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A novel MIRO2/MYO9B/RhoA signaling axis controls tumor cell invasion and metastasis

Hypothesis

Loss of MIRO2 results in increased active RhoA
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Increased MIRO2 expression in metastases vs. primary tumors

Loss of MYO9B reduces invasive capacity in multiple tumor types

Of the top hits, MYO9B reduces invasive capacity to the greatest extent

MIRO2 promotes tumor cell invasion and metastasis through regulation of 
downstream effectors.

Loss of MIRO2 reduces invasive capacity across multiple tumor types

MDA-MB-231

Dual ablation of MIRO2 and RhoA rescues invasive capacity of cellsMetastasis of cancer cells to vital organs remains the leading cause of
cancer related deaths, emphasizing a strong need for actionable targets in
advanced stage cancer. To address this, we study novel dysregulated
signaling mechanisms that cells utilize to metastasize. Here, we focus on
how outer mitochondrial membrane protein—Mitochondrial Rho GTPase
2 (MIRO2)—promotes tumor cell invasion and metastasis through a
negative regulation of RhoA. Our previous work demonstrated that
MIRO2 was critical for prostate cancer cell growth and survival in vitro
and in vivo. However, it remains unknown if MIRO2 only affects primary
tumor growth or if this protein is important throughout tumor
progression. Using siRNA mediated knockdown (KD) of MIRO2 we find
MIRO2 KD ubiquitously reduces tumor cell invasion in breast, melanoma,
pancreatic, and prostate cancer cells. Utilizing metastatic prostate and
breast cancer models, we demonstrate that mice injected with MIRO2
shRNA cells have significantly lower metastatic burden compared to mice
injected with control shRNA cells. Mechanistically, we have identified a
novel binding partner of MIRO2, atypical myosin IXB (MYO9B), and
propose that this interaction is a main mechanism by which MIRO2
potentiates metastasis. MYO9B has a well-defined role in controlling cell
motility via inactivation of RhoA. Excitingly, we have found 1) MIRO2 KD
results in increased active RhoA, phenocopying MYO9B KD and 2) dual
ablation of MIRO2 and RhoA fully rescues tumor cell invasion. Taken
together, we propose a novel signaling mechanism by which MIRO2
broadly promotes invasion and metastasis through MYO9B dependent
inactivation of RhoA. .

RA= RhoA

Norm.

Brain

Brain

Met.

MIRO2/Hematoxylin MIRO2/Hematoxylin

NSCLC

-SCC

NSCLC

-LUAD

*= significant Csh vs. shM2a

= significant Csh vs. shM2b

H
e
m

a
to

x
y
lin

/

E
o
s
in

MIRO2 is critical for metastasis of 4T1 cells

Csh shM2a shM2b

M
e
t.
 b

u
rd

e
n

µ
m

2
*1

0
6

sh: C M2a M2b
0

1

2

3

4

5

T
u
m

o
r 

V
o
lu

m
e
 (

m
m

3
)

Days post-injection

Primary Tumor

200

400

600

800

0
0 5 10 15 20 25

T
o
ta

l 
F

lu
x
 *

1
0

8
(p

/s
)

0

Distal Metastases

1

2

3

Days post-survival surgery
0 5 10 15

Csh

shM2a
shM2b

Csh

shM2a
shM2b

M2a M2bCsh:
MIRO2

Vinculin

KD efficiency at

time of injection

MIRO2 is critical for late-stage metastasis of PC3 cells Hematoxylin/Eosin

25 30 35 40 45 50 55

0

5×109

1×1010

1.5×1010

2×1010

PC3 Metastatic Burden

Time (Days)

T
o

ta
l 

F
lu

x
 (

p
/s

)

sh21

sh19

Csh

****

Several animals that have total flux that decrease over time??

25 30 35 40 45 50 55

0

5×109

1×1010

1.5×1010

2×1010

PC3 Metastatic Burden

Time (Days)

T
o

ta
l 

F
lu

x
 (

p
/s

)

sh21

sh19

Csh

****

Several animals that have total flux that decrease over time??

Csh
shM2a

shM2b
MIRO2

Vinculin

sh: C M2a M2b

KD efficiency at 

the time of injection

T
o
ta

l 
F

lu
x
 *

1
0

1
0

(p
/s

)

Distal Metastases

Days post-injection
25 30 35 40 45 50 55

0.5

1.0

1.5

2.0

0

M
e
t.
 B

u
rd

e
n

*1
0

7
(u

m
2
)

0.5

1.0

1.5

2.0

0

Kidney

sh: C M2a M2b

Liver
M

e
t.
 B

u
rd

e
n

*1
0

7
(u

m
2
)

2

4

6

8

10

0
sh: C M2a M2b

B
T-5

49

R
P
M

I-7
95

1

SK
-M

E
L-2

8
P
C
3

0

50

100

150

Br and Mel siMYO9B n=3 w/o MDA

In
v
a
s
iv

e
 c

e
ll
s
 (

%
)

Csi

siMYO9B

BT-549= ****
RMPI = ***
SK= **
PC3= ***

PC3 initial quantification and representative images from
"PC3 DU145 siMYO9B invasion"

0

50

150

100

In
v
a
s
iv

e
 C

e
lls

 (
%

)

N
o
rm

a
liz

e
d
 t

o
 C

s
i

si: C C CM9B M9B M9B

BT-549 RPMI-

7951

SK-

MEL-28

MYO9B

Vinculin

Csi siM9B

BT-549

RPMI-

7951

SK-MEL-28

Csi

M9Bsi

BT-549 RPMI-7951 SK-MEL-28

0

50

100

150

Br and Mel siMYO9B n=3 w/o MDA

In
v
a
s
iv

e
 c

e
ll
s
 (

%
)

Csi

siMYO9B

BT-549= ****
RMPI = ***
SK= **

***

****

***
**

PC3

***

C M9B

PC3
B

re
a
s
t

M
e
la

n
o
m

a
P

ro
s
ta

te

R
h
o
A

-G
T

P

(%
 o

f 
C

s
i
B

a
s
a
l)

0

50

100

150

200

250

si: C M2 M9B

C
si

si
M

IR
O

2

si
M

YO
9B

0

50

100

150

200

250

RhoA GTP cumulative (MDA-MB-231) w/o M1

R
h

o
A

-G
T

P
 (

%
)

N
o

rm
a
li
z
e
d

 t
o

 C
s
i

C
si

si
M

IR
O
2

si
M

Y
O
9B

0

50

100

150

RhoA Total cumulative (MDA-MB-231) w/o M1

R
h

o
A

 T
o

ta
l 

(%
)

N
o

rm
a
li
z
e
d

 t
o

 C
s
i

0

50

100

150

R
h
o
A

-T
o
ta

l

(%
 o

f 
C

s
i
B

a
s
a
l)

M
D

A
-M

B
-2

3
1

*
*

MIRO2

RhoA

β-actin

In
v
a
s
iv

e
 C

e
lls

 (
%

)

N
o
rm

a
liz

e
d
 t

o
 C

s
i

siMIRO2/

siRhoA

0

C
si

si
R

h
o

A

si
R

h
o
T

2

si
R

h
o
A

+
si

R
h

o
T

2

0

100

200

300

400

500

Invasion assay_PC-3 parental_n=3

%
 i

n
v

a
si

v
e
 c

e
ll

s

*** Csi vs siRhoA
* Csi vs. siM2 + siRhoA
**** siRhoA vs SiM2
** siRhoA vs siRhoA  + siM2
** Si  RhoA+siM2 vs siM2

100

200

300

400

500

C
si

si
R

h
o

A

si
R

h
o
T

2

si
R

h
o
A

+
si

R
h

o
T

2

0

50

100

150

200

250

Invasion_231_n=3

%
In

v
a

si
v

e
 c

e
ll

s

In
v
a
s
iv

e
 C

e
lls

 (
%

)

N
o
rm

a
liz

e
d
 t

o
 C

s
i

0

50

100

150

200

250

MIRO2

RhoA

β-actin

C RA M2 M2/

RA

Csi

siRA

siM2

siM2/

siRA

MDA-MB-231 PC3

Csi

siRA

siM2

siM2/

siRAC RA M2 M2/

RA

**
**

**

**

****

**

**

***

*

****

C
si

 +
 e

m
pty

C
si

 +
 M

YO
9B

-W
T

C
si

 +
 M

Y
O

9B
-R

16
95

M

si
M

2 
+ 

em
tp

y

si
M

2 
+ 

M
YO

9B
-W

T

si
M

2 
+ M

Y
O
9B

-R
16

95
M

0

50

100

150

200

MDA-MB-231 n=3

MDA-MB-231 cells were RVS transfected with 15nM siRNA for 72 hours
15nM Csi or 15nM siM2 (09/10 pooled together)

Cells were transfected with 2ug plasmid + 4uL XtremeGENE + 200uL optiMEM for 48 hours
Cells were plated at 50,000 cells/well in duplicate on BD corning matrigel inserts

Invaded for 16-17 hours

empty= pEGFP-C1-empty
MYO9B-WT= rat GFP-MYO9B-WT

MYO9B R1695M= rat GFP-MYO9B-R1695M  (GAP mutant)

In
v
a
s
iv

e
 c

e
ll
s
 %

N
o

rm
a
li
z
e
d

 t
o

 C
s
i

MIRO2

MYO9B

Vinculin

EGFP-

cDNA:
0 WT Mut.

Mut.=GAP deficient (R1695M)

0 WT Mut.

MYO9BMYO9B

Csi siM2

Empty MYO9B-WT

MYO9B-Mut

Csi siMIRO2

MYO9B requires MIRO2 to drive tumor cell invasion

Empty

*** *** ***In
v
a
s
iv

e
 C

e
lls

 (
%

)

N
o
rm

a
liz

e
d
 t

o
 C

s
i

0

50

100

150

200

***

RhoA

FLAG-cDNA:

MYO9B

MIRO2

EV M2

Input FLAG-IP

EV M2

RhoA

EGFP-cDNA:

MYO9B

MIRO2

EV

Input GFP-IP

EVM9B M9B

RhoA

EGFP-cDNA:

MYO9B

MIRO2

EV

Input GFP-IP

RA RAEV


