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Chapterr 5 

TREATMENTT WITH MONOCLONAL ANTI-TUMOR NECROSIS FACTOR 
aa ANTIBODY RESULTS IN AN ACCUMULATION OF Thl CD4 + 

TT CELLS IN THE PERIPHERAL BLOOD OF PATIENTS WITH 
RHEUMATOIDD ARTHRITIS 

MADELONN M. MAURICE, WIEBO L. VAN DFR GRAAFF, ANGELA LEOW, FERDINAND C. BREEDVELD, 
RENEE A. W. VAN LIER, and CORNELIS L. VERWEIJ 

Objective.Objective. In rheumatoid arthriti s (RA), treat-
mentt  with tumor necrosis factor  a (TNFa) binding 
agentss has proven to be highly effective. Down-
regulationn of the proinflammator y cytokine cascade and 
aa reduced migration of leukocytes into the joints have 
beenn proposed as modes of action of TNFa blockade. We 
investigatedd whether  alterations in the number  of cir-
culatingg pro- and antiinflammator y T cell subsets con-
tribut ee to the therapeutic effect of monoclonal antibod-
iess (mAb) against TNFa in RA patients. 

Methods.Methods. Phenotypic analysis of peripheral blood 
TT cell subsets was performed on blood from RA patients 
beforee and after  treatment with an anti-TNFa mAb. 

Results.Results. An accumulation of primed CD45RA— T 
cellss of both the CD4+ and the CD8+ T cell population 
wass seen shortly after  treatment. Most notably, within 
thee CD4+.CD45RA- T cell subset, the number  of 
interferon-y-producin gg T cells was significantly in-
creasedd after  anti-TNFa mAb treatment, resulting in a 
significantt  rise in the Thl:Th 2 ratio. In addition, an 
increasee in the number  of CD4+ T cells expressing the 
homingg receptor  CD49d in high density was observed 
afterr  treatment, which correlated positively with the 
increasee in the Thl:Th 2 ratio. 

Conclusion.Conclusion. We show that the Thl:Th 2 ratio in 
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thee peripheral blood is raised by anti-TNFa mAb 
treatment. . 

Rheumatoidd arthritis (RA) is associated with a 
chronicc inflammation of peripheral joints and, ulti-
mately,, the destruction of joint structures. The patho-
genicc events that lead to the development of RA have 
nott yet been clarified, but an immunopathogenic com-
ponentt has been strongly implicated. Immunohistologic 
examinationss of RA tissues revealed an infiltration of 
thee joints with high numbers of mononuclear cells and a 
local,, sustained overproduction of proinflammatory cy-
tokiness such as interleukin-1 (IL-1), IL-6, IL-8, 
granulocyte-macrophagee colony-stimulating factor 
(GM-CSF),, and tumor necrosis factor (TNF) (1). In the 
searchh for agents that interrupt the immunologic cas-
cadee in RA, the effects of administering monoclonal 
antibodiess (mAb) against cell surface molecules and 
solublee mediators of inflammation have been studied 
extensivelyy (2-17). Extremely promising results have 
beenn reported from randomized, placebo-controlled, 
clinicall  studies in which RA patients were treated with 
eitherr a chimeric fusion protein of a murine anti-TNFa 
mAbb and a human IgGl-Fc (cA2) (5) or with a recom-
binantt human TNFa receptor (p75)-Fc fusion pro-
teinn (18). 

Thee rationale for blockade of TNFa was based 
uponn several observations that point to a key role of 
TNFaa in the pathogenesis of RA. High concentrations 
off  TNFa were found in synovial fluid, synovial fluid 
cells,, and synovial tissue specimens of patients with RA 
(19-21).. Moreover, injection of TNFa in animals re-
sultedd in a transient synovitis with infiltration of lympho-
cytes,, monocytes, and neutrophils in the joint cavity 
(hypotheticallyy mediated by TNFa-induced up-
regulationn of adhesion molecules such as intercellular 
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adhesionn molecule 1, vascular cell adhesion molecule 1 
[VCAM-1] ,, and endothelial leukocyte adhesion mole-
culee 1, and by local induction of chemotactic factors such 
ass IL-8) (for review, see ref. 22). Monoclonal antibodies 
againstt TNFa were observed to diminish the production 
off  IL-1 and GM-CSF by synovial cells in vitro (23), and 
too ameliorate synovial hyperplasia and joint destruction 
inn the collagen-induced arthritis model in DBA/1 mice, 
evenn after onset of arthritis (24). 

Thee beneficial effect of anti-TNFa mAb admin-
istrationn in RA patients has been attributed to down-
regulationn of cytokine activity and to the reduction of 
leukocytee trafficking to the joints, the latter being based 
onn observations such as reduced expression of adhesion 
moleculess on synovial endothelium, reduced cellularity 
off  joints, and lymphocytosis in the peripheral blood of 
RAA patients after treatment with anti-TNFa mAb (for 
review,, see ref. 25). 

Wee postulated that alterations in pro- and anti-
inflammatoryy T cell subsets could contribute to the 
clinicall  effect of anti-TNFa mAb treatment. Depending 
uponn the set of lymphokines that is secreted, T cells can 
bee divided into discrete effector populations. Human 
CD44 + T cells that secrete interferon-y (IFNy) and 
TNFfii  and are involved in cell-mediated immunity are 
calledd Thl responders, and CD4+ T cells that secrete 
IL-44 and mediate humoral responses are called Th2 
responderss (26-28). These polarized sets of lympho-
kiness exert mutual cross-regulatory or inhibitory effects 
(29).. In organ-specific autoimmunity, the activation of 
proinflammatoryy Thl cells and/or the insufficient coun-
terbalancee by Th2 cells is believed to be important in the 
developmentt of disease and to correlate with tissue 
injuryy (30,31). In the present study, we analyzed the 
effectss of anti-TNFa mAb on phenotypic and func-
tionall  characteristics of peripheral blood T cells in RA 
patients. . 

PATIENTSS AND METHODS 

Patientss and cells. Seventeen patients with severe RA 
weree recruited from our outpatient clinic (4 men and 13 
women,, median age 56 years, range 41-74). Patients fulfilled 
thee criteria of the American College of Rheumatology (for-
merly,, the American Rheumatism Association) for the diag-
nosiss of RA (32), had a minimum disease duration of 6 
months,, a history of unsuccessful treatment with a 1 disease-
modifyingg antirheumatic drug, and radiographic evidence of 
erosivee disease of hands and feet. Further inclusion and 
exclusionn criteria have been described previously (5). 

AA human/murine chimeric mAb of IgGlK isotype 
(cA2)) (Centocor, Malvern, PA) is specific for human TNFa. 
Thee construction and characterization of cA2 has previously 

beenn described (33). The antibody was supplied as a sterile 
solutionn containing 5 mg/ml of cA2 in phosphate buffered 
salinee (PBS) containing 0.01% polysorbate 80 (pH 7.2). 

Onn the day of entry, patients were admitted to the 
hospitall  and randomly assigned to 1 of 3 treatment groups (6 
patientss per group). The first group received a single infusion 
off  placebo (0.1% human serum albumin in the same buffer as 
describedd above). The other 2 groups each received 1 infusion 
off  cA2, either 1 mg/kg (low dosage) or 10 mg/kg (high dosage). 

Att several time points during treatment, starting on 
dayy 0, heparinized blood was obtained. Peripheral blood 
mononuclearr cell (PBMC) fractions were isolated from hepa-
rinizedd blood by Ficoll-Hypaque density gradient centrifuga-
tionn and were cryopreserved immediately. To minimize inter-
assayy variability, samples from individual patients from all time 
pointss were analyzed in 1 experiment. 

Membranee phenotyping. PBMC were washed twice 
withh PBS supplemented with 0.5% bovine serum albumin 
(BSA)) and sodium azide (5 fig/ml). Immunofluorescence 
stainingg was performed by incubation of PBMC with saturating 
amountss of combinations of the following mAb in PBS/BSA: 
CD4-- or CD8-peridin chlorophyll protein (PerCP) (Becton 
Dickinson,, San Jose, CA), CD27-fluorescein isothiocyanate 
(FITC)) (CLB-27/3; Central Laboratory of the Red Cross 
Bloodd Transfusion Service [CLB], Amsterdam, The Nether-
lands),, and CD45RA-phycoerythrin (PE) (2H4-RD1; Coulter. 
Miami,, FL). Stained cells were washed twice and 104 viable 
lymphocytess were analyzed using a fluorescence-activated cell 
sorterr (Becton Dickinson). Percentages of positive cells of each 
subsett were calculated. Absolute cell numbers were found by 
determiningg the percentage of CD4+ and CD8+ cells within 
thee lymphocyte gate (defined by forward and sideward scatter) 
andd by counting of absolute numbers of lymphocytes. 

Floww cytometric measurement of intracellular cytokine 
production.. Measurement of cytokine-producing cells was 
performedd as previously described (34,35). Briefly, 0.5 x 10fi 

cells/mll  were stimulated for 4 hours with phorbol myristate 
acetatee (1 ng/ml) and ionomycin (1 JAM) in the presence of the 
protein-secretionn inhibitor monensin (1 fiM). All subsequent 
stepss were performed at 4°C. After cell surface staining with 
CD4-PEE or CD8-PE combined with CD45RA-FITC (Becton 
Dickinson),, cells were washed twice with PBS and fixated for 5 
minutess with PBS/4% paraformaldehyde. Fixation was fol-
lowedd by permeabiiization for 10 minutes with PBS/0.1% 
saponinn (Sigma. Zwyndrecht, The Netherlands)/10% human 
pooledd serum. PBS/0.1% saponin/0.5% BSA was used for all 
subsequentt washing and incubation steps. Staining of the 
cytokiness with 5 ju.g/ml biotinylated anti-IL-4 mAb (Hölzel 
Diagnostika,, Cologne, Germany) or biotinylated anti-IFN? 
mAbb (MD1; gift from Dr. P. van der Meiden, Biomedical 
Primatee Research Center, Rijswijk, The Netherlands) for 60 
minutess was followed by incubation with streptavidin-RED670 
(Gibcoo BRL, Breda. The Netherlands) for 60 minutes. Ana-
lysiss was performed as described for the measurement of 
membranee markers. 

Determinationn of adhesion molecules on Thl and Th2 
cells.. CD4+ cells (>97% CD3 + .CD4 + ) of 3 healthy donors 
weree obtained by incubating PBMC with saturating amounts of 
CD8.. CD19. CD16, and CD14 mAb (CLB), followed by 
positivee depletion using goat anti-mouse Ig-coupled Dynal-
beadss (Dynal, Oslo, Norway) as previously described (36). 
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Tablee 1. Peripheral blood counts of lymphocytes, CD4 + . and CD8̂  
monoclonall  anti-tumor necrosis factor a (anti-TNFa) antibody* 

TT cell subsets in rheumatoid arthritis patients before and after treatment with 

Lvmphocvtes s 
Dayy 0 ' 
Davv 3 

C D 44 + 
Dayy Ü 
Dayy 3 

C D 44 + . C D 4 5 R A + 
Dayy 0 
Dayy 3 

C D 44 + . C D 4 5 R A -
Dayy 0 
Dayy 3 

C D 4 + . C D 4 5 R A --
Dayy Ü 
Dayy 3 

C D 88 + 
Dayy 0 
Dayy 3 

. C D 2 7 --

C D 88 + .CD45RA+ .CD27 + 
Dayy 0 
Dayy 3 

C D 88 + . C D 4 5 R A + . C D 2 7 -
Dayy 0 
Dayy 3 

C D 88 + . C D 4 5 R A -
D a v O O 
Dayy 3 

C D 88 + . C D 4 5 R A -
Dayy 0 
Dayy 3 

,CD277 + 

. C D 2 7 --

Treatment t 

Median n 

1,320 0 
2,540+ + 

549 9 
917+ + 

176 6 
296t t 

319 9 
692t t 

28 8 
49t t 

243 3 
488t t 

55 5 
85t t 

37 7 
49 9 

88 8 

205t t 

20 0 
39 9 

wi thh anti-TNFa 

SD D 

656 6 
585 5 

315 5 
364 4 

129 9 
229 9 

228 8 
242 2 

100 100 
168 8 

400 0 
356 6 

56 6 
105 5 

179 9 
156 6 

62 2 
94 4 

166 6 
111 1 

(nn = 11) 

Range e 

820-2.910 0 
1,300-3.000 0 

227-1.425 5 
501-1.647 7 

88-499 9 
114-567 7 

96-926 6 
290-1.016 6 

6-337 7 
8-602 2 

93-1.379 9 
137-1.165 5 

19-202 2 
43-308 8 

7-585 5 
1-492 2 

25-198 8 
50-319 9 

2-565 5 
3-349 9 

Treatmentt wi th placebo (n 

Median n 

1.675 5 
1.665 5 

631 1 
668 8 

254 4 
234 4 

420 0 
433 3 

87 7 
140 0 

387 7 
310 0 

55 5 
40 0 

46 6 
57 7 

110 110 
104 4 

78 8 
52 2 

SD D 

926 6 
972 2 

450 0 
315 5 

207 7 
127 7 

263 3 
192 2 

109 9 
65 5 

453 3 
323 3 

60 0 
30 0 

64 4 
48 8 

56.3 3 
71.5 5 

434 4 
299 9 

== 6) 

Range e 

810-3,040 0 
490-3,200 0 

188-1,441 1 
155-952 2 

70-548 8 
58-357 7 

118-894 4 
98-609 9 

22-292 2 
18-152 2 

166-1,377 7 
106-1.014 4 

21-150 0 
14-82 2 

7-585 5 
26-149 9 

44-190 0 
30-226 6 

16-1,025 5 
19-717 7 

**  Values are the number of cells x lO'Ylitcr, 
tt P < 0.05 by Wilcoxon's signed rank test. 

Afterr stimulation as described above, cells were stained with 
antibodiess against CD49d, CD29, CDlla, CDllb, CDllc, or 
CD2,, or with negative control and FITC-coupled goat anti-
mousee Ig (5 ng/m\) (all purchased from CLB). After blocking 
withh normal mouse serum (1:10), cells were fixed, permeabil-
ized.. and stained with anti-IL-4-PE (Becton Dickinson) and 
biotin-coupledd anti-IFN-y (MD-1) (Gibco BRL), and subse-
quentlyy with streptavidin-RED670 (Gibco BRL). 

Statisticall  analysis. Differences in the numbers of T 
celll  subsets and in the levels of cytokine production before and 
afterr therapy were calculated using Wilcoxon's signed rank 
test.. Correlations between increases in the Th]:Th2 ratio and 
thee Disease Activity Score (DAS) or the number of high 
CD49d-expressingg cells were analyzed by Spearman's rank 
correlation. . 

RESULTS S 

Anti-TNF aa treatment induces an increase in the 
numberr  of CD4+, CD45RA- T cells in the peripheral 
blood.. In accordance with previous findings (37,38), 
treatmentt with anti-TNFa resulted in an increase in 

lymphocytee numbers in the peripheral blood of RA 
patientss shortly after infusion (Table 1). Because previ-
ouss data as well as our own findings showed that the 
increasee in lymphocyte numbers was most pronounced 
shortlyy after infusion with anti-TNFa and correlated 
welll  with clinical benefit (37, 38), we decided to analyze 
thee alterations in circulating T cell subsets occurring 3 
dayss after infusion with anti-TNFa mAb in RA patients. 

Thee analysis of CD45RA expression on CD4+ T 
cellss (Table 1) revealed a significant increase in the 
absolutee number of both CD45RA+ (P = 0.018) and 
CD45RA-- (P = 0.006) cells at day 3 after infusion in 
thee group of anti-TNFa-treated patients, but not in the 
placebo-treatedd group. The increase in CD45RA- cells 
wass far more pronounced than the increase in 
CD45RA++ cells, leading to an increase in the percent-
agee of CD45RA— memory cells within the CD4+ T cell 
populationn after anti-TNFa mAb treatment. CD45RA-
memoryy CD4+ T cells can be further subdivided into 
CD27++ and C D 2 7- T cells, of which the latter subset 
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representss highly differentiated memory T cells that 
havee undergone prolonged antigenic stimulation (39). 
Despitee a significant increase in number (P = 0.033) 
(Tablee 1), the percentage of CD27— T cells within the 
CD4+,CD45RA—— population did not show significant 
changess after treatment. 

Thee number  of CD8+,CD45RA- T cells is in-
creasedd after  anti-TNFa treatment. Analogous to the 
behaviorr of CD4+ T cells, the number of CD45RA- T 
cellss within the CD8+ T cell subset increased signifi-
cantlyy after anti-TNFa therapy (P = 0.003) (Table 1). As 
aa consequence of the simultaneous increase in both 
CD4++ and CD8+ memory T cells, the CD4:CD8 ratio 
wass not affected by anti-TNFa therapy (not shown). 
CD8++ T cells can be subdivided into naive, memory, 
andd effector subsets based upon their CD45RA and 
CD277 expression pattern (40). As shown in Table 1, the 
numberr of both the naive CD45RA+.CD27+ and the 
memoryy CD45RA-,CD27+ subset of the CD8+ pop-
ulationn were significantly increased after treatment. How-
ever,, the rise in the number of CD8+,CD45RA-,CD27+ 
TT cells was greater than that of the CD8+,CD45RA+, 
D27++ T cells. Therefore, when calculated as a percent-
agee of the total CD8+ population, only the 
CD45RA-,CD27++ memory T cell population was sig-
nificantlyy increased (P — 0.026). 

Increasee of the Thl:Th 2 rati o of 
CD4+,CD45RA-- T cells in the peripheral blood after 
anti-TNFaa treatment. We next investigated whether 
anti-TNFaa mAb therapy alters the amount of differen-
tiatedd Thl and Th2 cells within the peripheral blood of 
RAA patients. Since the secretion of Thl and Th2 cyto-
kiness is largely confined to the CD45RA- subset of 
CD4++ T cells, the amount of IFN7- and IL-4-producing 
TT cells was analyzed within this subset. The numbers of 
bothh IL-4- and IFNy-producing CD4+,CD45RA- T 
cellss were significantly increased after anti-TNFa mAb 
treatment,, but not after placebo treatment. However, 
thee rise in IFNy-producing T cells was more pronounced 
thann the rise in IL-4-producing T cells, leading to a 
significantt increase in the Thl:Th2 ratio in the peri-
pherall  blood (P = 0.007) (Figure 1). 

Forr CD8+ T cells, the production of IFNy is not 
confinedd to the CD45RA— subset. Therefore, the numbers 
off  both IFNy- and IL-4-positive cells were calculated for 
thee total CD8+ T cell population. In contrast to the 
findingss for CD4+ T cells, the numbers of both IFNy- and 
IL-4-positivee cells, as well as their ratio, were not signifi-
cantlyy altered within the CD8+ subset after treatment with 
anti-TNFaa mAb (Table 2). 
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Figuree 1. Effects of anti-tumor necrosis factor a (anti-TNFa) treat-
mentt on the number of interferon-y ( I F N Y ) - a n t' interleukin-4 
(IL-4)-producingg cells. CD4+ T cells (X lOMiter) producing the Thl 
cytokinee IFN-y were significantly increased in number on day 3 after 
anti-TNFaa treatment (A). IL-4-producing CD4+ T cells increased in 
numberr more slowly (B), leading to a significantly increased IFN-y/ 
IL-44 ratio (C). Open squares represent patients who received 10 mg/kg 
off  chimeric anti-TNFa monoclonal antibody (cA2). Closed circles 
representt patients who received 1 mg/kg of cA2. 

Highh CD49d-expressing CD4+,CD45RA- T cell 
numberss are increased after  anti-TNFa mAb treatment. 
Thee selective accumulation of Thl-like cells in the 
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Tablee 2. Peripheral blood counts of interleukin-4 (IL-4)- and interferon-y (IFNy)-producing CD8+,CD45RA- T cells in rheumatoid arthritis 
patientss before and after treatment with monoclonal anti-tumor necrosis factor a (anti-TNFa) antibody* 

IL-4+.CD8+ + 
Dayy 0 
Dayy 3 

IFNy+,CD8+ + 
Dayy 0 
Dayy 3 

Treatmentt with anti-TNFa (n -

Median n 

16 6 
12 2 

83 3 
109 9 

SD SD 

23 3 
37 7 

309 9 
206 6 

== 11) 

Range e 

0-74 4 
0-106 6 

11-1,003 3 
15-617 7 

Median n 

22 2 
22 2 

119 9 
69 9 

Treatmentt with placebo (n 

SD D 

22 2 
16 6 

336 6 
126 6 

== 61 

Range e 

9-61 1 
0-38 8 

39-916 6 
36-363 3 

""  Values are the number of cells x 10 /liter. 

peripherall  blood could be explained by a therapy-
inducedd inhibition of homing of those cells to the 
inflamedd tissues. This assumption implies a different 
homingg pattern of Thl and Th2 cells, which could be 
reflectedd in a difference in the expression of adhesion 

molecules.. An important pathway in the migration of T 
cellss to inflamed peripheral tissues involves very late 
activationn antigen 4 (a4(31)/VCAM-l (41), and 
VCAM-11 expression in the synovia of RA patients is 
reducedd after anti-TNFa therapy (42). 
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Figuree 2. Comparison of the expression of adhesion molecules on 
IFNy-producingg Thl and IL-4-producing Th2 CD4+ T cells from 
healthyy individuals. The mean fluorescence intensity (MFI) for the 
differentt adhesion molecules was determined for IFNy+,IL-4- (Thl) 
andd IFNy-,IL-4+ (Th2) cells by flow cytometry. The difference in 
antigenn density between Thl and Th2 cells is expressed as the MFI 
Thl/MFII  Th2 ratio (mean and SEM of 3 donors) (A). After anti-TNFa 
treatment,, the percentage of CD49d high-expressing CD4+ T cells in 
thee peripheral blood of rheumatoid arthritis patients was increased and 
correlatedd significantly with the increase in the Thl/Th2 ratio (B). The 
alterationn in the percentage of CD29-expressing CD4+ T cells did not 
correlatee with the alteration in the Thl/Th2 ratio (C). See Figure 1 for 
otherr definitions. 

AA Th1/Th2 

c c 
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Too test whether CD49d (aA integrin) is important 
inn the homing of Thl T cells to the synovium, we first 
analyzedd the expression levels of CD49d and its associ-
atedd /3, chain, CD29, on the cell surface of Thl and Th2 
CD4++ T cells isolated from healthy individuals. In 
contrastt to CD29 and the other adhesion markers that 
weree analyzed, CD49d was expressed in markedly higher 
densityy on Thl cells when compared with Th2 cells 
(Figuree 2A). Next, we analyzed the expression levels of 
CD49dd and CD29 on CD4+,CD45RA- T cells in 6 RA 
patientss before and after treatment with anti-TNFa. In 
contrastt to CD29 (Figure 2C), the percentage of high 
CD49d-expressingg cells was increased after treatment 
and,, moreover, correlated significantly with the alter-
ationss in the Thl:Th2 ratio (P = 0.04) (Figure 2B). 

DISCUSSION N 

Thee present study analyzed the effects of anti-
TNFaa mAb treatment on the phenotypic and functional 
characteristicss of T cell subsets in the peripheral blood 
off  RA patients. A significant increase in the number of 
CD45RA-- memory T cells of both the CD4+ and the 
CD8++ T cell population was observed shortly after 
anti-TNFaa therapy, with a concomitant rise in the 
Thl:Th22 ratio of the CD4 + ,CD45RA- T cell popula-
tion,, but not of the CD8+ T cell population. These 
findingss indicate that the increase in peripheral blood T 
celll  numbers after anti-TNFa mAb therapy is mainly 
duee to an increase in CD45RA— memory T cells, which, 
withh respect to the CD4+ T cell subset, have a Thl-like 
phenotype. . 

Thee expression of adhesion molecules on the 
synoviall  endothelium and the density of synovial infil -
trationn of inflammatory cells were both found to be 
reducedd after anti-TNFa mAb treatment of RA patients 
(42).. It has been proposed that the diminished activation 
off  endothelial cells in the synovial microvasculature 
leadss to a decreased migration of leukocytes to the 
joints.. In accordance with this hypothesis, the rapid 
increasee of lymphocyte counts in the peripheral blood of 
treatedd patients correlated with clinical benefit (37,38). 

Inn the present study, we refined the model of the 
modee of action of anti-TNFa therapy by demonstrating 
thatt the increase in lymphocyte numbers is greater for Thl 
cellss than for Th2 cells. The data therefore are consistent 
withh the assumption that CD4+,CD45RA- Thl-like T 
cellss preferentially migrate to the inflamed tissue in the 
jointss of RA patients. In accordance with this, T cells 
isolatedd from synovium or synovial fluid of RA patients 
weree observed to predominantly express Thl cytokines 

(43,44),, and the selective homing of Thl cells, and not Th2 
cells,, into inflamed joints of mice was recently demon-
stratedd (45). Moreover, the present data confirm the 
findingg of an inverse relationship between serum TNFa 
levelss and the ratio of IFNy:IL-4 production of peripheral 
bloodd T cells (46). The finding of diminished migration of 
Thl-likee T cells into the inflamed tissues after anti-TNF» 
treatmentt is supported by the observed increase in the 
proportionn of high CD49d-expressing CD4+,CD45RA-
TT cells. In accordance with the finding that Thl cells 
expresss a markedly higher density of CD49d on the cell 
surfacee when compared with Th2 cells, the increase in the 
numberr of high CD49d-expressing CD4+ T cells in anti-
TNFa-treatedd patients correlated with the increase in the 
Thl:Th22 ratio. The rapid down-regulation of VCAM-1 in 
thee synovium (42) could therefore be an important factor 
forr inhibiting Thl cells from migrating into the synovium. 

Withinn the CD4+,CD45RA- T cell population, 
cellss that have lost the CD27 molecule from the cell 
surfacee represent highly differentiated memory T cells 
thatt can secrete considerable amounts of either IFN-y or 
IL-44 upon stimulation (39). No alteration in the percent-
agee of CD27- T cells within the CD4+,CD45RA-
populationn was observed. It could therefore very well be 
thatt both CD27+ and CD27- memory CD4+ T cells 
migratee equally well to the peripheral inflamed tissues. 
Thee described increase in CD27-,CD4+ T cells in the 
cellularr infiltrates in the synovium (47,48) could there-
foree be explained by a postmigratory loss of the CD27 
moleculee from the cell surface, as previously pro-
posedd (47). 

Inn a similar way of reasoning, one could hypothesize 
thatt the CD45RA-,CD27+ subset of the CD8+ T cell 
population,, which is also increased in both number and 
percentagee in the peripheral blood after anti-TNFa mAb 
therapy,, is inhibited from migrating to the inflamed tissues. 
Accordingly,, an enrichment of CD27+,CD8+ T cells in 
thee RA synovium and synovial fluid has been demon-
stratedd (47). The recent analysis of the phenotypic and 
functionall  properties of phenotypically separated CD8 + T 
celll  subsets revealed that this CD8+,CD45RA-,CD27+ 
subsett in healthy individuals consists of memory-type cells, 
whichh produce a wide range of cytokines and can provide 
helperr activity for B cell differentiation (40). Thus, this 
CD8++ T cell subset, in addition to the previously proposed 
CD4+,CD45RA-,CD27++ T cell subset (47), might con-
tributee to the B cell activation and subsequent immuno-
globulinn production as observed in the RA synovium. 
However,, no increase in the IFN-y: IL-4 ratio was observed 
forr CD8+ T cells, indicating that no joint-specific CD8+ T 
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celll  subset could be identified on the basis of IL-4 and 
IFNyy production. 

Selectivee inhibition of migration of CD45RA- T 
cellss could contribute to the therapeutic efficacy of 
anti-TNFa.. Patients with higher increases in the Thl: 
Th22 ratio after therapy tended to show higher increases 
inn the number of circulating lymphocytes and stronger 
decreasess in DAS (data not shown), but this did not 
reachh statistical significance. 

Previously,, improved T cell mitogen- and recall 
antigen-inducedd proliferative responses of PBMC were 
reportedd to occur after anti-TNFa treatment of RA 
patients,, which was suggested to be caused by a restora-
tionn of T cell function after removal of TNFa (49). In 
vieww of our findings, the increased responsiveness could 
bee explained by an increase in the proportion of the 
memoryy T cell subset, which is likely to contain an 
increasedd frequency of recall-reactive T cells (50-53). 
Responsess to recall antigens (tetanus toxoid, purified 
proteinn derivative, streptokinase-streptodornase) ana-
lyzedd from anti-TNFa mAb-treated RA patients are 
knownn to be mainly mediated by Thl-like T cells (54-
56),, which are also found to be increased in number 
afterr anti-TNFa treatment. 

Inn conclusion, the present findings show that 
afterr anti-TNFa treatment, the increase in lymphocyte 
numberss in the peripheral blood is greater for Thl cells 
thann for Th2 cells. Down-regulation of adhesion mole-
culess on the synovial endothelium, selectively inhibiting 
thee homing of Thl-like, memory CD4+ T cells to 
inflamedd joints, might explain this observation. 
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