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Abstract

The immunosuppressive effects of transforming growth factor-beta (TGF-$) promotes tumor
progression and diminishes response to therapy. In this study we used 1D8-p53~/~ tumors as a
murine model of high grade serous ovarian cancer. A monoclonal antibody targeting all three
TGF-p ligands was used to neutralize TGF-p. Ascites and omentum were collected and changes in
T cell response were measured using flow. Treatment with anti-TGF-p therapy every other day
following injection of tumor cells resulted in decreased ascites volume (4.1 vs 0.7mL; p < 0.001)
and improved CD8:Treg ratio (0.37 vs 2.5; p = 0.02) compared to untreated mice. A single dose of
therapy prior to tumor challenge, resulted in a similar reduction of ascites volume (2.7 vs. 0.67mL
p = 0.002) and increased CD8:Tregs ratio (0.36 vs 1.49; p = 0.007), while also significantly
reducing omental weight (114.9 vs 93.4mg; p = 0.017). Beginning treatment before inoculation
with tumor cells and continuing for 6 weeks, we observe similar changes and prolonged overall
survival (median 70 vs 57.5 days). TGF-B neutralization results in favorable changes to the T-cell
response within the tumor microenvironment leading to decreased tumor progression in ovarian
cancer. The utilization of anti-TGF-f therapy may be an option for management in ovarian cancer
patients to improve clinical and warrants further investigation.
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Background

In the United States, ovarian cancer is the 51 most common gynecologic malignancy. It is
estimated that in 2019, over 22,000 women will be diagnosed with ovarian cancer, resulting
in nearly 14,000 deaths [1]. Upfront therapy in ovarian cancer results in remission rates of
approximately 75%; however, the vast majority of these patients will recur within 1-2 years
following treatment [2,3]. Recurrence is characterized by chemoresistant disease, with
limited options for curative second line therapy [4]. Current research is aimed at identifying
biomarkers that are both prognostic as well as potential targets for novel therapies [5].

The transforming growth factor-beta (TGF-p) family of proteins (TGF-B 1-3) regulate a
wide variety of physiologic functions including cell growth, cell differentiation, and immune
responsiveness [6]. However, abnormal signaling via the TGF-p pathway has also been
implicated in tumor progression. Elevated levels of TGF-p have been associated with
increased angiogenesis, immunosuppression, and changes in the extracellular matrix that
promote tumor implantation and growth [7,8]. In ovarian cancer specifically, increased
activation of the TGF-p pathway is linked to epithelial-mesenchymal transition, activation of
tumor associated fibroblasts, and increased tumor dissemination, leading to advanced
disease and poorer outcomes. Published literature has identified a role for TGF- in the
seeding and dissemination of peritoneal tumors, including ovarian cancer [9-12].
Furthermore, increased expression of TGF-B receptor Il (TBRII) is seen in patients with
suboptimal debulking in late stage ovarian cancer [12].

A key mechanism in TGF-f promoted tumor growth is its ability to generate an
immunosuppressive tumor microenvironment. TGF-p affects both innate and adaptive
immunity to decrease host immune responses to tumor antigens [9]. Unfavorable changes in
natural killer cells, dendritic cell activity, T-cell function, and cytokine activity occur as a
response to increased TGF-B signaling within ovarian cancer [9,13-16]. Furthermore,
elevated expression of intratumoral TGF-B suppresses cytotoxic T cell function through
increased recruitment of regulatory T cells (Tregs) into the tumor microenvironment [14,15].
In ovarian cancer, the recruitment of Tregs occurs independently of any changes that might
be present in the peripheral blood. Not surprisingly, an increased number of tumor-
infiltrating Tregs is associated with increased tumor growth and decreased overall survival in
ovarian cancer and other malignancies [17]. FoxP3 expression is a classic marker of Tregs
and has been shown to be an independent prognostic factor in ovarian cancer, as high FoxP3
levels corelate with decreased progression free and overall survival [18]. In addition, a
decrease in the ratio of CD8 T cells to Tregs has also been shown to be associated with
poorer outcome in ovarian cancer [19].

The administration of anti-TGF- biologics has been studied as a therapeutic option in a
variety of malignancies [20-22]. In particular, therapy aimed at improving tumor immunity
by silencing the TGF- signaling pathway is of interest and has been combined with
immune checkpoint inhibition to improve responses in colon, bladder, and head and neck
cancers [23-27]. Given the documented roles of TGF-B and Tregs in promoting ovarian
cancer [17], these studies suggest a potential role for anti-TGF-f therapy in ovarian cancer,
as this approach may impeded tumor progression by blocking the immunosuppressive
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properties of TGF-B within the tumor microenvironment and restoring the ability of
cytolytic T effector cells and NK cells to mediate tumor clearance.

In this study, we use a murine ovarian cancer cell line, ID8 with the p53 gene knocked out
(1D8-p53~/7) which is a better model of high grade serous ovarian cancer (HGSOC) than the
commonly used D8 parental cell line [28], to study the impact of TGF-f neutralization via
an anti-mouse monoclonal antibody targeting all three TGF-p ligands. We hypothesize that
neutralization of TGF-f via a monoclonal antibody targeting TGF-p ligands, will result in
decreased tumor burden as assessed via ascites volume and omental weights. Given the
documented immunosuppressive effects of TGF- in ovarian cancer, we also predict that
TGF-p neutralization will lead to increased tumor immunogenicity, specifically increasing
the number of CD8 T cells and reducing the number of Tregs.

Materials and Methods

Cell culture and reagents

ID8-p53~/~ cell lines, provided by Dr. lain McNeish (Wolfson Wohl Cancer Research
Centre, Institute of Cancer Sciences, University of Glasgow, United Kingdom) were grown
in Dulbecco’s Modified Eagle Medium (Thermo Fisher) with 4% FBS. Due to the fact that
there are no agreed STR profiles for murine cells, we currently use best practice techniques
—single cell clones, multiple cryovials, and no cryovial used for more than 6 passages.
Cultures were maintained with PenStrep antibiotic for control of bacterial growth. L-
glutamine and Insulin-Transferrin-Selenium were added for additional growth support. Cells
used had undergone between 3 to 5 passage prior to utilization in studies. The monoclonal
antibody which neutralizes all three isoforms of TGF-p, 1D11, was purchased from
BioxCell [29]. Liposomal clodronate for /n vivo macrophage depletion was purchased from
Fisher Scientific.

CAGA 2 luciferase reporter assay

Mice

Cultured 1D8-p53~/~ cells were plated at 2 x 10% cells/well in a 24-well plate in serum-free
Opti-MEM media (Thermo Fisher). Cells were co-transfected for 24hrs with 100ng of the
CAGA 1 o-luciferase transcriptional reporter construct and 10ng of a Renilla luciferase
plasmid construct (Promega). The TGF- inducible CAGA1,-luciferase reporter construct
consists of a series of 12 repeats of a specific DNA sequence that has been identified as a
Smad3/4 binding element in the plasminogen activator inhibitor-1 promoter region [30].
Renilla luciferase was used in each experiment to control for transfection efficiency. Cells
were stimulated with 20ng of TGF-p (R&D Systems). An equivalent amount of monoclonal
antibody (Anti-TGF-B 1,2,3) was added to measure its inhibitory effects in both the presence
and absence of TGF-B stimulation. Twenty-four hours later, luciferase activity was measured
using the Dual-Luciferase Reporter Assay System (Promega).

Wild-type (WT) C57BL/6 female mice were purchased from Charles River. MISIIR mice
and LysM-Cre TGFB were kindly provided Dr. Denise Connolly (Fox Chase Cancer Center,
Philadelphia, PA) and Dr. Brent Carter (University of Alabama at Birmingham,
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Birmingham, AL) respectively. All mice were maintained under pathogen-free specifications
within animal facilities. All mice were 7-8 weeks in age when they arrived at the animal
facility.

ID8-p53~/~ syngeneic tumor model

Both wild type C57BL/6 and LysM-Cre TGFp mice were injected intraperitoneally with 7 x
108 1D8-p53~/~ cells suspended in 100uL of phosphate buffered sulfate (PBS) when animals
were between 8-9 weeks of age. Mice were euthanized at day 7 or day 42 post tumor
injection. Peritoneal cavities were inspected for tumor metastasis and the presence of ascites
at referenced time points. Whole omentum were collected and weighed from each mouse.
Ascites was collected with paracentesis performed at the time of sacrifice.

Bioluminescent Imaging

Wild type C57BL/6 mice were injected with 1D8-p53~/~ cells expressing luciferase. Seven
days following tumor challenge, these mice were anesthetized; injected with D-luciferin
(150mg/kg body weight); and imaged via the BioRad Lumina Il at 15 minutes thereafter for
luciferase activity.

Anti-TGF-p treatment

Treatment with the TGF-B monoclonal antibody was administered intraperitoneally. Each
dose was 500ug of the monoclonal antibody in 100uL of buffer. Three different dosing
regimens were used. For schedule #1: C57BL/6 mice were given one dose every other day
starting 8 days after injection of tumor cells and completed treatment at day 42. For schedule
#2: C57BL/6 mice were given a single dose 18-24 hours prior to tumor cell injection. For
schedule #3: mice were treated with one dose prior to tumor challenge, then received one
additional dose every other day for 42 days. MISIIR-TAg mice began receiving anti-TGF-p
doses every other day for 35 days when they were 13 weeks old.

Survival study

Wild type C57BL/6 mice were injected with 7 x 108 ID8-p53~/~ cells suspended in 100L of
phosphate buffered sulfate (PBS) at 8-9 weeks of age. Mice received 500ug of anti-TGF-f
therapy via peritoneal injection starting the day prior to tumor cell injection and continuing
every other day for 6 weeks. Mice were examined daily and individual animals were
euthanized when their tumor burden limited mobility and/or prevented them from eating or
consuming water.

Macrophage depletion study

Macrophage depletion was accomplished using liposomal clodronate (Encapsula
NanoSciences). Briefly, liposomes encapsulating clodronate are taken up by macrophages
via phagocytosis, which subsequently releases clodronate intracellularly, inducing
macrophage apoptosis. To eliminate peritoneal macrophages, 100 pL of liposomal
clodronate was injected intraperitoneally (i.p.) one day prior to tumor cell challenge and then
again 4 days later to ensure depletion of any macrophages that were recruited following
tumor challenge.
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Flow cytometry

Omental tumors were harvested and mechanically homogenize in omental digestion buffer
(DMEM 25Mm HEPES, 3.5 % fatty acid free BSA plus 0.5mg/ml collagenase + 70ug/ml
DNAse-I; Corning Costar). Digestion was completed over 30 minutes at room temperature
and fragments were filtered over nylon mesh prior to washing with staining buffer (1X PBS,
2% BCS, and 2mM EDTA), followed by erythrocyte lysis. Cells were stained with panel of
antibodies targeting a variety of cell surface and intracellular markers. Data were collected
using BD FACS Canto Il (BD Biosciences), DIVA software 6.1.3 and analyzed with FlowJo
version 9.9.6.

Statistical Analysis

Results

Unpaired parametric Student t-test or non-parametric Mann-Whitney U tests were performed
on GraphPad Prism version 7.0 to analyze the data, unless otherwise indicated in the text.

ID8-p53~'~ cells are responsive to TGF-B stimulation

The 1D8-p53~/~ cell line was evaluated for response to TGF-p stimulation using a TGF-$
responsive reporter gene [30]. Cells were cultured with exogenous TGF- in the presence or
absence of anti-TGF-p monoclonal antibody. The ratio of CAGA15 to renilla luciferase
activity was increased in the presence of exogenous TGF-B indicating an increase in
transcription of TGF- responsive genes (0.005 vs 0.222; P < 0.001). This effect was
abrogated when cells were co-cultured with anti-TGF-B monoclonal antibody, reducing
luciferase activity back to baseline (Fig. 1A).

Establishment of ID8-p53~/~ tumor results in increased TGF-B protein expression within

omentum

To understand the early changes that occur as 1D8-p53~/~ tumors grow within the omentum,
ID8-p53~/~ cells tagged with luciferase were injected i.p. into wildtype C57BI/6 mice and
analyzed via bioluminescent imaging (BL1I) as previously described. Tumor growth within
the peritoneal cavity was localized predominantly to the omentum area (Fig. 1B). To
corroborate bioluminescent evaluations of tumor growth patterns, omental tissues were
harvested and prepared for histology. Tumor-free omentum sections showed diffuse,
preserved adipocytes, whereas in 1D8-p53~/~ injected mice, lymphoid and tumor cells were
readily detectable in the omentum (Fig. 1C). This increase in cellularity was reflected in
omental weights, which significantly increased in the 7 days following injection of tumor
cells, as compared to those from tumor-free mice (Fig 1D). Omental samples from both
groups were analyzed via Nanostring using both the PanCancer and Immune panels. The
cumulative expression of TGF-f 1,2, and 3 ligands and TR | and 11 is significantly
increased 7 days post-tumor challenge compared to tumor-free mice (P < 0.0001) (Fig. 1E).
These results show that 7 days following tumor challenge, 1D8-p53~/~ cells establish tumors
within the omentum and this is accompanied by an increase in gene expression of TGF-
ligands and receptors.
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Treatment with anti-TGF-B monoclonal antibody reduces ascites and improves tumor

immunity

Given the role of TGF-B in this model of ovarian cancer, we asked if neutralizing TGF-p
after tumor establishment would slow tumor progression in this model. To accomplish this,
we treated mice with anti-TGF-p monoclonal antibody via i.p. injection. Based on previous
studies [31-33], 500ug of anti-TGF-p was injected every other day beginning on day 7 after
tumor injection and continued for 5 weeks (Fig. 2A). From a total of 28 mice (n = 14 each;
treated and untreated), 24 produced measurable ascites that was collected; 2 animals in each
arm did not have any appreciable ascites. There was a significant reduction in mean ascites
volume in mice receiving anti-TGF-f therapy (Fig. 2B). The omentum represented the only
evidence of visible tumor growth; no other organs were involved and the peritoneum was
also negative for gross disease. Omental weights were statistically similar between untreated
and treated mice (Fig. 2C).

TGF-p is known to create an immunosuppressive environment contributing to tumor
progression in a variety of malignancies, including ovarian cancer [33,34]. Specifically, it
has been shown that increased TGF-p secretion within the tumor microenvironment recruits
regulatory T-cells (Tregs), which ultimately results in diminished cytotoxic T-lymphocyte
function, leading to increased tumor progression, poorer response to therapy, and overall
worse outcomes [15,34]. We investigated the effect of anti-TGF-f therapy on tumor
immunity by evaluating the proportion of CD8 T cells and Tregs within the omentum (Fig.
2D-F). Within the omentum, there was an increase in CD8 T cells and a decrease in Tregs,
resulting in a significantly increased CD8 to Treg ratio within mouse omentum following
treatment with anti-TGF-p therapy. Thus, although therapeutic administration of anti-TGF-f
therapy did not result in inhibition of established tumor growth, significant reductions in
ascites volume and improvements in anti-tumor immunity were seen, suggesting that there is
potential for TGF-B targeting to induce beneficial immunological changes, even in the
absence of significantly delayed tumor outgrowth.

Prophylactic treatment with anti-TGF-g antibody improves tumor immunity and decreases
ascites volume and tumor burden

TGF-p production plays a crucial role in the generation of metastatic disease, particularly
within the omentum [12,22]. In our transplanted tumor model, we are able to time TGF-$
neutralization in relation to i.p. inoculation with tumor cells, to determine if changes in the
dosing schedule differentially impacted tumor outgrowth. Therefore, we next sought to
evaluate the ability of anti-TGF-f therapy prior to tumor injection to slow growth within the
peritoneal cavity. A single 500ug dose of anti-mouse TGF-B was injected i.p. and 18-24
hours later, ID8-p53~/~ cells were injected into the peritoneal cavity. Six weeks later,
omentum were harvested and weighed to evaluate for tumor growth (Fig. 3A). Despite only
receiving a single dose of neutralizing anti-TGF-f prior to tumor challenge, we witnessed a
significant reduction in ascites volume (Fig. 3B) in the treatment group similar to what was
demonstrated with 5 weeks of therapy administration that started on day 7 post-tumor
challenge. The average ascites volume was 2.7mL in untreated mice compared to 0.67mL (P
= 0.0024) in mice receiving prophylactic therapy. All of the untreated mice generated a
collectable volume of ascites (minimum 0.5mL) whereas 50% (7/14) of treated mice did not
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produce a measurable amount of ascites. While the reduction in ascites volume was
comparable to the effect seen with therapeutic administration of anti-TGF-p therapy,
prophylactic administration resulted in significant omental weights differences. Omental
weights were significantly lower in treated mice compared to untreated mice (84.3mg vs
124.9mg; P = 0.004) (Fig. 3C). Once again, we quantified the proportion of CD8 T cells and
Tregs within the omentum via flow cytometry (Fig. 3D-F). Six weeks after tumor cell
injection, there were improvements in tumor immunity in mice receiving the single
prophylactic anti-TGF-f dose the day prior to tumor challenge. Treated mice omentum had
an increased proportion of CD8 T cells and decreased Tregs. The mean ratio of CD8 T cells
to Tregs was also significantly increased in treated mice. . These beneficial effects are
sustained six weeks out from tumor exposure without any additional therapy.

Continuous treatment with anti-TGF-f antibody reduces tumor progression and increases
tumor immunity and overall survival.

To explore the potential effects of TGF-B neutralization as part of a maintenance therapy
regimen, we treated mice every other day with anti-TGF- starting 18-24 hours prior to
injection of 1D8-p53~/~ cells into the peritoneal cavity. Treatment was continued for 6
weeks, at which time, mice were evaluated for ascites production and tumor burden (Fig.
4A). As in our previous studies, we found a reduction in ascites volume with treatment (Fig.
4B). Hemorrhagic ascites fluid was produced in all untreated mice, but in only 50% (5/10)
of mice receiving therapy. TGF-f neutralization throughout the duration of tumor challenge
led to a decrease in the average omental weight (Fig. 4C). Analysis of T cell populations
within omentum once again demonstrated a similar improvement in tumor immunity (Fig.
4D-F).

Given the reduction in tumor progression that resulted from this approach, we investigated if
this treatment strategy could also improve overall survival in our mouse model. Mice were
treated for six weeks with every other day dosing of i.p. anti-TGF-p monoclonal antibody
beginning the day prior to introducing 1D8-p53~/~ tumor cells to the peritoneal cavity.
Following completion of therapy, mice were monitored for deteriorating condition. At the
time when mice were sacrificed, they each had developed large volume ascites and were
moribund due to immobility and poor intake. Median overall survival for treated mice was
70 days compared to 57.5 days in untreated mice (Fig. 4G). Neutralizing TGF-p activity
prior to tumor challenge followed by continued treatment results in significant reduction of
both tumor size (P = 0.004) and ascites volume (P = 0.0025), while improving anti-tumor
immunity. These results indicate that anti-TGF-B as maintenance therapy resulted in
decreased tumor burden which leads to prolonged overall survival in our mouse model.

TGF-g neutralization reduces metastatic disease in MISIIR mice

To evaluate the effect of TGF-B neutralization on the development of ovarian cancer, we
used MISIIR-TAg mice which spontaneously develop palpable abdomino-pelvic ovarian
tumors by 13 weeks of age and show full tumor growth and metastasis at 20 weeks of age
[35]. We therefore initiated anti-TGF-p therapy at 13 weeks, coincident with early signs of
tumor growth, administering 500pg of anti-TGF-B monoclonal antibody via intraperitoneal
injection every other day for five weeks. At 18 weeks of age, animals were euthanized and
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ovarian tumors and omentum were collected and weighed (Fig. 5A). All mice were alive at
18 weeks with large bilateral ovarian tumors. No ascites was noted at the time of sacrifice,
consistent with previously published literature for this mouse model [35]. In both groups,
ovarian masses were noted in bilateral ovaries (Fig. 5B). Large hemorrhagic and necrotic
components were also observed in these tumors. No other peritoneal disease was seen.
Enlarged bilateral ovaries were readily identified and removed for weighing. The total tumor
weight for each mouse was recorded as the sum of both ovaries. Mean primary tumor
weights were similar between treated and untreated mice (Fig. 5C). The omentum is the
most frequent location of metastatic disease in this model [35]. When comparing omental
weights (Fig. 5D), we noted a significant reduction in mice treated with anti-TGF-p. These
data show that a therapy based on TGF-B neutralization results in decreased metastatic
tumor burden in a mouse model with spontaneously generated ovarian cancer, but does not
impact primary tumor growth.

Loss of macrophage-derived TGF-B results in reduction of tumor burden

Various cell populations are potential sources of TGF-p within the tumor microenvironment
[36]. Macrophages are a crucial source of TGF-p and play an integral role in the
establishment of tumors within the omentum [37]. Our nanostring data indicated a trending
increase in the macrophage score in mice following 7 days of tumor challenge compared to
tumor-free mice (4.82 vs 2.91; P = 0.23) (Fig. 6A). This is in agreement with other studies
which have noted the contribution of macrophages in promoting peritoneal metastasis,
specifically in ovarian cancer [38,39]. To evaluate the impact of macrophages on tumor
growth during this 7-day period, we performed macrophage depletion via liposomal
clodronate. To achieve this, we injected 500 g of clodronate liposomes one day prior to
tumor cell challenge then again 4 days later to reduce possible macrophage recruitment.
Omental weights with reduced macrophages were significantly smaller compared to
omentum following one week of tumor challenge, but increased in size compared to tumor
naive mice (Fig. 6B). We identified, via flow cytometry, that the total omental macrophages,
(defined as CD11b+Ly6C-CD11c- cells), and omental tumor associated macrophages
(TAMS) (defined as CD11b+Ly6C-CD11c-CD68+F4/80+ cells), were reduced after
clodronate treatment. Monocytic myeloid derived suppressor cells (MDSCs), defined as
CD11c-Ly6G-CD11b+Ly6C+, have been shown to play an integral role as drivers of
immunosuppression in ovarian cancer [40]. This was consistent in our model after 7 days of
tumor challenge, with a significantly higher percentage of MDSCs compared to tumor-free
omentum. This cell population was unaffected by liposomal macrophage depletion and was
similarly elevated (Fig. 6C).

To evaluate long term effects on tumor progression with the loss of TGF-p from the
macrophages specifically, we injected 1D8-p53~/~ cells into wild type or in LysM-Cre TGF-
B knockout C57BL/6 mice. The latter have a constitutive loss of TGF-p production
specifically in macrophages. Mice were observed for 6 weeks at which time, omentum were
collected and evaluated for weight and T cell composition (Fig. 6D). There was a significant
reduction in omental weights in the LysM-Cre TGF-B knockout mice compare to the WT
(Fig. 6E). This was accompanied by a significant increase in CD8 T cells and a decrease in
the number of Tregs (Fig. 6F-G), which resulted in an increased CD8 to Tregs ratio (Fig.
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6H). The lack of TGF-B production from macrophages, resulted in the largest reduction in
mean omental weights (162.1mg vs. 42.1mg; P < 0.0001) and this was accompanied by
favorable changes in the T cell population profile within this tumor model. These findings
point to the role of macrophage-specific TGF-p production as a key contributor to promoting
ovarian tumor growth and decreasing anti-tumor immunity in the 1D8-p53~/~ model.

Discussion

Elevated production of TGF-p has been identified as a marker of advanced stage malignancy
and overall poorer prognosis in a variety of malignancies including ovarian cancer [6,41-43].
Increased signaling via the TGF-p pathway promotes angiogenesis, immunosuppression,
and epithelial to mesenchymal transition, all of which contribute to tumor dissemination
[7,8]. Given the documented role for TGF-f in tumor progression, it represents a potential
target for therapeutic intervention.

In this study, we sought to investigate the effect of TGF-p neutralization in multiple,
complementary ovarian cancer mouse models. TGF-f neutralization was accomplished via a
monoclonal antibody targeting all three ligands of TGF-B. In the ID8-p53~/~ model, anti-
TGF-B therapy consistently reduced ascites volume, whether it was administered
therapeutically (every other day starting on tumor challenge day 7) or prophylactically
(18-24 hours prior to tumor cell injection). In ovarian cancer, ascites fluid allows for
efficient exchange of inflammatory and mesothelial cells leading to tumor growth and
invasion. In a study by Liao et al, TGF-f blockade was shown to reduce ascites volume via
inhibition of vascular endothelial growth factor (VEGF) production and changes to the
lymphatics that block ascites outflow and absorption [11]. Similarly, we found that ascites
volume was reduced with continuous anti-TGF-p therapy following the establishment of
omental tumors. Also, a single dose given just prior to i.p. injection of tumor cells results in
reduces ascites volume sustained for 6 weeks following tumor challenge.

Intraperitoneal dissemination of ovarian cancer utilizes the mechanical flow of peritoneal
fluid and has a preference for seeding and growth within the omentum [44-46]. Our data
suggests that the timing of anti-TGF-p therapy is important with regards to cancer seeding
and metastasizing. TGF- activity plays an important role in the initial phases of tumor
formation secondary to its immunosuppressive effects within the tumor microenvironment
[22].

The presence of tumor infiltrating lymphocytes has been correlated with improved outcomes
in ovarian cancer [47]. Whereas increased numbers of Tregs is associated with poorer
outcomes and advanced stage disease through their suppressive effects on cytotoxic T cells.
It has also been shown that TGF-B is critical in the induction of CD4+ T cells into T
regulatory cells [14]. In our study we showed that anti-TGF-p therapy significantly
improved the ratio of CD8 T cells to Tregs. This potentially points to utilizing anti-TGF-
therapy to improve responses to immunotherapy, which has had limited response in ovarian
cancer patients [48]. This concept was demonstrated in preclinical models using M7824, a
bifunctional fusion protein targeting both PD-L1 and TRRII. This therapy improved anti-
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tumor response in mouse models studying breast cancer and potentiated the effects of both
chemotherapy and radiation [49].

Alterations to the innate immune system also contribute to immunosuppression in ovarian
cancer. A synergistic interaction between immunosuppressive M2 macrophages and Tregs
has been demonstrated and this is dependent on the macrophage release of TGF-p [50]. The
loss of TGF-B from macrophages resulted in the most profound reduction in tumor burden in
our ID8-p53~/~ model, which further supports the claim that macrophages are crucial in the
establishment ovarian tumors and more specifically, contribute to tumor seeding via TGF-$
production.

Our study points to an important window of time as the tumor initially begins to grow where
TGF-p production is key. Our data indicates that anti-TGF-p therapy is effective in
preventing the establishment of tumors whether via tumor metastasis as seen in treatment of
MISIIR mice or treatment prior to direct peritoneal injection of tumor cells. We show that
neutralization of TGF- as tumor cells are implanting within the peritoneum results in
reduced tumor burden. Clinically, this is the goal of maintenance therapy in ovarian cancer.

In ovarian cancer, TGF-f plays an important role in creating an immunosuppressive tumor
microenvironment leading to tumor progression. Our results indicate that neutralization of
TGF-p is a potential targeted therapy that can improve outcomes in the management of
ovarian cancer patients. Specifically, targeting the initial effects of TGF-p in establishing the
tumor microenvironment results in decreased tumor dissemination and metastasis of disease.
This directly correlates clinically with the strategy employed in maintenance therapy in the
treatment of ovarian cancer. Clinical trials evaluating the efficacy of anti-TGF-p therapy are
currently underway in a variety of malignancies including ovarian cancer. These results
highlight areas for additional preclinical and translational research utilizing anti-TGF-$
therapy in ovarian cancer patients.
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Figurel.

Establishment of intraperitoneal tumor model using 1D8-p53~/~ cells occurs within 7 days.
(A) In vitro, 1D8-p53~'~ cell line is responsive to TGF-B stimulation, which is reduced in the
presence of a TGF-p monoclonal antibody. (B) Bioluminescent imaging of mice 7 days after
tumor cell injection with luciferase tagged 1D8-p53~/~ cells. (C) Histological comparison of
normal mouse omentum (left) and mouse omentum following i.p. injection of tumor cells
(right). (D) Comparison of normal mouse omentum weights to omental weights in the tumor
model after 7 days. (E) Significant increase in mean expression for all three TGF-p ligand
isoforms and both receptors, with trending increase in TGF-f score demonstrated via
nanostring. (**p < 0.01, **** p < 0.0001, bars represent SEM)
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Figure 2.

Treatment with anti-TGF-B monoclonal antibody in the ID8-p53~/~ tumor model. (A)
Schema of treatment dosing. (B) Ascites volume is significantly reduced following treatment
with anti-TGF-B antibody. (C) Omental weights are similar between treated and untreated
mice. (D-F) Favorable changes in T-cell response — (D) trending increase in proportion of
CD8 T cells, (E) decrease in Tregs and (F) increased in CD8:Treg ratio, occur following
treatment. (*p < 0.05, *** p < 0.001, ns - non-significant, bars represent SEM, dotted line —
mean weight of naive mouse omentum,).
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Schema of prophylactic dosing (B) Similar decease in ascites volume is seen with anti-TGF-
B antibody administered prior to tumor challenge compared to treatment over five weeks.
(C) Reduction in omental weights with single dose of anti-TGF-p antibody prior to tumor
cell injection. (D-F) Again, favorable changes in T-cell response (D) increased proportion of
CD8 T cells, (E) decrease in Tregs and (F) increased in CD8:Treg ratio, occur with this
treatment strategy. (*p < 0.05, ** p < 0.01, bars represent SEM; dotted line — mean weight

of naive mouse omentum,).
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Figure 4.

Continuous therapy with anti-TGF- monoclonal antibody starting prior to tumor cell
injection and continuing for 6 weeks. (A) Maintenance therapy schema. Decrease in both
(B) ascites volume and (C) omental weights. (D-F) Consistent pattern of T cell profile with
treatment including (D) CD8 T cells, (E) Tregs and (F) CD8:Treg ratio. (G) Overall survival
is improved (median survival of 57.5 days vs 70 days) with continuous anti-TGF-p therapy
(*p <0.05 **p < 0.01, bars represent SEM; dotted line — mean weight of naive mouse
omentum)).
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Figure5.

Treatment with anti-TGF-p monoclonal antibody in a spontaneously generating ovarian
cancer mouse model. (A) Treatment schema for MISIIR mice model (B) Representative
photos of bilateral ovarian tumors (white circles) in both treated and untreated mice. (C)
Comparison of primary tumor site weights, sum of weights of bilateral ovaries. (D) Omental
weights (*** p < 0.01, bars represent SEM, dotted line — mean weight of naive mouse
omentum,).
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Figure®6.

Constitutive loss of TGF-p production from macrophages results in significant decrease of
tumor burden. (A) Macrophage score following one-week tumor challenge compared to
tumor naive omentum (2.91 vs 4.82; P = 0.23) (B) Omental weights of tumor-free mice
compared to mice following 7 days of tumor challenge with and without depletion of
macrophage cell population. (C) Macrophage subset populations within omentum following
7 days of tumor challenge with and without macrophage depletion. (D) Experimental
schema for LysM-Cre TGF-p experiment. (E) Omental weight comparison. (F) CD8 T cells
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(G) Tregs (H) CD8:Treg ratio. (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001,
bars represent SEM; dotted line — mean weight of naive mouse omentum,).
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