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Effects of Oral Administration of Type I 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 arthritts is an inflammatory synovial disease thought to involve T cells reacting
to an antigen within the joint. Type H collagen is the major protein in articuiar 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 !l 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 eflects were evident. These data demonstrate clinical efficacy of an oral tolerization

approach for rheumatoid arthritis.

Rheumartoid arthricis {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 pathogenctic 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 autoimmunc disorder in
which activated T cells participate (I).
Type I 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 rhe disease have immune re-
sponses to native type Il collagen (4), but
whether collagen teactiviry participates in
the primary pathogenesis of rheumatoid
arthritis or refleces tissue degradation is
unknown.

Current treatments are inadequate in
that they only partially control established
rheumatoid arthritis. They also have side
cficcrs 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
discases multiple sclerosis, uveitis, and dia-
betes (6-11). In a double-blind pilot trial
involving 30 parients with multiple sclero-
sis, oral administration of bovine myelin
antigens decreased the number of T cells
that reacted with myelin basic protecin
(MBP), with no measurable toxiciry {12).
Although favorable trends oceurred in the
myelin group, clinical efficacy could not be
determined because of che small sample
size.

Oral administration of narive cype I
coltagen ameliorates two animal models of
rheumatoid arthritis induced by rype II
collagen (I3) or complete Freund's adju-
vant (14). These experimental findings pro-
vided the rationale for a pilot, open-label
dose-cscalation and safety study in [0 pa-
tients with recaleitrant theumatoid arthn-
tis. Subjects were taken off their immuno-
suppresstive and discase-modifying drugs
consisting of methotrexate, 6-mercaptopu-
rine, azathioprine, or auranohn and fed 0.1
mg of solubilized rype Il 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 madel where feeding 3 to 30 wg of
collagen attenuated disease (14) and the rac
experimental autoimmune encephalomyeli-
tis (EAE) model where feeding 500 to 1000
wg of MBP was suppressive (6, 10). Six of
the 10 patients experienced a substantial
clinical response, defined by a 250% im-
provement in both swollen and tender joine
counts with two additional disease measurcs
improving by 2350% |moming stiffness,
15-m walk time, grip strength, Westergren
erythrocyte sedimentarion rate (ESR), or
physician or patient global assessments] and
lasting for at least 2 months after the
treatmensr period (16). A complete re-
sponse, thal is, diseasc remission (17) with
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discontinuation of nonsteroidal anti-in- i
flammatory drug (NSAID), occurred in one ..
patient previously on methotrexate and «
continued for 26 months. There were =
adverse effects. Based on the results of | e
phase [ study, a placebo-controlled, phasc‘
I1 trial was underzaken o determine wheth-
er clinical efficacy could be demonstraced.

For this phase 11 trial, 60 patients with _
severe, active theumatoid arthricis and who ‘
mee cligibility critenia (18) gave informed g
consent (I9) and were entered into the
study. They were withdrawn from immuno-ﬁ
suppressive drugs if they had been taking -
them (20) and randomized (21} ro either 2 W
treatment identical to that used in thege
phase | cdal (15) or an indistinguishablc_‘
placebo (22) to be taken orally for a con-i
secutive 90-day peried. 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 initationges
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.g
On entry, demographic, clinical, and labo-
ratory parameters were similar in bothg
groups (Table 1) (26). Relative to entry,
there was significant (P < 0.05) improve!

Table 1. Patient characteristics a! entry. Tnl,..‘
were no differences between groups (P > 0.10)
detected by either Fisher's exact test or th

Wilcoxon rank-sum test {age and disease du-
ration).

ee

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

y

Age (years = SD) 503+ 119 551 12,

Sex (% lemales) ral 68 .

Disease duration g8=62 103=81
(years = SD} .

Rheumatoid
factor [%,
{rumber
lested))

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

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

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

Immunosuppres- 64 58
sve® with- L
drawn (%} ‘

*Metholrexale, 6-mercaptopurine, azaloprine. ny

droxychlaroquine, suilasalazing, auranolin, C-YC"“""ﬁ

nn, cyclophosphamide, or penicillamine. Sev

tienis were receiving combinations ol lhese “

(20). The remaining patierts were nat on lmmunu:.u_l‘

pressive diugs at the fime of eniry because of prics

lack of respense of 1oxicity 10 at least two of (he drug

17:_‘
L
1 “

74 (27) 82 (28)

46 (28) 62 (29)

ceee




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, Z, and 3 in the
collagen group as compared with placebo
patients, except for the number of render o
painful joints at month Z (P = 0.06) (Table
7). 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 discase (27).
Table 3 indicates the patients’ status by
other outcome measutes {16, 21, 28). Sta-
bility or imprevement while patients were
off immunosupptessives occurred in the col-
lagen group, whereas patients in the place-
bo pgreup 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 rtrials (30) was
also observed. Four patients (13%) in the
placebo group exhibited substantial benefic
(16) and artained functional class | rank-
ing. This observarion reaffirms the critical
importance of placebo-conutoiled evalua-
tions in rheumartoid arthsitis. 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 andbodies to type
II collagen. Attempts to assess T cell re-
sponses to type Il collapen, including re-
lease of rransforming growth factor—f8

{(TGF-B), were unsuccessful because of the
difficulry in demonstrating reactiviry 1o ryp
II collagen in the peripheral blood of RA
patients. None of the baseline features.
including the presence of collagen anribod-
ies, HLA haplotype, or sex, were associarec
with responsiveness to collagen (31).

This conrrolled trial provides evidence
that oral administration of small quantitie:
of solubilized native heterologous rype 1)
collagen is both safe and can improve the
clinical manifestations of active rheumaroic
arthritis. Baseline values were dererminec
while 64% of the collagen-treated patient:
were on immunosuppressive drugs {usually
methotrexate or &-mercaptopurine), and
further improvement occurred with colla-
gen trcatment. If longer term efficacy it
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 monihs = 28/31; withdrawals
were lreated 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 alt variables by the Wilcoxon rank-sum test or the x2
trend test tor patient and physician assessments) {16). Comparisons
between groups showed signilicantly more improvement or less wors-
ening in the collagen-trealed patients (P < 0.05 and P < 0.01).

Differences between physician assessmenls in collagen and placebc
patients were not significant but showed trends in favor of collagen at
manth (P = 0.086) and 2 montbs (P = 0.06). Qualitatively similar results
were found when a two-way analysis of variance was used lo adjust (or
prednisone use. Significant improvement was also observed among
collagen-treated patients al 1, 2, and 3 months in terms of the number
of swollen joints, the swollen joint index, the number of iender joints, and
the tenderness index (Student's ¢ test; all Pvalues are <0.01, except al
3 months, for the number of swollen joints, P = 0.02, and the swollen
joint index, £ = 0.03).

Mean value Difterence from entry at month
Variable Group at entry
{= SE) 1 2 3
Joints swollen (number) Coilagen 118+ 09 -27=%= 05" -41 = 1.0 -3t = 11
Placebo 120+ 08 20= 14 09 = 18 13 14
Joinls tender to pressure or Collagen 158« 1.3 —-41= 1.1 -87 = 15 -54=+ 1.8
painfut on passive molion Placebo 156 % 0.8 11« 14 -1.1 x* 17 -01*= 186
(rumber)
Joint-swelling index Collagen 133+ 11 —34 = 08" -48 = 1z —3tx 14"
Piacebo 132+ 09 24> 18 09 = 16 43 21
Joint-lenderness or pain index Collagen 175 1.3 —-50=%= 12 -76 = 17 —57+ 20
Placebo iv2x 1.0 16 18 -05 = 21 30x 24
15-m walk time (s) Collagen 132+ 06 00 03" 025+ 05 05+ 06"
Placebo 149+ 09 19+ 06 dg = 12 208> 75
Grip strength (mmHg)
Right Coltagen 105 = 9 01+ 60 63 = 78 -09=* 85
Ptacebo 87 =~ 8 ~73+= 62 -83 = B4 -164 = 88
Left Coltagen 106 = 10 06+ 56 66 = 74° —-03x 88
Placebo 95 = 8 -89+ 538 -93 = 1041 -138=+ 87
Morning sliffness Collagen 155 =51 648 = 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*
Mcderate Collagen 54 33 45’ 25"
Severe ar very severg Collagen 25 26 31 a9’
Absenl or mild Placeta 16 21 15 19
Moderate Placeto 35 31 23 10
Severe cr very severe Placetec 48 48 62 71
Physician assessment (%)
Absent cr mild Coilagen 18 41 35 32
Moderate Collagen 46 33 38 29
Severe or very severe Collagen 36 26 27 39
Absent ¢r mild Placeta 6 21 27 19
Moderate Placebo 42 31 12 13
Severe cr very severe Placebo 52 48 62" 68
ESR {mmincur) Collagen 39 + 6 51+ 289 49 + 28 1 7= 38
Placeba 34 % 5 98> 50 78 = 56 32+ 28
P <005 P < 0.01,
1728 SCIENCE * VOL. 261 * 24 SEPTEMBER 1993




Although 1t 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,
[3, 14), in multiple sclerosis patients given
oral myelin for as long as 3 years {12}, orin
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 monihs. Four patients in the
pilot study who improved while on collagen
experienced a relapse about 3 months after
cessation of therapy followed by benefic
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-
case 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-
quited 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 cype II
collagen in RA cases may both anergize
CD4+ type 1I collagen autoreactive cells
and generare major histocompatibility com-
plex (MHC) class I- or class Il-restricted
regulatory cells that sequester within joint

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

Entry Three monthg
Variable Colla- Pla- Colla- Pia-
gen cebo gen cebo
Worsening 7 35
stalus*
Analgesic 141 39
usey
Functional
classt
1 0 0 18 13
I 57 58 39 18
1]} 43 42 39 58
v 0 0 4 10

*Represents an increase of 3G% or move from the
enlry vaiue fer the jpinl-swelling index and the joint-
lenderness o pain index (J6). Compansoen belween
groups showed significantly more deteroraticn in 1he
placebo-lreated patents (P < 0.01 by the Fisher's
exact lesi). tNarcotic without  anti-inHammatery
properties, usually acetamincphen wilh codeine. prop-
oxyphene, or perazocine, prescribed at any ume by
the clinical investigalor in an atiempt to retain flaring
palients in the fnal. Comparnson between groups
showed significantly grealer numbers of placebo-
liealed patients requiring narcotics (P < 0.04 by the
Fisher's exacl test). 1Detgrmined by Amencan
Rheumalism Associalion critesia for lunztional class
(28). |, mo brmitation from arthatie, I, milcly resiricted:
Il markedly restricled; and |V, incapacily causing
wirtual bed or wheelchair exizience. Trend for improve-
men{ jn the collagen group not smnidicant (P - C.10 by
the x* rerd fest).

tissues and release cytokines that inactivare
autoaggressive cells. In animals, feeding
large doses of antigen favors T cell anergy,
whercas multiple small doses favors the
induction of regulatory T cells (33). In the
EAE model, feeding low doses of MBP
acrivares MBP-specific regulatory cells in
gut lymphoid tissue (I0). These cells are
predominantly CD8* and suppress EAE by
traficking 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 tssue. 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 (FLP)—induced EAE by
orally administered MBP (34), delay of
diabetes in the non-obese diabetic inouse by
oral insulin (1I), and abrogation of adju-
vant arthritis by oral collagen {14). In all
three models, autoimmunicy to the tolera-
gen does not appear to initiate discase.
Accordingly, our dam do not determine
whether type Il collagen is the primary
autoantigen in rheumatoid arthritis.

Although initial clinical efiicacy 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 casily
administered nontoxic treatment for rheu-
matoid arthritis.
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Native type Il collagen, isolated from sternal ¢
hlage of chicks rendered lathyrilic by acm.ms[e
thon ot B-aminopropnoniinle (2), was used 1o e,
the first five subjects in Ihe phase | pilot sluL'
Subsequent patients in the pilol trial and in the,
double-blind siudy received type 1l collagen {
rified from norlathyritic chicken sternal cartilage
by the identical technique (2) and obiained fr ;—.ﬁ
Genzyme (Boslon, MA}. Preparalions werc

lyzed for purity by standard biochemical methe,

(2. 35) and lested for arthritogenicity and lomc‘
in rats {2) with tindings of batch-to-bralch equivz-.
lency. Collagen was stored in a lyophilized st
{2y at —20°C wath deslccant. The protein was.
sClubilzed in 0.1 M acetic acid for ~12 hours
4*C, sleriized by membrane filvation, and al-
quoted into individual 1.0-ml coses in ste-e
tubes. Tubes sufficient for ~2 weeks of treatme®
were delivered on ice to patients and maintain,
under refngeration until use. For oral administ
tion, the 1.0-ml aliquot was added 10 4 to 6 ounces
(118 to 177 mi) of cold crange juice and !
mixure drunk immediately. Orange juice prowvid:
ed an addilional acid vehicle to inhibit precip'a
tion of collagen and masked the taste ol acetc
acid. All dosing occurred in the momMINg on g
empty stomach at least 20 min betore breakiast
ingeslion of olher fuids. Smoking wasg nol permg
ted during tms interval.

- M. E. Weinblant ef al., M. Engl. J. Med. 312 R &

(1985}, K. L. Sewell g al, Arthritis Rh:
press. ‘
R. A. Larsen, Arm.‘

R. S. Pinals, A. T. Masi,
Rheum. 24, 1308 (1981), -
The foliowing requirements determined eligibi'.
(i) American Rheumatism Association (ARA) )
tena for classic or defnite theurnatoid arthrgs
(16): (iiy onset of the disease al age 16 or olc
(i) age a1 least 18 years; (v) ARA functional clags
It or 1 (28}; (v} signs or symploms of synout
urresponsive 10 at least one immunNosuppressive
(Taide 1); and (vi) severe active disease defir
by at least three of the lollowing: =nine panful &
lender oinls, zsix swollen jonts, =45 min.
morning slitness, or =28 mmvhour ESR. Exc™
sion crtera included a degree of structural jog
damage nol amenabile to physical rehabilitatio)
inflammation subsiced after reatment or a SeMioys
conzument medical problem. Seme patienls (v
39) represented referrals for treatment of refrac-
tory disease by rheumatologists oulside Bos!
olhers {m = 10} had recewed experimental thera-
py lor theurnatoid arthritis in the past.
The study was approved by ihe Beth Isiael H(..,
pital Commiftea on Clinical Invesfigations 5“
conducled under an invesligalor-initiated Inve,
gationat New Drug (IND) permit from ihe Ug
Food and Drug Administration. .

. Because ol the possibilily thal patenis wo“
sh

receive ineffecive therapy or a placebo,
medicalion was begun immediately after the Ca-
lient disconlinued immunosuppressive drugs (

ble 1); palients recewving parenteral gold were i.0
enlerer] because prolonged carryover etfe,
coutd influence the oulcome. Palients remainc
on iheir NSAID, prednisone dose (<10 mg’c_r“.
or bath, during the 3-monih (reatment pen.s
NSAID substitution, increases in NSAID of c_:a
rmisone dose, or iniliation of any other 7
matic therapy with the exception ot a
agents and inbrganicular steroids reprem..~
prolocal violations. If applicable, paliedts wele
requested Io praclice confraceplion. '

g

1 7.
.
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22.

23.
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25.

26.

27.

28.

29,

A bioslatist:cian (£ J.0.) randomized each patient
10 eilher 1he active or placebo treatment group
Blocks of 2k, swatiied by lunclional class {28)
severity.

The placebo censisted of 1.0-mi doses of 0.1 M
acelic acid subjected to membxang firation,
Trree rwestigaters (D.C.. CL. and K.LS) ob-
laned the randomization and grepared medica-
licn but dig not have access la cénical data. No
urbinding occured.

Conventioral instruments ware used 10 measuare
AA activity ( 16). Assiglive devices wele permifted
icr wak times. The chnacal irvestigator cared for
the patients curing the lrial ard was responsitle
for safety mcnitering. Laboratory salety assess-
ment was performiad kmmediately before random-
1Zzagion and a1 2, 4, 8, and 12 weeks thereafier. The
assessment comprised a complete tleod count,
differential and platele! count, liver and renal
lunchon tests, prothromen and partial Thiombo-
plastin limes, urinalysis, ard ESA. HLA typing was
performed for alieles of the A, B, C, and DR/DO
loci {36). Serumimmunagiobulin M {igh) rheuma-
oid faciar uters were defermined by rephelome-
iry and IgG antibody titers to native fype Il colla-
gen (expressed as ~1ogz} by enzyme-linked im-
munosorbent assay (37) immedialety betore and
at the end of coflagen or ptaceba adminisiration.
Betore unblinding, decisions weare made concem-
ing the analysis of five subjects (8%) hat tailed 1o
complele the study. One was noncemphant and
withdrew for personal reasons on day 40 after only
a baseline exarmination. This patient was excluded
trom analysis and had been randomized to colfa-
gen. Four disconlinued their study medication be-
fore the end of the 3-month treatimen? because of
worsaning arhrirs. They were assigned the worst
score in the sample for the remainder of the study
and included in the analyses. All four had been
randomized lo placebo. Cne protccol violakon
occurred with a patient who increased the daly
dose of prednisone from 5 mg to 10 mg just belore
month 2. Because the patient continued 1o do
pooty and the 10-mg dose was consistent with
eligibiity requirements, the patient was incheded in
the analyses; the patient had been randomzed 10
collagen. No steroid injections or other problems
with compliance occutred,

Comparisons between collagen and placebo-
freated patients were performed  with  the
Wilcoxon rank-sum test lor continuous measures
(such as e number af swollen joints), the Fish-
er's exact last lor dichotomous measures (such
as narcotic usage), and the x? trend test for
tunchional class and patient and physician as-
sessments. Al rmeasured end points such as the
number of swollen ioints were compared with
entry values before festing; gualitative measures,
such as patient and physician assessments and
functional class, are presented and analyzed
without adjustment for baseline responses. The
Student's paired !est was used la assess wheth-
er changes in the colagen group regresented
signiticant improvements Cver basaline values.
Reported Fvalues are twg-siced.

Complete rescliution is @ more fgovous extension
of RA remissicn cnleria {17), preformidated be-
caise of the magnitude of improvemne in some
patents 0 the infial lnal, and is definad by tha
following conditions: no swollen or tender ints,
na morrung stifiness o aflemnocn fatguae, absent
arihrilis on physician and patien! agpraisals, func-
lienal cfass | siatus, and normal CSA (<28 mmy
Four) white cff prednisore.

Q. Steintwocker, C. H. Traeger, RA. C. Bafterman,
J Am. Med. Assoc. 140, 659 (1349)

Rather lhan assigrng the placeto patients who
withdrew from the Inal (he worst cbserved value
(25). Ihay were given the value Irom [hair last visit.
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