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Introduction

Anti-angiogenesis therapy using the monoclonal anti-VEGF antibody bevacizumab is an
efficacious treatment of advanced ovarian cancer in either the maintenance or recurrent setting
— for which it has FDA approval. Unfortunately, the majority of women treated with this drug will
eventually develop resistance, leading to subsequent recurrence or progression of disease.
Therefore, new and effective approaches are needed to avoid or reverse adaptive resistance
to bevacizumab treatment. Previous unpublished work from our laboratory identified markedly
elevated levels of CD5L in tumor endothelial cells related to emergence of adaptive resistance
to anti-VEGF therapy. Our central hypothesis is that that in addition to interfering with the
known effects of CDSL on macrophages, rAb-anti-CDSL will overcome adaptive
resistance to anti-VEGF therapy by targeting tumor vasculature. This hypothesis is based
on our findings that decreasing the activity of CD5L — whether from an mRNA or protein level —
leads to improved sensitivity to anti-VEGF therapy. Our team includes leading experts in ovarian
cancer biology, angiogenesis pathways, developmental therapeutics, and the care of women
with ovarian cancer. Furthermore, our laboratory has published multiple previous studies
involving the complete derivation of cellular pathways and the phenotypic effect of pathway
disruptions using in vivo animal models. Therefore, these factors have placed us in an excellent
position to carry out the proposed study In this proposal, we will test our central hypothesis
under the following aims:

Specific Aims: #1: Evaluate the therapeutic efficacy of rAb-anti-CD5L in overcoming
adaptive resistance to anti-VEGF therapy using cell-based and patient-derived xenograft
orthotopic ovarian cancer models; We will use our established syngeneic and orthotopic
(e.g., ID8) mouse models of ovarian cancer and ovarian cancer patient-derived xenograft
models. The effects of rAb-anti-CDS5L will be tested in these ovarian cancer models, as well as
those with adaptive resistance to AVA therapy. Renal and liver toxicities of the rAb-anti-CD5L
antibody will be addressed by measuring the creatinine and liver function tests pre- and post-
treatment. The stromal effects of rAb-anti-CD5L will be assessed with immunohistologic
analysis in the resulting tumors.

Specific Aims: #2: Determine the mechanisms by which rAb-anti-CD5L reduces
resistance to anti-VEGF therapy in endothelial cells. Study Design: \We will first functionally
characterize the endothelial-specific, cell-membrane receptors binding to stromal CD5L and
mediating the angiogenic signaling. Second, we will determine the potential
factors/mechanisms for upregulating CD5L in addition to PPAR-y, an upstream factors of CD5L
promoting AVA resistance and hypoxia. Thirdly, we will also perform protein profiling using
reverse phase protein arrays (RPPA) and angiogenic array to identify downstream factors for
rAb-anti-CD5L treatment in endothelial cells with bevacizumab resistance. Lastly, we will
investigate the mechanical effect of rAb-anti-CD5L on autophagy and angiogenic properties in
endothelial cells.
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Aim 1: Evaluate the therapeutic efficacy of rAb-anti-CD5L in overcoming adaptive
resistance to anti-VEGF therapy using cell-based and patient-derived xenograft
orthotopic ovarian cancer models.

Major task 1a: Investigate the effect of rAb-anti-CD5L using syngeneic and orthotopic nude
mouse models of ovarian cancer with adaptive resistant to AVA therapy.

» Subtask 1a-1: Submit documents for local IACUC and IRB review;

We have completed the submission of institution's IACUC approval for performing an array of
animal experiments for using orthotopic, syngeneic ovarian cancer cell-based models, and
high-grade ovarian cancer patient xenograft derived models for testing our rAb-anti-CD5L
antibodies R35 (intraperitoneal or subcutaneous tumor injection). IACUC protocol (00001029-
RNO3) has been approved at MD Anderson Cancer Center at 2/11/2021.

The protocol was approved by Animal Care and Use Review Office (ACURO) at March,
2021. We have received exempt from HRPO approval or exempt from human subjects/HAS
related studies on April 17, 2021.

« Subtask 1a-2: Investigate the effect of rAb-anti-CD5L using syngeneic and orthotopic nude
mouse models of ovarian cancer with adaptive resistant to AVA therapy.

Given our preliminary data showed that AVA resistance is mediated, in part, by overexpression
of CD5L, we have tested an antibody to specifically target CD5L, named as rAb-anti-CD5L.
First, we selected a large panel (>350 binding hits) of anti-CD5L monoclonal antibodies through
the following two methods: (1) screening single B cells isolated from CD5L antigen—immunized
rabbit, and (2) panning human antibody phage display libraries. We have selected 10 antibodies
for further evaluation based on in vitro characterization of binding affinity (Kd), CD5L mouse
cross reactivity, and binding epitopes. Among them, the clone R35 was selected based on its
significant effect in binding affinity from the in vitro surface plasmon resonance (SPR) kinetic
analysis (Fig 1).

As proposed, our collaboration Drs. Ningyan Zhang and An Zhigiang at the University of
Texas Health Science Center at Houston have prepared 100mg of CD5L mAb (R-#35). The
SPR Kon/Koif values and the purification of the rAb-anti-CD5L(CD5L-35Rb) and control antibody
Rab57.was performed by liquid chromatography (AKTA-FPLC). (Fig 1). Sufficient amount (for
both Aim#1 & Aim#2) of rAb-anti-CD5L(CD5L-35Rb) and control antibody Rab57.4 (~100mg)
with high binding affinity to the ligand and high purity (>90% Eur) have been accomplished.



Figure 1. Evaluation of the purified CD5L-35Rb and control antibody Rab57.4. (A) Lot
information for two antibodies; (B) Purity of two antibodies; (C) Binding activity.
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We then tested the CD5L-35Rb and control antibody Rab57.4 antibodies in vivo with use of
an orthotopic ovarian cancer mouse xenograft tumor model (SKOV3ip1).(Fig 2). Mice treated
with the isotype control antibody had a larger tumor burden than did mice treated with an
effective anti-CDS5L antibody (Fig. 2A). Treatment with the two effective anti-CDSL antibodies
resulted in significantly lower tumor weight and fewer tumor nodules compared with the control
antibody (Fig. 2B, C). In particular, treatment with the R-35 antibody resulted in significantly
fewer tumor blood vessels than did treatment with control antibody (Fig. 2D).

Figure 2. CD5L targeted antibodies rAb-anti-CD5L(CD5L-35Rb) exhibit antitumor and
antiangiogenic effects.

(A) Photographs of representative mice of control antibody and anti-CDS5L antibody (rAb-anti-
CD5L(CD5L-35RDb) treated groups. Mice were treated intraperitoneally with either PBS or rAb-
anti-CD5L(CD5L-35Rb) (10 mg/kg) starting on Day 8 after tumor injection until Day 35. (B, C)
Tumor weight (B) and number of tumor nodules (C).
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Ongoing experiments:

To establish the syngeneic and orthotopic nude mouse models of ovarian cancer with
adaptive resistant to AVA therapy, we have submitted the proposal titled as “Effect of CD5L
inhibition on growth and survival of ovarian/endometrial cancer models” to Genentech, Inc and
requested anti-human VEGF-A antibody Avastin and the anti-human/mouse VEGF-A antibody
B20 4.1.1. This MTA has been processed and approved at July 2021.

We are currently in the process to establish syngeneic and orthotopic nude mouse models
of ovarian cancer with adaptive resistant to AVA therapy.

» Subtask 1a-3: Investigate the effect of rAb-anti-CD5L in orthotopic mouse models of OVCA-
432-luciferase and OVCAS8-luciferase, and using athymic nude mice with adaptive resistance
to B20.

We plan to establish the orthotopic nude mouse models of ovarian cancer (OVCA-432-
luciferase and OVCABS8-luciferase) with adaptive resistance to B20 anti-VEGF-A antibody, in
parallel with syngeneic models.

Major task 1b: Determine the stromal effects of rAb-anti-CD5L in the AVA-resistant tumors.



e Subtask 1b-1: Test the hypoxia effect in rAb-anti-CD5L treated orthotopic and syngeneic
ovarian tumors with adaptive resistance to AVA therapy.

We will perform this experiment at the end of Subtask 1a-2 &3.

e Subtask 1b-2: immunohistochemical (IHC) analysis using antibodies for proliferation (Ki67),
angiogenesis represented by microvascular density (MVD) with CD31, and apoptosis
(TUNEL);

In the orthotopic SKOV3 model, we have observed that treatment with the R-35 antibody
resulted in significantly fewer tumor blood vessels than did treatment with control antibody
(Fig. 3).

Figure 3. Treatment of CD5L targeted antibodies rAb-anti-CD5L(CD5L-35Rb)
resulted in significantly fewer tumor blood vessels than did treatment with control
antibody. CD31 immunofluorescence staining of tumors from control versus anti-CD5L
antibody-treated groups. For statistical analysis, five randomly selected tumors per
group were stained, and five random fields per tumor were scored.

Control Ab

304

CD31

anti-CD5L R-35

No. of Blood Vessels

CD31

e Subtask 1b-3: Compare the expression of CD5L/CD36 axis on macrophage using F4/80
co-staining with flow cytometry;

We will perform this experiment at the end of Subtask 1a-2 &3.

e Subtask 1b-4: Profile other immune cell populations (MDSCs, DC, T-regs, CD4/8 cells, and
NK cells) by co-immunofluorescence staining and by CyTOF system in the resulting
tumors.

We will perform this experiment at the end of Subtask 1a-2 &3.

Major task 1c: Determine the effects of rAb-anti-CD5L in the AVA-resistant PDX models from
high-grade serous ovarian cancer (HGSC) patients.

This experiment is currently under preparation.

Impact

Although a portion of the molecular pathway leading to anti-VEGF resistance has been reported
by literature, our laboratory is committed to mechanistically characterize the molecular

10



pathways underlying the development of adaptive resistance to anti-angiogenic therapy, as well
as to develop the novel therapeutic strategies for the treatment of ovarian cancer with such
resistances. Our proposed experiments below will lead to have a complete understanding of all
upstream and downstream components of CD5L as well as its associated receptor(s). Most
importantly, our proposal plans to generate and validate the first monoclonal antibody against
CD5L designed to reverse adaptive resistance to anti-VEGF therapy. The implications of this
on ovarian cancer treatment are substantial and would result in a profound change in the way
ovarian cancer patients are treated.
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