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Novel

How does radiotherapy affect macrophage polarization?
How do these effects affect macrophage/cancer cell crosstalk?

Novel therapies to modulate
macrophage-cancer cell crosstalk



A
1

1
/0

0

Macrophages plasticity and polarization

Treg

Th2

Th2

Th2
Treg

Treg

CD4
CD4

NKCTL

CTL

CD4 NKT

Tumour cell elimination                                                                 Tumour growth, invasion, 

metastasis, angiogenesis, immune evasion

M1-like
Pro-inflammatory

M2-like
Anti-inflammatory



A
1

1
/0

0

TAM,
M2-like

DCs

Immunossupressed or 

tolerogenic cells

M1-like

DCs

Immunostimulatory 

cells

Developing an immunomodulatory therapeutic strategy to counteract 
macrophage-mediated cancer cell invasion and promote immunesurveillance
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Ch/γ-PGA NPs  183.0 ± 2.8 0.2 ± 0.01 18.7 ± 0.8 

 

Developing an injectable immunomodulatory therapeutic strategy to 
counteract macrophage-mediated cancer cell invasion

F Castro, Acta Biomaterialia, 2017

Flávia Castro

In collaboration: Raquel Gonçalves, Susana Santos, Mário Barbosa
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Immunomodulation at the Tumour Microenvironment: basis and challenges
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in vivo application
in combination or not with RT

Adapted from F Castro, Acta Biomaterialia, 2017

Ch/y-PGA NPs

Developing an immunomodulatory therapeutic strategy to counteract 
macrophage-mediated cancer invasion and metastasis
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impact of RT or/and Ch/-PGA NPs on cancer invasion and metastasis
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 Animal weight
 Tumor growth 
 Lung and LN Metastasis ( Bioluminescence)
 Spleen, Tumor, Lymph nodes FACS (myeloid

and lymphoid populations)
 Histology (H&E)
 Spleen, Tumor, Lymph nodes RNA
 Serum (Multiplex ELISA array)

Establishment of an orthotopic breast cancer model to evaluate the 
impact of RT or/and Ch/-PGA NPs on cancer invasion and metastasis

70 10 16 28

Time (days)

BALB/c mice

RT

2x5Gy

Local subcutaneous
NPs innoculation (2times/week)

RadioTherapy
+

Ch/γ-PGA NPs
4T1 cells

mammary gland innoculation

F Castro, in preparation

Small Animal Radiation Research Platform 
(SARRP)
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Therapeutic schemes did not affect animal weight nor induce animal 
kidney or liver toxicity 

F Castro, in preparation
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The combination of radiotherapy with the immunomodulatory 
Ch/-PGA NPs  decreased breast primary tumor growth
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The combination of radiotherapy with the immunomodulatory 

Ch/-PGA NPs  decreased primary tumor burden
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The combination of radiotherapy with the immunomodulatory 
Ch/-PGA NPs  reduced lung metastasis formation

F Castro, in preparation



A
1

1
/0

0

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

10

20

30

40

CD3

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

10

20

30

CD3 CD4

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

5

10

15

20

25

CD3 CD4 IFNg

*
*

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
P
s

R
T

R
T +

 N
P
s

0

1

2

3

4

5

CD3 CD8

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

20

40

60

80

CD3 CD8 IFNg

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

5

10

15

20

25

CD3 CD4 FoxP3

%
 p

o
s

it
iv

e
 c

e
ll
s

Lymphoid populations at the Spleen

The combination of radiotherapy with the immunomodulatory 
Ch/-PGA NPs  enhanced the splenic population of CD3+CD4+IFN+ cells 

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

10

20

30

40

CD3

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

10

20

30

CD3 CD4

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

5

10

15

20

25

CD3 CD4 IFNg

*
*

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
P
s

R
T

R
T +

 N
P
s

0

1

2

3

4

5

CD3 CD8

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

20

40

60

80

CD3 CD8 IFNg

%
 p

o
s

it
iv

e
 c

e
ll
s

C
on

tro
l

N
Ps

R
T

R
T +

 N
Ps

0

5

10

15

20

25

CD3 CD4 FoxP3

%
 p

o
s

it
iv

e
 c

e
ll
s



A
1

1
/0

0

CTR NPs RT NPs + RT

0

1000

2000

3000

4000

5000

IL-6

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

)

*
ns

**

*

ns

CTR NPs RT NPs + RT

0

20

40

60

80

IL-12p40

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

)

    ns,

p<0.054

ns

ns

ns

ns, p<0,06

CTR NPs RT NPs + RT

0

20

40

60

80

TNF-

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

) ns

ns

ns

ns, p<0,06

ns

CTR NPs RT NPs + RT

0

100

200

300

IL-4

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

)

    ns,

p<0.06

ns

*

*

ns

p<0.0101

CTR NPs RT NPs + RT

0

200

400

600

800

IL-10

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

)

    ns,

p<0.08
ns

 *

*

ns

CTR NPs RT NPs + RT

0

10000

20000

30000

G-CSF

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
g

/m
L

)

ns

ns

*

ns

ns, p<0.09

The combination of radiotherapy with the immunomodulatory 
Ch/-PGA NPs  decreased systemic levels of IL-6, IL-4 and IL-10
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therapeutic tools to be used in combination with radiotherapy
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0 Developing an immunomodulatory therapeutic strategy to 
counteract macrophage-mediated cancer cell invasion

Orthotopic Mouse Rectal Cancer model 
NPs + radiotherapy

Ionizing
radiation NPs Intraperitoneal injection 

Rectal tumor

C57BL/6 mice
BALB/c mice

Implantation at the 
mammary fat pad

murine breast
cancer cell line (E0071 and 4T1)

Orthotopic Mouse Breast Cancer model
NPs + radiotherapy

Ongoing in vivo studies
immunocompetent animals

NPs Intratumor injection 

murine rectal
cancer cell line

Olivier de Wever
Nuno Mendes

Sérgia Velho

Karine Serre, Bruno 

Silva-Santos

Small Animal 
Radiation Research 
Platform (SARRP) 
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