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Gypican-3 (GPC3) has been recognized as an oncofetal protein in hepatic
neoplasms and yolk sac tumors. To characterize a distinct subgroup
of gastric carcinoma (GC) expressing GPC3 (GPC3-GC), primary and
metastatic GC tissues were evaluated by immunohistochemistry with
special focus on their related entities: hepatoid, clear-cell, and a-
fetoprotein-producing GC. GPC3-GC was defined as focal GPC3-GC
when 10-49% of neoplastic cells were positive, and as diffuse GPC3-
GC when more than 50% of cells were positive. Among 926 GC cases,
101 (11%) were GPC3-GC, of which 45 were diffuse and 56 were focal
GPC3-GC. Specific histological patterns, such as the hepatoid and clear-
cell patterns, were frequently observed in diffuse GPC3-GC (38 and
49%, respectively) and in focal GPC3-GC (4 and 25%, respectively),
whereas these patterns were extremely rare in GPC3-negative GC.
Immunoreactive a-fetoprotein was only identified in GPC3-GC (38 % of
diffuse and 14% of focal GPC3-GC). Both diffuse and focal GPC3-GC
showed nodal metastasis more frequently (67 and 55%, respectively)
than GPC3-negative GC (34%), and the diffuse GPC3-GC had signifi-
cantly more T2-4 and M1 stage cases. GPC3 immunostaining was
presentin 57 out of 61 nodal metastases (93%) and in all four liver
metastases examined. Importantly, diffuse GPC3 expression was
observed in the liver metastasis, even if the primary tumor was focal
GPC3-GC. GPC3-GCis a distinctive group of GC, which unifies hepatoid,
clear-cell, and a-fetoprotein-producing GC. GPC3 is expected to be a
target of forthcoming immunotherapy for a patient bearing this specific
type of GC. (Cancer Sci 2009; 100: 626-632)

G ypican-3 is a cell-surface heparan sulfate proteoglycan that
is linked to the extracytoplasmic cell-surface membrane by
a glycosylphosphatidylinositol anchor.” Heparan sulfate proteogly-
cans are known to interact with growth factors through heparan
sulfate chains and thereby serve as coreceptors for heparin-binding
growth factors. Recently, GPC3 has been recognized as an oncofetal
protein in the fetal liver and neoplasms of hepatocellular lineage,
that is, hepatoblastoma and HCC.® Similar to o-fetoprotein, GPC3
is expressed in yolk sac tumors of the testis as well.®* Immuno-
histochemistry for GPC3 labels much more neoplastic cells than
that of AFP in testicular yolk sac tumors, although GPC3 is
occasionally expressed in other types of germ cell tumors. The
parallel expression pattern of GPC3 and AFP has been further
demonstrated in our comparative study of GPC3, AFP, hepatocyte
antigen, and protein-induced vitamin K absence or antagonist II
in AFP-producing GC.®

Gastric carcinoma is the fourth most common malignancy world-
wide, with approximately 870 000 new cases occurring yearly,
and mortality due to GC is the second highest following lung
carcinoma.® To overcome this carcinoma, it is important to
identify its distinct subgroups with characteristic marker pheno-
types. AFP-producing GC is such an example, and is characterized
by an elevated serum AFP level in cancer-bearing patients. AFP-
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producing GC takes a particularly aggressive clinical course and
has a poor survival rate with marked vascular invasion and high
rates of liver metastasis.” These facts have led to the proposal
of AFP-producing GC as an entity in itself, but the absence of
effective therapy against this type of GC prevented further appli-
cation of the entity in clinical medicine. This is largely due to
the fact that AFP is primarily a secretary protein, and thus it is
difficult to target the cells that produce it with a specific anti-
body. However, in our previous study, which concerned 10 cases
of AFP-producing GC, the immunoreactivity for GPC3 was stronger
and more sensitive than that for AFP.® These results imply that
GPC3 may serve as a cell-surface marker of AFP-producing
GC and raises the possibility that GPC3-GC constitute a distinct
subset of GC.

In the present study, we have extended our observation to clarify
the pathological features of GPC3-GC with special focus on its
related entities of GC subgroups, such as hepatoid GC, clear-cell
GC, and AFP-producing GC. There is increasing evidence that
GPC3 is a sensitive serum marker®'? and an effective immu-
notherapeutic target for the treatment of GPC3-expressing
cancers such as HCC and malignant melanoma."*!¥ Therefore,
it is necessary to characterize this subgroup of GC for these
clinical applications.

Materials and Methods

All of the specimens used in the present study were retrieved from
the archives of the Department of Pathology, Tokyo University
Hospital from 1990 to 2007. In total, 926 GC cases were evaluated.
All samples were fixed in 10% formalin, embedded in paraffin,
cut into 4 um-thick sections, and stained with hematoxylin—eosin
for routine pathological examination. Tumor staging was carried
out according to the tumor-node—metastasis stage system.!'¥ T
and N factors were determined by histological evaluation. In the
present study, the GC cases consisted of 479 early (T1) and 447
advanced (T2-4) cases. Histological subtypes were classified
according to the criteria of the Japanese Research Society for
Gastric Cancer,'® consisting of pap, tubl, tub2, porl, por2, and
sig. Carcinoma with marked extracellular mucin was classified
as muc. They were also classified according to the Lauren class-
ification system: intestinal and diffuse type.'” The degree of
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lymphatic and venous invasion was also assessed according to
the criteria of the Japanese Research Society for Gastric Cancer
as follows: O for no invasion, 1 for minimal invasion, 2 for moderate
invasion, and 3 for marked invasion.

Specific histological patterns, which have also been reported
in AFP-producing GC, were evaluated, such as hepatoid, clear-cell,
and fetal gut-like patterns in GPC3-positive and GPC3-negative
GC.1319 In the criteria of the Japanese Research Society for
Gastric Cancer, hepatoid pattern is included in porl, whereas fetal
gut-like pattern is included in tubl or tub2. Clear-cell pattern is
variously classified, such as porl when showing sheet-like pro-
liferation, pap when showing papillary growth, and tubl or tub2
when showing tubular structures. Then, the distribution of GPC3-
positive cells was compared to these specific histological patterns.

Construction of TMA and full section study. TMA was used for
the first screening in the immunohistochemical analysis, which
contained 24 GC cases on each slide. Duplicate 2-mm cores
were obtained for each carcinoma from formalin-fixed, paraffin-
embedded tissue blocks. When any positive cells were identified
in the carcinoma tissues of the TMA, full sections of the represen-
tative lesions of the carcinoma were prepared for further study.
For GPC3-GC cases with nodal involvement or distant metastases
(N1-3 or M1 grade), the metastatic lesions were also examined
for GPC3 expression by immunohistochemistry.

Immunohistochemistry. Monoclonal antibodies for GPC3 were
generated in our laboratory as reported previously.® For the immu-
nohistochemical staining, primary antibodies against GPC3 (mono-
clonal, GPC-C02, 1:2500) and AFP (rabbit polyclonal, 1:2000;
Dako, Copenhagen, Denmark) were used. Four micrometer-thick
sections from the TMA samples and from each block of the tumor
tissue were stained using an automated stainer (Ventana Benchmark;
Ventana Medical Systems, Tucson, AZ, USA) with both positive
and negative controls. The positive control sections were carcinoma
tissues of HCC, which had been demonstrated as positive for
GPC3 and AFP.

Scoring of immunohistochemical staining. For the TMA evalua-
tion, cases with no positively stained cells were identified as
negative for GPC3, and cases with any positive cells were further
assessed using full tissue sections. Membranous and cytoplasmic
immunoreactivity for GPC3 was semiquantitatively evaluated in
a representative full section and scored using the percentage of
tumor cells with positive staining as follows: negative (<10%),
focal (10-49%), and diffuse (more than 50%). AFP-producing GC
was defined when AFP production was confirmed by immuno-
histochemistry in more than 1% tumor cells.

Statistical analysis. Correlations between clinicopathological
parameters and the expression of GPC3 or AFP were analyzed by
the y>-test or Fisher’s exact test. A P-value of less than 0.05
was considered statistically significant.

Results

Immunohistochemical analysis of GPC3 expression in GC. Immuno-
histochemistry of GPC3 was first applied to the TMA sections,
which included 926 GC cases. The expression of GPC3 was not
observed in non-neoplastic gastric mucosa except in some vascular
endothelial cells. GPC3 expression in the carcinomas was observed
in the cell membrane and the cytoplasm of the tumor cells (Fig. 1).
Positive membranous staining was observed at the luminal border
of neoplastic cells in the glandular structures (Fig. 1a) and at the
circumference of individual cells in the trabecular structures
(Fig. 1b). There were 185 cases from the GC-TMA that showed
positive cells in either of the two tissue sections. These cases
were further evaluated in detail with one or two full sections of
the tumor. Eighty-four out of 185 cases were considered to be
negative because they showed positive immunoreactivity for GPC3
in less than 10% of the tumor population. Thus, 101 out of 926
cases (11%) were positive for GPC3, 45 cases (5% of the total
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Fig. 1.

Glypican 3 expression in gastric carcinoma. (a) Positive staining
at the luminal border of glandular structures of tubular type gastric
carcinoma (x400). (b) Diffuse membranous and cytoplasmic staining of
glypican 3 in the trabecular structure of poorly differentiated solid type
gastric carcinoma (x400).

GC cases) exhibited diffuse immunoreactivity (GPC3-GC, diffuse
type), whereas the other 56 (6%) showed focal immunoreactivity
(GPC3-GC, focal type).

Histological patterns and distribution of GPC3-positive cells in GPC3-
GC. To clarify how GPC3-GC was histologically classified in
routine surgical pathology of GC, the histological subtypes were
determined by the predominance of common histological patterns
according to the criteria of the Japanese Research Society for
Gastric Cancer. Tub2 (45%) was the most common histological
subtype, followed by porl (21%), pap (12%), and tubl (12%) in the
GPC3-GC (Fig. 2). Sig (2%) was far less common in the GPC3-
GC cases, although it was third in the GPC3-negative GC cases
(172 of 825 cases, 21%). In the Lauren classification system, the
frequency of GPC3 positivity was significantly higher in intestinal-
type GC (69 out of 541, 12.8%) than in diffuse-type GC (32 out
of 385, 8.3%, P =0.033).

Next, common and specific histological patterns were evaluated
in GPC3-GC (Table 1). Papillary and tubular patterns were char-
acteristic of GPC3-GC, which were observed in 54 and 85% of
samples, respectively. As for the specific histological patterns, the
hepatoid pattern was mainly composed of cuboidal or polygonal
cells with abundant eosinophilic cytoplasm. The tumor cells tended
to be arranged in solid nests or in a trabecular fashion and
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Fig. 2. Histological subtypes, determined by the
predominant common pattern, in gastric
carcinoma (GC) with and without expression of
glypican 3 (GPC3). Histological subtype was
determined in GPC3-expressing GC and GPC3-
negative GC according to the definition of the
Japanese Research Society for Gastric Cancer.
muc, mucinous type; pap, papillary type; pori,
solid poorly differentiated type; por2, non-solid
poorly differentiated type; sig, signet ring cell
type; tubl, well-differentiated tubular type;
tub2, moderately differentiated tubular type.
These proportions were significantly different
between the two groups (P<0.0001, x3-test).
Note that the proportion of papillary type is
significantly higher in GPC3-expressing GC.

80% 90%  100%

Table 1. Histological patterns and a-fetoprotein (AFP) immunoreactivity in glypican 3-expressing gastric carcinomas

Findings (nT:o:?)ln le(fnuie4t5y)pe F<Z,c1a:I Ege Statistical difference
Common

Papillary 55 (54%) 27 (60%) 28 (50%) ns
Tubular 86 (85%) 36 (80%) 50 (89%) ns
Solid 30 (30%) 19 (42%) 11 (20%) 0.0135
Scirrhous 23 (23%) 8 (18%) 15 (27 %) ns
Specific

Hepatoid 19 (19%) 17 (38%) 2 (4%) <0.0001
Clear cell 36 (36%) 22 (49%) 14 (25%) 0.0127
Fetal gut-like 4 (7%) 3 (7%) 1(2%) ns
Other findings

Intraluminal eosinophilic material 68 (67%) 31 (69%) 37 (66%) ns
Hyaline globule 25 (25%) 13 (29%) 12 (21%) ns

AFP positivity

Total 25 (25%) 17 (38%) 8 (14%) 0.0065
T1 (n=33) 4 (12%) 3 (30%) 1 (4%) ns
T2-4 (n =68) 21 (31%) 14 (40%) 7 (21%) ns

ns, not significant.

separated by narrow fibrous stroma (Fig. 3a). Nineteen out of 101
cases of GPC3-GC (19%) had a hepatoid component in at least
10% of the tumor population. The clear-cell pattern consisted of
tumor cells with clear cytoplasm showing moderate to severe
cytological atypia, similar to ovarian clear-cell adenocarcinoma
or yolk sac tumor (Fig. 3b). Tubules and papillary structures were
present in varying proportions, but papillary structures dominated
in most cases. Some of them also showed a focal solid area
composed of sheets of polygonal clear cells (Fig. 3c). The clear-
cell pattern was observed in 36 cases of the GPC3-GC (36%).
Hepatoid and clear-cell components coexisted in 13 GPC3-GC
cases (13%). Fetal gut-like pattern was a particular form of clear-
cell pattern. They showed glandular structures with primitive
appearance resembling the developing gut epithelium in early
gestation, consisting of regular columnar cells with clear cytoplasm
and an oval nucleus showing mild atypia (Fig. 3d). This pattern
was relatively rare (4%) in the GPC3-GC cases. These specific
patterns, hepatoid, clear-cell, and fetal gut-like, were extremely rare
in GPC3-negative GC, being present in one case (0.1%), seven
cases (0.8%), and none, respectively.

The distribution of GPC3-positive cells corresponded to these
specific patterns, and the positive cells were scarce in the regions

showing non-hepatoid solid, scirrhous, signet ring cell, or mucinous
patterns. Therefore, when histological features were compared
between diffuse and focal types of GPC3-GC (Table 1), the hepatoid
pattern was more frequently observed in the diffuse type (38%)
than in the focal type (4%, P < 0.0001). The clear-cell pattern was
common in both diffuse (49%) and focal (25%) types. Otherwise,
GPC3-positve cells did not show a specific tendency toward par-
ticular spatial distributions, and were present in both superficial
and deep areas of GC.

Other notable findings were intraluminal eosinophilic material
and hyaline globules. Intraluminal eosinophilic material was occa-
sionally identified in the neoplastic glandular structures, which
were often stained positively for GPC3 (Fig. 3e). It is likely that this
material contains the secretory form of GPC3.?% Various amounts
of intracytoplasmic hyaline globules were identified in 25 out of
101 cases of GPC3-GC (25%) (Fig. 3f). They were periodic acid—
Schiff positive and diastase resistant. Some of them were also
immunohistochemically positive for GPC3. The frequencies of
these structures were not different between diffuse and focal types
of GPC3-GC.

Production of AFP in GPC3-GC. To clarify the relationship between AFP
production and GPC3 expression in GC, immunohistochemistry
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Fig. 3. Histological features of glypican 3 (GPC3)-
expressing gastric carcinoma (GC). (a—d)
Characteristic histological patterns in glypican 3
(GPC3)-expressing gastric carcinoma (GC). (a)
Hepatoid pattern showing sheet-like proliferation
of polygonal tumor cells with abundant eosino-
philic cytoplasm (hematoxylin—eosin [HE], x200). (b)
Clear-cell pattern showing papillary proliferation
bearing a close resemblance to ovarian clear-cell
adenocarcinoma (HE, x200). (c) Solid area of clear-
cell pattern composed of a sheet of polygonal clear
cells (HE, x200). (d) Fetal gut-like appearance of
clear-cell pattern showing a tubulopapillary struc-
ture lined by clear columnar cells with relatively
mild cytological atypia (HE, x200). (e) Eosinophilic
material in the luminal structure and (f) intracyto-
plasmic hyaline globules in GPC3-expressing GC
(HE, x400). These materials often showed positive
staining for GPC3.

of AFP was similarly applied to both TMA and full sections of
GC with reference to clinical information about serum AFP
level. AFP production was detected in 25 out of 926 GC by immu-
nohistochemical staining and these GC were defined as AFP-
producing GC. Preoperative serum AFP levels were elevated
(>10 ng/mL) in all of these patients with available data (n = 16).
All AFP-producing GC showed positive immunostaining for GPC3,
diffusely in 17 cases and focally in eight cases (Table 1). Out of
25 AFP-producing GC, 15 had a hepatoid component, 17 had a
clear-cell component, and 10 had both of them. Twenty-two out
of 25 cases of AFP-producing GC showed stronger and more exten-
sive staining for GPC3 compared with AFP immunoreactivity
(Fig. 4), and AFP-positive cells were consistently observed in the
GPC3-positive areas of these cases. In the other three cases, there
were positive cells for both GPC3 and AFP in a limited region,
but most of the carcinoma cells showed both immunoreactivities
in the same cell.

a-Fetoprotein immunostaining was observed in 38% of diffuse-
type GPC3-GC and 14% of focal-type GPC3-GC. The frequency
of positivity was lower in the T1-stage of GPC3-GC (12%) than
in T2-4 stages (31%). However, this was due to the lowest positive
rate (4%) being in the T1 stage of the focal type of GPC3-GC.

Clinicopathological features of GPC3-GC. The clinicopathological
characteristics of the GC cases were analyzed with regard to GPC3
expression (Table 2). In diffuse-type GPC3-GC, the frequency was
significantly higher in the male patients, T2—4 grade tumors, and
those cases positive for lymph node metastasis (N1-N3), compared
with the GPC3-negative GC. Similarly, lymph node metastasis was
more frequent in focal-type GPC3-GC than in GPC3-negative
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GC. Six out of 45 diffuse-type cases (13%) and two out of 56
focal-type cases (4%) had distant metastases at the onset of disease
(M1 tumors), whereas only nine out of 825 (1%) cases showed
distant metastases in the GPC3-negative GC. Metastatic sites were
in the liver (n =5) and bone (n = 1) in diffuse-type GPC3-GC,
and in the liver (n = 2) in focal-type GPC3-GC. On the other hand,
the metastatic sites were in the liver (n = 8) and intestine (n=1)
in GPC3-negative GC.

Immunostaining for GPC3 in metastasis. The expression of GPC3
in the metastatic lesions of GPC3-positive GC was evaluated
(Table 3). Out of 61 GPC3-positive GC cases with nodal involve-
ment, 57 (93%) cases also showed immunoreactivity for GPC3
in metastatic tumors. In 30 cases of diffuse-type GPC3-GC, the
metastasis exhibited diffuse staining for GPC3 in 21 cases, focal
staining in eight cases, and was negative in one case. In 31 cases of
focal-type GPC3-GC, the metastasis showed diffuse staining in nine
cases, focal staining in 19 cases, and was negative in three cases.

Liver metastases were surgically resected in four cases, two each
in diffuse and focal types of GPC3-GC, in which GPC3 expression
was further evaluated. All of the metastatic tumors showed diffuse
expression of GPC3.

Discussion

Glypican 3 was expressed in 11% of GC in the present study, of
which 5% were diffuse-type GPC3-GC and 6% were focal-type
GPC3-GC. Diffuse-type GPC3-GC showed significantly higher T-
grade than GPC3-negative GC, whereas there was no significant
difference between focal-type GPC3-GC and GPC3-negative GC

CancerSci | April2009 | vol.100 | no.4 | 629
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Table 2.

Fig. 4. Immunohistochemistry of a-fetoprotein
(AFP) in glypican 3 (GPC3)-expressing gastric carci-
nomas (GC). Parallel immunostaining of (a,c) GPC3
and (b,d) AFP demonstrates both immunoreactive
cells in the (a,b) hepatoid pattern and (c,d) clear-
cell tubular pattern of GPC3-expressing GC. The
numbers of cells immunoreactive for AFP were
generally less than those of GPC3-immunoreactive
cells (x200).

Clinicopathological features of glypican 3 (GPC3)-expressing gastric carcinoma (GC)

GPC3-expressing GC

GPC3-negative GC

Clinicopathological features Diffuse Focal n = 825 (89%) Statistical difference
n=45(5%) n=56(6%) GPC3-diffuse vs GPC3-negative =~ GPC3-focal vs GPC3-negative
Age (years), (mean + SD) 659+ 11.8 66.9+9.8 64.5+11.1 ns ns
Sex (M/F) 40/5 46/10 604/214 0.024 ns
Tumor size (mm), (mean + SD) 57.3+37.7 50.2+31.4 47.2+35.3 0.051 ns
Tumor site (U/M/L)* 18/16/10 11/24/21 173/346/295 0.0236 ns
TNM factors
T1/T2-4 10/35 23/33 446/379 <0.0001 ns
MO/M1 39/6 54/2 816/9 <0.0001 ns
NO/N1-3 15/30 25/31 548/277 <0.0001 0.0009
ly0/ly1-3 20/25 23/33 529/296 0.0077 0.0006
vO/v1-3 8/37 20/36 501/324 <0.0001 0.0002

Tumor sites were classified into proximal (U), middle (M), and distal (L) third of the stomach. Twelve cases were excluded that were remnant

cancers or spreading throughout the stomach.
ns, not significant.

in T-grade. This result indicated that the proportion of GPC3-
positive cells increased with tumor progression, which was possibly
due to their growth advantage because GPC3 was shown to stimu-
late the growth of HCC cells in vitro and in vivo by activating
canonical Wnt signaling.®" This result disagrees with that of Zhu
et al. who suggested that GPC3 may act as a tumor suppressor
in GC because of the decrease in GPC3-mRNA in GC tissues,®?
but is compatible with that from our previous study.® Their results
differed in detecting the GPC3-expressing GC subgroup presu-
mably due to the smaller number of cases examined rather than
the methods used, as immunohistochemical expression was well
correlated with that of transcripts in HCC and HCC cell lines.®
A recent study by Baumhoer et al. demonstrated that 10 of 70
(14%) GC cases, 9 of 45 (20%) intestinal-type GC, and 1 of 25 (4%)
diffuse-type GC were positive for GPC3 in immunohistochemical
analysis.®¥ Their result is consistent with our findings on the
frequency of GPC3-GC and its histological features showing predo-
minantly tubular and papillary patterns that correspond to intestinal
type, although they used a commercially available antibody

630

Table 3. Glypican 3 expression in the metastatic tumors of glypican 3-
expressing gastric carcinoma

Lymph node metastasis Liver metastasis

Glypican 3
expression Primary Primary Primary Primary
diffuse focal diffuse focal
30 31 2 2
Diffuse 21 9 2 2
Focal 19 0 0
Negative 1 3 0 0

for GPC3 (clone 1G12; Biomosaics, Burlington, VT, USA). We
have confirmed almost the same staining properties of both
antibodies in a total of 20 GC cases, 10 cases each of GPC3-
positive and GPC3-negative GC (data not shown).

The rat homolog of human GPC3, OCI-5, is expressed dur-
ing development of the fetal gut and is involved in intestinal
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Fig. 5. Schematic presentation of the relationships of glypican 3 (GPC3)-
expressing gastric carcinoma (GC) with o-fetoprotein (AFP)-producing,
hepatoid, and clear-cell GC. GPC3-expressing GC, both diffuse and focal
types, shows the highest frequency, and includes most of the cases of
AFP-producing, hepatoid, and clear-cell GC. These three entities overlap
to a considerable degree.

morphogenesis.®? The OCI-5 transcript is maximally ex-
pressed in the embryonic gut at day 16 of development and gradually
decreases from day 19, becoming undetectable by day 24 post-
parturition. The expression profile of GPC3 in the human fetal gut
is less obvious. However, according to our preliminary studies on
fetal tissues, hepatocyte and renal tubular epithelium cells display
diffuse immunoreactivity throughout the gestational period,
and the gastrointestinal immature epithelium also shows a small
amount of GPC3 in early gestational life (T. Ushiku, unpublished
data, 2008). In the present study, four cases of GPC3-GC showed
a morphology that closely simulated primitive or fetal-type
gastrointestinal epithelium. Therefore, GPC3-expression in GC
implicates oncofetal protein expression in epithelial cells in general,
but some may represent fetal differentiation to the gastrointestinal
epithelium.

Specific histological patterns, such as the hepatoid and clear-
cell patterns, were most often present in diffuse-type GPC3-GC,
although the clear-cell pattern was also relatively frequent in focal-
type GPC3-GC. Immunoreactive AFP was identified in 38% of
diffuse-type GPC3-GC and also in 14% of focal-type GPC3-GC.
The intimate relationships among the histological patterns and
AFP production in GC have been well recognized: hepatoid GC,
clear-cell GC, and AFP-producing GC are known as particular
subsets of GC that overlap one another and account for 0.7-2.2,
4.8-7.5, and 2.7-5.4% of total GC, respectively.”#27?® Consid-
ering the reported frequencies and the observation in the present
study of GPC3-GC, we propose that the relationships of these
entities are as shown in Figure 5. GPC3-GC, both diffuse and focal,
contain nearly all of the cases of AFP-producing GC, and most
of the cases of hepatoid GC and clear-cell GC. In our results, the
positive rates of GPC3 were 100, 95, and 84% in AFP-producing,
hepatoid, and clear-cell GC, respectively.

Comparative immunohistochemistry of GPC3 and AFP in the
present study confirmed that AFP-producing GC invariably
expressed GPC3. Simultaneous expression of GPC3 and AFP is
also observed in tumors such as HCC, hepatoblastoma, yolk sac
tumor, and some ovarian clear-cell carcinomas.>**-3D Therefore,
there may be a common mechanism that regulates the expression
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of both proteins. Recent studies have disclosed that the Zhx2 gene,
the mouse orthologue to human ZHX2, acts as a repressor of both
AFP and Gpc3 in the adult mouse liver.®>*® The ZHX?2 gene is
often silenced in human HCC in association with ZHX2 promoter
hypermethylation, and ZHX2 mRNA expression was decreased
in HCC cases with a high serum AFP level.®* These facts imply
that silenced ZHX2 mRNA can reactivate the expression of AFP
in HCC. In the present study, the proportion of AFP expression
in GPC3-GC was significantly lower in T1 cases (4 of 33, 12%)
than in T2—4 cases (21 of 68, 31%) (P <0.05), suggesting that AFP
expression might be induced within GPC3-positive cancer cells.
It is of further interest to investigate the relationship and sequence
of promoter methylation, ZHX?2 repression, and the expression
of GPC3 and AFP.

a-Fetoprotein-producing GC is considered an aggressive type
of GC and is likely to recur and metastasize.”™ In the present
study, both diffuse and focal types of GPC3-GC showed lymph
node metastasis more frequently than GPC3-negative GC. The
proportions of cases at the T2—4 and M1 stages were significantly
higher in diffuse-type GPC3-GC. It is expected that effective
multimodal therapy will be developed against these advanced
diseases. GPC3 is an ideal tumor antigen candidate for immuno-
therapy because it is expressed in a set of cancers but not in normal
tissues, except for placenta and fetal liver. There is increasing
evidence that GPC3 is an effective immunotherapeutic target in the
treatment of GPC3-expressing cancers such as HCC and malignant
melanoma."*!'¥ Nishimura er al. developed GPC3 peptide vaccine-
based immunotherapy and started a phase I clinical trial for
patients with advanced HCC.®> Another approach is monoclonal
antibody therapy, such as anti-CD20 antibody for B-cell lymphoma
or anti-HER?2 antibody for breast cancer. Nakano et al. generated
anti-GPC3 antibodies with a high level of antibody-dependent
cellular cytotoxicity against HCC and started a phase I clinical
trial.®® The membranous expression pattern of GPC3 in GPC3-
GC is suitable for such an antibody therapy. It is worth noting that
GPC3 immunostaining was present in 57 out of 61 nodal metas-
tases (93%) and in all four liver metastases examined (100%).
Importantly, GPC3 expression was observed in more than 50%
of neoplastic cells of metastatic tumors of the liver, even if the
primary tumor was focal-type GPC3-GC. The staining pattern
change, from focal in the primary tumor to diffuse in metastasis,
was also observed in 9 out of 31 cases with lymph node metastasis.
These facts indicate that GPC3-expressing components predom-
inate in the metastatic sites, and further suggest that GPC3 should
be the target molecule for immunotherapy for patients with metas-
tasis in GPC3-GC irrespective of whether the distribution of GPC3
immunoreactivity in the primary tumor is focal or diffuse, when
such therapy is developed for practical use.

There are several additional facts that should be noted with
regard to the application of GPC3 in the management of GC
patients. GPC3 can be used as a serum marker to follow the
recurrence and metastasis of GPC3-GC!%!? as the extra cellular
domain of GPC3 is shed into the circulation. On the other hand,
caution is necessary in the application of GPC3 immunohisto-
chemistry to metastatic tumors of the liver, especially when the
patient has a history of GC.®"3®

In conclusion, GPC3-GC is a distinctive subset of GC, a unifying
entity of hepatoid, clear-cell, and AFP-producing GC. GPC3 is not
a surrogate marker, but is expected to be a target for forthcoming
immunotherapy for patients with GPC3-GC.
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