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ABSTRACT

Purpose: Uterine serous papillary carcinoma (USPC) is
a highly aggressive variant of endometrial cancer and his-
tologically similar to high-grade ovarian cancer. HER-2/neu,
the transmembranereceptor encoded by the c-erbB2 gene, is
over expressed by immunohistology in ~25% of ovarian can-
cers. In this study, we have evaluated the expression of
HER-2/neu in several fresh, established, par affin-embedded,
fixed USPCs. In addition, we have tested the sensitivity of
USPC cells to Herceptin treatment.

Experimental Design: Ten consecutive USPC specimens
wer e assessed by immunohistochemistry for the intensity of
expression of HER-2/neu. In addition, three USPC cell lines
wer e analyzed for expression of HER-2/neu by flow cytom-
etry as well as for sensitivity to Herceptin-mediated, com-
plement-dependent cytotoxicity, antibody-dependent cellu-
lar cytotoxicity (ADCC), and inhibition of cell proliferation.

Results: Eight of 10 (80%) of the USPCs assessed im-
munohistochemically for theintensity of expression of HER-
2/neu stained heavily for HER-2/neu (2+ to 3+). Fresh and
established primary USPC cell lines were found to express
significantly more HER-2/neu receptor by flow cytometry
(on the average, 10-fold greater) when compar ed with HER-
2/neu-positive primary or established breast and ovarian
cancer cell lines (P < 0.001). Importantly, although these
USPC cell lines were resistant to chemotherapy in vivo and
to natural killer- and complement-mediated cytotoxicity in
vitro, they were found to be highly sensitive to Herceptin-
mediated ADCC. USPC cell proliferation was also inhibited
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by Herceptin. A significant enhancement of ADCC was
demonstrated when effector cells were exposed to low doses
of IL-2 in vitro. Physiological concentrations of human se-
rum IgG did not inhibit Her ceptin-mediated ADCC against
USPC.

Conclusions. On the basis of these findings and previ-
ous reports showing a positive in vivo correlation between
efficacy of Herceptin therapy and the level of HER-2/neu
overexpression by tumor cells, we propose that Herceptin
might be a novel and attractive therapeutic strategy in
patients harboring chemotherapy-resistant, recurrent, or
metastatic USPC.

INTRODUCTION

Cancer of the uterine corpus represents the most common
gynecological malignancy, with ~37,400 new cases diagnosed
in the United States in 1999 (1). USPC3 (2) is a histological
subtype of endometrial cancer constituting up to 10% of all
endometria cancers. Histologically similar to high-grade ovar-
ian cancer (2, 3), USPC has a propensity for early intraabdomi-
nal and lymphatic spread even at presentation (4, 5) and is
characterized by highly aggressive biological behavior (1-4). In
contrast to ovarian cancer, however, it is a chemoresistant
disease at its onset with responses to combined cisplatin-based
chemotherapy ~20% and of short duration (6, 7). The survival
rate is dismal, even when USPC is only a minor component of
the histologically more common endometrioid adenocarcinoma
(3, 5). The overal 5-year survival is 30 = 9% for all stages, and
the recurrence rate after surgery is extremely high (50—80%).
Novel therapeutic strategies effective in the treatment of resid-
ual and/or metastatic USPC are urgently needed.

Proto-oncogenes are a group of normal genes that play
important roles in the regulation of cell proliferation. Abnor-
malities in the expression, structure, or activity of proto-onco-
gene products contribute to the devel opment and maintenance of
the malignant phenotype. The human HER-2/neu (c-erbB2)
gene product, similar to the epidermal growth factor receptor, is
a transmembrane receptor protein that includes a cysteine-rich
extracellular ligand-binding domain, a hydrophobic membrane
spanning region, and an intracellular tyrosine kinase domain (8).
With no direct ligand identified to date, HER-2/neu functions as
a preferred partner for heterodimerization with other members
of the epidermal growth factor receptor family (i.e., HER-1 or
ErbB1, HER-3 or ErbB3, and HER-4 or ErbB4) and thus plays
an important role in coordinating the complex ErbB signaling
network that is responsible for regulating cell growth and dif-
ferentiation (9, 10). Initidly identified as the proto-oncogene

3 The abbreviations used are: USPC, uterine serous papillary carcinoma;
MADb, monoclona antibody; ADCC, antibody-dependent cellular cyto-
toxicity; IL, interleukin; PBL, peripheral blood lymphocyte; UAMS,
University of Arkansas for Medical Sciences, FACS, fluorescence-
activated cell sorter; NK, natural Killer.
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associated with the development of neuroblastomas in rats ex-
posed to ethylnitrosourea in utero (11), HER-2/neu has subse-
quently been shown to be overexpressed in approximately one-
third of primary ovarian carcinomas and breast carcinomas as
well as other human tumors including colon, lung, prostate, and
cervical cancers (12). In breast and ovarian cancer, several but
not al studies have reported that the amplification of this gene
is associated with resistance to treatment and poor survival,
suggesting that cells overexpressing HER-2/neu may manifest a
more aggressive bhiological behavior and may have a selective
growth advantage over HER-2/neu-negative tumor cells (11,
13-16).

Recently, a humanized MAb to HER-2/neu, Herceptin, has
been reported to have significant therapeutic effects in patients
with strongly (i.e., scoring 2+ and 3+) HER-2/neu-positive
breast carcinomas, particularly when combined with chemother-
apeutic drugs (17, 18). In ovarian, lung, and prostate cancers,
clinical studies are currently investigating the efficacy of Her-
ceptin in patients whose tumors exhibit strong plasmalemmal
immunoreactivity for this protein (19). In contrast to ovarian
cancer, however, very little is known about HER-2/neu expres-
sion by the histologically similar but biologically more aggres-
sive USPC. In this study, we report for the first time that this
variant of uterine cancer commonly overexpresses HER-2/neu
(i.e., scoring 2+ or more in 80% of samplestested), and that the
levels of protein expression on primary USPC cell lines re-
corded by flow cytometry are on average 10-fold higher when
compared with fresh or established breast and ovarian HER-2/
neu-positive cancer cell lines. Importantly, we show that al-
though USPC cell lines are resistant to NK-dependent cytotox-
icity in vitro, they retain high sensitivity to anti-HER-2/neu
ADCC, and that their in vitro proliferation is significantly in-
hibited by anti-HER-2/neu MAb (Herceptin). Furthermore, a
significant enhancement of ADCC was demonstrated when pe-
ripheral blood effector cells were incubated with USPC cellsin
the presence of low doses of IL-2. We propose that Herceptin
therapy may be a novel and attractive therapeutic strategy in
patients harboring this biologically aggressive and chemother-
apy- and radiotherapy-resistant variant of endometrial cancer.

MATERIALS AND METHODS

Immunostaining of Formalin-fixed Tumor Tissues.
Formalin-fixed, paraffin-embedded tissue blocks from 10 USPC
cases were retrieved from the surgical pathology files of the
UAMS. Study blocks were selected after histopathological re-
view by a surgical pathologist from patients who underwent
primary surgical therapy for invasive USPC at UAMS between
1998 and 2001. Only specimens showing pure histopathological
characteristics of USPC were evaluated in this study. Tumors
were staged according to the International Federation of Gyne-
cologists and Obstetricians operative staging system. Patient
characteristics are described in Table 1. Total abdomina hys-
terectomy and regional lymph node sampling for invasive USPC
were performed in all cases. In addition, in an attempt to
establish primary USPC tumor cell lines from these patients,
four USPC fresh tumor biopsies were obtained at the time of
surgery through the Gynecological Oncology Division and the

Tablel Characteristics of the patients

Year of HER-2/neu
Patients Age Race diagnosis Stage  positivity
USPC-1 62 Afro-American 1998 IVa 3+
USPC-2 63  Afro-American 1998 IVb 3+
USPC-3 59 Caucasian 2001 Vb 3+
USPC-4 73 Caucasian 2000 Ib 1+
USPC-5 73 Caucasian 1999 Ilb 3+
USPC-6 62  Afro-American 2000 la 3+
USPC-7 58 Afro-American 1998 b 2+
USPC-8 63  Afro-American 2000 Ilic 3+
USPC-9 63 Caucasian 1999 Ila 2+
USPC-10 64 Afro-American 2000 IVa 1+

Pathology Department of UAMS, under approval of the Insti-
tutional Review Board.

The level of expression of HER-2/neu was evaluated by
standard immunohistochemical staining by an external inde-
pendent laboratory (PhenoPath Laboratories, Seattle, WA). The
most representative H& E-stained block sections were used for
each specimen. When available, both primary and metastatic
sites were evauated for HER-2/neu expression. Briefly, immu-
nohistochemical stains were performed on 4-pm-thick sections
of formalin-fixed, paraffin-embedded tissue. After pretreatment
with 10 mwm citrate buffer at pH 6.0 using a steamer, they were
incubated with anti-HER-2/neu MAb (Dako, Glostrup, Den-
mark) at a 1:2000 dilution. Slides were subsequently labeled
with streptavidin-biotin (LSAB; Dako), stained with diamino-
benzidine and counterstained with hematoxylin. The intensity of
staining was graded as O (staining not greater than negative
control), 1+ (light staining), 2+ (moderate staining), or 3+
(heavy staining).

Establishment of USPC Cell Lines. Three primary
USPC cell lines (USPC-1, USPC-2, and USPC-3) were estab-
lished after sterile processing of the tumor samples from surgi-
cal biopsies as described previously for ovarian carcinoma spec-
imens (20). All three tumor samples were derived from USPC
patients who experienced rapid tumor progression during adju-
vant chemotherapy after primary surgical debulking. Primary
USPC cell lines were analyzed by flow cytometry for HER-2/
neu expression immediately after tumor processing and after in
vitro culture from 1 week to 3 years (USPC-1 and USPC-2).
Similarly, two primary serous papillary ovarian carcinoma cell
lines established in our laboratory during the same study period
from advanced-stage ovarian cancer patients (OVA-4 and
OVA-5) aswell astwo established and previously characterized
serous ovarian cancer (UCI-101 and UCI-107; kindly provided
by Dr. Alberto Manetta, University of California, Irvine, CA)
and breast cancer (B7-474 and SK-BR-3; American Type Cul-
ture Collection) cell lines, the latter shown previously to highly
overexpress HER-2/neu (21), were analyzed as positive controls
by flow cytometry for HER-2/neu expression (see below).

Flow Cytometry. The clinically marketed anti-HER-2/
neu MAb Herceptin (Genentech, San Francisco, CA) was used
for most of our study. For comparison, we also used an uncon-
jugated anti-HER-2/neu (mouse 1gG1) MAb obtained from On-
cogene Science (Uniondale, NY). Herceptin is an I1gGlk that
contains human framework regions with the complementary-
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Fig.1 Aand B, representative H& E sections
of USPC-4 and USPC-1 that stained light
(1+) for HER-2/neu (A) and heavy (3+) for
HER-2/neu (B), respectively. C—, immuno-
histochemical staining for HER-2/neu expres-
sion on paraffin-embedded USPC specimens.
C, USPC-4 with light (1+) staining for HER-
2/neu. D—F, USPC-1, USPC-2, and USPC-3,
respectively, from which heavy (3+) staining
for HER-2/neu was detected. x400.

determining regions of a murine MAb that binds to the M,
185,000 extracellular determinant of HER-2/neu. For staining
by Herceptin, a FITC-conjugated goat antihuman F(abl), im-
munoglobulin was used as a secondary reagent (BioSource
International, Camarillo, CA). For staining by unconjugated
anti-HER-2/neu (mouse 1gG1), a goat antimurine FITC-labeled
mouse |gG1 (Beckman-Coulter, Miami, FL) was used. Analysis
was conducted with a FACScan, using cell Quest software
(Becton Dickinson).

Tests for ADCC. A standard 5-h chromium (**Cr) re-
lease assay was performed to measure the cytotoxic reactivity of
Ficoll-Hypagque-separated PBLs from severa healthy donors
and one USPC patient in combination with Herceptin against
tumor target cell lines. The release of >*Cr from the target cells
was measured as described (22) as evidence of tumor cell lysis
after exposure of tumor cells to various concentrations of Her-
ceptin (ranging from 1 to 5 pg/ml). Controls included the
incubation of target cellsalone or with PBLs or MAb separately.
The chimeric anti-CD20 MAb Rituximab (Rituxan; Genentech)
was used as control for Herceptin in all bioassays. ADCC was
calculated as the percentage of killing of target cells observed
with MAb plus effector cells as compared with >'Cr release
from target cells incubated alone.

Test for Complement-mediated Target Cell Lysis and
v-Globulin Inhibition. A standard 5-h chromium (°'Cr)
release assay identical to those used for ADCC assays, except
that human serum (as a source of complement) diluted 1:2 to

1:4 was added in place of the effector cells, was used to test
for complement-mediated target cell lysis. To test for the
possible inhibition of ADCC against USPC cell lines by
physiological human plasma concentrations of ~y-globulin,
heat-inactivated (56°C for 30 min) human serum was diluted
1:2 to 1:4 before being added in the presence or absence of
effector PBLs. In some experiments, non-heat-inactivated
human serum (diluted 1:2 or 1:4) was added in the presence
of effector PBLs. Controls included the incubation of target
cells alone or with either lymphocytes or MAb separately.
Rituxan was used as control MAb.

IL-2 Enhancement of ADCC. To investigate the effect
of IL-2 on Herceptin-mediated ADCC, effector PBLs were
incubated at 37°C at afinal concentration of IL-2 (Aldesleukin;
Chiron Therapeutics, Emeryville, CA) ranging from 50 to 100
IU/ml in 96-well microtiter plates. In some experiments, effec-
tor PBLs were incubated with IL-2 only during the standard 5-h
chromium (®*Cr) release assay, whereas in other experiments
effector PBLs were preincubated for up to 72 h with IL-2 before
ADCC assay. Target cells were primary USPC cell lines ex-
posed to Herceptin (concentrations ranging from 1 to 5 pg/ml),
whereas controls included the incubation of target cells aone or
with PBLs in the presence or absence of IL-2 or MADb, respec-
tively. Rituxan was used as a control MAb. ADCC was calcu-
lated as the percentage of killing of target cells observed with
MAD plus effector PBLS, as compared with target cells incu-
bated alone. Each experiment was performed with at least two
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Cell Proliferation Assay. Primary USPC cell lines from
patients USPC-1 and USPC-2 were plated at 2500 cells/well in
U-bottomed 96-well platesin the presence or absence of various
concentrations of Herceptin on day 0, using Rituxan as a con-
trol. On day 4, cells were pulsed with [H*]thymidine (1 n.Ci/
well) for 6 h and then placed in a —20°C freezer for 1 h. After
thawing at room temperature, cells were harvested using a
Packard Filtermate Harvester Unifilter-96, and incorporated ra-
dioactivity was measured as described (23).

RESULTS

HER-2/neu Expression by Immunohistology on USPC.
Immunohistochemically detectable HER-2/neu protein (i.e.,
score from 1+ to 3+) was noted in 100% of the USPC samples
evaluated (i.e., 10 of 10 samples), with 8 of 10 of the USPC
samples showing moderate (2+, 2 samples) to heavy (3+, 6
samples) stain for HER-2/neu (Table 1). In four cases in which
peritoneal metastases were present, HER-2/neu expression was
evaluated in both the primary tumor and one metastatic site. In
all cases, the intensity of staining was the same when the two
sites were compared (data not shown). Thisincluded one casein
which low (1+) HER-2/neu expression was seen and three cases

cancer cell lines (P < 0.001,
Student’s t test).

in which high (3+) HER-2/neu expression was seen. All three
primary USPC cell lines established during the study period
were from specimens derived from patients harboring USPCs
with a score 3+ for HER-2/neu by immunochemistry, i.e.,
USPC-1, USPC-2, and USPC-3 (Fig. 1). We were unable to
establish aprimary USPC cell line from patient USPC-4, whose
tumor scored 1+ for HER-2/neu by immunohistochemistry. The
three primary USPC cell lines were further studied by flow
cytometry as well asin biological assays evaluating the in vitro
efficacy of anti-HER-2/neu MAb therapy (see below).
HER-2/neu Expression by Flow Cytometry on USPC,
Serous Papillary Ovarian, and Breast Cancer Cell Lines.
HER-2/neu expression was evaluated by FACS analysis on the
primary USPC cell lines, two primary serous papillary ovarian
carcinoma cell lines, and two ovarian (i.e., UCI-101 and UCI-
107) and two breast cancer (i.e., BT-474 and SK-BR-3) cell
lines, the latter being reported previously to highly overexpress
HER-2/neu (21, 24). In addition, as negative controls, several
B-cell lines (EBV-transformed lymphoblastoid B-cell lines) es-
tablished from the same USPC and ovarian cancer patients from
which the tumor cell lines had been established were aso
studied. Extremely high reactivity against HER-2/neu receptor
was found on al three primary USPC cell lines (100% positive
cells for al three USPCs), with mean fluorescence intensity
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Fig.3 ADCC mediated by Herceptin (2 pg/ml) against >*Cr-labeled
USPC-1 (upper panel) and USPC-2 (lower panel) cells (10,000 cells/
sample), as measured in combination with effector PBLs from a repre-
sentative healthy, heterologous donor in a 5-h assay. The percentage of
target cell lysis is shown; bars, =SD. Effector cells plus Rituxan (2
p.g/ml) were used as controls. Similar ADCC results were obtained with
the use of Herceptin at 1 or 5 pg/ml (data not shown). No killing was
detected in the presence of Herceptin but in the absence of effector PBLs
(data not shown).

ranging from 200 to 450 (USPC-1), 150 to 250 (USPC-2), and
170 to 230 (USPC-3), respectively (Fig. 2). Similarly, al pri-
mary and established ovarian cancer and breast cancer cell lines
were also found to overexpress HER-2/neu by FACS (Fig. 2).
Primary and established ovarian and breast cancer cell lines,
however, were found to express significantly lower levels of
HER-2/neu (average mean fluorescence intensity was 10-fold
lower) than that expressed by USPC cells (P < 0.001). This
finding was particularly remarkable, because the breast cancer
cell lines have been shown previously to highly overexpress
HER-2/neu and are commonly used as positive controls in
severa assays evaluating HER-2/neu overexpression (21, 24).
All autologous B-cell lines tested were consistently negative for
HER-2/neu expression (data not shown).

USPCs Are Resistant to NK Activity but Sensitive to
Her ceptin-mediated ADCC. Primary USPC cell lines were
tested for their sensitivity to NK cytotoxicity when challenged
with PBLs collected from severa healthy donors in a standard
5-h 3'Cr release assay. As shownin Fig. 3, USPC cell lineswere
consistently found to be resistant to NK-mediated killing when
combined with PBLs at E:T ratios varying from 12.5:1 to 50:1
(range of killing from O to 3% with all E:T ratios). Similarly,
USPC cell lines incubated with Rituxan control antibody were
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Fig.4 ADCC mediated by Herceptin (2 pg/ml) against >'Cr-labeled
USPC-3 cells (10,000 cells/sample), as measured in combination with
autologous effector PBLs in a 5-h assay. The percentage of target cell
lysis is shown; bars, =SD. PBLs plus medium only or Rituxan (2
rg/ml) were used as controls. Similar ADCC results were obtained with
the use of Herceptin at 5 p.g/ml (data not shown).

not significantly killed (range of killing from 0 to 3% with all
E:T ratios; Fig. 3). In strong contrast, USPC cell lines were
found to be highly sensitive to PBLs from heterologous donors
combined with Herceptin to mediate ADCC (range of killing,
from 25 to 60%, from 12.5:1 to 50:1 E:T ratio; Fig. 3). This
experiment was repeated five times with similar results.

Her ceptin-mediated ADCC by Autologous PBLs. Be-
cause in experimental models and human beings (25, 26) ater-
ation in number and function of NK cells has been associated
with tumor progression, we investigated the ability of autolo-
gous PBLs from patients harboring USPCs to kill tumor cellsin
the presence or absence of Herceptin. The USPC-3 cell line was
challenged with PBLs collected from patients in a standard 5-h
51Cr release assay. Similarly to the results obtained using
healthy donor PBLs against USPC-1 and USPC-2 cell lines (Fig.
3), USPC-3 was found to be highly resistant to autologous
NK-mediated killing at all of the E:T ratios tested (i.e., from
25:1 to 50:1; range of killing, from O to 1% with al E:T ratios;
Fig. 4). The USPC-3 cell line incubated with Rituxan (anti-
CD20) control antibody was not significantly killed (range of
killing, from 0 to 1% with all E:T ratios; Fig. 4). In contrast,
USPC-3 was found to be highly sensitive to Herceptin when
combined with autologous PBLs to mediate ADCC (range of
killing, from 35 to 75%, from 25:1 to 50:1 E:T ratio; Fig. 4).
This experiment was repeated twice with similar results.

Effect of Complement and Physiological Concentra-
tions of 1gG on Herceptin-mediated ADCC against USPC.
To evaluate primary USPC cell lines for their sensitivity to
complement-mediated cytotoxicity and to evaluate possible in-
hibition of ADCC by physiological concentrations of 1gG,
USPC cell lines were challenged by adding human serum di-
luted 1:2 to 1:4 (with or without heat inactivation) in the
presence or absence of the effector cells and Herceptin to
standard 5-h >*Cr release assays. As shown in Fig. 5, addition of
untreated serum with or without Herceptin or Rituxan was not
able to induce significant cytotoxicity against USPC-1 (Fig. 5,
A, C, and E) and USPC-2 (Fig. 5, B, D, and F) cell lines. These
data illustrate the lack of significant cytotoxicity mediated by



1276 Overexpression of Her-2/Neu in Uterine Serous Papillary Carcinoma

USPC-1

100+
80
60

40

% cytotoxicity
MEDIUM ONLY
% cytotoxicity
MEDIUM ONLY

20+

heat- inactivated serum

untreated serum alone
PBL + untreated serum

USPC-2

Fig.5 Effect of complement
and serum immunoglobulin (di-
lution 1:2) on cytotoxicity me-
diated by Herceptin (2 ng/ml)
against >'Cr-labeled USPC-1
(A, C, and E) and USPC-2 (B,

heat- inactivated serum

untreated serum alone
PBL + untreated serum

PBL.

D, and F) cells (10,000 cells/

1004

80+

@
S
i

60+

@
=]
1

40

% cytotoxicity
E
o
1

RITUXAN 2.0 ug/ml
% cytotoxicity
RITUXAN 2.0 ug/ml

204

[N
(=]
[

heat- inactivated serum

+ Rituxan
PBL + untreated serum

:h PBL + Rituxan
untreated serum
+ Rituxan
+ Rituxan

PBL + Rituxan

sample), measured in the pres-
ence or absence of effector
PBLs from arepresentative het-
erologous healthy donor in a
5-h assay. The percentage of
target cell lysisis shown at E:T
ratios of 25:1; bars, SD. Effec-
tor PBLs with medium alone or
with Rituxan (2 pg/ml) plus
or minus serum were used as
controls. Herceptin-mediated
ADCC in the presence of heat-
inactivated human serum and

heat- inactivated serum

untreated serum
+ Rituxan

{ PBL + untreated serum
+ Rituxan

+ Rituxan

o

m
M

100+ 100+

80+ 80

60 60

PBL. + untreated serum

PBL + heat- inactivated serum
+ Herceptin

+ Herceptin

40

-| PBL + Herceptin

effector PBLs was not signif-
icantly different from the re-
sults obtained in the absence
of serum. Herceptin-mediated
ADCC in the presence of un-
treated human serum and ef-
fector PBLs were significantly
increased compared with the
results obtained in the absence
of serum (P < 0.03).

PBL + untreated serum

PBL + heat- inactivated serum
+ Herceptin

+ Herceptin

% cytotoxicity
HERCEPTIN 2.0pg/ml

{ PBL + Herceptin

% cytotoxicity
HERCEPTIN 2.0pg/ml

20+

+ Herceptin

untreated serum

untreated serum
+ Herceptin

complement proteins in the absence of effector cells. Addition
of physiological concentrations of 1gG (i.e., heat-inactivated
serum diluted 1:2 to 1:4) to PBLs in the presence of Herceptin
did not significantly alter the degree of ADCC achieved in the
presence of Herceptin (Fig. 5). In contrast, addition of untreated
serum (diluted 1:2 to 1:4) to PBLs in the presence of Herceptin
consistently increased Herceptin-mediated cytotoxicity against
USPCs (P < 0.03; Fig. 5).

IL-2 Enhancement of ADCC against USPC. To inves-
tigate the effect of low doses of IL-2 in combination with
Herceptin (2 wg/ml) on ADCC against USPC cell lines, PBLs
from healthy donors were incubated for 5-72 h in the presence
of 50—100 IU/ml of IL-2. As representatively shown in Fig. 6,
Herceptin-mediated ADCC was significantly increased in the
presence of low doses of IL-2. Administration of 100 [U/ml of
IL-2 to the effector PBLs at the start of the assay increased the
cytotoxic activity against USPC cell lines compared with the use
of Herceptin alone, whereas no significant increase in cytotox-
icity was detected after 5-h IL-2 treatment in the absence of
Herceptin or in the presence of Rituxan control MAb (Fig. 6).
Longer periods of preincubation (72 h) of effector PBLs with
IL-2 showed a similar increase in ADCC in the presence of
Herceptin. However, asmall but significant increase in cytotox-
icity was also detectable in the absence of Herceptin and in

presence of Rituxan against the USPC cell line tested, possibly
related to lymphokine-activated killer activity (P < 0.05;
Fig. 6).

Growth of HER-2/neu-positive USPC Can Be Inhibited
by Herceptin in Vitro. Experiments were performed to inves-
tigate whether the proliferation of two different HER-2/neu-
positive USPC cell lines (USPC-1 and USPC-2) can beinhibited
by Herceptin, as compared with Rituxan, which was used as a
control. Data presented in Table 2 show thisto be the case. The
proliferation of both cell lines was significantly inhibited in the
presence of Herceptin, with the percentage of inhibition varying
from 30 to 62% for USPC-1 and from 22 to 52% for USPC-2
(P > 0.05; Table 2).

DISCUSSION

In the last few years, several clinica studies have shown
that HER-2/neu gene amplification and/or protein overexpres-
sion represents the prototype of a stable molecular abnormality
endowed with well-characterized functional consequences that
are detectable in severa of the most common human solid
tumors including breast, ovarian, colon, non-small cell lung
cancer, and prostate and cervical cancer (reviewed in Refs. 8,
11, and 19). In the clinical setting, high levels of HER-2/neu in
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Fig. 6 Enhancement of ADCC mediated by Herceptin (2 pg/ml)
against >*Cr-labeled USPC-2 cells (10,000 cells/'sample) in the presence
of 100 IU/ml of IL-2 for 5 h (upper panel) or after preincubation of
effector PBLs with 100 IU/ml of IL-2 for 72 h (lower panel) as
measured in a 5-h assay. The percentage of target cell lysisis shown at
E:T ratios of 50:1; bars, SD. Effector PBLs with medium only or in the
presence of Rituxan (2 wg/ml) were used as controls. Herceptin-
mediated ADCC was significantly enhanced (P < 0.01, Student’s t
test). A small but significant increase in cytotoxic activity was seen
at 72 h of IL-2 exposure in the absence of Herceptin and in the
presence of Rituxan (P < 0.05). Similar results were obtained after
incubation of effector PBLs with 50 1U/ml of IL-2.

tumor tissue have been associated with shorter patient survival
(13-15), resistance to antiestrogens (27) and chemotherapeutic
drugs (13-15), and resistance to tumor necrosis factor-a, acti-
vated macrophages, and lymphokine-activated killer cells (28).

In this study, we report for the first time that USPC, a
histological variant of endometrial cancer characterized by an
early intraabdominal and lymphatic spread, an extreme inborn
resistance to radiotherapy, chemotherapy, and hormonal ther-
apy, and a highly aggressive biological behavior (2-7), com-
monly overexpresses HER-2/neu. Eight of 10 (80%) of the
USPCs tested in our series by immunohistology on paraffin-
embedded tissue stained moderately (score 2+) or strongly
(score 3+) positive for HER-2/neu surface expression. Patients
from whom the primary USPC cell lines described in this study
were established experienced rapid disease progression during
chemotherapy (regimen including Taxol, carboplatin, and doxo-
rubicin) and radiation treatment (data not shown). These find-
ings are therefore consistent with the published evidence regard-
ing the extremely aggressive hiological behavior of this subset
of uterine tumors (2—7) and further support the notion that

Table2 Inhibition of [*H]thymidine uptake by USPC cells grown in
the presence of Herceptin®
Experiment Herceptin dose
no. Target cells (rg/ml) % inhibition

1 USPC-1 1 58% (P < 0.01)

2 61% (P < 0.01)

5 62% (P < 0.01)

2 USPC-2 1 41% (P < 0.01)

5 52% (P < 0.01)

3 USPC-1 1 30% (P < 0.03)

5 34% (P < 0.03)

4 USPC-2 1 22% (P < 0.05)

2 26% (P < 0.05)

2 There were six to eight replicates/group. Rituxan was used as
control MAb and gave no inhibition when compared with culture
medium alone.

HER-2/neu overexpression may be a major prognostic factor in
endometrial cancer (29, 30).

All primary USPC cell lines established in our laboratory
and tested in this study were derived from specimens that
stained strongly positive for HER-2/neu by immunohistochem-
istry. In agreement with these results, flow cytometric analysis
of al USPC cell lines demonstrated a striking overexpression of
HER-2/neu receptor that was significantly higher than severa
positive control primary and well-established ovarian cancer
cell lines (P < 0.001). More surprisingly, however, two breast
cancer cell lines (BT-474 and SK-BR-3) known to highly over-
express HER-2/neu and commonly used in many laboratories as
positive controls for HER-2/neu receptor expression (21, 24)
were found to have significantly lower levels of HER-2/neu
receptor when compared with primary USPC cell lines (P <
0.001). These data further suggest a correlation between the
extremely aggressive biological behavior of USPC, their com-
mon resistance to standard cytotoxic treatments in vivo, and
their remarkable overexpression of the HER-2/neu receptor.
Nevertheless, this constitutive and striking expression of HER-
2/neu in USPC might turn out to be a useful adjunctive tool to
help to differentiate primary USPCs with spread to the ovaries
and/or abdominal cavity, which is often the case in the clinic,
with the similar but histologically indistinguishable serous pap-
illary ovarian tumors. This differential diagnosis might have
important clinical and therapeutic implications.

Primary USPCs studied were found to be highly resistant to
killing by NK cells and partially resistant to lymphokine-acti-
vated killer activity (i.e., PBLs cultured for up to 72 h in 100
IU/ml of IL-2). Therefore, to our knowledge, these data showed
for the first time that in addition to their high resistance to
chemotherapy, radiation treatment, and hormonal therapy (2—7),
USPC cellsare dso intrinsically highly resistant to NK activity.
Furthermore, complement-mediated tumor cell lysis (in the ab-
sence of effector cells) was not observed, which may be attrib-
utable to the presence of membrane-associated complement
regulatory proteins such as CD35 (complement receptor 1),
CD55 (decay accelerating factor), or CD46 (membrane cofactor
protein) on USPCs, as reported previously for other human
tumors resistant to complement-dependent cytotoxicity (31). In
strong contrast, however, al primary USPC cell lines tested
were found to be highly susceptible to ADCC when incubated
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with heterologous or autologous effector cells in the presence of
Herceptin. These data, therefore, demonstrate that athough
these tumor cells are per se extremely resistant to any standard
cytotoxic therapy in the clinic, they remain highly sensitive to
the killing activity mediated by NK cells when triggered by
HER-2/neu-specific antibody.

In vivo, ADCC applications are known to be dependent
upon the availability of the effector cells to interact with the
antibody at the target site in the presence of high concentrations
of irrelevant human IgG. In this study, we show that ADCC
against USPC was not significantly inhibited by high concen-
trations (up to 50%) of human serum. In fact, a consistent
increase in cytotoxicity was detected in the presence of effector
cells and non-heat-inactivated human serum. These data, there-
fore, suggest that in the presence of effector PBLS, human serum
may augment Herceptin-mediated cytotoxicity against USPC.
Moreover, these results indicate that the binding of Herceptin to
the Fc receptor on mononuclear effector cells is of very high
affinity and is likely to occur in the in vivo situation.

Treatment of cancer patients with combinations of MAbs
and cytokines does not amount to a mere addition to the benefit
of each treatment modality alone but has clearly been demon-
strated to have synergistic potential (32, 33). Recently, low
doses of recombinant IL-2 have been given by continuous
infusion or s.c., with remarkable immunological results coupled
with negligible toxicity (34, 35). This point is noteworthy be-
cause, both in experimental models and in human beings, mod-
ulation of both the number and function of NK cells has been
associated previously with tumor progression (25, 26), and in
addition, substantially suppressed ADCC responses have been
reported in several cancer patients (36). Importantly, however,
cytotoxicity levels in patients who demonstrate suppressed
ADCC can be increased in vitro to levels similar to those of
normal donors by prior exposure of effector cells to IL-2 (37).
Consistent with this view, a significant increase in ADCC
against USPC was detected after exposure of effector cells from
healthy donors as well as one USPC patient (data not shown) to
low doses of IL-2 in vitro for abrief time (i.e., 5 h). Longer time
periods of incubation (up to 3 days) with IL-2 under the same
conditions showed similar results. These data, therefore, suggest
that the administration of low (i.e., nontoxic) doses of IL-2 in
Vvivo, giving riseto alytic effector cell that is markedly enhanced
in its function by the addition of an antibody bridge, may
significantly increase the efficacy of Herceptin therapy in USPC
patients. Furthermore, on the basis of the high resistance of
USPC to standard cytotoxic anticancer therapy, these combined
therapies might be particularly important in the treatment of
USPC patients.

Although the majority of previous reports investigating the
antitumor effects of MAbs support the view that efficacy is
primarily dependent on immune activation through the Fc re-
ceptor (38), others have shown that Herceptin retains ~40% of
its antitumor activity in FcyRIIl —/— mice compared with wild-
type mice, indicating that some biological effects of MAbs can
be independent of Fc receptor binding (39). Consistent with
these data, in this study we were able to detect a significant
inhibition in the proliferation of USPC cell lines by anti-HER-
2/neu MADbs. These results demonstrated that USPCs behave

similarly to ovarian cancer cell lines overexpressing HER-2/neu
(16).

In conclusion, we show that HER-2/neu is highly expressed
by USPCs, and we further demonstrate that USPC cells are
exquisitely sensitive to Herceptin-mediated ADCC. On the basis
of these findings and previous evidence showing a correlation
between efficacy of Herceptin therapy in direct proportion to the
HER-2/neu overexpression on tumor cells, we postulate that
Herceptin might be anovel and attractive therapeutic strategy in
USPC patients either for the prevention of recurrence after
surgical treatment or for the treatment of metastatic disease. The
future design and implementation of clinical trialsin thisregard
will ultimately determine the validity of this approach.
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