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Objective. Oral administration of cartilage-
derived type II collagen (CII) has been shown to ame-
liorate arthritis in animal models of joint inflammation,
and preliminary studies bave suggested that this novel
therapy is clinically beneficial and safe in patients with
rheumatoid arthritis (RA). The present study was un-
dertaken to test the safely and efficacy of 4 different
dosages of orally administered CII in patients with RA.

Methods, Two hundred seventy-four patlents with
active RA were enrolled at 6 different sites and random-
ized to receive placebo or 1 of 4 dosages (20, 100, 500, or
2,500 pg/day) of oral CII for 24 weeks. Efficacy para-
meters were assessed monthly. Cumulative response
rates (percentage of patients meeting the criteria for
response at any time during the study) were analyzed
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utilizing 3 sets of composite criteria: the Paulus criteria,
the American College of Rheumatology criteria for
improvement in RA, and a requirement for =30%
reduction in both swollen and tender joint counts.

Results. Eighty-three percent of patients com-
pleted 24 weeks of treatment. Numeric trends in favor of
the 20 ug/day treatment group were seen with all 3
cumulative composite measures. However, a statistically
significant increase (P = 0.035) in response rate for the
20 pg/day group versus placebo was detected using only
the Paulus criteria. The presence of serum antibodies to
CII at baseline was significantly associated with an
increased likelihood of responding to treatment. No
treatment-related adverse events were detected. The
efficacy seen with the lowest dosage is consistent with
the findings of anlmal studies and with known mecha-
nisms of oral tolerance in which lower doses of orally
administered actoantigens preferentially induce disease-
suppressing regulatory cells.

Conclusion. Positive effects were observed with
CH at the lowest dosage tested, and the presence of
serum autibodies to CII at baseline may predict re-
sponse to therapy. No side effects were associated with
this novel therapeutic agent. Further controlled studies
are required to assess the efficacy of this treatment
approach.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease that is characterized by pain, swelling,
and stiffness of multiple joints. Chronic joint inflamma-
tion commonly resulls in progressive joint destruction,
deformity, and loss of function, Current therapies for
RA are often unsatisfactory, both because of inadeguate
efficacy and because of unacceptable toxic effects.

Evidence that autoreactive, sensitized T cells



TREATMENT OF RA WITH COLLAGEN

participate in sustaining the inflammation of RA (1)
provides direction to the scarch for therapcutic strate-
gies based on specific immunosuppressive actions that
would be both highly effective and minimaily toxic. The
ability to induce antigen-specific peripheral immune.
tolecrance by oral administration of antigens has been
recognized for some time (2), and it is presumed that the
physioiogic interaction of proteins with the gut immunc
system has evolved to prevent sysiemic immune re-
sponscs to ingested proteins. The possibility that auto-
immunec disease may be amciiorated by the induction of
oral tolerance to disease-relevant autoantigens is cur-
rently under active investigation. It has been shown that
ora! administration of autoantigens suppresses a variety
of experimental autoimmune diseascs, including exper-
imental allergic encephalomyelitis (EAE) (3,4), as well
as collagen- (5,6), adjuvant- (7), and antigen- (8) in-
duced arthritis. Preliminary results in humans have been
encouraging, primarily in patients with multiple sclerosis
using peroral administration of myelin (9) and in pa-
tients with RA using peroral administration of type II
collagen (CII) (10,11).

Although the precise mechanisms of oral toler-
ance are not fully known, studies of EAE have shown, by
immunchistologic analysis of brain tissue, that oral
antigen delivery preferentially increases expression of
the inhibitory cytokines transforming growth factor B
(TGFB) and interleukin4 (IL-4), and decreases expres-
sion of the proinflammatory cytokines IL-1, IL-2, 1L,
IL-8, tumor necrosis factor o (TNFa), and interferon-y
(12). The net outcome is a lessening of brain inflamma-
tion. Given in low doses, orally administered antigens
induce active immune suppression, whereas high antigen
doses lead 1o clonal anergy (13) or deletion {14).

In addition to its positive effect in animal models
of arthritis, oral administration of CII may bencfit
humans with RA. A placebo-controlled, phase II study
involving 60 adults with severe, active RA demonstrated
significant (P < 0.03) decreases in tender and swollen
jeint counts after 3 months of oral CII treatment (10). A
3-month open-label trial of CII in juvenile rheumatoid
arthritis also was associated with clinical improvement in
disease measures without significant toxicity (15). The
present multicenter, double-blind, dose-ranging study of
oral CII in adult RA was undertaken as a phase II trial
to extend these earlier results and to investigate the
relationship between dosage and clinical response.

PATIENTS AND METHODS

Patients. To be eligible for this trial, patients had to
mect the 1987 American College of Rheumatology (ACR;
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formerly, the American Rheumatisin Association) classifica-
tion criteria for RA (16) and be between the ages of 18 and 80
years, with onset of RA after age 16. Patients were required to
have at least 6 swollen and 9 tender joints, and duration of
discasc had to have been at least 6 menths. Women of
childbearing potential were required to have a negative preg-
nancy test result at baseline and to be using an effective
contraceptive measure. Patients were required to discontinue
treatment with disease-modifying antirheumatic drugs
(DMARD:) before entering the study, with a variable washout
period depending on the specific medication (at least 8 weeks
for methotrexate, azathioprine, minocychine, cyclosporine,
and cyclophosphamide, and at least 12 weeks for hydroxy-
chloroquine, sulfasalazine, oral or intramuscular gold, and
penicillamine).

Patients werce excluded from the trial if they had
previously been treated with oral CII or anti-TNF antibodies.
Patients taking therapeutic doses of fish oil or plant oil (=2
gnv/day), or shark cartilage or cartilage from another specics
were also excluded. Paticnts were not eligible if they had
documented human immunodeficiency virus infection, a his-
tory of substance abuse within 1 year prior to study cntry, a
history of gastrointestinal discasc which might affect collagen
absorption and processing, serious intercurrent/underlying dis-
case which would limit successful participation in the tral, or
were classificd in Steinbrocker functional class IV (17).

Study design. The study was a 6-center, double-blind,
randomized, placebo-controlled trial comparing diffcrent dos-
ages of CIt and placebo in the treatment of RA. Upon meeting
all entry criteria, patienis were enroiled and were subsequently
stratified by rheumatoid factor status. This was done 10 ensure
that the treatment groups would be balanced with regard to
rheumatoid factor positivity. At each of the 6 investigative
sites, randomization of paticnts to the 5 reatment groups was
accomplished in blocks of 5 within each stratum (positive
versus negative for theumatoid factor). Patients and investiga-
tors were blinded to the treatment regimens throughout the
study.

Patients were allowed to remain on their nonstercidal
antiinflammatory drug (NSAID) and/or oral corticosteroid
regimens provided that the steroid dosage was =10 mg of
prednisone equivalent, and that neither the NSAID nor steroid
dosage was changed during the study. Paticnts who requested
analgesics for pain management were supplied these medica-
tions as necded during the period of study. Analgesic ingestion
was recorded at each wvisit.

Patients were provided with a 1-month supply of
masked study medication at the baseiine visit and every 4
weeks thereafter. Liquid study medication was supplicd in the
form of patient kits containing cach daily dose in individual
polystyrenc tubes. The study medication required refrigera-
tion. Therefore, patients were given coolers to transpert the
medication home and were told to keep the kits in the
refrigerator. Paticnts were instructed to empty the contents of
one tube into a 4-4-ounce glass of cold orange juice 20 minutes
prior 10 eating breakfast, and were required to consume the
entirc amount cvery morning.

Study medication. Native Cll was prepared from the
sternal cartilage of chickens by the method of Trentham et al
(18). The CII was diluted in 0.1M acetic acid, and suppiicd as
a single daily dose of 20 ug, 100 pg, 500 ug, or 2,500 pg. The
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placebo was an equivalent volume of dilute acetic acid that was
visually indistinguishable from the active drug.

QOutcome measures. Clinical assessments of efficacy
were made at baseline and repeated 2, 4, 8, 12, 16, 20, and 24
weeks later (except the Health Assessment Questionnaire
|HAQ] {19}, which was completed only at bascline and weeks
12 and 24). Fifty-four diarthrodial joints were examined for the
presence or absence of tenderness, and 52 were examined for
swelling (hips cxcluded). Joint counts for tendemess and
swelling were the sum of the number of affeeted joints (20).
These joints were also cvaluated for the severity of both
tenderness and swelling using a 4-point seale, in which 0 =
none, 1 = mild, 2 = moderatc, and 3 = scvere. The sum of
these determinations for all joints constituled a collective score
for either tenderness or swelling (20). During the trial, a strong
emphasis was placed on having all joint assessments for each
patient done by the same evaluator.

Grip strengths were measured bilaterally using
mercury-strain sphygmomanometers which were fitted with
custom-made covers to assure a uniform circumference of the
cuff. Fifty-foor walking times were mcasured in seconds.
Physician and patient global assessments of disease activity
were performed using a scale of 1-5, in which | = absent, 2 =
mild, 3 = moderate, 4 = severc, and 5 = very severe. In
addition, both the physicians and the paticnts rated progress
from the previous visit, according to the categories much
warse, worse, samie, better, or much better (20). Patients were
questioned about the duration of morning stiffness experi-
enced on the day before each study visit. Functiona) class was

* 7 assessed according Lo the Steinbrocker classification (17) at the

screening visit and again at 24 weeks. Functional stalus was
assessed at baseline and at weeks 12 and 24 using the HAQ.

Adverse events were monitored at every visit. More-
over, at baselinc and at weeks 2, 4, 12, and 24, laboratory
parameters were measured [0 assess safety. The erythrocyte
sedimentation rate (ESR) was obtained by the Westergren
method at bascline and at ¢very visit thereafter, and rheuma-
toid factor positivity was determined at the screening visit and
at week 24, Exira serum samples obtained at baseline, week 12,
and week 24 were frozen and stored until the end of the study,
for measurement of C-reactive protein (CRP) and IgA and
IgG antibody titers to native chicken CII by cnzyme-linkcd
immuncsorbent assay (ELISA). The ELISA was performed
utilizing wells coated with purified CII, paticnts’ serum, and
horseradish peroxidasc-linked goat anti-human IgA and 1gG
antibodies.

Patients who dropped out before completing 24 weeks
of treatment were cvaluated immediately prior to exiting the
study. During this carly-termination visit, safety and cfficacy
measurements were obtained.

Statistical analysis. Safcty assessmenis were per-
formed on all paticnts who consumed any masked siudy
medication. Efficacy analyses were performed on the intent-
to-treat population (all patients for whom we had at lcast 1
post-baseline measurcment) as well as on the population of
paticnts who completed the 24-weck study. Balance within
cach trcatment group with respect to patient characteristics at
bascline was assesscd, using Fisher's exact iest for catcgorical
variables and analysis of variance for continuous variables.
Differences were considered statistically significant if the
. 2-sided P value was =0.05.
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The primary efficacy end point was cumulative re-
sponse, paralleling other recent studics of potential therapies
for RA (21,22). Patients were said to be “respondcrs” if they
met the responsc criteria at any time during the study and were
said to be “nonresponders” if they never showed a response to
trcaument duning the study. This approach aliowed each pa-
ticnt to be assessed just once, thus avoiding the criticisms of
repcated significance testing and dropout effects, and was
thought 10 be appropriate for a phase II trial which was
primarily exploratory in nature. Response was anaiyzed with
respect to 3 composite response-crileria sets. These were the
Paulus criteria (23), the ACR criwena for improvement in RA
(24), and the requirement for an improvement of =30% in
both the tender and the swollen joint counts. The a priori
contrasts planned for this study were to compare each active
treatment group with the control group. The study had 80%
power to detect a 25% difference in response rates between
best dose and placebo (which was expected 1o have a response
rate of 20%) for a 2-sided hypothesis test with 5% type I error.
A logistic regression model enabled us to simultaneously
compare response rates between each aclive trcatment and
piaccbo group while controlling for paticnt characteristics,
without making multiple comparisons. The patient character-
istics included in the model were age, sex, baseline tender and
swollen joint counts, baseline rheumatoid factor starus and
ESR, Steinbrocker functional class at baseline, DMARD wash-
out interval prior to baseline, baseline NSAID use, bascline
corticosteroid use, duration of RA, the extent of analgesic use
during the study, and study site. Interactions besween each
treatment level and cach of the covariates were assessed.

Individual discase parameters that were analyzed as
primary efficacy end points included tender and swollen joint
counts, and physician and patient giobal assessments of disease
severily, Safety was assessed by comparing the type and
incidence of treatment-cmergent events and laboratory abnor-
malitics reported. Adverse cvents werc classified using
COSTART.

RESULTS

A total of 297 patients with active RA were
screened for study eligibility, of whom 274 met the
entrance criteria and were randomized to receive 1 of 4
doses of CII or matching placebo for a 24-week period.
The charactenistics of the enrolled patients are summa-
rized in Table 1. There were no statistically significant
differcnces between the treatment groups in demo-
graphic or disease characteristics. One patient in the 500
pgiday CII group dropped out prior to receiving any
post-baselinc efficacy asscssments and was therefore not
included in the intent-to-ireat analysis,

A total of 228 patients (83%) completed the full
6-month treatment period. The frequency of dropouts
was similar across all treatment groups. Of the 46
dropouts, 42 were duc (o inadequate therapeutic effect
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Table 1. Patient characteristics at baseline, by treatment group*
Oral type 1l collagen
Placebo 20 ppfday 100 pgfday 500 pg/day 2,500 pg/day
Variable (n =57} (n = 54) (n = 55) {n = 53) (n = 54)
Age, years 536 % (21 535> 113 50.3 = 10.9 494 = 130 513141
Sex, % female 89 89 81 83
Discase duration, years 13.1 296 128 £ 8.1 11.7+84 28 =83 118 = 109
RF positive, % 72 76 75 74
Steinbrocker functicnal class, %
Class [ 0 2 4 2
Class II 81 78 85 80
Class 11I 19 20 11 18
Westergren ESR, mm/hour 36 *x22 4] = 32 36=27 35=23 38126
NSAID use at cotry, % 81 87 7% 78"
Oral corticosteroid use at entry, % 53 47 55 37
Previous DMARD use, % 89 91 96 81
No. of dropouts during study 12 5 7 10

* Except where otherwise indicated, vulues are the mean = SD. There were no statistically significant differences in any feature between the
treatment groups. RF = rheumatoid factor; ESR = erythrocyte sedimentation rate; NSAID = nonsteroidal antiinflammatory drug; DMARD =

discase-modifying aptirheumatic drug.

and 4 were due to adverse events (1 from the placebo
group and 3 from the CII group). Although some of the
patients took additional antiinflammatory medications
during the trial, none were dropped from the analysis
~hecause of these protocol violations. Rules were devel-
bped before the analysis to address the use of protocol-
excluded medical therapy. If a patient received an
intraarticular corticosteroid injection, that joint was au-
tomatically assigned a grade of 3 (severe) for both
tenderness and swelling at the next visit. This convention
affected efficacy data for a single joint at 1 visit in 7
patients. Because of concern about possible systemic
effects from an intraarticular steroid injection, a review
of clinical efficacy data was undertaken to determine
whether any of these 7 patients met the criteria for
response only at the visit immediately following a joint
injection. This was determined not to be the case for any
of these 7 patients. If a patient took any antiinflamma-
tory drug prohibited by the protocol for 2 of the 3 days
prior to a visit, efficacy data from that visit were
cxcluded from all analyses. The application of this rule
did not result in the exclusion of any efficacy data.
Clinical response was assessed in the intent-to-
treat population with respect to 3 composite response
indices: the Paulus criteria, the ACR criteria for im-
provement in RA, and a reduction of =30% in both
tender and swoilen joint counts. In the 20 ug/day
treatment group, this analysis revealed statistically sig-
nificant improvement in the percentage of paticnts who
met the cumulative Paulus criteria during the study (21

f 54, or 39%) versus the placebo group (11 of 57, or
WO, P = 0,035 by Fisher's exact test). This difference

)
)

remained significant when potential confounding factors
(investigative site, baseline use of NSAIDs or steroids,
rheumatoid factor positivity, functional class, baseline
joint counts, ESR, age, sex, duration of disease, and
analgesic use) were accounted for in a logistic regression
model (P = 0.017 by Wald chi-square test) (25). The
percentage of responders (according to the Paulus cri-
teria) in the other 3 treatment groups decreased incre-
mentally with each increase in dosage of CII (Figure 1).
No statistically significant interactions between the
treatment and any of the covariates were observed.
Response rates for cach of the 3 composite

a"wr
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Figure 1. Percentage of patients with rheumatoid arthritis, in the
intent-to-Ireat analysis, meeting the Paulus criteria for response to
treatment with type [1 cotlagen (CII) versus placebo at any time during
the study. The difference in response rates for placebo versus 20
ag/day of Cll was statistically significant (P < 0.05).
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Table 2. Cumulative response rates for composite response cnleria,
by treatment group®

Oral type II collagen

Composite 20 160 500 2,500

measure Placebo  pg/day  pp/day  pg/day  pgiday
Paulus criteria 193 38,9t 327 283 24.1
ACR criteria 17.5 25.9% 20.0 245 222
=30% criteriad 316 46.3% 40.0 434 40.7

* Values are percentages. ACR = American College of Rheumatol-

ogy.

T P = (035 vs, placebo.

$ P = 0.360 vs. placebo.

§ =30% reduction in both swollen joint count and lender joint count.
%P = 0.123 v placeba.

criteria sets arc shown in Table 2. Following the same
statistical analysis plan, numeric trends in favor of the 20
ng/day group were seen using the ACR criteria and the
=30% reduction criteria, although there was no clear
difference in responsc rates betwecn the doses used.
Since followup evaluations of functional status were
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conducted only at weeks 12 and 24, when the HAQ was
administered, it is important to note that the ACR
criteria were therefore assessed at fewer time points
than the other criteria. The inclusion of functional status
improvement as a feature of the ACR criteria thus
resulted in lower absolule numeric values for responders
in this study.

The 4 individual mcasures sclected as primary
efficacy end points were swolien and tender joint counts,
and physician and patient global assessments of disease
activity. Changes in thesc parametcrs among the treat-
ment groups during the study are shown in Figures
2A-D. Numeric trends in favor of the 20 pg/day group
versus the other treatment groups were scen for 3 of the
4 variables (tender joint count, and physician and patient
global scores), although there were no statistically sig-
nificant differences between the treatment groups at 24
weeks.

There were no statistically or clinically significant
changes from baseline, or diffcrences between treatment
groups, in any of the mecasured blood or urine safety
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Figure 2. Changes in individual efficacy variables from baseline to 24 weeks by ireatment group (intent-lo-reat population). A,
Tender joint count. B, Swollen joint count. C, Percentage improvement in the physician global score for disease activity, D, Percentage

impravement in the patient global score for disease activity.
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' parameters. A review of individual patient values at
baseline revealed hematologic abnormalities typical of
patients with RA. Serum and urine chemistry results
were unremarkable during the study, except in 6 patients
who developed transaminase elevations greater than
twice the upper limit of the reference range. These 6
patients included 1 in the placebo group, 1 in the 20
ug/day treatment group, 1 in the 100 pg/day group, and
3 in the 2,500 pg/day group. The highest transaminase
level recorded was an alanine aminotransferase value of
583 IU. Three of the 6 patients stopped taking the study
medication, resulting in nonmalization of their transam-
inase levels, which was followed by a rechallenge with
CII and no subscquent liver enzyme abnormalities. The
other 3 patients also discontinued the study medication,
with subsequent normalization of their transaminase
levels; these 3 patients were not rechallenged with CIL.
Overall, there were no differences between the treat-
ment groups in the incidence of any adverse event
during this study (data available on request), and no
serious adverse event was attributed to CIL.

At bascline, serum IgA and IgG antibodies to CI1
were detected in 37% and 18% of patients, respectively.

"~ When the aggregate group of all patients treated with

pny dosage of CII was compared with the total placebo

o®group, the presence of anticollagen antibodies was sig-

nificantly associated with an increased likelihood of
achieving a clinical response to CH as defined by the
Paulus criteria. Among patients with IgA antibodies
present at baseline, 28 (39.4%) of 71 Cll-treated pa-
tients responded, while only 4 (13.8%) of 29 patients in
the placebo group responded. Among patients with IgG
antibodies at baseline, 15 (45.5%) of 33 Cll-treated
paticnts responded as compared with 2 (13.3%) of 15
patients in the placcbo group. These differences were
statistically significant (P < 0.02 for IgA positivity and
P < 0.05 for lgG positivity, by Fisher’s exact test). There
was no significant change in IgA or IgG antibody status
with treatment, suggesting that sensitization to CII did
not occur. Levels of CRP at baseline did not corrclate
statistically with the likelihood of response, nor did they
change significantly with therapy.

DISCUSSION

We report hercin the resulis of the first multi-
center study of oral tolerance in the treatment of human
autoimmune disease. Utilizing the cumulative Paulus
criteria for response, CII at a dosage of 20 pg/day was
thown 10 be superior to placebo in the treatment of RA.

' slthough there was no clear difference berween the
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dosages used, nuraeric trends in favor of the 20 ug/day
dosage were als> seen using the 2 other composite
criteria sets, as woll as using 3 of the 4 primary individual
efficacy parameters that were followed up. As a group,
the patients studied in this trial had severe arthritis, with
a mean * SD duration of disease of 11.2 = 9.1 years. At
study entry, patients had a mean * SD of 24 = 11
swollen joints and 27 * 11 tender joints, and 85% of the
paticnts had taken DMARDs previously. While statisti-
cally significan: improvement was demonstrated with
only 1 of the 3 composite criteria sets applied, the miid
antirheumatic properties of CII observed in this study
must be interpreted in the context of the disease dura-
tion and severity in the cohort. Furthermore, CII was
shown to have an excellent safety profile that was
clinically and immunologically indistinguishable from
that of placebo. The high completion rate of 83% of
patients enrolled further attests to the tolerability of CII.
A previous study by Trentham ct al (10) revealed
a positive clinical effect in patients treated with CII at a
dosage of 100 pg/day for the first month and 500 pg/day
for months 2 and 3. The dose range in the present study
was chosen to incorporate these previously studied
dosages, in addition to both a lower and a higher dosage,
to try to clucidate the most effeetive level of treatment.
The clinical effects seen at the 100 pg/day and 500
pg/day dosages in the present study were not as great as
those reported in the previous dose-escalation study
(10), but the patients in that trial had less severe disease
at baseline and no DMARD washout was required, both
of which may have contributed to this observed differ-
ence. The recent study of oral type Il collagen in the
treatment of RA by Sieper et al (11) revealed a higher
prevalence of responders among collagen-treated pa-
tients versus those receiving placebo, although statisti-
cally significant differences between treatment groups
were not found. In the study by Sieper et al, bovine,
rather than chicken, collagen was used, and the dosages
given (1 mg/day and 10 mg/day) were higher than those
utilized in the present study. Nonetheless, their finding
of a good response in a subset of patients is intriguing,
and it leads one to specuiate that an immunologic
difference might exist that could render some patients
more likely to respond to this particular form of therapy.
This study has several limitations. The usc of 3
composite criteria sets as end points makes it more difficult
to draw conclusions about the clinical efficacy of CI1. Given
that a statistically significant effect was demonstrated with
only | of the 3 composite criteria sets tested, it would be
premature 1o interpret these resuits as conclusive evidence
of efficacy. However, since this was a phase 1l trial, a
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primary objective was to gather as much information as
possible about effectiveness, toxicity, and optimal dose.
Analyzing response rates using a cumulative-response stan-
dard can also be criticized, because patients who simply
exhibit oscillations in their disease activity (rather than true
response to weatment) might be counted as responders.
Although this is a valid comcern, response rates were
compared with those in a placebo group of patients who
had an equal likclihood of similar disease fluctuations.
Because paticnts were divided among 5 different treatment
groups, the numbers of patients in each group were rela-
tively small, particularly for a multicenter trial. In addition,
paticnts in this study tended to have severe discase of long
duration, and therefore, no conclusions can be reached
about the use of CII to treat patients with milder or
carly-stage RA. The dosages of CH tested in this study may
not have been optimal, given that the lowest dosage
showed the greatest efficacy. Ideally, dosages both lower
and higher than the most effective dosage should have
been included. Finally, the format of this trial precluded
knowing whether the same dosage of collagen is best for all
patients.

Our finding that the 20 pg/day dosage proved to

-t be most effective, and that the response rates decreased
* with each successive increase in dosage, is consistent

with observations in animal studies. Active suppression
of inflammation occurs in animal models with lower
doses of oral tolerogen, but not with higher doses at
which anergy and clonal deletion of T cells reactive
against the fed antigen are seen (13,14). In a rat model
of adjuvant arthritis, the dosage of oral CII most effec-
tive in suppressing disease was 3 pg/day (7). The mech-
anism of oral tolerance is believed to involve the gencr-
ation of an immune response in the gut, in a manner
analogous to oral vaccinations. Given that dosages of
oral vaccines are not routinciy adjusted based on body
weight, the efficacy seen with the lowest dosage tested in
the present study is believed to be consistent with the
ammal data.

Orally dosed cxogenous antigen has recently
been reported to activate CD4+ and noncytotoxic
CD8+4 regulatory T cells that may contribute to a
down-regulation of cellular and humoral immunity
(26,27). The regulatory cells that orchestrate active
suppression appear to act via the secretion of inhibitory
cytokines, such as TGFB and IL-4 (12,27). It is presumed
that active suppression of inflammation by these regu-
latory lymphocytes requires migration of these cells to a
local microenvironment, which contains a protein re-
sembling the orally dosed heterologous antigen. Because
the rcgulatory celis gencrated by oral tolerization are
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primed in an antigen-specific manner but suppress in an
antigen-nonspecific manner, they mediate “bystander
suppression” when they encounter the orally dosed
autoantigen at sites of inflammation (28,29). Thus, it
may not be obligatory to identify the 1arget autoantigen
for a given disease. What is required is to orally admin-
ister a protein that is present at the site of inflammation
and is capable of inducing regulatory cells to sccrete
suppressive cytokines. These findings have important
implications for the use of oral tolerance as a therapeu-
tic approach for the trcatment of T cell-mediated in-
flammatory autoimmune discases in humans, in which
the ineiting autoantigen is unknown or in which there is
autoreactivity to multiple autoantigens in the target
tissue. The results in the present study, with maximal
efficacy being demonstrated with the lowest dosage of
Cl1] tested, are consistent with the results of animal trials
(7,8) and with the hypothesis that the mechanism of
action of oral tolerance in this setting is active suppres-
sion of inflammation rather than clonal anergy or dele-
tion. This finding also supgests that CII may be a useful
therapeutic protein even if type II collagen is not of
major pathogenetic importance as an autoantigen in
established RA or is only one of multiple autoantigens
that are involved.

It is of interest that the presence at baseline of
serum antibodies to CII, of either the IgA or IgG
isotype, was assoclated with an increased probability of
achicving a clinical response after treatment with CIL
The basis for this association remains to be explained.
Bystander suppression would be expected to benefit
patients regardless of whether autoreactivity to CII is
involved in the pathogenesis of RA. It is possible that
there is a subset of patients with RA in which autoim-
munity to CIl is of pathogenic importance. It recently
has been rcported that the presence of antibodies to CII
in patients with early RA may be predictive of rapidly
progressive disease (30). In paticnts with antibodies to
CIl, oral dosing with CII might trigger antigen-specific
mechanisms such as anergy or deletion. Alternatively, it
is possible that patients with serum antibodies to CII are
more likely to generate regulatory cells which would
mediate bystander suppression after oral dosing with
CII. Further research is necded to confirm this associa-
tion and to determine whether screening for collagen
antibodiecs would be warranted in deciding which pa-
tients to treat with CIIL.

The phenomenon of oral tolerance represcnts a
novel approach to the treatment of chronic, disabling
autoimrune diseases. To date, no serious adverse
events have been noted in animal or human studies of
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oral tolerance, and the simplicity and apparent safety of
this formt of treatment make it extremely appealing.
Although efficacy of oral CII at 20 pg/day was found 1o
be statistically significant with only 1 of the 3 composite
criteria tested, the excellent safety profile and suggestion
of efficacy indicate that additional clinical investigations
with this protein are warranted, particularly in patients
whose disease has not rcached the stage and scverity
encountered in this trial. These studies should also
include further analysis of potential immunologic pre-
dictors of response to CII.
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