.
-
-
-
]
-
.
.

FX 200 7

I

Clin, exp. Immumol, (1982) 50, 91-58.

[N . LR BT TR -

™

Qua‘ntitaﬁve and functional deficit of suppressor
T cells in children with atopic eczema
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Helper (OKT4+) and suppressor (OKT8+) T cells were enumerated in 16 children with
severe atopic eczema. Compared to controls {(median 1-8) the ratio of OKT4*/OKT8* -
cells in the patients was significantly higher (median 2-65, P<0-002), Functional 7%
suppressor activity in these patients was assessed by concanavalin A (Con A} activation - ¥
and suppression of pokeweed mitogen (PWM) induced immunoglobulin production by
plasma cclls and Con A proliferation of T cells. In both assays a lack ol suppression was
shown (Con AfPWM, P <0:02; Con A/Con A, P <0-05). Therc was a significant inverse
corrclation between the helper/suppressor ratio and functional suppressor activity
(P <0-01). These results indicate that a defect of T exll regulation does exist in atopic
eczema and if it is of primary pathogenic importance, immunotherapy to restore the 38
balance may prove useful. N
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INTRODUCTION ) .n g

[t has been shown in rats that the production of IgE by plasma cells is under T eclt conts ro
(Okumura & Tada, 1971 Taniguchi & Tada, 1974). Inherently low IgE responder animals may bl
converted into hngh responders by treatment which preferentially affects suppressor T cells, i
immunosuppressive drugs (Taniguchi & Tada, 1971), adult thymectomy (Ckumura & Tada, l97! 28
and moderate doses of whole body irradiation (Tada, Taniguchi & Okumura, 1971). Thi
heightened response can be abrogated by transfer of syngencic thymocytes (Okumura & Tadd
[971b). The evidence thercfore suggests that damping of the IgE response is by an anti'
non-specific T suppressor cell mechanism, Evidence for a similar mechanism in man3l
circumstantizal but allergy is significantly increased in immunodcficiency end very high levels of Ig -5
may be associated with T cell deficiencies (Caplin ez al., 1977; Kikkawa ef al., 1923). It has beg
suggested that defective T cell regulation may-play some part in the dcvclopmcnt of allergy 208
indeed low numbers of T cells bearing Fe receptors for IgG (Ty) (these include the suppres --
subpopulanon) have been reported in atopic eczema (Canonico ef al., 1979; Jensen, Cramcrs E
Threstrup-Pederson, 1981). Recently monocional antisera which recognize the helperfinducer 03
suppressor/cytotoxic T cell subpopulations more accurately have been developed (Reinherz et af
1980). We have therefore studied children with atopic eczema to define their helper and suppressq
T cell ratios and correlated this with two [unctional assays mcasuring T suppressor czll activi_t'

=

MATERIALS AND METHODS o

Patients. Sixteen children, who were cither inpatients at The Hospital for Sick Children ¢

Corrcspondence: Dr R.J, Levinsky, Department of Immunology, lastilute of Child Health, 30, Guilfo
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i inie, were studied. All of the children suffered from severe
mcn.ding the ch‘:;ﬂ?fﬁ:ﬁ::::: Ic glg;i}cxs (> three standard deviations for ng.c). Onc. paticnt
stopie cc?cma(:“ a in addition. Nonc of the patients had been treated with systemic _“'=T°‘d5- The
had atop’e 52 r:d between 3 months and 13 years with a mean age of 55 ycars. Ethical approval
e bt aigcd from the hospital and full informed consent was reccived (rom lhe. parents.
ha:odbc:'la: :::onoblainod from 15 healthy non-satopic adults (mean age 32 years). Paticnts and
Bl e time, .
womre c;”s fi:f:fﬁiﬁﬁ: :illl?[?t::smor heparinized (preservative [rec) blood was d"“‘:d ' =12

. Lye :f)’ balanced salt solution (HBSS, Flow Laboratories), laytfmd ont Iym;l> ocy ?
with l-{an H dium (Flow Laboralories) and centrifuged 2t 400 ¢ for 20 min &t 25°C. Thcdaeicr o
gpnrallo? mccclls at the interface were collected, washed twice with HBSS and resuspen ata
e entration of 15 10 cells/m) in bicarbonate-buffered RPMI 1640 (Flow Labt;ofawf";’
it ['ra“;nu lutamine, 5 g/l gentamicin and 10% fetal calf serum (FCS, Flow La ra_‘c:jr.‘“ .
containing 2m rg of T c;” subsets. Subpopulations of T cells were cstimated I'Jy n :'roct

Measuremen nce. Monoclonal antisera recognizing all T cells (9KT3. Ortho dlag.nc;’sucs),‘
immunpf:‘uorcs*(ﬂé K'1:4) and suppressor/cytotoxic (OKT8) subpopulations were used (Rtl:_m erz e:_
helperfin ‘;:ccr microlitres of the monoclonal reagents or HBSS was addct-! to separate aliquots o
o 19580)' ll:c tes. The eclls were incubated at 4°C for 30 min after which excess an_ubof-‘y wa;
et by oc:i three times with cold HBSS +azide (10 prevent capping). Tweaty microlitres o
removed by wafsi :fmm labelied shecp anti-mouse Ig was then added to cach a'lxquot and left to
:_lscc.oﬂd lra " !E:mhcr 30 min at 4°C. Altcr three washes, wet slide preparations were madt;
mm{b'a[ct o(r . ed cells were counted using a Zeiss fluorescent microscope ( IS(} celis were counf;
‘{;:s::;;);lsi;:; and the results were expressed as a pereentage after subtraction for non-specific

staining.

unctional ressor cell assays . . . '
z"o”:c'z:?:;taiiunp ‘:\ (Con A) suppression of pokeweed mitogen (PWM) stimulated immunoglobulin
| i j Butler, [981).
({Ig) synthesis (Layward, Levinsky & . o )
g(:1))’C¢:ll culture. Cells were cultured in triplicate (200 gl vo_l1:1mcs);&I&nfé?sgug?ocb:ll:oa:l
: °C in 5% idi ith or without .
icrotitre plates at 37°C in 5% humidified CO; wit . 3 :
:Jr::rx:?o:\ rlc' 500). Suppression of this PWM response was induced by co-cultur:ng:m:sS;::i:inla?;g
i { 1g released into the supernatant w .
Con A (Sigma) and after 7 days the amount of | atant
{b) Competitive ELISA for total Ig production by cultures. An ELIS.A mlcroutr;ﬂ:tzl(bi::
Laboratories) was coated overnight at 4°C with Spg/m! of i;lu;)n;; ltg tn O-CI“: c::bound A
i - §- i hing wit , 10 rem \
bonate coating buffer, pH 9-5. Aftcr cxtensive was ' ) . otnd 16 the
ini inding si i i h 1% FCS in coating buffer for
remaining binding sites were blocked by incubating with 19/ - 1
37TC. Thg plate wgas then washed with PBS+0-05% Tween 20 (S-xgma) (PBS/T wec.:) amli :zlo:id
Meanwhile 50 of culture supcrnatants were incubated évuh I‘yOpl ol;1 P;r::ld gnaco el
i : iluti in at 37°C in plates whic!
antichuman Ig (DAKQ, 1:400 final dilution) for 30 min at 7°C t \
021;( v:i'!: ;“Vgl-gCS Eighty microlitres of this mixture containing Igjpcml;:ud:zlserlab;:I.Lerclax:n;.‘ll° [é
y : SA plate and incubated for
complexes were then transferred to the [g coated ELL ¢
durir?g which time any uncomplexed peroxidase labelled anti-Ig bound to the !g.::joatold If:lallc::j
Unbound Ig was removed by exteasive washing with PBS/Twccp and bound peroxi 1::;3 elled
anti-1g was cstimated by the addition of 100zl of substrate solul:o.n (40 mg O-pheny .;dn':)m -
Citratefsodium dihydrogen phosphate buffer, pH 5). The cnzymic reaction was c:t?h u
25"Cin the dark and stopped after 30 min by the addition of 25 of 4N sulphuric acid. The .
which developed during the reaction was read on a Titertek plate reader at lh; ognmum
wa“vclcngth of 492 nm. Sample concentrations were c.alcu(alcq by rcf‘crcnc: 10 a stan alr curve,
.r“lngc 1-50 000 ng [g. Both samples and standards were sct up in duplicate and mcan values were
citleulated.
() Calculation of suppression.

-b
2 x 100

7 suppression =




. satwebe g,

OB Qi e a4y

.
:
e
:
.
5
HB
H
M
:

Margaret Butler, D. Ateamtom & R. J. Lerinsky
100

s g 3
-~ hu*gqg..
[ Y W]

con A/coN A ossay suppression (%)

8

0] [
Comtoit Alophs
Fig. 3. Suppressor cell function measured by Cousisaression of ConAvlindheed Tzl grodiferation. Res
expressed as percentages. Bars indicate medianvenluee.

P <0-05). These results indicate that the finlifyggalficctund surppeswraxlksidby mosocional antiseral
(OKTB8*) in atopic eczema corrclates wiftuthr :Tunciunidi atnasrrmdlities dn suppressor activit
measured by the two assays, :

DY SHTERRROCERY

Our findings indicate that children with woeny ot e=ama o ® deficit in the number
function of suppressor T cells as comparedun kiuttaomtnite Eimerthicadl scasons i was not possi
to obtain blood from age matched childreveantraikduttditibacamuilmed in our laboratory
testing children with suspected minor neutnpitiimmumebAensissihasgiven equivalent results
those obtained in the adult controls. Furthammaors, st irs-stherantxaildats for children ag
few months to [7 years has been reported, dierrrioaiitivp GRS ) 30 sappressor (OKTB ) ¥
1-75+0-3 (2 5.d.) 2nd this is very similar toXtut ot idimediim owradhil controls (Sicgel ef af., I_ :
Leung, Rhodes & Geha, 1981).

There have bocn several studies of swyrmowar wriwny i aaory wath reduced suppres
reported by some (Stranncgard, Strannegavfisf Sun:, Wb, Méirgil Gz Crarnecki & Wolff, 1
but not by others (Martinez et al., 1979). A xiiclioming Ty r=filsowntirraum to normal numbers afi§
successful desensitization has been shown injuinmtswdhusthmaiStmannegard er al., 1978). Ty cellS
include the suppressor subpopulation butaug mudlwiwdy (Ficinhe el a2, 1980) and furthermorty
the in vitro expression of T cells may be immvanitbly iswdhedi Bw K5 tmorune complexes (Picklerd
Lum & Broder, 1978) so that the reduction afisarvei may A sezomdary effect of such compl
found in allergic individuals (Brostofl ef «il,, W%/%;, ¢lun datw rarug monoclonal antisera whi
accuratcly define the helperfinducer and sypmemariyiausi: T e subpopulations indicate thal
patients with severe atopic eczema do indend hwe s Lt int The sugqpressor cells. These findin, o?t_
confirm those of Leung er al. (1978) but hv:gddiiiom sur pactery. were shown ta have funcuo"
suppressor cell deficiency. The significant ivemcanmlutim o ielporisappressor T cell ratio wi '",:
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Where
a=ng Ig produced by PWM stimulated cells R
b=ng Ig produced by PWM stimulated cell + Con A (5 or 10 pg/mi). :
Con A induced suppression of mitogen stimulation T cell proliferation (Con AfCon A assay) (Sho
Schwartz & Good, [976).
(a) Con A pre-treatment of lymphocytes. Suppressor T cells were gencrated by cult
lymphocytes for 24 hr at 37°C in 5% CO; in the presence of 10ug/ml Con A. At the end of thiA
period the cells were washed twice in HBSS and resuspended in RPMI +10% FCS. Control celf}
were treated in a similar manner but Con A was not present ducing the 24 hrincubation. Thc el
were given 2000 rad irradiation to prevent further cell division.
(b) Mitogen stimulation of responder cefls. The suppressor and control celis were co-cult
with allogeneic responder cells from a healthy non-atopic donor. The ratio of suppresso
control czlls to responder cclls were kept at 1:2 (concentration of responder cells | x 10%/m]]
Triplicate cultures of cells with or without Con A (1 ug/ml} were incubated in 53, COz(or 4 da
37°C. Two microcurics of *H-thymidine (Radiochemical Centre, Amersham) were added for.
final 24 hr of incubation. The cells were collected on the Titertek cell harvester and *H-thymiding¥
incorporation was measured by liquid scintillation counting (LKB § counter). Counts m
cxpressed as disintegrations per minute (d.p.m.) after correction {or quenching and efficiencyg
the counter, The percentage of mitogen induced T cell transformation of responder cells w!udg
was inhibited by Con A induced suppressor cells, was calculated using the following formuls b5

(Dmc—Dx)
Dm-D

EnAD

3 wmm-n.-':uih\....'.-.-u.: .

.
b

% suppression=1{— x 100
Where:
Dmc=mean d.p.m, for suppressor cells and responder cells, mitogen added.
Dc  =mean d.p.m. for suppressor cells and responder cells, no mitogen added.
Dm =mecan d.p.m. for control cells and responder cells, mitogen added.
D  =mean d.p.m. for control cells and responder cells, no mitogen added.
Staristics. Statistical analysis was by Mann-Whitney U-test and the Spcarman Rank correlau
test,

RESULTS

Both suppressor assays and T cell subset measurements were performed on 14 of the 16 paum o
Insufficient blood was obtained from the other two patients, however, and T cell subsets only wé

measured in one, whilst T czll subset measurements and the Con AfCon A assay were pcrformed -‘-l
the other. R

iy
l

%"
'

Measurement of T cell subsets
There were no significant differences in absolute lymphocyte numbers between the two groups o &
did the eczema group differ from the control group in terms of total T ccll (OKT3*) percen =;-‘é
(control median 71%; eczema group median 65-65;). However, the eczema group had significanty
lower percentages of suppressor/cytotoxic T cells (OK T8 *) (median 20-5%) than the control grouy
(median 27-0%., P<002). There was no significant difference between the {wo groups- f

helper-inducer T cell (OKT4*) subpopulation. When expressed as ratio of OKT4+/OKTE* c

yi
the eczema group had a significantly higher ratio (2-65:1-8, P <0-002) (Fig. 1). Gt

Con A{PWM suppressor assay
In control subjects the addition of 10ug/ml Con A to PWM stimulated cultures greatly rcduccdf {l
production with a median valuc of 88% suppression. In atopic patients this degree of supprcs;:mll
was lower giving 2 median value of 68%,. The difference between these two groups was found 1o
highly significant (£ < 0-02) (Fig. 2). At S ug/ml Con A the degrec of suppression was less in bOlh.
groups and controls gave less consistent results with a median value of 80%. Nevertheless, )

paticnts s1ill had a significantly reduced degree of suppression and gave a median valuc of 524
(P <0-02).

=



J. Levinsky

10 pg/ml). .
zration (Con A/Con A assay) (Shif

cclls were generated by cult
10pug/ml Con A. At the cnd of
in RPMI 4 10, FCS. Control
uring the 24 hr incubation. The
on, .
and control cclis were co-cultu;
donor. The ratio of suppresso
lion of responder cells 1x J0*
"eincubated in 57, CO, for 4 dayf
tre, Amersham) were added ford
.ck cell harvester and 'H-thymids
g (LKB 8 counter). Counts wek
ton for quenching and cfficic
“ormation of responder czlls
ated using the following form

<100

mitogen added,

no mitogen added.
ogen added.
~itogen added.

:rformed on 14 of the 16 .--

P
»

otal T celt (OKT3+) percentagfs
1c eczema group had significahii
an 20-5%) than the control gr)
¢ between the two groups™
13 ratio of OKT4+/OKT8* ¢l
3-002) (Fig. 1). i§

lated cultures greatly rcducot‘.i~

ticnts this degree of suppressiogh
€5t 1wo groups was found to'd
- of suppression was less in batid
aluc of 80%,. Nevcriheless, b3

ad gave a median value of S73

- anen,

LY

Suppressor T cell deficit in eczema 95

0
[ :
60" 8 {
-  § g P<0-02 { P<0-002
2 sor- ' o M5
- ° ! ° a ©
= 40 : 8 ra
: ! i
< 30} _-f_ 8 | S5
3 ° E2>
€ 20 Pens. £ H _'_ g 2 ¥
g | o8
1 .
oL Controls Alopics  Controls Atopics : Controls Afbgpics_|
OKT 4 OKT8 OKT4/0KT 8

i j lations in controls and
0. 1. Helperfinducer (OKT4™*) and suppressor/cytotoxic (OKT8*) T cell subpopu .
:I:’izldrcn with atopic eczema cxpressed s a percentage of mononuclear cells and as a ratio (OKT4* /OKTB*).
Bars indicate median valucs,

Con A}Con A suppressor assay )

We have previously established the optimal conditions .for this assay and l'o.und that at a !:2
suppressor/responder cell ratio consistent results are obtained, The con}ro! subjects had a median
villue of 80% suppression whereas the atopic cczema group had a sigaificaatly lower level of
suppression with a median valuc of 50 (P <0-05) (Fig. 3).

Correlation between the data
Results from the PWM assay (using 10 ug Con A) and the Con A/Con A assay were found to
correlate significantly (r,=0-5, P<0-0l). ) .

There was a significant inverse correlation between the ratio of OKT4 to OKT2 positive cells
and the results from the PWM assay (r,=0-49, P <0-01) and the Con A/Con A assay (r,=0-3,
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¥ig. 2. Suppressor cell function measured by Con A suppression of PWM induced immunoglobulin production
Py plasma cells. Results cxpressed as percentages. Bars indicate median values,
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P <Q-05). These results indicate that the finfigolf civadisuppssauredlsdy monocional auts
(OKTS8*) in atopic eczema correlates with itte Tunctundi idnurmelities in suppressor activi

measured by the two assays.
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(unctional suppressor assays further emphasizes this point. The lunctionel assays were antigen
pon-specific and suppressor cell activity was induced by activation with the mitogen Con A. In the
mouse it has becn shown that [gE helper T cells are more sensitive to non-specific suppressor T cell
activity than [gG helper T cclls (Karz e al., 1974; Takatsu & Ishizaka, 1976). Il a similar situation
¢xists in man, the moderately depressed non-specific suppression seen in our study islikelytolead to
prcfcrcmial enhancement of IgE helper T cell activily and increased levels of [gE.

We do not know if our findings are of primary pathogenic importance in the development of
topic cczema or secondary to the disease. Prospective studics on 1 month old babics who later
developed atopic diseasc, showed significantly lower total T cell numbers than control chiidren,
suggesting a primary defect in these children (Juto & Stranncgard, 1979). Similarly, the
improvement in antigen specific suppressor activity observed following successful desensitization
for ragweed allergy suggests that this response can be modulated (Rocklin, 1981). Descnsitization
(o the provoking antigens is not feasible in atopic eczema; improvement in clinical symploms can be
obtained by allergen avoidance especially offending foods, but in the majority of severe cases these
are not known. We have recently shown that a synthetic pentapeptide thymic hormone (TPS, Ortho
Pharmaceuticals) used for the treatment of immunodeficiency corrects imbalances of T cell
subpopulations (Levinsky, Davies & Goldstein, unpublished observations). It scems reasonable to
suggest that such immunotherapy may be of clinical benefit in patients with severe atopic eczema
where trials of allergen avoidance have not shown improvement.

We gratclully acknowledge the National Eczema Society for grant support and Ortho Pharmaceuticals for

supplying monoclonal reagents.
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