significantly correlated with the
expression of B-catenin, cyclin D1, and P53. Therefore, our results
suggest that DBC1 may also be involved in the development and
progression of sarcoma in conjunction with various oncogenic
signals.

In breast cancer patients, DBC1 expression was associated with
shorter survival in the subpopulation who received adjuvant
chemotherapy and/or endocrine therapy [l1]. In addition,
depletion of DBC1 increased hormone-independent apoptosis of
breast cancer cells [53] and inhibited proliferation and invasion of
esophageal cancer cells [14]. Therefore, DBCI1 inhibition in
combination with conventional anti-cancer therapy might be
effective. Especially, in situations where the DBCI-SIRTI
interaction is weak, the depletion of DBC1 induced breast cancer
cell death in response to ultraviolet irradiation [54]. Accordingly,
the application of DBC1-targetted therapy could be applicable in
cancers where the SIRT1-DBCI interaction has been deregulated.
However, previous studies which have examined the use of DBC1
as a therapeutic target of human cancer have been limited.
Therefore further study is needed and we suggest that DBC1-
targeted therapy may also be applicable to the treatment of the
unfavorable group of sarcoma expressing DBC1.

In conclusion, this study is the first to demonstrate that the
expression of SIRT1 and DBC1 could be used as novel prognostic
indicators of soft-tissue sarcoma. In addition, SIRT1, B-catenin,
and DBC1-related pathways may be involved in the progression of
sarcomas and could be new therapeutic targets for the treatment of
soft-tissue sarcomas. However, the soft-tissue sarcomas included in
this study were heterogeneous. Therefore, further study focused on
specific types of soft-tissue sarcoma is needed to understand the
exact role of SIRT'1- and DBC1-related pathways in sarcomas and
determine the best use of them as therapeutic targets for the
treatment of specific types of soft-tissue sarcoma.

Materials and Methods
Ethics

This study obtained institutional review board approval from
Chonbuk National University Hospital. Written informed consent
was provided according to the Declaration of Helsinki.

Patients and samples

One hundred forty-seven cases of soft-tissue sarcoma patients
who underwent curative surgical resection in Chonbuk National
University Hospital between July 1998 and December 2011 were
included in the present study. However, original H&E slides,
paraffin-embedded tissue blocks, or clinical information were not
available in thirty-six cases. All of histological types of tumor and
histologic grading were retrospectively reviewed in the remaining
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one hundred eleven cases according to the 2013 World Health
Organization classification of tumors of soft tissue and bone [18].
Among the eleven well differentiated liposarcoma, seven cases
were excluded in this study because these cases were atypical
lipomatous tumor according to the 2013 World Health Organi-
zation classification of tumors of soft tissue and bone [18]. Four
cases of well differentiated liposarcoma developed in retroper-
itonium were included in this study. Therefore, 104 cases of soft-
tissue sarcoma were finally included in this study. Clinical
information was obtained by reviewing medical records. Forty-
one patients received adjuvant chemotherapy, thirty-four patients
received radiation therapy, sixteen received both adjuvant
chemotherapy and radiation therapy, and forty-five patients
received no adjuvant treatment. The sarcomas included in this
study according to the histological types were 20 leiomyosarcoma,
16 synovial sarcoma, 11 undifferentiated sarcoma, 10 myxoid
liposarcoma, 4 well differentiated liposarcoma, 3 dedifferentiated
liposarcoma, 6 Ewing sarcoma, 6 malignant peripheral nerve
sheath tumor, 5 adult fibrosarcoma, 5 angiosarcoma, 4 myxofi-
brosarcoma, 4 epithelioid sarcoma, 3 alveolar rhabdomyosarco-
ma, 2 embryonal rhabdomyosarcoma, 2 pleomorphic rhabdo-
myosarcoma, 2 low grade myofibroblastic sarcoma, and one clear
cell sarcoma. Histological grading was performed according to the
FNCLCC (French Fédération Nationale des Centres de Lutte
Clontre le Cancer) system [18]. Staging of soft-tissue sarcoma was
based on both histological and clinical information according to
the guidelines of the tumor, node, and metastasis staging system of
the American Joint Committee on Cancer [55]. The patients were
grouped according to their sex, age (< 60 years versus = 60 years),
tumor stage (I and II versus I1I and 1V), depth of tumor (superficial
versus deep), tumor size (= 5 cm versus > 5 cm), histological grade,
tumor necrosis, tumor differentiation, mitotic count, and the
presence of lymph node metastasis or distant metastasis.

Establishment of tissue microarray and
immunohistochemical staining

Tissue microarray was established from the most representative
solid area of tumor from the paraffin-embedded tissue blocks after
review of original H&E slides. The size of the tissue cores was
3.0 mm and one core per case was isolated from the area of
highest histological grade. Immunohistochemical staining was
performed on 4 um thick sections of tissue microarray slides. The
antigen retrieval procedure in sodium citrate buffer was performed
after deparaffinization. Antibodies used were: SIRT1 (1:50, Santa
Cruz Biotechnology, clone H-300, CA, USA), DBC1 (1:100,
Bethyl Laboratories, Mongomery, TX, USA), P53 (1:50, Novo-
castra, clone DO-7, Newcastle, UK), B-catenin (1:100, BD
Transduction Laboratories, clone 14/Beta-Catenin, CA, USA),
cyclin D1 (1:100, Cell Signaling Technology, clone 92G2, MA,
USA), and Ki67 (1:100, DAKO, clone MIBI, Glostrup, Den-
mark). The precise immunohistochemical staining conditions are
summarized in Table S1. Immunohistochemical scoring was
performed without knowledge of the clinicopathological informa-
tion under a multi-viewing microscope by two pathologists (Jang
KY and Kim KM) by consensus. Immunostaining for SIRT1,
DBC1, P53, B-catenin, and cyclin D1 were evaluated to estimate
the nuclear positivity of tumor cells according to the Allred scoring
system [56]. The nuclear staining intensity was scored as 0 (no
staining), 1 (weak staining), 2 (intermediate staining), and 3 (strong
staining). The area of staining was evaluated using the following
sore: 0, no staining cells; 1, 1% of the cells stained positive; 2, 2—
10% of the cells stained positive; 3, 11-33% of the cells stained
positive; 4, 34-66% of the cells stained positive; 5, 66-100% of the
cells stained positive. Thereafter, the sum of intensity score and
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proportion score was used for further analysis. The maximum sum
score was 8 and the minimum sum score was zero. For the
evaluation of immunostaining of Ki67, the number of Ki67-
positive cells were counted in five high power fields (Ki67 index).
Counting was performed under a Nikon ECLIPSE 50i light
microscope with a 10x eyepiece with a 22 mm field of view and a
40x objective lens. The field size was 0.55 mm and the total area

analyzed per case was 1.188 mm?

Statistical analysis

Immunohistochemical expression of SIRT1, DBCI1, P53, B-
catenin, and cyclin D1 were grouped as positive or negative by
receiver operating characteristic curve analysis at the highest
positive likelihood ratio point. The cut-off point for the sum score
of SIRT1, DBCI, B-catenin, and cyclin D1 immunostaining was
six, and that was seven for P53 staining. The immunohistochem-
ical staining for SIRT1, DBCI1, B-catenin, and cyclin D1 were
scored positive when the sum score was greater than or equal to six
and P53 immunostaining was scored positive when the sum score
was greater than or equal to seven. Cut-off numbers for the Ki67
index were also determined by receiver operating characteristic
curve analysis at the highest positive likelihood ratio point. The
cut-off points were eleven Ki67-positive tumor cells in five high
power fields. Pearson’s chi-square test was used to analyze the
association between staining index and other clinical pathological
factors. The end points of interest were overall survival (OS) and
event-free survival (EFS). The follow-up end point was the date of
last contact or death through October 2012. OS was measured
from the date of diagnosis to the date of death or last contact.
Patients who were alive at last contact were treated as censored for
OS analysis. EFS was calculated as the time from diagnosis to the
date of local relapse, distant metastasis, death, or last contact.

References

1. Chen WY, Wang DH, Yen RC, Luo J, Gu W, et al. (2005) Tumor suppressor
HIC1 directly regulates SIRT1 to modulate p53-dependent DNA-damage
responses. Cell 123: 437-448.

2. Imai SI, Armstrong CM, Kaeberlein M, Guarente L (2000) Transcriptional
silencing and longevity protein Sir2 is an NAD-dependent histone deacetylase.
Nature 403: 795-799.

3. Jang KY, Noh SJ, Lehwald N, Tao GZ, Bellovin DI, et al. (2012) SIRT1 and c-
Myc promote liver tumor cell survival and predict poor survival of human
hepatocellular carcinomas. PLoS One 7: ¢45119.

4. Brunet A, Sweeney LB, Sturgill JF, Chua KF, Greer PL, et al. (2004) Stress-
dependent regulation of FOXO transcription factors by the SIRT1 deacetylase.
Science 303: 2011-2015.

5. Cha EJ, Noh SJ, Kwon KS, Kim CY, Park BH, et al. (2009) Expression of
DBC1 and SIRT1 is associated with poor prognosis of gastric carcinoma. Clin
Cancer Res 15: 4453-4459.

6. Mao B, Zhao G, Lv X, Chen HZ, Xue Z, et al. (2011) Sirt] deacetylates c-Myc
and promotes c-Myc/Max association. Int J Biochem Cell Biol 43: 1573-1581.

7. Menssen A, Hydbring P, Kapelle K, Vervoorts J, Diebold J, et al. (2012) The c-
MYC oncoprotein, the NAMPT enzyme, the SIRT l-inhibitor DBC1, and the
SIRT1 deacetylase form a positive feedback loop. Proc Natl Acad Sci U S A 109:
E187-196.

8. Liang XJ, Finkel T, Shen DW, Yin JJ, Aszalos A, et al. (2008) SIRT1 contributes
in part to cisplatin resistance in cancer cells by altering mitochondrial
metabolism. Mol Cancer Res 6: 1499-1506.

9. Chu F, Chou PM, Zheng X, Mirkin BL, Rebbaa A (2005) Control of multidrug
resistance gene mdrl and cancer resistance to chemotherapy by the longevity
gene sirtl. Cancer Res 65: 10183-10187.

10. Jang KY, Hwang SH, Kwon KS, Kim KR, Choi HN, et al. (2008) SIRT1
expression is associated with poor prognosis of diffuse large B-cell lymphoma.
Am J Surg Pathol 32: 1523-1531.

11. Lee H, Kim KR, Noh SJ, Park HS, Kwon KS, et al. (2011) Expression of DBC1
and SIRT1 is associated with poor prognosis for breast carcinoma. Hum Pathol
42: 204-213.

12. Hamaguchi M, Meth JL, von Klitzing C, Wei W, Esposito D, et al. (2002)
DBC2, a candidate for a tumor suppressor gene involved in breast cancer. Proc
Natl Acad Sci U S A 99: 13647-13652.

PLOS ONE | www.plosone.org

SIRT1 and DBC1 in Sarcoma

Patients who were alive at last contact and who did not experience
local relapse or distant metastasis were treated as censored for EFS
analysis. Univariate and multivariate Cox proportional hazard
regression analyses were performed to estimate the impact on OS
and EFS. Kaplan-Meier survival curves were constructed to
further illustrate the impact of OS and EFS where indicated.
Statistical analysis performed by using SPSS software (version
18.0). P values less than 0.05 were considered statistically
significant.

Supporting Information

Figure S1 Kaplan-Meier survival analysis in the sub-
group of patients with soft tissue sarcoma according to
the tumor stage and histological grade. Relationship of
SIRT1 expression to overall survival and event-free survival in low
stage (stage I and II) (A), high stage (stage III and IV) (B), low
histological grade (grade 1) (C), and high histological subgroup
(grade 2 and 3) (D) subgroups.

(TIF)

Table S1 Summary of antibodies and conditions used for
immunohistochemical staining.

DOC)

Author Contributions

Conceived and designed the experiments: JRK YJM KSK JSB TKY HSP
JHL WSM HL MJC KY]J. Performed the experiments: JRK YJM KSK
JSB SW TKY KMK HSP JHL WSM HL MJC KY]J. Analyzed the data:
JRK YJM KSK TKY KMK JHL WSM HL KY]J. Contributed reagents/
materials/analysis tools: JRK YJM JSB SW TKY KMK HSP JHL HL
MJC KYJ. Wrote the paper: JRK YJM KSK JSB SW TKY KMK HSP
JHL WSM HL MJC KYJ.

13. Hiraike H, Wada-Hiraike O, Nakagawa S, Koyama S, Miyamoto Y, et al.
(2010) Identification of DBC1 as a transcriptional repressor for BRCAL. Br J
Cancer 102: 1061-1067.

14. Kim SH, Kim JH, Yu EJ, Lee KW, Park CK (2012) The overexpression of
DBCI in esophageal squamous cell carcinoma correlates with poor prognosis.
Histol Histopathol 27: 49-58.

15. Li Z, Chen L, Kabra N, Wang C, Fang J, et al. (2009) Inhibition of SUV39H1
methyltransferase activity by DBC1. J Biol Chem 284: 10361-10366.

16. Fu J, Jiang J, Li J, Wang S, Shi G, et al. (2009) Deleted in breast cancer 1, a
novel androgen receptor (AR) coactivator that promotes AR DNA-binding
activity. ] Biol Chem 284: 6832-6840.

17. Park HS, Bae JS, Noh SJ, Kim KM, Lee H, et al. (2013) Expression of DBC1
and Androgen Receptor Predict Poor Prognosis in Diffuse Large B Cell
Lymphoma. Transl Oncol 6: 370-381.

18. Fletcher CDM, Bridge JA, Hogendoorn PCW, Mertens F (2013) WHO
classification of tumours of soft tissue and bone. Lyon, France: IARC Press.

19. Dickson BC, Riddle ND, Brooks JS, Pasha TL, Zhang PJ (2013) Sirtuin 1
(SIRT1): a potential immunohistochemical marker and therapeutic target in soft
tissue neoplasms with myoid differentiation. Hum Pathol 44: 1125-1130.

20. Jin Q, Yan T, Ge X, Sun C, Shi X, et al. (2007) Cytoplasm-localized SIRT1
enhances apoptosis. ] Cell Physiol 213: 88-97.

21. Liu T, Liu PY, Marshall GM (2009) The critical role of the class III histone
deacetylase SIRT1 in cancer. Cancer Res 69: 1702-1705.

22. Liu PY, Xu N, Malyukova A, Scarlett CJ, Sun YT, et al. (2013) The histone
deacetylase SIRT?2 stabilizes Myc oncoproteins. Cell Death Differ 20: 503-514.

23. Marshall GM, Gherardi S, Xu N, Neiron Z, Trahair T, et al. (2010)
Transcriptional upregulation of histone deacetylase 2 promotes Myc-induced
oncogenic effects. Oncogene 29: 5957-5968.

24. Alhazzazi TY, Kamarajan P, Verdin E, Kapila YL (2011) SIRT3 and cancer:
tumor promoter or suppressor? Biochim Biophys Acta 1816: 80-88.

25. Khongkow M, Olmos Y, Gong C, Gomes AR, Monteiro L], et al. (2013) SIRT6
modulates paclitaxel and epirubicin resistance and survival in breast cancer.
Carcinogenesis 34: 1476-1486.

26. Sebastian C, Zwaans BM, Silberman DM, Gymrek M, Goren A, et al. (2012)
The histone deacetylase SIRT6 is a tumor suppressor that controls cancer
metabolism. Cell 151: 1185-1199.

27. Jeong SM, Xiao C, Finley LW, Lahusen T, Souza AL, et al. (2013) SIRT4 has

tumor-suppressive activity and regulates the cellular metabolic response to DNA

September 2013 | Volume 8 | Issue 9 | e74738



28.

31

32.

33.

34.

36.

37.

38.

39.

40.

41.

damage by inhibiting mitochondrial glutamine metabolism. Cancer Cell 23:
450-463.

Lee JH, Song MY, Song EK, Kim EK, Moon WS, et al. (2009) Overexpression
of SIRT'1 protects pancreatic beta-cells against cytokine toxicity by suppressing
the nuclear factor-kappaB signaling pathway. Diabetes 58: 344-351.

. Marshall GM, Liu PY, Gherardi S, Scarlett CJ, Bedalov A, et al. (2011) SIRT1

promotes N-Myc oncogenesis through a positive feedback loop involving the
effects of MKP3 and ERK on N-Myc protein stability. PLoS Genet 7: e1002135.

. Kang H, Jung JW, Kim MK, Chung JH (2009) CK2 is the regulator of SIRT1

substrate-binding affinity, deacetylase activity and cellular response to DNA-
damage. PLoS One 4: ¢6611.

Zhang L, Wang X, Chen P (2013) MiR-204 down regulates SIRT1 and reverts
SIRT1-induced epithelial-mesenchymal transition, anoikis resistance and
invasion in gastric cancer cells. BMC Cancer 13: 290.

Holloway KR, Calhoun TN, Saxena M, Metoyer CF, Kandler EF, et al. (2010)
SIRT1 regulates Dishevelled proteins and promotes transient and constitutive
Whnt signaling. Proc Natl Acad Sci U S A 107: 9216-9221.

Kojima K, Ohhashi R, Fujita Y, Hamada N, Akao Y, et al. (2008) A role for
SIRT1 in cell growth and chemoresistance in prostate cancer PC3 and DU145
cells. Biochem Biophys Res Commun 373: 423-428.

Lara E, Mai A, Calvanese V, Altucci L, Lopez-Nieva P, et al. (2009) Salermide,
a Sirtuin inhibitor with a strong cancer-specific proapoptotic effect. Oncogene

28: 781-791.

. Ota H, Tokunaga E, Chang K, Hikasa M, Iijima K, et al. (2006) Sirt1 inhibitor,

Sirtinol, induces senescence-like growth arrest with attenuated Ras-MAPK
signaling in human cancer cells. Oncogene 25: 176-185.

Peck B, Chen CY, Ho KK, Di Fruscia P, Myatt SS, et al. (2010) SIRT inhibitors
induce cell death and p53 acetylation through targeting both SIRT1 and
SIRT2. Mol Cancer Ther 9: 844-855.

Ford J, Jiang M, Milner J (2005) Cancer-specific functions of SIRT1 enable
human epithelial cancer cell growth and survival. Cancer Res 65: 10457-10463.
Oh WK, Cho KB, Hien TT, Kim TH, Kim HS, et al. (2010) Amurensin G, a
potent natural SIRT1 inhibitor, rescues doxorubicin responsiveness via down-
regulation of multidrug resistance 1. Mol Pharmacol 78: 855-864.

Drobnjak M, Latres E, Pollack D, Karpeh M, Dudas M, et al. (1994) Prognostic
implications of p53 nuclear overexpression and high proliferation index of Ki-67
in adult soft-tissue sarcomas. J Natl Cancer Inst 86: 549-554.

Wurl P, Meye A, Lautenschlager C, Schmidt H, Bache M, et al. (1999) Clinical
relevance of pRb and p53 co-overexpression in soft tissue sarcomas. Cancer Lett
139: 159-165.

Calvisi DF, Factor VM, Ladu S, Conner EA, Thorgeirsson SS (2004) Disruption

of beta-catenin pathway or genomic instability define two distinct categories of

liver cancer in transgenic mice. Gastroenterology 126: 1374-1386.

PLOS ONE | www.plosone.org

10

42.

43.

44.

46.

47.

48.

50.

51.

52.

56.

SIRT1 and DBC1 in Sarcoma

Lehwald N, Tao GZ, Jang KY, Papandreou I, Liu B, et al. (2012) B-catenin
regulates hepatic mitochondrial function and energy balance in livers of mice.
Gastroenterology 143: 754-764.

Lehwald N, Tao GZ, Jang KY, Sorkin M, Knoefel WT, et al. (2011) Wnt—f-
catenin signaling protects against hepatic ischemia and reperfusion injury in
mice. Gastroenterology 141: 707-718.

Wong CM, Fan ST, Ng IO (2001) beta-Catenin mutation and overexpression in
hepatocellular carcinoma: clinicopathologic and prognostic significance. Cancer
92: 136-145.

. Nelson WJ, Nusse R (2004) Convergence of Wnt, beta-catenin, and cadherin

pathways. Science 303: 1483-1487.

Hasegawa T, Yokoyama R, Matsuno Y, Shimoda T, Hirohashi S (2001)
Prognostic significance of histologic grade and nuclear expression of beta-catenin
in synovial sarcoma. Hum Pathol 32: 257-263.

Engellau J, Bendahl PO, Persson A, Domanski HA, Akerman M, et al. (2005)
Improved prognostication in soft tissue sarcoma: independent information from
vascular invasion, necrosis, growth pattern, and immunostaining using whole-
tumor sections and tissue microarrays. Hum Pathol 36: 994-1002.

Hoos A, Stojadinovic A, Mastorides S, Urist B, Marshall J, et al. (2001) High Ki-
67 proliferative index predicts disease specific survival in patients with high-risk
soft tissue sarcomas. Cancer 92: 869-874.

Engellau J, Persson A, Bendahl PO, Akerman M, Domanski HA, et al. (2004)
Expression profiling using tissue microarray in 211 malignant fibrous
histiocytomas confirms the prognostic value of Ki-67. Virchows Archiv 445:
224-230.

Bae HJ, Chang YG, Noh JH, Kim JK, Eun JW, et al. (2012) DBC1 does not
function as a negative regulator of SIRT1 in liver cancer. Oncology Letters 4:
873-877.

Trauernicht AM, Kim SJ, Kim NH, Boyer TG (2007) Modulation of estrogen
receptor alpha protein level and survival function by DBC-1. Mol Endocrinol
21: 1526-1536.

Park SH, Riley Pt, Frisch SM (2013) Regulation of anoikis by deleted in breast
cancer-1 (DBC1) through NF-kappaB. Apoptosis 18: 949-962.

. Trauernicht AM, Kim SJ, Kim NH, Clarke R, Boyer TG (2010) DBC-1

mediates endocrine resistant breast cancer cell survival. Cell Cycle 9: 1218~

1219.

. Kim W, Kim JE (2013) Deleted in breast cancer 1 (DBC1) deficiency results in

apoptosis of breast cancer cells through impaired responses to UV-induced DNA
damage. Cancer Lett 333: 180-186.

. Edge S, Cancer AJCo (2010) AJCC cancer staging handbook: From the AJCC

cancer staging manual. New York, NY: Springer.

Allred DC, Harvey JM, Berardo M, Clark GM (1998) Prognostic and predictive
factors in breast cancer by immunohistochemical analysis. Mod Pathol 11: 155—
168.

September 2013 | Volume 8 | Issue 9 | e74738



