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Abstract
Objectives—We evaluated the expression of human-trophoblast-cell-surface-marker (Trop-2)
and the potential of hRS7, a humanized-monoclonal-anti-Trop-2-antibody, against treatment-
refractory cervical cancer.

Study Design—Trop-2 expression was evaluated by immunohistochemistry (IHC), real-time
polymerase-chain-reaction (RT-PCR) and flow-cytometry. Sensitivity to hRS7 antibody-
dependent-cell-mediated-cytotoxicity (ADCC) and complement-dependent-cytotoxicity was tested
in 5-hour-chromium-release-assays. The effect of interleukin-2 on hRS7 ADCC was also
investigated.

Results—Membrane Trop-2 expression was observed in 8 out of 8 (100%) of the cancer samples
tested by IHC, but not in normal cervix. High messenger RNA expression by RT-PCR and high
Trop-2 surface expression by flow-cytometry were detected in 80% of cervical cancers (4 of 5 cell
lines). Although these tumors were resistant to natural-killer-cell-dependent-cytotoxicity in vitro
(mean killing 6.0%), Trop-2-positive cell lines showed high sensitivity to hRS7 ADCC (range of
killing: 30.6–73.2%). Incubation with interleukin-2 further increased the level of cytotoxicity
against Trop-2-positive tumors.

Conclusions—hRS7 may represent a novel treatment option for patients with cervical cancer
refractory to conventional treatment modalities.
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Introduction
Cancer of the uterine cervix is a significant public health issue as it is the fourth leading
cause of cancer death in women worldwide, with about 529,800 new cases and 275,100
deaths each year.1 In the United States, 12,200 new cases of cervical cancer and 4,210
deaths were estimated for 2010.2 Cervical cancers caught in earlier stages can be treated by
radical surgery or radiotherapy with equal effectiveness.3 However, despite screening
programs, many patients still present with advanced stage disease. For patients with locally
advanced disease, pelvic radiation represents the standard of therapy. However, up to 35%
of patients will develop recurrent disease for which treatment results are poor. Thus, there is
a large need to develop targeted therapies for cervical cancer patients who have failed
chemotherapy, radiation, and/or surgery.

Trop-2 (also termed human trophoblast cell-surface marker, TACSTD2, GA733-1, M1S1,
and EGP-1) is a surface glycoprotein originally identified in human placental trophoblastic
tissue and subsequently reported to be highly expressed by various types of human
carcinomas, but rarely in normal adult tissues.4–9 The biological function of Trop-2 is
unclear, although recently it has been speculated that it exerts its action via activation of the
ERK/MAPK pathway.10 However, its overexpression has been found to correlate with
invasive behavior and poor prognosis in various human carcinomas.4, 11–15 Due to the
overexpression of Trop-2 by tumor cells and its location on the cell surface, it is an attractive
target for cancer immunotherapy, as recently demonstrated by our group against a rare but
highly aggressive variant of endometrial cancer (i.e., uterine serous carcinoma).16

hRS7 is a humanized IgG1 monoclonal antibody (MAb) developed against Trop-2 using
complementary-determining-region and transfection techniques of the murine RS7-3G11
antibody (Immunomedics, Inc., Morris Plains, NJ).17–19 RS7-3G11 was shown to be rapidly
internalized by target cells,17–19 so hRS7 was initially tested labeled with 131I-IMP-R4 to
evaluate its effectiveness in preclinical radioimmunotherapy studies on breast cancer
xenograft models.19 These results suggested that hRS7 may be promising as a carrier for
radiometabolic therapy after labeling with suitable radionuclides. Nevertheless, our group
has recently shown that hRS7 also induces antibody-dependent cellular cytotoxicity
(ADCC) against biologically aggressive (i.e., Type II) endometrial carcinoma cell lines
overexpressing Trop-2.16 To our knowledge, however the potential ability of hRS7 in
inducing ADCC against primary cervical carcinoma cell lines has not been previously
studied.

We, therefore, studied the expression of Trop-2 in multiple cervical carcinoma cell lines and
investigated the in vitro potential of hRS7 as an innovative immunotherapeutic agent against
cervical cancer cell lines overexpressing Trop-2.

Materials and Methods
Trop-2 immunostaining of Formalin-fixed Cervical cancer Tissues

Formalin-fixed, paraffin-embedded tissue blocks from 8 patients harboring stage Ib (6
patients), stage II (1 patient) and stage IIIb (1 patient) cervical carcinomas (i.e., 5 squamous
and 3 adenocarcinomas) and 5 normal cervical control tissues obtained from similar age
women were evaluated by standard immunohistochemical staining (IHC) for Trop-2 surface
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expression. Specimens were reviewed by a surgical pathologist (NB). Briefly, IHC stains
were performed on 4-µm-thick sections of formalin-fixed, paraffin-embedded tissue as
previously described (16). The purified goat polyclonal antibody against the recombinant
human Trop-2 extracellular domain (R&D Systems, Inc., Minneapolis, MN; diluted 1:100)
was applied for 1 hour. A secondary biotinylated anti-goat antibody (Vector Laboratories,
Burlingame, CA; diluted 1:250) and the streptavidin-biotin complex (StreptABComplex/
HRP, Dako, CA, USA) were applied, then 3’3-diaminobenzidine (Dako, CA, USA) was
used as chromogen and the sections were counterstained by hematoxylin (Dako). Cases with
less than 10% membranous staining in tumor cells were considered negative for Trop-2
expression. The intensity of membranous immunoreactivity for Trop-2 in tumor cells was
subjectively scored as follow: (a) 0, negative; (b) 1+, weak membrane staining; (c) 2+,
medium staining; and (d) 3+, strong membrane staining. Appropriate negative and positive
controls were performed with each case.

Establishment of Primary Cervical Cancer Cell Lines
Primary cervical tumor cell lines from five patients were established after sterile processing
of fresh tumor biopsies collected at the time of primary surgery under approval of the
Institutional Review Board. Tumors were staged according to the International Federation of
Gynecology and Obstetrics staging system. Source-patient characteristics of these five cell
lines are described in Table 1.

Quantitative Real-time Polymerase Chain Reaction (qRT-PCR) in Primary Cell Lines
RNA isolation from the five primary cervical cancer cell lines (Table 1) was performed
using TRIzol Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. Since Trop-2 is an intronless gene, all RNA samples were treated with TURBO
DNase enzyme (TURBO DNA-free kit; Ambion, Inc., Applied Biosystems, Foster City,
CA) to remove any contaminating DNA that was present. qRT-PCR was performed in
duplicate by using a primer set and probe specific for the Trop-2 (i.e., Trop2-EX56) with a
7500 Real Time PCR System using the manufacturer's recommended protocol (Applied
Biosystems). The comparative threshold cycle (CT) method (Applied Biosystems) was used
to determine gene expression in each sample relative to the value observed in the lowest
nonmalignant cervical keratinocyte cell sample, using glyceraldehyde-3-phosphate
dehydrogenase (Assay ID Hs99999905_m1) RNA as internal control.

Flow Cytometry
The humanized anti-Trop-2 monoclonal antibody (MAb) hRS7 (Immunomedics, Inc.,
Morris Plains, NJ) was used for flow cytometry studies. Briefly, five primary cervical cancer
cell lines established from the above described patients were treated with 2 µg/mL of hRS7.
The chimeric anti-CD20 MAb rituximab (Rituxan; Genentech, San Francisco, CA) at the
dose of 2.5 µg/mL was used as negative control. A goat anti-human F(ab’)2 immunoglobulin
(BioSource International, Camarillo, CA) was used as a secondary reagent. Analysis was
conducted with a FACScan, using Cell Quest software (Beckton Dickinson, Franklin Lakes,
NJ).

Tests for ADCC
A standard five-hours chromium (51Cr) release assay was performed to measure the
cytotoxic reactivity of Ficoll-Paque™ PLUS (GE Healthcare) separated peripheral blood
lymphocytes (PBL) obtained from several healthy donors against all five cervical cancer cell
lines. The release of 51Cr from the target cells was measured as evidence of tumor cell lysis
after exposure of tumor cells to 2 µg/mL of hRS7. This dose was used because previous
hRS7 dose-titration experiments demonstrated that killing of cervical cancer cells plateaued
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at a hRS7 concentration of 2µg/mL (data not shown). Controls included the incubation of
target cells alone or with PBL or MAb separately. The chimeric anti-CD20 MAb rituximab
was used as a negative control for hRS7 in all bioassays. ADCC was calculated as the
percentage of killing of target cells observed with hRS7 plus effector cells compared
with 51Cr release from target cells incubated alone.

Interleukin-2 enhancement of ADCC
To investigate the effect of interleukin-2 (IL-2) on hRS7-mediated ADCC, effector PBL
were incubated for 5 hours at 37°C at a final concentration of IL-2 (Aldesleukin; Chiron
Therapeutics, Emeryville, CA) ranging from 50–100 IU/mL in 96-well microtiter plates.
Target cells were primary cervical cancer cell lines exposed to 2 µg/mL of hRS7, whereas
controls included the incubation of target cells alone or with PBL in the presence or absence
of IL-2 or MAb, respectively. Rituximab was used as a control MAb. ADCC was calculated
as the percentage of killing of target cells observed with MAb plus effector PBL, as
compared with target cells incubated alone.

Tests for complement-mediated target cell lysis and γ-globulin inhibition
A standard 5-hours 51Cr-release assay identical to those performed for ADCC assays was
used. However, human serum was added as a source of complement to test for complement-
mediated target cell lysis. To test for the possible inhibition of ADCC against cervical
cancer cell lines by physiological human serum concentrations of γ-globulin, human serum
diluted 1:2 was added in the presence or absence of effector PBL. The effect of heat-
inactivated human serum (56°C for 60 minutes) was also tested in the presence of effector
PBL. Controls included the incubation of target cells alone or with either lymphocytes or
MAb separately. Rituximab was used as a control MAb.

Statistical analysis
qRT-PCR data were evaluated using unequal-variance t-test for cervical carcinoma-versus-
normal difference. Differences in Trop-2 expression by flow cytometry were analyzed by
the unpaired t-test, and a p-value of <0.05 among samples was considered to be significant.
Kruskal-Wallis test and chi-square analysis were used to evaluate differences in hRS7-
induced ADCC levels in primary tumor cell lines. Statistical analysis was performed using
PASW Statistics version 18 (SPSS, Chicago, IL).

Results
Trop-2 expression by IHC in Cervical Cancer samples

We performed immunohistochemical analysis of Trop-2 protein expression on formalin
fixed tumor tissue from eight [5 squamous cell carcinoma (SCC) and 3 adenocarcinoma
(AC)] paraffin-embedded cervical cancer specimens. As representatively shown in Figure 1,
with no exception, all cervical cancer sample tested showed moderate to strong membrane
immunoreactivity for Trop-2 (i.e., 8 out of 8 samples = 100%), while the non-neoplastic
cervical controls were either negative or demonstrated low to negligible Trop-2 expression.
Four of five SCC showed strong, intense immunopositivity (3+), one case showed moderate
(2+) immunostaining. All three cases of AC showed strong (3+) immunopositivity

Establishment of primary cell lines
A total of five primary cervical cancer cell lines including 1 squamous cell carcinoma, 1
recurrent squamous cell carcinoma, 1 adenocarcinoma, and 2 adenosquamous tumors were
available for this study. All primary cervical cancer cell lines were found to harbor human
papillomavirus (HPV) 16 or 18 genotypes (Table 1 and data not shown). CVX-SCC-1 cell
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line was derived from a recurrent squamous cell carcinoma from a patient in progression
after chemo-radiation therapy and multiple additional chemotherapy regimens including
topotecan and gemzar. The remaining 4 cell lines were established from biopsies collected at
the time of surgery from the primary site of disease (i.e. cervix uteri).

Trop-2 expression by qRT-PCR in primary cell lines
Of the five primary cervical cancer cell lines tested, 4 carcinomas showed a high mRNA
copy number, ranging from 117.56 to 3035.66 (Table 1). Trop-2 expression between these
tumor cells versus normal cells was significant (p=0.01). Among the cell lines tested, there
was no significant difference between expression levels of Trop-2 between squamous cell
cancers and adenocarcinomas (p=0.5).

Trop-2 surface expression by flow cytometry in cervical carcinomas
Given the qRT-PCR results, we investigated whether these results correlated with Trop-2
protein expression on the surface of tumor cells using flow cytometry. The 4 cell lines
demonstrating high Trop-2 mRNA expression also demonstrated high protein expression
(Figure 2). Mean fluorescence intensity (MFI) for Trop-2 in high-expressing cervical cell
lines ranged from 180.9 to 355.2 (mean±SD = 237.7±38.3), while the 1 low-expressing
cervical cell line had an MFI±SD of 10.9±2.5. The p-value between MFI seen in high
Trop-2 expressing cell lines versus the low expressing cell line was <0.001.

Cervical tumors overexpressing Trop-2 are resistant to natural killer (NK) cell activity but
sensitive to hRS7-mediated ADCC

All five cervical cancer cell lines were tested for their sensitivity to NK cell activity, by
exposure to peripheral blood lymphocytes (PBL) collected from several healthy donors.
Cytotoxicity was measured using a standard 5-hrs 51Cr release assay. Cervical cancer cell
lines were found to be highly resistant to NK-mediated lysis with exposure to PBL at two
effector to target ratios (E/T) (25:1 and 50:1) (mean killing 6.01% ± 1.9 SD; Table 2).
However, after incubation with hRS7, high Trop-2 expressing cell lines demonstrated
significant killing with a mean killing of 54.7% (range: 30.6–73.1%; p<0.001; Figure 3a).
ADX-2 demonstrated no significant difference in killing after incubation with PBL versus
hRS7 (p=0.5), consistent with its limited Trop-2 expression seen by qRT-PCR and flow
cytometry. All cells were resistant to ADCC mediated by rituximab antibody in the presence
of PBL (Figure 3b & Table 2).

IL-2 enhancement of ADCC against cervical carcinomas
As IL-2 has previously been shown to activate NK cell cytotoxicity and expansion of the
percentage of NK cells within a PBL population20, we investigated the effect of IL-2 in
combination with hRS7 (2µg/mL) on ADCC against cervical cancer cell lines
overexpressing Trop-2. As representatively shown in Figure 4, hRS7-mediated ADCC was
significantly increased in the presence of IL-2 in all primary cell lines tested (p=0.02).
However, the presence of IL-2 did not significantly increase cytotoxicity in the absence of
hRS7 or in the presence of rituximab (Figure 4).

Effect of serum complement and physiologic concentrations of IgG on hRS7-mediated
ADCC

To assess the feasibility of hRS7-mediated ADCC functioning in vivo, we evaluated the
effects of physiological serum IgG concentrations and serum complement on hRS7-
mediated ADCC. After addition of diluted human serum, no significant decrease in killing
was noted compared to incubation without serum, suggesting that irrelevant IgG does not
alter the ability of hRS7 to mediate ADCC in Trop-2 expressing cells. In one squamous
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cervical cancer line (CVX-SCC-1), the addition of serum lead to a significant increase in
killing (p=0.03), while the addition of heat-inactivated serum with hRS7 and PBL to the
same cell line resulted in a decrease in killing (Figure 5). These results suggest a peculiar
high sensitivity of this cell line to complement in vitro.

Comment
This study is the first of its kind to evaluate Trop-2 expression in multiple cervical
carcinoma cell lines established from patients refractory to standard treatments. In addition,
we report on the sensitivity of Trop-2 expressing cervical cancer cell lines to hRS7, a
humanized anti-Trop-2 monoclonal antibody. Finally, we have investigated Trop-2
expression and localization by immunohistochemistry in normal cervical keratinocytes and
glands, and compared such expression to cervical squamous and adenocarcinomas. Our
findings demonstrate that Trop-2 mRNA and protein are significantly upregulated in
cervical tumors and cancer cell lines with both adenocarcinoma and squamous cell
histology. In addition, we have shown that 4 out of 5 freshly established cervical tumor cell
lines express high levels of Trop-2 on their cell surfaces and are highly susceptible to ADCC
mediated by hRS7, a humanized anti-Trop-2 monoclonal antibody. Our results may
therefore have important implications for patients with cervical cancer, particularly those
who have previously failed multiple treatment modalities, including chemotherapy,
radiation, and/or surgery.

Previous studies have demonstrated that Trop-2 expression is correlated with more
aggressive tumors,4, 11–15 although its exact function is not well understood. In trophoblastic
cells, where Trop-2 was initially found to be highly expressed, it allows for penetration of
uterine stroma and the establishment of fetal-maternal vascular communications.10 This
feature may contribute to the increased aggressiveness of Trop-2 expressing cancers.

The results from our study suggest that multiple cervical tumors including chemotherapy
and radiation-resistant cervical cancers such as CVX-SCC-1, overexpress Trop-2 and
therefore, Trop-2 may be a target to potentially treat patients with cervical cancer refractory
to currently available therapies. All primary cervical cancer cell lines tested that
demonstrated high Trop-2 expression were susceptible to hRS7-mediated cytotoxicity by
NK cells. While in vivo experiments are needed to confirm our experimental results, we
have shown that hRS7-mediated cytotoxicity may be feasible in cervical cancer patients in
the in vivo setting by performing ADCC experiments in the presence of high concentrations
of human IgG that could potentially block NK cells from interacting with hRS7 at the
Trop-2 receptor. hRS7-mediated ADCC was not significantly decreased in the presence of
human serum in our experiments. In fact, in some cell lines (i.e. CVX-SCC-1), an increase
in cytotoxicity was noted in the presence of effector cells and non-heat-inactivated human
serum. These results suggest that the binding of hRS7 to the Fc receptor on NK cells would
likely succeed in the in vivo situation.

To show further relevance to clinical practice, we tested hRS7-mediated cytotoxicity in the
presence of IL-2. Previous studies have demonstrated that treatment of cancer patients with
monoclonal antibodies combined with cytokines can have a synergistic effect and can
increase the number and function of circulating NK cells.20, 21 This is an important
interaction because decreased ADCC responses have been reported in oncology patients, but
cytotoxicity can be increased in these patients by exposing effector cells to IL-2.20, 21 As our
experiments demonstrate a significant increase in ADCC after pre-treatment of PBLs with
low doses of IL-2, this combined cytokine/antibody therapy may be useful to increase the
efficacy of hRS7 cytotoxicity in treatment-refractory cervical cancer patients.
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In summary, this is the first study to report on the potential therapeutic use of hRS7, a
humanized anti-Trop-2 antibody, in cervical cancer. Our results show that Trop-2 is highly
expressed at both mRNA and protein levels in 80% of the primary cell lines established
from patients with cervical cancer resistant to currently available treatment modalities. The
cell surface localization of high levels of Trop-2 in cervical tumors combined with the low
to negligible expression of Trop-2 in normal human tissues 4–9 suggests that this protein
could be used as a therapeutic target antigen for antibody-based therapies, specifically hRS7.
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Figure 1.
Trop2 immunostaining in cervical carcinoma and normal cervical tissues. Upper left panel:
Intense positive immunoreaction in invasive squamous cell carcinoma. Upper right panel:
Intense positive immunoreaction in invasive adenocarcinoma. Lower left panel: Low level
of Trop2 expression in normal ectocervical squamous epithelium. Lower right panel:
Moderately Trop2 positive immunoreaction in invasive squamous cell carcinoma with no
expression in normal endocervical glandular epithelium. (All images at 200× original
magnification).
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Figure 2.
Flow cytometry histograms of primary cervical carcinoma cell lines showing high (CVX-
SCC-1, CVX-SCC-2, ADX-1, & ADX-3) and low (ADX-2) expression of Trop-2.
Rituximab (dashed line); hRS7 (solid black).
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Figure 3.
A. Pooled cytotoxicity data from experiments using hRS7 against high Trop-2 expressing
cervical cancer cell lines at effector cell to target cell ratios of 50:1 and 25:1.
B. Cytotoxicity data from low Trop-2 expressing cervical cancer cell line (ADX-2) at
effector cell to target cell ratios of 50:1 and 25:1. In all cell lines tested, no significant
cytotoxicity was detected in the absence of hRS7 or in the presence of rituximab control
monoclonal antibody.
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Figure 4.
Representative effect of low doses of interleukin-2 (IL-2) in combination with hRS7 on
antibody-dependent cellular cytotoxicity against cervical cancer cell lines.
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Figure 5.
Representative cytotoxicity experiments adding human serum to hRS7 against cervical
carcinoma cell lines to assess the feasibility of hRS7 ADCC in the presence of irrelevant
human immunoglobulins. No significant decrease in killing was seen in the cell lines. In
CVX-SCC-1, a significant increase in killing was seen in the presence of human serum
which declined to baseline killing in the presence of heat-inactivated serum and hRS7
suggesting that this cell line is highly sensitive to complement in vitro.
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Table 2

hRS7-dependent mean cytotoxicity results in cervical cancer cell lines

Cell Line PBLa ± SD Rituximab ± SD hRS7 ± SD

CVX-SCC-1 4.89 ± 0.29 7.27 ± 3.59 43.88 ± 12.21

CVX-SCC-2 4.46 ± 2.09 2.15 ± 1.01 71.57 ± 2.28

ADX-1 7.01 ± 1.20 7.81 ± 1.50 59.08 ± 6.84

ADX-2 8.61 ± 0.69 8.63 ± 0.87 10.19 ± 1.68

ADX-3 4.58 ± 0.70 5.40 ± 0.94 47.50 ± 0.19

Averageb 6.01 ± 1.9 6.25 ± 2.81 47.28 ± 20.86

a
Peripheral Blood Lymphocytes

b
Average of 36 cytotoxicity experiments
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