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ENHANCED T CELL PROLIFERATIVE RESPONSE TO TYPE II
COLLAGEN AND SYNTHETIC PEPTIDE CII (255–274) IN PATIENTS

WITH RHEUMATOID ARTHRITIS

HO-YOUN KIM, WAN-UK KIM, MI-LA CHO, SUK KYEONG LEE, JEEHEE YOUN, SUNG-IL KIM,
WAN-HEE YOO, JAE-HO PARK, JUN-KI MIN, SANG-HEON LEE,

SUNG-HWAN PARK, and CHUL-SOO CHO

Objective. To determine the presence of specific
immune recognition of type II collagen (CII) and its
immunodominant epitope CII (255–274) in patients
with rheumatoid arthritis (RA).

Methods. T cell proliferative responses to bovine
CII and a synthetic peptide encompassing CII (255–274)
in peripheral blood mononuclear cells (PBMC) and
synovial fluid mononuclear cells (SFMC) from RA
patients, and in PBMC from osteoarthritis (OA) pa-
tients and healthy controls were assayed by mixed
lymphocyte culture.

Results. The stimulation index (SI) and the num-
ber of positive (SI >2) T cell responses to CII were
higher in RA patients (n 5 106) than in OA patients
(n 5 26) and healthy controls (n 5 34). T cell responses
to CII (255–274) were also enhanced in RA patients and
correlated well with those to CII. In SFMC, positive
responses to CII or CII (255–274) were detected in
61.9% of 42 RA patients. T cell responses to CII in
SFMC were stronger and more prevalent than peri-
pheral responses. The SI and positive responses to CII
were higher in early RA than in late RA. Levels of IgG

antibodies to CII in synovial fluid inversely correlated
with T cell responses to CII.

Conclusion. T cell responses to CII or CII (255–
274) were enhanced in RA, especially in early disease.
Synthetic peptide CII (255–274), as well as native CII,
could be recognized as immunogenic antigens by T cells,
particularly in the synovial fluid. These observations
suggest that CII-reactive T cells play an important role
in the pathogenesis of RA. Peripheral tolerance induc-
tion using CII (255–274) might be useful in the treat-
ment of RA.

Rheumatoid arthritis (RA) is a T cell–mediated
autoimmune disease that is characterized by destructive
polyarthritis. Although the etiologic agent of RA re-
mains unclear, there is some evidence that type II
collagen (CII) might act as an autoantigen (1–4). Immu-
nization of susceptible strains of mice with CII leads to
the development of an autoimmune polyarthritis and the
production of autoantibodies to CII (1,2). CII-reactive
CD41 T cell lines have been reported to transfer disease
to naive mice, indicating that autoreactive CD41 T cells
responding to CII may be capable of initiating or
perpetuating autoimmune arthritis (3,4). However, stud-
ies of T cell responses to CII in human RA have yielded
inconsistent results (5–9). Thus, it is unclear whether
autoreactive T cells responding to CII could play a role
in the pathogenesis of human RA.

It has been documented that 3 portions of the
human CII chain, CII (74–93), CII (254–273), and CII
(924–943), contain major immunodeterminants of T
cells in an animal experimental model of RA (10), and
that human and bovine CII (254–273) share a common
important epitope. Recently, it has been demonstrated
that HLA–DR restricted T cell responses to human CII
are often directed against an immunodominant determi-
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nant within CII (263–270) (FKGEQGPK) (11). To-
gether, these findings suggest that CII and CII-derived
peptides could be recognized as autoantigens by rheu-
matoid T cells in an HLA–DR restricted manner
(12,13). Unfortunately, no reports have appeared to date
in which the T cells obtained from RA patients have
been tested for the ability to proliferate on culture with
synthetic peptides containing CII (263–270).

Antibody and delayed inflammatory reactions
can be dissociated during an immune response. This can
be explained, in part, by the cross-inhibition of type 1 T
helper (Th1) and Th2 cells (14–16). IgG antibodies to
CII are commonly detected in RA (17,18) and are of
potential pathologic relevance in the destruction of
cartilage (19,20). Studies on the association between
antibody responses and T cell responses to CII have
been limited in RA. In a recent report, positive T cell
responses to CII by peripheral blood mononuclear cells
(PBMC) were more frequently found in patients with
antibodies to CII in the sera (9), a finding which is
difficult to interpret in light of current concepts of the
functional diversity of T lymphocytes. Moreover, there
are presently no reports concerning the association of T
cell responses with antibody responses to CII within the
joints, the actual site of the pathologic immune process.

We have, therefore, examined T cell proliferative
responses to CII or a synthetic peptide encompassing
the immunodominant epitope, CII (255–274), in PBMC
obtained from patients with RA, compared the T cell
responses between paired PBMC and synovial fluid
mononuclear cells (SFMC), and determined the rela-
tionship between the T cell responses and antibody
responses to CII.

PATIENTS AND METHODS

Patients. One hundred six patients who fulfilled the
revised criteria for the classification of RA of the American
College of Rheumatology (formerly, the American Rheuma-
tism Association) (21) were studied. The mean age of the RA
patients (20 male and 86 female) was 52.6 years (range 22–84
years). The mean disease duration was 83.4 months (range
1–396 months). All medications were stopped 48 hours before
study entry. Comparisons were made with 26 patients with
osteoarthritis (OA) (5 male and 21 female) and with 34 healthy
controls (7 male and 27 female) who had no rheumatic
diseases. The mean ages of the OA patients and healthy
controls were 56.3 years (range 38–72 years) and 47.6 years
(range 21–63 years), respectively. No difference was found in
age and sex between RA and OA patients or healthy controls.

Antigens. Lyophilized bovine CII and human CII,
generous gifts from Dr. Andrew H. Kang and Dr. Michael A.
Cremer (University of Tennessee, Memphis, TN), were dis-
solved in 0.1N acetic acid at 1 mg/ml, dialyzed against 50 mM

Tris, 0.2M NaCl, and then sterilized by filtering through a
0.2-mm micropore filter. Forty micrograms/well of ovalbumin
and 1 mg/well of phytohemagglutinin (PHA; Gibco BRL,
Grand Island, NY) were used as the negative and positive
controls, respectively. Synthetic peptide CII (255–274)
(255TGEBGIAGFKGEQGPKGEBG274; Emory University
Microchemical Facility, Atlanta, GA) was used as the immu-
nodominant peptide, and CII (233–252) (233FBGPRGPBG-
PQGATGPLGPK252; Emory University Microchemical Facil-
ity), which is known to be a nonimmunodominant region of CII
(10–12), was used as the negative control peptide.

Cell isolations. Heparinized peripheral blood was col-
lected under sterile conditions and diluted 1:1 with RPMI
1640. Synovial fluid (SF) from RA patients with joint effusions
was collected by arthrocentesis into sterile tubes, diluted 1:5
with phosphate buffered saline immediately after collection,
and passed through sterile gauze, as previously described (22).
Mononuclear cells in peripheral blood or SF were isolated by
density gradient centrifugation on Ficoll-Hypaque (SG 1077).
Cell viability was .95% by trypan blue exclusion.

T cell assay. Cells were resuspended in complete me-
dium, which consisted of RPMI 1640 supplemented with 10%
fetal calf serum, 100 units/ml penicillin, 100 mg/ml streptomycin,
and 2 mM L-glutamine. Mononuclear cells were then separated
immunomagnetically into T cells and non–T cells using anti-CD3
microbeads (Miltenyi Biotec, Auburn, CA). Non–T cells were
g-irradiated with 3,000 rad and used as antigen-presenting cells
(APC). Each culture was performed in triplicate at a density of
1 3 105/well for T cells and 1 3 105/well for non–T cells in 96-well
round-bottom microtiter plates (Nunc, Roskilde, Denmark).
Variable concentrations of antigens or buffer alone were added to
the wells. The plates were incubated at 37°C in 5% CO2 for
different culture times. Before the last 12 hours of culture, 0.5 mCi
of 3H-thymidine (NEN Life Science Products, Boston, MA) was
added to each well.

Cells were harvested onto nitrocellulose, and the ra-
dioactivity incorporated was counted in a scintillation counter.
The data are presented as stimulation indices (SI), calculated
as the ratio of counts per minute in the presence of antigens to
cpm without antigens. T cell proliferative responses were
considered positive if the SI was $2 and if the increase in cpm
(D cpm) was .1,000. T cell proliferative responses with
anti-CD3 microbeads showed similar results as those without
the microbeads, in 8 RA patients and 2 healthy controls, so
that the possibility that anti-CD3 microbeads may further
activate T cells could be excluded (data not shown).

Assay for IgG antibodies to CII. All patients’ sera and
SF were obtained at the same time blood samples were
collected for T cell studies, and were stored at 220°C until
assayed. IgG antibodies to bovine native CII (IgG anti-CII) in
sera and SF were measured using enzyme-linked immunosor-
bent assay (ELISA), as described earlier (17,23). Briefly,
96-well microtiter plates (Nunc) were coated overnight at 4°C
with bovine native CII (5 mg/ml). After washing, sera and SF
were diluted 1:100 in 100% normal goat serum (Jackson
ImmunoResearch, Westgrove, PA) buffered with crystalline
Tris (0.1M) and NaCl (0.15M), pH 8.0, and then added to the
microtiter plates for reaction with CII for 2 hours at room
temperature. Biotinylated anti-human IgG F(ab9)2 (Jackson
ImmunoResearch) diluted 1:5,000 was then added and reacted
with the plate for 2 hours at room temperature. After washing,
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avidin-conjugated peroxidase (Jackson ImmunoResearch) di-
luted 1:8,000 was added to react with the plate at room
temperature for 2 hours. Color reaction was induced by the
addition of o-phenylenediamine–H2O2 dissolved in phosphate
citrate buffer, pH 5.0, and was stopped 30 minutes later by
adding 50 ml of 2.5N H2SO4.

An automated microplate reader (Vmax; Molecular
Devices, Palo Alto, CA) was used to measure the optical
density at a wavelength of 490/650. A patient’s serum with the
highest optical density was selected as a standard and the
optical density of a 1:800 dilution was considered as 100
arbitrary units. The 1:800-diluted standard serum was then
diluted 2-fold serially, and the optical densities of the other
patients’ sera are presented as relative values (arbitrary units)
in comparison with that of the serially diluted standard serum.
Positive levels of IgG anti-CII were defined as values that were
.2 SD (6.6 arbitrary units) above the mean level in sera from
the 58 healthy controls.

HLA typing. Each HLA–DR allele was genotyped by
reverse dot hybridization. The primers and probes for geno-
typing of generic DR types were designed according to the
Eleventh International Histocompatibility Workshop and
Conference (24).

Statistical analysis. Since the various data sets were
not normally distributed, results were expressed as medians
(minimum, maximum). Comparisons of numerical data be-
tween groups were performed by the Mann-Whitney rank sum
test or Kruskal-Wallis test, and of categorical data by a
chi-square test or Fisher’s exact probability test, when appro-
priate. Correlation between 2 variables was performed using

Spearman’s rank correlation coefficient. P values less than 0.05
were considered statistically significant.

RESULTS

Optimal concentrations of antigens and culture
times. To determine the optimal culture conditions, T
cell responses to CII or CII (255–274) were tested at
various concentrations and times using PBMC from 3
patients with RA and 3 healthy controls. As shown in
Figure 1, 5 days of culture was optimal for the PBMC
from both patients and controls, and the optimal con-
centrations of CII and CII (255–274) were 40 mg/well
and 10 mg/well, respectively. Two additional studies
yielded similar results. Consequently, these doses were
utilized for the remainder of the studies.

T cell proliferative responses to CII or CII (255–
274) in PBMC. Comparisons of T cell responses be-
tween RA, OA, and healthy controls showed that the
magnitude of the proliferative responses to PHA tended
to be lower in RA patients than in OA patients and
healthy controls (Table 1). In contrast, the number of
positive T cell responses (SI $2, D cpm .1,000) and
median SI with bovine CII were significantly higher in
RA patients (n 5 106) than in OA patients (n 5 26) and

Figure 1. T cell responses to type II collagen (CII) or CII (255–274) in various concentrations of antigens (3 rheumatoid arthritis [RA] patients and
3 healthy controls) and culture times (2 RA patients and 2 healthy controls). Solid circles denote patients with RA; open triangles denote healthy
controls. Solid lines indicate T cell responses with CII; broken lines indicate responses with CII (255–274). The time course of the T cell response
(A) and the dose-dependent T cell response at 5 days (B) are shown. Values are the mean counts per minute (CPM) of triplicate cultures.
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healthy subjects (n 5 34) (34.9% with positive T cell
responses, median SI 1.70 with bovine CII in RA
patients versus 3.8% positive, median SI 1.32 in OA
patients and 2.9% positive, median SI 1.45 in healthy
controls; P , 0.001 for both). Positive T cell responses
and the median SI with CII (255–274) were also higher
in patients with RA (n 5 87) than in OA patients (n 5
24) and healthy controls (n 5 33) (37.9% positive,
median SI 1.73 in RA patients versus 4.2% positive,
median SI 1.38 in OA patients and 12.1% positive,
median SI 1.44 in healthy controls; P , 0.001 and P 5
0.002, respectively).

Forty-seven (54%) of 87 RA patients had positive
T cell responses to CII and/or CII (255–274) (Table 1
and Figure 2). T cell responses to bovine CII (n 5 87) or
human CII (n 5 32) strongly correlated with those to CII
(255–274) (r 5 0.395 [P , 0.001] and r 5 0.723 [P ,
0.001], respectively) (Figures 3A and B). T cell re-
sponses to bovine CII also strongly correlated with those
to human CII (r 5 0.724, P , 0.001) (Figure 3B).
However, no correlation was found between the SI with
PHA and that with CII or CII (255–274) peptide.

T cell proliferative responses of paired SFMC
and PBMC to CII and CII (255–274) peptide. SFMC
were obtained from 42 patients with knee joint effusions.
Twenty-six (61.9%) of 42 SFMC samples responded
positively to CII and/or CII (255–274); good correlations
were noted between the SI induced with CII and that
with CII (255–274) peptide (r 5 0.705, P , 0.001).
Comparisons of T cell responses in paired SFMC and
PBMC (n 5 34) showed that positive T cell responses to
CII were found more frequently in SFMC than in PBMC
(58.8% versus 35.3%; P 5 0.032). The SI with CII in
SFMC was significantly higher than in PBMC (P 5
0.003), yet correlated well with PBMC responses (r 5
0.385, P 5 0.024). Twenty-two (64.7%) of 34 RA
patients had positive T cell responses to CII in PBMC
and/or SFMC when measured simultaneously (Figure
4). However, no differences were found in the median SI
with PHA, ovalbumin, or CII (233–252) peptide between
SFMC and PBMC (data not shown).

Association of T cell responses to CII with dis-
ease duration. In 95 patients in whom disease duration
could be documented, those with a positive T cell

Table 1. T cell proliferative responses to type II collagen (CII) and its immunodominant epitope CII (255–274) in peripheral blood mononuclear
cells obtained from patients with rheumatoid arthritis (RA), osteoarthritis (OA), and healthy controls*

Group tested, antigen response RA OA Healthy controls P

No. of patients 106 26 34
Medium only

Median cpm 6,881 8,032 6,050 NS
Range 2,371–28,000 4,500–10,500 3,135–21,340

PHA response
Median SI 7.64 11.4 8.32 NS
Range 2.41–25.2 4.94–26.24 3.04–41.0

Ovalbumin
Median SI 1.10 1.08 1.20 NS
Range 0.50–2.41 0.90–1.70 0.81–1.90

Bovine CII
Median SI 1.70 1.32 1.45 ,0.001
Range 1.00–12.40 0.89–2.05 0.96–2.20
Positive response, no. (%)† 37 (34.9) 1 (3.8) 1 (2.9) ,0.001

No. of patients 87 24 33
CII (255–274)

Median SI 1.73 1.38 1.44 0.002
Range 0.58–3.50 0.78–2.05 0.90–2.60
Positive response, no. (%)† 33 (37.9) 1 (4.2) 4 (12.1) ,0.001

CII (233–252)‡
Median SI 1.10 1.14 1.10 NS
Range 0.80–2.10 0.80–1.79 0.95–1.90

Bovine CII or CII (255–274)
Positive response, no. (%)† 47 (54.0) 2 (8.3) 4 (12.1) ,0.001

* The stimulation index (SI) was calculated as the counts per minute (cpm) in wells containing antigen divided by the cpm in wells without antigen.
Significance of differences were between RA patients and OA patients and healthy controls, by Kruskal-Wallis test. NS 5 not significant; PHA 5
phytohemagglutinin.
† A positive T cell response was defined as an SI $2 and an increase in cpm (D cpm) .1,000.
‡ Control peptide of a T cell non-reactive sequence.
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response to CII (n 5 35) often had a shorter disease
duration than those (n 5 60) with negative responses
(median 84 months [range 12–331] versus 103.5 months
[range 4–359]; P 5 0.021). These 95 patients with RA
were divided into 2 groups based on disease duration,
early (#3 years) and late (.3 years) RA. T cell re-

sponses to CII were then compared between the 2
groups. Positive T cell responses and the median SI in
PBMC were significantly higher in early RA patients
(n 5 19) than in late RA patients (n 5 76) (68.4%
positive and median SI 2.12 for the early group versus
28.9% positive and median SI 1.62 for the late group;
P 5 0.001 and P 5 0.021, respectively). In SFMC (n 5
42), positive T cell responses and the median SI also
tended to be higher in early RA patients (n 5 8) than in
late RA patients (n 5 34), but these differences were not
statistically significant (Table 2). A trend for positive T
cell responses to decrease over time is shown in Figure 5.

Correlation of T cell response with antibody
response to CII. IgG anti-CII were measured in sera and
SF obtained simultaneously from patients with RA
(Table 3). Twenty-one (27.6%) of 76 patients with RA
tested positive for circulating IgG anti-CII. In the sera,
patients with negative T cell responses to bovine CII
(n 5 50) had a higher frequency of IgG anti-CII
positivity (34% versus 15.4%; P 5 0.08) and had a higher
median level of anti-CII (3.92 versus 2.78 arbitrary units;
P 5 not significant) than did patients with positive T cell
responses (n 5 26). In the SF, the positivity and median
level of IgG anti-CII were significantly higher in patients
with negative T cell responses (n 5 14) than in those
with positive T cell responses (n 5 18) (42.9% positive
and median 3.22 arbitrary units versus 11.1% positive
and median 1.02 arbitrary units; P 5 0.04 and P 5 0.008,
respectively).

Figure 2. T cell proliferative responses to bovine type II collagen
(CII), ovalbumin (Oval), CII (255–274) (immunodominant peptide, or
IP), and CII (233–252) (control peptide, or CP) of a T cell non-reactive
sequence in patients with rheumatoid arthritis (RA), osteoarthritis
(OA), and healthy controls. Broken line indicates the cutoff value for
positive T cell responses. Bars represent the median. Findings in 1 RA
patient (stimulation index 12.4) are not expressed in this figure.

Figure 3. Correlations of T cell responses to bovine type II collagen (CII) (A) with those to human CII or CII (255–274) (B) in peripheral blood
mononuclear cells from rheumatoid arthritis patients. Values are presented as stimulation indices (SI).
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HLA–DR association. HLA–DR types were ex-
amined in 61 patients with RA. No association was
found between HLA–DR4 or –DR1 positivity and pos-
itive T cell responses (Table 4).

DISCUSSION

The hypothesis that RA is a T cell–mediated
autoimmune disease has been widely held by a number
of investigators (5–9), although not by all (25). One
obstacle to confirming that T cells play a specific role in
the pathogenesis of RA has been the identification of
autoantigens specific to the joint, where immune-
mediated inflammation and injury are most intense. One
candidate autoantigen relevant to the pathogenesis of

RA is CII. Type II collagen is a strong candidate because
of its abundance in cartilage, an immunologically privi-
leged tissue, and because of its ability to induce destruc-
tive immune-mediated polyarthritis in rodents and
higher primates (1–4,10–12). Reports describing T cell
immunity to CII in RA are few (5–9), and the conclu-
sions are not entirely uniform. Trentham et al (5)
reported that rheumatoid PBMC cultured with CII
produced increased amounts of a chemotactic factor in
the majority of RA patients. Similar conclusions were
reached by others using a variety of assay systems (6–8).Figure 4. Comparison of T cell responses to bovine type II collagen

(CII) in paired synovial fluid mononuclear cells (SFMC) and peri-
pheral blood mononuclear cells (PBMC) (n 5 34) obtained simulta-
neously from patients with rheumatoid arthritis. Solid circles denote
cases where the stimulation index (SI) was higher in SFMC than in
PBMC (P 5 0.003), and open circles denote the opposite.

Table 2. Comparison of T cell responses to CII between early (#3
years) and late (.3 years) RA*

Group tested,
T cell response Early RA Late RA P

PBMC studies
Number of

patients
19 76

Positive response,
no. (%)

13 (68.4) 22 (28.9) 0.001

Median SI
(range)

2.12 (1.08–12.39) 1.62 (1.00–5.60) 0.021

SFMC studies
Number of

patients
8 34

Positive response,
no. (%)

5 (62.5) 17 (50.0) NS

Median SI
(range)

2.27 (1.20–3.87) 1.93 (1.30–6.40) NS

* PBMC 5 peripheral blood mononuclear cells; SFMC 5 synovial
fluid mononuclear cells (see Table 1 for other definitions).

Figure 5. The frequency of positive T cell responses to type II
collagen (CII) in peripheral blood mononuclear cells over time.
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To the contrary, Snowden et al (9) recently reported that
increased PBMC T cell responses to CII were present in
only a minority of patients with RA. This difference may
reflect variability in the sensitivities or specificities of the
assay systems used.

To address these problems, we conducted a series
of studies using T cells isolated from the PBMC and
SFMC of RA patients, and cultured the cells with
irradiated APC and optimal concentrations of heterolo-
gous CII, homologous CII, and synthetically prepared
CII oligopeptides. In using this protocol, we demon-
strated that positive T cell responses to CII and/or CII
(255–274) peptide could be detected in the majority
(61.9%) of RA patients, and that T cell responses to CII
are more prevalent and stronger using SFMC than
PBMC. In contrast, little activity was detected using
PBMC T cells from patients with OA or healthy subjects.
Importantly, T cell responses to bovine CII correlated
strongly with responses to human CII, which contains
the same CII (255–274) sequence. Earlier reports using
DR1- and DR4-transgenic mice have shown that CII
(255–274) contains the immunodominant T cell deter-
minant of CII. Moreover, by using a synthetically pre-
pared antigen, we were able to eliminate concerns that
the responses to tissue-derived CII were against contam-
inants, e.g., proteoglycan, pepsin, or a matrix protein.
Collectively, these observations underscore the impor-
tance of T cells in maintaining RA, and suggest that
CII-reactive T cells in the joints could play a critical role
in the pathogenesis of RA.

Recently, antigen-specific tolerance induction
has been utilized as a treatment for various autoimmune
diseases (26–29). Oral administration of CII has been
reported to be effective for the treatment of some
patients with RA (30). In an animal experimental model
of RA, it is documented that oral administration of
immunodominant peptide CII (250–270) can modulate
collagen-induced arthritis, and that the HLA–DR re-
stricted T cell response to human CII is focused on an
immunodominant determinant within CII (263–270)
(11,31). Our observations, together with previous find-
ings, provide strong evidence that synthetic peptide CII
(255–274) might be useful in the treatment of human
RA, with benefit possibly being derived from the mech-
anism of antigen-driven active suppression of the auto-
reactive T cell response to CII.

Our finding that T cell responses to CII were more
frequent and vigorous in SFMC suggests either an influx of
CII-reactive T cells into the joint, or their local expansion
in response to autologous CII exposed during cartilage
degradation; given that positive PBMC T cell responses to
CII were detected in a number of patients whose SFMC
responses were negative, and that 9 of 32 patients showed
stronger responses to CII in PBMC than in SFMC, our
data tend to favor the former possibility. However, because
these 2 mechanisms are not mutually exclusive, local
expansion of T cells in the joint may occur in some patients
or may not have been reflected by the study of SF.
Notwithstanding these caveats, the response of T cells
recovered from SFMC to CII generally correlated well with
the response in PBMC.

Another variable possibly influencing the T cell
proliferative response, in addition to the tissue source of
T cells, was the duration of RA. T cells collected from
patients with RA of ,3 years’ duration frequently
responded better to CII than those obtained from
patients with disease of longer duration. This finding
suggests that autoimmune T cell responses may be
intrinsic to the pathogenesis of RA, rather than conse-
quent to cartilage destruction and CII breakdown and
release. However, positive PBMC T cell responses were
still found in about one-third of patients with longstand-

Table 4. Association of HLA–DR types with T cell responses to CII*

DR type
Positive T cell

response (n 5 26)
Negative T cell

response (n 5 35) P

DR4 positive 15 (57.7) 19 (54.3) NS
DR4 or DR1

positive
19 (73.1) 24 (68.6) NS

* Values are the number (%) of patients. See Table 1 for definitions.

Table 3. Inverse correlation of T cell responses with antibody
responses to CII in serum and synovial fluid*

Group tested, IgG
anti-CII response

Positive T cell
response

Negative T cell
response P

Sera samples
Number of

patients
26 50

Median
arbitrary
units (range)

2.78 (0–68.8) 3.92 (0–130.8) NS

Positivity, no.
(%)

4 (15.4) 17 (34.0) 0.08

Synovial fluid
Number of

patients
18 14

Median
arbitrary
units (range)

1.02 (0–42.3) 3.22 (0–86.8) 0.008

Positivity, no.
(%)

2 (11.1) 6 (42.9) 0.04

* Positive levels of IgG antibodies were defined as a value .6.6
arbitrary units, which was .2 SD above the mean level in sera from 58
healthy controls. See Table 1 for definitions.

T CELL RESPONSE TO CII IN RA 2091



ing RA (.10 years). Moreover, one-half of patients with
RA lasting .3 years, but ,10 years, yielded positive
SFMC T cell responses to CII. These observations
suggest that abnormal T cell responses to CII might also
perpetuate chronic arthritis. If this assumption is cor-
rect, CII-reactive T cells could be a good marker for
progressive cartilage destruction and poor prognosis, in
that few activated T cells are needed to induce a
profound effect on tissues.

The separation of immune responses into
delayed-type hypersensitivity and antibody responses
has been well documented. These 2 reactions can be
dissociated, which has led to the hypothesis that, in vivo,
they are reciprocally regulated (14–16). In this regard,
RA is not unique. Pathogenic T cell responses prevailing
over antibody responses have been described in other
autoimmune diseases, such as insulin-dependent diabe-
tes mellitus (IDDM) and experimental allergic enceph-
alomyelitis (EAE). In IDDM, antibodies to glutamic
acid decarboxylase (GAD) are usually demonstrable at
the time of clinical diagnosis in most patients, but rapidly
decline over time (32), and correlate inversely with the
presence of GAD-specific T cell responses (33). In an
animal model of EAE, anti-IgD peptide conjugate pre-
treatment protects rats from encephalomyelitis by induc-
ing a Th2 response and suppressing the Th1 reaction to
the autoantigen (34). RA resembles the aforementioned
diseases in showing that antibodies to CII also decline
over time, and that loss of IgG anti-CII, which indicates
a decrease in the Th2-type response, is associated with
severe disease and the early development of tissue
erosions (18).

The inverse correlation between the T cell and B
cell responses to CII in RA is a new observation and was
best demonstrated by the study of SF. This finding is in
contrast with the observations reported by Snowden et al
(9). Reports describing circulating IgG anti-CII antibodies
in RA vary widely among laboratories, with positive rates
ranging from 3% to 63% (17,18,23,35,36). Some of this
disparity undoubtedly reflects differences in the assay
systems used. The sensitivity and specificity of the ELISA
for IgG anti-CII has been improved considerably by the use
of heterologous serum as a blocking agent and by the use
of the avidin–biotin capture system (17,23). We and others
have shown that levels of IgG anti-CII antibodies can
fluctuate with time (17,36–38). Therefore, the number of
IgG anti-CII antibody–positive sera can differ depending
on the time, as well as the method used, to detect the
antibody. These factors may explain the difference between
the findings of Snowden et al and ours.

Increased risk for RA is associated with the

inheritance of certain DR1 and subtypes of DR4 that
share a conserved amino acid sequence (39,40). In type
II collagen–induced arthritis, an animal model of RA,
DR4 and DR1, expressed as transgenes, can confer
susceptibility to an otherwise-resistant strain of mice by
influencing T cell immunity to CII (11). In human RA,
it is reported that T cell responses to CII are inhibited by
DR-specific antibodies (9), and that augmented cell-
mediated responsiveness to CII is associated with DR4
(41). However, we did not find an association between
positive T cell responses to CII and the presence of
HLR–DR4 or –DR1 allotypes. Since we did not analyze
our patients for the DR4 subtype or RA susceptibility
motifs, QKRAA and QRRAA, it is uncertain whether
the T cell responses detected may or may not be
associated with either motif.

In summary, our studies show that T cell re-
sponses to tissue-derived CII and the synthetic CII
(255–274) peptide are increased in the majority of
patients with RA as compared with patients with OA or
healthy subjects. Importantly, CII (255–274) contains
the immunodominant epitope of CII that is recognized
by HLA–DR1 and –DR4 molecules which share the
“susceptibility sequence” associated with RA. Positive
responses were detected most often in early RA, espe-
cially when the T cells used were recovered from the SF
of inflamed joints. T cell responses to CII were found to
correlate inversely with antibody responses, suggesting
that sensitization to CII with subsequent expansion of
CII-reactive T cells may lead to progressive joint de-
struction. The identification of a peptide sequence com-
monly recognized in patients with RA raises the possi-
bility that it can be utilized to develop a way to suppress
autoreactive T cells in the RA joint in an antigen-specific
manner and to reduce the severity of the disease.
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