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Mechanism of Action of SNS-032, a Novel Cyclin Depe ndent Kinase Inhibitor, in Chronic 
Lymphocytic Leukemia: Comparison with Flavopiridol  
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• SNS-032 inhibits the phosphorylation of Cdk7/Cdk9-s ubstrates 
Ser5/Ser2 of CTD of RNA Pol II, and reduces RNA syn thesis.

• SNS-032 reduces the mRNA and protein levels of shor t-lived anti-
apoptotic proteins Mcl-1 and XIAP.

• SNS-032 induces apoptosis in CLL cells.

• Killing of CLL cells by SNS-032 is maximal between 10 to 12 hr 
exposure.

• Induction of apoptosis appears independent of p53 o r ATM.

• SNS-032 is about 10-30-fold more potent than flavop iridol.

ResultsResultsResultsResults

SummarySummarySummarySummary

IntroductionIntroductionIntroductionIntroduction

• Cyclin dependent kinases (Cdks) not only drive cell  cycle 
progression, but also control transcription. For ex ample, Cdk7 
and Cdk9 phosphorylate the Ser2 and Ser5 sites, res pectively, on
the C-terminal domain (CTD) of RNA polymerase II (p ol II) to 
promote transcription initiation and elongation. 

• Our previous experience with flavopiridol, a pan-Cd k inhibitor, in 
primary chronic lymphocytic leukemia (CLL) cells de monstrated 
inhibition of RNA pol II-driven mRNA synthesis, red uction of the 
expression of short lived anti-apoptotic proteins, and induction of 
apoptosis in CLL cells in vitro (Blood 106:2513-19,  2005). 

• Here we studied a novel Cdk inhibitor SNS-032, a 2- aminothiazole 
derivative with potent and selective inhibitory act ivity against
Cdk2, Cdk7 and Cdk9. 

• SNS-032, formerly known as BMS-387032, is currently  in a Phase 
1 trial in patients with chronic lymphocytic leukem ia and multiple 
myeloma.  SNS-032 is administered using a pharmacol ogically-
derived dose regimen, designed to sustain levels ab ove 0.3 µM for 
over 6 hours,  the EC 90 concentration and time required for in vitro 
cytotoxicity.

SNS-032

Recovery of CLL cells after washing 
into fresh medium without SNS-032

SNS-032 inhibits RNA synthesis

ConclusionConclusionConclusionConclusion

SNS-032 inhibits the phosphorylation of RNA pol II in 
CLL cells

SNS-032 induced cell death is not dependent on a 
functional p53 or ATM

SNS-032 reduces transcripts of anti-apoptotic prote ins 
in CLL cells 

HypothesisHypothesisHypothesisHypothesis
Because CLL cells are not actively cycling, and the ir viability is 
dependent upon the continuous expression of anti-ap optotic 
proteins, we hypothesized that SNS-032 would induce apoptosis  in 
CLL cells through transcriptional inhibition of ant i-apoptotic 
proteins.

Activation of RNA Pol II by Cdk7 & Cdk9
and Inhibition by SNS-032

~100c340Cdk5/p35

FlavopiridolSNS-032

65b925Cdk4/cyclin D

100b38Cdk2/cyclin A

41a480Cdk1/cyclin B

6d4Cdk9/cyclin T

~300c62Cdk7/cyclin H

~100c>1000Cdk6/cyclin D

IC50 (nM)IC50 (nM)Kinase

0.1 1
0

25

50

75

100

SNS-6 hr
SNS-24hr

Flavo 6 hr
Flavo 24 hr

0 0.03 0.3 3

Inhibitors, µµµµM

%
 C

el
l D

ea
th

% Cell Death

61

70

41

51

83

71

50

48

70

53

49

55

59

51

48

62

68

65

78

84

Net

7615Mean

851528

612027

621026

907.325

861524

702023

712322

881815

742114

X671813

822712

688.910

X69189

X512.88

77157

83154

XX81163

X846.12

916.91

ATM deletionp53 deletion
SNS 0.3 µµµµM 24 hControl 24 h

CLL Pt

0

25

50

75

100 Control

SNS-032 0.3µµµµM

Wash at 6hr
wash

6 9 12 24

Hours

U
rid

in
e 

In
co

rp
or

at
io

n
(%

 o
f C

o
nt

ro
l)

Actin

pSer5-Pol II (Cdk7)

pSer2-Pol II (Cdk9)

RNA Pol II

SNS-032, µµµµM
0 0.1 0.3 1

0

25

50

75

100 6 hr
24 hr

pS
er

2/
T

ot
al

 P
ol

 II

pSer2 (Cdk9)

0 0.1 0.3 1
0

25

50

75

100

SNS-032, µµµµM

6 hr
24 hr

pS
er

5/
T

ot
al

 P
ol

 II

pSer5 (Cdk7)

N=6

N=6

0.1 1 10

0

25

50

75

100

SNS-032 6 hr
SNS-032 24hr

Flavo 6 hr
Flavo 24 hr

0 0.03 0.3 3

Inhibitors, µµµµM

[3 H
]u

rid
in

e 
In

co
rp

or
at

io
n

(%
of

 C
on

tro
l)

SNS-032 potently induces apoptosis in CLL cells

N=5

Reduction of anti-apoptotic protein levels by SNS-0 32

These in-vitro results demonstrate mechanism-based cytotoxicity 
of SNS-032 in human CLL cells and support the ongoi ng Phase 1 
clinical study of SNS-032 administered to patients with chronic 
lymphocytic leukemia or multiple myeloma.

Inhibition of Cdks by SNS-032 and flavopiridol

N=6
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Time course of SNS-032 induced apoptosis

SNS is still active after 12 hr of incubation in 
10% autologous plasma / 90% RPMI-1640 media
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• After washing away SNS-032 at 6 hr, 
the percentage of cell death remained 
at the level of 6 hr, whereas continued 
incubation for 24 hr induced greater 
cell death.  

• This suggests that a longer infusion 
time in the clinic may generate more 
cytotoxicity.
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•SNS-032 at 0.1 µµµµM inhibits RNA synthesis by >80% at 6 hr.
•SNS-032 is ~10-30 fold more potent than flavopirido l at inhibiting RNA synthesis.
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Phosphorylation of RNA Pol II and 
RNA synthesis recovered within 3 
hrs after SNS-032 was washed out 
at 6 hr. 
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Modified from Shapiro, G. I. J Clin Oncol; 24:1770- 1783, 2006
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CLL cells
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• Red numbers identify the  six patient samples in th e first 5 figures in Results.
• Blue numbers identify the additional two patient sa mples in the experiment 

comparing toxicity of SNS-032 on CLL versus normal lymphocytes.

Numbers indicate % healthy cells

After incubating with 0.3 µµµµM SNS-032 for 
6 hrs, the cells were washed into fresh 
media. Uridine incorporation and 
immunoblotting were done at indicated 
times.
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