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Abstract

Purpose—To assess the early therapeutic effects of anti-EMMPRIN antibody with/without
cisplatin or X-ray radiation in head and neck cancer mouse models using dynamic contrast
enhanced magnetic resonance imaging (DCE-MRI).

Materials and Methods—Mice bearing SCC1 (or OSC19) tumor xenografts were treated with
anti-EMMPRIN antibody, radiation, cisplatin, or anti-EMMPRIN antibody plus cisplatin (or
radiation) for a week (n=4-5 per group). DCE-MRI was carried out on a 9.4T small animal MR
scanner on days 0, 3, and 7, and Ka"S values were averaged in 0.5-mm thick peripheral tumor
region. Ki67 and CD31 staining were implemented for all tumors after imaging.

Results—The K changes of SCC1 and OSC19 tumors treated with anti-EMMPRIN antibody
for 3 days were —18+8% and 4+7%, respectively, which were significantly lower than those of
control groups (39+5% and 45+7%; p=0.0025 and 0.0220, respectively). When cisplatin was
added, those were —42+9% and -44+9%, respectively, and with radiation, —45+9% and —27+10%,
respectively, which were also significantly lower than those of control groups (p<0.0001 for all
four comparisons). In the eight groups untreated (served as control) or treated with anti-
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EMMPRIN antibody with/without cisplatin or radiation, the mean K'"as change for 3 days was
significantly correlated with the mean tumor volume change for 7 days (r=0.74, p=0.0346), Ki67
expressing cell density (r=0.96, p=0.0001) and CD31 density (r=0.84, p=0.0084).

Conclusion—DCE-MRI might be utilized to assess the early therapeutic effects of anti-

EMMPRIN antibody with/without chemotherapy or radiotherapy in head and neck cancer.

Keywords
DCE-MRI; head and neck cancer; anti-EMMPRIN antibody; cisplatin; radiotherapy

INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the most common type of head and
neck cancer, accounting for about 3% of all cancers in the United States (1). Various
chemotherapies, biological therapies, and radiotherapy (XRT) have been tested for HNSCC
treatment in both adjuvant and neoadjuvant settings (2), with limited improvement in
outcomes over the past several decades (3,4).

Molecular targeting of head and neck cancer has become a critical approach to improve
results, but predicting the potential of these therapies has been difficult. Although, in some
cases, the molecular biology of the tumor cell can predict response, this is the exception
rather than the rule (5). As a result, non-invasive imaging modalities are being evaluated to
predict patients likely to respond early in their therapy as a method of delivering
personalized therapeutic cancer therapy (6-8). Dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) has been evaluated to assess early tumor response following
chemotherapy (9-11) or XRT (12-14). DCE-MRI can retrieve pharmacokinetic parameters
of an MR contrast agent in a target tissue monitoring the dynamic change of contrast
concentration over time (15). Effective killing of cancer cells alters microvasculature in a
tumor, represented by the change of K"a"s (forward volume transfer constant: wash-in rate)
values that are quantifiable from DCE-MR images (11,14). The early assessment of tumor
response may improve clinical outcomes by discontinuing a failing treatment in a timely
manner.

Extracellular matrix metalloprotease inducer (EMMPRIN) is a glycoprotein expressed on
the plasma membrane of most cancer cells, and has been perceived as a good target for
effective treatment of HNSCC (16). EMMPRIN promotes the production of matrix
metalloproteinases (MMPSs) by stimulating surrounding stromal cells as well as through an
autocrine pathway (17-20). EMMPRIN also elevates neovascularization by stimulating
endothelial cells to upregulate VEGFR-2 and promoting the production of VEGF isoforms
(21). HNSCC expresses EMMPRIN at the highest level with dense fibrotic stroma (16,22).
So the use of an antagonist targeting EMMPRIN is a promising approach to arrest tumor
growth by suppressing both neovascularization and tissue invasion in HNSCC.

A monomeric monoclonal antibody targeting EMMPRIN, anti-EMMPRIN antibody, has
demonstrated substantial anti-tumor effects in both HNSCC and pancreatic cancer mouse
models (23-26). Anti-EMMPRIN therapy significantly decreased proliferating and
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endothelial cells in tumors (23,24), and additive therapeutic effects were observed when
additional chemotherapy or biological therapy was used in combination (25,26). The first
line treatment for advanced HNSCC is cisplatin, a platinum-based chemotherapeutic agent,
with concurrent X-radiation (27-29). We hypothesized that the combined use of anti-
EMMPRIN antibody with cisplatin (or X-radiation) would improve the overall treatment
effects in HNSCC. Anti-EMMPRIN antibody presented no adverse side effects in mice (30),
thus it might be readily combined with conventional therapies in HNSCC.

The goal of this study was to evaluate DCE-MRI as a non-invasive tool for early therapy
assessment of anti-EMMPRIN antibody when used in combination with cisplatin or X-
radiation in HNSCC mouse models.

MATERIALS AND METHODS

Reagents and Cell lines

All reagents were from Fisher (Pittsburg, PA) unless otherwise specified. provided
purified monomeric monoclonal anti-EMMPRIN antibody (mouse origin IgG1 kappa).
Cisplatin (Platinol®; Bristol-Myers Squibb, New York City, NY) and gadoteridol
(Prohance®; Bracco Diagnostics Inc., Princeton, NJ) were purchased form the .
Two human HNSCC cell lines derived from oral cavity (SCC1) and tong (OSC19) were
obtained from , and cultured in Dulbecco’s modified Eagle’s medium (DMEM;
Mediatech Inc, Herndon VA) supplemented with 10% fetal bovine serum (Hyclone, Logan,
UT). EMMPRIN expressions in both the cell lines were confirmed by immunoblot analysis
(data not shown).

Animal Preparation

Animal experiments were reviewed and approved by the Institutional Animal Care and Use
Committee. A total of 12 groups of female athymic nude mice (4-6 weeks old) bearing
subcutaneous human head and neck cancer xenografts were used. Table 1 presents the time
schedule of dosing and imaging of all animals. Groups 1-6 were bearing SCC1 tumors,
while groups 7-12 were bearing OSC19 tumors. Each animal was subcutaneously implanted
with 2 million SCC1 (or OSC19) tumor cells. A total of 8 animals per group were originally
employed, but 5 animals having similar tumor size (5-7 mm in diameter) and shape were
selected per group at four weeks after cell implantation. A vascular access port (Access
Technologies, Skokie, IL) was surgically implanted on the back of each animal to facilitate
intravenous MR contrast injection as described in our previous study (31). Imaging and
therapy were initiated at four days after port insertion. Groups 1-6 (or groups 7-12) were
untreated (served as control) or treated with anti-EMMPRIN antibody (0.1 mg, days 0 and
3), X-radiation (2Gy, days 0 and 3), cisplatin (3mg/kg, day 0), anti-EMMPRIN antibody
plus X-radiation, and anti-EMMPRIN antibody plus cisplatin, respectively. MRI was
applied on days 0, 3, and 7. Five animals from groups 1, 8, 9, 11 and 12 (one animal from
each group) were euthanized prior to completing studies due to ulceration on tumors, so
those data were excluded. All the other animals were killed on day 7 after imaging, and
tumors were collected for Ki67 and CD31 staining.
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MRI

Small animal MRI was conducted with a Bruker BioSpec 9.4T system (Bruker BioSpin
Corp., Billerica, MA). The tumor was imaged using a combination of a *H volume
resonator/transmitter and a surface coil receiver (Bruker BioSpin Corp., Billerica, MA). A
27-gauge needle connected to a sterilized polyurethane tube (Strategic Applications Inc.,
Libertyville, IL) was inserted into the lumen of each port, to deliver gadoteridol. Anatomical
MRI to measure tumor volume was performed using a relaxation enhancement (RARE) T2-
weighted turbo spin-echo sequence with the following acquisition parameters: repetition
time (TR)/echo time (TE) = 2000/34 milliseconds, 128x128 matrix, and a 30x30-mm field
of view. Continuous 1-mm thick slices were used to cover the entire tumor region. T1 map
was acquired with a gradient-echo multiflip-angle approach with the following parameters:
repetition time (TR)/echo time (TE) = 115/3 milliseconds, 128x128 matrix, a 30x30-mm
field of view, NEX=4, and seven flip angles of 10, 20, 30, 40, 50, 60, and 70°. A total of
five to seven 1-mm thick slices were acquired to cover tumor regions of interest in an
interlaced mode. DCE-MRI employed the same acquisition parameters as those above but
with the fixed flip angle of 30°. Five baseline images were acquired before gadoteridol
injection, and then 40 images were acquired after gadoteridol injection of 0.0267 mmol/ml
over a period of 15 seconds with a total injection volume of 0.15 ml. A syringe pump
(NE-1600, New Era Pump Systems, Inc., Wantagh, NY) was used to inject gadoteridol at a
constant rate (0.01 ml/sec).

Image Analysis

The reference region (RR) model was employed to calculate K@ values (32). RR model
uses the signal enhancement in a reference region to remove the need for the arterial input
function (AIF) as follows,

t,ROI

t t
C (t):<Ktmns’ROI/KtmnS’RR)CL’RH <t)+(KtranS)R01/,Ue,RR) /Ct,}m (tl)dtl—(Ktmns’ROI/Ue’ROI) /Ct,R()l (tl)di‘,
‘0 ‘0

, where C; roy (1), KiransROl ‘and VeRol are the contrast-agent concentration, volume transfer
constant, and fractional extravascular-extracellular volume respectively in the tumor, while
Cirr (1), KSR and vg g are those in the RR. 32 voxels (two 4x4 voxel windows)
located in the perivertebral muscle were selected as the RR, and the v g Was assumed to be
constant at 0.08 over the region (33). Tumor region was segmented in T2W MR images
using a global thresholding technique in ImageJ, version 1.48 (National Institutes of Health,
Bethesda, MD) (34). Then the iso-distance peripheral region with 0.5-mm thickness
beginning from the tumor surface was segmented for each slice, while the random
topological structure of the tumor was maintained as described in our previous study (31).
The KUans yalues averaged in the peripheral tumor region were reported in this manuscript
unless otherwise specified. Segmentation of the whole tumor area was performed using
ImageJ, version 1.48 (National Institutes of Health, Bethesda, MD). The Krans
quantification, peripheral tumor-region segmentation, and tumor-volume calculation were
implemented using computer software developed using Labview, version 2010 (National
Instruments Co., Austin, TX).
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Histological Analysis

Ki67 and CD31 staining were implemented for all tumor tissues with the same procedure as
reported (24). Three digital microphotographs (X200) were randomly taken for each tumor
slice using SPOT camera on an Olympus 1x70 microscope (Olympus Optical Co., Tokyo,
Japan), interfaced with personal computer and SPOT software. Ki67 expressing cells and
CD31-stained area were segmented using a color thresholding technique. Ki67 expressing
cell density (cell number/mm?2) and CD31 density (CD31-stained area/total area) were
calculated per each photograph, and then averaged. The image analysis was performed using
ImageJ, version 1.48 (National Institute of Heath, Bethesda, MD).

Statistical Analysis

One-way ANOVA was used to compare the changes of tumor volume (or Ka"S values)
among the groups that occurred during therapy (35). One-way ANOVA was also used to
compare Ki67 expressing cell densities (or CD31 densities) in tumors. The Pearson
correlation coefficient was used to look at the correlation between the mean Ka"s changes
and the mean tumor volume changes (or histological findings) (36). p values less than 0.05
were considered significant, after applying Bonferroni correction for multiple comparisons
(35); when p value became bigger than 1 after Bonferroni correction, it was truncated to 1.
95% confidence intervals (Cls) were specified when non-significant p values were less than
0.2. Data are presented as meanszstandard error. All analyses were performed with SAS,
version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Figure 1 shows MR contrast maps of a representative SCC1 (or OSC19) tumor xenograft
prior to therapy initiation at 2, 10 and 40 minutes after gadoteridol injection, together with
the contrast enhancement curves in the region indicated with white rectangles in the contrast
maps, and K"aS maps in the entire or 0.5-mm thick peripheral tumor region. The mean sizes
of SCC1 and OSC19 tumors prior to therapy initiation were 145+32 mm?3 and 150+11 mm3,
respectively, without statistical difference (p=0.8816). The baseline K"a"S yvalues of SCC1
tumors prior to therapy initiation were 0.025+0.003 min~1 in the entire tumor region, and
those in the peripheral tumor region were 0.027+0.003 min~L. In OSC19 tumors, the
baseline K'"a"S values in the entire and peripheral tumor regions were 0.035+0.002 min~1
and 0.034+0.003 min~1, respectively. The baseline K"a"S value averaged in the entire tumor
region of SCC1 model was significantly lower than that of OSC19 model (p=0.0012), but
those were not statistically different in the peripheral tumor region (p=0.0514; 95% CI:
-0.0001, 0.0147).

Figures 2a and 2b show the changes of K@ values averaged in the peripheral tumor region
for a week of treatment in SCC1 and OSC19 models, respectively. The changes of Ktrans
values in SCC1 and OSC19 tumors treated with anti-EMMPRIN antibody for 3 days were
-18+8% and 4+7%, respectively, which were significantly lower than those of control
groups (39+5% and 45+7%; p=0.0025 and 0.0220, respectively). When cisplatin was used in
combination, the K" changes for 3 days in SCC1 and OSC19 tumors were —42+9% and
—-44+9%, respectively, and those when combined with XRT were —45+9% and —27+10%,
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respectively, which were also significantly lower than those of control groups (p<0.0001 for
all four comparisons). After a week of anti-EMMPRIN monotherapy, the K3 changes in
SCC1 and OSC19 tumors were —25+10% and —6+6%, respectively, significantly lower than
those of control groups (72+12% and 48+8%; p<0.0001 and 0.0010, respectively). When
combined with cisplatin, those were —=56+9% and -64+8%, respectively, and with XRT,
-68+12% and —59+5%, respectively, significantly lower than those of control groups
(p<0.0001 for all four comparisons). Interestingly, the mean Ka"S yvalue of SCC1 tumors
treated with XRT increased 38+14% for 3 days after therapy initiation, and decreased
thereafter. In the OSC19 model, however, XRT significantly reduced tumor K"3s values in
3 days after starting therapy as compared to control group (p=0.0004).

Figures 2c and 2d show the tumor volume changes during therapy in SCC1 and OSC19
models, respectively. Control tumor volume increased 23+9% and 84+21% in SCC1 model,
and 66x7% and 171+£9% in OSC19 model for 3 and 7 days, respectively. Anti-EMMPRIN
monotherapy suppressed the tumor growth to 6+2% and 29+11% in SCC1 model, and
48+6% and 123+5% in OSC19 model, at 3 and 7 days after therapy initiation, respectively,
but statistical difference from the control group was found only in OSC19 model on day 7
(p=0.0084). Anti-EMMPRIN antibody combined with cisplatin significantly suppressed
tumor growth as compared to control group during both 3 and 7 days after therapy initiation
in either SCC1 (-9+6% and —9+9%; p=0.0372 and 0.0005, respectively) or OSC19 model
(26£4% and 76+7%; p=0.0002 and <0.0001, respectively). Similarly, combination therapy
with XRT significantly suppressed tumor growth on both days 3 and 7 in SCC1 model
(—25£6% and —34+19%; p=0.0005 and 0.0003, respectively), but only on day 7 in OSC19
model (43+5% and 91+12%; p=0.0672 (95% CI: —0.0093, 0.4691) and <0.0001,
respectively).

Figures 3a and 4a show the microphotographs of representative tumors from the six groups
in SCC1 and OSC19 models, respectively, following Ki67 and CD31 staining. Figures 3b
and 4b represent Ki67 expressing cell densities in SCC1 and OSC19 tumors, respectively,
while Figs. 3c and 4c represent CD31 densities. Mean Ki67 expressing cell densities of
tumors treated with anti-EMMPRIN antibody were 60+18% and 37+8% lower than those of
control tumors in SCC1 (p=0.1304; 95% CI: 67, 1019) and OSC19 (p=0.0214) models,
respectively. In combination therapy with cisplatin, the mean Ki67 expressing cell densities
were 83+4% and 75+3% lower than those of control tumors in SCC1 (p=0.0100) and
0OSC19 (p<0.0001) models, respectively, and with XRT, 85+1% and 68+3% lower than
those of control tumors in SCC1 (p=0.0071) and OSC19 (p<0.0001) models, respectively.
Mean CD31 densities of tumors treated with anti-EMMPRIN antibody were 71+11% and
44+3% lower than those of control tumors in SCC1 (p=0.0012) and OSC19 (p=0.0004)
models, respectively. When anti-EMMPRIN antibody was used in combination with
cisplatin, the mean CD31 densities were 77£8% and 51+8% lower than those of control
tumors in SCC1 (p=0.0005) and OSC19 (p<0.0001) models, respectively, and with XRT,
those were 77+7% and 78+6% lower than those of control tumors in SCC1 (p=0.0005) and
0OSC19 (p<0.0001) models, respectively.

Figure 5 shows the correlations between the mean tumor K2 changes for 3 days (or 7
days) and the mean tumor volume change (or histological findings) of the twelve groups
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bearing either SCC1 or OSC19 tumors. Since the mean K" value of SCC1 tumors was
erroneously increased in 3 days after X-radiation monotherapy, data of the group were
indicated with black diamonds, while the others were with gray circles. Without the data of
SCC1 tumors treated with XRT, the mean tumor K change for 3 days was significantly
correlated with the mean tumor volume change for 7 days (p=0.0365), Ki67 expressing cell
density (p=0.0003), or CD31 density (p=0.0027). When the data were included, however,
the correlations were weakened; the mean tumor Ka"s change for 3 days was not
significantly correlated with the mean tumor volume change for 7 days (p=0.0628; 95% CI:
-0.0320, 0.8550), but significantly correlated with the mean Ki67 expressing cell density
(p=0.0064) or CD31 density (p=0.0122). Mean tumor K" change for 7 days was
significantly correlated with all those above with or without XRT SCC1 tumor data. When
only eight groups untreated (control) or treated with anti-EMMPRIN therapy with/without
cisplatin or XRT were used, the mean tumor K" change for 3 days was significantly
correlated with the mean tumor volume change for 7 days (r=0.7432, p=0.0346), Ki67
expressing cell density (r=0.9620, p=0.0001) or CD31 density (r=0.8442, p=0.0084), and the
mean tumor K change for 7 days was significantly correlated with the mean Ki67
expressing cell density (r=0.8967, p=0.0025) or CD31 density (r=0.7924, p=0.0190), but not
with the mean tumor volume change for 7 days (r=0.6206, p=0.1006; 95% CI: —0.1494,
0.9221).

DISCUSSION

The early change of tumor K" values in the 0.5-mm peripheral tumor region after starting
anti-EMMPRIN therapy with/without chemo- or radiotherapy was significantly correlated
with the tumor-volume change for a week, proliferating (Ki67 expressing) cell density, or
microvascular (CD31) density in human head and neck tumor xenografts. Central necrosis
was often observed especially in SCC1 tumors, thus confining the region of interest (ROI) to
the peripheral tumor region is a reasonable way to measure the therapeutic response of
viable tumor tissues. Tumor K" changes, however, presented higher correlation with
proliferating cell density or microvascular density, than with tumor volume change. This
might be related to the presence of necrotic core in tumors. If a tumor develops necrotic
core, tumor growth will be mainly determined by the cellular proliferation in the non-
necrotic peripheral tumor tissue. Therefore, although a cancer drug induces the same
magnitude of cytotoxicity in tumors, tumor growth may be the more rapidly arrested in
tumors with the larger necrotic cores. So tumor K" change may represent the therapeutic
efficacy of anti-EMMPRIN antibody with/without conventional treatments more accurately
than tumor volume change.

Of interest, the Ka"S yvalues of SCC1 tumors treated with X-radiation monotherapy were
increased for the first 3 days, whereas those of OSC19 tumors were not. Similarly, Janssen
et al reported that the K" values in rectal tumors were significantly increased by
radiotherapy in five days after therapy initiation (37), but Jakubovic et al reported that the
Krans yalues in brain metastases of responding patients were significantly reduced by a
week of radiotherapy (38). This discrepancy might be explained by the difference in
radiation susceptibility of endothelial cells in tumors. Presumably, if intratumoral
endothelial cells susceptible to X-rays are preferentially killed by radiation, MR contrast
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may leak out through the empty space on the vessel wall, which results in the rapid increase
of wash-in rate (K'"as), Thereafter the vessels may be reassembled with X-ray resistant
endothelial cells, leading to the reduction in K" value as well as microvessel density.
When radiotherapy was combined with anti-EMMPRIN therapy, however, tumor Krans
value was significantly reduced in 3 days after therapy initiation even in SCC1 tumors; the
intratumoral matrix might be more rapidly reassembled after more rapid killing of
endothelial cells. If X-ray susceptibility of endothelial cells can be different across tumor
types, the sudden increase of tumor Ka"S values after X-radiation therapy during early
therapeutic period might also represent the effectiveness of treatment. The variation in
endothelia-cell susceptibility to X-radiation, however, may need to be further investigated.

The current study, however, has several limitations. First, tumor response was assessed for a
relatively short time interval. Overall survival benefit will need to be examined in orthotopic
and/or metastatic HNSCC tumor models in future studies, and then correlated with the early
change of DCE-MRI pharmacokinetic parameters. We used subcutaneous tumor models,
since mice bearing orthotopic oral tumor xenografts died before tumors grow to the proper
size for a DCE-MRI based therapy study due to inability to eat. However, subcutaneous
tumor model is not ideal to analyze tumor cell invasion and metastasis, which can be
effectively suppressed by anti-EMMPRIN antibody. In vivo optical imaging of fluorophore
labeled antibody targeting tumor cells will need to be employed to examine the progress of
tumor boundary during anti-EMMPRIN therapy, as demonstrated in our previous study (39).
Since cisplatin and X-radiation are often used in combination for HNSCC treatment (40), it
would be also necessary to investigate whether the therapeutic efficacy of the
chemoradiation can be improved when anti-EMMPRIN antibody is used concurrently.

In conclusion, the early change of tumor K" value in head and neck cancer mouse models
was significantly correlated with tumor volume change, proliferating cell density, or
microvessel density after anti-EMMPRIN antibody with/without chemotherapy or
radiotherapy. Therefore quantitative DCE-MRI may be utilized as a non-invasive tool to
assess the early tumor response following the novel therapies, which may lead to tailoring
the therapeutic strategy to obtain the most favorable clinical outcomes in head and neck
cancer patients. Prior to clinical translation, however, the toxicity of anti-EMMPRIN
antibody with/without chemotherapy or radiation will need to be examined with non-human
primates.
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MR contrast maps at 2, 10, and 40 minutes after gadoteridol injection, and K3 maps in
entire tumor region or 0.5-mm thick peripheral tumor region of representative (a) SCC1 and
(b) OSC19 tumors prior to therapy initiation. Contrast enhancement curves averaged in the
four pixels indicated with solid white box in each contrast map are shown.

J Magn Reson Imaging. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Kim et

al.

100%

Tumor K"#"s change (SCC1)

80%

60%

40%

20%

0%

-20%

-40%

-60%

-80%

-100%

a

—
~—

Tumor volume change (SCC

120%

100%

80%

60%

40%

20%

0%

-20%

-40%

-60%

-80%

H Control
OEMMP
Cisplatin

O X-ray

B EMMP+Cis
B EMMP+X

Day 3 Day 7
B Control
0 EMMP
S Cisplatin
B X-ray
B EMMP+Cis
B EMMP+X

(i
N

Day 3

Figure2.

Tumor K" change (OSC19)

Tumor volume

d

80%

60%

40%

20%

0%

-20%

-40%

-60%

-80%

80%

60%

40%

20%

0%

Page 13

H Control
B EMMP
N Cisplatin
B X-ray

B EMMP+Cis
O EMMP+X

NN
I

*#

Day 3

M Control
EEMMP

N Cisplatin
O X-ray
EMMP+Cis
HEMMP+X

Day 7

Krans change in 0.5-mm thick peripheral tumor region and tumor volume change in two
human head and neck cancer mouse models. (a, b) K@ change in 0.5-mm thick peripheral
region of (a) SCC1 and (b) OSC19 tumors for 3 and 7 days after therapy initiation. (c, d)
Volume change of (¢) SCC1 and (d) OSC19 tumors for 3 and 7 days after therapy initiation.
Six groups of animals (n=4-5 per group) were untreated (served as control) or treated with
anti-EMMPRIN antibody (EMMP), cisplatin, X-ray irradiation, anti-EMMPRIN antibody
plus cisplatin (EMMP+Cis), and anti-EMMPRIN antibody plus X-ray irradiation (EMMP
+X), respectively. Asterisk and hash mark represent statistical difference from control and

anti-EMMPRIN treated groups, respectively.
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Histological analyses of SCC1 tumors. (a) Representative microphotographs of Ki67 and
CD31 stained tumor slices (5 um thickness), when tumors were untreated (control) or treated
with anti-EMMPRIN antibody (EMMP), cisplatin, X-ray irradiation, anti-EMMPRIN
antibody plus cisplatin (EMMP+Cis), and anti-EMMPRIN antibody plus X-ray irradiation
(EMMP+X), respectively. Ki67 expressing (proliferating) and CD31 stained (endothelial)
cells are indicated with black arrows, and the length of each scale bar is 0.1 mm. (b) Ki67
expressing cell and (c) CD31 densities (mean+SE). Asterisk represents statistical difference
from control group.
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Histological analyses of OSC19 tumors. (a) Representative microphotographs of Ki67 and
CD31 stained tumor slices (5 um thickness), when tumors were untreated (control) or treated
with anti-EMMPRIN antibody (EMMP), cisplatin, X-ray irradiation, anti-EMMPRIN
antibody plus cisplatin (EMMP+Cis), and anti-EMMPRIN antibody plus X-ray irradiation
(EMMP+X), respectively. Ki67 expressing (proliferating) and CD31 stained (endothelial)
cells are indicated with black arrows, and the length of each scale bar is 0.1 mm. (b) Ki67
expressing cell and (c) CD31 densities (mean+SE). Asterisk and hash mark represent
statistical difference from control and anti-EMMPRIN treated groups, respectively.
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Correlation between the mean tumor K" change (either for 3 days or 7 days) and the
mean tumor volume change for 7 days (or histological findings). A total of 12 groups (6
groups per each tumor type) were untreated (served as control) or treated with anti-
EMMPRIN antibody, cisplatin, X-ray irradiation, anti-EMMPRIN antibody plus cisplatin,
and anti-EMMPRIN antibody plus X-ray irradiation. Data of SCC1 tumors treated with X-
radiation monotherapy were indicated with black diamonds, while the others were with gray
circles. Pearson correlation coefficients and p values were found when X-ray treated SCC1
data were included (listed above) or excluded (listed below).
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Table 1

Time schedule of drug (or X-radiation) dosing and imaging of animals.

Page 17

Time (days) after therapy initiation

Tumor type Groups
Day 0 Day 3 Day 7
Group 1 (n=4) DCE-MRI DCE-MRI DCE-MRI
_ Anti-EMMPRIN Ab (0.1 mg) DCE-MRI Anti-EMMPRIN Ab (0.1 mg) DCE-MRI :
Group 2 (n=5) before dosing before dosing S
Group 3 (n=5) Cisplatin (3 mg/kg) DCE-MRI before dosing Cisplatin (3 mg/kg) DCE-MRI before dosing  DCE-MRI
sccl Group 4 (n=5) X-radiation (2Gy) DCE-MRI before dosing X-radiation (2Gy) DCE-MRI before dosing DCE-MRI
_ Anti-EMMPRIN Ab (0.1 mg) cisplatin (3 Anti-EMMPRIN Ab (0.1 mg) cisplatin (3 :
Group 5 (n=5) mg/kg) DCE-MRI before dosing mg/kg) DCE-MRI before dosing DCE-MRI
_ Anti-EMMPRIN Ab (0.1 mg) X-radiation Anti-EMMPRIN Ab (0.1 mg) X-radiation ~
Group 6 (n=5) (2Gy) DCE-MRI before dosing (2Gy) DCE-MRI before dosing S
Group 7 (n=5) DCE-MRI DCE-MRI DCE-MRI
_ Anti-EMMPRIN Ab (0.1 mg) DCE-MRI Anti-EMMPRIN Ab (0.1 mg) DCE-MRI :
Group 8 (n=4) before dosing before dosing DCE-MRI
Group 9 (n=4)  Cisplatin (3 mg/kg) DCE-MRI before dosing  Cisplatin (3 mg/kg) DCE-MRI before dosing  DCE-MRI
OSC19  Group10(n=5)  X-radiation (2Gy) DCE-MRI before dosing  X-radiation (2Gy) DCE-MRI before dosing ~ DCE-MRI
- Anti-EMMPRIN Ab (0.1 mg) cisplatin (3 Anti-EMMPRIN Ab (0.1 mg) cisplatin (3 :
Group 11 (n=4) mg/kg) DCE-MRI before dosing mg/kg) DCE-MRI before dosing DCE-MRI
Group 12 (n=4) Anti-EMMPRIN Ab (0.1 mg) X-radiation Anti-EMMPRIN Ab (0.1 mg) X-radiation DCE-MRI

(2Gy) DCE-MRI before dosing

(2Gy) DCE-MRI before dosing
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