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Background

Sub-groups of breast, lung, and colon cancer patients with genetic variants associated with dysregulated ErbB (HER)
signaling benefit from treatment with ErbB targeted therapies. No sub-groups of ovarian cancer (OvC) patients with
actionable ErbB genetic variants have yet been found. Measurement of biological factors other than genetic variants,
such as ErbB signaling activity, may identify ovarian cancer patients likely to benefit from ErbB targeted therapies. We
have previously reported studies detecting dysregulated ErbB and c-Met signaling activity in 20%-25% of HER2-negative
breast cancer patient tumors using the CELsignia Multi-Pathway (MP) Signaling Function Test. To determine whether
ErbB or c-Met signaling dysregulation is involved in ovarian cancer, the CELsignia MP test was adapted to analyze
ovarian tumor c

1) characterize c-Met and ErbB family signaling activity in ovarian patient tumor cells and ovarian tumor cel
2) evaluate in vivo response to pan-HER and c-Met inhibitors in an ovarian tumor xenograft model.

Methods

Cell Lines: The ovarian cancer cell lines used in this study (listed in Table 1) were maintained according to ATCC
recommendations and authenticated by ATCC.

Tissue Specimens: A training set of de-identified ovarian cancer tissue specimens was obtained from 19 patients
(patient characteristics are lsted in Table 2). Methods for tissue extraction and primary cell culture were based on
(Laing et al. 2016, 2017).

Table 2. List of OvC patient specimens
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Figure 1. CELsignia Analysis Uses Biosensor to Quantify Signaling Activity in Real-Time in Live Cells
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Results

Figure 2. CELsignia analysis identifies OvC cells lines with hyperactive c-Met and ErbB signaling

[cresroii0_[s8 Serous vigh grade |prac 1 A ‘Recoptor Exprossion in Pathway signaling activty
|c1soa0r10 [s8 [serous. igh grade |o72 NO ia analysis)
[kuRAMOCH! |High Grade Serous lc1508.0113 [a8 [caucasian [ovary [o738 hx SRR
[ovkaTE [c1966.0147 |58 |ovary [serous High grade [oT3c N1 .

Flow cytometry: Flow cytometry on disaggregated tissue and cultured cells was performed on Agilent Novocyte
3005. Extracellular staining with indicated antibodies was performed by standard procedures. DNA staining for
DNA index calculation was performed with FxCycle violet.

Sequencing: Genomic DNA was extracted from tissue or cells and provided to contract research organizations for
targeted next-generation sequencing to an average depth of 1000x. Sequencing was targeted to panels of 500
1000 genes frequently mutated in solid tumors with enrichment (Nimblegen SeqCap or Novogene NovoPM 1.0).
Reads were aligned to the reference genome with BWA. Tumor vs. normal comparisons were performed with
VarScan or Mutect™ programs

Xenografts: 40 female NSG™ mice were injected with two million OVCAR-4 cells. Mice were randomly assigned
to either a control group that received Captisol excipient or a treatment group that received either neratinib,
tepotinib, or neratinib and tepotinib for 16 days.

CELsignia analysis: Real-time live cell response to specific ErbB and c-Met agonists (3 M NRG1b, 0.3 M EGF, and
4ng/mL HGF) with or without an antagonist (2C4, a HER2 dimerization inhibitor; neratinib, a pan-HER inhibitor;
o tepotinib, a c-Met kinase inhibitor) was measured and quantified using an xCELLigence impedance biosensor
(Agilent Technologies). Signaling activity above a previously established cut-off value (250 signaling units) was used
toidentify abnormal levels of EGFR, HER2, and c-Met signaling activity. A HER2 Signaling Score, reflecting NRG and
EGF responses that can be attenuated by 2C4, was calculated as was previously described (Laing et al. 2016, 2017)
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(A) Table showing HER receptors expression
(FACS stain index) and CELsignia responses
HERI signaling (EGF activation), HER3 signaling
(NRG activation), HER? signaling (CELsignia
HER? Test score), c-Met (HGF activation). The

HER2 expression “0” by IHC), MDA-175 (with
HER2 “+1” by IHC) and SKBR3 (with HER2 “43"
by IHC) are shown as comparison.
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These results show that :
1.3 of 18 OVC cell lines (OVMANA, OVACR3, OVCARA) have hyperactive c-Met and/or ErbB signaling
2. Hyperactive ErbB signaling does not correlate with HER1-4 expression

3. Neratinib significantly attenuates NRG and EGF response

4. Tepotinib significantly attenuates HGF signaling response

Hyperactive c-Met and ErbB signaling detected in a sub-group of ovarian patient tumors:
Patient sub-group may benefit from c-Met and pan-HER combination therapy
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Figure 3: Neratinib and tepotinib reduce xenograft tumor growth in OvC cells with hyperactive c-Met

and ErbB signaling
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days; p<0.001 (t-test) between vehicle and
neratinib + tepotinib group.

These results show that neratinib and tepotinib induce significant tumor reduction in an OVCAR4

xenograft model found by the CELsigr

test to have hyperactive ErbB and c-Met signaling.

Figure 4: Establishment of ovarian cancer primary cultures for CELsignia analysis
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(B) Representative FACS analysis of

an initial disaggregated tissue and the

resulting cultured cells showing simiar )
% of epithelial (EXCAM4) and stromal

cells (EpCAM-/Podoplanin#) and

similar hyperploid DNA content

() Genetic analysis confirms that

cultured cells are enriched for

mutations present in cancer tissue

(selected mutations are shown).

(D) Screening of 19 OVC patient
specimens (see Table 2) showing that
primary cultures are enriched for
epithelial (EpCAM) cells with a DNA
index similar to what found in the
digest tissue. FACS reference ranges
for HER2 expression: SKBR3 (IHC 3+;

408); MDA-175 (IHC 1+; 66); MDA-231
(HC 0; 13).

These results show that :

1. Primary cultures are enriched for epithelial cancer cells present in the original OvC tissue.

2. HER2 is expressed at low levels in all specimens tested.
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Figure 5: CELsignia analysis identifies OvC patients with hyperactive c-Met and ErbB signaling
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(A) Table showing HER receptors expression (FACS stain index) and CELsignia responses: HER1 signaling (EGF activation),
HER3 signaling (NRG activation), HER? signaling (CELsignia HER? Test score), c-Met (HGF activation). FACS reference
ranges for Her2 expression: SKBR3 (IHC 3+; 408); MDA-175 (IHC 1+; 66); MDA-231 (IHC 0; 13),

(B) Plot showing lack of correlation between HSF score and HER2 expression (FACS stain index).

These results show that :
1.2 of 19 OVC patient samples have hyperactive c-Met and ErbB sign
2. Hyperactive ErbB signaling does not correlate with HER1-4 expression.

Summary of Results

The CELsignia Multi-Pathway Signaling Function Test identified 3 of 18 (17%) OvC cel

(11%) OVC patients with hyperactive c-Met and/or ErbB signaling.

FACS and sequencing analyses confirmed that OVC primary cultures maintained the epithelial cancer
phenotype present in the original tissue.

Hyperactive ErbB signaling did not correlate with HER1-4 expression.

Neratinib and tepotinib significantly attenuated ErbB signaling and c-Met signaling in the CELsignia

s showed that mouse xenograft tumors developed from an OVC cell line with hyperactive
ErbB and c-Met signaling significantly decreased in size after treatment with a combination of tepotinib
and neratil

Gonclusions

These findings suggest that a significant sub-group of ovarian cancer patients have abnormal ErbB and
c-Met signaling activity that may respond to treatment with a combination of ErbB and c-Met inhibitors.
A clinical trial to evaluate treatment response of this patient sub-set to combined c-Met and pan-HER
inhibitors is warranted.
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