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In situ cancer immunotherapy

Cancer-Immunity Cycle

Trafficking of
T cells to tumors

Priming and (CTLs)
activation
(APCs & T cells) @ O O

Infiltration of
T cells into tumors
and stroma

® o®
(®

Cancer antigen
presentation
(dendritic
cells/ APCs)

@ BLOOD
VESSEL

®
Or%
AP

TUMOR

Recognition of
cancer cells by T cells

Release of
cancer cell antigens
(cancer cell death)

Killing of cancer cells
(Immune and cancer cells)
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Intratumoural
administration of
delivery systems

Local immunotherapeutic
strategy that engineers
immune cells directly
within the tumor
microenvironment (TME)
to amplify the Cancer-
Immunity Cycle and thereby
enhance antitumor immune
responses.



Cold Tumor

mRNA therapeutics

B

In vivo immune cell
engineering

Engineering immune cells in situ

Hot Tumor

Tumor-associated
macrophages
TAM Stimulatory

mRNA
Prrrrrec T

- TAM reprogramming
- Increase cytokine secretion
- Promote antigen presentation

Tumor-infiltrating
T lymphocytes

Teell  cAR/TCR mRNA

- TIL reactivation/expansion
- Boosting checkpoint blockade
- TIL-mediated cytotoxicity

Cancer-associated
fibroblasts

CAF Modulatory

- CAF reprogramming
- Increase ECM degradation
- Affect pH, ECM deposition




Engineering immune cells in situ

Cold Tumor

Hot Tumor

mRNA therapeutics

B

In vivo immune cell
engineering

Tumor-associated
macrophages
Stimulatory

mRNA
Prrrrrec T

- TAM reprogramming
- Increase cytokine secretion
- Promote antigen presentation




MRNA therapeutics

a class of medicines that deliver mRNA into cells, enabling
the body’s own cells to produce therapeutic proteins

Therapeutic Secreted
protein Growth factors,
cytokines

Membran
Receptors,
p I's

channel proteins Q ;
Intracellular Ribosome

Metabolic enzymes Science 270 (2020) 1022

nanoparticle
(LNP)
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MRNA therapeutics

a class of medicines that deliver messenger RNA into cells,
enabling the body’s own cells to produce therapeutic proteins

Therapeutic Secreted
protein Growth factors,
cytokines

Membrane

nanoparticle
Receptors, e P

(LNP)

channel proteins Q ;
Intracellular Ribosome

Metabolic enzymes Science 270 (2020) 1022



Lipid nanoparticles for mRNA delivery

_® lonizable lipid  LNP

& PEG-lipid

&7 Cholestrol

4 Helper lipid (DOPE or DSPC)

Onpattro (Alnylam)

- siRNA therapeutics for
hereditary TTR amyloidosis

- Approved in 2018

- Intravenous injection of LNP

- Hepatocyte targeting




Lipid nanoparticles for mRNA delivery

MRNA vaccine
- COVID-19

- Approved in 2020
- Immune cell targeting

_® lonizable lipid  LNP

& PEG-lipid

&7 Cholestrol

4 Helper lipid (DOPE or DSPC)

" NDC 71336-1000-1
Onpattro (Alnylam) ™ | onpatirol.
N e —

A s P

Intramuscular
injection

- siRNA therapeutics for
hereditary TTR amyloidosis

- Approved in 2018

- Intravenous injection

- Hepatocyte targeting



Tumor-associated macrophages (TAM)

Tumor growth/metastasis Immunosupression

Genetic instability «— .
. T cell metabolic - ;
T h , Starvation
umor growth , & s

Metastatic niche

.'.Z.:"'

- @ . T cell exhaustion/suppression

Fibrosis
ECM remodeling & ' / : o °

Inappropriate skewing

Tissue remodeling Angiogenesis

The most abundant immune cell populations in the tumor
microenvironment (TME) and generally promote tumor progression and
immunosupression.



Engineering TAMs for cancer immunotherapy

Negative regulators: Activators:
tumour promoters | antitumour effectors
MARCO
M2 AR Toll-like MI
Scavenger : r receptors
© receptors & | o~ WFcreceptor  |() Multipronged anti-tumor effects
CDZO6.\ | :
) I =) ‘ CD40 TAM and TME reprogramming
Myeloid S ) . ~
checkpoints [ : (costimulatory molecule)
\. | : 3 < J \ % 4 ]
Blocking antibodies, { : Cytokines, agonist N 4
peptides, mRNA, l antibodies, @ IS
miRNA ; ' agonist ligands
: STING
| Inflammasome .
IL-1 TAM
complement I
Antigen presentation Recruitment of CD8* Killing, phagocytosis

T cells and NK cells
M2 — MI ¥ O o
Nature Reviews Drug Discovery 21(2022) 799-820
Highly plastic and reprogrammable: Tumor-promoting M2-like
macrophages can be converted into M|-like macrophages with a multipronged

antitumor effects such as antigen presentation, recruitment of CD8" T cells, and
killing tumor cells through phagocytosis.



Engineering TAMs for cancer immunotherapy

Negative regulators: Activators:
tumour promoters antitumour effectors
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Nature Reviews Drug Discovery 21(2022) 799-820
Highly plastic and reprogrammable: Tumor-promoting M2-like
macrophages can be converted into M|-like macrophages with a multipronged
antitumor effects such as antigen presentation, recruitment of CD8" T cells, and
killing tumor cells through phagocytosis.
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peptides, mRNA,
miRNA




Tumor-infiltrating lymphocyte (TIL)

Cancer antigen
presentation
(dendritic
cells/ APCs)
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Priming and
activation
(APCs & T cells)

LYMPH
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Release of
cancer cell antigens
(cancer cell death)
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Trafficking of
T cells to tumors
(CTLs)
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Killing of cancer cells
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®

Infiltration of
T cells into tumors
and stroma

Recognition of
cancer cells by T ¢

CDS8*T cells

—> major effector cells in
cancer immunity

Interaction with
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through stroma
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> recognizing mu
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—> Powerful tool for
personalized cancer

immunotherapy

Mellman et al. Immunity (2023) 2188



TIL therapy for solid tumors

:a type of immunotherapy that uses a patient's own T cells to treat cancer

Tumor resection

or excision
> &
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, II \‘\ L L4
' Tumor fragments
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AMTAGVI.

(I Ifl Ie u Ce I) fsoursl[:]%??nsfiggion

Culture with high- T cell expansion Infusion product
dose IL-2

Up to 7 weeks

Oligoclonal

:a prescription treatment for adults with
advanced melanoma that has spread or
cannot be removed by surgery (2024 Feb)



TIL therapy for solid tumors

:a type of immunotherapy that uses a patient's own T cells to treat cancer

Tumor resection Culture with high- T cell expansion Infusion product
or excision dose IL-2 -
T =
.—/ g - . ” ‘..0. & s )
Y il ¢ — > V. ® lo — H—
e~ T Tt o= — —
- [ 4 :.- ® ;
, I’ L L4 X 5

Tumor fragments

Poyconal [ Ex vivo TIL preparation (isolation & expansion) Oligocional
) Long cell manipulation process (1~2 months)
2) Hard to grow TIL ex vivo from tumor digests

4
:a prescription treatment for adults with

4
A M TAGV I - advanced melanoma that has spread or

(|ifi|euce|)5”5“”5i0” cannot be removed by surgery (2024 Feb)

for IV infusion



TIL therapy for solid tumors

:a type of immunotherapy that uses a patient's own T cells to treat cancer

Tumor resection
or excision

Culture with high-

cell expansion  Infusion product
dose IL-2

Hard to grow TIL ex vivo from tumor digests

Can we achieve the benefits of TIL therapy without the
need for ex vivo TIL isolation and expansion?



In situ TIL therapy via mRNA delivery

PEG-optimized LNP (0.5% PEG-lipid)

:
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W B
B, HA ta;ﬂ
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In vivo cell'engineering
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2
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injection
*MA-aCD3:
membrane-

anchored anti;C3.s

Solid tumor single chain Fv
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In situ TIL therapy via mRNA delivery

PEG-optimized LNP (0.5% PEG-lipid)

Lk, 2 HAtaf'Ji

,,,,,,,,,,

) y GPI anchor

MA-aCD3 mRNA  MA-acD3 ™

In vivo cell engineering

O TAM aCD3-TAM
Intratumo r'al\\z,q
injection
*MA-aCD3;
membrane-

anchored anti-CB3

Solid tumor single chain Fv

Dynabeads®
Anti-CD28 (Signal 2)  egting T cel Activated T cell
4 /qgogs : /

LN

+ Cytokines (Signal 3)
Anti-CD3 (Signal 1)

Signal I: TCR signaling
Signal 2: Co-stimulatory interaction

Signal 3: Cytokine signaling

Yoon et al. ACS Nano 18 (2024) 32401-32420



In situ TIL therapy via mRNA delivery

PEG-optimized LNP (0.5% PEG-lipid)
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In situ TIL therapy via mRNA delivery

PEG-optimized LNP (0.5% PEG-lipid)
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In situ TIL therapy via mRNA delivery

o

GPI anchor
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Three signals from engineered macrophages
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Three signals from engineered macrophages

Splenic T cells
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Three signals from engineered macrophages
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Anti-tumor effects of in situ TIL therapy

Tumor growth suppression

EGFP-LNP: LNP
_ BI6FI0 (melanoma) MC38 (colon tumor) loaded with MA-
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S 1000 - | \ 2 o | | aCD3 mRNA
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2 ——r S o
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Days after tumor inoculation Days after tumor inoculation
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Anti-tumor effects of in situ TIL therapy

Tumor growth suppression
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Anti-tumor effects of in situ TIL therapy

Tumor growth suppression

EGFP-LNP: LNP
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Anti-tumor effects of in situ TIL therapy

Co-localization of in situ engineered cells with T cells in tumor tissues

EGFP-LNP: LNP
loaded with MA-
EGFP mRNA

-LNP

aCD3-LNP: LNP
loaded with MA-

CD3 mRNA
LNP & aCD3 m

Yoon et al. ACS Nano 18 (2024) 32401-32420



Anti-tumor effects of in situ TIL therapy

Co-localization of in situ engineered cells with T cells in tumor tissues

-LNP

LNP [

EGFP-LNP: LNP
loaded with MA-
EGFP mRNA

aCD3-LNP: LNP
loaded with MA-
aCD3 mRNA

CD8* T cell-mediated anti-tumor effects

N
N
o
o

Tumor volume (mm3)

1+ IgG+PBS

aCD8+PBS
IgG+aCD3-LNP
aCD8+aCD3-LNP

FX¥

BI6F10 tumor model

R¥K

0O 5 10 15 20

Days after tumor inoculation

- aCD3-mRNA treatment induces
antitumor immunity through the
expansion of polyclonal CD8" T
cells and their subsequent
engagement with tumor cells.
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Combination therapy with anti-PD-|

B16F10 | Il H aCD3- LNP(| t)
inoculation aPD-1 (
DO D8 D11 D14
“E 4000 100- ~ IgG+PBS
E 3000 ~ aPD-1+PBS X
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=

>
5 1000 x @ 251
= i
E O T T T T 1 0 T T T - 1

0 5 10 15 20 25 0 10 20 30 40

Days after tumor inoculation Days after tumor inoculation

- Combinatorial treatment of aCD3 mRNA and anti-PD-1 resulted in
synergistic anti-tumor effects in anti-PD- | -refractory BI16F10 tumors.

Yoon et al. ACS Nano 18 (2024) 32401-32420



CAR-T cell vs CAR-Macrophage

CAR-T cell CAR-Macrophage (CAR-M)
Cell type
* Phagocytosis of tumor cells
Primary _ _ . .
Function | ¢ Direct CAR-specific tumor cell killing | « TME modulation
* Antigen cross-presentation
Challenges * Poor activation of adaptive immunity | * Prone to repolarization in the TME
* Exhaustion in TME* (Ml — M2)*

*TME, tumor microenvironment

*MI, anti-tumor (pro-inflammatory) phenotype; M2, pro-tumor (anti-inflammatory) phenotype

- CAR-M therapy addresses key challenges faced by CAR-T cell therapy by engaging both
the innate and adaptive immune systems thereby launching a multipronged attack against tumors.



CAR-macrophage (CAR-M) therapy

Difficulties in ex vivo bioengineering

@ Polarization ‘\(%

Prone to repolarization in TME

Pro-inflammatory
M1 phenotype
DN Anti-tumor immunity Immunosuppressive
M2 phenotype
@ CAR engineering

Tumor progression
@ Monocyte extraction

Current v Ex vivo bioengineering Reduced
: ; therapeutic
CAR-M therapy v Repolarization in TME

fficacy
. e /' 4 S e



In situ CAR-M therapy for melanoma

Intratumoral administration of
CAR mRNA & STING
agonist using macrophage-
targeted LNPs

CAR target: mouse tumor-
associated antigen glycoprotein
75 (GP75) abundant in

melanoma

STING agonist: ADU-S100
(ST-RR in this study)
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N N= o-P-0
NN A O /=N
¢ 2 -wOH N
o T // NH;
O‘gj‘o O Ne

Na*

1) CAR-mediated phagocytosis T

Tumor cell

it » Pro-inflammatory
] .
cytokines

2) TME modulation

Tumor-specific
T cells

4) Synergistic tumor cell killing

Han et al. ACS Nano 19 (2025) 40798-40816



TAM-specific delivery of CAR-mRNA & STING agonist

*PS: phosphatidylserine

TAM-specific CAR-M reprogramming

Reinforced CAR-M
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LNPs were optimized for selective co-
delivery of CAR mRNA and a STING
agonist to TAMs, with the goal of achieving
both efficient CAR expression and
robust M| polarization.
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Targeted macrophage engineering in vivo

BI6FI0 tumor wma
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*intratumoral injection

CAR LNP: CAR-mRNA-loaded LNP
CAR PS-sLNP: CAR-mRNA & STING agonist-loaded PS-incorporated LNP
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Targeted macrophage engineering in vivo

BI6FI0 tumor wua TAM-specific CAR M1 activation
expression * o K XK
Control 100~ P 150~
- * %k %
» 804 9 =
T 0 = 100+
TI 604 © E
< TH ns
O 40- = 50d —
© o ore
o 1+
> 204 E o 2 E_ 8 ’7"
50 o 80
O 1 | 1 U ' :
N 5 K K
\c’e} "x?'sb c& % & Q.\"{\ %,c}:-’%
O & ey O O {Q‘O ¢ X
A S P R 3 o OO?%
W CARLNP

*intratumoral injection
B CARPS-sLNP

CAR LNP: CAR-mRNA-loaded LNP
CAR PS-sLNP: CAR-mRNA & STING agonist-loaded PS-incorporated LNP
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Antitumor effects of in situ CAR-M therapy

B16F10 LNP injection (i.t.) ; Survival
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Antitumor effects of in situ CAR-M therapy
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Systemic immunity of in situ CAR-M therapy

B16F10 B16F10 Primary tumor .
primary distant LNP injection (i.t.) Immunologic
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CD86" in CD11b*F4/80" cells (%)

Systemic immunity of in situ CAR-M therapy
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Systemic immunity of in situ CAR-M therapy
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Summary

MRNA therapeutics can be leveraged to in situ engineer tumor-
associated macrophages for effective cancer immunotherapy

Cold Tumor

mRNA therapeutics

>

In vivo immune cell
engineering

Hot Tumor

Tumor-associated

Tumor-infiltrating

Cancer-associated

macrophages T lymphocytes fibroblasts
TAM Stimulatory Teell  GAR/TCR mRNA Modulatory
<. MRNA

- TAM reprogramming
- Increase cytokine secretion
- Promote antigen presentation

- TIL reactivation/expansion
- Boosting checkpoint blockade
- TIL-mediated cytotoxicity

uAF SIRNA .
SAF- um _ =~
":':1 . —

ECM

- CAF reprogramming
- Increase ECM degradation
- Affect pH, ECM deposition
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LNP for engineering TAM and tumor cells
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—> LNP with 0.5% PEG-lipids was selected for in vivo engineering of both TAM and tumor cells
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aCD3-TAM-mediated T cell expansion

A, FNy mRNA
< ,; > > In situ polyclonal TIL expansion by aCD3-M1
Engineered Engineered
BMDM (M0) BMDM (M1) Md = ek o
BMDM (aCD3-M1 BMDM (EGFP-M1 ] " _ m
( ) ( ) i.t injection FACS x5 280 -
In vitro polyclonal T cell expansion by aCD3-M1 _B16F10 2z 20 | - 60
inoculation ’ Eg 15 RN i-
b ? % 40
1o 5 10 1| €8 4
aCD3-M1 MA-aCD3 | | =BT 3 201 (-
| | Cg2 Al NI
\ 5 ol LI L 2 Il 11
4 3 '
! DO D8 D11 QQ;D Q’é\\ r:,:é\\ QQ’% 5 nﬁ\
(50~100 mmd) & o &S
&L PIONNS
Splenic T cells
w B 100 oy w B 100 o @100 o 2100 =N -
8 8 a0 88 g 8 8 80 88 g LG 2
o+ o+ ok ok 2L E ©
£, 60 £+, 60 £ 60 £y o EE] -
§58 % §8 4 w58 4 36 40 F 3 at
55 20 55 20 ©% 20 8% 20 g2 ut
o R o R o s o R Q3 o
0 -0 Tz Ay 5 &
N N N N =~
& T & & & & *
<O é( o Q/‘l‘ d\‘ Q/‘k‘ Q/‘l‘
» & e S R
& L
& O & $

Yoon et al. ACS Nano 18 (2024) 32401-32420



Part 1. Experimental methods & results

Screening for TAM-targeting mRNA lipid nanoparticles

Screening workflow
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Part 1. Experimental methods & results

Screening for TAM-targeting mRNA lipid nanoparticles
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Part 1. Experimental methods & results

TAM-targeting mRNA lipid nanoparticles

Optimization of PS molar ratio in LNP In vitro fLuc expression of PS-LNP
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Part 1. Experimental methods & results

Cellular uptake and endosomal escape of PS-LNP

Cellular uptake Endosomal escape
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Part 1. Experimental methods & results

Macrophage-targeted mRNA delivery and expression of PS-LNP

Co-culture assay Cy5-mRNA LNP uptake sfGFP mRNA expression
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Part 1. Experimental methods & results

Design of model CAR construct

Model target antigen: Mouse tumor-associated antigen glycoprotein 75 (GP75)

- Most abundant glycoprotein synthesized by pigmented melanocytes and melanomas

- GP75 is specific for melanocytes with both primary and metastatic melanomas makes it attractive therapeutic target

Target antigen expression
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