Abstract

The major cause of death in cancer patients is due to metastases that are resistant to conventional therapy. Heparin, a
complex glycosaminoglycan commonly used as an anticoagulant, has been reported to have anti-metastatic
properties. In addition to inhibiting coagulation proteases, heparin is known to interact with a number of growth
factors, cytokines, chemokines, and adhesion molecules known to be involved in tumor angiogenesis and
metastasis. However, the ability to exploit the anti-metastatic properties of heparin has been limited by its
anticoagulant activity. Here we describe M-ONC 402, a low molecular weight heparin derived from unfractionated
heparin, engif d to ially reduce the anti activity while retaining the activity against key pro-
angiogenic and pro-metastatic molecules. In vivo anti-tumor efficacy was initially screened in the B16F10 murine
melanoma experimental metastasis model. A single dose of M-ONC 402, administered subcutaneously prior to
tumor inoculation, significantly reduced tumor colonization in the lung in a dose-dependent manner. Next, the anti-
tumor efficacy of M-ONC 402 was further tested for the ability to inhibit spontaneous metastasis in an orthotopic
murine breast cancer model utilizing syngeneic 4T1 breast carcinoma cells. This model mimics human stage 1V
breast carcinoma. Briefly, mice orthotopically implanted with 4T1 tumor cells were treated with either M-ONC 402,
cisplatin, or the combination of M-ONC 402 and cisplatin. Primary tumors were removed between day 9 to day 15,
and tumor metastases to the lung were quantified by lung weight, lung nodule counting, lung tumor size and volume
quantification 30-35 days after tumor inoculation. M-ONC 402 in combination with cisplatin significantly inhibited
4T1 tumor cell metastasis to the lung compared to the saline control, M-ONC 402 or cisplatin monotherapy groups.
Immunohi: ical analyses a decrease in microvessel density in both primary tumors and lung
metastases in M-ONC 402 treated groups, suggesting anti-angiogenesis to be one of the anti-tumor mechanisms of
the compound. Tumor burden and treatment effect correlated with myeloid-derived suppressor cell population and
plasma levels of G-CSF and MMP-9. These data, taken together, suggest the potential of M-ONC 402 in the
treatment of cancers.

Introduction

Heparin

+Binds different proteins and enzymes that are essential for angiogenesis and metastasis: VEGF, FGFs, HB-EGF, HGF, PDGF, TGF-B, TNF-,
P-, L-selectins, heparanase, tissue factor

+Heparin or LMWH (low molecular weight heparin) was able to inhibit experimental metastasis in animal models
+The anti-tumor effect of heparins appears to be unrelated to the anti-coagulant activity.

+Retrospective analyses of clinical trials in which LMWHs were used to treat hyper-coagulability in cancer patients have suggested a survival
benefit for the treated groups

<However, full exploration of anti-tumor effect of heparin or LMWH is limited by its anti-coagulant activity

M-ONCs

+Rationally engineered LMWHs generated at Momenta Pharmaceuticals, Inc
*M-ONC 402: lead compound with greatly reduced anti-coagulant activity
+M-ONC 202: compound with no detectable anti-coagulant activity

4T1 murine mammary carcinoma model

«Tumor growth and metastasis closely mimics Stage IV human breast cancer
*Metastasis through hematogenous route to lymph nodes, lung, liver, bone and brain.
+100% animals develop and die of distal metastases if left untreated.

Methods and Results
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Figure 1. M-ONC 402 has greatly reduced anti-coaqulant activiy while retaining bincing to many| heparln binding proteins. (A) BALBIc mice were
injected subcutaneousiy with 10mg/kg Dalteparin (anti-coagulant LMWH), M-ON imals were sacrificed at different time points,
and plasma ollected, The ant-Xa actviy vias determined with Chromogenix [y’ Heparln " (_Ir)lapharma West Chester, Ohio) using COAG-A-MATE

11 (Organon Teknika Corporation, Durham, NC) according to manufactures” protocols. (B) The binding affinity of M-ONC 402, M-ONC 202 and
Dalieparin 0 ifferent eparin bnding proteins was Getermined by Surface Plasmon Resonance.

*rimeenim”

T

19-21 days
Single dose of compound administered s.c. Normal __Tumor inoculated  Lung tumor load quantified
JusEprior to tu: infusion of B16F10 cells by ling Weight

B c Lung weight
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Figure 2 M-ONC 402 nhibits BI6F10 tumor colonization to the ung inan experimental metastasis model. (A) Diagram of experimental protocol. 8) The
anti-tumor efficacy of M-ONC 402 Groups of C57BL/6 mice (n=8-12) were treated with a single dose of saline or 10mg/kg M-ONC 402 or M-ONC 202
followsd by iy inection of 2x00° BLSFL0 celswithin S minutes. The sxperiment was terminated on Day 21 and umor colonzaton to the lung guantfed by
lunguweight, M-ONC 402 significantly inhibited tumar colonzationto the lung compared to sallneccnlro (p<0.0001) No signficant difference observed wi
NC 202 treated group is compared to saline control (p>0.05). (C) Dose response. C57BL/G mice (n=12 per group) were treated with different doses of o
ONC 402 (Omgkg, 2mg/kg, Smg/kg 20mg/kg and 60mg/kg) before iv tumor inoculation. M-ONC 402 inhibited BI6FL0 tumor colonization to the lung in a
dose-dependent manner. *, P<0.05; **, P<0.0001 compared to saline control group.
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Figure 3. M-ONC 402 combined vith cisplatin inhbits orthotopically inoculated 4T tumor metastases tothe lung. () Disgram of experimen protocols

Groupsof femals BALBI mic (1~16) were inocultd orthotopically it 5x10t 4T cels n he 4t mammary fat pad fon 1 day 0. Weekly i injectionof saline
or ciplatin (1.25mglky), and sline or M-ONC 402 ueatment (0mgrkg/day) delivered by s implansd osmotc p day 5. Primary tumors
temoved on day 9 by surgery. Experiment terminated on cay 32, lung ssues wee isolaed and lung weight quannfle és) et flxaucn n buffered formalin.
Tumor nodule numbers and diameters quantifed uncer the dissecing microscope, umor volumes wers calculted according to the formula mx(ave
diamete2)*X nodule number as presened In (C). Fixed lungs were embedded in paraffn and o6 5 5. of lota ot areas) auantiied uvger o
microscope on H&E stained slides. Results are displayed in (D). *, P<0.05 compared to saline Control. crptain, M-ONG 405 monotheramy aroups. Experiment
was repeated twice with similar results.
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< *P<0.05, **, P<0.01 compared to saline control groups.

Figure 4. M-ONC 402 treatment normalizes myelod derived suppressor cells (MIDSC). plasia MMP-0 and G-CSF.levl in 4T2 tumor-
bearing mice. (A, B) Groups of emale BALE/c icswere inoculated anhcloplcallg with 5x10' 4T1 cells in the 4th mammary fat pad on day 0.
ekl injecion of saine or cisplatin (1 zsm%/ and saline or M- mglka) treatment by sc implanted osmotic pumps started on
day 5 Phimary tumors were feoved on f’ Experiment eninaied on I iay 32 and blood samples collected by cardiac puncture.
100mi of sochum Girate-eated pooled (by the cages) Blood samples were treated with REC Isis buffr, washed, and staned with different
antibodies before analyzed with flow cytometry. (A) MDSC are defined by Forward and side scatter plot showing the expansion of these cells
(more than 90% of these cells are CD116°GR-17) in 4T1 o bearing mice. Quantifcatio of nese MIDSC calls 5 3 of ot cells. » P <0.05, %%,
<0.01 when compared to saline control group. (B) Plasma samples were analyzed for MMP-9 concentration by Luminex system. *, P<0.05
Compared o Saline COntrol gfoup. (C) In a SSPATAE Butsimilar experiment, plasma levls of G-GSF were determined by ELISA assay. *, P<0.01
compared to saline control group.
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Figure & Decreased microvessl density in M-ONC 402-reated 4T4 primary wmors. Groups of feale BALBJo mice (1=16) viere ingculted
orthotopically with 5x10¢ 4T cells in the 4th mammary fat pad on day 0. Weekly ip injection of saline or cisplatin (1.25mg/kg), and saline or M-ONC
402 (20mg/ka) treatment delivered by s.c. implanted osmotic pumps started on day 5. Primary tumors

recorded (A). e was 10 signficant iference between U groups 4 caysafter the startof the reaments (P>0.05). Primary umors viee fixe
bufere formalin, embeced i paratin and tained for CD31 by immunchistochemisty (B) Quantificaton of microvessel dnsity n primary amor
a5 numbers of Vessels/AOx feld. =, P<0.05, *+, P<0.001 when compared with saline conrol oroup. (C) Quantificaion of gt ensity in lung
tumor as numbers per mm?. *, P<0.05, **, P<0.001 when compared with saline control group.

on to the lung in B16F10 experimental metastasis model
M-ONC 402 inhibits spontaneous metastasis of orthotopically implanted murine 4T1 breast carcinoma
M-ONC 402 inhibits microvessel density in 4T1 primary tumors

M-ONC 402 treatment normalize MDSC, plasma MMP-9 and G-CSF levels in 4T1 model.
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