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SUMMARY

Abnormal function of peripheral blood T lymphocytes is characteristic of RA; diminished proliferation
and secretion of cytokines followinig vitro mitogen stimulation are observed. We have investigated
the calcium flux initiating T cell activation in rheumatoid peripheral blood mononuclear cells (PBMC)
to determine whether abnormalities in signalling are also present. We have found that both phytohae-
magglutinin (PHA-P)- and anti-CD3-stimulated calcium fluxes were much reduced in the patients’
PBMC compared with controls, with a mean six-fold differenBe<-01) in rate of CA" flux with

PHA-P stimulation. When purified T cells were examined with PHA and CD3 stimulation, a reduction
in the peak and plateau [€4; was observed in RA T cells, but the rate of rise of f{awas only
reduced in those cells stimulated with PHA. These results suggest that alterations in the initiating signal
may underlie the functional T cell abnormalities associated with RA, and that there may be an additional
extrinsic influence from non-T cells in the PBMC population.
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INTRODUCTION cytokines, has been intensively studied, and two major comple-

In RA a number of immune abnormalities have been observetﬁ?emary pathways, involving the CD3 and CD2 complexes, have
. . . . een described [15]. Activation of either complex, using lectins or
which p_arﬂcularly affect T lymphocyte functlo_n. Both syn_owal MoADS. Causes Ea ri]se in cytoplasmicQCaNhicE is derivgd from
and perlpheral blood T cells appear to be fur?cthnally deficient, a%oth e>’<tracellular sources and from stores in the endoplasmic
garéie;fe:nzé;#;aa?m:;gp?;%é::geget%rer:?tigfnrseTgEZisezoorreticuIum [15,16]. The initial stimulation leads to the generation
’ . ' of inositol-1,4,5-trisphosphate @dPwhich binds to intracellular
suppressor [5] and helper function [6], and depressed autologous : . .
mixed lymphocyte responses [7,8] membranes [17], causing mobilization of intracellular stores of
y y N Ca". The exact mechanism by which €aentry across the

Many of these effects could be explained by the abnormal lasma membrane is initiated is not yet clear [18]. Current opinion
lymphokine production, i.e. depressed IL-2 production [9—-11] and® Y [18]. P

interferon-gamma (IFNy) secretion [12], observed with RA T favours the capacitance entry hypothesis [19,20] proposed by

cells. Such a suggestion is reinforced by the observation that thgutney. Depletion of intracellular stores and concurrent release

deficientin vitro transformation seen with rheumatoid T cells can of an unidentified calcium influx factor (CIF) [21,22] from the

be, at least partially, corrected by the addition of exogenous - ndo.plasmlc retlculum activates transmembraré @ex through
épecmc calcium channels. Intracellular a concentration

[1,10]. Our previous studies indicate that the deficient response o 2+ . . . L
RAT cells is not due to an inadequacy in accessory signals [13], 0 [Ca™];) elgvatlop contnbu}es Fo the now classical gene act.lvatlon
to a lack of IL-2-producing cells [14], suggesting that there is anpathways .|nvoIV|ng .protem kinase C [23,24], translocation of
intrinsic change in the T lymphocyte. Since both IL-2 and HN- cytpp!asmlc fac_:tors into the nucleus an(_i supsequent gene tran-
production are decreased, and similar gene activation pathways a%rlptlon, cytokine syqthe5|s and cell pr9||ferat|on. .

In order to determine whether the diminished cytokine secre-

used to control their synthesis, then a common defect in the earI}/ion and proliferation observed with RA T cells was associated
activation process could help to explain both the deficient lym- " profireratl - N . . X
with an alteration in the initial activation signal, we investigated

phokine production and consequent poor proliferative responsiane changes in cytoplasmic [&4; occurring in RA peripheral
I

seen in RA. lood | lis (PBMC) following stimulatidm vit
Activation of human T cells, and the subsequent secretion o 00 monon_uc _ear cells ( ) fo ovx_/lng stimu _a 1M VILro.
he results indicate that the €aflux induced via the CD2

Correspondence: Dr S. P. Young, Department of Rheumatology, UniPathway was diminished in RA PBMC, and it was confirmed
versity of Birmingham, Birmingham B15 2TT, UK. that both the CD2 and CD3 pathways are affected using purified
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T lymphocytes. An alteration in an early signalling event may beSpectrofluorimetry

an important factor underlying immune abnormalities seen in thisFluorescence measurements were performed &€ 3¥%ing a
disease. Possible mechanisms underlying this phenomenon atemperature-controlled, stirred cuvette in a Perkin ElImer LS-50B
discussed. spectrofluorimeter. In contrast to fura2 (which has dual excitation
properties), indo-1 is a dye with a dual emmission spectrum. Using
computer software provided with the fluorimeter, for fura2 the
excitation wavelength was driven between 340nm (absorption
All chemicals were of analytical reagent grade and weremaximum of the Ca—fura2 complex) and 361 nm (the isobestic
purchased from FSA (Loughborough, UK), unless stated otherwavelength) [26]. For indo-1, excitation was at 355nm with the

MATERIALS AND METHODS

wise. emission of each spectrum recorded at 405 nnf{@Gmund dye)
and 495 nm (C& free dye). Calibration values were obtained from
Study population ionomycin (56 um)-treated cells [26], thus allowing assessment of

Fifteen patients with classical or definite RA [25] who were Rmax (the ratio of fluorescence intensities of the dye in thé'Ca
receiving a single non-steroidal anti-inflammatory drug only bound and C& free states at saturating amounts of)aRin
were studied. Patients on steroids or any other disease-modifyin@ihe ratio of fluorescence intensities of the dye in thé'Caound
anti-rheumatic drug were excluded. Disease activity was assessethd C&" free states at limiting concentrations of Ch was

by clinical indices (number of swollen joints, tender joint score andobtained by use of the &a chelator EGTA (pH &, final
early morning stiffness), as well as laboratory markers of inflam-concentration 12m). The calibration procedure indicated that
mation—the erythrocyte sedimentation rate (ESR) and C-reactivéhere was no difference in fura2 or indo-1 loading of patient and
protein (CRP). Patients and healthy controls were matched for ageontrol cells (data not shown). Absolute &% levels were
and sex with no statistically significant difference between the twocalculated using these calibration data and the equation
groups. [Ca']i =Kd.(R — Rmin)/(Rmax — R).St/Sh, [27], where Kd is
the effective dissociation constant (250 for indo-1 and 240m

for fura2), and Sf2/Sb2 is the ratio of the 495 nm fluorescence
gwtensity of indo-1-loaded cells at minimum and maximum satur-

Cell isolation
PBMC preparations were isolated on Ficoll-Paque (Pharmaci

X . .
Ltd, Milton Keynes, UK) density gradients from 20 ml of periph- 2tn9 cé", respectively. ,
eral blood from each patient and a matched control. In some A baseline intracellular calcium value was recorded for 60s,

experiments adherent cells (mostly monocytes and sonvivo after which Jug/ml of PHA-P (Sigma, Poole, UK) or-2,g/ml of

pre-activated lymphocytes) were depleted from patient and contrdf€ @nti-CD3 MoAb OKT3 (Ortho Diagnostics, High Wycombe,
samples by two 1-h incubations at“&7in plastic dishes. Later UK) were added to PBMC to induce a calcium response, as
experiments were performed using unfractionated cells in order t@rewously described [28,29]. Preliminary experiments indicated

retain the high cell numbers required for the spectrofluorometridh@t these were the optimal concentrations for the batches of
assessment of [G4];. these agents used (data not shown). Most of these experiments

In those experiments where purified T cell populations wereWere carried out on PBMC, but purified T lymphocytes were

analysed, PBMC underwent an initial adherence step before furthdfSed in @ smaller number of experiments. Dose—response curves
depletion of non-T cells. This was carried out by a negative!® 2SSess the suboptimal concentrations of PHA .()
selection technique using MoAbs and magnetic beads. The cel@1d OKT3 (621ug/mi) for the batches of these reagents used
were incubated for 30 min on ice with MoAbs to CD19. 16 and 14 © stimulate the purified T cells were carried out. It was necessary
to deplete B cells, natural killer (NK) cells and monocytes/macro-t© €ross-link the OKT3 with a goat anti-mouse antibody to induce

phages, respectively. These labelled cells were removed with antf: Calcium signal in the purified T cells: this was a_ddedﬁélOOs. after
mouse IgG magnetic beads. This negative selection techniquif® OKT3. Four parameters were derived to describe the Max:

avoids unwanted activation of T cells and routinely results in at"€ initial [C&"]; before stimulation; the rate of increase over the

90-95% purity of cells when analysed by flow cytometry. first 30 s after the onset of [E4); elevation; the maximum peak
[Ca™™]; level achieved over the period of measurement; and the rise

in [Ca2*]; from initial to peak level.

Cell loading with intracellular dye
PBMC were suspended in HEPES-buffered balanced salt solutioBtatistical analysis
[26] at 10 cells/ml and loaded with fura2 AM (Molecular Probes Statistical comparison of sets of results was done using a Mann—
(Calbiochem Novabiochem (UK) Ltd, Nottingham, UK)) using the Whitney rank test for non-parametric data, and correlations
method described by Malgardadt al.[26]. Cells were incubated at between parameters were performed using regression analysis.
15°C for 30 min with the fura2 AM, to give a final intracellular
concentration of 1-1Quv fura2. After washing, PBMC were
resuspended in the same HEPES-buffered medium;5at 20°
cells/ml, and kept on ice until use, in order to minimize leakage ofThe adherence step during cell preparation made no difference
the dye. Cells were routinely examined within 2 h of dye loading.to the extent of the G& flux in either the patient or control

For studies on purified T cells, the fluorescent dye indo-1 wagyroups. Furthermore, our previous studies using the same
used instead. This dye has the advantage of less intracellulandividuals investigated here [13] have shown that the absolute
compartmentalization, being more temperature stable and havingumber and proportion of CD3cells within the PBMC pre-
less dye leakage. T cells a62< 10%ml were incubated for 40 min  parations were not different between this group of patients with
at 37C with 3ug/ml indo-1. The cells were warmed to®7in a RA (65%) and controls (63%). For this reason, unfractionated
water bath before analysis in the fluorimeter. cells were used in order to maintain a high cell number.

RESULTS
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F(b) Fig. 2. Comparison of initial, peak and rise in cytoplasmic calcium in
—_ peripheral blood mononuclear cells (PBMC). Initial, peak and rise in
f; 200 -~ [Cat]; for each of the rheumatoid cellsn415) and control cells
I (n=14) were calculated. Analysis using the Mann—Whitney test indicated
g 150 that rheumatoid cells showed a lower (media®0 nv) initial level as well
E l as a lower peak [(d]; (median =225m; P<0-01) and rise in [C&'];
= (median= 105 nv; P< 0-05). Median values are indicated by the horizontal
S 100 — bars.
E 50 — To determine if these altered responses might reflect the
activity of the disease, RA patients were divided into two groups
0 | B L | | according to disease activity as determined from laboratory mar-

0 50 100 150 200 250 ker_s of inflammatio_n, the ESR and CRP._ Comparisgn of the less
active group (median CRP11; n=6) with the active group
(median CRP=23;n=9) showed that the respective peak
Fig. 1. Phytohaemagglutinin (PHA-P)-stimulated calcium flux in peripheral [Ca2+]i levels were 270m and 160 m, a difference which was
blood mononuclear cells (PBMC). PBMC were isolated from peripheralsignificant P <0:05) (Fig.3b). The gradient of the &4 flux
blood and, after Ioadir_]g Wi_th fura2, the base!ineit}aw_a_s monitored i \yas also significantly differentP(< 0-:05) with the values being
the fluorimeter for 1 min using a C§|| suspension containigg21 (P cells/ 2:78 nw/s and 122 nv/s, respectively. The parameters measured for
T;S%?gs[c\;vgf i;hign?'oT2:Ifd(g;'?eigﬁéiq‘@gggnﬁwfhwg Afa) Cyto- the less active group (peak [€3d; and gradient) remained statis-
P : ' P ' tically different from the control groupR<0-01) (Fig.3a). No
correlation between age, disease duration or individual clinical
The control cells gave the typical response observed by manindices of disease activity and the calcium parameters was
groups [28—30], of an initial rapid increase in cytoplasmic calciumobserved.
after a delay of 20—30s from the addition of the stimulus. The rapid  Several pathways are thought to be involved in the physiolo-
increase occurred over a period of about 30 s and was followed by gical activation of T lymphocytes, among them the CD2 and CD3
decline to an equilibrium calcium concentration, which was thenclusters. The experiments described thus far on PBMC made use of
sustained for the period of observation (Fig. 1a). In the case of th®HA-P, which is thought to act via CD2 [29]. We were interested
cells from patients with RA, however, this picture was not observedio determine whether the difference we observed also affected
The initial rapid increase was largely absent in the PBMC, and thersignalling via CD3, as this pathway is better characterized. In
was a slower rise following addition of the PHA-P (Fig. 1b). addition, we also wished to eliminate any effect of other cells on T
When the results from all the rheumatoid and control PBMCcell signalling and so in a limited number of experiments we
were compared it was found that the median resting {G;dor the stimulated purified T cells with both PHA-P and the anti-CD3
control group was 115nwhile that for RA patients was 90n(not antibody, OKT3.
significant) (Fig. 2). However, RA peak [€4; (median 225 r) PHA-P stimulation of purified T cells from a normal
was significantly lower than that of the control group (median control and a patient with RA (Fig. 4) shows a reduction in peak
500nv) (P<001). There was also a significant difference [Ca?"]; (260 versus205nu, respectively) and sustained [E%
(P<005) between the rise in [G&]; in samples from RA (230 versus205nv, respectively) achieved. The rate of rise of
(median 105m) and control (median 3104). For the RA  [Ca®]; measured over the first 30s of [€4 rise was also
PBMC this peak value was only reached several minutes aftereduced (19 nw/s versus0-83 nv/s for RA cells). Stimulation via
the addition of the stimulus. CD3 also showed a pattern similar to that seen with PHA, with a
The most striking difference between groups was the gradienteduction in peak and sustained fCh (Fig.5), but the
of the [C&]; rise: in the rheumatoid group the median value wasdecreased rate of rise observed with PBMC and also with PHA-
1-44 nv/s, while the control group was almost six-fold higher at stimulated T cells was not seen with the dose of OKT3 used
86 m/s (P<0-01) (Fig. 3a). here.
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peripheral b.IO.Od mononuclear cells (PBMC). after st|mulat|0n_ with phytp— Fig. 5. OKT3-induced calcium flux in purified T cells. As for Fig. 4, except
haemagglutinin (PHA-P). (a) The rate at which the PHA-P-stimulated I'IseOKTs (021 4g/ml) added at first arrow and cross-linking rabbit anti-mouse
in [Ca®"]; occurred over the initial 30-s period after the onset of{Ga Hg 9

elevation was calculated and plotted for rheumatoid cells and controls‘r.’1dded 100ss later (second arrow). Peak 32Qcontrol), 280 m (patient);

Analysis using Mann—Whitney test showed a highly significant diffr:zrencepl"’ltzeflu 250m (contr.ol),.220 ™ (patlenF). The time tq onse't of elevation in
. ) [Ca™™]; after cross-linking of OKT3 is the same in patient and control
(P<001) between controls (m_edl_aﬁs-eml_s) and rheumatoid cells samples. Representative of three experiments.
(1-44nv/s). There was also a significant difference between values for
active and inactive rheumatoid patienBs<(0-05), with the median values
being ¥22nw/s and 278m/s, respectively. (b) Comparison of peak [Ca?"]; assessment. The relative ease of calibration with this
calcium flux in PBMC from active and inactive RA. RA patients were technique allows quantification of the [ﬁal and also allows
divided depending on their disease activity—active group (median C-ypa)ysis of a larger number of samples, as technical difficulties are
;i‘:“éitsvreoéim égf ?23) ?r? d tmactlve (median ,C':_‘fﬁ)r'ﬁ;r hglgéffer- less. For these reasons spectrofluorimetry was used in this study to
peak [C4; in the two groups was significan® & 005). quantify the differences seen in [€3; RA T cells.
The results presented show a clear difference between RA
and normal PBMC in the characteristics of “Caflux induced
DISCUSSION following both PHA-P and anti-CD3 stimulation of the cells.
A number of methodologies are available to study intracellularThis phenomenon has also been shown to be present in purified
C&" signalling in immune cells. Single-cell imaging has beenT cell populations. In RA, the intracellular response following
used successfully to study changes in{Qain neutrophils from  CD2 activation, using PHA-P, was greatly reduced, and the rapid
patients with RA [31]. Flow cytometry has demonstrated changesise of [C&"]; previously described [16] in normal T cells was
in [Ca?*]; in RA lymphocytes [32], but this method is most useful largely absent. There was little evidence of the usual rapid flux
for qualitative data, since precise calibration is not possible [33]in the RA PBMC and the maximum level was reached only after
Spectrofluorimetry offers certain advantages over other methods afeveral minutes. However, once the peak level was reached, the

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$05291-296



ca® signalling in T lymphocytes in RA 295

[Ca®']; stabilized at the new level; in this respect the pattern wascapacity of the cells. The & signalling pathways in RA
similar to that seen with control cells. neutrophils may have been altered so that the release of inflam-
Resting [C&]; found in the RA PBMC (median 90w) was matory mediators is exacerbated, therefore providing a possible
lower than in the control cells (median 11&)n In addition, the  link with the abnormality that is seen in RA lymphocytes.
final [C&']; reached was significantly lower in the RA PBMC. Physical damage to cell surface structures may occur as an
However, the greatest difference with RA PBMC was the initial outcome of chronic or acute inflammation. The high numbers of
rate of C&" flux following PHA-P stimulation. The median value phagocytes infiltrating the joint could, through the release of
for the patient group was almost six-fold lower than controls; therereactive oxygen species and proteases, lead to alterations of the
was also a relationship between laboratory markers of diseassurface proteins responsible for transducing the activation signals.
activity and the magnitude of the change in fCk Such defects could accumulate given the relatively long lifetime of
We have shown previously that the proportion of T cells within a T lymphocyte. Our previous studies indicate that hydrogen
PBMC preparations from this group of patients does not differperoxide can alter ligand/receptor interaction on activated T cells
from normals [13]. The results therefore suggest that there is #8], while addition of anti-oxidants in cultures partially restores
change in intracellular signalling in RA T lymphocytes, since thesethe deficient proliferation and IL-2 production observed with
are the responding cells within the PBMC preparations. Indeedtheumatoid T cells [14]. Furthermore, preliminary studies in this
flow cytometric analysis has recently confirmed the observatiordepartment (S. P. Young and W. G. Naylor, unpublished observa-
that the T cell population is affected [32]. Not all lymphocytes will tion) have shown that exposure of T cells to exogenous hydrogen
respond to mitogenic stimulation, and the study by Ak¢al.[32] peroxide can reduce the subsequent'Clux in these cells. It
demonstrated that when only the responding population of T cellsemains to be seen whether such a mechanism is of physiological
is considered, the [Ga]; response to PHA and CD3 stimulation relevance in explaining the observed T cell defects.
is still depressed in RA T cells. The experiments reported here It therefore appears that there are both intrinsic and extrinsic
add supportive data to the involvement of the T cell populationeffects on RA T cells. There is a reduction in the peak and plateau
with a reduced peak and plateau response obtained on stimuléevels of T cell [C&']; as well as an extrinsic effect exerted by
tion of purified RA T cells. Interestingly, the rate of rise of non-T cells which results in a greater reduction in the rate of rise of
[Ca®']; in the purified T cell population was reduced with PHA [Ca®']; than occurs in purified T lymphocyte populations. It
stimulation, but was not diminished by CD3 ligation. It therefore remains unclear why this reduction in T cell signalling
seems that the non-T cells within the PBMC population have aoccurs. Surface expression of CD2/3 is unaltered in RA T
powerful influence on the rate of elevation of fCh in T cells compared with normal controls, so possible defects in early
lymphocytes, which is less depressed when purified lymphocytesignalling events, abnormalities in the endoplasmic reticulum
are used. calcium store or surface membrane changes could be involved in
C&" signalling occurs at an early stage in the activationthe diminished C& flux. These intracellular signalling pathways
pathway and so could contribute to the deficient IL-2 production,and the interaction and effects of antigen-presenting cells on T
reported fromin vitro studies on rheumatoid T cells, and to the cells are presently being investigated.
other functional abnormalities [11]. The importance of & Ciux
in T cell activation is now well accepted, but the relative impor-
tance in gene activation of the various parameters of the flux, for ACKNOWLEDGMENTS
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