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significantly poor prognosis than those with normal levels. Therefore, CEA and CA19-9 are
not sensitive diagnostic marker but useful marker for prognosis and recurrence.

CA 72-4

CA 72-4 is a carbohydrate tumor marker recognized by two monoclonal antibodies,
B72.3 and CC49 [18]. B72.3 antibody reacts with a tumor-associated glycoprotein called
TAG-72. Overall positivity of CA 72-4 is 30-40% in gastric cancer patients [14, 19, 20].
However, positive rate (diagnostic sensitivity) of CA 72-4 depends on tumor staging; about
10% for early (stages I-II) and over 50% for advanced (stages III and IV) diseases.
Combination of CA 72-4, CEA and CA19-9 improve the diagnostic sensitivity without
impairment of the diagnostic sensitivity. CA 72-4 is more sensitive than CEA and CA19-9 in
detecting recurrence of gastric cancer, indicating a useful marker for managing gastric cancer.
Multivariate analysis has shown that CA 72-4 is one of the independent prognostic factors for
gastric cancer [21].

Possible Serological Tumor Markers

Quantitatively measurable substances in sera that cause development and progression of
cancer can be tumor marker. Specificity of tumor markers depends on specificity of the
substances in tumor not in normal tissue. Mostly after H. pylori-related chronic gastritis,
gastric cancer develops by accumulation of various alterations of oncogenes, tumor
suppressor genes, DNA repair genes, growth factors/receptors, cell cycle regulators and cell
adhesion molecules and so on [22]. Many studies to elucidate whether these molecules and
gene products are tumor marker have been performed, and several are reported to be useful in
clinical diagnosis for detecting cancer, monitoring recurrence and foreseeing prognosis.
Those must be confirmed by multi-institutional prospective study.

Interleukin

Interleukins (ILs), inflammation-associated cytokines may serve as tumor marker
because development and growth/invasion of gastric cancer are associated with inflammatory
process. Interleukin-8 (IL-8) also acts as angiogenic factor for gastric cancer [23]. Serum
levels of IL-1 beta, IL-6 and IL-8 are significantly increased in gastric cancer patients in
comparison with those in controls, while tumor necrosis factor-alpha (TNF-alpha) serum
level is greatly reduced in patient group [24, 25]. One report demonstrated that serum IL-8
levels over cut-off point (1.77 pg/mL) occurred in almost all gastric cancer patients but in
only few (less than 1%) controls [26]. Preoperative serum levels of soluble IL-2 receptor (IL-
2R) in gastric cancer patients are significantly higher than those of normal controls [27]. IL-
2R levels are also significantly higher in patients with lymph-node metastasis than without
metastasis, suggesting a value for detecting metastatic disease preoperatively. Serum IL-12
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levels in gastric cancer patients are significantly higher than those of the healthy controls
[28]. There is no correlation between serum IL-12 and serum CEA, CA19-9 or CA 72-4, but
is significant relationship between serum IL-12 and soluble IL-2R levels. Serum IL-18 levels
in gastric cancer patients are significantly higher compared with the mean level in healthy
controls [29]. IL-18 levels decrease after surgical resection. Serum IL-18 level is identified as
an independent preoperative prognostic factor in multivariate survival analysis.

Growth Factor and Angiogenic Factor

Growth factors and angiogenic factors participate in tumor growth, invasion and
metastasis. Serum levels of vascular endothelial growth factor-A (VEGF-A) in gastric cancer
patients are significantly higher than those in controls [30]. There is a significant association
between serum VEGF-A levels and tumor stage, as well as invasion and metastasis. Serum
VEGF-A level is an independent prognostic factor for survival by multivariate regression
analysis. VEGE-C is a lymphangionenic factor and correlates with lymphatic vessel density.
Serum VEGEF-C levels are significantly higher in gastric cancer patients than in controls [31].
Increased serum levels of VEGF-C are associated with advanced stage and presence of
metastasis. Kaplan-Meier survival analysis reveals that VEGF-C is an indicator for poor
prognosis. Transforming growth factor (TGF)-betal is a negative regulatory factor for
epithelial cell growth and deregulation of TGF-beta system participates in cancer
proliferation. The mean level of serum TGF-betal of gastric cancer patients is significantly
higher than that of healthy controls [31]. Venous invasion is significantly correlated with
elevated serum TGF-beta-1 levels by logistical regression analysis. Hepatocyte growth factor
(HGF), identical to scatter factor, is a secretory glycoprotein from stromal fibroblasts and
macrophages that increases the motility of various types of cancer cells. The mean value of
serum HGF in gastric cancer patients is significantly higher than that in healthy controls, and
a significant increase in serum HGF levels is found in both early and advanced stage patients
compared with control subjects [33]. The serum HGF level is significantly higher in patients
with vessel invasion than in those without invasion.

Matrix Metalloproteinase

Matrix metalloproteinases (MMPs) induce extracellular matrix breakdown that is
associated with normal tissue remodeling and cancer invasion and metastasis. Both serum
and plasma MMP-9 levels correlate with active MMP-9 identified by zymography [34].
Serum MMP-11 levels are significantly elevated in gastric cancer patients compared with
those of the control subjects [35]. The positive expression of MMP-11 is well correlated with
metastasis of gastric cancer. High levels of MMP-10 are detected in serum samples from
most of the gastric cancer patients even at stage I, while some healthy individuals and
gastritis patients show high serum MMP-10 levels [36]. When the cutoff level for MMP-10 is
set at 200pg/mL, the sensitivity and specificity for detection of gastric cancer is 94% and
85%, respectively, indicating that MMP-10 is the most useful serum marker for gastric cancer
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screening. Abnormally high levels of serum tissue inhibitor of MMP (TIMP)-1 are detected
in 17% of gastric cancer patients with a specificity of 98% [37]. Serum TIMP-1 is positively
associated with depth of tumor invasion and metastasis. A higher serum TIMP-1 group is
significantly associated with poorer survival rates than the lower serum TIMP-1 group.

Cell Adhesion Molecules

E-cadherin is the most important cell adhesion molecule in gastric cancer. The mean of
serum soluble E-cadherin concentration is significantly higher in gastric cancer patients than
in healthy subjects. The concentrations correlate with tumor size [38]. Prospective study
revealed that the sensitivity for predicting disease recurrence using the cut-off level of
10,000ng/mL at 3months and at 6 months post-surgery was 47% and 59% respectively,
which was significantly better compared with the sensitivity of CEA [39]. Serum levels of
soluble intercellular adhesion molecules-1 (ICAM-1) are significantly increased in gastric
cancer patients. ICAM-1 concentrations are also significantly higher in patients with distant
metastasis and peritoneal spread [40].

Oncogene and Tumor Suppressor Gene

c-erbB2 (also known as HER-2), a member of EGFR family, encodes transmembrane
glycoprotein with tyrosine kinase activity and participates in tumor progression of gastric
cancer. Preoperative serum HER-2/c-erbB2 levels in gastric cancer patients are significantly
higher than those in controls [41]. Serum HER-2/c-erbB2 levels decrease significantly after
radical resection of the primary tumor and are an independent prognostic factor for survival.
One of the most frequent genetic alterations in human cancers is found in p53 tumor
suppressor gene. Serum p53 protein is detected in 35% of gastric cancer patients [42]. The
serum concentrations of the p53-positive patients are highly elevated compared with healthy
individuals. Alterations in p53 protein can be immunogenic and enable the formation of p53
serum autoantibodies [43]. p53 antibodies are detected in serum of 20% of gastric cancer
patients. All p53 antibody-positive patients have immunohistochemically p53-positive
tumors. A significant correlation of p53 antibody is found with a higher tumor stage and also
with a poor prognosis of survival.

DNA Methylation

Hypermethylation of CpG islands is associated with silencing of various tumor
suppressor genes, such as hMLHI, pl6 and E-cadherin, and participates in stomach
carcinogenesis [44]. Aberrant DNA methylation can be readily detected in tumor-derived
DNA recovered from the serum of gastric cancer patients. Many studies have been performed
to determine whether aberrant DNA methylation is useful diagnostic and prognostic marker
[45-48]. DNA methylation of p16 and E-cadherin is detected in serum of 30-50% of gastric
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cancer patients whereas none of the control serum shows aberrant methylation. Aberrant
methylation in serum DNA is accompanied with methylation in the corresponding tumor
samples. It is also reported that Aberrant methylation in serum DNA from gastric cancer
patients is found in APC (17%), hMLH1 (41%), TIMP3 (17%), DAP-kinase (48%), GSTP1
(15%), p15 (56%), and RARbeta (24%) [45, 47 ,48]. Some of the DNA methylation are
associated with tumor stage and prognosis. The combined use of certain methylation markers
will increase the significance of diagnostic value.

Histological Prognostic Factors

Genes and molecules participating in proliferation, invasion and metastasis such as
growth factors and their receptors, cell cycle regulators, cell adhesion molecules and matrix-
degrading enzymes are good prognostic factors [49] (Table 2). If the antibodies usable in
immunohistochemistry are available, the corresponding molecules must be diagnostic and
prognostic factors in histological sections.

Table 2. Histological prognostic factors of gastric cancer

Growth factor / cytokine EGF, TGF-alpha, EGF receptor, Her2/c-erbB2, IL-8§,
VEGF-A, VEGF-C

Cell cycle regulator cyclin E, CDC25B, p27

Cell adhesion molecules E-cadherin, Dysadherin, Cadherin-17, CD44v6,
CD44v9, Desmoglein-2, Claudin-18

Matrix metalloproteinase MMP

Others p53, HIF

Growth Factors, Cytokines and Angiogenic Factors

Gastric cancer cells express a variety of growth factors and their receptors to make an
autocrine and paracrine loops, participating in not only tumor growth but also invasion and
metastasis [50]. Simultaneous positive staining of EGF/TGF-alpha and EGF receptor (EGFR)
correlates with deep invasion, advanced stage and poor prognosis {49]. Multivariate analysis
reveals that EGFR overexpression is a possible independent unfavorable prognostic factor
[51]. The overexpression associated with gene amplification of the HER-2/c-erbB2 is
frequently associated with well differentiated type gastric cancer. HER-2/c-erbB2 protein
expression correlates with invasion and metastasis, and merges as an independent prognostic
indicator by the Cox regression model [52]. Neovascularization enhances the growth of
primary tumors and provides an avenue for hematogenous metastasis. Gastric cancer cells
produce various angiogenic factors, including VEGF, IL-8, basic fibroblast growth factor
(bFGF) and platelet-derived endothelial cell growth factor (PD-ECGF) [23, 53, 54].
Prognosis in gastric cancer patients with high IL-8 and VEGF expression levels is
significantly poorer than that with low expression levels [55]. In curatively treated gastric
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cancer patients, VEGF immunostaining correlates with worse survival in both univariate and
multivariate analyses [56].
Cell Cycle Regulators

Cell cycle checkpoints are regulatory pathway that control cell cycle transitions, DNA
replication and chromosome segregation. Abnormalities in cell cycle regulators are involved
in stomach carcinogenesis through genomic instability and unbridled cell proliferation. The
cyclin E gene is amplified in 15-20% of gastric cancer and the strong immunostaining of
cyclin E is found in 27% of gastric cancer, which is associated with tumor stage, invasion and
metastasis [57]. Strong immunostaining of CDC25B, a cell cycle-related phosphatase, is
detected in 49% of gastric cancer, which is also associated with tumor progression [58]. The
expression of p27°'"!, a cyclin-dependent kinase (CDK) inhibitor, is lost in over 50% of
gastric cancer immunohistochemically [59]. Decrease of p27-positive cells significantly
correlates with advanced tumor stage, depth of invasion and lymph-node metastasis. The
expression of p27 shows an inverse correlation with the expression of cyclin E [60]. Within
the cyclin E positive tumors, the five-year survival rate is higher in patients with a p27
positive tumor than in those with a p27 negative tumor. Furthermore, expression of
p21WAFYCIPL alone or in combination with p27 is associated with favorable prognosis [61].

Cell Adhesion Molecules

E-cadherin plays a major role in epithelial tissues to regulate morphogenesis and inhibit
cell infiltration, and loss of E-cadherin expression participates in invasion and metastasis.
Multivariate analyses reveal that reduced E-cadherin expression is an independent prognostic
factor [62]. Dysadherin is a cancer-associated cell membrane glycoprotein, down-regulates E-
cadherin expression and promotes metastasis [62]. The patients of gastric cancer with both
increased dysadherin and reduced E-cadherin have the worst prognosis although dysadherin
is not an independent factor. Cadherin-17, also called liver-intestine cadherin, is a structurally
unique member of the cadherin superfamily. Positive cadherin-17 staining is detected in 67%
of gastric cancer, which is associated with advanced tumor stage [63]. The prognosis of
patients with positive cadherin-17 staining is significantly poorer than that of the negative
cases. CD44 is an important cell adhesion molecule and its variants generated by alternative
splicing modulate cell to cell interaction, movement and finally metastatic potential. There is
a significant survival advantage in patients with expression of low CD44 sharing variant exon
6 (CD44v6) compared with those with high expression [64]. The expression of CD44v9 is
associated with not only tumor invasion, metastasis and advanced stage but also tumor
recurrence mortality of gastric cancer [65]. Desmoglein-2 is one of the components of the
cell-cell adherence junction. A Significant correlation is found between a decrease in
desmoglein-2 staining and loss of differentiation and peritoneal metastasis [66]. The
prognosis of patients with desmoglein-2 negative tumors is significantly worse than that of
those with positive tumors, while desmoglein-2 is not an independent prognostic factor by
multivariate analysis. Claudins are components of tight junction strand and create a barrier to
prevent paracellular transport of lipids and proteins. Claudin-18 immunostaining is reduced



Histological and Serological Tumor Markers of Gastric Cancer 101

in 58% of gastric cancer, which is associated with the intestinal mucin phenotype (MUC2 and
CD10) [67). In advanced cases, patients with gastric cancer showing reduced claudin-18
expression gave a significantly worse survival rate than those with preserved claudin-18
expression.

Matrix Metalloproteinases

A balance of the activities between matrix-degrading enzymes and their inhibitors is an
important in determining tumor invasion and metastasis. Among various MMPs, the
expression of MMP-7, also known as matrilysin, is correlated with vessel invasion and both
lymphatic and hematogenous metastasis [68]. Multivariate analysis reveals that MMP-7
expression status at the invasive front is an independent prognostic factor [69]. About 30% of
gastric cancer are positive for both MMP-1 and protease-activated receptor-1 (PAR-1)
immunohistochemically, which is associated with invasion and metastasis [70]. Multivariate
analysis indicates that combined MMP-1 and PAR-1 or PAR-1 alone is an independent
prognostic factor. MMP-2 immunostaining in cancer cells is associated with advanced stage,
depth of invasion, non-curative surgery, and poor survival, although MMP-2 was not an
independent prognostic factor [71]. MMP-10 staining is positive in 45% of gastric cancer,
which is associated with depth of tumor invasion [36]. The prognosis of patients with MMP-
10 positive tumor is significantly worse than that with negative tumors among advanced
gastric cancer cases.

Others

Concerning well-known tumor suppressor gene product p53, numerous reports studying
p53 abnormalities in gastric cancer in relation with patients’ prognosis have been published.
The prognostic impact of p53 remains controversial. There are reports indicating that
abnormal p53 expression significantly affects cumulative survival rate and that p53 status
also influences response to chemotherapy [72, 73}. Our immunohistochemical study on more
than 2500 cases of gastric cancer demonstrated no correlation between p53 expression and
clinicopathological parameters such as invasion and metastasis [S7]. Gastric cancers with
combined expression of p53 and hypoxia-inducible factor lalpha (HIF-lalpha) more
frequently show poorly differentiation, infiltrative growth and lymph-node metastasis
compared with the negative tumors [74]. Furthermore, the patients of gastric cancer with p53-
positive and HIF-1apha-positive show the worst prognosis. By multivariate analysis, HIF-
lalpha is found to be one of the independent prognostic factors. Cyclooxygenases (COXs)
catalyze the initial, rate-limiting steps of prostaglandin synthesis from arachidonic acid. A
cumulative survival is significantly worse in patients with strong COX-2 expression than in
those with weak expression, and COX-2 is an independent prognostic factor by multivariate
analysis [75]. CDX2, a transcription factor expressed in the intestine, is implicated in the
development and maintenance of the intestinal mucosa and is associated with intestinal type
gastric cancer. CDX2 immunostaining in the nucleus is detected in 60-70% of intestinal type
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gastric cancer. Multivariate analysis for the overall survival rate reveals that CDX2 positive
gastric cancer patients survive significantly longer than CDX2 negative patients, indicating
that CDX2 is an independent prognostic factor {76, 77].

Search for Novel Tumor Markers through
Global Analysis of Gene Expression

Identification of novel biomarkers for diagnosis and novel targets for treatment is a major
goal in conquest of gastric cancer. Transmembrane or secretory proteins expressed
specifically in cancer may be ideal markers for cancer diagnosis while genes and molecules
whose function is involved in the neoplastic process may constitute a therapeutic target.
Genome-wide study of gene expression is of great advantage to identify such novel targets.
Serial analysis of gene expression (SAGE) is a powerful technique to allow global analysis of
gene expression in a quantitative manner without a prior knowledge of the sequence of the
gene [78, 79]. We have performed on 5 samples of gastric cancer with different histology and
stages, and created one of the largest SAGE libraries of gastric cancer in the world,
containing a total of 137,706 expressed tags including unique 38,903 tags [80]. Sequence
data are publicly available at SAGEmap (GEO accession number GSE 545, SAGE Hiroshima
gastric cancer tissue). If a gene participates in tumor progression and specifically expressed
in cancer but not in normal tissues, the gene can be not only cancer-biomarker but also a
therapeutic target with minimal adverse effect [79]. By comparing SAGE libraries of gastric
cancer with those of various normal tissues in the SAGEmap database, we picked up 54
genes which were detected in our gastric cancer libraries but not in the libraries from 14
normal tissues including brain, lung, heart, liver, kidney, etc [36]. The expression of these
genes was validated in gastric cancers and normal human tissues by quantitative RT-PCR and
9 genes, APIN, TRAG3, CYP2WI1, MIA, MMP-10, DKK4, GWI112, REG4, and
HORMADI, were found to be cancer-specific.

Novel Serological Tumor Markers

REG4, regenerating islet-derived family gene member 4 (encoding Reg IV), was
originally cloned as an up-regulated gene in inflammatory bowel diseases [81]. CDX2
induces the expression of Reg IV, while Reg IV enhanced the expression of SOX9. Reg IV
immunostaining is detected in 30% of gastric cancer, which is associated with intestinal
mucin phenotype and neuroendocrine differentiation [82]. Reg IV expression in clinical
gastric cancer samples is significantly associated with resistance to the combination
chemotherapy of 5-FU and cisplatin, while no association is found between Reg IV
expression and tumor progression or prognosis [83]. Reg IV enhances peritoneal metastasis
through induction of AKT phosphorylation and bcl-2/bcl-XL expression in animal model that
is suppressed by Reg IV-siRNA treatment [84). Serum Reg IV concentration in presurgical
gastric cancer patients is significantly elevated even at stage I [83]. The diagnostic sensitivity
of serum Reg IV (36%) is much superior to that of serum CEA or CA19-9.



Histological and Serological Tumor Markers of Gastric Cancer 103

GW112, also called OLFM4 or hGC-1, was originally cloned from human myeloid cells
and encodes a secretory glycoprotein of 510 amino acids [85]. GW112 is normally expressed
in bone marrow, intestine and prostate and the expression is confirmed in inflamed mucosa of
ulcerative colitis and certain cancers [86, 87]. GW112 protein binds to GRIM-19,
participating in inhibition of apoptosis [88]. Because GW112 also interacts with cadherin and
lectins, GW112 may facilitate cell adhesion and invasion [89]. GW112 immunostaining is
found in epithelial cells at the bottom of crypt in small intestine but not detected in normal
colon. Strong GW 112 expression is detected in 60% of gastric cancer. An inverse correlation
is noticed between Reg IV positive and GW112 positive cases. High serum levels of GW112
are detected in 31% of gastric cancer patients regardless of tumor stage. Importantly, there is
no correlation between serum Reg IV and GW112 levels. Combination of Reg IV and
GW112 reveals a sensitivity of 57% in detecting gastric cancer. Therefore, combined
measurement of serum Reg IV and GW112 is novel and highly sensitive diagnostic marker.

Melanoma inhibitory activity (MIA) was first isolated as a secreted protein from
malignant melanoma cell lines [90]. MIA enhances invasion ability in gastric cancer cells
[36]. Immunostaining of MIA significantly correlates with depth of tumor invasion, lymph-
node metastasis and tumor stage. The patients with MIA-positive cancer show significantly
poorer prognosis than those with MIA-negative cancer. High level of MIA in serum is
detected only in stage IV patients.

MMP-10 is one of the cancer-specific genes identified by SAGE data analysis [36]. As
aforementioned above, the diagnostic sensitivity and specificity of serum MMP-10 is 94%
and 85%, respectively, indicating that MMP-10 is suitable for gastric cancer screening.

Novel Histological Tumor Markers

Signet-ring cell carcinoma is a unique subtype of adenocarcinoma that is characterized
by abundant intracellular mucin accumulation. Signet-ring cell carcinoma typically develops
in the stomach but also occurs in various organs such as the lung, breast and so on. In some
cases, the primary site of origin is difficult to determine. All signet-ring cell carcinomas of
the stomach and colorectum are immunohistochemically positive for Reg IV (figure 1),
whereas all of those of the lung and breast are negative for Reg IV [91]. Reg IV is a specific
histological marker for signet-ring cell carcinoma of gastrointestinal tract.

Gastric hepatoid adenocarcinoma is an extrahepatic tumor characterized by morphologic
similarities to hepatocellular carcinoma, and is known to have an aggressive clinical course
and poor survival. Screening for genes up-regulated in gastric cancer by comparing gene
expression profiles from SAGE and microarray identified the palate, lung, and nasal
epithelium carcinoma-associated protein (PLUNC) gene as one of the most up-regulated
genes by microarray [92]. Immunostaining for PLUNC reveals strong and extensive staining
of PLUNC in most of gastric hepatoid adenocarcinoma (figure 2), whereas only 7% of
conventional gastric cancers show focal immunostaining of PLUNC. The patients with
PLUNC positive gastric cancer show a significantly worse survival rate than those with
PLUNC negative tumor. PLUNC staining is also detected in liver metastases, whereas it not
observed in primary hepatocellular carcinoma or in normal adult or fetal liver. Therefore,
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PLUNC is a novel histological marker for gastric hepatoid adenocarcinoma, and PLUNC
immunostaining serves as a specific indicator to distinguish metastatic hepatoid
adenocarcinoma of the stomach in the liver from primary hepatocellular carcinoma.

Figure 2. Immunostaining of PLUNC in a hepatoid adenocarcinoma of the stomach.

Acknowledgments

The authors thank Ms. Kyoko Matsuura for her assistance in preparing the manuscript.

References

[1] Pisani P, Bray F, Parkin DM. Estimates of the world-wide prevalence of cancer for 25
sites in the adult population. Int. J. Cancer. 2002, 97:72-81.

[2] Parkin DM. International variation. Oncogene. 2004, 23:6329-6340.

[3] Ossandon FJ, Villarroel C, Aguayo F, Santibanez E, Oue N, Yasui W, Corvalan AH. In
silico analysis of gastric carcinoma serial analysis of gene expression libraries reveals
different profiles associated with ethnicity. Mol. Cancer. 2008, 7:22-30.

[4] Ohgaki H, Matsukura N. Stomach cancer. In: World Cancer Report, Eds B.W. Stewart,
P. Kleihues P. IARC Press, Lyon, 2003, pp194-197.



Histological and Serological Tumor Markers of Gastric Cancer 105

6]
(7]

(8]
(%]

(10]

(11]

(12]

(13]

[14]

(15]

(16]

[17]

(18]

[19]

Yasui W, Oue N, Ono S, Mitani Y, Ito R, Nakayama H. Histone acetylation and
gastrointestinal carcinogenesis. Ann. N.Y. Acad. Sci. 2003, 983:220-231.

Ushijima T, Sasako M. Focus on gastric cancer. Cancer Cell. 2004, 5:121-125.

Yasui W, Oue N, Kitadai Y, Nakayama H. Recent advances in molecular pathobiology
of gastric carcinoma. In: The diversity of gastric carcinoma. Eds M. Kaminishi, K.
Takubo and K. Mafune. Springer-Verlag, Tokyo, 2005, pp 51-71.

Yasui W, Sentani K, Motoshita J, Nakayama H. Molecular pathobiology of gastric
cancer (review). Scand. J. Surg. 2006, 95:225-231.

Seregni E, Ferrari L, Martinetti A, Bombardieri E. Diagnostic and prognostic tumor
markers in the gastrointestinal tract. Semin. Surg. Oncol. 2001, 20:147-166.

Miki K, Urita Y. Using serum pepsinogens wisely in a clinical practice. J. Dig. Dis.
2007, 8:8-14.

Miki K, Morita M, Sasajima M, Hoshina R, Kanda E, Urita Y. Usefulness of gastric
cancer screening using the serum pepsinogen test method. Am. J. Gastroenterol. 2003,
98:735-739.

Watanabe H, Mitsushima T, Yamaji Y, Okamoto M, Wada R, Kokubo T, Doi H,
Yoshida H, Kawabe T, Omata M. Predicting the development of gastric cancer from
combining Helicobacter pylori antibodies and serum pepsinogen status: a prospective
endoscopic cohort study. Gut. 2005, 54:740-742.

Knekt P, Teppo L, Aromaa A, Rissanen H, Kosunen TU. Helicobacter pylori IgA and
IgG antibodies, serum pepsinogen I and the risk of gastric cancer: changes in the risk
with extended follow-up period. Int. J. Cancer. 2006, 119:702-705.

Guadagni F, Roselli M, Amato T, Cosimelli M, Perri P, Casale V, Carlini M, Santoro
E, Cavaliere R, Greiner JW, et al. CA 72-4 measurement of tumor-associated
glycoprotein 72 (TAG-72) as a serum marker in the management of gastric carcinoma.
Cancer Res. 1992, 52:1222-1227.

Kodera Y, Yamamura Y, Torii A, Uesaka K, Hirai T, Yasui K, Morimoto T, Kato T,
Kito T. The prognostic value of preoperative serum levels of CEA and CAI19-9 in
patients with gastric cancer. 4m. J. Gastroenterol. 1996, 91:49-53.-

Kochi M, Fujii M, Kanamori N, Kaiga T, Kawakami T, Aizaki K, Kasahara M,
Mochizuki F, Kasakura Y, Yamagata M. Evaluation of serum CEA and CA19-9 levels
as prognostic factors in patients with gastric cancer. Gastric Cancer. 2000, 3:177-186.
Takahashi Y, Takeuchi T, Sakamoto J, Touge T, Mai M, Ohkura H, Kodaira S,
Okajima K, Nakazato H (Tumor Marker Committee). The usefulness of CEA and/or
CA19-9 in monitoring for recurrence in gastric cancer patients: a prospective clinical
study. Gastric Cancer. 2003, 6:142-145.

Colcher D, Horan Hand P, Nuti M, Schiom JA. A spectrum of monoclonal antibodies
reactive with human mammary tumor cells. Proc. Natl. Acad. Sci. U.S.4. 1981,
78:3199-3203.

Wobbes T, Thomas CM, Segers MF, Nagengast FM. Evaluation of seven tumor
markers (CA 50, CA 19-9, CA 19-9 TruQuant, CA 72-4, CA 195, carcinoembryonic
antigen, and tissue polypeptide antigen) in the pretreatment sera of patients with gastric
carcinoma. Cancer. 1992, 69:2036-2041.



106

Wataru Yasui, Kazuhiro Sentani, Naoya Sakamoto et al.

[20]

[21]

(22]

[23]

[24]

[25]

(26]

[27]

[28]

[29]

[31]

[32]

[33]

[34]

Safi F, Kuhns V, Beger HG. Comparison of CA 72-4, CA 19-9 and CEA in the
diagnosis and monitoring of gastric cancer. Int. J. Biol. Makers. 1995, 10:100-106.
Louhimo J, Kokkola A, Alfthan H, Stenman UH, Haglund C. Preoperative hCGbeta
and CA 72-4 are prognostic factors in gastric cancer. Int. J. Cancer. 2004, 111:929-
933.

Yasui W, Oue N, Kuniyasu H, Ito R, Tahara E, Yokozaki H. Molecular diagnosis of
gastric cancer: present and future. Gastric Cancer. 2001, 4:113-121.

Kitadai Y, Haruma K, Sumii K, Yamamoto S, Ue T, Yokozaki H, Yasui W, Ohmoto Y,
Kajiyama G, Fidler 1J, Tahara E. Expression of IL-8 correlates with vascularity in
Human Gastric Carcinomas. Am. J. Pathol. 1998, 152:93-100.

Kabir S, Daar GA. Serum levels of interleukin-1, interleukin-6 and tumor necrosis
factor-alpha in patients with gastric carcinoma. Cancer Lett. 1995, 95:207-212.

Macri A, Versaci A, Loddo S, Scuderi G, Travagliante M, Trimarchi G, Teti D,
Famulari C. Serum levels of interleukin lbeta and interleukin 8 and tumor necrosis
factor alpha as markers of gastric cancer. Biomarkers. 2006, 11:184-193.

Konturek SJ, Starzynska T, Konturek PC, Karczewska E, Marlicz K, Lawniczak M,
Jaroszewicz-Heigelman H, Biolanski W, Hartwich A, Ziemniak A, Hahn EG.
Helicobacter pylori and CagA status, serum gastrin, interleukin-8 and gastric acid
secretion in gastric cancer. Scand. J. Gastroenterol. 2002. 37:891-898.

Murakami S, Satomi A, Ishida K, Murai H, Matsuki M, Hashimoto T. Serum-soluble
interleukin-2 receptor concentrations in patients with gastric cancer. Cancer. 1994,
74:2745-2748.

Murakami S, Okubo K, Tsuji Y, Sakata H, Hamada S, Hirayama R. Serum interleukin-
12 levels in patients with gastric cancer. Surg. Today. 2004. 34:1014-1019.

Kawabata T, Ichikura T, Majima T, Seki S, Chochi K, Takayama E, Hiraide H,
Mochizuki H. Preoperative serum interleukin-18 level as a postoperative prognostic
marker in patients with gastric carcinoma. Cancer. 2001, 92:2050-2055.

Karayiannakis AJ, Syrigos KN, Polychronidis A, Zbar A, Kouraklis G, Simopoulos C,
Karatzas G. Circulating VEGF levels in the serum of gastric cancer patients: correlation
with pathological variables, patient survival, and tumor surgery. 4nn. Surg. 2002,
236:37-42,

Wang TB, Deng MH, Qiu WS, Dong WG. Association of serum vascular endothelial
growth factor-C and lymphatic vessel density with lymph node metastasis and
prognosis of patients with gastric cancer. World J. Gastroenterol. 2007, 13:1794-1797.
Lin Y, Kikuchi S, Obata Y, Yagyu K (Tokyo Research Group on Prevention of Gastric
Cancer). Serum levels of transforming growth factor betal are significantly correlated
with venous invasion in patients with gastric cancer. J. Gastroenterol. Hepatol. 2006,
21:432-437.

Tanaka K, Miki C, Wakuda R, Kobayashi M, Tonouchi H, Kusunoki M. Circulating
level of hepatocyte growth factor as a useful tumor marker in patients with early-stage
gastric carcinoma. Scand. J. Gastroenterol. 2004, 39:754-760.

Wu CY, Wu MS, Chiang EP, Chen YJ, Chen CJ, Chi NH, Shih YT, Chen GH, Lin JT.
Plasma matrix metalloproteinase-9 level is better than serum matrix metalloproteinase-
9 level to predict gastric cancer evolution. Clin. Cancer Res. 2007, 13:2054-2060.



Histological and Serological Tumor Markers of Gastric Cancer 107

[35]

[37]

(38]

[39]

[40]

[41]

[42]

(431

[44]

[45]

[46]

[47]

(48]

Yang YH, Deng H, Li WM, Zhang QY, Hu XT, Xiao B, Zhu HH, Geng PL, Lu YY.
Identification of matrix metalloproteinase 11 as a predictive tumor marker in serum
based on gene expression profiling. Clin. Cancer Res. 2008, 14.74-81.

Aung PP, Oue N, Mitani Y, Nakayama H, Yoshida K, Noguchi T, Bosserhoff AK,
Yasui W. Systematic search for gastric cancer-specific genes based on SAGE data:
melanoma inhibitory activity and matrix metalloproteinase-10 are novel prognostic
factors in patients with gastric cancer. Oncogene. 2006, 25:2546-2557.

Wang CS, Wu TL, Tsao KC, Sun CF. Serum TIMP-1 in gastric cancer patients: a
potential prognostic biomarker. Ann. Clin. Lab. Sci. 2006, 36:23-30.

Chan AOQ, Lam SK, Chu KM, Lam CM, Kwok E, Leung SY, Yuen ST, Law SY, Hui
WM, Lai KC, Wong CY, Hu HC, Lai CL, Wong J. Soluble E-cadherin is a valid
prognostic marker in gastric carcinoma. Gut. 2001, 48:808-811.

Chan AO, Chu KM, Lam SK, Cheung KL, Law S, Kwok KF, Wong WM, Yuen MF,
Wong BC. Early prediction of tumor recurrence after curative resection of gastric
carcinoma by measuring soluble E-cadherin. Cancer. 2005, 104:740-746.

Benekli M, Gullu IH, Tekuzman G, Savas MC, Hayran M, Hascelik G, Firat D.
Circulating intercellular adhesion molecule-1 and E-selectin levels in gastric cancer.
Br. J. Cancer. 1998, 78:267-271.

Tsigris C, Karayiannakis AJ, Syrigos KN, Zbar A, Diamantis T, Kalahanis N, Alexlou
D. Clinical significance of soluble c-erbB2 levels in the serum and urine of patients
with gastric cancer. Anticancer Res. 2002, 22:3061-3065.

Attallah AM, Abdel-Aziz MM, El-Sayed AM, Tabll AA. Detection of serum p53
protein in patients with different gastrointestinal cancers. Cancer Detect. Prev. 2003,
27:127-131.

Wurl P, Weigmann F, Meye A, Fittkau M, Rose U, Berger D, Rath FW, Dralle H,
Taubert H. Detection of p53 autoantibodies in sera of gastric cancer patients and their
prognostic relevance. Scand. J. Gastroenterol. 1997, 32:1147-1151.

Oue N, Mitani Y, Motoshita J, Matsumura S, Yoshida K, Kuniyasu H, Nakayama H,
Yasui W. Accumulation of DNA methylation is associated with tumor stage in gastric
cancer. Cancer. 2006, 106:1250-1259.

Lee TL, Leung WK, Chan MW, Ng EK, Tong JH, Lo KW, Chung SC, Sung JJ, To KF.
Detection of gene promoter hypermethylation in the tumor and serum of patients with
gastric carcinoma. Clin. Cancer Res. 2002, 8:1761-1766.

Kanyama Y, Hibi Km Nakayama H, Kodera Y, Ito K, Akiyama S, Nakao A. Detection
of p16 promoter hypermethylation in serum of gastric cancer patients.

Leung WK, To KF, Chu ES, Chan MW, Bai AH, Ng EK, Chan FK, Sung JJ. Potential
diagnostic and prognostic values of detecting promoter hypermethylation in the serum
of patients with gastric cancer. Br. J. Cancer. 2005, 92:2190-2194.

Ikoma H, Ichikawa D, Daito I, Nobuyuki T, Koike H, Okamoto K, Ochiai T, Ueda Y,
Yamagishi H, Otsuji E. Clinical application of methylation specific-polymerase chain
reaction in serum of patients with gastric cancer. Hepatogastroenterology. 2007,
54:946-950.



108

Wataru Yasui, Kazuhiro Sentani, Naoya Sakamoto et al.

[49]

[50]

(511

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

(62]

Yasui W, Oue N, Aung PP, Matsumura S, Shutoh M, Nakayama H. Molecular-
pathological prognostic factors of gastric cancer: a review. Gastric Cancer. 2005, 8:86-
94.

Yokozaki H, Yasui W, Tahara E. Genetic and epigenetic changes in stomach cancer.
Int. Rev. Cytol. 2001, 204:49-95.

Kim MA, Lee HS, Lee HE, Jeon YK, Yang HK, Kim WH. EGFR in gastric
carcinomas: prognostic significance of protein overexpression and high gene copy
number. Histopathology. 2008, 52:738-746.

Yonemura Y, Ninomiya I, Yamaguchi A, Fushida S, Kimura H, Ohoyama S, Niyazaki
I, Endou Y, Tanaka M, Sasaki T. Evaluation of immunoreactivity for c-erbB2 protein
as a marker of poor short term prognosis in gastric cancer. Cancer Res. 1991, 51:1034-
1038.

Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana CD, Ellis LM. Significance of
vessel count and vascular endothelial growth factor and its receptor (KDR) in
intestinal-type gastric cancer. Clin. Cancer Res. 1996, 2:1679-1684.

Takahashi Y, Bucana CD, Akagi Y, Liu W, Cleary KR, Mai M, Ellis LM. Significance
of platelet-derived endothelial cell growth factor in the angiogenesis of human gastric
cancer. Clin. Cancer Res. 1998, 4:429-434.

Kido 8, Kitadai Y, Hattori N, Haruma K, Kido T, Ohta M, Tanaka S, Yoshihara M,
Sumii K, Ohmoto Y, Chayama K. Interleukin 8 and vascular endothelial growth factor -
prognostic factors in human gastric carcinoma? Eur. J. Cancer. 2001, 37:1482-1487.
Lieto E, Ferraraccio F, Orditura M, Castellano P, Mura AL, Pinto M, Zamboli A, De
Vita F, Galizia G. Expression of vascular endothelial growth factor (VEGF) and
epidermal growth factor receptor (EGFR) is an independent prognostic indicator of
worse outcome in gastric cancer patients. Ann. Surg. Oncol. 2008, 15:69-79.

Yasui W, Yokozaki H, Shimamoto F, Tahara H, Tahara E. Molecular-pathological
diagnosis of gastrointestinal tissues and its contribution to cancer histopathology.
Pathol. Int. 1999, 49:763-774.

Kudo Y, Yasui W, Ue T, Yamamoto S, Yokozaki H, Nikai H, Tahara E.
Overexpression of cyclin-dependent kinase-activating CDC25B phosphatase in human
gastric carcinomas. Jpn. J. Cancer Res. 1997, 88:947-952,

Yasui W, Kudo Y, Semba S, Yokozaki H, Tahara E. Reduced expression of cyclin-
dependent kinase inhibitor p27~*! is associated with advanced stage and invasiveness
of gastric carcinomas. Jpn. J. Cancer Res. 1997, 88:625-629.

Xiangming C, Natsugoe S, Takao S, Hokita S, Tanabe G, Baba M, Kuroshima K,
Aikou T. The cooperative role of p27 and cyclin E in the prognosis of advanced gastric
carcinoma. Cancer. 2000, 89:1214-1219.

Gamboa-Dominguez A, Seidl S, Reyes-Gutierrez E, Hermannstidter C, Quintanilla-
Martinez L, Busch R, Hofler H, Fend F, Luber B. Prognostic significance of
p2 1 WAFVCIPL 527KiPl | 553 and E-cadherin expression in gastric cancer. J. Clin. Pathol.
2007, 60:756-761.

Shimada Y, Yamasaki S, Hashimoto Y, Ito T, Kawamura J, Soma T, Ino Y, Nakanishi
Y, Sakamoto M, Hirohashi S, Imamura M. Clinical significance of dysadherin
expression in gastric cancer patients. Clin. Cancer Res. 2004, 10:2818-2823.



Histological and Serological Tumor Markers of Gastric Cancer 109

[63)

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

Ito R, Oue N, Yoshida K, Kunimitsu K, Nakayama H, Nakachi K, Yasui W.
Clinicopathological significant and prognostic influence of cadherin-17 expression in
gastric cancer. Virchows Arch. 2005, 447:717-722.

Yamauchi K, Uehara Y, Kitamura N, Nakane Y, Hioki K. Increased expression of
CD44v6 mRNA significantly correlates with distant metastasis and prognosis in gastric
cancer. Int. J. Cancer. 1998, 79:256-262.

Mayer B, Jauch KW, Gunthert U, Figdor CG, Schildberg FW, Funke I, Johnson JP. De-
novo expression of CD44 and survival in gastric cancer. Lancet 1993, 342:1019-1022.
Yashiro M, Nishioka N, Hirakawa K. Decreased expression of the adhesion molecules
desmoglein-2 is associated with diffuse-type gastric carcinoma. Eur. J. Cancer. 2006,
42:2397-2403.

Sanada Y, Oue N, Mitani Y, Yoshida K, Nakayama H, Yasui W. Down-regulation of
the claudin-18 gene, identified through serial analysis of gene expression data analysis,
in gastric cancer with an intestinal phenotype. J. Pathol. 2006, 208:633-642.

Yamashita K, Azumano I, Mai M, Okada Y. Expression and tissue localization of
matrix metalloproteinase 7 (matrilysin) in human gastric carcinomas. Implications for
vessel invasion and metastasis. Int. J. Cancer. 1998, 79:187-194,

Liu XP, Kawauchi S, Oga A, Tsushimi K, Tsushimi M, Furuya T, Sasaki K. Prognostic
significance of matrix metalloproteinase-7 (MMP-7) expression at the invasive front in
gastric carcinoma. Jpn. J. Cancer Res. 2002, 93:291-295.

Fujimoto D, Hirono Y, Goi T, Katayama K, Yamaguchi A. Prognostic value of
protease-activated receptor-1 (PAR-1) and matrix metalloproteinase-1 (MMP-1) in
gastric cancer. Anticancer Res. 2008, 28:847-854.

Mrena J, Wiksten JP, Nordling S, Kokkola A, Ristim#ki A, Haglund C. MMP-2 but not
MMP-9 associated with COX-2 and survival in gastric cancer. J. Clin. Pathol. 2006,
59:618-623.

Fondevila C, Metges JP, Fuster J, Grau JJ, Palacin A, Castells A, Volant A, Pera M.
p53 and VEGF expression are independent predictors of tumour recurrence and
survival following curative resection of gastric cancer. Br. J. Cancer. 2004, 90:206-
215.

Pinto-de-Sousa J, Silva F, David L, Leitdo D, Seixas M, Pimenta A, Cardoso-de-
Oliveira M. Clinicopathological significance and survival influence of p53 protein
expression in gastric carcinoma. Histopathology. 2004, 44:323-331.

Sumiyoshi Y, Kakeji Y, Egashira A, Mizokami K, Orita H, Maehara Y. Overexpression
of hypoxia-inducible factor lalpha and p53 is a marker for an unfavorable prognosis in
gastric cancer. Clin. Cancer Res. 2006, 12:5112-5117.

Mrena J, Wiksten JP, Thiel A, Kokkola A, Pohjola L, Lundin J, Nordling S, Ristiméki
A, Haglund C. Cyclooxygenase-2 is an independent prognostic factor in gastric cancer
and its expression is regulated by the messenger RNA stability factor HuR. Clin.
Cancer Res. 2005, 11:7362-7368.

Seno H, Oshima M, Taniguchi MA, Usami K, Ishikawa TO, Chiba T, Taketo MM.
CDX2 expression in the stomach with intestinal metaplasia and intestinal-type cancer:
Prognostic implications. Int. J. Oncol. 2002, 21:769-774.



110

Wataru Yasui, Kazuhiro Sentani, Naoya Sakamoto et al.

[77]

[78]

[79]

[80]

[81]

(82]

[83]

[84]

(85]

(86]

[87]

(88]
[89]

[90]

Fan Z, Li J, Dong B, Huang X. Expression of Cdx2 and hepatocyte antigen in gastric
carcinoma: correlation with histologic type and implications for prognosis. Clin.
Cancer Res. 2005, 11:6162-6170.

Velculescu VE, Zhang L, Vogelstein B, Kinzler KW. Serial analysis of gene
expression. Science. 1995, 270:484-487.

Yasui W, Oue N, Ito R, Kuraoka K, Nakayama H. Search for new biomarkers of gastric
cancer through serial analysis of gene expression and its clinical implications. Cancer
Sci. 2004, 95:385-392.

Oue N, Hamai Y, Mitani Y, Matsumura S, Oshimo Y, Aung PP, Kuraoka K, Nakayama
H, Yasui W. Gene expression profile of gastric carcinoma: identification of genes and
tags potentially involved in invasion, metastasis, and carcinogenesis by serial analysis
of gene expression. Cancer Res. 2004, 64:2397-2405.

Hartupee JC, Zhang H, Bonaldo MF, Soares MB, Dieckgraefe BK. Isolation and
characterization of 2 cDNA encoding a novel member of the human regenerating
protein family: Reg I'V. Biochim. Biophys. Acta. 2001, 1518:287-293,

Oue N, Mitani Y, Aung PP, Sakakura C, Takeshima Y, Kaneko M, Noguchi T,
Nakayama H, Yasui W. Expression and localization of Reg IV in human neoplastic and
non-neoplastic tissues: Reg IV expression is associated with intestinal and
neuroendocrine differentiation in gastric adenocarcinoma. J. Pathol. 2005, 207:185-
198.

Mitani Y, Oue N, Matsumura S, Yoshida K, Noguchi T, Ito M, Tanaka S, Kuniyasu H,
Kamata N, Yasui W. Reg IV is a serum biomarker for gastric cancer patients and
predicts response to 5-fluorouracil-based chemotherapy. Oncogene. 2007, 26:4383-
4389.

Kuniyasu H, Oue N, Sasahira T, Moriwaka Y, -Shimomoto T, Fujii K, Ohmori H and
Yasui W. Reg IV enhances peritoneal metastasis of gastric carcinomas. Cell Proliferat.
2008, (in press)

Zhang J, Liu WL, Tang DC, Chen L, Wang M, Pack SD, Zhuang Z, Rodgers GP.
Identification and characterization of a novel member of olfactomedin-related protein
family, hGC-1, expressed during myeloid lineage development. Gene. 2002, 283:83-93.
Koshida S, Kobayashi D, Moriai R, Tsuji N, Watanabe N. Specific overexpression of
OLFM4(GW112/HGC-1) mRNA in colon, breast and lung cancer tissues detected
using quantitative analysis. Cancer Sci. 2007, 98:315-320.

Oue N, Aung PP, Mitani Y, Kuniyasu H, Nakayama H, Yasui W. Genes involved in
invasion and metastasis of gastric cancer identified by array-based hybridization and
serial analysis of gene expression. Oncology. 2005, 69 Suppl 1:17-22.

Zhang X, Huang Q, Yang Z, Li Y, Li CY. GW112, a novel antiapoptotic protein that
promotes tumor growth. Cancer Res. 2004, 64:2474-2481.

Liu W, Chen L, Zhu J, Rodgers GP. The glycoprotein hGC-1 binds to cadherin and
lectins. Exp. Cell Res. 2006, 312:1785-1797.

Blesch A, Bosserhoff AK, Apfel R, Behl C, Hessdoerfer B, Schmitt A, Jachimczak P,
Lottspeich F, Buettner R, Bogdahn U. Cloning of a novel malignant melanoma-derived
growth-regulatory protein, MIA. Cancer Res. 1994, 54:5695-5701.



Histological and Serological Tumor Markers of Gastric Cancer 111

[91]

[92]

Sentani K, Oue N, Tashiro T, Sakamoto N, Nishisaka T, Fukuhara T, Taniyama K,
Matsuura H, Arihiro K, Ochiai A, Yasui W. Immunohistochemical staining of Reg IV
and claudin-18 is useful in the diagnosis of gastrointestinal signet ring cell carcinoma.
Am. J. Surg. Pathol. 2008, (in press) Jun 18. [Epub ahead of print]

Sentani K, Oue N, Sakamoto N, Arihiro K, Aoyagi K, Sasaki H, Yasui W. Gene
expression profiling with microarray and SAGE identifies PLUNC as a marker for
hepatoid. adenocarcinoma of the stomach. Mod. Pathol. 2008, 21:464-475.



Articles

@

Lancet Oncof 2010; 11: 136-46

Published Online
December 21, 2009
D0I:10.1016/51470-
2045(09)70343-2

See Reflection and Reaction
page 106

Department of Molecular
Virology, Immunology, and
Medical Genetics and
Comprehensive Cancer Center,
Chio State University,
Columbus, OH, USA (T Ueda MD,
SVolinia PhD, H Okumura MD,
CTaccioli PhD, H Alder PhD,

Prof C-g Liu PhD,

Prof (M Croce MD); Department
of Surgical Oncology and
Digestive Surgery, Gradvate
Schoot of Medicine and Dental
Science, Kagoshima University,
Kagoshima, Japan {H Okumura);
Department of Gastrointestinal
Surgery, Graduate School of
Medicine, University of Tokyo,
Tokyo, Japan {T Ueda,

S Nomura MD, Prof Y Seto MD,
Prof M Kaminishi MD);
Department of Surgery, Showa
General Hospital, Tokyo, fapan
{Prof M Kaminishi); Department
of Morphology and Embryology,
University of Ferrara, Ferrara,
italy {S Volinia, S Rossi PhD);
Department of Experimental
Therapeutics, Division of Cancer
Medicine, University of Texas
MD Anderson Cancer Center,
Houston, TX, USA (M Shimizu BS,
S Rossi, GA Calin MD,

Prof (-G Liu); Department of
Molecular Pathology, Graduate
School of Biomedicaf Sciences,
Hiroshima University,
Hiroshima, Japan (N Oue MD,
Prof W Yasui MD); Department of
Surgical Oncology, Research
Institute for Radiation Biology
and Medidine, Hiroshima
University, Hiroshima, Japan
{Prof K Yoshida MD); Department
of Surgical Oncology, School of
Medicine, Gifu University, Gifu,
Japan (Prof K Yoshida); and
Genetics Division, National
Cancer Center Research
Institute, Tokyo, Japan

{H Sasaki PhD)

136

Relation between microRNA expression and progression and
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Summary

Background Analyses of microRNA expression profiles have shown that many microRNAs are expressed aberrantly
and correlate with tumorigenesis, progression, and prognosis of various haematological and solid tumours. We aimed
to assess the relation between microRNA expression and progression and prognosis of gastric cancer.

Methods 353 gastric samples from two independent subsets of patients from Japan were analysed by microRNA
microarray. MicroRNA expression patterns were compared between non-tumour mucosa and cancer samples, graded
by diffuse and intestinal histological types and by progression-related factors (eg, depth of invasion, metastasis, and
stage). Disease outcome was calculated by multivariable regression analysis to establish whether microRNAs are
independent prognostic factors.

Findings In 160 paired samples of non-tumour mucosa and cancer, 22 microRNAs were upregulated and 13 were
downregulated in gastric cancer; 292 (83%) samples were distinguished correctly by this signature, The two histological
subtypes of gastric cancer showed different microRNA signatures: eight microRNAs were upregulated in diffuse-type
and four in intestinal-type cancer. In the progression-related signature, miR-125b, miR-199a, and miR-100 were the most
important mictoRNAs involved. Low expression of let-7g (hazard ratio 2- 6 [95% CI 1-3-4-9]) and miR-433 (2.1{1-1-3.9))
and high expression of miR-214 (2-4 [1.2-4.5]) were associated with unfavourable outcome in overall survival

independent of clinical covariates, including depth of invasion, lymph-node metastasis, and stage.

Interpretation MicroRNAs are expressed differentially in gastric cancers, and histological subtypes are characterised
by specific microRNA signatures. Unique microRNAs are associated with progression and prognosis of gastric

cancer.
Funding National Cancer Institute,

Introduction

Gastric cancer is the fourth most common human
malignant disease and the second most frequent cause of
cancer-related death worldwide.! Improvement of
diagnosis and treatment has resulted in good long-term
survival for patients with early gastric cancer, whereas
the outlook for individuals with advanced disease remains
poor.? Advanced gastric cancer frequently recurs as nodal
and haematogenous metastases and peritoneal
dissemination. Although several types of non-surgical
treatment have been assessed, surgical resection is still
the primary curative treatment for localised gastric
cancer.

Data from several studies show that various genetic
alterations cause tumorigenesis and progression of
gastric cancer.™* Inactivation of runt-related transcription
factor 3 (RUNX3) by methylation has also been reported.’
Several groups have undertaken high-throughput
analyses of gastric cancer expression profiles by DNA
microarrays* and microdissection.* However, markers for
tumorigenesis and progression of gastric cancer have not
yet been discovered and specific therapeutic targets have
not been identified.

A new class of small non-coding RNAs—microRNAs—
has been discovered.” Mature mictoRNAs are composed

of 19-25 nucleotides and are cleaved from
60-110-nucleotide hairpin microRNA precursors in the
cytoplasm by the RNase I11enzyme Dicer.* Single-stranded
microRNAs bind mRNAs of potentially hundreds of
genes at the 3’ untranslated region with imperfect
complementarity, resulting in degradation of target
mRNAs and inhibiion of translation® Several
target-prediction programs have been developed, but very
few targets have been proved experimentally.” MicroRNAs
play a part in crucial cellular processes, including
development, differentiation, stress response, apoptosis,
and proliferation.*® 475 human microRNAs have been
reported to date (miRBase version 9.2; University of
Manchester, Manchester, UK};" this number could reach
800-1000 through experimental confirmation of predicted
microRNA genes.?

Microarray platforms have been developed for analysis
of microRNA expression, and data show that several
microRNAs are expressed aberrantly in various
haematological and solid malignant diseases.>*
MicroRNAs act as novel oncogenes or tumour-suppressor
genes.”® We and others have noted that alterations in
microRNA expression correlate highly with progression
and prognosis of human tumours.*? Thus, focusing on
microRNAs in gastric cancer could yield new insights
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into the biological behaviour of this disease. For
oncogenic microRNAs, antagomirs are a type of antisense
oligonucleotide that inhibit microRNA function in vivo
effectively;®” for tumour-suppressive microRNAs,
reconstituion with microRNA precursor sequences has
an antitumour effect. Therefore, microRNAs are possible
therapeutic targets for cancer.””

To ascertain whether microRNA expression signatures
can differ between gastric cancer and non-tumour
mucosa, we undertook genome-wide microRNA
expression profiling in two sets of gastric tissues. With
expression-profile results for these samples and
associated clinical variables, we investigated the
association between mictoRNAs and histological types,
tumour progression, and prognosis of gastric cancer.

Methods

Tissue samples

For microRNA expression profiling, we obtained gastric
tissue samples (cancer lesions and adjacent non-tumour
mucosae) from patients who underwent gastrectomy
between 2002 and 2005 at the University of Tokyo
{group 1) and between 1998 and 2005 at Hiroshima
Umversxty (group 2). We gathered all samples in the

-:Panel: Patient cohortsand of ana!yses undertaken :

STEP1: MICTORNA expresston patternsin gastnc canicer
(non-tumour mucosa vs cancer)
“Samples- - . ‘
61 pairs in group 1 and 99.in group 2 were analysed
independently
Statistical methods
1 Class comparison by BRB- AnayTools, pa:red ttest
Spe0on) -
2 Class prediction by BRB- -ArrayTools; paired. dass
prediction by the leave- one-out cross-validation method
Samples
169 rion-turmour mucosae (64 samples from group 1 and
105 from group 2) and 184 cancers (81 samples from group 1
and 103 from group 2) (unpaired condition)
Statistical methods
‘Average linkage dustenng with centred Pearsan correlation
_-with 35 m;croRNAs

- STEP 2: MicroRNA express«on patterns and hlstologlcal
types (daffuse—type vs mtestmal-type gastnc cancer)
Samples -

103 diffuse-type and 81 mtestmal type gas’mc cancer-

samples

Statistical methods

1 Class comparison by BRB'ArrayTools, two-sample ttest
{p<0-001)

2 Average linkage clusteiing with centred Pearson
correlation withithe 19 most srgnlﬁcant micioRNAs
(p<2x10™)

‘(Continues in next column)
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same manner, and they were snap-frozen immediately in
liquid nitrogen and stored at -80°C until RNA and
protein extraction could be done. Since microdissection
is difficult to do in diffuse-type gastric cancer, for technical
uniformity we used bulk tissue for all cases.

We obtained study approval from the ethics committee
at the University of Tokyo and every patient from the
University of Tokyo gave written informed consent for
samples to be used. Because we did not obtain written
informed consent for samples from Hiroshima
University, for strict privacy protection, identification
information was removed before analysis; this
procedure is in accordance with ethical guidelines for
human genome or gene research enacted by the
Japanese Government and was approved by the ethics
review committee of the Hiroshima University School
of Medicine.

For miRBase see http:/jwww.
mitbase.org

(Continued from previous column)

STEP 3: MicroRNA expression and tumour progression
correlation '
_ Samples
+  T3and T4 vsT1(101 vs 15 samples)
« Lymph-node metastasis (N) positive vs negative
. (126 vs 54 samples)
"« Stage IV vs!(51vs 37 samples)
+. Peritoneal dissemination (P, CY) positive vs negative
(33 vs 76 samples)
« Haematogenous metastasis (H, M) positive vs negative
(12 vs 169 samples)
Statistical methods
1 Class comparison by BRB-ArrayTools; two-sample t test
(p<0-01, for haematogenous metastasis, p<0-05)
2 ‘Venndiagram of T, N, and stage
3 Significance analysis of microarrays (SAM) with
rank-regression option for T and stage

STEP 4: MicroRNA expression and prognosis correlation
Samples
101 cases have information for disease outcome and
underwent curative surgery. All 182 cases had surgery
{curative or non-turative)
Overall survival
« Statistical methods
1 ‘Univariate Cox proportional hazards regression in
BRB-ArrayTools
2 --Kaplan-Meier survival curves
3 Multivariable Cox proportional hazards regression
analysis
Disease-free survival
« Statistical methods
"1 Univariate Cox proportional hazards regressron in
BRB-ArrayTools
2 Kaplan-Meier survival curves
3 Multivariable Cox proportional hazards regression
analysis '
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Procedures
We did RNA labelling and hybridisation on mictoRNA
microarray chips and undertook postprocessing, as
described previously.**** Briefly, 5 g of total RNA from
every sample was reverse transcribed with biotin
end-labelled random-octamer oligonucleotide primers.
Hybridisation of biotin-labelled complementary DNA was
done on the Ohio State University custom microRNA
microarray chip (OSU_CCC version 3.0; ArrayExpress
[European Bioinformatics Institute, Cambridge, UK], array
design A-MEXP-620), which contains nearly 1100 microRNA
probes, for 326 human and 249 mouse microRNA genes,
spotied in duplicates. We washed and processed the
hybridised chips to detect biotin-containing transcripts
with streptavidin Alexa Fluor 647 conjugate (Invitrogen,
Carlsbad, CA, USA) and scanned them on a microarray
scanner (4000B; Axon Instruments, Sunnyvale, CA, USA).
We analysed microarray images with GenePix Pro 6.0
{Axon Instruments). Average values of the replicate spots

For ArrayExpress see http://
www.ebi.ac.uk/arrayexpress/

For the Bioconductor 1.8
package affy 1,1.2 see http//
www.bioconductor.org

See Online for webappendix

Group 1 (n=79) Group 2 (n=103) p* Total (n=182)
Age (years; mean{SD])  65:2(9-8) 67-1(11-6) 024 663(10.9)
Sex 0-87
Men 52179 (66%) 66/102t (65%) 118/181 (65%)
Women 27179 (34%) 36/102t (35%) . 63/181 (35%)
Histological type} 0022
Diffuse 53/815(65%) 50/103 (49%) 103/184 (56%)
Intestinal 28/815 (35%) §3/103 (51%) 81/184 (44%)
Depth of invasion (T)i} 050
T1 4/818 (5%) 11/102% (11%) 15/183 (8%)
T2 29/818{36%) 38/1021 (37%) 67/183 (37%)
13 41/81§ (50%) 45/1021 (44%) 86/183 (47%)
T4 71818 (9%) 8/102t (8%) 15/183 (8%)
Lymph-node metastasis (N) 0028
Negative (NO) 17179 (22%) 37/1019 (37%) 54/180 (30%)
Positive (N1-N3) 62/79 (78%) 64/101% (63%) 126/180 (70%)
Haematogenous metastasis (H, M) 0.69
Negative 75179 (95%) 94/1021 (92%) 169/181(93%)
Positive 4179 (5%) 81021 (8%) 12/181 (7%)
Peritoneal dissemination (P, CY) <0-0001
Negative 64179 (81%) 12/30™* (40%) 76/109 (70%)
Positive 15/79 (19%)- 18/30**(60%) 33/109 (30%)
Stagett 013
i 11/79 (24%) 26/102t (25%) 37/181(21%)
it 14/79 (18%) 23/102t (23%) 37/181 (21%)
1] 29/79 (37%) 27/1021 (27%) 56/181 (30%)
v 25179 (31%) 26/1021 (25%) 51/181 (28%)
i Dataare n (%) uniess stated otherwise, *Differences b groups calculated by ttest for age and )’ test for alf
! others. fNo information available for one patient. $Lauren’s dassification used for histological typing. inal-typ
| gastric cancer is almost the same as differentiated-type gastric cancer, and diffuse-type gastric cancer is almost the
same as undifferentiated-type gastric cancer, §One patient had cancer in three regions, [|Graded according to the
International Union Against Cancer’s TNM dassification, 5th edn. §iNo information available for two patients.
**No inf iononi P cytology available for 73 pati ‘+HGraded according to the Japanese
Classification of Gastric Cancer, 2nd English edn, Clinical stage is decided by the factors T, N, H, M, P, and CY. Stages 1A
and IB are regarded as stage }, and stages A and l1IB as stage HI,
Table 1: Characteristics of patients and tissues
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for every mictoRNA sample were background subtracted,
normalised, and subjected to further analysis. Only
probes for human mature microRNAs were used for
analysis, We implemented quantile normalisation with
the Bioconductor 1.8 package affy 1.1.2.

MicroRNAs were retained when they were present in at
least 20% of samples and when they had changes of more
than 1.5-fold from the gene median in at least 20% of
samples. Absent calls (background-level signals on the
microarray) were removed at a threshold of 4.5 (log,
scale) before statistical analysis. After the filtration, we
included 237 microRNAs in further statistical analyses.

MicroRNA nomenclature is according to miRBase
version 9.2." The microarray dataset is deposited in
ArrayExpress  (experiment number E-TABM-341)
according to MIAME (minimum information about a
microarray experiment) guidelines.

Statistical analysis

The panel summarises the analyses. We identified
differentially expressed microRNAs with BRB-ArrayTools
version 3.5.0 (Biometric Research Branch, National
Cancer Institute, Bethesda, MD, USA),” and significance
analysis of microarrays (SAM) version 3.0, The
webappendix contains further descriptions of the
methods used.

After filtration of microRNAs, we used the paired ¢ test
(level of significance, p<0-01) to independently analyse
pairs of non-tumour mucosa and cancer samples from
groups 1 and 2. We undertook class prediction with the
leave-one-out cross-validation method, taking into
account that samples were paired (eg, pairs of non-tumour
mucosae and cancer lesions from the same patient).

We used hierarchical cluster analysis to generate a
tree cluster showing the separation of every class. For
hierarchical clustering, we used average linkage metrics
and centred Pearson correlation of microRNAs identi-
fied between non-tumour mucosa and gastric cancer
and between diffuse-type and intestinal-type gastric
cancer {Cluster 3.0). For tree visualisation, we used Java
Treeview version L1.1.

We identified microRNAs whose expression was related
significantly to overall survival and disease-free survival
of patients (endpoint of cancerspecific death and
recurrence, respectively). We undertook univariate Cox
proportional hazards regression in BRB-ArrayTools, and
we judged microRNAs significant if p<0-05.

We used SPSS version 170.1 for Kaplan-Meier survival
analysis and Cox proportional hazards regression. To
generate survival curves, we converted continuous
microRNA expression levels measured on microRNA
array chips to a dichotomous variable, using the
respective mean levels of expression as a threshold.”
This procedure enabled division of samples into classes
with high and low expression of microRNA. We
compared survival curves by log-rank test and judged
p<0.05 significant.
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We examined the joint effect of covariates with Cox
proportional hazards regression to ascertain whether
microRNAs are independent prognostic factors. We
censored data for three patients who died of other
diseases; data for one patient were censored before the
first event (death) in overall survival and were included in
the Kaplan-Meier analysis, but were removed for Cox
regression analysis in overall survival.

We regarded age as a continuous covariate. T was
dichotomised on the basis of absence (T1, T2) versus
presence (T3, T4) of serosal invasion of tumour. Stage
was dichotomised on the basis of a more than 65%
S-year survival (stages I and II) versus a less than 50%

5-year survival (stages III and 1V). For all microRNAs,
patients were categorised into groups with high and low
expression, with respective mean levels of microRNA
expression as a threshold.

We undertook univariate Cox regression to examine the
effect of every clinical covariate on patient’s survival. We
did multivariable analysis by stepwise addition and
removal of covariates found to be associated with survival
in univariate models (p<0-10). Conditions of the stepwise
selection method were Score statistic (p<0- 05 for addition)
and Wald statistic (p<0-05 for removal). All stepwise
addition models gave the same final models as did
stepwise removal, and final models included only those

www.thelancet.com/oncology Vol11 February 2010

pt FDR  Fold  Chromosomal Gastric Proved targets|] Cancer involvement§]
(%)t change location signature§
MicroRNAs upregulated in cancer
miR-181d  <1x107 <001 23 19p13.12 Progression  CDX2, GATAG, NIX Pancreas
miR-181a-1, <ix107 <001 22 1q313,99333 Progression HOXA11, BCL2, (D69, TRAG, PTPN11 (SHP2), PTPN22, DUSPS, DUSP6, KAT28 Breast, pancreas, liver, thyroid, uterus,
miR-181a-2 (PCAF), CDKN1B, CDX2, GATA6, NLK brain
miR-181¢ <1x107 <001 21 19pl3.12 Progression  (DX2, GATAG, NLK Lung, pancreas, liver, thyroid, uterus,
brain
miR-181b-1, <1x107 <001 20 1931.3,99333 Progression TCLIA,VSNL1, GRIA2, KAT2B (PCAF), AICDA (AID), (DX2, GATAG, NLK Breast, colon, pancreas, prostate,
miR-181b-2 stomach, thyroid, uterus, brain, CLL
miR-21 <1x107 <001 20 17q23.2 Histotype,  PTEN, TPM1, PDCD4, SERPINBS, BMPR2, BTG2, COK6, ILGR, SOCS5, NFIB, SPRY2,  Breast, colon, lung, pancreas, prostate,
progression  RECK, TIMP3, TP63(TP73L), DAXX, HNRNPK, TOPORS, TP538P2, JMY, TGFBR2, stomach, liver, thyroid, uterus, ovary,
TGFBR3, APAF1, PPIF, SPRY1, MTAP, SOXS, TGFB1, NCAPG, RTN4, DERL1, brain, CLL, lymphoma
PLOD3, BASP1, MARCKS, IL12A, JAG1, LRRFIP1
miR-25 <1x107 <001 17 79221 Progression  BCL2L11, KAT2B(PCAF), CDKN1C Pancreas, prostate, stomach, liver,
thyroid, uterus, oesophagus, brain, AML
miR-92-1, «1x107 <001 17 134313, MYLIP, HIPK3, BCL2L11, VHL, ITGAS, TP63 (TP73L) Colon, pancreas, prostate, stomach,
miR-92-2 Xq26.2 : thyroid, CLL, AML
miR-93 <1x107 <001 16 7q221 Progression  E2F1, CDKN1A, VEGFA, KAT2B (PCAF), STAT3, TP53INP1, TUSC2 Colon, pancreas, prostate, stomach,
ovary, AML
miR-17-5p 2x107 <001 17 13313 E2F1, NCOA3 (AIB1), RUNX1 (AML1), RBL2, COKN1A, PTEN, BCL2L11, TIMP1, Breast, colon, lung, pancreas, prostate,
VEGFA, HIF1A, CCND1, MAPKG, MAP3KS8, PKD1, PXD2, PPARA, RBL1, STAT3, stomach, bladder
TSG101, KAT28 (PCAF), CRK, GAB1, MYCN, IRF1, NR4A3, RNF111, TP53INPL,
APBB2, BRCAL, AP, RASSF2, TNFSF12, MAPK14, FN1, FNDC3A, BCL2, MEF2D,
MAP3K12
miR-106a 3Ix107 <001 17 Xg26.2 Progression RB1, RUNX1 (AML1), ARID4B (RBP1L1), MYLIP, HIPK3, CDKN1A, VEGFA, APP, Colon, lung, pancreas, prostate,
10 stomach, liver, AML
miR-20b 4x107 <001 19 Xq26.2 Progression  ARID4B (RBP1L1), MYLIP, HIPK3, (CDKN1A, VEGFA -
miR-1353-1, 7x107 <001 21 3p211, Progression  APC, SMADS, JAK2 Colon, prostate, thyroid, uterus, AML,
miR-135a-2 12q231 fymphoma
miR-425-5p  1x10° <001 22 3p2131 “ "
miR-106b 1x10% <001 16 7q221 E2F1, CDKN1A, VEGFA, KAT2B (PCAF), ITCH, APP, STAT3, MAPK14 Colon, stomach, AML
miR-20a 3«10* <001 18 13q313 E2F1,E2F2, E2F3, TGFBR2, RUNX1 (AML1), CDKN1A, ZBTB7A (LRF), VEGFA, Colon, pancreas, prostate, uterus, ovary,
HIF1A, CCND1, STAT3, MYF5, APP, MAPK14, BCL2, MEF2D, MAP3K12 AML
miR-19b-1, 5x10* <001 17 13q313, Histotype  THBS1 (T5P1), MYLIP, HIPK3, SOCS1 Prostate
miR-19b-2 Xq26.2
miR-224 2x10° 002 22 Xq28 APIS Pancreas, liver, thyroid, ovary, AML
miR-18a 5x10°* 004 17 13¢313 CTGF, CDKN1A, NR3C1 (GR), THBS1 (T5P1), ESR1, RUNX1 (AML1) Pancreas, liver, AML
miR-135b 5x10°* 004 16 1321 - APC Uterus
miR-19a 00008 05 15 13q313 Histotype, ~ PTEN, THBS1(TSP1), SOCS1 Uterus, CLL
progression,
prognostic
miR-345 0-001 05 15 14q32.2 Progression Prostate, thyroid
miR-191 0002 10 13 3p2131 Breast, colon, lung, pancreas, prostate,
stomach
{Continues on next page)
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