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Hyperactive c-M
et and ErbB signaling detected in a sub-group of ovarian patient tum

ors:  
Patient sub-group m

ay benefit from
 c-M

et and pan-HER com
bination therapy

Sub-groups of breast, lung, and colon cancer patients w
ith genetic variants associated w

ith dysregulated ErbB (HER) 
signaling benefit from

 treatm
ent w

ith ErbB targeted therapies. N
o sub-groups of ovarian cancer (O

vC) patients w
ith 

actionable ErbB genetic variants have yet been found. M
easurem

ent of biological factors other than genetic variants, 
such as ErbB signaling activity, m

ay identify ovarian cancer patients likely to benefit from
 ErbB targeted therapies. W

e 
have previously reported studies detecting dysregulated ErbB and c-M

et signaling activity in 20%
-25%

 of HER2-negative 
breast cancer patient tum

ors using the CELsignia M
ulti-Pathw

ay (M
P) Signaling Function Test. To determ

ine w
hether 

ErbB or c-M
et signaling dysregulation is involved in ovarian cancer, the CELsignia M

P test w
as adapted to analyze 

ovarian tum
or cells. 

The current study set out to: 
1) characterize c-M

et and ErbB fam
ily signaling activity in ovarian patient tum

or cells and ovarian tum
or cell lines; 

2) evaluate in vivo response to pan-HER and c-M
et inhibitors in an ovarian tum

or xenograft
 m

odel.

• CELsignia analysis leverages connections betw
een cell adhesion, im

pedance, and cell signal transduction
• Live cells are attached via ECM

 to a m
icroelectrode on the bottom

 of a 96-w
ell im

pedance biosensor plate.  
Additionally, the tum

or epithelial cells in the w
ells form

 adhesion-based gap junctions.
• The cells attached to the biosensor im

pede the flow
 of electrons w

hen m
V AC current is applied and changes in 

im
pedance (m

Ω) are recorded
• Signaling activity causes cell adhesion changes that affect im

pedance levels recorded by the biosensor

Cell Lines: The ovarian cancer cell lines used in this study (listed in Table 1) w
ere m

aintained according to ATCC 
recom

m
endations and authenticated by ATCC.

Tissue Specim
ens: A training set of de-identified ovarian cancer tissue specim

ens w
as obtained from

 19 patients 
(patient characteristics are listed in Table 2). M

ethods for tissue extraction and prim
ary cell culture w

ere based on 
(Laing et al. 2016, 2017).

Flow
 cytom

etry: Flow
 cytom

etry on disaggregated tissue and cultured cells w
as perform

ed on Agilent N
ovocyte 

3005. Extracellular staining w
ith indicated antibodies w

as perform
ed by standard procedures. DN

A staining for 
DN

A index calculation w
as perform

ed w
ith FxCycle violet. 

Sequencing: Genom
ic DN

A w
as extracted from

 tissue or cells and provided to contract research organizations for 
targeted next-generation sequencing to an average depth of 1000x. Sequencing w

as targeted to panels of 500 – 
1000 genes frequently m

utated in solid tum
ors w

ith enrichm
ent (Nim

blegen SeqCap or N
ovogene N

ovoPM
 1.0). 

Reads w
ere aligned to the reference genom

e w
ith BW

A. Tum
or vs. norm

al com
parisons w

ere perform
ed w

ith 
VarScan or M

utect™
 program

s

Xenograft
s: 40 fem

ale N
SG™

 m
ice w

ere injected w
ith tw

o m
illion O

VCAR-4 cells. M
ice w

ere random
ly assigned 

to either a control group that received Captisol excipient or a treatm
ent group that received either neratinib, 

tepotinib, or neratinib and tepotinib for 16 days.

CELsignia analysis: Real-tim
e live cell response to specific ErbB and c-M

et agonists (3 nM
 NRG1b, 0.3 nM

 EGF, and 
4 ng/m

L HGF) w
ith or w

ithout an antagonist (2C4, a HER2 dim
erization inhibitor; neratinib, a pan-HER inhibitor; 

or tepotinib, a c-M
et kinase inhibitor) w

as m
easured and quantified using an xCELLigence im

pedance biosensor 
(Agilent Technologies). Signaling activity above a previously established cut-off value (250 signaling units) w

as used 
to identify abnorm

al levels of EGFR, HER2, and c-M
et signaling activity. A HER2 Signaling Score, reflecting NRG and 

EGF responses that can be attenuated by 2C4, w
as calculated as w

as previously described (Laing et al. 2016, 2017).
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Table 1. List of cell lines
Table 2. List of OvC patient specimens

Figure 1. CELsignia Analysis Uses Biosensor to Quantify Signaling Activity in Real-Time in Live Cells
Figure 3: Neratinib and tepotinib reduce xenograft tumor growth in OvC cells with hyperactive c-Met 
and ErbB signaling 

Figure 5: CELsignia analysis identifies OvC patients with hyperactive c-Met and ErbB signaling

Figure 4: Establishment of ovarian cancer primary cultures for CELsignia analysis

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

E
xam

ple Im
pedance vs. Tim

e D
ata S

et

(B) CELsignia response to NRG, EGF, 
and HGF alone or in com

bination 
w

ith neratinib or tepotinib in 
O

VCAR4 cells w
ith hyperactive 

c-M
et and ErbB signaling.

These results show
 that :

1. 3 of 18 O
vC

 cell lines (O
VM

A
N

A
, O

VAC
R

3, O
VC

A
R4) have hyperactive c-M

et and/or ErbB
 signaling

2. H
yperactive ErbB

 signaling does not correlate w
ith H

E
R1-4 expression

3. N
eratinib significantly attenuates N

R
G

 and EG
F response

4. Tepotinib significantly attenuates H
G

F signaling response

Results

Pathway specific ligands and inhibitors used to turn  
on/off signaling pathways

Very subtle cell adhesion changes are measured

Response quantified as signaling units over time to 
characterize signaling activity

Determine Signaling Score for each pathway tested

Sam
ple

A
ge

Ethnicity
Prim

ary 
site

Rem
oval 

site
Type

G
rade

Stage

C1113.01.38
51

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N1

C1468.01.18
65

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N1

C1497.01.10
58

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N1

C1504.01.10
58

African Am
er. 

O
vary

O
vary

Serous
High grade

pT2 N
0

C1508.01.13
48

Caucasian
O

vary
O

vary
Endom

etrioid
Grade 2

pT3a N
x

C1620.01.21 
42

Caucasian
O

vary
O

m
entum

Serous
High grade

N
A

C1774.01.11
48

Caucasian
O

vary
O

m
entum

Serous
High grade

pT3c N1

C1928.01.4
67

African Am
er.

O
vary

O
vary

Serous
High grade

pT3b N
0

C1944.01.3
52

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N1

C1966.01.47
58

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N1

C2032.01.4
78

Caucasian
O

vary
O

m
entum

Serous
High grade

N
A

C2040.01.9
49

Asian
O

vary
O

vary
Serous

High grade
pT3c N1

C2060.01.1
59

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N

0

C2064.01.1
70

Caucasian
O

vary
O

m
entum

Serous
High grade

N
A

C2096.01.1
63

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N

x

C2332.01.10
66

Caucasian
O

vary
O

m
entum

Serous
High grade

N
A

C2408.01
59

Caucasian
O

vary
O

vary
Serous

High grade
pT1c3 N1a

C2427.01.5
48

Caucasian
O

vary
O

m
entum

Serous
High grade

pT3c N
X

C2457.01.1
64

Caucasian
O

vary
O

vary
Serous

High grade
pT3c N

x

Cell line
O

vC type

CaO
V-3

High Grade Serous

CaO
V-4

High Grade Serous

CO
V362

Endom
etrioid/HGS

HEY-T30
High Grade Serous

KU
RAM

O
CHI

High Grade Serous

M
ES-O

V
Serous Cystadenocarcinom

a

O
V-90

Adenocarcinom
a

O
VCAR-3

High Grade Serous

O
VCAR-4

High Grade Serous

O
VKATE

High Grade Serous

O
VM

AN
A

Clear Cell Adenocarcinom
a

O
VSAHO

High Grade Serous

SK-O
V-3*

Serous Cystadenocarcinom
a

TO
V-112D

Endom
etrioid

TO
V-21G

Clear Cell Adenocarcinom
a

UACC-1598
Serous Cystadenocarcinom

a

UACC2727
Serous Carcinom

a

U
W

B1.289
O

varian carcinom
a

* Reported to have Her2 am
plification

AB

(A) Table show
ing HER receptors expression 

(FACS stain index) and CELsignia responses: 
HER1 signaling (EGF activation), HER3 signaling 
(NRG activation), HER2 signaling (CELsignia 
HER2 Test score), c-M

et (HGF activation). The 
breast cancer cells lines M

DA-M
B-231 (w

ith 
HER2 expression “0” by IHC), M

DA-175 (w
ith 

HER2 “+1” by IHC) and SKBR3 (w
ith HER2 “+3” 

by IHC) are show
n as com

parison.
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These results show
 that neratinib and tepotinib induce significant tum

or reduction in an O
VC

A
R4 

xenograft m
odel found by the C

E
Lsignia test to have hyperactive ErbB

 and c-M
et signaling.

These results show
 that :

1. 2 of 19 O
vC

 patient sam
ples have hyperactive c-M

et and ErbB
 signaling.

2. H
yperactive ErbB

 signaling does not correlate w
ith H

E
R1-4 expression.
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These results show
 that :

1. Prim
ary cultures are enriched for epithelial cancer cells present in the original O

vC
 tissue.

2. H
E

R
2 is expressed at low

 levels in all specim
ens tested.

Chart show
ing O

VCAR4 xenograft tum
or 

size in response to neratinib, tepotinib, or 
neratinib + tepotinib adm

inistered for 21 
days; p<0.001 (t-test) betw

een vehicle and 
neratinib + tepotinib group.

C
1113 – Tum

or tissue
C

1113 – Prim
ary culture

C
orrelation betw

een C
E

Lsignia  
analysis and H

E
R

2 expression

Podoplanin
D

N
A

 content (FxC
ycle)

(A) Representative culture of prim
ary  

cells from
 a digested tum

or biopsy  
show

ing epithelial cells w
ith a tight 

cobblestone structure.

(B) Representative FACS analysis of 
an initial disaggregated tissue and the 
resulting cultured cells show

ing sim
ilar 

%
 of epithelial (EpCAM

+) and strom
al 

cells (EpCAM
-/Podoplanin+) and 

sim
ilar hyperploid DN

A content. 

(C) Genetic analysis confirm
s that 

cultured cells are enriched for 
m

utations present in cancer tissue 
(selected m

utations are show
n).

(D) Screening of 19 O
vC patient 

specim
ens (see Table 2) show

ing that 
prim

ary cultures are enriched for 
epithelial (EpCAM

+) cells w
ith a DN

A 
index sim

ilar to w
hat found in the 

digest tissue. FACS reference ranges 
for HER2 expression: SKBR3 (IHC 3+; 
408); M

DA-175 (IHC 1+; 66); M
DA-231 

(IHC 0; 13).

(A) Table show
ing HER receptors expression (FACS stain index) and CELsignia responses: HER1 signaling (EGF activation), 

HER3 signaling (NRG activation), HER2 signaling (CELsignia HER2 Test score), c-M
et (HGF activation). FACS reference 

ranges for Her2 expression: SKBR3 (IHC 3+; 408); M
DA-175 (IHC 1+; 66); M

DA-231 (IHC 0; 13).

(B) Plot show
ing lack of correlation betw

een HSF score and HER2 expression (FACS stain index).
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These findings suggest that a significant sub-group of ovarian cancer patients have abnorm
al ErbB and 

c-M
et signaling activity that m

ay respond to treatm
ent w

ith a com
bination of ErbB and c-M

et inhibitors. 
A clinical trial to evaluate treatm

ent response of this patient sub-set to com
bined c-M

et and pan-HER 
inhibitors is w

arranted.

• The CELsignia M
ulti-Pathw

ay Signaling Function Test identified 3 of 18 (17%
) O

vC cell lines and 2 of 19 
(11%

) O
vC  patients w

ith hyperactive c-M
et and/or ErbB signaling.

• FACS and sequencing analyses confirm
ed that O

vC prim
ary cultures m

aintained the epithelial cancer 
phenotype present in the original tissue.

• Hyperactive ErbB signaling did not correlate w
ith HER1-4 expression.

• N
eratinib and tepotinib significantly att

enuated ErbB signaling and c-M
et signaling in the CELsignia 

analysis.
• In vivo studies show

ed that m
ouse xenograft

 tum
ors developed from

 an O
vC cell line w

ith hyperactive 
ErbB and c-M

et signaling significantly decreased in size after treatm
ent w

ith a com
bination of tepotinib 

and neratinib. 
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