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T cell reactivity to Collagen II as a possible prognostic marker in patients with
rheumatoid arthritis
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Abstract
Objective: To compare the frequency and the functional state of the collagen II reactive T cells with disease activity
in rheumatoid arthritis patients and healthy controls.
Methods: This case-control cross-sectional study was carried out at the Department of Immunology; Armed Forces
Institute of Pathology, Rawalpindi, Pakistan, from June to October 2014. Rheumatologist from Rehmat Noor
Rheumatology Clinic, a private health facility of the city, was requested to send in patients with clinical diagnosis of
rheumatoid arthritis. Samples were obtained and relevant investigations were carried out. Data were compared
with a group of age and gender-matched healthy subjects. T cell proliferative response was assessed against bovine
collagen II by measuring incorporation of bromodeoxyuridine into deoxyribonucleic acid of proliferating cells and
by expression of CD25 on proliferating cells as percentage of CD3+/bromodeoxyuridine+ and CD3+/CD25+ T-cells,
respectively.
Among the patients, the frequency of T cells with disease activity was compared. Patients were classified into
groups of mild, moderate and severe disease and frequency of CD3+/bromodeoxyuridine+, frequency of
CD3+/CD25+ cells, mean fluorescent intensity of bromodeoxyuridine-fluorescein isothiocyanate and mean
fluorescent intensity of CD25-fluorescein isothiocyanate were compared in the groups.
Results: Of the 60 subjects, 30(50%)were patients and 30(50%) were controls. Of the patients, 5(16.66%) were males
and 25(83.33%) were females with an overall mean age of 42±12 years. The mean age of the controls was 41±9.28
years. Mean disease duration of the patients was 10.5 ± 4.2 years.
Percentage of CD3+/CD25+ cells and CD3+/bromodeoxyuridine+ cells stimulated with collagen II, in patients was
much higher than the controls(p<0.05).Statistically significant differences were observed when frequency of
CD3+/bromodeoxyuridine+ cells and CD3+/CD25+ cells was compared among the mild, moderate and severe
patient groups (p<0.05).
Conclusion: Collagen II was found to be an important auto antigen in joints of rheumatoid arthritis patients.
Keywords: Collagen II, BrdU, Collagen reactive T cells. (JPMA 68: 1222; 2018)

Introduction
Rheumatoid arthritis (RA) is an autoimmune disease that
primarily affects synovial joints with cartilage destruction
and subsequent bone erosion. RA is the most common
cause of adult inflammatory arthritis and is associated
with considerable disability and early mortality.1
Although RA most often affects the joints, it is a disease of
the entire body. It can affect many organs and body
systems and can also affect lungs, heart, and kidneys.
It is most likely to strike people from 35 to 50 years of age,
but it can occur in children, teenagers, and elderly people
as well. On average, life expectancy is somewhat shorter
for people with RA than for the general population. Like
many autoimmune diseases, RA typically waxes and
wanes.
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RA is generally considered to be a T cell mediated
autoimmune disease.2 Facts that RA can develop in the
absence of rheumatoid factor and that CD4 T cell derived
cytokines form a major part of effect or mechanisms of RA
suggest a role of CD4 T cells in pathogenesis of RA.3
Although the etiopathogenesis of RA remains unclear,
there is convincing evidence that autoantigens presented
by disease-associated human leukocyte antigen (HLA)
initiate autoimmune response by activating auto-reactive
T cells.
A number of autoantigens in RA have been identified
such as collagen II (CII), human cartilage glycoprotein
(HCgp-39) and binding immunoglobulin protein (BiP).3
Among these CII, a major component of hyaline cartilage,
is an attractive candidate as a target antigen responsible
for pathogenicity of RA.3-5
A study conducted in China found that the percentages of
CII reactive T-cells (55%; range: 48-60%) in RA patients
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were much higher than those in the healthy controls
(35%; range: 30-38%) (p<0.01).6 Literature review has
highlighted the fact that antigen-specific T cells play an
important role in pathogenesis of RA.
No single laboratory marker independently reflects
disease activity in patients with RA. Many disease activity
indices for RA like, Disease Activity Score 28 (DAS 28),
Simplified Disease Activity Index (SDAI), Clinical Disease
Activity Index (CDAI) and Health Assessment
Questionnaire (HAQ) consider both clinical indices and
laboratory biomarkers. The laboratory marker commonly
used in these indices for measuring disease activity are RA
factor, anti-cyclic citrullinatedpeptide (CCP) antibodies,
Erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), antibodies against interleukin-1a (IL1a) etc.
Identifying a single laboratory parameter that
independently and closely reflects disease activity in RA
will allow physicians to initiate aggressive treatment early
in disease process, thus minimising joint damage. No
previous study, to the best of our knowledge, has so far
determined the relationship of CII specific T cells with
disease activity as a potential laboratory marker to assess
the prognosis in patients with RA. The current study,
therefore, was planned to see the response of T cells to CII
in RA patients.

Patients and Methods
This case-control cross-sectional study was carried out at
the Department of Immunology, Armed Forces Institute
of Pathology (AFIP), Rawalpindi, Pakistan, from June to
October 2014 after approval from the institutional review
board. Rheumatologist from Rehmat Noor Rheumatology
Clinic, a private health facility in the city, was requested to
send in patients with clinical diagnosis of RA to AFIP
where samples were obtained after informed consent,
and relevant investigations were carried out.
Patients who fulfilled 1987 American College of
Rheumatology criteria8 with disease duration of not more
than 5 years and not taking any immunosuppressive
therapy were included in the study. Age and gendermatched healthy donors of kidney and bone marrow
transplant, who came to the immunology department for
HLA-Typing, were selected as controls after taking
informed written consent.
Further, 6-7ml venous blood was collected in heparinised
tubes and diluted 1:1 by Roswell Park Memorial Institute
(RPMI-1640) (Gibco-BRL, Grand Island, NY). Mononuclear
cells were isolated by density-gradient centrifugation on
Ficoll-Hypaque (Specific gravity 1.077g/ml) (Pharmacia
LKB, Piscataway, PA), inside safety cabinet. Peripheral
blood mononuclear cells (PBMCs) were isolated and
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washed twice with RPMI-1640 and cell viability was >95%
by Trypan blue exclusion assay. PBMCs were resuspended in culture medium and cell count was
adjusted to 1-2 x 106/ml. Culture medium used consisted
of RPMI-1640 supplemented with 5% foetal calf serum,
penicillin (100U/ml), streptomycin (100 Ag/ml) and
gentamicin (50 Ag/ml) (all from GibcoBRL Life
Technologies, Rockville, MD, USA).
Lyophilised bovine CII Sigma-Aldrich(Saint Louis, MO,
USA) was dissolved in 0.05N acetic acid at pH 3.0 (2
mg/ml) and sterilised by passing through a 0.2-mm
micropore filter paper. This CII was finally used as a cell
culture substratum at 6-10 mg/cm2.
Cells were incubated with CII by adding 0.5ml of cell
suspension to a CII coated sterilised 15ml falcon tubes.
Two separate falcon tubes were labelled as positive and
negative controls and 0.5ml of cell suspension was added
to each tube. Next, 0.5ml of phytohemagglutinin (PHA)
(at a final concentration of 5ug/ml) (GibcoBRL Life
Technologies, Rockville, MD, USA) and 0.5ml of RPMI were
added to the positive and negative control tubes,
respectively. Tubes were then incubated for 72 hours in
5% carbon dioxide (CO2) incubator at 37°C. In the last 6
hours of culture, stimulated cells were exposed to
bromodeoxyuridine (BrdU) (BD Pharmingen™ - FITC BrdU
Flow Kit).
Cells
were
harvested
using
10mM
ethylenediaminetetraacetic acid (EDTA) solution and
shifted to two falcon polypropylene round-bottom tubes
(BD Biosciences Immunocytometry Systems, San Jose,
CA). In the first tube, cells were labelled using
phycoerythrin (PE) conjugated monoclonal antibody
(MoAb)for surface markers CD3 (BD Biosciences
Immunocytometry Systems, San Jose, CA) and fluorescein
isothiocyanate (FITC) conjugated antibody for CD25 (BD
Biosciences Immunocytometry Systems, San Jose, CA). In
the second tube, cells were labelled for surface marker
CD3
with
PE
conjugated
MoAb
followed
bydeoxyribonucleic acid (DNA) digestion using
deoxyribonuclease (DNase). Subsequently, cells were
incubated with FITC labelled anti-BrdUMoAb (BD
Pharmingen FITC BrdU Flow kit) for 45minutes. Finally
cells in both falcon tubes were washed, re-suspended in
PBS and analysed by two-colour flow cytometer.
Sample size was calculated using PS: Power and Sample
Size Calculation version 3.0,7 5% level of significance,
power of test 90%, pooled SD 2.5, test value of population
mean 35% and anticipated population mean 55%.6 The
data was compiled and analysed using SPSS 20. Mean and
standard deviation were calculated for numerical data like
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age and T cell proliferative response in
both groups. Independent sample t-test
was used to compare the mean T cell
responses in groups among the test (CII),
positive control (PHA) and negative
control (RPMI without any stimulant)
groups. Results were considered
significant at p<0.05 level. Patient group
was classified into subgroups of disease
activity as per Simplified Disease Activity
Index (SDAI)9 and frequency of CII specific
T cells was compared among these
groups using one-way analysis of
variance (ANOVA).

Results

Figure-1: Difference between mean percentages of BrdU+CD3+ cells stimulated against Collagen II, PHA (+ve

Of the 60 subjects, 30(50%) were RA
control) and RPMI (-ve control).
patients and 30(50%) were healthy
controls. Both groups had 5(16.66%)
respectively.
males and 25(83.33%) females. Mean age of the patients
was 42±12 years while that of the controls was 41±9.28
Statistically significant differences were observed in
years. Mean disease duration of the patients was 10.5 ±
percentages of BrdU+CD3+ cells and MFI of BrdU-FITC in
4.2 years (range: 5.5-14 years).
comparison of mild to severe and moderate to severe
groups, indicating a direct relationship of these
Percentages of CD25+ cells and BrdU+ cells in CD3+
parameters with disease activity (Table-1).
lymphocytes in PBMC from RA patients induced by CII
were much higher (45.22±7.9% and 53.45±7.5%) than
Similarly, statistically significant differences were
those in the control group (33.51±6.8% and 45.22±4.6%)
observed between percentages of CD25+CD3+ cells and
(p<0.05) (Figures-1-2).
MFI of CD25-FITC when compared between the three
patient groups (p<0.05, Table-2).
The mild moderate and severe disease activity groups
included 9(30%), 13(43%) and 8(27%) patients
Among females, mean proliferative response (BrdU
Table-1: Comparison of Collagen II stimulated BrdU + cells and Mean Fluorescent Intensity (MFI) of BrdU-FITC in mild, moderate and severe disease activity groups (statistical analysis
by one-way-ANOVA).
Proliferation Parameters

Mild n=9

Moderate n=13

Severe n=8
Mild vs. Moderate

% BrdU Incorporation
BrdU-FITC MFI

44±3.6
325±32

53±4.8
411±52

62±3.2
534±42

0.034
0.027

p-value
Mild vs. Severe Moderate vs. Severe
0.001
<0.001

0.002
0.002

ANOVA-Test
<0.001
<0.001

BrdU: Bromodeoxyuridine
BrdU-FITC: Bromodeoxyuridine- fluorescein isothiocyanate
MFI: Mean fluorescent intensity
ANOVA: Analysis of variance.

Table-2: Comparison of Collagen II stimulated CD25 + cells and Mean Fluorescent Intensity (MFI) of CD25 in mild, moderate and severe disease activity groups (statistical analysis by
one-way-ANOVA).
Proliferation Parameters

Mild n=9

Moderate n=13

Severe n=8
Mild vs. Moderate

% CD25 Expression
CD25-FITC MFI unit

28±5.6
222±13

44±6.3
302±66

49±5.6
412±38

0.006
0.001

p-value
Mild vs. Severe Moderate vs. Severe
0.0001
0.0001

0.005
0.001

ANOVA-Test
<0.001
<0.001

MFI: Mean fluorescent intensity
ANOVA: Analysis of variance.
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responsiveness is commonly
in
vitro
by
assayed
measuring the proliferative
response of primed T
lymphocyte to an antigen
challenge.
Traditional
measurement
of
DNA
synthesis as a parameter of
lymphocyte activation and
proliferation has a significant
disadvantage, in that it relies
on bulk culture nucleic acid
incorporation (e.g. 3Hthymidine).23 Therefore, it is
difficult to accurately identify
the relative frequency of
different cellular phenotypes
responding to a specific
Figure-2: Difference between mean percentages of CD25+CD3+ cells stimulated against Collagen II, PHA (+ve control) and RPMI (antigen. In our study we
ve control).
reported a simultaneous
multiparametric
(mp)
+CD3+ Cells) against CII was 52.55% whereas in males,
analysis of cell proliferation, measuring DNA synthesis by
proliferative response was 54.33% (p>0.05).
BrdU (a thymidine analogue) incorporation and
expression of CD25 antigen as T cell activation marker.24
Discussion
Additional benefits of the technique are to identify
The hypothesis that RA is a T cell mediated
various cells in one assay, including T cells and their
autoimmune disease has been widely supported by
subsets, B cells, natural killer (NK) cells and
data in a number of investigations.10 One obstacle to
monocytes/macrophages.25,26 It is also possible to study
confirming the central role of T cells has been the
cytokine profile in response to a specific antigen-induced
identification of auto antigens specific to the joint,
T cell proliferation to analyse Thelper1 (Th1) and Thelper2
where immune mediated inflammation and injury is
(Th2) (interferon [IFN]-g-/interleukin 4 [IL-4])
most intense. CII is a strong candidate autoantigen
disequilibrium and to gain more insight into disease
relevant to RA, because of its abundance in cartilage
pathology.27
and because of its ability to trigger immune mediated
destructive polyarthritis in rodents and primates.11
A salient feature of this method is that it allows for
There have been few studies on T cell immunity to CII
immunofluorescent BrdU staining concurrently with the
in RA12,13 but the findings are variable. Researchers
use of antibodies specific for cell surface molecules,
reported that rheumatoid PBMC cultured with CII
including surface antigen (e.g., CD69, CD25) or
produced increase amount of chemotactic factor in the
intracellular proteins (e.g. cytokines). BrdU flow (BD
majority of RA patients. 14-16 Similar findings were
Biosciences, San Diego) staining protocol avoids DNA
recorded by other investigators using a variety of assay
denaturing agents, such as acid, ethanol that can alter
systems.17-19 In contrast, another researcher reported
and limit the recognition of cellular antigens by
that increased T cell responses to CII were present in
fluorescent antibodies.28
only a minority of patients with RA.20 This difference
may reflect variability in sensitivity or specificity of the
assay system used.
It is also well documented that autoantibodies to CII play
an important role in development of collagen-induced
arthritis (CIA).21

By this method we found that CII in vitro could stimulate
stronger T cell responses in terms of DNA synthesis
(BrdU incorporation) and expression of activation
marker (CD25) in RA patients compared to those in
healthy controls.

Lymphocyte proliferation assays in vitro have remained
important tools for measuring cellular immune status in
immune compromised patients.22 Antigen specific T cell

Our results highlight a discrepancy in percentages of
CD25+ CD3 cells and percentages of BrdU+ CD3 cells in
individual patient sample stimulated against Collagen. A
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likely explanation is that CD25 antigen is a late activation
marker and is expressed by T cells somewhat later in
response to these stimuli.29

assessment of specific immunotherapies designed
for treatment of patients with RA.

Another interesting observation was significantly
increased baseline stimulation (against RPMI) in RA
patients when compared with that of healthy controls.
Possible explanation is presence of previously activated
disease specific auto reactive T cells in patient samples
(p<0.0001 when BrdU incorporation and CD25 expression
was compared against negative control between patient
and control group).

CIIwas found to be an important autoantigen in joints of
RA patients with CII reactive T cells playing a critical role in
pathogenesis of RA. Flow cytometry can be used to detect
antigen specific T cell responses at a single cell level by
simultaneously analysing cell surface markers and BrdU
incorporation (DNA synthesis). By combining all these
parameters, this method can be used to study immune
responses at molecular and cellular level and to further
study the immunopathology and immunotherapy of
many diseases.

PHA is a polyclonal stimulator of T cells and triggers T
lymphocyte cell division following T-cell receptor (TCR)CD3 mediated activation of tyrosine phosphatases.30
Percentages of Brdu+CD3+PHA stimulated cells are not
significantly different in patient group and control group,
following subtraction of BrdU+CD3+cells in unstimulated population (p=0.823).
Although CII stimulated significantly increased number
of T cell in patient group (p<0.05). However, T cell
reactivity against CII was also observed in healthy
individuals. This highlights the fact that deletion of T
cells by thymic selection is not 100% and that
autoreactive T cells escape the selection process. In
peripheral blood, reactivity and expansion of these
autoreactive T cells is suppressed by CD4+CD25+ Tregs
(Regulatory T-cells).31

Conclusion
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