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Abstrac t t 

OBJECTIVE:: To test the predictive value of T cell subset composition on the clinical 
outcomee of early rheumatoid arthritis. 

METHODS:: A cohort study was initiated in which peripheral blood mononuclear cells 
(PBMC)) of 65 patients who presented with rheumatoid arthritis of recent onset were 
obtainedd (mean disease activity score (DAS) 5.7, 54% rheumatoid factor positive). T cell 
differentiationn markers (CD4, CD8, CD45RA, CD27) and T-cell cytokine production 
abilityy at presentation were related to DAS after one year DMARD treatment. 

RESULTS:: High percentages of differentiated helper T cells, characterized by the 
CD4+CD27""  phenotype, at the start of the therapy correlated with relatively low DAS after 
onee year (p=0.01). In a subgroup of patients characterized by high initial disease activity 
(DAS>6),, disease activity after one year was considerably lower in male (DAS 2.6) than in 
femalee patients (DAS 4.5) (p<0.001). Finally, in the group of female patients with high 
initiall  DAS, but not in the total cohort, a low THELPER(H)1/TH2 ratio appeared to be related 
withh better outcome scores (p<0.05). 

CONCLUSION:: T cell subset analyses revealed association between markers of T cell 
differentiationn and disease activity after one year. T-cell subset and function measurements 
mayy prove useful in identifying patients that respond poorly to conservative DMARD 
therapy. . 

Introductio n n 

Rheumatoidd Arthritis (RA) is a disease of chronic inflammation of the joints with a 
presumedd autoimmune origin. This usually leads to severe joint damage resulting in 
progressivee disability. Tumor necrosis factor (TNF) a locally produced by monocytes plays 
aa central role in the inflammatory cascade and neutralization of TNFct with either 
monoclonall  antibodies or soluble receptor constructs ameliorates inflammation and has 
rapidlyy become an important treatment modality1,2. However, the trigger for TNFct 
productionn in the joint is still unknown. 
Thee success of TNFcc neutralization has formally demonstrated the involvement of 
inflammatoryy cascades in the pathogenesis of RA. Next to this, several indirect lines of 
evidencee exist for contributions of the adaptive immune system to the etiology and/or 
pathophysiologyy of the disease. Perhaps most importantly, an association is found between 
certainn HLA class II alleles, especially those containing the so-called shared-epitope (SE) 
sequence,, and disease severity3. Because the function of class II molecules is to present 
antigenicc peptides, it is supposed that SE-containing class II molecules contribute to an 
arthritogenicc CD4+ T cell repertoire4"7. Furthermore, autoantibodies directed to 
immunoglobulinee (rheumatoid factor, RF) or citrullinated peptides are frequently found in 
RAA patients. Although the role of these antibodies in the pathogenesis of the disease is 
unclear,, they are related with more aggressive disease8"11. 
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Inn contrast to indirect clues in humans, compelling evidence has been gathered in 
experimentall  animal models for a direct arthritogenic role of T cells. An important finding 
inn these studies has been that the intrinsic ability of the T cell system to respond in 
qualitativee different manners is an important variable for disease induction and outcome. 
Specifically,, mice that are prone to respond to antigenic challenge in a THELPER(h)l type 
fashion,, which is characterized by an predominance of CD4" T cells secreting IFNy, are 
highlyy sensitive to induced-arthritis12. In marked contrast, Th2 biased mice that generate 
relativelyy high numbers of IL-4 secreting T cells, do not develop disease13. It is suggested 
thatt these differential effects may be related to the opposing actions of Thl- and Th2-type 
helperr cells on inflammatory cells, Thl being pro-inflammatory in contrast to the anti-
inflammatoryy Th2 cells. The Th2 biased Balb/c mouse is resistant to collagen-induced 
arthritiss while it can develop a Thl mediated arthritis when challenged with proteoglycan 
whichh is easily prevented by administration of IL-414. We aimed to investigate whether 
alsoo in humans the propensity of T cells to respond to antigenic challenges in a Thl- or 
Th2-biasedd fashion would be a contributing factor in the clinical course of RA. For this, a 
cohortt study was initiated in which cellular immune functions were analyzed in patients 
whoo presented with early rheumatoid arthritis and results of these measurements were 
relatedd to disease activity after one year. Two separate types of analysis were employed to 
evaluatee CD4+ T cell differentiation aspects. First, membrane expression of CD45RA and 
CD277 molecules were performed to enumerate naive (CD45RA+), memory-type (CD45RA* 
)) and differentiated memory-type helper T cells (CD27"). Second, Thl and Th2 were 
evaluatedd by intracellular measurement of IFN-y and IL-4 in polyclonally stimulated cells. 

Materia ll  and Method s 

Patients Patients 
Patientss with polyarthritis were recruited from an early arthritis clinic. The diagnosis 
rheumatoidd arthritis was made according to the ACR guidelines15 at one year of follow-up. 
Follow-upp was at least a year with regular visits at the clinic every three months. Peripheral 
bloodd was obtained before start of treatment with disease modifying antirheumatic drugs. 
Initiall  treatment consisted of either hydrochloroquine or sulfasalazine as freely chosen by 
thee treating physician, in the absence of a clinical response methotrexate was given as 
describedd in detail elsewhere16. Patients that had used DMARDs before presentation to the 
clinicc were not included. Disease activity score 17and CRP were determined before and after 
onee year of the treatment. 43 out of 65 patients were analyzed for erosive scores of hands 
andd feet18, 32 out of 43 had erosive disease. 

TT cell phenotyping 
Peripherall  blood mononuclear cells (PBMC) were isolated using Ficoll and stored in liquid 
nitrogenn until use. 
Forr membrane determination bound molecules, 0.2 million-thawed PBMC were incubated 
withh directly labelled monoclonal antibodies for 30 minutes. After three washing steps cells 
weree analysed on a four colour flowcytometer (FACScalibur). Results were expressed as 
percentagee positive cells within CD4+ and CD8+ subsets. 
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Forr determination of cytokine production 0.4 million PBMC were shortly (four hours) 
stimulatedd with phorbol ester and Ionomycin as described previously, after fixation with 
paraformaldehyde,, cells were permeabilized with saponin and incubated with directly 
labeledd monoclonal antibodies against cytokines, CD4 and CDS. After analyses with four-
colorr cytometry, cytokine positive cells were expressed as a percentage of CD4 and CDS 
positivee cells. 
Antibodies:: Directly labeled monoclonal antibodies (mab's) directed against the following 
antigenss were used in this study: CLB, Amsterdam: CD27-FITC (3A12), Becton 
Dickinson:: CD8-PerCP, IFN-y-FITC, IL-4-PE, IL-2-FITC Caltag: CD4-APC. 

Results s 

DescriptionDescription of the patient cohort. 
Patientss were selected from a group of 254 patients who presented with polyarthritis to the 
earlyy arthritis clinic at our institute. During the first year of follow-up, 132 were diagnosed 
ass having rheumatoid arthritis. Of these, 78 were selected because of the availability of 
clinicall  data and mononuclear cells from the start of the study and clinical data after one 
yearr of follow-up (11-13 months). Thirteen patients were excluded because of previous 
DMARDD or steroid usage. Clinical parameters and DMARD usage of the 65 analyzed 
patientss are summarized in table 1. 

Tablee 1. Clinical data of 65 rheumatoid arthritis patients presenting 
att the Amsterdam early arthritis clinic 

Start t Afterr one year of treatment 

DiseaseDisease activity score (DAS) 
C-reactiveC-reactive protein 
Age Age 

Gender Gender 
Male Male 
Female Female 

Mean n 
5.7 7 
40 0 
56.7 7 

Number r 

20 0 
45 5 

SD D 
1.1 1 
42 2 

Mean n 
3.8 8 
16 6 

57.7 7 

SD D 
1.4 4 
25 5 

RheumatoidRheumatoid factor (IgM) positive 35 
ErosiveErosive disease 32 (out of 43) 

DMARDD usage 

Hydroxychloroquine Hydroxychloroquine 
Sulphasalazine Sulphasalazine 
None None 

5 5 
52 2 
7 7 

2 2 
33 3 
6 6 
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CorrelationCorrelation of T cell differentiation markers with measures of disease activity. 
Att the start DAS scores weakly negatively correlated with the percentage of circulating 
CD45RA,, i.e. memory-type, helper T cells (table 2). This association might be related to 
thee fact that memory-type cells have the ability to localize in inflamed tissue19'20 and are 
thereforee relatively depleted from the circulating pool. No correlation between any of the 
phenotypicallyy defined T cells subsets and CRP levels were found (data not shown). 
Furthermore,, at the start of the study no correlations were demonstrable between DAS and 
CD44 phenotype (table 2) or DAS and either IFN-y (Thl) or IL-4 (Th2) producing CD4+ T 
cellss or the Thl/ Th2 ratio. 

Tablee 2 Pearson correlation coefficient between CD4+ T 
celll  phenotype in the peripheral blood and disease activity 
scoree (DAS) at inclusion 

AllAll RA patients 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

Pearsons s 
correlation n 
coefficient t 

0.27 7 
-0.27 7 
-0.01 1 

-0.26 6 
0.00 0 
0.07 7 
-0.14 4 

P P 

0.04 4 
0.04 4 
0.93 3 

0.19 9 
0.99 9 
0.74 4 
0.50 0 

* * 

* * 
ns s 

ns s 
ns s 
ns s 
ns s 

*P<0.05,, ns=not significant 

PrognosticPrognostic value of T cell differentiation markers. 
Diseasee activity at one year was independent from the percentage of memory-type T cells at 
entry.. The percentage of differentiated CD4+CD27" showed a considerable variation in the 
cohortt and inversely correlated with DAS at one year (Figure la and Table 3). No such 
correlationss were found for Thl and Th2 markers (Table 3). 
RAA is a heterogeneous disease, which may obscure possible relations between T-cell 
functionn parameters and prognosis. To analyze T cell differentiation markers in a more 
homogenouss subgroup we separately analyzed patients presenting with high disease activity 
(DAS>6.0).. Again, a relatively high percentage of CD27" T cells was associated with a 
ratherr good prognosis at one year, whereas neither CD45RA" percentages nor TH1/ TH2 
measurementss showed such correlation (Figure lb and Table 3). 
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Figuree 1. 

Pearsonn correlation 
coefficientt between the 
percentagee of peripheral 
bloodd CD4 cells lacking 
CD277 at presentation and 
thee Disease Activity 
Scoree (DAS) after one 
yearofDMARD D 
treatmentt in 
A:: all rheumatoid 
arthritiss (RA) patients, 
B:: RA patients 
presentingg with DAS >6, 
C:: female RA patients 
presentingg with DAS >6. 

Diseas ee activit y after one year of 
treatmen t t 
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Tablee 3. Pearson correlation coefficients between CD4+ T cell phenotype in the peripheral 
bloodd at the start of treatment and disease activity score one year after treatment. 

AllAll RA patients 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

Pearson n 
correlation n 
coefficient t 

0.04 4 
-0.04 4 
-0.34 4 

-0.1 1 
-0.04 4 
-0.05 5 
-0.1 1 

P P 

0.8 8 
0.8 8 
0.01 1 

0.49 9 
0.78 8 
0.71 1 
0.55 5 

ns s 
ns s 
** * 

ns s 
ns s 
ns s 
ns s 

PatientsPatients presenting with disease activity score >6 

CD45RAA positive 
CD45RAA negative 
CD277 negative 

IL-44 positive 
IFN-yy positive 
Thl/Th2 2 
IL-22 positive 

-0.04 4 
-0.04 4 
-0.5 5 

-0.26 6 
0 0 

0.07 7 
-0.14 4 

0.86 6 
0.86 6 
0.01 1 

0.19 9 
0.99 9 
0.74 4 
0.5 5 

ns s 
ns s 
** * 

ns s 
ns s 
ns s 
ns s 

***  p<0.01, ns=not significant 

Inn a previous study, we found that a low TH1 / TH2 ratio was predictive of a relatively low 
DASS at one year(21). Since, this relation was not evident in the current high activity group 
(DAS>6.0)) we reanalyzed the patients that were entered in this study. All patients tested in 
thee previous study were females whereas in the present cohort contained 9 males (out of 30 
patientss presenting with DAS>6.0). Remarkably, in the present cohort of patients 
presentingg with high disease activity scores, mean DAS scores at one year were 2.8 
(standardd deviation 1.3) for males versus 4.6 (standard deviation 1.2) for females (p<0.001, 
dataa not shown). Since this huge scatter in DAS might mask any potential influence of 
immunologicall  parameters we analyzed these separately in the group of female patients 
withh high disease activity at entry. Concerning CD27" differentiated T cells a similar 
relationn was found as in the total cohort and the high DAS subgroup (Figure lc). However, 
confirmingg our earlier findings, we corroborated that a high percentage of IL-4 producing 
cellss and a low Thl/ Th2 ratio is associated with low DAS scores at one year in female 
patientss (Figure 2). 
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Figuree 2. 
Correlationn between 
thee ratio between Th 1 
andd Th2 cells at 
inclusionn in the 
peripherall  blood and 
diseasee activity score 
afterr one year of 
treatmentt in female 
patientss presenting 
withh high disease 
activity. . 
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Diseasee activity after one year of treatment 

Discussion n 

Thee present cohort study was initiated to test whether markers of T-cell differentiation, 
suchh as naive, memory and effector T cell numbers and cytokine production ability, can be 
usedd as predictive markers for disease course in patients with early RA. Three main 
conclusionss can be drawn from the analyses. First, both in the total cohort and in the group 
off  patients who presented with a high disease activity (DAS > 6), the presence of high 
numberss of differentiated memory CD4+ T cells, defined by the absence of the TNF-R 
familyy member CD27, correlated with relatively low disease activity scores one year after 
entryy in the study. Second, in the subgroup of patients with high disease activity male 
patientss had a much more favorable prognosis than female patients. Third, a beneficial 
effectt of a low Thl/Th2 ratio was observed in female patients with initial high disease 
activity,, corroborating earlier findings by our group21. 

Thee inverse correlation of the percentage CD4+CD27" with DAS at one year is unexpected 
andd intriguing. We have previously shown that memory-type CD4+ T cells are enriched in 
thee rheumatoid synovium and strongly increase in the circulation after treatment with anti-
TNFaa mAb(22). Still, we consider it unlikely that the correlation between CD27" helper 
cellss and prognosis might be explained by enhanced localization of these cells in the 
synoviumm in patients with severe disease. This because we did not find any correlation 
betweenn disease activity at a given time point and the percentage of circulating CD4+CD27 
TT cells. 
CD4+CD27""  T cells appear to be specialized helper T cells that develop after persistent 
antigenicc challenge23'24. Recently, Appay and colleagues25 showed a relative increase in 
thesee cells in patients with persistent viral infection, i.e. cytomegalovirus and human 
immunodeficiencyy virus. In this respect, the presence of this subset in RA patients could 
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reflectt an ongoing immune response to a persistent pathogen. In this scenario, patients that 
aree able to form high numbers of these effector-type CD4+ T cells do better because of their 
relativelyy good ability to cope with microbes. However, although viral and bacterial 
pathogenss have been implicated in the etiology of RA proof for their role is lacking. 
CD4+CD27""  T cells display a number of effector functions that are not found in 
CD4+CD27++ memory-type T cells. First, they exclusively secrete interleukin-5 and are 
enrichedd in interleukin-4 secreting T cells24,26'27. Moreover, they are able to synthesize the 
cytolyticc mediators granzyme B and perforin and can execute cytolysis. The physiological 
rolee of cytotoxic CD4+, class II-restricted T cells has been debated for many years by 
immunologists288 but one appealing idea is that they may terminate immune reactions by 
eliminatingg peptide-bearing antigen presenting cells. If in the context of auto-immunity this 
wouldd mean regulation of disease-maintaining auto-antigen cells, it could be envisaged that 
highh numbers of these cells would correlate with favorable outcome. 
Finally,, in contrast to CD4+CD27+ memory-type T cells, CD4+CD27" T cells are poor 
helperss for T-cell dependent immunoglobulin production29. Although the role of antibodies 
andd B cells in RA remains heavily disputed, recent studies in showing that B-cell depleting 
CD200 antibodies ameliorate RA have renewed interest in this area. Low numbers of 
CD4+CD27""  T cells in RA could coincide with a relatively good helper activity of 
CD4+CD27++ T cells. In this respect it is of interest to note that Systemic Lupus 
Erythematosus,, a disease in which the pathophysiological role of antibodies is hardly 
disputed,, is characterized by low amounts of circulating CD4+CD27 T cells (unpublished 
results). . 

Althoughh it is well established that incidence of RA is three-fold higher in females30, the 
findingg that in the subgroup of patients with high disease activity at entry males had a far 
betterr prognosis at one year under standard DMARD treatments was striking. In line with 
thiss observation, Anderson et al.19, reviewing cases of 1,435 patients treated in controlled 
trialss with second-line anti-rheumatic drugs recently showed that female gender is 
associatedd with a relatively poor response to treatment. In addition Kuiper et al described 
ann early arthritis cohort in which the DAS was higher for female patients than for male 
patientss during follow-up while the DAS was the same at inclusion . 

Inn a previous study we found that a low TH1 and TH2 ratio in a subgroup of patients with 
highh disease activity at entry is associated with a relatively favorable prognosis after one 
year32.. In addition, other studies have suggested similar relations between Thl and Th2 
ratio'ss and prognosis in RA33"37. In the total cohort no significant correlation between Thl 
andd Th2 ratio's and disease activity could be found. Also in the subgroup of patients with 
highh disease activity at entry the relation was weak and non-significant. A significant 
relationn was however found when females with high DAS scores at entry, that dominated 
thee initial study group, were analyzed. These findings do not support a strong disease-
modulatingg role for functionally differentiated T cells in RA. Yet, it should be realized that 
RAA is a heterogeneous disease and that, in analogy to certain murine models for arthritis 
dominantt effects of the Thl and Th2 balance could be found if homogenous groups of 
patientss can be identified and analyzed. 
Recently,, regulatory T cells (TREG) have been identified in both rodents and humans38"40. It 
hass been shown that these CD4+ T cells can maintain self-tolerance in mice and it is 
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suggestedd that they have a similar function in humans. It wil l be interesting to test whether 
aa disease-modifying role of these differentiated T cells can be found in RA. 
Inn summary T cell subset analyses revealed association between markers of T cell 
differentiationn and the progression of RA during a year. T-cell subset and function 
measurementss may prove useful in identifying patients that respond poorly to conservative 
DMAR DD therapy. 
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