UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

T cell differentiation in autoimmune diseases

van der Graaff, W.L.

Publication date
2003

Document Version
Final published version

Link to publication

Citation for published version (APA):
van der Graaff, W. L. (2003). T cell differentiation in autoimmune diseases. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:09 Mar 2023


https://dare.uva.nl/personal/pure/en/publications/t-cell-differentiation-in-autoimmune-diseases(97c3d049-e368-4e30-8f8c-bcc4f820843e).html

L~ NI BSETS IN
Aol [V E DISEASES

. _I Wiebo van



T Cell Differentiation In Autoimmune Diseases







T Cell Differentiation in Autoimmune Diseases

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus
prof. mr. P.F. van der Heijden
ten overstaan van een door het college voor promoties
ingestelde commissie, in het openbaar te verdedigen
in de Aula der Universiteit

woensdag 23 april 2003, te 12.00 uur

door

Wiebo Leendert van der Graaff

Geboren te Leiden




Promotiecommissie:

Promotores: prof. dr R A.W. van Lier
prof. dr B.A.C. Dijkmans

Co-promotor: dr A.P.A. Prins

Overige Leden:

prof. dr L.A. Aarden

prof. dr W.B. van den Berg
prof. dr I.J.M. ten Berge
prof. dr JW.J. Bijlsma
prof. dr M.L. Kapsenberg
prof. dr P.P. Tak

Faculteit der Geneeskunde

The studies described in this thesis were performed at the
Department of Immunobiology, CLB, Sanquin Blood Supply
Foundation and Dr Jan van Breemen Institute, Amsterdam, The
Netherlands. This research project was financially supported by
the Dutch League Against Rheumatism.

The printing of this thesis was financially supported by:

CLB/Sanquin Blood Supply Foundation
The University of Amsterdam










Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Contents

Introduction

Quantitation of interferon gamma- and
interleukin-4-producing T cells in synovial fluid
and peripheral blood of arthritis patients

Low percentages of IFN-y producing T cells in
Systemic Lupus Erythematosus

T cell subsets in the peripheral blood of
ankylosing spondylitis patients

Treatment with monoclonal anti-tumor necrosis
factor a antibody results in an accumuiation of
Th1 CD4+ T cells in the peripheral blood of
patients with rheumatoid arthritis

T cell modifying effects of disease modifying
anti-rheumatic drugs in arthritis patients

Prognostic value of Th1/Th2 ratio in rheumatoid
arthritis

T cell subsets in early rheumatoid arthritis:
association with disease activity and prognosis

Summary and general discussion
Samenvatting

List of publications







Chapter 1

Introduction




Chapter 1

Immunity

The human immunesystem consists of specific and non-specific subsystems that interact to
defend the host against pathogens. The non-specific (innate) immunesystem consists of (1)
phagocytes like macrophages, monocytes and neutrophilic granulocytes, (2) natural killer
cells and (3) soluble components such as the molecules of the complement system. After
pathogens have managed to cross the barriers of the human body (skin, mucous
membranes), the innate immune system is able to act directly by opsonizing the pathogen
with complement. This leads either to lysis of the microbe or to apoptosis of the intruder by
recruited phagocytes. Additionally, pathogens can trigger pathogen recognition receptors on
cells of the innate immune system by pathogen-associated molecular patterns. This induces
endocytosis and, after binding to members of the Toll like receptor family, production of
cytokines and membrane-bound co-stimulatory molecules that augments the innate immune
response and activates the adaptive immune system.'

The specific (adaptive) immune system consists of lymphocytes subdivided in T cells and B
cells.

B cells can produce antibodies (immunoglobulins, Ig) that have direct effects like
neutralizing bacterial toxins, interfering with bacterial adhesion molecules and preventing
viruses to enter host cells. Antibodies bound to the pathogen can amplify the effect of the
non-specific immune system by activation of the complement system and by binding to
immunoglobulin receptors on phagocytes, thereby improving phagocytosis. Furthermore,
through surface Ig, B cells can ingest antigens, which after intracellular protein processing,
leads to presentation of antigenic peptides to T cells. **

T cells can be divided in CD4 positive and CD8 positive cells. To participate in the defence
mechanism they need to be recruited by the non-specific immune system. T cells can be
activated if their specific T cell receptors (TCR) recognize antigen-derived peptides but
only if they are presented to them by antigen presenting cells (APC) in HLA class I (CD8
cells)-, or HLA class I (CD4 cells) molecules. Once activated the response of T-cells
depends on an interplay of:

1. The quality and quantity of antigen specific signal.

2. The quality and quantity of additional signals from cells of the non-specific
immune system or B cells.

3. The stage of differentiation of the T cell.

10



Introduction

Ad 1. Naive T cells are only activated if their TCR has sufficient affinity for the particular
peptide MHC complex and the density of peptides on APC has reached a threshold for
activation

Ad 2. Activation of naive T cells by the T cell receptor (TCR) alone will not initiate
productive T cell activation but rather leads to cell-death, anergy or ignorance. However
simultaneous triggering of for instance CD27*’, CD28%7, or LFA-1"*"" by their specific
ligands on APC results in T cell proliferation and differentiation.

Ad 3. During T cell differentiation the cellular activation requirements change. A repeated
trigger of the TCR is sufficient for activation, and a co-stimulatory signal is less crucial. In
addition activation of naive T cells results in proliferation and IL-2 production, while
reactivation of differentiated T cells results in the execution of effector functions.

Differentiated CD8 positive T cells have principally a cytotoxic effect on tissue cells
presenting foreign antigen-derived peptides in HLA class I molecules. The presence of these
peptides reveals that these cells are infected by pathogens. Although CD8 cells may develop
in cytotoxic effector cells in the absence of CD4 positive T cells, they have been shown to
be more effective when supported by CD4 positive T cells'".

Differentiated CD4 positive T cells have predominantly immunomodulating effects.
Dendritic cells presenting antigen to CDS cells can do this more effectively when they have
first had an interaction with specific CD4 T cells. In the interaction between CD4+ T cells
and dendritic cells the CD40-CD40ligand interaction plays an essential role'>"”.

In addition, differentiated CD4 T cells provide help for B cells to produce antibodies with a
higher affinity and induce a shift from production of IgM to IgG, A and E.

Apart from these modulating effects on the specific immune system CD4 effector cells can
activate cells of the non-specific immune system like macrophages via the production of
interferlg)tll5 gamma (IFN-y) or via direct cell contact (e.g. CD40-CD40ligand, ICAM-
LFAL)™

Observations by Mosmann and Coffman in 1986'® revealed that different functions of
murine CD4+ T helper cells seem to be executed by different T cell subsets. These are
distinguished on the basis of the production of different sets of cytokines.

So-called type-1 helper cells produce IL-2, interferon-gamma (IFN-y) and tumor necrosis
factor alpha (TNF-a), while type-2 CD4+ cells produce IL-4, IL-5 and IL-10. Later similar
subsets were found in humans as well'”. Prototypically human type-1 T cells produce IFN-y
while type-2 cells produce IL-4. Functional studies have shown that type 2 cells are more
effective in providing B cell help, while both type-1 and type-2 cells have a regulatory
effect on cells of the non-specific immune system. Type-1 cells are proinflammatory as they
can enhance the activation of macrophages and their forerunners monocytes, resulting in
more effective killing of ingested bacteria as well as the production of proinflammatory
cytokines like TNF-a, IL-1 and IL-6'%%
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The different compartments of T cell subsets

Pathogens usually enter the body through the skin or mucous membranes. Locally an
inflammatory response is generated by the innate immune system. If the pathogen is
unknown there will be no production of specific effector T cells. To generate these, antigens
have to be presented to naive T cells by APC. Naive human T cells can be identified by the
expression of the CD45RA isoform and are receptive to costimulatory signals as they
express CD27 and CD28. After their generation in the thymus they recirculate between the
blood and lymphoid tissue using their homing receptors CD62L and CCR7.

Professional APC are present both in peripheral tissues as well in T cell areas of the
lymphoid tissue. The differentiation of pathogen-specific T cell effectors from naive T cell
takes place in these T cell areas when antigen is drained from the site of entry by the blood
or lymph and is filtered by the lymph nodes or spleen, respectively when professional APC
like dendritic cells pick up pathogens/antigens in the peripheral tissue and migrate to the
nearest lymph node. Circulating naive T cells will be trapped in the lymph node if their T
cell receptor recognizes specific peptide MHC complexes present on the APC. When
adequately activated by the APC by additional costimmulatory signals these cells will
expand and differentiate into effector T cells. During this process the CD45RA isotype is
downregulated while the CD45R0 isotype is upregulated. In parallel, molecules responsible
for recirculation into the lymphnodes are diminished, while adhesion molecules and
chemokine receptor molecules involved in homing to inflamed tissues are upregulated:
alph%“liSZ integrins, CCR5 and CXCR-3 on type-1'"2, CCR3 and CCR8 on type-2 T
cells™.

Whether T cells develop into a type-1 or type-2 phenotype depends on signals like TL-12
and IL-18 for type-1, and IL-4 for type-2 T cells. In turn whether APC produce type-1 or
type-2 directing signals depends on properties of the pathogen i.e. binding to particular PRR
as well as the innate defence mechanism of the host. Positive and negative feedback loops
exist in T cell differentiation. Type-1 cells can amplify type-1 responses by producing IFN-y
and inhibit type-2 responses, whereas type-2 T cells can do the opposite.

Rheumatoid Arthritis

Rheumatoid arthritis is a syndrome of symmetric polyarthritis mostly involving the small
joints of hands and feet. Although spontaneous remission can occur, it has the tendency to
become chronic resulting in progressive damage to the cartilage and underlying bone
structures of the joints. It can be concluded from incidence numbers that both genetic and
environmental factors are involved in the pathogenesis. In the general population
rheumatoid arthritis is found in 0.5% to 1% of individuals®** while it can be found in 2% to
4% of people who have a sibling with rheumatoid arthritis*'**. That also environmental
factors are needed for the disease to develop can be suspected from the fact that it is only
found in 12% to 15% of people who have an identical twin with rheumatoid arthritis®*>°.
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Clues for the pathogenesis

The underlying mechanisms resulting in development of rheumatoid arthritis are largely
unknown. It can be considered that rheumatoid arthritis is an autoimmune disease since
constant or intermittent inflammation is present in the synovium without evidence of an
initiating pathogen. However an autoantigen at which the autoimmune reaction is directed
has never been established.

A clue for the involvement of the specific immune system in the pathogenesis of RA is the
association of the disease with the “shared epitope”. The shared epitope is a homologues
sequence of amino acids in the antigen binding groove of several MHC class II molecules
that are associated with the disease™.

Clinical responses of the disease to TNF-a neutralizing therapies imply that TNF-a plays a
substantial role in generation of the symptoms®’. TNF-a in the synovium is predominantly
produced by synoviocytes and macrophages. Still it is not known what factors are initiating
and sustaining the unbalanced production of this pro-inflammatory cytokine.

Differentiated T cells are capable of regulating inflammatory responses. Type-1 T cells
which are abundantly found in the synovium can activate macrophages to produce
inflammatory cytokines like TNF-o, while Type-2 cells can inhibit this effect. IL-4
producing cells are only found in small amounts in the joint, which has lead to the
hypothesis that an imbalance between type-1 and type-2 T cells can contribute to the
excessive TNF-a production in the synovium. Since it is not known whether an autoantigen
is involved in the pathogenesis of rheumatoid arthritis, uncertainty exists about whether
synovial T cells are antigen specific or just bystanders that are trapped by the abundance of
TNF-a induced adhesion molecules and chemokines.

Aim of the thesis

In analogy to what has been found in animal models, it has been hypothesized that the
balance between pro-inflammatory Tygrperan!l and anti-inflammatory Ty2 cells plays an
important role in (1) sensitivity for and (2) clinical course of autoimmune disease in
humans. The experiments described in this thesis aimed to scrutinize this hypothesis in
Rheumatoid Arthritis. For this a cohort study was performed in which T cell functions were
analyzed longitudinally in patients who visited the Early Arthritis Clinic of the Jan van
Breemen Institute.

The studies have focussed on five separate aspects:

1. Compartmentalization of Tyl and Tx2 cells in inflamed synovium of RA patients
(Chapter 2).

2. Markers of T cell differentiation in patient groups with other autoimmune diseases,
i.e. SLE (Chapter 3) and M. Bechterew (Chapter 4).



Chapter 1

3. Effects of DMARD’s and anti-TNFao treatment on the Tyl and T2 balance in the
circulation (Chapters 5 and 6).

4. Relation of disease activity with markers of T-cell differentiation (Chapter 2, 8).

5. Predictive value of the Tyl and Ty2 balance for disease progression (Chapter 7, 8).

A summary and conclusion of the experimental chapters will be given in Chapter 9.
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Abstract

Objective. The balance between T cells able to produce interferon gamma (IFN-y) (type 1)
and interleukin-4 (IL-4) (type 2) is considered to be important in the development of
autoimmunity. In this study, we quantitated the percentage of both cell types in synovial fluid
(SF) and peripheral blood {PB) of rheumatoid arthritis (RA) patients, non-rheumatoid

arthritis patients and healthy controls.

Methods. After short-term stimulation of synovial mononuclear cells with phorbol ester and
ionomycin, cytokine-producing cells were quantitated using an intracellular staining technique

and flow cytometric analysis.

Results. Although no significant differences in CD8+ cells were found, significantly higher
percentages of IFN-;-producing CD4 + (Thl) and IL-4-producing CD4 + (Th2) cells were

found in the peripheral blood of RA patients in comparison with healthy controls. However,
the Thl,/Th2 ratio was not different between the two groups. Comparative studies between PB
and SF showed that in both RA and non-RA patients, percentages of Thl cells were higher in
SF than in PB, while Th2 cells were preferentially found in the PB, resulting in a higher
Th1/Th2 ratio in the SF. The Th1/Th2 ratio in the SF correlated with disease activity as
estimated by the erythrocyte sedimentation rate.

Conclusion. These results are in agreement with the hypothesis that Thl cells preferentially
home to inflamed joints in both RA and non-RA patients, but show that this does not result
in an altered Th1/Th2 ratio in the PB of RA patients.

KEey worDs: Rheumatoid arthritis, Thl/Th2 cells, Cytokines.

Rheumatoid arthritis (RA) is a chronic inflammatory
disease affecting primarily synovial tissue in multiple
joints. A marked hyperplasia of synoviocytes and blood
vessels in the synovium, and a mononuclear celiular
infiltrate consisting of macrophages, T and B cells, are
found. There is controversy on the issue of which cell is
crucial in the inflammatory process [1, 2]. Nevertheless,
CD4+ T-helper cells (Th) appear to play an important
role, since susceptibility to RA is specifically associated
with class II MHC alleles possessing a shared epitope
[3]. CD4+ Tcells can differentiate into two distinct

Submitted 15 January 1998; revised version accepted 14 October
1998.

Correspondence to: W, L. van der Graaff, Department of Clinical
Viro-Immunology, Central Laboratory of the Netherlands Red Cross
Blood Transfusion Service, Plesmanlaan 125, 1066 CX Amsterdam,
The Netherlands.
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subsets designated Thl and Th2 type cells, which are
characterized by different cytokine production profiles
and effector functions. Thl cells produce interleukin-2
(IL-2) and interferon gamma (IFN-y), support macro-
phage activation and are involved in delayed-type hyper-
sensitivity responses. Th2 cells, on the other hand,
secrete IL-4, IL-5 and IL-13, and provide efficient help
for B-cell activation, antibody production and down-
modulate the production of pro-inflammatory cytokines
by macrophages. From animal experiments, it has
become clear that balances between Thl and Th2 cells,
or their cytokines, are important in the induction or
prevention of organ-specific autoimmune disease [4].
Several reports have been published on the detection of
Thl and Th2 cytokines in RA [5-13]. Using either
immunohistochemistry or ELISPOT techniques, evi-
dence was obtained for an increased IFN-7/IL-4 ratio in
synovial fluid (SF) compared to peripheral blood (PB).




Th1 and Th2 cells in arthritis
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F1G. 1. Flow cytometric analysis after simultaneous staining with anti-CD95 and negative control antibody (a), IFN-y (b) or

IL-4 (c) of CD4+ gated PBMC of an RA patient.

To obtain information on the phenotype of the cytokine-
producing T cells in this study, three-colour immuno-
fluorescence analysis with intracellular staining was used
to quantify cytokine-producing T cells in PB and SF of
arthritis patients. Our findings show that in both arthritis
patients and age-matched healthy controls, IFN-y- and
IL-4-secreting T cells are contained within the memory
(defined as CD95 + ) compartment. Furthermore, com-
parison between PB and SF showed that higher percent-
ages of IFN-y-secreting, but not of IL-4-producing cells,
are found in the joint, resulting in a relatively high local
Th1/Th2 ratio.

Materials and methods

Isolation of mononuclear cells

SF, PB, or both, were obtained in heparinized tubes.
SF and PB were diluted in phosphate-buffered saline
(PBS) containing 10% fetal calf serum (FCS) and 5%
trisodium citrate. Mononuclear cells were isolated by
density centrifugation on a Ficoll-Hypaque gradient
(d =1.079). Cells were suspended in Iscove’s modified
Dulbecco’s medium (IMDM) containing 30% FCS and
10% dimethylsulphoxide, and stored in liquid nitrogen
until use. Peripheral blood mononuclear cells (PBMC)
of a healthy donor were processed in the same way and
used as standard control cells.

Immunofluorescence

T cells producing IFN-y and IL-4 were detected by
intracellular staining with flow cytometric analysis as
described before [14-16]. Briefly, 1.2 million thawed
viable mononuclear cells were stimulated in 1 ml
IMDM/10% FCS with 1 ng phorbol myristate acetate
(PMA; Sigma Chemicals) and 1 uM ionomycin (Sigma
Chemicals). Monensin (1 um; Sigma Chemicals) was
added to prevent excretion of the newly synthesized
cytokines. After 4 h, cells were washed in PBS/0.5%
bovine serum albumin (BSA) and stained with directly
labelled monoclonal antibodies (mAb) against surface
molecules for 20 min. After two washing steps with
PBS/BSA and one with PBS, cells were fixed with 4%

paraformaldehyde during 10 min. Fixation was stopped
by washing the cells three times in PBS. Cells were
permeabilized with 0.1% saponin in PBS/BSA supple-
mented with 10% pooled human serum (HPS) to block
aspecific binding of mAb. Phycoerythrin- or biotin-
labelled mAb directed against IFN-y or IL-4, and an
irrelevant IgG1 murine mAb as a negative control, were
diluted in PBS/BSA/saponin to a concentration of
5 pug/ml and added to the cells in aliquots of 50 ul for
25 min at 4'C. After binding of streptavidin~-RED670
to the biotinylated antibodies, cells were analysed on a
FACScan (Becton Dickinson). IFN-y- and IL-4-
producing T cells were identified by setting a marker on
the sample containing the negative control antibody
(Fig. 1a). To correct for daily variation, standard control
PBMC of one healthy donor were used. The relative
amounts of cytokine-producing cells in the PB and SF
were defined as the percentage positive cells measured
in study samples divided by that of the standard control
PBMC. By way of this normalization procedure, results
of individual patients analysed in different sets of experi-
ments could be compared. In experiments that compared
results from SFMC and PBMC from the same patient,
percentages of CD8 — and CD8+ cytokine-positive
cells were first divided by the percentage CD95+ cells.
Percentages of CD95 + CD4+ and CD95+ CD8+
cells were determined by flow cytometric analysis after
staining of mononuclear cells with directly labelled
antibodies.

Antibodies

Phycoerythrin (PE)-anti-CD3, CD4, CD8, IFN-y, IL-4,
fluorescein  isothiocyanate (FITC)-anti-CD8 and
PerCP-anti-CD4  were purchased from Becton
Dickinson. Biotinylated anti-IFN-y (MDI1, 1gG1) was
obtained from Dr P. van der Meide, TNO, Rijswijk,
The Netherlands. Biotinylated anti-IL-4 (5A4, 1gGl)
was kindly provided by Dr T. van der Pouw-Kraan,
CLB, Amsterdam, The Netherlands. Binding of biotinyl-
ated antibodies was visualized by binding of streptavi-
din-coupled RED670 (Dako, Denmark). Anti-CD4-PE
cyanin 5.1 and anti-CD95-FITC were purchased from
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Immunotech, Marseille, France. As negative control
antibodies for the intracellular staining. PE-labelled anti-
KLH (Becton Dickinson) and biotin-labelled anti-
Aspergillus niger (Dako. Denmark) were used.

Patients

Fifty-three patients with arthritis were recruited for this
study. Thirty-nine of them fulfilled the 1987 ACR cri-
teria [17] for RA. Of the non-RA patients, four had
reactive arthritis, three were classified as suffering from
undifferentiated monoarthritis, two from psoriatic arth-
ritis and five from undifferentiated oligoarthritis. In 12
patients (seven RA. five non-RA), SF and PB were
withdrawn simultaneously. in 18 patients (nine RA, nine
non-RA) only SF was obtained and in 23 RA patients
only PB was obtained. All patients used non-cytotoxic
anti-inflammatory drugs, except for two RA patients
(methotrexate. azathioprine) who donated only SF. No
steroids were prescribed.

Statistical analysis

Data were analysed using non-parametric methods:
Mann-Whitney U-test. Spearman rank correlation
coefficient and Wilcoxon’s signed rank test.

Results

Comparison of IFN-,- and IL-4-producing T cells in PB
of RA patients and healthy controls

IFN-,- and IL-4-producing cells were determined in the
PB of 23 RA patients with early disease (<6 months)
and 23 healthy controls. Patients and controls were
matched for gender and age (both groups 10 males, 13
females, median age 49 yr, range 37-67 yr). After correc-
tion for the daily control (see Materials and methods),
IFN-;- and IL-4-producing cells were calculated in
CD4+CD95+. CD4+CD95 —, CD8+CD95+ and
CD8 + CD95 — subsets. Within the CD4+ and CD8 +
subset, the vast majority of cytokine producers were
CD95+ (Table 1). RA patients had more CD95 + cells
in both CD4+ and CD8+ subsets; however. only the
difference in the CD4 + compartment reached statistical

TaBLE 1. Percentage of CD95 + cells within different T-cell subsets in
the peripheral blood of RA patients and healthy controls. The medians
are given with the range in parentheses

RA Controls
(n=23) (n=23) P
CD4 + 542 48.1 0.02
(39.3-774) (24.6-81.2)
CD8 + 622 559 027
{46.0-79.6) (25.4-82.29)
CD4+1FN+ 914 83.4 0.15
(62.9-98.8) (56.7-96.2)
CD4+1L4+ 95.0 929 0.05
{80.4-98.8) (73.7-100.0)
CD8+IFN + 833 814 0.98
(39.2-96.9) (53.2-96.1)
CD8+1L-4+ 94.2 95.2 0.75
(59.7-100.0) (78.1-100.0)
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significance. Within the CD4 + subset, the percentages
of both IFN-- and IL-4-producing cells were signifi-
cantly higher in the RA patients in comparison with the
healthy controls (Fig. 2a and b). However. within the
cytokine-enriched CD4 +CD95+ subset, no significant
difference was found (Fig. 2d and e). The IFN-/IL-4
ratios within the CD4 + or in the CD4 + CD95 + subset
(Th1/Th2 ratio) were not different between patients and
controls (Fig. 2c and f). Within the CD8+ subset,
neither the relative percentages of IFN-- and IL-
4-producing cells nor their ratio differed between
patients and controls.

Comparison of IFN-- and IL-4-producing cells between
SF and PB in arthritis patients

To analyse the relationship between IFN-;- and IL-4-
producing T cells in the PB and SF. both cell types were
determined in paired samples from 12 patients (seven
RA, five non-RA). Since the production of [FN-;
and TL-4 by T cells is highly enriched in the CD95 +
subset (Fig. 1 and Table 1), differences in percentages
of CD95+ cells between SF and PB affect the compari-
son of IFN-;- and IL-4-producing T cells between these
two compartments. Therefore, IFN-;- and IL-4-
producing cells were expressed as percentage of CD95 +
cells determined by three-colour flow cytometry. Again,
results were expressed as relative amounts compared
with PBMC from a healthy control. Both in CD8 — and
CD8 + cells, IFN-;-positive cells were found in higher
percentages in the SF. while CD8-IL-4-positive cells
were overexpressed in the PB (Fig. 3a, b and d).
Therefore, a higher Th1/Th2 ratio was found in the SF
(Fig. 3c). This finding was consistent in both RA and
non-RA patients. Comparison of the values for cyto-
kine-producing cells between SF and PB yielded a
significant correlation for Thl cells. but not for Th2
cells or the Th1/Th2 ratio (Table 2).

Correlation between IFN-~ and IL-4-producing T cells
in SF and clinical parameters

IFN-y- and [L-4-positive CD8 — T cells were deter-
mined in SF samples of 30 arthritis patients (16 RA
and 14 non-RA). Correlations were calculated between
the relative percentages of cytokine producers and clin-
ical parameters of all arthritis patients. No significant
correlation could be found between age or disease
duration and cytokine producers. However, a significant
inverse correlation was observed between the erythrocyte
sedimentation rate (ESR) and IL-4 producers in the SF,
which resulted in a positive correlation between the ESR
and Thl/Th2 ratio as well (Table 2).

Discussion

The role of T cells in RA is still controversial. Several
attempts have been made to detect Thi and Th2 cyto-
kines or their encoding mRNAs in blood [8, 12, 13],
synovium [5-7. 9, 11, 18] or SF [7, 9, 10, 12] of RA
patients and, depending on the methodology used, both
Thl and Th2 dominance have been reported. Two




Th1 and Th2 cells in arthritis

J a p=0.03
5
2 P
San v
S U
14 H
0
RA Controls
4- @ p=0.10 .
3 !
2 "t
— e
14 Iy
v
0
RA Controls

4 - p=0.03 4~ p=088
3 3 1 ) 2
a L]
.
- .
2 . 2 ..m.
nat
H . =
LY —_—te———— >>b-
1 " 11 “
>>lbl vl
. aadilae
0 0
RA Controls RA Controls
5 4 p=0.06 44 p=0.66 .
4 4 . 34 .
v
3 - v
.
£ % 2 . e
24 . . v e B
-m- .n» 14 4”-
1 e :
H 11 "
L] e v
0 0
RA Controls RA Controls

FiG. 2. Comparison of IFN-y-positive cells (a and d), IL-4-positive cells (b and e) and IFN-y/IL-4 ratio in CD4+ (a—c) and CD4+CD95+ (d-f) gated cells in the PB
between RA patients and healthy controls. Relative amounts were found by dividing the results of individual experiments by that of standard control PBMC. Statistical
significance (P) between the patient groups was calculated by a non-parametric test (Mann—Whitney).
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IFN-y+CD4+ (Th1) IL-4+CD4+ (Th2)

p=0.009 p=0.0005

IFN-y+CD8+

p=0.001

PB SF PB SF

c d
F1G. 3. Comparison of the relative amounts of CD8 —IFN-y+
(Thl) (a), CD8—IL—4+ (Th2) (b), Th1/Th2 ratio (c¢) and
IFN-y-producing CD8 + T cells between PB and SF of rheuma-
toid (M) and non-rheumatoid (O) arthritis patients. Two dots
joined by a line represent the values for SF and PB of the
same patient. Statistical significance (P) between the compart-
ments was calculated by a non-parametric test (Wilcoxon’s
signed rank test).

reports have been published on the paired quantitation
of IFN-y- and IL-4-producing cells in PB and SF of RA
patients. Significant increases in IFN-y-producing cells
in the SF [19, 20], a significant increase in IL-4-
producing cells in unstimulated cells from the SF [20]
and no difference in IL-4 producers in stimulated cells
[19, 20] were found. Importantly, in previous studies,
no attempts were made to correlate cytokine-producing
capacity with membrane phenotype. Nevertheless, this
is likely to be relevant since the T cells present in the
rheumatoid SF are largely CD4+ CD45RO+CD95+
‘memory’ cells, while in the PB both naive
(CD45RO —CD95 —) and memory cells are found [21].
In order to differentiate between naive and memory type
cells, we used an intracellular cytokine staining technique

combined with cell surface phenotype analysis. This flow
cytometric analysis was first described by Jung er al
22] and has since then been modified and used for
different purposes [14-16, 23-25]. After short (4 h)
stimulation with PMA and ionomycin, both types of
cells could be detected in CD4+, CD3+CD8— and
CD8 + cells of every individual patient. We found that
both IFN-y-and IL-4-producing CD4 + cells were large-
ly CD95+ in PB of RA patients and healthy controls
(Table 1); moreover, >95% of all SF CD4 + cells were
CD95 + (data not shown).

In all PBMC and SFMC of arthritis patients tested,
more IFN-y- than IL-4-producing T cells were found,
which was not different from results with PBMC of
healthy donors. However, significantly more IFN-;- and
IL-4-producing CD4+ Tcells were found in RA
patients in comparison with healthy controls. Since the
percentage of CD95+ cells within the CD4+ popula-
tions is higher in RA patients ( Table 1), cytokine produ-
cers were also determined within the CD95+ subset.
No significant difference could be seen in the percentages
of IFN-; or IL-4 producers within the CD4+CD95+
subset. Therefore, it can be concluded that part of the
higher percentages of cytokine-producing CD4 + cells
in the PB of RA patients can be ascribed to higher
percentages of CD95+ cells. We could not find a
difference in the IFN-y/IL-4 ratio either within the
CD4+ or in the CD8+ subsets when patients and
healthy controls were compared. These findings are in
agreement with those of Ronnelid ez al. [20] who used
an ELISPOT technique without any in vitro stimulation
and did not find a difference in the IFN-;/IL-4 ratio of
total PBMC. Van Roon et al. [26], using an in vitro
culture system, reported higher IFN-y/IL-4 ratios in RA
compared to controls. Differences in the various studies
may possibly be explained by the fact that the latter
study depends on long-term in vitro culture.

In RA patients, IFN-y-producing T cells are reported
to be found in higher percentages in the SF than in PB
[12, 19]. This study shows that when only the subset of
PB T cells is considered that is present in the SF as well
(CD95 +), this finding can be supported for both RA
and non-RA patients, and shows in addition that there
is an even more striking difference in IL-4-positive
CD8— T cells (considered CD4 +) between SF and PB.
In all patients tested, lower percentages were found in
the SF, resulting in significantly higher Th1/Th2 ratios

TABLE 2. Spearman rank correlation coefficients between cytokine producers in SF, PB and clinical data of both RA and non-RA patients

SFMC
IFN —-CD4 +

SFMC
1L4+CD4 +

Th1/Th2

SFMC PBMC

IFN +CD4 +

PBMC
1L4+CD4 +

PBMC
Th1/Th2

Age —0.11
Disease duration —-0.33
ESR —-0.26
SFMC IFN +CD4 +

SFMC IL4 +CD4+

SFMC Th1/Th2

0.25 —0.15 0.10 —0.18
—0.10 —0.11 —0.03 0.08
0.25 —0.07 0.58

0.66* 0.10 0.64*

0.31 0.34 0.63*
0.50 0.55 0.08

*P < 0.05; **P < 0.01.




in the SF. This finding may be largely due to different
homing properties of Thl and Th2 cells since murine
Thl cells are shown to home better to inflamed synovial
tissue than Th2 cells [27]. In addition. we have shown
that human Thl cells express higher levels of CD49d
(Maurice et al., submitted ), which is used in the binding
to activated endothelium as well as adhesion to fibro-
nectin, which is abundantly expressed in the rheuma-
toid synovium [28]. Remarkably, the percentage of Thl
cells in the SF correlates with that in the PB, while no
correlation between those two compartments could be
found for Th2 cells. This might point to the possibility
that, apart from different homing properties, Th2 cells
are modulated in the synovium while Thl cells are not.
It could very well be that Th2 cells entering the synovium
are downregulated by the pro-inflammatory cytokines
present since IL-1 is known to inhibit IL-4 expression
[29. 30]. This would explain the inverse correlation
observed between ESR and Th2 cells in the SF since
pro-inflammatory cytokines are major contributors to
elevation of the ESR. Alternatively, it could be hypothe-
sized that in patients with low numbers of Th2 cells
within the synovium, Thl cells can amplify the release
of macrophage-derived pro-inflammatory cytokines,
which results in a higher ESR. The results of this study
are in agreement with the hypothesis that Thl cells
preferentially home to inflamed joints in both RA and
non-RA patients, but show that this does not result in
an altered Th1/Th2 ratio in the PB of RA patients.
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Abstract

It has been suggested that the balance between IFN-y (type-1) and IL-4 (type-2) producing
T cells plays a role in the induction and perpetuation of autoimmunity. This balance was
reported to be altered in the peripheral blood of SLE patients due to a low percentage of
IFN-y producing T cells. The purpose of this study was to quantitate this balance and
investigate whether alterations in the typel/type-2 ratio are related to changes in the
composition of the circulating T-cell compartment.

Methods: Peripheral blood was obtained from SLE patients and healthy matched controls.
IFN-y and IL-4 producing T cells (CD3+) were enumerated after short stimulation using an
intracellular staining technique and flowcytometric analysis. Next to this the differentiation
state of the peripheral blood T cells was evaluated.

Results: Both CD8- and CD8+ T cells of SLE patients contained lower percentages of IFN-
y producing cells than age- and sex matched healthy controls. Since percentages of IL-4
positive CD8- cells did not differ between both groups the IFN-y/IL-4 (Th1/Th2) ratio was
significantly lower in SLE patients. After in culture of PBMC with anti-CD2 and anti-
CD28 antibodies, IFN-y producers stayed significantly lower in patients, but after addition
of exogenous IL-12 (1 ng/ml) the difference disappeared. Phenotypic analysis of freshly
isolated T cells revealed that low percentages of IFN-y producing T cells in SLE patients
could not be ascribed to differences in memory typed CD45RA-CD95+ cells between the
two groups. Interestingly, significantly lower percentages of terminally differentiated
CD4+CD27- cells were found in SLE patients.

Conclusion: Low percentages of IFN-y producing CD8- and CD8+ T cells were found in
the peripheral blood of SLE patients in comparison with healthy controls. Circulating SLE
T cells showed signs of diminished differentiation but could still be directed into IFN-y
producing cells when stimulated in an IL-12 rich environment.

Introduction

Systemic Lupus Erythematosus (SLE) is a chronic remitting-relapsing disease, which can
affect virtually any organ. The origin is believed to be multifactorial resulting in systemic
B-cell hyperactivity and production of pathogenic autoantibodies. T cells appear to play a
role since specific clones can be isolated from patients that can drive B cells to produce
pathogenic anti-DNA autoantibodies ',

Furthermore intrinsic T cell abnormalities have been described in SLE patients™®.

Special attention has been paid to the balance between the interferon-y (IFN-y) producing
type-1 and interleukin-4 (IL-4) producing type-2 T cells in SLE. An imbalance between
these two subsets is believed to play a role in the development and progression of
autoimmunity in general’. Several reports suggest that in SLE there is an imbalance in
favour of the type-2 cells since there is an impaired IFN-y production by peripheral blood T
lymphocytes®'!. The differentiation of T cells into either the type-1 or type-2 direction
depends on many factors but the production of cytokines by antigen presenting cells (APC)

30




IFN-y producing T cells in SLE

appears to play a role. APC derived IL-12 is a potent inducer of IFN-y production while IL-
10 gives rise to type-2 T cells partly by antagonizing effects on IL-12 production. Several
reports have shown that in SLE there are increased IL-10 levels'*"*which could explain the
suppression of IFN-y production.

Despite the low production by peripheral blood cells, IFN-y has been shown to be a
contributing factor in the development of tissue damage in murine models'*"'” while IFN-y
treatment can exacerbate human SLE'™'°. This paradox could be explained by the
assumption that peripheral blood T cells of SLE patients can still differentiate into
pathogenic type-1 cells after entering the tissues. Therefore we investigated the
differentiation state of peripheral blood T cells of SLE patients in relation to the type-
1/type-2 balance. We found that decreased percentages of I[FN-y producing CD4+ T cells in
the peripheral blood of SLE patients may be related to an underrepresentation of terminally
differentiated CD4+ cells lacking the CD27 antigen™ in the blood. Moreover, both CD4+
and CD8+ SLE T cells were capable of differentiating into adequate I[FN-y producing cells
in the presence of IL-12 in vitro.

Materials and methods

Study population. Of 8 SLE patients and 8 healthy controls peripheral blood (PB) was
obtained in heparinized tubes and diluted in phosphate buffered saline (PBS) containing
10% fetal calf serum (FCS) and 5% trisodiumcitrate. Mononuclear cells were isolated by
density centrifugation on a Ficoll-Hypaque gradient (d=1.079). Cells were suspended in
Iscove 's modified Dulbecco 's medium (IMDM) containing 30% FCS and 10%
dimethylsulphoxide and stored in liquid nitrogen until use.

Intracellular staining technique. Cells positive for IFN-y and IL-4 were determined by
flowcytometry. In short, mononuclear cells were stimulated with 1 ng phorbol mystirate
acetate (PMA) (Sigma chemicals) and 1uM Ionomycin (Sigma chemicals). 1 uM Monensin
(Sigma chemicals) was added to prevent excretion of the newly synthesized cytokines.
After 4 hours of incubation cells were stained with PE-anti CD3 and FITC-anti CD8
monoclonal antibodies (mAb) (both Becton and Dickinson, Mountain View, CA). Cells
were fixed with 4% paraformaldehyde. Cells were stored overnight in PBS at 4°C.
Permeabilisation of the cells was done with 0.1% saponin supplemented with 10% pooled
human serum (HPS) to block aspecific binding of mAb. Directly phycoerythrin (PE)
labeled anti-IFN-y, anti-IL-4 and a negative control (all Becton Dickinson) were diluted in
PBS/BSA/Saponin to a concentration of Sug/ml and added to the cells in aliquots of 50ml
for 25 minutes at 4°C. Cells were analyzed on a FACScan (Becton Dickinson). IFN-y and
IL-4 containing CD8- (defined as CD4+) and CD8+ T cells were identified by gating for
CD3 postivity and setting a marker using the sample containing the negative control
antibody. Cytokine producers were expressed as percentages of CD3+CD4+ and
CD3+CD8+ T cells.
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Induction of IFN-y producing T cells by IL-12. 0.4 million PBMC were stimulated with
1:1000 ascites containing anti-CD2 antibodies (CLB T11.1/1, CLB T11.2/1, Hik-27, CLB,
Amsterdam, The Netherlands) and anti CD28 (CLB-CD28/1, CLB, Amsterdam, The
Netherlands) in the presence or absence of recombinant IL-12 (1 ng/ml) for four days. Then
cells were restimulated with PMA and lonomycin for 4 hours in the presence of Monensin
and stained for intracellular [FN-y as described above.

Determination of the differentiation antigens on peripheral blood T cells. Three-color
flowcytometric analysis was performed on 0.2 million freshly isolated mononuclear cells
with combinations of anti CD95-FITC (Immunotech), anti CD45RA (2H4, Coulter), anti
CD27-FITC (3A12, CLB, Amsterdam, The Netherlands), anti CD4-PerCP and anti CD8-
PerCP (both Becton Dickinson) in 100 ul PBS/0.05% BSA. Cells were incubated for 20
minutes at 4°C.

Production of monokines. Whole blood of patients and controls was diluted in LPS free
IMDM (1:10). 100 pg/ml lipooligosacharide (LOS) was added with thromboliquine. After
incubation for 24 hours cells and supematant were stored at -20°C. IL-12 (p40), IL-10 and
IL-6 were determined in supernatant with ELISA (CLB, Amsterdam, The Netherlands).

Results

Clinical features

Eight patients with SLE with low disease activity and eight healthy controls were included
in this study. All patients fulfilled the 1982 ARA criteria for SLE. Demographic data of the
patients included in the study are presented in Table 1. Three patients were using
prednisone (3, 4 and 30 mg/day). In addition one of them used 200mg azathioprine daily.

Table 1. Characteristics of population studied

SLE Controls
Female/Male 71 7/1
Age* (years) 379127 41.1+£10.5
Disease duration* (years) 7.9+57
Disease activity*
(SLEDAI) 3829

*= Mean * standard deviation

Quantitation of IFN-y and IL-4 producing T cells

To determine whether the percentages of type-1 and type-2 cells in the peripheral blood of
SLE patients were different from healthy controls, intracellular cytokine staining
experiments were performed and presented in Figure 1. In agreement with previous reports,
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% of IL-4 producing cells

Controls Controls

T

1

— =

SLE Controls SLE Controls

IFN-y+/IL4+

-1

U (R

% of IFN-y producing cells

Figure 1. Comparison of the percentages IFN-y (a+d) and IL-4 (b) producing cells as
well as their ratio (c) in CD8+ (d) and CD8- (a-c) circulating CD3+ cells between SLE
patients and healthy controls. The box indicates the median while the whiskers show the
range.

lower percentages of IFN-y producing CD3+CD8- T cells (Th1) were found in SLE patients
in comparison with healthy controls. However IL-4 producing CD3+CD8- (Th2) cells were
not significantly different between the two groups. The Thl/Th2 ratios were therefore
lower in SLE patients. Within the CD8+ T cell compartment lower percentages of IFN-y
producing cells were found as well. IL-4 positive CD8+ T cells were only detectable in 2
SLE patients and 3 healthy controls.

Phenotypic analysis of T cells in patients and controls

To determine whether the decreased percentage of IFN-y producing cells could be
explained by the differentiation state of T cells in SLE patients, phenotyping for the
differentiation antigens CD45RA, CD95 and CD27 was performed with simultaneous
analysis of CD4 and CD8 expression. After gating for CD4+ and CD8+ cells, percentages
of “naive” CD45RA+ CD95-, CD45RA+CD95+ and “memory” CD45RA-CD95+ cells
were not different between SLE patient and healthy controls. However significant lower
percentages of terminally differentiated CD4+CD27- cells were found in SLE patients than
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in healthy controls (table 2). The percentage of CD27- cells however was not different for
CDB8+ cells.

Differentiation of Type-1 cells in vitro

To investigate whether peripheral blood T cells of SLE patients were able in vitro to

enhance IFN-y (type 1) production after prolonged activation, mononuclear cells of

patients and controls were cultured in vitro in the presence and absence of recombinant IL- |
12 (table 3). After four days of culture still lower percentages of IFN-y producing
cells were found in SLE patients in both CD8- and CD8+ subsets. However in the presence
of exogenous IL-12 no significant difference between SLE patients and controls could be
found any more after 4 days.

Production of monokines in whole blood

Since the capacity to differentiate in type-1 cells of SLE peripheral blood T cells seems to
be normal in the presence of IL-12, low IFN-y production could be caused by a diminished
production of IL-12 or an overproduction of IL-10 which is antagonizing IL-12. Therefore
we investigated whether the capacity of T cells to produce IFN-y was related to the capacity
to produce IL-12 or IL-10 in these SLE patients. Diluted whole blood was stimulated with
LOS and production of the cytokines IL-12 (p40), IL-10 and IL-6 was determined in he
supernatant after 24 hours. As presented in table 4, no significant differences were found
for either of these cytokines between SLE patients and controls nor did they correlate with
IFN-y production.

Table 2. Percentages of cells positive for differentiation markers in the
peripheral blood of SLE patients and matched healthy controls

CD4+ CD&+
Median Range Median Range
SLE CD45RA+CD95- 50.3 24.9-757 438 20.6-74.6
Controls 40.3 5.1-703 52.2 10.1-83.4

SLE
Controls

CD45RA+CD95+  14.0 6.7-39.5 45.7 21.7-595

17.1 9.7-224 32.5 13.6 - 56.8

SLE
Controls

CD45RA-CD95+ 23.6 169 - 424 11.4 1.6-19.7

40.3 17.7-75.0 14.3 26-325

SLE CD27- 2.1 1.6-10.0 83 13-313
Controls 6.7* 1.8-14.0 9.1 27-222
* p<0.05 by Mann-Whitney test for SLE vs. controls
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Table 3. Percentage of IFN-y positive cells in cultured PBMC stimulated with anti-CD3
and anti-CD28 antibodies in the absence or presence of IL-12 for 4 days

CD4+ CD8+
Median range Median range
Medium SLE 12.3 6.9-225 255 11.7-60.1
Controls 19.8* 12.8-43.9 48.7* 243-729
IL-12 SLE 43.5 26.7-62.1 62.4 392-86.4
Controls 55.6 39.0-61.9 77.4 69.0-93.2

*p<0.05 with the Mann-Whitney test for SLE vs. Controls

Table 4. Production of monokines by LOS
stimulated wholeblood of SLE patients and
healthy matched controls

Median Range
SLE IL-10 141 4-403
Controls 81 1-221
SLE IL-12 (p40) 414 100 - 2490
Controls 574 12-952
SLE IL-6 1711 962 - 5407
Controls 1548 1-5168

Discussion

In the pathogenesis of SLE a dysbalance in the type-1/type-2 T cells is suggested. In the
peripheral blood of SLE patients decreased IFN-y production has been documented in
previous reports®'® suggesting a Th2 dominance in the pathogenic process. We here
confirm these results in patients with low disease activity, both in the CD8- and CD8+ T
cell compartments. Although three SLE patients were taking immunosuppressive drugs
these were not responsible for this finding. It has been suggested that the lower percentage
of IFN-y producing T cells in the circulation of SLE could result from low production of
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IL-12'"%"" or by overproduction of by IL-10%"*'***%during active disease. IL-10 is a well-
known downregulator of IL-12 p40 production®?’. In our patient group, with low disease
activity, both IL-10 and IL-12 p40 production as well as their ratio were not different in
comparison with healthy controls. In addition no significant correlation was observed
between IL-12 p40, IL-10 production or their ratio and Th1/Th2 ratio measured. This
suggests that the lower percentage of IFN-y producing T cells in these patients is not caused
by an ongoing altered production of IL-12 or IL-10. However, it could that during periods
of disease activity high production of IL-10 can interfere with the development of type-1 T
cells.

Both IFN-y and IL-4 are produced by differentiated “memory” (CD45RA-
CD45RO+CD95+) T cells. SLE patients are reported to have a higher proportion of
memory type T cells than healthy controls especially during active disease”®. Therefore the
observation of low percentage of IFN-y could be due to low percentages of memory T cells.
Phenotypic analysis however showed that SLE patients in this study had no significant
different proportion of CD45RA- T cells in both CD8- and CD8+ compartments than
healthy controls, probably due to low disease activity. Neither were any differences found
in CD95+ cells between patients. This was a surprising observation since CD4+CD45RA+
cells in Japanese SLE patients are reported to be CD95 positive™. This discrepancy could
be caused by a selection of different patients considering that we found high percentages of
CD45RA+CD95+ cells in a patient with primary Sjogren syndrome (data not shown).

Despite normal percentages of memory typed cells, significant lower percentages of
CD4+CD27- cells were found in SLE patients. CD4+CD27- cells are highly differentiated
since they are generated after prolonged stimulation of CD4+CD45RO+CD27+ cells in
vitro?*’. Within the CD4+CD27- subset more IFN-y and IL-4 producers are found than in
the CD4+CD27+ subset’’. Lower percentages of CD4+CD27- cells in this patient group
could therefore suggest that CD4+ cells in inactive SLE patients are less differentiated than
that of healthy controls and could explain the low percentages of IFN-y producing cells.
Both with respect to homing receptor and chemokine receptor expression CD4+CD27- T
cells are distinct from recirculating CD4+CD45RO+CD27+ memory T cells®. Therefore
the low abundance of CD4+CD27- T cells in the circulation of SLE patients could be
comparable with an increased representation of these celis in affected tissue.

Although there is a Thl deficiency in the peripheral blood of SLE patients in murine SLE
studies it has been shown that there is a local production of IL-12 in the kidney™ and that
IFN-y can accelerate the development of clinical symptoms®*. This suggests that the local
induction of type-1 cells can be involved in the development of the process of tissue
damage in SLE. Since the IFN-y deficient T cells in the circulation of SLE patients are not
differentiated into type-2 effector cells as shown here by normal percentages of IL-4
producing cells, the capacity to produce IFN-y after they leave the circulation could be
important for a local Th1 dominated reaction. In this study we could demonstrate that after
prolonged stimulation in vitro, the increase in IFN-y producing cells is still lower in SLE
patients than in healthy controls. However activation in the presence of IL-12 achieves
percentages of IFN-y producing CD8+ and CD8- T cells that are not significantly different
between SLE patients and healthy controls.
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Conclusion

Low IFN-y production by mononuclear cells of SLE patients in vitro is often explained by
the hypothesis that T cells are exhaustingly stimulated in vivo. Our results suggests that
peripheral blood T cells in SLE despite low production of IFN-y can be induced to yield
higher percentages of IFN~y when activated in an IL-12 rich environment. Therapeutic use
of IL-12 might therefore result in an increase in IFN-gamma producing cells in the
peripheral blood. However it could on the other hand amplify a localized type-1 response
leading to increased tissue damage in affected organs.
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Abstract

Ankylosing spondylitis (AS) is an HLA-B27 related autoimmune disease in which T cells
are believed to play a role in the pathogenesis. Since the balance between type-i, IFN-
gamma producing, and type-2, IL-4 producing, T cells is believed to be involved in the
development of autoimmunity, these two cell types were determined in the peripheral blood
of AS patients.

Methods: Percentages of IFN-y and IL-4 producing CD4+ and CD8+ T cells were
determined after short stimulation in vitro and subsequently intracellular staining and
flowcytometric analysis. Next to this, the differentiation state of the peripheral T cells was
evaluated and related to clinical data.

Results: In AS patients no significant differences were found in IFN-y and IL-4 producing
peripheral blood T cells or in their ratio as compared to age- and sex matched healthy
controls.

Within the CD4+ T cell subset AS patients showed a higher percentage of IL-2 producing
cells and a lower percentage of differentiated CD27- cells. The percentage of IL-2
producing cells was related to disease severity as determined by the Bath Ankylosing
Spondylitis metrology index (BASMI), but not to erythrocyte sedimentation rate or disease
duration.

Conclusion: The balance in type-1 and type-2 T cells is not altered in peripheral blood of
AS patients. CD4+ T cells of AS patients contain higher percentages of IL-2 producing
cells which is correlated to disease severity.

Introduction

Ankylosing spondylitis (AS) is one of the spondylathropathies and is characterized by
arthritis of the sacroiliac joints and the spinal ligaments, ascending spinal stiffening and
spinal ligament calcification. Peripheral arthritis, enthesitis and extra-articular
manifestations, including, pulmonary, cardiac and ocular involvement can be found as well.
Clinically the disease can vary from intermittent episodes of back pain to severe chronic
disease leading to progressive spinal restriction.

Ankylosing Spondylitis is like other spondylathropathies strongly associated with the
presence of HLA-B27'. Since the primary function of this molecule is to present antigenic
peptides to CD8+ T cells, researchers have focused on HLA-B27 restricted cytotoxic
T-cells. CD8+ clones directed against arthritogenic bacteria, viral peptides or peptides
derived from the HLA-B27 molecule itself have been described in AS patients™.
Alternatively CD4 positive T lymphocytes have been implicated in the pathogenesis as they
can directly react with HLA B27°.

Involvement of T cells has been suggested in the development of different autoimmune
diseases and multiple abnormalities have been described in T cell phenotypes and cytokine
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profiles. Previously we have shown that the balance between type-1 en type-2 T cells in the
peripheral blood rheumatoid arthritis is not significantly different from healthy controls®,
while in the peripheral blood of systemic lupus erythematosus patients there are
51gn1ﬁcantly less T cells with a type-1 phenotype’. To make a comparison with RA and
SLE, in this study percentages of different T cells were estimated in the peripheral blood of
AS patients. This was done by analyzing expression of membrane differentiation markers
as well as cytokine production capacity of CD4+ and CD8+ T lymphocytes.

Materials and methods

Study population. Peripheral blood from 20 patients with AS as defined by the modified
New

York criteria® and healthy controls was obtained in heparinized tubes and diluted in
phosphate buffered saline (PBS) containing 10% fetal calf serum (FCS) and 5%
trisodiumcitrate. Mononuclear cells were isolated by density centrifugation on a Ficoll-
Hypaque gradient (d=1.079). Cells were suspended in Iscove 's modified Dulbecco 's
medium (IMDM) containing 30% FCS and 10% dimethylsulphoxide and stored in liquid
nitrogen until use.

Intracellular staining technique. Cells positive for IFN-y, IL-4 and IL-2 were determined
by flowcytometry. In short, mononuclear cells were stimulated with 1 ng phorbol mystirate
acetate (PMA) (Sigma chemicals) and 1uM Ionomycin (Sigma chemicals). 1 uM Monensin
(Sigma chemicals) was added to prevent excretion of the newly synthesized cytokines.
After 4 hours of incubation at 37°C cells were stained with FITC-anti T cell receptor a/f
and PerCP-anti CD8 monoclonal antibodies (mAb) (both Becton and Dickinson, Mountain
View, CA). Cells were fixed with 4% paraformaldehyde. Cells were stored overnight in
PBS at 4°C. Permeabilisation of the cells was done with 0.1% saponin supplemented with
10% pooled human serum (HPS) to block aspecific binding of mAb. Directly phycoerythrin
(PE) labeled anti-IFN-y, anti-IL-4, anti-IL-2 mAb and a negative control mAb (all Becton
Dickinson) were diluted in PBS/BSA/Saponin to a concentration of 5 pg/ml and added to
the cells in aliquots of 50ml for 25 minutes at 4°C.

Cells were analyzed on a FACScan (Becton Dickinson). IFN-y and IL-4 containing CD8-
and CD8+ T cells were identified by gating for TCR o/f postivity and setting a marker
using the sample containing the negative control antibody. Cytokine producers were
expressed as percentages of TCRo/p +CD8- and TCRa/B+CD8+ T cells.

Determination of differentiation antigens on peripheral blood T cells.

Three color flowcytometric analysis was performed on 0.2 million freshly isolated
mononuclear cells with combinations of anti CD95-FITC (Immunotech), anti CD45RA
(2H4, Coulter), anti CD27-FITC (3A12, CLB, Amsterdam, The Netherlands), anti CD4-
PerCP and anti CD8-PerCP (both Becton Dickinson) in 100 pl PBS/0.05% BSA. Cells
were incubated for 20 minutes at 4°C.
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Results

Clinical features

20 patients with AS, recruited from the Jan van Breemen Institute (Amsterdam, The
Netherlands) and matched healthy controls selected from a donor pool of laboratory
workers were included in this study. On withdrawal of blood the Bath Ankylosing
Spondylitis Metrology Index (BASMI)’ was determined to obtain data referring to
restriction of the joints. The Bath Ankylosing Spondylitis Patient Global Score (BAS-G)'?
was determined to get a parameter for disease activity since this score reflects the effect of
AS on the patient's well-being relative to the last six months. BASMI and BAS-G were
available for 14 patients. None of the patients had signs of peripheral arthritis. Clinical data
of the patients included in the study are presented in Table 1. No cytotoxic drugs or steroids
were used; twelve patients took nonsteroidal anti-inflammatory drugs.

Table 1. Clinical data of ankylosing spondylitis
patients participating in this study

Median (range)
Gender 18 male, 2 female
Age 48 (35-66) years
ESR 22 (2-64) mm
Disease duration 20 (4-45) years
BASMI 4(0.4-7)
BAS-G score 0(-3.56-7)

Quantitation of cytokine positive T lymphocytes

Percentages of IFN-gamma and IL-4 positive T cells and their ratio in the peripheral blood
were determined for CD4+ and CD8+ cells after short stimulation ex vivo. No significant
differences were found for these subsets between AS patients and healthy controls.
However the percentage of IL-2 positive cells was significantly higher in the AS patients
but only for CD4+ cells (Table 2)

44



T cell subsets in ankylosing spondilitis

Table 2. Median percentages of cytokine positive cells in the peripheral blood of
ankylosing spondylitis (AS) patients and healthy controls

AS patients Healthy controls
Median Range Median Range
CD4+ IFN-y 11.9 7.1-30.6 13.5 5.9-21.3
IL-4 53 1.9-15.2 5.0 2.8-7.9
IL-2 18.8* 9.2-31.2 13.7 5.8-17.3
IFN-y /IL-4 3.4 1.6-6.0 3.0 1.5-8.5
CD8+ IFN-y 24.3 8.4-53.9 20.3 12.8-36.8
IL-4 4.1 0.8-22.3 4.3 0.4-9.8
IL-2 17.8 8.4-60.0 18.7 15.4-27.7
IFN—y /IL-4 7.4 1.4-34.0 7.3 2.4-29.0

* Significantly different from healthy controls p=0.02 (Mann-Whitney)

Phenotypic analysis of T cells in patients and controls

Phenotyping for the differentiation antigens CD45RA, CD95 and CD27 was performed
with simultaneous analysis of CD4 and CD8 expression. After gating for CD4+ and CD8+
cells, the percentages of primed “memory” typed cells as determined by CD45RA
negativity or CD95 positivity, were not different between AS patient and healthy controls.
However significant lower percentages of terminally differentiated CD4+CD27- cells were
found in AS patients compared to healthy controls (Table 3). The percentage of CD27- cells
however was not different for CD8+ cells.

To investigate whether the abnormal distribution of CD27-negative and I1-2-positive CD4 T
lymphocytes in the peripheral blood of AS patients was related to clinical parameters,
Spearman Rank correlations were calculated between them in 14 patients. As shown in
Table 4 the percentage of CD27 negative cells was not correlated to any of the parameters
investigated, while a significant correlation could be found between the BASMI and the
percentage of IL-2 positive CD4 T lymphocytes (see also figure 1). No correlation with the
BAS-G score was found. This might suggests that high percentages of I1L-2 producers are
related to disease progression rather than activity.
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Table 3 Median percentages of cells expressing differentiation markers within peripheral
blood T cells of ankylosing spondylitis (AS) patients and healthy controls

AS patients Healthy controls
Median Range Median Range

%CD45RA- 36.4 24.2-53.7 41.2 22.5-60.8
%CD27- 9.8* 4.0-18.5 13.3 9.5-26.6
%CD95+ 52.0 41.2-59.6 459 38.8-50.3

%CD45RA- 18.6 6.2-28.9 20.0 7.3-32.1
%CD27- 16.0 9.9-243 20.1 12.0-36.3

%CD95+ 27.6 24.7-42.6 28.8 20.2-45.0
* Significantly different from healthy controls p<0.05 (Mann-Whitney)

Table 4 Spearman-Rank correlation coefficients between CD4 cell
phenotype and clinical parameters of ankylosing spondylitis patients

CD4P*CD27"® CD4PoIL2P™
Correlation  p Correlation P
BASMI -0.21 0.15 0.63 0.02*
BAS-G -0.12 0.65 -0.35 0.21
ESR -0.04 0.89 0.46 0.10
Disease duration -0.01 0.96 0.26 0.36

* Significantly different from healthy controls p<0.05 (Mann-Whitney)
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Fig 1. Correlation between the percentages of IL-2 positive
CD4+ T lymphocytes in the peripheral blood of ankylosing
spondylitis patients and the Bath Ankylosing Spondylitis
Metrology Index. R= Spearman-Rank correlation coefficient

Discussion

The balance in cytokine producing T cells is believed to play a role in the initiation and
persistence of autoimmunity. In the synovium of arthritis patients predominantly type-1
interferon-gamma producing T cells can be found while type-2 IL-4 producing cells are
sporadic'"'*. Ankylosing spondylitis is one of the spondylarthropaties in which it has been
shown that although interferon-gamma producing T cells are dominant in the synovium the
ratio between interferon and IL-4 is lower as compared with rheumatoid arthritis'>'*,
Previously we found no difference in the ratio between type-1 and type-2 T cells in the
peripheral blood of rheumatoid arthritis patients compared to healthy controls®. In this study
we do not find significant alterations in the peripheral blood Th1/Th2 ratio in ankylosing
spondylitis patients either. This could mean that a relative lower type-1/type-2 ratio in the
synovium of spondylarthopathy in comparison with RA is not resulting from a lower type-
1/type-2 set point but could result from distinct migration of primed T cells to the synovium
possibly as a result from expression of certain homing receptors or chemokines.
Alternatively, excess type-1 promoting factors in the rheumatoid synovium like IL-12 and
IL-18 can be an additional explanation for the high Th1/Th2 ratio in RA. Possibly these
factor are less abundantly expressed in the AS synovium'.

In contrast to the typical type-1 and type-2 cytokines we found a significant higher
percentage of IL-2 producing CD4+ cells in SA patients than in healthy controls . It has
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been published that in the synovium of spondylarthropathy patients in contrast to
rheumatoid arthritis synovium both messenger RNA as well as IL-2 protein can be
found'®'"”. Since we could not find a significant difference in IL-2 producing cells in the
peripheral blood of rheumatoid arthritis patients compared with matched healthy controls
(unpublished results), IL-2 producing CD4+ T lymphocytes might be participants in the
pathogenic process of ankylosing spondylitis. The finding that the percentage of IL-2
producing CD4+ cells was correlated to the BASMI may be taken in support of this. We
did not find a correlation with the BAS-G or erythrocyte sedimentation rate (ESR). Since
the BASMI is measuring the mobility of the spine and is largely dependent on disease
progression while the BAS-G an ESR are more related to disease activity, it might be that
the presence of high percentages of IL-2 positive CD4+ cells correlates with more severe,
progressive disease.

As we have found previously in systemic lupus erythematosus (SLE) (chapter 3), AS
patients had a lower percentage of CD27- CD4 T cells. CD27- CD4+ cells are
differentiated effector cells and are formed from CD4+CD27+ cells by prolonged
stimulation'®"®. Since differentiation of CD4+CD27+ into CD27- cells is coinciding with
the loss of IL-2 producing capability, high IL-2 production in AS patients could also reflect
an impaired ability to generate CD4+ CD27- cells. Why this would predispose to the
development of AS is not clear at this moment. It has recently been shown that
CD4+CD27- cells can execute cytolysiszo therefore a shortage of CD4+CD27- cells could
result in an inability to deal with intracellular bacteria resulting in chronic infection.
Alternatively cytolytic CD4+ cells may be involved in terminating immune responses by

removing activated antigen presenting cells, this may also contribute to the pathogenesis of
AS.
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Chapter 5

TREATMENT WITH MONOCLONAL ANTI-TUMOR NECROSIS FACTOR
a ANTIBODY RESULTS IN AN ACCUMULATION OF Thl CD4+
T CELLS IN THE PERIPHERAL BLOOD OF PATIENTS WITH
RHEUMATOID ARTHRITIS

MADELON M. MAURICE, WIEBO L. va~n bR GRAAFF, ANGELA LEOW, FERDINAND C. BREEDVELD,
RENE A. W. van LIER, and CORNELIS L. VERWEIJ

Objective. In rheumatoid arthritis (RA), treat-
ment with tumor necrosis factor & (TNFa) binding
agents has proven to be highly effective. Down-
regulation of the proinflammatory cytokine cascade and
a reduced migration of leukocytes into the joints have
been proposed as modes of action of TNFa blockade. We
investigated whether alterations in the number of cir-
culating pro- and antiinflammatory T cell subsets con-
tribute to the therapeutic effect of monoclonal antibod-
ies (mAb) against TNFa in RA patients.

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

Results. An accumulation of primed CD45RA— T
cells of both the CD4+ and the CD8+ T cell population
was seen shortly after treatment. Most notably, within
the CD4+,CD45RA— T cell subset, the number of
interferon-y—producing T cells was significantly in-
creased after anti-TNFa mAb treatment, resulting in a
significant rise in the Th1:Th2 ratio. In addition, an
increase in the number of CD4+ T cells expressing the
homing receptor CD49d in high density was observed
after treatment, which correlated positively with the
increase in the Th1:Th2 ratio.

Conclusion. We show that the Th1:Th2 ratio in
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the peripheral blood is raised by anti-TNFa mAb
treatment.

Rheumatoid arthritis (RA) is associated with a
chronic inflammation of peripheral joints and, ulti-
mately, the destruction of joint structures. The patho-
genic events that lead to the development of RA have
not yet been clarified, but an immunopathogenic com-
ponent has been strongly implicated. Immunohistologic
examinations of RA tissues revealed an infiltration of
the joints with high numbers of mononuclear cells and a
local, sustained overproduction of proinflammatory cy-
tokines such as interleukin-1 (IL-1), IL-6, IL-8,
granulocyte-macrophage colony-stimulating factor
(GM-CSF), and tumor necrosis factor (TNF) (1). In the
search for agents that interrupt the immunologic cas-
cade in RA, the effects of administering monoclonal
antibodies (mAb) against cell surface molecules and
soluble mediators of inflammation have been studied
extensively (2-17). Extremely promising results have
been reported from randomized, placebo-controlled,
clinical studies in which RA patients were treated with
either a chimeric fusion protein of a murine anti-TNFa
mAb and a human IgG1-Fc (cA2) (5) or with a recom-
binant human TNFa receptor (p75)-Fc fusion pro-
tein (18).

The rationale for blockade of TNFa was based
upon several observations that point to a key role of
TNFa in the pathogenesis of RA. High concentrations
of 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-
sulted in a transient synovitis with infiltration of lympho-
cytes, monocytes, and neutrophils in the joint cavity
(hypothetically mediated by TNFa-induced up-
regulation of adhesion molecules such as intercellular



adhesion molecule 1, vascular cell adhesion molecule 1
[VCAM-1], and endothelial leukocyte adhesion mole-
cule 1, and by local induction of chemotactic factors such
as IL-8) (for review, see ref. 22). Monoclonal antibodies
against TNFa were observed to diminish the production
of IL-1 and GM-CSF by synovial cells in vitro (23), and
to ameliorate synovial hyperplasia and joint destruction
in the collagen-induced arthritis model in DBA/1 mice,
even after onset of arthritis (24).

The beneficial effect of anti-TNFa mAb admin-
istration in RA patients has been attributed to down-
regulation of cytokine activity and to the reduction of
leukocyte trafficking to the joints, the latter being based
on observations such as reduced expression of adhesion
molecules on synovial endothelium, reduced cellularity
of joints, and lymphocytosis in the peripheral blood of
RA patients after treatment with anti-TNFa mAb (for
review, see ref. 25).

We postulated that alterations in pro- and anti-
inflammatory T cell subsets could contribute to the
clinical effect of anti-TNFa mAb treatment. Depending
upon the set of lymphokines that is secreted, T cells can
be divided into discrete effector populations. Human
CD4+ T cells that secrete interferon-y (IFNvy) and
TNFB and are involved in cell-mediated immunity are
called Th1 responders, and CD4+ T cells that secrete
IL-4 and mediate humoral responses are called Th2
responders (26-28). These polarized sets of lympho-
kines exert mutual cross-regulatory or inhibitory effects
(29). In organ-specific autoimmunity, the activation of
proinflammatory Thl cells and/or the insufficient coun-
terbalance by Th2 cells is believed to be important in the
development of disease and to correlate with tissue
injury (30,31). In the present study, we analyzed the
effects of anti-TNFa mAb on phenotypic and func-
tional characteristics of peripheral blood T cells in RA
patients.

PATIENTS AND METHODS

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

A human/murine chimeric mAb of IgGlk isotype
(cA2) (Centocor, Malvern, PA) is specific for human TNFa.
The construction and characterization of cA2 has previously
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been described (33). The antibody was supplied as a sterile
solution containing 5 mg/ml of cA2 in phosphate buffered
saline (PBS) containing 0.01% polysorbate 80 (pH 7.2).

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

At several time points during treatment, starting on
day 0, heparinized blood was obtained. Peripheral blood
mononuclear cell (PBMC) fractions were isolated from hepa-
rinized blood by Ficoll-Hypaque density gradient centrifuga-
tion and were cryopreserved immediately. To minimize inter-
assay variability, samples from individual patients from all time
points were analyzed in 1 experiment.

Membrane phenotyping. PBMC were washed twice
with PBS supplemented with 0.5% bovine serum albumin
(BSA) and sodium azide (5 ug/ml). Immunofluorescence
staining was performed by incubation of PBMC with saturating
amounts 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
Blood Transfusion Service [CLB], Amsterdam, The Nether-
lands), and CD45RA-phycoerythrin (PE) (2H4-RD1. Coulter,
Miami, FL). Stained cells were washed twice and 10* viable
lymphocytes were analyzed using a fluorescence-activated cell
sorter (Becton Dickinson). Percentages of positive cells of each
subset were calculated. Absolute cell numbers were found by
determining the percentage of CD4+ and CD8+ cells within
the lymphocyte gate (defined by forward and sideward scatter)
and by counting of absolute numbers of lymphocytes.

Flow cytometric measurement of intracellular cytokine
production. Measurement of cytokine-producing cells was
performed as previously described (34,35). Briefly, 0.5 x 10°
cells/ml were stimulated for 4 hours with phorbol myristate
acetate (1 ng/ml) and ionomycin {1 wM) in the presence of the
protein-secretion inhibitor monensin (1 uM). All subsequent
steps were performed at 4°C. After cell surface staining with
CD4-PE or CD8-PE combined with CD45RA-FITC (Becton
Dickinson), cells were washed twice with PBS and fixated for §
minutes with PBS/4% paraformaldehyde. Fixation was fol-
lowed by permeabilization for 10 minutes with PBS/0.1%
saponin (Sigma. Zwyndrecht, The Netherlands)/10% human
pooled serum. PBS/0.1% saponin/0.5% BSA was used for all
subsequent washing and incubation steps. Staining of the
cytokines with 5 pg/ml biotinylated anti-IL-4 mAb (Holzel
Diagnostika, Cologne, Germany) or biotinylated anti-IFNy
mAb (MD1; gift from Dr. P. van der Meiden, Biomedical
Primate Research Center, Rijswijk, The Netherlands) for 60
minutes was followed by incubation with streptavidin~-RED670
{Gibco BRL. Breda. The Netherlands) for 60 minutes. Ana-
lysis was performed as described for the measurement of
membrane markers.

Determination of adhesion molecules on Th1 and Th2
cells. CD4+ cells (>97% CD3+,CD4+) of 3 healthy donors
were obtained by incubating PBMC with saturating amounts of
CD8. CD19. CDI16, and CD14 mAb (CLB), followed by
positive depletion using goat anti-mouse Ig-coupled Dynal-
beads (Dynal, Oslo, Norway) as previously described (36).
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Table 1. Peripheral blood counts of lymphocytes. CD4+. and CD8+ T cell subsets in rheumatoid arthritis patients before and after trcatment with

monoclonal anti-tumor necrosis factor a (anti-TNFa) antibody®

Treatment with anti-TNFa (n = 11)

Treatment with placebo {n = 6)

Median SD

Range Median SD Range

Lymphocytes

Day 0 1,320

Day 3 2,540+
CD4+

Day 0 549

Day 3 917+
CD4+ CD45RA+

Day 0 176

Day 3 296%
CD4+ CD45SRA—

Day 0 319

Day 3 6921
CD4+ CD45RA-.CD27-

Day 0 28

Day 3 49t
CD8+

Day 0 243

Day 3 488%
CD8+.CD45SRA+.CD27+

Day 0 55

Day 3 851
CD8+.CD45RA+.CD27—

Day 0 37

Day 3 49
CD8+.CD45RA—-.CD27+

Day 0 88

Day 3 205+
CD8+.CD45RA—.CD27—

Day 0 20

Day 3 39

820-2.910 1.675
1.300-3.000 1.665

810-3,040
450-3,200

227-1425 631
501-1.647 668

188-1,441
155-952

88-499 254
114-567 234

70-548
$8-357

96-926 420
290-1.016 433

118-894
98-609

22-292
18-152

6-337 87
8-602 140

93-1.379 387
137-1.165 310

166-1,377
106-1.014

i9-202 55 21150
43-308 40 14-82

7-585 46 7-585
1-492 57 26-149

44-190
30-226

25-198 110
50-319 104

2-565 78
3-349 52

16-1,025
19-717

* Values are the number of cells X 10%titer.
t P < 0.05 by Wilcoxon's signed rank test.

After stimulation as described above, cells were stained with
antibodies against CD49d, CD29, CD11a, CD11b, CDl1lc, or
CD2, or with negative control and FITC-coupled goat anti—
mouse Ig (5 ug/ml) (all purchased from CLB). After blocking
with normal mouse serum (1:10), celis were fixed, permeabil-
ized. and stained with anti-IL-4-PE (Becton Dickinson) and
biotin-coupled anti-IFNy (MD-1) (Gibco BRL), and subse-
quently with streptavidin-RED670 (Gibco BRL).

Statistical analysis. Differences in the numbers of T
cell subsets and in the levels of cytokine production before and
after therapy were calculated using Wilcoxon's signed rank
test. Correlations between increases in the Th1:Th2 ratio and
the Discase Activity Score (DAS) or the number of high
CD49d-expressing cells were analyzed by Spearman’s rank
correlation.

RESULTS

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

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

The analysis of CD45RA expression on CD4+ T
cells (Table 1) revealed a significant increase in the
absolute number of both CD45RA+ (P = 0.018) and
CD45RA~— (P = 0.006) cells at day 3 after infusion in
the group of anti-TNFa-treated patients, but not in the
placebo-treated group. The increase in CD45RA— cells
was far more pronounced than the increase in
CD45RA+ cells, leading to an increase in the percent-
age of CD45RA — memory cells within the CD4+ T cell
population after anti-TNFa mAb treatment. CD45RA -
memory CD4+ T cells can be further subdivided into
CD27+ and CD27- T cells, of which the latter subset




represents highly differentiated memory T cells that
have undergone prolonged antigenic stimulation (39).
Despite a significant increase in number (P = 0.033)
(Table 1), the percentage of CD27— T cells within the
CD4+,CD45RA— population did not show significant
changes after treatment.

The number of CD8+,CD45RA— T cells is in-
creased after anti-TNFa treatment. Analogous to the
behavior of CD4+ T cells, the number of CD45RA— T
cells within the CD8+ T cell subset increased signifi-
cantly after anti-TNFa therapy (P = 0.003) (Table 1). As
a consequence of the simultaneous increase in both
CD4+ and CD8+ memory T cells, the CD4:CDS8 ratio
was not affected by anti-TNFa therapy (not shown).
CD8+ T cells can be subdivided into naive, memory,
and effector subsets based upon their CD45RA and
CD27 expression pattern (40). As shown in Table 1, the
number of both the naive CD45RA+,CD27+ and the
memory CD45RA—,CD27+ subset of the CD8+ pop-
ulation were significantly increased after treatment. How-
ever, the rise in the number of CD8+,CD45RA—,CD27+
T cells was greater than that of the CD8+,CD45RA+,
D27+ T cells. Therefore, when calculated as a percent-
age of the total CD8+ population, only the
CD45RA—,CD27+ memory T cell population was sig-
nificantly increased (P = 0.026).

Increase of the Th1:Th2 ratio of
CD4+,CD45RA— T cells in the peripheral blood after
anti-TNFa treatment. We next investigated whether
anti-TNFa mAb therapy alters the amount of differen-
tiated Th1l and Th2 cells within the peripheral blood of
RA patients. Since the secretion of Thl and Th2 cyto-
kines is largely confined to the CD45RA— subset of
CD4+ T cells, the amount of IFNvy- and IL-4-producing
T cells was analyzed within this subset. The numbers of
both IL-4- and IFNvy-producing CD4+,CD45RA— T
cells were significantly increased after anti-TNFa mAb
treatment, but not after placebo treatment. However,
the rise in IFNy-producing T cells was more pronounced
than the rise in IL-4-producing T cells, leading to a
significant increase in the Th1:Th2 ratio in the peri-
pheral blood (P = 0.007) (Figure 1).

For CD8+ T cells, the production of IFNvy is not
confined to the CD45RA — subset. Therefore, the numbers
of both IFN+vy- and IL-4—positive cells were calculated for
the total CD8+ T cell population. In contrast to the
findings for CD4+ T cells, the numbers of both IFNvy- and
IL-4—positive cells, as well as their ratio, were not signifi-
cantly altered within the CD8+ subset after treatment with
anti-TNFa mADb (Table 2).
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Figure 1. Effects of anti-tumor necrosis factor « (anti-TNFa) treat-
ment on the number of interferon-y (IFNy)- and interleukin-4
(IL-4)-producing cells. CD4+ T cells (x10%liter) producing the Thl
cytokine IFN-y were significantly increased in number on day 3 after
anti-TNFa treatment (A). IL-4-producing CD4+ T cells increased in
number more slowly (B), leading to a significantly increased IFN-v/
IL-4 ratio (C). Open squares represent patients who received 10 mg/kg
of chimeric anti-TNFa monoclonal antibody (cA2). Closed circles
represent patients who received 1 mg/kg of cA2.

High CD49d-expressing CD4+,CD45RA—- T cell
numbers are increased after anti-TNFa mAb treatment.
The selective accumulation of Thl-like cells in the
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Table 2. Peripheral blood counts of interleukin-4 (IL-4)- and interferon-y (IFNvy)-producing CD8+,CD45RA— T cells in rheumatoid arthritis
patients before and after treatment with monoclonal anti-tumor necrosis factor « (anti-TNFa) antibody*

Treatment with anti-TNFa (n =

11)

Treatment with placebo (n = 6)

Median SD Range Median SD Range
IL-4+,CD8+
Day 0 16 23 0-74 22 22 9-61
Day 3 12 37 0-106 22 16 0-38
IFNy+,CD8+
Day 0 83 309 11-1,003 119 336 39-916
Day 3 109 206 15-617 69 126 36-363

* Values are the number of cells X 10%liter.

peripheral blood could be explained by a therapy-
induced inhibition of homing of those cells to the
inflamed tissues. This assumption implies a different
homing pattern of Th1l and Th2 cells, which could be
reflected in a difference in the expression of adhesion

molecules. An important pathway in the migration of T
cells to inflamed peripheral tissues involves very late
activation antigen 4 (a4B1)/VCAM-1 (41), and
VCAM-1 expression in the synovia of RA patients is

reduced after anti-TNFa therapy (42).
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To test whether CD49d (a4 integrin) is important
in the homing of Thl T cells to the synovium, we first
analyzed the expression levels of CD49d and its associ-
ated B, chain, CD29, on the cell surface of Th1 and Th2
CD4+ T cells isolated from healthy individuals. In
contrast to CD29 and the other adhesion markers that
were analyzed, CD49d was expressed in markedly higher
density on Thl cells when compared with Th2 cells
(Figure 2A). Next, we analyzed the expression levels of
CD49d and CD29 on CD4+,CD45RA— T cellsin 6 RA
patients before and after treatment with anti-TNFea. In
contrast to CD29 (Figure 2C), the percentage of high
CDA49d-expressing cells was increased after treatment
and, moreover, correlated significantly with the alter-
ations in the Th1:Th2 ratio (P = 0.04) (Figure 2B).

DISCUSSION

The present study analyzed the effects of anti-
TNFa mAb treatment on the phenotypic and functional
characteristics of T cell subsets in the peripheral blood
of 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-TNFa therapy, with a concomitant rise in the
Th1:Th2 ratio of the CD4+,CD45RA— T cell popula-
tion, but not of the CD8+ T cell population. These
findings indicate that the increase in peripheral blood T
cell numbers after anti-TNFa mAb therapy is mainly
due to an increase in CD45SRA — memory T cells, which,
with respect to the CD4+ T cell subset, have a Thl-like
phenotype.

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

In the present study, we refined the model of the
mode of action of anti-TNFa therapy by demonstrating
that the increase in lymphocyte numbers is greater for Thl
cells than for Th2 cells. The data therefore are consistent
with the assumption that CD4+,CD45RA— Thl-like T
cells preferentially migrate to the inflamed tissue in the
joints of RA patients. In accordance with this, T cells
isolated from synovium or synovial fluid of RA patients
were observed to predominantly express Thl cytokines
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(43,44), and the selective homing of Th1 cells, and not Th2
cells, into inflamed joints of mice was recently demon-
strated (45). Moreover, the present data confirm the
finding of an inverse relationship between serum TNFa
levels and the ratio of IFN+y:IL-4 production of peripheral
blood T cells (46). The finding of diminished migration of
Thil-like T cells into the inflamed tissues after anti-TNFa
treatment is supported by the observed increase in the
proportion of high CD49d-expressing CD4+,CD45RA—
T cells. In accordance with the finding that Thl cells
express a markedly higher density of CD49d on the cell
surface when compared with Th2 cells, the increase in the
number of high CD49d-expressing CD4+ T cells in anti-
TNFa-treated patients correlated with the increase in the
Th1:Th2 ratio. The rapid down-regulation of VCAM-1 in
the synovium (42) could therefore be an important factor
for inhibiting Th1 cells from migrating into the synovium.

Within the CD4+,CD45RA— T cell population,
cells that have lost the CD27 molecule from the cell
surface represent highly differentiated memory T cells
that can secrete considerable amounts of either IFNvy or
IL-4 upon stimulation (39). No alteration in the percent-
age of CD27— T cells within the CD4+,CD45RA-
population was observed. It could therefore very well be
that both CD27+ and CD27— memory CD4+ T cells
migrate equally well to the peripheral inflamed tissues.
The described increase in CD27—,CD4+ T cells in the
cellular infiltrates in the synovium (47,48) could there-
fore be explained by a postmigratory loss of the CD27
molecule from the cell surface, as previously pro-
posed (47).

In a similar way of reasoning, one could hypothesize
that the CD45RA—,CD27+ subset of the CD8+ T cell
population, which is also increased in both number and
percentage in the peripheral blood after anti-TNFo mAb
therapy, is inhibited from migrating to the inflamed tissues.
Accordingly, an enrichment of CD27+,CD8+ T cells in
the RA synovium and synovial fluid has been demon-
strated (47). The recent analysis of the phenotypic and
functional properties of phenotypically separated CD8+ T
cell subsets revealed that this CD8+,CD45RA—-,CD27+
subset in healthy individuals consists of memory-type cells,
which produce a wide range of cytokines and can provide
helper activity for B cell differentiation (40). Thus, this
CD8+ T cell subset, in addition to the previously proposed
CD4+,CD45SRA—,CD27+ T cell subset (47), might con-
tribute to the B cell activation and subsequent immuno-
globulin production as observed in the RA synovium.
However, no increase in the IFN+y:.IL-4 ratio was observed
for CD8+ T cells, indicating that no joint-specific CD8+ T
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cell subset could be identified on the basis of IL-4 and
IFNvy production.

Selective inhibition of migration of CD45RA—- T
cells could contribute to the therapeutic efficacy of
anti-TNFa. Patients with higher increases in the Thl:
Th2 ratio after therapy tended to show higher increases
in the number of circulating lymphocytes and stronger
decreases in DAS (data not shown), but this did not
reach statistical significance.

Previously, improved T cell mitogen- and recall
antigen—induced proliferative responses of PBMC were
reported to occur after anti-TNFa treatment of RA
patients, which was suggested to be caused by a restora-
tion of T cell function after removal of TNFa (49). In
view of our findings, the increased responsiveness could
be explained by an increase in the proportion of the
memory T cell subset, which is likely to contain an
increased frequency of recall-reactive T cells (50-53).
Responses to recall antigens (tetanus toxoid, purified
protein derivative, streptokinase-streptodornase) ana-
lyzed from anti-TNFa mAb-treated RA patients are
known to be mainly mediated by Thil-like T cells (54—
56), which are also found to be increased in number
after anti-TNFa treatment.

In conclusion, the present findings show that
after anti-TNFa treatment, the increase in lymphocyte
numbers in the peripheral blood is greater for Th1 cells
than for Th2 cells. Down-regulation of adhesion mole-
cules on the synovial endothelium, selectively inhibiting
the homing of Thl-like, memory CD4+ T cells to
inflamed joints, might explain this observation.
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Abstract

OBJECTIVE: Disease modifying anti-rheumatic drugs (DMARDs) are widely used in the
treatment of arthritis. Although DMARDs have been reported to suppress T cell function ir
vitro their mode of action in vivo is still unclear. Synergy between individual drugs does
however suggest the existence of several mechanisms. To examine whether DMARDs have
comparable effects on T cells in vivo, we analyzed the phenotype and function of peripheral
blood T cells in patients with early arthritis treated with hydroxychloroquine (HCQ),
sulfasalazine (SASP) or methotrexate (MTX).

METHODS: The following parameters were evaluated in peripheral blood T cells: 1.
Differentiation state as determined by expression of CD45RA, CD27, Beta-1-, Beta-2
integrins, CCRS5, CXCR-3 and CCR3. 2. Cytokine profile as determined by intracellular
staining for [FN-y and 1L-4 with flowcytometric analyses and 3. Proliferative capacity was
determined by thymidine incorporation after CD2 and CD28 stimulation in vitro. A
comparison was made just before and 3 months after the start of a new DMARD.

RESULTS: After treatment for three months all groups improved clinically, reflected by a
significant decrease in the disease activity score. In SASP treated patients the percentages
of IFN-y positive CD4+ and CD8+ cells decreased significantly in contrast to 1L.-4 positive
cells that were only affected in CD4+ cells. No significant changes in T cell phenotype as
determined by the expression of the differentiation markers CD45RA and CD27 were
observed during this treatment. In addition a concomitant reduction in the adhesion
molecules CD29, CD49d, CD49e and CD18 was observed on T cells in SASP treated
patients. We could not find any cytokine reducing effect in HCQ or MTX treated patients
nor was there any difference in expression of adhesion molecules on T cells. MTX treated
patients showed a reduction of the chemokine receptor CCRS while HCQ treated patients
showed reduced T cell proliferative responses to the combination anti-CD2 and anti-CD28
antibodies.

CONCLUSION: These results indicate that in vivo DMARDs have distinct T cell
modulating effects, which could be an explanation for their synergistic effect in the
treatment of arthritis.

Introduction

The use of disease modifying anti-rheumatic drugs (DMARD:s) is essential in the treatment
of chronic arthritis. Despite DMARDs can diminish the amount of inflaimmation in the
joints, their effect is only partial. In rheumatoid arthritis (RA) the combination of DMARDs
is more effective than monotherapy'™. Since there is still uncertainty about both the key
mechanisms in the perpetuation of arthritis as well as the major mode of action of
DMARDSs in vivo, the background for synergy of DMARD:s is unclear.

T lymphocytes are a major component of the synovial infiltrate in many inflammatory joint
diseases®. The contribution of these cells to the inflammatory process can be assumed on
the observation that they are highly enriched for the proinflammatory type-1 (IFN-y
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producing) cells and lack the anti-inflammatory type-2 (IL-4 producing) subset’'*. The
anti- inflammatory effect of DMARDs could be ascribed in part by affecting T cells, since
specific effects like inhibition of T cell proliferation and cytokine production by T cells
have been documented in vitro'>?2. Additional mechanisms to interfere with T cells could
be modulating their expression of molecules used for extravasation and adherence to the
synovium (homing). This is a multistep procedure in which selectins, integrins and
chemokine receptors are involved. Little research has been performed on the effect of
DMARD:s on any of those participating molecules expressed by T cells.

Special attention has been made to the chemokine receptors CXCR3 and CCRS. They seem
to play an important role in lymphocyte homing to inflamed tissue since the majority of the
T cells in the synovial compartment express both receptors® 2,

In contrast to the anti-inflammatory type-2 T cells, type-1 cells express high levels of
integrins®®?’ and both CXCR3 and CCRS, which could contribute to the overrepresentation
of this celltype in the synovial compartment. Whether DMARD:s can affect the expression
of any of those specific proinflammatory homing receptors is still not known.

The aim of this study is to investigate whether the various types of DMARDs can affect the
phenotype and function of T cells in arthritis patients.

Methods

Patients studied:

Patients were recruited from the outpatient clinic for early arthritis of the Jan van Breemen
Institute, Amsterdam. Diagnoses after one year of follow-up consisted of rheumatoid
arthritis, undifferentiated arthritis and psoriatic arthritis. The diagnosis rheumatoid arthritis
was made according to the ACR criteria®®. All patients diagnosed with undifferentiated
arthritis had oligo- or polyarthritis. To study the in-vivo effects of DMARDs blood was
obtained at the start of treatment and after 3 months of oral monotherapy with
hydroxychloroquine (200mg/day), sulphasalazine (2000mg/day) or methotrexate (7.5
mg/week).

Peripheral blood mononuclear cells (PBMC) were isolated with Ficoll-hypopaque and
stored in liquid nitrogen until use.

Antibodies:

Monoclonal antibodies (mab’s) directed against the following antigens were used in this
study:

CLB, Amsterdam: CD27-FITC (3A12), CDI18§, CDl1la (Tb-133), CD2 (2H4, Hik-27, )
CD28 (15EB); Becton Dickinson: CD8-PerCP,IFN-y-FITC, IL-4-PE; Caltag: CD4-APC;
Immunotech: CCRS-PE; R&D systems: CXCR3

T cell proliferation

Whole blood of arthritis patients was diluted 1:10 with Iscove’s modified Dulbecco’s
Medium Monoclonal antibodies directed against CD2 and CD28 were added for three days.
Proliferation was measured by incorporation of tritium labeled thymidin and expressed as
counts per minute (cpm).
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T cell phenotype

Four color flowcytometry was performed on 0.2 million thawed PBMC stained with
directly labeled monoclonal antibodies (mab’s) against CD4 (APC) and CD8 (PerCP)
simultaneously with directly labeled (FITC, Phycoerythrin) or indirectly (goat-anti-mouse
phycoerythrin) mab’s directed against differentiation markers, adhesion molecules and
chemokine receptors.

Data were analyzed for CD4+ and CDS8+ cells separately and expressed as percentages
positive cells or mean fluorescence intensity (MFI).

Intracellular staining technique:

0.5 million PBMC were stimulated with 1 ng phorbol mystirate acetate (PMA) (Sigma
chemicals) and 1uM Ionomycin (Sigma chemicals) during 4 hours in the presence of 1 pM

Monensin (Sigma chemicals). After incubation cells were stained with PerCP-anti CD8 and

APC-anti CD4 mAb and subsequently fixed with 4% paraformaldehyde. Permeabilisation

of the cells was done with 0.1% saponin for 45 minutes. Intracellular staining was

performed with either IFN-y-FITC and IL-4-PE or IL-2 FITC and IL-13-PE. Stained cells |
were analyzed in a FacsCalibur (Becton Dickinson) and expressed as percentages cytokine

positive CD4+ and CD8+ cells. |

Results ‘

Patients.

43 arthritis patients were included, clinical characteristics are presented in table 1.
Diagnoses did not change during the 3 months of follow-up. Patients using
hydroxychloroquine or sulphasalazine had never used DMARDs before while methotrexate
was used by patients not responding to sulphasalazine or hydroxychloroquine. Only
patients were chosen that did not use DMARDs for 3 months during the start of
methotrexate treatment.

Table 1. Clinical characteristics arthritis patients studied

Hydroxy-
Treatment group chloroquine  Sulphasalazine Methotrexate
Mean DAS* at start 53 5.2 5.2
Mean DAS at 3 months of therapy 4.8 4.6 47
Total number of patients 13 17 13
RA 8 12 11

2
3

0
2

Psoriatic arthritis

Undifferentiated arthritis
* DAS =Disease activity score
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T cell proliferation

Results are shown in Figure 1. Three months of treatment with hydroxychloroquine resulted
in significant lower proliferative responses to anti-CD2 and anti-CD28 antibodies in
contrast to treatment with sulfasalazine and methotrexate. These results show that although
each DMARD is reported to diminish proliferative T cell responses in vitro, this can only
be shown for hydroxychloroquine in vivo.

40000
Figure 1. )
Proliferative response in whole blood of arthritis 30000 4
patients after stimulation with anti-CD2 and anti- ¢
CD28 antibodies. Shown are counts per minute P 20000
(CPM) before (closed bars) and after 3 months of "
DMARD treatment (open bars). Given are means 10000 4
and SEM, *: p<0.05

HCQ SASP MTX

*x
54 5
0- O—ﬂm 0-

HCQ SASP MTX HCQ SASP  MTX HCQ SASP MTX

% IL4 positive cells
IFN-y/IL-4 positive cells

>
% IFN-y positive cells

304 301

20+ 204

os]
% IFN- y positive cells
% IL4 positive cells
g
IFN-vy/IL-4 positive cells

iral ol i
0- o- 0-

HCQ SASP MTX HCQ SASP  MTX HCQ SASP MTX

Figure 2.

Percentage of IFN-y and IL-4 producing cells and their ratio within the CD4+ (A)
and CD8+ (B) peripheral blood cells of arthritis patients, before (closed) and after 3
months of DMARD treatment (open). Given are means and SEM

*: p<0.05 **:p<0.01 ***:p<0.001
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Cytokine producing cells

All three DMARDs investigated have been shown to influence the type-1/type-2 T cell
balance by decreasing the production of IFN-y in vitro'**'*, To investigate whether this
effect could be observed in vivo as well percentages of IFN-y and IL-4 producing cells
were determined in the peripheral blood of arthritis patients before and three months after
DMARD treatment (figure 2). In patients treated with hydroxychloroquine or methotrexate
no alterations were seen in percentages [FN-y+ cells, [L-4+ cells or their ratio. However, a
significant decrease in IFN-y positive cells could be observed during sulfasalazine both in
CD4+ and CD8+ T cells. The ratio between type-1 and type-2 cells was only significantly
changed in CD8+ cells since within the CD4+ subset the percentage IL-4+ producing cells
was decreased as well.

Expression of differentiation markers

Since changes in cytokine profiles during sulfasalazine could be a reflection of altered
differentiation state of the T cells, flowcytometric analysis for the expression of
differentiation markers CD45RA and CD27 was performed. As shown in Table 2, subsets
defined by these markers were not changed during treatment suggesting a direct cytokine
suppressive effect of sulfasalazine.

Table 2. Percentages of different subsets of CD4+ and
CD&8+ T cells before and after 3 months treatment with

sulfasalazine
Start 3 months
Mean SEM Mean SEM p
CD4+
CD45RA+CD27+ 43.6 4.4 45.0 5.0 0.333
CD45RA-CD27+ 42.6 3.5 42.2 3.7 0.969
CD45RA-CD27- 10.6 2.4 9.4 2.0 0.252
CD45RA+CD27- 33 0.8 33 0.9 0.359
CD8+
CD45RA+CD27+ 41.7 4.8 42.1 4.9 0.600
CD45RA-CD27+  20.0 3.5 18.8 3.7 0.330
CD45RA-CD27- 5.2 0.8 5.0 1.0 0426
CD45RA+CD27- 33.1 6.1 34,1 24.1 0.804

" p= Wilcoxon signed rank test
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Effect of DMARDs on the expression of adhesion molecules and chemokine receptors

The homing of leukocytes to the synovium is an essential step in the formation of the
inflammatory infiltrate. This is mediated by the expression of integrins and chemokine
receptors. Integrins are heterodimers of an a- and § chain and play a role in firm adhesion
of the T cells to the synovial endothelium and extracellular matrix. Determination of the
mean fluorescence intensity of two B chains during DMARD treatment revealed that only
during sulfasalazine treatment the B, chain (CD18, figure 3) was downregulated on both
CD4+ and CD8+ cells while the expression of the f; chain (CD29, figure 4) was not
significantly changed by any of the DMARDs used. However of the tested o chains
associated with B;, CD49d was diminished on T cells of sulfasalazine treated patients
(figure 4).

Methotrexate was the only DMARD that significantly influenced the expression of the
chemokine receptor CCR5 on CD4+ and CD8+ cells, while CXCR-3 and CCR3 expression
were not affected by any DMARD (figure 5).
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Figure 3.

Mean fluorescence intensity (MFI) of CD18 on CD4+ (A) and CD8+
(B) peripheral blood cells of arthritis patients, before (closed bars) and
after 3 months of DMARD treatment (open bars). Given are means and
SEM. *: p<0.05
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of arthritis patients,
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DMARD treatment
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means and SEM, *:
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Percentage of chemokine receptor positive cells within the CD4+ (A) and
CD8+ (B) peripheral blood cells of arthritis patients, before (closed bars) and
after 3 months of DMARD treatment (open bars). Given are means and SEM,

*: p<0.05

Discussion:

In this study we investigated the effects of hydroxychloroquine, sulfasalazine and
methotrexate on the phenotype and function of circulating T cells in arthritis patients.
Although all three drugs are reported to decrease the proliferative responses of T cells in
vitro'>17?*% e only observed a significant inhibition of proliferation by
hydroxychloroquine in vivo. Since the in vitro anti-proliferative effect of chloroquine is
mediated by the inhibition of IL-2 production, we determined whether hydroxychloroquine
treatment resulted in a decrease of IL-2 producing cells. However, we could not find a
significant change in this cell type after 3 months of therapy.

Studies have shown that hydroxychloroquine can interfere with the process of antigen
presentation®' and could therefore interfere in T cell differentiation. Flowcytometric
analysis of circulating T cells before and during hydroxychloroquine treatment in our study
however did not indicate a shift towards a less differentiated, more naive phenotype as
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determined by CD45RA and CD27 expression. This finding suggests that the action of
hydroxychloroquine in the treatment of arthritis is not mediated via reduced antigen
presentation.

The interference of DMARDs with cytokine production of T cells has been widely
suggested as a mode of action in arthritis. Despite the reported decrease in the production of
the proinflammatory cytokine IFN-y by T cells in the presence of different DMARD:s in
vitro'®1%2!32 we show that only sulfasalazine was able to induce a significant reduction in
IFN-y producing T cells in arthritis patients. A possible explanation could be that
sulfasalazine can interfere with IL-12 production by antigen presenting cells as was
demonstrated in a mouse model”'. However we could demonstrate that in arthritis patients
sulfasalazine reduced the IL-4 producing CD4+ cells as well making IL-12 not a likely
target. Since IL-4 producers were not affected in the CD8+ subset it can be concluded that
the balance between proinflammatory IFN-y producing (type-1) and IL-4 producing (type-
2) cells is shifted by sulfasalazine towards type-2.

Apart from the influence on proliferative and cytokine producing responses we investigated
whether DMARD treatment could alter the expression of molecules on T lymphocytes
involved in the homing to and retention in the synovium. Both 1 and (2 integrins are
important in the adhesion to activated endothelium and the extracellular matrix in the
synovium, while gradients of chemokines give direction to the T cells moving into the
synovium. In this study we show that in sulfasalazine- in contrast to hydroxychloroquine
and methotrexate treated patients, the expression of both the B2 integrins (CD18) and the
B1 associated CD49d is diminished.

The finding of methotrexate being a moderator of CCRS expression could point to a new
mode of action for methotrexate in arthritis. CCRS and CXCR-3 are the most abundantly
expressed chemokine receptors in the rheumatoid synovium and they are also associated
with interferon producing type-1 T cells. Therefore, although methotrexate does not
influence the percentage of type-1 cells in the circulation of rheumatoid arthritis patients, it
could influence the proportion of these cells in the synovial infiltrate.

In summary, in this study we show that although various overlapping effects of DMARDs
on T cells are reported in vitro, distinct effects can be observed on the T cells in treated
arthritis patients, which could account for synergistic anti-inflammatory action.
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Prognostic value of Th1/Th2 ratio in rheumatoid arthritis

Imbalance between proinflammatory T-helper-1 (Th1) and anti-inflammatory T-helper-2
(Th2) cells and, subsequently, their products interferon-y and interleukin 4, respectively, is
believed to be important in the development of autoimmune diseases. Dominance of Thl
over Th2 cells is thought to be important in the pathogenesis of rheumatoid arthritis.> We
investigated whether the Th1/Th2 ratio in the peripheral blood of patients with rheumatoid
arthritis is related to disease severity, measured by response to disease-modifying
antirheumatic drugs (DMARDs).

We recruited patients with early rheumatoid arthritis (duration =1 year) who had not
previously taken DMARDs. We determined disease activity by a modified disease activity
score” based on scores for 28 joints. 11 patients with high disease activity (scores 260,
median 6-4 [range 6-0-6-9]) were started on DMARDs; ten on sulphasalazine (2000
mg/day), one on hydroxychloroquine (200 mg/day). We measured Th1/Th2 ratios in
peripheral blood by intracellular staining assay with flowcytometric analysis.” The
percentages of Th1 and Th2 cells were determined by double staining for CD4 and either
interferon-y or interleukin-4. Data were analysed with Wilcoxon's signed rank test.

The median disease activity score decreased to 5-0 (range 3-3-6-9) after 3 months and 4-5
(range 2-9-7-1) after 9 months of therapy. Although activity scores were within a narrow
range at baseline, we found large differences in Th1/Th2 ratios between patients. Th1/Th2
ratios did not correlate with disease activity scores or C-reactive-protein concentrations
(data not shown). During the first 3 months of therapy, Th1/Th2 ratios increased
significantly (median 3-2 vs 6-0, p=0-001) because of decreases in Th2 cells (median 5-0 vs
2:3%, p=0-002). After 9 months the initial Th1/Th2 ratio did not differ (median 3-2 vs 4-8;
p=0-16.

This transient increase in the Th1/Th2 ratio during the first 3 months of treatment could
have resulted from redistribution of Th1 and Th2 subsets, immunoregulatory effects of the
medication, or from a combination of both. The effect, however, seemed to be of no
importance to the clinical outcome since changes in the Th1/Th2 ratios and disease activity
scores did not correlate after 3 months or 9 months. By contrast, the initial Th1/Th2 ratio
correlated significantly with the disease activity score after 9 months (figure).

These data suggest that patients with low Th1/Th2 ratios in the peripheral blood during
clinical active phases of theumatoid arthritis are likely to respond well to the first course of
DMARD treatment. The prognostic value of the Th1/Th2 ratio measured by intracellular
staining assay in early rheumatoid arthritis needs to be assessed in larger groups of patients
for longer times.

This study was supported by The Dutch League Against Rheumatism
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Abstract

OBJECTIVE: To test the predictive value of T cell subset composition on the clinical
outcome 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
obtained (mean disease activity score (DAS) 5.7, 54% rheumatoid factor positive). T cell
differentiation markers (CD4, CD8, CD45RA, CD27) and T-cell cytokine production
ability 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
one 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
female patients (DAS 4.5) (p<0.001). Finally, in the group of female patients with high
initial DAS, but not in the total cohort, a low Tyg;peray1/ T2 ratio appeared to be related
with better outcome scores (p<0.05).

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

Introduction

Rheumatoid Arthritis (RA) is a disease of chronic inflammation of the joints with a
presumed autoimmune origin. This usually leads to severe joint damage resulting in
progressive disability. Tumor necrosis factor (TNF) a locally produced by monocytes plays
a central role in the inflammatory cascade and neutralization of TNFo with either
monoclonal antibodies or soluble receptor constructs ameliorates inflammation and has
rapidly become an important treatment modality'”. However, the trigger for TNFa
production in the joint is still unknown.

The success of TNFa neutralization has formally demonstrated the involvement of
inflammatory cascades in the pathogenesis of RA. Next to this, several indirect lines of
evidence exist for contributions of the adaptive immune system to the etiology and/or
pathophysiology of the disease. Perhaps most importantly, an association is found between
certain HLA class II alleles, esPecially those containing the so-called shared-epitope (SE)
sequence, and disease severity . Because the function of class II molecules is to present
antigenic peptides, it is supposed that SE-containing class II molecules contribute to an
arthritogenic CD4™ T cell repertoire”’. Furthermore, autoantibodies directed to
immunoglobuline (rheumatoid factor, RF) or citrullinated peptides are frequently found in
RA patients. Although the role of these antibodies in the pathogenesis of the disease is
unclear, they are related with more aggressive disease®'".
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experimental animal models for a direct arthritogenic role of T cells. An important finding
in these studies has been that the intrinsic ability of the T cell system to respond in
qualitative different manners is an important variable for disease induction and outcome.
Specifically, mice that are prone to respond to antigenic challenge in a Tugrpera1 type
fashion, which is characterized by an predominance of CD4" T cells secreting I[FNy, are
highly sensitive to induced-arthritis'2. In marked contrast, Th2 biased mice that generate
relatively high numbers of IL-4 secreting T cells, do not develop disease'’. It is suggested
that these differential effects may be related to the opposing actions of Thl- and Th2-type
helper cells on inflammatory cells, Thl being pro-inflammatory in contrast to the anti-
inflammatory Th2 cells. The Th2 biased Balb/c mouse is resistant to collagen-induced
arthritis while it can develop a Thi mediated arthritis when challenged with proteoglycan
which is easily prevented by administration of IL-4'*. We aimed to investigate whether
also in humans the propensity of T cells to respond to antigenic challenges in a Thl- or
Th2-biased fashion would be a contributing factor in the clinical course of RA. For this, a
cohort study was initiated in which cellular immune functions were analyzed in patients
who presented with early rheumatoid arthritis and results of these measurements were
related to disease activity after one year. Two separate types of analysis were employed to
evaluate CD4" T cell differentiation aspects. First, membrane expression of CD45RA and
CD27 molecules were performed to enumerate naive (CD45RA™), memory-type (CD45RA”
) and differentiated memory-type helper T cells (CD27). Second, Thl and Th2 were
evaluated by intracellular measurement of IFN-y and IL-4 in polyclonally stimulated cells.

Material and Methods

Fatients

Patients with polyarthritis were recruited from an early arthritis clinic. The diagnosis
rheumatoid arthritis was made according to the ACR guidelines' at one year of follow-up.
Follow-up was at least a year with regular visits at the clinic every three months. Peripheral
blood was obtained before start of treatment with disease modifying antirheumatic drugs.
Initial treatment consisted of either hydrochloroquine or sulfasalazine as freely chosen by
the treating physician, in the absence of a clinical response methotrexate was given as
described in detail elsewhere'®. Patients that had used DMARDs before presentation to the
clinic were not included. Disease activity score'’and CRP were determined before and after
one year of the treatment. 43 out of 65 patients were analyzed for erosive scores of hands

In contrast to indirect clues in humans, compelling evidence has been gathered in
and feet'®, 32 out of 43 had erosive disease. ‘

T cell phenotyping
Peripheral blood mononuclear cells (PBMC) were isolated using Ficoll and stored in liquid
nitrogen until use.

For membrane determination bound molecules, 0.2 million-thawed PBMC were incubated
with directly labelled monoclonal antibodies for 30 minutes. After three washing steps cells
were analysed on a four colour flowcytometer (FACScalibur). Results were expressed as
percentage positive cells within CD4+ and CD8+ subsets.
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For determination of cytokine production 0.4 million PBMC were shortly (four hours)
stimulated with phorbol ester and Ionomycin as described previously, after fixation with
paraformaldehyde, cells were permeabilized with saponin and incubated with directly
labeled monoclonal antibodies against cytokines, CD4 and CD8. After analyses with four-
color cytometry, cytokine positive cells were expressed as a percentage of CD4 and CD8
positive cells.

Antibodies: Directly labeled monoclonal antibodies (mab’s) directed against the following
antigens 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

Description of the patient cohort.

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

Table 1. Clinical data of 65 rheumatoid arthritis patients presenting
at the Amsterdam early arthritis clinic

Start After one year of treatment
Mean SD Mean SD
Disease activity score (DAS) 5.7 1.1 3.8 1.4
C-reactive protein 40 42 16 25
Age 56.7 57.7
Number
Gender
Male 20
Female 45

Rheumatoid factor (IgM) positive 35

Erosive disease 32 (out of 43)

DMARD usage

Hydroxychloroquine 5 2
Sulphasalazine 52 33
None 7 6

&4




T cell subsets in early RA

Correlation of T cell differentiation markers with measures of disease activity.

At 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
the fact that memory-type cells have the ability to localize in inflamed tissue'** and are
therefore relatively depleted from the circulating pool. No correlation between any of the
phenotypically 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
CD4 phenotype (table 2) or DAS and either [FN-y (Thl) or IL-4 (Th2) producing CD4" T
cells or the Th1/ Th2 ratio.

Table 2 Pearson correlation coefficient between CD4+ T
cell phenotype in the peripheral blood and disease activity
score (DAS) at inclusion

Pearsons

correlation

coefficient

All RA patients

CD45RA positive 0.27
CD45RA negative -0.27
CD27 negative -0.01

IL-4 positive -0.26
IFN-y positive 0.00
Th1/Th2 0.07
I1L-2 positive -0.14
*P<0.05, ns=not significant

Prognostic value of T cell differentiation markers.

Disease 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
cohort and inversely correlated with DAS at one year (Figure la and Table 3). No such
correlations were found for Thl and Th2 markers (Table 3).

RA is a heterogeneous disease, which may obscure possible relations between T-cell
function parameters and prognosis. To analyze T cell differentiation markers in a more
homogenous 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
rather good prognosis at one year, whereas neither CD45RA™ percentages nor Tyl/ Ty2
measurements showed such correlation (Figure 1b and Table 3).
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Table 3. Pearson correlation coefficients between CD4+ T cell phenotype in the peripheral
blood at the start of treatment and disease activity score one year after treatment.

Pearson
correlation
coefficient P

All RA patients

CD45RA positive
CD45RA negative
CD27 negative

IL-4 positive
IFN-v positive
Th1/Th2

IL-2 positive

Patients presenting with disease activity score >6

CD45RA positive -0.04 0.86
CD45RA negative -0.04 0.86
CD27 negative -0.5 0.01

IL-4 positive -0.26 0.19
[FN-y positive 0 0.99
Th1/Th2 0.07 0.74
IL-2 positive -0.14 0.5

** p<0.01, ns=not significant

In a previous study, we found that a low Tyl/ Ty2 ratic was predictive of a relatively low
DAS 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
the previous study were females whereas in the present cohort contained 9 males (out of 30
patients presenting with DAS>6.0). Remarkably, in the present cohort of patients
presenting with high disease activity scores, mean DAS scores at one year were 2.8
(standard deviation 1.3) for males versus 4.6 (standard deviation 1.2) for females (p<0.001,
data not shown). Since this huge scatter in DAS might mask any potential influence of
immunological parameters we analyzed these separately in the group of female patients
with high disease activity at entry. Concermning CD27 differentiated T cells a similar
relation was found as in the total cohort and the high DAS subgroup (Figure 1c). However,
confirming our earlier findings, we corroborated that a high percentage of IL-4 producing
cells and a low Thl/ Th2 ratio is associated with low DAS scores at one year in female
patients (Figure 2).
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Discussion

The present cohort study was initiated to test whether markers of T-cell differentiation,
such as naive, memory and effector T cell numbers and cytokine production ability, can be
used as predictive markers for disease course in patients with early RA. Three main
conclusions can be drawn from the analyses. First, both in the total cohort and in the group
of patients who presented with a high disease activity (DAS > 6), the presence of high
numbers of differentiated memory CD4" T cells, defined by the absence of the TNF-R
family member CD27, correlated with relatively low disease activity scores one year after
entry in the study. Second, in the subgroup of patients with high disease activity male
patients had a much more favorable prognosis than female patients. Third, a beneficial
effect of a low Th1/Th2 ratio was observed in female patients with initial high disease
activity, corroborating earlier findings by our group®.

The inverse correlation of the percentage CD4 ' CD27 with DAS at one year is unexpected
and intriguing. We have previously shown that memory-type CD4" T cells are enriched in
the rheumatoid synovium and strongly increase in the circulation after treatment with anti-
TNFo mAb(22). Still, we consider it unlikely that the correlation between CD27" helper
cells and prognosis might be explained by enhanced localization of these cells in the
synovium in patients with severe disease. This because we did not find any correlation
between disease activity at a given time point and the percentage of circulating CD4'CD27°
T cells.

CD4'CD27 T cells appear to be specialized helper T cells that develop after persistent
antigenic challenge™?*. Recently, Appay and colleagues® showed a relative increase in
these cells in patients with persistent viral infection, i.e. cytomegalovirus and human
immunodeficiency virus. In this respect, the presence of this subset in RA patients could
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reflect an ongoing immune response to a persistent pathogen. In this scenario, patients that
are able to form high numbers of these effector-type CD4" T cells do better because of their
relatively good ability to cope with microbes. However, although viral and bacterial
pathogens 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
enriched in interleukin-4 secreting T cells?***". Moreover, they are able to synthesize the
cytolytic mediators granzyme B and perforin and can execute cytolysis. The physiological
role of cytotoxic CD4", class Il-restricted T cells has been debated for many years by
immunologists®™ but one appealing idea is that they may terminate immune reactions by
eliminating peptide-bearing antigen presenting cells. If in the context of auto-immunity this
would mean regulation of disease-maintaining auto-antigen cells, it could be envisaged that
high 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
helpers for T-cell dependent immunoglobulin production®’. Although the role of antibodies
and B cells in RA remains heavily disputed, recent studies in showing that B-cell depleting
CD20 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).

Although it is well established that incidence of RA is three-fold higher in females™, the
finding that in the subgroup of patients with high disease activity at entry males had a far
better prognosis at one year under standard DMARD treatments was striking. In line with
this observation, Anderson et al."’, reviewing cases of 1,435 patients treated in controlled
trials with second-line anti-rheumatic drugs recently showed that female gender is
associated with a relatively poor response to treatment. In addition Kuiper et al described
an early arthritis cohort in which the DAS was higher for female patients than for male
patients during follow-up while the DAS was the same at inclusion®'.

In a previous study we found that a low Tyl and Ty2 ratio in a subgroup of patients with
high disease activity at entry is associated with a relatively favorable prognosis after one
year’?. In addition, other studies have suggested similar relations between Thl and Th2
ratio’s and prognosis in RA**’_ In the total cohort no significant correlation between Thl
and Th2 ratio’s and disease activity could be found. Also in the subgroup of patients with
high disease activity at entry the relation was weak and non-significant. A significant
relation was however found when females with high DAS scores at entry, that dominated
the initial study group, were analyzed. These findings do not support a strong disease-
modulating role for functionally differentiated T cells in RA. Yet, it should be realized that
RA is a heterogeneous disease and that, in analogy to certain murine models for arthritis
dominant effects of the Thl and Th2 balance could be found if homogenous groups of
patients can be identified and analyzed.

Recently, regulatory T cells (Treg) have been identified in both rodents and humans
has been shown that these CD4" T cells can maintain self-tolerance in mice and it is

38-40. It
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suggested that they have a similar function in humans. It will be interesting to test whether
a disease-modifying role of these differentiated T cells can be found in RA.

In summary T cell subset analyses revealed association between markers of T cell
differentiation and the progression of RA during a year. T-cell subset and function
measurements may prove useful in identifying patients that respond poorly to conservative
DMARD therapy.
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The balance between different T cell subsets is believed to play a role in development or
prevention of autoimmune diseases. Especially an imbalance in the mutually antagonizing
type-1 and type-2 T cells could result in damage to the host. Type-1 cells are pro-
inflammatory and it has been postulated that an overshoot type-1 immune response could
lead to organ-specific autoimmune disease such as arthritis, multiple sclerosis, thyreoiditis
and diabetes mellitus. Type-2 cells on the other hand are effective inducers of antibody
production by B cells and can antagonize the effects of type-1 T cells. Unopposed type-2
reactivity could lead to antibody-mediated disease such as allergy and systemic lupus
erythematosus. In this thesis it has been tested if the balance between T helper 1 and T
helper 2 cells plays a role in human rheumatic diseases. Both cell types were identified by
flowcytometry with antibodies against IFN-y, a prototypical T helper 1 cytokine and IL-4, a
marker for type-2 T cells.

As shown previously, synovial fluid (SF) T cells of rheumatoid arthritis patients are primed
cells as they express CD45R0'? and CD95°. However while both type-1 and type-2 cells
can be found in the peripheral blood of rheumatoid arthritis patients, SF T cells have
predominantly a type-1 phenotype. This finding is not specific for rheumatoid arthritis but
can also be observed in reactive arthritis, undifferentiated arthritis and psoriatic arthritis
(chapter 2).

Whether this is a result of a mechanism where type-1 T cells are preferentially homing from
the blood to the inflamed synovium or that after entry, type-1 cells can further differentiate
in the synovium while type-2 cells are inhibited in their differentiation process is not
entirely clear, but support for both mechanisms can be found.

The possibility of selective homing is supported by the observation that type-1 T cells
express the adhesion molecule CD49d (alpha4) (chapter 5) and chemokine receptors like
CCRS5 and CXCR-3*° of which the ligands are abundantly expressed on endothelial cells
and in the extracellular matrix of the inflamed synovium (VCAM-1, Fibronectin, RANTES,
[P-10 and MIG, respectively).

Chapter five gives in vivo support for the selective homing of type-1 T cells to the
rheumatoid synovium. The humanized monoclonal antibody cA2 blocks the activity of
TNF-c and is shown to interfere with the inflammatory cascade in the joints. This results in
the downmodulation of adhesion ligands like VCAM-1 and ICAM-1 on synovial
endothelium®® thereby obstructing the process of adherence of peripheral blood T cells to
the inflamed endothelium and subsequently migration into the synovium. Indeed, the
lymphocytosis that can be seen in the blood three days after administration of the antibody
to rheumatoid arthritis patients is a likely the result of T cell redistribution. We found that
this increase in lymphocytes is caused by the increase of CD45R0 positive T cells with a
type-1 phenotype expressing CD49d suggesting that specifically these cells had lost the
ability to adhere to the endothelium.

The second explanation for the enrichment of type-1 T cells in the inflamed synovium is
local differentiation. Polarization into type-1 cells of synovium entering T cells can result
from the presence of IL-12, IL-18 and IL-15°.
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The pro-inflammatory action of type-1 cells in the synovium is subsequently exerted by
both IFN-gamma production and direct contact with macrophage type cells'’. Since this
induces increased local production of TNF-a this leads to amplification of the
inflammatory response that in turn attracts more type-1 T cells to the synovium resulting in
chronic inflammation. The assumption of this amplifying circle is supported by the
observation that the ratio between type-1 and type-2 CD4 cells in the synovial fluid and the
extent of inflammation as estimated by the erythrocyte sedimentation rate is correlated
(chapter 2). However it is still unclear how the vicious circle is initiated and which factors
in non-rheumatoid individuals are involved in switching it off.

In contrast to the synovium the ratio between type-1 and type-2 cells in the peripheral blood
is not correlated to inflammation (chapter2, 8). While the ratio is significantly lower in the
presumed type-2 disease SLE (chapter 3), in rheumatoid arthritis patients as well as in
ankylosing spondylitis patients it is not different from healthy controls (chapter 2 and 4).
Even though treatment of arthritis patients during three months with DMARDs results in a
reduction of disease activity, this is not accompanied by a comparable change in the type-
1/type-2 ratio in the peripheral blood (chapter 6). This might mean that the ratio in
peripheral blood is not only dependent on redistribution induced by inflammation, but that
in longer time periods other mechanisms are involved. Since even in healthy controls
substantial differences exist in this ratio in the peripheral blood, it can be argued that it is
influenced by genetic factors as well as T cell responses to previously encountered
pathogens.

In mice, it has been shown that the outcome of a T cell response to a particulate antigen is

dependent on pathogen-derived signals as well as genetic factors of the host and that the
possibility to develop a strong type-1 immune response can be essential in the resistance
against certain pathogens''. It might therefore be that the tendency to develop type-1
response is an advantage in the defence against intracellular pathogens, while the prize
could be a higher susceptibility to chronic inflammatory conditions like rheumatoid
arthritis.

This theory is supported by the observation of a decreased occurrence of atopic disease

which is type-2 mediated in rheumatoid arthritis patients'*"’

exist'®!.

but contradicting data

Rheumatoid arthritis is a multifactorial disorder and shows a wide spectrum of clinical
phenotypes from mild disease to severe arthritis.

Epidemiological studies have revealed that multiple genetic factors are involved in the
susceptibility as well as the severity of the disease'™'’. In this thesis it is studied whether
the type-1/type-2 ratio in the peripheral blood of rheumatoid arthritis patients, is related to
disease severity. Again heterogeneity of rheumatoid arthritis is indicated in chapter 7 and 8.
Although the measured type-1/type-2 ratio in the peripheral blood shows a relation with
persistence of disease activity during one year (chapter 7), this seemed only to be true when
a homogeneous group a patients was analysed (chapter §). Nevertheless this suggests that a
tendency to react with a type-1 immune response is unfavourable with respect to the course
of rheumatoid arthritis. Because of the heterogeneity of rheumatoid arthritis the
unpredictable clinical outcome and the increasing capability to prevent long term damage,
there is a strong need for parameters to identify severe disease at an early stage. The data
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obtained during our studies show that the T helper 1/T helper 2 ratio is not a strong enough
predictor to be used in an unselected patient population. Still, it will be interesting to test its
possible clinical relevance combined with other prognostic parameters or during longer
follow-up periods.
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Samenvatting




Samenvatting voor niet ingewijden

Het immuunsysteem is een complex van cellulaire en humorale facoren die als gezamelijk
doel hebben lichaamsvreemde ziekteverwekkers (pathogenen) te herkennen en te
elimineren. Als het een pathogeen gelukt is de buitenste grenzen van het lichaam (huid en
slijmvliezen) te passeren wordt hier in eerste instantic op gereageerd door het aangeboren
aspecifieke immunsysteem. Dit is in staat een aantal gemeenschappelijke onderdelen van
ziekteverwekkers te herkennen en ter plaatse een ontstekingsreaktie te beginnen. De
onstekingsreaktie heeft tot doel een omgeving te creeren waarin in zo kort mogelijke tijd
met zo min mogelijk schade voor de gastheer het pathogeen geelimineerd kan worden.

Het aangeboren immuun systeem zal in eerste instantie zelf beginnen met het aanvallen van
de indringer door het actief worden van oplosbare moleculen zoals het complement
systeem. Daarnaast zijn er gespecialiseerde cellen die pathogenen direkt kunnen herkennen
en opnemen (fagocytose) zoals macrofagen. In niet ontstoken weefsel zitten maar weinig
macrofagen, echter door de ontstekingsreaktie onstaat er bloedvatverwijding en kunnen er
meer macrofagen en fagocyterende neutrofiele granulocyten het weefsel binnengaan. Zij
hechten zich aan het bloedvat door de ontstekings geinduceerde adhesiemolekulen, en
worden de onstoken weefsels ingeleid door vrijgekomen chemokines.

Naast de direkte anti-pathogene werking speelt het aangeboren immuunsysteem een
belangrijke rol in het activeren en mobiliseren van het verworven specifieke immuun
systeem. Dit systeem is aanwezig in alle gewervelde dieren en bestaat uit T- en B-
lymfocyten. B cellen produceren antistoffen die pathogenen direkt kunnen neutraliseren of
door binding aan het oppervlak het pathogeen gevoeliger maken voor fagocytose.

T cellen kunnen onderverdeeld worden in een aantal subsets die verschillende functies
hebben. Sommige kunnen geinfecteerde lichaamscellen opruimen (cytotoxie, met name
door CD8 positieve T cellen) en andere spelen een belangrijke regulerende rol in zowel het
specifieke als niet specifieke immunsysteem (voornamelijk CD4 positieve T cellen).

T cellen worden actief als er lichaamsvreemde eiwitten (antigenen) worden aangeboden
door het niet specifieke immuun systeem met name door macrofagen en dendritische cellen
(antigeen presenterende cellen of APC’s). Tijdens een infectie migreren APC’s vanuit het
geinfecteerde gebied naar lymeklieren waar ze onderdelen van de binnengedrongen
pathogenen (peptiden) aanbieden aan de aanwezige T cellen. Iedere T cel heeft een T cel
receptor die een aantal peptiden kan herkennen. Als een specifieke T cel kan reageren met
een aangeboden peptide ontstaat er T cel activatie waardoor de T cel gaat delen en
differentieren. Er bestaan een aantal verschillende differentiatie paden die elk leiden naar
afzonderlijke functies.

CD4 positieve T cellen kunnen klassiek differentiéren in type-1 of type-2 cellen. Type-1
cellen worden beschouwd als proinflammatoir. Ze migreren gemakkelijk naar ontstoken
weefsels waar ze de onstekingsreaktie kunnen versterken en fagocyterende en cytotoxische
cellen helpen bij het elimineren van pathogenen. Type-2 cellen zijn anti-inflammatoir in de
zin dat ze effecten van type-1 cellen kunnen tegengaan. Daarnaast zijn ze beter in staat hulp
te verlenen aan B cellen bij het maken van specifieke antistoffen.
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Samenvatting

Of er tijdens een immuunreaktie voornamelijk type-1 of type-2 cellen onstaan hangt af van
verschillende factoren. APC’s kunnen door de productie van cytokines sturen of T cellen in
type-1 of type-2 differentieren. Vooral bij de aanwezigheid van intracellulaire pathogenen
wordt er een sterk type-1 differentierend signaal gegeven terwijl de aanwezigheid van
extracellulaire parasieten voornamelijk resulteert in de ontwikkeling van type-2 T cellen.
Het feit dat type-1 en type-2 T cellen elkaars ontwikkeling en uiteindelijke functie
afremmen heeft tot de hypothese geleid dat een type-2 respons uiteindelijk weer uitgedoofd
kan worden door type-1 cellen en vise versa, teneinde teveel schade aan de gastheer te
voorkomen. Zo zou een te sterke of te landurige type-1 respons leiden tot chronische
ontsteking en een te sterke type-2 reaktie tot allergieén.

Reumatoide artritis is een ziektebeeld dat gekenmerkt wordt door chronische ontsteking van
de gewrichten. Ondanks intensieve research is het tot nu toe niet gelukt om lichaamsvreemd
materiaal of pathogeen in de gewrichten aan te tonen. Wel zijn er aanwijzingen dat er
immuunreakties optreden tegen lichaamseigen antigenen. Zowel geaktiveerde cellen van
het aangeboren aspecifieke als van het verworven specificke imuunsysteem zijn in de
reumatoide gewrichten aanwezig. Geaktiveerde macrofagen maken grote hoeveelheden
TNF-alfa hetgeen resulteert in rechtstreekse destructie van het kraakbeen en aan de andere
kant rekrutering van steeds meer ontstekingscellen waaronder type-1 T cellen. Het is niet
bekend of het primair de macrofagen zijn die ontregeld zijn of dat een dysbalans in de
verhouding tussen pro- en anti-inflammatoire T cellen de drijvende kracht is voor deze
TNF-alfa produktie.

In dit proefschrift worden de verhoudingen tussen verschillende T cel subsets, met name
type-1 en type-2 T cellen, in reumatoide artritis patienten bepaald. Deze verhoudingen
worden vergeleken met die in patienten met andere autoimuunziekten zoals systemische
lupus erythematosus (SLE) en morbus Bechterew (ankyloserende spondylitis). Daarnaast is
er bij reumatoide artritis patienten onderzocht of er een relatie bestaat tussen T cel subsets
en de ernst van de ziekte.

Type-1 en type-2 T cellen zijn niet direkt identificeerbaar. Het belangrijkste onderscheid is
de produktie van verschillende cytokinen. De produktie van interferon-y (IFN—y) is typisch
voor type-1 cellen terwijl interleukine-4 (IL-4) door type-2 cellen wordt geproduceerd.

Met flowcytometrie kunnen verschillende T cel subsets worden geidentificeerd door het
aankleuren van oppervlakte moleculen (differentiatie markers). Daarnaast kunnen na korte
activatic van de T cellen in vitro, IFN-y en IL-4 aangekleurd worden waardoor de
verhouding tussen type-1 en type-2 gedifferentieerde T cellen benaderd kan worden.

In hoofdstuk 2 wordt deze techniek gebruikt om aan te tonen dat het vooral type-1 T cellen
zijn die in de synoviale vloeistof voorkomen zowel bij reumatoide artritis als ook bij
reaktieve- en ongedifferentieerde artritis. Deze laatste twee hebben over het algemeen een
minder chronisch beloop dan reumatoide artritis. Wel wordt er een relatie gevonden tussen
de ontstekingsaktiviteit, gemeten als bezinkingssnelheid van de erythrocyten, en de ratio
type-1/type-2 cel in de synoviale vloeistof. Dit kan betekenen of dat een hoge TNF-alfa
produktie in de gewrichten resulteert in een verhoogde rekrutering van type-1 T cellen, of
dat primair de opeenhoping van type-1 T cellen in het synovium resulteert in de produktie
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van TNF-alfa en daardoor een hogere bezinking wordt gemeten. In hoofdstuk 5 worden
aanwijzingen gevonden dat de produktie van TNF-alfa leidt tot het uittreden van type-1 T
cellen uit het bloed, mogelijk naar de ontstekingsgebieden als de gewrichten. Na selectieve
blokkade van TNF-alfa met antistoffen bij reumatoide artritis patienten onstaat er na drie
dagen een toename van T cellen in het bloed, die voor een groot deel uit type-1 cellen blijkt
te bestaan.

Dat de verhouding tussen type-1 en type-2 cellen in het bloed niet volledig afhankelijk is
van de mate van ontsteking in de gewrichten, kan worden afgeleid uit de resultaten van
hoofdstuk 6. In dit hoofdstuk wordt bij patienten met artritis de type-1/type-2 ratio in het
bloed bepaald met een interval van drie maanden. Ondanks dat er grote verschillen zijn in
activiteit van de ziekte tussen deze twee tijdspunten zijn er geen correlaties met
veranderingen in de type-1/type-2 ratio.

In hoofdstuk 2 wordt er, net als bij ankyloserende spondylitis (hoodstuk 4), geen verschil
waargenomen tussen de type-1 en type-2 ratio in het bloed bij patienten met reumnatoide
artritis en gezonde personen, terwijl deze ratio bij SLE patienten duidelijk lager is
(hoofdstuk 3).

Het lijkt dus zo te zijn dat ondanks het feit dat er verschillen bestaan in de perifeer bloed
type-1/type-2 ratio’s tussen individuen, deze ratio niet sterk gerelateerd is aan het
ontwikkelen van artritis. Bovendien blijkt dat bij het aanwezig zijn van artritis, de maat van
onsteking niet gereflecteerd wordt in de type-1/type-2 ratio in het bloed maar eerder door
die in het gewricht.

Dat de type-1/type-2 verhouding in het perifeer bloed op termijn toch invloed kan hebben
op het verloop van reumatoide artritis wordt gezien in hoofdstuk 7 en 8. Hier blijkt dat in
een cohort van patienten met “early arthritis” deze ratio wel gerelateerd is met het
persisteren van ziekteactiviteit gedurende een jaar. Dit verband wordt echter alleen gezien
bij vrouwen die met hoge ziekte activiteit binnen komen. Deze waameming bevestigt
vooral de multifactoraliteit van het ontstaan en het beloop van reumatoide artritis maar
maakt tegelijk onderzoek naar de relatie tussen de type-1/type-2 ratio in een vroeg stadium
tot progressie van de ziekte op langere termijn de moeite waard.
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