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Solid tumor challenges for adoptive cell therapy 

3. Target antigen heterogeneity
• Inherent resistance 
• Antigen negative relapse

1. Trafficking & penetration
• Extravasation
• Homing
• Penetration 

2. Tumor microenvironment
• Immunosuppression
• Exhaustion 
• Metabolic challenges
• Poor proliferation & persistence 
• Low antigen presentation
• Low Th1 cytokines



Monocytes & macrophages home to tumors 

Pollard JW, et al. Nat Rev Drug Discov. 2019.                                        Klichinsky M. et al. Nature Biotechnology. 2020 

Myeloid cells are abundant in solid tumors Adoptively transferred macrophages home to tumors

Tumor Lung

Spleen Liver

Biodistribution of IR-labeled human CAR-M
(Gastric carcinoma xenograft model) 



Ad5f35 induces CAR expression and promotes an M1 
phenotype in murine MACs without affecting viability

UTD-M CAR-M
-1000

0

5000

10000

15000

CD80 MFI

N
or

m
al

iz
ed

 C
D

80
 M

FI

UTD-M CAR-M
-1000

0

5000

10000

CD86 MFI

N
or

m
al

iz
ed

 C
D

86
 M

FI

UTD-M CAR-M
-100

0

200

400

MHC-II MFI

N
or

m
al

iz
ed

 M
H

C
-II

 M
FI

UTD-M CAR-M
-1000

-500

0

1000

CD206 MFI

N
or

m
al

iz
ed

 C
D

20
6 

M
FI

2 4 6 13 2 4 6 13
0

20

40

60

80

100

Live%

Li
ve
%

Days
2 4 6 13 2 4 6 13

0

20

40

60

80

100

CAR-HER2+%

CA
R-
HE
R2
+%

Days

Transduction

M0 (neutral) 
macrophage

M1 (pro-inflammatory) 
macrophage

2 4 6 13 2 4 6 13
0

10000

20000

30000

40000

50000

CAR-HER2 MFI

M
FI

 o
f A

PC
 in

 L
iv

e 
ce

lls

CAR-M bag
UTD-M bag

M1 Markers M2 Marker



CARs redirect multiple macrophage effector 
functions

0 20 40 60
0

2

4

6

CT26-HER2+ Killing kinetics

Time (hrs)

N
or

m
al

iz
ed

 g
re

en
 fl

uo
re

sc
en

t i
nt

en
si

ty Target only

UTD-M 10:1

CAR-M 3:1
CAR-M 10:1

UTD-M 3:1

CAR-M 1:1

UTD-M 1:1

0 20 40 60
0

2

4

6

8

hr

N
or

m
al

iz
ed

 g
re

en
 fl

uo
re

sc
en

t i
nt

en
si

ty

MC38-OVA+HER2+ + OTI T cells
Killing kinetics MC38HER2 Alone

MC38HER2 + OTI T cells

MC38HER2 + UTD-M + OTI T cells
MC38HER2 + CAR-M
MC38HER2 + CAR-M + OTI T cells

UTD-M CAR-M
0

20

40

60

80

MHC on B16-HER2+

%
 o

f M
HC

-I 
an

d 
-II

MHC-II
MHC-I (H-2Kb)

CAR-M clears HER2+

target cells
CAR-M induce MHC expression 

on tumor cells

CAR-M enhance tumor killing of 
transgenic TCR T cells           

(OTI OVA model)



CAR-M shrink tumors and improve overall 
survival in immunocompetent mouse models

0 20 40 60
0

200

400

600

800

1000

Untreated

Days

Tu
m

or
 V

ol
um

e 
(m

m
3)

0 20 40 60
0

200

400

600

800

1000

UTD-M

Days
Tu

m
or

 V
ol

um
e 

(m
m

3)

0 20 40 60
0

200

400

600

800

1000

CAR-M

Days

Tu
m

or
 V

ol
um

e 
(m

m
3)

CT26 (HER2)

HER2 IHC: HER2 3+

Tumor Subcutaneous, 
grown 15 days

Treatment Local administration

P=0.19

0 20 40 60 80
0

50

100

Days

S
ur

vi
va

l p
ro

ba
bi

lit
y

CTRL

UTD-M

CAR-M P=0.02

CAR-M lead to tumor control and improve 
OS against established CT26 (colon cancer) 
HER2+ 

n Alive @ Day 
75

Median 
Survival

CTRL 9 0/9 (0%) 42 days

UTD-M 9 1/9 (11.1%) 46 days

CAR-M 8 5/8 (62.5%) Not reached

UTD: Untransduced; CAR: anti-HER2; OS: overall survival



CAR-M reprogram and activate the TME in 
immunocompetent pre-clinical models
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CAR-M drive T cell infiltration into solid tumors

Representative CD8 IHC 
CTRL UTD-M CAR-M

200um 200um 200um

Tumor Area Stroma Area
0

500

1000

1500

2000

CD8 infiltration (Density)
In

fil
tr

at
io

n 
(p

os
iti

ve
 c

el
ls

/m
m

2 )
Control
UTD-M
CAR-M

Tumor Area Stroma Area
0

500

1000

1500

CD3 infiltration (Density)

In
fil

tr
at

io
n 

(p
os

iti
ve

 c
el

ls
/m

m
2 )

Control
UTD-M
CAR-M



CAR-M therapy vaccinates mice against tumor 
recurrence and prevents antigen negative relapse
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CAR-M promote systemic anti-tumor response 
and enhance abscopal effect 

Evaluation of the TME in the HER2- (abscopal) tumor



CAR-M + PD-1 blockade leads to improved tumor 
control and survival in immunocompetent animals 
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Conclusions

§ CAR-M quickly eradicate tumor cells in a CAR- and HER2-specific way

§ CAR-M induce MHC expression on tumor cells and enhance immunorecognition of 
the target cells by T cells

§ Local administration of CAR-M modulates the TME, impacts primary and abscopal 
tumor growth and increases mice survival

§ CAR-M therapy vaccinates mice against tumor recurrence and prevents antigen 
negative relapse 

§ The combination of CAR-M with anti-PD-1 blockade leads to synergistic tumor control 
and significantly increases overall survival


