
Deregulation in Translation and Small 
Molecules

Prabhat Arya
Founder and President
www.signmod.org

Former Distinguished Research Professor, Chemistry and Chemical Biology 
Dr. Reddy’s Inst of Life Sciences, University of Hyderabad Campus

Prepared for Drug Discovery and Development Workshop
March 15-April 4, 2021

1



My Journey: Academic to Entrepreneurial Path  
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Defining the target 
(could be enzymes or 

isolated protein(s)

Structural 
information 

on the target 
– finding the pocket

Structural 
guided chem /med 

chem
Lipinski’s 
Rule of 5

Pre-genomic Era

• Complex, multiple protein-protein interactions 
• Dynamic and temporal processes! 
• Regulation (normal) and de-regulation (disease)

tough journey 

From genes to 
pathways:

Classical Way of  Going Forward…

Post-genomic Beginning



Paradigm Shift

…Our current understanding of molecular pathways 
is insufficient as a platform for effective 
pharmaceutical discovery… 

…Several biotechnology companies have focused 
on the known elements of a few key pathways to 
target them with new medicines. But for the genome 
to be translated into medicines with any reliability 
and regularity, far more work needs to be done.  
Defining the role of pathways in complex diseases 
will undoubtedly take many years… 

2014

Underestimated the 
complexity of 
human biology!

2005



Protein-Protein Interactions Arena!

The sequencing of complete 
genomes provides a list that 
includes the proteins 
responsible for cellular 
regulation....  

However, this does not 
immediately reveal what these 
proteins do, nor how they are 
assembled into the molecular 
machines and functional 
networks that control cellular 
behavior. 

Science 2003, 300, 445-452

• Map large surface area
• Shallow surface 
• Combination of several weak interactions
• Extended hydrophobic interactions
• Possible hot spots

2014
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Eribulin

 present complex 3D architectures 
 dense display of stereo-defined groups 
 challenging task in placing them on the drug discovery path!
 excellent track record as small molecule modulators of protein-protein interactions
 can serve as a good source of inspiration for developing novel scaffolds

Finding Molecules as Effective Modulators of  Pathways?

Salinomycin (for cancer stem cells)

Why 
natural 

products!



Bioactive
Natural 

Products

Exploring Macrocyclic
Chemical Space!

• Cyclic compounds
• Large surface area
• Pre-organization
• Less freely rotating 
bonds

• Enhanced cell    
permeation

Building A Chemical Toolbox for “Undruggable” Targets 

Natural Product
Inspired 

Sub-structures

Natural Product 
Fragments as 
Sub-structures

Our working model

Key features in our design:

• 3D architectures 
• sufficient complexity
• stereochemical and skeletal diversity 
• synthesis in a reasonable time-scale 
• easy to follow-up medicinal chemistry studies 

From Arya Research Team:

Chem. & Biol.163 (2005)
Curr. Opin. Chem. Biol. 247 (2005)

Chem. Rev. 1999 (2009)
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Macrocyclic Natural Products and Derivatives 
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Science, 1993

Classical Example - Rapamycin 



Our Early Days!
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Angew Chem 2001

Chem & Eng News 2004



Building Our Chemical Toolbox

Natural Product-Inspired, 
Functionalized 14- and 17-Membered Rings 

Macrocyclic Toolbox

1

2

3

Indoline / Tetrahydroquinoline (Alkaloids) 
and Benzofuran (Flavonoids)-Inspired

Macrocyclic Toolbox

Glyco-based Macrocyclic Toolbox 

Examples of Our Early Work 



11

Org. Lett. (2013) Eur. J. Org. Chem. (2013)

Org. Lett. (2013)

Org. Lett (2008)
Eur. J. Org. Chem. (2014)

Angew Chem (2005)
Eur. J. Org. Chem. (2013)
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Example 1: Rapamycin fragment-based Macrocyclic Toolbox  

Rapamycin

from amino 
alcohol der

Org. Lett. 480-483 (2015)

Recent Examples



Example 2: Macrocyclic Toolbox based on 
Eribulin Sub-structures
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Eribulin

Practical and scalable synthesis

Precise
fragment-based 

Diastereomeric 
fragment-based

A

B

Org. Lett. 468-471 (2015)



Our Cancer Drug Discovery Journey – A Case Study
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Nat Rev Cancer 2017; Nat Rev Cancer 2008 (Reflecting on 25 Years with Myc)

De-regulated c-Myc Signaling
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• “Undruggable”

• Frequently mutated and overexpressed in many 
human tumors

• A transcription factor 

• Responsible for upregulation of several genes related 
to cell cycle, apoptosis, and cellular transformation 
which are directly associated with cancer

• Despite working on this target for more than 3 
decades, the current chemistry approaches have not 
led to producing the effective drug candidates!  
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Proliferation

Cell Cycle Anti-apoptosis

Nat Rev Cancer 2017; Nat Rev Cancer 2008 (Reflecting on 25 Years with Myc)

Myc-related Transcription 

Lead to upregulation of several oncogenes 
involved in proliferation, cell cycle and 
anti-apoptosis  



Cold Springs Harbor Persp in Med 2018

Taken from: Cells (2020) 

Myc-Max, Protein-Protein Interactions

and small molecule inhibitors

Myc on Time Scale 



Why Interested in “Translation Machinery”?

Note: There are no small molecules as 
direct inhibitors of c-Myc translation!   

Taking care of 
oncogenic protein 

targets after they are 
produced

Classical Approach

Vs

Interfere with the 
oncogenic proteins 
(for ex Myc) at their 

production level!

Translation Approach

Myc is a transcription factor – play a key role in 
producing other oncogenic proteins related to 

proliferation, cell cycle, apoptosis and metabolism   

Some of these oncogenic targets can 
also be taken care off by inhibiting c-Myc
translation



Emerging Approaches to Tackle c-Myc

Transcription

c-Myc Translation

Science Transduction and Targeted Therapy, 2018

• Only Rocaglamide (natural product) is known as the c-Myc
translation inhibitor (in academic literature)

• No small molecules are known in the patent arena!

Cold Springs Harbor
Persp in Med 2018



20

Myc-luciferase AssayWST1 Assay

LDH Assay

Annexin-V / PI Assay

Primary Cellular Screening Assays
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Tumor Biopsy Primary Cancer Cells

Organoids

Tumorspheres

In collaboration with bio-banking, Transcell group, http://transcellonco.science/

Patient-derived Ex Vivo Models for Secondary Screening



Primary Screen 1: Myc-Luciferase Assay

controls

controls

SM-2015-44
(later named 
as SM-44) 

Roc = Rocaglamide



Primary Screen 2: WST1 Assay



c-Myc

GAPDH

0 1.5 3 6 12 24

SM-2011-115 (10 µM)

Time (h)

Biochemical Analysis (Western Blots)

With SM-115

24hr



GAPDH

HCT 116
MIA PaCa-2

c-Myc

@ 24 hrs, 10uM

Mdm-2

c-Myc

Cyclin D1

GAPDH

Mcl-1
HCT 116 @ 
24 h, 10 uM

Note: Serious decrease in expression level 
of c-Myc, MDM-2, Mcl-1 and Cyclin D1! 

2017

Both molecules hit target Effect on 
downstream 
targets of c-Myc

Biochemical Analysis (Western Blots) Contd.

Rocaglamide



Annexin-V:APC
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Functional Assay: Cell Death

GAPDH

c-PARP

0 1.5 3 6 12 24

SM-2011-115 (10 µM)
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Time (h)

With SM-115 

Note: Cell death activation is observed stronger in 
MIA PaCa-2 cell line than HCT-116



Functional Assay: Flow Cytometry 
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Roc = Rocaglamide

Cyclin D1
CDK4

Note:  G1 arrest – possible downregulation of Cyclin D1 and CDK4

BrdU Incorporation



HCT116-derived 
Tumorspheres (2nd Gen)

DMSO SM-44 (10 uM)

Day 0

Day 3

Day 6

DMSO

SM-44 (10 mM)

SM-115 (10 mM)

Roc (100 nM)

Images from three 
different tumorsphere
sites

Day 0 Day 6 Day 9 Day 12

Buccal Mucosa Patient-
derived Tumorspheres (2nd

Gen)

Tumor Efficacy: Effect on Tumorspheres

Rocaglamide (100 nM)SM-115 (10 uM)



Transcriptomic Analysis

Codes for 
transcription 
factor 
proteins 

Note:  A similar pattern in cell cycle 
gene set (see ROC vs SM115 and 
SM44)

Comparison of data with Rocaglamide
(ROC) and our two actives 
(SM115 and SM44)  

Note:  Downregulation of 
CDK4 with SM115 and SM44

Down regulation of 
anti-apoptotic gene  

Upregulation of pro-
apoptotic genes 

Note:  similar upregulation for BIK (pro-
apoptotic gene), BCL2-001 
(anti-apoptotic gene) 

CDK4 gene crucial in cell 
cycle from G1 to S phase 



Highlights of  Our Program (To-date)

Foxo3a upp21 up

1. Discovered two novel small molecules as c-Myc translation inhibitors.

2. Our actives are effective in inhibiting the target (c-Myc) and its 
downstream signaling cascade (MDM-2, Mcl-1 and Cyclin D1).

3. Target is associated with apoptosis and cell cycle arrest at the G1 
phase. 

4. Our two new classes of c-Myc inhibitors  are considered as the 
functional mimics of Rocaglamide. 

5. Data show tumor efficacy in cell lines and patient tumor-derived 
tumorspheres models.

6. Data from both biochemical and transcriptional studies indicating 
possible MOA

7. To our knowledge, there are no small molecules known to date; our 
work opens up a new direction in the field of c-Myc translation-based 
cancer drug discovery!          
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• Optimized lead candidates

• Tox studies / safety profiles

• In-Vivo studies

• Precise mode of action? 

Rocaglamide / 
Silvestrol-like 
Functions!

The Next Steps!
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Which Approach is Clinically More Effective?

The direct inhibitors of  c-Myc or small 
molecule working via Translation / 

Transcription machinery!  
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