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ABSTMCT: Meumatoid arthritis is a debiiitating chronic disease that lacks an effective treatment It is the ieading cause of disability in the
United States. Rheumatoid arthritis is an inflarDmatory response beiieved to invoive T cells reacting to an antigen witbin the joints and artic-
ular cartilage. Over-tle-counter pain reiievers and anti-inflammatory medications, such as aspiriq acetaminophen, and ibuprofen, are com-
monly used for preventive measures, but these products only teat the symptoms, not tbe cause, and may also produce serious side effects.
A growing body of evidence indicates that type tr collagen is a major structual protein responsible for tcnsile stength and toughless in the
cartilege and also a potential autoantigen in people who have rheumatoid artbritis. If the activity of T cells that release joint-destroying fac-
tors could be reduced, outcomes for patiens with rheumatoid arthritis could be improved. One metbod of achieving this is termed oral tol-
erarlce, a concept that is proving useful in the treaunent of autoimmune diseases. Oral tolerance describes a 6tate of tmune hyporespon-
siveness following tbe oral ingestion of a protein. It is, thereforc, a method by wtrich a peripheral immune toleraoce (down regulation) to a
particular antigen may be induced by presenting specific amouuts of that antigen to the gastrointestinal system. Several clinical studies have
demonstrated the effectiveness and usefulness of undenatured collagen II in auenuating the symptoms of rheumatoid arthritis with no seri-
ous adverse effects. Thus its adririnisration may demonstrate therapeutic efhcacy by inducing oral toierance for tp reabnent of this disease.

in the Treatntent of Rheumatoid Arthritis

lntroduction
kttritis is one of the rnost prevalent cbronic health

problems in the United States, affecting nearly 43 million
people.' Although it is often thought of as a disease that
predominantly affects the elderly, it is the number I
cause of disability affecting those over the age of 15. In
facl more than half of those affected by artbritis are
under the age of 65, and almost 300,000 of those affect-
ed are children.' Each year artbritis is responsible for 44
millibn outpatient visits and almost I million hospital-
izations, and it is second only to heart disease in terms of
its effect on days lost from work.2 As might be imagined
from these statistics, the toll that arthritis takes on the
,healthcare industry is substantial, costing the United
States approximately $65 billion each year in health-
reiated expenses. Unforrunately, the incidence of artbri-
tis does not appear to be decreasing, and by the year 2020
the Centers for Disease Control (CDC) predicts that
almost 60 million Americans wiil suffer from some form
of this disease.

While the term arthritis may bring to mind a simple
condition characterized by painful joints and diffrculty
performing certain tasks, it actually encompasses more
than 100 different diseases. Of these different forms of
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arthdtis, osteoarthritis (OA) and rheumatoid arthritis

GA) are the most common.
Osteoafthrttis, OA currently affects 20 million

Americans. It is a degenerative joint disease in which the
cartilage covering the ends ofbones deteriorates, result-
ing in pain, stiffoess, and loss of movement.3r This forrt
of artlnitis generally begins after tbe age of 40 and devel-
ops slowly over urany yeaxs.s People usually report pain
beginning injoints on only one side ofthe body, in con-
trast to RA. While inflammation may be present, joint
pain in OA is typically not accompanied by the amount
or severiry of inflammation observed in those with RA.
Weight-bearing joints such as the knee and hip tend to be
more affected tlan non-weight-bearing joints such as the
elbow or shoulder. The general feeling of sickness that
calr accompany other forms of arthritis does not usually
accompany O/..

Rheumaftid Anhitis, RA is not a "nsw" disease.
One of the fiist descriptions of a disease resembling RA
can be found in rhe Charaka Samhita, a medical text
from india that dates back as far as 500 BC. Another
ancient reference to ttre disease dates to 100 BC; the
Roman Scribonius Largus described a polyarthritic con-
dition occurring mainly in elderly women that closely
resembled what we now understand to be RA,
Rtre-umatoid arthritis currently affects approximately 2
rtiillion Americans and about IVo of tJ;re world's popula-
tion. However, the pathology and progression of RA is
somewhat different from that of 04.6' It often develops



suddenly, within weeks or months, and generally begins
between the ages of 25 and 50. Non-weight-bearing
joints such as the hands, shoulders, and elbows are usu-
ally affected biiaterally, and a significant amount of red-
ness, tenderness, swelling, and inflammation is often pre-
sent. RA often results in a feeling of sickness and fatigue
and may be accompanied by weight loss as well as fever.6
Morning joint stiffness iasting for an hour or longer is
relativeiy common. Subcutaneous noduies that form over
bones may also be present. Interestingly, 3 times as many
women as men are afflicted with rheumatoid arttriris.
Some patients wiil experience a monocyclic course of the
disease that may abate within 2 years, while others wiII
experience a polycyclic, or progressive, course. Of ail the
forms of arthritis, RA tends to be one of the most serious
and disabling;76Vo of rhose who have had the disease for
1.2 or more years become completely disabled. Lifespan
has been shown to be shortened by approximately 7 years
in men and 3 years in women, which is equivalent to the
increased mortality observed in those with diabetes and
Hodgkin's disease.

Etiology
While RA is classified as an autoimmune disease,

the exact causes that result in its development remain a
mys0ery. What is known is that many different and com-
plex factors are involved. Wtrile some cases of OA may
be the result of years of "wear and tear" on joint struc-
tures, other forms can be traced to an injury, infection, or
metaboiic disorder.6r RA, however, does not result from
overuse of a joint or from injury, but rather from an
autoimmune problem in which the body atracks and dam-
ages its own tissue. The damage that occurs in RA
appears to be propagated by cytokines secreted by T cells
in response to certain autoantigenic stimuli within the
joint.e''o Various immunological factors are involved,
including but not limited to CD4-inducer lymphocytes,
CD4 memory cells, macrophages, neutrophils, and tumor
necrosis factor.rt'r2 One of the most likely candidates for
tiis autoantigenic stimulus is the collagen component of
cartilage, specifically type tr collagen. Some researchers
beteve that an infection may trigger the initial inflam-
mation in a joint through molecular mimicry or other
mechanisms, which in turn initiates the autoimmune
response. Genetics may also play a role, as may other
factors, including stress.

The cartilage in joints allows for flexibiliry and
motion and provides a cushion against the impact of var-
ious forces on the bone,'3 The detailed structure of carti-
Iage is complex but can be simplified into 2 major com-
ponents: collagen and proteoglycans. Proteoglycans are
large protein molecuies attached to iarge carbohydrate
chains called glycosaminogiycans.rs These proteoglycans
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help to provide a matrix in which the collagen as well as
water can coexist. There are a number of different types
of collagen, but type II accounts for the major part of car-
tilage. It is composed of 3 identical chains (termed a-I
chains) that form a triple heiix.r3-t5 This interconnected
network of collagen and proteogiycans is crucial in main-
taining joint flexibiliry and resistance to srress and frac-
ture. In RA, autoantigenic responses, most likely trig-
gered by rype II collagen, ultimarely result in the pro-
gressive inflammation, pain, and destruction characteris-
tic of this disease.''

Regardiess of the initial cause, a progressive degen-
eration of the structure and function of the joint takes
place, making normai activities of life increasingly diffi-
cult. In the case of RA, the body is unable to recognize
its collagen as normal and in rum attacks it as if it were
a foreign invader.r0'r? A novel approach to treatment,
termed oral tolerance, in which small amounts of rype II
collagen are presented to the gastrointestinal tact, has
been the focus of significant positive scientific research.,s
What is achieved is a down regulation of the body's abil-
iry to destroy its own coilagen, resulting in improvement
in symptoms and.slowing the progression of the disease.
However, to fully appreciate the use of oral tolerance in
the treatment of RA, it is important to understand the typ-
ical treatment options currently in use.re

Current Treatment Options
The featment options for those with rheumatoid

arthritis are rypically nonsteroidal anti-inflammatory
drugs (NSAIDs), alone or in combination with what are
known as disease-modifying antirheumatic drugs
@MARDs). As is well known, chronic use of NSAJDs,
especially in the elderly, is linked to numerous side
effects, including gastrointestinal bleeding and renal mal-
function.il Even the newer generation of COX-II
inhibitors such as rofecoxib (a furanone derivative),,'
celecoxib (a 1,5-diaryl substituted py r azole),n and infl ix-
imab (a monoclonal antibody) are not without their own
probiems.23pa While these drugs do reduce inflammation,
they do not address the underlying causes of the arthritis
and therefore cannot alter the progression of the disease.
Furthermore, rofecoxib and celecobix have been con-
traindicated for use by patients suffering from hypersen-
sitivity, asthm4 urticaria, or allergic reactions. All of
them can cause bleeding, ulceration, perforation of the
stomach and intestines, and anaphylactoid reactions. In
addition, rofecoxib has recently been associated with a
possible increased risk of heart attack and stroke.z0
Prolonged use of these newer COX-II inhibitors in the
elderly can result in side effects similar to those seen with
traditional NSAIDs. DMARDs attempr to address the
underlying pathology of RA more thoroughly by slowing
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the progression of the pathology. One of the components
of this disease, in addition to inflammation, is microvas-
cular injury coupled with the formation of new capillar-
ies. Many of the DMARDs attempt to inlibit the fonna-
tion of new capiliaries as well as address the underlying
inflam:lation. This category of drugs includes azathio'
prine, corticosteroids, gold, hydroxychloroquine,
methotrexate, sulfasalaziae, and a number of newer med-
ications such as ieflunomide and etanercept. Whiie these
medications have been shown to offer clinical improve-
ment to those with rheumatoid arthritis, they can aiso be
associated with signifrcant toxicity and side effects,
ingtu.ii ng myelosuppression, lymphoproliferative disor-
ders, macular damage, thrompocytopenia, osteoporosis'
hyperglycemia, and hepatotoxicify. Another factor that
should be taken into account is cost the monthly cost for
eranercept and infliximab, both of which must be inject-
ed, can be more than $1000. Also, according to a recent
reportby the FDA, Remicade (infliximab) has been asso'
ciated with tuberculosis infection, nerve damage, and risk
of cancer lymphoma in patients. In severe cases of joint

damage, surgery is often necessary, but this is also cost-
ly and invo]ves a lengthy recovery time.4

Methylsulfonylniethane, chondroitin, and glu-
cosamine, widely used for treatment of OA,5 are known
to help rebuild proteogiycans and reduce infla:nmation
but are unable to help in the process of inactivating
"kilIer" T cells to ameliorate rheumatoid arthritis.

0ral Tolerance
'' When the immune system is functioning propedy, it

recognizes and identifies foreign substances in order to
heip eliminate them from the body.lo'rt One type of
immune cell that is particularly important in this process
is the T cell, which can be classified in a number of dif-
ferent categories, depending on function. "Helper" T
cells have the function of releasing factors that help
iacrease or decrease the immune response' These have
been further classified into Th-l and Th-2 subsets. Th-I.
cells amplify proinflammatory responses; Th-2 cells
limit such responses, "Killer" T cells attack and destroy
antigens, The B cell is also crucial to the functioning of
the immune system, as it is responsible for the produc-
tion of antibodies. In a normal individual, the immune
system does not seek out and destoy healthy tissue due
in part to the fact that T cel1s that have specificity for
antigens on normal tissue are either suppressed or
destroyed prior to being released into circulation. In the
case of rheumatoid arthritis, however, T cells with self-
antigens for type II collagen are not properly destroyed
or suppressed, resulting in the damage that is a charac-
teristic hallmark of this disease.

By decreasing the activiry of T cells that are releas-

ing joint-destroying factors, the outcome for patients with

RA can be improved, and one such method to achieve this

is oral tolerance, The concept of oral tolerance has exist-

ed since 1911, and Eaditional medical literature is filied

with papers describing this mechanism and how it might

benefit those with autoimmune diseases,'0
Recent studies have shown that small doses of type

II collagen derived from chicken cartilage produce oral

tolerance and work with the immune system to prevent

the body from aftacking its joints'8'r8

Oral tolerance can be induced by 2 major mecha-

nisms, bystander suppression ald clonal anergy' depend-

ing on the dose of antigen that is presbnted. Throughout
the smail intestine, there are Patches of gut-associated
lymphoid tissue (GALT). Within the GALT can be found
tissue that consists of nodules @eyer's Patches) that con-

tain organized assemblages of T and B lymphocytes,
macrophages, and dendritic celis and are the primary

area within the gastrointestinal tract where immune

responses are generated. This immune tissue is designed

to protect the host from ingesting pathogens as well as to
prevent the host from reacting to ingested proteins. In

fact, scientists have attemPted to use the GALT as a route

for administering vaccines but have been delerred by sys-
temic hyporesponsiveness. Nonetheless, the generation

of immune responses within tle GALT is the primary

mechanism by which orally ingested proteins can sup-
press systemic immuniry.

Bystander Suppression
This form of oral tolerance is achieved by presenting

small amounts of antigen to the GALT, which in turn
generates a T-cell response. After the antigen (in this

case, type II collageri) is consumed, regulatory TM and

Th3 cells migrate from the GALT through the iymphatic
system and then into peripheral circulation. When they

encounter an antigen similar to that which was ingested,
they secrete cytokines, inciuding transforming growth

factor-bet4 interleukin-4, and interleukin- 1 0, that result
in the down regulation of activated helpel Thl cells. It is

these activated helper T cells tlat are, in Part, involved in
producing the inflammation and destruction of collagen
in RA. If this activiry against healthy collagen can be

decreased, the progression of the disease can be altered.
It should be noted that the oral antigen does not need to

enter the systemic circulation in order to induce a

response, as the regulatory T cells are induced as a result

of the interaction between the antigen and the GAI 'T'ro

Clonal Anergy
Another mechanism by which an orally administered

protein can induce a down reguiation of an immune

response is via a mechanism called clonal anergy.'o This



situation results from the ingeition of high doses of an
antigen, which in rurn induces a state of unresponsiveness
from overactive Thl cells. These ceils are not deleted but
are rendered incapable ofresponding to a specific antigen.
In essence, they are nrrned off, or "anergized," and will no
longer recognize the antigen as a target for destruction.'o

Clinical Studies
Via the mechanism of oral tolerance, type tr colla-

gen has been studied for its ability to benefit those with
RA. This makes sense, because type II collagen is the
most abundant structural protein present in cartiiage.
Numerous animal models of arttritis have demonstated
significant benefit from orally administered, native
(undenatured) fype II collagen. Its administration has
been able to supPress almost all experimentally inducible
forms of RA in animals, including antigen-induced
arthritis, adjuvant arthritis, Upe tr collagen-induced
arthritis, streptococcal cell-wall arthritis, and silicone-
induced arthritis. These impressive results led to the
investigation of native type tr collagen supplementation
in humans with RA. In 1993, an open-label piiot tial and
a phase tr trid ia humans were conducted at Harvard
Medical School.8Ia the pilot tid, 10 patients diagnosed
with RA had their immunosuppressive and disease-mod-
ifying drugs discontinued and were given 0.1 mg of
native type II collagen daily for 1 month, followed by 0.5
mg of native type tr coilagen for the next? months. Six
of ttre 10 subjects experienced a significant improvernent
(defined rc >50Vo compared with baseline) in swollen
and tender joint counts, as well as morning stiffrtess,50-
foot walk time, grip strength time, and erythrocyte sedi-
mentation rate. One subject who had previously been
teated with methotrexate experienced complete remis-
sion. which continued for 26 months. No adverse effects
were noted.E Because of these observed irnprovements, a
placebo-controlled phase II follow-up trial was per-
formed consisting of 60 subjects with severe, active RA.
Participants were randomly assigned to groups taking
either a placebo or a daily dose of 0.1 mg native type II
collagen for I month, then 0.5 mg for 2 months. At I,2,
and 3 months, the collagen group experienced significant
improvement (P < 0.05) in the number of swollen joints,
the number of painful and tender joints (P = 0.06 at 2
months), and 50-foot walk time. Four patients in the col-
iagen group, compared with no patients in the placebo
group, experienced compiete remission of the disease.
One of the most notable findings was the lack of side
effects as a result of the teatment, an important issue
given the side effects that can be present with various
DMARDs and NSAIDs. Importantly, a recent indepen-
dent report has also confirmed the effectiveness of type
II collagen in juvenile RA,26 a disease affecting almost
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300,000 children. Ten patients between the ages of 8 and
14 years who had active RA were treated orally with rype
II collagen for 3 months. Eight of the i0 patients had a
reduction in both swollen and tender joints at the end of
3 months. One patient in this study also achieved com-
plete remission. It was concluded that oral lreatment with
native type II collagen nay be a safe and effective form
of treatment for juveniie RA.'6

A fourth study2T of native Epe tr coilagen supple-
mentation in RA reported significant improvement in
subjects who met Paulus criteria (morning stiffness, joint
tenderness, joint swelling, and erythrocyte sedimentation
rate). After 24 weeks,39Vo of those taking type tr colia-
gen versus l9Vo toktng placebo experienced significant
improvement. While l9%o may appear to be a iarge
response in the placebo group, it is not unusual to
observe this type of response ia studies of arthritis. The
impressive finding was tle high degree of improvement
in the group treated with undenahued, type II collagen as
compared to the group taking the placebo. An interesting
observation in this study was that subjects with a pres-
ence of serum IgA and IgG antibodies to collagen at the
beginning of the study had a significantly befter response
to treatment than those lacking such antibodies.

In a fiftLr double-blind, placebo-controlled srudy per-
fomred in Germany, 90 subjects with early RA were
divided into groups receiving daily doses of 1 mg colla-
gen, 10 mg collagen, or placebo.a At the end of the
study, 3 patiens in the 10 mg group, I patient in the I mg
group, and no patients in the placebo group had experi-
enced marked improvement. While these results may not
appear very impressive, the authors were surprised by the
degree of benefit given the small subset of patients. In
another German study,t6 daily doses of I mg or 10 mg of
undenatured type tr collagen resulted in reduced type II
collagen antibody tites in patients showing a clinical
response. This study also suggested that 10 mg was a
more effective dose than I mg.'6 These studies provide
the basis and rationale for the use ofnative type tr colla-
gen as a safe and effective modaiity of treatment for
those suffering from RA.

The Importance of a Native (Undenatured)
Form of Collagen

To confer oral tolerance, lype II collagen must be
used in its undenatured, 3-dimensional, triple-helical
structure.r0'2e Unfortunately, most products on the market
containing type tr collagen do not contain the undena-
fured form. In these products it has undergone harsh
chemical or high+emperature manufacturing procedures
which denafure it, thus rendering it inactive and inca-
pable of eliciting an immune response once adminis-
tered. In fact, no peer-reviewed studies exist to support
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the use of denatured fype tr collagen in RA, and one
study has shown denatured rype tr coilagen to have no
impact on the severity of the disease,2e In order to insure
that undenatured rype II coliagen is present, highly sen-
sitive ELISA assays must be performed to confirrn that
the collagen is bioiogically active.

Source of Undenatured Type II Collagen
It is well understood that type II collagen can be

obtained from all types of animais, inciuding mice, rats,
chickens, pigs, and dogs, as well as from humans.
However, an ideal commercial source would be to obtain
it in a cost-effective way from animals housed and main-
tained in a germ-free environment. Chickens raised in a
controlled environment with ambient temperature and
purified air, free from bacteria, viruses, fungi, and other
microorganisms, are currently the best source of com-
mercial undenatured type tr collagen.

Dose
Clinical studies support the use of native, undena-

tured type II collagen and recommend that it be taken
with water at bedtime. Furthermore, studies have shown
that small doses (rypically 10 mg or less) derived from
chicken cartilage work with the human immune system
to promote healthy joints and improve mobiiiry and flex-
ibility, as well as attenuating the symptoms of RA. The
ideal situation is to ingest undenatured collagen II on an
empty stomach wben the acid content in the stomach is
low. Generally, protein absorption in a human body may
take from 4 to 8 hours.

Potential Use of Undenatured Type II
Collagen in Osteoarthritis

Therapeutic interventions that work rapidly for RA,
such as NSAIDs or cortisone injections, are also pallia-
tive for OA. Unfortunately, druis that work rapidiy for
OA do not, in general, provide sufficient reduction of
inflammation or pain reiief on their own in rheumatoid
arthritis. OA therapies in this category include NSAIDS,
hylan g-f 20, and most probably glucosamine hydrochlo-
ride and chondroitin sulfate. Presumably, this dichotomy
reiates to the much more substantial degree of inflamma-
tion present in RA versus OA.

OA is a wear and tear phenomenon usually associat-
ed with aging; the disease progresses with rigorous exer-
cise when muscles and bones are already weakened due
to aging (exercise also causes muscle and bone damage in
aged patients with RA). It is also ch4racterized by an
inflammatory synovial response that ieads to joint wear
and tear,3o As RA will effectively cause gradual deteriora-
tion and inflammation of certain joints due to immune
disorders. OA will cause wear and tear due to the normal

aging process and an increase in enzymatic activity. In the
absence of significant and disfiguring inflammation
(which is characteristic of rheumatoid arthritis), wear and
tear activity may be misdiagnosed as OA rather than RA
and treated accordingly. In some cases, OA is added as an
additional diagnosis simply because wear and tear and
aging persists and exists normally. The biochemical
markers associated witb OA inflammation, such as vari-
ous cytokines (interleukin- 

 

and interleukin-10), tumor
necrosis factor-alpha, and interferons are also associated
with RA inflammation.rrro'3r Therefore, therapies used to
treat RA inJlammation are also used to treat severe OA
inflarrmation. Earlier research demonstrates that type II
collagen suppresses T-cell-mediated inJlammation, which
is characterized by cytokines interleukin-4 and inter-
leukin-lO and is seen in the synoviums of both OA and
RA patients. Another benefit of rype II collagen is that it
contains small amounts of glucosamine and chondroitin,
which are good for joint mobility and flexibiiity. In light
of these facts, it may be postulated that undenatured rype
II collagen may also provide benefit to a significant pop-
ulation of OA patients as well as those with RA.

Conclusion
Finding an effective cure for RA is a major chal-

lenge for health professionals. Over-the-counter pain
relievers, NSAIDS and other anti-inJlammatory drugs,
and mbnoclonal antibody and COX-[ inhibitors have
major adverse side effects, including liver disease, gas-
8itis, vomiting, cardiovascular dysfunctions, and, possi-
bly, tuberculosis. Futhermore, infliximab, rofecoxib, and
celecoxib are very expensive drugs for regular use.
Another expensive alternative is surgery, which involves
a long recovery time. Several human clinical trials have
demonstrated the effectiveness and usefulness of unde-
natured lype II collagen in significantly reducing the
painful symptoms of RA with no adverse side effects'
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