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Unmet medical need

Current Therapies Cannot Eradicate

Cancer Stem Cells

Only 0.01-2%

Cancer

Cancer

e Causing Tumor
Chemotherapy

Recurrg«ce
@ Cancer Q -
and Metastasis!
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Seek the Unseekable Target

Development of a Cancer Stem Cell Behavior Isolation Platform
to Establish a Cancer Stem Cell Bank

Patent: PCT/US23/31857

Taiwan 1858897
Soft agar
> selection

Tumorigenicity

Metastatic
Potential

Parental tumor cell —

Radioresistance

Chemoresistance

Chemotherapy
— . —
selection

S Side population
sphere .
: selection
selection
Long-Term Therapeutic
Self-Renewal Resistance
and Anti-
Anoikis

Single-cell

recurrence
selection

Relapse
Capacity

— Tumorigenic CSCS ——

-

Z? 7 (

—» Metastatic CSCs =

J\JQ

—p Radioresistant CSCs =

— Chemoresistant CSCs—

Stemness
Reporter
System

Fluorescence

Luminescence
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Conventional antibody selection method

Current
technical

challenges

Current
clinical

challenges

Resolving the Pain Points of Clinical Treatment and Cancer Research

Costly
Performed multiple times

Inconsistent CSC markers
in different cancers

Few CSCs can be isolated
(102-108 cells)
Unstable

e resistance
Cancer * recurrence
* metastasis

Cancer stem cell behavior isolation platform
) « Exceptional quality
 70% less expensive than antibody screening

« Applicable to various solid or liquid tumors
9 * Applicable to cancers without knowing markers
« Can develop novel CSC surface antigen targets

 Billions of CSCs

9 - Stable expansion

* Maintaining high purity for several years

9 Development of targeted CSC drugs or therapies
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- - o CSC Bank, Medium, Antigens e Anti-CSC DC-T Cell Therapy
CSC Behavior Selection patent: PCT/US23/31857

Patent: PCT/US24/55481

Taiwan 1858897 Taiwan 2110011TW
Isolation of Tumorigenic CSC (TCSC) DC T cell
Single-cell Day0 i Day0
Spherogenesis Drug efflux Ingle-ce +cytokines
> > g - e
Tumorigenicity Long-Term Self- Therapeutic Relapse Capacity i i .
Renewal and Anti- Resistance TumCoSrléJSenlc Exosome Day6 +cytokines
: : traction
Isolation of Metastatic CSC (MCSC) Rx & .
Tumor o
: Single-cell e
Spherogenesis Drug efflux ®
> selection > selection > rgzreréteigf]e > OOOO
OO e
Metasta_ltic Long-Term Self-_ Ther_apeutic Relapse Capacity Metastatic OS v
Potential Renewal and Anti- Resistance CSCs Day8/9
Anoikis
e @
= 100 , _ N
It -8~ TCSC in regular medium 1 with
< T wi
2 80 . TCSC in Enlighten T cell cenw t
3 medium - - memaories
8 60- No antibody required
—— MCSC in regular medium o .
5 | | 70% less expensive
@ 40 . MCSC in Enlighten
g medium Enduring stability
c - . . :
3 _, CD44-sorted cells in 50" fold increased in purity for several years Dayl14-21
@ . . regular medium
a O | I | ] | I S | E d bl
0 2040 60 80 100 o CD44-sorted cells in Xpandaabie _
Day Enlighten medium 500" fold increased CSC quantity
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Anti-CSC

DC-T Therapy f

Relative cytotoxicity ability
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CSC Cytotoxicity
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- g = WT1
CSC Tralnlng g 200 B3 CSCexo
antigen s
isolation T cell S 1001
therapy =
o
‘ c}\\&(@b@'\/oé‘_o
s &
T cell therapy
— Tumor Growth
Reinjection 15 fold inhibition 7
= Tumor Metastasis  cui Decease
complete
remission
. Untrained *
Cytotoxic T Cell
2 fold increase .
Before training After training
" T cell therapy o !
‘g‘ 20 24.92%% *g R7: 57.013P% o
3 8
" CSC exo e

CD8 - Alexa Fluor™ 700-A

CD8 - Alexa Fluor™ 700-A



All-Out Attack on CSCs from Core to Surface
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You say “I'm ready!”
Your brain says “Nope.”

Your proposal says “Good luck.”
Your ideas say “We’re on vacation.”
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Therapy that Dual-Targets
Stemness Transcriptional

A,Cti(‘;’:ty a”dTG'UtamiQO'yfiS Utilizing Glucosamine-Labeled Nanodrugs as a Novel Pancreatic Cancer
Via ucose lransporter L- . .
Mediated Transcy‘iosis Stem Cell Therapy to Counteract Metabolic Compensation and

Synergistically Inhibit Transcriptional Activity
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MEBR US Pancreatic Cancer
Relapse Stage IV SOM by 2030 Is $145.4 M

(Rate) (metastasis)

80% 60% CAGR

(2023~2030)

$9T,gg/I6M 9 . 9 5 %

(54,670 M~$9,090M )

/

10,000.0

9,000.0 9,090.0

8,431.7
8,000.0 7,773.3
7,115.0

s ,

,000.0 6,456.7

6,000.0 5,798.3

2 67400
5,000.0 ' l
4,000.0

Mortality rate SAM:

$2,909M

(within 3 years)

90%

Market size (USD million)

029 2030
Breakthrough
therapy for BTD ODD
pO N CI’GG .I_IC (Breakthrough Therapy Designation) (Orphan Drug Designation)
2023 Incident cases: 64,000 cancerisin Appr:icablle to treat[nent-? Targeting rare diseases,
2027 Survival cases: 6,400 with preliminary clinica ; ; ;
urgen’r need data demonstrating |ncll1ud|ng certalr! cancers
significant efficacy. such as pancreatic cancer.
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MHHEER Blocking Transcription to Shut off CSCs

(N ‘-“’k-"-}

Control Center

DNA
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Targeting PBX1 Stem Cell Transcriptional Network as Novel Cancer Therapeutics
Undruggable Target

First-in-Class MOA

High specificity
High safety

Angiogenesis : R

Metastasis . \ ¢ 417

'

PBX1 : Self-renewal

Inhibitor u

Direct Inhibition of
anscriptional Activi

Immune
modulation

Drug
* transporter
Y
b 4
&
A 4
> Chemoresistance

v

US patent: Blood. 2022 Mar iScience. 2021 Oct
US10800742B2 31;139(13):1939-1953. 15;24(11):103297.




PBX1EZEEAREEEHE

PBXMEfEREAR SRR

= {EE??IE'—.:?EWE& 6=

or S D EfEE fibfE
T BiEE

2 29 | 16 | 17 | 1.8

EixEFEDNAG S ENIEREE S Mt N ErIRRITIE

Angiogenesis

Aiei

Metastasis

"

Self-renewal

A

6.1

Immune
A Multiple myeloma Breast Ovarian Lung Brain ;
(n=MMRE) (n=1,286) (n=879) (n=513) (n=178) modulation

1 I q Drug
g8+ - . PRX transporter
§ 0.6 1 E E signature \
= 0.4 4 - . (320 genes)
& 0.2 4 HR-287 { Hr=157 . — Low \ b 4 v

04 P=1. 6e—15 | P<o0. 005 — High A

T T T <4
0 500 100015002000 © 50 100 150 0 50 100 150200250 O 50 100 150 200 250 O 100 200 300 h .
maoresi n
Time (days) Time (months) Time (months) Time (months) Time (months) » Chemoresistance

Blood. 2022 Mar 31;139(13):1939-1953.
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PHERPBX 1Rk IEfEin e, {S3%EdsGiz

EixE FEDNAE LGS ERERBRA BNt N Rt

R iEiEE 58 — AR P &% (Gemcitabine)
E{EIEEE iRy AHE
s e IEM SRR E

Angiogenesis

Metastasis
Gemcitabine
v ~
PBX1 inhibitors —lPBX1 BHEEPBX1!§f§1’EFE Self-renewal
oJ [FRFHPE IE R fETEIR A N4
\ Direct Inhibition of Immune
oCT4 ranscriptional Activit modulation
ZEB1 =—>NANOG SOX2 tDr;Ungsporter
WEEE | WS . .
1 A <4
Downstream effectors »  Chemoresistance

|

EMT & Stemness Blood. 2022 Mar 31:139(13):1939-1953.
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7. Fibroblast toxicity test

Fibroblast toxicity test

150

% Survival

— — — T
0 0.01 04 1 10
Conc. (UM)

Fibroblast toxicity test

IC50 (MM)

—# Regorafenib

—— Sorafenib
Tagnsso
Lenalidomide
Gemcitabine

7. Zebrafish embryo

toxicity test

Normal control

B0O04 256 pM

Tag 16 uM
scoliosis (dorsal view)

T417 256 uM
normal gross apearance

Reg 8 uM
craniofacial malformation,
disrupted caudal fin

Gem 64 uM
scoliosis, pericardial edema

o, ER/ARERR

A409 256 uM
normal gross apearance

Len 64 uM
pericardial & yolk sac edema,
craniofacial malformation

A A

Sor 8 uM
scoliosis, swim bladder dysfunction

24 hr post exposure (n=10)

150
S
@ 100
[
©
2
S 50
=3
7]

0
0 100 200 300 400 500
Conc. (uM)

= 24 hr post exposure (n=10)
N3
o 150
B - T417
§ A409
g 100 —— B004
3 ¥ Regorafenib
.FI:’ -+ Sorafenib
> 50
= Tagrisso
£ Lenalidomide
9]
5 ° - G itabine
< 0 100 200 300 400 500 eme

Conc. (uM)
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Murine maximum

tolerated dose test .El.HEE = Ej:
EAL———JI =

Weight change

Weight change (g)

LY

1000

800

600 -

400

200

U EETIEREE

Biochemistry profiles

D R IRCIROIARO I
S WS T WS
e \,’bg N c,& o
QO & N
Ay \\\‘o

Q

10000 -

1000 -

100

10

T4l =

I1Q%I\E _J'J__ 5] EB =

Hematological profiles

Control
B T417 (500mg/kg)
A409 (500ma/ka
Regorafenib (500mg/kg)
Gemcitabine (500mg/kg)
Lenalidomide (500mg/kg)
[ Olaparib (500mg/kg)

0.1
0.01 T T
\0\) \b\'\«°\°\~\®) \Qo"\ \yo\at\o\o'\‘\{c\a{s"\)\\(‘\)«Q\ap&@"\'\e\&\i@aﬁ\et\o\g\et\ae\ﬁa
0@‘0@\@ L' © &Q}Q\Qé RRRORARN LN F LRSS S
& & T @ FFENE X
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PBX1 sl Bl i il n SRl

EEEHAIRE/ N> TS

Se2FhalZEY)

(First-in-Class)

ZehIE 2 3 S it R B F i ik
a2atZ¥)(undruggable) 2
FiE, BizESBEPBXT
HENHEERESIREE M mE
EdiEfz,

BN E BRI IME. ERREEE

H—55

(R

P S AEEE (I iE/ 587 ) 4
iR, nIiEEcEthRREE
PIEREEE RIS SIE

(combination therapy)

%
WA
BB 1005 WSEIE
(ED)F, LEYARBES
EREIER, ¥IERMERRE

N

1 IR

Bl |

Gemcitabine

{:Eﬁﬁ%

(REA)

B

20302 BkFE(L™ThiIE

(1§57T)

90.9

B85

FRREK

(CAGR, %)

T

9.95
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Licensing B0O04 Patents for 15 Years of Protection from 2030
advancing B004 toward clinical trials for marketization

2030/12
2029/07 ~ Licensing
2028/07 ~ Startup or M&A
2026/07 - MOEA Grant Fundraising Patent protection: 15 yrs.
2025/07 NSTC Grant IND application Phase IIA
2022/82023/1  NSTCGrant — Pre-IND Phase |
NSTC Grant Formulation & Rat Doo Toxicit
7 Lead compound PK/PD/Toxicity g y
Efficacy/Safety CMC
° o o i i L
? S ~——_____ T
2024/09 - 2025/09 2027/03 VTS
U.S. Provisional PCT National phase:
- COMPOUN%JSS%%?E)T\NG PBX1 - U S/E U/J P/TV\//CN

Patent protection: 20 yrs.

 Forpancreatic cancer as the first indication, BO04 is expected to be
a standalone treatment or used with or following gemcitabine therapy.

« The global market is projected to reach $9.09 billion by 2030.
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Selective Cytotoxicity and Stemness Inhibition in CSCs by Glucosamine-Coated Liposomes (G5C3)
smuggling drugs

>
0
]
M
3

Trojan Horse

ANANO

Wwww.acshano.org

Glucose Transporter 1-Mediated Transcytosis
of Glucosamine-Labeled Liposomal Ceramide
Targets Hypoxia Niches and Cancer Stem Cells
to Enhance Therapeutic Efficacy

Lu-Yi Yu,” Pei-Wei Shueng,r:r Hsin-Cheng Chiu,” Yu-Wei Yen, Tzu-Yu Kuo, Chieh-Ru Li, Ming-Wei Liu,
Chia-Hsin Ho, Tzu-Hao Ho, Bo-Wei Wang, Cheng-En Li, Ming-Hung Chen, Yao-An Shen,*
and Chun-Liang Lo* . .

Glucosamide-labeled liposomal ceramide
S Size :81.0£3.8 nm

_ : PDI:0.16 + 0.03
Uiy Zeta:-183x32mV
: o Ceramide EE: 99+0.08 %

Hypoxic cancer cell
Targeting tumor hypoxic niche

Enhancing drug accumulation Q
HIF-1c inhibition Q
Stemness inhibition

Normoxic cancer cell Cancer stem cell

Inducing cell apoptosis
Improving therapeutic efficacy

GLUT1-mediated endocytosis
Normoxic cancer cell

ACS Nano 2023, 17, 14, 13158-13175

Zx (O) Hypoxic cancercell = Anti-Cancer drug {

3 Q Cancer stem cell Q‘i GLUT1

-~

o

P

i NG

™

fFtararit [ypés of Liposoral Caramidl , N Trola“
""""" N/ W O

o

A

/ o f.A'
5{ lmlsh ..
J 5 C)‘

1€

Normmoxic cancer cell  G5C3

ﬁNon’noxic cancer cell apoptosis

{ Hypoxic cancer cell apoptosis Targeting tumor hypoxia
Enhancing drug accumulation

@Cancer stem cell apoptosis I
i ™% 1ic Ceramide mediated pathway in hypoxic cancer cells and cancer stem cell .

Apoptosis
T Hypoxia Inhibition

B;;\X —— Apoptosis
*

L
" p53

\Y
B —HIF1-a—PD-L1

v
SOX2 — RB —— HIF1-a
L ik
OCT4 1
v CD47
"'f_.v_- Inhibition v
. Immune Activation

OCT4 CD47

1
Immune Activation
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SOl SCHOOL of MEDICINE

CANCER RESEARCH

Shen et al. Cancer Res. 2020
Oct 15; 80(20): 4514-4526.

Metabolic Compensation

SURVIVAL OF THE FITTEST

Cancer Cell Chemoresistant (CR) CSCs

Glutamine Glutamine
SLC1A5 SLC1A5

Glutamme

Glutamat
‘ HOY, e
Glycme—)GS Oxidative

Glutamine

| e

Glutamate

a-KG
SA H,0,

stress

=

Nucleotide Detoxification

Cystlne

/Glycine—) GSH Oxidative
Vd stress
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A real proposal needs:

@ A pain point worth fighting
@ A strategy worth trusting
¥ A battle plan worth funding

And then—
You grab your laptop like a warrior lifting a sword and say

“Let’s do this.
Time To Write!!l”
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SIGNIFICANCE AND SPECIFIC ATMS
Given that cancer stem cell (CSC) 1s the quintessential driver of therapeutic resistance and

metastasis, we strived to investigate the stemness pathway and discovered that PBX1, a stem cell
reprogramming factor, plays a crucial role in mediating CSC properties’. PBX1, a homeodomain
nuclear protein, heterodimerizes or homodimers with MEIS or HOX to form transcription factor
complexes®. This protein binds to the consensus DNA motif 5’-ATCAATCAA-3" and functions
within the complex by stimulating transcription®. In stem cells, PBX1 controls the self-renewal of
hematopoietic stem cells*. In cancer, PBX1 expression is a prognostic biomarker in multiple
myeloma, breast, ovarian, lung, and brain cancer™®. PBX1 overexpression induces phenotypes
characteristic of CSCs, such as an increase in resistance to platinum-based therapies®. Contrarily,
PBX1%¢" platinum-resistant cells were rendered more susceptible to platinum, and their stem-like
characteristics diminished when PBX1 was silenced via RNA interference'. By impeding the
mteraction between PBX1 and HOX, a dominant negative PBX1 protein or HOX hexapeptide motif
obstructs the growth of breast cancers and melanomas’.

Oncogenic transcription factors have long been deemed “undruggable targets,” primarily
because they lack of defined small-molecule binding pockets®. Efforts have been undertaken to
create pharmaceutical inhibitors that specifically target oncogenic transcription factors—such as
PBXI, HIF, MYC, and p-Catenin — which regulate the expression of numerous genes and contribute
to the advancement of tumors — but to date, none of these inhibitors have been developed into
clinical practice®. However, in contrast to other transcription factors, we discovered that the DNA
binding domains of PBX1 are relatively close to a particular location. We developed an array of
small molecular PBX1 inhibitors (PBX11s) via in silico prediction; the lead compounds hibit the

interaction within PBX1 and downstream genes selectively and efficiently. Experiments utilizing
biophysical techniques have validated the postulated mechanism of action of PBX1is, which entails
the exact targeting of the DNA binding groove of the PBX1 protein®®. The lead compound exhibited
encouraging anti-tumor properties while causing minimal toxicity in seven different human tumor
xenograft models®®. The research for these models was undertaken at three distinct academic
nstitutions — Imperial College London, Johns Hopkins University, and Taipeir Medical University —
and was published in the journals Blood and iScience®’. PBX1i T417, A409, and B004 have the
potential to develop into a groundbreaking class of innovative cancer therapeutics that target the
oncogenic PBX1 signaling pathway. As a result, the mechanism of this first-of-its-kind PBX11 that
overcomes the resistance of CSCs by targeting the PBX1 pathway is avidly anticipated to be
elucidated in detail.

In terms of cancer metabolism, CSCs possess the capability to modify their metabolic
processes 1 order to persist in perilous environments. We discovered that following chemotherapy
treatment, CSCs might experience metabolic compensation by becoming more reliant on glutamine
metabolism. These findings were published in Cancer Research'®, Curr Opin Chem Biol.'!, Genes
Dis.'?, and Cell Reports'®. CSCs, or resistant cells, exhibit increased expression of glutaminase
(GLS) and rely primarily on glutamine to support anabolic growth dependent on the TCA cycle and
to eliminate reactive oxygen species (ROS) through glutathione synthesis!®. Cancer cells that
manage to resist chemotherapy are typically more vulnerable to CB-839, an extremely potent
small-molecule inhibitor of GLS (GLSi)!°. CB-839 inhibits the synthesis of glutathione and
nucleotides, resulting in concurrent redox imbalances and replication stresses'’. Relieving glutamine
from cancer cells, treatment with CB-839 can also transform active T-cells into highly activated
cells’. By means of synthetic lethality, metabolic inhibition by GLSi may augment the effectiveness
of stemness inhibition by PBX11 in a synergistic fashion.
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described in our prior publications in ACS Nano'® and J Exp Clin Cancer Res'®, we developed
glucosamine-labeled liposomes capable of facilitating drug delivery to the hypoxia region via
GLUT-mediated transcytosis, given that hypoxia tumor cells employ the Warburg effect to
upregulate glucose transporter 1 (GLUTIL). Although first waves of GLS1 are effective at
eliminating glutamine dependent cancer cells or CSCs, those that have managed to survive and
exhibit considerable metabolic plasticity may utilize metabolic compensation to bypass the GLS1 by
switching from glutaminolysis to glycolysis. Glucosamine-labeled liposomes carrying PBX1is will
be used 1n the context of the second wave of GLS1 therapy to trick sugarholic CSCs with GLS1
resistance to consume the liposomes, therefore reducing their transcription of genes associated with
CSC characteristics. Throughout this 4-year endeavor, we intend to conduct micro-to-macroscopic
investigations. To begin, we will use a microscopic 3D tumor spheroid model to learn how PBX1i
regulates CSC traits and how metabolic drugs and glucosamine-labeled nanodrugs work together to
regulate CSC features synergistically. By analyzing the single-cell transcriptome of the macroscopic
tumor ecosystem, we will gain a deeper understanding of how drugs influence the interaction
between the immune system and circulating tumor cells (CTCs). We have outlined a research
endeavor spanning four years, which consists of the following four milestones:

1. Utilization of novel PBX11i as a tool compound to uncover PBX1-mediated CSC properties

2. Investigation of the synergistic mechanism of PBX11 and GLSi1 in CSCs

3. Use of glucosamine-labeled liposomes as a CSC-targeted vehicle to deliver PBX11

4. Exploration of the in vivo regulations of the PBXIi liposome and GLSi on the tumor
ecosystem

PRELIMINARY RESULTS

Lys 266

Figure 1. T417 has the potential to destabilize the PBX1-DNA binding complex. Left: a detailed view of the T417 docking posture with the
PBX1. The overview figure illustrates a graphic representation of DNA that is bound to PBX1. Middle: The zoomed-in image, which the
rectangular box in the overview picture emphasizes. displays the separations between the T417 side chain's (pink-red) and various PBX1
protein amino acid residues’ (green-bluc) positions. Right: Small-molecule inhibitors developed through docking te the crystal structure of the
PBX1-DNA interacting interface. (Published data: Shen et al.. iScience 24, 103297)

It was observed that ovarian cancer cells can be reprogrammed into a stem-like state through
PBXI1 overexpression, as evidenced by a greater proportion of the side population and the
ALDH-high population!. Conversely, the properties of CSCs can be diminished by inhibiting
PBX1'. Consequently, we formulate PBX1is as CSC-targeted therapies. Due to the fact that only a
limited number of amino acid residues on the surface of the PBX1 protein are responsible for DNA

The preliminary results of this project yielded a total of 15 novel PBXlis. As illustrated in
Fig. 2A, we preserved the hydrogen bonding sites with the PBX1 protein while modifying other
regions of T417 to generate 3 derivatives. MPT1A409 exhibited enhanced cytotoxic effects and
mhibited PBXI1 signaling pathways (Figs. 2B and 2C). Subsequently, 12 additional derivatives
were synthesized in accordance with the structure of MPT1A409. Among these, MPT1B004
exhibited the most effective anti-tumor characteristics and suppression of the PBX1 pathway (Figs.
2D and 2E). The luciferase reporter assay on the PBX1 downstream gene MEOXI1 shows that, in
contrast to T417. A409 and B004 exhibit a more pronounced suppression of PBX1 transcriptional
activity (Fig. 3A). A synergistic effect has been noted when gemcitabine and B004 are administered
concurrently to gemcitabine-resistant pancreatic cancer (Fig. 3B). B004, as illustrated n Figs. 3C
and 3D. demonstrates a more conspicuous inhibitory impact on migration and invasion when
compared to other inhibitors of PBX1. Spherogenesis 1s augmented in gemcitabine-resistant
pancreatic cancer, which can be hampered by PBXlis (Fig. 3E). The gene set implicated in
functions such as stemness, epithelial-mesenchymal transition (EMT), metastasis, proliferation, and
immunological regulation, and which has been shown to be governed by the canonical PBX1
pathway. demonstrated a more pronounced level of inhibition in treatment groups A409 and B004
(Fig. 3F). The transcriptome analysis and CSC functional studies demonstrate that new generation
of PBX1i A409 and B004 are capable of disrupting PBX1 transcriptional activity and dampening

PBX1 downstream gene expression, thereby hindering the characteristics of CSCs.
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Figure 4. The PBX1 inhibitors® antitumor effects in vivo. (A) A subcutancous model of colorectal cancer was established through the
injection of 10° DLDI regorafenib-resistant cells. Lp. injections of regorafenib or PBX1 inhibitors are initiated 3 times per week when tumors
reach a palpable volume of 100 mm®. (B) While regorafenib is incapable of inhibiting tumor growth, all PBX1 inhibitors have been effective
in suppressing the tumors. The antitumor effects of A409 and B004 are superior to those of T417 and regorafenib. (C) For the pancreatic
orthotopic metastasis model. 106 gemeitabine-resistant cells expressing AsPC1-Luc were injected into the pancreas. Lp. injections of PBX1
inhibitors or regorafenib are initiated three times per week once tumors are visible via IVIS imaging. (D) According to IVIS tracking. T417 is
unable to prevent metastasis, whereas A409 and B004 greatly suppress it. Gemeitabine-resistant pancreatic cancer responded most favorably
to the combination of B004 and gemcitabine in terms of hahmg metastasis. (Unpublished data)

In the colorectal cancer subcutaneous model, 10° regorafenib-resistant DLDI cells were
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Milestone 1: Utilization of novel PBX1i as a tool compound to uncover PBX1-mediated CSC properties

« Establishment of CSCs to scrutinize the changes in CSC properties caused by PBX1 inhibitors
+ Understanding PBX1i-induced single-cell transcriptome changes in the tumor microenvironment
« Dissecting the roles of PBX1-mediated signaling in regulating CSC properties

Milestone 2: Investigation of the synergistic mechanism of PEX1i and GLSi in CSCs

+ Examination of alteration of metabolism upon single treatment with a PBX1 inhibitor
« Examination of stemness signaling upon single treatment with a GLS inhibitor
+ Evaluation of the effects of synchronous and asynchronous treatment of PBX1i and GLSi in 3D models

Milestone 3: Use of glucosamine-labeled liposomes as a CSC-targeted vehicle to deliver PBX1i

« Examination of transcytosis of glucosamine-labeled liposomes in 3D models
+ Assessment of the CSC properties upon treatment of glucosamine-labeled liposomes
+ Understanding metabolic compensation caused by GLSi and its impact on glucosamine-labeled liposomes

Milestone 4: Exploration of the in vivo regulations of the PBX1i liposome and GLSi on the tumor ecosystem

« Validation of the in vivo antitumor effect and toxicity of PBX1i liposome and GLSi
+ Single-cell transcriptomic profiling of in vivo tumors, circulating tumor cells, and immune cells
« Investigation of in vivo metabolomic regulations of PBX1i liposome and GLSi

First Year

Milestone 1: Utilization of novel PBX1i as a tool compound to uncover PBX1-mediated CSC

properties
Our innovative PBXI1i targets CSCs, therapeutically resistant cancer, and other human

malignancies associated with PBX1. This novel class of small-molecule compounds targets PBX1,

a homeodomain transcription factor and proto-oncogene that is upregulated genetically and

epigenetically to promote carcinogenesis'®. One or two of the most promising PBXlis, such as

B004, will be chosen on the basis of their ability to inhibit PBX1 downstream targets and CSC

properties. We will further dissect the effects of novel PBX1i on the tumor microenvironment

through single-cell transcriptomics profiling. To elucidate the CSC properties mediated by PBX1,
we propose the following interrelated milestones (1a—1c).

la. Establishment of CSCs to scrufinize the changes in CSC properties caused by PBXI

inhibitors
Because PBX1 regulates stemness, EMT, and drug resistance!, we will investigate whether the

PBXI1i can inhibit CSC features such as tumorgenicity, spherogenesis, drug resistance, and

metastatic potential. To verify this hypothesis, we will isolate pancreatic tumorigenic (TCSCs),

metastatic (MCSCs), radioresistant (RR), and chemoresistant (CR) CSCs using our quadruple
functional selection approach (PCT/US23/31857).

(1) CSC percentage analysis: By employing either a flow cytometer or an ELISA reader, the
quantity of eGFP fluorescence is quantified in the OCT4-GFP reporter assay. This value 1s
proportional to the amount of OCT4-GFP activity (1.e., CSC percentage) in the cell population.

(2) TOF-SIMS analysis: To determine whether PBX1i can penetrate the nucleus and target the
PBX1 transcription factor, a nuclear localization assay will be performed. Utilizing
time-of-flight secondary-ion mass spectrometry (TOF-SIMS), the nuclear accumulation of
PBX1i will be quantified. TOF-SIMS possesses the capacity to generate illustrative images of

aftected by B004, gene set enrichment analysis will be performed. Furthermore, a comparison will
be made between the BO04 transcriptomes and gene sets accessible through the Molecular Signature
Database (Broad Institute), which comprise the embryonic stem (ES) cell signature, PBX1 target set,
and stem cell factors such as NANOG, OCT4, SOX2, and MYC. The evaluation of this group of
PBXI target genes, as well as a number of stemness and EMT factors, 1n the transcriptomes under
B004 regulation will provide additional proof that B004 mhibits the PBXI-mediated CSC
transcriptional activity. We will then validate the pathways through chromatin immunoprecipitation
(ChIP), gPCR, and Western blots. The rescue assay will be performed to ascertain the contribution

of each PBX1-mediated signaling i orchestrating CSC properties as assessed in Milestone 1a.

Pilot Study: It was observed that pancreatic CSCs upon gemcitabine treatment upregulate stemness
transcription factors (OCT4, NANOG, and BMI1), mesenchymal marker vimentin (VIM), EMT
transcription factors (TWIST. SNAIL. ZEB1). and glutaminolysis-related genes (MYC, GLS, ME2)
(Fig. 7). Conversely, the epithelial marker E-CAD was downregulated in response to gemcitabine
treatment (Fig. 7). We will continue to employ PBX11 B004 as a tool compound to uncover
PBX1-mediated CSC properties.
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Figure 7. Pancreatic CSCs that are resistant to gemcitabine treatment exhibit an increase in the expression of PBX1 and genes
associated with stemness, EMT, and GLS during exposure to gemcitabine. (Unpublished data)

Second Year
Milestone 2: Investigation of the synergistic mechanism of PBX1i and GLSi in CSCs

In order to comprehend the synergistic effect of PBX1 and GLS inhibitors, as depicted mn Fig.
6C, we will initially analyze their respective functions in the context of single-drug and
combination therapies pertaining to the regulation of stemness and metabolism. The objective of
this milestone is to ascertain whether the synergistic effects of these two medications are facilitated
by a shared pathway or whether they operate independently through their own mechanisms.
2a. Examination of alferation of metabolism upon single treatment with a PBX1 inhibitor

PBX1 knockdown has been demonstrated to alter numerous genes implicated in cancer

metabolism, according to our findings®. We are intrigued by the potential impact of PBX1i on
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By pursuing Milestone 3a and 3b, 1t 1s possible to identify new regulatory mechanisms for
PBXi and GLSi and determine whether they operate independently or through a shared mechanism
in the stemness and metabolism pathway. If they share pathways in the regulation of stemness and
metabolism, we will treat the CSCs with both drugs in order to compare the synergistic or additive
effects in these pathways to single-drug therapy. If these two medications operate on distinct
pathways 1n an independent manner, we shall utilize a rescue assay to investigate the role of these
distinct pathways in coordinating the properties of CSCs. During drug treatment, the rescue assay
entails the overexpression of downstream genes involved in PBX1 signaling, including STAT3,
MEOX]1, or NANOG!, or the reintroduction of downstream metabolites of glutamine metabolism,

such as a-KG'.

Pilot Study: We construct a
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was identified in this model, o j}@"f o
and concurrent treatment with Figure 8. Drug response in a 3D spheroid model. After gemcitabine withdrawal. a recurrence
: thi was observed In pancreatic gemecitabine-resistant CSCs: this recurrence can be prevented by
B004 can prevent 1S | concurrent treatment with B0O4. (Unpublished data)

recurrence (Fig. 8).

peripheral blood. We will then use the MiCareo imaging system to track the glutamine flux

across different peripheral blood cell subpopulations.
dc. Investigation of in vivo metabolomic regulations of PBX1i liposome and GLSi

To conduct an in vivo metabolomics study, tumors and immune cells were rapidly frozen using
liquid nitrogen for subsequent extraction and analysis of metabolites. After homogenizing the
tumors in an 80/20% methanol/water mixture, they will be centrifuged for 10 minutes at 14,000 g.
The resultant supernatant was transferred to a fresh tube. The pellet will undergo a second
extraction cycle in which 1t will be suspended in an 80/20% methanol/water mixture and
centrifuged at 14,000 g for 10 minutes. The supernatant samples will undergo a drying process at a
temperature of 37°C for a duration of 60 minutes using a Speed Vac® system. Subsequently, they
will be subjected to lyophilization and kept at a temperature of -80°C for LC/MS analysis. The
Metabolomics Core Facility at Taipei Medical University will utilize the Agilent 6470 LC-MS/MS
technology to collect metabolomics data from samples. We will utilize our own compound standard
databases to identify metabolites based on their retention times. Subsequently, we will employ
MS/MS fragmentation data to verify the identity of these metabolites. In order to analyze the
metabolic content of each sample, we will utilize the Agilent MassHunter, Agilent Mass Profiler
Professional (MPP), and Agilent Qualitative and Quantitative Analysis Software programs. The
concentration of proteins was used to normalize the peak intensities of metabolites.

Third Year
Milestone 3: Use of glucosamine-labeled liposomes as a CSC-targeted vehicle to deliver PBX1i
3a. Examination of transcytosis of glucosamine-labeled liposomes in 3D models

It 1s challenging to administer drugs to tumor cells located in hypoxic regions due to the
absence of blood vessels. The hypoxia tumor is resistant to chemotherapy, radiotherapy, and

,19-22

immunotherapy and exhibits stemness™ . We established a tumor hypoxia-targeting nanomedicine
by demonstrating that GLUT1-mediated transcytosis is possible in cancer cells, given that the
Warburg effect induces cancer cells to upregulate the expression of GLUT1®. Our findings indicate
that glucosamine-labeled liposomal ceramide nanomedicines, as opposed to PEG-modified
nanomedicines, can be transcytosed from one cancer cell to another via GLUT1-mediated transport.
Subsequently, these nanomedicines accumulate extensively in the hypoxic core of in vitro CSC
spheroids and in vivo tumor xenografts'>.

In order to generate glucosamine-labeled liposomal PBX11, a lipid thin film will be generated
at room temperature through the rotary evaporation of DCM as described previously'*. Following
the addition of phosphate-buffered saline (PBS) to rehydrate the thin film, a 6-minute sonication
was performed on the solution. A PVDF filter with a pore size of 0.1um will be utilized to extrude

Pilot Study: As the zebrafish model provides a rapid, reliable, and cost-effective approach for
assessing the metastatic potential of CSCs, we analyze the metastatic pattern using PBXlis or
gemcitabine. In line with prior findings that gemcitabine boosted EMT genes (Fig. 7). gemcitabine
caused proximal metastasis to the head and distant metastasis to the tail, as well as reduced survival
rates (Fig. 10). Conversely, A409 and B004 increase survival rates and substantially prevent
metastasis (Fig. 10). This model will be utilized to pre-evaluate the combination dosage and
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Figure 10. Drug response in a transgenic fluorescent zebrafish Tg(flil:EGFP)y1 metastatic model. (A) The metastasis pattern
of AsPC1 gemcitabine-resistant CSCs with indicated drug treatment for 6 days post-tumor injection into the yolk sac at 3 dpf. White
arrows denote the metastatic foci. (B) The survival rates of the zebrafish under the indicated drug treatment. (C) The quantification
of the number (left), spreading distance (middle), and body occupancy rate (right) of metastatic tumors. (Unpublished data)
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(1) Competition: Research indicates that our PBX1i1s, T417, A409, and B004, are unparalleled in
comparison to other drugs. The most similar rival technique aims to manipulate the interaction
between the PBXI-HOX heterodimer proteins. Using a computer-guided structural design
technique, the competing strategy comprised docking 1.4-disubstituted naphthalenes to the binding
pocket between the PBX-HOX protein-protein interaction interface!’, rather than the PBX1-DNA
interaction interface where our drugs are deposited. A different research team has created
peptide-based substances that operate as antagonists, imitating a particular HOX hexapeptide. These
substances have the ability to compete with other homeobox proteins. such as PBX1?". for
interaction. However, because of their inadequate cellular penetration, potency, and solubility, the
chemicals or peptides resulting from these methods can only be used in vitro*™*, which leads to
extremely disappointing outcomes. This 1s to be expected. given that protein-protein complexes
frequently traverse numerous sites on each protein and mvolve substantial interfaces. Our new
PBXI1i analog exhibits superior solubility and anti-tumor potency compared to
small-molecule-based agents and previously developed peptide-based PBX11 agents. As a result, we
anticipate minimal commercial risk associated with competition from these agents. While ovarian,
pancreatic, colon cancer, and multiple-myeloma therapies targeting alternative novel biomarkers
may not be marketed as direct competitors to T417, A409, and B004, they are more likely to be

utilized in combination therapy.

(2) Technical risks: Technical risks consist of formulation complications and unanticipated toxicity.
In the event that the current PBX1i is required to be replaced, backup lead compounds such as
PBX11 denivatives (produced in Milestone 1) are available for development.

- ERRBXEAMER T

Taipei Medical University will provide the instruments below: Flow cytometry, HPLC, NMR,
Seahorse XF Analyzers, Time-of-flight secondary-ion mass spectrometry (TOF-SIMS), Q-TOF
mass spectrometer, Laser Confocal Microscope, TissueFAXS, 10x Genomics’ single-cell RNA-seq
(scRNA-seq): MiCareo Tarwan Co., Ltd: MiCareo Rare Cell Diagnostics (isolation of CTCs and

immune cells from peripheral bloods)
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My laboratory has established long-term collaborations with the following Johns Hopkins
Umniversity (JHU) professors: Ie-Ming Shih, Tian-Li Wang, Stephanie Louise Gaillard, and Anne Le.
I published 8 papers on Blood® (listed as 4™ author), Cancer Research!® (listed as 1 author),
EbioMedicine® (listed as 3" author), J Exp Clin Cancer Res!®
iScience® (listed as 1° author). Curr Opin Chem Biol.!! (listed as 1% author), Genes Dis."*? (listed as
corresponding author), and Cell Reports’® (listed as 13" author) with these JHU faculties.
Furthermore, we engage in a collaborative effort with the research team at Imperial College London

(listed as corresponding author).

regarding the investigation of our PBXIi. which was recently published in Blood®. Our

collaborative efforts persist in the pursuit of creating innovative small-molecule cancer therapeutics

and combination treatment approaches. To extend global connections, we will begin collaborating
with other Johns Hopkins University professors in the following disciplines: (1) Bioengineering —

Professors Jeff Wang and Thomas Pisanic. (2) Hypoxia/Cancer metastasis — Professor Daniele

Gilkes. (3) Cancer immunology — Professor Sudipto Ganguly.

In order to stay up-to-date with the latest technological developments, our research team will
annually visit JHU to learn about the latest techniques and strategies for drug development and
commercialization. It 1s vital for our research team to not only keep up with new technology but
also to assess whether resources or collaborators will likely be accessible and supportable in the
future.

(1) In the first year, our research team will travel to JHU to perform the Surface Plasmon
Resonance (SPR) technology. which will be used to investigate the effect of each PBX1
mutation on PBXi binding. We will use biophysical and biochemical experiments to assess the
interaction between PBX11 and PBX1. All of these approaches are utilized to validate and
measure the binding of our drugs to the protein PBX1. Through our time at JHU, we will also
acquire knowledge of the ITC and FA techniques.

(2) In the second year, we will use x-ray crystallography to identify the entire protein structure of
PBXI1 as well as the complex of PBX1-B004 variants. Dr. James Berger of Johns Hopkins
University will teach us about x-ray crystallography. Dr. Berger specializes in x-ray
crystallography, particularly with small molecules that bind to proteins.

(3) In the third year, we will learn how to do in vifro and in vivo metabolomics analyses to identify
the effects of BO04 on metabolism. Dr. Le’s investigations using metabolomics technology
resulted in ground-breaking discoveries showing various characteristics of cancer metabolism.
Following the implementation of this innovative treatment, her team took additional steps to
investigate the metabolic pathways in the drug-resistant tumor and determine which drugs
would be most effective for combination synergistic therapy.

(4) Last year, we will visit Dr. Stephanie Louise Gaillard at Johns Hopkins University to learn
about trial design for future clinical studies of PBX11. Dr. Gaillard's research is focused on the
design of clinical trials to improve results by adding promising novel biologic, targeted. and
immunological drugs to current therapy regimens. We will visit FastForward at Johns Hopkins
Technology Ventures to discuss the possible commercialization of PBX!1. In order to help
businesses progress and bring their innovative inventions to market, FastForward may offer

them financial assistance. mentorship, support services, cost-effective space, and education.
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Our research team will travel to JHU to perform the
Surface Plasmon Resonance (SPR) technology, which
will be used to investigate the effect of each PBX1
mutation on PBXi binding. We will use biophysical
and biochemical experiments to assess the
interaction between PBX1i and PBXL. All of these
approaches are utilized to validate and measure the
binding of our drugs to the protein PBXI. Through
our time at JHU, we will also acquire knowledge of
the ITC and FA techniques. The estimated duration of
a stay at JHU is one month.
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biology, translational, and clinical studies from institutions all
over the world.
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We will use x-ray crystallography to identify the
entire protein structure of PBXI as well as the
complex of PBXI-B004 variants. Dr. James Berger of
Johns Hopkins University will teach us about x-ray
crystal lography. Dr. Berger specializes in x-ray
crystal lography, particularly with small molecules
that bind to proteins. The estimated duration of a
stay at JHU is one month.
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We will learn how to do in vitro and in vivo
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Millstone
Topics

thetic Lethal
Approach

Regulation of PBX1i in CSCs In Vivo Validation

liposomes

1c. Dissecting the roles of

PBX1-mediated signaling in
lating CSC properties

1a. Establishment of CSCs to 2b. Examination of stemness
scrutinize the changes in CSC signaling upon single
properties caused by PBX1i treatment with a GLS inhibi!

3a. Examination of transcytosis 4b. Single-cell transcriptomic
of glucosamine-labeled profiling of in vivo tumors, circulating
liposomes in 3D models tumor cells, and immune cells

3c. Understanding metabolic
compensation caused by GLSI
and its impact on glucosamine-

4c. Investigation of in vivo
metabolomic regulations of
PBX1i liposome and GLSi

‘ labeled liposomes
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1b. Understanding PBX1i-
induced single-cell
transcriptome changes in
the tumor microenvironment

2c. Evaluation of the effects of
synchronous and
asynchronous treatment of
PBX1i and GLSi in 3D models

4a. Validation of the in vivo
antitumor effect and toxicity
of PBX1i liposome and GLSi

2a. Examination of alteration of
metabolism upon single
| treatment with a PBX1 inhibitor

3b. Assessmentof the CSC
properties upon treatment of
glucosamine-labeled liposomes

Throughout this four-year endeavor, our plan is to utilize PBX1 and GLS inhibitors to thwart
both the transcription and glutaminolysis of CSCs as a paradigm of synthetic lethality. CSCs
primarily inhabit hypoxic areas characterized by a deficiency of blood vessels, which hinders the
effective delivery of medications. We will develop liposomes tagged with glucosamine that can
transport PBX11s to the hypoxic area using GLUT1-mediated transcytosis. This 1s because tumor
cells under hypoxia rely on the Warburg effect to produce substantial quantities of GLUTI.
Furthermore, even though GLSis can eradicate glutamine-dependent cancer cells, or CSCs, those
that have outlasted and have a high degree of metabolic flexibility might use metabolic
compensation to circumvent the inhibitor by switching from glutaminolysis to glycolysis.
Glucosamine-labeled liposomes carrying PBX1is will be used in the treatment of GLSis. These
liposomes will aftract sugarholic CSCs that are resistant to GLSis. By consuming the liposomal
PBXI1, the transcription of genes related to CSC characteristics will be inhibited. Utilizing in vivo
single-cell RNA sequencing and metabolomic analysis, a more thorough understanding of the
mntricate mechanisms that regulate the interaction within the complex tumor ecosystem may be
acquired with regards to this combination therapy. This insight will facilitate the future

advancement of an innovative treatment approach targeting pancreatic CSCs.

First Year
Milestone 1: Utilization of novel PBX1i as a tool compound to uncover PBX1-mediated CSC
properties
1a. Establishment of CSCs to scrutinize the changes in CSC properties caused by PBXI
inhibitors

With or without treatment with PBX11s, CSCs will be subjected to soft agar colony formation,
tumor sphere tests, drug-sensitive assays, migration, and invasion assays. This study is to dissect
novel PBX1is that hinder to what extent the versatile capabilities of CSCs, such as their ability to
form tumors, create spherical structures, develop resistance to drugs, and spawn metastasis.
1b. Understanding PBXli-induced single-cell transcriptome changes in the fumor

microenvironment

In the mouse model, scRNA-Seq is expected to show the complexity effects of PBXlis on
tumor cells, TILs, CAFs, within different subpopulations and over time, at the single-cell level.
Ic. Dissecting the roles of PBX1-mediated signaling in regulating CSC properties

We will analyze the transcriptomics controlled by CSC and compare it to transcriptomes
influenced by B004. This analysis will allow us to identify the PBX1-mediated CSC transcriptional
activity. To confirm the pathway, we will use ChIP, gPCR, and Western blots. The rescue test will be
conducted to determine the role of PBX1-mediated signaling in coordinating CSC characteristics. as
evaluated in Milestone 1a.

Alternative plan: We aim to discover novel PBXI-mediated signaling for regulating CSC
properties at this milestone. We have already found that B004 can suppress critical stemness
regulators such as OCT4, NANOG, and EMT regulators such as TWIST, SNAIL, and ZEB1. which
have not been reported yet. In addition, we may also examine whether canonical PBX1 downstream
gene sets control CSC properties. Their contribution to rescue assays of CSC functional assays will
serve to justify these PBX1-mediated signalings.

Second Year

Milestone 2: Investigation of the synergistic mechanism of PBX1i and GLSi in CSCs
2a. Examination of alteration of metabolism upon single treatment with a PBX1 inhibitor

Given that the knockdown of PBX1 can modify several genes related to cancer metabolism’, it
1s anticipated that the use of a PBXI11 will mmpact the metabolic signatures of CSCs. The
investigation will encompass a thorough examination of metabolic profiles, including: 1)
assessment of mitochondrial respiration (function) and glycolytic flux; 2) classification of
mitochondrial subtypes; 3) analysis of metabolomics; and 4) evaluation of mitochondrial dynamies.
2b. Examination of stemness signaling upon single treatment with a GLS inhibitor

The goal of this study is to find out how the GLSi affects the stemness pathway and the
characteristics of CSCs that are linked to their ability to form tumors, spherogenesis, resistance to
treatment. and ability to metastasize.
2c. Evaluation of the effects of synchronous and asynchronous treatment of PBX1i and GLSi in
3D models

A comparison will be made between the effects of synchronous and asynchronous therapy of
PBX11 and GLS1 1n a 3D CSC spheroid model. The treatment regimen yielding the most favorable
outcome will be chosen for subsequent mechanistic investigation. This approach will unveil the
coordination networks or independent pathways that are governed by PBX and GLS inhibitors. The
role of these pathways m orchestrating CSC characteristics will be assessed by a rescue

examination.

Alternative plan: In the event that the synergistic effects of CB-839 and B004 do not occur at any
dosage, alternative inhibitors of glutaminolysis such as DON, JHU-083, BPTES, or compound 968
may be utilized n place of CB-839, and other PBX11, including T417, A409, or other members of

the PBX11 series, may be utilized in place of BO04. Furthermore, we mntend to utilize synchronous
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and asynchronous drug treatment time points for PBX1i and GLSi in 3D models.

Third Year
Milestone 3: Use of glucosamine-labeled liposomes as a CSC-targeted vehicle to deliver PBX1i
3a. Examination of transcytosis of glucosamine-labeled liposomes in 3D models

We will establish a 3D CSC spheroid model stamed with a HP-1 hypoxia probe to verify
whether glucosamine-labeled liposomes can be delivered to the hypoxia region. Through
mtroducing chlorpromazine (an mhibitor of clathrin-mediated endocytosis), genistein (an inhibitor
of caveolae-mediated endocytosis), and BAY-876 (an inhibitor of GLUTI) in a 3D CSC spheroid
model., we are able to evaluate how glucosamine-labeled liposomes are taken by CSCs. We
anticipate that CSCs may uptake glucosamine-labeled liposomes by ligand-mediated endocytosis,
while liposomes lacking glucosamine-labeled are internalized into cells through caveolae-mediated
endocytosis.
3b. Assessment of the CSC properties upon treatment of glucosamine-labeled liposomes

We will examine the effects of glucosamine-labeled liposomal PBX1i on PBX1-mediated
signaling and CSC features, including tumor-forming ability, formation of spherical structures,
resistance to drugs, and potential for metastasis. We will investigate the potential impact of
glucosamine-labeled liposomal PBX11 on PBXI-mediated signaling, specifically its role in
controlling CSC characteristics. The rescue examination will study the involvement of
PBXI1-downstream genes that are associated with CSC signaling.
3c.  Understanding metabolic compensation caused by GLSi and its impact on
glucosamine-labeled liposomes

In a 3D CSC spheroid model stained with 2-DG, we will evaluate if CB-839 induces the
glutaminolysis-to-glycolysis transition of CSCs. We anticipate that CSCs that can escape CB-839
treatment will have an elevated glycolytic rate and a greater consumption of liposomes tagged with
glucosamine. We will conduct a comparative analysis of cell viability and CSC functionality 1n a
3D spheroid model between the treatment of PBX1i liposomes and GLSi in combination and that of
a single drug.
Alternative plan: In the event that the synergistic effects of CB-839 and liposomal B004 do not
occur at any dosage, alternative inhibitors of glutaminolysis such as DON, JTHU-083, BPTES, or
compound 968 may be utilized m place of CB-839, and other liposomal PBXIi, including
liposomal T417, A409, or other members of the PBX 11 series, may be utilized in place of liposomal
B004. Furthermore, we intend to utilize synchronous and asynchronous drug treatment time points
for GLS1 and liposomal PBX11 in 3D models or zebrafish models.

Fourth Year
Milestone 4: Exploration of the in vivo regulations of the PBX1i liposome and GLSi on the
tumor ecosystem
4a. Validation of the in vivo antitumor effect and toxicity of PBX1i liposome and GLSi
The endpoints for the subcutaneous and orthotopic metastatic models are anticipated to be

statistically significant differences between each group in the following: (i) tumor weight and
volume at sacrifice: (i1) PBXI signaling activities in tumors harvested at the end point as
determined by qRT-PCR or western blot analysis: (111) CSC percentage as identified by flow
cytometry. Since normal tissues express PBX1 much less than tumors and PBX1 expression dictates
a cell’s sensitivity to PBX11s, prospective safety profiles of liposomal B004 or B004 are anticipated
based on histopathology and clinical chemistry endpoints. The expected biodistribution and tumor
accumulation of liposomes suggest that liposomes will mostly accumulate in tumors and, to a lesser
extent, in the liver, with no significant accumulation observed in other organs.
4b. Single-cell transcriptomic profiling of in vive tumors, circulating tumor cells, and immune
cells

ScRNA-Seq will reveal transcriptomic alterations caused by the antagonistic, additive, or
synergistic effects of liposomal PBXi and GLSi on many cell types, including CTCs,
primary/metastatic tumor cells, TILs, and CAFs. This analysis will be conducted at the single-cell
level, allowing for the mvestigation of diverse subpopulations and changes over time. MiCareo
Rare Cell Diagnostics will quantify and 1solate CTCs and immune cells from peripheral blood.
4c. Investigation of in vivo metabolomic regulations of PBX1i liposome and GLSi

Through the utilization of LC-MS-based metabolomic methods, we may get insight into the
combined impact of liposomal PBXi and GLSi on the regulation of tumor and immune cell
metabolism 1n living organisms.
Alternative plan: We will use the zebrafish model to pre-evaluate the combination dosage and
effectiveness prior to the mouse model to reduce the risk of failure of the mouse model If
scRNA-seq does not have promising results, we will use qPCR, flow cytometry, and IHC to
investigate the regulation of putative targets, which will be revealed in Milestones 1b and 2c.

The mouse models employed in the project are outlined as follows

Milestone Animal Model Drug Endpoint Analysis
scRNA-seq of orthotopic tumors (8 Balb/c) B004 scRNA-seq. tumors. TIL. etc.
4a & 4c Subcutaneous model (36 Nude) CB-839+B004 lipo  Flow, qPCR. THC. etc.
4a & 4c Orthotopic metastatic model (36 Nude) CB-839+B004 lipo  IVIS. Flow. gPCR. IHC., etc.

4a & 4c Biodistribution and tumor accumulation of liposomes (24 Nude) ~ CB-839+B004 lipo  IVIS. confocal. etc.

scRNA-seq of orthotopic tumors (36 Balb/c) CB-839+B004 lipo  scRNA-seq. CTC, immune, etc.

Detailed descriptions of analyses are provided in each milestone
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We will train one postdoctoral fellow, two research assistants, two doctoral students, two to
three master’s students, and five undergraduate medical students (preparing them to become
physician scientists) over the span of this four-year endeavor. Participants will gain knowledge and
skills regarding the comprehensive process of translating therapeutic targets into clinical practice
and the development of novel drugs. Experiments such as CSC analyses, drug-protein mteractions,

NGS analyses, biodistribution, and toxicity analyses, among others, will be taught to the
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The mouse models employed in the project are outlined as follows

BP0 B
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Animal Model

scRNA-seq of orthotopic tumors (8 Balb/c)
Subcutaneous model (36 Nude)

Orthotopic metastatic model (36 Nude)

Biodistribution and tumor accumulation of liposomes (24 Nude)

scRNA-seq of orthotopic tumors (36 Balb/c)

B004

CB-839+B004 lipo
CB-839+B004 lipo
CB-839+B004 lipo
CB-839+B004 lipo

scRNA-seq, tumors, TIL, etc.
Flow, gPCR, IHC, etc.

IVIS, Flow, qPCR, IHC, etc.
1VIS, confocal, etc.

scRNA-seq, CTC, immune, etc.

Detailed descriptions of analyses are provided in each milestone
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Orthotopic metastatic model
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Based on the ability of PBX1 to modulate Eenes involved in EMT, itis
conceivable to postulate that inhibiting PBX1 could potentially reduce
the risk of cancer metastasizing. Our objective is to generate an
orthotopic murine model of liver metastasis through the orthotopic
injection of pancreatic CSCs. This will facilitate the evaluation of the
drug’ s effectiveness inimpeding the progression of metastasis. (i)
Vehicle DMSO (1%), (ii) Glucosamine-labeled liposomes with no drug
(i.p. injection), (iii) glucosamine-labeled liposomes with BOO4 (i.p.
injection), (iv) CB-839 (oral gavage), (v) glucosamine-labeled liposomes
with B0O4 (i.p. injection), or (vi) glucosamine-labeled liposomes with
B004 (i.p. injection) combined with CB-839 (oral gavage) will be
administered to mice (n = 6) beginning the second week after tumor
injection.

The dosage of B004 or liposomes labeled with glucosamine containing
B004 will be S_mg/kg, three times we_ekl?/. The dosage of CB-839 to be
administered is 200 mg/kg, twice daily. VIS spectrum bioluminescence
imaging was utilized to track the progression and metastasis of the
tumor cells. The statistical evaluation of the endpoints will focus on
distinguishing significant differences between each grouF in the
following ways: (% number of metastatic nodules on the liver surface at
sacrifice; (i) QRT-PCR or western blot analysis of PBX1 and GLS signaling
activities in tumors harvested at the end point; and (iii) flow cytometry-
based identification of OCT4-GFP activity for CSC percentage analysis in
tumors harvested at the end point. A comparison will be made between
the hematologic or clinical chemistry profiles of mice that were
administered the specified medications and those of mice that were
treated with DMSO. Additionally, we will conduct an assessment to
identify any atypical medical conditions exhibited by the mice,
including but not limited to lethargy, weight loss, or severe physical
ailments. In order to evaluate tissue damage or hlstolo%ical
abnormalities in the liver, kidney, heart, lungfs, brain, spleen, and
intestine, necropsies will additionally be performed.
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Biodistribution and tumor accumulation of liposomes
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The mice will be divided into 4 arms and allocated to one of the

(B-839 (oral gavage) treatment for 1 week and combined with Cy5.5-

fo(lowinﬁgtreatments: (i) Cy5.5-labeled liposomes (i.p. injection), (ii)

labeled liposomes (i.p. injection) at day 6, (iii) CB-839 (oral gavage)

FAUABERREIAS

A subcutaneous transplantation of 1X 106 celis/0.1 mL of pancreatic
CSCs will be performed onto the dorsal body surface of four-week-old
female Balb-c/nude mice. Mice (n = 6) will be randomized into 6 arms

ScRNA-seq of BALB/c-derived KPC orthotopic tumors (B004) EBASHMW  Subcutaneous model
= = i EEB4H " 5 48
WA | BIARLAHEHIALAR-183120 L L L L
S Bl 4% DEGHEYE | 65 .
(B G A ¢ XA /S5 MBHPARE YA | 646 /=368
Once tumors reached an average volume of 100 mm3, mice (n = 4) were
randomized into 2 arms and treated with vehicle DMSO (1%) (i.p.
injection) and B0O4 (i.p. injection) for 3-4 weeks. and assigned to receive onekm the following treatments: (1) vr:mde
" ot - - DMSO (1%), (i1) BDO4 (5 mg/kg, i.p. injection], (iii) CB-839 (oral gavage),
E?rg/; \{\:2!(&1(‘]-332212!1[}2&(\1{«2‘;? ’?iv';ég;%:V(}gsl{)gnuﬁ‘e\gjggggg‘%Om‘ gavage (iv) gluc osmmm;)-l‘alﬁl‘m |po£§om«s|)with no drug (i.p. \njonh(x%). \’wk i
v a C 2 a ' | amine-labeled liposomes . inje , or {vi)
the breadth and length of each tumor burden will be assessed, along S:EEgi;H{HE}jDE\Sd ﬁ;gzggléz EW 8881 :: B .2}53[331 (rgn;/g‘mm
with the body weight. The tumor dimension was measured by a Vernier with CB-839 (oral gavage). ' .
caliper every other day. Tumor burden is calculated as volume [mm3]
WiaymHE 2185

0,52 X width2 X length. The endpoints will be statistically evaluated
for the significant dl“%‘lPV\CPS between each group in (i) tumor weight
and volume at sacrifice, (i) In order to ascertain I[\e impact of B004 on
single-cell transcriptome levels, single-cell RNA-sequencing (SCRNA-
seq) will be conducted on viable cells isolated from BALB/c-derived
KPC orthotopic tumors using the 10x Genomics Chromium platform,
identifying the genes and pathways that are perturbed by the PBX1i
The utilization of scRNA-seq permits the molecular and cellular
characterization of hundreds of thousands of cells within the
heterogeneous tumor masses on a cell-by-cell basis, At the single-cell
level, we will examine the intricacy of the drug’ s effects on cancer-
associated fibrablasts (CAFs), tumor-infiltrating lymphocytes (TILs), and
tumor cells across subpopulations in mice treated with B004. We will
compare the hematologic or clinical chemistry profiles of mice treated
with the indicated drugs with those of animals treated with DMSO, We
will also check to see if the mice have any unusual medical conditions,
such as lethargy, weight loss, or serious physical problems. Necropsies
will also be conducted to assess tissue damage or histological
abnormalities in the brain, heart, lungs, liver, spleen, kidney, and
intestine.
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B004 or glucosamine-labeled liposomes with B004 will be administered
at a dosage of 5 mg/kg, three times per week. CB-839 will be
administered at a dosage of 200 mg/kg, twice daily. The body weight,
breadth, and length of each tumor burden will be evaluated once the
designated endpoint has been reached. Every other day, the tumor’ s
dimensions were determined using a Vernier calliper. The formula for
calculating tumor burden is volume [m =0.52 X width2 X length.
The statistical evaluation of the endpaints will focus on distinguishing
significant differences between each group in the following ways: (i)
tumor weight and volume at sacrifice; (i) gRT-PCR or western blot
analysis of PBX1 and GLS signaling activities in tumors harvested at the
end point; and (iif) flow cytometry-based identification of OCT4-GFP
activity for CSC percentage analysis in tumars harvested at the end
point. Acomparison will be made between the hematologic or clinical
chemistry profiles of mice that were administered the specified drugs
and those of mice that were treated with DMSO, Additionally, we wi
conduct an assessment to identify any atypical medical conditions
exhibited by the mice, including but not limited to lethargy, weight loss,
or severe p?vy',udl ailments, In order to evaluate tissue damage or
histological abnormalities in the liver, kidney, heart, lungs, brain,
spleen, and intestine, necropsies will also be performed:

scRNA-seq of BALB/c-derived KPC orthotopic tumors (CB-839+B004

?i) Vehicle DMSO (1%), (ii) Glucosamine-labeled liposomes with no drug
ucosamine-labeled liposomes with B004 (i.p.
9 (oral ga\_/a%e), (v) glucosamine-labeled liposomes
ucosamine-labeled liposomes with

treatment for 2 weeks and combined with Cy5.5-labeled liposomes (i.p.
injection) at day 13, (iv) CB-839 (oral gavage] treatment for 3 weeks and
combined with Cy5.5-labeled liposomes (i.p. injection) at day 20.

The dose of CB-839 will be 200 mg/kg, delivered twice daily. The optical
images will be inspected 24 hours after the injection of liposomes
tagged with Cy5.5. In order to analyze hypoxia in tumors, mice will
receive an IB\ injection of HP-1 (Pimonidazole: 1006mg/kg; HPI Inc.,
Burlington, MA, USA) for a duration of 1 hour. The mouse organ will also
be collected for organ accumulation examination. Following the
analysis of the VIS visuals, the tumors will be retrieved from the mice,
preserved in PBS with 3.7% formaldehyde at a temperature of -20°C,
and subsequently embedded in Tissue-Tek O.C.T. compound (Sakura,
Tokyo, Japan). Immunohistochemical analysis will be performed on 5-
um-thick cryostat coronal slices. The sections were exposed to FITC-
mADb (HPI Inc., Burlington, MA, USA) for 1 hour at room temperature. The
confocal Zeiss 880 microscope (Carl Zeiss AG, Oberkochen, Germany)
will be used to take the pictures.

B004 (i.p. injection) combined with CB-839 (oral gavage) will be
administered to mice (n = 6) beginning the second week after tumor

BRASHHE ' 5
liposome)
BRoE" B4 | BERAESARHEHIAR148=48 648

SEGCHYUES | 6%
MHFIEE YA | 64Ax6E /S4E-368%
i.p. injection), (iii) gl
injpectljon), (iv; CB;S%
with B0O4 (i.p. injection), or (vi) g|
injection.

BREVMEZET

PR A RIRE B004 will

The dosa%e of B004 or liposomes labeled with glucosamine containing

e 5 mg/kg, three times weekly. The dosage of CB-839 to be
administered is 200 mg/kg, twice daily. {1) Changes in subpopulations
of CTCs and immune cells in the peripheral blood population, as well as
their transcriptome profiles, will be analyzed in order to elucidate the
impact of drugs on the interaction between CTCs and the immune
system. Utilizing the rare cell isolation system of MiCareo to profile
immune cells would yield more comprehensive information regarding
the cellular response of each drug. By employing the imaging system of
MiCareo to track PD1, TIM3, LAG3, and IFNy staining, we will distinguish
sixteen distinct subtypes of rareimmune cells and determined their
significance in relation to each drug treatment regimen, By utilizing the
rare cell isolation system of a MiCareo in conjunction with the
SelectChip Retrieval cartridge, CTCs and immune cells will be isolated
in order to increase our understanding of the effects of drugs on cancer
metastases. Using this cartridge, even more pure rare cells can be
filtered and delivered directl?/ into a microcentrifuge tube for
subsequent scRNA-seq profiles. (2) We will conjugate glutamine with a
fluorescent dye and inject it intraperitoneally into mice prior to drug
treatments in order to observe thev%lutamine flux between CTCs and
immune cellsin geriphera\ blood. We will then use the MiCareo imaging
system to track the glutamine flux across different peripheral blood cel
subpopulations.
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B004-Mediated PBX1 Inhibition Blocks EMT and Stemness Gene Expression in Chemoresistant
Pancreatic CSCs

In order to confirm the correlation between PBX1 and the upregulation of EMT and stemness
markers. additional RT-PCR was conducted (Figs. 4A and 4B). The results indicated that all 13 EMT
and stemness genes were upregulated in CR cells in comparison to their parental cell line. However,
the effect was abolished by the inhibition of PBX1 via shPBX1, A409, or B004. The administration of
T417 also partially reversed the effect. although the effect was less significant than that of A409 and
B004. In CR. gemcitabine administration resulted in a substantial increase in the expression of PBX1.
SLUG. ZEBI. ZEB2, and KLF4 in comparison to CR that did not receive gemcitabine stimulation, as
was observed in previous experiments. Nevertheless. the levels of TWIST. SNAIL. OCT4. SOX2. MYC.
NANOG. and CTNNBI were not substantially elevated in the CR + gemcitabine group compared to

CR only (Figs. 4A and 4B). This implies a positive correlation between PBX1 and the upregulated

il i

levels of PBX1,

Figure 5. B0O4 inhibits the gemcitabine-induced stemness and EMT. (A) The expi
related genes, and stemness-related genes in MIA PaCa-2 CR-treated cells with the indicated drugs and dose were
delineated by qPCR analysis. (B) Representative immunofluorescent images illustrating the expression and
distribution of Zebl and N-cadherin proteins in MIA PaCa-2 CR cells treated with DMSO (control), 2.5 uM
gemcitabine, 2.5 uM B004, or 2.5 uM gemcitabine + 2.5 uM B004.

resistant (EpCAM*/Vim’) populations in response to gemcitabine (Fig. 6E). The gemcitabine-induced
stemness and EMT in both intrinsically resistant and non-resistant subpopulations are counteracted by

the mnhibition of PBX1.

Disrupting the PBXI/ZEBI/NANOG Feedback Loop to Inhibit Stemness and Metastasis in
Gemcitabine-Resistant Pancreatic Cancer

The admunistration of gemcitabine in resistant pancreatic cancer results in an increase in
metastasis and stemness features, as indicated by the aforementioned data. These effects may be
facilitated by a network of iteracting transeription factors that includes NANOG, ZEB1, and PBXI.
Its activation triggers downstream effectors, creating an expression landscape that fosters stemness
and metastasis. The GSEA analysis of the TCGA dataset yielded the ZEB! gene set from the ENCODE
Transcription Factor Targets dataset (Fig. 7A). The ZEB1 gene set was significantly enriched in cases
of elevated PBX expression in pancreatic cancer (Fig. 7A). The close association between PBX1 and

other EMT regulators was also demonstrated by the TCGA database gene clustering analysis (Fig. 7B).
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Figure 8. The utilization of glucosamine-labeled liposomes as a CSC-targeted vehicle for the delivery of PBX1i.
(A) Characterization of synthesized liposomal PBX1i T417, A409, and B004, which are glucosamine-labeled. (B)
The drug encapsulation efficiency of the specified drugs. (C) The TEM morphologies of the liposomes that are
indicated. (D) The liposome sizes and stability at 37°C for 20 days.
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