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Chapter 8: Treatment of trophoblastic disease

CQ43 What chemotherapy is recommended for an
invasive mole, clinical invasive mole, or post-molar
persistent human chorionic gonadotropin (hCG)?

Recommendations:
Monotherapy with methotrexate or actinomycin D is
recommended (Grade B).

CQ44 What chemotherapy is recommended
for choriocarcinoma?

Recommendations:
A multidrug regimen including methotrexate, actinomy-
cin D, and etoposide is recommended (Grade C1).

[See Fig. 9.

CQ45 What are the indications for surgery
for choriocarcinoma?

Recommendations:

1. Surgical resection is considered for patients with a
uterine lesion or metastatic lesion associated with
chemoresistance (Grade Cl).

Surgical resection is also considered for patients with a
uterine lesion in which hemorrhage is difficult to con-
trol or those who have brain metastasis with symptoms
of intracranial hypertension (Grade C1).
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[See Fig. 9].

CQ46 What are the indications for radiation therapy
for choriocarcinoma?

Recommendations:

Whole-brain irradiation and/or stercotactic radiosurgery
are considered to treat brain metastasis (Grade C1).
{See Fig. 9].
CQ47 What treatments are recommended for cases
with placental site trophoblastic disease or epithelioid
trophoblastic tumor?

Recommendations:

1. Total hysterectomy is recommended for patients with
disease limited to the uterus (Grade B).

2. Combination therapy with surgical treatment including
total hysterectomy and chemotherapy are desirable for
patients with metastasis (Grade C1).

CQ48 How should patients with persistent low-positive
hCG be treated?

Recommendations:

After every gestation including hydatidiform mole or
after treatment of trophoblastic disease, strict follow-up is
recommended when ‘real’ low-unit hCG persists long term
without an obvious lesion (Grade C1).
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Key Clinical Message

An important part of anti-N-methyl-p-aspartate (NMDA) receptor encephalitis
treatment is prompt detection and removal of any associated ovarian teratoma,
regardless of size, High-resolution transvaginal ultrasonography followed by tar-
geted CT with adaptive iterative dose reduction (AIDR} is a useful strategy for
distinguishing small ovarian teratomas from luteal cysts during pregnancy.

Adaptive iterative dose reduction, anti-NMDA receptor encephalitis, ovarian

teratoma, pregnancy, ultrasonography.
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Introduction

Anti-N-methyl-p-aspartate (NMDA) receptor encephalitis
was identified in 2007 by Dalmau and colleagues [1]. It is
caused by an autoimmune reaction against the NMDA
receptor, which is characterized by psychiatric and neuro-
logic symptoms mimicking herpetic encephalitis. The
onset of anti-NMDA receptor encephalitis in females is
associated with ovarian teratomas [1, 2]. Herein we report
a case of anti-NMDA receptor encephalitis without neu-
rological sequelae after prompt detection and treatment
of a small ovarian teratoma in a pregnant woman at
16 weeks of gestation.

Case Report

A healthy 30-year-old gravida 1 para I woman conceived
naturally and began receiving prenatal care at a local
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general hospital. She had a history of left ovarian ter-
atoma, which was resected at 24 years of age. During
week 15 of gestation, she inftially developed a high fever
with headaches, and was admitted to the local general
hospital. Viral encephalitis was initially suspected but
ruled out. Despite symptomatic treatment, her condition
worsened. She was referred to Kumamoto University
Hospital because of an altered state of consciousness and
aspiration pneumonia at 16 weeks +1 day of gestation.
On admission, she had nuchal rigidity and was in res-
piratory failure requiring mechanical ventilation in the
intensive care unit. On hospital day 3, anti-NMDA recep-
tor antibodies were found in her cerebrospinal fluid,
prompting us to explore for an ovarian teratoma. Non-
contrast magnetic resonance imaging (MRI, MAGNE-
TOM Trio A Tim System 37T, SIEMENS, Erlangen,
Germany) detected a cystic mass in the right ovary
(Fig. 1A} however, since it was difficult to distinguish
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Figure 1. (A} T2-waighed magnetic resonance images of the pelvs in the sagittal plane atl 16 weeks of geslation. A cystic mass {arrows) was
found in the nght adnexa. A lipid component could not be detected, (B} High-resolution transvaginal ultrasonography of the right ovary. A cystic
mass {arrows) was detected next to the corpus juteum farrowheads). {C) Noncontrast computed tomography with adaptive flerative dose
n of the adnexs! area was performed at 16 weeks of gestation. A tiny lipid component {arrow) was detected in the adnexal mass, (D)
Macroscopic findings of the right ovarian tumor. The tumor measured 10 x 25 x 30 mm® and contained adipose tissue and hair

this mass from a luteal cyst, we could not confirm the
diagnosis of ovarian teratoma. High-resolution transvagi-
nal  ultrasonography  {(RIC6-12-D convex  probe,
5.0-13.0 MHz Voluson E8, GE Healthcare UK, Bucking-
hamshire, England) detected a cystic mass next to the
corpus luteum of the right ovary (Fig. 1B). Noncontrast
computed tomography (CT, 120 kV, 150 mA; Aquilion
ONE, Toshiba Medical, Tochigi, Japan) with adaptive
fterative dose reduction (AIDR} targeting the right adnexa
showed that the mass had a very small lipid component
(Fig. 1C). The volume CT dose index was 12 mGy, and
the dose-length product was 432 mGy/em. These findings
were consistent with ovarian  teratoma, and she  was
scheduled for laparotomy. Right oophorocystectomy was
performed at 16 weeks + 4 days of gestation. The tumor
10 5 25 % 30 mm®  {Fig. 1D). Pathological
examination revealed mature cystic teratoma of the right
ovary. After 4 weeks of postoperative therapy including
five  cowrses  of  plasma exchange,  intravenous
immunoglobulin therapy, and methylprednisolone pulse
therapy, she recovered steadily. She was discharged at
5 weeks of gestation. Subsequently, her pregnancy was

measured

uneventful and she delivered a healthy baby at 40 weeks.
Anti-NMDA receptor antibody titers were negative in the

224

umbilical vein blood sample. The mother and the infant
were healthy with no obvious symptoms.

Discussion

Approximately 90% of patients with anti-NMDA receptor
encephalitis are female, and more than 50% of them have
ovarian teratoma [3]. Detection and subsequent removal
of the teratoma in patients with anti-NMDA receptor
encephalitis results in greater clinical improvement than
in patients with no detected tumor 141

It has been suggested that the severity of encephalitis is
not refated to tumor size [5]. Since anti-NMDA receptor
encephalitis often occurs with very small ovarian ter-
atomas and results in serious, irreversible symptoms, eval-
uation for an ovarian teratoma followed by prompt
surgical resection is crucial.

While assessing an ovarlan mass during pregnancy,
adverse effects on the fetus and differentiating the mass
from a luteal cvst are important considerations. Various
imaging modalities such as ultrasonography, MR, and
CT are used to evaluate ovarian masses during pregnancy,
Although ultrasonography and MRI can be used safely to
evaluate adnexal masses during pregnancy, it is difficult
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to differentiate ovarian tumors from luteal cysts during
carly pregnancy. Hoover et al. reported that 17% of ovar-
ian masses that were surgically removed during pregrancy
were functional cysts, including corpus luteal cysts {6}
Although CT is a powerful tool for detecting a lipid com-
ponent, which is characteristic of teratomas, pelvic CT in
the first trimester is relatively contraindicated due to pos-
sible adverse effects on the developing fetus,

The fetal exposure doses from a single pelvic CT exami-
nation remains below the consensus level or levels associ-
ated with negligible risk (50150 mGy), well below the
actionable level of 150 mGy [7]. Moreover, AIDR technol-
ogy has been developed to eliminate noise and artifacts
from reduced-dose CT examinations. Image quality and
resolution are similar to standard CT, but with significantly
lower (38.2%] radiation doses {8]. Compared to standard
CT, the radiation dose in our patient was reduced in half
by the use of AIDR and targeting the adnexal area. Our
case suggests that high-resolution transvaginal vltrasonog-
raphy followed by targeted reduced-dose CT with AIDR is
a useful strategy for distinguishing very small ovarian ter-
atomas from luteal cysts during pregnancy.

In conclusion, appropriate treatment, including prompt
detection with transvaginal ultrasonography followed by
reduced-dose CT with AIDR and surgical resection of an
ovarian teratoma, can result in a good prognosis for both
mother and child.
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Lymph node (LN) macrophages play critical roles in anti-tumor immunity, which
develops via the activation of cytotoxic T cells (CTL) and NK cells, The present
study aims to determine the prognostic significance of CD169" LN macrophages
in patients with endometrial carcinoma (EC). The number of CD169" cells or the
CD169"-t0-CD68* macrophage ratio in regional LN (RLN), and the number of CD8*
CTL or (D57 NK cells in tumor tissues were investigated by immunohistochem-
istry in paraffin-embedded tissue samples from 75 patients with EC. A high den-
sity of CD169” cells in the RLN of patients with EC was correlated with an early
clinical stage or no LN metastasis. A high number of CD169* celis and a high
CD169*-t0-CD68" macrophage ratio were significantly associated with longer
overall survival in EC. We also found that the density of CD169" macrophages
was positively correlated with the number of CD8* CTL and CD57° NK cells that
infiltrated into tumor tissues. A high density of CD57* cells in EC tissues was
associated with a hetter prognosis, while a high density of CD8" cells was not
linked to an altered prognosis. The present study showed that the density of
CD169" macrophages in RLN was associated with an improved prognosis in EC
patients. CD169* macrophages in RLN might represent a useful marker for assess-

Cancer Sci {20186)

doi: 10.1111/¢e5. 12529

ymph nodes (LN} are one of the initial organs that domi-

nate immune responses o immunogenic antigens, such as
those derived from pathogens or tumor cells. In the case of
antitumor immunity, regional Iymph nodes (RLN) that drain
various malignant tumors are thought to be the first site where
the immune system makes contact with wmor cells or their
products.t’ Fragmented dead tumor cells can flow into the
sinus area of the RLN via lymphatic vessels and then can be
endocytosed by a specialized type of resident macrophage.
known as sinus macrophages.”™ Sinus macrophages internalize,
process and present antigens on MHC 1 complexes. and induce
activation of wmor antigen-specific T-cell and  B-cell
responses.™* These findings may indicate that the actions of
sinus macrophages in RLN represent a eritical component of
the antitumor immune response.

Sinus macrophages in the LN specifically express CD169,
transmembrane receptor that is also known as sialoadhesin or
sialic acid-binding lectin (Siglee)-1.%% CD169 binds sialylated
glycoproteins, including CD43 (sialophoriny and MUCI, and is
involved in mediating both cell-cell adhesion and cell-pathogen
interactions.'” ® CD169 is also involved in hematopoiesis and
the activation of B. T and NK cells.” Previous studics of
CDI169-deficient mice suggested that CD169 might exacerbate
discase in experimental autoimmune  encephalomyelitis by

@ 2016 The Authars. Cancer Science published by John Wiley & Sons Australia, Lad
on behalf of Japanese Cancer Association.

This is an open access artice under the terms of the Creative Commons
Arribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use i nonr-
commerdial and no motifications or adaptations are made.

ing clinical prognoses and monitoring anti-tumor immunity in patients with EC.

inhibiting regulatory T-cell accumulation.”” In other studies.
CD169" fiver macrophages have been shown to promote the
cluster formation and the subsequent activation of both CD4”
and CDS* T cells." ! CD169” sinus macrophages can also acti-
vate NK cells by responding to lymph-borne viral particles. '
These findings suggest that CD169™ macrophages have proin-
Aammatory functions related to T-cell and NK cell activation,
Endometrial cancer (EC) is the most common malignant gyne-
cological disease, with an incidence of approximately 287 000
new cases per year. and represents the sixth most common can-
cer in women worldwide." ™" Recently, the incidence rates of
EC have continually increased. Most patients with early-stage
EC have an excellent outcome because of effective treatment
options, including total hysterectomy and bilateral sulpingo-
oopharectomy with systematic pelvic/para-aortic lymphadence-
tomy. High-grade EC, bowever, show a poor prognosis. despite
performing adjuvant therapies that include radiotherapy and
chemotherapy. Therefore. alternative therapeutic strategies, such
as immunotherapy. are thought to be necessary.”’”" EC with a
high density of intratumoral CD8" T-cell infiltration have been
established 1o show a favorable prognosis.”*'®" Clinical trials
of immunotherapies targeting several tumor antigens, such as
Wilms™ wmor gene 1 (WTH"? and survivin“” have been per-
formed mn patients with EC. For example, three out of four

Cancer Sci | 2016
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Human Leucocyte Antigen-A2-positive EC patients  showed
tumor regression based on vaccination of autologous dendritic
cells electroporated with WT1 mRNA.% Together, these find-
ings indicate that enhancing the anti-tumor activity of CD8*
eytotoxic T cells and/or NK cells represents an attractive poten-
tial therapy for various malignancies.

Asano and colleagues found that CD169% LN macrophages
could engulf tumor cell antigens and provoke the proliferation
of antigen-specific CD8” eytotoxic T cells in a mouse tumor
transplantation model.?" Bernhard and colleagues show that
CD169* LN macrophages could induce antigen-specific cyto-
toxic T-cell responses in dendritic cell-depleted mice."”
Together, these findings suggest that CDI169" macrophages
play an important role in tumor antigen-targeted immunother-
apy by presenting tumor antigens to cytotoxic lymphocytes.
However, interactions between CD169 macrophages and anti-
twmor immune responses in human EC patients have not yet
been fully addressed. Therefore. we investigated potential cor-
relations between CD169" RLN macrophages and infiltrating
immune cells by immunohistochemistry using  pathological
specimens that we obtained from patients with EC.

Materials and Methods

Patients. In this study. paraffin-embedded specimens of pri-
mary lesions and RLN resected from 79 patients with EC who
had undergone surgery at Kumamoto University Hospital
between 2003 and 2007 were used. Patient characteristics are
indicated in Table S1. The right obturator or internal iliac

CD169 low-cell-number case

D68

C

CD16Y

® 2016 The Authors. Cancer Science published by john Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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lymph nodes were dissected as RLN. All patients provided
informed written consent for participation in this study. in
accordance with protocols approved by the Kumamoto Univer-
sity Hospital Review Board.

tmmunostaining and double immunostaining. Tissue samples
from EC lesions or RLN were routinely fixed in 0% neutral
buffered formalin and embedded in paraffin. Al 3-um serial
sections were stored in a deep freezer until immunostaining
was performed. Antigen retrieval was performed as follows:
sections were immersed in [-mM ethylenediamine tetra-acetic
acid solution (pH 8.0). and samples were heated in a micro-
wave (95°C, 5 min) for CD169 staining (clone HSn 7D2: Santa
Cruz Biotechnology. Santa Cruz, CA, USA) or using a pressure
cooker for staining CD68 (clone PG-MI: Dako, Glostrup, Den-
mark), CD57 (clone NK-1: Leica, Wetzlar, Germany) and CD§
(clone C8/144B: irei. Tokyo, Japan). An isotype-matched
mouse [gG (Dako) antibody was used as a negative control.
Following incubation with primary antibodies, samples were
incubated with an HRP-labeled goat anti-mouse antibody
(Nichiret). Immune reactivity was visualized using a
diaminobenzidine  substrate  system  (Nichirel).  Double
immunostaining of CD169 and CD57 in RLN was performed
described previously.®” Briefly. sections were incubated
with an anti-CD37 antibody, staining was visualized using
DAB, and then slides were washed with citrate buffer (pH 2.2).
Sections were then incubated with anti-CD169 antibodies and
visualized using HistoGreen (Linaris, Dossenheim, Germany).

Macrophages counts in regional lymph nodes and assessments
of CD8* T-cell and CD57* NK cell infiltration in primary lesions. It

CD169" high-cell-number case

Fig. 1. Immunostaining of sinus macrophages in
the regional lymph node (RLN} of the endometrial
carcinoma (EC) patients. HE staining of sinus areas
in the RLN and immunohistochemical analyses of
CDB8" and (D16§" macrophages in the RLN.
Representative results are shown for cases with
high or fow numbers of CD169° cells. Higher
magnification images of the squared area are
inserted in the lower right inset. Scale bar, 50 um.
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Table 1. Clinicopathological features and the number of
macrophages in regional lymph nodes (RLN) from 79 patients with
endometrial carcinoma (EC)

Original Article
K. Ohnishi et al.

Table 2. Univariate and multivariate Cox regression analyses of
potential prognostic factors for overall survival in patients with
endometrial carcinoma (EC) {n = 79)

CD169* cells/mm® in  CDBE8* cells/mm? in

Univariate analysis - .
¥ Multivariate analysis

Clinicopathological RLN RLM Clinicopathalogical Pvaiue
feature feature
<350 2350 [ w0 ws0 Y% icoxon  HR 95% 1 "
value vaiue rank value
Age (years) Age {years)
< 41 20 21 NS 17 24 NS <50 41 0.0383*  0.0431% 3.08 0.03-0.12 <{0.001*
38 19 19 22 16 =60 38
Stage
41 21 30 0.049* 25 6 NS i 41 0.0018* 00012~ ND ND ND
[ 38 18 10 14 14 4V 38
Grading Grading
G1 27 12 15 NS 1 16 NS G1 27 0.0235*  0.0229* 446 1.59.14.42  0.0036*
G2, 3 44 24 20 25 19 G2, 3 44
Depth of muscle invasion Depth of muscle invasion
<50% 46 2 25 NS 21 25 NS <50% 45 01435 0.1185 ND ND ND
=50% 28 13 15 13 15 =50% 28
Vascular invasion Vascular invasion
Negative 40 18 22 NS 20 20 NS Negative 40 02808 0.3001 ND  ND ND
Positive 33 17 16 i8 15 Positive 33
Lymph node metastasis Lymph node metastasis
Megative 66 29 37 0.028* 32 34 NS Negative 66 0.0028*  0.0020*% 399 1.52-10.8  0.0054%
Positive i3 10 3 7 6 Positive 13
wenstruation Menstruation
Premenopausal 23 8 15 NS 5 18 NS Premenopausal 2307004 0679 ND  ND ND
Postmenopausal 56 26 30 25 31 Postmenopausal 56
CD8* cells/mm? in tumor D162 cells mm? in RLNs
<120 36 20 1% NS 21 15 NS 350 40 0.0138%  0.0098* ND  ND ND
#2120 39 17 22 17 22 »350 38
CD57* cells/mm? in tumor CDE8" cells/mm? in RLNs
<50 38 25 i3 0.004* 21 17 NS «750 40 0.6403 05173 ND  ND ND
=50 37 12 25 17 20 2750 39
*Statistically significant results, NS, not significant, CD168" cells/(DEB" cells in RLNs
.7 4% 0.0042%  0.0028* 129 0.72-2.39 0.395
38
was possible 1o identify RLN sinus arcas visually on H&E. (P8’ cellsimm?in tumor
stained stides because sinus areas are clearly demarcated by *1%0 36 0.0959  0.109% Noo WD o
reticular fibers. The numbers of CD68™ and CD169™ cells per =120 L@
mm” in sinus areas in RLN without metastatic cancer cells ang 057" selis/mm®in tumor
the numbers of CD8™ and CD377 cells per mm? in intra-tumor ng 23 0.0114% 001777 032 011082 0.018

areas were counted in high power fields (0.028 mm?® per field)
by two independent pathologists (K.O. and Y.K.). Both patholo-
gists were blinded to the identities of the samples. To caleulate
the number of positive cells per unit area, we measured the areas
(mm?‘) using the ImagelJ software program (US National Institute
of Health. Bethesda, MD. USA). Count data assessed by K.O. or
Y.K. were averaged as described previously. >

Statistical analysis. Statistical analyses were carried out using
IMP 10 (SAS Institute, Chicago. [L. USA). Associations between
different categorical variables were assessed using multivariate
analysis. The cumulative survival rate was compared between
two groups via the log-rank test and generalized using the Wil-
coxon test. Simultancous relationships between multiple prognos-
tic factors for survival were assessed using the Cox proportional
hazards model with stepwise backwards reductions. Multivariate
analysis included adjustments for age. clinical stages, histological
grades, LN metastasis, the ratio of CD169%-10-CD68* celis in
RLN, and the number of CDS7" cells in tumor tssue. A P-
salue < 0.05 was considered to represent a statistically signifi-
cant difference.

Cancer S | 2016 | 3

*Statistically significant results. CI, confidence interval; HR, hazard
ratio; ND, not done.

Results

Fewer CD169" sinus macrophages in regional lymph node from
endometrial carcinoma patients with advanced-stage or fymph
node metastasis. We first performed immunostaining to investi-
gate CD68 and CDI169 expression in RN obtained from all
EC patients. In patients with LN metastasis, RLN that con-
wined no metastatic carcinoma cells were used for these evalu-
ations. The RLN sinus could be clearly identified as a
demarcated area filled with macrophages by both H&E stin-
ing and immunostaining. All sinus macrophages were positive
for the pan-macrophage marker CD68., while the number of
CD1697 sinus macrophages varied in cach patient (Fig. 1). In
addition, the sinus macrophages around metastatic carcinoma
cells were completely negative for CDI69 in RLN of patients

© 20616 The Authors. Cancer Science published by John Wiley & Sons Australia, 11d
on behalf of Japanese Cancer Assodiation.
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with LN metastasis. Similar results were found in other pelvic
RLN such as iliae, inguinal or sacral LN (Table §2).

We then analyzed correlations between the clinicopathologi-
cal features and the number of sinus macrophages in patients
with EC. We counted CD68™ and CD1697 cells in the sinus
arcas, and subsequently classified patients into two groups
(those with a low or high cell number) based on the adequate
cut-off value, which was selected by using a comparable cate-
gorization while referring to the median count. Statistical analy-
ses showed that fewer CDIGY" cells and a lower ratio of
CD1697-10-CD68™ macrophages were strongly correlated with
an advanced clinical stage or LN metastasis: however, the num-
ber of CD169* cells per mm?® and ratio of CD169%-10-CD6ES"
macrophages were not associated with age, grading, depth of
muscle invasion, vascular invasion or menstruation (Table 1)

Association of a high density of CD169" sinus macrophages
with a good prognasis in endometrial carcinoma patients. The
number of CDI6Y” cells per mm” and the ratio of CD169%-to-
CD68™ macrophages were significantly correlated with more
favorable overall survival in a univariate analysis (Jog-rank test,
P = 00139 and P o= 0.0042, respectively), but our multivariate
analysis indicated that there was no significant correlation
(Table 2, Fig. 2). In addition, no correlation existed between
the number of CD68* RLN macrophages and overall survival
(Fig. 2). A younger age (<60 years), a lower clinical stage
(stage 1), a low histological grading (grade 1) and the absence
of LN metastasis were also associated with Jonger overall sur-
vival in the univariate analysis (Table 2). Multivariate analysis
showed a significant correlation between overall survival and
age. grading, and LN status (Table 2.

Density of CD169" sinus macrophages correlated positively with
CD8* T-cell or CD57* NK cell infiltration in tumor tissues, We next
analyzed potential associations between CD169™ RLN macro-
phages and tumor-infiltrating CD8" T cells or CD57" NK cells
in tissues from EC patients. The number of both CDS™ T cells

CD169 CD169/ CD68

CD169 in LN: High >350/mm®

www.wileyonlinelibrary.com/journalfcas

and CD37% NK cells in twmor nests and tumor stroma increased
significantly when CD169% RLN sinus macrophages were abun-
dant (Fig. 3a). The number of CDI169™ cells and the ratio of
CDI16Y"-10-CD68” cells correlated positively with the number of
CD8™ T cells or CD57% NK cells in twmor nests and tumor
stroma (Fig. 3b). EC patients with abundant CD37* NK eell
infiltration had a more favorable overall survival; however, the
number of CD8™ T cells in tumor tissue was not associated with
overall survival in EC patients (Table 2, Fig. 3c).

Although CD169" sinus macrophages exhibited direct con~
tact with CD8”* T cells that expressed CD43. a major ligand of
CDI6Y, in the sinus area of RLN in colorectal cancer
patients.* whether interactions occur between CDI69* sinus
macrophages and CD37° NK cells in RLN has remained
unclear. To investigate the details of interactions between
macrophages and NK cells in RLN, we performed double
immunostaining using monoclonal antibodies for CD169 and
CD57. We found that approximately 10% of CDI69" cells
made direct contact with CD57% NK cells in the sinus area of
the RLN (Fig. 3d).

Discussion

In this present study, we observed greater numbers of CD169™
cells and ratios of CD1697-10-CD68™ macrophages in cases of
EC with an early clinical stage or no LN metastasis: these
findings were significantly correlated with a more favorable
overall survival of EC patients. The significant correlation
between the number of CDI69™ sinus macrophages and density
of infiltrating CD8" T cells and CDS7" NK cells in the
primary lesions suggests that CD169" RLN macrophages are
closely associated with the activation of cytotoxic lymphocyte-
mediated antitumor immunity.

Although many previous studies of CD169" macrophages had
led 1o advances in understanding the distribution of these cells
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Fig. 2. Overall, Kaplan Meier survival curves for
79 endometrial carcinoma (ECQ) patients as related
to the number of CD169" macrophages, CD169™-to-
CD68" macrophage ratio, and number of CD68*
macrophages in regional lymph node (RLN). LN,
lymph node.
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(a) CD169° low-cell-number case CD169” high-cell-number case

D57

=
oA

R :0319 2 R:02813
P =0.0053

CDS8* cell density (cells/mm?)

CD169* cell density (cells/mm?) The ratio of CD169°/CD68* cells
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250 R:0.4121
P <0.001
200 "
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0 500 1000
CD169* cell density (cells’mm?)  The ratio of CD169*/CD68* cells

Fig. 3. Interactions between CD169" macrophages in the regional lymph node (RLN} and CD8* T cells or CD57" NK cells in endometrial carci-
noma (EC). (a) Immunohistochemical analyses of CO8" T cells and CDS7” NK cells in tumor tissues. Scale bar, 50 um. {b) Correlation between the
number of CD8” T cells or CD57* NK cells in tumor tissues and the number of CD169° macrophages or the CD169"-10-CD68” macrophage ratio in
RLN. (¢} Overall survival curves for patients showing CD8" T cells or CD577 NK cells in tumor tissues. {d) Double immunostaining of CD169 and
CD57 in RLN. Arrowheads indicate direct contacts between CD169" cells and CD57" cells. Scale bar, 50 pm,
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Fig. 3. Continued

among various macrophage subsets in rodents, only a few have
described the regulation of CD169 expression in human macro-
phage: 6 Previously, we showed that a high number of
CD1697 sinus macrophages were closely associated with a better
prognosis and a higher density of infiltrating CD8" T cells in
tumors of patients with colorectal carcinomas or melano-
mas. 22 Although the density of CD169* macrophages in RLN
was not an independent risk factor for overall survival by multi-
variate analysis, a higher number of CDI69™ macrophages and
an increased ratio of CD169%-10-CD68™ macrophages in RLN
were both significantly associated with a better clinical prognosis
in patients with EC. Moreover, we found that the density of -
CD169" macrophages was positively correlated with the number
of CD8" T cells and CD37" NK cells in wmor tissues. These
findings suggest that CD169" sinus macrophages might activate
cytotoxic lymphocyte-mediated anti-tumor immunity in EC.
Generally. NK cells are considered to be important for
immune responses to malignant tumors in humans. Previous
studies have examined associations between NK cell infiltration
into tumors in patients with breast cancer.® vulvar cancer®
and colorectal cancer,” " and renal eell carcinoma:>’ how-
ever, the significance of NK celis in patients with EC had not yet
been reported. The present study reveals that EC cases with
abundant NK cell infiltration showed better overal] survival
Moreover, the number of CD377 NK cells in tumor tissues was
an independent risk factor for overall survival. Garcia and col-
leagues showed that CD169" macrophages promoted the accu-
mulation and activation of NK cells after they engulfed viral
pariiclcs.”g’ Coombes  and  colleagues  demonstrated  that
CD169" sinus macrophages which have inflammatory functions
are necessary to NK cell activation in the lymph node sinus

@ 2016 The Authors. Cancer Science published by John Wiley & Sons Austratia, Ltd
an behalf of Japanese Cancer Association.

area."” Therefore, we decided to investigate the relationship
between CD169* sinus macrophages wnd NK cells. By immuno-
histochemistry, we demonstrated that CD169™ macrophages
made direct contact with CD57* NK cells in the sinus arcas of
RLN. and that a higher density of CD169" RLN sinus macro-
phages was correlated with increased numbers of infiltrating NK
cells in tmor tissues. Because all infiltrating macrophages in
tumor fissue were negative for CD169 (data not shown), the
interaction between CD169% macrophages and NK cells was
shown not in Jocal tumor tissue but in lymph nodes. Although
the full mechanism underlying CD169" macrophage-mediated
NK cell activation remains unclear, our findings suggest that
CD169" macrophages play important roles in anti-tumor immu-
nity in patients with EC by activating NK cells.

Our previous and present studies together show that the
number of CD169* sinus macrophages in human LN varies
considerably, although the number of total sinus macrophages
remains approximately constant. However, the reason for this
variation in CD169 expression has remained obscure. In the
present study. we chose to but examine LN sinus macrophages
that were limited to the right obturator or internal iliac LN, we
note that we obtained similar data from other RLN, such as
the iliac or sacral LN (Table $2). suggesting that CDI69
expression varied systemically rather than focally. We propose
the following two potential mechanisms for the regulation of
CD169 expression: (i) CDI6Y expression is different between
individuals: and (i) yet to be characterized lymph-borne
effector molecules from tumors suppress CD169 expression.
As one potential mechanism, an IFN-z secretion by celis in
RLN might be a strong regulator of CD169 expression, as
IFN-g-secreting cells are in close proximity to CDI169™ sinus

Cancer Sci | 2016 | 6
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macrophages in the RLN and IFN-s can induce robust CD169
expression in human macrophages.” Further experiments
will be needed to more completely elucidate the mechanisms
that regulate CD169 expression in buman LN, With a previuus
paper describing that an activation of NK cells could 1
enhanced by an IFN-2 secretion in the LN sinus area™ the
CDI6Y" macrophage-mediated NK cell activation also might
be regulated by IFN-g-secreting cells.

In conclusion. we have demonstrated the prognostic signifi-
cance of CD1697 sinus macrophages in the RLN of patients with
EC. A greater number of CD169™ macrophages and an increased
ratio of CD1697-10-CD68" macrophages in the RLN were signif-
icantly associated with a better clinical prognosis, CD169" sinus
macrophages found in RLN may, therefore, be involved in cyto-
toxic T-cell-mediated and NK cell-mediated antitumor immu-
nity. Evaluation of CDI69 protein expression in RLN may aid
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1. Introduction

Clinicopathological studies have provided some evidence regarding
the pathogenesis of at least three distinct types of gestational tropho-
blastic neoplasia (GTN}, including the most common type, choriocarci-
noma, and two less common ones, placental site trophoblastic tumor
{PSTT) and epithelioid trophoblastic tumor {ETT). Choriocarcinoma is
composed of variable proportions of neoplastic cytotrophoblast,
syncytiotrophoblast, and intermediate trophoblast, the latter of which
is composed of a similar mixture of trophoblastic subpopulations.
While the neoplastic cytotrophoblast in PSTT differentiates mainly
into intermediate trophoblastic cells at the implantation site, the neo-
plastic eytotrophoblast in ETT differentiates into chorionic-type inter~
mediate trophoblastic cells in the chorion laeve, However, the
pathogenesis of the differentiation of GTN, especially ETT, is still un-
known because these tumors are extremely rare. Furthermore, there is
little evidence regarding therapeutic strategies for GTN, including ETT.
Here we present a case of mixed choriocarcinoma coexisting with an
ETT, which might elucidate the pathogenesis of ETT and identify an ap-
propriate treatment approach for mixed-type GTN.

2. Case report

A 32-year-old Japanese woman, gravida 2, para 1, visited a previous
hospital complaining of secondary amenorrhea. Her medical history
was notable for treatment with systemic chemotherapy with metho-
trexate (MTX) at age 26 for an invasive hydatidiform mole that had de-
veloped from a complete mole; she had an uncomplicated full-term
delivery 2 years later. Pelvic examination revealed no abnormal find-
ings. Her serum human chorionic gonadotropin {(hCG) level was
93,820 mlU/ml. Transvaginal ultrasonography showed a mass in the
feft uterine horn without a gestational sac. She was first diagnosed
with an ectopic pregnancy in the interstitial part of the fallopian tube.
Laparoscopic surgery was performed, resulting in the resection of a
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2.0-cm mass in the uterine horn. She was monitored closely via serum
hCG levels; while these levels decreased postoperatively, they increased
again 4 weeks later. The presence of residual chorionic villi was
suspected, and she was treated with single-agent chemotherapy with
intramuscular MTX 1 mg/kg per day ondays 1, 3,5 and 7 with intramus-
cular folinic acid 0.1 mg/kg per day on days 2,4, 6 and § every 2 weeks.
After a transient decrease, her serum hCG levels again increased at the
5th cycle of chemotherapy. The patient was referred to Kumamoto Uni-
versity Hospital due to the possible diagnosis of gestational trophoblas-
tic disease. Transvaginal Doppler ultrasound examination showed
extensive vascularization within the myometrium (Fig. 1, A). Pelvic
magnetic resonance imaging demonstrated a high-signal-intensity
focus in the myometrium on T2-weighted images. Evaluation by posi-
tron emission tomography/computed tomography { PET/CT} revealed
increased fluorodeoxyglucose uptake in the uterine mass (Fig. 1, B).
Multiple nodules in both fungs were detected on a CT scan {Fig. 1, C).

Fig. 1. Imaging findings. (A} T results show Ve vas-

{ Doppler
cularization within the myometrium, (B} A PET/CT image reveals increased FDG uptake in
the mass. {C) A CT image shows multiple nodules in both lungs.
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Fig. 2. Histopathological findings of the uterine mass. Choriocarcinoma ) is composed of
basephilic celis and the ETT [ contains ensinophilic cells. Tissue was stained with hema-
s-eosin {HEL Image was taken at 2x magnification. Scale bar = 50,

The tumor presented as a discrete nodule in the myometrium, On mi-
croscopic examination, the tumor displayed biphasic proliferation
{Fig. 2}. Histopathological review of the first excised specimen
from the previous hospital confirmed a trophoblastic tumor
consisting of the trimorphic profiferation of intermediate trophoblast,
syncytiotrophoblast, and cytotrophoblast, with no chorionic villi, and
the tumor cells showed abnormal mitotic figures (Fig. 3, A), Tumor
cells were diffusely positive for hCG {Fig. 3, B). Although the histological
and immunohistochemical findings were characteristics of choriocarci-
noma, the tumeor was partially composed of cells that were intimately
associated with surrounding eosinophilic, hyaline-like material and ne-
crotic debris capable of simulating keratin. The cells contained round,
uniform nuclei and eosinophilic or clear cytoplasm surrounded by a
well-defined cell membrane (Fig. 4). Immunohistochemical analysis re-
vealed that the tumor cells were diffusely positive for hCG. Those histo-
logical features of the component indicated characteristics of ETT
notwithstanding the immunopositivity for hCG. Therefore, the patient
was diagnosed with choriocarcinoma coexisting with an ETT.
Combination chemotherapy with etoposide, methotrexate and
actinomycin-D alternating with cyclophosphamide, and vincristine
{EMA-CO) is a standard, effective and well-tolerated regimen for high-
risk GTN. MEA also has the same effectiveness as EMA-CO and less tox-
icity (Matsui et al., 2000), and MEA is one of the standard chemothera-
peutic regimens for choriocarcinoma in Japan. She was treated with 6
cycles of combination chemotherapy consisting of MEA. Her serum
hCG levels normalized and a follow-up CT scan confirmed that the
lung nodules had disappeared. Consequently, she has not undergone

additional hysterectomy or chemotherapy, and has had reguiar men-
strual cycles without recurrence in 26 months since the chemotherapy
with MEA.

3. Discussion

Our pathological review of the present case showed a mixed chorio-
carcinoma coexisting with an ETT, which is a rare gestational tropho-
blastic tumar. In 1998, Shih and Kurman reported 14 cases of mixed
chorjocarcinoma and ETTs, and in mmore than half the cases there was
a history of either a hydatidiform mole or choriocarcinoma that preced-
ed the diagnosis {Luk and Friedlander, 2013; Shih and Kurman, 1998).
Recently, they proposed that choriocarcinoma, PSTT, or ETT may devel-
op as a result of neoplastic transformation of the same cytotrophoblast,
which is presumably the trophoblastic stem cell (Shih and Kurman,
2001}, This theory explains the existence of gestational trophoblastic
neoplasia with mixed histological features, choriocarcinoma, and ETT,
as found in the present case.

Although there is extremely limited experience with choriocarcino-
ma coexisting with an ETT, previous reports suggest that pure-type ETT
may not be responsive to the chemotherapeutic agents used in the
treatment of other types of GTN (Shili, 2007}, A high-dose chemothera-
py regimen consisting of cyclophosphamide, etoposide, and carboplatin,
however, resulted in a successful outcome in metastatic ETT (Stacey
et al, 2002). Once treatment has been completed, most relapses occur
within the first year of follow-up, and careful hCG monitoring should
be recommended in pure-type ETT {Ficke and Michael, 2014). In this
case, serum hCC aftimately rose within 1 month despite an initial re-
sponse to laparoscopic surgery and MTX under the clinical diagnosis
of an ectopic pregnancy, and residual villi without an adequate patho-
logical examination in the previous hospital. Given the potential for
the progression of choriocarcinoma coexisting with an ETT after our
pathological review, we successfully treated the case with MEA, the che-
motherapy regimen for the usual form of choriocarcinoma. Repeated
transvaginal ultrasound examinations showed no mass in the uterus,
and serum hCG levels have remained negative for over 2 years, conserv-
ing fertility.

Here we reported a rare case of choriocarcinoma coexisting with an
ETT. The clinical behavior of a mixed choriocarcinoma and ETT seems
similar to that of the usual form of choriocarcinoma despite the
chemoresistance of pure-type ETT. This case suggests that choriocarci-
noma ceexisting with an ETT has a high probability of cure with appro-
priate chemotherapy. Study of additional cases is necessary to reliably
determine the behavior of mixed choriocarcinoma coexisting with an
ETT, as well as the optimal multimodal treatment approach.

Fig. 3. Histop and i ical findings of a cho TNOMa ¢
wlation of syncyti tast, intermediate and ey
(B). Images were taken at 200 < magnification. Scale bar = 50 um.

Cyiological atypia and mitotic figures are aumerous. The tumor consists of a trimorphic pop-

{A). The tumor exhibits diffuse immunoreactivity with hCG (B}, Tissues were stained with HE {AJ and hCG

476



Y. Imamura et al. / Gynecologic Oncology Reports 14 {2015} 3143 33

Fig. 4. Histopathologicat findings of ETT. A nest of tumor cells with a relatively uniforn
poputation of mononucleate intermediate hoblastic cells surrounded by secrotic de-
bris and hyaline degeneration. Tissue was stained with HE. Image was taken 2t 200 mag-
nification. Scale bar = 50 pm.
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Cancer stem cells (CSCs) drive tumor initiation and metastasis in several types of
human cancer. However, the contribution of ovarian C5Cs to peritoneal metasta-
sis remains unresolved. The cell adhesion molecule CD44 has been identified as a
major marker for CSCs in solid tumors, induding epithelial ovarian cancer. CD44
exists as a standard form (CD44s) and also as numerous variant isoforms {(CD44v)
generated by alternative mRNA splicing. Here we show that disseminated ovarian
tumors in the pelvic peritoneum contain highly enriched (D44vé-positive cancer
cells, which drive tumor metastasis and are responsible for tumor resistance to
chemotherapy. Clinically, an increased number of CD44vb-positive cancer cells in
primary tumors was associated with a shortened overall survival in stage -V
ovarian cancer patients. Furthermore, a subpopulation of CD44vé-positive cancer
cells manifested the ability to initiate tumor metastasis in the pelvic peritoneum
in an in vivo mouse model, suggesting that CD44vb-positive cells show the
potential to serve as metastasis-initiating cells. Thus, the peritoneal disseminated
metastasis of epithelial ovarian cancer is initiated by the (D44v6-positive subpop-
ulation, and CD44v6 expression is a biomarker for the clinical outcome of
advanced ovarian cancer patients. Given that a distinct subpopulation of CD44ve-
positive cancer cells plays a critical role in peritoneal metastasis, definitive
treatment should target this subpopulation of CD44v6-positive cells in epithelial
ovarian cancer.

adenocarcinoma cell line.""’ Furthermore. several previous

gynecological malignancies.””” Because most patients with
ovarian malignancies are generally asymptomatic uniil the can-
cer has progressed and metastasized, more than two-thirds of
wmors are diagnosed at an advanced stage with multiple dis-
seminated tumors in the pelvie pcrimncum.m The clinical out-
comes for women diagnosed with advanced epithelial ovarian
cancer are poor even after treatment with extirpative surgery
and proper chemotherapy. Although the cancer may respond to
primary therapy, chemoresistant residual cancer cells can
persist in @ dormant state for many months in the pelvic peri-
toneum, leading to relapse.”" Therefore, elucidating the
maolecular events that control peritoneal metastasis may pro-
vide potential molecular targets for the treatment of advanced
epithelial ovarian cancer with multiple peritoneal disseminated
wmors.

Cell adhesion molecule CD44 is a polymorphic integral
membrane glycoprotein that binds hyaluronic acid and con-
tributes 1o tumor growth, invasion, and metastasis.® 7 CD44
exists as a standard form (CD44s) and also as numerous vari-
ant isoforms (CD44v) generated by alternative mRNA splicing
of up to 10 variant exons that encode parts of the extracellular
domain.® ' Among CD44v isoforms. CD44v6 was initially
found to promote the metastatic potential of a rat pancreatic
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studies supported the premise that CD44v6 plays a key role in
cancer proliferation, migration, and invasion in a variety of
human cancers, such as colorectal, breast. hung. and ovarian
cancer.”"? " In epithelial ovarian cancer, it is known that
CD44v6 promotes tumor metastasis by binding hyaluronic acid
on peritoneal mesothelial cells.'®

In recent history. the cancer stem cell (CSC) theory has
proposed that the bulk of tumor cells are generated by a rare
population of tumor-initiating  cells, conceptually  termed
CSCs. 71 CSCs possess the ability to self-renew and differ-
entiate inio a heterogencous lineage of cancer cells and inher-
ently drive the metastatic process.”™* CD44 has been
identified as one of the major cell surface markers associated
with CSCs in several types of epithelial tumors, including
ovarian cancer. ™" Inwriguingly, recent swudies indicated
that a subpopulation of CD4dv6-positive cells shows a charac-
teristic phenotype of CSCs in colorectal cancer, bladder can-
cer. and brain wmor ™7 These findings led us 1o
hypothesize that CD44v6-positive ovarian cancer cells may
possess CSC traits and play a key role in tumor initiation and
disseminated metastasis.

Uncovering the molecular mechanisms underlving peritoneal
metastasis is the final frontier in ovarian cancer biology. Even
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though ovarian CSCs have not been fully elucidated, these
cells are thought to play a crucial role in disseminated metasta-
sis and relapse at peritoneal metastatic sites.”” The present
study was designated to evaluate the role of CD44v6 in peri-
toneal disseminated metastasis and the potential relevance of
CD44v6 to the clinical outcome of patients with advanced
epithelial ovarian cancer with long-term follow-up.

Materials and Methods

Patients and tissue preparation. From Janvary 2002 to
December 2012, the clinical records of stage HI-1V epithelial
ovarian cancer patients were reviewed retrospectively, and 59
patients with peritoneal disseminated wmors who underwent
primary standard surgery followed by proper chemotherapy at
Kumamoto University Hospital were included in this study,
Patients were excluded when they had borderline tumors, mul-
tiple primary cancers. or non-epithelial tumors. The eligible
patients were followed-up until December 2014, Written
informed consent was obtained from all patients before treat-
ment, in accordance with the institutional guidelines of our
hospital.

Tumor tissues obtained surgically were fixed in 10% buf-
fered formalin, embedded in paraffin, and sectioned at 4-um
thickness for histological diagnosis. Sections were stained with
H&E, and histologic typing was carried out according to the
WHO  classification  of surface epithelil-stromal  ovarian
wmors.”™ All tumors were staged according to the Interna-
tional Federation of Gynecology and Obstetrics criteria, %

Evaluation of immunohistochemical staining. Immunohisto-
chemical analysis was carried out as described previously.®”
Briefly. the sections were washed with PBS, subjected to anti-
gen retrieval by heating in a microwave in 0.01 M sodium
citrate buffer (pH 6.0} for 15 min, and exposed to 3% H;0; in
methanol before staining with the primary antibody. Immune
complexes were detected with use of the avidin-biotin-peroxi-
dase complex (ABC kit: Vector Laboratories, Burlingame, CA,
USA) and diaminobenzidine substrate (Vector Laboratories),
and the sections were counterstained  with  hematoxylin,
CD44ve was detected with the mouse mAb CD44v6 (2F10;
R&D Systems. Minneapolis, MN, USA). The expression level
of CD44v6 was quantified as a percentage of the total number
of stained cells. The primary ovarian tumors that contained at
least 10% CD44v6-positive cancer cells were categorized as
the “CD44v6-high™ group, whereas the tumors that contained
less than 10% CD44vo-positive cells were categorized as the
“CD44dvo-low™ group. The percentage of CD44v6-positive can-
cer cells in primary tumors was evaluated by counting cells in
at least three microscopic fields per slide.

Mice. BALB/c nude mice were obtained from CLEA
(Tokyo. Japan) and maintained according to institutional
guidelines. All animal experiments were carried out in accor-
dance with protocols approved by the animal ethics committee
of Kumamoto University.

Cell line. A human ovarian cancer cell line. ES-2, was
obtained from ATCC (Manassas, VA, USA). ES-2 cells were
maintained in RPMI-1640 medium (Wako Pure Chemical
Industries. Osaka. Japan) supplemented with 10% FBS at 37°C
in a 5% CO,-containing atmosphere.

Flow cytometry and transplantation assay. Cell sorting and
flow cytometric analysis were carried out with the use of a
FACS Aria II (BD Biosciences, San Jose, CA, USA). Cells
were incubated with allophycocyanin-conjugated mouse mAb
CD44v6 (2F10: R&D Systems) and phycoerythrin-conjugated

© 2015 The Authors. Cancer Science published by Witey Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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rat mAb CD44 (IM7: BioLegend. San Diego. CA, USA} for
30 min. The FACS-sorted CD44v6-positive or -negative cancer
cells were suspended in RPMI-1640 medium and injected ip.
into 7-week-old female BALB/¢ nude mice. Tumor-initiating
frequencies were assessed with the use of ELDA software for
limiting dilution analysis.”"

immunoblot analysis. Immunoblot analysis was carried out as
previously described. " In brief, equal amounts of cell lysate
protein were subjected to SDS-PAGE, transferred to a nitrocel-
lulose membrane, and exposed to anti-CD44v6 antibody (VFF-
18; Abcam, Cambridge. UK). anti-E-cadherin (36/E-cadherin;
BD Biosciences), anti-N-cadherin (32/N-cadherin; BD Bio-
sciences), anti-fibronectin (10/fibronecting BD  Biosciences),
anti-vimentin (V9! DakoCytomation, Glostrup, Denmark), and
anti-B-actin (13E3: Cell Signaling Technology, Beverly. MA,
USA). Immune complexes were visualized by chemilumines-
cence detection (Pierce Biotechnology, Rockford, 1L, USA).

Proliferation and chemosensitivity assay. Cell viability was
assessed with MTS assay according to the manufacturer’s pro-
wceol (CellTiter 96 Aqueous One Solution Cell Proliferation
assay:  Promega, Madison, WL USA).  Briefly. cells
(3 x 1077100 yL per well) were plated in 96-well flat bottom
plates and serum starved overnight. Ovarian cancer cells were
treated with paclitaxel or cisplatin at the indicated concentra-
tons. At 12 h post-drug treatment, 20 pl. MTS assay solution
was added to each well for 2 h. Absorbance was recorded at
490 nm on an SpectraMax 190 microplate reader (Molecular
Devices, Sunnyvale, CA. USA). Experiments were carried out
in triplicate and repeated three times and the percentage of cell
survival was defined as the relative absorbance of untreated
versus treated cells,

Statistical analysis. The prognosis of patients was determined
according to the cumulative survival rate after treatment. Sur-
vival rates were calculated using the Kaplan-Meier method,
and differences between curves were assessed with the log—
rank test. Correlations between variables were evaluated with
the y™test, Fisher’s exact test, Mann-Whitney [-test, or Wil-
coxon test. Data are presented as mean = SD and were ana-
Iyzed with the Student’s r-test. Univariate and mulivariate
Cox proportional hazard model analyses were carried out o
caleulate hazard ratios (HRs) using SPSS version 21.0 (IBM,
Armonk, NY, USA). In all analyses, a P-value of <0.05 was
considered statistically significant.

Results

Correlation between CD44v6 expression pattern and clinico-
pathological features in patients with stage IlI-IV epithelial ovar-
ian cancer. The association between CD44ve expression and
the clinicopathological characteristics of the 59 patients is
shown in Table I. Thirteen (22.0%) cases belonged in the
CD44v6-high group, and 46 (78.0%) cases 10 the CD44v6-low
group. The median age of all patients at diagnosis was
57 years (range. 37-82 years). There were no significant dif-
ferences in the median age between the CD44v6-high and
CD44vo-low groups. In addition, no significant correlation was
observed between the immunohistochemical (IHC) expression
of CD44v6 and clinicopathological characteristics. such as
wmor histological type, tumor marker CAI125, and tumor size.
Adjuvant systematic chemotherapy was given as clinically
indicated in accordance with standard practices, and almost all
patients  (57/59. 96.6%) received paclitaxel-carboplatin - as
first-line  adjuvant chemotherapy. No significant differences
were recorded in the distribution of the number of cycles of
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Table 1. Association between CD44 variant 6 (CD44v6) expression
pattern and clinicopathological characteristics in patients with stage
HI-1V ovarian cancer

Original Article
Tihay et al.

chemotherapy between CD44v6-high and CD44v6-low groups
(Table 1).

Highly enriched CD44vé-positive ovarian cancer cells in peri-
toneal disseminated tumors. To investigate whether CD44v6-

Ail!) iit,s;?s' Ci?vﬁ;h(ig}; Crizavs.l?;l) Pvalue  positive cancer cells are associated with peritoneal metastasis,
> group. n b7 group. o % we compared the average number of CDddv6-positive cells
Al cases 59 13 46 among the 59 samples of primary ovariun tumors to that in
Median age, 57 (37-82) 59 (43-82) 56 (37-77) 0.84 samples of peritoneal disseminated tumors taken from the
years {range) same  patients. Representative IHC  staining  patterns  for
Age, years CD44v6 in primary and disseminated tumors are shown in Fig-
<50 18 (30.5) 3(23.1) 15 (32.6) .51 ure I{abj. Immunohistochemical analysis revealed a signifi-
250 41 (69.5) 10 (76.9) 31 (67.4) cantly higher percentage of CD44v6-positive cells detected in
Histological type peritoneal disseminated tumors than in corresponding primary
Serous 42 (71.2) 7 (53.8) 35 (76.1) 0.12 ovarian tumors (P < 0.01; Fig. 1c). These findings indicated
Clear 3(5.9) 2 (15.4) 1(2.2) that CD44vo-positive cells are correlated with peritoneal dis-
Endometrioid 5(8.5) 1(7.7) 4(8.7) semination. and the pelvic peritoneum may have the potential
Mucinous 1L 1(7.7) 0(0.0) w0 form a part of the niche microenvironment involved in
Mixed 7{11.8) 1.7 6(13.0) tumor initiation and metastasis.
Undifferentiated 1 (1.7) 1{7.7) 0 (0.0} Prognostic impact of CD44v6 expression in advanced epithelial
CA125, U/ml ovarian cancer patients. Given that a subpopulation of CD44-
<500 18 (30.5) 6 (46.2) 12(26.1) 0.16 positive cancer cells in hierarchically organized ovarian can-
2500 41 (69.5) 7 (53.8) 34 (73.9) cer manifests CSC properties.”" we hypothesized  that
Tumor size, ¢m CD44v6 expression would correlate with aspects of ovarian
<10 40 (67.8) 7 (53.8) 33717 0.22 sancer survival, To address this issue. we used Kaplan-
210 18 (32.2) 6 (46.2) 13 (28.3) Meier analyses of overall survival (OS) and progression-free
First-line chemotherapy regmen survival (PFS) between the CD44v6-high and CD44-low
Paclitaxel/ 57 (96.5) 12 (92.3} 45 (97.8) 0.33 groups. Representative THC staining patterns for CD44v6 in
carboplatin CD44-high and CD44-low groups are shown in Figure 2(a.
Cther 2 (3.4) 1(7.7) 1(2.2) b). In the evaluation of the sites of primary lesions, the 5-
No. of cycles of chemotherapy year OS rates were 18.0% (95% confidence interval [CI.
<2 41 (69.5) 8 (61.5) 33017 0.48 0.0-40.2) in the CD44-high group and 39.6% (95% CI,
=3 18 (30.5) 5 (38.5) 13 (28.3) 44.3-74.8) in the CDd4-low group. Significant differences
(a) (©)
8
o
2 5 8-
g 2
£ § R
& ®
2
2 87
9 (=3
(b) E e
2
5 o %1
£ s g
3 g
£ 5 8-
: L
8 e
(=]
<
Primary tumor Disseminated tumor
Fig. 1. Disseminated ovarian tumors in the pelvic peritonaum contain highly enriched (D44 variant 6 (CD44v6)-positive cancer cells. (a)

tmmunchistochemical analysis with an anti-CD44v6 antibody in primary epithelial ovarian tumors. Scale bar = 500 um. (b} Immunchistochemical
staining with an anti-CD44v6 antiboedy in peritoneal disseminated tumors. Scale bar = 500 ym. (¢} The percentage of CD44ve-positive cancer cells
in primary and disseminated tumors. Peritoneal disseminated tumors contained significantly higher percentages of CD44v6-positive cells than pri-
mary tumors (Mann-Whitney U-test, **P < 0.01).
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3] Fig. 2. CD44 variant 6 {CD44v6) expression predicts
epithelial ovarian cancer survival. {(a) Immuno-
histochemical analysis with an anti-CD44v6 antibody
in primary epithelial ovarien tumors. The tumors
that contained at least 10% CD44vB-positive cancer
{c) Stage -1V ovarian cancer {d) Stage -1V ovarian cancer gigzsev‘eé: {C;ii;é;é) ’;:ﬁd i;)themc‘gﬁfhfggzh%ﬁﬁgi
. ) staining with an anti-CD44v6 antibody in primary
10 == CD4dvB-high group g 0 = CD44v6-high group tumors. The tumors that contained less than 10%
- —— CD44vB-low group % e CDA4VE-I0W group CD44vb-positive cancer cells were categorized as the
s 0.80 3 0.80 CD4dvb-low group. Scale bar = 500 pm. (¢} Kaplan-
4 ® Meier analysis of overall survival in patients with
3 080 & 060 stage WV ovarian cancer according to the
§ g B expression of CD44v6. There were significant
S 040 w 040 differences in overall survival between the CD44v6-
& 2 ; high and CDd4vé-iow groups {(=*P = 0.0059). (d)
0.20 8020 - Kaplan-Meier analysis of progression-free survival in
& patients with stage -V ovarian cancer according to
0.00 0.00 the expression of {D44v6. Progression-free survival
o 50 100 180 o 50 100 150 was not significantly different between the CD44v6-

Follow-up time (months}

Follow-up time {months)

high and CD44vé-low groups (P = 0.4290}.

Table 2. Hazard ratios (HRs) using univariate and

Univariate analysis

Multivariate anaiysis

multivariate Cox proportional hazard model

Prognostic factor

HR 95% I Pyalue  HR 95% CI P-value
Age, years
<50
=50 1.286 0.574-2.879 0.542
CAa125, Wmb
«500
2500 1.060 0.487-2306 0.884
Tumor size, cm
<10
=10 1.063 0.498-2.267 0.874
First-line chemotherapy
Paclitaxel/carboplatin
Other 0.905 0.122-6.727 0.923
Surgical debulking status
Optimal surgery
(Residual tumar size <1 tm)
Suboptimal surgery 2.568 1.247-5.288 0.011  2.283 1.091-4.775 0.028
{Residual tumor size 1 cm)
CD44v6 expression
Low
High 2,930 1.334-6.436 0.007 2568 1.149-5.738 0.022

CD4a4v6, CDA4 variant 6; CI, confidence interval; High,; Low,.

were  observed in OS  between the CD44dv6-high and
CD44vb-low groups for patients with stage 1H-1V ovarian
cancer (P = (0.0059: Fig. 2¢). In contrast. no significant dif-

@ 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

ferences were observed in PFS between the CD44v6-high
and CD44vo-low groups (P = 0.4290: Fig. 2d). These find-
ings suggested that CD44v6-positive cancer cells in primary
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Fig. 3.

Subpepulation of CD44 variant 6 (CD44v6)-positive ovarian cancer cells possesses a high peritoneal metastatic ability. (a) Flow cytometric

analysis of CD44v6 expression in ES-2 ovarian cancer cells. (b) Macroscopic appearance of disseminated tumors at 35 days after celt transplanta-
tion. CD44v6-positive cells generated more extensive disseminated tumors in the peritoneal cavity than CD44v6-negative cells. Scale bar = 2 cm.
{c) Total weight of peritoneal disseminatad tumors determined at 35 days after cell injection. Quantitative data are presented as mean + SD for
five mice. *£ < 0.05. {d) Ascitic volume determined at 35 days after transplantation. Quantitative data are presented as mean = SD for five mice.
=P 0.05. {e} Immunohistochemical analysis with antibody to CD44v6 in peritoneal disseminated tumors in a mouse model. Paraffin-embedded
sections of disseminated tumors generated by (D44v6-positive cancer cells were subjected to immunohistochemical staining with an anti-CD44v6
antibody. Scale bar = 200 ym. {f) Western blot analysis of CD44v6 and epithelial-mesenchymal transition regulatory proteins, including E-cad-

herin, N-cadherin, fibronectin, and vimentin in FACS-sorted CD44vs-poisitive cells versus FACS-sorted CD44vé-negative cells.

tumors play an important role in the survival of advanced
ovarian cancer patients.

Univariate and multivariate analysis of various clinicopatho-
logical factors in relation 1o OS are shown in Table 2.
Inumunohistochemical expression of UD44v6 proved o be a
highly predictive factor based on the univariate Cox propor-
tional hazards model (P = 0.007; HR, 2.930: 95% CI. 1.334-
6.436) and the multivariate Cox proportional hazards model
(P = 0022; HR, 2,568, 953% (L 1.149-5.738). In addition.
surgical debulking status also significantly correluted with OS
based on the univariate Cox proportional hazards model
(P = 0011 HR, 2.568: 93% CI, 1.247-3288) and the multi-
variate Cox  proportional  hazards model (7 = 0.028: HR,
2.283: 95% CI. 1L.O91-4.775).

High metastatic ability in a subpopulation of CD44v6-positive
ovarian cancer cells. Given that CD44v6-positive cancer cells
showed high metastatic potential in patients with advanced
ovarian cancer, we next examined the relevance of peritoneal
metastasis in a subpopulation of CD44dv6-positive cells in an
in vivo mouse model. To compare the peritoneal metastatic
abilities of CD44v6-positive and  CD4dvh-negative  cancer

Cancer 5¢i | October 2015 | wvol. 106 | no, 10 | 1425

cells, we sorted CD4dvO-positive and CDAdv6-negative cells
from the ES-2 ovarian cancer cell line (Fig. 3a) and serially
transplanted them intraperitoneally into nude mice. Limiting
dilution assay revealed that CD44v6-positive cells had a
greater tumor initiating ability than CD44v6-negative cells,
suggesting that a subpopulation of CD44v6-positive cells is
highly efficient al metastatic  dissemination (Table 3). The
CD4ddv6-positive  cells  generated  extensive  disseminated
tumors, resulting in massive abdominal distension by hemor-
rhagic  ascites.  within 5 weeks  of inoculation,  whereas
CD44v6-negative cells showed little ability to form dissemi-
nated tumors in the peritoneal cavity (Fig. 3b). The total
weight of peritoneal disseminated tumors formed by CD44v6-
positive cells was significantly greater than that of those
formed by CD44dvo-negative cells (£ < 0.03: Fig. 3¢). In addi-
tion. transplantation of CD44v6-positive cells caused a signifi-
cant increase in the ascitic volume in comparison with that
resulting from transplantation of CD44ve-
negative cells (P < 0.05; Fig. 3d). A representative  THC
staining pattern for CD44v6 in peritoneal disseminated tumors
generated by CD44v6-positive cancer cells is shown in Fig-

@ 2015 The Authors. Cancer Stience published by Wiley Publishing Asia Pty Lid
on bebalf of Japanese Cancer Association.
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