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Zooming in on selectins in cancer
Ranit Kedmi1,2,3 and Dan Peer1,2,3*

Selectins are involved in leukocyte and cancer cell trafficking, which can be targeted with
drugs and nanoparticles (Shamay et al., this issue).
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Leukocytes are constantly circulating the body
as the “royal guards,” ready to exit from blood
vessels at any sites of injury or infection. The
major regulators of leukocyte traffic are select-
ins, three types of adhesion molecules that
are expressed by leukocytes (L-selectin), plate-
lets (P-selectin), and vascular endothelium
(E-selectin and P-selectin). As part of the in-
flammatory process, selectin cell surface expres-
sion is induced by cytokines and facilitates
the initial interaction of leukocytes with the
endothelium. This essential interaction slows
down leukocyte circulation as part of the leu-
kocyte rolling mechanism and enables further
adhesion and extravasation to inflamed sites
(Fig. 1A) (1).

CANCER TAKES OVER LEUKOCYTE
TRAFFIC REGULATION
Cancer takes advantage of leukocyte traffic
regulation for its own benefit in diverse ways.
Tumors control endothelial expression of
selectins by secreting specific cytokines. By
orchestrating selectin expression and density
on vascular endothelium, a tumor can recruit
selected immune cells, such as monocytes, help-
ing it establish the premetastatic niche. It can
also obtain nutrients for its high metabolic re-
quirements by promoting angiogenesis. Can-
cer also takes advantage of P-selectin elevation
on activated platelets to form immune com-
plexes, which allow it to escape recognition
by macrophages. Thus, by controlling selectin
expression, tumors can recruit cells and nutri-
ents to design their microenvironment. The
best-documented (2) use of selectins by cancer
cells is that they use them for their own traf-
ficking (Fig. 1B). By expressing selectin ligands
such as sialyl Lewis A (SLea), sialyl Lewis X
(SLex), or P-selectin glycoprotein ligand-1
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(PSGL-1), the cancer cells acquire a leukocyte-
like ability to spread to distant organs. Hence,
cancer cells can control vascular traffic by gov-
erning both the “roads” (selectin expression on
vascular endothelium) and the “passengers” (roll-
ing cancer cells and leukocytes).

In a recent issue of Science Translational
Medicine (3), Price et al. explored whether
breast cancer cells can also take over hemato-
poietic stem cells’ (HSCs’) “parking lot” in the
bone marrow (BM) to support cancer dor-
mancy. Using intravital BM real-time micros-
copy in a breast cancer xenograft model, the
authors showed that E-selectin that is consti-
tuently expressed in sinusoidal vasculature
and the perisinusoidal venule niche mediates
breast cancer stem cell (CSC) homing. More-
over, the authors suggested that the interac-
tion of CSCs with E-selectin induces dormancy,
noting that CSC proliferation in separate
nonsinusoidal regions of the BM occurs
after E-selectin detachment. This work em-
phasized the essential role of selectins in
cancer relapse.

CAN WE REGAIN CONTROL
OVER SELECTINS?
Tumor cells’ takeover of leukocytes’ traffic
regulation mechanism enables them to
not only promote their own transport and
gather immune cells working on their be-
half but also hide CSCs, which can enable
future relapse. The main question is wheth-
er and how we can regain control of selec-
tins and use them as potential therapeutic
targets.

One possible strategy with promising re-
sults involves blocking the “roads” using
small-molecule inhibitors, blocking anti-
bodies, or other components that inter-
fere with selectin-ligand interactions (Fig.
1C). This approach was shown to reduce
metastases in vivo in several types of cancer.
Price et al. (3) demonstrated substantial
blockade of breast CSCs homing to BM
using an E-selectin inhibitor, GMI-1271.
This emphasized the therapeutic promise
of selectin inhibitors for interfering with
cancer dormancy and reducing the poten-
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tial for cancer relapse. Indeed, clinical trials
(ClinicalTrials.gov identifier: NCT02306291)
testing the effects of GMI-1271 and other selec-
tin inhibitors are currently being conducted in
AML patients.

Another strategy uses selectins directly as
moieties for active drug targeting (Fig. 1C).
Major efforts have been directed toward de-
veloping drug carriers that would enable pas-
sive drug accumulation at tumor sites as a
result of leaky tumor vasculature, known as
the enhanced permeability and retention (EPR)
effect. However, the EPR phenomenon appears
to have a limited presence in human tumors and
metastases. Because selectin overexpression is
a marker for tumor vascular endothelium, tar-
geting selectins may present an attractive ap-
proach for delivering drugs to tumors and
metastasis sites. To devise targeted carriers,
suitable targeting moieties (antibodies, peptide,
or natural ligands) can be surface conjugated
to nanoparticles that entrap chemotherapeutic
agents or nucleic acids for manipulating gene
expression (4, 5). In this issue of Science Trans-
lational Medicine (6), Shamay et al. present an
elegant approach that combines the two strate-
gies in a single platform. By devising drug car-
riers composed of the sulfated polysaccharide
g. 1. Selectins as therapeutic targets in cancer.

andB) Schematic illustrationof selectins’ role in inflam-
ation (A) and cancer progression (B). (C) This mecha-
sm can be used for selectin-based targeted therapy.
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fucoidan, an inhibitor of P- and L-selectins,
Shamay et al. were able to demonstrate ef-
ficient and robust encapsulation of chemo-
therapy drugs along with active targeting in
several types of tumors in vivo. Fucoidan’s dual
function as both a drug carrier and a P-selectin
ligand inhibitor may enable blocking of the
“roads” and promote drug accumulation in
the interior of tumors to eliminate cancer cells.
The authors demonstrated that fucoidan-based
nanoparticles (F-NPs) encapsulating chemo-
therapy drugs promoted tumor targeting in
both primary and metastatic mouse models
and resulted in shrinkage of the tumors and
prolonged survival of tumor-bearing mice.
F-NPs markedly improved the therapeutic out-
come relative to dextran-based nanoparticles
(D-NPs), controlling for baseline drug accumu-
lation and efficacy mediated by the EPR effect.

To elucidate the mechanism by which
F-NPs act in vivo, the authors conducted a
set of experiments. By inducing P-selectin ex-
pression on tumor vascular endothelium, they
demonstrated P-selectin’s crucial role for F-NPs’
active targeting. The authors measured in vitro
drug penetration through a monolayer of
endothelial cells and accumulation in tumor
spheroids. Enhanced drug accumulation in
tumors was observed as a result of F-NP treat-
ment compared to the untargeted D-NPs, im-
plying that active binding to endothelial cells
promotes particle penetration. Overall, the
authors suggested that F-NPs accumulate at
vascular endothelial sites within tumors and
penetrate tumor cells through activated endo-
thelium. In addition to active targeting, F-NP
penetration can also be supported by endo-
thelial cell death and the EPR effect. As the
authors pointed out, further studies in tumor
models that lack EPR will be needed to eluci-
date the penetration mechanism.

Interestingly, Shamay et al. also showed that
P-selectin is overexpressed not only at the tu-
mor vascular endothelium but also on many
types of tumors, such as lung, ovarian, lym-
phoma, and breast cancers, emphasizing its
possible role as a targeting molecule at the
tumor cellular level. Shamay et al. further dem-
onstrated in vitro cellular drug targeting by
F-NPs resulting in increased cell death over
the untargeted, D-NPs control. The F-NP de-
sign exploits selectin expression on tumor vas-
cular endotheliumandperhaps on tumor cells.
Therefore, F-NPs are thought to deliver drugs
through active targeting in addition to EPR
drug accumulation. Besides, F-NPs can poten-
tially block P-selectin from interacting with its
ligands. Surprisingly, inmelanoma and in breast
metastaticmousemodels, Shamay et al. demon-
strated no therapeutic benefit from administra-
tion of free fucoidan. Because selectin-ligand
interactions are multivalent and might be in-
fluenced by ligand density and conformation,
a free fucoidan may not interact with P-selectin
as F-NPs do. Nevertheless, testing F-NPs’ inhib-
itory effects over the time course of metastatic
progression may still uncover additional
benefits from its possible role as an inhibitor
of selectin-ligand interactions.

TARGETING SELECTINS: A POTENTIAL
TWO-EDGED SWORD
Not all tumors exhibit homogeneous overex-
pression of vascular endothelium P-selectin.
Because irradiation induces selectin expression,
Shamay et al. explored whether the combi-
nation of irradiation with selectin-based ther-
apy can be effective against tumors that lack
endothelial expression of P-selectin. The use
of irradiation might also allow control over
the extent and duration of selectin expression.
Indeed, the combination therapy showed
promising therapeutic results, enhancing drug
accumulation in tumors and dramatically de-
creasing tumor volume in the Lewis lung car-
cinoma mouse model. Yet, it is essential to
note that P- and E-selectin induction by irra-
diation might also promote cancer aggression
and encourage metastatic spread (7, 8).

Interfering with selectin function through
selectin-based therapy may act as a two-edged
sword, which could result in either cancer erad-
ication or cancer progression. Selectins’ role
in leukocyte trafficking is a fundamental pro-
cess. The presence of tumor-infiltrating lym-
phocytes negatively correlates with cancer
severity (9). In fact, an immune scoring system
(Immunoscore) based mainly on the presence
of CD3+ and CD8+ T lymphocytes helps pre-
dict the clinical outcome for cancer patients.
Moreover, clinical results of immune check-
point blockade further emphasize the impor-
tant role of adaptive immunity in fighting
cancer (10). Damaging or blocking leukocytes’
trafficking could also impact lymphocyte cir-
culation in general, and for T lymphocytes,
www.ScienceTranslationalMedicine
in particular, this may hamper the antitumor
immune response. This suggests a potential
approach to personalized therapy, in which
selectin-based therapy could be offered to
patients with a low Immunoscore.

Further research that finds possible differ-
ences in selectin ligand types and density
variations between cancer cells and leukocyte
subsets may enable fine-tuning and optimiza-
tion of selectin-based therapy. These strategies
may allow the development of treatments that
inhibit selectin interactions with cancer cells
and prometastatic leukocyte subsets but still
keep T lymphocyte circulation intact.
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