
1

Development of novel structural related 
analogs of PFI-3 (SRAPs): Selective 

BRG1/BRM bromodomain inhibitors
Lawrence M. Pfeffer1, Yali He 2, Chuanhe Yang 1, Yinan Wang 1, 

Joshua R. Sacher 3, Michelle M. Sims 3, Duane D. Miller 2

1 Department of Pathology and Laboratory Medicine, and the Center for Cancer 
Research, College of Medicine, University of Tennessee Health Science Center, 
Memphis, TN, USA 
2 Department of Pharmaceutical Sciences, College of Pharmacy , UTHSC, USA
3Cyclica, Inc. 207 Queens Quay West, Suite 420, Toronto, Ontario, M5J 1A7, Canada

* Corresponding author: lpfeffer@uthsc.edu



Development of novel structural related analogs of PFI-3 (SRAPs): 
Selective BRG1/BRM bromodomain inhibitors

2



3

Abstract:
Glioblastoma (GBM) is the most aggressive and treatment-refractory malignant adult 
brain cancer. After standard of care therapy, the overall median survival for GBM is 
only ~6 months with a 5-year survival <10%. Although some patients initially 
respond to the DNA alkylating agent temozolomide (TMZ), unfortunately most 
patients become resistant to therapy and brain tumors eventually recur. We 
previously found that knockout of BRG1 or treatment with PFI-3, a small molecule 
inhibitor of the BRG1 bromodomain, enhances sensitivity of GBM cells to 
temozolomide in vitro and in vivo GBM animal models. Those results demonstrated 
that the BRG1 catalytic subunit of the SWI/SNF chromatin remodeling complex 
appears to play a critical role in regulating TMZ-sensitivity. In the present study we 
designed and synthesized Structurally Related Analogs of PFI-3 (SRAPs) and tested 
their bioactivity in vitro. Among of the SRAPs, 9f and 11d show better efficacy than 
PFI-3 in sensitizing GBM cells to the antiproliferative and cell death inducing effects 
of temozolomide in vitro, as well as enhancing the inhibitor effect of temozolomide 
on the growth of subcutaneous GBM tumors. 

Keywords: Bromodomain; BRG1; BRG1 bromodomain inhibitors; Glioblastoma 
(GBM); SWI/SNF; Temozolomide (TMZ) 



4

Introduction

Clinical characteristics of GBM
• Glioblastoma (GBM) is the most common and most aggressive 

form of primary brain cancer in adults
• Median overall survival is 12-14 months from diagnosis.
• Standard of care is surgery with adjuvant radiotherapy and 

treatment with temozolomide (TMZ), a DNA alkylating agent. 
This regimen has been the same for ~20 years 

• Tumor recurrence is frequent (~80% of patients) and median 
survival is only 4-5 months

• Despite extensive genomic analysis and introduction of targeted 
therapies, patient survival in GBM remains relatively unchanged 
for decades

• Therefore, new therapeutic approaches in GBM are needed
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Introduction
The BRG1 subunit of the SWI/SNF complex in tumorigenesis:

• The BRG1 (SMARCA4) catalytic subunit of the SWI/SNF complex regulates gene expression, 
differentiation, DNA repair and development 

• Silencing and loss of function mutations in BRG1 are frequent in certain cancers of the lung, 
ovaries, skin, and blood (Tumor suppressor).

• The tumor suppressor action of BRG1 is well described
• So BRG1 is always a tumor suppressor!



6

Introduction

OUR HYPOTHESIS: The BRG1 subunit of the SWI/SNF complex promotes 
tumorigenesis in GBM.

• GBM patient samples were queried for EGFR, PTEN, BRM and BRG1 mutations, deletions 
and amplifications using the cBioPortal tool.

• Although EGFR and PTEN mutations are common in GBM, BRG1 and BRM mutations are 
rare
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Introduction

A. BRG1 expression in non-tumor tissue and GBM patient samples in Rembrandt database 
was compared.
B. RNA was extracted from de-identified patient biopsies from GBM, LGG or normal brain 
tissue (55, 44 and 12 samples, respectively), and BRG1 expression was determined by qPCR 
(n = 3) and normalized to actin expression. 

Analysis of BRG1 expression in glioma is consistent with BRG1 being pro-tumorigenic

A B
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Introduction
Regions of high BRG1 mRNA expression in GBM patient tissue 

determined by RNA in situ hybridization
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Introduction

PFI-3 targets BRG1/BRM bromodomains PFI-3 does not inhibit cancer cell proliferation

PFI-3 target
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Introduction

(A) MT330, LN229 and T98G GBM cells were treated with TMZ as indicated and PFI-3 (2 µM), and cell proliferation 
was determined by Incucyte live cell analysis. 

(B) MT330, LN229 and T98G GBM cells were treated with TMZ (50, 50 and 500 µM, respectively) and PFI-3 (2 µM), 
and apoptosis was determined at 48 hr by a cell death ELISA.

PFI-3 sensitizes GBM cells to the antiproliferative and apoptotic inducing action of TMZ

50 µM TMZ 50 µM TMZ 500 µM TMZ
B
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Introduction

Luciferase-expressing MT330 cells were injected into the brains of 5-week-old female immunocompromised NSG mice. After

tumors were identified by bioluminescence (~10 days after tumor cell injection), mice were intraperitoneally injected thrice

weekly with TMZ (60 mg/Kg body weight) or PFI-3 (10 mg/Kg body weight) alone, or in combination. Kaplan-Meier analysis of

the survival data (8 mice/group) was performed.

PFI-3 enhances the anticancer activity of TMZ on GBM brain tumors
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Results and discussion

The general strategy to alter the structure of PFI-3 to

produce SRAPS (Structurally Related Analogs of PFI-3)
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Results and discussion

We used Cyclica’s Ligand Express artificial intelligence and computational biophysics 
platform to make these predictions about the synthesized SRAPs: 
• Likely to penetrate the blood-brain barrier (probability BBB penetrant 0.87 - 0.99) 
• Likely to have high intestinal absorption (probability of human intestinal absorption 

0.92 - 0.99) 
• Unlikely to be mutagenic in the Ames assay (probability Ames positive 0.44 - 0.60)
• Unlikely to interact with the cannabinoid (CNR2) and androgen (ANDR) receptors 

(probability of interaction 0.33 - 0.65 and 0.12 - 0.60, respectively).
• Likely to have similar solubility to PFI-3  
• Likely to interact with SMARCA4/BRG1 in preference to BRM 
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Conclusions

• We designed and synthesized Structurally Related 
Analogs of PFI-3 (SRAPs) 

• We found SRAPs that are better than PFI-3 in sensitizing 
GBM cells to the antiproliferative and cell death inducing 
effects of TMZ in vitro.

• These SRAPs bound to the bromodomain of BRG1
• SRAPs enhanced the anticancer activity of TMZ on GBM 

tumor growth.  
• SRAPs were predicted to have  good drug-like properties 
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