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Platelets have long been suspected of having a role in cancer progres-
sion and metastasis that has largely been attributed to platelet-mediated 
enhancement of tumor cell survival, extravasation, and angiogenesis. A 
study in this issue of the JCI suggests that platelet-derived lysophosphatidic 
acid is coopted by aggressive breast and ovarian cancer cells as a tumor cell 
mitogen and promoter of osteolysis during bone metastasis (see the related 
article beginning on page 1714).

The history of platelets and cancer
Platelets and cancer have been associated 
clinically since the 1800s when the French 
clinician Armand Trousseau diagnosed him-
self and several other patients with migratory 
thrombophlebitis (inflammation of vessels 
due to blood clotting) caused by an occult 
visceral carcinoma (1). Although Trous-
seau Syndrome (as it came to be known) is 
infrequently the initiating clinical presenta-
tion of cancer, a majority of advanced cancer 
patients develop blood platelet abnormalities 
that indicate a hypercoagulable state (2).

The clinical correlation between platelet 
dysfunction and cancer progression is sup-
ported by the finding that platelets have an 
essential role in numerous models of experi-
mental metastasis. Depletion of platelets by 
a variety of mechanisms reduces the number 
of metastases to lung and bone in both xeno-
graft and syngeneic tumor transplant models 
(3). Importantly, this phenomenon seems to 
be quite general, as cancerous cell lines from 
many tissue types give similar results.

Several mechanisms of platelet action in 
facilitating metastasis have been proposed 
(see Figure 1). Aggregates of circulating can-
cer cells with platelets may protect against 
immune-mediated pathways of tumor cell 
clearance (4). In addition, platelets facilitate 
adhesion of cancer cells to both leukocytes 
and endothelial cells, which may promote 
the essential step of extravasation in the 
metastatic cascade (3). Once the tumor cells 
have exited the circulation, factors derived 

from activated platelets are able to induce 
neoangiogenesis, thereby enabling growth 
at the metastatic site (5). In this issue of the 
JCI, Boucharaba et al. characterize two addi-
tional roles of platelets in metastasis: as a 
direct source of tumor cell mitogens and as 
an indirect activator of osteoclastic activity 
in the bone microenvironment (6).

When platelets receive activating signals 
through their cell surface receptors, they 
undergo dramatic structural and chemical 
changes (7). Cytoplasmic granules rapidly 
fuse with the plasma membrane, releasing 
a plethora of bioactive compounds into the 
local periphery and simultaneously expos-
ing activated adhesion receptors to the cell 
surface (8, 9). Concomitant with these mem-
brane events, the cytoskeletal architecture of 
platelets during activation transforms into 
a rigid network of actin filaments that is 
resistant to the shear stresses present in cir-
culation (2). Many of these platelet effectors 
of hemostasis and thrombosis may have a 
dual function in promoting the metastasis 
of tumor cells. Boucharaba et al. now iden-
tify platelet-derived lysophosphatidic acid 
(LPA), a bioactive lipid with growth fac-
tor–like signaling properties, as a driving 
mechanism of bone metastasis (6).

Lysophosphatidic acid: an effector of 
platelet-mediated tumor progression
LPA is a structurally simple, water-soluble 
biolipid, consisting of a phosphoglycerol 
backbone with only one fatty acyl chain (10). 
It can be synthesized from multiple enzy-
matic pathways utilizing either membrane 
phosphatidic acid or lysophosphatidylcho-
line as substrates. Upon generation, it is 
frequently shed into the extracellular envi-
ronment where it acts in either autocrine or 
paracrine fashion on a G protein–coupled 

receptor (GPCR) family of LPA receptors 
expressed on responsive cells (11). Activation 
of downstream signaling pathways results 
in pleotropic effects on normal and trans-
formed cells, including promotion of cel-
lular proliferation, survival, and migration 
(12). Not surprisingly, aberrant synthesis of 
LPA has been proposed to enhance tumor 
growth and progression. Autotaxin, an enig-
matic protein whose expression in tumor 
cells correlates with metastasis, was recently 
characterized as a lysophospholipase that 
acts by generating LPA from lysophosphati-
dylcholine (10). However, the LPA implicat-
ed in tumor progression can also be derived 
from normal host cells, with platelets being 
a major endogenous source. In fact, levels of 
LPA reach 1–5 μM in serum, yet are several 
orders of magnitude lower in plasma (10).

The study by Boucharaba et al. (6) is 
the first to characterize a role for platelet-
derived LPA as an enhancer of bone metas-
tasis by breast and ovarian cancer cells. The 
authors primarily utilized a bone-tropic 
subpopulation of MDA-MB-231 human 
breast cancer cells engineered to inducibly 
overexpress LPA receptor type 1 (LPA1) to 
demonstrate that LPA1 enhances in vivo 
tumor growth both subcutaneously and in 
the bone microenvironment. These findings 
suggest that there must be an endogenous 
source of LPA mediating the mitogenic 
effects, either coming from the tumor cells 
themselves or from a nontransformed host 
cellular compartment. The authors went on 
to establish that platelets, and not MDA-
MB-231 cells, were the source of LPA in this 
metastasis model. They further demon-
strated that MDA-MB-231 cells were able to 
induce platelet aggregation and activation 
in vitro, which resulted in liberation of sol-
uble mediators of tumor cell growth (Fig-
ure 1). Impressively, the growth-stimulatory 
activity of the supernatant from activated 
platelets was dependent on LPA1 and com-
pletely abrogated upon pretreatment with 
LPA-degrading enzymes.

The authors extended these findings in 
vivo by treating metastasis-harboring ani-
mals with Integrilin, a pharmacological 

Nonstandard abbreviations used: GPCR, G protein–
coupled receptor; LPA, lysophosphatidic acid; LPA1, 
LPA receptor type 1.
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αIIbβ3 integrin antagonist and inhibi-
tor of platelet aggregation (6). Treatment 
was started after initial bone metastasis 
formation was detected (approximately 2 
weeks after tumor cell inoculation) so as 
not to interfere with any contribution that 
platelets may have in early survival and 
extravasation of metastatic cells. Treated 
animals exhibited thrombocytopenia, a 
decrease in circulating LPA plasma levels, 

and a significant reduction in osteolytic 
bone metastasis formation. These find-
ings are promising. However, the authors 
did not interfere specifically with LPA sig-
naling in vivo, leaving open the possibility 
that this antimetastatic effect could be due 
to some other LPA-independent pathway. 
Further work with tumor cells that have 
not artificially been made hypersensitive to 
LPA would be necessary to firmly establish 

LPA signaling in vivo as a therapeutic tar-
get in the treatment of bone metastasis.

Tumor cells that metastasize to bone are 
not directly able to induce osteolysis. Instead, 
they often recruit normal host osteoclasts as 
accomplices in metastasis by releasing osteo-
clastogenic paracrine factors, such as para-
thyroid hormone–related protein, IL-8, and 
IL-11 (13–15). Boucharaba et al. (6) noticed 
that the enhanced bone metastasis that they 
observed, owing to LPA1 overexpression, 
exhibited a disproportionately higher degree 
of osteolysis. Upon histological examina-
tion, they realized that there was more effec-
tive osteoclast recruitment and activation by 
tumor cells with hyperactive LPA signaling. 
They subsequently demonstrated a potential 
mechanism explaining this effect: LPA stim-
ulated MDA-MB-231 cells to secrete IL-6 and 
IL-8, both potent activators of osteoclast-
induced bone resorption (Figure 1).

Platelet modulation  
as metastasis therapy
The findings of this study contribute to 
the already impressive set of preclinical 
data suggesting that platelet inhibition 
may slow the rate of tumor progression 
and metastasis. However, extrapolation of 
these results into efficacious therapies for 
cancer patients has proven elusive. Clini-
cal trials of the antiplatelet agents aspirin 
and heparin have yielded inconclusive, 
albeit promising, evidence that platelet 
inhibition may enhance survival of cancer 
patients (16, 17). A primary source of the 
difficulty in translating these results into 
effective anticancer therapies is the para-
mount role that platelets play in maintain-
ing normal hemostasis even in the absence 
of acute injury. In fact, cancer patients 
receiving cytotoxic chemotherapy who suf-
fer from bleeding due to platelet toxicity 
are regularly transfused with large num-
bers of platelets from healthy donors (2). 
Is it possible that this life-saving therapy is 
simultaneously facilitating metastasis of 
their cancerous cells?

Effective platelet-modulating therapies 
for metastasis must exhibit specificity for 
the pathological tumor cell–platelet inter-
action without abrogating normal platelet 
function. Platelet-specific integrin inhibi-
tors similar to Integrilin, which was used in 
the Boucharaba et al. study (6), fall into this 
category because they inhibit tumor cell–
induced platelet aggregation while preserv-
ing a partial role for platelets in hemostasis 
(18, 19). Another promising target for inhi-
bition is the adhesive interaction between 

Figure 1
Platelets facilitate metastasis through multiple mechanisms. (A) Tumor cells induce platelet 
aggregation and embolus formation, which can enhance survival in the stressful milieu of the cir-
culation. This includes protection from immune-mediated clearance (I) and from shear stresses 
that are toxic to tumor cells (II). (B) Platelets also form complexes with leukocytes and facilitate 
adhesion to endothelial cells (III). It is hypothesized that this adhesive cellular aggregate is com-
petent to extravasate into the secondary site of metastasis. Numerous platelet-derived factors 
enhance angiogenesis (IV), growth, and tissue-specific modulation of the new microenvironment. 
One of these factors is LPA, which acts as a direct tumor cell mitogen (V) and as an enhancer of 
osteolysis through induction of IL-6 and IL-8 by cancer cells in the bone marrow (VI).
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platelet P-selectin and tumor cell sialylated 
mucins that has been shown to be essential 
for metastatic spread in mouse models (17). 
Finally, the findings of Boucharaba et al. lay 
the groundwork to suggest that inhibition 
of platelet-derived LPA action on its cog-
nate receptors expressed by tumor cells may 
be another promising therapeutic target, 
especially for bone metastasis. The devel-
opment and clinical testing of this class of 
specific modulators of platelet function will 
be necessary before a verdict can be reached 
regarding the importance of platelets in the 
progression of disease in cancer patients.
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The Staphylococcus aureus “superbug”
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There has been some debate about the disease-invoking potential of Staphy-
lococcus aureus strains and whether invasive disease is associated with par-
ticularly virulent genotypes, or “superbugs.” A study in this issue of the JCI 
describes the genotyping of a large collection of nonclinical, commensal  
S. aureus strains from healthy individuals in a Dutch population. Extensive 
study of their genetic relatedness by amplified restriction fragment typing 
and comparison with strains that are associated with different types of infec-
tions revealed that the S. aureus population is clonal and that some strains 
have enhanced virulence (see the related article beginning on page 1732). 
This is discussed in the context of growing interest in the mechanisms of 
bacterial colonization, antibiotic resistance, and novel vaccines.

Nasal colonization
Staphylococcus aureus is a common commen-
sal of humans and its primary habitat is the 
moist squamous epithelium of the anterior 
nares (1). About 20% of the population are 
always colonized with S. aureus, 60% are 

intermittent carriers, and 20% never carry 
the organism. As there is considerable evi-
dence that carriage is an important risk 
factor for invasive infection (1, 2), it is sur-
prising that so little is known about the 
bacterial factors that promote coloniza-
tion of squamous epithelial surfaces and 
the host factors that determine whether an 
individual can be colonized or not.

Methicillin-resistant S. aureus
Healthy individuals have a small but finite 
risk of contracting an invasive infection 
caused by S. aureus, and this risk is increased 
among carriers. Hospital patients who are 

catheterized or who have been treated surgi-
cally have a significantly higher rate of infec-
tion. In some, but not all, developed coun-
tries, many nosocomial infections are caused 
by S. aureus strains that are multiply resis-
tant to antibiotics — known as methicillin-
resistant Staphylococcus aureus (MRSA) (3, 4) 
— although the acronym MRSA is somewhat 
misleading because the semisynthetic β-lac-
tam methicillin is no longer used to treat  
S. aureus infections. In MRSA, the horizon-
tally acquired mecA gene encodes a penicil-
lin-binding protein, PBP2a, which is intrin-
sically insensitive to methicillin and all 
β-lactams that have been developed, includ-
ing the isoxazoyl penicillins (e.g., oxacillin) 
that superceded methicillin, in addition to 
the broad spectrum β-lactams (third-gener-
ation cephalosporins, cefamycins, and car-
bapenems) that were introduced primarily 
to treat infections caused by Gram-negative 
bacteria (4) (Figure 1). In contrast to noso-
comial MRSA strains, which are usually 
multidrug resistant, the recently emerged 
community-acquired MRSA (CA-MRSA) 
strains are susceptible to drugs other than 
β-lactams (5).

Nonstandard abbreviations used: AFLP, amplified 
fragment length polymorphism; CA-MRSA, communi-
ty-acquired MRSA; MLST, multilocus sequence typing; 
MRSA, methicillin-resistant Staphylococcus aureus; PVL; 
Panton-Valentine leukocidin; WTA, wall teichoic acid.
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