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Therapeutic efficacy and mechanism of CD73-TGFf
dual-blockade in a mouse model of triple-negative

breast cancer

Yun Xing', Zhi-giang Ren', Rui Jin', Liang Liu', Jin-peng Pei’ and Ker Yu'

Although chemotherapy and recently approved immunotherapies have improved treatment of triple-negative breast cancer
(TNBC), the clinical outcome for this deadly disease remains unsatisfactory. We found that both cluster of differentiation 73 (CD73)
and transforming growth factor (TGF)B were elevated in TNBC and correlated with the epithelial-mesenchymal transition (EMT),
fibrotic stroma, an immune-tolerant tumor environment, and poor prognosis. To explore the efficacy of CD73-TGF dual-blockade,
we generated a bifunctional anti-CD73-TGF construct consisting of the CD73 antibody MEDI9447 fused with the TGFBRII
extracellular-domain (termed MEDI-TGF@R). MEDI-TGFBR retained full and simultaneous blocking efficiency for CD73 and TGFf.
Compared with MEDI9447 activity alone, MEDI-TGFR demonstrated superior inhibitory activity against CD73-dependent cell
migration and the EMT in CD73-high TNBC cells and effectively reduced lung metastasis in a syngeneic mouse model of TNBC.
Mechanistically, the CD73-TGFf dual-blockade reverted the EMT and stromal fibrosis and induced tumor cell death, which was
accompanied by the accumulation of M1-macrophages and production of tumor necrosis factor a (TNFa). The CD73-TGFf3 dual-
blockade promoted a multifaceted inflammatory tumor microenvironment, as shown by the diminished levels of myeloid-derived
suppressor cells (MDSCs) and M2-macrophages, and substantially increased levels of activated dendritic cells, cytotoxic T cells, and

B cells. Collectively, our results have highlighted a novel strategy for TNBC treatment.
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INTRODUCTION

In the Global Cancer Statistics 2020 report, breast cancer
surpassed lung cancer as the most commonly diagnosed cancer
worldwide and accounts for 11.7% of all new cancer cases [1].
Patients who lack the estrogen receptor, progesterone receptor,
and ERBB2/HER2 are diagnosed with triple-negative breast cancer
(TNBC), which constitutes ~15% of all breast cancer cases. TNBC
comprises a genetically heterogeneous population with the
majority of cases classified as a basal-like phenotype, which
manifests a clinically high incidence of metastasis and aggressive
clinical course [2]. Although chemotherapy and recently approved
immunotherapies are established treatment paradigms for TNBC,
the overall survival for metastatic TNBC remains ~18 months [3, 4].
Systemic chemotherapy inevitably incurs rapid drug resistance,
and immunotherapy generally results in low response rates [5].
Therefore, there is an urgent need to develop new treatment
strategies to improve outcome.

Cluster of differentiation 73 (CD73), also known as 5-
nucleotidase exo (NT5E), is a membrane-bound protein encoded
by the NT5E gene. CD73 is the enzyme responsible for the
generation of extracellular adenosine (ADO) via enzymatic depho-
sphorylation of adenosine monophosphate. Several reports have
demonstrated that elevated CD73 expression is associated with
poor clinical outcomes across diverse cancer cohorts [6-9].

Prolonged periods of inflammation, hypoxia, and anti-cancer
drugs can induce aberrant CD73 expression, which is tightly
correlated with tumor plasticity, immune evasion, and drug
resistance [10]. In recent analyses of clinical data from TNBC
patients, a pathological complete response to neoadjuvant
chemotherapy was obtained in 53% of cases with low CD73
versus 21% of cases with high CD73 tumor expression [11], and a
clear association existed between both low CD73 expression and
robust tumor infiltrating lymphocytes and a better treatment
outcome [12]. It has been reported that high CD73 expression
promotes anthracycline resistance, and CD73 gene expression
itself can be induced by chemotherapy [13, 14]. Recently,
Weinberg et al. demonstrated that abrogation of CD73 in quasi-
mesenchymal carcinoma cells sensitized these tumor cells to anti-
CTLA4 immunotherapy [15]. These studies suggest that CD73
plays a role in drug resistance and tumor progression in TNBC and
represents a potential target for therapy development.
Transforming growth factor B (TGFB) is a well-established
immunosuppressive cytokine and potent regulator of the
epithelial-mesenchymal transition (EMT). TGFB is abundantly
expressed in the TNBC microenvironment and positively correlates
with higher histologic tumor grade and reduced disease-free
survival (DFS) [16]. TGFP forms a regenerative feedback loop with
CD73 in both tumor cells [17, 18] and various immune cells [19-23].
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Cooperation between CD73 and TGFB can further aggravate the
EMT process, cell adhesion and dissemination, and immune
evasion. Chalmin et al. [19] and Li et al. [20] reported that TGFf3
stimulated CD73 expression in Th17 cell and MDSC, respectively,
through distinct signaling pathways. Furthermore, elevated levels
of ADO inhibited T cell and NK cell activity, thereby protecting
tumor cells from the cytotoxic effects of chemotherapy. In addition,
a TGFB-rich tumor milieu confers resistance to anti-4-1BB
immunotherapy by sustaining CD73 expression primarily on the
surface of infiltrating CD8"1 T cells in several tumor models [23].
Targeting TGF alone has not been highly successful in the clinic
[24] and may be associated with cardiac safety concerns [25].
However, given the co-presence of aberrantly high levels of CD73
and TGFp in the tumor milieu, specifically targeting both of these
proteins in CD73-high tumor cells and/or in the tumor environ-
ment may offer a more effective therapeutic strategy.

Herein, we have generated a bifunctional anti-CD73-TGFf agent
(termed MEDI-TGFBR) to simultaneously inhibit CD73 and TGFf
pathways. Bioinformatics analysis, in vitro experiments, and
preclinical mouse models validated high CD73 expression and
rich TGFB accumulation in TNBC tissue, and we explored the
potential utility of CD73-TGF(3 dual-blockade as a novel cancer
therapy.

MATERIALS AND METHODS

CD73 transcriptome analysis and tumor tissue microarrays
Genome expression profile data of breast cancer patient samples
were obtained from The Cancer Genome Atlas (TCGA, n =990,
https://www.cancer.gov). The classification standard for basal-like/
TNBC was described previously [26]. Survival analysis was
conducted in GraphPad Prism 8.0, and the log-rank test was used
to compare DFS between groups. The transcriptome data sets of
28 luminal and 30 basal breast cancer cell lines [27] were obtained
from the Cancer Cell Line Encyclopedia (CCLE, https://portals.
broadinstitute.org/ccle). All of the heat maps, box diagrams, and
correlation plots were generated using GraphPad Prism 8.0.
CIBERSORT, an analytical tool developed by Newman et al. [28],
was used to analyze the immune cell fractions of all samples from
TCGA. CD73 or CD8 protein was assayed using breast cancer tissue
microarrays (TMA) (Outdo Biotech, Cat. #HBreD050Bc01) with anti-
CD73 (Cell Signaling Technology, Cat. #13160) or anti-CD8
(Abcarta, Cat. #PA067).

Cell culture, gene knockdown, and surface CD73 levels in cancer
cell lines

MDA-MB-231 (MDA-231), MDA-MB-453 (MDA-453), and HEK293T
cell lines were obtained from the American Type Culture
Collection (ATCC). The cell line 4T1 was a gift from Professor
Qi-zhi Zhang (Fudan University). Cells were cultured using
standard methods and reagents (Invitrogen). The cell lines were
periodically tested for mycoplasma contamination. MDA-231
cells were stably infected with the pTRIPZ-based short hairpin
(sh)RNA lentiviral vectors for human CD73/NT5E or vectors
containing a nontargeting shRNA sequence (Open Biosystems,
Cat. #V3LH_359876, Cat. #RHS_4346). CD73 gene depletion was
induced by treating the cells with 1pg/mL doxycycline for
5-7 days. Cell surface expression of CD73 in various mouse and
human tumor lines was quantified by flow cytometry using the
anti-CD73 antibody MEDI9447 (see below).

Construction, production, and quantification of MEDI-TGF(3R

MEDI9447 (MEDI) is a clinical-stage anti-human/mouse CD73
monoclonal antibody [29]. MEDI-TGFfR is an anti-CD73 antibody-
TGF receptor Il fusion protein. Its light chain (LC) is identical to
the LC of MEDI. The heavy chain (HC) of MEDI-TGFBR was
constructed by double digestion of MEDI's HC and ligation with
the N-terminal extracellular domain of TGFQRIl via a flexible
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(Gly,4Ser),Gly linker [30]. The HC and LC expression plasmids were
co-transfected into HEK293T cells using Lipofectamine™ 2000
(Thermo Fisher, Cat. #11-668-019), and the cells were cultured in
serum-free medium for 5-6 days before harvest. The antibody and
fusion proteins were purified with protein G (GE healthcare, Cat.
#17061801) and quantified with standard protocols. The purified
proteins were examined by SDS-PAGE under reducing and non-
reducing conditions.

MEDI-TGFPR target binding and inhibition of CD73 enzymatic
activity

The ability of MEDI-TGFBR to bind TGF( was measured using a
standard enzyme-linked immunosorbent assay (ELISA) protocol.
Briefly, 96-well ELISA plates were coated with recombinant human
TGFB1 (0.5ug/mL), and serial dilutions (1:3) of human IgG1
(hlgG1), anti-TGFp (Invitrogen, Cat. #16-9243-85), MEDI, or MEDI-
TGFBR were added to the wells and incubated for 2 h at room
temperature. Binding was detected with a horseradish peroxidase-
labeled secondary antibody (Jackson ImmunoResearch, Cat. #109-
035-003). The binding of MEDI-TGFR to CD73 on the cell surface
was assayed using flow cytometry. Serial dilutions (1:3) of higG1,
MEDI, or MEDI-TGFPBR were added to 1 x 10 tumor cells in 96-well
U-bottom plate and incubated for 1h at 4°C. The cells were
stained with phycoerythrin-conjugated anti-human 1gG-Fc
(Abcam, Cat. #ab98956) and analyzed by flow cytometry. An
enzyme inhibition assay was used to determine CD73 enzymatic
activity in various tumor cell lines as previously described [31].

Cell migration and lung metastasis
Tumor cells were suspended in 200 uL of serum-free medium
containing 66.7 nmol/L higG1, anti-TGF(3, MEDI, or MEDI-TGFR and
added to the upper chambers of a Trans-well system with 8-um
pore size (Corning, Cat. #3422). The lower chambers contained
medium with 10% serum and the identical concentrations of drugs
used in the upper chamber. After an 8-10h incubation, the
migrated tumor cells were stained with 0.2% crystal violet and
counted under a microscope. Cells from each treatment were
counted in five representative viewing fields at X200 magnification.
In vivo efficacy studies were performed under protocols
approved by the Institutional Animal Care and Use Committee
of Fudan University. In the first set of experiments, 5x 10’
4T1 cells were pre-incubated with 50 ug hlgG1 or MEDI for 30 min
at 4 °C before tail vein injection into female Balb/c mice (5-6 weeks
old). In the second set of experiments, a therapeutic treatment
protocol was used. Balb/c mice were injected intravenously with
10 mg/kg hlgG1, MEDI, or 12.5 mg/kg MEDI-TGFBR. The next day
(Day 0), 5 x 10° 4T1 cells were injected into the tail vein. The mice
were treated intravenously on days 1 and 8 after 4T1 cell injection
with the identical doses of drugs as described above. Mice were
euthanized and dissected on day 15, and lung tissues were fixed
and subjected to histological analysis.

Vimentin or surface CD73 immunofluorescence in cultured cells
Tumor cells were seeded on culture chamber slides and treated
with 33.3 nmol/L higG1, anti-TGF(3, MEDI, or MEDI-TGF{R for 24 h.
The slides were processed and incubated with anti-CD73
(MEDI9447) or anti-vimentin (Abcam, Cat. #ab92547) antibodies
at 4°C overnight. Immunofluorescence was detected by subse-
quent staining with phycoerythrin-conjugated anti-human IgG-Fc
(Abcam, Cat. #ab98956) or Alexa Fluor 488-conjugated anti-rabbit
IgG (Jackson ImmunoResearch, Cat. #711-545-152). Images were
acquired using a Leica immunofluorescent microscope (model
DMI4000D) with x200 magnification.

Lung tissue immunohistochemistry and immunofluorescence

Mouse lung tissues were fixed in 4% formalin, embedded in paraffin,
and sectioned. Tissue sections were stained with hematoxylin-eosin
or Masson's trichrome stains or by immunohistochemistry (IHC) using
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standard protocols. In some assays, multiplexed IHC was performed
with tyramide signal amplification [32] and dyed with Tyr-488 and
Tyr-CY3 (Record Biological Technology). The IHC antibodies are listed
as follows: anti-a-SMA (Servicebio, Cat. #GB13044), anti-CD73 (Cell
Signaling Technology, Cat. #13160), anti-TGFB1 (Abcam, Cat.
#ab215715), anti-vimentin (Abcam, Cat. #ab92547), anti-F4/80 (CST,
Cat. #70076), anti-CD206 (Abcam, Cat. #ab64693), anti-TNFa (Arigo,
Cat. #ARG10158), anti-CD11c (Servicebio, Cat. #GB11059), anti-CD103
(Abcam, Cat. #ab224202), anti-CD8A (Sino Biological, Cat. #50389-
T26), anti-CD19 (Abcam, Cat. #ab245235), and anti-GZMB (Abcam,
Cat. #ab255598). Images were acquired using the Leica microscope
with X200 magnification.

Statistical analysis

All numerical data are presented as mean + standard deviation
(SD). Numerical data processing and statistical analyses were
performed with Microsoft Excel and GraphPad Prism 8 software.
For IHC of lung sections, results from 3 to 5 independent images
per lung (n=3) were pooled, analyzed, and quantified using
Image) software. P values were calculated using unpaired, two-
tailed Student t-tests. In all tests, P values < 0.05 were considered
to be statistically significant.

RESULTS

High CD73 expression in basal-like/TNBC correlates with elevated
EMT, fibrotic stroma, an immune-tolerant tumor
microenvironment, and poor prognosis

Approximately 70% of TNBC tumors present with a “basal-like”
phenotype based on gene expression analysis [2, 5]. We clustered
breast cancer patient samples from TCGA database into “basal-
like” or “luminal-like” groups according to their transcriptome
profiles [26]. The transcriptome analysis revealed higher CD73/
NT5E mRNA expression in the basal-like/TNBC group compared
with that of the luminal-like group (P < 0.001) (Fig. 1a), and high
CD73 expression was associated with poor DFS (Fig. 1b, c).
Additionally, high TGFBT mRNA expression in the basal-like/TNBC
and CD73-high groups further reduced DFS (P < 0.05) (Fig. 1c).
High CD73 mRNA expression was co-enriched for the gene
signatures of EMT (TGFB1, VIM, FN1, ZEB1) and high-density fibrotic
stroma (ACTA2, COL1A1, FAP) when both TCGA and CCLE datasets
were analyzed (Fig. 1d, e). To explore the relationship between
CD73 expression and immune cell infiltration, the CIBERSORT
algorithm was applied to the TCGA cohort. CD8" T lymphocyte
and plasma cell populations were lower in the CD73-high group
than the CD73-low group. However, the levels of M2-like tumor-
associated macrophages were higher in the CD73-high group than
in the CD73-low group (P < 0.05) (Fig. 1f). These results indicate
that the aberrant CD73 transcriptome in TNBC may contribute to a
high EMT state, fibrotic stroma, and an immune-tolerant tumor
environment, which promotes disease progression.

Anti-CD73 antibody MEDI9447 reduces cell migration and lung
metastasis in a mouse model of TNBC

Based on the transcriptome analysis above, we performed IHC using
breast cancer TMA. The level of CD73 protein was inversely correlated
with the tissue infiltration of CD8' T cells (P < 0.05) (Fig. 2a, b). To
investigate the effect of CD73 inhibition on TNBC lung metastasis, we
treated 4T1 cells with higG1 or MEDI [29]. The 4T1 cell line is a well-
established mouse TNBC line with elevated CD73 surface expression
(Fig. 2c). Cell migration of 4T1 cells was markedly inhibited by the
anti-CD73 MEDI antibody compared with that in the higG1 control
group (Fig. 2d). When 4T1 cells were pre-incubated for 30 min with
MEDI or higG1 and then injected into Balb/c mice, the hematogenous
metastasis to the lung was substantially reduced in the MEDI-treated
group compared with that in the higG1 group (P < 0.001) (Fig. 2d). We
examined immune infiltration patterns in the metastatic lung nodules.
In the MEDI-treated group, CD73 expression in the tumor area was
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decreased and accompanied by substantial decreases in CD206"
tumor-associated macrophages and CD11b ™ Gr1* MDSCs, while
CD8A™ T cell infiltration was markedly increased compared with that
of the higG1 group (P<0.001) (Fig. 2e). These results suggest that
CD73 plays an important role in metastasis, which may be associated
with a tumor-promoting immune-tolerant microenvironment.

Design and characterization of MEDI-TGF@R for dual-blockade of
CD73 and TGFB

TGF( may play an important role in TNBC by regulating the EMT and
drug resistance [33]. We found that TGFf1 expression was positively
associated with CD73 expression (Fig. 3a). The coexistence and
interplay of CD73 and TGF( presents a dynamic and complicated
problem for treating TNBC, and a systemic anti-TGF(3 treatment may
not produce a favorable therapeutic window [24, 25]. Therefore, we
created a bifunctional MEDI-TGF(R fusion protein to specifically
target both CD73 and TGFf in tumors with high CD73 expression.
The fusion construct was designed (Fig. 3b) and prepared as
described in the Methods section. In this scenario, the MEDI-TGF3R
was expected to accumulate in CD73-high tumors and down-
regulate CD73 activity, while also binding to TGF( in the tumor
environment. SDS-PAGE under reducing and non-reducing condi-
tions verified the molecular identity and integrity of the fusion
protein (Fig. 3c). In the ELISA assays, both anti-TGF and MEDI-
TGFBR efficiently bound to free TGF31 with ECsq values of 0.131 +
0.004 nmol/L and 0.427 + 0.029 nmol/L, respectively (Fig. 3d). MEDI-
TGFBR retained binding abilities similar to MEDI for cell surface
CD73. ECsq values for MEDI-TGFPR and MEDI were 0.620 +0.341 and
0.453 £ 0.099 nmol/L in mouse 4T1 cells and 0.736 +0.179 and
0.457 +£0.124 nmol/L in human MDA-231 cells, respectively (Fig. 3e,
f). Inhibition of CD73 enzymatic activity was also similar between
MEDI-TGFBR and MEDI with ICsq values of 0.593 + 0.147 and 0.302 +
0.039 nmol/L in 4T1 cells and 0.188 + 0.053 and 0.303 £ 0.025 nmol/L
in MDA-231 cells, respectively (Fig. 3g, h). These results demonstrate
that MEDI-TGFBR elicits favorable target binding and potent
inhibition of CD73 enzyme activity.

Bispecific MEDI-TGF(R is efficacious in downregulating the EMT
and lung metastasis and promoting a favorable tumor stroma
We examined the pharmacological effects of MEDI-TGFR by
employing both in vitro and in vivo TNBC models. Treatment of
MDA-231 or 4T1 cells with MEDI-TGF(R each resulted in profound
suppression of cell migration in vitro compared with migration
after MEDI or anti-TGF treatment (Fig. 4a, b). The reduced cell
migration was accompanied by a substantial downregulation of
the EMT biomarker vimentin, which was diminished considerably
in the MEDI-TGFfR-treated cells compared with that in MEDI-
treated, anti-TGFB-treated, or CD73-depleted cells (Fig. 4b, c). In
the syngeneic mouse model, tail vein injection of 4T1 cells led to
rapid metastasis to the lungs in Balb/c mice. Intravenous weekly
treatments with MEDI-TGFBR demonstrated a substantial overall
reduction in tumor burden compared with that of the MEDI-
treated group (P < 0.05) (Fig. 4d). The strong reduction in tumor
burden was associated with increases in necrosis and apoptosis
that occurred within the metastasized tumor nodules, which was
more prominent in the lungs from the MEDI-TGFfR-treated than
MEDI-treated mice (P<0.05) (Fig. 4d). While we observed an
abundant TGFf1 signal in the metastatic nodules of higG1-treated
mice, treatment with MEDI-TGF3R led to a greater suppression of
TGF@ levels compared with that after MEDI treatment (P < 0.05)
(Fig. 4e). TGFPB promotes growth of cancer-associated fibroblasts
[34], and treatment with MEDI-TGF(R potentiated the suppression
of a-SMA expression (P < 0.01) and collagen deposition (P < 0.05)
(Fig. 4e). Both MEDI and MEDI-TGFBR efficiently downmodulated
the EMT signature with reduced vimentin and enhanced
E-cadherin (Fig. 4f). These results suggest that blocking CD73
and TGF( pathways concurrently with MEDI-TGFBR can achieve
greater efficacy in suppressing metastasis and tumor growth in
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tolerant tumor microenvironment, and poor prognosis. a CD73 mRNA expression in basal-like/TNBC (n = 57) vs. luminal-like (n = 57) patients
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analyzed by CIBERSORT. *P < 0.05, **P < 0.01, ***P < 0.001.

part by regulating tumor plasticity and promoting a favorable
tumor stroma.

CD73-TGFp dual-blockade improves innate and adaptive immune
profiles in the tumor microenvironment

A complex interaction between CD73 with TGFP resulting in
immune-tolerance of TNBC was revealed (Figs. 1 and 3a). There-
fore, we investigated both innate and adaptive immune cell
infiltration in the metastatic lung tumor microenvironment. First,
we performed IHC or multiplexed IHC staining using macrophage
biomarkers. While the overall levels of F4/80% macrophage pan-
marker did not fluctuate between the mouse groups, CD206" M2-
like macrophages were substantially reduced in both MEDI and
MEDI-TGFBR groups (P<0.001) (Fig. 5a). In contrast, M1-like
macrophages (F4/807 CD86") and TNFa, which is a major
tumor-killing cytokine secreted by M1-like macrophages, were
markedly increased in the MEDI-TGFBR group relative to that of
the hlgG1 or MEDI groups (P < 0.05) (Fig. 5a). We then examined
dendritic cells and found that CD11c expression was similar
among the groups. However, MEDI-TGFf3R-treated mice showed
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the greatest increase in CD103"% cells in the tumor nodules
compared with that in the other groups (P<0.001) (Fig. 5b).
Consistently, multiplexed IHC of CD11c and CD86 revealed a more
robust activation of dendritic cells in the MEDI-TGFPR-treated
tumor nodules (P < 0.05) (Fig. 5b). Next, we investigated adaptive
immunity, including T and B cells. IHC analysis of lung tissues
showed improved tumor infiltration of CD8™ T cells and CD19" B
cells in MEDI-TGFPR-treated mice relative to that of MEDI-treated
animals (P < 0.05) (Fig. 5¢c). Furthermore, colocalization analysis of
CD8A and granzyme B (GZMB) confirmed that the MEDI-TGFf3R-
treated group had the greatest enhancement of CD8" GZMB™
cytotoxic T cell infiltration compared with that in the other groups
(Fig. 5c). Collectively, these results indicate that MEDI-TGFfR
induces a more potent proinflammatory and antitumor micro-
environment by dual-blockade of CD73 and TGF pathways.

DISCUSSION
In this study, we investigated the importance of CD73 and TGFf
interactions in basal-like/TNBC. Analyses of patient tumor
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Fig. 2 The anti-CD73 antibody MEDI9447 reduces cell migration and lung metastasis in a mouse model of TNBC. a Representative
immunohistochemistry (IHC) images of breast cancer tissue microarray (TMA) cases showing CD73 and CD8 protein expression. b The TMA
IHC staining scores for CD73 and CD8 expression were correlated. ¢ The CD73 cell surface levels for the indicated mouse and human cell lines
were measured by flow cytometry using the anti-CD73 antibody MEDI9447. d Cell migration (left) and lung metastatic nodules (right) in the
TNBC 4T1 cell culture and mouse models, respectively. e Lung tissues were analyzed by IHC staining with anti-CD73, anti-CD206, and anti-
CD8A antibodies, and dual immunofluorescence was performed with anti-CD11b and anti-Gr1 antibodies. The IHC shows tumor infiltration by

various immune cells within the metastatic nodules. ***P < 0.001.

transcriptome database sets and tumor tissue arrays demon-
strated that elevated CD73 expression occurs frequently and is
associated with poor prognosis, EMT, and an immunosuppressive
tumor environment. Importantly, high TGF3 expression further
worsened DFS in patients with CD73-high basal-like/TNBC. The
regenerative feedback loop between CD73 and TGF(3 aggravated
tumor plasticity, drug resistance, and immune evasion [19, 20, 23].
Our strategy focused on dual-blockade of CD73 and TGF(
pathways by creating a bifunctional MEDI-TGFR fusion protein,
which potently inhibited both CD73 and TGF3 when evaluated at
the biochemical, cellular, and animal levels. In a mouse model of
TNBC, MEDI-TGFBR achieved a superior efficacy compared with
CD73 blockade alone. Mechanistically, CD73-TGFB dual-blockade
elicited a substantially heightened level of tumor cell death that
was mediated through both apoptosis and necrosis and
accompanied by increased infiltration of inflammatory M1-like
macrophages. The dual-blockade also reduced tumor stromal
fibrosis and extracellular matrix deposition, which are expected to
retard tumor growth and facilitate drug penetration and response.
Predictably, inhibition of CD73 and TGF( in mouse tumors
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resulted in a robust transformation from an immunosuppressive
tumor environment (CD206", CD11b"Gr1™) to a potent proin-
flammatory microenvironment as demonstrated by the coordi-
nated enhancements in cytotoxic T cells (CD8", CD8"GZMB™), B
cells (CD19™), and dendritic cells (CD103*, CD11c*CD86™). Over-
all, these findings provide a rationale for investigating a CD73-
TGFB dual-targeting strategy in the clinic.

The EMT is one of the most widely studied mechanisms of
tumor plasticity and metastasis and is also increasingly recognized
as an underlying cause of a wide spectrum of therapy resistance
[15, 35, 36]. TGFB is a well-known inducer of the EMT and immune
evasion in cancer, and CD73 plays a role in cytoskeleton
remodeling in the B-catenin-dependent EMT process, resulting
in metastasis [37]. In our study, elevated CD73 expression was
positively associated with the EMT process, and inhibition of CD73
alone substantially decreased the vimentin/E-cadherin mesench-
ymal index, which was further reduced by treatment with MEDI-
TGFBR. Targeting CD73 was shown to enhance the antitumor
activity of anti-PD-1 and anti-CTLA4 monoclonal antibodies in
preclinical models [38, 39]. Furthermore, melanoma patients with
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Fig. 3 Design and characterization of the MEDI-TGFRII fusion protein for dual-blockade of CD73 and TGFp. a The associations between
CD73 and TGFBT transcriptome expression in cancer cell lines from the Cancer Cell Line Encyclopedia. b Schematic representation of the MEDI-
TGFpR construct. ¢ SDS-PAGE showing the purified MEDI and MEDI-TGF{R proteins. The molecular weights of full length (FL), heavy chain (HC),
and light chain (LC) proteins are indicated. d TGFf binding affinities of anti-TGFp and MEDI-TGFPR as measured by ELISA. Comparisons of
CD73 binding affinities of MEDI versus MEDI-TGFfR in e 4T1 cells or f MDA-231 cells. Comparisons of CD73 enzyme inhibitory potency for

MEDI versus MEDI-TGFfR in g 4T1 cells and h MDA-231 cells.

high CD73 tumor levels presented with progressive disease after
anti-PD-1 therapy [40], which argues for an adaptive resistance
mechanism. These observations support the concept that the
combined targeting of CD73 and TGF3 may be more effective in
re-sensitizing therapeutic responsiveness in patients with TNBC,
including those undergoing chemotherapy, targeted therapy, or
anti-PD-1/PD-L1/CTLA4 immunotherapy.
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At present, several anti-CD73 monoclonal antibodies and selective
small molecule inhibitors are being tested in early phase clinical
trials [41]. The systemic application of TGFf inhibitors presents
challenges because of the complex role of TGFP in normal tissue
homeostasis [24, 25]. However, several therapies targeting the TGF
pathway are now undergoing clinical trials, including fusion proteins
that simultaneously targets TGF@ and PD-L1 [30] or CTLA4 [42], and
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Fig. 4 The bispecific MEDI-TGFPR fusion protein is more efficacious in downregulating the EMT and lung metastasis and promoting a
favorable tumor stroma. a Trans-well assays were performed using 4T1 or MDA-231 cells treated with 66.7 nmol/L hlgG1, anti-TGFp, MEDI, or
MEDI-TGFpR, and results were analyzed by ImageJ software. b MDA-231 cells carrying the doxycycline-inducible short hairpin RNA (sh) control
or shCD73 lentivirus constructs were treated to deplete CD73 before analysis of cell migration and determination of CD73 and vimentin
expression by immunofluorescence staining. ¢ CD73 and vimentin expression was assayed in MDA-231 cells treated with 66.7 nmol/L hlgGT1,
anti-TGFp, MEDI, or MEDI-TGFfR. d Lung metastatic nodules after injection of 4T1 cells in a syngeneic mouse model and the areas of necrosis
or apoptosis (n = 3). e Immunohistochemistry (IHC) staining for TGFB1 and a-SMA and Masson'’s trichrome staining for collagen. f IHC staining
for vimentin and E-cadherin. The representative views and quantification of positive areas are shown. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 5 CD73-TGFf dual-blockade improves innate and adaptive immune profiles in the tumor microenvironment. Lung sections as
described in Fig. 4d were subjected to immunohistochemistry (IHC) or multiplexed IHC (tyramide signal amplification method) analysis. a IHC
staining for the macrophage markers F4/80, CD206 (M2-like), and dual-staining for F4/80 and CD86 (M1-like) or tumor necrosis factor (TNF)a.
b IHC staining for the dendritic cell markers CD11¢, CD103, and dual-staining for CD11c and CD86. ¢ IHC staining for the T and B cell markers
CD8A and CD19, and dual-staining for CD8A and granzyme B (GZMB). Representative images (1/8 of the size captured from the original
images, Supplementary Fig. S1) and quantification of positive areas are shown. *P < 0.05, ***P < 0.001.

have demonstrated manageable safety profiles in patients [43]. We
propose that neutralization of both TGFf and CD73 will enhance the
therapeutic efficacy window for treating subsets of patients with
CD73/TGFB-high TNBC.

In conclusion, we demonstrated the importance of CD73 and its
relationship with TGFf in TNBC. The improved therapeutic activity
of MEDI-TGFBR included reversion of the EMT state and
generation of a favorable tumor stroma and tumor-suppressive

Acta Pharmacologica Sinica (2022) 43:2410-2418

immune-microenvironment. We propose CD73-TGF( dual-block-
ade as a novel treatment option for TNBC.
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