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Effects of OralAdministrationof Type 11Collagen
on RheumatoidArthritis
David E. Trentham,*Roselynn A. Dynesius-Trentham,
E. John Orav, Daniel Combitchi,Carlos Lorenzo,
KathrynLea Sewell, David A. Hafler,HowardL. Weiner
Rheumatoid arthritisis an inflammatorysynovial disease thought to involve T cells reacting
to an antigen within the joint. Type 11collagen is the major protein in articularcartilage 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 rheumatoid 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 11collagen 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 pressesanimal models of the autoimmune
chronicillness in which the synovialmem- diseasesmultiplesclerosis,uveitis, and diabraneof multiplejoints becomesinflamed, betes (6-11). In a double-blindpilot trial
causingdamageto cartilageand bone. Alinvolving 30 patientswith multiplesclerothough the pathogeneticmechanismsun- sis, oral administrationof bovine myelin
derlyingthe diseaseare unknown,rheuma- antigens decreasedthe numberof T cells
toid arthritisis associatedwith humanlym- that reacted with myelin basic protein
phocyte antigen (HLA)-DR4 and consid- (MBP), with no measurabletoxicity (12).
ered to be an autoimmune disorder in
Although favorabletrendsoccurredin the
which activated T cells participate (1).
myelin group,clinical efficacycould not be
Type II collagenis a candidateautoantigen determined because of the small sample
for this diseasebecauseit is the most abun- size.
dant structuralprotein of cartilage, and
Oral administrationof native type II
immunizationof animals with the native collagen amelioratestwo animalmodels of
proteincreatesarthritismorphologicallyre- rheumatoid arthritis induced by type II
semblingrheumatoidarthritis (2, 3). Pa- collagen (13) or complete Freund'sadjutients with the disease have immune re- vant (14). These experimentalfindingsprosponsesto native type II collagen (4), but vided the rationalefor a pilot, open-label
whether collagen reactivityparticipatesin
dose-escalationand safety study in 10 pathe primarypathogenesis of rheumatoid tients with recalcitrantrheumatoidarthriarthritis or reflects tissue degradationis
tis. Subjectswere taken off their immunounknown.
suppressive and disease-modifyingdrugs
Current treatments are inadequate in
consistingof methotrexate,6-mercaptoputhat they only partiallycontrol established rine, azathioprine,or auranofinand fed 0.1
rheumatoidarthritis.They also have side mg of solubilizedtype II collagendailyfor 1
effects that limit use early in the disease month and then switchedto 0.5 mg for the
process and interfere with prolonged ad- next 2 months (15). This dose was extrapministration(5). An ideal therapywould olatedfromexperimentsin the rat adjuvant
decrease inflammationin the joint by a
arthritismodel wherefeeding3 to 30 ,ugof
disease-specificmechanismand would lack collagenattenuateddisease(14) and the rat
toxicity. Oral tolerization, a method of
experimentalautoimmuneencephalomyeliinducing antigen-specifictolerance, sup- tis (EAE)modelwherefeeding500 to 1000
,ugof MBP was suppressive(6, 10). Six of
D. E. Trentham, R. A. Dynesius-Trentham, D. Combitthe
10 patients experienceda substantial
chi, C. Lorenzo, K. L. Sewell, Division of Rheumatolclinical response,definedby a 250% imogy, Department of Medicine, Beth Israel Hospital, the
Charles A. Dana Research Institute, the Harvardprovementin both swollenand tenderjoint
Thorndike Laboratory, Harvard Medical School, Boscountswith two additionaldiseasemeasures
ton, MA 02215.
improving by 250% [moming stiffness,
E. J. Orav, Department of Medicine, Brigham and
15-m walk time, gripstrength,Westergren
Women's Hospital, Harvard School of Public Health,
Boston, MA 02115.
erythrocytesedimentationrate (ESR), or
D. A. Hafler and H. L Weiner, Center for Neurologic
physicianor patientglobalassessments]and
Diseases, Division of Neurology, Department of Medlasting for at least 2 months after the
icine, Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115.
treatment period (16). A complete re*To whom correspondence should be addressed.
sponse, that is, diseaseremission(17) with
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discontinuation of nonsteroidal anti-inflammatorydrug(NSAID), occurredin one
patient previously on methotrexate and
continued for 26 months. There were no
adverseeffects. Basedon the resultsof this
phase I study, a placebo-controlled,phase
II trialwasundertakento determinewhether clinical efficacycould be demonstrated.
For this phase II trial, 60 patients with
severe,active rheumatoidarthritisand who
met eligibility criteria (18) gave informed
consent (19) and were entered into the
study.They werewithdrawnfromimmunosuppressivedrugsif they had been taking
them (20) and randomized(21) to either a
treatment identical to that used in the
phase I trial (15) or an indistinguishable
placebo (22) to be taken orally for a consecutive 90-day period. Both patients and
investigators,except those responsiblefor
medication (23), were maskedas to treatment. Assessmentswere performedby the
sameinvestigator(D.E.T.) at the initiation
of treatmentand at 1, 2, and 3 months,
generallyat the same time of day (24).
At the conclusionof the study,59 of the
60 patientswereconsideredevaluable(25);
28 had received collagen and 31 placebo.
On entry, demographic,clinical, and laboratory parameterswere similar in both
groups (Table 1) (26). Relative to entry,
there was significant(P < 0.05) improveTable 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 duration).
Treatment
Characteristic

Age (years + SD)
Sex (% females)
Disease duration
(years + SD)
Rheumatoid
factor [%,
(number
tested)]
HLA-DR4+ [%,
(number
tested)]
Collagen II
antibody (%,
titer 2 2)
Prednisone (%,
<10 mg/day)
Immunosuppressive* withdrawn (%)

Collagen

Placebo

(n= 28)

(n= 31)

50.3 + 11.9
71
9.8 + 6.2

55.1 + 12.9
68
10.3 ? 8.1

74 (27)

82 (28)

46 (28)

62 (29)

32

13

25

48

64

58

*Methotrexate,6-mercaptopurine,azathioprine, hydroxychloroquine,sulfasalazine,auranofin,cyclosporin, cyclophosphamide,or penicillamine.Seven patients were receiving combinationsof these drugs
(20). The remainingpatientswere not on immunosuppressive drugs at the time of entry because of prior
lack of response ortoxicityto at least twoofthedrugs.
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ment in the numberof swollenjoints, the
numberof tender or painfuljoints, jointswellingand -tendernessindices, and 15-m
walk time at months 1, 2, and 3 in the
collagen groupas comparedwith placebo
patients,exceptforthe numberof tenderor
painfuljointsat month 2 (P = 0.06) (Table
2). Among the collagen patients, the decline in the numberof swollenjoints, tender joints, and joint-swellingand -tendernessindiceswereall significant(P < 0.05).
Four of the collagen patients (14%), as
comparedwith none in the placebogroup,
had complete resolution of disease (27).
Table 3 indicates the patients' status by
other outcomemeasures(16, 21, 28). Stability or improvementwhile patientswere
offimmunosuppressives
occurredin the collagengroup,whereaspatientsin the placebo grouptendedto deteriorate.In alterna-

tive analysesthat reduce the influenceof
the four placebo patients who withdrew
fromthe trial (25), a similarsignificant(P
e 0.05) improvementfrom collagen was
seen (29). A placeboeffectresemblingthat
encounteredin other RA trials (30) was
also observed.Fourpatients (13%) in the
placebogroupexhibitedsubstantialbenefit
(16) and attainedfunctionalclass I ranking. This observationreaffirmsthe critical
importanceof placebo-controlledevaluations in rheumatoidarthritis.No side effects or significantchanges in laboratory
values, including rheumatoidfactor and
antibodiesto type II collagen, were noted.
There was no evidence of sensitizationto
collagen, as measuredby antibodiesto type
II collagen. Attempts to assessT cell responses to type II collagen, including release of transforminggrowth factor-4

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 x2
trend test for patient and physician assessments) (16). Comparisons
between groups showed significantly more improvement or less worsening in the collagen-treated patients (P < 0.05 and P < 0.01).

Variable
Joints swollen (number)
Joints tender to pressure or
painful on passive motion
(number)
Joint-swelling index
Joint-tenderness or pain index
15-m walk time (s)
Grip strength (mmHg)
Right
Left
Morning stiffness
duration (min)
Patient assessment (%)
Absent or mild
Moderate
Severe or very severe
Absent or mild
Moderate
Severe or very severe
Physician assessment (%)
Absent or mild
Moderate
Severe or very severe
Absent or mild
Moderate
Severe or very severe
ESR (mm/hour)
*P < 0,05.
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Group

(TGF-P), were unsuccessfulbecauseof the
difficultyin demonstratingreactivityto type
II collagen in the peripheralblood of RA
patients. None of the baseline features,
includingthe presenceof collagenantibodies, HLA haplotype,or sex, wereassociated
with responsivenessto collagen (31).
This controlledtrial providesevidence
that oral administrationof smallquantities
of solubilizednative heterologoustype II
collagen is both safe and can improvethe
clinicalmanifestationsof activerheumatoid
arthritis.Baseline values were determined
while 64% of the collagen-treatedpatients
were on immunosuppressive
drugs(usually
methotrexate or 6-mercaptopurine),and
furtherimprovementoccurredwith collagen treatment. If longer term efficacy is
established,oral collagen would be a preferable treatmentbecause it is not toxic.

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).
Difference from entry at month

Mean value
at entry
(? SE)

1

2

3

Collagen
Placebo
Collagen
Placebo

11.8
12.0
15.8
15.6

?
?
?
?

0.9
0.8
1.3
0.8

-2.7
2.0
-4.1
1.1

?
?
?
?

0.5**
1.4
1.1*
1.4

-4.1
0.9
-6.7
-1.1

?
?
?
?

1.0*
1.6
1.5
1.7

-3.1
1.3
-5.4
-0.1

?
?
?
?

1.1*
1.4
1.8*
1.6

Collagen
Placebo
Collagen
Placebo
Collagen
Placebo

13.3
13.2
17.5
17.2
13.2
14.9

?
?
?
?
?
?

1.1
0.9
1.3
1.0
0.6
0.9

-3.4
2.4
-5.0
1.6
0.0
1.9

?
?
?
?
?
?

0.8**
1.8
1.2**
1.8
0.3**
0x.6

-4.8
0.9
-7.6
-0.5
0.25
3.8

?
?
?
?
?
?

1.2*
1.6
1.7*
2.1
0.5**
1.2

-3.1
4.3
-5.7
3.0
0.5
20.8

?
?
?
?
?
?

1.4*
2.1
2.0*
2.4
0.6**
7.5

-0.9
-16.4
-0.3
-13.8
56.4
195

?
?
?
?
?

Collagen
Placebo
Collagen
Placebo
Collagen
Placebo

105
87
106
95
155
210

? 9
? 8
? 10
? 8
? 51

Collagen
Collagen
Collagen
Placebo
Placebo
Placebo

21
54
25
16
35
48

41
33
26
21
31
48

Collagen
Collagen
Collagen
Placebo
Placebo
Placebo
Collagen
Placebo

18
46
36
6
42
52
39
34

41
33
26
21
31
48
5.1 ?
9.8 ?

? 55

?
?

6
5

0.1
-7.3
0.6
-8.9
64.8
130

?
6.0
?
6.2
?
5.6
?
5.8
? 106
? 76

6.3 ?
7.8
-8.3 ?
8.4
7.4*
6.6 ?
-9.3 ? 10.1
51.2 ? 100
? 108
168

36*
25*
39*
19
10
71

23*
46*
31 *
15
23
62

2.9
5.0

**P< 0.01.
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35
38
27
27
12
62
4.9
7.8

8.5
8.8
8.8
9.7
92
? 100

?
?

2.8
5.6

32
29
39
19
13
68
1.7 ?
3.2 ?

3.9
2.8
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Although it is possible that the disease
could be exacerbatedor an allergyto the
oral antigen could develop, this was not
observedin our study, in animals (6-11,
13, 14), in multiplesclerosispatientsgiven
oralmyelinfor as long as 3 years(12), or in
uveitis patientstreatedwith retinalS-antigen (32). All patientsin the phase II trial
and open-labeltrialhad collagendiscontinued after 3 months. Four patients in the
pilot studywho improvedwhile on collagen
experienceda relapseabout3 months after
cessation of therapy followed by benefit
with reinitiation of collagen. In animals,
protectiveeffectsof oraltoleranceappearto
last for 2 to 3 months after terminationof
antigen feeding (6). Recrudescenceof disease afterdiscontinuationof oral toleragen
has also occurredin multiplesclerosis(12)
and uveitis (32) patients. It thereforeappears that additionaladministrationis required to maintain the clinical effects of
oral tolerance.
On the basisof studiesof oral tolerance
in animals, two immunologicmechanisms
could explain the clinical responseto collagenobservedin this study.FeedingtypeII
collagen in RA cases may both anergize
CD4+ type II collagen autoreactivecells
andgeneratemajorhistocompatibilitycomplex (MHC) class I- or class II-restricted
regulatorycells that sequesterwithin joint
Table 3. Outcome measures in collagen- versus placebo-treated patients. Values are percentages of 28 collagen and 31 placebo patients.
Entry
Variable

Worsening
status*
Analgesic
uset
Functional
classt
I
11
III
IV

Three months

Colla-

Pla-

Colla-

Pla-

gen

cebo

gen

cebo

7*

35

14t

39

tissuesand releasecytokinesthat inactivate
autoaggressivecells. In animals, feeding
largedosesof antigenfavorsT cell anergy,
whereas multiple small doses favors the
inductionof regulatoryT cells (33). In the
EAE model, feeding low doses of MBP
activates MBP-specificregulatorycells in
gut lymphoidtissue (10). These cells are
predominantlyCD8+ and suppressEAEby
traffickingto the central nervous system
and releasinganti-inflammatory
cytokines,
such as TGF-4 and interleukin-4, when
they encounter MBP presentedby MHC
molecules in inflamed brain tissue. This
process, termed antigen-drivenbystander
suppression(10), implies that an orally
administeredproteincan down-regulateorgan-specificautoimmunediseaseas long as
it is a constituentof the targettissueand is
capableof inducingregulatoryT cells. It is
not obligatoryfor the protein to have the
disease-incitingepitopes. Examplesof bystander suppressioninclude inhibition of
proteolipidprotein (PLP)-inducedEAEby
orally administeredMBP (34), delay of
diabetesin the non-obesediabeticmouseby
oral insulin (11), and abrogationof adjuvant arthritisby oral collagen (14). In all
three models, autoimmunityto the toleragen does not appear to initiate disease.
Accordingly, our data do not determine
whether type II collagen is the primary
autoantigenin rheumatoidarthritis.
Although initial clinical efficacyof oral
collagen has been shown, questions concerning optimum dosing and long-term
controlof diseaseremain.Nonetheless,this
studydemonstratesthe therapeuticefficacy
of oral tolerancefor a humanautoimmune
diseaseand providesthe foundationfor the
developmentof oral collagen as an easily
administerednontoxic treatmentfor rheumatoidarthritis.
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Tyrosine Phosphorylationof DNA Binding Proteins
by MultipleCytokines
AndrewC. Larner,MichaelDavid, Gerald M. Feldman,
Ken-ichiIgarashi,Rebecca H. Hackett,Deborah S. A. Webb,
Sharon M. Sweitzer, Emanuel F. PetricoinIIl, David S. Finbloom
Interferon-a (IFN-o) and IFN-y regulate gene expression by tyrosine phosphorylation of
several transcription factors that have the 91 -kilodalton (p91) protein of interferon-stimulated gene factor-3 (ISGF-3) as a common component. Interferon-activated protein complexes bind enhancers present in the promoters of early response genes such as the
high-affinityFcy receptor gene (FcyRI). Treatment of human peripheral blood monocytes
or basophils with interleukin-3 (IL-3), IL-5, IL-10, or granulocyte-macrophage colonystimulating 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.

Nuclear or whole-cellextractsprepared tion of FcRFy, whereas extracts prepared
fromhumanmonocytesincubatedwith either IFN-,yor IFN-oacontain a protein or
proteins(FcRF-y)that specificallyrecognize
the GRR in the promoterof the highaffinityimmunoglobulinG Fc receptorgene
(1-3). Within the FcRF-ycomplex is a
91-kD tyrosine-phosphorylated
proteinthat
is a componentof the ISGF-3transcription
complex, which causes IFN-oa-stimulated
expressionof early responsegenes (2-4).
Becausethe peripheralblood monocyteis a
critical target cell for IFN-ot,IFN--y,and
other cytokines,experimentswere done to
determine whether any cytokines other
than the interferonsmight induce the formationof FcRF-y.Whole-cellextractswere
preparedfrom monocytes incubated with
variouscytokinesfor 15 min at 37?C and
analyzedby electrophoreticmobility-shift
assays(EMSAs)with a 32P-labeledoligonucleotide correspondingto the GRR (Fig.
1A) (5). Untreatedcells showedno formaDivision of Cytokine Biology, Center for Biologics
Evaluationand Research, Bethesda, MD20892.
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from monocytes treated with IL-3 or GMCSF contained GRR binding complexes
that migrated with a mobility different than
that of the FcRFy (Fig. 1A) complex observed after IFN-,y activation. In contrast,
IL-10 activated the formation of a GRR
binding complex with a mobility similar to
that of FcRF-y. Other cytokines that have
effects on monocytes-IL-1, IL-2, IL-6,
tumor necrosis factor (TNF), monocyte
colony-stimulating factor (M-CSF), and lipopolysaccharide-showed no formation of
GRR binding complexes.
Binding of FcRF-y and the complexes
activated by GM-CSF treatment of monocytes was inhibited by addition of excess
unlabeled GRR (Fig. 1B), but not by addition of an unlabeled oligonucleotide corresponding to the IFN--y activation sequence
(GAS) within the promoter of the guanylate-binding protein gene (Fig. 1B) (6). The
complexes induced by treatment of monocytes with IL-3 and IL-10 showed similar
binding specificities (7). When the GAS
oligonucleotide was used as a probe, only

