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A Novel Approach to Resolving Inflammation

Understanding how the body naturally “turns off” inflammation may yield new
treatments for periodontal disease and other inflammatory conditions

By Thomas E. Van Dyke and Charles N. Serhan

CIENTISTS HAVE KNOWN FOR ALMOST §O YEARS

that periodontal disease is caused by bacterial infections. However,

the tissue damage that occurs in periodontal disease—destruction

of the bone and ligaments that hold
teeth in place—cannot entirely be ex-
plained by the action of infecting or-
ganisms. Instead, the real culprit seems
to be the patient’s own inflammatory
response to that infection.
Inflammation evolved as a pro-
tective response to infection and to
traumas such as wounds and insect
bites. Yet inflammation can also be
deleterious—especially when it per-
sists, instead of fading away as it
should. Our research collaboration
over the past nine years indicates

CAN GUM DISEASE CAUSE HEART DISEASE?

that periodontal disease results
mainly from the body’s failure to
turn off its inflammatory response to
infection. The result is chronic in-
flammation, which causes much of
the tissue damage that we observe in
periodontal disease.

Why, for some of us, does this in-
flammatory response to oral bacteria
persist rather than subside? The an-
swer may lie in our genes: Studies indi-
cate that much of our susceptibility to
periodontal disease is genetically influ-
enced. But fortunately, it may be pos-

SEVERAL PROVOCATIVE STUDIES suggest that people with periodontal disease have an
increasedrisk of heartdisease. To furtherinvestigate this link, we induced periodontal
diseaseinrabbits by tying a thread around some of their teeth and treating their gums
and teeth with a bacterium known to cause periodontitis in humans. Six weeks later,
after the rabbits had developed periodontal disease, we examined their major blood
vessels. The rabbits with periodontal disease had much more atherosclerosis—fatty
plaque depositsin their major blood vessels—than the healthy control rabbits.

But which component of periodontal disease—the infection or the inflammation—
was the culprit? To find out which had caused the atherosclerosis, we once again
tried inducing periodontal disease. This time, besides ordinary rabbits, we used
“inflammation-resistant” rabbits that we genetically engineered with Larry Chan
(Baylor Medical College) to have abnormally high lipoxin levels in their blood. The
resistant rabbits not only failed to develop periodontal disease—their arteries
were almost completely free of plaque, compared with the nonresistant rabbits
thatdeveloped periodontal disease.

This study adds to mounting evidence that periodontal disease may contribute to
atherosclerosis. It furthersuggests that periodontalinflammation plays akeyrole
in the potential periodontal disease—heart disease connection.
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sible to rein in runaway inflammation
and the tissue destruction it causes.

We and our colleagues have identi-
fied powerful compounds, produced
naturally by the body, that put the
brakes on the inflammatory response.
If we can manufacture these novel
anti-inflammatory chemicals and use
them as medicines, they might offer
safe and effective treatments—not
only for periodontal disease but also
for heart disease, arthritis, Alzheim-
er’s disease and other health problems
where chronic inflammation appears
to play an important role.

Much of our work on inflamma-
tion in periodontal disease has fo-
cused on its cause: the immune reac-
tion that the body mounts against in-
fection. This attack triggers the classic
signs of inflammation including heat,
redness, swelling and pain. We’ve
been particularly interested in the in-
nate immune response—the body’s
first line of defense. This response is
initiated by neutrophils, a type of
white blood cell crucially important
in eliminating infectious organisms
by engulfing them through a process
called phagocytosis—which literally
means “cell eating.”

As they congregate at the site of
infection or trauma, neutrophils se-
crete “proinflammatory” chemicals
that cause the first, or acute, phase of
inflammation. Normally, in the next
step, neutrophils cease their chemical
onslaught and inflammation subsides.
But in periodontal disease there is a
glitch: neutrophils continue churning
out proinflammatory chemicals,
which create a complex, chronic le-
sion that destroys the gum and bone
holding teeth in place.

Clearly, inflammation’s failure to
enter its last or “resolution” phase can
have serious consequences. This final
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TRAUMAORINFECTION triggers the early phase
of inflammation (“go” traffic lights). Here, ara-
chidonicacidis convertedto proinflammatory
mediators leukotriene B4 (LTB,) and prosta-
glandin E; (PGE;) that cause edema, feverand
pain. Later, elevated PGE; levels help resolve
inflammation by stimulating production of
enzymes thatform anti-inflammatory lipoxins
(“stop”trafficlights), which are also generated
within blood vessels via platelet-neutrophil
interactions. The final step in halting inflam-
mation is the switch of families in lipid media-
tors from proinflammatory to resolvins and
protectins. Exudate neutrophils biosynthesize
these two chemical families from omega-3
fatty acidsin the diet.
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phase has traditionally been consid-
ered a passive event—a petering out
of immune activity that paled in com-
parison to the acute phase’s neutro-
phil attack. That assumption re-
quired drastic revision after one of us
(Serhan) carried out the first system-
atic study of the natural history of
inflammation by examining inflam-
matory pus in skin lesions of rabbits
and mice.

We observed that neutrophils,
which lead the white cell onslaught
during inflammation’s acute phase,
secrete two compounds well known
for provoking inflammation and at-
tracting additional white cells to the
area: leukotriene By, followed by
prostaglandin E;. But at the end of
the acute phase, we saw something
surprising: neutrophils stopped se-
creting classic inflammatory chemi-
cals and instead began collaborating
with other cells to synthesize com-
pounds that halted inflammation.

We dubbed these anti-inflamma-
tory compounds lipoxins, since they
were derived from the lipids (fatty ac-
ids) released from neutrophils’ cell
membranes and from other cells that
congregate early in inflammation. If
it is prostaglandins and leukotrienes
that give the “green light” that ac-
celerates tissue injury and inflamma-
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tion, then it is lipoxins that can be
considered the “red lights” that help
bring inflammation to a halt.

The synthesis of these inflamma-
tion-stopping compounds starts late
in the acute inflammatory response.
Before that, inflammation is in full
swing: enzymes from platelets and
other cells attracted to the area me-
tabolize arachidonic acid (a major
fatty acid in cell membranes) to create
leukotrienes and other proinflamma-
tory compounds. Then, once these
inflammatory chemicals have crowd-
ed together, an abrupt shift occurs,
and enzymes induced in neutrophils
convert arachidonic acid into inflam-
mation-dampening lipoxins. The in-
flammatory response ceases as lipox-
ins increase in quantity at the expense
of proinflammatory compounds.

SERHAN RECENTLY discovered yet
another family of inflammation-re-
solving compounds that we’ve
dubbed “resolvins.” In contrast to li-
poxins, whose starting material is
arachidonic acid, the resolvins are
derived from fatty acids in the diet—
specifically from omega-3 fatty acids
that are especially plentiful in fish.
Several well-designed clinical stud-
ies indicate that diets rich in omega-3s
help in treating and preventing arthri-

cause harmful side effects in
doing so. Ibuprofen and other
nonsteroidal anti-inflammatory
drugs (NSAIDs), forexample, curb
prostaglandin production while
increasing users’ risk for gastro-
intestinal bleeding. By contrast,
naturally occurring inflamma-
tion-resolving compounds, such
as resolvins and lipoxins, affect
allaspectsofinflammation. They
create acoordinated cellularand
molecular response that brings
inflammation to a halt. Drugs
mimicking these natural com-
pounds could potentially treat
inflammation “naturally” and
without side effects.
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tis, cardiovascular disease and other
inflammatory conditions. We now sus-
pect that the resolvins formed from
omega-3s may in part account for the
anti-inflammatory properties of these
dietary fatty acids.

The actions of lipoxins and re-
solvins in the body are similar but
not identical. Their net effect is to
rapidly halt inflammation and mini-
mize tissue damage. Furthermore,
taking aspirin results in more potent
and longer-lasting lipoxins and re-
solvins [see box on page 45].

In our federally funded Special-
ized Center for Oral Inflammation
and Resolution, we are studying how
the structure of resolvins gives them
their potent anti-inflammatory abil-
ity. Based on our findings, we rea-
soned that the topical application of
lipoxins and resolvins as medicines
might prove useful in treating or even
preventing inflammatory diseases
like periodontitis. We also wondered
if these compounds might help
against other inflammatory prob-
lems such as cardiovascular disease
and the complications of diabetes.

To test resolvins’ ability to prevent
periodontitis, we chose an established
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model of human gum infection—the
rabbit model. We tied silk thread
around certain rabbit teeth to trap bac-
teria and then added a disease-causing
human bacterium, Porphyromonas
gingivalis, to induce periodontitis. Af-
ter dividing the rabbits into two groups,
we swabbed a resolvin-containing so-
lution on the gums of one group and an
inactive solution on the gums of the
other. The results were striking: rab-
bits receiving the topical resolvin solu-
tion were completely protected against
periodontitis, whereas the placebo
group developed severe gum disease
[see photos on page 44].

TO FURTHER EXPLORE this connection
between inflammation and suscepti-
bility to disease, we studied genetically
engineered rabbits that have elevated
levels of lipoxins when their white
blood cells are activated. These rabbits
also have a very low incidence of ath-
erosclerosis [see box on page 42] in
their major vessels. We tried to pro-
duce gum disease in these “inflamma-
tion-resistant” rabbits using the same
silk thread and bacteria technique de-
scribed above. With their elevated lev-
els of circulating lipoxins, these rabbits
proved resistant to periodontitis.

While we know that bacteria
causes periodontal disease, it now ap-
pears thatits progressive form may be
primarily driven by inflammation—
which could alter the way this condi-
tion is controlled and treated. In peo-
ple susceptible to periodontal disease,
for example, topical application of li-
poxins or resolvins could possibly
prevent or lessen its severity.

More broadly, our research has
shown that inflammation involves the
coordinated response of a large num-
ber of biochemical pathways. But to-
day’s anti-inflammatory drugs defuse
only one pathway or another and can
be risky to use. Consider two exam-
ples: by far the largest class of anti-in-

REVVING UP LIPOXINS AND RESOLVINS WITH ASPIRIN

ASPIRIN’S POTENT ANTI-INFLAMMATORY PROPERTIES were recognized soon after it was
introduced acenturyago. Butnotuntilmany decades|laterdid Sir JohnVane, Sune Bergstrém
and Bengt Samuelsson—in research for which they shared a 1982 Nobel Prize—discover
how aspirin actually works. Aspirin blocks the enzyme COX-2. This provides relief by
preventing arachidonic acidin cellmembranes from being converted into prostaglandins—
the chemical messengers that cause the pain and swelling of inflammation.

By blocking the COX-2 enzyme, aspirin and
similar drugs do a good job of shutting off the
prostaglandins that fuel the early, acute phase
ofinflammation. Buttheymayalsosetthe stage
forchronicinflammation by hinderingthe body’s
own attempt to heal: As theillustration on page
43 shows, prostaglandins are vital for producing
the lipoxins that help to resolve inflammation.

This suggests abetterstrategy forquelling
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inflammation: Instead of halting acute inflammation, focus instead on helping the body
inits effort toresolve the inflammatory response.

Whenwe swallow aspirin, itnotonlyinhibits COX-2 but also modifiesits action. Research
by one of us (C.S.) has shown that aspirin-modified COX-2 catalyzes the production of “new
and improved” resolvin and lipoxin compounds that have more potent and longer-lasting
anti-inflammatory effects than the naturally occurring variety.

These previouslyunappreciated aspects of aspirin’s activity may helpresearchers
develop truly anti-inflammatory compounds that would not just muffle acute
inflammation but would actively resolve inflammation and heal wounds. These drugs
would be especially useful against periodontal disease, heart disease and other
important health problems that arise from chronic inflammation.
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flammatory drugs are the NSAIDs
(nonsteroidal anti-inflammatory
drugs), which include naproxen, ibu-
profen and many other compounds.
The NSAIDs short-circuit just one in-
flammatory pathway (the one that
converts arachidonic acid into prosta-
glandins). Moreover, NSAIDs cause
thousands of deaths annually in the
U.S., mainly due to gastrointestinal
bleeding. Other, more powerful anti-
inflammatory drugs, such as Remicade
for treating rheumatoid arthritis, do so
by dampening the immune response,
which may increase vulnerability to in-
fections as well as to cancer.

By contrast, lipoxins and re-
solvins might offer major advantages
over existing anti-inflammatory
drugs. They act by “centrally” defus-
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ing inflammation rather than just
turning off one or another individual
inflammatory pathway [see sidebar
on page 44]. In addition, these natu-
ral compounds would be expected to
produce few side effects.

Our studies have shown that lipox-
ins and resolvins may be ideally suited
for treating periodontal disease. ®
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