Effects of Oral Administration of Type Il Collagen
on Rheumatoid Arthritis

David E. Trentham,* Roselynn A. Dynesius-Trentham,
E. John Orav, Daniel Combitchi, Carlos Lorenzo,
Kathryn Lea Sewell, David A. Hafler, Howard L. Weiner

Rheumatoid arthritis is an inflammatory synovial disease thought to involve T cells reacting
to an antigen within the joint. Type Il collagen is the major protein in articular cartilage and
is a potential autoantigen in this disease. Oral tolerization to autoantigens suppresses
animal models of T cell-mediated autoimmune disease, including two models of rheu-
matoid arthritis. In this randomized, double-blind trial involving 60 patients with severe,
active rheumatoid arthritis, a decrease in the number of swollen joints and tender joints
occurred in subjects fed chicken type Il collagen for 3 months but not in those that received
a placebo. Four patients in the collagen group had complete remission of the disease. No
side effects were evident. These data demonstrate clinical efficacy of an oral tolerization

approach for rheumatoid arthritis.

Rheumatoid arthritis (RA) is a common
chronic illness in which the synovial mem-
brane of multiple joints becomes inflamed,
causing damage to cartilage and bone. Al-
though the pathogenetic mechanisms un-
derlying the disease are unknown, rheuma-
toid arthritis is associated with human lym-
phocyte antigen (HLA)-DR4 and consid-
ered to be an autoimmune disorder in
which activated T cells participate (I).
Type 1I collagen is a candidate autoantigen
for this disease because it is the most abun-
dant “structural protein of cartilage, and
immunization of animals with the native
protein creates arthritis morphologically re-
sembling rheumatoid arthritis (2, 3). Pa-
tients with the disease have immune re-
sponses to native type II collagen (4), but
whether collagen reactivity participates in
the primary pathogenesis of rheumatoid
arthritis or reflects tissue degradation is
unknown.

Current treatments are inadequate in
that they only partially control established
rheumatoid arthritis. They also have side
effects that limit use early in the disease
process and interfere with prolonged ad-
ministration (5). An ideal therapy would
decrease inflammation in the joint by a
disease-specific mechanism and would lack
toxicity. Oral tolerization, a method of
inducing antigen-specific tolerance, sup-
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presses animal models of the autoimmune
diseases multiple sclerosis, uveitis, and dia-
betes (6-11). In a double-blind pilot trial
involving 30 patients with multiple sclero-
sis, oral administration of bovine myelin
antigens decreased the number of T cells
that reacted with myelin basic protein
(MBP), with no measurable toxicity (12).
Although favorable trends occurred in the
myelin group, clinical efficacy could not be
determined because of the small sample
size.

Oral administration of native type II
collagen ameliorates two animal models of
rheumatoid arthritis induced by type II
collagen (13) or complete Freund’s adju-
vant (14). These experimental findings pro-
vided the rationale for a pilot, open-label
dose-escalation and safety study in 10 pa-
tients with recalcitrant rheumatoid arthri-
tis. Subjects were taken off their immuno-
suppressive and disease-modifying drugs
consisting of methotrexate, 6-mercaptopu-
rine, azathioprine, or auranofin and fed 0.1
mg of solubilized type II collagen daily for 1
month and then switched to 0.5 mg for the
next 2 months (15). This dose was extrap-
olated from experiments in the rat adjuvant
arthritis model where feeding 3 to 30 pg of
collagen attenuated disease (14) and the rat
experimental autoimmune encephalomyeli-
tis (EAE) model where feeding 500 to 1000
pg of MBP was suppressive (6, 10). Six of
the 10 patients experienced a substantial
clinical response, defined by a =50% im-
provement in both swollen and tender joint
counts with two additional disease measures
improving by =50% [morning stiffness,
15-m walk time, grip strength, Westergren
erythrocyte sedimentation rate (ESR), or
physician or patient global assessments} and
lasting for at least 2 months after the
treatment period (16). A complete re-
sponse, that is, disease remission (17) with
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discontinuation of nonsteroidal anti-in-
flammatory drug (NSAID), occurred in one
patient previously on methotrexate and
continued for 26 months. There were no
adverse effects. Based on the results of this
phase I study, a placebo-controlled, phase
II trial was undertaken to determine wheth-
er clinical efficacy could be demonstrated.

For this phase II trial, 60 patients with
severe, active theumatoid arthritis and who
met eligibility criteria (18) gave informed
consent (19) and were entered into the
study. They were withdrawn from immuno-
suppressive drugs if they had been taking
them (20) and randomized (21) to either a
treatment identical to that used in the
phase I trial (I5) or an indistinguishable
placebo (22) to be taken orally for a con-
secutive 90-day period. Both patients and
investigators, except those responsible for
medication (23), were masked as to treat-
ment. Assessments were performed by the
same investigator (D.E.T.) at the initiation
of treatment and at 1, 2, and 3 months,
generally at the same time of day (24).

At the conclusion of the study, 59 of the
60 patients were considered evaluable (25);
28 had received collagen and 31 placebo.
On entry, demographic, clinical, and labo-
ratory parameters were similar in both
groups (Table 1) (26). Relative to entry,
there was significant (P < 0.05) improve-

Table 1. Patient characteristics at entry. There
were no differences between groups (P > 0.10)
detected by either Fisher's exact test or the
Wilcoxon rank-sum test (age and disease du-
ration).

Treatment
Characteristic Collagen Placebo
(n = 28) (n=31)

Age (years + SD) 50.3 £11.9 55.1 £129

Sex (% females) 7 68

Disease duration 98+6.2 103=81
(years = SD)

Rheumatoid
factor [%,
(number
tested)]

HLA-DR 4* [%,
(number
tested)]

Collagen Il 32 13
antibody (%,
titer = 2)

Prednisone (%, 25 48
<10 mg/day)

Immunosuppres- 64 58
sive* with-
drawn (%)

*Methotrexate, 6-mercaptopurine, azathioprine, hy-
droxychloroquine, sulfasalazine, auranofin, cyclospo-
rin, cyclophosphamide, or penicillamine. Seven pa-
tients were receiving combinations of these drugs
(20). The remaining patients were not on immunosup-
pressive drugs at the time of entry because of prior
lack of response or toxicity to at least two of the drugs.

74 (27) 82 (28)

46 (28) 62 (29)
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ment in the number of swollen joints, the
number of tender or painful joints, joint-
swelling and -tenderness indices, and 15-m
walk time at months 1, 2, and 3 in the
collagen group as compared with placebo
patients, except for the number of tender or
painful joints at month 2 (P = 0.06) (Table
2). Among the collagen patients, the de-
cline in the number of swollen joints, ten-
der joints, and joint-swelling and -tender-
ness indices were all significant (P < 0.05).
Four of the collagen patients (14%), as
compared with none in the placebo group,
had complete resolution of disease (27).
Table 3 indicates the patients’ status by
other outcome measures (16, 21, 28). Sta-
bility or improvement while patients were
off immunosuppressives occurred in the col-
lagen group, whereas patients in the place-
bo group tended to deteriorate. In alterna-

tive analyses that reduce the influence of
the four placebo patients who withdrew
from the trial (25), a similar significant (P
< 0.05) improvement from collagen was
seen (29). A placebo effect resembling that
encountered in other RA trials (30) was
also observed. Four patients (13%) in the
placebo group exhibited substantial benefit
(16) and attained functional class I rank-
ing. This observation reaffirms the critical
importance of placebo-controlled evalua-
tions in rheumatoid arthritis. No side ef-
fects or significant changes in laboratory
values, including rheumatoid factor and
antibodies to type II collagen, were noted.
There was no evidence of sensitization to
collagen, as measured by antibodies to type
IT collagen. Attempts to assess T cell re-
sponses to type II collagen, including re-
lease of transforming growth factor—8

(TGEF-B), were unsuccessful because of the
difficulty in demonstrating reactivity to type
I colldgen in the peripheral blood of RA
patients. None of the baseline features,
including the presence of collagen antibod-
ies, HLA haplotype, or sex, were associated
with responsiveness to collagen (31).

This controlled trial provides evidence
that oral administration of small quantities
of solubilized native heterologous type II
collagen is both safe and can improve the
clinical manifestations of active rheumatoid
arthritis. Baseline values were determined
while 64% of the collagen-treated patients
were on immunosuppressive drugs (usually
methotrexate or 6-mercaptopurine), and
further improvement occurred with colla-
gen treatment. If longer term efficacy is
established, oral collagen would be a pref-
erable treatment because it is not toxic.

Table 2. Disease variables in collagen-versus placebo-treated patients.
Number of patients (collagen/placebo) evaluated at entry = 28/31, 1
month = 27/29, 2 months = 26/26, and 3 months = 28/31; withdrawals
were treated as described (25); values shown are differences from entry
except for patient and physician assessments which are given as
percentages. There were no significant differences between groups at
entry (P > 0.05 for all variables by the Wilcoxon rank-sum test or the x?
trend test for patient and physician assessments) (16). Comparisons
between groups showed significantly more improvement or less wors-
ening in the collagen-treated patients (P < 0.05 and P < 0.01).

Differences between physician assessments in collagen and placebo
patients were not significant but showed trends in favor of collagen at 1
month (P = 0.066) and 2 months (P = 0.06). Qualitatively similar results
were found when a two-way analysis of variance was used to adjust for
prednisone use. Significant improvement was also observed among
collagen-treated patients at 1, 2, and 3 months in terms of the number
of swollen joints, the swollen joint index, the number of tender joints, and
the tenderness index (Student’s t test; all Pvalues are <0.01, except at
3 months, for the number of swollen joints, P = 0.02, and the swollen
joint index, P = 0.03).

Mean value Difference from entry at month
Variable Group at entry
(= SE) 1 2 3
Joints swollen (number) Collagen 118+ 09 -27 =+ 05* —-41 = 1.0* =31 1%
Placebo 120+ 038 20x 1.4 09 = 16 13+ 14
Joints tender to pressure or Collagen 158 = 1.3 41 11* -67 = 15 -54+ 18*
painful on passive motion Placebo 156+ 038 11+ 14 -11 = 17 -01+x 16
(number)
Joint-swelling index Collagen 133 = 11 -34=+ 0.8* -48 = 1.2* -3.1x 1.4
Placebo 132+ 09 24+ 18 09 = 16 43+ 21
Joint-tenderness or pain index Collagen 175+ 13 -50=x 1.2* -76 = 1.7¢ -57x 2.0*
Placebo 172+« 1.0 16+ 1.8 -05 = 241 30+ 24
15-m walk time (s) Collagen 13.2+ 0.6 0.0« 0.3* 025+ 0.5% 05+ 0.6*
Placebo 149+ 09 19+ 06 38 = 1.2 208+ 7.5
Grip strength (mmHg)
Right Collagen 105 = 9 01 60 63 = 78 -09=+ 85
Placebo 87 =+ 8 -73+ 6.2 -83 = 84 -164+ 88
Left Collagen 106 =10 06+ 56 6.6 = 7.4* -03+ 88
Placebo 95 =+ 8 -89+ 58 -93 = 10.1 -138= 97
Morning stiffness Collagen 155 = 51 64.8 = 106 51.2 =100 56.4 £ 92
duration (min) Placebo 210 *55 130 = 76 168 =+ 108 195 =100
Patient assessment (%)
Absent or mild Collagen 21 41 23* 36*
Moderate Collagen 54 33 46* 25*
Severe or very severe Collagen 25 26 31* 39+
Absent or mild Placebo 16 21 15 19
Moderate Placebo 35 31 23 10
Severe or very severe Placebo 48 48 62 71
Physician assessment (%)
Absent or mild Collagen 18 4 35 32
Moderate Collagen 46 33 38 29
Severe or very severe Collagen 36 26 27 39
Absent or mild Placebo 6 21 27 19
Moderate Placebo 42 31 12 13
Severe or very severe Placebo 52 48 62 68
ESR (mm/hour) Collagen 39 + 6 51+ 29 49 = 28 1.7+ 39
Placebo 34 = 5 98+ 50 78 £ 56 32+ 28
*P < 0.05. *P < 0.01.
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Although it is possible that the disease
could be exacerbated or an allergy to the
oral antigen could develop, this was not
observed in our study, in animals (6-11,
13, 14), in multiple sclerosis patients given
oral myelin for as long as 3 years (12), or in
uveitis patients treated with retinal S—anti-
gen (32). All patients in the phase II trial
and open-label trial had collagen discontin-
ued after 3 months. Four patients in the
pilot study who improved while on collagen
experienced a relapse about 3 months after
cessation of therapy followed by benefit
with reinitiation of collagen. In animals,
protective effects of oral tolerance appear to
last for 2 to 3 months after termination of
antigen feeding (6). Recrudescence of dis-
ease after discontinuation of oral toleragen
has also occurred in multiple sclerosis (12)
and uveitis (32) patients. It therefore ap-
pears that additional administration is re-
quired to maintain the clinical effects of
oral tolerance.

On the basis of studies of oral tolerance
in animals, two immunologic mechanisms
could explain the clinical response to col-
lagen observed in this study. Feeding type II
collagen in RA cases may both anergize
CD4™* type II collagen autoreactive cells
and generate major histocompatibility com-
plex (MHC) class I- or class II-restricted
regulatory cells that sequester within joint

Table 3. Outcome measures in collagen- ver-
sus placebo-treated patients. Values are per-
centages of 28 collagen and 31 placebo pa-
tients.

Entry Three months
Variable  cola Pla- Colla  Pla-
gen cebo gen cebo
Worsening 7* 35
status*
Analgesic 14+ 39
uset
Functional
classt
| 0 0 18 13
Il 57 58 39 19
i 43 42 39 58
v 0 0 4 10

*Represents an increase of 30% or more from the
entry value for the joint-swelling index and the joint-
tenderness or pain index (16). Comparison between
groups showed significantly more deterioration in the
placebo-treated patients (P < 0.01 by the Fisher's
exact test). fNarcotic without anti-inflammatory
properties, usually acetaminophen with codeine, prop-
oxyphene, or pentazocine, prescribed at any time by
the clinical investigator in an attempt to retain flaring
patients in the trial. Comparison between groups
showed significantly greater numbers of placebo-
treated patients requiring narcotics (P < 0.04 by the
Fisher's exact test). iDetermined by American
Rheumatism Association criteria for functional class
(28): 1, no limitation from arthritis; 1l, mildly restricted;
I, markedly restricted; and IV, incapacity causing
virtual bed or wheelchair existence. Trend for improve-
ment in the collagen group not significant (P = 0.10 by
the x2 trend test).

tissues and release cytokines that inactivate
autoaggressive cells. In animals, feeding
large doses of antigen favors T cell anergy,
whereas multiple small doses favors the
induction of regulatory T cells (33). In the
EAE model, feeding low doses of MBP
activates MBP-specific regulatory cells in
gut lymphoid tissue (10). These cells are
predominantly CD8* and suppress EAE by
trafficking to the central nervous system
and releasing anti-inflammatory cytokines,
such as TGF-B and interleukin-4, when
they encounter MBP presented by MHC
molecules in inflamed brain tissue. This
process, termed antigen-driven bystander
suppression (10), implies that an orally
administered protein can down-regulate or-
gan-specific autoimmune disease as long as
it is a constituent of the target tissue and is
capable of inducing regulatory T cells. It is
not obligatory for the protein to have the
disease-inciting epitopes. Examples of by-
stander suppression include inhibition of
proteolipid protein (PLP)-induced EAE by
orally administered MBP (34), delay of
diabetes in the non-obese diabetic mouse by
oral insulin (I1), and abrogation of adju-
vant arthritis by oral collagen (14). In all
three models, autoimmunity to the tolera-
gen does not appear to initiate disease.
Accordingly, our data do not determine
whether type II collagen is the primary
autoantigen in rheumatoid arthritis.

Although initial clinical efficacy of oral
collagen has been shown, questions con-
cerning optimum dosing and long-term
control of disease remain. Nonetheless, this
study demonstrates the therapeutic efficacy
of oral tolerance for a human autoimmune
disease and provides the foundation for the
development of oral collagen as an easily
administered nontoxic treatment for rheu-
matoid arthritis.
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Tyrosine Phosphorylation of DNA Binding Proteins
by Multiple Cytokines
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Interferon-a (IFN-a) and IFN-y regulate gene expression by tyrosine phosphorylation of
several transcription factors that have the 91-kilodalton (p91) protein of interferon-stimu-
lated gene factor-3 (ISGF-3) as a common component. Interferon-activated protein com-
plexes bind enhancers present in the promoters of early response genes such as the
high-affinity Fcy receptor gene (FcyRl). Treatment of human peripheral blood monocytes
or basophils with interleukin-3 (IL-3), IL-5, IL-10, or granulocyte-macrophage colony-
stimulating factor (GM-CSF) activated DNA binding proteins that recognized the IFN-y
response region (GRR) located in the promoter of the FcyRI gene. Although tyrosine
phosphorylation was required for the assembly of each of these GRR binding complexes,
only those formed as a result of treatment with IFN-y or IL-10 contained p91. Instead,
complexes activated by IL-3 or GM-CSF contained a tyrosine-phosphorylated protein of
80 kilodaltons. Induction of FcyRI RNA occurred only with IFN-y and IL-10, whereas
pretreatment of cells with GM-CSF or IL-3 inhibited IFN-y induction of FcyRI RNA. Thus,
several cytokines other than interferons can activate putative transcription factors by

tyrosine phosphorylation.

Nouclear or whole-cell extracts prepared
from human monocytes incubated with ei-
ther IFN-y or IFN-a contain a protein or
proteins (FcRFy) that specifically recognize
the GRR in the promoter of the high-
affinity immunoglobulin G Fc receptor gene
(1-3). Within the FcRFy complex is a
91-kD tyrosine-phosphorylated protein that
is a component of the ISGF-3 transcription
complex, which causes IFN-a—stimulated
expression of early response genes (2—4).
Because the peripheral blood monocyte is a
critical target cell for IFN-«, IFN-y, and
other cytokines, experiments were done to
determine whether any cytokines other
than the interferons might induce the for-
mation of FcRFy. Whole-cell extracts were
prepared from monocytes incubated with
various cytokines for 15 min at 37°C and
analyzed by electrophoretic mobility—shift
assays (EMSAs) with a 3?P-labeled oligonu-
cleotide corresponding to the GRR (Fig.
1A) (5). Untreated cells showed no forma-
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tion of FcRFvy, whereas extracts prepared
from monocytes treated with IL-3 or GM-
CSF contained GRR binding complexes
that migrated with a mobility different than
that of the FcRFy (Fig. 1A) complex ob-
served after [FN-y activation. In contrast,
IL-10 activated the formation of a GRR
binding complex with a mobility similar to
that of FcRFy. Other cytokines that have
effects on monocytes—IL-1, IL-2, IL-6,
tumor necrosis factor (TNF), monocyte
colony-stimulating factor (M-CSF), and li-
popolysaccharide—showed no formation of
GRR binding complexes.

Binding of FcRFy and the complexes
activated by GM-CSF treatment of mono-
cytes was inhibited by addition of excess
unlabeled GRR (Fig. 1B), but not by addi-
tion of an unlabeled oligonucleotide corre-
sponding to the IFN-y activation sequence
(GAS) within the promoter of the guanyl-
ate-binding protein gene (Fig. 1B) (6). The
complexes induced by treatment of mono-
cytes with IL-3 and IL-10 showed similar
binding specificities (7). When the GAS

oligonucleotide was used as a probe, only





