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Background: Human papilloma virus (HPV) is implicated in 499% of cervical cancers and B40% of head and neck squamous cell
carcinoma (HNSCC). We previously targeted E6 oncogene with 188Rhenium-labelled monoclonal antibody (mAb) C1P5 to HPV16
E6 in cervical cancer and HNSCC. Intranuclear E6 can be accessed by mAbs in non-viable cells with leaky membranes. As
radioimmunotherapy (RIT) efficacy depends on the availability of target protein—we hypothesised that pretreatment with cisplatin
will kill some tumour cells and increase E6 availability for RIT.

Methods: Mice with subcutaneous HPV16þ cervical (CasKi) and HNSCC (2A3) tumours were pretreated with 0–7.5mg kg� 1 per
day cisplatin for 3 days followed by 188Re-C1P5 and biodistribution was performed 24h later. For RIT, the animals were treated
with: 5mg kg� 1 per day cisplatin for 3 days; or 5mgkg� 1 per day cisplatin for 3 days followed 200 or 400mCi 188Re-C1P5 mAb; or
200 or 400mCi 188Re-C1P5 mAb; or left untreated, and observed for tumour growth for 24 days.

Results: Pretreatment with cisplatin increased the uptake of 188Re-C1P5 in the tumours 2.5 to 3.5-fold and caused significant
retardation in tumour growth for CasKi and 2A3 tumours in both RIT alone and cisplatin, and RIT groups in comparison with the
untreated control and cisplatin alone groups (Po0.05). The combined treatment was more effective than either modality alone
(Po0.05).

Conclusion: Our study demonstrates that preceding RIT targeting E6 oncogene with chemotherapy is effective in suppressing
tumour growth in mouse models of HPV16þ cancers.

The human papilloma virus (HPV) is implicated in roughly 95% of
all cervical cancers and B40% of all head and neck cancers
worldwide. This correlates with 4500 000 cases of cervical cancer
annually that kills around 200 000 women a year (WHO data).
Head and neck squamous cell carcinoma (HNSCC) is the sixth

most common cancer among men and women, with about 640 000
new cases each year worldwide (WHO data). The presence of HPV
is also a risk factor for the development of penile, vulvar and anal
cancers. The oncogenes E6 and E7 of the high-risk HPV types (16
and 18) are able to immortalise epithelial cells in tissue culture and
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can increase cellular transformation with other oncoproteins,
inhibiting the tumour suppressor genes p53 and retinoblastoma.
The E6 oncoprotein binds p53, causing its rapid degradation via
the ubiquitin-dependent pathway. Conversely, the E7 oncoprotein
binds the retinoblastoma protein diminishing cell cycle regulation
(Percoraro et al, 1989; Kaur et al, 1989a,b; Hoffman et al, 2004).
The ability of these oncoproteins to cause malignant transforma-
tion in normal cells makes them logical targets for the development
of novel therapies for HPV-related cancers.

Radioimmunotherapy (RIT) uses tumour antigen-specific
monoclonal antibodies (mAbs) for targeted delivery of cytocidal
ionising radiation to tumour cells (Sharkey and Goldenberg, 2006).
Currently, RIT is approved for the treatment of primary, recurrent
and refractory non-Hodgkin lymphoma. Several years ago we
suggested targeting viral antigens on the tumours with RIT
(Dadachova et al, 2007). This approach is fundamentally different
from traditional applications of RIT that have been focused on
‘self’ human antigens, as viral proteins bear little homology to the
human proteins, which should translate into high selectivity of
tumour targeting and as a result—into low toxicity of treatment. In
previous studies we have shown that it is feasible and effective to
target the intranuclear E6 oncoprotein in experimental cervical, as
well as HNSCC cancers by radiolabelling E6-specific mAb with the
beta-emitter 188-Rhenium (188Re) (Wang et al, 2007; Phaeton et al,
2010a,b; Harris et al, 2011). The RIT approach is made possible by
the fact that most aggressive tumours contain large numbers of
dead and dying cells with compromised cellular membranes that
permit antibody to access intracellular viral antigens. Given that
the mechanism of targeting intranuclear E6 with the antibody
involves binding to the extracellular E6 released from dying cells,
we hypothesised that the administration of a chemotherapeutic
agent followed by RIT would facilitate the delivery of cytocidal
radiation to the tumours due to the increased presence of free E6.
Here, we present the results of the investigation demonstrating that
pretreating experimental HPVþ cervical and head and neck
cancers with the conventional chemotherapy drug cisplatin before
RIT targeting E6 oncoprotein lead to more effective treatment than
either modality alone.

MATERIALS AND METHODS

Cell lines, antibodies and reagents. The HPV16þ CasKi cell line
was obtained from the American Type Culture Collection
(Manassas, VA, USA). The HPV16þ 2A3 cell line was produced
by stably transfecting the FaDu cell line from the American Type
Culture Collection with the LXSN 16E6/E7 as described in Harris
et al (2011). Murine anti-HPV16-E6 C1P5 and anti-HPV16-E7
20191 mAbs (both of IgG1 isotype) were obtained from Abcam
(Boston, MA, USA) and irrelevant isotype matching control
murine mAb MOPC21 was procured from Abnova (Taipei,
Taiwan). BD Matrigel Basement Membrane Matrix was purchased
from BD Biosciences (Rockville, MD, USA), the lactate dehydro-
genase (LDH) assay kit—from Roche Applied Science (Indiana-
polis, IN, USA). Cis-diamminedichloroplatinum (II) (cisplatin)
was procured from Sigma-Aldrich (St Louis, MO, USA). The beta-
emitter 188Re with a half-life of 16.9 h was produced from beta
decay of 188-Tungsten (188W) parent (half-life 69 days) using a
188W/188Re generator (Oak Ridge National Laboratory, Oak Ridge,
TN, USA). 188Re was eluted from the generator in the form of
sodium perrhenate, and the C1P5 mAb was labelled ‘directly’ with
188Re through binding of reduced 188Re to the generated –SH
groups on the mAb as previously described (Wang et al, 2007).

Assessment of cisplatin effect on CasKi and 2A3 cells. CasKi and
2A3 cells (5000 cells per well) were added to a 96-well plate in
complete media for 1 h at 37 1C. The cells were then washed with

PBS and various concentrations of cisplatin were added (0–40 mM)
for 12 h at 37 1C. The supernatants were then removed, transferred
to a new 96-well plate and the percentage of cells with leaky
membranes was quantified using LDH assay kit as per manufac-
turer’s instructions.

Cervical and HNSCC tumour models. All animal studies were
carried out in accordance with the guidelines of the Institute for
Animal Studies at the Albert Einstein College of Medicine. Six to
eight-weeks-old athymic Nu/Nu balb/c nude mice were purchased
from Charles River Laboratories (Wilmington, MA, USA). Ten
million Caski or 2A3 cells were mixed with 80% Matrigel and
injected subcutaneously into the right flank of each mouse. The
tumour size was measured every 3 days with electronic calipers
(Pro-max Sylvac System IP67, Fowler Tools and Instruments,
Boston, MA, USA) in three dimensions and the tumour volume
was calculated as a product of three dimensions divided by 2.

Effect of cisplatin on the uptake of 188Re-labelled C1P5 mAb in
cervical and HNSCC tumours. To investigate whether the
pretreatment of cervical and HNSCC tumours with cisplatin
results in increased tumour uptake of 188Re-labelled C1P5 mAb,
mice with either CasKi or 2A3 tumours measuring 0.5–0.7 cm in
diameter were randomized into eight groups of five mice and
injected intraperitoneally (IP) for 3 days with either 0, 2, 3,
5mg kg� 1 per day cisplatin (CasKi) or 0, 2.5, 5, 7.5mg kg� 1 per
day cisplatin (2A3). On the 4th day, all groups were injected IP
with 100 mCi 188Re-C1P5 and 24 h later the tumours were
harvested and divided into two parts. One part of each tumour
was dry weighted, counted in a gamma counter (Wallac, Turku,
Finland) and the percentage of injected dose per gram tumour
(ID g� 1, %) was calculated. The other part of each tumour was
fixed in buffered formalin and subsequently subjected to the
histological evaluation for the presence of the apoptosis by TUNEL
assay, which was performed according to the manufacturer’s
instructions (in Situ Cell Death Detection Kit, Fluorescein, Roche
Applied Science).

Therapy of cervical and HNSCC tumours in mice with
188Re-labelled C1P5 mAb with or without cisplatin pretreat-
ment. For therapeutic studies mice with cervical or HNSCC
tumours measuring 0.5–0.7 cm in diameter were randomized into
eight groups of five mice. The mice with CasKi cervical tumours
were treated IP with: 200 mCi 188Re-C1P5 mAb on day 0; or
5mg kg� 1 per day cisplatin on days 0, 1, 2 followed by 200 mCi
188Re-C1P5 mAb on day 3; or 5mg kg� 1 cisplatin alone on days 0.
1, 2; or left untreated. The mice with 2A3 HNSCC tumours were
treated IP with: 400 mCi 188Re-C1P5 mAb on day 0; or 5mg kg� 1

per day cisplatin on days 0, 1, 2 followed by 400 mCi 188Re-C1P5
mAb on day 3; or 5mg kg� 1 cisplatin alone on days 0, 1, 2; or left
untreated. They were observed for tumour growth and survival for
24 days with the tumour size measured every 3 days as described
above. The experiment was performed twice.

Micro Positron Emission Tomography/Computer Tomography
of RIT or chemotherapy treated mice with cervical and 2A3
tumours. Positron emission tomography (PET) utilises the
accumulation of 18F-labelled fluorodeoxyglucose (18F-FDG) in
the tumours to image cancer patients before and after initiation of
treatment while computer tomography (CT) component assists
with the anatomical localisation of the tumours. To compare the
effects of RIT in combination with cisplatin or cisplatin alone on
the tumours in our study the way it would be done in the clinic—
we performed micro positron emission tomography (microPET)/
CT of untreated mice, treated with cisplatin alone or with the
cisplatin and RIT on day 15 post treatment. Before administration
of 18F-FDG the mice were fasted for 3 h, and then placed in an
anaesthesia chamber with 1.5% isoflurane–oxygen mixture.
Anaesthesia was continued until the completion of the imaging
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portion of the procedure. Each mouse was placed near a heating
pad before scanning to maintain normal body temperature. Mice
were injected via tail-vein with 11.1–14.8MBq (300 to 400 mCi)
18F-FDG and 1 h later imaged in an Inveon Multimodality Scanner
(Siemens, Malvern, PA, USA) using its PET/CT module. Positron
emission tomography imaging was performed using the PET
gantry, which provides 12.7 cm and 10 cm transaxial active field of
view with a resolution of o1.5mm. After each acquisition, the
images are reconstructed using 2D-Ordered Subset Expectation
Maximisation algorithm. The data were corrected for dead time
counting losses, random coincidences and the measured non-
uniformity of detector response. Image and data analysis was
performed using ASIPRO (Siemens) dedicated software.

Effect of RIT on the levels of E6 and E7 oncogenes expression in
CasKi and 2A3 tumour cells. CasKi and 2A3 cells were grown as
described above, washed with sterile PBS, placed into Eppendorf
tubes in the amount of 105 cells per tube in 1ml PBS and incubated
for 3 h at 37 1C with 20 mCi 188Re-C1P5 mAb or left untreated.
After the incubation, the unbound mAb was removed by the
centrifugation, the cells were transferred into the 24-well plates and
grown in their respective media for 3 days. The cells were
subsequently collected, fixed and analysed for the expression of E6
and E7 using Histostain-Plus Kit (DAB, Broad Spectrum) (Life
Technologies, Grand Island, NY, USA) according to the manu-
facturer’s instructions. C1P5 and 20191 mAbs to E6 and E7,

respectively, were used as primary antibodies, and the negative
controls were incubated with control MOPC21 mAb instead of
primary antibody under the same conditions.

Statistical analysis. The differences between the tumour sizes for
differently treated groups in the biodistribution and RIT studies
were analysed by non-parametric two-tailed Mann–Whitney test
using Prism software (GraphPad, San Diego, CA, USA). The
differences were considered statistically significant when P-values
were o0.05.

RESULTS

Susceptibility of CasKi and 2A3 cells to cisplatin. We analysed
the effect of various concentrations of cisplatin on CasKi and 2A3
cells using an LDH assay. We found CasKi cells being much more
susceptible to cisplatin damage in vitro with 10–20 mM concentra-
tions of the latter resulting in B30% of CasKi cells loosing the
integrity of cellular membranes, while in the case of 2A3 cells
40 mM cisplatin caused B5% cells to become leaky (Figure 1).

Pretreatment with cisplatin increased the uptake of 188Re-C1P5
mAb in cervical and HNSCC tumours in mice. Pretreating the
mice bearing either cervical CasKi or HNSCC 2A3 tumours for 3
days with the range of cisplatin doses resulted in 2.5 to 3.5-fold
increase in the 188Re-C1P5 mAb tumour uptake in comparison
with the non-treated tumours (Figure 2A and B), which was
statistically significant for all concentrations in both CasKi and
2A3 tumours (Po0.05). The difference in the 188Re-C1P5 mAb
tumour uptake between the various concentrations of cisplatin was
not statistically significant in both CasKi and 2A3 groups.
Histological evaluation of the TUNEL stained slides of the tumours
showed that pretreatment with cisplatin resulted in the increase in
the number of apoptotic cells in the treated tumours in comparison
with untreated controls (Figure 2C and D). Based on these
observations, the regimen of 5mg kg� 1 per day cisplatin for 3 days
was selected as chemotherapy pretreatment for both CasKi and
2A3 tumour-bearing mice in RIT experiments.

Pretreatment with cisplatin followed by RIT was more effective
than either RIT or cisplatin alone in treating both cervical and
HNSCC tumours in nude mice. The therapy results expressed as
normalised tumour volumes are shown in Figure 3A and B. All
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Figure 1. Lactate dehydrogenase assay of CasKi and 2A3 cells treated
in vitro with various concentrations of cisplatin.
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Figure 2. Tumour uptake of E6-binding mAb 188Re-C1P5 in nude mice-bearing CasKi and 2A3 tumours post treatment with cisplatin. Mice were
treated with various doses of cisplatin for 3 days, 188Re-C1P5 mAb was administered 24h after the last dose of cisplatin, and the tumour uptake
was assessed 24h post 188Re-C1P5 administration: (A) CasKi; (B) 2A3; (C, D) TUNEL staining of the untreated and cisplatin-treated tumours.
Apoptotic cells stained brown. Original magnification � 400: (C) CasKi tumours—untreated (left panel) and treated with 5mgkg� 1 cisplatin (right
panel); (D) 2A3 tumours—untreated (left panel) and treated with 5mgkg� 1 cisplatin (right panel).
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mice survived for the 24 days of observation, however, both
untreated cervical CasKi and HNSCC 2A3 tumours grew
aggressively with all mice in these two groups had to be killed
on day 24 because of the large tumour volume. Cisplatin alone was
able to retard the growth of 2A3 tumours only during the 3 days of
its administration followed by the almost unaltered tumour growth
when compared with untreated control (P¼ 0.08). In mice with
CasKi tumours treated with cisplatin, the growth retardation was
observed up to day 6 followed by the significantly slowing tumour
growth in comparison with untreated controls (P¼ 0.02). When
188Re-C1P5 mAb alone was used for treatment of tumours, it
caused significant slowing down of tumour growth for both CasKi

and 2A3 tumours when compared with untreated controls
(P¼ 0.02 and 0.04, respectively) with one or two mice in each
group whose tumours shrunk post treatment and did not grow
throughout the observation period. The groups in which pretreat-
ment with cisplatin preceded RIT administration demonstrated
most impressive therapy results for both CasKi and 2A3 tumours.
In mice with CasKi tumours, the growth in combined treatment
group was significantly slower in comparison with both untreated
controls (P¼ 0.001) and cisplatin alone group (P¼ 0.02), and the
tumours in two mice in this group shrunk and did not regrow
throughout the study. Though the statistical significance between
the outcomes of RIT alone and cisplatin plus RIT for CasKi
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Figure 3. Therapy with cisplatin and RIT with E6-binding mAb 188Re-C1P5 of nude mice-bearing 2A3 (A) and CasKi (B) tumours. Tn—tumour
volume on the day of measurement; T0—tumour volume on day 0. The mice with 2A3 HNSCC tumours were treated IP with: 400mCi 188Re-C1P5
mAb on day 0; or 5mgkg�1 per day cisplatin on days 0, 1, 2 followed by 400mCi 188Re-C1P5 mAb on day 3; or 5mg kg� 1 cisplatin alone on days
0, 1, 2; or left untreated. The mice with CasKi cervical tumours were treated IP with: 200mCi 188Re-C1P5 mAb on day 0; or 5mg kg� 1 per day
cisplatin on days 0, 1, 2 followed by 200mCi 188Re-C1P5 mAb on day 3; or 5mgkg�1 cisplatin alone on days 0. 1, 2; or left untreated.
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tumours was not reached—there was a trend towards it with
P¼ 0.06. For mice with HNSCC 2A3 tumours, the combined treat-
ment group was significantly more effective in comparison with all
three other treatment groups—untreated controls (P¼ 0.002),
cisplatin alone (P¼ 0.006) and RIT alone (P¼ 0.03).

The microPET/CT imaging of the mice from different treatment
groups confirmed the observations derived from the measurements
of the tumours. Figure 4 shows the microPET/CT images of
untreated mice with HNSCC 2A3 tumours (left panel), treated
with cisplatin alone (middle panel) or with combined treatment
(right panel). While the SUV of 8 (standardized uptake value) of
18F-FDG in the untreated tumours or SUV of 5 in cisplatin alone
treated tumours seen attesting to the high metabolic activity in
these tumours; the SUV of 1.5 in the combined treatment group is
much less pronounced indicating that most of the cells in the
tumour were dead or dormant at the time of imaging.

To gain the mechanistic insights into the RIT of CasKi and 2A3
tumours cells, we performed the additional experiments by treating
the cells with RIT and then assessing the expression of E6 and E7
oncoproteins by immunohistochemistry. The experiments demon-
strated that RIT resulted in decreased expression of E6 and E7
oncogenes in the treated samples for both CasKi and 2A3 tumour
cells (Figure 5).

DISCUSSION

The poor prognosis for patients with metastatic cervical cancers, as
well as for those with locally and systemically advanced HNSCC
calls for novel approaches to treatment of these malignancies
(Trimble and Frazer, 2009). The advantages of RIT when
compared with the chemotherapeutic agents are the fact that
antibody–antigen interaction is not a subject to the multidrug
resistance mechanisms, its lack of systemic toxicity and relative
independence of the patient’s immune status. Radioimmunother-
apy targeting various human antigens have been investigated for
cervical cancer, as well as for HNSCC. More than two decades ago
Chen et al (1989) targeted intranuclear DNA with TNT (tumour
necrosis therapy) mAb radiolabelled with 131I in mice-bearing
cervical xenografts (Chen et al, 1989) Clinical experience in using
RIT for HNSCC was reported in 13 patients with advanced
HNSCC, treated with 186Re-labelled mAb U36 to the CD44v6
antigen overexpressed on the surface of cancer cells. The treatment
with 13–80mCi 186Re-U36 mAb was well tolerated and two
patients had a reduction in tumour mass, and one was stable for
6 months while the rest experienced progressive disease (Colnot
et al, 2001). This study set a precedent for using RIT in patients with
HNSCC. In recent years, the attention turned to targeting epithelial
growth factor receptor (EGFR) in experimental head and neck
cancers using 90Y-labelled mAbs developed for EGFR inhibition in

the clinic—cetuximab and panitumumab (Liu et al, 2010; Niu et al,
2010). Although significant tumour retardation was observed in
tumour-bearing mice treated with the higher doses of these
radiolabelled mAbs, the limitation of these studies is that mAbs to
human EGFR may not target murine EGFRs expressed in normal
organs of mice resulting in fast systemic clearance of these mAbs
and thus such treatment could not be a predictor of toxicity in
patients.

In this study, we targeted E6 HPV16 viral oncoprotein, which is
expressed only in the tumours in both mouse models and in
patients. A rationale for combining chemotherapy with cisplatin,
which is approved for treatment of patients with metastatic cervical
cancer and HNSCC (Kies et al, 2010; Sehouli et al, 2012) and RIT
was the premise that cisplatin would kill some tumour cells and
liberate intranuclear E6 to provide more target for RIT. Cisplatin has
been used previously in mouse models of cervical and head and neck
cancers, and treatments with the clinically relevant 20 and
37.5mgkg� 1, respectively (Banuelos et al, 2009; Duarte et al,
2010), were effective in slowing tumour growth with relatively little
toxicity. In this study, we utilised much lower doses of cisplatin to
avoid possible masking of RIT effects and the toxicity of the
combination treatment. Histological analysis of CasKi and 2A3
tumours taken from mice pretreated with cisplatin demonstrated an
increased amount of apoptotic cells by TUNEL assay. This is
consistent with cisplatin’s mechanism of action, which causes the
formation of irreversible intra- and interstrand crosslinks with bases
in DNA, ultimately triggering apoptosis (Rosenberg, 1985). The
biodistribution of 188Re-C1P5 mAb to E6 in cisplatin pretreated
mice showed the statistically significant increased uptake in the
tumours in comparison with untreated controls confirming the
notion that cell death liberated some intranuclear E6. The increase in
uptake of the 188Re-C1P5 was not statistically different for increasing
doses of cisplatin pretreatment, which can be explained by the fact
that the uptake of the radiolabelled mAbs into the tumours is limited
by the tumour vascularisation and once the tumour cells in the
vicinity of the existing blood vessel are killed—the mAb uptake
cannot increase any more in response to chemotherapy.

The most obvious result of the therapy study was clear
superiority of RIT over chemotherapy in the ability to control
the tumour growth after day 15, as well as the superiority of
combination therapy relative to monotherapy. In RIT-treated
samples very few cells expressing E6 or E7 oncogenes were left
behind, attesting to the specificity of treatment. In patients with
many different cancers including cervical cancer and HNSCC the
early response to therapy correlates with the significant decrease in
18F-FDG tumour uptake during PET due to an inability of dying or
dead cells to actively take-up glucose and predicts the overall
response to therapy (Huang and Ravi Kumar, 2012; Schwartz et al,
2012). Likewise, in tumour-bearing mice treated with chemother-
apy, the decrease in 18F-FDG tumour uptake in comparison with
the baseline value was much less pronounced than in mice treated

Figure 4. 18F-FDG microPET/CT images of 2A3 tumour-bearing on day 15 post treatment: left panel—untreated mouse, middle panel—the
mouse treated with cisplatin alone, right panel—the mouse treated with cisplatin and RIT. Green arrows are pointing to the tumours.
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with combination therapy. Importantly, the combination therapy
was significantly more effective than either RIT or chemotherapy
alone in mice with 2A3 HNSCC tumours and there was a trend for
the combination therapy being more effective than RIT alone in
mice with CasKi cervical tumours. In this regard, our group has
observed the same synergistic effect between chemotherapy
(dacarbazine) and RIT with melanin-binding antibody in experi-
mental mouse melanoma (Revskaya et al, 2009). There was no
weight loss or change in eating/behaviour of the RIT-treated mice
attesting to the very-low toxicity of RIT. In this regard, the
maximum tolerated dose for IgGs labelled with 188Re in mice is

around 800 mCi (Sharkey et al, 1997) and the doses administered in
our study were several times lower.

In conclusion, we have demonstrated that combination of
cisplatin and RIT targeting E6 viral oncoprotein on HPV16þ
experimental cervical and head and neck cancers is more effective
than either modality alone. These results are important for the
development of novel RIT-based treatments for patients with
advanced cervical cancer as the majority of such patients are
treated with chemotherapy during the course of the disease and
thus would benefit from the addition of RIT to their therapeutic
regimens. In regard to the metastatic head and neck cancers it

Figure 5. Immunohistochemical evaluation of E6 and E7 oncogenes expression in RIT-treated CasKi and 2A3 cells. (A) E6 in CasKi cells, (B) E7 in
CasKi cells; (C) E6 in 2A3 cells; (D) E7 in 2A3 cells. Left panels show untreated cells and right panels RIT-treated cells. Cells positive for E6 and E7
oncogenes stained brown. Original magnification � 400.
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should be noted that metastatic HPV16þ head and neck cancers
are relatively rare. The clinical outcomes for patients with
HPV16þ HNSCC are different from those with HPV16-negative
tumours (Ang et al, 2010) due to the low-malignant character of a
HPV-positive HNSCC, which will probably limit the potential
applications of systemic chemo and RIT combination to only some
patients with metastatic HPV16þ . However, it remains to be
investigated if intratumoural RIT could replace external beam
radiation therapy (EBRT) for locally advanced HPV16þ HNSCC
as low-dose and self fractionating nature of radiation delivered by
the mAbs could help to avoid severe side effects of EBRT such as
radiation mucositis.
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