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The expression of podoplanin is reportedly involved in collective
cell invasion, which is independent from the epithelial-mesen-
chymal transition (EMT). We focused on the expression of po-
doplanin in esophageal squamous- cell carcinomas (ESCC) and
investigated the correlation of podoplanin and EMT-related mark-
ers, and evaluated its prognostic significance, Five ESCC cell lines
were subjected to western blot analysis for podoplanin and EMT
markers. The effects of podoplanin on EMT and carcinoma inva-
sion were evaluated with wound healing assays, invasion assays
and 3-D culture. Transfection of ectopic podoplanin into a
podoplanin-negative ESCC cell line (TE-15) induced cell migration
and invasive activity (P < 0.001 and P < 0.05, respectively) with-
out downregulation of E-cadherin. In contrast, transfection of
si-podoplanin RNA into a podoplanin-positive ESCC cell line
(TE-13) reduced cell migration and invasive activity (P < 0.05).
We reviewed 101 patients who had undergone esophagectomy
for ESCC. Podoplanin expression was observed in 58 patients
(57.4%), and positive expression was positively correlated with
expression of E-cadherin (P < 0.01), deeper wall invasion
(P <0.01), venous invasion (P<0.05) and poorer prognosis
(P < 0.01). Multivariate Cox analysis revealed that expression of
podoplanin was a significant and independent unfavorable pre-
dictor of survival (P < 0.05). These data suggest that podoplanin
is significantly associated with and likely contributes to ESCC
invasion in the absence of EMT. (Cancer Sci 2013; 104: 1718-1725)

The epithelial-mesenchymal transition (EMT) has impor-
tant roles in the development of many tissues during
embryogenesis. Moreover, similar cell changes are recapitu-
lated during the development of carcinomas. Acquisition of the
mesenchymal state, such as the fibroblastic - phenotype, is
accompanied by E-cadherin downregulation and. upregulation
of vimentin, enabling cells to dissociate from the epithelial tis-
sue and migrate. These alterations result in changed adhesive
properties, and the activation of ploleolysls and motility that
allow the tumor ce]ls to metastasize and establish secondary
tumors at distant sites.’

Collective cell migration is a second principal mode- of cell
movement. This mode differs from single cell migration in that
cells remain connected as they move. Thus, cells migrate as
cohorts, ‘maintaining varying degrees of tissue organization.
Collective cell migration of cohesive cell groups in vivo is par-
tlculdlly pleva]em during emblyooenesxs dﬂd drives the forma-
tion of many comp]ex tissues and organs.>¥ A similar
collective behavior, i\nown as invasion, is displayed by many
invasive cancer types.) Tt is becoming clear that collective
cell invasion is involved in the dissemination of squamous cell

Cancer Sci | December 2013 | vol. 104 | no. 12 | 1718-1725

carcinomas.® 7 Imdamg of the behavior of cancer cells placed
in a 3-D culture and observations. of clinical samples of
advanced-stage carcinomas has revealed that epithelial-type
cancer cells can spread as groups or sprouts.

Podoplanin (PA2.26 antigen Aggrus, or Tla) is a type 1
transmembrane - sialomucin - upregulated in different types of
cancer, such as squamous cell carcinomas and testicular germ
cell tumols suggesting a role for podoplanin in tumor progres-
sion.” In appnommalu]y 80% of human squamous cell carci-
nomas (lung, larynx, cervix, skin and esophagus), podop anin
is expressed at the invasive edge of the cancers.''"” Wicki
et al. report that podoplanin promotes cancer cell invasion
in vitro and in vivo. Podop]amn induces collective cell inva-
sion in the absence of EMT.""

Esophageal carcinoma is the eighth most frequent cancer in
the world. In Europe and the United States, most esophageal
carcinoma patients have adenocarcinoma of the lower esopha-
gus or gastroesophageal junction: so called Barrett’s adenocar-
cinoma, In contrast, many patients with esoghaveal carcinoma
in Japan ‘have squamous “cell carcinoma.”’® Several reports
indicate that esophageal squamous cell carcinoma (ESSC)
patients with a hwh level of podoplanin exp]essmn have a
poor pxognosxs”3 3 However, the effects of podoplanin
expression on EMT or collective cell invasion in the setting of
ESSC have not been considered.

The purpose of the present study was to determine the role

of podop]dnin in tumor invasion and prognosis for patients
with ESCC. Here, we analyzed the expression and EMT-
related functions of podoplanin in ESCC cell lines and in
clinical samples of ESCC. We established TE-15 ESCC cell

lines that stably expressed podoplanin and, thereby, investi-

gated the functional role of podoplanin in cancer cell migra-
tion and invasion. We also established podoplanin
knockdown TE-13 ESCC cell lines and investigated cell
motility and invasive activity. In addition, we examined the
relationship between podoplanin and EMT marker expression
in 101 cases of ESCC and evaluated -whether  podoplanin
expression could be considered a prognostic “indicator - for
patients with ESCC.

Materials and Methods

Cell culture. Five established human ESCC cell lines (TE-5,
TE-§, TE-10, TE-13 and TE-15) and MRIS5 human embryonic
fibroblasts (Riken Cell Bank, Tsukuba, Japan) were cultured in
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RPMI (Invitrogen, Carlsbad, CA, USA) with 10% FBS (Invi-
trogen). All cells were maintained at 37°C in 5% COa.

Western blot analysis. For total cell lysates, cells were lysed
at 4°C in RIPA-plus buffer (50 mM Tris-HCI [pHS.0],
150 mM NaCl, 2 mM MgCl,, 2 mM CaCl,, 0.5% sodium
deoxycholate, 10% glycerol, 1% NP40, 0.1% SDS, | mM
NaF, 2 mM NaVO,, 0.1 mM PMSF, I mM DTT and protease
inhibitor cocktail). The cleared protein lysates were separated
by SDS-PAGE and electroblotted on polyvinylidene difluoride
membranes (Invitrogen), and proteins were visualized with the
appropriate primary and secondary antibodies and ECL Plus
(GE Healthcare, Amersham, UK) on LAS-3000 (Fujifilm,
Tokyo, Japan). Antibodies to podoplanin (mouse monoclonal,
D2-40, 1:100; Nichirei Bioscience, Tokyo. Japan). E-cadherin
(mouse monoclonal, 1:2500; BD Biosciences, Franklin Lakes,
NJ, USA), vimentin (mouse monoclonal, 1:500; Dako Cytoma-
tion, Glostrup, Denmark) and B-actin (mouse monoclonal,
1:2500; Sigma-Aldrich, St. Louis, MO, USA) were used for
the primary reaction.

¢DNA cloning of podoplanin. The ¢DNA encoding the full-
length open reading frame of human podoplanin was obtained
by PCR using TE-13 ¢cDNA as a template (GenBank acces-
sion No. NM_006474). The primer set for human podoplanin
was as follows: 5-ACCGAATTCACC-ATGCTGACTCCGCT
CGGA-3"  and  3-ACCGGATCCTTAGGGCGAGTACCTT
CCCG-5". The full length ¢cDNA of human podoplanin was
subcloned into the expression vector pcDNA3.1zeo-IRES-
EGFP."'?

Gene transfection. Vectors and empty vector controls were
transfected into TE-15 cells using Lipofectamine LTX (Invitro-
gen) according to the manufacturer’s instructions. A recombi-
nant podoplanin-expressing TE-15 clone was established by

(a) TE-13

TE-5

Podoplanin

E-cadherin

Vimentin

B-actin

(b)

TE-13

TE-S
Fig. 1.

TE-10

TE-10

Endogenous expression of podoplanin, E-cadherin and vimentin in ESCC cells. (a) Western blot analysis of podoplanin, E-cadherin and

selection in medium containing 200 pg/mL G418 (Nacalai
Tesque, Kyoto, Japan).

siRNA transfection. A siRNA duplex (sense, 5-GGAC
CAUUGGAUCGAUAUUATAT-3') specific for human podopl-
anin (GenBank accession No. NM_006474) was designed at
Takara Bio (Shiga, Japan). Takara Bio also provided the non-
specific control siRNA duplex (sense, 5-UCUUAAUCGC
GUAUAAGGCTTATAT-3"). TE-13 cells were transfected with
siRNA  oligonucleotides using Lipofectamine RNAIMAX
(Invitrogen) following the manufacturer’s protocol.

Wound healing assays. For the wound healing assay, cultured
cells at almost 100% confluence were serum-starved for 12 h.
After scratching the monolayer, cells were washed with PBS
and then cultured in RPMI with 10% FBS. Each experiment
was repeated five times.

Invasion assays. Cell invasion was determined with a Matrigel
invasion assay using polycarbonate membranes (8.0 um pore
size) in the upper chamber of 24-well Transwell culture cham-
bers coated with Matriﬁel (Falcon BD, Franklin Lakes, NJ,
USA). Cells (1.0 x 10" per well) were placed in the upper
chamber with 500 pl. FBS-free medium, whereas the lower
chamber was loaded with 750 plL medium containing 10% FBS.
After 36 h of incubation, cells remaining inside the inserts were
removed, and the cells that had traversed to the reverse side of
the inserts were stained with hematoxylin and enumerated with
light microscopy. Each experiment was repeated thrice.

3-D culture. Following previously described methods, "
podoplanin-transfected cells (TE-15-podoplanin) and control
cells (TE-15-mock) were used in 3-D cultures to examine the
form of tumor cell invasion, MRCS human embryonic fibro-
blasts (5 x 10°2 mL) were mixed into a neutralized type 1
collagen gel (10.5 mL; Cellmatrix type I-A, Nitta Gelatin,

TE-15 TE-8

=

TE-15

TE-8

vimentin in ESCC cells (TE-13, TE-5, TE-10, TE-15 and TE-8). (b) Morphological observations of TE-13, TE-5, TE-10, TE-15 and TE-8 cells. Only TE-8

cells showed fibroblast-like morphology with lamellipodia-like structures.
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Fig. 2.

Transduction of ectopic podoplanin promoted cell motility and invasion/migration activities. (a) Western blot analysis of podoplanin,

E-cadherin and vimentin in podoplanin-transfected TE-15 cells (TE-15-podoplanin) and vector-transfected TE-15 cells (TE-15-Mock). (b) Matrigel
invasion assay revealed significantly higher invasion/migration activities of pOdoplanin -transfected TE15 cells (P = 0.043). The experiment was
done thrice. (c) Wound healing assay. revealed significantly higher cell motility in podoplanin-transfected TE-15 cells (P < 0.001). The experiment
was done five times. (d) 3-D culture showed that podoplanin-transfected TE-15 cells invaded deeper than did vector-transfected TE-15 -cells.
Moreover, carcinoma cells invaded the collagen matrix layer as multicellular clusters in.a process termed collective cell migration and invasion.

TE-8 cell showed single cell mvaszon in 3-D culture

Osaka, Japan) following the' maimfactm'er’s recommendations.
The cell suspension was aliquoted into six-well plates and
allowed to harden for 30 min in a CO, incubator at 37°C.
ESCC cells (2 x 10% were then dispensed onto each gel and
allowed to incubate overnight. The following day, ( he hard-
ened gels were detached fxom the plates and they were then
placed on the mesh of cell strainers (BD Biosciences) so that
the ESCC cells lay on the top of gel'discs and the fluid level
was adjusted to just:below the upper edge of the gel. After
2 weeks of air-liquid interface culture, the gel discs were fixed
in a phosphate-buffered formalin solution and embedded
paraffin, and vertical sections were stained with H&E.

Clinical samples. Surgically resected ESCC with no preopera-
tive therapy were collected from 101 patients who underwent

1720

esophagectomy between 1994 and 2005 at the Department of
Surgery and Science, Kyushu University Hospital, Japan. All
of the .tissue specimens were obtained -after receiving - the
patients” written informed consent. All of the samples under-
went H&E. staining - and were found to-be squamous cell
carcinomas upon histological examination.

Immunohistochemistry. Selected. representative sections were
immunostained - with antibodies against  podoplanin  (mouse
monoclonal, D2-40, 1:100 [Nichirei Bioscience]), E-cadherin
(mouse monoclonal, 1:2500 [BD .Biosciences]) and vimentin
(mouse monoclonal, 1:500 [Dako Cytomation]).

To investigate-the relationship -between - podoplanin expres-
sion and E-cadherin and vimentin expression, we observed the
deepest - invaded area, called. the invasive front. We also

doi: 10.1111/cas. 12286
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followed the previously published method to score the expres-
sion of podoplanin."* Tn brief, patients positive for podoplanin
expression in >10% of tumor cells at the invasion front were
categorized as positive, whereas others were classified as nega-
tive. As reported by Usami er al., the degree of cell mem-
brane-E-cadherin and cytoplasmic-vimentin expression at the
invasion front was scored as follows: a negative front showed
<20% immunoreactivity, whereas a positive front showed
>20% positive immunoreactivity,'®

Statistical analysis. Continuous data were expressed as med-
ian and range and compared between groups using the Mann-
Whitney U-test. Categorical variables were compared using the
y3-test, Fisher’s exact test and Student’s t-test. The patient
survival analyses were calculated using the log-rank test. Prog-
nostic factors were examined by univariate and multivariate
analyses (Cox proportional hazards model). P-values < 0.05
were considered to be statistically significant. These results
were analyzed using the JMP 7 software program (SAS Insti-
tute, Cary, NC, USA).

Results

Correlation between endogenous podoplanin expression and
epithelial-mesenchymal transition markers in esophageal squa-
mous cell carcinomas cells. We investigated the level of expres-
sion of E-cadherin, vimentin and podoplanin in five ESCC cell
lines (TE-13, TE-5, TE-10, TE-15 and TE-8). E-cadherin pro-
tein was detected in TE-13, TE-5, TE-10 and TE-15 cell lines,
all of which showed typical cobblestone-like appearance under
conventional culture conditions (Fig. la,b). TE-8 cells exhib-
ited extremely low levels of E-cadherin protein expression.
The cell line that expressed vimentin demonstrated fibroblast-
like spindle morphology with lamellipodia-like structures, sug-
gestive of EMT (Fig. la,b). Podoplanin expression was
detected in TE-13 and TE-5 cell lines using western blot
analysis. Those two cell lines showed E-cadherin expression
and negative or weak expression of vimentin, and cobblestone-
like appearance (Fig. [a,b).

Effects of ectopic recombinant podoplanin protein on inva-
sion. To determine the role of podoplanin in the regulation of
the EMT, we transfected the pcDNA3.1zeo-IRES-EGFP-podo-
planin vector into ESCC cells. Because TE-15 cells expressed
E-cadherin without expraessing either podoplanin or vimentin,
these cells were used for the following experiments. Trans-
duction of ectopic podoplanin did not influence the expres-
sion of E-cadherin and vimentin at the protein levels
(Fig. 2a).

We assessed the role of podoplanin on cell migration and
invasive activity. In a Matrigel invasion assay, the number of
exogenous podoplanin-transfected cells that invaded/migrated
to the lower chamber was significantly increased compared to
the control (P = 0.043; Fig. 2b). The wound healing assay
revealed greater migration activity in podoplanin-transfected
cells than in the control (P < 0.001; Fig. 2¢). We next cultured
podoplanin-transfected cells in 3-D cultures. After 16 days of
an air-liquid interface culture, cells were fixed in formalin
solution and embedded in paraffin, and vertical sections were
stained with H&E (Fig. 2d). The 3-D culture method revealed
greater invasion/migration activity in podoplanin-transfected
cells than did the control, and both cell lines invaded the colla-
gen matrix layer as multicellular clusters in a process termed
collective cell migration and invasion. TE-8 cells showed
single cell invasion in 3-D culture. TE-15-podoplanin showed
significantly deeper depth of invasion (324.8 £ 69.1 pm) than
TE-15-mock (228.0 £ 27.9 um, P = 0.0361).

Suppression of podoplanin protein by RNAi technology. To
address the role of podoplanin in the regulation of the EMT,
we used SiRNA  oligonucleotides to suppress podoplanin

Nakashima et al.

expression in ESCC cell lines. Because TE-13 cells expressed
podoplanin and E-cadherin without expressing vimentin, these
cells were used for the following experiments. Podoplanin
knockdown was confirmed at the protein level by western blot
analysis (Fig. 3a). Subsequently, the effects of podoplanin on
cell motility and invasive activity were examined. The wound
healing assay revealed significantly lower migration activity in
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Fig. 3. Transfection with siRNA oligonucleotides targeting podopla-
nin mRNA or control in TE-13 cell line. (a) Western blot analysis of
podoplanin, E-cadherin and vimentin expression after transfection of
podoplanin knockdown TE-13 cells (TE-13-sipodeplanin) and GFP
knockdown TE-13 cells (TE-13-siGFP). (b) Wound healing assay
revealed significantly lower cell motility in podoplanin knockdown
TE-13 cells (P < 0.05). The experiment was done five times. (c) Matrigel
invasion assay revealed significantly lower invasion activities of
podoplanin knockdown TE-13 cells (P = 0.023). The experiment was
done thrice.
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Fig. 4.

Immunohistochemical expression of podoplanin, E-cadherin, and vimentin in ESCC samples. Invasive front of two representative cases

are shown: (a-d) collective cell invasion sample; (e-h) single cell invasion sample. In the collective invasion sample (a-d), expression of podopla-
nin (b) and E-cadherin {c) was preserved, while vimentin expression was negative (d). In single cell invasion samples (e-h), immunoreactivities of
podoplanin (f) and E-cadherin (g) were reduced, while vimentin expression was observed (h).

podoplanin-knockdown cells than in the control (P < 0.05;
Fig. 3b). In the Matrigel invasion assay, the number of invad-
ing cells among knockdown cells was lower than that among
the control cells (P = 0.023; Fig. 3c).

Expression of podoplanin, E-cadherin and vimentin in esopha-
geal squamous cell carcinoma patients. We further investigated
the expression of podoplanin, E-cadherin and vimentin at the
invasive front of 101 ESCC samples. The invasive ‘fronts of
two representative cases are shown: Figure 4(a—d) is an exam-
ple of collective invasion and Figure 4(e--h) is an example of
single cell invasion sample, Of the 101 cases in the present
study, 58 (57.4%) showed signals for podoplanin at the outer
edge of the invading tumor cell nest (Fig. 4b). Positive stain-
ing for E-cadherin appeared in the cytoplasm of the cancer
cells (Fig. 4¢). Reduced expression - of = E-cadherin  was
observed in 19 of the 101 samples (18.8%; Fig. 4g). Positive
staining of vimentin protein was observed in the cytoplasm of
the carcinoma cells in 20 of the 101 samples (19.8%; Fig. 4h).

The correlations between podoplanin, E-cadherin and vimen-
tin expression are shown in Table [. In ESCC. patients,
podoplanin expression was positively correlated with preserved
expression of E-cadherin (P < 0.001). There was no significant
correlation between the expression. of podoplanin and vimen-
tin. A total of 113 cases showed double positive staining of
podoplanin and vimentin in invasive fronts (Fig. S1).

Correlation among podoplanin expression, clinicopathological
features - and survival. The correlation between podoplanin
expression and clinicopathological data is shown in Table I.
In 101 samples, podoplanin expression was correlated with
aggressive wall invasion (deeper T2, P = 0.002) and positive
venous invasion (P = 0.015).

Excluding 20 cases with positive expression of vimentin, the
S-year overall survival frequency for ESCC patients with posi-
tive and negative -expression of podoplanin was 44.3% and
80.0%, respectively (Fig. 5a). Podoplanin expression in tumors
was significantly associated with shorter postoperative overall
survival (P = 0.004). The 5-year overall survival frequency for
ESCC patients with positive and negative expression of vimen-
tin was 31.8% and 61.3%, respectively (Fig. 5b). Vimentin
expression -in tumors was -significantly associated with shorter
postoperative survival (£ = 0.003).

1722

Table 1. Comparative analysis of the podoplanin expression,
clinicopathological characteristics and the expression of E-cadherin
and vimentin in esophageal squamous cell carcinoma

Podoplanin expression

Positive (%) Negative (%)

Total 101 58 43

Age
<64 years 43 24 (41.4) 19 (44.2) 0.778
>64 years 58 34 (58.6) 24 (55.8)

Gender
Male 88 51 (87.9) 37 (86.1) 0.078
Female 13 7 (12.1) 6 (13.9)

Histologyt
Well 22 17 (29.3) 5(11.6) 0.074
Moderate 62 31 (53.5) 31 (72.1)
Poor 17 10 (17.2) 7 (16.3)

Depth of invasiont '
T1 50 21 (36.2) 29 (67.4) 0.002
T2-4 51 37 (63.8) 14 (32.6)

Lymphatic invasion
Absent 54 29 (50.0) 25 (58.1) 0.417
Present 47 29 (50.0) 18 (41.9)

Venous invasion
Absent 64 31 (53.5) 33 (76.7) 0.015
Present 37 27 (46.5) 10 (23.3)

Lymph node metastasis
Absent 50 27 (46.6) 23 (54.5) 0.490
Present 51 31 (53.5) 20 (46.5)

E-cadherin
Preserved 82 54 (93.1) 28 (65.1) <0.001
Reduced 19 4 (6.9) 15 (34.9)

Vimentin
Positive 20 13 (22.4) 7 (16.3) 0.441
Negative 81 45 (77.6) 36 (83.7)

tAccording to the Guidelines for the Clinical and Pathological Studies
on Carcinoma of the Esophageal Diseases.®" Moderate, moderately
differentiated squamous cell carcinoma; poor, poorly differentiated
squamous cell carcinoma; well, well-differentiated squamous cell
carcinoma.
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Fig. 5. The overall survival curve for ESCC patients. (a) The overall

survival curve of vimentin-negative ESCC patients for positive versus
negative expression of podoplanin. (b) The overall survival curve of all
ESCC patients for positive versus negative expression of vimentin.

In univariate analysis, the parameters that significantly
affected survival were depth of invasion, lymphatic invasion,
venous invasion, lymph node metastasis, and expression of
podoplanin  and  vimentin (Table 2). Multivariate analysis
showed that the depth of invasion and podoplanin expression
were independent prognostic factors for poor survival in ESCC
(Table 2).

Discussion

In our histopathological analysis of the invasive front of
ESCC, reduced expression of E-cadherin was observed in only
19 cases (18.8%), and positive expression of vimentin was
observed in only 20 cases (19.9%) out of a total of 101
patients. This expression ratio of vimentin was comparable to
a previous report.“"’ It is particularly interesting that complete
EMT phenotypes, which showed both reduced expression of
E-cadherin and positive expression of vimentin, were observed
in only three cases (3.0%). The low incidence of vimentin
expression indicates that EMT is not necessarily required for
the process of invasion and metastasis of all ESCC cases.
Many advanced cancers possess molecular and morphologic
characteristics  indicative of well-differentiated epithelia,
including high levels of BE-cadherin expression.”’ Moreover,
some reviews question the role of EMT in cancer, citing a lack
of evidence of this phenomenon in vive.™'" Invasive

Nakashima et al.

Table 2. Relative risks for death in 101 patients with esophageal
squamous cell carcinoma

Variables Risk ratio 95% ClI P
Univariate
Age (<64 vs =64 years) 0.99 0.96-1.03 0.675
Gender (female vs male) 0.69 0.30-0.59 0.073
Histology 2.16 0.99-4.34 0.052
(moderate + poor vs well)t
Depth of invasion 7.7 3.60-18.47  <0.001
(T2-4 vs T1)t
Lymphatic invasion 3.50 1.80-7.14 <0.001
(present vs absent)
Venous invasion 4.16 2.15-8.28 <0.001
(present vs absent)
Lymph node metastasis 3.76 1.94-7.66 <0.001
(present vs absent)
Podoplanin 2.52 1.30-5.19 0.006
(positive vs negative)
E-cadherin (negative vs positive) 1.93 0.90-9.54 0.074
Vimentin (positive vs negative) 2.66 1.31-5.14 0.008
Multivariate
Histology 1.92 0.82-4.19 0.129
(Moderate + poor vs well)t
Depth of invasion (T2-4 vs T1)t 4.25 1.64-11.76 0.003
Lymphatic invasion 1.54 0.64-3.77 0.337
(present vs absent)
Venous invasion 1.32 0.60-2.97 0.175
(present vs absent)
Lymph node metastasis 1.76 0.78-4.12 0.737
(present vs absent)
Podoplanin (positive vs negative) 2.16 1.05-4.65 0.036
Vimentin (positive vs negative) 1.38 0.60-3.07 0.447

tAccording to the Guidelines for the Clinical and Pathological Studies
on Carcinoma of the Esophageal Diseases.®" Cl, confidence interval;
moderate, moderately differentiated squamous cell carcinoma; poor,
poorly differentiated squamous cell carcinoma; well, well-differenti-
ated squamous cell carcinoma.

carcinoma could invade surrounding tissues as multicellular
aggregates or clusters in a process known as collective cell
invasion.®” Using a 3-D collagen matrix and time lapse video
microscopy, Friedl er al.®" show that clusters of squamous
cancer cells could detach from the site of the primary cancer
and invade as independent aggregates within the adjacent
extracellular matrix. MDCK cells with ectopic expression of
membrane-type-1 MMP aggregates were able to enter lympha-
tic and blood vessels, which is consistent with observations
that clusters of metastatic cells from a variety of cancers can
be detected in the circulation,*”

In our histopathological analysis of the invasive front of
ESCC, podoplanin expression was positively correlated with
preserved expression of E-cadherin, deeper wall invasion and
higher rates of venous invasion. In addition, podoplanin
expression was an independent adverse prognostic factor.
These clinical findings indicate that podoplanin is related to
ESCC invasion and malignancy in the absence of EMT. In
two of three reports that examined immunohistochemical
expression of podoplanin in ESCC, podoplanin expression was
significantly correlated with lymph node metastasis.'™"'®
Another report showed no significant correlation with podopla-
nin expression and lymph node metastasis.' In the present
study, no significant correlation was observed between podopl-
anin expression and lymph node metastasis. The conflicting
results might be a result of the the range of dissected lymph
nodes differing between facilities. We found that in ESCC cell
lines, podoplanin expression accelerated cell motility and

invasive activity, results similar to a previous report.!
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Furthermore, we found that podoplanin promoted cell motility
and invasive activity without changes in molecular phenotype
(such as the expression levels of E-cadherin and vimentin), or
alterations ‘in epithelia] morphology. These results are similar
to those of a previous study on MCF7 breast cancer cell

lines. "V In fact, ana]yus of clinical samples demonstrates that
podoplanin expression is associated with collective cell
invasion.

Epithelial junctions in well-differentiated metastatic carcino-
mas can form physical barriers that zesmc; the access of drugs
or antibodies to the sites of cancers. Based on ESCC
patients’ responses to preoperative chemotherapy, some inves-
tigators have shown that responsive patients  had  poorly
differentiated ESCC while non-responsive deLnlS harbored
01eatex numbexs of well-differentiated ESCC.*>*® Rahadiani
et al."? report that ESCC cells were more vulnerable to topo-
tecan, 5-FU and cisplatin after podoplanin knockdown than
were control cells. Podoplanin elicits powerful platelet aggre-
gation and is the endogenous ligand for the platelet C- -type
lectin receptor, CLEC- 2, which itself regulates podoplanin sig-
naling.”” Aggregated platelets coat tumor cells during their
transit through the bloodstream and mediate adherence to vas-
cular endolhehum protection from shear stresses, evasion from
immune molecules, and release of an array of bioactive mole-
cules that facilitate cancer cell extravasation and growth at
metastatic sites.””’

There is evidence that podoplanin can also promote single
cell invasion of MDCK cells, thus contributing to EMT- medi-
ated cell m()uh(y @ The molecular dissection of collective
and single cell invasion is a lelan\'ey new topic in cancer
research, whereas numerous efforts in the past (as well as cur-
rent work) have attempted to distinguish these two pathways
during embryonic development. TGFf family members (such
as Nodal), FGF and Wnt signaling cadherin cell adhesion
molecules contribute to the collective migration of vertebrate
embryonic tissue.*”’ Yet other TGFp dml]y members (such as
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BMP), Snail family members, FGF and Wnt play a role in
embryonic single cell migration.®” Thus, it seems that several
factors capdble of mduung cell migration and invasion can
activate both collective and single cell migration and invasion.
Details of the interaction between podopldmn and preserved
E-cadherin expression are_still unclear. In the present study,
the expression level of E-cadherin protein.was decreased after
knockdown of podoplanin in TE-13 cells. Meanwhile, that of
E-cadherin protein was not changed after transfection of
podoplanin in TE-15 cells. Further research is required to unra-
vel the molecular circumstances that. modulate  the effect of
pro-migratory factors in target cells and determine the resulting
invasion pattern.

Anti-human podoplanin antibodies (NZ-1 and NZ-8) possess
high binding affinities and can neutralize platelet aggregation
and antibody-dependent cellular cytotoxicity.®” Targeted ther-
apy against podoplanin-expressing cancers may be u.xeful as
novel immunotherapy.

In conclusion, the present study showed that the forced
expression of podoplanin was sufficient to promote collective
cell invasion by engrafted ESCC cell lines. ESCC cells with
podoplanin expression invaded without losing epithelial mor-
phology or E-cadherin expression and without inducing expres-
sion of vimentin. Clinical specimens from ESCC patients
demonstrated that podoplanin-expressing cells were capable of
metastasizing despite the retention of E-cadherin expression.
These observations belie the assumption that a complete transi-

“tion to a mesenchymal phenotype is required for invasion and

metastasis of carcinoma cells. Rather, collective cell invasion
combined with podoplanin expression may represent an alter-
native mechanism that contributes to advancing malignancy in
»

ZSCC.
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Additional supporting information may be found in the online version of this article:

Fig. S1. The case of double positive expression of podoplanin and vimentin, (a) H&E. The cancer celis invaded as cohorts are positive for podopl-
anin (b), while the cancer cells showed single cell invasion are positive for vimentin (d). Both carcinoma cells are negative for E-cadherin (c).
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Abstract
AKT is a protein in the phosphaudylmos'tol -3 kinase (PIBK)
pathway and associated with diverse pro-tumoral respons-
es. Activation of the human telomere reverse transcriptase
(hTERT) is one of AKT’s tumorigenic effects. In this study, the
significance of AKT phosphorylation and hTERT on progno-
sis of gastric cancer were examined. AKT activation by epi-
dermal growth factor lncreased hTERT express:on and
telomerase activity. In contrast AKT mactwanon by inhibi-
tors and knockdown decreased hTERT expression and telom-
erase activity in MKN28 gastric cancer cells. In 40 gastric can-
cer tissues, significant correlations were found among the
levels of phosphorylated AKT (pAKT), hTERT expression, and
telomer length. The pAKT levels or the levels of pAKT/hTERT
were not associated with clinicopathological parameters, in-
cluding stage and nodal metastasis. However, survival rates
of the pAKT-high patients or the pAKT-high and hTERT-high
patients were significantly poorer than those in other pa-
tients. These findings suggest that AKT and hTERT are good
molecular targets for the treatment of gastric cancer.

: ) Copyright ® 2013 5. Karger AG, Basel

lntroductien

The telomere isa repetitive TTAGGG’ sequence pres-
ent at the ends of eukaryotic chromosomes to maintain
and protect their integrity [1]. As cells divide, the telo-
mere is shortened in length; thus, the length of the telo-
mere behaves like a marker of the division limit for cells
and/or for cell death [2]. In stem cells and cancer cells, the
telomere is elongated by telomerase activity, which en-
ables them to divide endlessly [3]. -

- The catalytic subunit of human telomeras reverse tran-
scriptase (h"TERT) is responsxble for telomerase activity
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Phosphatidylinositol-3 kinase

PI3K

hTERT - human telomerase reverse transcriptase

pAKT phosphorylated AKT

EGF epidermal growth factor

PTEN phosphatase and tensin homolog deleted on
chromosome 10 B

mTOR mammalian target of rapamysin

NF nuclear factor
EMT epithelial-mesenchymal transition
VEGF vascular endothehal growth factor
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and telomere elongation and is suppressed in differenti-
ated cells [4]. In our previous study, we reported that telo-
mere shortening is a significant factor for the induction
of TERT expression in gastric mucosa [5].

AKT is a protein in the phosphatidylinositol-3 kinase
(PI3K) pathway. Stimulation of receptor tyrosine kinases
or G-proteins activates PI3K, which in turn activates
AKT. AKT phosphorylation is maintained by heat shock
protein 90, and AKT is dephosphorylated by protein
phosphatase 2A. Thus, AKT is involved in signaling me-
diated by various growth factors and cytokines. In par-
ticular, insulin-like growth factor-1, epidermal growth
factor receptor, and human epidermal growth factor re-
ceptor 2, which are important in cancer-progression, ac-
tivate AKT [6, 7). Hence, AKT is a one of biomarkers for
predicting metastasis of human gastrointestinal cancer
[8].

The phosphorylation of AKT modulates signals from
phosphatase, tensin homolog deleted on chromosome 10
(PTEN), and the mammalian target of rapamycin to pro-
vide diverse effects on cells [9]. In this regard, AKT1 is
recognized as an apoptotic inhibitor, which enhances
cancer promotion. Phosphorylation via AKT inactivates
Bcl-2 antagonist of cell death resulting in its dissociation
from Bcl-2. Nuclear factor kB is also activated by AKT,
which in turn up-regulates transcription of many surviv-
al genes [10]. AKT also induces angiogenesis through the
up-regulation of vascular endothelial growth factor
(VEGF) [11]. The AKT-microRNA regulatory network
suggests that microRNA-mediated gene regulation inter-
acts with the AKT signal pathway [12]. Hence, the expres-
sion of AKT is a pivotal tumorigenic factor and AKT is
recognized as a relevant molecular target of cancer treat-
ment [7].

The activity of hTERT is regulated by hTERT expres-
sion and phosphorylation. Protein kinase Cand AKT can
phosphorylate hTERT [13, 14]. AKT phosphorylation of
hTERT induces intranuclear translocation of hTERT
and, subsequently, activates hTERT. In contrast, ring fin-
ger protein 1, an E3 ubiquitin ligase, decreases the activ-
ity of hTERT by ubiquitylation [15].

In the present study, AKT phosphorylation is corre-
lated with clinicopathological parameters such as TERT
expression and telomerase activity in gastric cancer.

Materials and Methods

Cell Culture and Reagents
The human gastric cancer cell line MKN28 (kindly gifted from
Professor Wataru Yasui, Hiroshima University, Japan) was main-
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tained in Dulbecco’s modified essential medium (Sigma Chemical
Co., St. Louis, Mo., USA) containing 10% fetal bovine serum (Sig-
ma Chemical Co.) at 5% CQj; in air and 37°C. Wortmannin and
triciribine were from Biovision LTD. (Milpitas, Calif., USA), and
human epidermal growth factor was from Peprotec EC LTD.
(Rocky Hill, N.J., USA).

Clinical Materials

Forty gastric tissues (approximately 30 mm?®) were randomly
selected from cases diagnosed at the Department of Molecular Pa-
thology, Nara Medical University, between 2001 and 2010. The
tissues had been frozen quickly in liquid nitrogen and stored at
-80°C. The tissue contents were confirmed by microscopic obser-
vation of the adjacent tissues, which were prepared for histopatho-
logical examination.

Short Interference RNA

FlexiTube short interference RNAs (siRNAs) for AKT was pur-
chased from Qiagen Genomics, Inc. (Bothell, Wash., USA). All
Stars Negative Control siRNA was used as control (Qiagen Ge-
nomics, Inc.). Cells were transfected with 50 nM siRNA for each
gene using Lipofectamine 2000 (Invitrogen Corp., Carlsbad, Calif,,
USA) according to the manufacturer’s instructions.

Quantitative Reverse Transcription-Polymerase Chain

Reaction (qRT-PCR)

Total RNA (1 pg) was used for cDNA synthesis with the
ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan). QRT-PCR
were performed on the StepOne Real-Time PCR System (Applied
Biosystems, Foster City, Calif., USA) using the Fast SYBR Green
Master Mix (Applied Biosystems) and analyzed by employing the
relative standard curve quantification method. The PCR parame-
ters were set according to the manufacturer’s instructions and the
beta-actin mRNA level was used as internal control. All amplifica-
tions were evaluated by melting curve analysis and PCR products
were electrophoresed on 2% agarose gels. All PCRs were per-
formed at least in triplicate. Primer sets were purchased from
Santa-Cruz.

Immunoblot Analysis

Cell lysates were prepared as described previously [16]. Next,
25 pg (total protein) from lysates were electrophoresed on a
12.5% sodium dodecyl sulfate-polyacrylamide gel followed by
electrotransfer to nitrocellulose membranes, which were sub-
jected to immunoblot analysis. The membranes were incubated
with primary antibodies and then probed with the appropriate
peroxidase-conjugated secondary IgG antibodies (Medical and
Biological Laboratories, Nagoya, Japan). Anti-tubulin antibody
(LifeSpan Biosciences, Inc., Seattle, Wash., USA), anti-AKT an-
tibody (Rockland Immunochemicals Inc., Gilbertsville, Pa.,
USA) and anti-phosphorylated AKT antibody (pSer463, Bior-
byt, Cambridge, UK) were used as primary antibodies. The im-
mune complex was visualized with the Enhanced Chemilumi-
nescence Western-blot detection system (Amersham, Ayles-
bury, UK).

Enzyme-Linked Immunosorbent Assay (ELISA)

The lysates prepared as described above were also used for
ELISA. Concentrations of pAKT and TERT were evaluated using
specific ELISA kits, i.e., Akt (p5473) ELISA kit (Abcam, Cambridge,
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UK) and human telomerase reverse transcriptase (HTERT) ELISA
kit (Oxford Expression Technology, Oxford, UK), according to the
manufacturers’ instructions,

Telomerase Activity and Telomere Length

Telomerase aclivity was examined by using the Quantitative
Telomerase Detection Kit (US Biomax Inc., Rockville; Md., USA).
The telomere length was examined by employing the TeloTAGGG
Telomere Length Assay (Roche Applied Science, Indianapolis,
Ind., USA). These kits were used according to the manufacturers’
instructions.

Statistical Analysis =~

Statistical analyses of experimental data were carried out using
the Spearman r test and ANOVA. The positivities of pAKT and
TERT were compared using the two-tailed chi-squared test (InStat,
Graphpad Software Inc,, La Jolla, Calif., USA). Survival analysis
was performed by using the Kaplan-Meier method along with the
Logrank test. Univariate and multivariate analyses were calculated
by using Cox's hazard model (SPSS Statistics, IBM Japan, Tokyo,
Japan). Statistical significance was defined as a two-sided p value
of less than 0.05.

38 Pathobiology 2014;81:36-41
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Results

To examine the effect of AKT phosphorylation on
WTERT expression and telomerase activity, MKN28 gastric
cancer cells were analyzed after treatment under different
conditions (fig. 1a). Epidermal growth factor stimulated
AKT phosphorylation and increased hTERT expression
and telomerase activity. In contrast, wortmannin, a PI3K
inhibitor, triciribine, an AKT inhibitor, and siRNA-induced -
AKT knockdown inhibited AKT phosphorylation and de-
creased WTERT expression and telomerase activity. Total
AKT protein levels were not affected by any treatment.
These results suggest that AKT phosphorylation is associ-
ated closely with h\TERT expression and telomerase activity.

Phospho-AKT (pAKT) levels, hTERT protein levels,
and telomerase activity were examined in 40 cases of gas-
tric cancer (fig. 1b=d). The pAKT level correlated with the
hTERT level and telomerase activity, and the hTERT lev-
el correlated with telomerase activity (p < 0.0001, p =
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Table 1. Correlation of pAKT levels with clinicopathological pa-
rameters

Table 2. Correlation of pAKT and hTERT levels with clinico-
pathological parameters

Parameter pAKT p value Parameter PAKT and hTERT p value
low high both high intermed both low

Differentiation Differentiation

tubl 5 6 tubl 2 8 1

tub2 8 5 tub2 2 7 4

porl 0 2 porl 0 2 0

por2 5 5 por2 4 4 2

sig 2 2 NS sig 1 3 0 NS
Primary tumor Primary tumor

pT1 4 1 pTl1 1 1 3

pT2 3 3 pT2 1 5 0

pT3 6 7 pT3 3 8 2

pT4 7 9 NS pT4 4 10 2 NS
Nodal metastasis Nodal metastasis

pNO 7 6 pNO 2 6 5

pN1-2 13 14 NS pNi-2 7 18 2 NS
Pathological stage Pathological stage

I 5 3 I 1 4 3

I 4 4 II 2 5 1

HIA 6 5 1A 2 7 2

111B 5 3 1B 1 6 1

v 0 5 NS v 3 2 0 NS
Status Status

Survive 13 9 Survive 3 14 5

Dead 7 11 NS Dead 6 10 2 NS

The pathological parameters were evaluated according to
Japanese Classification of Gastric Cancer.

The pathological parameters were evaluated according to
Japanese Classification of Gastric Cancer.

0.0017, and p < 0.0001, respectively). These correlations
were compatible to those found in figure la.

Next, pAKT levels were compared with clinicopatho-
logical parameters (table 1). Parameters in the pAKT-
High cases showed no significant difference when com-
pared with those in the pAKT-Low cases. However, sur-
vival analysis showed that the pAKT-High cases had a
significantly poorer prognosis than pAKT-Low cases
(fig. 2a, p = 0.0498).

Next, the cases were divided into 3 categories, i.e.,
pAKT high and TERT high (Both High), pAKT low and
TERT low (Both Low), and other cases (Intermediate), to
examine the concurrent effect of pAKT and hTERT on
disease progression (table 2). As shown in figure 2c, the
both high cases were the 9 highest cases of the product of
pAKT by hTERT. In contrast, the both low cases were the
7 lowest cases of the product. These cases were distin-
guishable by distribution of the products. Parameters of
the Both-High cases showed no significant differences
compared to those of the Both-Low cases. However, the

AKT and TERT in Gastric Cancer

survival analysis showed that the Both-High cases had a
significantly poorer prognosis than the Both-Low and In-
termediate cases (fig. 2b, p = 0.0339), and the Both-Low
cases had a significantly better prognosis than the Inter-
mediate cases. Thus, the levels of pAKT and TERT could
be useful prognostic markers.

Finally, the significance of pAKT levels or pAKT/
hTERT levels was examined by univariate and multivari-
ate analyses to compare stage and nodal metastasis (Ta-
ble 3). Nodal metastasis emerged as an independent fac-
tor for the prognosis, whereas pAKT levels,pAKT/hTERT
levels, and stage were dependent factors.

Discussion

In our study, the pAKT level or pAKT/hTERT levels
showed no association with any clinicopathological pa-
rameters; however, the levels correlated well with disease
prognosis.

Pathobiology 2014;81:36-41 S 39
DOL: 10.1155/000351721
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Table 3. Univariate and multivariate analyses of pAKT and/or
hTERT levels

Coefficient ~ 95% CI p value
Univariate analysis :
Stage 0.0252 0.005-0.524 0.0296
Nodal metastasis 7.613 1.727-33.562  0.0008
pAKT (High, Low)  2.453 0.945-6.368 0.0498
pAKT/hTERT 0.159 0.020-1.243  0.0198
Multivariate analysis '
Stage 1.077 0.236-4.916 0.9351
Nodal metastasis 0.132 0.028-0.627  0.0108
PAKT (high, low)  0.572 0.236-1.389  0.2172
PAKT/hTERT 0.793 0.267-2.353 0.7995

CI = Confidence interval. Both high, both low, intermed.

AKT is associated with cancer cell survival through al-
tering Bcl-2 antagonist of cell death, p53, forkhead, nu-
clear factor kB, mammalian target of rapamycin, and
PTEN [10] [17]. Moreover, dysregulated PTEN/PI3K/
AKT signaling interacts with the Wingless-INT pathway
to induce epithelial-mesenchymal transition (EMT),
which is usually associated with cancer stem cell-pheno-

40 Pathobiology 2014;81:36-41
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type and poor prognosis [18]. It has been recently report-
ed that hTERT promotes transforming growth factor-p
and p-catenin-induced EMT by inducing p-catenin nu-

clear translocation and its transcriptional activity for vi-

mentin expression [19]. Therefore, PTEN/PI3K/AKT
signaling enhances EMT and stem cell phenotypes. In the
present study, the association of AKT phosphorylation,
TERT expression, and telomerase activity was confirmed
in MKN28 gastric cancer cells and tissues of 40 gastric
cancer patients. These associations could result in poor
prognoses in cases with high pAKT levels or high pAKT/
hTERT levels. Multivariate analysis revealed that pAKT
levels or pAKT/hTERT levels were dependent prognostic
factors. The examination of more gastric cancer cases is

‘required to confirm the hypothesis that the EMT/stem

cell phenotype affects disease progression.

Angiogenesis is an essential phenotype for cancer pro-
gression [20]. VEGF expression is associated closely with
neovascularization and cancer progression in many ma-
lignancies. The PI3K/AKT pathway is one of the inducers
of a VEGF response, which includes other inducers such
as mitogen-activated protein kinase (extracellular signal-
regulated kinases or p38), Src, focal adhesion kinase, Rho
family GTPases, and endothelial nitric oxide [21]. The

Sasaki/Kuniyasu/Luo/Kitayoshi/Tanabe/
Kato/Shinya/Fujii/Ohmori/Yamashita
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PI3K/AKT pathway increases the secretion of VEGF
from cancer cells by hypoxia-inducible factor 1-depen-
- dent and -independent mechanisms [22]. Therefore,
AKT suppression could result in an anti-angiogenic effect

on gastric cancer.
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Objective: The prognosis for gastric carcinoma patients with liver metastasis is very poor.
This retrospective study investigated the prognostic significance of MK-1 expression in gastric
carcinoma patients with liver metastasis.

Methods: Immunohistochemical staining using monoclonal antibody FU-MK-1 against MK-1
antigen was performed on paraffin-embedded tissues from 64 gastric carcinoma patients with
liver metastasis. We attempted to determine the presence of any relationship between patho-
logical prognostic factors and the expression of MK-1 in 64 gastric carcinoma patients with
liver metastasis.

Results: MK-1 expression was found in 43 (67%) of 64 tumor samples. MK-1 expression
was significantly higher in the intestinal type (73%) than in the diffuse type carcinoma (33%,
P = 0.049). Multivariate analysis showed that MK-1 expression and lymph node metastasis
were significant factors for overall survival. The difference between overall survival rates with
positive or negative MK-1 expression was statistically significant as shown by Kaplan—Meier
survival analysis (P < 0.0001; log-rank). In addition, the difference between cumulative
disease-free survival rates with positive or negative MK-1 expression in gastric carcinoma
patients with metachronous liver metastasis was statistically significant as well, as shown by
Kaplan—Meier survival analysis (P = 0.0006; log-rank).

Conclusions: The prognostic significance of MK-1 expression as a biological tumor marker
was demonstrated in a series of gastric carcinoma patients with liver metastasis. MK-1 posi-
tivity may be a reliable marker for predicting and taking measures to control liver metastasis
after curative gastrectomy for gastric carcinoma.

Key words: FU-MK-1 — MK-1 — gastric carcinoma ~ liver metastasis

INTRODUCTION

Gastric carcinoma (GC) is one of the major causes of
cancer-related death in the world, even though its incidence
has decreased over the years (1). GC is the second most
common cause of death due to cancer in Japan (2). Radical
surgical treatment including lymph node dissection and adju-
vant chemotherapy is used for patients with primary GC (3).
But many patients suffer from a variety of metastatic pat-
terns. Among these, liver metastasis (LM) of gastric cancer
after curative gastrectomy is one of the most important

factors for prognosis. This is found in 3—5% of patients with
GC (4.5), predicting a S-year survival of <10% (6), as
current treatments are uncertain and ineffective. Considering
the potential of adjuvant chemotherapy to improve the prog-
nosis of GC with LM, it is imperative to identify any appro-
priate prognostic markers.

The monoclonal antibody (MAb) FU-MK-1, which recog-
nizes the MK-1 antigen, was established by immunizing a
mouse with cancerous ascites derived from a poorly differen-
tiated adenocarcinoma of the stomach (7). The target

) The Author 2013. Published by Oxford University Press. All rights reserved.
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378 MK-1 in gastric carcinoma with liver metastasis

molecule of FU-MK-1 is encoded by the GA733-2 gene and
the epitope for MAb FU-MK-1 is present on the distal half
of the extracellular domain of the GA733-2 antigen. More
than 20 antibodies directed against the GA733-2 antigen
have been generated, including HEA125 for Ep-CAM,
COI17-1A for 17-1A and FU-MK-1 for MK-}. However,
because of the differences in their immunohistochemical
reactivities, FU-MK-1 might recognize a different epitope
group than that recognized by Ep-CAM and 17-1A (8).
Some reports suggested that the epithelial cellular adhesion
molecule is an attractive immunotherapeutic target to over-
come the metastasis of a variety of epithelium-oriented
cancers (9—11).

In this study, we attempted to determine the presence of
any relationship between pathological prognostic factors and
the expression of MK-1 in GC patients with LM.

PATIENTS AND METHODS
PAaTIENTS

A total of 64 GC patients with LM after gastrectomy from
1994 to 2007 were included: 26 patients with synchronous
LM and 38 patients with metachronous LM; whereas those
with recurrent lesions in other locations as well were
excluded. All patients underwent preoperative diagnosis, re-
section and postoperative follow-up in the Department of
Surgery at Fukuoka University. Patients comprised 49 men
and 15 women, ranging in age from 38 to 88 years (mean +
SD, 65.3 + 9.9 years). Follow-up ranged from 1 to 147
months and the median was 27 months. CT scans were
obtained with every visit.

TuMoRr SAMPLES AND HISTOLOGIC EXAMINATION

Tissue samples were fixed in 10% formalin and cut into
3- to 4-mm slices. The tissue blocks were taken from the
tumor and then routinely processed to paraffin sections
(3 m). All sections were stained with hematoxylin and
eosin (H&E) and examined. The pathologic diagnosis and
classification of the primary cancer were performed by a
minimum of two pathologists according to the Japanese
Classification of Gastric Carcinoma (12). Tumors were histo-
logically classified into two types based on the predominant
features according to the criteria of Lauren (13); well differ-
entiated, moderately differentiated and papillary adenocar-
cinomas were categorized as intestinal type carcinomas; and
poorly differentiated adenocarcinomas and signet ring cell
carcinomas as diffuse type carcinomas. In all cases, addition-
al staining using Victoria blue-H&E double stains (VB-HE)
was performed for the evaluation of venous permeation by
the carcinoma.

IMMUNOHISTOCHEMICAL ANALYSIS

Sixty-four tumor specimens were obtained at surgery. All
specimens were formalin-fixed, paraffin-embedded and

immunohistochemically stained with MAb FU-MK-1 as
described previously (7). Stained slides were evaluated in all
cases. An FU-MK-1 reaction was defined as the presence of
specific staining on the surface membranes of tumor cells.
The reaction was evaluated for membranous and occasional
cytoplasmic staining. MK-1 expression was determined to be
positive when more than 10% of tumor cells exhibited a posi-
tive reaction for the FU-MK-1 antibody. In all cases, addition-
al immunostaining using MAb D2-40 was performed for the
evaluation of lymphatic permeation by the carcinoma.

STATISTICAL ANALYSIS

The relationship between MK-1 expression and clinicopatho-
logic factors was analyzed by using the y¥* test, Fisher’s
exact probability test and Spearman’s rank correlation test
using StatView, version 5.0 (SAS Institute, Cary, NC).
Survival curves were obtained by using the Kaplan—Meier
method and compared by using the log-rank test.
Multivariate analysis of prognostic factors was based on the
Cox proportional hazards model. Results were considered
significant if a two-sided P value of <<0.05 was obtained.

RESULTS

The FU-MK-1 antibody did not react with the gastric foveo-
lar epithelium, but it reacted strongly with the membranes of
the gastric mucosa with intestinal epithelial metaplasia
(Fig. 1A and B). MK-1 expression was found in 43 (67%) of
64 GC patients with LM samples. The expression was
strongly and diffusely located in the cell membranes of car-
cinoma (Fig. 2A and B). No MK-1 expression was found in
21 (33%) of 64 GC with LM samples (Fig. 3A and B).
These are the MK-1 expression of tumor cells with lymphat-
ic or venous permeation by the carcinoma (Fig. 4A and B).
D2-40 and VB-HE were performed for the evaluation of
lymphatic or venous permeation by the carcinoma. The rela-
tionship between MK-1 expression and clinicopathologic
variables is shown in Tables 1 and 2. In relation to tumor
histologic type, MK-1 expression was significantly but mar-
ginally higher (P = 0.049) in the intestinal type (40 patients;
73%) than in diffuse type carcinomas (3 patients; 33%). The
presence of lymph node metastasis or venous permeation
was also correlated with MK-1 expression. However, MK-1|
expression did not reach statistical significance for other clin-
icopathologic variables.

The mean survival time of the 64 patients was 26 + 3
months (mean + SEM), and no perioperative mortality oc-
curred. The median survival time of the MK-1 positive
group was 19 months, while that of the negative group was
38 months. The difference between the overall survival rates
with positive or negative MK-1 expression was statistically
significant as shown by the Kaplan—Meier survival analysis
(P < 0.0001; log-rank) (Fig. 5).
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Figure 1. MK-1 expression in the gastric mucosa. (A) No MK-1 expression was shown in the normal gastric foveolar cpuhchum (x200). (B) MK-1 expres-
sion was shown in the membranes of the gastric mucosa with intestinal cp;rh«;lml metaplasia ( % 200).

Figure 2, MK-1 expression was strongly and diffusely positive in-membranes of tumor cells. (A) Intestinal-type carcinoma (x200) and (B) diffuse-type
carcinoma (% 200).

+10T “¢1 Amenigayg uo pajy ] ejonyng () 1e /sio-spewnolpiogxooailydny woiy paprojusog

Figure 3. No MK- l L\])ILb\lOl] in gastric caxunonm Most of the tumor cells lacked immunoreactivity. (A) Intestinal-type carcinoma (% 200) and (B) diffuse-
type carcinoma ( ><’>()0)

Figure 4. MK-1 expression with lymphatic-and venous permeation by the carcinoma. (A) Venous invasion was present in the venous vessel (x40) and (B)
lymphatic invasion. in the lymphatic vessel (x 200). -
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Table 1. Relationship of MK-1 expression with clinicopathologic variables
in GC patients with LM

Table 2. Relationship of MK-1 expression with clinicopathologic variables
in GC patients with LM

MK-1 expression

MK-1 expression

Total Positive Negative r Total Positive Negative I
(n=43) (n=21) (n == 43) (n=21)
Sex! Depth of tumer invasion”
Male 49 30 (61%) 19 (39%) 0.11 Tla 0 0 0 0.85
Female 15 13 (87%) 2 (13%) Tib 3 1 (33%) 2 (67%)
Agcl‘ (years; mean, 65.5) T2 29 21 (72%) 8 (28%)
<65 29 17 (59%) 12 (41%) 0.18 T3 30 19 (63%0) 11 (37%)
65< 35 26 (74%) 9 (26%) T4a 2 2 (100%) 0
Tumor size” (mean, 5.28c¢m) T4b 0 0 0

<5.0cm 27 20 (74%) 7 (26%) 0.99
5.0 cm< 37 23 (62%) 14 (38%)

Macroscopic type®

Early type 3 1 (33%) 2(67%) 0.61
Borrmann type | 4 4 (100%:) 0

Borrmann type 2 32 22 (69%) 10 (31%)

Borrmann type 3 24 16 (67%) 8 (33%)

Borrmann type 4 1 0 1 (100%)

Histologic type® (Lauren classification)

Intestinal type 55 40 (73%) 15 (27%) 0.049
Diffuse type 9 3 (33%) 6 (67%)

“Fisher’s exact probability test.
a

‘j)(" fest. .

“Spearman’s rank correlation.

In addition, with respect to disease-free survival before
metachronous LM, the median disease-free survival time of
the MK-1 positive group was 9 months, while that of the
negative group was 19 months. The difference between cu-
mulative disease-free survival rates with positive or negative
MK-1 expression was also statistically significant as shown
by the Kaplan—Meier survival analysis (£ = 0.0000;
log-rank) (Fig. 0).

Univariate analysis showed that MK-1 expression and
lymph node metastasis were significant factors for overall
survival. Multivariate analysis also revealed that MK-1 ex-
pression and lymph node metastasis were prognostic factors
for overall survival (Table 3).

DISCUSSION

While many studies have reported the benefit of hepatectomy
for metastatic tumors from colorectal cancer (14—16), in the
case of liver metastases from GC only a few reports have
dealt with the results of hepatectomy.

Hepatectomy is a popularly curative therapy for patients
with LM from colorectal carcinoma, presenting a 5-year

Lymph node metastasis”

Positive 50 35 (70%) 15 (30%) 0.37
Negative 14 8 (57%) 6 (43%)

Lymph node metastasis stage”
NO 14 8 (57%) 6 (43%) 0.57
N1 24 19 (79%) 5 (21%)
N2 20 14 (70%) 6 (30%)
N3 6 2 (33%) 4 (67%)

Lymphatic pcrmcmion"
Positive 30 20 (67%) 10 (33%) 0.93
Negative 34 23 (68%) 11 (32%)

Venous pc:rmcmionh

Positive 49 32 (65%) 17 {35%) 0.76
Negative 15 11 (73%) 4 (27%)

ISpearman’s rank correlation,
PFishers exact probability test.

survival rate of 30—50%. However, hepatectomy for GC me-
tastasis has worse results with a I-year survival rate of 15—
50% and S-year survival rate of 19% (17--21). Because GC
metastases are often multiple, scattered and bilobular, recur-
ring with a combination of various patterns, current treat-
ments such as systemic or hepatic artery infusion
chemotherapy and surgical therapy are uncertain and
ineffective.

Yamashita et al. (22) reported that the microvessel density
was significantly higher in the intestinal-type GC than in
diffuse-type carcinoma and was strongly associated with a
poor outcome in the intestinal-type carcinoma with hepatic
metastases. Takahashi et al. (23) reported that VEGF and
VEGFR expressions were higher in the intestinal-type than
in diffuse-type GC, and that intestinal type tends to be exo-
phytic, metastasizing to the liver by hematogenous dissemin-
ation. In our study, the intestinal-type GC (55 patients; 86%)
was more frequent than diffuse type (9 patients; 14%).

Watanabe et al. (7) reported that MK-1 expression may be
useful for classifying cancers of the stomach and for
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Figure 5. Correlation of MK-1 expression with prognosis. There is a signifi-
cant correlation between MK-1 expression and prognosis.
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Figure 6. Correlation of MK-1 expression with discase-free rate. There is a
significant correlation between MK-1 expression and disease-free rate.

Table 3. Multivariate prognostic parameters in GC patients with LM®

Overall survival

P Relative risk 95%C1
MK-1 expression 0.0023 0.340 0.170--0.680
Lymph node metastasis 0.0028 0.294 0.132-0.656

“Cox proportional hazards model.

detecting the metastatic foci of gastrointestinal adenocarcin-
oma in the lymph nodes and other organs. Hamada et al.
(24) reported that MK-1 expression in carcinoma of the
ampulla of Vater.was significantly associated with histologic
erades and was an independent prognostic factor of increased
overall survival. lkeda et al. (25) also reported similar results
in gallbladder carcinoma. In our study, MK-1 expression was
significantly higher in the intestinal-type than in diffuse-type
GC (73 versus 33%). Multivariate analysis revealed that
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MK-1 expression and lymph node metastasis were prognostic
factors for overall survival. We also show a significant rela-
tionship with poor overall survival and disease-free survival
by Kaplan—Meier curves. Positive MK-1 expression was
associated with a poor prognosis. We considered two reasons
for this with biological background. First, Ep-CAM becomes
part of a large nuclear complex containing transcriptional
regulators B-catenin and Lef, which are both components of
the wnt pathway (26). And it was associated with tumor cell
proliferation, migration and invasion. Secondly, Ep-CAM
was shown to interact directly with CD44v4-v7 and they
supported tumor progression by promoting metastasis (27).

The relationship between lymph node metastasis and prog-
nosis is well known (28). The high frequency of intestinal-
type GC in our series of GC with LM may be consistent
with the particular cell adhesion qualities of this histology,
allowing easier penetration of the vascular wall at either the
primary or metastatic tumor site and facilitating spread in
the liver.

Ep-CAM is regarded as an antigen similar to MK-1 and
there are some reports about Ep-CAM expression in GC.
Songun et al. (29) reported that patients without the loss of
Ep-CAM-expression by tumor cells had a significantly better
10-year survival rates compared with patients with any loss
of expression. Went et al. (30) reported that on the GC
microarray, 90.7% of the tumors expressed Ep-CAM on
>70% of cells and 85.8% of the cases showed the highest
level of staining intensity. No significant correlation. of
Ep-CAM expression between primary tumors, nodal spread
or metastasis was found. Wengi et al. (31) reported that the
average expression of Ep-CAM was higher in poorly differ-
entiated tumor cells than in well and moderately differen-
tiated tumor cells, and that Ep-CAM expression in patients
with lymph node metastasis was significantly higher than
that in patients without metastasis. In various reports about
Ep-CAM expression by GC, results are inconsistent, In our
study, the expression of Ep-CAM was positive in all patients
with LM after curative gastrectomy. There is a discrepancy
between previous studies using Ep-CAM and our results
using MK-1. Because it is not clear why MK-1 expression
differs in various organs or sites and different cancers, sys-
tematic analysis using a wide variety of normal human tissue
and neoplasms is necessary.

In conclusion, the prognostic significance of MK-1 expres-
sion as a biological tumor marker was demonstrated in a series
of GC patients with LM, predicting decreased median survival
time and decreased median disease-free survival time. The
prognostic significance of lymph node metastasis was similar.
MK-1 positivity may be useful as a reliable marker for predict-
ing and taking steps to control LM after curative gastrectomy
for GC as an immunotherapeutic target.
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