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Proper regulation of the immune response is essential for
a positive outcome during inflammation. Controlled in-
flammation leads to effective clearance of infection, im-
mune resolution, and tissue repair. In sharp contrast,
uncontrolled inflammatory responses have been impli-
cated in many chronic diseases including, but not limited
to, arthritis, lung fibrosis, and inflammatory bowel dis-
eases. Although there has been significant improvement
in our understanding of the underlying cellular and mo-
lecular mechanisms involved in chronic inflammatory dis-
eases, effective targets and therapies necessary for dis-
ease prevention and treatment still remain elusive. This is
most likely due to the sheer number of mechanisms
(some of which are well-defined, and others that remain
unclear) involved in the initiation and propagation of com-
plex inflammatory diseases. Therefore, it is essential that
we broaden our understanding of the numerous underly-
ing mechanisms occurring in the pathogenesis of chronic
inflammatory diseases to develop effective therapies, or
preventions. In this issue of The American Journal of
Pathology, a novel study by de la Motte et al1 have
proposed a new role for platelets and hyaluronan (HA)
in activating monocytes, cells known to contribute to
numerous chronic inflammatory states. Additionally,
this study has revealed potential therapeutic enzymatic
targets that could reduce the inflammation associated
with inflammatory bowel disease and perhaps other
inflammatory conditions.

Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis, affects about 1.4 million
people in the United States and 2.2 million in Europe.2

Currently, it is believed that IBD results from inappropri-
ate and continuous activation of the mucosal immune
system by the flora found within the intestinal lumen.3

Studies using murine models of IBD have suggested that
prototypical Th1 cytokines, including interferon–�, acti-

vate macrophages to produce various mediators, which
further stimulate the Th1 response and result in a self-
sustaining inflammatory cycle.3

There is a growing body of evidence to support roles
for various cytokines, such as those produced by acti-
vated macrophages, in IBD pathogenesis. TNF–�, an
important pro-inflammatory cytokine produced by cells of
the innate immune system, has been shown to play sev-
eral key roles in the pathogenesis of IBD. TNF–� stimu-
lates intestinal endothelial cells to express numerous ad-
hesion molecules and HA structures on their luminal
surface, allowing for monocyte adhesion.4,5 These find-
ings led de la Motte and colleagues to test whether HA
structures present on the endothelial surface could be
involved in monocyte activation. Additional cytokines,
such as interleukin-1� and interferon-�, have also been
shown to contribute to the pathogenesis of inflammatory
diseases, in part by potentially modulating the synthesis
of HA.6 However, the use of TNF–� as an initiating mol-
ecule in the in vitro system used by de la Motte and
colleagues is certainly justified since anti-TNF–� is a
viable therapy for IBD and other inflammatory diseases.

Platelets are the new players on the inflammatory
scene. Although platelets were originally considered non-
immune cells whose primary physiological role was ho-
meostasis, it is becoming increasingly more obvious that
these anuclear fragments may play crucial roles in sev-
eral inflammatory processes. Firstly, platelets are often
found at sites of inflammation and are involved in ampli-
fying the inflammatory response by releasing many dif-
ferent pro-inflammatory molecules.7 In addition, upon
binding to the endothelium, platelets can express adhe-
sion molecules that allow for direct binding of leukocytes,
thereby bringing platelets and leukocytes into intimate
contact. This is not inconsequential as platelets and leu-
kocytes participate in transcellular synthesis of inflamma-
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tory molecules such as certain lipid mediators that each
cell cannot produce on its own.8

Inflammatory bowel disease is consistently associated
with abnormalities of platelet number and function. Pa-
tients with IBD are commonly characterized by reactive
thrombocytosis, an increased state of platelet activation
in the peripheral circulation, as well as spontaneous ag-
gregation and increased susceptibility to aggregating
agents.9 Increased leukocyte-platelet interactions in IBD
have been described by numerous investigators.10–12

Additionally, mucosal biopsies of patients with IBD re-
vealed the presence of intravascular microthrombi due to
an increase of pro-coagulant behavior in inflamed tis-
sues.13 Therefore, the newly proposed role for platelets in
IBD could be of significant importance.

HA is essential for numerous physiological functions,
including cell migration and tissue remodeling during the
morphogenesis of organs, and in malignant tumor behav-
ior.14 Additionally, HA influences the hydration status of
tissues and is capable of interacting with extracellular
matrix macromolecules and cell surface receptors, such
as CD44, receptor for hyaluronic acid-mediated motility,
and lymphatic vessel endothelial HA receptor 1.15 Frag-
mentation of HA by hyaluronidase (HYAL) type 2, in con-
cert with CD44, can generate lower molecular weight
fragments (10 to 20 kDa) that function biologically as
pro-inflammatory mediators.16 It has been shown that HA
fragments can activate the inhibitor of nuclear factor-�B�/
nuclear factor-�B pathway in murine macrophages,
which can then up-regulate the expression of interleu-
kin-1� and TNF-�17 and, as de la Motte and colleagues
demonstrate here, numerous other potential inflammatory
mediators.

HA synthases and HYALs have been linked to inflam-
matory diseases. Moreover, HA fragment formation is
observed under inflammatory conditions such as arthri-
tis18 and in the intestinal mucosa of patients with IBD, as
well as in mouse models of IBD.19 In this study, de la
Motte et al1 have shown that inflamed colon tissue frag-
ments from mice fed with dextran sodium sulfate, a mu-
rine model of IBD, express HYAL1 and 2. Specifically, the
authors convincingly demonstrate that HYAL2 is ex-
pressed predominantly by platelets. In addition, image
co-localization revealed that HYAL2 is associated only
with platelet membrane. Conversely, HYAL1 (required for
further degradation of HA oligosaccharides into tetrasac-
charides) was found mainly on leukocytes and not on
platelets. The authors clearly demonstrate that platelets
are able to bind HA and generate pro-inflammatory frag-
ments, which can potently activate monocytes leading to
production of interleukins–6 and –8. These intriguing
observations provide insight into a new mechanism for
promoting inflammation.

Previous studies have demonstrated that inflammatory
cells, such as mononuclear cells, can bind to HA struc-
tures on colonocytes in IBD.4 As previously mentioned,
these mononuclear cells may well play an important role
in the development of IBD by producing various cyto-
kines that propagate the disease. In the present study, de
la Motte et al1 suggest that HA fragments produced by
platelet HYAL2 are, at least in part, responsible for acti-

vating monocytes to produce pro-inflammatory cyto-
kines. These HA fragments are thought to act in a para-
crine fashion by activating monocytes that are in close
proximity to platelets. Recent studies have reported that
low molecular weight fragments of HA activate mono-
cytes by binding not just CD44, but also toll-like receptor
(TLR) 4. This is quite intriguing as the potential impor-
tance of TLRs in IBD is being avidly studied.20

Although lipopolysaccharide is the first molecule that
comes to mind when thinking about TLR4, it is becoming
increasingly more obvious that TLR4 is a promiscuous
receptor and has several exogenous as well as endoge-
nous ligands. If HA fragments can indeed activate this
potent pathway, this would certainly be worth further
exploration. A very recent study has shown that platelets
stimulated via TLR4 will bind and deliver a very potent
signal to neutrophils, which causes neutrophils to release
almost all of their granular constituents. In fact, the li-
popolysaccharide-stimulated platelets triggered the pro-
duction of neutrophil extracellular traps (NETs), novel
DNA structures covered with granular proteins that are
released in the vasculature and have the capacity to
injure surrounding host cells.21

The use of lipopolysaccharide is criticized because its
concentration in human diseases never reaches levels
used in most experimental studies. In this context, it is
intriguing that de la Motte and colleagues demonstrate
high local levels of inflammatory HA fragments, which
could activate monocytes and possibly platelets via
TLR4. One could imagine that stimulation of TLR4 by HA
fragments during platelet-leukocyte interactions could
lead to the production of these highly toxic NETs. This is
underscored by the very recent report of NETs in IBD.22

However, whether mononuclear cells such as monocytes
are able to produce NETs through a platelet-TLR4 de-
pendent mechanism remains unknown. The contribution
of pro-inflammatory HA fragments in NET production
would be an interesting topic for future study.

The present study raised the possibility that HYAL2
may play an important role in IBD initiation and pro-
gression. Consequently, HYAL inhibitors may be of
great therapeutic value by inhibiting the formation of
inflammatory HA fragments. In addition, HA has been
demonstrated to be an adhesion molecule that promotes
lymphocyte and neutrophil accumulation in sites of in-
flammation.23,24 Whether these adhesive properties are
also dependent on HYAL2 remains unclear, but inhibition
of the enzyme to reduce both activation of monocytes as
well as adhesion could potentially be a very potent anti-
inflammatory therapy. Finally, HA has been shown to bind
and be modified by serum-derived HA-associated pro-
tein, which enhances HA adhesivity.25 It has also been
suggested that serum-derived HA-associated protein
has hyaluronidase inhibitory properties, raising important
questions about its potential role in HA regulation and
inflammation.

Since several different isoforms of HYALs are ex-
pressed, elucidating the role played by each of these
different enzymes will be crucial to address the relevance
of individual enzymes during inflammatory diseases. In-
terestingly, the gene for human HYAL1 is also a tumor
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suppressor gene26 whereas HYAL2 may be important in
development,27 suggesting that these different isoforms
do play distinctive physiological roles. De la Motte et al1

have provided the rationale to investigate how different
HYAL inhibitors can impact monocyte activation and in-
tervene in the progression of IBD.

Like any intriguing study, this work raises many more
important questions. Imaging of platelet-monocyte inter-
actions and the formation of HA inflammatory fragments
might be possible with the new intravital microscopy
techniques available. Moreover, the role of HA in animal
models of IBD should certainly be pursued in light of the
fact that certain variants of CD44 have been shown to be
important in models of IBD.28 Using inhibitors of HYALs
as potential therapeutic intervention during IBD may also
have the benefit of inhibiting the formation of inflamma-
tory fragments of HA without affecting the homeostatic
physiological roles of HA. This would minimize untoward
effects of blocking the day-to-day function of HA and its
various receptors.
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