
Lecture 5 – KB-0742: A clinical candidate 
discovered by SMMs



Prostate Cancer

Other than skin cancer, prostate cancer is the most 
common cancer in men

2024 US estimates: 299,010 new cases 
    35,250 deaths

1 out of 8 men will be diagnosed in their lifetime

Develops more frequently in older men (6 out of 10 
cases in men 65-yo or older), rare under 40-yo

Avg. age of first diagnosis is 66-yo

More common in non-Hispanic Black men:
1.7x diagnoses
2.1x deaths



Prostate Cancer

Second-leading cause of death in American men, 
behind only lung cancer 

1 out of 44 men will die of prostate cancer

Most men survive and do not die from this cancer. 
>3.1 million diagnosed men in the US are alive 
today

1993-2013: death rate declined by half, likely due 
to earlier detection and advances in treatment

2013 onward: death rate stabilized, likely reflecting 
the rise in cancers found at an advanced stage 
with resistance to therapies



Watson, Arora, Sawyers, Nature Reviews Cancer, 15, 701-711 (2015) 

Increasing disease burden following primary prostate cancer therapy

PCa CRPC
(<20%)

mCRPC
(10%, 3yrs)



Ku, Gleaves, and Beltran., Nature Reviews 
Urology, 16, 645-654 (2019) 

Alterations in Androgen Receptor 
(AR) signaling are the most 

prevalent events in metastatic 
castration-resistant prostate cancer 
leading to persistent AR activation

AR amplifications (AR amp)
AR mutations (AR mut)

AR splice variants (ARVs)
Intratumoral androgen biosynthesis

AR enhancer amplification



Domain structure of AR: mutations and splice variants

clinically available agents

DBD retained
constitutive AR function

Watson, Arora, Sawyers, Nature Reviews Cancer, 15, 701-711 (2015) 
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nuclear hormone receptor



clinically available agents

DBD retained
constitutive AR function

Watson, Arora, Sawyers, Nature Reviews Cancer, 15, 701-711 (2015) 

anti-androgen drugs:
Enzalutamide
Apalutamide
DarolutamideAR

ARVs
splice 

variants

**

Domain structure of AR: mutations and splice variants



Andre Richters Shelby Doyle Becky Leifer

David Freeman Marius Pop Nick Struntz

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

Charles Lin Stefan Knapp Steven Balk



Rationale: 
(1) AR splice variants lack ligand binding domain (LBD), contributing to resistance 
associated with AR antagonists in CRPC,
(2) screening ARv-containing complexes in cell lysates avoids purification, 
(3) reflects more relevant state, and casts a net for targeting co-factors.

SMM

purified 
protein

small molecule -
protein

cell lysate

small molecule -
protein complex

Target-
Directed Screen

Complex-
Directed Screen

or IP’d complex
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SMM Screen qPCR for PSA Luciferase Reporter Assay
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Patent: Freeman et al., WO/2019/023651, Small Molecule Modulators of the Androgen Receptor.

Active compounds prioritized in prostate-specific antigen (PSA)
 expression and AR reporter assays

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

1,316 hits

TET-On AR-N-term truncation variant
(HEK-293T whole cell lysate) 



~55,000 compounds 1,400 compounds 85 compounds

SMM Screen qPCR for PSA Luciferase Reporter Assay
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Active compounds prioritized in prostate-specific antigen (PSA)
 expression and AR reporter assays

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

1,316 hits

TET-On AR-N-term truncation variant
(HEK-293T whole cell lysate) 



What is PSA?

Human prostate specific antigen (PSA) with 
bound substrate from complex with antibody 
(PDB id: 2ZCK)

Prostate-specific antigen (PSA) is a glycoprotein and peptidase 
secreted by epithelial cells in the prostate gland.

PSA enables sperm to swim freely and it dissolves cervical mucus, 
enabling entry of sperm into the uterus.

PSA is present in low levels in the serum of individuals with healthy 
prostates.

PSA is elevated in prostate cancer and other prostate disorders.

PSA is a pivotal downstream target gene of AR.

PSA is a useful serum biomarker to monitor cancer progression.



~55,000 compounds 1,400 compounds 85 compounds

SMM Screen qPCR for PSA Luciferase Reporter Assay

9 compounds
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Patent: Freeman et al., WO/2019/023651, Small Molecule Modulators of the Androgen Receptor.

7 reasonable actives, 3 prioritized

Active compounds prioritized in prostate-specific antigen (PSA)
 expression and AR reporter assays

MMTV AR response elements
plus CMV 

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

1,316 hits

TET-On AR-N-term truncation variant
(HEK-293T whole cell lysate) 



KI-ARv compounds impacts AR-V7 levels in an 
enzalutamide-resistant prostate cancer cellular model

16 μM Enzalutamide

AR-N20
(AR-FL+AR-Vs)

AR-V7 (RM-7)

β-actin

β-actin

VCaP-16
5 μM KARV Compound
24hr treatment

AR-V7

VCaP-16 cells
enzalutamide-resistant

increased expression of AR-v7 
5 µM compound, 24-hour exposure

Dr. Steven Balk

Dr. Joshua Russo AR-V

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

AR-
AR-
AR+
mutAR+

mutAR+

nM inhibitor in MYC-driven reporter assay?

Western blot to measure protein levels



Kinase selectivity profiling suggests CDK9 as a target

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

% activity
CDK9 – 7%
CDK7 – 47%

10 µM KI-ARv-03
[ATP] -/+ 15 µM

apparent Km
for each kinase 

Enzyme activity, 
not binding



Kinase selectivity profiling suggests CDK9 as a target

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

CDK9

% activity
CDK9 – 7%
CDK7 – 47%

>130-fold selectivity

10 µM KI-ARv-03
[ATP] -/+ 15 µM

apparent Km
for each kinase 

ATP 
competitive

Michaelis-Menten and Lineweaver-Burk

stabilization in live 22RV1 cells

CDK9 IC50 = 0.15 µM 
CDK7 IC50 = 20.1 µM

13 cyclin-dependent kinases (CDKs) in 10-pt dose



Kinase selectivity profiling suggests CDK9 as a target

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 

CDK9

% activity
CDK9 – 7%
CDK7 – 47%

CDK9 IC50 = 0.15 µM (45 µM ATP)
CDK7 IC50 = 20.1 µM

>130-fold selectivity

10 µM KI-ARv-03
[ATP] -/+ 15 µM

apparent Km
for each kinase 

ATP 
competitive

Michaelis-Menten and Lineweaver-Burk

stabilization in live 22RV1 cells

13 cyclin-dependent kinases (CDKs) in 10-pt dose



CDK9 is a known regulator of AR/ARV species activity

Transcriptional oncogene activity 
frequently reliant on CDK9

Chen, H., Liu, H., and Qing, G. (2018)]Sig Transduct Target Ther 3, 635–7.

CDK9 + cyclinT1 = P-TEFb

Koryakina, Y., Ta, H. Q., and Gioeli, D. (2014) Endocr. Relat. Cancer 21, T131–45.

CDK9 regulates AR activity, stability
through N-terminal S81

CDK9 regulates AR and ARV 
activity, stability through N-terminal S81

Transcriptional oncogene activity 
frequently reliant on CDK9

Chen, H., Liu, H., and Qing, G. (2018)]Sig Transduct Target Ther 3, 635–7.

CDK9 + cyclinT1 = P-TEFb

Koryakina, Y., Ta, H. Q., and Gioeli, D. (2014) Endocr. Relat. Cancer 21, T131–45.

CDK9 regulates AR activity, stability
through N-terminal S81

ARVs (and AR) physically interact with CDK9 in cells



CDK9 is a known regulator of AR/ARV species activity

Transcriptional oncogene activity 
frequently reliant on CDK9

Chen, H., Liu, H., and Qing, G. (2018)]Sig Transduct Target Ther 3, 635–7.

CDK9 + cyclinT1 = P-TEFb

Koryakina, Y., Ta, H. Q., and Gioeli, D. (2014) Endocr. Relat. Cancer 21, T131–45.

CDK9 regulates AR activity, stability
through N-terminal S81

transcriptional oncogene activity frequently 
reliant on CDK9 via elongation factor P-TEFb

CDK9 regulates AR and ARV 
activity, stability through N-terminal S81

Transcriptional oncogene activity 
frequently reliant on CDK9

Chen, H., Liu, H., and Qing, G. (2018)]Sig Transduct Target Ther 3, 635–7.

CDK9 + cyclinT1 = P-TEFb

Koryakina, Y., Ta, H. Q., and Gioeli, D. (2014) Endocr. Relat. Cancer 21, T131–45.

CDK9 regulates AR activity, stability
through N-terminal S81

MYC regulates expression of AR and ARVs in PCa  

Bai et al., (2019) Oncogene 38, 4977-4989
Huang et al. (2014) Genes Dev 28, 1800-1814 



KI-ARv-03 impairs phosphorylation of known CDK9 targets
Pol II and AR monitored in 22RV1 cells

KI-ARv-03 (5 µM)

pPol II 
(Ser 2)

Poll II

H3 

0 2 4 6 8 12 16 24 Time (h)

KI-ARv-03 (5 µM)

pAR 
(Ser 81)

AR

H3 

0 2 4 6 8 12 16 24 Time (h)

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 



Advanced lead KB-0742 shows improved potency while retaining 
selectivity with activity in preclinical model of prostate cancer

IC50 = 6 nM IC50 = 50 nM

Richters et al., Cell Chem Biol, 28, 134-147 (2021) 



From L3: Cancers dysregulate MYC by increasing its expression

in typical cells, steady state 
MYC levels regulate general 

housekeeping functions

MYC can be transiently 
upregulated in typical cells 
(e.g. during wound healing)

Adapted from Wolf et al., Trends Cell Biol, 25, 241-248 (2015) 

tumor cells need persistently 
upregulated MYC at super 
physiologic levels to drive 
tumor-specific oncogenes



Dependence on persistently high MYC expression creates 
a vulnerability to CDK9 inhibition

Therapeutic hypothesis:
intermittent/partial inhibition of CDK9 may be sufficient to disrupt the oncogenic MYC network



KB-0742 is active in patient-derived organoids that express MYC

Jorge DiMartino, Charles Lin, Doug Saffran, Kronos Bio 

organoid model description

3D models
mimic primary tumor

model types

in vivo

easily cultured and
manipulated



KB-0742 is active in patient-derived organoids that express MYC

Jorge DiMartino, Charles Lin, Doug Saffran, Kronos Bio 

organoid model description drug activity profiles

KB-0742 is 
more potent
than standard 
of care agents
(chemo)

IC50 = 2.75 µMIC50 = 2.62 µMIC50 = 4.28 µMIC50 = 6.78 µMIC50 = 13.54 µM
*unusual fit



KB-0742 shows anti-tumor activity in patient-derived xenografts (PDX)
Intermittent dosing in ‘MYC high’ expressing murine PDX models 

Jorge DiMartino, Charles Lin, Doug Saffran, Kronos Bio 

subcutaneous 
engraftment 
of tumor cells

+
treatment

tumor volume 
changes

tumor growth 
inhibition

growth

inhibition

growth

inhibition



Modulating a biomarker in vivo – small cell lung cancer PDX models
KB-0742 reduces phosphorylation of RNA Pol II (pSER2)

Jorge DiMartino, Charles Lin, Doug Saffran, Kronos Bio 

60 mg/kg dose resulted in a 
50% or greater reduction in 
pSer2 after 3 days of dosing

RNA sequencing of LU11953 
tumors showed altered gene 

expression of key genes, 
including MYC

target engagement also observed in ovarian and TNBC models



Clinical Trials 

*

Is it safe?
Best way to dose?

Do patients have 
a response?

Still safe in larger cohort?

Better than a standard 
of treatment?

Survival? Side effects?

Side effects over time?
Contraindications?



KB-0742 Clinical Trial Design- Combined Phase 1 & 2 



KB-0742 Safety Profile: few adverse effects



KB-0742 anti-tumor activity: objective regressions in two patients 



Case Report: Patient DL4P1 with myxoid liposarcoma achieved partial 
response at cycle 10 (60 mg dose)



Back to Prostate Cancer
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2/15/24     Lecture 2  Small Molecule Microarrays

2/20/24      No Lecture

2/22/24 Lecture 3  Our protein target – MAX

2/27/24 Lecture 4  Quantitative evaluation of protein-ligand interactions
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3/5/23 Lecture 6  Wrap up discussion for Mod 1 experiments and report


