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CDK8 BIOLOGY

CDKa&8/CycC negatively regulates transcription by mediating the activity of CDK7/CycH, which, in
turn, represses the initiation of transcription.! Conversely, it has also been shown that CDKS8 can act as
a positive regulator in the transcription of specific genes.>® CDK8 is overexpressed in a variety of
cancers including melanoma, breast, colorectal and pancreatic cancers.”*® CDKS8 inhibition also
produces potent anti-proliferative effects in acute myeloid leukemia (AML) cells.!* CDK8 is deemed
an oncogene in colorectal cancers. Genetic knockout of CDK8 has been shown to restrain proliferation,
metastasis, and invasion of colon cancer cells in vitro and in vivo.}?4 Importantly, inhibition of CDK8
has been shown to escalate the native activities of Natural Killer cells, promoting their tumor
surveillance and cytotoxicity.'® Furthermore, murine models have been used to demonstrate that CDK8
inhibition is dispensable for normal cell growth.®

Significant work has been done to assess deregulation of the Wnt/B-catenin signaling pathway by way
of CDKS, in colorectal cancers.”® Firestein and co-workers identified that CDKS8 has a direct and
positive role in regulating the B-catenin-driven oncogenic transformation, in which knockdown of
CDKS8 significantly decreased B-catenin-dependent transcriptional activity.? In addition, CDK8
positively mediates [B-catenin-stimulated transcription through inhibiting E2F1, a [-catenin
antagonist.'* Therefore, inhibiting CDK8 in colorectal cancers is highly likely be of clinical value. In
fact, proliferation of colon cancer cells with high CDK8 expression levels has been demonstrated to be

suppressed by CDK8 depletion.*?

METHODS

Compound databases. An initial search led to the choice of ChemBridge and ChemDiv drug-like
molecule databases. These databases are frequently used throughout the literature for virtual screening
and the compounds are readily purchasable. The total number of compounds in the two databases was
~2.1 million (as of 16 Sep 2015). All compounds were filtered through FILTER v2.0.22° 2! ysing the
following criteria: (1) molecular weight: 150 to 600 g/mol, (2) logarithm of the partition coefficient
(XlogP): -4 to +6, (3) net charge: -3 to +3, (4) rotatable bond: 1 to 8, (5) polar surface area: 0 to 200 A2,

(6) hydrogen bond donor: 0 to 10, and (7) hydrogen bond acceptor: 0 to 10. 3D conformations of the



filtered compounds were generated using OMEGA v2.4.6,2% 22 resulting in two libraries of 1,138,206

(ChemBridge) and 1,024,000 (ChemDiv) molecules.

Homology modeling. Existing CDK8 X-ray crystal structures have unresolved regions in the vicinity
of the ATP-binding site. Thus, homology modeling was used to generate two complete and optimal
structural models; one in the DMG-in conformation and the other in the DMG-out conformation. The
sorafenib-bound CDKB8/CycC crystal structure (PDB 1D: 3RGF) was used as the template for the DMG-
out model, while a structure of CDK8/CycC with a Senexin A analog (PDB ID: 4F7S) bound was
employed for the DMG-in model. 100 homology models were generated for each conformation using
Modeller v9.12,2 and the top scoring models were found to have high similarities when ranked
according to their DOPE scores.?* A top scoring model for each conformation was selected upon
inspection of backbone and side chain conformation, and was energy-minimized using Amber 14 with
the FF14SB and GAFF forcefields.?®

Virtual screening cascades. Two complementary virtual screening cascades were employed to identify
type | (binds to DMG-in) and type 1l (targets DMG-out) CDKS8 inhibitors. One cascade was biased to
five known CDKS8 inhibitor structures, while the other was unbiased. In the biased screening protocol,
the OpenEye VROCS v3.1.2%% 27 program was used to search for potential CDK8 inhibitors based on
structural similarity with sorafenib, Senexin A, SNX-2-165 (2 conformers), ABT869, and AST-487.
240,000 compounds resulted from this and were sequentially fed into FRED v3.0.0%3! and HYBRID
v3.0.0,2%31 producing a total of 29,134 compounds. In the unbiased protocol, both compound libraries
were subjected to the HTVS protocol of Schrédinger Glide v6.3 against two CDK8 homology models,

generating ~15,000 compounds for each type.3% 3

The top 30,000 compounds (15,000 x 2 above) obtained from the HTVS and the remaining 29,134
molecules from the biased screening cascade were subjected to Glide SP mode docking using the two
CDK&8 homology models (i.e. four separate calculations). The resulting molecules were then subjected
to Glide XP refinement. Finally, the surviving molecules from both cascades were categorized
according to the inhibitor type, and were subsequently clustered and analyzed with Schrédinger Canvas

to visualize structural diversity.3* 3



Cell culture. The colorectal cancer cell lines, Colo 205, HCT 116 and HT-29, were obtained from the
cell bank at the Centre for Drug Discovery and Development, University of South Australia. They were
cultured in Roswell Park Memorial Institute (RPMI)-1640 tissue culture medium (Sigma Aldrich,
Castle Hill, NSW, Australia) with 10% fetal bovine serum (Thermo Fisher Scientific, Scoresby, VIC,

Australia) and incubated in a humidified 37 °C, 5% CO incubator.

Chemical, substrates and proteins. Senexin A was synthesized by Le Sun Pharmaceuticals (JiangSu,
China) and sorafenib purchased from AdooQ® Bioscience (Irwin, CA, USA). Both compounds were
used as positive controls for kinase activity assays. All of the hit compounds, including those originating
from the ChemDiv database, were purchased from ChemBridge Corporation (San Diego, CA, USA)
with a stated purity of > 95% by NMR and LC-MS. All compounds were prepared as 10 mM stock
solutions in 100% DMSO and stored at -20 °C. RBER-IRStide substrate (0.743 pg/pL) and the
CDK&8/CycC recombinant protein kinase (0.262 pg/uL) were purchased from ProQinase (Freiburg,

Germany) and stored as aliquots of 10 L in heat-resistant vials at -80 °C.

¥panQinase® activity assay. Inhibition of CDK8/CycC upon incubation with each hit identified by
virtual screening was measured using a radiometric **PanQinase® activity assay by ProQinase GmbH
(Freiburg, Germany). The assay was performed in 96-well FlashPlates (PerkinElmer, Boston, MA,
USA) in a reaction volume of 50 pL. Each well contained 20 pL of assay buffer (70 mM HEPES-NaOH
pH 7.5, 3 mM MgCl;, 3 mM MnCl,, 3 UM sodium orthovanadate, 1.2 mM DTT, 50 pug/mL PEG20,000),
5 uL of tested compound in 10% DMSO, 20 uL of enzyme/substrate mix (50 ng CDK8/CycC and 1 ug
RBER-IRStide total) and 5 pL of 1 uM ATP solution containing approximately 9 x 10° cpm/well [y-
3P]-ATP. The plate was incubated at 30 °C for an hour, and the reaction was stopped with 50 uL of 2%
HsPOs. Following a two-step washing with 200 uL of 0.9% NaCl, incorporation of 33P; was determined
with a Wallac MicroBeta® microplate scintillation counter. The residual kinase activities at 1 or 10 uM
compound concentration were reported as relative activities (%) of average 0 and 100% controls. Final

DMSO concentrations were routinely adjusted to 1%.

ADP-Glo kinase assay. The assay was performed in a white polystyrene 96-well plate (Sigma Aldrich,

Castle Hill, NSW, Australia) using an ADP-Glo assay kit (Promega Corporation, Auburn, VIC,



Australia) according to the manufacturer’s protocols. For the primary screening at a compound
concentration of 1 uM, 1 pL of a 10 uM compound solution (5% DMSQO) was added to the kinase
reaction mixture. For 1Cso determination, each compound was prepared with a three-fold serial dilution
in 100% DMSO ranging from 2 mM to 0.1 uM, followed by 20x dilution into H.O (5% DMSO). An
additional 10x dilution was achieved through final addition of 1 pL to the kinase reaction (see below).
The kinase mixture was made up of 3 pL standard assay buffer (167 mM HEPES-NaOH at pH 7.5, 10
mM MgCl,, 10 mM MnClI;, 10 uM sodium orthovanadate and 3.33 mM DTT), 1.5 pL kinase dilution
buffer (50 mM HEPES-NaOH at pH 7.5, 0.25 mg/mL PEGgz0,000 and 1 mM DTT) containing 80 ng of
CDKS8/CycC recombinant protein kinase, 2.5 pL 50 mM HEPES containing 0.24 pg RBER-IRStide
substrate. Finally, 2 uL of ATP (19.5 uM) and 1 uL of tested compound were added to reach a total
assay volume of 10 pL. The kinase reaction was performed as follows: (1) kinase reaction step at 37 °C
for 40 min following the addition of ATP; (2) an ATP depletion step at room temperature for 40 min
by ADP-Glo reagent; and (3) an ADP-to-ATP conversion step in a dark room for 1 hour by kinase
detection reagent. Finally, luminescence was quantified using an EnVision® multi-label plate reader
(PerkinElmer, Beaconsfield, Buckinghamshire, UK) with an integration time of 1 sec per well. Positive
and negative controls were also performed in 5% DMSO in the presence and absence of CDK8/CycC

kinase, respectively.

PAINS filtering. The nine hits that showed good inhibition activities in the radiometric and ADP-Glo
assays were subjected PAINS filtering®® using Schrodinger Canvas and PAINS1, PAINS2, and PAINS3
filter groups, which consisted of 409, 55, and 16 filters, respectively. The min and max values were

kept at 1 and 2, respectively.

ChEMBL comparison. ChEMBL was searched for entries listed as CDKS8 inhibitors. The search
resulted in 422 unique entries. The structures of each of the nine hits were compared to these using
Schrédinger Canvas, by calculating the Tanimoto similarities. Then, the most similar ChEMBL CDKS8

entry was extracted for each of the nine hits.

Tetrazolium-based cell viability assay. The viability of colorectal cancer cells was studied using the

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Thermo Fisher Scientific,



Scoreshy, VIC, Australia) assay as previously reported.>” Compound concentrations required to inhibit
50% of cell growth were calculated using non-linear regression analysis by Microsoft Excel. This assay
was performed in triplicate and repeated at least twice where the mean + standard deviation of Glso was

obtained.

Western blotting. Western blotting was performed as previously described.®” Antibodies used were as
follows: phosphorylated STAT1 at Ser727 (p-STAT157?7), STAT1 and GAPDH (Cell Signaling
Technology, Danvers, MA, USA). The anti-rabbit immunoglobulin G (IgG) horseradish peroxidase
(HRP)-conjugated secondary antibody was also obtained from Cell Signaling Technology. Enhanced
chemiluminescence (ECL) reagents were purchased from GE Healthcare Life Sciences (Rydalmere,

NSW, Australia).

Data analysis. Microsoft Excel (Redmond, Washington, USA) or GraphPad Prism version 6.0 (San
Diego, CA, USA) was used for data analysis. 1Cso values were determined through performing curve

fitting, and calculated using a four-parameter logistic non-linear regression model.
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Figure S1. Residual CDKS8 kinase activity (as %) after incubation with hit compounds 1-127 at 1
and 10 pM using radiometric *PanQinase® activity assay. Hit compounds highlighted in blue and
red caused less than 35% and 60% residual activity at 1 and 10 uM compound concentration,

respectively.



Table S1. Chemical structures of the selected hits and their biological activities.

CDK8/CycC 72 h MTT growth inhibition, Glsg

(uM)
. % Residual activity at Closest ChEMBL
Compound Chemical structure 1 uM ICso (ULM) CDKS8 inhibitor entry
. Colo205 HCT116  HT-29 (Similarity)
¥panQinase ADP-Glo  ADP-Glo
Nt A,
. HN 0.183 +
Senexin A QN - . 0081 >15 >15 >15 :
N=
[¢]
. \N%@O 0 o ] 0.133 + 565+ 528+ 480z ]
sorafenib ¥ N O\u*ugca 0.063 0.30 0.14 0.14
F F
. H @ ] 0.386 + 113+ 893+  90l+  CHEMBL2007603
Hit1 Qj 6.0 253 0.254 3.26 0.42 1.00 (0.148)
(o
F o N-N
it 28 @NJLN&\ S 200 0.184 + .15 802+ 772+  CHEMBL1977134
HoH o ' ' 0.049 0.37 1.01 (0.158)
o A
Hit 29 DNANQA@ 26.0 27 0.018 + 643+ 856+ 8252 CHEMBL1336
R ' ' 0.003 0.50 1.38 1.22 (0.257)
/O\©\ o N-N
. L ﬂ 0.020 + 821+ 726+  CHEMBL1977134
N NS o
Hit 30 H H OJ 26.0 154 0.009 >15 0.39 0.63 (0.157)
Hit 43 ><@ .0 © 00 128 0.059 + 651+ 492+ 604+  CHEMBL2007124
N

N ' ' 0.001 0.44 0.22 0.03 (0.152)




I j o N-N
N

> 15 8.09 = CHEMBL1968606
H H ' ’ 0.011 2.87 1.36 (0.148)
o N-N
: 20 0.047 % 891+ 671+ 650+ CHEMBL1336
Hit 47 e 280 18.0 0.016 0.27 0.65 0.26 (0.146)
(]
. 0.135% CHEMBL1968606
o N
Hits1 /@\ 2, d@ 29.0 26.1 6.090 >15 >15 >15 (0377)
H H
. Q [ 0.061 = CHEMBL2007124
Hit 65 \OQHKH ! 32.0 12.5 oy >15 >15 >15 (0263
Table S2. Mutational status of colorectal cancer cell lines.
Colorectal cancer cell line Status Reference
Colo 205 mut APC, mut CTNNB1, CDK8 overexpression [*839]
HCT 116 wt APC, mut CTNNB1, CDK8 overexpression [1238]
HT-29 mut APC, wt CTNNB1, CDKS8 overexpression [1238]




Table S3. Cell viability studies on colorectal cancer cells treated with hits using the MTT assay.

Hit compound

72 h Glso (uM)

Colo 205 HCT 116 HT-29

1 11.3+3.26 8.93+0.42 9.01+1.00

2 5.86 +0.56 6.20+0.71 7.41+0.18
24 >15 6.20 £ 0.04 6.48 £1.02
28 >15 8.02 £0.37 7.72+1.01
29 6.43 £ 0.50 8.56 +1.38 8.25+1.22
30 >15 8.21+0.39 7.26 +0.63
42 >15 7.83+0.76 6.99 +0.98
43 6.51+0.44 492 +0.22 6.04 +£0.03
44 >15 9.44 +2.87 8.09 +£1.36
46 >15 0.85+0.18 0.84+0.05
47 8.91+0.27 6.71+0.65 6.50 £ 0.26
88 >15 0.91+0.06 0.75+0.12
90 5.82+0.61 6.56 + 0.36 6.50 £ 0.52
96 >15 8.46 + 0.02 8.83 +£1.07
100 7.03 £ 0.56 7.20+£0.99 5.65+0.87
105 >15 8.61+0.76 7.84 +2.46
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