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Abstract

AIM: To investigate the diverse characteristics of dif-
ferent pathological gradings of gastric adenocarcinoma
(GA) using tumor-related genes.

METHODS: GA tissues in different pathological grad-
ings and normal tissues were subjected to tissue ar-
rays. Expressions of 15 major tumor-related genes
were detected by RNA /n situ hybridization along with
3’ terminal digoxin-labeled anti-sense single stranded
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oligonucleotide and locked nucleic acid modifying
probe within the tissue array. The data obtained were
processed by support vector machines by four differ-
ent feature selection methods to discover the respec-
tive critical gene/gene subsets contributing to the GA
activities of different pathological gradings.

RESULTS: In comparison of poorly differentiated GA
with normal tissues, tumor-related gene 7P53 plays
a key role, although other six tumor-related genes
could also achieve the Area Under Curve (AUC) of the
receiver operating characteristic independently by more
than 80%. Comparing the well differentiated GA with
normal tissues, we found that 11 tumor-related genes
could independently obtain the AUC by more than 80%,
but only the gene subsets, 7P53, RB and PTEN, play a
key role. Only the gene subsets, Bc/10, UVRAG, APC,
Beclin1, NM23, PTEN and RB could distinguish between
the poorly differentiated and well differentiated GA.
None of a single gene could obtain a valid distinction.

CONCLUSION: Different from the traditional point of
view, the well differentiated cancer tissues have more
alterations of important tumor-related genes than the
poorly differentiated cancer tissues.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Malignant tumor is one of the leading causes of death,
with a mortality of 12.5%!". Stomach adenocarcinoma
is one of the major types of gastric cancer which is
the second major cause of oncologic death worldwide.
Although the incidence and mortality of stomach ad-
enocarcinoma have been obviously declined, it is still
one of the most setious health burdens in the world” ™",
and surgical resection remains the only curative treat-
ment to improve the survival of patients with gastric
cancer™. Generally, clinicians consider the degree of
malignancy based on the histopathological grade of tu-
mors, and predict the prognosis of patients and estimate
the survival rates according to the pertinent criteria and
the intraoperative ﬁndingsw’g]. Although histological clas-
sifications are widely used for gastric adenocarcinoma
(GA), their prognostic value is still controversial. The
degree of malignancy always implies the early cancer
metastasis, invasion and the mortality rates” ", Because
the occurrence of cancer is closely related to the tumot-
related genes, we explored the diverse characteristics
of different pathological gradings of GA by investigat-
ing 15 tumor-related genes, which have been currently
proved to be closely related to carcinogenesis. They
represent different cancer formation mechanisms and
have tight connection and mutual regulation“z’lsl. Among
them, the C—mycﬂﬂ is an oncogene, Cyclin D1" s a cell
cycle protein, BCL10"™ is an anti-apoptotic gene, KAI7
and NM23"" are metastatic suppressor genes, Beclin1™”
and UIVRAG" are cellular autophagy genes, P53
RB™ PTENPY P! BRC A1, BRCA2™, FHIT®" and

APC* are tumor suppressor genes.

MATERIALS AND METHODS

Materials and tissue microarray construction
One hundred and twelve primary samples of GA and nor-
mal tissues were snap-frozen and stored at -70°C. There
were 40 samples from patients (age range: 42-78 years,
22 males and18 females) with poorly differentiated GA,
28 samples from patients with well differentiated GA
(age range: 50-81 years, 18 males and 10 females), and
44 samples of normal tissues (age range: 38-72 years,
30 males and 14 females). All the patients were Chinese,
who underwent operations at the Affiliated Zhongshan
Hospital of Xiamen University between 2000-2006.
Tissue blocks measuring approximately 1.5 cm X
1.5 cm X 0.3 cm and non-pathologic organs were fixed
in phosphate-buffered saline (PBS) containing 4% para-
formaldehyde (1%0 DEPC, pH 7.4) for 24 h, dehydrated
through gradient ethanol, and embedded in paraffin. A
hematoxylin and eosin (HE)-stained section was made
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from each block to define the representative tumor
region. Representative areas in different lesions were
carefully selected on HE-stained sections and marked
on individual paraffin blocks. Tissue cylinders with a di-
ameter of 1 mm were then punched from tumor areas in
each “donor” tissue block and put into a recipient par-
affin block using a custom-made precision instrument.
Five-mm sections of the resulting multiple tumor tissue
microarray (TMA) blocks were transferred to glass slides
using the paraffin sectioning aid system [adhesive-coated
slides (PSA-CS4x), adhesive tape, and UV lamp; Instru-
Medics, Inc., Hackensack, NJ], supporting the cohesion
of 0.6-mm array elements. The final TMA consisted
of cores of 1 mm in diameter each spaced at 0.8 mm
between core centers. A section stained with HE was
reviewed to confirm the presence of morphologically
representative areas in the original lesions.

Preparation of the 15 tumor-related gene probes
Antisense probe perfectly matched to corresponding
sequence, Lock nucleic acid modified probe increased
the stability of the probe and sensitivity. The type of
tumor-related gene and probe sequence are shown in
Table 1. All probes were synthesized by Shanghai Sheng
Gong Corporation.

RNA in situ hybridization

Hybridization procedures were performed based on the
instructions of RNA iz situ hybridization (RISH) kits
(Cybrdi, USA) with some modifications. The glassware
was washed, tinsed in distilled deionized water, and auto-
claved before use. Gloves were worn when the glassware
and slides were handled to prevent RNase contamina-
tion on the tissues. Because of the differences in tissues
and probes, we performed different pilot-experiments to
achieve the best results (Table 1). Deparaffinized sections
were mounted onto Denhardt-coated glass slides and
treated with pepsin (0.25 mg/mL in DEPC H20-HCI)
for 25-30 min in a 37°C water bath. The treated sections
were then processed for in sitn hybridization at 42-45°C
for 36-48 h. The hybridization mixture contained the la-
beled oligonucleotide probe, 50% formamide, 10 mmol/L
Tris-HCl, 1 mmol/L vanadyl-ribonucleoside complex
(Sigma 94740), 1 mmol/L. CTAB (Sigma 855820, pH
7.0), 0.15 mol/L Nacl, 1 mmol/L EDTA (pH 7.0), 1 X
Denhardt’s mixture and 10% dextran sulfate. After hy-
bridization, the slides were washed three times, 30 min
each time, in 0.1 mol/L TBS at room temperature, then
treated with TBS (100 mmol/L Tti, pH 7.5, 150 mmol/L
Nacl) containing a 1% blocking reagent (Roche) and
0.03% Triton X-100 for 30 min at room temperature
and incubated for 30 min with anti-digoxigenin alka-
line phosphataseconjugated antibodies (Roche) diluted
at 1:500 in TBS containing 0.03% Triton X-100 and a
1% blocking reagent. After being washed three times,
15 min each time, in TBS and 0.05% Tween, the slides
were tinsed in a DAP-buffer (100 mmol/L Tris, pH 9.5,
100 mmol/L Nacl, 50 mmol/L MgClz) and subsequently
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Tumor-related genes

Probe sequence

APC
Bcl10
Beclinl
BRCA1
BRCA2
FHIT
KAI1
NM23
Ptch
PTEN
RB
UVRAG
TP53
Cyclin D1
C-myc

5-TTGGTTCCCAGATGACTTGTCAGCC(T) TCGAGGTGCAGAGTGTGTG CTACTAG-3dig
5-CTGTATCAGGAAGTTCTGTG(T)TTTTTCTCGCCGAATAG ATTCAACAAGGGTG-3dig
5-CCAAGCAGCATTAATCTCATTCCA(T) TCCACGGGAACACTGGGCAGGCGACC-3dig
5-CCTCTTTCTTCATCATCTGAAACCAAT(T)CCTTGTCACTCAGACCAACTCCCT-3dig
5-AAGCGATGATAAGGGCAGAGGAAAAGG(T)CTAGGGTC AGGAAAGAATCCAAGT-3dig
5-AGTCCTCCTTGTCATGTTTCTGGAGC(T)CCTCATAGATGCTGT CATTCCTGTG-3dig
5-GCAGAAGCCCTTCCTCACAGAAAGGC(T)GTTGTCCTCT TCCCCCTTGACTTCGC-3dig
5-GGAATCCTTTCTGCTCAAAACGC(T)TGATAATCTCTCCCACAAGACCCCGCTG-3dig
5-CGCTTCTGTGGTCAGGACAT(T)AGCACCTTCTTCTTTAG GGGTCTGTATCAT-3dig
5-CCTCTTGATATCTCCTTTTGTTTC(T)GCTAACGATCTCTTTGATGATGGCTG-3dig
5-TGAGCACACGGTCGCTGTTACA(T)ACCATCTGATTTATTTTCTGGAA CTTCT-3dig
5-CTCCTTGTTCTTGGCTAGGGTGCACA(T)TCGCGTGGCCT CCGTTTAAGCTGCCAAC-3dig
5-CCAGGACAGGCACAAACACGCACCT*CAAAGCTGTTC CGTCCCAGTAGATTAC-3dig
5-CCTCCTCGCACTTCTGTTCCTCGCAGACCT*CCAGCATCCAGGTGGCGACGATCTTCCG-3dig
5-CTTCCTCATCTTCTTGTTCCTCCTCAGAGT*CGCTGCTGGTGGTGGGCGGTGTC-3dig

hybridization signals were visualized using nitroblue
tetrazolium and 5-brom-4-chlor-3-indolyl phosphate as
substrates [DAP-buffer in 10% PVA (Sigma 341584)].

Gene expression analysis

Two techniques for data analysis were adopted: a
statistical method used to calculate the P values of genes
in different samples, and a machine learning method
applied to further discover the relationship between
genes and corresponding samples.

The significance level of the 15 tumor-related genes
were analyzed by Wilcoxon rand sum test, which is an
efficient nonparametric statistical method to compare
two groups of data and determine their differences. It
1s important to choose an efficient machine learning
method to further explore the connections between
genes and different cancers. However, it is hard to decide
what kind of functions the 15 tumor-related genes would
have for the different types of cases. So it is necessary to
separately analyze the effects of both a single gene and
different gene groups in different specimens. However,
since there are so many ways to construct a gene group
within 15 genes, efficient methods are required to shrink
the scope of gene group construction. To achieve this,
four classical feature selection methods were used to
analyze gene expression levels, including: 7 test, entropy,
Bhattacharyya and Wilcoxon. All these methods were
provided in bioinformatics toolbox embedded in Matlab
7.1. Based on different criteria for feature selection,
different methods would result in genes in different
order of importance. The genes were classified into
different groups. The discrimination ability of the gene
groups was measured by support vector machine (SVM).
The genes with biological significance were discovered
by comparing the results.

There were three steps to analyze gene expressions:
firstly, the gene expressions of different specimens were
measured with the Wilcoxon rank sum test, so that P
value of each gene can be calculated, and then used to
evaluate the homologic extent of the two specimens.
Secondly, the classification ability of each gene was
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analyzed singly among different tissues to further assess
the importance of each gene in different tissues. Thirdly,
the results obtained by the combination of different
genes wete investigated. The relationship among genes
could be discovered in this way. It is easy to evaluate the
classification ability of a single gene using SVM with
10-fold cross-validation (CV) directly. However, since
there are many ways to select the 15 genes to form a gene
group, it is necessary to take a reliable selection method.
In our analysis, a gene group starts from an empty one.
A filter method was applied to rank the genes, and then
a gene was added to the group according to the score
of the rank. The gene group was used to discriminate
the samples in two types of tissues using SVM by the
10-fold CV method. This process ended when all genes
were added to the group. In addition, as the sample
sizes varied in different diseases, the Area Under Curve
(AUC) of the receiver operating charactetistic (ROC) was
deployed in our experiments. A ROC curve represents
the true positive rate as a function of the corresponding
false positive rate, and AUC provides a measure of
performance that is sensitive to the distribution of the
activity classes in test sets. Finally, the best gene subsets
can be found by the highest AUC.

RESULTS
TMA technical adjustment

The tissue micro-array technology was substantially dif-
ferent from the traditional multi-tissue blocks. The most
important advantages of TMA technology include in-
creased capacity, negligible damage to the original tissue
blocks, precise positioning of tissue specimens, and pos-
sibility of automatic construction and analysis of arrays.
In this study, we chose 4% paraformaldehyde in PBS
(1%0 DEPC PBS) as a fixation agent, which can decrease
the degradation of RNA and yield a good morphology.
The analysis of RISH showed that 80%-95% of tumor
samples were interpretable. RISH-related weak hybrid-
ization, background, and tissue damage were responsible
for about one-sixth of the non-informative cases.
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Table 2 P values of 15 genes in different comparisons

APC Bcl10

Beclini BRCA1 BRCAZ

FHIT

KAIT

NM23

Prch

PTEN

RB

UVRAG TP53

Cyclin D1 C-myc

0.0523
0.0000
0.0000

0.0002
0.7527
0.0018

0.0000
0.0000
0.0001

0.0000
0.0000
0.0371

0.0000
0.0000
0.0028

0.0000
0.0000
0.1999

0.0000
0.0000
0.0129

0.2603
0.0000
0.0000

0.0000
0.0000
0.1142

0.0006
0.0000
0.0001

0.0000
0.0000
0.0009

0.5295
0.0000
0.0000

0.0000
0.0000
0.0092

0.0000
0.0000
0.3676

0.0048
0.0001
0.0158

C-myc
Cyelin D1
BRCAI 2
BRCAZ

Beclinl

FHIT

7P53

Plch 0
KALL

PTEN

RE

nM23

wraG  []72
APC

Bcl10 3

Figure 1 Gene expression levels of three different tissues. 1: Normal
tissues; 2: Well differentiated gastric adenocarcinoma (GA); 3: Poorly
differentiated GA. X-axis represents samples, and each unit represents a gene
expression level of the corresponding sample. Y-axis represents genes, whose
name marked at the right side of the figure. Green color indicates the low-
expression level of corresponding gene, and red represents over-expression.

Expression of tumor-related genes in different
specimens

RISH was used to detect specific RNAs 7 sitn. The typical
results of ISH were observed as amethyst dots on arrays,
RNA analysis and quantification required completely
intact, non-degraded RNA samples to produce optimal
results. Vanadium oxide ions and formation of complex
nucleoside could protect RNA degradation from RNase.
Cetyltrimethylammonium bromide could stabilize the
Oligo probe and target sequence formation of double-
stranded structures, thus improving the reannealing
speed. The monomer containing LNA greatly improved
the stability and sensitivity of RNA-targeted in situ
hybridization. According to the results of RISH, positive
organizational coloring cell counts were classified under
the microscope (Figures 1 and 2).

Analysis of tumor-related gene expressions

Results obtained at the first step: The gene expres-
sions of different specimens were measured with the
Wilcoxon rank sum test. Table 2 shows the P value ob-
tained in experiments. From the results, we found that
the normal tissues were quite different from the cancer
tissues. The P value of different genes indicated that
there were 12 out of 15 genes and 14 out of 15 genes
with significant biological difference in comparison of
normal tissues with the cancer tissues.

Results obtained at the second step: The classifica-
tion ability of each gene was analyzed singly among
different tissues. From Figure 3, it could be found that
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Figure 2 Distribution of gene expression levels. 1: APC; 2: Bcl10; 3: Beclinf;
4: BRCAT; 5: BRCA2; 6: FHIT; 7: KAI1; 8: NM23; 9: Pich; 10: PTEN, 11: RB; 12:
UVRAG; 13: TP53; 14: Cyclin D1; 15: C-myc.

when using a single gene, both well differentiated GA
and poortly differentiated GA could be well distinguished
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Figure 3 Classification of two sample groups with a single gene. 1: Normal
tissues; 2: Well differentiated GA; 3: Poorly differentiated GA. AUC: Area Under
Curve.

from the normal tissues. When compared with normal
tissues, two different gene subsets were discovered re-
spectively: Beclin1, BRCA2, FHIT, KAI1, Prch, TP53; and
APC, Beclinl, BRCAT, BRCA2, FHIT, KAI1, NM23,
Prh, PTEN, RB, TP53 in pootly and well differentiated
GAs. In comparison of well and poorly differentiated
GA, none of the single genes could achieve a high clas-
sification performance.

In this analysis, when the AUC results were lower
than 80%, the corresponding gene(s) had no classification
power under our hypothesis. If a gene can improve the
AUC by more than 80%, it can be regarded as a key gene
as it can classify two different sample groups.

Results obtained at the third step: The results were
analyzed in three aspects: (1) The pootly differentiate
GA was compared with normal tissues, and the results
indicated that TP53 was the key gene for distinguish-
ing the two tissues (Figure 4). It was obvious that when
TP53 was used, the AUC results were immediately im-
proved; (2) Well differentiated GA was compared with
normal tissues, and the results showed that TP53, RB,
and PTEN are the key genes, which had high classifica-
tion abilities (Figure 5); and (3) We compared the pootly
differentiated with well differentiated GA, and seven
genes (Be/10, UVRAG, APC, Beclin1, NM23, PTEN, and
RB) were found to be closely related to different patho-
logical gradings of gastric cancers (Figure 6).

DISCUSSION

Traditional clinical point of view

Histopathological differentiation level represents the de-
terioration degree of tumors. The stomach carcinoma is
one of the most prevalent cancer types in the world,
Only a limited number of biomarkers are available for
its detection and prognostic evaluation. Up to now, the
clinicians still determine the degree of malignancy by
histopathological differentiation method. Two major
types of stomach carcinoma are distinguished accord-
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ing to their morphological and clinicopathological clas-
sifications: well- differentiated/ intestinal type and pootly
differentiated/diffuse type!®*”. Here, the well or poorly
differentiated level represents the malignant degree of
tumors, and implies different prognosis. The study of
Muro-Cacho ¢z a/™ indicated that only the degree of
necrosis and phenotypic differentiation toward smooth
muscle were found to be indicators of poor prognosis in
the multivariate analysis. Based on their observations, a
classification scheme for gastrointestinal stromal tumors
was proposed. Lee ¢z a/ P clarified the importance of the
mucin phenotype in clinic. Despite a well-defined coz-
relation between histological differentiation and Lauren’s
classification of GA, the mucin phenotype was not in
agreement entirely with Lauren’s classification. Instead
of the histologic differentiation and Lauren’s classifica-
tion, I-phenotypic expression was an independently
important prognostic factor of gastric cancers. We have
often observed that the level of pathological differentia-
tion and prognosis are inconsistent in clinic. It is well
known that the higher degree of malignancy, the eatlier
occurrence of cancer metastasis and invasion, and the
more important alterations of tumor-related genes. So
our research about the relationship between different
histopathological grades and the tumor-related genes in
GA is of great clinical significance.

TNM-Gene diagnosis of gastric cancer: A better
diagnostic criterion in the future

The characteristics of the two major types of gastric
cancer can be attributed to different tumor-related gene
activations. A large number of tumor-related genes in-
volved in signal transductions and cell cycle regulation
have been implicated in gastric cancer progression. The
study of Wu e# a/*” indicates that according to the mo-
lecular pathological background, mucinous adenocarci-
nomas of the stomach consist of at least three subtypes:
the mutator-type, the suppressor (p53-type) and the un-
classified tumors. It would provide clinicians with useful
information for clinical diagnosis by further exploration
of carcinomas with more detailed morphological and
biological phenotyping. Wang e# al” indicated that the
MUCT gene might be an indicator of poor prognosis.
Based on these studies, we explored the alteration of
tumor-related genes in different pathological differen-
tiation levels to obtain TNM-Gene diagnosis in GA.
Although the data of gene expressions are complicated
and irregular, we attempted to discover the their correla-
tions using SVM by a 10-fold CV method"™"™,

Alterations of tumor-related genes hardly well matching
the histopathological grades

Tumor grade represents a gestalt of all molecular changes
in malignant tumors and reflects their aggressiveness. In
addition, it has been proved to enhance prognostic in-
formation. Chandler e a/’" evaluated the degree of inter-
observer variation in grading by conducting a nationwide
survey of histopathologists, and drew an important
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conclusion: given the fact that the histopathological crite-
ria of stage and grade still provide the mainstay of prog-
nostication and clinical decision-making, we should make
more efforts to improve grading criteria and standardize
the low- and high-grade categories. However, this con-
clusion is contradictory to ours. It is usually considered
that poorly differentiated GA is a high-grade carcinoma
with poor prognosis, and have multiple important altera-
tions of tumor-related genes, and well differentiated GA
means low-grade carcinoma with better prognosis, and
the reason may be that tumor-related gene alteration
was caused by cumulation of injury and repair. But our
results indicate that TP53 is the key tumor-related gene
relating closely to the canceration of poorly differentiated
GA; and there are multiple tumor-related gene alterations
in well differentiated GA. We suggest that the alteration
level of tumor-related genes is bound up with grade of
malignancy, histopathological grading and prognosis. So
we have come up with a conclusion: the alterations of
tumor-related genes do not exactly match the histopatho-
logical grades. Furthermore, we suspect that histopatho-
logical tumor grade does not exactly match the degree of
malignancy. There are slight differences between poorly
and well differentiated GA. No single tumor-related gene
can distinguish the two groups of tumors, and only one
gene subset consisting of seven genes can distinguish the
two tumors. So we speculate that synergistic actions of
multiple genes lead to different specimens.

144

&?sﬁiﬁm‘“ WJG | www.wjgnet.com

Wilcoxon

Entropy

1135

0.90

0.85

0.80 -

0.75

0.70

0.65 | | | | | | | | | | | | | | |
DL 0N ® DB DD
& EEGP SIS P S SY

PDGA vs WDGA
0.90

0.85 -

0.65 1 1 1 1 1 1
\\,0 Q?‘ ‘r\’fb ?S’(’ /\?§ ,@‘)3 Qg’ %ec (o‘\(' 0\’ @3"’ Qﬁﬁ/ (x\6 ng\f Qﬁd\

PDGA vs WDGA

Outlook and speculation
Compared with general pathological diagnosis, the
TNM-Gene diagnostic methods are more accurate to
determine the extent of malignancy of tumors and
prognoses. TP53 is the most important tumor-related
ene™™. Among the 15 genes, only the alteration of
TP53 closely relates to poorly differentiated GA. But
besides TP53, other ten genes are connected with the
well differentiated GA. To sum up the results, TP53
alters in both groups of tumors, but leading to different
Edmonson, we speculate that the alterations of TP53
may have completely different subtypes, which have the
different functions.

COMMENTS

Background

Gastric cancer is the second major cause of oncologic death worldwide.
Because the occurrence of cancer is closely related with the tumor-related
genes, the authors explored the diverse characteristics of different pathological
gradings of gastric adenocarcinomas (GAs) by investigating 15 tumor-related
genes. It has been proved that the 15 critical tumor-related genes selected are
involved in carcinogenesis, and they represent different formation mechanism
of cancers.

Research frontiers

TNM-Gene diagnosis of gastric cancer is a better diagnostic criterion. The
characteristics of two major types of gastric cancer can be attributed to different
tumor-related gene activations. A large number of tumor-related genes involved
in signal transductions and cell cycle regulation have been implicated in gastric
cancer progression. So the authors explored the alteration of tumor-related
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genes in different pathological differentiation levels in an attempt to obtain TNM-
Gene about different GAs.

Innovations and breakthroughs

Tumor grade represents a gestalt of all molecular changes in malignant tumors
and reflects their aggressiveness. The results of this study is different from the
traditional opinions as the well differentiated cancer tissues have more altera-
tions of important tumor-related genes than those of the poorly differentiated
cancer tissues.

Applications

To sum up the results, TP53 alters in both groups of tumors, but leading to dif-
ferent Edmonson, the authors speculate that the alterations of TP53 may have
completely different subtypes, which have the different functions. Additionally,
there are slight differences among tumor-related genes between poorly dif-
ferentiated and well differentiated GAs, and the associated alterations of gene
subset, Bcl10, UVRAG, APC, Beclin1, NM23, PTEN and RB, are closely related
to different pathological gradings of GAs.

Terminology

ROC: receiver operating characteristic, a graphical plot of the sensitivity vs
(1-specificity); AUC: the area under the ROC curve, reflecting the relationship
between sensitivity and specificity for a given test; SVM: support vector ma-
chines, a set of related supervised machine learning methods used for classifi-
cation or regression.

Peer review

The study is aimed to identify biomarkers of poorly and well differentiated GAs.
The authors found that among tumor related genes tested only p53 significantly
changed in poorly differentiated GA, whereas well differentiated tumor showed
alterations in several tumor-related genes, including p53, Rb and PTEN.
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