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What is a stem cell?

replicate itself, or...

A single cell that can

differentiate info many

cell fypes o~
”\f\» .j
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Embryonic stem cells
(ESCs) are pluripotent cells
derived from the inner cell

Embryonic mass of a blastocyst, a very
stem cells early stage embryo. They
have the unique ability to
Yy differentiate into any cell
—e e type in the body
B (pluripotency) and to self-

r—/ # ' ﬁ renew, making them

ey — 1 =—Y— valuable for research and
ECTODERM MESODERM ENDODERM . .
— potential therapeutic
applications.

But there are ethical
issues.......




Mesenchymal stem cells (MSCs) are multipotent cells that can
differentiate into many types of specialized cells
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The process of differentiation can be influenced by a variety of substances, including: ,
Transcription factors, Transforming growth factor beta, and Wnt proteins



Induced Pluripotent Cells (iPSC)
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Shinya Yamanaka, winner of the
2012 Nobel Prize in Medicine and

Physiology (Yamanaka Factors)
Induced Pluripotent Stem Cells (iPSCs) are formed
by 4 Transcription factors from somatic cells

4 Transcription factors
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https://www.sciencedirect.com/science/article/pii/S0927776521004355
https://www.science.org/content/article/japans-latest-stem-cell-apology

Generation Of iPSC by Yamanaka Factors
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Health disorder

Somatic Cells

Differentiated cells (F R B iPSCs

Genetically modified iPSCs
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https://slideplayer.com/slide/9175297/

Chemical equivalent of a stem cell-a "pluripotent” organic functionality
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https://www.google.com/imgres?q=from%20a%20single%20cell%20to%20an%20organism%20growth&imgurl=https%3A%2F%2Fwww.natarajanlab.com%2Fimg%2FFigure3.png&imgrefurl=https%3A%2F%2Fwww.natarajanlab.com%2F&docid=_RHS5k-tkMPxmM&tbnid=XMsDs6SwgSh74M&vet=12ahUKEwjqsKOkrZ2OAxWF8DgGHQdaIU0QM3oECG0QAA..i&w=1954&h=631&hcb=2&ved=2ahUKEwjqsKOkrZ2OAxWF8DgGHQdaIU0QM3oECG0QAA

Can Small molecules be used to
produce iPS Cells?

Chemical approaches to studying stem
cell biology!

August 16, 2025 12



Good Temporal Control
Can be rapidly applied
2nd removed through

Good Value
Cost effective compared
to Viral vectors and
Antibody kits

Newral stem %J\ jjgg Differentiatod
cel nRUron

High Quality Sma " 2 Synthetically
High purity >98%, M OleC u Ies . iynnm:ee:

with low lot-lot
variability

Neuronal stem cells Neurons Death of neurons
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Cell-permeable
Permits simple
probe delivery

Concentration-
dependent
effects
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Small Molecules versus Transcription factors
mediated differentiation of Stem Cells

bone
Chemical reprogramming:
Induced pluripotent stem cells are
free of transgenes

‘ ' (potentially safer)
v

= @a\

adult fibroblast
‘ heart tissue

other tissues

skeletal muscle

, induced pluripotent
stem cell

Genetic reprogramming:
Induced pluripotent stem cells contain
copies of the transgenes used in their genomas
(potentially unsafe)



Small-molecule-mediated reprogramming: a silver lining
for regenerative medicine
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administration

Small molecule
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https://www.nature.com/articles/s12276-020-0383-3

Synthetic small molecules that
control stem cell fate

Some Examples of Small Molecules Directed
Differentiation of Stem Cells

August 16, 2025
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Structures of small molecules that promote reprogramming to
generate iPSCs
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Cells can be reprogrammed to iPSCs using viral or non-viral
introduction of exogenous TFs or protein transfection
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https://www.pnas.org/doi/10.1073/pnas.1010300107#con1
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Our Foray into Small molecules induced trans-
differentiation of Stem cell to Neuron like cells

August 16, 20

Mesenchymal Stem Cells II‘ Functional Neurons
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https://www.frontiersin.org/files/Articles/1002419/fnmol-15-1002419-HTML/image_m/fnmol-15-1002419-g008.jpg

Natural products as a source of inspiration

« present complex 3D architectures HzN\/Q '

« dense display of stereo-defined groups e

* 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 in the drug discovery arenal

Eribulin

August 16, 2025 21



Our Chemical Toolbox-based Working Model

Natural Product Exploring
Inspired Macrocyclic
Bioactive Sub-structures Chemical
Natural mp o> Space!
Products Natural Product " |
* Cyclic compounds
FragmenTs as * Large surface area
Sub-structures * Pre-organization
* Less freely rotating
bonds
Key features in our design: » Enhanced cell
permeation

« 3D architectures

sufficient complexity

stereochemical and skeletal diversity

syn‘rhesis in a reasonable time-scale From Arya Research Team:
easy to follow-up medicinal chemistry studies

Chem. & Biol.163 (2005)
August 16, 2025 Curr. Opin. Chem. Biol. 24742005)
Chem. Rev. 1999 (2009)



Introduction

» Anticancer drug approved by FDA
(November 15, 2010) and marketed by Eisai

» Synthetic analog of a marine sponge
natural product, halichondrin B

* Mechanistically, a unique inhibitor of

Eribulin microtubule dynamics

August 16, 2025 23



Three Key Fragments of Eribulin

ER-076349

From Kishi’s Lab:
Bioorg. Med. Chem. Lett. 2004, 14, 5551-5554

August 16, 2025 24



Our Next Generation Approach (Oxy-Michael)

Sharpless
dihydroxylation OBn

MeO ~ s
\ o O 327__\31‘/302%
HO\/'\ R — Hd a0
> W2 "0 2y cross <
3 metathesis \/)’\'\

Et0OOC vinylation

asymm Oxy-Michael

o8 X
32>—\31 — Q" 0
HOOC COOH _3?%31
BnO ":\

Saidulu Konda D-tartaric acid
‘ SO,Ph

Goal: Develop a Practical and Scalable Method
25




Our Synthetic Path

1.2,2-DMP, pTSA >< 1. NaH, BnBr, THF, rt, 12 h ><
HO OH MeOH,65°C,16h o~ o 2.1BX, CH4CN, 80°C, 1h o~ Yo
32)—1,,31 > >
HO,C ’COZH 2. NaBH,4, MeOH '/,_ 3. PhO,SCH,PO(OELt), 2
' ' rt, 16 h OH NaH,THF, 0 °C, 3 h \SO Ph
SS-Tartaric acid 85% (2 steps) OH 60% (3 steps) OBn 2
1 2 3
>< 1. Ethylacrylate, G-Il cat.
VinyIMgBr, Cul o~ No (10 mol%), toluene
THF,-78°C1h 110 °C, 16 h, 80%
> 2p—=H S0,Ph .~
-20°C,5h, 75% BnO = 2. pTSA, H,0, THF
. . \ 60 °C, 16 h, 85%
single diastereomer
(to be assigned later)
HO, SO,Ph
NaH, THF, 0 °C %
. ‘ +
30 min, 70% /™
BnO CO,Et
6a
mixture of diastereomers
inseparable
(4:1)

26



Completion of Fragment A Synthesis

PhO,S

MeO,
RO ’,
RO\A (%) “
W 'y
35 o I
CHO
R=TBS 27
so.ph 1 LiAIHs, THF, 0°C-rt, 16 h SO.Ph
HO, 2" 2 TBDPSCI, Im, DCM MeO, 2 MeO, SO.Ph
0 °C-rt, 2 h, 80% (2 steps) +
\\\“ - \\\\‘ \\“‘ X111
COOEt 3 Mel, Ag,0, DMF, 0 °C-rt [ © OTBDPS [o O \—OTBDPS
BnO Ga,b 24 h, 80% BnO BnO
7a Minor Separable 7b Major
diastereomeric mixture (1:9 ratio)
PhO,S
1. Pd/C, H,, EtOAc MeO,
2 g /\MgBr
7b Major > | . OTBDPS
NN Cul, HMPA, THF
2. |, PPhs, Im, DCM °C. 3 h 70
0°C-rt, 6 h, 80% o -30°C, 3h, 70%
PhO,S 0s0,4, NMO PhO,S
MeO, THF:H,0 (1:1) MeO, tartaric acid (1009)
“ rt, 16 h, 85% O HO ¢ 2 months
OTBDPS \V/J\\ OTBDPS
W 't /\ > N "
%\\\ o Ui OR W o II[/\ 10 (Sg)
0°C, 80%

August 16, 2025

10:1 diastereomeric mixture
inseparable

27



Our Second Approach (Todocyclization)

U vinylation

R = SOZPh, COzEt

HO OH O O

HOOC COOH — Bno_)J"'—

D-tartaric acid

August 16, 2025 28



Our Synthetic Path

HO, SOZPh
31 30
/\\\“32 0O |
>< BnO
O O 1. 2N HCI, H,O.THF major (70%) 11a
32 H SO,Ph 65 °C, 16 h, 85%
31
BnO - > T
\ 2. 1,, CH3CN, -20 °C
4 3 h, 70%
Separable

minor (30%) 11b

August 16, 2025 29



Our Synthesis Path (EWG = -COOET)

X

o~ Yo o>x<o VinylMgBr, Cul
TEPA, NaH, THF A THF, TMSCI
2 > 2 — >
BnO CHO \
0 °C-rt, 3 h, 80% OBn COOEt HMPA, -78 °C, 7 h
2.2 rt, 12 h, 80%
13
X 7
0 o) 2N HCI, IHF 0
H coogt H20.65°C H
> BnO E
BnO 16 h, 90% : ==
\ o OH ——
14a,b 15b Minor
mixture of diastereomers
(inseparable, 13:1)

August 16, 2025
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Our Key Iodocyclization

O 1. Ag,0O, DCBCI, DMF

16 h, 75%

TBAI, rt, 16 h, 70%
2. LiAIH,4, THF, 0 °C-rt

0 °C-rt, 3 h, 85%

r
3. TBDPSCI, Im, DCM

BnO

16
1oa 4. NaH, Mel, DMF, 0 °C
1 h, 80%
OTBDPS OTBDPS
l,, CH;CN
-20°C, 3 h
_ MeO,, /I MeO,, |
80(y il
(0] .
BnO\\\\\ O BnO\\\\‘ O
17

Single diastereomer
August 16, 2025

not observed

OTBDPS




Key Features in Our Building Macrocyclic Designs

1. Natural product-inspired 3D-architectures
2. Stereochemical and skeletal diversity
3. Practical and scalable synthesis

4. Easy structural modifications for undertaking
medicinal chemistry projects

August 16, 2025 32



Eribulin Fragment-based Macrocyclic Diversity

31 R = SO,Ph, CO,Et

R
MeO,,' o
31
wyy
( ) W» 29
w320 \
macrocylic
. . é )
diversity _
macrocylic
\ / diversity
\ J

Goal: Develop Modular Approaches to Obtain Different Macrocycles to Explore
August 16, 2025 their Biological Properties 33



Synthesis of Key Fragments

1. vinylmagnesium bromide

HO
= Cul, HMPA, THF, -30 °C MeQ
"\ SOPh  3h,75% 21 SOPh
1 . “l“ 2
o | 2. Ag,0, Mel, DMF, rt, 12 h 2
11a 70%
HO 1. vinylmagnesium bromide
B0 = Cul, HMPA, THF, -30 °C
: SO,Ph 3 h, 75%
AT , (970 \ SO,Ph
||ll|
0~ "y~ 2. Ag,O, Mel, DMF, rt, 12 h 07 %5
11b 70%
MeQ 1. vinylmagnesium bromide MeO
. 2 OTBDPS  cul, HMPA, THF, -30 °C BnO 32 OTBDPS
N 3h, 85% \,m 0
v, | > 32 ,
@) ‘v, ~ 1 O 29"’//\
17 8

August 16, 2025
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Our Synthetic Path to Building A Macrocyclic
Diversity (Approach 1)

MeO, SOzph
1 30 1. TiCly, DCM, 3 h, 75% /
W 29 > O
|20 — 2. EDCI, DMAP, DCM ©
BnO N-Alloc-AA, rt, 3 h
_oNo
1,3-trans 80-90% R SNH
G-Il cat.(10 mol%) ‘ vq Hsc;
» Flu—\
DCM, 40 °C, 16 h "“"”
70-75% Grubbs 2nd gen.
cat.

August 16, 2025 35



1,3-trans Relationship-based Four Macrocycles

MeO SOZPh MeO SOzph

August 16, 2025 36



Diastereomeric Macrocyclic Diversity (Approach 2)

SO,Ph
SO,Ph
1. TiCly, D(:l\/|,3h,75%> X o2 \e—
\— 2 EDCI, DMAP, DCM O
N-Alloc-AA, rt, 3 h
80-90%

G-Il cat.(10 mol%)

r
DCM, 40 °C, 16 h
70-75%

August 16, 2025 37



1,3-cis Relationship-based Four Macrocycles

August 16, 2025
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Another Approach to Building the
Macrocyclic Diversity

OTBDPS 1 TBAF, THF

1 ,3'CIS MeO, rt, 3 h, 85%)>
32' 2. EDCI, DMAP
il AllOC-AA
/“ o’ \_—_- DCM, rt
- 3 b, 90-95%

G-Il cat.

(10 mol%) Pd/C, H,

—_— —_—
0 EtOAc, 16 h

DCM, 40 °C 65%

16 h, 70-75% BnO

August 16, 2025 39



Derivatives Synthesized

MeQ MeQ

/Illll

BnO

T
o

40
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Macrocyclic Diversity using 1,3-Cis (C29-C32)
Tetrahydrofuran

OTBDPS
1. TBAF, THF OMe
rt, 3 h, 85%
y
2. Mel, NaH
DMF, 0 °C
1h, 80%
OMe OMe
MeO,
1. TiCly, DCM G-Il cat.
rt, 3 h, 75% " (10 mol%)
r O / r
2. EDCI, DMAP O DCM, 40 °C
Alloc-AA, DCM 16 h. 70-75%
rt, 3 h, 80-85% R, N
oﬁ’L\
O/\¢

August 16, 2025 41



Derivatives

OMe

OMe

August 16, 2025

OMe

OMe
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Our Macrocyclic Synthesis Roadmap

OMe

Enantiomerically pure

August 16, 2025 43



Part 2. Stereoselective Synthesis of C14-C21
Fragment of Eribulin & Derived
Macrocyclic Diversity

August 16, 2025 44



Literature (Kishi Approach)

OH OH OH TBDPS%
= - 2 steps @)
HO\v/i\T/l\n/H :Efﬂﬁl TBDPSO\V/*\T/A\T/SEt ———i;» 'mj;_Jf”OAC
OH O OH  SEt AcG
L- Arabinose
OPiv
TBDPSCi o OMMTF 5 steps HO
4 steps " \ 0
—_— h y,, 17
20
HO

J. Am. Chem. Soc., 1992, 114, 3163

August 16, 2025 45



BnO OH HO  OH

2> m P el

HoOC COOH

HO L-(+)- Tartaric acid

August 16, 2025 46




Stereoselective Synthesis of Furan Ring

Ho  oH  i-22DMP,PTSA >< ><
& (20 MeOH, 60 °C, 16 h 0~ O i. NaH, BnBr, THF, 5 h 0 0
HOOC COOH > 3 > \—&
i. LAH, THF, 16 h HO\\‘\ OH ii. PPh3, Im, |2, THF, 6 h |\\‘\ OBn
L-(+)- Tartaric acid 60% 3 steps 70% 2 steps
1 2 3

i. Cul, vinyIMgBr HO OH BnO

HMPA, -30°C, 2 h

| BnO |

1 \_@ |2, NaHCO3 \/1136) + \'lll,2o O .\\\\/
> S OBn > N Q
i. PTSA, THFH,0 //

171
Et,0, H,0, 4 h, 82%
16 h, 58% 2 steps

©

«
N

S 19

J19
HO HO
5 1
4 5
Major Minor

4:1 Separable diastereomers

August 16, 2025
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nOe Studies

Major isomer
5

No nOe

August 16, 2025

Minor isomer
5|

nOe
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Our Plan to Building the Macrocyclic Diversity

Macrocycle A

H
0
/m.. 20 |7
HO e o) 0
@) O
\lv\ O
\\“ )J\

R™ N7 o
BnO CO,Et H
\Ill,, O
20 17
A OH
TBDPSO \19
6 ®) ‘e
17 O 20
O o~ 0O
OJ\N R
H

Macrocycle B
August 16, 2025



Natural Products with Tetrahydrofuran

H

Rin 'S
/Hn. 20 |7
R1 R2 R3 R4 O\IV\O)‘OJ\ /b
RY SN Yo
H

Haterumalide NA Ac H OH H
Haterumalide NB Ac H O-n-Bu H

Haterumalide NC Ac OH O-n-Bu H

Haterumalide ND Ac OH OH H

OR; Ry Haterumalide NE H H OH H

Haterumalides Haterumalide B Ac H /O\J\n/ H
o)

 Uemura and coworkers isolated haterumalides in 1999 from the Okinawan
sponge Ircinia sp.

« Haterumalide NA exhibited cytotoxicity against P388 cells with an IC50 of
0.32 uyg/mL and moderate acute toxicity against mice with an LD99 of 0.24
g/kg.

August 16, 2025 50



Our Approach to Macrocycle A

O
/“lll
BnO o) o

OTBDPS )

i. LiOH, (THF:H,0), 16 h

DMF, 16 h

iii. TBAF, DCM, 4 h
64%, 3 steps

Grubbs -l

_>

10 mol%

0 5
@) —
\I\: DCM
. )]\O/\l 72%

CI/
CH'RU_“\

PCy3 )

Grubbs 2" gen. cat.
August 16, 2025

ii. K,COs, Allylbromide ' O
/ e
» BnO . 0
H H 78%

Bno CO,Et
\II[,, O
20 17

\19 6

TBDPSO

EDCI, DMAP
>

Alloc-AA, DCM

17 membered macrocycles

51



Synthesis of Different Macrocycles Achieved

N o NT Yo
H H
H H H
0= 0 @)
/,“ /Hn. /lu
BnO . s BnO ) 0>  Bno 0% o
0w .0 | O~__O | O~ _O |
Ty i T
/)
Yi/NJLO o -
Ph

17 membered macrocycles

August 16, 2025 52



Our Synthesis Execution for " @I
Macrocycle B

20

TBDPSO ° 6
OTBDPS OTBDPS
\ i. LIOH, (THF:H,0O), 16 h EDCI, DMAP
@) “ > 0 o) iy >
/s
0" 7| ii. K,CO, Allylbromide (|)H Alloc-AA, DCM
O OBn DMF, 16 h O 78%
|/ iii. TiCly, DCM (
58%, 3 steps N
OTBDPS OTBDPS \\OH
\ H H
O “y, o Ho., Ho i H, Pac o) /",
O ] Grubbs'-I © EtOAc, 16 h 0
O o 0,0 —> 0 o0 ——>»> O o o O
10 mol% O ii. TBAF j/
)/ J\ j/ DCM KPNJ\ j/ THF, 2 h J\ "
|r\o H IR1 729, NS O)]\H /R'] O ” /R1

18 membered macrocycles

August 16, 2025 53



Synthesis of Different Macrocycles Achieved

OTBDPS DTBDPS

N H H
o ", " 0
@)
oo,

/

OTBDPS OTBDPS OTBDPS
H, H
@) ~

A G if @Aii

18 membered macrocycles

O

August 16, 2025
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Synthesis of Fully De-protected
Macrocycles Achieved

OH OH
19 N 19 >
H", 20 H @) H,,' 20 H
170 17 0
O o) O O O O

AL CUK

August 16, 2025 55



Part 3: Another Eribulin
Fragment

Mahender Khatravath &=

-
ﬁ

August 16, 2025

Precise
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Macrocyclic Diversity Synthesis Plan

Precise Isomeric A Isomeric B

Macrocyclic

Macrocyclic
OH Diversity | o Diversity

- O
Macrocyclic H
Diversity | o

o\n/N / O _N— /
R \ﬂ/ R \n/ R
@) ! o) 1 1

17 Membered Macrocycles

August 16, 2025 57



Our Synthetic Planning

Reductive Wittig cyclization

August 16, 2025

OP4

L-Ascorbic acid

O COOE!
OH
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Our Synthetic Path

OBn
i. Acetone, CuSQy, rt, 24 h
ii. 30% H202, K2003, Hzo 0 I Agzo, BnBr, Toluene
rt, 24 h Q ft, 2 h, 90% WLO o
> ONL - R
10 7 OEt 0 9
HO OH  iii. Etl, CH5CN, 70°C, 24 h éH ii. LAH, THF, 12 h, rt, 90% 0
L-Ascorbic acid 80% 3 steps iii. (COCI),, EtsN, DMSO OBn

DCM, -78 °C, 1 h

PO

_ i. LIOH, THF-MeOH
PhO g

rt, 1 h

OV
+o ZE, 73
o) B

» O 10 AN

DBU, Nal, THF, -78 °C OBn CO,Et il TFA-H,0 (9:1), 0 °C-rt
2 h, 69% 2 steps 7 h, 72% 2 steps

r

n{©o

+ E-isomer
0 0
HO/’/, ACO/’I,
7 O Ac,0, DMAP, Py 7
W& 19 : w8 1o
HO rt, 16 h, 48% AcO®
OBn OH OBn OAc
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O
o OsOy, Acetone
10 E—
H,O, rt, 2 h
(o)
OBn OH 927
@)
HO
> O
8 10
HO
OBn OH
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Deviation in Our Approach

K3(FeCN )6, OSO4
e, K,COg4
A y

O 10 N O
(DHQ,)PHAL, ‘BuOH

9
BnO  COOEt .0, 00C, 36 h, 70% brsm

7:3, separable

OH
OH
0 0
TFA, H,0 Q ol
ACN, 70°C HO H TBSO
R o Bnots ) TBSCI, Im o
8 10 | 8 10
OH DCM, 12 h o OTBS
1h,70%  Ho' He H1o H7 40% TBSO
OBn W OBn
TFA, H,0 9 He O: o Q
ACN, 70°C HO,, o ! TBSCI, Im TBSO,,
B ——> ! BnO O —> T
8 10 8
o W&o OH 0 DCM, 12 h W& g OTBS
1h,70%  yo I CI)H 0% TBSO"
OBn & OBn
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Stereocontrolled Michael!

@]
TBSO i) DIBAL-H, DCM, -78°C, 1h
-0 iy TBAF, THF, rt, 12 h
8§ 10 >
9 OTBS
TBSO iii) Ac,0, NaOAc, 90 °C
OBn 28% 3 steps
C0O,0Bn
BF3-OEt2 /\_ /\/
. A H i) 5 mol% G-Il cat. DCM
ACN, 80 °C O N0 40°C, 16 h, 70%
v 7 .
10
Allyl trimethy! silane AcO OAc i) K,CO3 MeOH
12 h, 45% OBn 16 h, rt, 7%
iii) DBU, Toluene
100 °C, 18 h, 80%
nOe
Meooc/\(\
HOL A
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OAc
AcO
O
9 19 OAc
AcO
OBn

OBn
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Macrocyclic Diversity- An Example

20 mol% G-Il cat.

DCM

40 °C, 3 h, 50-54%

OBn OTBS

five examples

August 16, 2025

single olefin geometry
- not assigned yet
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Macrocyclic Diversity- An Example
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The regenerative repair of neurons in acute injuries and
neurodegeneration diseases

®

&
o0 :
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q._.ﬁaﬁ. .Mﬁ\% f II.". 5
-é‘Q@ @-'.ﬁ? ' ! Fibroblast
ff ;} B oo ° T?En;tagraﬂka
® '/ s cane
| . e S ye,
» High-throughput drug screening iPSCs

- Novel small molecule discovery
- Validate diagnostic testing

s 4
\éﬁ CRISPR/Cas9
@ o _.gene editing
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pitiere” Isogenic controls 5




Reprogramming cell fates by small
molecules

Neuronal stem cells Neurons Death of neurons

[ Neurotrophic compoundsJ
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Synthetic small molecules that induce neuronal
differentiation in neuroblastoma and fibroblast cells, Mol.
BioSyst., 2015,11, 2727-2737

Fll:l-ml:]-hsl cells
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Small molecule-based lineage switch of human adipose-derived stem cells
(hADSC) into neural stem cells and functional GABAergic neurons (iGN, iN)

Scientific Reports volume 7, Article number: 10166 (2017)

Self renewal

(@

(O

)
Or

hADSC

bFGF

Nestin | ——=" @
iNSC

SOX2 1

TGFB |——— SB431542

LDN 193189
BMP \ﬁ

Noggin

hADSC

iNSC (PO, P1, P2)
|

STEP3 |

Induction into iGNs

Purmorphamine

GO categories

1. iGN/ReNcell-enriched
Nervous system development
Generation of neurons

Neuron differentiation

Cellular component organization

2. iNSC/iGN/ReNcell-enriched

Reg of cell diff i

Reguiation of cell development
Autonomic nervous system development

3. iGN-enriched
Pattern specification process

D process

4. hADSC/INSC-enriched
Regulation of cell proliferation
Extracellular structure organization
Positive regulation of cellular process

5. iINSC-enriched
Response to external stimulus
Signal transduction

ReN VM

OLIG2 1
) @

Oligodendrocyte

-40 -30 -20

Intr

6. hADSC-enriched

Cell adhesion

Extracellular matrix organization
Regulation of angiogenesis

Neural cell

ADSC

Gene expression

24012

Example genes

Spock2, Tubb3,
Snap25, Neurog2,
Notch1, Gpc2, Cdk5r1,
Ntn1, Ptn, Plxnb1

Sema3a, Smo, Ednrb,
Boc, Cend2, Spryt

Hoxa5, Hoxb7, Hoxa$,
Hoxb5, Hoxc9

B4galt1, Timp1, Vegfc,
G, Pdgfrb, Prrx2

Adora2b, Chn1, Pdpn,
Tnfrsf19, Penk, Arhgef3
Crabp2, Rasd1, Diras3

Col8a2, Ddah1, Fgf2,
F3, Eln, Chd13, ltgatl

VO


https://www.nature.com/articles/s41598-017-10394-y/figures/7
https://www.nature.com/srep
https://www.axonmedchem.com/product/1690

NEUROGENESIS

PROLIFERATION DIFFERENTIATION SURVIVAL
I L i |

MIGRATION
TOCA3
==y B 2 B =——— e ——
|

NEUROBLASTS IMMATURE MATURE

Neuronal Activity Markers
FOS, FOSB, JUN, JUNB, NR4A1,
EGR1, EGR2, EGR3, ARC,
HOMER1, RHEB, RSG2, SNK, Synaptic Markers
COX2, BDNF, NHBA, PLAT, NP2 STX1A, SNAP25, SYT, SV2A,

SYP, DLG, SHANK, NLGN,
NPTX2, PPP1R9B, NRGN

Neurogenesis Markers
GFAP, Nestin, BLBP, SOX2, EOMES,
PROX1, NEUROD, NCAM1, DCX, CALB2

Neurodegeneration Markers
APP, Tau, PSEN1, PSEN2,

Neurogenesis and Maturation BACE1, DLGA

Mature Neuron Markers
ENO2, NeuN, NEFL, Tau, MAP2



Our Studies
J@®

3. Reprogrammin '
Prog ,/omatic cells |
‘ N
s 11. direct conversion

——

e o - )2. Proliferation

3. Differentiation
' - NPCs/NSCs

" \ 14. differentiation

S '*» t t
~ 3 T M
I/Q-—-

Neurons Astrocytes Oligodendrocytes


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.tandfonline.com%2Fdoi%2Ffull%2F10.4155%2Ffmc-2017-0038&psig=AOvVaw3c3MwfJNfTjTBWGwaJfVRk&ust=1730721445635000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCMjE_5iOwIkDFQAAAAAdAAAAABAK

Chemical Approaches to Trans-differentiation of Human Mesenchymal
Stem Cells (from Healthy Donors) to Neurons ; Our Approach

. The cells are

. Medium in wells
allowed to reach is changed every
~80-90% 72 hr

confluency after

Mesenchymal Stem
Cells seeded onto a

60 mrr'l .plate which .
(~3 million cells/well) corresponding

media is added to Towards the end of the

each well induction, the cells are scraped

and saved for further analysis
and characterization

Adopted from Transcell’s IP: Cells grown in different growth

media are used for RT-PCR
PCT/1B2014/000226 analysis to determine the

WO/2014/ 135950 PCT expression levels of lineage
specific genes

August 16, 2025 71

In collaboration with Transcell Biologics Hyderabad



Small Molecule-directed Differentiation of Stem Cells to
Neuron-like Cells

iPS cells are stem cells created from
a patient's own cells, such as skin or blood.

August 16, 2025
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Small molecule induced trans-differentiation of human
stem cells to neuron-like cells

Day 4

(@)

Hierarchical clustering

analysis:
With 17a triplicates

BIRCE
ENIP3
ENIFP1
CYC3
BCLZ
APOE
BCLZL11
DAPE:
ELMO3
BCL114

Down
regulation

of pro-apoptotic
genes

Up-regulation
of anti-
apoptotic
genes

Selected neuro-development genes
up-regulation:

SYT14
SCARF1
RET
PTK6
NTRK2
NDNF
CNTN1
CAMK1D
AVIL
ATP8A2
APOE H17a
ALKAL2 . : . .

0 1 2 3
Log 2 ratios

Neurodevelopment
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GAPDH mRNA is
present in brain

NEFM is a
biomarker of
400 bp neuronal damage
RTN4 expressed
150 bp during neuronal
development by
neurons

With 17a

400bp

150bp
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Next Generation Sequencing - RNA
Transcriptomic Studies

’ Collaborative work:

7a oG - Arya Group
) /%n - Transcell Biologics Hyderabad
- MedGenome Labs Bangalore

B

q o
@) 0]
O
wigg
H

Control Vs Up regulated | Down regulated
Furan, 17a
S 4 Significance
g [ i Control Vs 1372 1325
g ' W i Furan, 17a
: B = Triplicate studies
@ % $ @ & 0
log2FoldChange ‘ )
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Hierarchical clustering

August 16, 2025

control triplicates

17a triplicates

A

A
[

\

SOX10 —
CNTN2
PRDM16
GDPD5
PCSK9
RET
ALKAL2
CHD7
SOX5
NRP2
APOE
CDON
FZD3
NTRK2
ARHGEF2
CHAC1
PITX2
CAMK1D
PRDM6
PHGDH
PAX6
ATP8A2
CNTN1 e
CcD44
ALCAM
ANPEP
BMP2

Hierarchial Clustering is visually represented as

Dendrogram:

It is a method for grouping objects. The objects within a group are

like each other and different from objects in other groups.

Neurogenesis/Neuronal development/

Stem cell

Neurodifferentiation/Migration

markers
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Effect on Pro-and Anti-Apoptosis Genes

Triplicate studies

— uy o wy Control: D1, D3 and D5
17a . gd v ﬂ

/" 17a: A2, A3 and A5

BnO
" © CI) ~ Down
o O GDIF regulation
'S /J NLEP] of pro-
” O apoptotic
genes
Apoptos.is mediates CTIE
the precise and DASL] 070
programmed natural BAY 0.47
death of neurons HF1 g%a
and is a AKET1S1 RE
physiologically PETI 0.47
important process in F.Tﬂ-fEI:.l 0.70
neurogenesis during GETE
maturation of the CHMA Up-
TRFR™ regulation
CNS. D Coa of anti-
- I"'T - apoptotic
—— genes
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Effect on Neurogenesis and Neurodevelopment

PRDMG6 M17a

SROM1E Neurogenesis:
% PHGDH new nel_Jrons are
o
£ pcsko forrped in the
g PAX6 brain
=}
2 NTRK2
CHD7
CHAC1
0 05 1 15 2 Up-regulated genes
Log 2 ratios upon treatment with 17a
SYT14
SCARF1
- RET
@ PTK6
e NTRK2
S NDNF
® CNTN1
S
Neurodevelopment: © CAMK1D
Brain’s development of 3 AVIL
neurological pathways 4 ATPBA? —
that influence APOE H17a
performance or
functioning. ALKAL2 , : . ; . .
0 0.5 1 1.5 2 2.5

August 16, 2025

78

Log 2 ratios



Neurogenesis Biomarkers

Granule cell layer
%
<¢

Nd —p ( — _U- ‘7:,'—':
NSC NPC Neuroblast
1-3 days
GABA input
Glutamate input
Glutamate output
Pax6 (52.02.70) Nmzfl Paxg™ 72 Prox1%'#® m1.‘“
Sox2 4% Tix5® SOX3% CREB™™ REST™>7
Hes6 7 SOX 11547 Tbe1 (10.64) Tbr1 (10.84)
REST (75771 Tor2 (10.64) Ascl1/Mash1(10.84) TAp7313-158
TAp73 (13155 FoxG1%s
p53taaw NeuroD 1%
. TAD73"'5
Proliferation Differentiation Terminal Synaptogenesis
Self-renewal Survival differentiation

Migration



Activated Wnt Signaling Inhibited Wnt Signaling

Mechanism of LRP5/6

Neurogenesis:

WNT Pathway =

The complex

of WNT, LR,

and Frizzled

promotes the -
\ Ubiquitin-

translocation mediated
Of 6'Catenin proteolysis © 0C>
: N
into the No gene
nuc Ieus I_I transcription
’ -
. . (NN N\ /\)
resulting in
the
transcription MORPHOGENESIS proUrERATION 4 Gompariion
. H Wnt5a+Wnt1 nt nt5a Bold: Novel functions
o-f 6 Catenln Wnt1/(Wnt3a) Whnt5a
target genes. * - Q\ Wintsa
Wnt1 Wnt1+Wnt5a Wnt5a+Wnt1
SPECIFICATION NEUROGENESIS DIFFERENTIATION
Neurgl Dopaminergic Dopaminergic Dopaminergic
progenitors progenitors neuroblasts neurons

Sox2+ Lmx1a+ Nurr1+ Lmx1a+ TH+ Nurr1+ Lmx1a+



Transcriptome data clearly showed that 17a up-regulated genes

related to neurogenesis, axaongenesis, neurodifferentiation,
neurodevelopment and neuronal migration.

e As shown 17a up-regulated

genes NTRK2, CNTN1,
NDNF, RET, CAMK1D and
ATP8A2 which are known
to be involved in neuronal
development and
differentiation.

An Increased PCSK9
expression is also known to
inhibit the amyloid
peptide (AB)-induced
neuronal apoptosis by
reducing the AB generation

August 16, 2025

e The genes involved in

neurogenesis, such as,
CHAC1, CHAD7, PAXB6,
PCSK9, PHGDH, PRDM6
were upregulated.

Several critical genes (for
example, BCI2, TGFB2 and
PCSK9) that are responsible
for anti-apoptosis were
found to be up-regulated
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Neuron’s role in Neurological disorders ( Alzheimer’s and
Parkinson)

“\— Neurofibrillary
tangle

e a-synuclein, 8-aggregates,
and plaque accumulation

Ny M Reactive
(- astrocytes
Parkinson's/Alzheimer’s patient

BBB leakage and
neuroinflammation

Augu



e Stabilizing tau protein

brain

Healthy microtubule

Healthy neuron

Tau protein

tangle /\A

Neurofibrillary
tangle

Alzheimer's
brain

Disintegrating microtubule

Diseased neuron



DNA methylation
landscape in
induced-
pluripotent stem
cells (iPSCs) and
directly converted

epigenetic
rejuvenation

| OKSM |

DNA methylation erasure
epigenetic rejuvenation

altered CH and CpG methylation

=
neurons (iNs). = === {U/‘M

Fibroblasts from

OKSM pathway
Reprogramming of aged
fibroblasts to the
pluripotent cell
(iPSCs)stage is
characterized by
methylation erasure and
reset of epigenetic clock.

OKSM (0CT4, KLF4, SOX2, C-MY(C);
BAM (ASCL1, BRN2, MYT1L).

aged donors

incomplete de novo CH methylation

altered promoter CpG
l hypermethylation

BAM

iNs

BAM Pathway

iNs derived from aged fibroblasts bypass the
intermediate pluripotent cell stage, but still
lack a faithful CH DNA methylation and show
an altered CpG hypermethylation pattern gf
promoter regions.

iPSCs



Our Studies on Small Molecule based
differentiation of iPSC derived from samples of
Alzheimer’s and Parkinson patients

®

Mesenchymal Stem
Cells

N
®
\

Embryérnic Stem
Cells

Neural Stem Cells

S0 Stem Cell Therapy for

b AL Alzheimer's Disease
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https://onlinelibrary.wiley.com/cms/asset/39b836b8-18da-4f2f-a891-22158a98efae/agm212216-toc-0001-m.jpg

Up-regulation of Genes That are known to be Down Regulated
in Patients with Alzheimer’s

gij

I AD down-regulation

-4 -3 -2 -1 0 1 2 3 4

Log 2 ratios
CHGB gene: Encodes a tyrosine-sulfated Upon treatment with small
secretory protein abundant in neurons molecule, 17a
August 16, 2025 iPS cells are stem cells created from a patient's own cells, 86

such as skin or blood.



Upregulation of genes in Alzheimer’s patient’s
stem cells during chemical trans-differentiation

« SCN3B Gene: Responsible for generation and
propagation of action potentials in neurons and muscle

« CD200 Gene: negative regulation of neuroinflammatory
response and neuron death

« Coro1A Gene: negative regulation of neuron apoptotic
process

« EPB41L3 Gene: neuron projection morphogenesis

e BRSK2 Gene: neuron differentiation
August 16, 2025 87



Up-regulation of Genes That are known to be Down Regulated

in Patients with Parkinson’s
/ 17a 0 l;'_'
/Hlu
BnO H%J/O)\CI)
o) O
0]
gNLOJ
H
B 17a

" PD down-regulation

3 2 -'1 0 : 2 3
Log 2 ratios
SCN1A gene: Provides instructions for :
making one part of sodium channel NaV Upon treatment with small
1.1 transmitting signals in neurons found in molecule, 17a
the brain.
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Upregulation of genes in Parkinson’s patient’s
stem cells during chemical trans-differentiation

« DDC Gene: Help in producing dopamine and
serotonin neurotransmitter

« GABRAZ2 Gene: receptor in mammalian brain

« KCND3 Gene: Voltage gated K channel
regulating neurotransmitter release and
neuronal exitability

August 16, 2025 89



In Conclusion........

1. Natural products-inspired small molecules are
good probes for trans- differentiation of IPSC to
Neuron like cells.

2. Cells derived from Alzheimer’'s and Parkinson
patients undergo  small-molecules  promoted
differentiation of stem cells to neuron like cells.

3. These studies promise to be a viable Human
IPSC-based therapy.
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Role of Furan Macrocycles in modulating
Wnt signalling pathway in Cancer stem
Cell: A quick look

e —
nt signalling

-l. _ pathway

August 16, 2025 91


https://www.youtube.com/watch?v=-VBO7HZS9i8

Activation of Wnt Signaling

Involvement of the Wnt—B-catenin—-GSK3 signaling axis in the formation and
maintenance of cancer stem cells (CSC) is responsible for tumor growth in
several types of human malighancies

Inactive Wnt Signaling Active Wnt Signaling

LRP6&

Frizzled

XO000C XOCOOCOOCOOO00000
OO0 OOOCOOOOOO000000

B-catenin

Destruction
complex

o : B-catenin
‘\ Axh “

--1:5?7'—

G

o
e,

<— | B-catenin

__ B-catenin
Protein e
phosphorylation | :LC;'I ‘;
& degradation

Wnt target genes__—"
w/




Wnt signaling regulates fate decisions in
embryonic stem cells.

1. GSK3p acts as
a tumor
suppressor by
curbing
canonical Wnt-
B-catenin
signaling.

2. The smali
molecule (BIO)
inhibits GSK3p and
thus increases the
activity of -
catenin.




Wnt signhaling in cancer

Normal cells

Cancer cells

WNT Activation of Wnt/B-catenin pathway
N B
RNF43 sULULLL

Frizzled

DvVE X o0 ‘
S fiag—
CKia ® . _

noC Mﬂiﬂ | VL {Protea

_______________ Gy _ T csicp een
Epigenetic modifications e e
DNA methylation ﬁ h — o
DNMTs _— > =
oo Me 9 Bcatenn
€7 SO

/ TCFILEF \
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Agents/Phytochemicals | Wnt 1nh1b1t1ng molecules

ik o@i\
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Wnt Luciferase Screening Data

open 17-mem

4.5

. macrocycles
3 35
=
t; 2.5
(q¢)
g e . o - - W o NN
M 15 W HN
S s RO
3 IWR-1

DMSO JWNT3A IWR1
@10 lJ,M Con. 10 uM

a cell-based test that uses a luciferase gene to measure the activity of the Wnt/B-catenin
signaling pathway in cultured cells:

m .} e

H

o) O
Analogs I IJ\/J
R. m o)

Single olefin
geometry

1

Family 1 Hits
SM-201 5-61/62/63/64/65 SM-2015-66/67/68/69/70



Effect on Tumorspheres (G2*) from Patient
Buccal Mucosa (Indian Patient 1) G2 = 2" generation

144 Hr




In Summary:

The studies involving furan-based
macrocyclic molecules clearly highlight the
potential therapeutic utility for such
inhibitors to mediate Wnt—-GSK3—-B-catenin
axis activity at the expense of Cancer Stem
Cells self-renewal and survival.
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Sincere Thanks to...

The Arya Group
DRILS Hyderabad

Transcell Biologics
Hyderabad

MedGenome Labs
Bangalore

g*‘i;g DR. REDDY’S
%, INSTITUTE OF LIFE SCIENCES

R
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Thank You
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