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Brain Tumors in the World and in the USA 

- The worldwide incidence rate of primary malignant CNS tumors is 

~3.5 per 100,000. This represents an estimated ~ 250,000 individuals 

(~26,000 in the USA). 

 

- ~ 200,000 people die from brain tumors worldwide (~18,000 in the 

USA). 



Distribution of Malignant Primary Brain and CNS Tumors by Histology 



Glioblastoma (GBM) 

- Infiltrative fast growing tumor  

- Average survival after diagnosis ~ 15 months 



Genetic alterations in glioblastoma (TCGA) 

TCGA, Nature, 2008 



Why is GBM so difficult to treat? 

• Blood-brain barrier 

• Invades critical brain structures 

• Resistance to DNA-damaging agents, i.e. radiation and 
chemotherapy 

• GBM stem cells (GSCs) 

• Genetic heterogeneity and complexity 



From Roderick and Cook, Nature Reviews Cancer 

The Calcium Signalsome 



Voltage Gated Calcium Channels 

L-Type (Long-lasting 

DHP receptor) (H) 

R-type 

(Residual) (M) 

P-type 

(Purkinje) (H) 

T-type (Transient)                

(Low-voltage-activated) 

Expression: 

 -Cells with pacemaker activity 

 -Neurons 

 -Bone 

 -Tumor cells:  neuroblastoma,   

retinoblastoma, glioblastoma 

Cav3.1 

(CACNA1G) 

Cav3.2 

(CACNA1H) 
Cav3.3 

(CACNA1I) 

Functions (regulate): 

 - Proliferation  

 - Apoptosis 

 - Transcription of cell cycle genes: c-fos, c-jun,     

CDKs,…  

 - Transit past the G1/S cell cycle checkpoint 

 - Mouse ES cell self-renewal 

 - Cancer angiogenesis  

N-type 

(Residual) (N) 



Mibefradil: a T-type (and L-type) calcium channel blocker 

Chemical Names: 

  

Mibefradil; 116644-53-2; Posicor; Mibefradil 

[INN:BAN]; Mibefradil (INN); CHEMBL45816; 

Molecular 

Formula:  
C29H38FN3O3 

Molecular 

Weight:  
495.628723 g/mol 

FDA proved drug: 

 

by Roche 

  

Treatment : 

 
Hypertension, chronic angina pectoris 

Concentration: 
T-type block: 1-10 µM,  

L-type block: 100-300 µM  fold as of T-type 

Side effects: 
Drug-drug interactions leading to irregular 

heart rhythms 

https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
https://pubchem.ncbi.nlm.nih.gov/search/
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T-Type Calcium Channels (TTCC) are highly expressed in GBM tumors and expression 
correlates with poor patient survival.  



TTCC Cav3.2 are expressed in GBM cells, stem cells and tumors 
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TTCC blockage with mibefradil inhibits GBM cell proliferation and survival 
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TTCC blockage induces GBM stem cell differentiation 



B

C

-sh Cav3.2 - + - +

Cav3.2

β-Actin

206827

A

206827

827

(Days)

206

(Days)

0

10

20

30

40

50

60

C
e
ll

D
e
a
th

(%
)

sh-Cav3.2 Mi

0

10

20

30

40

50

60

C
e
ll

D
e
a
th

(%
)

sh-Cav3.2 Mi

*

* *

*

*

*
*
*

0

200

400

600

800

1000

0 3 5

C
e

ll
n

u
m

b
e

r
(x

1
0

0
)

sh-con

sh-Cav3.2

Mi

0

200

400

600

800

1000

1200

1400

0 3 5

C
e

ll
n

u
m

b
e

r
(x

1
0
0
) sh-con

sh-Cav3.2

Mi

TTCC expression silencing inhibits GBM cell proliferation and survival 



A B

C D

E

4EBP1 S65

LKB1S428ATK S473 LKB1 S428 Tuberin/TSC2 Y1571

mTOR total mTOR S2448 4EBP1 S65

Survivin BAX total

Caspase 9 cleaved PARP, cleaved D214

CD133 total GFAP totalp27 T187 RB S780p27 KIP1 Total

ATM S1981 LC3B total

M i - - + +

p27

GAPDH

BAX Cleaved PARP

GAPDH GAPDH

M i - - + + M i - - + +

Con 1h 24h

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

M
e
a
s
u
re

m
e
n
t

Con 1h 24h

Con 1h 24h

Con 1h 24h
Con 1h 24h

Con 1h 24h Con 1h 24h

Con 1h 24h
Con 1h 24h

Con 1h 24h

Con 1h 24h

Con 1h 24h

Con 1h 24h

Con 1h 24h

Con 1h 24h

Con 1h 24h Con 1h 24h

TTCC blockage alters multiple cancer signaling molecules and pathways 
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Bax, p27, and mTOR partially mediate the anti-tumor effects of TTCC blockage  
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TTCC blockage alters the transcription of oncogenes and tumor suppressors in GBM 
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TTCC blockage alters the transcription of oncogenes and tumor suppressors in GBM 
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Mibefradil synergizes with TMZ to inhibit GBM xenograft growth  
and prolong survival 
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Mibefradil inhibits in vivo GBM cell proliferation and survival 
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Mibefradil synergizes with TMZ and radiation to inhibit GBM xenograft growth  
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TTCC blockage reverses resistance to RTK-targeted therapies 
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Conclusions 
 
 
- T-Type Calcium Channels (TCC) are overexpressed in GBM cells, stem cells and 

human tumors 

 

- TTCC blockage inhibits GBM cell growth and survival and induces GSC 

differentiation 

 

- Mibefradil synergizes with TMZ and radiation to inhibit tumor growth in vivo 

 

- TTCC blockage alters GBM cell signaling 

   

- TTCC blockage alters the GBM transcriptome  

 

- TTCC blockage reverses resistance to RTK targeted therapies 

  

-    TTCC blockage with mibefradil is a promising approach for GBM therapy 
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