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ABSTRACT. Objective. 1t has been suggested that CD45RO+CD27+ T cells represent recently activated memory.

cells, whereas CD45RO+CD27— T cells are activated memory T cells in the process of differenti-
ating into effector cells. We investigated (1) CCR7 and CCRS expression and (2) modulation of
cytokine expression in “early” (CD27+) and “differentiated” (CD27-) memory CD4+ T cells from
peripheral blood and synovial fluid (SF) of patients with juvenile idiopathic arthritis (JIA).
Methods. SF CD4+CD45R0O+CD27+ and CD27— memory T cells from 6 patients with JIA were
tested by flow cytometry for intracellular interferon-y (IFN-y) and interleukin 4 (IL-4) after in vitro
priming with CD3 and CD28 mAb in the presence of IL-4, and subsequent culture with IL-2.
Results. SF CD4+CD45RO+CD27+ cells contained higher proportions of CCR7+ (median 46% vs
23%) and lower proportions of CCR5+ (73% vs 90%) cells than paired CD27—T cells. Both CD27+
and CD27- memory T helper cells from SF displayed a higher IFN-y/IL-4 ratio than their peripheral
blood counterparts. No significant difference was observed in the percentage of IFN-y-expressing
cells between CD27+ (32%, range 4—-47%) and CD27- (29.4%, range 5-52%) memory T helper
cells from SF.

Conclusion. Irrespective of their differentiation stage, both CD27+ and CD27— SF memory T helper
cells were found to switch from a proinflammatory to an antiinflammatory pattern of cytokine

production. (J Rheumatol 2004;31:2048-54)
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In idiopathic arthritides, as well as in other chronic inflam-
matory disorders, quiescent memory T cells are thought to
migrate to inflamed tissues and to undergo reactivation by
antigenic peptides'. Helper (CD4+) memory T cells are
indeed abundant in the synovial fluid (SF) and in the
synovial membrane of patients with rheumatoid arthritis
(RA) and juvenile idiopathic arthritis (JIA) and are thought
to play a pivotal role in initiating and sustaining chronic
inflammation!-.

The RO isoform of CD45 is a reliable surface marker of
memory T cells, but its expression is independent of their func-
tional differentiation stage. Therefore additional markers have
been searched for with the aim of characterizing memory T
cells generated in the course of immune responses®.

CD27 is a member of the tumor necrosis factor receptor
(TNFR) family constitutively expressed on both naive and
memory T cells; its surface expression is upregulated
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following T cell interaction with antigen-presenting cells.
CD27 binds to its specific ligand, CD70, expressed on the
activated T cells themselves®, supporting the clonal expan-
sion of antigen-specific T lymphocytes’®. In vitro studies
have shown that prolonged stimulation of both naive and
memory T cells results in the irreversible loss of CD27 from
the surface membrane, suggesting that the CD27-negative
phenotype marks T cells at advanced differentiation stages’.

CD27 has been used in combination with CD45RO to
trace the functional differentiation of memory T cells'®!, Tt
has been shown that CD45RO+CD27+ T cells represent
recently activated memory cells, whereas CD45RO+CD27—-
T cells are activated memory T cells in the process of differ-
entiating into effector cells®,

An enrichment of CD4+CD45RO+CD27— T cells has
been reported in SF from patients with RA!® and JIA!. Tak
and coworkers have reported that in RA synovium early
memory CD45RO+CD27+ T cells localize mainly in
perivascular lymphocytic infiltrates, whereas the more
differentiated CD45RO+CD27—T cells are found preferen-
tially in diffuse lymphocytic synovial infiltrates'2.

Recently, expression of certain chemokine receptors,
such as CCR7 and CCRS5, has been found to represent an
additional important marker of the functional differentiation
of memory T cells'>!, According to these studies, differen-
tiation of CCR7+ “central” memory T cells to “effector”
memory T cells is accomplished by CCR7 downregulation
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and CCRS5 upregulation. Eventually, such changes could
allow these cells to migrate to peripheral tissues'>!4,
However, CCR7+ memory T cells have also been found to
infiltrate peripheral tissues, especially those showing a clear
lymphoneogenesis, as in the inflamed synovia'®.

Several studies have pointed out the predominant Ty 1-
like pattern of cytokine production by synovium-infiltrating
memory T helper cells in RA and JIA!'6'°, Functional devia-
tion of these cells may represent a promising strategy for the
treatment of many autoimmune conditions®’, and some novel
approaches to idiopathic chronic arthritis therapy are based
upon tilting the Th1/Th2 balance*-*2.. However, whether
committed Th1 cells infiltrating nonlymphoid tissues may be
switched to a ThO/Th2 cytokine profile is still debated.

Our aim was (1) to characterize “early” (CD45RO+
CD27+) and “effector” or “differentiated” (CD45RO+
CD27-) SF memory T helper cells from patients with JIA in
terms of cytokine production and expression of chemokine
receptors related to different stages of T cell differentiation;
and (2) to test in vitro the possible flexibility of their
cytokine production in relation to their differentiation stage.

MATERIALS AND METHODS

Patients. We studied 15 patients (12 female, 3 male) meeting the Durban
criteria for the diagnosis of JIA%. Their mean age at disease onset was 6.1
years (range 1.2—-11.4) and disease duration ranged from 4 months to 3
years (mean 1.6 yrs). At the time of the study, 9 patients displayed a persis-
tent oligoarticular disease course (involvement of < 5 joints), whereas 6
patients displayed a more aggressive (polyarticular) disease, since they
experienced involvement of > 4 joints within the first 6 months from
onset?®. None of these latter patients was positive for theumatoid factor or
HLA-B27. In polyarticular patients mononuclear cells (MNC) from SF and
peripheral blood (PB) were obtained before they started taking
methotrexate. Twelve patients were receiving nonsteroidal antiinflamma-
tory drugs (NSAID), 2 were untreated, and one was treated with NSAID
and salazopyrin. SF was obtained at the time of steroid joint injection. Any
previous steroid infiltration at the same joint was a criterion for exclusion
from the study. Venipuncture was performed with consent from parents or
patients at the same time as joint injection. Informed consent for the study
was obtained from all parents and children.

Monoclonal antibodies and reagents. The following mAb were used: CD3
[OKT3; American Type Culture Collection (ATCC), Rockville, MD, USA],
CD28 (CK248, a gift of Dr. S. Poggi, Laboratory of Immunopathology, IST
Genova, Italy), CD8 (OKTS8; ATCC), CD27 and CD45RA (Caltag,
Burlingame, CA, USA), and CD19 (Dako, Glostrup, Denmark). CD45RA-
FITC, CD45RO-TC, and CD4-TC mAb were from Caltag; CD27-PE,
CD27-FITC, and CCR5-PE were from Pharmingen (San Diego, CA, USA);
anti-CCR7-PE was from R&D Systems (Minneapolis, MN, USA); anti-IL-
4-FITC and anti-IFN-y-FITC were from Caltag. Recombinant human IL-4
was kindly provided by Dr. G. Trinchieri, Schering-Plough Laboratory of
Immunological Research, Dardilly, France. Recombinant human IL-2
(rhIL-2) was from Chiron Corp., Emeryville, CA, USA.

Memory T cell separation and culture. PB and SF MNC were isolated from
heparinized blood and SF samples by Ficoll (Biochrom KG, Berlin,
Germany) density gradient centrifugation. Cells were washed, resuspended
in complete medium (RPMI 1640 with L-glutamine, penicillin/strepto-
mycin, nonessential amino acids, and 10% fetal bovine serum (FBS; Sigma
Chemical Co., St. Louis, MO, USA) and depleted of adherent cells by
adherence to plastic for 1 h at 37°C in 5% CO,. In some experiments, to
isolate the CD45RO+CD4+, CD27+, and CD27- cell subsets, T cells were

first incubated with saturating amounts of CD45RA, CD8, and CD19 for 30
min on ice, washed, and allowed to adhere to goat anti-mouse Ig-coated
Petri dishes for negative selection panning. Then to further isolate CD27+
and CD27- subsets, cells were treated with saturating amounts of CD27
mAb, washed, and allowed to bind to goat anti-mouse Ig-coated (Southern
Biotechnology, Birmingham, AL, USA) Petri dishes. The nonadherent
CD27- cells were aspirated, the plates were gently washed, and the CD27+
adherent cells were recovered by scraping.

To avoid possible bias due to activation of CD27+ cells during the isola-
tion procedures, an alternative strategy was also followed. Briefly, T cells
were isolated by rosetting with neuraminidase-treated sheep red blood cells
and further purified by negative selection panning. Cells were incubated with
saturating amounts of CD45RA mAb for 30 min on ice, washed, and allowed
to adhere to plastic Petri dishes coated with goat anti-mouse Ig. The recov-
ered cells were 95% enriched for CD45RO+ cells. Cells were resuspended in
complete medium and processed for intracellular cytokine analysis.

Cytokine expression repolarizing conditions. In some experiments, an
aliquot of purified SF memory T cells was primed for 1 week before being
stained for intracellular cytokine expression, as described®*. Briefly, T cells
were cultured in U-bottom 96-well plates (2 x 10° cells/well; Falcon), and
precoated with CD3 mAb in the presence of 10 U/ml of rIL-2, 25 ng/ml
rIL-4, and CD28 mAb. After 4 days, cells were washed, then cultured 3
additional days in medium containing rIL-2 (10 U/ml). Cells were then
processed for intracellular cytokine staining.

Flow cytometry. For intracellular cytokine staining, freshly purified or
“primed” CD45RO+ memory T cells (1 x 10°) were incubated for 5 h in
PMA (20 ng/ml; Sigma), the A-23187 Ca-ionophore (250 ng/ml; Sigma),
and brefeldin-A (5 pg/ml; Sigma). Cells were washed in phosphate
buffered saline (PBS) with 1% fetal calf serum (FCS; staining buffer) and
subsequently double-stained with CD4-TC and CD27-PE mAb for 30 min
at 4°C in the dark. Cells were washed in staining buffer and fixed in 4%
paraformaldehyde for 20 min at 4°C in the dark. Then the cells were
washed twice with permeabilization buffer (PBS, 1% FCS, 0.1% saponin;
Sigma) and stained with FITC-conjugated mAb to human IL-4 and IFN-y
for 30 min at 4°C in the dark. Cells were washed in staining buffer and
analyzed by flow cytometry (FACScan, BD Biosciences, Mountain View,
CA, USA) gating on the CD4+CD27+ or CD4+CD27-T cell subsets.

In some experiments, intracellular cytokine analysis was performed as
described above with purified CD45RO+CD4+CD27+ or CD27- cell
subsets, either immediately following isolation or after in vitro priming.

CCR7 and CCRS expression was investigated by tricolor staining of
freshly isolated CD45RO+ memory T cells with CD4-TC, CD27-FITC, and
CCR7-PE or anti-CCR5-PE mAb, gating on the CD4+CD27+ or
CD4+CD27-T cell subsets.

PE-, FITC-, and TC-conjugated mouse Ig control mAb (Caltag) were
used as negative controls in all these experiments. CellQuest software (BD
Biosciences) was used for analyses. The results of flow cytometry experi-
ments were expressed as percentage positive cells.

Statistical analysis. Differences in the expression of chemokine receptors
and of intracellular cytokine and their variations upon stimulation were
calculated with the nonparametric Wilcoxon rank test.

RESULTS

Expression of CCR7 and CCRS5 chemokine receptors in SF
CD27+ and CD27—- memory T cells. SF and PB MNC from
patients with JIA were isolated and stained with CD4,
CD45RO0O, and CD27 mAb to gate on lymphocytes in 10
patients. As expected, an enrichment in CD4+CD45RO+
memory T cells was found in synovial fluid (median 43%,
range 25-53%) compared to paired peripheral blood
samples (median 9%, range 6-15%; p = 0.01)3. Consistent
with a previous report, the median percentage of CD27+
cells within the CD4+, CD45RO+ T cell subset was 83.5%
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(range 66-96%) in PB and 58.5% (range 43—-79%) in the SF
(p =0.005)".

To better characterize memory T cell differentiation
stages, the expression of CCR7 and CCRS5 on PB and SF
CD4+CD45RO+CD27+ and CD4+CD45RO+CD27- T
cells was investigated by tricolor staining of freshly isolated
CD45R0O+ cells with CD4, CD27, and anti-CCR7 or anti-
CCRS5 mAb.

Although there was wide variability, in SF the percentage
of CCR7+ cells was significantly higher in CD27+ (median
46.2%, range 18-80%) than in CD27-T cells (median 23%,
range 8-72%) (p = 0.007, Wilcoxon rank test) from all
patients. This finding was even more evident when corre-
sponding PB CD4+CD45RO+ cells were analyzed in 5
patients (Figure 1A).

Conversely, CD4+CD45RO+CD27+ T cells were found
to contain a lower proportion of CCRS5+ cells (median
73.5%, range 65—-86%) than paired CD27- cells (median
90%, range 84-94%; p = 0.007) (Figure 1B). Again, the
same behavior was observed in paired PB samples with a
significantly lower percentage of positive cells in both cell
subtypes (Figure 1B).

Thus, the putative subset of effector CD4+CD45RO+
CD27- T cells isolated from SF showed a prevalent
CCR7-CCRS5+ phenotype.

Intracellular cytokine expression in SF and PB
CD4+CD45RO+CD27+ and CD27— memory T cells. Next,
CD45RO+ cells were isolated from the SF of 10 JIA patients
and stained with CD4, CD27, and anti-IFN-y or anti-IL-4
mAb. Both CD4+CD45RO+CD27+ and CD4+CD45RO+
CD2- T cells displayed a Thl pattern of cytokine produc-
tion, with no difference between the 2 subgroups (Table 1).
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Thus, an IFN-y/IL-4 ratio greater than 1 was observed in
both CD4+CD45RO+CD27+ (median 5.6, range 0.5-36)
and CD27- T cells (median 5.7, range 1.2-14). Of note,
consistent with previous reports, in 2 patients with a persis-
tent oligoarticular form of disease (Patients 7 and 8, Table 1)
an IFN-y/IL-4 ratio lower than 1 was observed in the
CD4+CD45RO+CD27+ cell subpopulation'®1°,

In 4 out of 10 patients the same experiments were
performed after purification of CD4+, CD45RO+, CD27+,
and CD27- SF T cells and subsequent intracellular staining
with anti-IFN-y or anti-IL-4 mAb. The results obtained were
similar to those reported in Table 1 (data not shown).

In 4 patients, memory T helper cell subsets were tested
for intracellular accumulation of IL-4 and IFN-y in paired
SF and PB samples (Table 1). Both CD4+CD45RO+CD27+
and CD4+CD45R0O+CD27- cells from SF displayed higher
levels of cytokine expression and higher IFN-y/IL-4 ratio
than their PB counterparts (Table 1), indicating the presence
of a higher percentage of “effector” cytokine-producing
cells in the context of the inflamed tissue.

Immune deviation of SF memory T helper cells in JIA.
Attempts at modulating T;;1 cytokine production in vitro
have had limited success in studies on adult RA?20, We
investigated this issue in SF CD4+CD45RO+CD27+ and
CD27- memory T cells from 6 JIA patients by flow cyto-
metric analysis of intracellular IFN-y or IL-4, either imme-
diately after cell purification or following repolarizing
stimulation.

Figure 2 illustrates one representative experiment in
which, after priming (panels C and D), both
CD45RO+CD27+ and CD45RO+CD27- helper T cells
were found to display increased expression of IL-4, as
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Figure 1. CCR7 (A) and CCRS (B) expression in paired CD27+ (shaded boxes) and CD27— (white boxes) samples of peripheral blood (PB, 5 patients) and
synovial fluid (SF, 10 patients) memory T helper cells. Freshly isolated CD45RO+ T cells were triple-stained with CD4-TC, CD27-FITC, and anti-CCR7-PE
or anti-CCR5-PE mAb and analyzed by flow cytometry gating on the CD4+CD27+ or CD4+CD27—- T cell subsets. Boxes indicate values between the 25th
and 75th percentiles, whisker lines represent highest and lowest values for each subgroup. Lines represent median values. Differences in CCR7 and CCRS
expression between CD27+ and CD27- cells were evaluated by Wilcoxon rank test.

—

Personal, non-commercial use only. The Journal of Rheumatology. Copyright © 2004. All rights reserved. |—

2050

The Journal of Rheumatology 2004, 31:10

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

Table 1. IFN-y and IL-4 expression in SF and PB CD4+CD45RO+CD27+ and CD27-T cells.

SF CD4+CD45RO+* PB CD4+CD45RO+*

Patient Age, yrs  Sex Disease Disease CD27+" CD27-" CD27+" CD27-f

Course Duration, yrs IFN-y 1L-4 IFN-y 1IL-4 IFN-y 1L-4 IFN-y IL-4
1 2 F Oligoarticular 0.8 32 4 13 2 3 1 2.5 4
2 10 F Polyarticular 0.7 13 <1 7 0 5 0 9 7
3 10 F Polyarticular 0.6 56 2 37 2 10 0 14 44
4 7 F Polyarticular 1.2 54 3 34 4 2.5 1 5 3
5 12 F Polyarticular 0.6 36 <1 40 7 — — —
6 9 M Oligoarticular 1.6 46 2 51 21 — — — —
7 4 F Oligoarticular 1.5 4 8 5 4 — — — —
8 5 F Oligoarticular 32 24 37 34 24 — — — —
9 12 M Polyarticular 1 34 16 52 4 — — — —
10 7 F Oligoarticular 34 28 5 29 25 — — — —

* Purified SF or PB CD45RO+ T cells were stimulated 5 h with PMA and Ca-ionophore in the presence of brefeldin-A. Cells were double-stained with CD4
and CD27 mAb. Intracellular cytokines were detected with anti-IL-4 and anti-IFN-y mAb. Cytokine expression was analyzed by flow cytometry gating on
the CD4+CD27+ or CD4+CD27— T cell subsets. © Percentage of positive cells.

Freshly isolated SF CD45R0+ lymphocytes C Primed SF CD45R0+ lymphocytes

B 1 (cD4+CD27+) D 1 (cp4+ CcD274)

56% 79% 85%

i w

2 (CD4+CD27-)

‘!
37% ] 2%

B 72 (CD4+ CD27-)

73% ) 83%

Cell number
Cell number

IFN-y 1L-4 IFN-y 1L-4
Figure 2. Flow cytometric analysis of intracellular IFN-y and IL-4 in freshly isolated and primed SF CD45RO+CD4+CD27+ and CD27- cells from one repre-
sentative patient (Patient 3, Table 1). SF CD45RO+ T cells, freshly isolated (A) or primed in vitro with CD3 and CD28 mAb in the presence of IL-4 (C), were
stimulated 5 h with PMA and Ca-ionophore in the presence of brefeldin-A. Cells were double-stained with CD4 and CD27 mAb and intracellular cytokines
were detected with anti-IL-4 and anti-IFN-y mAb by flow cytometry. CD4+CD27+ (panels B and D, 1) and CD4+CD27- (panels B and D, 2) subpopulations

were gated. Cytokine expression analysis on the gated cell populations (B and D). Positive cell fractions are shown in black, isotype-matched controls in
white; percentage of positive cells is indicated.
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compared to their freshly isolated counterparts (panels A
and B), with an evident increase of the double-positive
(IFN-y and IL-4) subpopulation (data not shown). This
pattern was consistently observed in all the JIA cases
studied (Figure 3), irrespective of disease severity at the
time of the study and the clinical course.

A significant decrease of the IFN-y/IL-4 ratio after in
vitro priming was detected in both the CD4+CD45RO+
CD27+ and the CD4+CD45RO+CD27- SF cell subsets in
comparison to the corresponding prestimulated cell suspen-
sions (p = 0.04 and p = 0.02, respectively, Wilcoxon rank
test); a clear inversion of the IFN-y/IL-4 ratio was observed
in some patients (Figure 3).

Taken together, these results indicate that SF memory T
helper cells from patients with JIA retained the ability to
differentiate into IL-4-producing cells after in vitro Th2
priming. The immune deviation was successful both in early
memory CD27+ and in more differentiated CD27— memory
T helper cells.

DISCUSSION

We carried out a phenotypic and functional characterization
of memory T helper cells in paired SF and PB samples from
children with JIA. Immunophenotypic characterization of
memory T helper cells was accomplished by mAb-based
flow cytometric analyses, while functional studies

CD4+CD45RO+CD27+
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o
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(51
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Figure 3. IFN-y and IL-4 expression in freshly isolated and primed SF
CD45RO+CD4+CD27+ and CD27- cells from the 6 patients tested. SF CD45RO+ T
cells freshly isolated (pre, gray bars) or primed in vitro with CD3 and CD28 mAbD in
the presence of IL-4 (post, white bars) were stimulated were incubated 5 h in the pres-
ence of PMA, the A-23187 Ca-ionophore, and brefeldin-A. Cells were double-stained
with ?CD4 and CD27 mAb, and intracellular cytokines were detected with anti-IFN-y
and anti-IL-4 mAb by flow cytometry gating on the CD4+CD27+ (A) or CD4+CD27—

(B) T cell subsets.
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addressed intracellular cytokine expression shortly after cell
isolation and following in vitro stimulation.

In a previous study, we reported that memory T cells
from the SF of JIA patients contained a higher proportion of
CD45R0O+CD27- cells than their PB counterparts'!. Loss of
CD27 from the cell surface accompanies differentiation of
recently activated CD45RA+ naive and antigen-reactivated
CD45RO+ memory T cells into effector cells?”?. It has
been postulated that circulating CD4+CD45RO+CD27+
represents a population of “resting” memory cells that are
recruited to inflamed tissues, where they undergo reactiva-
tion (“early” memory) and subsequent differentiation into
“effector” CD4+CD45RO+CD27— memory T cells*®.

To date, the effector role of CD27— memory T cells has
been supported by the following observations: (1) the
CD4+CD45RO+CD27-T cell subset may serve as a potent
inducer of B cell differentiation and Ig production®; (2) it
expresses organ-specific homing receptors, such as cuta-
neous leukocyte antigen (CLA) and the o, integrin®®3!;
and (3) it is enriched for cells producing either IL-4 or
IFN-y32,

In our study, expression of CD27 on CD4+CD45RO+ PB
and SF T cells from JIA patients was correlated to 2
chemokine receptors (CCR7 and CCRS5) expressed in
different stages of memory T cell differentiation'33-34,

CCR7 and CCRS5 were detected on CD27+ and CD27-
cells in PB and SF with different patterns of distribution in
the 2 sets of samples. Indeed, a higher proportion of CCR7+
“central” memory T cells were detected in PB compared to
SE, especially in the CD27+ subpopulation. Conversely,
both early CD27+ and more differentiated CD27— memory
T cells from SF displayed a clear enrichment of the
“effector” CCR5+ phenotype compared to PB'314,

Notably, SF CD45RO+CD4+CD27— cells contained
definitely higher proportions of CCR7— and CCR5+ cells in
comparison with paired CD27+ memory T cells. These find-
ings may provide additional evidence for a greater degree of
differentiation of CD27— memory T cells at the site of
inflammation.

Detection of SF CCR7+ memory T helper cells in RA
patients’ and in our JIA patients suggests that CCR7
expression is not restricted to memory T cells homing to the
secondary lymphoid tissues, nor does it prevent the migra-
tion of polarized CCR7+ T cells into inflamed tissues, espe-
cially when diffuse lymphoid neogenesis is present®>3.

In the second part of the study, the potential ability of
CD27+ and CD27— memory T cells from JIA patients to
switch from a proinflammatory to an antiinflammatory
pattern of cytokine production was investigated.

Reversion of the cytokine expression profile in effector T
cells infiltrating peripheral tissues is still a matter of debate.
Th1 and Th2 differentiation programs are considered mutu-
ally exclusive, and a number of intracellular mechanisms
have been described that limit T cell repolarization once Th1

or Th2 commitment has been achieved. However, some
effector T cells produce both IFN-y and IL-4 (ThO pheno-
type), indicating that both Thl and Th2 transcriptional
programs can be activated simultaneously. Moreover, repo-
larization of Th1 or Th2-committed cells has been described
in some experimental settings®”-,

Aarvak and coworkers have shown that polyclonal T cell
lines with a memory phenotype and a Thl profile isolated
from the synovial tissue of RA patients could be induced in
vitro to express Th2 related chemokine receptors without a
change in the cytokine profile®. Circulating and synovial
effector memory T cells from patients with early stage RA
displayed a reduced ability to differentiate into IL-4-
producing cells after priming with CD3 and CD28 mAb and
IL-4, compared to healthy controls?6-%,

In our study, freshly isolated CD4+CD45RO+CD27+
and CD4+CD45R0O+CD27- cells synthesized IFN-y in rela-
tive excess over IL-4, with a slightly higher percentage of
IL-4-positive cells in those patients showing a persistent
oligoarticular course'®13440, SF memory T cells from JIA
patients were found in vitro to retain the ability to switch to
IL-4 production after priming with Th2-polarizing stimuli,
irrespective of disease severity and T cell differentiation
stage.

Notably, in a recent study, Messi and coworkers have
shown that effector Thl memory T cells derived from
CCRS5-positive cell lines are able to revert to IL-4-producing
cells upon appropriate restimulation. Moreover, the same
cells retained the ability to express the Th2-restricted tran-
scription factors (GATA-3) and to undergo histone hyper-
acetylation at the //4 promoter locus*'. Our data as well
support the hypothesis that synovium-infiltrating Thl-
oriented memory T cells may retain the flexibility of
cytokine gene expression programming. This topic is now
being investigated.

Our study demonstrates that CD27+ and CD27— memory
CD4+ T cells express a similar pattern of cytokine produc-
tion. However, CD27+ memory T cells display a profile of
chemokine receptor expression (CCR7+, CCR5-) consistent
with an early stage of differentiation, whereas that of CD27-
memory T cells (CCR5+, CCR7-) pointed to a more differ-
entiated stage. Irrespective of these features, both CD27+
and CD27- SF memory T helper cells retain the potential to
switch from a proinflammatory to an antiinflammatory
pattern of cytokine production. This finding may have
important therapeutic implications, since reprogramming of
the Th1/Th2 balance represents a promising strategy for
treatment of many autoimmiune diseases.

ACKNOWLEDGMENT
We thank F. Sallusto for critical reading of the manuscript and the
thoughtful suggestions.

REFERENCES
1. Harris ED Jr. Rheumatoid arthritis. Pathophysiology and

—

Personal, non-commercial use only. The Journal of Rheumatology. Copyright © 2004. All rights reserved. |—

Chiesa, et al: Cytokine flexibility in JIA

2053

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

implications for therapy. N Engl J Med 1990;322:1277-89.

23.

Petty RE, Southwood TR, Baum J, et al. Revision of the proposed

2. Cush JJ, Pietschmann P, Oppenheimer-Marks N, Lipsky PE. The classification criteria for juvenile idiopathic arthritis: Durban, 1997.
intrinsic migratory capacity of memory T cells contributes to their J Rheumatol 1998;25:1991-4.
accumulation in rheumatoid synovium. Arthritis Rheum 24. Schulze-Koops H, Lipsky PE, Davis LS. Human memory T cell
1992;35:1434-44. differentiation into Th2-like effector cells is dependent on IL-4 and

3. Silverman ED, Isacovics B, Petsche D, Laxer RM. Synovial fluid CD28 stimulation and inhibited by TCR ligation. Eur J Immunol
cells in juvenile arthritis: evidence of selective T cell migration to 1998;28:2517-29.
inflamed tissue. Clin Exp Immunol 1993;91:90-5. 25. Aarvak T, Strand E, Teigland J, Miossec P, Natvig JB. Switch in

4. Sprent J, Surh CD. T cell memory. Annu Rev Immunol chemokine receptor phenotype on memory T cells without a change
2002;20:551-79. in the cytokine phenotype. Scand J Immunol 2001;54:100-8.

5. Van Lier RA, Borst J, Vroom TM, et al. Tissue distribution and 26. Davis LS, Cush JJ, Schulze-Koops H, Lipsky PE. Rheumatoid
biochemical and functional properties of Tp55 (CD27), a novel T synovial CD4+ T cells exhibit a reduced capacity to differentiate
cell differentiation antigen. J Immunol 1987;139:1589-96. into IL-4-producing T-helper-2 effector cells. Arthritis Res

6. Hintzen RQ, Lens SM, Beckmann MP, Goodwin RG, Lynch D, Van 2001;3:54-64.

Lier RA. Characterization of the human CD27 ligand, a novel 27. de Jong R, Brouwer M, Hooibrink B, Pouw-Kraan T, Miedema F,
member of the TNF gene family. J Immunol 1994;152:1762-73. Van Lier RA. The CD27- subset of peripheral blood memory CD4+

7. Hintzen RQ, Lens SM, Lammers K, Kuiper H, Beckmann MP, Van lymphocytes contains functionally differentiated T lymphocytes
Lier RA. Engagement of CD27 with its ligand CD70 provides a that develop by persistent antigenic stimulation in vivo. Eur
second signal for T cell activation. J Immunol 1995;154:2612-23. J Immunol 1992;22:993-9.

8. Lens SM, Tesselaar K, van Oers MH, Van Lier RA. Control of 28. Kobata T, Agematsu K, Kameoka J, Schlossman SF, Morimoto C.
lymphocyte function through CD27-CD70 interactions. Semin CD27 is a signal-transducing molecule involved in CD45RA+
Immunol 1998;10:491-9. naive T cell costimulation. J Immunol 1994;153:5422-32.

9. Hintzen RQ, de Jong R, Hack CE, et al. A soluble form of the 29. Tortorella C, Schulze-Koops H, Thomas R, et al. Expression of
human T cell differentiation antigen CD27 is released after CD45RB and CD27 identifies subsets of CD4+ memory T cells
triggering of the TCR/CD3 complex. J Immunol 1991;147:29-35. with different capacities to induce B cell differentiation. J Immunol

10. Kohem CL, Brezinschek RI, Wisbey H, Tortorella C, Lipsky PE, 1995;155:149-62.

Oppenheimer-Marks N. Enrichment of differentiated CD45RBdim. 30. Baars PA, Maurice MM, Rep M, Hooibrink B, Van Lier RA.
Arthritis Rheum 1996;39:844-54. Heterogeneity of the circulating human CD4+ T cell population.

11. Gattorno M, Prigione I, Vignola S, et al. Levels of soluble CD27 in Further evidence that the CD4+CD45RA-CD27- T cell subset
sera and synovial fluid and its expression on memory T cells in contains specialized primed T cells. J] Immunol 1995;154:17-25.
patients with juvenile idiopathic arthritides. Clin Exp Rheumatol 31. De .Rie' MA, Cairo ICI\)/ZI; Lif;r CRSég;f)s ID. E);prezsion 9f the g—cell
2002;20:863-6. activation antigens an in normal and psoriatic skin.

12. Tak PP, Hintzen RQ, Teunissen JJ, et al. Expression of the Clin Exp Dermatol 1996;21:104-11.
activation antigen CD27 in rheumatoid arthritis. Clin Immunol 32. Elson LH, Nutman TB, Metcalfe DD, Prussin C. Flow cytometric
Immunopathol 1996;80:129-38. analysis for cytokine production identifies T helper 1, T helper 2,

13. Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia A. Two and T helper 0 cells within the human CD4+CD27- lymphocyte
subsets of memory T lymphocytes with distinct homing potentials subpopulation. J Immunol 1995:154:4294-301.
and effector functions. Nature 1999:401:708-12. 33. Loetscher P, Uguccioni MG, Bordoli L, et al. CCRS is

14. Lanzavecchia A, Sallusto F. Dynamics of T lymphocyte responses: characteristic of Th1 lymphocytes. Nature 1998;391:344-5.
intermediates, effectors, and memory cells. Science 2000;290:92-7. 34. Wedderburn LR, Robinson N, Patel A, Varsani H, Woo P. Selective

15. Campbell JJ, Murphy KE, Kunkel EJ, et al. CCR7 expression and recr.uitment O.f Polarized T cells e.xpr'essin.g C.C.RS ansi CXCR? to
memory T cell diversity in humans. J Immunol 2001;166:877-84. the m.fl‘amed joints of children with juvenile idiopathic arthritis.

16. Miltenburg AM, van Laar JM, de Kuiper R, Daha MR, Breedveld Authritis Rheum 2000;43:765-74. . .
FC. T cells cloned from human rheumatoid synovial membrane 35. Takemura. S, Braup .A’ Crowson C, et al. Lymphoid neogenesis in
functionally represent the Th1 subset. Scand J Immunol rheumatoid synovitis. J .Immunol 2001;1(_37:1072_'80_' .
1992:35:603-10. 36. Page G, Lebecque S, Miossec P. Anatomic localization of immature

17. Simon AK, Seipelt E, Sieper J. Divergent T-cell cytokine patterns in an_d maturé dendritic C?HS in an ef:top}c lymp hOid, organ: c.orrelation
inflammatory arthritis. Proc Natl Acad Sci USA 1994;91:8562-6. with selective chemokine expression in rheumatoid synovium.

. . . R J Immunol 2002;168:5333-41.
18. Gattorno M, Facchetti P, Ghiotto F, et al. Synovial fluid T cell K . . ..
. . . ) . . . 37. Kelso A. Educating T cells: early events in the differentiation and
clones from oligoarticular juvenile arthritis patients display a . . .
. Lo . commitment of cytokine-producing CD4+ and CD8+ T cells.
prevalent Th1/ThO-type pattern of cytokine secretion irrespective of . .
. . Springer Semin Immunopathol 1999;21:231-48.
immunophenotype. Clin Exp Immunol 1997;109:4-11. . . . .
19. Murray KJ, Grom AA, Thompson SD, Lieuwen D, Passo MH, 38. Biedermann T, Mallhan}mc?r R, Ma.l A, et al. Reversal of estfibhshed
. . S . delayed type hypersensitivity reactions following therapy with IL-4
QIass DN. Contras.tmg C.ytokme P roflles n t.h.e syno'\llum _Of or antigen-specific Th2 cells. Eur J Immunol 2001;31:1582-91.
different forms of juvenile rheumatm.d arthr1t1§ anq _]uvem.le 39. Skapenko A, Wendler J, Lipsky PE, Kalden JR, Schulze-Koops H.
sPondyloarthropathy: prominence of interleukin 4 in restricted Altered memory T cell differentiation in patients with early
disease. J Rheumatol 1998;25:1388-98. S rheumatoid arthritis. J Immunol 1999;163:491-9.

20. Rocken M, .Shevach EM. Immune deviation — the third dimension 40. Thompson SD, Luyrink LK, Graham TB, et al. Chemokine receptor
of nondeletional T cell tolerance. Immunol Rev 1996;149:175-94. CCR4 on CD4+ T cells in juvenile rheumatoid arthritis synovial

21. Van Eden W, Van Der Zee R, Van Kooten P, et al. Balancing the fluid defines a subset of cells with increased IL-4:IFN-gamma
immune system: Th1 and Th2. Ann Rheum Dis 2002;61 Suppl mRNA ratios. J Immunol 2001;166:6899-906.
2:1i25-8. 41. Messi M, Giacchetto I, Nagata K, Lanzavecchia A, Natoli G,

22. Ghoreschi K, Thomas P, Breit S, et al. Interleukin-4 therapy of Sallusto F. Memory and flexibility of cytokine gene expression as

psoriasis induces Th2 responses and improves human autoimmune
disease. Nature Med 2003;9:40-6.

separable properties of human T(H)1 and T(H)2 lymphocytes. Nat
Immunol 2003;4:78-86.

—

2054

Personal, non-commercial use only. The Journal of Rheumatology. Copyright © 2004. All rights reserved. |—
The Journal of Rheumatology 2004, 31:10

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

