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Turmeric (C. longa L. § % ) is a herbal medicine used for the treatment of a large variety of illnesses, such as

inflammation, infectious diseases, and gastric, hepatic, and blood disorders.

Major components of Turmeric
(curcuma longa)
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1. Low potency (anticancer; anti-inflammation, anti
hyperlipidemic effects and etc.)

2. Poor PK profiles (low solubility, poor absorption, rapid
metabolism, rapid systemic clearance)

3. Pan-assay interference compounds




Derivatives of curcuminoids and use thereof as an anticancer agents
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2,2-bis(hydroxymethyl)propionate curcumin (21a)

New bis(hydroxymethyl) alkanoate curcuminoid derivatives exhibit activity against triple-negative breast c

Eur. J. Med. Chem. 2017, 131, 141-151

Aims of the modification

1. Higher potency
2. Improved PK properties
3. Specific MOA

» ~10-fold more potent than the parent curcuminoids against

colon, prostate and breast cancer cell lines

» Combining 21a with doxorubicin potentially can achieve a

synergistic effect in a MDA-MB-231 TNBC xenograft model




Antitumor activity of 21a combined with Doxorubicin
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Phenotypes of Lung Cancer

Non-small cell lung cancer

NSCLC . :
(£85-90‘VZ) Lung cancer is one of the most common and serious types of cancer
Advanced NSCLC EGFR mutation case EGFR TKI resistance o )
Patients/year  patients (%) (%) 50~60% in Asians
~10% in non-Asians
Taiwan ~11,300 ~5,100 (40-45) ~5,100 (40-45)
Japan ~68,500 ~29,100 (40-45)  ~29,100 (40-45)
uamous cell
(LUSC)
" us. ~131,000 ~16,300 (10-15)  ~16,300 (10-15)
Europe ~224,000 ~28,000 (10-15)  ~28,000 (10-15)
w BRAF - Franslocation
Global ~1,240,000 ~372,000 ~372,000




The Major hurdles for NSCLC treatment

EGFR tyrosine kinase inhibitor, TKI (FDA approved)

Generation 1 9 3 Several months to
Reversible Irreversible T790M mutant selective, ireversible 1.5years :
| > Drug resis
Drug Gefitinib Erlotinib Afatinib Osimertinib
us 2003 2004 2013 2015
approved

Could the new small molecules developed by our team overcome the TKI-
resistance in lung cancer?

Diarylheptanoid 35d overcomes EGFR TKI resistance by inducing hsp70-mediated lysosomal degradation of E
adenocarcinoma, J. Biol. Chem., 2023, 299, 104814-104830



Screening of derivatives against EGFR-mutant TKI-resistant LUAD cells
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GR clones are highly resistant to gefitinib and afatinib compared to their parental cells
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Synthetic procedure of 35d
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Preliminary PK study of 35d

Metabolic pathway of 35d

Phase 2 transformation _ / 35d-G
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In vivo l
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Toxicology study of 35d

.
Slngle dose Treatment | Test Article Dose Dose Volume |  Compound Numberof | Dose Frequency | Route | Swrvival | Swrvival Rate
Groups (mg/kg) (mL/kg) Concentration | Male rat Vehicle
(mg/ml)
1 Vehicle — 20 — #1 Once P.O. 171 100%
2 Compound N7 600 20 30 # Once P.O. 1 100%
3 Compound N7 500 16.7 30 #3 Once P.O. 11 100%
4 Compound N7 400 133 30 #4 Once P.O. 11 100% 5% EtOH + 10% Tween-80 + 85% saline
g & 300 30 # Once i
5 Compound N7 10 20. n 100%
3 3 200 30 #6 Once 5
6 Compound N7 6.7 20. n 100%
3 o 100 30 #7 Once
5 Compound N7 33 0. n 100%

Repeat dose

Treatment | TestArticle | Dose |DoseVolume| Compound | Numberof | Dose Frequency | Route | Survival | Survival Rate
Groups (mgkg) (mL'kg) | Concentration | Male rat Vehicle
(mgml)
#1, 43, 24, as
1 Vehicle = 20 = o Dayv1-Day 14 | PO. 33 100%
13,716 oL
. 49, 210, 411, - , w . —
2 Compound N7 | 600 20 K] 42 415 Day1-Day14 | PO. 53 100% 3% EtOH + 10% Tween-80 + 85% saline
FLL AL
300 i £, 5, 18,
N7 v 1- Day %
5 Compound N7 20 15 447,418 Day I-Day 14 20, 53 100%

~_—

The hematology of the animals in the repeat dose group indicated that 35d didn’t



Collateral sensitivity of diarylheptanoid 35d to TKI-resistant tumor cells
in in vivo studies
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Cell viability (% of control)
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Combination study of 35d and TKIs in gefitinib-resistant lung cancer
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\
Combination of 35d and osimertinib suppressed GR6 tumor re-growth after
osimertinib treatment
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= 35d (1 00) but sensitive to osimertinib
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GR-6 developed resistantace after around 60 days of osimertinib treatment

l 13

Combination of 35d significant delayed the osimertinib resistance




Combination of 35d and TKI suppressed tumor re-progression after acquiring TKI-resistance
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Combination of 35d significant delayed the osimertinib resistance
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Investigation of MOA

Cancer Lett. 2018, 424, 84-96.

Global transcriptional analysis by RNA-seq revealed inductions
of heat response and apoptosis by diarylheptanoid 35d

GR6 35d/untreated

G0:0009408 response to heat

GO0:0006986 response to unfolded protein

G0:0035966
response to topologically incorrect protein

(G0:0048514 blood vessel morphogenesis
G0:0034605 cellular response to heat
G0:0042026 protein refolding

G0:0001525 angiogenesis

G0:2001236

regulation of extrinsic apoptotic signaling pathway
G0:0097191

extrinsic apoptotic signaling pathway
G0:2001233

regulation of apoptotic signaling pathway
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Contents lists available at ScienceDirect
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Cancer Letters

ELSEVIER journal homepage: www.elsevier.com/locate/canlet

Original Articles

EGFR-TKI-induced HSP70 degradation and BER suppression facilitate
the occurrence of the EGFR T790 M resistant mutation in lung cancer
cells

Xiang Cao ™", Yi Zhou ™", Hongfang Sun ", Miao Xu *, Xiaowen Bi *, Zhihui Zhao °,
Binghui Shen ¢, Fengyi Wan ¢, Zhuan Hong ¢, Lei Lan*", Lan Luo * *, Zhigang Guo® ",
Zhimin Yin >
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HSPA1B (heat-shock protein70, HSP70) was significantly associated
with good OS of EGFR-mutant lung cancer patients treated with TKI

EGFR mutant LUAD patients
with EGFR TKI treatment

g
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0.50

025
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0.00

% Patients with high HSP70 expression in TKI treatment had higher OS6

= HSPA1B high
P=0.011
= HSPA1B low
0 2 % 75 100 1235
months
Number at risk
TE B R W E
months

Nature genetics, 52, pages177-186 (2020)

nature ARTICLES
genetics

Genomic landscape of lung adenocarcinoma
in East Asians

Jianbin Chen®?, Hechuan Yang'?, Audrey Su Min Teo', Lidyana Bte Amer', Faranak Ghazi Sherbaf’,
Chu Quan Tan', Jacob Josiah Santiago Alvarez', Bingxin Lu', Jia Qi Lim', Angela Takano?, Rahul Nahar',
Yin Yeng Lee', Cheryl Zi Jin Phua’, Khi Pin Chua’, Lisda Suteja*, Pauline Jieqi Chen', Mei Mei Chang’,
Tina Puay Theng Koh?, Boon-Hean Ong?, Devanand Anantham’, Anne Ann Ling Hsu’, Apoorva Gognag,
Chow Wei Too®, Zaw Win Aung®, Yi Fei Lee'°, Lanying Wang?, Tony Kiat Hon Lim3, Andreas Wilm’',
Poh Sum Choi’, Poh Yong Ng', Chee Keong Toh?*, Wan-Teck Lim*", Siming Ma’, Bing Lim®?, Jin Liu®?,
Wai Leong Tam®'101314 Anders Jacobsen Skanderup®’, Joe Poh Sheng Yeong?", Eng-Huat Tan*?,
Caretha L. Creasy™, Daniel Shao Weng Tan®'4'¢*, Axel M. Hillmer ®"'7* and Weiwei Zhai ®"21018*




35d suppressed EGFR protein in GR cells

Curcumin (uM) Curcumin (pM)
0 1 2 4  (kpa) 4  (kDa)
. —250 — 250
Western blot analysis 384 EGFR M - - w -
0 1 2 O 1 2 0 1 2 (uM) 1.10 1.19 1.16 1.13 1.12 108
EGFR | ¥ S o | S e o || S o o0 s :j:
Tubulin | = s s | " S " Protein
1— 100
GR6 GR8 GR10
35d
01 2 4 (uM)
Hsp70 |« w=
Y -— GR6
Tubulin | s s - -
35d upregulated HSPA1B gene expression and reduced EGFR
HSp70 | wee we s protein expression. 35d may reduce EGFR expression by activating
: GR10 hsp70-mediated pathways.
Tubulin | " s s o




Hsp70 inhibitor (uM)
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hsp70 inhibitor ver-155008 (ver) and pifithrin (pif)
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— 75 a — ]
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Total
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Inhibition of hsp70 by pif and ver
reversed 35d-induced reduction of EGFR
expression in GR6 and GRIO cells,
indicating that 35d led to suppression of
EGFR protein through hsp70-mediated
pathways.
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35d reduced EGFR protein
expression, but not mRNA
expression, suggesting that
35d may lead to EGFR
protein degradation through
induction of hsp70 pathway.
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35d activates Hsp70 and causes EGFR degradation through proteasome pathway_

o CHIP
ubiqui |no 1 _)

HSP70

Heo! G gp,'j,' <7 Ubc4/5
BAG Hsp70 HspBP1

CHIP )
Hsp70 complex was reported to involve : K_/
lysosome or proteasome pathways as = l

major degradation systems in the cells.

/ BAG-1

Protein degradation

Lysosome Proteasome *
inhibitor inhibitor s
BafAl - - - -0.05 0.1 - 0205 Ixa v
HCQ - -1050 - - - - 510 - - MG132 -} g
35d - + + + + + - + + + + + 35d »
}prot. — p62
EGFR |8 s o o0 S50 B0 | S o o B0 0 o L
GR6 :
Tubulin | # s s o o S | S S - - - - pe: 4
EGFR | #0008 -l auto.§
- — GR10 e
Tubulin | e S - - - - - - - -

*lysosome inhibitors hydroxychloroquine (HCQ) and bafilomycin A (bafA)

*proteasome inhibitors MG132 and ixazomib (ixa)

CHIP (C-terminus of HSP70/HSC70 interacting protein): a ubiquitin ligase




0 8 16 24¢(h) 0 8 16 24(h) oo

(kDa) (kDa)

EGFR M M o - ." -
- 150 - 150

1 072 046 046 1 091 082 061

— 75 - 75
HSP70 i s S S ﬁ
1 188 301 3.09 1 182 253 269 / '\

Bagd o e e e L amemem HSP70 | BAG3

i HSP70
1 173 388 462 1 335 536 534

. o o e B . . = BAG3
I p62
PE2 e - - - p——

- = /
1106 191 331 151 200 221 h

Total | | 150
Protein Lysosomal EGFR
— 100 degradation

GR6 GR10

an

e

Treatment of 35d upregulates the expression of hsp70 complex components, hsp70, bag3, and p62,
which lead to EGFR protein degradation through lysosome dependent pathway.
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Potential clinical application of 35d

35d-osimertinib combination could be used in EGFR-mutant LUAD
patients who have acquired resistance to prior-line TKIs or as a first-line
therapy for naive patients in the future.
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Global patent portfolio

ESEN % E SRR IR BB R EIE FHlRE 1 125 Y 1 22/ 1) 12
MAESEERTTEYMREMAEEENAHZE | 20170603 TWI731096B 20210621 =P
Novel Derivatives of Curcuminoids and Use 20170602 US10787413 B2 20200929 ==
Thereof as an Anticancer Agent 20170602 AU62/349208B2 20190828 B

20170602 CA3029459B2 20210907 735?*

20170602 EP3433225B1 20210317 B

20170602 KR2127852B1 20200630 ﬁEIE

20170602 JP6940527B2 20210906 s

20170602 CN109689608A 20220216 0 );Z;

20170602 IN400493A 20220630 =
Bis(hydroxymethyl) alkanoate diarylheptanoids for | 20211214 PCT/CN2021/137647 A W02022/127751 S=E; J8M; MIZK;
use in treating lung cancer R, 58E; HA;

KBE; B, 2

Bz A SV aBEMmE 2 A%k 20211214 TW1798994B 20230411
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