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ABSTRACT

Mullerian Inhibiting Substance (MIS) is a member of the TGFB family, a class of molecules that govern a myriad of
cellular processes including growth, differentiation, and apoptosis. In male embryos, MIS causes regression of the
Mullerian duct. We have recently demonstrated the presence of MIS receptors in mammary tissue and in breast cancer
cell lines suggesting that the mammary gland is a likely target for MIS. MIS inhibited the growth of both ER positive
and negative breast cancer cells by inducing cell cycle arrest and apoptosis. We have demonstrated that MIS promotes
IFN-y-induced apoptosis demonstrating a functional interaction between these two classes of signaling molecules in
regulation of breast cancer breast cancer cell growth. To evaluate whether MIS and IFN-y may be useful in breast
cancer therapy, we determined whether the growth inhibitory effect of MIS and IFN-y observed in vitro would be
recapitulated in vivo.

The C3(1)Tag transgenic mouse model carries the SV40 large T antigen targeted to the epithelium of the mammary
and prostate glands and progress1on of disease in these animals correlates well with progressive stages of human breast
cancer. Mammary tumors arising in the C3(1) T antigen mouse model expressed the MIS type Il receptor, and MIS in
vitro inhibited the growth of cells derived from tumors. Administration of MIS to mice was associated with a lower
number of palpable mammary tumors compared with vehicle-treated mice (p=0.048), and the mean mammary tumor
weight in the MIS-treated group was significantly lower compared with the control group (p=0.029). Analysis of
PCNA expression and caspase-3 cleavage in tumors revealed that exposure to MIS was associated with decreased
proliferation and increased apoptosis, respectively, and not due to decline in T-antigen expression. The effect of MIS
on tumor growth was also evaluated on xenografted human breast cancer cell line MDA-MB-468, which is estrogen
receptor (ER) and Rb-negative and expresses mutant p53, and thus complements the C3(1)Tag mouse mammary
tumors which do not express ER and have functional inactivation of Rb and p53. In agreement with results observed in
the transgenic mice, MIS decreased the rate of MDA-MB-468 tumor growth and the gain in mean tumor volume in
SCID mice compared to vehicle treated controls (p=0. 004) These results suggest that MIS can suppress the growth of
mammary tumors in vivo.

We have observed that MIS improves the growth inhibitory effects of Interferon-gamma on breast cancer cell lines in
vitro by augmenting IFN-gamma induced gene expression and apoptosis. We will now test the effect of IFNg on the
growth of mammary tumors in xenograft and C3SV40Tantigen mouse model. Next, we will test whether MIS can
improve the growth inhibitory effects of IFN-gamma in these mouse models. Thus, this study indicates the possibility
of usmg MIS 1ndependent1y or in combmatlon w1th IFN -gamma as an alternative therapy for the breast cancer cure.
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Introduction:

Mullerian Inhibiting Substance (MIS) is a member of the TGFB family, a class of
molecules that govern a myriad of cellular processes including growth, differentiation, and
apoptosis. However, a postnatal role for MIS in males and females has yet to be defined. MIS
inhibits breast cancer cell growth by interfering with cell cycle progression and inducing
apoptosis. We recently demonstrated the presence of MIS receptors in mammary tissue and
in breast cancer cell lines suggesting that the mammary gland is a likely target for MIS (1). In
the rat mammary gland, expression of the MIS type II receptor is suppressed during puberty
when the ductal system branches and invades the adipose stroma and during massive
expansion at pregnancy and lactation, but is upregulated during involution, a time of tissue
regression (2,3). The decline in MIS type II receptor expression during various stages of
postnatal mammary growth suggested a growth suppressive role for MIS in the mammary
gland. : ‘

Interferon regulatory factor-1 (IRF-1), a gene known for its growth inhibitory
functions in breast cancer cells is induced by MIS and IFN-y through a NFkB and STAT
pathway respectively. Treatment of breast cancer cells with MIS and interferon-y (IFN-y) co-
stimulated the expression of IRF-1 and CEACAMI, a target gene of IRF1. A combination of
IFN-y and MIS inhibited the growth of breast cancer cells to a greater extent than either one
alone as assessed by MTT assay. Both reagents significantly decreased the fraction of cells in
the S-phase of the cell cycle, an effect not enhanced when they were used in combination.
Thus the enhanced inhibition of breast cancer cell growth by MIS and IFN-y could not be
explained by combined changes in cell cycle progression compared to treatment with either
agent alone (4). :
In the present report we demonstrate that MIS promotes IFN-y-induced apoptosis
demonstrating a functional interaction between these two classes of signaling molecules in
regulation of breast cancer cell growth. To evaluate whether MIS and IFN-y may be useful in
breast cancer therapy, we determined whether the growth inhibitory effect of MIS and IFN-y
observed in vitro would be recapitulated in vivo. Assaying the effect of MIS on mammary
tumor models in vivo is critical to determine whether MIS could act as an anti-tumor agent.
We have developed human breast cancer xenografts in SCID mice using MDA-MB-468 cells
and demonstrated that MIS when injected intraperitoneally can inhibit the growth of these
breast cancer xenografts in mice. Using a C3(1)Tag mouse model, which carries the SV40
large T antigen targeted to the epithelium of the mammary and prostate glands and develops
spontaneous mammary tumors, we have observed that mean mammary tumor weight and
growth of tumors in MIS treated animals to be significantly lower than the vehicle treated
controls. Analysis of PCNA expression and caspase-3 cleavage in tumors revealed that
exposure to MIS was associated with decreased proliferation and increased apoptosis,
respectively, and not due to decline in T-antigen expression.

In the future we will be testing the effect of various doses of IFN-y on the progression
of breast cancer in these mouse models. Once optimal doses are determined, we will test if
MIS can improve the anti tumor effects of IFN-y in vivo. '




BODY (Results and Significance) _

Specific Aim I: Characterization of the molecular mechanism that mtegrates IFN-y and MIS
mediated signaling (12 months)

Task 1: To identify the molecular mechanism by which MIS and IFN-y induce IRF-1
expression in breast cancer cells (Completed)

Task 2: To determine if MIS mediated activation of IRF-1 occurs via the Smad pathway
(Completed)

Task 3: To test the effect of MIS and IFN-y on the gene expression of growth regulatory
genes (In Progress)

MIS and IFN-y induce the expression of p21, Lysyl Oxidae and MHC classII

Lysyl Oxidase a target of IRF1 with an IRF1response element in its promoter (5).
IFN-y (1ng/ml) induced the expression of lysyl oxidae in T47D cells treated for 2 and 3 hours
(Fig.1a). Treatment of T47D cells with MIS upregulated mRNA expression of Lysyl oxidase

with maximum induction at 24hrs (Fig.1b). We will analyse if treatment of cells with both
MIS and IFN-y will further affect the expression of lysyl oxidase.

Fig. 1 IFN-y and MIS stimulate the expression of Lysyl oxdase, p21 and MHC classII in
T47D cells

Fig. 1a - Fig. 1b
IFN-ghr)0 1 2 3 6 MIShr)0 1 2 3 6 24
B * Lysyl oxidase - Lysyl oxidase
b 185 18S
Iiglngm) for 0.6 Tol KA was e SIS TR el wers ttedwith MIS(gm for 024
for the expression of Lysyl oxidase. dase.

IRF1 can inhibit tumor growth through the induction of p21, a growth inhibitory gene
(6 ). We observed that both MIS and IFN-y induce p21 expression in T47D cells as observed
by Western blot analysis but the expression was not further affected when cells were treated
with a combination of MIS and IFN-y for 4hrs (Fig. 1c¢).

MHC classll, another gene downstream of IRF1 was upregulated by IFN-y (7). T47D
cells when treated for 48hrs with MIS and IFN-y demonstrated a synergistic induction of
MHCII mRNA (Fig. 1d).

Thus, we have observed that MIS and IFN-y costimulate the expression of IRF1 with

a synergistic induction of the downstream genes CEACAM1 and MHCII in breast cancer
cells.




Fig. 1c Fig. 1d

MIS IFNg MIS+ IFNg
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MHCII
Fig.1c. Expression of p21 in T47D cells treated with TFN- Fig.1d. Expression of MHCII in T47D cells
g( 5ng/ml) and MIS (5ug/ml) for 2 and 4 hrs as assessed by treated with IFN-g( Sng/ml) and MIS (Sug/ml)
Western blot analysis for 48 hrs as assessed by Northern blot analysis

Specific Aim II: Test the effect of MIS, IFN-y, or both on breast cancer cell growth using in
vitro and in vivo model systems (24 months) »
Task 4: To characterize the mechanism by which MIS and IFN-y inhibit breast cancer cell
growth (completed)
Effect of MIS and IFN-y on activated caspase-3
Both MIS and IFN-y increased the cleaved caspase3, an apoptosis marker in MDA-MB-468
cells with an increase in the activated/ cleaved caspase3 when cells were treated in
combination with MIS and IFN-y for 3 days as demonstrated by Western blot analysis in fig
2a. :
Effect of MIS and IFN-y on breast cancer cell growth

Translocation of annexinV from the inner surface of the plasma membrane to the
outside occurs after initiation of apoptosis and thus serves as a marker of apoptosis. MDA-
MB-468 cells were treated with MIS, IFN-y or MIS+IFN-y for 96 hours and cell surface
expression of annexinV was analyzed by staining cells with a FITC-annexinV antibody.
Quantification of annexinV positive cells demonstrated that IFN-y is a strong inducer of
apoptosis in breast cancer cells (figure 2b). MIS consistently increased apoptosis in several
experiments but its effect was much less potent than that of IFN-y at the concentration tested.
However, treatment of cells with a combination of MIS+IFN-y together resulted in a
synergistic increase in the fraction of cells in early and late stages of apoptosis. Thus growth
inhibition of MDA-MB-468 cells following co-treatment with MIS and IFN-y results from
enhanced apoptosis.

Fig. 2a Fig. 2b
Untreated IFNg MIS MIS+IFNg

) 60 1 P=0.0017 %
casapse3 :

Fig. 2a MDAMBA468 cells were treated with
MIS(5ug/ml) and IFN-y(Sng/ml) for 3 days. Acti-
vated caspase3 was assessed using Western blot
analysis.

Fig. 2b MDA-MB-468 cells were treated with
Sng/ml IFNg or Sug/ml MIS or both for 96 hrs. Cells
were stained with annexinV-FITC and DAPI and
analysed by FACS. Percentage of cells undergoing
apoptosis is shown. Statistical analysis was done
using ANOVA.

Percentage of cells undergolng
apoptosis

Early+ Late Stage apoptosis (Zones B+ C)




Thus, we have observed that a combination of MIS and IFN-y led to a greater degree of

growth inhibition compared with either agent alone due to enhanced apoptosis rather than a
combinatorial effect on cell cycle progression.

Task 5: To test the growth inhibitory effect of MIS and IFN-y in vivo, breast cancer cells
will be injected under the mammary fat pad of SCID, RAG-2 knock out and irradiated nude
mice. The mouse model in which tumor growth is most robust will be selected for further
studies (completed).

Establish xenografts in nude mice

In order to consider the use of rhMIS for the treatment of human breast cancer, it will
be necessary to assess the responsiveness of tumor growth in vivo to IFN-y and MIS.
OVCAR-8 human ovarian cancer cell line grows best in both nude mice and in RAG-2
knockout mice, while IGROV-1 cells grew well only in SCID mice (Drs. Patricia Donahoe
and David McLaughlin; personal communication). V

We used ER negative breast cancer cell line MDA-MB-468 cells to establish human
xenografts in the irradiated nude mice. The MDA-MB-468 cells are ER negative, Rb
negative, harbor a mutant p53 and are highly responsive to MIS and rhulFN-y treatment in
vitro. For this, MDA-MB-468 (4 million cells/ site) were injected subcutaneously in the
mammary fat pad of nude mice. Palpable tumors appeared but had severe necrosis and thus
were not suitable for further treatment. Next, the xenografts established in these animals were
divided into smaller fragments and tumor fragments of equal sizes were placed in the 4 week

old SCID mice. But the xenografts established had extensive necrosis and thus this animal
model was not used further.

~ Establish xenografts in SCID mice

Next, MDA-MB-468 xenografts were establlshed by bilaterally injecting 4x10°
cells/site in 50pl of DMEM subcutaneously into the dorsal flanks of ten, 6-week old female
SCID mice. Tumors appeared within one week of injections and did not demonstrate central
necrosis. Palpable tumors were observed in 8 of 10 animals. Mice were ear-tagged to monitor
the kinetics of tumor growth at each site. Four weeks after the injection of cells, animals with
tumors > 250mm’ were randomly divided into treatment groups. Thus, the SCID animals
with MDA-MB-468 xenografts established on the dorsal flanks were used for further studies.

Spontaneously arising mammary tumors in mice

In addition to the human breast cancer xenograft model described above, we have .
also obtained a novel transgenic mouse model for spontaneous mammary carcinoma from
Dr. Jeffrey Green at NIH, in which targeted expression of the early region of the SV40 large
tumor Ag was achieved using the promoter of the rat prostatic steroid binding protein.
Mammary tumors in this model occur in 100% of mice with very early onset. Atypia of the
mammary gland develops at ~8 weeks progressing to intraepithelial neoplasia resembling
human DCIS at ~12 weeks with development of invasive carcinomas at about ~16-24 weeks.
It has also been utilized in several studies to test novel therapeutic strategies on various




stages of tumor progression (9). These tumors are ER negative and have functionally inactive
p53 and Rb and thus complement MDA-MB-468 xenografts in SCID mice (10).

Task 6: Determining the dose of MIS and IFN-y required for tumor regression studies
(completed).

In order to investigate the pharmacokinetics of rhulFN-y, two female SCID mice were
injected intraperitoneally with a single dose of 1pg rhulFN-y and blood samples were drawn
from the orbital plexus under anesthesia at 30 min, 1h, 3h, 6 h and 24 hours. Each animal was
sampled three times (one animal at 0, 3h and 24h and the other at 1h, 6h and 24 h). Serum
was prepared and analyzed by ELISA. Another 2 SCID mice were simultaneously injected
once with 10pg of rhulFN-y and blood was drawn at the times indicated above. Serum
rhulFN-y concentrations, estimated based on a standard concentration curve, increased in
proportion to the dose, peaked at ~1-3 hours and was undetectable at 24 hours (Table 1).
Serum of animals injected with 10 and 100 ng rhulFN-y once intraperitoneally had
undetectable levels of rhulFN-y 6-24 hrs after injection. Although, rhulFN-y as high as 10pg
injected once intraperitoneally did not cause any harmful effects to the animals but because
of the known toxic effects of IFN-y, 10-100ng rhulFN-y will be injected intraperitoneally to
these animals 5 days a week for 4 weeks.

Table 1
Inteferon-gamma 1 ug 10 ug
time (h) Conc in serum (ng/ml)
0 0 0
0.5 8.68 59 ' (
1 16.38 51.75 ’ (
3 0.28 137.7
6 0.34 51.24
24  undetectable undetectable

Human and mouse interferon-y proteins share 41% sequence homology and are species
specific (13, 14). Thus mouse IFN-y (mIFN-y; R & D systems) will be used to inject C3SV40
Tantigen mouse.

Previously, we have observed that 10pg rhMIS/ animal inhibits the growth of human
ovarian cancer cell xenografts grown in nude mice (Drs. Patricia Donahoe and David
McLaughlin; personal communication). Since, this dose had no harmful effects on animals
and in order to further improve its anti-tumor effects we have injected 20 ug rhMIS/ animal
intraperitoneally for 5 days a week with two treatment free days/ for 4 weeks.

Task 7: Once optimal dosages are estimated, animals with established tumors will be divided
into four groups to administer (1) vehicle, (2) MIS, (3) IFN-y and (4) MIS + IFN-y. Serum
MIS and IFN-y concentration will be measured by ELISA. The tumor size will be measured
by using calipers (In progress).




A) Effect of MIS on MDA-MD-468 tumor growth in SCID mice

MBA-MD-468 xenografts were grown subcutaneously and bilaterally in the dorsal
flanks of 6-week old female SCID mice. After ~4 weeks, the 8 animals with palpable tumors
were randomized into two groups with 4 animals in the PBS control group and 4 mice in the
MIS-treatment group. Both groups were treated at the same time with either PBS or 20 ug
MIS/animal for 5 days a week with a treatment free interval of two days for 4 weeks. Volume
was calculated as LxW? [length=L and width=W] at regular intervals. The rate of mean
volume gain of tumors belonging to the PBS- and MIS-treated groups was calculated to be
455 mm®/day and 269 mm’/day respectively. The gain in tumor volume over the course of
treatment calculated as volume at the end of treatment-volume at the beginning of
treatment/volume at the beginning of treatment, was higher in the PBS group than in the MIS

group (figure 3; p=0.004 by two-tailed student’s t-test.
Fig.3 Effect of MIS on MDA-MB-468 tumor growth in
SCID mice

Gain in mean tumor
volume

PBS MIS

Fig. 3. MDA-MB-468 tumor xenografts were estab-
lished in SCID mice and animals with palpable
tumors were treated with PBS or MIS and tumor volk
umes were measured using calipers

B) MIS inhibits the growth of spontaneously arising mammary tumors in C3(1) Tag
mice in vivo

Two groups of 10-week old mice were injected with either PBS or 20ug of MIS daily
for 5 days with 2 days of treatment free interval for 6 cycles. The PBS and the MIS injected
group consisted of 13 and 12 mice respectively. Externally palpable tumors were not
observed in any of the animals at the commencement of treatment.

During the course of treatment, 10 animals in the PBS treated group and 6 animals in
the MIS injected group developed externally palpable tumors. Of the 10 animals that
developed palpable tumors in the PBS injected group, 7 presented with tumors on day 28,
one on day 32, one on day 37 and another on day 42 of treatment. Upon sacrifice, an
additional two animals in this group were found to have measurable tumors in their
mammary gland. In the MIS treated group, 2 animals presented with externally palpable
tumors on day 28 of treatment, 1 on day 32 and an additional 3 animals presented with
tumors on day 42. Interestingly the animals in this group, which did not present with




externally palpable tumors, did not have any large tumor masses upon sacrifice. These results
indicate that by 42 days of treatment, MIS exposure is associated with animals having fewer
palpable tumors (figure 4a; p<0.048 by one sided Fisher’s Exact test).

At the end of the experiment, animals were sacrificed and tumors were excised and
weighed. The tumor weights in the PBS-treated control animals ranged from 0.08-4.63 mg
with a mean tumor weight of 0.71 mg and a median of 0.38 mg. The tumor weights in the
MIS treated animals ranged from 0.07-0.64 mg with a mean weight of 0.16 mg and a median
of 0.10 mg. The lowest tumor (0.07 mg) in this group represents the total weight of
micronodules of tumor that could not be excised free of normal tissue. The mean tumor
weight in animals was significantly lower in the MIS-treated group compared to controls
(figure 4b; p=0.029 by Kruskal-Wallis test). To ensure that the decrease in tumor growth in
the MIS-treated animals was not due to suppression of SV40 T antigen in tumors, tumor
samples from PBS and MIS treated mice were analyzed by western blot. As demonstrated in
figure 4c, MIS treatment did not alter the expression of SV40 T antigen in tumors.

Fig. 4 Effect of MIS on the growth of spontaneously arising mammary tumors in C3(1)
Tag mice in vivo

. : Days after treatment
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Fig. 4a. Ten week old C3(1)Tag mice were injected with either PBS or MIS and animals were monitored for pal-
pable tumor. The graph shows the percentage of animals with measurable tumors in each group vs the days of
treatment.

Fig. 4b. At the end of experiment, animals were sacrificed, tumors excised and weighed. The graph graph gives
mean tumor weight per animal.

Fig. 4c PBS-treated MIS-treated
. Tumors __

T antigen

Fig. 4c Proteins extracted from tumors in PBS and MIS

treated animals were immunoblotted with an anti
SV40Tag antibody

C) Effect of IFN-y on the growth of mammary tumors in C3SV40Tantigen animals and
xenografts established in SCID animals (In progress).

D) To test if MIS and IFN-y can inhibit the breast tumor growth better than MIS or
IFN-y alone irn vivo (In progress)




Task 8: The tumors will be tested histopathologically to evaluate the histology of grafts (In
progress).

Both PBS and MIS-treated animals with grossly palpable tumors had well developed
invasive adenocarcinomas (Fig. SA). Histological evaluation of tissues demonstrated that the
mammary glands of MIS-treated animals that did not have externally palpable tumors had
nodular atypical hyperplasia and mammary intraepithelial neoplasia, in which neoplastic"

cells filled the lumens of the duct, but did not present with invasive carcinomas (Fig. 5b).
Fig. 5. MIS decreases proliferation and increases apoptosis in mammary tumors

Fig. 5a Fig.5b
PBS . PBS

e

Fig. 5a Histological analysis of the mammary tumors excised from the MIS and PBS treated animals

Fig. 5b Histological analysis of the mammary gland of MIS treated mice, which did not present with palpable
tumors

MIS suppresses proliferation in mammary tumors in vivo

In order to determine whether suppression/delay in mammary tumors observed in
MIS-treated mice was due to decreased proliferation and/or increased apoptosis compared
with that observed in PBS-treated controls, tumors were stained with antibodies against
PCNA, a marker of proliferation, and cleaved caspase-3, a marker of early stage apoptosis.
The extent of PCNA staining in the mammary adenocarcinomas resected from PBS-treated
animals was uniform through out the tumors while the MIS-treated adenocarcinomas
demonstrated PCNA positive regions interspersed with PCNA negative patches (figure 5c¢).
The nodular atypical hyperplasia and mammary intraepithelial neoplasia in the mammary
glands of MIS-treated mice also demonstrated patchy PCNA staining. These results indicate
that mammary tumors exposed to MIS undergo less proliferation compared to those in PBS-
treated controls.

MIS induces apoptosis in mammary tumors in vivo

Staining the tumors for activated caspase-3, revealed a marked increase in the number
of apoptotic cells in the MIS treated tumors compared to PBS injected controls (figure 5d)
suggesting that exposure to MIS induces apoptosis in the mammary tumors in vivo. The
growth inhibitory effects of MIS could be beneficial in the treatment/prevention of these
hormone refractory mammary tumors, especially since high levels of MIS have not shown
any harmful effects in humans (11), and the serum levels used here are well below those
sustained in normal healthy postnatal to prepubertal boys (12).




pBS MIs ’ PBS mIsS

Fig. Sc.Immunohistochemical expression of PCNA (anti PCNA antibody from Zymed lab.) in tumors resected from
PBS and MIS treated mice. A representative tumor from each group is shown

Fig. 5d. Caspase3 cleavage in PBS and MIS treated tumors as assessed immunohistochemically in tamors from PBS
and MIS treated mice using anti caspase3 antibody from Cell Signalling. A representative tumor from each group is
shown

We have already established that MIS can inhibit the growth inhibitory effects of
IFN-y in vitro. To recapitulate the in vitro findings to in vivo conditions, we have already
demonstrated that MIS can suppress the growth of spontaneously arising mouse mammary
tumors and established human breast cancer xenografts in immune competent and immune
compromised mice, respectively. I am now working on the effect of IFN-y on breast cancer
growth in these mouse models, for which I am using different doses of IFN-y and testing the
mammary tumors growth. The experiments are being carried out, following which these
mouse models will be used to test the combined effect of MIS and IFN-y on the tumor
regression.

Key Accomplishments:

MIS and IFN-y induce the expression of p21, Lysyl Oxidae and MHCII. MIS and
IFN-y costimulate the expression of IRF1 with a synergistic induction of the
downstream genes CEACAM1 and MHCII in breast cancer cells.

MIS and IFN-y co-stimulate the expression of activated caspase3, an apoptosis
marker in MDA-MB-468 cells. A '

MIS and IFN-y together resulted in a synergistic increase in the fraction of cells in
early and late stages of apoptosis as observed by enhanced translocation of annexinV
from the inner surface of the plasma membrane to the outside, which occurs after
initiation of apoptosis.

To test the growth inhibitory effect of MIS and IFN-y in vivo, MDA-MB-468
xenografts were established by bilaterally injecting 4x10° cells/site in 50u1 of DMEM
subcutaneously onto the dorsal flanks of SCID mice.

For in vivo experiments, IFN-y and MIS doses are determined. Although, rhulFN-y as




high as 10pg did not cause any harmful effects to the animals but because of the
known toxic effects of IFN-y, 10- 100ng rhul FN-y will be injected intraperitoneally to
the SCID animals and mIFN-y to C3SV40Tantigen mice, 5 days a week with two
treatment free days/ for 4 weeks.

MIS treatment (20 ug/ animal for 5 days a week with two treatment free days/ for 4
weeks) decreased the rate of mean volume gain of tumors established as xenografts in
SCID mice as compared to vehicle treated group

Administration of MIS to C(3)SV40Tantigen mice with spontaneous mammary
tumors was associated with a lower number of palpable mammary tumors compared
with vehicle-treated mice, and the mean mammary tumor weight in the MIS-treated
group was significantly lower compared with the control group.

Analysis of PCNA expression and caspase-3 cleavage in tumors revealed that
exposure to MIS was associated with decreased proliferation and increased apoptosis,
respectively, and not due to decline in T-antigen expression.

Currently, I am working on the effect of IFN-y on breast cancer growth in the
C(3)SV40 Tantigen mouse and in SCID mouse with MDA-MB-468 xenografts. I am testing
the effect of different doses of IFN-y on the mammary tumor growth. The experiments are

being carried out, following which these mouse models will be used to test the combined
effect of MIS and IFN-y on the tumor regression.

Reportable outcomes:

Publications: :

Gupta V, Carey JL, Kawakubo H, Muzikansky A, Green JE, Donahoe PK, Maclaughlin DT,

Maheswaran S. Mullerian inhibiting substance suppresses tumor growth in the C3(1)T

antigen transgenic mouse mammary carcinoma model. Proc. Natl. Acad. Sci USA, 2005,
102: 3219-3224.

Presentations:

Gupta V, Carey JL, Kawakubo H, Muzikansky A, Green JE, Donahoe PK, Maclaughlin DT,
Maheswaran S. Mullerian inhibiting substance suppresses tumor growth in the C3(1)T
antigen transgenic mouse mammary carcinoma model. Era of Hope, June 8- 11, 2005,
Philadelphia Convention Center, Philadelphia.

Conclusions: .

1. MIS and IFN-y induce the expression of p21, Lysyl Oxidae and MHC classlI with a
synergistic increase in MHC class I mRNA expression. ”

2. MIS and IFN-y together resulted in a synergistic increase in the fraction of cells
undergoing apoptosis.

3. MDA-MB-468 cells grow robustly as xenografts in SCID mice when injected as
4x10° cells/site in 50p1 of DMEM subcutaneously onto the dorsal flanks.

4. MIS treatment decreased the rate of mean volume gain of tumors established as
xenografts in SCID mice as compared to vehicle treated group.
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5. Administration of MIS to C(3)SV40Tantigen mice with spontaneous mammary
tumors was associated with a lower number of palpable mammary tumors and the
mean mammary tumor weight as compared with the control group.

6. Analysis of PCNA expression and caspase-3 cleavage in tumors revealed that
exposure to MIS was associated with decreased proliferation and increased apoptosis,
respectively, and not due to decline in T-antigen expression.
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Rl twi geoups with Tour wehnals o che PES cotrid groop and
four e in the MIS treutment graug. Both groups were treated
at the same time with cither PRS ar 20 pg MIS per anirtied for
S duys wweck witk a treatment-free interval of 2d fl)r 1 v.-:c!:‘;
Voluwe wis caloeleted ws £, % B2 (L, bengy |
fntervals (Fig, 447 Anclysis of the rate of wiean pnw. 1 dunn.
the freatusent demonsieatiad that Lumoss in the PES I weTE
growing moze rapidly compared witk tumars in the MIS-treated
graup {Fip. 48, The pain in wmor soteme aver the conrse of
eannent s eateeleted a8 volfume wr the end of treatment -
wahime at the beginning of treattient wbeme st the begtnning
of treatment. The PBS proup had o kigher galo inwmen woteme

Gapts gt st

thar the MIS group (Fig, 465 £ - 006 by peo-tailed Student’s
¥ Eesr).

Discussion
The preserce of MIS dn tbe seror seelt afler regressioe and
differcetielion of the Molieries duct in males and females,
respeetively, (24, 267 supprests that MES muy have @ postoalat rofe
i adults, Moreener, the expression rf MIS resepties i i
stadal Lisanes suek i ke mamenacy wad prostae gherds {16-12,
27 suppese additionat fusetions Tor this hormone besites the
induetion of apaprotic regressing of the Multerian duet. We bad
e rad el thiat MIS fobibits breast cancer cell gromth in vty
fry preventing cell eyele progresaon and inductig apoptosts (16,
Loy this article, using twn in v modi] systems. we demansinse
that ﬂdruini,\'!r‘a:im S SURPICSSEs Ham ey turker griwth
i mice. W bad pre: slv drjected wosiegte dose of B0 a of
MIS bt female mlu and wested ke induction of TEY-), @
MIS-induethle gere, i the mummary glamt of mive. Thuse
resules deznonsteated that MUS at this biph dose eoutd induce the
erpression of (X {1T) Quiﬁtquu'lly. Stephan er af. (263,
fested the eificacy of MIS aguinat avuciun carcer ooll lines i viv
and reprvied that datly trjeations of 10 pe af purificd exopenmes
reetmbinant huma MIS suppressed tumor growth i imemeee-
suppressed miboz, Haerd oo thete resulls o contparable dose of
MIS (20 pe per animal per day} was wsed i these experiments,

B et 30100 modded, fewer arbmals ja the MIS-treated
grep develaped gralable tumors cocpered witk, PRES
eprtrats. Althinogh the measerable turiors b itk groups pro-
gressed b0 wdennercinomas, histological aratyses af tumors
inueated that tumers b the MIN-treated group were fess dease
Cﬁmm.rt.d ehase fi the B lll.dlL\[}r('}-‘Jp. This abservatin
ix eensstent with the remarkable dncrease e apiptosiv und
curtaiteed profiforation i MIS-treated tumers coeepared with the
PHS irjected cantrots, The pretense of soduler alypieat hyper-
sty aand wamsary intraepithiclat neoplasia in the MIS-treated
miboe that did not preset with gelpable tumors suggests thar M8
may ot block neoplastic acdareation by the SVad large
e m':,\ : nhr progressive,
reselting i the ove pprarines of palpable
tumoes i he MIS-treited vmurl

Thisevacept i further supy x\rlLdl*"« 1he results etwerved in thi
MIMB-68 senoprall seeded, in which administoricg MIS w
apiitiels with establishied tumoes decressed the rate of wmor
gressth cornpared with vehicle-treated contrals, Altheugh the
mean Ly welght s the end of the expestment was higker o
e PBY groap thm i the MIS group (0,51 v, 033 my), this
differenee was ot lls!u.\]h sippificant (1 - 0.13 by twi-sided
”»m.hnl (33 lL i Surprisicy Lm.x' !!‘1 el l] pain

vgm[w.u Uy h; e in the PES Ld.u'm‘.a!s {P = ﬂﬂm} Lz
i ke MIS-conted mice. Floweser, this roselt could refieet
vt uf Lmnne weiphts, which could vt e measured,
v ol M8 o inhibit MDA-MB-A54 Lzgar geeavth in
SCID mize is bkely 10 oceur direetly ot the cellutier bevel hees
SO0 harbrar @ mustation that severely fmpaics the develogme

of T and B Iymmphosyres and MIS caey dekibie MIDA-MEB-46% cell
gronvth e vitro. Althnagh MIS bag ao kanwe foeune soduts-
tory effects, whether its inkilitory effeel an ntammiry tumors
arising b the fmmume-compatenl tansenic mouse mode? g
virdoes eehangement of ol dmoeuee function seerains io be
determ mpnstrned thet MIS siponling in-
temseets with the IFN-y patbwiy and enhinees IFN-y indused
erpression 0f dewmstream taorge! genes seek as IRET and
CEACAMT . Purthermire, s eob ol M8 aad IFK-yhed
1o 4 greater degree of growthk wrhibition of breast cancer celts
contprared with either ageot alons beeause of cxbaneed apagn-
sis rathee than & combizztorial efeet on eell optle progression
{20, The C3{FYTag raice would provide an excellent expetisnin-
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tal system 00 eonfiro: gt observidions in vive because repres-
wion of mammaty e b fedponse 10 eytoking Lreatatent i
thin mnde! bay been zeprzed w eorrelate with an foerease i
serum enncentration of 1FN-y {14). Our [m.himh ry tesnles
dewnnstrate thig BN -y - addestizvischration o telee e Suppress
LELRIE I lumt\" rn‘m[h it N‘in Lt;n irnenli | ; )

¥ R
IEI&, l|.L antitater LﬂLm ol s
eytnkine rearmaing 10 be determined.

Cur results demorserite thal MIS can suppeess the priwed off
spottaniemusly arisng meast manmary umors wed o
hurnan breast caneer aerpprafts in immneee-sompaes
BEmue-camprormised mice, T vily, Those tusmrs are os
Leogen-indeperdent aod Lack fusction) ps3 and Ris metations,
alteritinns of which hivve been detected in hurmarn bregst caacers
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{10 IRY. The growed bitary effeets of MIS ormadbe ber izl
i the Lrestmient preventive of thexe hartione cefractory miar-
wrary lmors, espeetatly becausz high levels of MIS tuve nat
sherwrt any harmful effee | ME), arad the seeem ovels
wseed bere are well below thise sustaingd 3o nazmal Lealthy
ptenatal Lo prepibental biws {38, These dale sugpon cepan-
ston 1o lurger studies 1o validate these fnciogs hefore progress-
ing to studies i keraes,
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