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ZNF797 plays an oncogenic role in gastric cancer
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work of transcription factors and signaling
for continuation of this trait. ZNF797 (SALL4)

ain reaction. Greater than a 2-fold increase in SALL4 expression
was detected in 89.5% of tumors vs normal related tissues. SALL4
expression was significantly correlated with tumor cell metastasis to
lymph nodes, especially in moderately differentiated tumor samples
(P < 0.05). Furthermore, higher levels of SALL4 mRNA expression
were significantly associated with younger patients with tumor cells
in stages I and II (P < 0.05). These results indicate a relationship
between SALL4 expression and tumor cell metastasis to lymph nodes
and consequent progression of tumors to advanced stages III and IV.
Along with the promising evidence of its role in self-renewal in various
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cancers, SALL4 is introduced as a potentially interesting therapeutic
target to reverse a number of aberrations that promote gastric tumor
development and maintenance. This result may lead to new approaches
for cancer therapy.
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INTRODUCTION

Annually, nearly 600,000 people die from the third most prevalent tumor type in the
world, gastric cancer (Pisani et al., 1999). Gastric cancer is also one of the most frequent ma-
lignancies in Iran. Several investigators have reported that in about 40-50% of gastric cancer
patients who undergo tumor resection, there is a subsequent metastasis through the blood-
stream or lymphatic circulation to other organs which decreases theif 5-year survival. There-
fore, early detection with accurate methods is significantly requizéd (Cenitagoya et al., 1998).
, was initially cloned

al properties of
NA and in some

, efficient proliferation/

stabilization, and cell fate decision (Zhan . ; i 009). It is also engaged in
the maintenance of human adult stem 2010). Depending on ESCs’
context, the transcription factor SA various transcriptional networks
involved in self-renewal and plugi rucial transcription factors and epi-
genetic modulators. SALL4 i ng gulation of chromatin remodeling by

bridging transcriptional re i Di ica€gulation in stem cells (Yang et al., 2008).
Having direct interactio ing'pathways such as Wnt and TGF-beta, SALL4

al., 2009). SALLA4 i i of the stemness state and survival, not only in sev-
eral types of no cancer cells and possibly cancer stem cells (Lim et
al., 2008). I n is normally restricted to CD34+ hematopoietic stem/
progenitor nd in adult mice, SALL4 is also predominantly expressed

numerous malignancie
myelodysplastic syndromies (Ma et al., 2000), acute myeloid leukemia (Shuai et al., 2009),
endometriotic samples’(Forte et al., 2009), ovarian germ cell tumors (Cao et al., 2009a), all
types of testicular germ cell tumors (GCTs) (Cao et al., 2009¢), all metastatic seminomas/
dysgerminomas and embryonal carcinomas (Cao et al., 2009b), and primary mediastinal yolk
sac tumors (Liu et al., 2010). It is suggested that SALL4 may not only be important in the
pathogenesis of GCTs, especially to maintain their poorly differentiated status, but can also
be used as a highly specific marker to confirm the germ cell origin of a metastatic tumor, due
to its sensitivity and specificity (Cao et al., 2009a,b,c). An intricate network of genetic and
epigenetic aberrations involving various signaling pathways is responsible for the develop-
ment of gastric cancer. Having considered its involvement in tumorigenesis, progression, and
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aggressiveness of various tumors, our aim in this study was to analyze SALL4 expression and
its impact on clinicopathological features in gastric cancer.

MATERIAL AND METHODS

Fresh tumor and distant tumor-free gastric tissues were obtained during gastric sur-
gery from 46 patients who had not received any other therapeutic intervention such as chemo-
or radiotherapy. After collection, the specimens were immediately treated with RNA later and
stored at -20°C until extraction. Histopathological characteristics such as tumor size, location,
and differentiation grading were recorded.

cDNA synthesis and quantitative RT-PCR

ive real-time PCR was
1a), containing ROX as
(Stratagene, La Jolla, CA,

RNA extractions and cDNA syntheses were performed. Quanti
carried out using SYBR green PCR Master Mix (Fermentas, Lith
a reference dye on a Stratagene Mx-3000P real-time thermocyc

to glyceraldehyde 3-phosphate dehydrogenase (GAPD
threshold cycle method. The PCR efficiencies for GA

on fluorescence intensity changes of samples
more than 2-fold increase in expression was ¢

Reverse primer sequence

CCGTGAAGACCAATGAGATCTC
GTCATTGATGGCAACAATATCCACT

SALL4
GAPDH

correlations between géne
sample z-test and ANQ
categorical data. P <0

Xpression and various histopathological features. An independent
A were also used to correlate gene expression levels and different
.05 was considered to be statistically significant.

RESULTS

Fresh-frozen gastric tumors and corresponding normal-margin specimens of 46 newly
diagnosed patients were obtained during surgery prior to any other treatments, ensuring that
histopathological characteristics of gastric tissues were not affected by therapeutic interven-
tion. According to microscopy, all tumor samples contained more than 75% tumor cells, with
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rare or no infiltrating cells. This procedure helped to ensure precise evaluation of gene expres-
sion in tumor cells compared to normal cells. SALL4 expression was analyzed by reverse
transcription and real-time PCR amplification. The mean age =+ standard deviation (SD) of the
enrolled patients was 53.80 = 14.89 years (age range = 21-86). Clinicopathological features of
the patients are presented in Table 2.

Table 2. Clinicopathological features of the patients and correlation with ZNF797.

Factor N (%) P value
Gender 0.030
Female 20 (43.5%)
Male 26 (56.5%)
Grade 0.020
PD 1(2.2%)
WD 29 (63%)

MD 16 (34.8%)
Tumor invasion 0.53

TI, T2 8 (17.4%)

T3, T4 38 (82.6%)
Stage 0.39

I 34 (73.9%)

v 12 (26.1%
Lymph node metastasis 0.047

NO

N1

N2
PD, WD, and MD = poorly, well, and moderately diffe
Upregulation of SALL4 in gastric s

We compared SALL4 i or specimens to their paired normal
specimens by quantitative real-ti overexpression of SALL4 mRNA was
detected in 40 of 46 tumor sp . The minimum and maximum mRNA ex-
pression changes were -5. tively (5.33 £ 3.59). Furthermore, the related
means and standard deyiati . .36'1n patients with SALL4 overexpression and 1.61
+2.42 in other patienfs. Fi i compares expression levels in the two groups.
Association i ith clinicopathological variables
We observ 4 gxpression correlated with multiple indices of poor prognosis.

SALLA4 expression wasignificantly associated with tumor cell metastasis to lymph nodes (P <
0.05). Of nine patients with lymph node metastasis, all (100%) overexpressed SALL4 (6.45 +
1.38), while in 15.2% éf patients (5 of 33) without metastasis to lymph nodes, SALL4 was not
overexpressed (4.68 + 3.72). Additional, expression of SALL4 was associated with the grade
of tumor cell differentiation. SALL4 overexpression was significantly correlated with gender
(P=0.030, correlation coefficient: 0.384). SALL4 gene expression was significantly higher in
males than in females (5.25 + 3.60 and 3.96 + 2.45, respectively). In advanced tumor stages
(stages Il and IV), a significant inverse correlation was observed between SALL4 overexpres-
sion and the number of involved lymph nodes (P = 0.006, correlation coefficient: -0.737). In
addition, in tumor samples without invasion to adventitia (T1, T2), SALL4 gene expression
significantly correlated with patient age (P = 0.033, correlation coefficient: -0.967).
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Figure 1. Schematically compared SALL4 m
specimens by quantitative real-time RT-PCR.,

DISCUSSION

the maintenance of humian adult stem cell properties (Yang et al., 2010). In stem cells, SALL4
functions as both an activator and a repressor of gene transcription depending on the cell con-
text. It suppresses important differentiation genes and activates key pluripotency genes (Elling
et al., 2006; Lim et al., 2008). It acts by regulating critical transcription factors and epigenetic
modulators to activate or repress different transcriptional networks in self-renewal and pluripo-
tency in ESCs, probably by recognizing specific DNA binding sites (Lim et al., 2008; Lu et al.,
2009). The transcriptional network of SALL4/OCT4/Nanog is crucial for the maintenance of
“stemness” of ESCs (Lim et al., 2008), whereas SALLA4, as a core factor, plays a dominant role
in this regulatory network (Yang et al., 2010). It activates OCT4 as a transcriptional factor and
interacts with Nanog in a protein-protein complex (Wu et al., 2006; Liang et al., 2008). Due to
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the same genomic binding sites of SALL4 and Nanog, reciprocal regulation of these proteins is
suggested in governing pluripotency and self-renewal of ESCs (Wu et al., 2006). Interestingly,
overexpression of OCT4 and Nanog has been shown in a gastric cell line and samples (Zhang
et al., 2010; Huang et al., 2012). These data, along with SALL4 overexpression, which is re-
ported here, lead us to hypothesize the existence of similar activated regulatory transcriptional
networks in gastric cancer playing essential roles in proliferation and self-renewal character-
istics of tumor cells. Considering the existence of the stemness regulatory network of SALL4/
OCT4/Nanog in gastric cells, we suggest that the pathogenesis of gastric malignancy maybe
related to abundance and contribution of stem cell-like cells in the tumors. Our results support
the hypothesis of cancer stem cell-based tumor development and progression.

Chromatin remodeling plays essential roles in stem cell fate decisions. SALL4 may
regulate this process by connecting transcriptional regulation and epigenetic regulation in stem
cells (Yang et al., 2008). SALL4 can recruit either the Mi-2/nucleosome remodeling and deacet-
ylase (NuRD) complex, epigenetic repressor, or histone methyltransferase complex to specific
promoter regions, resulting in histone deacetylation or H3K4 tri ylation, respectively. By
balancing the interactions with both complexes, it can repressr actiyate the transcription of

al., 2007). Bmi-1 is a component of a polycomb grou
maintain the transcriptionally repressive state of
out development (Rajasekhar and Begemann, 2
in significant correlation with lymph node
Furthermore, Bmi-1 is overexpressed in
depth of invasion, lymph node metastasi

LL4 overexpression
esenchymal transition.

(Luetal., 2012). Combining these d: that the role of SALL4 in lymph
node metastasis may be due to its tion of Bmi-1, leading to repression
of the genes involved in epith n conclusion, this study elucidates the
clinical importance of stem ssion at the mRNA level for the first time
in gastric cancer. We ha new molecular marker of metastatic tumor.
Its oncogenic role is ession in gastric cancer and its correlation with
lymph node metas i r prognosis. SALL4 overexpression may indicate

the existence of ork in gastric cells. This can support the hypothesis

epigenetic

expected to initiate a‘¢ascade gésulting in tumor invasion and metastasis.

ACKNOWLEDGM

The authors are grateful to colleagues in the Proteomics Research Center, Shahid
Behasti University.

REFERENCES

Cao D, Guo S, Allan RW, Molberg KH, et al. (2009a). SALL4 is a novel sensitive and specific marker of ovarian primitive
germ cell tumors and is particularly useful in distinguishing yolk sac tumor from clear cell carcinoma. Am. J. Surg.
Pathol. 33: 894-904.

Genetics and Molecular Research 13 (4): 8421-8427 (2014) ©FUNPEC-RP www.funpecrp.com.br



Oncogenic marker ZNF797 in gastric cancer 8427

Cao D, Humphrey PA and Allan RW (2009b). SALL4 is a novel sensitive and specific marker for metastatic germ cell
tumors, with particular utility in detection of metastatic yolk sac tumors. Cancer 115: 2640-2651.

Cao D, Li J, Guo CC, Allan RW, et al. (2009c). SALL4 is a novel diagnostic marker for testicular germ cell tumors. Am.
J. Surg. Pathol. 33: 1065-1077.

Cenitagoya GF, Bergh CK and Klinger-Roitman J (1998). A prospective study of gastric cancer. ‘Real” 5-year survival
rates and mortality rates in a country with high incidence. Dig. Surg. 15: 317-322.

Cui W, Kong NR, Ma Y, Amin HM, et al. (2006). Differential expression of the novel oncogene, SALL4, in lymphoma,
plasma cell myeloma, and acute lymphoblastic leukemia. Mod. Pathol. 19: 1585-1592.

Elling U, Klasen C, Eisenberger T, Anlag K, et al. (2006). Murine inner cell mass-derived lineages depend on Sall4
function. Proc. Natl. Acad. Sci. U. S. A. 103: 16319-16324.

Forte A, Schettino MT, Finicelli M, Cipollaro M, et al. (2009). Expression pattern of stemness-related genes in human
endometrial and endometriotic tissues. Mol. Med. 15: 392-401.

Frei E, Schuh R, Baumgartner S, Burri M, et al. (1988). Molecular characterization of spalt, a homeotic gene required for
head and tail development in the Drosophila embryo. EMBO J. 7: 197-204.

Huang ZJ, Wang R, Luo WY, Yi WC, et al. (2012). Expression of OCT4 in gastric cancer,cell lines and its significance.
Sichuan. Da Xue Xue Bao Yi Xue Ban 43: 812-815.

Kohlhase J, Schuh R, Dowe G, Kuhnlein RP, et al. (1996). Isolation, characterization,

organ-specific expression of two

Mol. Genet. 11: 2979-2987.
Kuhnlein RP and Schuh R (1996). Dual function of the region-s

system development. Development 122: 2215-2223.
Liang J, Wan M, Zhang Y, Gu P, et al. (2008). Nanog and Oc

in embryonic stem cells. Nat. Cell Biol. 10: 731-739,

derived stem cell lineages. Cell Stem. Cell 3:
Liu A, Cheng L, DuJ, Peng Y, etal. (2010). Dia

LulJ, Jeong HW, Kong N, Yang Y,

through an epigenetic repre
MaY, Cui W, Yang J, QuJ,
leukemia (AML) and i

review: roles of polycomb group proteins in development and disease:
8-2510.

Wu Q, Chen X, Zhang J, Loh YH§¢et al. (2006). Sall4 interacts with Nanog and co-occupies Nanog genomic sites in
embryonic stem cells. J. Biél. Chem. 281: 24090-24094.

Yang JC, Chai L, Liu F, Fi , et al. (2007). Bmi-1 is a target gene for SALL4 in hematopoietic and leukemic cells.
Proc. Natl. Acad. Sci. U. S. A. 104: 10494-10499.

Yang JC, Chai L, Fowles TC, Alipio Z, et al. (2008). Genome-wide analysis reveals Sall4 to be a major regulator of
pluripotency in murine-embryonic stem cells. Proc. Natl. Acad. Sci. U. S. A. 105: 19756-19761.

Yang JC, Gao C, Chai L and Ma Y (2010). A novel SALL4/OCT4 transcriptional feedback network for pluripotency of
embryonic stem cells. PLoS One 5: ¢10766.

Yuri S, Fujimura S, Nimura K, Takeda N, et al. (2009). Sall4 is essential for stabilization, but not for pluripotency, of
embryonic stem cells by repressing aberrant trophectoderm gene expression. Stem Cells 27: 796-805.

Zhang J, Tam WL, Tong GQ, Wu Q, et al. (2006). Sall4 modulates embryonic stem cell pluripotency and early embryonic
development by the transcriptional regulation of Pou5fl. Nat. Cell Biol. 8: 1114-1123.

Zhang J, Wang X, Chen B, Xiao Z, et al. (2010). The human pluripotency gene NANOG/NANOGPS is expressed in

gastric cancer and associated with tumor development. Oncol. Lett. 1: 457-463.

Genetics and Molecular Research 13 (4): 8421-8427 (2014) ©FUNPEC-RP www.funpecrp.com.br



