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Clinicopathological significance of loss of
heterozygosity in intestinal- and solid-type
gastric carcinomas: a comprehensive study
using the crypt isolation technique
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The clinicopathological significance of loss of heterozygosity (LOH) in gastric carcinoma remains poorly
understood. We and other researchers have previously demonstrated that LOH is fairly common in intestinal-
and solid-type gastric carcinomas, but rare in diffuse-type tumors. In this study, we investigated the
relationship between clinicopathological variables and LOH status in intestinal- and solid-type gastric
carcinomas. The crypt isolation technique was utilized to analyze LOH at 1p36, 3p14, 4p15, 5q21-22, 8p11-
12, 9p21, 13922, 17p13.1 18921 and 22q13.31 in 113 intestinal- and solid-type gastric carcinomas using a
polymerase chain reaction assay. Inmunostaining with D2-40 and Elastica van Gieson staining were used to
detect lymphatic invasion and vessel invasion, respectively. High LOH rates (49-71%) were observed in all
chromosomal regions tested. 1p36 loss was significantly associated with advanced tumors and lymph node
metastasis. 8p11-12 loss was significantly associated with lymph node metastasis, lymphatic invasion, and
vessel invasion. 17p13.1 (TP53) loss was significantly associated with vessel invasion. 22q13.31 loss was
significantly associated with advanced tumors, lymph node metastasis, lymphatic invasion, vessel invasion
and late TNM stage. No significant associations were observed between LOH at other chromosomal regions and
aggressive behaviors. In addition, significantly higher LOH rates at 1p36, 9p21, 18921 and 22q13.31 were
observed in cardiac tumors compared with noncardiac tumors. These results suggest that in intestinal- and
solid-type gastric carcinomas, LOH on 3p14, 4p15, 5¢921-22, 9p21, 13q22 and 18qg21 is associated with
carcinogenesis, while LOH on 1p36, 8p11-12, 17p31.1 and 22q13.31 is associated with tumor progression.
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Gastric adenocarcinoma is still one of the most
common cancers and a leading cause of cancer
death in the world. Although multiple genetic and
epigenetic alterations, such as mutations of the p53
and E-cadherin genes, loss of heterozygosity (LOH),
DNA methylation and microsatellite instability
(MSI), have been described in gastric carcinomas,
the significance of these alterations with respect to
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the carcinogenesis or progression of gastric carcino-
mas remains largely unclear.”?

LOH studies in gastric cancer have discovered
several chromosomal regions with significant allelic
loss, suggesting that these regions harbor several
candidate or putative tumor suppressor genes
important in the development of gastric cancer.®*
To date, several studies have attempted to investi-
gate the relationship between various clinicopatho-
logical characteristics or outcomes and LOH status
in gastric carcinoma.’™*® However, these studies
substantially disagree among themselves with
regard to the frequency of LOH, and the relation-
ships between LOH and various clinicopathological
factors or outcomes remain controversial. Some of
these studies have focused on the relationship



between clinicopathological factors and the extent
of chromosomal loss (fractional allelic loss
(FAL)).>***31* Most studies investigating the rela-
tionship between single chromosomal loss and
clinicopathological variables have only evaluated
tumor stage (depth of invasion).>%®*" Therefore, the
clinicopathological significance of LOH, especially
single chromosomal region loss, with respect to
the initiation and progression of gastric carcinoma
remains poorly understood.

In previous studies, one inevitable limitation
of LOH analysis using conventional isolation
methods is that the preparations of tumor DNA are
always contaminated with normal DNA, making
it difficult to accurately assess LOH status due to
the increased likelihood of false-negative results
with respect to allelic losses.** To date, only two
reports have reported a significantly higher LOH
rate (>50%) at multiple chromosomes in primary
gastric carcinomas: one study used the crypt isola-
tion technique,® and the other used xenografted
gastric carcinomas.* In addition, some of these
previous studies examined a relatively small num-
ber of samples and relatively few early cancers,
which may also have limited analysis of the
relationship between LOH status and clinicopatho-
logical factors.>'*

Moreover, two main histological gastric carcinoma
types, intestinal and diffuse, appear to be associated
with different genetic pathways.®'®'” Many studies
have demonstrated that LOH is fairly common in
intestinal type gastric cancer but rare in diffuse type
tumors.>®#1%1217 These findings suggest that diffuse
type tumor is a separate entity from intestinal gastric
carcinoma with its own initiation and progression
mechanisms. The Japanese classification of gastric
adenocarcinoma divides poorly differentiated adeno-
carcinomas into solid-type and non-solid-type sub-
groups.'® Solid-type gastric carcinoma, which shows
solid, sheet-like proliferation with an alveolar
pattern with indistinct or no tubular differentiation
and has a well-defined boundary, shows clearly
different histologic appearance and growth pattern
compared with intestinal (glandular formation) type
and diffuse (non-solid, clustered or single cells with
diffuse infiltration) type cancers. By applying the
crypt isolation technique, which can isolate normal
or tumor crypts from the mucosa propria and
separate tumor tissue from stromal tissue, and thus
enable us to obtain pure normal epithelium and
tumor tissues,>'**' we recently demonstrated a
significantly higher LOH frequency in several
chromosomal regions in solid-type gastric adeno-
carcinomas as well as in intestinal-type tumors,
suggesting that LOH may also contribute to carcino-
genesis and progression in solid-type tumors.?

In the present study, therefore, we utilized the
crypt isolation technique to comprehensively ana-
lyze the relationship between clinicopathological
variables and LOH status in a large number of
intestinal- and solid-type gastric carcinomas.
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Materials and methods
Patients

Between March 2000 and February 2005, 113
intestinal- (n=83) and solid (n=30)-type gastric
adenocarcinomas and corresponding normal tissues
were obtained surgically from 113 patients, ranging
in age from 31 to 93 years (69.7 +9.3; mean +s.d.),
undergoing resection of the stomach at the Iwate
Medical University Hospital and related city hospi-
tals. Patients who underwent radiotherapy and
chemotherapy before surgery were not included in
the study. The Japanese histological criteria’® com-
bined with Lauren’s classification** were used to
determine histological type and tumor stage. Intest-
inal-type tumors were considered as well or moder-
ately differentiated, according to the degree of
glandular formation of the cancer epithelium.
Solid-type tumors consisted of solid-type poorly
differentiated adenocarcinomas. Early cancer was
defined as tumor limited to the mucosa and the
submucosa; advanced cancer was defined as tumor
invading into or beyond the muscularis propria. We
performed immunostaining with D2-40 (Dako Cyto-
mation, Kyoto)*® to more accurately assess lympha-
tic invasion, which 1is difficult to detect in
hematoxylin and eosin sections (Figure 1a). Elastica
van Gieson (EVG) staining was used to detect vessel
invasion (Figure 1b). Adenocarcinoma of the gastric
cardia was defined as a tumor whose epicenter was
located 20 mm or less distally to the gastro-esopha-
geal junction and which did not have an associated
Barrett’s intestinal metaplasia.** As only seven of the
113 study patients had metastases to distant organs,
the relationship between LOH status and distant
organ metastasis was not analyzed.

All procedures were performed in accordance
with university ethical standards (approval no.
H 13-9) and our hospital criteria. All participants
gave informed consent to the study.

Crypt Isolation Method

Crypt isolation was performed as described pre-
viously."**" Briefly, fresh normal and tumor tissues
were sampled immediately after surgical resection.
Normal mucosa and tumor tissues were minced
with a razor into minute pieces, then incubated at
37°C for 30min in calcium- and magnesium-free
Hanks’ balanced salt solution (CMFH) containing
30mmol/] ethylene-diaminetetraacetic acid (EDTA).
Following this, the tissue was stirred in CMFH for
30—40 min. Normal and tumor crypts were separated
from the lamina propria mucosa or fibrous stroma.
The isolated crypts were immediately fixed in 70%
ethanol and stored at 4°C. Fixed crypts were
observed and collected under a dissecting micro-
scope (SZ60, Olympus, Tokyo). Several crypts from
each case were subjected to routine histologic
examination to confirm their origin (Figure 2). The

549

Modern Pathology (2006) 19, 548-555



@ Clinicopathological significance of LOH in gastric cancer
Y-F Jiao et al

Figure 1 (a) Immunostaining for D2—40 shows tumor masses inside lymphatic ducts ( x 200). (b) EVG staining shows a tumor mass

located within a vessel ( x 100).
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Figure 2 (a) Normal crypts (x 175). (b) Histology of a normal crypt (H&E, X 200). (c) A crypt of intestinal-type (well-differentiated)
adenocarcinoma (x 100). (d) Histology of an intestinal-type adenocarcinoma (H&E, x100). (e) A cell clump of solid-type
adenocarcinoma ( x 200). (f) Histology of a solid-type adenocarcinoma (H&E, x 200).

morphologic findings of normal crypts and crypts
from different types of gastric carcinoma have been
described previously.**

DNA Extraction and Microsatellite Analysis

DNA was extracted as described previously.*®
Twenty microsatellite markers on 10 chromosome
regions were used for allelic loss analysis in this
study (1p36: D1S228, D1S548; 3p14: D3S2402,
D3S1234; 4p15: D4S2639, D4S1601; 5q21-22:
D5S346, D5S82, D5S299; 8pl1-12: D8S513,
D8S532; 9p21: D9S171, D9S1118; 13q22: D13S162;
17p31.1: TP53; 18q21: D18S5S487, DCC; 22q13.31:
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D22S274, D22S1140, D22S1168). The sequences of
the primers used were obtained from the Genome
Database (http://www.gdb.org/gdb/). A polymerase
chain reaction (PCR) assay was performed to
quantitatively detect allelic loss at each locus, as
described previously.?® The ratio of the allele peak
areas (g-value) was calculated for paired normal and
tumor samples as described by Habano et al.*® When
the g-value was 0.60 or lower, the case was
interpreted as an allelic loss. Samples were regarded
as uninformative if they showed constitutional
homozygosity or MSI. When allelic loss was
observed for at least one locus of the chromosomal
markers examined, the loss of these chromo-
somal regions was confirmed. LOH rates for each



chromosomal region were calculated by dividing the
number of tumors that showed allelic loss by the
total number of informative cases for that particular
region.

Statistical Analysis

LOH frequencies in each chromosome region of the
tumors were compared with various clinicopatho-
logical characteristics using the y* test for inde-
pendence. Results were considered significant at
P<0.05.
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Results

All 10 chromosomal regions tested showed a high
degree of allelic loss (1p36 (57%), 3p14 (60%), 4p15
(52%), 5q21-22 (59%), 8p11-12 (49%), 9p21 (57%),
13q22 (52%) 17p13.1 (71%), 18921 (53%), and
22q13.31 (56%)) (Table 1).

The relationship between LOH status in each
chromosomal region tested and clinicopathological
findings is shown in Table 1. Allelic loss of 1p36
was significantly associated with cardiac carcino-
mas (P=0.049), advanced tumors (P=0.029) and
lymph node metastasis (P=0.012). The 1p36 LOH

Table 1 Allelic losses and clinicopathological findings in intestinal- and solid-type gastric carcinoma

Clinicopathological findings

No. of LOH cases/informative cases in chromosomal regions

n  1p36 3pl4  4pl5 5q21-22 8pl1-12 9p21  13q22 17pi3.1  18q21  22q13.31

Overall LOH rate 57% 60% 52% 59% 49% 57% 52% 71% 53% 56%
Total 113
Gender

Female 30 15/25 17/27 13/28 14/22 9/19 16/20 12/19 13/21 10/19 14/26

Male 83 37/67 41/69  40/73 38/66 33/67 34/68 29/60 47/64 37/69 40/70

P 0.681 0.75 0.451 0.617 0.885 0.017 0.26 0.314 0.939 0.772
Age (year)

=65 32 19/31 17/29 16/30 11/25 12/25 11/24 11/24 18/26 15/26 15/28

>66 81 33/61 41/67 37/71 41/63 30/61 39/64 30/55 42/59 32/62 39/68

P 0.511 0.813 0.911 0.07 0.921 0.203 0.476 0.855 0.602 0.734
Location

Antrum 52 21/44 27/44 24/45 26/41 20/38 22/40 20/37 29/38 23/42 26/42

Subcardia+B0dy 41 17/31 19/35 17/38 14/31 15/34 14/32 12/27 18/32 9/29 14/35

Cardia 20 14/17 12/17 12/18 12/16 7/14 14/16 9/15 13/15 15/17 14/19

P 0.049 0.522 0.304 0.106 0.767 0.015 0.587 0.059 0.0008 0.036
Tumor size (mm)

=50 61 30/50 31/50 24/53 29/48 20/45 27/44 18/39 31/42 26/47 28/50

>51 52 22/42 27/46  29/48 23/40 22/41 23/44 23/40 29/43 21/41 26/46

P 0.463 0.741 0.128 0.782 0.393 0.389 0.313 0.519 0.701 0.959
Stage (depth of invasion)

Early (m-sm) 29 8/22 14/25 11/24 10/19 7/20 9/19 8/18 11/18 10/21 6/22

Advanced (mp—si) 84 44/70 44/71 42/77 42/69 35/66 41/69 33/61 49/67 37/67 48/74

P 0.029 0.59 0.456 0.518 0.158 0.348 0.471 0.32 0.542 0.002
Lymphatic duct invasion

Positive 88 44/72 47/73  42/79 40/70 36/65 39/70 32/61 49/66 38/68 47175

Negative 25 8/20 11/23 11/22 12/18 6/21 11/18 9/18 11/19 9/20 7/21

P 0.092 0.157 0.793 0.464 0.033 0.68 0.854 0.168 0.391 0.017
Vessel invasion

Positive 89 46/76 48/75 45/82 44/73 39/70 43/73 36/64 54/70 41/71 50/79

Negative 24 6/16 10/21 8/19 8/15 3/16 7/15 5/15 6/15 6/11 4/17

P 0.091 0.175 0.315 0.619 0.008 0.384 0.11 0.004 0.096 0.003
Node metastasis

Positive 65 38/57 34/56 33/62 31/54 30/51 30/54 26/47 41/54 30/55 38/58

Negative 48 14/35 24/40 20/39 21/34 12/35 20/34 15/32 19/31 17/33 16/38

P 0.012 0.944 0.849 0.687 0.025 0.763 0.461 0.154 0.783 0.024
TNM stage

1 46  16/35 24/39 19/38 21/32 13/34 20/35 15/31 21/31 18/33 16/37

1I-1V 67 36/57 34/57 34/63 31/56 29/52 30/53 26/48 39/54 29/55 38/59

P 0.101 0.853 0.699 0.346 0.112 0.96 0.616 0.662 0.869 0.042

m, mucosa; sm, submucosa; mp, muscularis propria; ss, subserosa; se, serosa-exposed; si, serosa-infiltrating.

551

Modern Pathology (2006) 19, 548-555



Clinicopathological significance of LOH in gastric cancer
Y-F Jiao et al

rate was also higher in tumors with lymphatic and
vessel invasion than in those without lymphatic and
vessel invasion, but this difference did not reach
statistical significance. 8p11-12 loss was signifi-
cantly associated with lymph node metastasis
(P=0.025), lymphatic invasion (P=0.033) and
vessel invasion (P=0.008). 9p21 loss was signifi-
cantly associated with cardiac tumors (P=0.015)
and female gender (P=0.017). 17p13.1 loss was
significantly associated with vessel invasion
(P=0.004). 18921 loss was significantly associated
with cardiac tumors (P=0.0008). 22q13.31 loss was
significantly associated with cardiac tumors
(P=0.036), advanced tumors (P=0.002), lymph
node metastasis (P=0.024), lymphatic invasion
(P=0.017), vessel invasion (P=0.003) and late
TNM stage (I vs II-IV, P=0.042). No significant
association between LOH on 3p14, 4p15, 5q21-22,
13g22 and any clinicopathological variable was
observed.

Discussion

The present study represents a detailed and com-
prehensive investigation of the relationship between
LOH status and various clinicopathological vari-
ables in a large panel of intestinal- and solid-type
gastric adenocarcinomas. Significantly higher LOH
rates (49—71%) from tumor samples obtained by the
crypt isolation technique suggest the presence of
putative or candidate tumor suppressor genes on
chromosomal regions 1p36, 3p14, 4p15, 5q21-22,
8p11-12, 9p21, 1322, 17p31.1, 18q21 and 22q13.31
involved in the development in intestinal- and
solid-type gastric carcinomas. This involvement of
several chromosomal regions corresponds to the
multistep process known to control the malignant
transformation of cells.

Several studies have described 1p36 losses in
gastric cancer'"*>?° Igarashi et al'' reported that
deletion at 1p35-pter is associated with advanced
gastric carcinomas, but the correlations between
LOH in this region and other clinicopathological
factors were not described. Two tumor suppressor
genes RIZ1 and RUNX3, located in 1p36, were
shown to be inactivated in gastric cancers.?®?”
Hemizygous deletions of RUNX3, a growth regulator
of gastric epithelial cells, have been reported to be
significantly increased in late TMN stage gastric
cancers.”” Our data showed that the loss of 1p36
was significantly associated with advanced tumors
and lymph node metastasis. These results support
the presence of putative tumor suppressor gene(s)
at 1p36 involved in the aggressive behaviors
of intestinal- and solid-type gastric carcinomas.

LOH on 8p is frequently found in many types
of human cancers, and three commonly deleted
regions have been defined at 8p23, 8p21-22 and
8p11-12."%%29 In gastric cancer, LOH at 8p21-22,
which harbors the FEZ1 tumor suppressor gene, has
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been demonstrated to be a frequent event.'®293°
French et al'® demonstrated that allelic imbalance
at this region is associated with poorer survival, but
no relationship between LOH status and clinico-
pathological factors was described in their study. In
the present study, our data showed an overall allelic
loss rate of 49% at 8p11-12 in intestinal- and solid-
type tumors, and allelic loss at this region was
significantly associated with lymphatic invasion,
vessel invasion, and lymph node involvement.
There are no previous reports of significant LOH at
8p11-12 in gastric cancers. Although candidate
tumor suppressor genes remain unclear, our results
support the presence of tumor suppressor genes at
8p11-12 involved in the invasion phenotype of
intestinal- and solid-type gastric carcinoma. LOH
in this region is reported to be associated with
aggressive behaviors in other human cancers, in-
cluding bladder and prostate cancer.?®*"

22q13.31 is a common target region of allelic loss
on chromosome 22q and is frequently lost in human
colorectal and breast cancers.?**® The present study
showed that LOH of 22q13.31 using D22S274,
D22S1168 and D22S1140 is significantly associated
with advanced tumor, lymphatic and vessel inva-
sion, node involvement and late TMN stage. These
findings suggest that the existence of candidate
tumor suppressor gene(s) at this region may con-
tribute to tumor progression and a worse prognosis
in intestinal- and solid-type gastric cancers. The BIK
gene mapped to 22q13.31 is a proapoptotic gene and
may function as a tumor suppressor.** It has been
demonstrated that the BIK gene, complexed with a
nonviral gene delivery system, significantly inhib-
ited the growth and metastasis of human breast
cancer cells implanted in nude mice and prolonged
the life span of the treated animals.*® Two recent
published reports described LOH on 22q12-13 in
gastric cancer."**® Koo et al'* reported a low overall
LOH rate (21%) using D22S283 and D22S274 in 38
patients. Their study suggested that 22q loss may be
associated with advanced tumor, though the rela-
tionship was not statistically significant. Koshiishi
et al observed frequent LOH at a region of 22q
containing the p300 gene using D22S304, D225277
and IL2RB in both intestinal- and diffuse-type
gastric carcinomas, but found that LOH was sig-
nificantly correlated with advanced stage and
lymph node metastasis only in the intestinal-type
tumor (10 early and 24 advanced). Those authors
thus concluded that the p300 gene behaves as a
tumor suppressor gene in the intestinal type, but not
in the diffuse type of gastric carcinoma.?*®

It is interesting that allelic loss at TP53 had a
significant association only with vessel invasion,
but not with other aggressive factors in the present
study. Wild-type p53 is an inhibitor of angio-
genesis,”” and mutant p53 correlates with increased
angiogenesis and malignant progression in melano-
ma.*® In gastric carcinoma, it has been reported that
tumors containing p53 mutations are much more



likely to metastasize than tumors without muta-
tions.*® Our findings suggest that inactivation of
TP53 may contribute to metastatic potential in
intestinal- and solid-type gastric carcinomas. Sev-
eral studies have reported that 17p13 loss was
correlated with gastric wall invasion,”>*° but other
studies have failed to find a significant associa-
tion.>"?

Allelic losses at 3p14, 4p15, 5q21-22, 9p21, 13q22
and 18921 did not show a significant association
with aggressive behaviors such as stage (depth of
invasion), lymphatic or vessel invasion, and lymph
node metastasis in the present study, suggesting that
putative or candidate tumor suppressor genes at
these chromosomal regions may be involved in
carcinogenesis of intestinal- and solid-type gastric
carcinoma. It is well known that tumor suppressor
genes FHIT, APC, p16, DCC and DPC4 have been
mapped to 3pl14, 5q21-22, 9p21 and 18q21, respec-
tively. On the other hand, no tumor suppressor
genes have yet been characterized at 4p15 and 13q22
(D13S162). Aberrant transcripts and loss of protein
expression of the FHIT gene were observed in the
majority of gastric carcinomas.*"** However, the
APC, p16, DCC and DPC4 genes did not show
significant mutations in gastric carcinomas,**™*°
implying some other tumor suppressor genes in
these chromosomal regions may be involved in
gastric carcinogenesis.

( Carcinogenesis )
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The clinicopathological significance of LOH at
5q21-22 and 1821 has been widely investigated in
gastric cancer. Although Nishizuka et al® reported
that 5921 loss was associated with advanced
intestinal-type gastric carcinoma, the present study
and other published studies®'**° have not con-
firmed this finding. Candusso et al'* demonstrated
a strong correlation between 18q21 loss and aggres-
sive behaviors such as gastric wall invasion, lymph
node involvement or late TMN stage in cohesive
(glandular + solid) type tumors; however, 18q21
LOH did not show prognostic power.'? Several other
studies also described a positive correlation be-
tween 18921 loss and tumor invasion or late TMN
stage.®” However, the present study and other
studies®>'®'* did not confirm this reported correla-
tion. Reports on the clinicopathological significance
of LOH at 3p14,"**” 4p15,>" 9p21"® and 13q22">"*
are very rare, and no positive correlation has
been found except for one study stating that 13q
los was weakly correlated with advanced tumor
(P=0.049)."

Gastric cardia adenocarcinoma is thought to be a
separate clinical entity from other gastric carcino-
mas. Studies on LOH in cardiac adenocarcinomas
are rare.*®**° Allelotypes of cardiac adenocarcinoma
were analyzed by a previous study, and significantly
high LOH rates on several chromosomes were
found.*® However, that study did not provide a

< Progression )
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Figure 3 Schematic representation of LOH at multiple chromosomal regions involved in carcinogenesis and progression of intestinal-

and solid-type gastric adenocarcinomas.
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precise definition of cardiac adenocarcinoma. In the
present study, we defined cardiac adenocarcinoma
as a tumor with its epicenter located 20 mm or less
distally to the gastro-esophageal junction and which
did not have an associated Barrett’s intestinal
metaplasia. This definition is similar to type II
tumors (adenocarcinoma of the true cardia) in
Siewert’s classification.?* Against the background
of high LOH rates observed in all chromosomal
regions tested in this study, allelic losses at 1p36,
9921, 18921 and 22q13.31 were significantly higher
in tumors located in the cardia than tumors located
elsewhere in the stomach. 17p13.1 (TP53) loss was
also higher in cardiac tumors than in noncardiac
tumors, but this difference did not reach statistical
significance (P=0.059). These findings suggest
that tumor suppressor genes at these regions are
involved in the development of intestinal- and
solid- types of gastric cardia adenocarcinoma. No
statistical analysis was performed to assess the
relationship of LOH status of cardiac tumors with
clinicopathological factors, due to the small number
of such tumors in this study (n=20).

In conclusion, this comprehensive analysis utiliz-
ing the crypt isolation technique in a large numbers
of samples demonstrated that LOH at 1p36, 8p11-
12, 17p13.1 and 22q13.31 is significantly associated
with aggressive behaviors in intestinal- and solid-
type gastric adenocarcinomas, whereas LOH at
3p14, 4p15, 5p21-22, 9p21, 13922 and 1821 is
not associated with aggressive behaviors. These
findings suggest that tumor suppressor genes locat-
ing at 3p14, 4p15, 5q21-22, 9p21 13g22, and 18qg21
may contribute to the initiation of intestinal- and
solid-type gastric carcinoma, and that tumor sup-
pressor genes mapping to 1p36, 8p11-12, 17p13.1
and 22q13.31 may be involved in the progression of
these tumor types (Figure 3). In addition, tumor
suppressor genes at 1p36, 9921, 18q21 and 22q13.31
may be specially associated with gastric cardia
adenocarcinomas.
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