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Semaphorin 4D is highly expressed at the invasive tumor margin and acts as a guidance molecule, restricting
movement of tumoricidal immune cells into the tumor microenvironment. We recently showed that antibody
neutralization of SEMA4D augmented activated monocyte and anticancer T-cell tumor penetration and that anti-
SEMA4D antibody potentiated other immunomodulatory therapies in murine tumor models.

Semaphorin 4D/CD100 (SEMA4D)
belongs to a class of immune semaphorins
that regulates movement and differentia-
tion of cells expressing cognate Plexin
receptors. The expression of semaphorins
has been associated with poor prognosis in
a variety of human cancers.1,2 The engage-
ment of SEMA4D with its high affinity
receptor PlexinB1 (PLXNB1) can affect
vascular stabilization3,4 and transactivate
the oncogenes ERBB2 and Met.5 Addi-
tionally, we have recently reported a novel
mechanism of action whereby antibody
blockade of SEMA4D promotes immune
infiltration into tumor.6 These findings
have important ramifications for combina-
tion immunotherapy with other agents
that increase the magnitude and duration
of tumor-specific immune responses.

Immunohistochemical staining of
murine syngeneic tumors has revealed a
striking gradient of SEMA4D expression
at the invasive tumor margin, (i.e., the
tumor-stroma interface). We recently con-
firmed prior reports that significant sour-
ces of SEMA4D in the tumor stroma
include dendritic cells (DCs) and tumor-
associated macrophages (TAMs), the latter
of which can be regulated by hypoxia and
contribute to aggressive tumor growth.3

We determined that high levels of

SEMA4D positively correlate with the
presence of immunosuppressive M2-
polarized TAMs and myeloid-derived sup-
pressor cells (MDSCs), with concomitant
exclusion of activated antigen presenting
cells (APCs) and CD8C cytotoxic T lym-
phocytes (CTLs) from the tumor. Consid-
ering that SEMA4D has been previously
reported to inhibit the movement of
immune cells,7 we hypothesized that the
SEMA4D gradient restricts leukocyte pen-
etration into the tumor.

Antibody neutralization of SEMA4D
resulted in a marked redistribution of
immune cells at the tumor invasive mar-
gin in multiple tumor models. Specifi-
cally, we documented an increased
frequency of activated tumor-infiltrating
macrophages, a significant increase in
intratumoral CD3C T cells and disper-
sion of M2 TAMs and MDSCs. The
cytokine milieu within anti-SEMA4D
neutralizing antibody-treated tumors also
reflected a pro-inflammatory profile,
with increased levels of interferon g
(IFNg) and tumor necrosis factor a
(TNFa), as well as reduction in MCP-1,
an immunosuppressive chemokine that
acts as a MDSC chemoattractant and
modulator of Teffector (Teff) to regula-
tory T (Treg) cell ratios.8 Further

characterization revealed that anti-
SEMA4D antibody treatment shifted the
balance of suppressive and activated
effector T cells, resulting in increased
Teff:Treg cell ratios within the tumor.
Importantly, tumor-specific cytotoxic
T-cell activity significantly increased fol-
lowing anti-SEMA4D antibody treat-
ment, an immunologic response
localized to the tumor, with minimal
T-cell and cytokine activity in the
peripheral lymphoid organs such as the
spleen. These activated T cells were
required for tumor growth inhibition, as
selective T-cell depletion abrogated the
effects of anti-SEMA4D antibody treat-
ment. It has been reported that efficient
entry of functional tumor-specific T cells
into the tumor correlates with improved
survival and response to immunotherapy
in the clinic.9 Consistent with these
observations, anti-SEMA4D treatment of
Tubo.A5 syngeneic tumors resulted in
complete tumor regressions and immu-
nologic memory, as demonstrated by
resistance of regressor mice to subse-
quent tumor challenge. In other tumor
models, similar dramatic effects were
obtained through treatment with anti-
SEMA4D in combination with other
immunotherapies, as described below.
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Of particular relevance to the prom-
ise of immunotherapy, we hypothesized
that agents capable of increasing periph-
eral immune responses (such as immune
checkpoint blockade and vaccination)
may benefit from the enhanced penetra-
tion of T cells into the tumor in
response to anti-SEMA4D antibody
blockade. Therefore, we tested this
hypothesis using anti-SEMA4D anti-
body in combination with other immu-
notherapies against tumor models that
showed partial responses to each single

agent. The combination of anti-
SEMA4D with anti-CTLA-4 or anti-
PD-1 antibodies improved survival and
the complete regression frequency of
Colon26 tumor-bearing mice. Specifi-
cally, anti-SEMA4D and anti-CTLA-4
single agent therapies resulted in 8%
and 23% complete tumor regression,
respectively, whereas the combination
significantly increased the frequency to
78% (67/86); all regressions were dura-
ble and regressor animals rejected subse-
quent homologous tumor challenge.

Furthermore, combinations with
immunomodulatory chemotherapy,
such as cyclophosphamide, also
enhanced the response to the
monotherapy.

Our understanding of the mecha-
nism of action of SEMA4D within the
complex tumor ecosystem is evolving.
Semaphorins are pleotropic molecules,
with a wide variety of reported activities
in neural, immune, and vascular9 sys-
tems. While embryonic deletion of
SEMA4D has been implicated in modu-
lating immune responses, our data sug-
gest that antibody blockade of
SEMA4D neither enhances nor sup-
presses systemic immune response, but
rather regulates the infiltration of
immune cells into the tumor environ-
ment (TME). We have confirmed the
direct effects of SEMA4D on APC
migration 7 and have documented the
redistribution of immune cells and resul-
tant immune-mediated effects in the
TME. Further investigations into the
precise mechanisms of SEMA4D-medi-
ated leukocyte trafficking are thus
warranted.

The unique distribution of SEMA4D
in the tumor invasive margin acts as a
key spatial modulator, providing a pro-
tective barrier against immune cell pene-
tration. This gradient of expression is
not observed in normal tissues, as
SEMA4D is normally expressed pre-
dominantly by immune cells.We believe
the localized tumoral enhancement of
immune activity may be critical to
reducing off-target toxicities otherwise
associated with systemic immune activa-
tion. We have not observed dose limit-
ing toxicities in preclinical and
toxicological studies,10 and we have

recently completed a Phase I safety trial for
patients with advanced solid tumors in
which anti-SEMA4D (VX15/2503) anti-
body was well tolerated (manuscript in
preparation). Further, we suspect that
peripheral immune activation induced by
other immunotherapies may be redirected
into the TME upon combination with anti-
SEMA4D antibody treatment. As such, we
believe that anti-SEMA4D antibody can be
added to the arsenal of potent agents avail-
able for rational design of combinatorial
immunotherapies, as described in Figure 1.

Figure 1. Effects of anti-SEMA4D therapy on the cycle of cancer immunity. Key steps in the cycle of
cancer immunity are shown, along with examples of therapies that can induce and/or amplify the
immune response to cancer (adapted from Chen and Mellman review, Immunity 2013, 39:1). Rational
combination therapies can drive the cycle toward productive anti-tumor immunologic effects. Based
on our pre-clinical studies, anti-SEMA4D is included as a novel mechanism to regulate immune cell
migration and reduce immunosuppression within the tumor microenvironment. The specific immuno-
modulatory effects of anti-SEMA4D treatment on various cell types and immune regulators are outlined
in the table below.
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