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One major hurdle that tumor-specific T 
cells must overcome to get in direct contact 
with their targets is crossing of the abnor-
mal tumor vessel barrier and interstitium. 
Indeed, the tumor vasculature is disorga-
nized, tortuous and leaker then normal 
vessels, and this may cause increased inter-
stitial pressure, heterogeneous permeabil-
ity and irregular blood flow. In addition, 
exposure to angiogenic factors [e.g., vas-
cular endothelial growth factors (VEGF) 
and fibroblast growth factors (FGF)] 
causes downregulation of intracellular 
adhesion molecule-1/2 (ICAM-1/2), vas-
cular cell adhesion molecule-1 (VCAM‑1) 
and CD34 on endothelial cells (EC).1 
Thus, leukocyte-vessel wall interactions 
are diminished in tumors and effector T 
cells, regardless of being induced in vivo 
by vaccination or adoptively transferred, 
are impaired in their deployment at tumor 
sites where they get in direct contact with 
target tumor cells.

Tumor necrosis factor (TNF) is an 
inflammatory cytokine capable of induc-
ing endothelial cell activation and of 
increasing vessel permeability. We have 
previously shown that targeted delivery 
of small amounts of TNF to tumor ves-
sels is sufficient to increase their perme-
ability, without causing toxic reactions.2 
For example, this was achieved by cou-
pling TNF with a peptide containing the 
Asn-Gly-Arg (NGR) motif, a ligand of an 
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aminopeptidase N (CD13) isoform selec-
tively expressed by EC in tumor vessels.3 
Because of these properties this drug 
(originally developed by our group and 
called NGR-TNF) can increase the pen-
etration of various chemotherapy agents 
in tumors.2 Thus, we hypothesized that 
pre-treatment of tumor-bearing subjects 
with NGR-TNF might favor lymphocyte 
infiltration in their neoplastic tissues.4

We have recently investigated this 
hypothesis in murine cancer models.5 
We have found that administration of 
picogram doses of NGR-TNF to tumor-
bearing mice induces, 2 h after injection, 
the upregulation VCAM-1 and ICAM-2 
in EC, as well as the local release of sev-
eral cytokines/chemokines involved in T 
cell activation and migration, including 
MCP-1/CCL-2, MCP-3/CCL-7, MIP-2, 
oncostatin-M and stem cell factor (SCF). 
This rapid and transient modification of 
the tumor microenvironment associates 
with tumor infiltration of fully activated 
endogenous or adoptively transferred 
cytotoxic T lymphocytes in transplantable 
models of melanoma and the transgenic 
adenocarcinoma of the mouse prostate 
(TRAMP) model of spontaneous prostate 
cancer (Fig. 1). Remarkably, NGR-TNF 
did not modify T cell distribution in the 
blood, spleen or kidney of tumor-bearing 
mice, highlighting the selective effects of 
NGR-TNF on tumor tissues.5

While the measured effects of NGR-
TNF were short lasting, its beneficial 
effects on TIL persisted for days and the 
combination of NGR-TNF and adoptive 
immunotherapy increased the overall sur-
vival of tumor bearing mice with no evi-
dence of toxic reactions.

Finally, we observed that NGR-TNF 
could also increase the efficacy of active 
immunotherapy (vaccination) either alone 
or in combination with chemotherapy.5 
One explanation for these synergies is that 
the temporary reduction of the endothe-
lial-barrier function induced by NGR-
TNF might favor the penetration of both 
drug and lymphocytes in tumors, thereby 
increasing the tumor debulking by chemo-
therapy and improving immunotherapy.4

Noteworthy, in all the experimental 
conditions tested a comparable dose of 
TNF was marginally or not active, sup-
porting the hypothesis that targeted deliv-
ery of TNF to tumor vessels was crucial 
for the activity.

One limit of our study is that we have 
investigated the effects of NGR-TNF 
treatment only on T-cell infiltration in 
tumors. Different leukocyte populations 
can exploit the transient modifications of 
the tumor microenvironment induced by 
NGR-TNF (i.e., EC activation and release 
of chemokines). Thus, other leukocyte 
populations may be attracted within the 
tumor mass after NGR-TNF treatment, 

Abnormal tumor vasculature and endothelial cell anergy limit tumor/T-cell interactions. We have found that NGR-TNF, 
a tumor vasculature-homing derivative of TNF, selectively activates endothelial cells in neoplastic tissues and induces 
the release of chemokines that favor tumor infiltration by T cells, thereby enhancing the efficacy of active and adoptive 
immunotherapy.
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in murine tumors with no signs of sys-
temic toxicity (the corresponding dose 
is well tolerated also in patients) makes 
NGR-TNF an attractive agent for the 
combination with immunotherapy. At 
this regard, it is remarkable that most 
of the effects induced by NGR-TNF on 
the vessels of murine tumors have been 
observed also in patients.2 This suggests 
that murine models of cancer are reliable 
predictors of the response to NGR-TNF 
in patients. Based on this assumption 
and on the data obtained with melanoma 
models reported herein, a Phase I/II clin-
ical trial based on the combination of 
NGR-TNF with active immunotherapy 
has been recently started in melanoma 
patients.
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anergy preventing VCAM-1 and ICAM-1 
downregulation, therefore promoting leu-
kocyte infiltration in tumors.6 The mech-
anism by which anti-VEGF reagents favor 
T-cell infiltration in tumors7-9 has not yet 
been defined.

From a conceptual point of view these 
strategies are different from that pro-
posed in our study, as they are based on 
the use of anti-angiogenic compounds 
that inhibit the formation of new blood 
vessels and promote vascular “normaliza-
tion”,10 whereas NGR-TNF is an inflam-
matory-vascular targeting agent that 
induces vascular “activation.” Notably, 
these therapeutic approaches require 
markedly different doses of drugs and 
different schedules of administration, 
thus with potentially different toxic reac-
tions. The observation that extremely 
low doses of NGR-TNF (picograms) are 
sufficient to induce local inflammation 

which may contribute to the modification 
of the tumor microenvironment by mak-
ing it more favorable for lymphocyte infil-
tration and effector functions.

Other strategies have been imple-
mented to improve T-cell infiltration in 
tumors, based on the use of angiogen-
esis inhibitors like anginex, endostatin 
and angiostatin,6 or anti-VEGF reagents 
like soluble chimeric VEGF receptor 
(VEGFR),7 and anti-VEGF8 or VEGFR 
antibodies.9 These drugs transiently nor-
malize the tumor vasculature, pruning 
away immature and leaky vessels and 
remodeling the remaining vasculature. 
As a result, the enhanced oncotic pressure 
gradient together with decreased intersti-
tial fluid pressure gradient facilitate the 
delivery of oxygen, nutrients and also of 
chemotherapeutic agents into the tumor 
microenvironment.1 Anginex, endostatin 
and angiostatin can also overcome EC 

Figure 1. Effects of NGR-TNF on tumor microenvironment and T cell infiltration. (A) Increased interstitial pressure, heterogeneous permeability and 
irregular blood flow, together with reduced expression of adhesion molecules on EC, limit lymphocyte penetration in tumors. (B) NGR-TNF, which 
selectively binds CD13 expressed in EC of neoangiogenic vessels and favors the interaction of TNF with TNF receptors (TNF-R), alters tumor vessel per-
meability by loosening VE-cadherin dependent adherence junctions (1), induces upregulation of adhesion molecules in EC (2), and elicits the release 
of pro-inflammatory cytokines and chemokines (3), thereby favoring the recruitment and extravasation of T lymphocytes.
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