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magnification. A computer software package, StatView 4.5 (Abacus
Concepts, Inc., Berkeley, CA), was used for statistical analysis. Data were
expressed as mean * sp. The difference in the proportion of ERS-
positive stromal cells between two prostatic zones was examined using
the Mann-Whitney LI test. A P value less than 0.05 indicated statistical
significance.

Western blot analysis of ERB

The frozen tissues were thawed and homogenized with a Polytron
tissue homogenizer (Kinematica AG, Switzerland) in the lysis buffer
consisting of 20 mm Tris-HCl (pH 7.4}, 5 mm EDTA, 1 mm phenylmeth-
ylsulfonyl fluoride, 10 ug/ml aprotinin, 2 peg/ml leupeptin, 10% glyc-
erol, and 1% Triton X-100 on ice. After homogenization and centrifu-
gation at 15,000 rpm for 3¢ min at 4 C, the supernatant was collected and
then stored at ~80 C.

Before Western blot analysis, the protein concentration was deter-
mined by the method of Bradford (32} using BSA as a standard. Then,
an aliquot (10 pg) of the lysates was mixed with the loading buffer
[consisting of 250 mm Tris-HCI (pH 6.8), 30% glycerol, 0.01% bromo-
phenol blue, 2% 5DS and 10% 2-mercaptoethanol], boiled for 5 min, and
separated by SDS-PAGE with 4-20% gradient gel. After electrophoretic
transfer onto polyvinylidene difluoride membranes, the membranes
were incubated with PBS containing 5% nonfat dry milk and 5% BSA,
to reduce nonspecific binding of antibodies for 1 h. Then the membranes
were reacted overnight with anti-ERf antiserum at a dilution of 1:2000.
After washing with 0.2% Tween 20 in PBS, the membranes were reacted
with HRP-conjugated goat antirabbit IgG F(ab’), at a dilution 1:3000 for
1 h. Finally, after washing with 0.2% Tween 20 in PBS, the bands were
visualized by an enhanced chemiluminescence system.

Preparation of oligo-DNA probes for ER

A 45-base sequence complementary to ERB mRNA (nucleotide no.
861-905) was selected. These antisense and sense sequences were syn-
thesized together with two and three TTA repeats, at the 5'- and 3"-ends
of sequences, and used as probes after haptenization with T-T dimer, as
detailed previously (33). The sequences of antisense and sense probes
used in this study were 5-TTATTACACTAGCTGCTCGGGGCT-
CAGGGCGTCCAGCAGCAGCTCCCGCACATTATTATT-3' and 5'-T-
TATTAGTGCGGGAGCTGCTGCTGGACGCCCTGAGCCCCGAGCA-
GCTAGTGATTATTATT-3', respectively. A computer-assisted search of
GenBank of the above antisense sequences, as well as sense sequences,
showed no significant homology with any known sequences. The T-T
dimer was introduced into oligo-DNAs by UV irradiation {254 nm) using
a dose of 12,000 J/m®. The generation of T-T dimer was verified im-
munochemically using a mouse monoclonal anti-T-T IgG.

Dot-blot hybridization

Unless otherwise specified, all procedures were conducted at room
temperature (20-25 C) throughout the experiment. Two-microfilter
drops of the sense oligo-DNA solution were pipetted onto nitrocellulose
membranes that had been pretreated with 20X standard saline citrate
{(85C) [1x 5CC; 0.015 m sodium citrate (pH 7.0) supplemented with 0.15
s sodium chloride] in series of spots at 1 pg to 10 ng/spot. The procedure
of dot-blot hybridization has been described previously (34). Briefly,
after air-drying, the filters were baked at 80 C for 2 h and incubated at
37 C for 2 h with prehybridization medium. The membranes were
hybridized overnight at 37 C with 1 pg/ml T-T-dimerized oligo-DNA
probe in hybridization medium. After hybridization, the membranes
were immersed for 1 h in a blocking solution that contained 5% BSA, 500
pg/ml normal mouse IgG, 100 ug/ml yeast tRNA, and 100 pg/ml
salmon testicular DNA in PBS. The reaction with HRP-linked mouse
monoclonal anti-(T-T dimer) IgG at a 1:80 dilution was conducted at least
for 3 h. The membranes were then washed with 0.075% Brij 35 in PBS
for 1 h, and the sites of HRP were visualized using a chromogen solution
containing DAB, H,0,, CoCl,, and NiSO,(NH,),50, (35).

ISH for ERj

Nonradioactive ISH was performed according to the method de-
scribed previously (33, 34). Briefly, sections were deparaffinized and
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rehydrated using standard procedures. This was followed by treatment
with 0.3% H,O, in methanol for 15 min to inhibit endogenous peroxidase
activity, 0.2 ¥ HCI for 20 min and 100 gg/ml proteinase K at 37 C for
15 min. After postfixation with 4% paraformaldehyde in PBS for 5 min,
the sections were immersed in 2 mg/ml glycine in PBS for 30 min and
kept in 40% deionized formamide in 4% S5C until used for hybridiza-
tion. Hybridization was carried out for 12 h at 37 C with 2 pg/ml
T-T-dimerized antisense oligo-DNA for ERS dissolved in the hybrid-
ization medium as described above. Then, the slides were washed with
50% formamide in 2x SSC, followed by 2x SSC. The signals were
detected immunochistochemically, as described above. To evaluate the
specificity of ERB mRNA signal, consecutive tissue sections were hy-
bridized with T-T-dimerized ERf sense oligo-DNA as a negative control.
Furthermore, the integrity of tissue RNA was assessed with T-T-dimer-
ized 285 rRNA complementary probe (36).

Results

Immunohistochemical localization of ERa, ERB, and AR in
hyperplastic prostates

We presented here the results of a typical case with BPH
or its PZ normat part (Figs. 1 and 2). The histological exam-
inations revealed epithelial hyperplasia of TZ and normal
appearance of PZ (Figs. 1A and 2A).

In all specimens, ERe was consistently detected in the
nuclei of stromal cells, However, ERa-positive stromal cells
were predominantly observed in PZ, but not in TZ, in normal
and BPH tissues (Figs. 1B and 2B}. Thus, there was a clear
difference in ERa expression patterns between PZ and TZ,
where the epithelial cells, basal cells, endothelial cells, and
vascular smooth muscle cells were all negative for ERa.

On the other hand, a moderate staining for ERB was de-
tected in the nuclei of some but not all, epithelial and stromal
cells, whereas it was strong in the nuclei of basal cells in
normal and hyperplastic tissues, as shown in Figs. 1Cand 2C.
Interestingly, it should be noted that the staining for ERB in
the glandular epithelial cells was found in the perinuclear as
well as nuclear regions. The difference in the staining inten-
sity for ERB between TZ and PZ was found in the stromal
cells but not in the epithelial cells. The signal for ERB in the
stromal cells of PZ is stronger than that of TZ. Although there
was no difference in the cellular localization of ER S between
PZ and TZ in BPH tissues, the number of ERB-positive cells
was clearly less in the stroma of TZ than that of PZ, Quan-
titative analysis showed that the percentage of ER B-positive
stromal cells in PZ (749 * 9.0%) was significantly higher
than in TZ (22.7 = 8.9%, P < 0.0001, Mann-Whitney LI test),
whereas there was no difference in the percentages of ERf-
positive cells of both glandular epithelial cells and basal cells
between PZ and TZ.

In contrast, AR was consistently found in the nuclei of
glandular epithelial cells, as well as in many stromal cells and
some basal cells. Also, the nuclear staining in the basal cells
was less intense than that of glandular epithelial cells. There
was no difference in the expression of AR between PZ and
TZ in BPH tissues, as shown in Figs. 1D and 2D. In addition,
there was no significant variation in the expression of ERe,
ERB, and AR among BPH specimens, as summarized in
Table 1.

When the primary antibodies were replaced with normal
rabbit IgG or normal mouse IgG, no staining was observed
(Figs. 1, Eand F; and 2, E and F).
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Fic. 1. Expression of ERe, ERS, and
AR in the PZ of representative BPH tis-
sue samples. A, Hematoxylin and eosin
staining. B, Immunostaining for ERa,
ERa is expressed in stromal cells. C,
Immunostaining for ERB. ERB is ex-
pressed in the nuclei of both epithelial
cells and some stromal eells. The signal
in both basal cells and stromal cells is {
stronger than that of glandular epithe-

lial cells. D, Immunostaining for AR.

AR was eonsistently found in the nuclei

of glandular epithelial cells, as well as

in many stromal cells and some basal

cells. Also, the nuclei of basal cells are

less intense than those of glandular ep-

ithelial cells. E, Negative control for

ERf immunostaining by incubation

with normal rabbit serum. F, Negative

controls for both ERx and AR immuno-
staining by incubation with normal B
mouse IgG. Scale bar, 50 pm; original
magnification, x200.

Evaluation of specificity of immunohistochemical results
with anti-ERB antiserum

Western blot analysis of ERB. To confirm the specificity of the
newly raised antiserum for human ERB, we performed West-
ern blotting, using the lysate from human testis (lane 1, Fig.
3), which is known to express ERS (16}. As shown in Fig. 3,
a band of approximately 60 kDa was detected with the ERB
antiserum. When the lysates from normal prostate tissues
were analyzed by the ERS antiserum (lane 2), we also de-
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tected at least three bands (approximately 60-, 57-, and 53-
kDa). The results may indicate the presence of several ERS
splicing isoforms that have been found in the human prostate
(22, 37). When the antiserum was replaced with normal rab-
bit serum, no bands were observed (lane 3).

ISH of ERB. As shown in Fig. 4, when ERB sense oligo-DNA,
fixed onto a nitrocellulose membrane at various amounts,
was hybridized with T-T-dimerized ERB antisense oligo-
DNA or T-T-dimerized ERB sense oligo-DNA, as little as 1
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Fic. 2. Expression of ERa, ERB, and
AR in the TZ of representative BPH tis- .
sue samples. A, Hematoxylin and eosin Pl
staining. B, Immunostaining for ERer. o
Note the lack of signal of ERa. C, Im-
munostaining for ERB. ERp is ex-
pressed in the nuclei of both epithelial
cells and a few stromal cells. Especially,
the signal in basal cells is very intense.
D, Immunostaining for AR. AR was con-
sistently found in the nuclei of glandu-
lar epithelial cells, as well as in many
stromal cells and some basal cells. How-
ever, the nuclei of basal cells are less
intense than those of glandular epithe-
lial cells. E, Negative control for ERS
immunostaining by incubation with
normal rabbit serum. F, Negative con-
trols for both ERa and AR immuno-
staining by incubation with normal R St s
mouse IgG. Scale bar, 50 pm; original N T

magnification, X200. N L

4

TABLE 1. Semiquantitative analysis of cellular distribution of
ERa, ERB, and AR in specimens of BPH determined by IHC

ERa ERB AR
PZ
Glandular epithelial cells - + +++
Basal cells - +++ +
Stromal cells +4 +++ ++
TZ
Glandular epithelial cells - + +++
Basal cells - +++ +
Stromal cells - + ++

Signal intensity: —, non; +, occasionally; ++, often; + ++, abun-
dantly.

pg ERB sense DNA was detected with the antisense probe,
but no signal was detected with the sense oligo-DNA. These
results indicated that the antisense probe synthesized in our
laboratory was specific, with adequate sensitivity to be use-
ful in ISH studies.
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For the ISH study of mRNA, because it is important to
determine the RNA integrity and preservation in target
tissues, we first confirmed the preservation of RNA in all
specimens by performing ISH for 285 rRNA using T-T-
dimerized 285 rRNA-complementary oligo-DNA. A typ-
ical case with fibroadenomatous hyperplasia was demon-
strated (Fig. BA), and the staining for 285 rRNA was
detected in the cytoplasm area as well as nucleoli, as
shown in Fig. 5B. Further analysis of ERS mRNA expres-
sion in normal and hyperplastic prostate showed strong
expression of ERB mRNA in most of the glandular epi-
thelial cells, basal cells, and some stromal cells and that
such staining pattern was not influenced anatomically, i.e.
TZ and PZ. The signal for ER mRNA was localized to the
perinuclear area of the cytoplasm (Fig. 5C). The cellular
distribution of the signal for ERS mRNA seemed to be
essentially similar to that of ERB protein by IHC. As a
negative control, adjacent sections were hybridized with
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FiG. 3. Western blot analysis of ERB. Each of the 10-ug extracts from
the human testis and prostates was subjected to SDS-PAGE, Western
blotting was performed using ERS antiserum. Lane 1, Human testis;
lane 2, human prostate; lane 3, using normal rabbit serum, as a
negative control. At least three bands (approximately 60-, 57-, and
53-kDa) were detectable.

lpg 0pzg 100pg Ing 10ng

Fig. 4. Colorimetric dot-blot hybridization. Various amounts (1
pg—10 ngfspot) of ERP sense oligo-DNA, which were fixed onto nitro-
cellulose membranes, were hybridized with the T-T-dimerized anti-
sense oligo-DNA (fop) or the T-T-dimerized sense oligo-DNA (bottom).
At least, 1 pg DNA was detected.

the T-T-dimerized ERB sense oligo-DNA probe, resulting
in no staining (Fig. 5D).

Discussion

In the present study, we examined zonal expression of ERe
and ERpB in human normal and hyperplastic prostates, and
we found that ERa was expressed only in the stromal cells

Tsurusaki et al. * Zonal Expression of ERg in Human BPH

of PZbut not of TZ. In contrast, ERB expression was detected
in a wide variety of prostate cells, including glandular epi-
thelial cells, basat cells, and stromal cells; and more impor-
tantly, the proportion of ERB-positive cells was significantly
higher in the stroma of PZ than that of TZ. Considering that
BPH nodules develop from the TZ, these results seem to
indicate that ERB, rather than ER«a, may be preferentially
involved in the pathogenesis of BPH.

During the past decade, conflicting results were reported
regarding the localization of ER« in human prostate tissue.
In fact, a number of investigators, including our group, found
both ERa mRNA and its protein in stromal cells only (18, 19),
whereas other groups found ERa protein in some basal ep-
ithelial cells as well as stromal cells (17, 20, 27). Such dis-
crepancies are peorly understood and are considered to be
attributable to methodological differences. The present find-
ings of zonal distribution of ERe in human prostate offer an
alternative explanation for the discrepancies; ER« could not
be detected in BPH specimens that were removed from TZ
by open prostatectomy, whereas specimens of PC were pos-
itive for ERa expression.

In the present study, we also investigated the expression
of ERB in human prostate tissues by IHC and ISH, and we
found differences in the percentages of ERB-positive cells in
the stroma between TZ and PZ. These results contradict those
of Leav et al. (20), who recently reported the lack of difference
in ERB expression among central zone, TZ, and PZ. Although
the reason for the discrepancy is not known at present, the
roles of ERB-positive stromal cells in TZ should be of interest
for a better understanding of the pathogenesis of BPH.

In a variety of tissues, including prostate gland, estro-
gens were thought to act on the induction of glandular
epithelial cell proliferation, through ERa-positive stromal
cells, in a paracrine fashion (23). However, we could not
find ERa expression in the TZ, where BPH nodules de-
velop. In addition, it is now known that there was no
prostatic abnormality in ERa knockout mice (38), and
there was also no special mention of clinical features re-
lated to prostatic hyperplasia in a patient reported to lack
functional ERa (39). Therefore, we favor the notion that
ERa may not be involved in the pathogenesis of human
BPH. On the other hand, ERa expression was restricted to
the stromal cells of PZ, which is supposed to be the origin
site of PC. In addition, ERer was localized in the nuclei of
both many cancer cells and its surrounding stromal cells
in PC tissues (18-20, 27, 40). Considering that estrogens
are involved in cancer development, by stimulation of cell
proliferation, in a variety of tumors, including PC (41),
ERe (rather than ERB} may be also implicated in both
development and progression of PC (26, 42).

Moreover, the finding that ERS knockout mice develop
prostatic hyperplasia with aging strongly indicates that ER3
may play a negative role in the regulation of glandular ep-
ithelial cell proliferation in the prostate (24, 43). In fact, ERS
is abundantly expressed in the glandular cells and basal cells
of hyperplastic tissues (19, 25); but to date, there is no report
on the role of ERS in the growth of normal human prostate.
In addition, the expression of ER8 was reduced in high-grade
dysplasia, compared with that of normal prostate gland and
lower grade lesions, and the ER -positive cells in human PC
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Fic. 5. ERB mRNA expression in benign prostate tissue using nonradioactive ISH. A, Hematoxylin and eosin staining. B, 285 rRNA antisense
probe, as a positive control, C, ERS antisense probe. ER3 mRNA was expressed strongly in glandular epithelial cells, basal cells, and some
stromal cells. Note the localization of staining to the cytoplasm of ERS mRNA-positive cells, especially the perinuclear area of the cytoplasm.
D, ERB mRNA sense probe, as a negative control. Seale bar, 50 pm; original magnification, X<200.

tissues decreased with tumor grading or was absent (20, 28).
In addition, ERf expression was lost in most of the human
PC specimens, because of the inactivation of the ERB gene
through CpG methylation of the promoter region of this gene
(44). Therefore, these findings seem to suggest that ER8 may
protect glandular epithelial cells against abnormal growth in
human prostate (44, 45).

Interestingly, the strongest staining for ERB was ob-
served in the basal cells, in accordance with the findings
by Leav et al. {20). In fact, it has been noticed that the basal
cells have quite different biological properties from those
of the glandular epithelial cells, particularly with respect
to proliferation potential and steroidogenesis, and may
play a crucial role in the prostatic carcinogenesis (46, 47).
Therefore, we speculate that the ERB-positive basal cells
may directly modulate the growth of themselves by es-
trogen via ERB. Moreover, AR is expressed not only in the
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basal cells but also in both the stromal and glandular
epithelial cells. Because the basal cell proliferation is sup-
posed to be antagonized by the purported growth-inhib-
itory action of ERB expressed in basal cells as well as
stromal cells (20, 24, 25), it may be stimulated through
adjacent AR- and ERa-positive cells. Therefore, we pro-
pose that the environment in the stroma of TZ, where ERB
expression is low, may be favorable for cell proliferation
and the development of BPH.

Finally, we have demonstrated, in the present study, a
differential expression of ERe and ERB between TZ and PZ
of human hyperplastic prostate, suggesting that estrogen
may play a crucial role in the pathogenesis of BPH through
ERB. In addition, we propose that the environment in
the stroma of TZ, where ERB expressicn is low, may be
favorable for the cell proliferation and the development
of BPH.
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Estrogen receptor-binding fragment-associated gene 9
(EBAGY} has been identified as a primary estrogen-respon-
sive gene from MCF-7 human breast cancer cells (Watanahe
T, et al., Mol Cell Biol 1998;18:442-9). EBAG?Y is identical
with RCAS| (receptor-binding cancer antigen expressed on
SiSo cells), which has been reported as a cancer cell surface
antigen implicated in immune escape (Nakashima M, et al.,
Nat Med 1999;5:938-42). In our present study, we examined
EBAGY expression in human prostatic tissues and investi-
gated its prognostic significance in patients with prostatic
cancer. EBAGY expression in normal prostatic epithelial cells
and PC-3, DU145 and LNCaP cancer cells was determined by
Woestern blot analysis. Immunohistochemic analysis was per-
formed in 21 benign and 81 malignant prostatic specimens,
and patients’ charts were reviewed for clinical, pathologic
and survival data. EBAGY was abundantly expressed in the
prostate cancer cells compared to the normal epithelial cells,
Strong and diffuse immunostaining in the cytoplasm of
EBAGY was found in 44 of 81 (54%) cancerous tissue samples.
EBAGY expression significantly correlated with advanced
pathologic stages and high Gleason score (p = 0.0305 and <
0.0001, respectively). EBAGY was more frequently expressed
at sites of capsular penetration (79%) and lymph node me-
tastasis (100%) compared to intracapsular primary tumors
{54%) (p = 0.0264 and 0.0048, respectively). Positive EBAGY
immunoreactivity significantly correlated with poor PSA fail-
ure-free survival (p = 0.0059). EBAGY/RCAS| may play a
significant role in cancer progression via an immune escape
system. Immunodetection of EBAG9/RCASI expression can
be a negative prognostic indicator for patients with prostatic
cancer.
© 2003 Wiley-Liss, Inc.

Key words: EBAGY; RCASI; estrogen responsive gene; prognosis;
immune escape

Estrogen receptor-binding fragment-associated gene 9 (EBAG9)
is an estrogen-responsive gene that has been isolated from a CpG
island library of MCF-7 human breast cancer cells using & genomic
binding site cloning method.! EBAGY has an estrogen-responsive
element (ERE) in the 5’ flanking region, and its transcript is
upregulated in the presence of estrogen.!? Recently, a ¢cDNA
encoding the antigen recognized by the 22-1-1 antibody, which is
frequently expressed in uterine and ovarian carcinomas, has been
isolated and named receptor-binding cancer antigen expressed on
SiSo cells (RCAS1).3-5 RCASI has been reported to be identical
with EBAGY, and assumed to act as a ligand for a putative receptor
present on various human cell lines and normal peripheral lym-
phocytes, such as T, B and natural killer (NK) cells.® RCAS1 has
been found to inhibit the in virro growth of receptor-expressing
cells and induce apoptotic cell death.57.2! Recent investigations
demonstrated that EBAG9/RCAS1 was expressed in several hu-
man cancers, such as the uterine, lung, gastric, hepatic and breast
cancers,3-" and associated with tumor progression in some of
these cancers.®%11-13 These findings suggest that tumor cells ex-
pressing EBAGS/RCAS] may suppress clonal expansion and in-
duce apoptosis in its receptor-positive immune cells, and subse-
quently evade immune surveillance.$-7

Prostate cancers have an extensive variability of clinical behav-
ior. A mechanism underlying the processes of tumor invasion and

metastasis remains unknown. Recently, a new estrogen receptor
has been isolated from a ¢DNA library of the rat prostate, and
termed estrogen receptor B (ERP).'* Several investigations, in-
cluding ours, demonstrated ERB expression in human prostatic
cancer,!6-19 sugpesting that estrogen-responsive genes may play a
significant role in the development of prostatic cancers. In our
present study, we evaluated EBAGS/RCASI expression in normal
and malignant human prostate, and determined whether EBAGY/
RCAS! was associated with the cancer progression and prognosis.

MATERIAL AND METHODS
Antibody

Anti-EBAGY antibody is a rabbit polyclonal antibody that has
been raised against a GST-EBAG? fusion protein.? The character-
ization of anti-EBAGY polyclonal antibody was confirmed by
Western blotting, and utilization of the antibody for immunohis-
tochemistry has been previously reported.?-'* A monoclonal anti-
body for ERex (NCL-ER-6F11) was purchased from Novo-castra
Laboratories (Newcastle upon Tyne, UK). A polyclonal antibody
specific for ERPB was raised in rabbit against synthesized peptides
of the C-terminal region of ERB (CSPAEDSKSKEGSQN-
PQS5Q).20 The characterization and utilization of the antibody have
been previously reported.!9-2! A rabbit polyclonal antibody for
CD3 (A0452), which recognizes T lymphocytes was obtained from
DAKO (Carpinteria, CA).

Cell culture and western blot analysis

A batch of normal human prostatic epithelial cells (PrECs) were
purchased from Clonetics Co. (San Diego, CA). The PrECs were
cultured in PrE-basal medium supplemented with SingleQuots
{Clonetics Co.) according to the manufacturer’s recommended
protocol. Three human prostate cancer cell lines (LNCaP, DU145
and PC-3) were purchased from American Type Culture Collec-
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tion (Manassas, VA). These cells were maintained in RPMI1640
media supplemented with 2 mM glutamine, 1% nonessential
amino acids, 100 U/ml streptomycin/penicillin and 10% fetal calf
serum (FCS).

Western blot analysis was performed using protein extracts
obtained from 4 strains of PrEC, LNCaP, DU145 and PC-3 cells.
Briefly, cells were rinsed twice with ice-cold phosphate-buffered
saline (PBS) and lysed in 180 pl Nonidet P-40 lysis buffer (50 mM
Tris-HCI [pH 7.4], 150 mM NaCl, 10 mM NaF, 5 mM EDTA, 5
mM EGTA, 2 mM sodium vanadate, 0.5% sodium deoxycholate,
1 mM dithiothreitol [DTT], 1 mM phenylmethylsulfonylfluoride
[PMSF], 2 pg/ml aprotinin and 0.1% Nonidet P-40), and the
lysates were cleared by centrifugation at 15,000¢ for 15 min at
4°C. Total protein lysate (20 pg) of each cell line was fractionated
on sodium dodecyl! sulfate (SDS)-12.5% polyacrylamide gels, and
electrophoretically transferred onto polyvinylidene difluoride
(PVDF) membranes (Immobilon, Millipore Co., Bedford, MA).
The membranes were blocked in Tris-buffered saline (TBS) with
5% skim milk for 30 min, then incubated with 5 m! each of 1:1,000
diluted purified anti-EBAGY antibody at room temperature for 3
hr. Each membrane was washed in TBS with 0.1% Tween 20 and
incubated with 1:5,000 diluted horseradish peroxidase-conjugated
donkey anti-rabbit immunoglobulin (Ig)G (Amersham Pharmacia
Biothech, Arlington Heights, IL) at room temperature for 1 hr.
Bands were visualized with the chemiluminescence-based ECL
plus detection system (Amersham Pharmacia Biotech). The mem-
branes were exposed to X-ray film. All experiments were per-
formed a minimum of 3 times.

Patients and tissue sections

Formalin-fixed paraffin-embedded sections were obtained from
21 benign prostatic hyperplasia and 81 clinically localized pros-
tatic cancer specimens surgically resected at Tokyo University
hospital. The age of the patients ranged from 51-77 years (mean
62.7 £ 5.9), and pretreatment serum prostate-specific antigen
(PSA) level of 81 cancer patients ranged from 4.1-131.0 ng/ml
(mean 29.1 = 30.1). The pathologic stages of the cancers included
B (n=123),C(rn=45)and D, (n = 13). The cancerous lesions
consisted of tumors with the Gleason scores 4 (n = 15),5 (n = 8),
6(n=10),7n=14,8(n=14,9%9@x =17 and 10 (n = 3).
High-grade prostatic intraepithelial neoplasia (HGPIN) was iden-
tified in 65 cancer specimens (80%). One hundred forty-six foci of
HGPIN were submitted for study. Of 13 pathologic stage-D,
turnors, 10 tissue sections of lymph node metastasis were also
included for our study.

No patients with the cancer underwent neoadjuvant anti-andro-
gen therapy. Forty-nine cancer patients (60%) were treated with
surgery alone, whereas the remaining patients received anti-andro-
gen therapy after radical prostatectomy. Patients were followed
postoperatively on a monthly basis until social urinary continence
(one or no pad used/day) was obtained and then at 3-month
intervals to 5 years, and yearly thereafter. Mean patient follow-up
period was 43.0 = 19.1 months (range 285 months). PSA-failure
was used as a prognostic endpoint for our study and defined by a
serum PSA concentration = 0.4 ng/ml rising over a 3-month
period. During the follow-up period, 45 patients (56%) were alive
with no evidence of the relapse, and 36 (44%) were alive with
PSA-failure. No patients died of prostatic cancer or other diseases
during the study period.
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Immunohistochemic analysis

Immunohistochemic analysis was performed employing the
streptavidin-bictin amplification method using an EnVision+
(DAKO, Carpinteria, CA). Tissue-sections (6-um thick) were
deparaffinized, rehydrated through graded ethanol and rinsed in
PBS. For antigen retrieval, the sections were heated in an auto-
clave at 120°C for 5 min in citric acid buffer (2 mM citric acid and
9 mM trisodium citrate dehydrate, pH6.0) for the immunostaining
of EBAGY, ERw, and ERJ or incubated with 0.05% protease in
50mM Tris-HCI buffer, pH7.6 for 10 min for CD3. After blocking
endogenous peroxidase with 0.3% H,0,, the sections were incu-
bated in 10% bovine serum for 30 min. The primary antibody for
EBAG?9 (1:80 dilution), ERa (1:100), ERPB (1:80), or CD3 (1:200)
was applied and incubated at 4°C over night. After rinsing in PBS,
sections were incubated with EnVision+; anti-rabbit (for EBAG9,
ERR, and CD3) or anti-mouse (for ERa) for 1 hr at room temper-
ature according to the manufacturer’s instructions. The antigen-
antibody complex was visualized with 3,3’'-diaminobenzidine
(DAB) solution (1 mM DAB, 50mM Tris-HCI buffer [pH 7.6] and
0.006% H,0,). Sections of EBAGY immunodetection were then
counterstained in hematoxylin. Negative controls were treated in
the same way, but the primary antibodies were replaced by normal
rabbit or mouse IgG.

For immunohistochemic assessment, 3 investigators (ST, TU
and TF) evaluated the tissue sections independently. Intense im-
munostaining in the cytoplasm (for EBAG9) and cell nucleus (for
ERa and ERP) was defined as positive. The sections with <5%
reactive cells were considered negative (=) 5% to 25%, 25% to
50% and >50% reactive cells were defined as !+, 2+ and 3+,
respectively. The number of CD3™ cells on high-power fields
(>400) was counted to determine the infiltration of T lympho-
cytes. For each specimen, 6 fields were selccted at random in the
invasive margin of the cancer. Cases with discordant results among
the investigators were reevaluated.

Statistical analysis

Correlation between EBAG9 immunoreactivity and clinicopath-
ologic characteristics (age, pretreatment serum PSA level, patho-
logic stage, Gleason score and site of specimen and immunoreac-
tivity of ERa and ERB) were evaluated using the ¢-test or Fisher's
exact probability test. PSA failure-free survival curves were ob-
tained by the Kaplan-Meier method and verified by the Log-rank
(Mantel-Cox) test. The Cox’s proportional hazards regression
model was used to calculate risk ratios for univariate analyses of
factors potentially related to PSA failure and to determine whether
those factors are independent prognostic predictors in the presence
of other clinicopathological markers. For all statistical analyses,
p-values less than 0.05 were regarded as significant,

RESULTS
Western blot analysis

Using the polyclonal anti-EBAGY antibody, a 32-kDa band,
which corresponded to the molecular weight of EBAGY, was
detected in both normal PrECs and prostate cancer cells (LNCaP,
DU145 and PC-3). In the prostate cancer cells (especially in
LNCaP), the bands were detected at a higher intensity compared to
normal PrECs (Fig. 1).

DU145 PC-3

Ficure 1 — Western blot analysis of EBAGY. The cell extracts from PrECs and prostate cancer cells {LNCaP, DU145 and PC-3) were resolved
by SD3-PAGE and transferred to PYDF membrane. Blot was probed with the EBAGY-specific polyclonal antibedy (1:1,000), and a 32-kDa band
was detected in both normal PrECs and prostate cancer cells (LNCaP, DU145 and PC-3). In the prostate cancer cells (especially in LNCaP), the

bands were detected at a higher intensity compared to normal PrECs.
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Immunohistochemistry

Immunoreactivity of EBAG9 was weakly detected at the lumi-
nal cells of benign epithelium {data not shown). However, intense
and diffuse immunostaining of EBAGY in the cytoplasm was not
identified in the benign epithelial compartment. In contrast, strong
EBAG?Y immunoreactivity diffusely existed in the cytoplasm of
cancer cells (Fig. 2). Of 81 prostatic cancer cases, EBAGS immu-
noreactivity was 1+ in 7 (9%), 2+ in 15 (18%) and 3+ in 22
(27%) specimens, When L+ or more were defined as positive,
EBAGSY expression was identified in 44 (54%) cancer cases. As for
146 HGPIN lesions, EBAGY expression (Z1+) was observed in
only 18 foci (12%).

As previously reported!?-22, strong immunostaining of ERot was
identified in stromal compartment of both the benign and malig-
nant tissue. In contrast, ERa was variably expressed in epithelial
compartment. Only focal ERx expression, which was generally
restricted to basal cells was found in a minority of the benign
epithelium. Positive ERo immunoreactivity (Z1+) was detected
in 10 (12%) cancerous specimens. ERP was preferentially ex-
pressed in epithelial compartment of both the benign and malig-
nant prostate. All 21 benign hyperplasia specimens showed strong
staining (3+) for ERP in both the basal cells and luminal secretory
epithelium. Of 81 cancer cases, ERB immunoreactivity was neg-
ative in 24 (30%), 1+ in 27 (33%), 2+ in 21 (26%) and 3+ in 9
(11%) specimens. ERB expression was inversely correlated with
Gleason grade (p = 0.0068). CD3™ cells were found mainly in the
invasive margin of the cancer as well as in the stroma, and the
distribution pattern was similar to that of leukocytes by conven-
tional H&E stain,

Clinicopathologic correlates of EBAG9 immunostaining in
prostatic cancers

Potential correlation between EBAGY immunoreactivity and
clinicopathologic characteristics (age, pretreatment serum PSA
level, pathologic stage, Gleason score and site of specimen, im-
munoreactivity of ERa and ER, and infiltration of CD3™ cells)
were evaluated (Table I). Pathologic stage-D, tumor exhibited
positive EBAGY immunoreactivity more frequently than stage B
and C diseases (p = 0.03035). Strong correlation was found be-
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tween EBAGY expression status and Gleason score (GS) (p <
0.0001). Of 48 higher GS (= 7) tumors, 40 (83%) were positive for
EBAGY expression, while only 4 (12%) of 33 lower GS (= 6)
tumors were EBAGO-positive (Fig. 2a and b). In order to deter-
mine correlation of EBAGY expression with the tumor progres-
sion, we investigated EBAGY immunoreactivity in sites of capsu-
lar penetration (7 = 28) and lymph node metastasis (n = 10).
EBAGY was more frequently expressed at sites of capsular pene-
tration, compared to intracapsular primary lesions (p = 0.0264).
Furthermore, all 10 lesions of lymph node metastasis (100%) were
EBAG9-positive, while 44 of 81 (54%) primary sites were positive
{p = 0.0048, Fig. 2¢). No significant correlation was found be-
tween EBAGY expression and immunoreactivity of ER and ER[3
(p = 0.7480 and p = 0.8075, respectively). A trend that CD3™
cells more infiltrate into the invasive margin of the EBAG9-
negative tumors than EBAG9Y-positive tumors was observed. How-
ever, it did not reach statistical significance (p = 0.0637).

Kaplan-Meier analysis of PSA failure-free survival of prostatic
cancer cases with positive and negative EBAG9 immunoreactivity is
shown in Figure 3. Twenty-six of the 44 (59%) EBAGY-positive
cases had PSA failure during the follow-up. Patients with EBAGY-
positive prostatic cancer had significantly worse PSA failure-free
survival than those with EBAGY9-negative tumor (p = 0.0059, log-
rank test). The results of Cox proportional hazard analyses of various
prognostic factors in prostatic cancer patients are shown in Table [1. In
the univariate analysis, EBAGY expression was significamtly (p =
0.0087) related to PSA failure-free survival as well as the Gleason
score (p = (.0086) and pathologic stage {p = 0.0082). Furthermore,
patients with tumors negative for ERB immunoreactivity had signif-
icantly higher risk of PSA failure (p = 0.0346) as we reported
previously!®. In multivariate analysis, however, EBAGY expression
was not an independent predictor (risk ratio; 2.118, p = 0.1674), and
pathological stage was the only independent marker of other clinico-
pathological parameters for PSA failure-free survival (nisk ratio;
2481, p = 0.0279).

DISCUSSION

In our present study, we first demonstrated EBAGY expression
in human normal and malignant prostatic epithelial cells by West-
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FIGURE 2 — Representative photographs of immunohistochemic staining of EBAG9 in human prostatic cancer. Although weak immunoreac-
tivity of EBAGY is localized in the perinuclear region of the cytoplasm, no significant expression of EBAGY was identified in Gleason score
4 cancer (-). (a) Strong and diffuse immunostaining in the cytoplasm is observed in > 50% of a Gleason score 9 cancerous lesion (T) (3+).
{b) EBAGY is highly expressed in an entire metastatic lesion (T) of pelvic lymph node (Lym) (3+). (¢} Original magnification; X400.

IvV-122



EBAGYRCAS] EXPRESSION IN PROSTATIC CANCER

313

TABLE 1-CORRELATION BETWEEN EBAGY EXPRESSION AND CLINICOPATHOLOGICAL CHARACTERISTICS
IN HUMAN PROSTATIC CANCER (N = §D)

EBAGY expression'

Clinicopathological characteristics

Negative Positive [
Age (yrs) 61.8 6.5 635*52 0.1742
Pretreatment serum PSA level (ng/ml) 248 249 327 x338 0.2414
Pathological stage
B,C 35 33 0.0305
DI 2 11
Gleason score
=6 29 4 <0.0001
=17 8 40
Site of specimen®
Intracapsular (primary) 37 44
- Capsular penetration 6 22 0.0264
Lymph node metastasis 0 10 0.0048
ERa'
Negative 33 38 0.7480
Positive 4 6
ERp!
Negative 10 14 0.8075
Positive 217 30
Infiltration of CD3-positive cells 719219 665 + 18.2 0.0637

'Degree of the immunoreactivity: 1+, 2+, and 3+ was defined as positive;—*Correlation between
Expression of EBAGY protein and clinicopathological characteristics was evaluated using the f-test or
Fisher’s exact probability test.—EBAGY expression status in sites of capsular penetration (n = 28) and
lymph node metastasis (n = 10) was compared with that in intracapsular primary lesions (» = 81).
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FiGURe 3 — Kaplan-Meier analysis of PSA failure-free survival in patients treated for clinically localized prostatic cancer stratified for EBAGS

expression. p = 0.0059 by the log-rank test.

ern blot and immunchistochemic analyses, EBAGY immunoreac-
tivity in the normal or hyperplastic prostatic epithelium was low
and restricted to the luminal cells, but not basal cells, while intense
and diffuse EBAG9 expression was found in the cytoplasm of the
cancer cells. EBAG9/RCAS] has been also reported to exist in
other normal organs, including bronchi, gastric mucosa, mammary
glands and uterine endometrial glands.?'214.23, Kubokawa et al.!?
found that EBAG9/RCAS| is localized in the perinuclear region of
the normal gastric mucosal cells, while in most of gastric cancers,
it was detected diffusely in the cytoplasm and cell membranes of
the wmor cells. Although the physiologic roles of EBAG9/RCAS!
in normal tissue are unknown, alterations of its intracellular dis-
tribution may be associated with carcinogenesis and cancer pro-
gression.

Increased EBAG9/RCAS] expression has been recently found
in various human carcinomas, including uterine, ovarian, lung,
hepatic, skin, gastric and breast cancers.*58-1* EBAGY9/RCASI
expression is also associated with aggressive phenotypes of tu-
mors, such as poor cell differentiation and advanced stag-
es.58811-13 Furthermore, EBAG9/RCAS] expression has been
reported to correlate with poor prognosis in patients with uterine
cervical adenocarcinoma and non small cell lung cancer.®#!! In
our present study, increased EBAGY9 immunoreactivity signifi-
cantly correlated with advanced pathologic stages and high Glea-
son score of prostatic cancer. Furthermore, positive EBAGY ex-
pression significantly correlated with poor PSA failure-free
survival, On the other hand, EBAG9 was expressed in only 12% of
HGPIN lesions, which was considered to be a precursor of high-
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TABLE 2 -COX PROPORTIONAL HAZARDS ANALYSIS OF CLINICOPATHOLOGICAL DATA AND
EBAG9 EXPRESSION IN 81 PATIENTS WITH PROSTATIC CANCER

Variahle Unfavorable/Favorable! Risk ratio P
Age (yrs) =65/>65 1.222 0.5809
Pretreatment PSA level (ng/ml) =>20/=20 1.735 0.1047
Pathological stage DI/B,C 2.724 0.0082
Gleason score =T7/=6 2877 0.0086
ERa Positive/negative 1.836 0.1771
ERB Negative/positive 2.090 0.0346
EBAGY Positive/negative 2.660 0.0087

'Unfavorable vs. favorable characteristics.

grade prostatic carcinoma. These findings suggest that EBAGY/
RCASI increases its expression in the development of various
types of human cancers, and may play a significant role to obtain
their aggressive phenotypes. In the present study, however, the
multivariate analysis of prognostic markers could not demonstrate
that EBAGY expression is an independent predictor for PSA fail-
ure. Further studies are warranted to well define the prognostic and
therapeutic significance of EBAG9/RCAS]! in patients with pros-
tatic cancer.

EBAGY9/RCASI acts as a ligand for a putative receptor present
on human T, B, NK and other hematopoietic cells.®24 The receptor
expression was enhanced by activation of the lymphocyles.
EBAGY/RCASI induces cell arrest and apoptosis in activated
CD3* T lymphocytes, consistent with the idea that EBAGY
RCASI might be involved in tumor immune escape 57 Iwasaki et
al.® evaluated the apoptotic index (AI) of tumor-infiltrating lym-
phocytes (TILs) in EBAGY/RCAS1-expressing lung cancers, and
found that Al values of high EBAGY/RCAS1-expressing cases
was significantly higher than those of low expressing cases. A
similar finding was observed in human breast cancer, suggesting
that EBAGY/RCAS1 may inhibit the intratumoral infiltration of T
lymphecytes.'* It has been reported that the density of TILs in
prostatic cancer is independent of tumor differentiation, and absent
or weak TILs were signs of a high risk of tumor progression and
of a fatal disease.?s In the present study, a trend that CD3™ cells
less infiltrate into the margin of the EBAGY-positive tumors than
EBAG9-negative tumors was observed (p = 0.0637). Furthermore,
the following findings may partly support a hypothesis that
EBAGS/RCASI suppresses immune attack of activated T lympho-
cytes in prostatic cancer, as well. In immunchistochemic analysis,
EBAGY/RCAS] was more frequently detected at sites of capsular
penetration compared to intracapsular primary lesions. Further-
more, all 10 lesions of lymph node metastasis evaluated were
immunopositive for EBAG9/RCASI. These findings suggest that
prostatic cancers expressing EBAG9/RCAS1] may evade im-

mune surveillance and subsequently progress to metastatic dis-
eases. 87

EBAG® has been identified as an estrogen-responsive gene from
a cDNA library of MCF-7 human breast cancer cells, which
express ERa and low level of ERB!'-26 Transfection analyses have
demonstrated that the nucleotide sequence between —86 to —36
contains an ERE in the 5'-promoter region of the EBAGY gene.??
mRNA levels of EBAGY in MCF-7 cells are significantly in-
creased within & hr of estrogen treatment.?2 The present study and
recent investigations have revealed that ERo and ERf are prefer-
entially expressed in the stromal and epithelial compartment of
normal prostate, respectively.16-1* In contrast, prostatic cancer
cells more variably express both ERo and ERB.16-1922.28.29 There-
fore, EBAGY expression in prostatic cancer may be regulated via
ERa and/or ERP signaling pathways, subsequently playing a role
in carcinogenesis and cancer development. The present study,
however, did not show significant correlation between EBAG9 and
ERs expression. Furthermore, a finding of frequent loss of ERB
immunoreactivity in high Gleason-grade cancers, which often ex-
press EBAG9, raises a question; “What regulates EBAGY expres-
sion in these cancers?’ Promoter analysis of EBAGY has demon-
strated that 5'-flanking region of EBAGY contains not only ERE,
but also other putative binding sites for transcription factors, such
as 5 GC-boxes (GGGCGG) and 5 E-boxes (CANNTG).27 These
findings suggest that other mechanisms independent of ER signal-
ing pathways may also contribute to regulation of EBAG9 expres-
sion in prostatic cancer cells.

In conclusion, we demonstrated EBAGY/RCAS] expression in
human normal and malignant prostate. Increased EBAG9/RCAS1
expression in prostate cancer was associated with the aggressive
phenotypes and poor prognosis. These results suggest that
EBAGS/RCASI] may play a significant role in prostatic cancer
progression via an immune escape system. Immunchistochemic
evaluation of EBAG9/RCASI expression can be an adjunctive
prognostic indicator for patients with prostatic cancer.
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Abstract

The oestrogen-responsive gene, EBAGY, whose product is identical to the cancer cell surface antigen RCASI, is reported to be
associated with tumour progression and invasiveness in various carcinomas. In this study, we examined the expression of EBAGY/
RCASI in hepatocellular carcinoma (HCC), with special reference to its relationship with the stepwise evolution of HCC. Expres-
sion was examined by immunohistochemistry and western blotting analysis in 143 HCCs, as well as in non-cancerous liver tissues.
After which, the association between enhanced EBAG9/RCASI expression and various clinicopathological parameters including
Ki-67 labelling index (LI), a2 marker of proliferative activity, was evaluated. There was a constant low level of EBAG9/RCASI
expression in non-cancerous liver tissues, with a regular cytoplasmic distribution. Positive immunoreactivity for EBAGY9/RCASI
was detected on the surface and in the cytoplasm of 84 HCC tumours, with an irregular staining pattern. Enhanced EBAGY/
RCASI expression was correlated with a lower degree of differentiation and Ki-67 LI. Interestingly, expression was enhanced spe-
cifically in the less differentiated lesions within ‘nodule-in-nodule’ tumours. In conclusion, EBAG9/RCASI1 was associated with

HCC tumour dedifferentiation and increased proliferative activity. Its exact functional role remains to be established.

© 2003 Elsevier Ltd. All rights reserved.

Keywords: EBAGY9/RCAS]; Hepatocellular carcinoma; Immunohistochemistry; Western blotting analysis; Tumour dedifferentiation; Tumour pro-

liferation; Ki-67 labelling index

1. Introduction

ER-binding fragment-associated antigen 9 (EBAG9)
was originally identified as a human oestrogen-responsive
gene in a cDNA library of MCF-7 human breast cancer
cells, and its mRNA was shown to be directly upregulated
by oestrogen [1]. By preparing a rabbit polyclonal anti-
body against EBAG9, we showed that it is upregulated by
oestrogen in vivo in the mouse uterus, and that it is also
expressed in various other mouse tissues, including the
liver [2]. It has been reported recently, in a study using
the same antibody, that EBAGSY is also widely dis-
tributed in human breast carcinomas [3).

* Corresponding author, Tel.: +81-3-3815-5411x33321; fax: +81-
3-5684-3989.
E-mail address: himamura-tky@umin.ac.jp (H. Imamura).
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Receptor-binding cancer antigen expressed on SiSo
cells (RCASI1), which was isolated as the antigen recog-
nised by 22-1-1 antibody against a human uterine
adenocarcinoma cell line SiSo {4}, has been shown to be
identical to EBAGY (EBAGY9/RCASI1) [5]. It has
received attention as a potential cancer-associated anti-
gen in various organs [4.6-16]. Expression is generally
thought to be related to tumour invasiveness and also to
be associated with a poor patient prognosis. It has been
suggested that the close relationship between EBAGY/
RCAS1 expression and tumour invasiveness may be
accounted for by the in vitro observation that this pro-
tein facilitates escape from host immune surveillance by
inducing apoptosis of activated CD3™ T lymphocytes
and NK cells [5].

Hepatocellular carcinoma (HCC) has the unique
characteristic that its development and progression
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exhibits a typical multistep pathology [17]. In general,
most early HCCs [18,19] are small ( <2 ¢m in diameter),
well-differentiated nodules with a low proliferative
activity, and their size remains unchanged for months
or, in some cases, years. When they progress to a more
advanced stage, they transform into moderately- to
poorly-diffcrentiated cancers, accompanied by a rapid
increase in size. During this process (tumour dediffer-
entiation and proliferation), the HCCs also increase in
malignant potential, as reflected in intrahepatic meta-
stasis (IM) and wvascular invasion (VI). This transfor-
mation occurs non-uniformly within a given tumour
nodule, resulting in the coexistence of well-differentiated
and moderately- to poorly-differentiated lesions within
the same nodule. This has been termed by histologists a
‘nodule-in-nodule’ or ‘mosaic’ appearance [17].

It was previously reported that RCAS!] expression
could not be detected in normal liver samples probed
with 22-1-1 antibody, but was found in approximately
one quarter of HCC cases, particularly in patients with
VI of the tumour [I16]. Expression of EBAGY9/RCASI
has, however, not yet been investigated in detail in
relation to the multistep progression of HCC. In the
present study, we have investigated the association of its
expression with the successive stages of HCC progres-
sion by immunochistochemistry and western blot analy-
sis utilising a rabbit anti-EBAG9 polyclonal antibody.
We paid particular attention to (1)} the process of
tumour dedifferentiation, (2) cancer proliferative activ-
ity, and (3} ability to metastasise. We evaluated cancer
proliferative activity by the Ki-67 labelling index (LI),
which has been used as a marker of proliferation in
various cancers including HCC [20,21]. We also exam-
ined the correlation between EBAGY/RCASI] immu-
noreactivity and various clinical parameters, including
disease-free survival.

2. Patients and methods
2.1. Study population and follow-up of patients

From Qctober 1994 to December 1998, 232 radical
hepatic resections were performed for HCC in the
Hepato-Biliary-Pancreatic and Transplantation Divi-
ston, Department of Surgery, Tokyo University Hospi-
tal, Tokyo. Among them, 58 of the patients received
repeat hepatectomies for recurrent tumours, and 6
underwent hepatic resection for mixed HCC and chol-
angiocarcinoma [22], and these cases were excluded
from the study population. In addition, 25 patients were
excluded because of totally necrotised tumours caused
by preoperative transcatheter arterial embolisation or
chemo-lipiodolisation. The 143 patients enrolled inclu-
ded 109 males and 34 females, with a mean age of
62.0+11.0 (meanzstandard deviation (8.D.)) years

(range 13-83 years). 23 patients were positive for hepa-
titis B surface antigen (HBs Ag), and 100 for anti-
hepatitis C virus antibody (HCV Ab). One patient was
positive for both.

At hepatectomy, resected liver specimens were fixed in
10% v/v formalin, cut into blocks, and embedded in
paraffin. They were then sliced into 4-pm sections, and
stained with haematoxylin and eosin, or used for
immunohistochemical analysis. A part of each tumour,
as well as adjacent non-cancerous tissue, was snap fro-
zen in liquid nitrogen and stored at —80 °C for later
protein isolation.

Normal liver tissue was obtained for the immuno-
histochemical analysis from 10 potential liver transplant
donors, who provided liver biopsy specimens for pre-
operative evaluation. Ten liver biopsies carried out for
the assessment of serologically HCV Ab positive
patients were also made avatlable for analysis.

Follow-up data were obtained from medical records
or telephone interviews and were available in 142 cases.
They were updated for patient’s disease-free survival to
30 June 2002 (mean follow-up period 45.5 months,
range 6.3-85.8 months). The patients received monthly
abdominal ultrasonography and their levels of alpha-
fetoprotein (AFP) (normal range <20 ng/m!) and des-y-
carboxy prothrombin (DCP) (normal range <62.5 AU/
ml) were measured. In addition, they underwent
dynamic computed tomography (CT) at least every 6
months. Angiography with lipiodol injection was added
when recurrence was suspected and recurrence was
assessed by a combination of these imaging modalities.

2.2. Serology

EBAGY9 antibody was a rabbit polyclonal antibody
against a glutathione-S-transferase (GST)-EBAG9
fusion protein [2]. Tts specificity has been examined pre-
viously in Ref. [3]; in summary, it was shown to react
with human and mouse EBAGSH, yielding a band of
32kD in western blotting analysis, and the intensity of
the band was reduced by prior incubation of the anti-
body with recombinant EBAGY protein. Monoclonal
antibody for Ki-67 (MIB 1) and monoclonal antibody
for p-actin (Clone AC-74) were purchased from DAKO
(Carpinteria, CA, USA) and Sigma-Aldrich (Saint
Louis, MI, USA), respectively.

2.3. Immunchistochemistry

Tissue sections of each HCC nodule and adjacent
non-cancerous liver tissue, as well as the liver biopsy
spccimens, were submitted to immunohistochemical
analysis. Where there were multiple nodules the largest
nodule was considered to be representative. After
removing paraffin in xylene, and rehydrating in a graded
ethanol series, the sections were processed in 10 mM
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citrate buffer (pH 6.0) and heated in an autoclave at
125 °C for 5 min for antigen retrieval. Endogenous per-
oxidase activity was quenched with 3% v/v hydrogen
peroxidase/methanol. The slides were preincubated with
10% v/v fetal calf serum-phosphate buffered saline at
room temperature to reduce non-specific antibody
binding. They were then incubated overnight at 4 °C
with the EBAGY antibody diluted 1:40, or with the Ki-
67 antibody diluted 1:50. Immunostaining was per-
formed by a peroxidase labelled-dextran polymer
method using EnVision + ™ (DAKOQ, Carpinteria, CA,
USA). Staining was visualised with 3,3’-diaminobenzi-
dine tetrahydrochloride working solution (Funakoshi,
Tokyo, Japan), with counterstaining in Mayer’s hae-
matoxylin. For negative controls, primary antibody was
replaced with normal rabbit (diluted 1:800) or mouse
(diluted 1:100) IgG (DAKO, Carpinteria, CA, USA).
Sections of human breast cancer that had been shown to
be EBAG9Y-positive were processed as positive controls.

Scoring of Ki-67 in HCCs was performed on high-
power fields (x400)} by light microscopy. In each case,
more than 500 carcinoma cell nuclei were counted
independently by two of the authors, and the percentage
of immunoreactive cells, that is, LI, was determined.
Final scores were established by consensus.

2.4. Western blotting analysis

Western blotting was performed on representative
samples of HCC and non-cancerous liver tissue. Frozen
sections of five HCC tissues and adjacent non-cancerous
liver tissues (all histologically diagnosed as cirrhotic)
were homogenised on ice in RIPA buffer (50 mM Tris—
HCI (pH 8.0), 200 mM NaCl, 20 mM NaF, 2 mM
ethyleneglycol tetraacetic acid, 1 mM dithiothreitol, 2
mM scdium vanadate, 0.5% v/v Nonidet P-40 supple-
mented with protease inhibitor cocktail (CompleteT™,;
Boehringer Mannheim GmbH, Mannheim, Germany)).
The homogenates were clarified by centrifugation at
12000g for 30 min at 4 °C. Samples of lysates contain-
ing 8 pg protein {23] were boiled for 5 min in the pres-
ence of B-mercaptoethanol. They were then fractionated
on 10-20% w/v sodium dodecyl sulphate (SDS)-poly-
acrylamide gradient gel and transferred electro-
phoretically onto a polyvinylidene difluoride membrane
(Fluorotrans, Japan Genetics, Tokyo, Japan) using a
buffer consisting of 25 mM Tris, 192 mM glycine, and
20% v/v methanol. The membrane was blocked at room
temperature for 30 min in Tris-buffered saline with 1%
v/v Tween 20 (TBS-T) and 5% w/v skimmed milk, then
incubated overnight at 4 °C with rabbit anti-EBAG9
serum diluted 1:1000 or mouse monoclonal antibody
against B-actin diluted 1:2500. The membranc was
washed in TBS-T, and incubated with 1:5000 diluted
horseradish peroxidase-conjugated donkey anti-rabbit
IgG (Amersham Pharmatica Biotech, Tokyo, Japan) at

room temperature for 1 h. After further washings, the
protein—antibody complexes were visualised with the
enhanced chemiluminescence (ECL™) plus detection
system (Amersham Pharmatica Biotech, Tokyo, Japan)
according to the manufacturer’s protocol. A whole cell
lysate of a human prostate cancer cell line, DU145, was
used as a positive control.

2.5. Analysis of the association between EBAGY expres-
sion and clinicopathological variables

The correlation between EBAGY expression and var-
ious clinical and pathological parameters was analysed
using the Chi-square or Mann-Whitney U test, as
appropriate, Seven clinical and seven pathological vari-
ables were examined as follows; patient age (65 years
versus =65 years), gender, HBs Ag, HCV Ab, Child-
Turcotte-Pugh score (Grade A versus B) [24], serum
AFP level, plasma DCP level, degree of tumour differ-
entiation (well versus moderately or poorly), size of lar-
gest tumour nodule (<2.0 versus >2.0), tumour
number (solitary versus multifocal), microscopic IM
and/or microscopic VI, fibrous capsular formation/infil-
tration, pathology of non-cancerous liver tissue (fibrosis
versus chronic hepatitis versus cirrhosis) and Ki-67 LI
The presence of microscopic IM and/or microscopic VI
was clustered into a single variable and defined as tumour
invasiveness [25]. When a tumour nodule contained com-
ponents of different grades of differentiation, the tumour
was classified according to the predominant grade. A P
value of 0.05 was considered statistically significant,

To detect factors associated with patient’s disease-free
survival, univariate analysis was performed using Cox
proportional hazards model for EBAGY or other clin-
icopathological variables, and the risk ratio and 95%
Confidence Intervals (CI) were calculated [26]. Data
were analysed using the StatView 5.0J software (SAS
Institute Inc., Cary, NC, USA).

3. Results

3.1. EBAGY expression in normal and chronically dis-
eased liver tissue

Non-cancerous hepatocytes, including those from
normal, chronic HCV-related hepatitic or cirrhotic tis-
sues, displayed a low, but significant, level of EBAG9
immunoreactivity compared with negative controls
{Fig. la-¢). High power magnification (x 1000) revealed
punctate staining throughout the cytoplasm (Fig. 1c).

3.2. EBAGY expression in HCCs

HCC cells showed variable EBAG9 immuno-
reactivity. Some had baseline weak immunoreactivity
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Fig. 1. Expression of ER-binding fragment-associated antigen 9 (EBAG9Y) in non-cancerous liver tissues (a—e) and hepatocellular carcinomas
(HCCs) {f—). (a) Negative controls showing no immunoreactivity (x200). (b—e) Normal liver tissue (b), chronic hepatitic tissue (d), and cirrhotic
tissue {e) showing weak immunoreactivity (x200). A repular distribution of weakly stained dots is seen in the cytoplasm of normal hepatocytes (c)
(x1000). (1) A well-differentiated HCC classified as intensity-negative. The pattern of expression is similar to that in non-cancerous tissues { x200).
(g and h) An intensity-positive case of moderately-differentiated HCC (trabecular type) (g) (x200). Immunoreactivity is detected over the entire
surface and in the cytoplasm of the cancer cells. Coarse, thickened granules are dispersed in the cytoplasm, and the regularity of the staining
pattern is lost (h) (x1000). (i) Pseudoglandular type of moderately-differentiated HCC displaying intense expression on the apical surface of the
cells (x200). (j) A poorly-differentiated HCC consisting of small cells with enhanced EBAGY expression on their surface and in the eytoplasm
(%200). Bar: 20 pm.
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similar to non-cancerous hepatocytes. These were
designated intensity-negative cells. Others showed
enhanced immunoreactivity, and were designated inten-
sity-positive. With regard to staining pattern, intensity-
negative cancer cells had a similar pattern to non-can-
cerous hepatocytes, namely, a regular distribution of
weakly stained granules throughout the cytoplasm
(Fig. 1f). In contrast, in most of the intensity-positive
cells, there was intense staining over the entire surface,
as well as in the cytoplasm (Fig. lgj). Coarse, thick-
ened granules were dispersed throughout the cytoplasm,
and the regularity of the granule distribution noted in
the non-cancerous hepatocytes was lost (Fig. 1h), In the
pscudoglandular type of moderately differentiated
HCCs, the apical surfaces of the pseudoglands were
strongly stained (Fig. 1i).

The proportion and distribution of intensity-positive
cancer cells were highly variable from nodule to nodule
(range 5-100%). Interestingly, their distribution also
showed two types of intrancdular diversity; (1) ‘Nodule-
in-nodule’ tumours, i.e. those consisting of a well-dif-
ferentiated lesion and a less differentiated lesion, dis-
played different immunoreactivity in the two regions,
the less differentiated intensely immunoreactive region
contrasting clearly with the weakly immunoreactive
well-differentiated region (Fig. 2a). (2) The peripheral
zone of HCC nodules with fibrous capsular infiltration
stained strongly at the site of infiltration (Fig. 2b).

3.3. Semiquantitative classification of EBAG9 expres-
sion in HCCs

We next evaluated the expression of EBAGY in HCC
tissues in a semiquantitative manner. We classified sec-
tions into three categories: (1) Negative (—): sections in
which all the cancerous cells were identified as intensity-
negative; (2) borderline (£): sections where 1-5% of the
malignant cells stained for EBAG9Y, or, sections showing
uniform positivity but very weak immunoreactivity; (3)
positive (-+): sections with more than 5% of positive
cancerous cells, The classification of the sections was
carried out in a blinded manner and finally agreed upon
by two of the authors. In the event, 35 of the 143 lesions
examined (24%) were classified as negative, 24 (17%) as
borderline, and 84 (59%}) as positive (Table 1).

3.4. Western blotting analysis

The results of the western blotting analysis are shown
in Fig. 3. All the non-cancerous tissues expressed
EBAGY as a 32-kD band. Expression of EBAGY was
not enhanced in two of the five cancerous tissues exam-
ined (cases 1 and 2: one well-differentiated and one
moderately-differentiated HCC); however, it was
enhanced in the remaining three samples (cases 3-35:
moderately-differentiated HCCs). The division of HCCs

a
well
i'_.- Ii ¢ mod + :- ‘”__-.\‘_\‘
b
HCC
Capsule
- Fc-inf

Fig. 2. Distribution of intensity-positive cancer cells in hepatocellular
carcinomas (HCC) nodules: (a) a tumour with ‘nodule-in-nodule’
appearance showing intense staining in the interior moderately-differ-
entiated region (‘mod’), contrasting with weak staining in the outer,
well-differentiated, region (‘well’) (x100); (b) a moderately-differ-
entiated HCC showing fibrous capsular infiltration (‘Fe-inf") with
enhanced staining at the site of infiltration (x100). Capsule: fibrous
capsule. Bar: 50 pym.
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Fig. 3. Western blotting analysis. All non-cancerous liver samples (N)
express ER-binding fragment-associated antigen 9 (EBAG9) as a 32-
kD band. Expression of EBAGY is not enhanced in two of the hepa-
tocellular carcinomas (HCCs) (1 and 2), but is enhanced in the other 3
(3-5). The results of the western blotting analysis are consistent with
the classification based on the immunohistochemistry. Western blot-
ting using monoclonal anti-B-actin antibody demonstrated that equal
amounts of protein were used. T, HCC tissue; N, non-cancerous liver
tissue; kD, kiledalton.

by western blotting analysis into those in which expres-
sion of EBAGY was ¢nhanced, and those in which it was
not, agreed well with the classification into intensity-
positive/-negative  nodules by  semiquantitative
immunohistochemistry.
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Table 1
Frequency distribution of immunocytochemical staining of HCCs for
EBAGY

Classification Notation Number of Percentage of
of staining HCC tumours HCC tumours
Negative - 35 24
Borderling + 24 17
Positive + 84 59
Total 143 100

HCC, Hepatocellutar carcinoma, EBAGY, ER-binding fragment-
associated antigen 9.

3.5. Correlation between EBAG9 expression and patho-
logical variables

For the purpose of analysis, unless otherwise spe-
cified, the borderline staining HCCs were combined
with the unstained tumours into one group, leaving
the clearly positive staining HCCs as the other group.
The relationship between EBAGY immunoreactivity
and clinicopathological variables was then analysed
by comparing the intensity-positive group {(n=284)
with the intensity-negative/borderline group {(n=159),
as shown in Table 2, Enhanced EBAGY9 immuno-
reactivity was more frequently observed in the less
differentiated tumours (£=0.01). In addition, EBAG9
immunoreactivity was significantly related to Ki-67 LI
(Fig. 4). In the intensity-negative/borderline group, the
mean Ki-67 LI was 16.4% (median 12.6, range 0.5-56.0)
whereas it was 24.8% in the intensity-positive group
(median 23.8, range 2.9-68.6) (P<0.001). However,
there was no significant correlation between enhanced
EBAGY expression and tumour invasiveness (IM and/
or VI) (£=0.86). Other clinical and pathological vari-
ables were also not significantly associated with
enhanced EBAGY expression, although the relationship
between enhanced EBAGY expression and elevated
plasma DCP value was of borderline significance
(P=0.1).

P<0.001
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Fig. 4. Association of ER-binding fragment-assoctated antigen 9
(EBAGHY) expression with Ki-67 labelling index (LI).

3.6. Relationship between EBAGY expression and dis-
ease-free survival

During the follow-up period, HCC recurrence was
confirmed in 107 patients. On the univariate analysis,
plasma DCP level, tumour size, tumour number,
tumour invasiveness (IM and/or VI), and Ki-67 LI
(>20 versus <20) were significantly related to the
patient’s disease-free survival (Table 3). However no
significant relationship was established between
enhanced EBAGY expression and disease-free survival
(P=0.17).

4, Discussion

In the present study, we have investigated the expres-
sion of EBAGS/RCASI in various HCC and non-HCC
liver tissues, including those from normal livers and
those chronically infected with HCV andjor HBV. We
performed a comprehensive immunohistochemical ana-
lysis using a specific antibody against EBAGY which is
also suitable for western blotting analysis, paying spe-
cial attention to the association of EBAGY expression
with tumour dedifferentiation, proliferation and meta-
stasis.

EBAG9/RCAS] was expressed, albeit weakly, in both
normal and chronically diseased non-cancerous hepato-
cytes. In addition, it showed a regular pattern of
expression within the cytoplasm, suggesting that it
becomes localised in some way. The finding of EBAG9/
RCASI in non-cancerous hepatocytes contradicts the
results of a previous report [16]. However, it is con-
sistent with the detection of EBAG9/RCASI expression
in a number of non-cancerous human organs, ¢.g.,
uterine endometrial glands [27], goblet cells of bronchi
and bronchioles {7,8], mammary glands [3], and gastric
mucosa [10]. It is notable that the apical surfaces of the
pseudoglands were strongly stained in the pseu-
doglandular type of moderately-differentiated HCCs, as
shown in Fig. li. This observation, together with pre-
vious results obtained from normal tissues, suggests that
EBAGS/RCASI is expressed in gland cells.

In this study, 59 and 17% of the patients examined
showed positive and borderline expression of EBAGY/
RCASI, respectively. This roughly agrees with the pro-
portion found in other malignancies (47% in lung can-
cers to 70% in gallbladder cancers) [8.11). However,
Noguchi and colleagues reported that only 26.5% of
HCC cases expressed RCASI compared with the 59%
showing positivity for EBAGY reported above {16]. We
can be confident that our immunchistochemical staining
for EBAGSY is specific for this protein for the following
reasons: (a) The specificity of the anti-EBAGY poly-
clonal antibody has been established by the preabsorp-
tion test reported previously in Ref. [3]. (b) In western
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Table 2
Association between EBAGY immunoreactivity and clinicopathological parameters
Parameters Number of patients Intensity of EBAGY immunoreactivity P value
Negative/borderline (%) Positive (%)
622+11.6 61.8+10.6 0.44
Age (years)*

<65 75 28 (37) 47 (62.7)

265 68 31 (46) 37 (54.4) 0.39
Gender

Male 107 40 (37) 67 (62.6)

Female 36 19 (53) 17 (41.2) 0.12
HBs Ag

+ 23 10 (43) 13 (56.5)

- 120 49 (41) 71 (59.2) 0.82
HCV Ab

+ 100 42 (42) 58 (58.00

- 43 17 (40) 26 (60.5) 0.85
Child-Turcotte—Pugh score

A 110 43 (39) 67 (60.9)

B 33 16 (48) 17 (51.5) 0.42
AFP (ng/fmh)" 51 (2-436 000) 55 (2-69 000) 0.57

£62.5 48 17 (35) 31 (65)

=20 95 42 (44) 53 (56) 0.37
DCP (AU/ml)® 62.5 (11-80 000) 76.0 (10-77 520) 0.10

<£6.25 76 36 (47 40 {53)

>625 67 23 (34) 44 (66) 0.12
Degree of tumour differentiation

well 25 16 (64) 9 (36)

Moderately/poorly 118 43 (36) 75 (64) 0.01
Tumour size {cm)* 2.8 (0.8-15.5) 34 (1.0-16.0) 0.29
£2.0 38 20 (53) 18 (47}
>2.0 105 393N 66 (63) 0.12
Tumour number

Solitary 7% 35 (44) 44 (56)

Multifocal 64 24 (38) 40 (63) 0.49
IM andjor VI

Positive 58 23 (40) 35 (60)

Negative 85 36 (42) 49 (58) 0.86
Fibrous capsular formation/infiltration

Positive/positive 79 30 (38) 49 (62)

Positive/negative 27 13 (48) 14 (52)

Negative 37 16 (43) 21 (57 0.62
Background liver disease

Liver fibrosis 5 1 {20) 4 (80)

Chronic hepatitis 40 13 (33) 27 (6%)

Liver cirrhosis 98 45 (46) 53 (54) 0.21

143 59 (46) 84 (59)

EBAGY; ER-binding fragment-associated antigen 9; HBs Ag, HBs Ag-positive; HCYV Ab, HCV Ab-positive; AFP, alpha-fetoprotein; DCP, des-f-
carboxy prothrombin; IM, intrahepatic metastasis; VI, vascular invasion.

a Data expressed as average standard deviation (5.12.).
b Data expressed as median value (range).

blots, the EBAGY antibody recognised a protein form-
ing a specific 32-kD band, consistent with the size of
human EBAGY. (c) The intensity of the 32-kD band
agreed with the semiquantitative classification of

EBAGY immunoreactivity by immunohistochemistry. studies.

IvV-132

Therefore, the fact that the proportion of EBAGY-posi-
tive patients was almost as twice as high in our series is
not the result of non-specific staining. It may be due to
the different antibodies and methods used in the two
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Table 3
Clinical risk factors for disease-free survival (n =142)

Parameters Categories (number of patients) Risk ratio 95% C1 P value
Age (yeurs) =65/ <65 (68/74) 0.88 0.60-1.28 0.51
Gender Male/female (106/36) 0.92 0.60-1.43 0.74
HBs Ag Positive/negative (23/119) 0.76 0.44-1.32 0.33
HCV Ab Positive/negative (100/42) 1.02 0.67-1.56 0.91
Child-Turcotie—Pugh score B/A (33/109) 1.05 0.66-1.66 0.83
AFP {ng/ml) > 20/ < 20 (94/48) 1.08 0.72-1.62 0.68
DCP (AU/ml) >62.5/ £62.5 (66/76) 1.63 1.11-2.39 0.01
Degree of tumour differentiation Moderately +~ poorly/well (117/25) 0.9% 0.60-1.63 0.97
Tumour size (cm) T=20/T<2.0 (104/18) 1.87 1.17-3.00 0.008
Tumour number Multifocal/solitary (64/78) 1.80 1.22-2.64 0.002
IM andfor VI Positive/negative (57/85) 1.67 1.13-2.46 0.009
Fibrous capsular formation Positive/negative (106/36) 1.05 0.67-1.63 0.82
Ki-67 LI (%) > 20/ <20 (70/72) 1.63 1.11-2.39 0.0t
EBAGY immunoreactivity Positive/negative + borderline (83/59) 1.30 0.88-1.92 0.17

EBAGY; ER-binding fragment-associated antigen 9; HBs Ag, HBs Ag-positive; HCV Ab, HCV Ab-positive; AFP, alpha-fetoprotein; DCP, des-g-
carboxy prothrombin; IM, intrahepatic metastasis; VI, vascular invasion; 95% CI, 95% Confidence Interval.

Another finding of the present study is that in the
majority of HCC tissues that showed enhanced
EBAGY9/RCAS1T expression, expression was detected
over the entire surface and cytoplasm of the cancer
cells, rather than displaying the restricted distribution
observed in non-cancerous tissues. This finding is
consistent with observations on invasive ductal carci-
noma cells of the breast, where it was found that
normal mammary gland cells only expressed EBAGY/
RCAS1 on their apical surface, whereas carcinoma
cells showed enhanced expression without a polar
distribution [3].

Of the wvarious clinicopathological parameters,
enhanced expression of EBAGY9/RCAST was closely
related to degree of tumour differentiation and
increased Ki-67 LI. Ki-67 antigen is preferentially
expressed during all active phases of the cell cycle (G,
S, G; and M phases), but is absent in resting cells [28].
In addition, the Ki-67 LI has been reported to be well
correlated with the uptake of bromodeoxyuridine
{(BrdU), a well accepted proliferation-associated marker
[29,30]. Since Ki-67 staining does not require the in vivo
injection of a specific agent, which is necessary in BrdU
studies, Ki-67 is now widely used as a marker of cell
proliferation including in human studies [31]. Therefore,
our observation suggests that enhanced EBAGSY/
RCAS! expression is associated with HCC tumour
progression as represented by dedifferentiation and
proliferation. Interestingly, tumours that showed a
‘nodule-in-nodule’ appearance displayed a variable
degrec of EBAGS/RCASI! expression that depended on
the degree of differentiation within the tumour, ie.
intense expression in the less differentiated regions and
weak expression in the more highly differentiated
regions (Fig. 2a). Similarly, lesions characterised by
fibrous capsular infiltration had intense EBAGY/

RCASI staining at the site of infiltration (Fig. 2b).
These findings lend support to the link between the level
of EBAGY9/RCASI expression and tumour progression.

In contrast, EBAG9/RCAS!] was not associated with
tumour metastasis (IM and/or VI) in our series,
although a significant relationship between RCASI
expression and VI was reported previously in Ref. [16].
All these results led us to conclude that EBAG9/RCASI
is closely associated with tumour dedifferentiation and
proliferation, but not in tumour metastasis, at least in
resectable HCCs. In other words, EBAGS/RCASI pre-
sumably relates more to the growth of the primary
tumour than to the development of tumour metastases.
This view may be partially supported by an idea pro-
posed recently on the basis of the results of cDNA
microarray analysis, namely that different genes func-
tton at different stages of HCC evolution [32]. Accord-
ing to this view, HCC requires additional steps with
further discrete genetic changes, i.e. dedifferentiation
and proliferation, to gain the ability to metastasise. Our
results may therefore imply that enhanced EBAGY/
RCASI expression is an intermediate event in the mul-
tistep progression of HCC, unrelated to the fina! event
characterised by the frequent occurrence of vascular
invasion and resultant intrahepatic metastasis. In our
series, there was no significant difference in disease-free
survival between patients with positive and negative/
borderline EBAGY9 immunoreactivity. The results are
consistent with the finding that enhanced EBAG9
expression was not associated with metastatic para-
meters such as IM and VI, which have been the strong
factors predictive of poor prognosis in the previous
studies [33,34]. Taken together, EBAGY may not be a
prognostic factor in patients with resectable HCC,
however, we believe it is of value as a pathological
marker of a specific stage of HCC tumour progression.
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