
p phenotype), and in HeLa and Jurkat cells
modified to alter levels of Pk expression.5

The results were significant. P1k cells were
protected from R5 and X4 HIV-1 infection
and had increased CD4, coreceptor, and Pk

expression, while PBMCs with the p pheno-
type had heightened susceptibility to R5 and
X4 HIV-1 infection. Further supporting a role
for Pk was that Pk -liposome fusion in Jurkat
cells decreased susceptibility to HIV and cells
transduced with Pk -synthase (augmenting Pk

expression) showed decreased HIV-1 infect-

ability, while Pk depletion or Pk-synthase gene
silencing promoted HIV infection.

Mechanistically, it may prove to be that the
Pk effect is due to altered lipid raft formation
and/or HIV receptor or coreceptor localiza-
tion, function, or accessibility. Alternatively or
perhaps additionally, Pk may be critical to viral
internalization.

That Pk and indeed other blood groups
have a more defined role in host-microbial
infection is an important new finding. Other
examples include Fya as the binding epitope

for plasmodium6 and the P antigen as a recep-
tor for the B19 parvovirus.7 With this discov-
ery, Pk adds to our list of genetic polymor-
phisms that individually and/or in concert
contribute to HIV resistance/susceptibility
and potentially generates a site for possible
future therapeutic use.8
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Flipping the wound that doesn’t heal:
the upside of coagulation in cancer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Beverly A. Teicher GENZYME CORPORATION

Two mechanisms for targeting tumor vasculature are well recognized: antiangiogenesis and vascular disruption. In this issue
of Blood, Bieker and colleagues take therapeutic advantage of coagulation and add a third mechanism, vascular infarction, to
this group by demonstrating the effect through first-in-man administration of tTF-NGR.

W ith the approval of several antiangio-
genic agents including bevacizumab,

sunitinb, and sorafenib, the usefulness of tar-
geting tumor vasculature with inhibitors has
been clinically established. Antiangiogenic
agents may be described as drugs that block
angiogenic signaling either by neutralizing
secreted proangiogenic factors or by inhibiting

intracellular signaling by their receptors re-
sulting in regression of neovasculature in the
tumor.1 A second approach to targeting the
tumor vasculature therapeutically is vascula-
ture disrupting agents. Vasculature disrupting
agents are designed to produce rapid vascular
collapse or shutdown in tumors.2,3 The result-
ing ischemia results in tumor cell killing,

which causes extensive tumor necrosis. Al-
though no vascular disrupting agents are ap-
proved as yet, several including combretasta-
tin derivatives (CA4P and OXi4503), the
dimethylxanthenone DMXAA, and the an-
tiphosphatidylserine bavituximab are pro-
gressing through clinical trial. In preclinical in
vivo models, decreased tumor blood flow can

Biosynthesis of the P1, Pk, P, and LKE antigens. GLU indicates glucose; and CER, ceramide. Professional
illustration by Marie Dauenheimer.
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be detected in a few minutes after administra-
tion of these agents, and nearly complete vas-
cular shutdown can occur in less than 1 hour.

While the recognition that tumor growth is
angiogenesis-dependent and that angiogenesis
could be an important target for cancer thera-
peutics is attributed to Folkman in 1971, and
the recognition that tumors can be described
as wounds that do not heal is attributed to
Dvorak in 1986, the observation that tumors
are hypercoagulative occurred much earlier,
being attributed to Trousseau in 1865. The
association of thrombosis in the extremities
(thrombophlebitis) with a diagnosis of pancre-
atic or gastric cancer has historically been
termed Trousseau syndrome. Growing tu-
mors often develop a fibrin “capsule.” The
fibrin clots attract host cells including plate-
lets, monocytes/macrophages, and infiltrating
lymphocytes, leading to continued matrix for-
mation and formation of new blood vessels.
These events mimic the early stages of wound

healing which, in malignant dis-
eases, becomes a continuous non-
resolving process. Many malig-
nant tissues express tissue factor, a
pro-coagulant and key activator of
the coagulation cascade. Dissemi-
nated intravascular coagulation is
the most frequent coagulopathy
associated with cancer and results
from generalized activation of co-
agulation pathways. Cancer is the
third most common cause of dis-
seminated intravascular
coagulation.4

Modern technologies have been
applied to understanding the con-
nection between cancer and

wound healing. In 2004, Chang et al developed
a wound-response gene signature including
genes involved in matrix remodeling, cell mo-
tility, and angiogenesis.5 Expression of the
wound-response gene signature predicted
poor overall survival and increased risk of me-
tastasis in a subset of patients with breast,
lung, and gastric cancers. Later, the wound-
response gene signature’s prognostic value was
validated in a data set of nearly 300 breast can-
cer patients.

In the current issue, Bieker et al take ad-
vantage of the coagulation cascade and offer a
third approach to therapeutically targeting the
tumor vascular supply by selectively focusing
thrombosis in the tumor blood vessels.6 These
investigators fused the extracellular domain of
(truncated) tissue factor (tTF) with the pep-
tide GNGRAHA, which was identified
through phage display to bind to aminopepti-
dase N (CD13) and integrin �v�3 (CD51/
CD61) which are cell surface protein up-

regulated on tumor vascular endothelial cells.
The fusion protein therapeutic-designated
tTF-NGR produces thrombosis in the tumor
vasculature, resulting in infarction of tumor ves-
sels.6 Previous studies have tried other tumor-
targeting carrier molecules, such as the ED-B
domain of fibronectin, PSA, VCAM-1 and inte-
grins, to deliver tissue factor to tumor vascula-
ture.7 Bieker et al found that the NGR peptide
resulted in rapid homing to tumor vessel and
rapid thrombosis. Studies in 3 human tumor
xenograft tumors confirmed the efficacy of tTF-
NGR. Furthermore, clinical first-in-man treat-
ment of 5 patients with low doses of systemically
administered tTF-NGR showed decreased tu-
mor perfusion by MRI.
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Three mechanisms for therapeutically targeting tumor vasculature,
antiangiogenesis, vascular disruption, and vascular infarction, and
examples of agents.
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