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Intratumoral TNFa improves immunotherapy
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Solid tumors are frequently resistant to immunotherapy. We demonstrated that low-dose tumor necrosis factora (TNFa),
when directly targeted to the tumor environment, exerts dual effects by improving vessel functionality and activating
immune cells. This vascular remodeling in an inflammatory context enhances active immunotherapy and promotes

tumor regression.

Tumor growth relies on interactions with
stromal cells, which can also contribute
to immune evasion and limit the efficacy
of immunotherapy. For instance, due
to ongoing angiogenesis, solid tumors
develop abnormal and leaky blood ves-
sels, which increase hypoxia and intersti-
tial fluid pressure, two parameters known
to interfere with anticancer therapy.!
However, the tumor stroma is highly
dynamic in nature and recent publications
have highlighted that reversing abnor-
mal features of stromal cells can largely
improve the outcome of immunother-
apy.>? In this context, we became inter-
ested in tumor necrosis factor « (TNFa)
as it is highly upregulated in tumors with
normalized vessels undergoing immune
regression, suggesting a local immuno-
modulatory function. TNFa« is a pleio-
tropic inflammatory cytokine best known
for its capacity to induce tumor and endo-
thelial cell death. However, high-dose
TNFa is toxic for normal tissue, which
restricts its clinical applications. Tumor-
targeting strategies such as conjugating
TNFa with vessel homing peptides have
been shown to prevent systemic toxicity,
and also improve the efficacy of chemo-
therapy.’ Synergism between intratumoral
TNFa and chemotherapy has been attrib-
uted to increased vascular permeability,

but analyses of stromal effects in vivo have
so far been limited.® Moreover, the role of
TNFa as an adjuvant to immunotherapy
has not been explored until recently.”

Our work demonstrated that tumor-
targeted TNFa has profound effects on
the tumor microenvironment by stabiliz-
ing blood vessels and potentiating immu-
notherapy.® TNFa was conjugated to a
vascular homing peptide which specifi-
cally binds to angiogenic tumor vessels in
a murine model of pancreatic endocrine
tumors (RIPTag, expression of the SV40
Large T antigen by the rat insulin gene
promoter). Peptide-coupled TNFa accu-
mulates around tumor vessels, attracts T
cells into the tumor microenvironment
and primes an endogenous antitumor
CD8" T cell-dependent immune response,
ultimately enhancing overall survival.®
the

properties of tumor-targeted TNFo mono-

Considering immunostimulatory
therapy, we hypothesized that it could also
function as adjuvant in conjunction with
active immunotherapy. Indeed, intratu-
moral TNFa “opens” tumors to the influx
of adoptively transferred, pre-activated
effector cells (Fig. 1). This is remarkable
since fully activated effector cells are per
se unable to penetrate into insulinomas
in RIPTag mice. Under TNFa therapy,

however, transgenic T cells specific for the

*Correspondence to: Ruth Ganss; Email: ganss@waimr.uwa.edu.au

Submitted: 05/31/12; Accepted: 06/02/12
http://dx.doi.org/10.4161/0nci.20981

www.landesbioscience.com

Oncolmmunology

model tumor antigen Tag accumulate and
proliferate in the tumor, leading to very
significant improvements in survival.
These results raised the question of
how local TNFa renders

microenvironment permissive for anti-

the tumor

tumor immune responses. Our results
clearly show that low-dose TNFa does not
compromise barrier function or destroy
vessels. Instead, it induces a regular vas-
cular network with small vessel calibers
surrounded by stabilizing mural cells.
Overall, vessels are less leaky and tumor
perfusion is improved. This is an impor-
tant finding in the field of tumor immu-
nology as it demonstrates that a functional
vasculature and an improved tumor per-
fusion greatly enhance tumor-specific
immune responses. This is further sup-
ported by our observation that tumor-tar-
geting of another inflammatory cytokine,
interferon y (IFNY), which predominantly
induces endothelial cell death fails to sup-
portimmune cell infiltration into tumors.®
Also, repetitive, low-dose TNFa infusion
into tumors ultimately induces endothe-
lial cell death and hence limits the influx
of effector cells. Interestingly, reduction of
vascular leakiness by pharmacological or
genetic normalization of the tumor vascu-
lature also enhances adoptive T-cell ther-
apy.>’ In contrast, destruction of tumor

1395



Adoptive
transfers
of anti-Tag
T cells

Tumor blood vessels

o)
©

@
@@

@

Untreated tumor

° Activated anti-tumor T cell

Adoptive
transfers
of anti-Tag
T cells

So

TNFa-RGR Remodeled vessels :rl::i:?:c-i
> _T’ tumor
Low dose ole o Improved VEAM e
° o blood MCP1 4
ow IL6 4
iNos 4
Ang2 4

Treated tumor

@ M2 macrophage

@ M1 macrophage

Figure 1. Intratumoral low-dose tumor necrosis factora (TNFa-RGR, TNFa conjugated with vascular homing peptide, injected i.v.) increases tumor
vessel stability and vascular perfusion. Remodeled vessels are highly activated and express vascular cell adhesion molecule (VCAM). Tumor resident
macrophages switch from a M2 to a M1 phenotype, express high levels of VCAM, monocyte chemotactic protein 1 (MCP1), interleukin 6 (IL-6), induc-
ible nitric oxide synthetase (iNOS) and angiopoietin 2 (Ang2), and cluster around tumor vessels. Adoptively transferred antitumor T cells are unable to
penetrate into untreated tumors, but infiltrate tumors after “pre-conditioning” with TNFa, which leads to tumor regression.

blood vessels, for instance by vasculature-
disrupting agents that stimulate produc-
tion of high TNFa levels does not support
active T-cell immunotherapy."’

Besides vascular remodeling, intra-
tumoral TNFa elicits widespread stro-
mal activation and elevated expression
of the vascular cell adhesion molecule
(VCAM) on endothelial cells, fibroblasts
and macrophages. We demonstrated that
macrophages play an important role in
amplifying vessel activation by secret-
ing angiopoietin 2 (Ang2), a tie2 tyro-
sine kinase receptor ligand that—in
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