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Supplementary Figure. 1. Brca1L/LTrp53L/L mouse model of mammary tumors induced by 

intra-ductal injection of Ade-Cre. 

(a) Left, RT-qPCR analysis of Brca1 in mouse mammary epithelial cells (MMECs) and Brca1-/-

Trp53-/- (BP) mouse mammary tumor cells (n = 3). Right, RNA-seq analysis of Trp53 in BP and 

MMECs (CPM, counts per million mapped reads; MMEC, n = 5; BP, n = 3).  

(b-c) Representative staining of normal mouse mammary tissue (FVB strain, one mouse) and BP 

mouse mammary tumors (FVB strain, two mice). Scale bars, 100 µm.  

(d) Representative H&E staining of BP mammary tumors from three mice. Scale bar, 100 µm.

(e) Western blot of BP and BRCA1-reconstituted BP (BP+BRCA1) tumor cells. Representative

blots of three independent experiments are shown. 

(f-g) Clonogenic assay measuring the responses of BP and BP+BRCA1 tumor cells to olaparib. 

Representative images (f) and quantification of crystal violet staining (g, n = 3) are shown. 

(h) CyCIF analysis of BP tumors. Representative images of two mice are shown on the left. Scale

bars, 100 μm. Quantification of respective cell populations as a percentage of CD45+ cells in the 

tumors are shown on the right. CD4, n = 6 fields; CD8, n = 7 fields; CD11b, n = 4 fields; F4/80, n 

= 3 fields; CD11c, n = 3 fields examined over two mice. 

(i) Gating strategies for flow cytometry analyses described in Fig. 1d and Supplementary Fig. 1j

and k. Flow cytometry plot axes are displayed in logarithmic scale, except for forward side scatter 

(FSC) for which a linear scale was used. 

(j) Flow cytometry analysis of BP tumors from FVB mice with or without olaparib treatment,

showing assessment of intratumoral CD8+ T cells after seven days of treatment. Each dot 

represents data from a single tumor. Control, n = 6; Olaparib, n = 8. 
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(k) Analysis of tumors from FVB mice bearing Brca1-deficient mouse PBM ovarian tumors or 

Brca1-deficient mouse BP breast tumors 28 days after tumor cell implantation for TAMs (CD45+ 

CD11b+ F4/80+), M1-like (CD206- MHC-I high) and M2-like (CD206+ MHC-Illowa) TAM 

polarization phenotypes. Flow cytometry plot axes are displayed in logarithmic scale. n = 5 for 

each group. Each dot represents data from a single tumor. 

(l-m) Analyses of M2 immunosuppressive gene signature.  

(l) TCGA cohorts of patients with BRCA1 mutant (mut) ovarian cancer (n = 29) and patients with 

BRCA1 mut breast cancer (n = 30). 

(m) GEO cohorts of patient gene expression data from GSE63885 (BRCA1 mut ovarian cancer, n 

= 28) and GSE27830 (BRCA1 mut breast cancer, n = 47) datasets with whole exome transcriptome 

analyzed with same platform (GPL570). 

(n-o) Gene Set Enrichment Analysis (GSEA) of Hallmark gene sets, Azare STAT3 targets, and 

Reactome. Analysis of TCGA cohorts of patients with BRCA1 mut breast cancer (n = 30) and 

BRCA1 mut ovarian cancer (n = 29) (n). Analysis of GEO cohorts of patient gene expression data 

from GSE63885 (n = 28) and GSE27830 (n = 47) datasets with whole exome transcriptome 

analyzed with same platform (GPL570) (o). Gene sets with false discovery rate (FDR) < 0.25 and 

normalized enrichment score (NES) > 1 are shown. 

Data are presented as mean ± SEM (a, g and h), mean ± SD (l and m), or median with quartiles 

(violin plots, j and k). Two-tailed unpaired t test (j-m). One-way ANOVA (g and h). ns, not 

significant. Source data are provided as a Source Data file.
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Supplementary Figure. 2. BRCA1-deficient breast tumor cells induce pro-tumorigenic 

macrophage polarization in vitro.  

(a-b) Analysis of mouse bone marrow-derived macrophages (BMDMs, CD11b+) co-cultured with 

BP tumor cells with or without olaparib (5 µM) treatment for five days (n = 4).  

(c) Expression of CD163 and CD86 in THP-1 macrophages co-cultured with MDA-MB-436 

human breast cancer cells with or without olaparib (5 µM) treatment for five days (THP-1, n = 4; 

THP-1/MDA-MB-436, n = 6). 

(d) Analysis of mouse BMDMs co-cultured with PBM or BP cells for two days (n = 3).  

(e) Analysis of mouse BMDMs co-cultured with BP cells or BP+BRCA1 cells for two days (n = 

4).  

(f) Western blot of MDA-MB-436 and BRCA1-reconstituted tumor cells. Representative blots of 

three independent experiments are shown. 

(g) Expression of M2 (CD163) and M1 (CD86) markers in control THP-1 macrophages, or THP-

1 macrophages co-cultured with MDA-MB-436 or MDA-MB-436+BRCA1 cells for two days (n 

= 4).  

(h) Western blot of HCC1937 and BRCA1-reconstituted tumor cells. Representative blots of three 

independent experiments are shown. 

(i) Expression of M2 (CD163) and M1 (CD86) markers in control THP-1 macrophages, or THP-

1 macrophages co-cultured with HCC1937 or HCC1937+BRCA1 cells for two days (n = 4). 

(j) Analysis of mouse BMDMs incubated with control medium or 50% conditioned media (CM) 

derived from BP, or olaparib-treated BP (BP/OL) tumor cells for two days (control medium, n = 

6; BP-CM, n = 7; BP/OL-CM, n = 4). 
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(k) Analysis of cytokine production by CD8+ T cells co-cultured with or without control mouse 

BMDMs or BP tumor cell-educated macrophages (TEMs) for two days (n = 4). 

Data are presented as mean ± SEM. One-way ANOVA. ns, not significant. Flow cytometry plot 

axes are displayed in logarithmic scale. Source data are provided as a Source Data file.
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Supplementary Figure. 3. Tumor cell-educated macrophages (TEMs) suppress synthetic 

lethal response of BRCA1-deficient breast tumor cells to olaparib. 

(a) Tumor cell (MDA-MB-436)-educated THP-1 macrophage (MDA-MB-436 TEMs)-derived

conditioned medium (CM) was added to MDA-MB-436 cells, followed by two days of olaparib 

(OL, 5 µM) treatment. Cells were then stained using DAPI and an anti-dsDNA antibody. The 

intensity of dsDNA fragments in the cytosol was quantified. Scale bar, 100 μm. Control + DMSO, 

n = 10 fields; Control + OL, n = 10 fields; TEMs + DMSO, n = 6 fields; TEMs + OL, n = 6 fields 

examined over two independent experiments. 

(b-c) Analysis of BP cells incubated with or without CM from control macrophages (Mφ) or BP 

TEMs followed by 16 hours of treatment with olaparib (5 µM). Cells were analyzed by flow 

cytometry for the percentage of cells positive for phosphorylation of histone H2AX at Ser139 (n 

= 3). 

(d) Gating strategies and representative plots for flow cytometry analysis described in Fig. 3d.

Flow cytometry plot axes are displayed in logarithmic scale. 

(e-h) Tumor cells were incubated with or without TEM-CM or fractionated TEM-CM, followed 

by olaparib (5 µM) treatment. BP (e and f) and MDA-MB-436 (g and h) cells were analyzed for 

DNA damage response by staining for Ser139-phosphorylated H2AX (n = 3) and apoptosis 

(Annexin V+ 7-AAD-) [Control, n = 6; Olaparib, n = 6; TEM-CM + Olaparib, n = 3; TEM-CM (> 

3 kDa) + Olaparib, n = 6; TEM-CM (< 3 kDa) + Olaparib, n = 6]. 

(i) BP cells were co-cultured with or without TAMs sorted from BP tumors, followed by two days

of olaparib (OL, 5 µM) treatment. Cells in the co-culture were stained for CD11b and dsDNA. BP 

cells (CD11b-) were analyzed for the intensity of cytoplasmic dsDNA. Scale bar, 100 μm. Control 
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+ DMSO, n = 8 fields; Control + OL, n = 8 fields; TAMs + DMSO, n = 8 fields; TAMs + OL, n = 

8 fields examined over two independent experiments. 

(j) Analysis of cytosolic dsDNA in BP tumor cells [pan-cytokeratin (CK)+] in vivo after two i.p. 

injections of anti-CSF1R antibody and seven days of treatment with olaparib (OL) as monotherapy 

or in combination (schematic representation of this experiment is shown on the top right). Scale 

bar, 100 μm. Control, n = 5 fields; OL, n = 5 fields; anti-CSF1R, n = 5 fields; OL + anti-CSF1R, 

n = 5 fields examined over two mice for each group. 

Data are presented as mean ± SEM. One-way analysis of variance (ANOVA). ns, not significant. 

Source data are provided as a Source Data file.



a

b
Control
Olaparib

Control
Control Mφ + 
Olaparib

Control
TEMs + 
Olaparib

p-H2AX-PE

N
or

m
al

iz
ed

 T
o 

M
od

e
N

or
m

al
iz

ed
 T

o 
M

od
e

N
or

m
al

iz
ed

 T
o 

M
od

e

43.3

47.5

29.4

c

d

Annexin V-FITC

7-
AA

D

Control
TEMs + 
OlaparibOlaparib

8.42 25.5 9.59 12.6

TEMs

DMSO Olaparib

Control TEMs

dsDNA
DAPI

DMSO Olaparib

Supplementary Fig. 3

0
1
2
3
4
5
6
7

N
or

m
al

iz
ed

 s
ig

na
l

(In
te

gr
at

ed
 D

en
si

ty
)

Control
TEMs

ns

Cytosolic dsDNA 
(MDA-MB-436)

DMSO OL
DMSO OL

P<0.0001
P<0.0001

p-H2AX

%
 o

f s
in

gl
e 

ce
lls

Olaparib

Control

Control M
φ
TEMs

Olaparib

P<0.0001
P=0.0002

P<0.0001

P<0.0001

0

1

2

3

0
5
10
15
20
25

0
1
2
3
4
5

e f g hp-H2AX (BP)

Fo
ld

ch
an

ge
(M

FI
)

Con
tro

l

Olap
ari

b

TEM-C
M

TEM-C
M

(>3k
Da)

TEM-C
M

(<3k
Da)

Olaparib

ns

p-H2AX (MDA-MB-436)

Con
tro

l

Olap
ari

b

TEM-C
M

TEM-C
M

(>3k
Da)

TEM-C
M

(<3k
Da)

Olaparib

Fo
ld

ch
an

ge
(M

FI
)

ns

An
ne

xi
n

V+ 7
-A

AD
-

%
 o

f s
in

gl
e 

ce
lls

Con
tro

l

Olap
ari

b

TEM-C
M

TEM-C
M

(>3k
Da)

TEM-C
M

(<3k
Da)

Olaparib

Apoptosis (BP)

ns

0

10

20

30

40

Con
tro

l

Olap
ari

b

TEM-C
M

TEM-C
M

(>3k
Da)

TEM-C
M

(<3k
Da)

Olaparib

An
ne

xi
n

V+ 7
-A

AD
-

%
 o

f s
in

gl
e 

ce
lls

Apoptosis (MDA-MB-436)

ns
P<0.0001

P<0.0001
P<0.0001

P<0.0001

P<0.0001
P=0.0009

P=0.0009

P<0.0001

P<0.0001

P=0.0003

P<0.0001
P=0.0002



Days 0 5 157

Anti-CSF1R

Analysis

Mammary fat pad
injection of BP cells

Olaparib

Anti-CSF1R

10

i

j

dsDNA

DAPI
CD11b

ds
D

N
A

pa
n-

C
K

D
AP

I

Control OL anti-CSF1R OL+anti-CSF1R

Supplementary Fig. 3 (continued)

Control TAMs

D
M

SO
O

la
pa

rib

Control
TAMs

0
1
2
3
4
5
6
7

N
or

m
al

iz
ed

 s
ig

na
l

(In
te

gr
at

ed
 D

en
si

ty
)

ns

Cytosolic dsDNA (BP)

DMSO OL
DMSO OL

P<0.0001

P<0.0001

0

1

2

3

4

5

N
or

m
al

iz
ed

 s
ig

na
l

(In
te

gr
at

ed
 D

en
si

ty
)

ns

Control OL

anti-C
SF1R

OL+anti-C
SF1R

Cytosolic dsDNA (tumor cells)

ns

P<0.0001

P<0.0001

P<0.0001



 8 

Supplementary Fig. 4. STING agonists reprogram tumor cell-educated macrophages (TEMs) 

into an M1-like state in vitro. 

(a) Mouse BMDMs were subjected to transcriptome analysis after a 24-hour exposure to 50% 

conditioned media (CM) from olaparib-treated BP tumor cells (BP/OL) with or without DMXAA 

(0.05 mg/mL). n = 2 for each group. Left, volcano plot showing the significance and magnitude 

of changes in gene expression between macrophages treated with BP/OL-CM/DMXAA versus 

BP/OL-CM/DMSO. Statistical significance was calculated using a two-sided Wald test and 

adjusted for multiple testing using the Benjamini–Hochberg procedure. Right, top-ranked up-

regulated and down-regulated gene ontology (GO) terms in macrophages treated with BP/OL-

CM/DMXAA. Significance of enriched terms were adjusted using the Benjamini–Hochberg 

procedure for multi-testing. 

(b) Images of mouse BMDMs after a 24-hour incubation with medium containing IL-4 (20 ng/mL), 

LPS (100 ng/mL), IFNg (20 ng/mL), olaparib (5 μM), DMXAA (0.05 mg/mL), 50% BP-CM with 

or without DMXAA, or 50% BP/OL-CM with or without DMXAA. Images are representative of 

two independent experiments. 

(c) Analysis of STING pathway activation (p-TBK1+p-IRF3+) of control BMDMs and BP TEMs 

treated with or without DMXAA for 24 hours (BMDMs + DMSO, n = 4; BMDMs + DMXAA, n 

= 4; TEMs+ DMSO, n = 3; TEMs+ DMXAA, n = 4). 

(d) Images of γ-H2AX foci (green) and nuclei (DAPI, blue) in BP tumor cells treated with or 

without 5 μM olaparib for 1 day in the presence or absence of CM from naïve BMDMs (control 

Mφ), TEMs or DMXAA-treated TEMs. Scale bars, 100 μm. Images are representative of two 

independent experiments. 
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(e) Analysis of γ-H2AX foci shown in (d). The percentage of cells with > 5 γH2AX foci per 

nucleus was quantified. Control, n = 13 fields; Olaparib, n = 13 fields; Control macrophages + 

Olaparib, n = 7 fields; TEMs + Olaparib, n = 13 fields; TEMs (DMXAA-treated) + Olaparib, n = 

10 fields examined over two independent experiments. 

Data are presented as mean ± SEM. One-way ANOVA (c and e). ns, not significant. Source data 

are provided as a Source Data file.  
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Supplementary Fig. 5. Depletion of TAMs improves therapeutic response of orthotopic BP 

tumors to olaparib in syngeneic immunocompetent mice in vivo. 

(a) Brca1-/-Trp53-/- (BP) tumor cells were transplanted into mammary fat pads of syngeneic FVB 

mice and treated with combination therapy of olaparib (OL) and intratumoral (IT) injection of 

DMXAA with or without anti-CD8 or an anti-CSF1R neutralizing antibodies (Control, n = 6; OL 

+ DMXAA, n = 8; OL + DMXAA + anti-CSF1R, n = 8; OL + DMXAA + anti-CD8, n = 8). 

Tumor volumes were measured at day 23. Each dot represents data from a single tumor. 

(b) Tumor growth of BP allografts in FVB mice treated with olaparib or anti-CSF1R as 

monotherapy or in combination. Control, n = 10; olaparib, n = 10; anti-CSF1R, n = 10; olaparib + 

anti-CSF1R, n = 10.  

(c-g) Flow cytometry analysis of intratumoral immune cells from BP tumors after 21 days of 

treatment. Each dot represents data from a single tumor. (c and d) Control, n = 6; Olaparib, n = 8; 

aCSF1R, n = 9; Olaparib + aCSF1R, n = 10. (e) Control, n = 6; Olaparib, n = 6; aCSF1R, n = 6. (f 

and g) Control, n = 6; Olaparib, n = 6; DMXAA, n = 4.  

Data are presented as mean ± SEM (a and b) or median with quartiles (violin plots, c-g). Two-way 

ANOVA (b). One-way ANOVA (a and c-g). ns, not significant. Source data are provided as a 

Source Data file. 
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Supplementary Fig. 6. Systemic delivery of a STING agonist potentiates the therapeutic 

efficacy of olaparib in vivo. 

(a) Tumor growth of BP-sgSTING allografts in FVB mice treated with intratumoral (IT) injections 

of DMXAA as a single agent or in combination with olaparib. Control, n = 4 tumors; DMXAA, n 

= 4 tumors; DMXAA + Olaparib, n = 4 tumors. 

(b) Analysis of immune infiltration into BP and BP-sgSTING tumors in FVB mice before 

treatment. Each dot represents data from a single tumor. n = 6 tumors for each group. 

(c) Analysis of intratumoral immune cells from BP-sgSTING tumors after a single IT or 

intraperitoneal (IP) injection of DMXAA and seven days of treatment with olaparib. Each dot 

represents data from a single tumor. n = 10 tumors for each group. 

(d) Western blots for BRCA1 and VINCULIN in EO771-sgControl (Ctrl) and EO771-sgBRCA1 

tumor cells. Representative blots of two independent experiments are shown. 

(e) Clonogenic assay measuring the response of EO771-sgCtrl and EO771-sgBRCA1 cells to 

olaparib. Representative images are shown on the left, and quantification of crystal violet staining 

is shown on the right (n = 3 independent experiments). 

(f) EO771-sgBRCA1 tumor growth in WT C57BL/6J mice (left) or STING-KO mice (right) 

treated with olaparib combined with IP injections of DMXAA. Left: Control, n = 9 tumors; 

olaparib + DMXAA = 10 tumors. Right: Control, n = 8 tumors; olaparib + DMXAA, n = 10 tumors.  

(g) Western blots for STING and VINCULIN in EO771-sgBRCA1 and EO771-sgBRCA1-

sgSTING cells. Representative blots of two independent experiments are shown. 

(h) EO771-sgBRCA1-sgSTING tumor growth in WT C57BL/6J mice treated with olaparib 

combined with IP injections of DMXAA. Control, n = 10; olaparib + DMXAA, n = 10. 
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(i) Survival of EO771-sgBRCA1-sgSTING tumor-bearing WT C57BL/6J mice treated with 

olaparib combined with DMXAA via IT or IP injection. n = 5 mice for each group.

Data are presented as mean ± SEM (a and e), or median with quartiles (violin plots, b and c). Two-

way analysis of variance (ANOVA) (a). Two-tailed unpaired t test (b). One-way ANOVA (c and 

e). Log-rank Mantel-Cox test (i). ns, not significant. Source data are provided as a Source 

Data file.  



BRCA1

VINCULIN

250 kDa

100 kDa

EO771-
sgCtrl

EO771-
sgBRCA1

1 µM 2.5 µMDMSO

Olaparib

EO771-
sgCtrl

EO771-
sgBRCA1

a

STING

VINCULIN

EO771-
sgBRCA1

EO771-
sgBRCA1
-sgSTNG

35 kDa

100 kDa

0 5 10 15
0

300

600

900

1200

1500

Days for treatment

Tu
m

or
 v

ol
um

e 
(m

m
3 )

DMXAA (IT)
Control

DMXAA (IT)+Olaparib

ns ns

c

d e

f

g h

b

i

0 10 20 30
0

200
400
600
1500
2000
2500
3000

0 10 20 30
0

500
1000
1500
2000
2500
3000
3500 Control

Olaparib+
DMXAA (IP)

EO771-sgBRCA1
WT mice

EO771-sgBRCA1
STING-KO mice

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Days for treatment

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Days for treatment

0 5 10 15 20
0

200
400
600

1500
2000
2500
3000 Control

Olaparib+
DMXAA (IP)

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Days for treatment

EO771-sgBRCA1-sgSTING
WT mice

Supplementary Fig. 6

0.0
0.2
0.4
0.6
0.8
1.0
1.2

ns
ns

EO771-sgCtrl

EO771-sgBRCA1

DMSO
1 µ

M
2.5

µM
DMSO

1 µ
M
2.5 µM

Olaparib Olaparib

Fo
ld

 c
ha

ng
e

(a
bs

or
ba

nc
e)

P=0.0002

P=0.0005

0
2
4
6
8

0
10
20
30
40

of
liv

e
ce

lls
 (%

)

BP

BP-sg
STING

CD45+

of
liv

e
ce

lls
 (%

)

BP

BP-sg
STING

TAMs
(CD45+CD11b+ F4/80+)

0
2
4
6
8

of
liv

e
ce

lls
 (%

)

BP

BP-sg
STING

DCs
(CD45+CD11c+ MHCII+)

P<0.0001 P<0.0001P=0.018

0
20
40
60
80
100

0
2
4
6
8
10

Control
Olaparib+DMXAA (IT)
Olaparib+DMXAA (IP)

0
10
20
30
40
50

0

20

40

60

of
 C

D
8+

T 
ce

lls
 (%

)

Granzyme B+

of
 C

D
8+

T 
ce

lls
 (%

)

ns

CD8+

of
 C

D
45

+
ce

lls
 (%

)

ns ns

IFNg+ CD44highCD62Llow

of
 C

D
8+

T 
ce

lls
 (%

)

ns

P<0.0001P=0.0015
P=0.0023

P=0.0006

P=0.032

P=0.0002
P=0.0003 P=0.0006

Pe
rc

en
t s

ur
vi

va
l

Days after tumor implantation

0 10 20 30 40 50
0

20
40
60
80

100 Control

Olaparib+
DMXAA (IP)

Olaparib+
DMXAA (IT)

EO771-sgBRCA1-sgSTING
WT mice

P=0.0027



 13 

Supplementary Fig. 7 Gating strategies for flow cytometry. 

(a) Gating strategies for TAM sorting described in Fig. 1e, 3g, and 4d. 

(b) Gating strategies for flow cytometry analyses described in Fig. 1f, 1g and Supplementary Fig. 

2k. 

(c) Gating strategies for flow cytometry analyses described in Fig. 2b, 4c, 4d, 4f, 4g, 6c and 

Supplementary Fig. 2b, 2d, 2e, 2j. 

(d) Gating strategies for flow cytometry analyses described in Supplementary Fig. 2c, 2g, 2i. 

(e) Gating strategies for flow cytometry analyses described in Fig. 3c, 3e, 4i and Supplementary 

Fig. 3e and 3g. 

(e) Gating strategies for flow cytometry analyses described in Supplementary Fig. 2c, 2g, 2i. 

(f) Gating strategies for flow cytometry analyses described in Fig. 3f and Supplementary Fig. 3f, 

3h. 

(g) Gating strategies for flow cytometry analyses described in Fig. 3j. 

(h) Gating strategies for flow cytometry analyses described in Fig. 4h. 

(i) Gating strategies for flow cytometry analyses described in Supplementary Fig. 4c. 

(j) Gating strategies for flow cytometry analyses described in Fig. 3i, 5c and Supplementary Fig. 

5c, 5d, 5e, 5f, 5g, 6b, 6c. 

All flow cytometry plot axes are displayed in logarithmic scale, except for forward side scatter 

(FSC) for which a linear scale was used. 
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