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T90/44 15 a cell surface antigen which 1s present on human T cells of the helper and
cytotoxic subsets and which binds the 9 3 monocional antibody (9 3’mAb) 1t 1s
expressed in the form of 90-kDa disulfide-bonded dimers of a 44-kDa polypeptide and
of free 44-kDa subunits The function of T90/44 was mvestigated 1n a series of T cell
function assays 9 3 mAb was found to inhibit the activation of class II-restricted
cloned T helper cells dertved from leprosy patients and reactive with M leprae ant1-
gens The mhibition was first found at 1-10 ng/ml 9 3 mAb and regularly increased
with the antibody concentration The extent of the inhibition vanied among different
T cell clones 1 proportion to the respective different levels of T90/44 expression at
their cell surface The prohiferative responses of peripheral blood lymphocytes (PBL)
to purified protemn denvative of M tuberculosis (PPD) and tetanus toxord were
enhanced by the 9 3 mAb resulting in up to 20-30-fold increase of [*HJ-thymidine
mcorporation After phytohemagglutinin-induced activation of PBL, the number of
T90/44 molecules per cell expressed at the cell surface rose from day 0 to day 7 by a
factor of about 10 High concentrations of 9 3 mAb (5-10 pg/ml) at low cell densities
and 1n the presence of monocytes in culture media supplemented by fetal calf serum
were directly mitogenic for resting lymphocytes The cytolytic effector functions of
class L-restricted cytotoxic T Iymphocytes (CTL) were not modulated by 9 3 mAb
The mixed lymphocyte reactions of three class I-restricted CTL to their specific target
cells were found not to be significantly influenced by 9 3 mAb In conclusion 1t 1s
proposed that an antigen-mdependent T cell activation pathway can be entered at

T90/44

vitro finding that the triggering of the antigen receptor Ti/T3-
antigen complex by appropriately presented antigen or by
monoclonal antibodies (mAb) 1s capable of eliciting prolifera-
tive T cell responses (for review see [1, 2]) The discovery that
two mAb directed to epitopes of the T11 antigen 1n combina-
tion also can stimulate T cell growth [3] proved that additional,
antigen-independent activation pathways exist More recently,

1 Introduction

The activation of T cells to differentiate and to proliferate are
essentral steps m the immune response to antigen This tunda-
mental property of the immune system correlates with the i

[1 5625]
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APC: Antigen presenting cell(s) CML: Cell-medr
ated-Lympholysis CTL: Cytotoxic T cells EBV-BCL: Epstein-Barr
virus-transformed B cell ines  FACS: Fluorescence activated cell sor
ter FCS: Inactivated fetal calf serum  FITC: Fluorescem sothiocy
anate HA-3: Mmmor histocompatibility antigen HA-3 HS: Heat-
inactivated human pooled AB serum H-Y: Male specific mmor his
tocompatibility antigen IMDM: Iscove’s modified Dulbecco’s
medium  mAb: Monoclonal antibody(ies) MHC: Major histocom
patibility complex PBL: Penpheral blood mononuclear cells  PBS:
Phosphate buffered saline PHA: Phytohemagglutinin  PPD: Pun
fied protein derivative of M tuberculosts  SDS: Sodium dodecyl sul
fate 1T: Tetanus toxoid

Abbreviations:
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1t was found that yet another class of T cell surface molecules,
T90/44, 1n response to the binding of a specific hgand, can
drive T cells into prohiferation T90/44 binds the 9 3 mAb [4],
1t 1s expressed at the surface of helper (T},) and cytotoxic T cell
subsets in the form of 90-kDa disulfide-bonded dimers of a 44-
kDa polypeptide and of free 44-kDa subunuts [S-7] The first
indication that T90/44 may function 1n a new antigen-indepen-
dent T cell activation pathway was provided by the discovery
that 9 3 mADb strongly enhances proliferative cell responses to
phytohemagglutinin (PHA) and allogeneic cells [5] This
hypothests was further supported by the more recent findings
that 9 3 mAb also enhances the mitogenic response to 12-0-
tetradecanoylphorbol 13-acetate and may act as a direct mito-
gen [7, 8]

To assess the functional role of T90/44 in more detail, we have
mvestigated the effects 0of 9 3 mAb 1 cell culture assays with
cloned antigen-specific helper cells as well as cytotoxic T cell
lines (CTL) and resting normal T cells Our results show that
depending on the type of the cells i culture, posttive or nega-
tive signals can be mediated through T90/44, since the activa-
tron of helper cells by antigen was found to be inhibited by
9 3 mAb, whereas resting T cells may be activated by
9 3 mAb An important element i this functional dichotomy
may be that T90/44 expression 15 strongly induced in activated
cells The effector function of the CTL could not be influenced
by 9 3 mAD, although they were found to express T90/44
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2 Materials and methods
2.1 Cells

2.1 1 Peripheral blood lymphocytes (PBL) and Epstem-Barr
virus-transformed B cell lines (EBV-BCL)
\

PBL were 1solated from hepanmzed venous blood on Ficoll/
Isopacue density gradients washed (X 3} in Hanks® balanced
salt solution (Gibco, Parsley, Scotland) and resuspended
[scove s modified Dulbecco’s medium (IMDM, Gibco) or
RPMI 1640 supplemented with streptomycin 100 pg/ml,
pemcilhin 100 U/ml, both from Flow Laboratories, Irvine
Scotland, and 15% pooted human AB serum (HS) or 10%
fetal calt serum (FCS) LCBV-BCL were generated trom
5 % 10° autologous PBL according to Stettz et al [9] Cells
were frozen m 1 mi ampoules contatmng | X 105 x 10 cels,
70% RPMI 1640 20% screened pooled human AB plasma
and 10% dimethylsulfoxide and stored at - 196°C

2.1.2 Antigen reactivaticn and cloning of ! lymphocytes

Cloning of T lymphocytes was performed as described else-
where [10 11} In brief PBL of two leprosy patients (BC and
R) were restumulated i viro with M leprae .n IMDM sup-
plemented with 10% HS durmng 5 days at 37°C 1n a fully
hamidified 5% COg-air mixture T cell blasts were obtained
either by Percol! density centrifugation or by extending the
cultures for another 3-10 days n the presence of 10% nter
leukin 2 (IL 2, Lymphocult-T, Biotest, Frankturt, FRG) The
blasts were cloned under limiting dilution conditions (0 5 ccll/
well) on a wrradiated teeder cell layer contaning autologous
EBV-BCL as antigen-presenting cells (APC), and optimal
concentrations of M leprae antigen All cultures were pei-
formed tn IMDM supplemented with 10% HS m 96-well flat-
bottom microtiter plates (Microtest 11 3072, Becton Dickin-
son, Sunnyvale, CA) Growng cultures were transferred to
24-well flat-bottom plates (Falcon 3047 Becton Dickison)
and restimulated with antigen and 1rrachated feeder cells every
two weeks Three days after each antigen foeder restimula
tion 20% IL 2 was added The cells were frozen 3-10 days
after the final restimulation

2.1.3 CTL

The following CTL were used 1n the cell-medtated lympholysis
(CML) assays and in the proliferative assays (a) Alloimmune
HLA-A2 1 subtype-specific CIL [12] (b) HLA-A1 and BS§-
restricted minor histocompatibility (minor-H) antigen (¢ ¢
minor HA-3)-specific CTL [13], and (¢) HLA-A2 and/or
HI A-B7-restricted H-Y-speufic CTL {13}

2.2 Surface iodination precipitation and gel
elcetrophoresis

All cells were surface 1odinated under carefully standardized
conditions essentially as previously reported [S, 6} Briefly,
viable cells were isolated from cultures or bufty coats on Ficoll/
Isopaque density gradients and washed twice i phosphate-
buffered saline (PBS) with 1 0 mg/ml glucose The cells were
resuspended at either 5 X 107 or 10° cells/ml (cloned cells or
PBL espectively) in PBS with 10 mgml glucose and lac-
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toperoxidase (10 pl/ml of 1 mg/ml stock solution), Na'*’L
(100 uCt = 3 7 MBq per 10° cells) and glicose oxidase (10 pl/
ml of Sigma, Munich, FRG, G 6500 diluted 250 xX) were
added The labeled cells were washed twice in PBS and lysed
with 0 5% purified Tizton X-100 m 50 mM Tris-HCl 150 mM
NaCl, 0 02% NaN- (pH 7 5) at 5 < 107 cells/ml for 20 mun on
ice The lysate was cleared by centnifugation (400 x g, 10 min,
4°C) and stored at — 80°C For immunoprectpitation 200 ul
aliquots of the cell lysates were precleared with 10 pg punfied
mouse immunoglobulins (Nordic, Tilburg, The Netherlands)
and precipitated with 2 5-4 3 pg of the specific mAb (30 min
on ice) and 5 pl rabbit anti-mouse 1mmunoglobulin (Z 109
Dakopatts, Copenhagen, Denmark 30 min on ice)

Fixed Staph aureus cells (Calblochem, La Jolla, CA) were
used as unmunosorbent Reduced or nonreduced sodiom
dodecyl sulfate (SDS) gels were run as previously reported
{5, 6] The gels were stamned, dried under vacuum and exposed
to Kodak XAR-5 films with Dupont Cronex Li-PLus inten-
sifier screens at ~ 80°C

2.3 Antigens and antibodies

M leprae antigens were kindly provided by Dr M Abe (Nat
Inst Leprosy Research, T'okyo Japan) and by Dr R C
Good (Centre for Infectious Diseases, CDC, Atlauta GA)
Both preparations consisted of bacilli 1solated from human
lepromas according to Dharmendia’s proceduie [14] with
shight modificattons The end concentrations of the first prepa-
ratton m the cultures are given in pg/ml, whereas those of the
second preparation dre expressed as final difution 1n the cul-
tures The 9 3 mAb was ongnally prepared by Hansen et al
[4} For the present expenments, the 9 3 mAb was bought
from New E'ngland Nuclear (Boston, MA), 1t was puritied by
protein A affimity chromatography and found to be
homogeneous by SDS gel electrophorests Other monoclonal
antiboches used were directed against class I major histocom
patibility antigen, 9455 SA/BRIL., W6/32, BY 12 1 (courtesy ot
Dr B Mahssen), B;-muicroglobulin, B11 G 6 {Lourtesy of Di
B Mahssen), T3 antigen W132 (RIV Buthoven), T4, RIVE
I8, TK18, transfernin reeeptor, 6 8221, 1FA 1, 83141,
DR, B8 112 (courtesy Dr B Malissen), DQ, SP VL3 8§
(courtesy Dr H Spits), 3Al-hke determeaant, 64 51 and
C3b,, PAV 102

Goat anti-mouse fluorescemn  1sothiocyanate(FITC)-conju-
gated ummunoglobulin was purchased from Nordic Unless
otherwise specified. all antibodies were used at previously
determmned optimal concentrations

2.4 Cellular assays
2.4.1 Activation of cloned human T helper celis by M leprae

One X 10 TLC and 5 x 10* irradiated (40 Gy) autologous or
HLA class H-matched peripherat blood lymphocytes (PBL) as
APC i IMDM with 10% HS weie cultured with M leprac
antigen m optimal concentrations m 96-well flat bottom mi-
crotiter plates (Gremer, Nurungen, FRG) Phytohemaggluti-
nm (PHA, Wellcome Diagnostics, Beckenham, GB, 4 pg/ml)
and plain IMDM were used as controls 9 3 mAb was taken up
in RPMI 1640 with 20% 118 and dialyzed against RPMI 1640
Various amounts of the dialysed antibody were added to the
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cultures calculated to give final concentrations ranging from
0 00110 pg/m! antibody

The cultures were set up in duplicate or triplicite and incu

bated as described above for 72 h Eighteen hours before ter

mmation  10uC1 = 37kBq of [methyl *Hjthymidine
("H]dThd spec act 50 C/mmol Radiochemical Centre
Amersham, GB) m 0 05 ml RPMI 1640 was added The sim

ples were harvested on glass fiber filters using a semt automa

tic device [*H]dThd incorporation was assessed by liquid sctn

tillation countmg As a control parallel cultures were sct up
with the ant1 3A1 like antibody 6 4 5 1 in comparable dilution
directly from pure ascites

2 4.2 Mixed lymphocyte culture (MLC)

MLC werc set up by culturing 50000 responder and 50000
wrradhated (2000 rds) stimulator cells m V well microtiter trays
m 015 mi of RPMI 1640 supplemented with 15% pooled
human AB serum and 50 pg/ml gentamycin (Flow Lab

Irvine Scotland) The cells were cultured for 120 h, 18 h
before harvesting, 1 uCt of [*H]dThd was added to cach cul
ture Antibodies were added at the stait of the MLC and left
throughout the culture pertod

2 4.3 Lymphocyte transformation tcsts

Lymphocyte tiansformation tests were carried out as follows
50000 responder cells (PBL or fluorescence activated cell sor
ter (FACS) sepaiated cells) were cultured m flat bottom nu
crotitertrays  1n 0 15 mliwell of tissue culture medium
(RPMI 1640, gentamycin S0 pg/ml  15% HS) contaiming
either 5 pg/ml purified protemn dervative of tuberculin (PPD
Statens Serum Institute Copenhagen) 0 75 Li/ml tetinus tox
ord (TT, RIV Bilthoven The Netherlands) o1 S pg/ml PHA
Culture, incubation time and ['H]dThd incorporation were
carried out as described m Sect 2 4 2 PBL activated by PHA
to be labeled and unmunoprecipitated at dav 0 3 5 7 werc
treated as above but 20% nterleukin 2 (IL 2) was added to
the medum after diy 3

2 4 4 Cell-mediated lympholysis (CML) assay

The allommune and the MHC restricted CTL populations
were generated according to the culture procedures descrihed
earher [12 13] The effector cclls were pre incubates for
30 min with three different concentrations of the 9 7 mADb
before addition of the spectfic target cells The CML a 1y has
been described in detarl [13 15] The percentages of tysis were
determined 1n 1elation to PHA stimulated blast celis ina 4 h
SICr assay Cytotoxiaty (1 ¢ the amount of 1sotope releascd
from °'Cr labeled target cclis) was determined and calculated
according to the described method [13] Standard errors of the
mean of tiplicate determinations were less than 5% Positive
and negative assignments were made on the bass of a 0%
specific *'Cr release value All experiments were repeated
least twice at different cffcctor to target ratios

2.5 Indirect immunofluorescence and FACS analysis

Analysis of indirect surface immunofluorcseence and celi sort
ing were carried out with a FACS TV (Becton Dichinson Sun
nyvale CA) as reported elsewhee [16]
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3 Results and discussion
3.1 Inhibttion of response to antigen of cloned I', cells

Class 1 restricted cloned Ty, ecdls specitic for M leprac mti
gens wete denved from leprosy patients as previously reported
[10 11] The activation of a number of these T ccli cloncs by
M leprae as a function of the 9 3 mAb n the concentrition
range of 0 001-10 pe/m! was mewsuied by incorporition ot
[PH]dThd into macromolecul ir nuelcie acids It w s tound th it
the 9 3 mAb stiongly inhibited the intigen tesponses m some
of these clones (e g clones 4A4 2F9 2F10) whoreas the mhy
bition n other clones was weak (¢ g clone 6C7) o1 prwtic il
absent (clone 2G11 see Ing 1) In these Ditter cases mhibi
tron was observed only 1t very high 9 3 mAb conuentr ition In
the strongly ntbited doncs the mhibitory ctteet woas tirst
observed at ng/ml 9 3 mAb and regularly increased with the
antibody concentration The prictically constt nogitne
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slope of the dose response curve in these clones contrdsts sig
nificantly with the practically antibody independent responses
i parallel cultures with the 6 4 5 1 mAb which for the pur
pose of the present investigation may be considered as an
irrelevant control antibody of the same IgG  subclass as the
9 3 mAb The negative resuit of this latter control experiment
allows to rule out that the effect of 9 3 mAb 15 due to trivil
phenomena such as antibody dependent cytotoxicity

All curves in Fig 1 represent independent experiments which
have been carried out duning a period of about one year
Within that pertod the extent to which a given clonc responded
to the inhibitory eftect of the 9 3 mAb in the M leprae stimu
lation assay was found to be reproducible the response to the
9 3 mAD thus appedrs to be a specific and stable property of
the individual clones at least within that pertod It 15 worth
noting that all these clones 1n functional assiys behave as class
1T restricted T, cells [10 11] furthermore they all respond
well to mutogenic stimulation by PHA (data not shown) The
different responses 1n the assays presented m Fig 1 therefore
are not due to differences in the general prolifor tive potentinl
among the clones

32 93 mAb mhubttion of M leprae activation 1s proportional
to [90/44 expression of the different Ty cell clones

To discover the cause of the variability in the 9 3 mAb depen
dent inhibition of the activation by M leprae among the differ
ent cell clones the level of expression of T90/44 and of a
number of reference antigens was mvestigated I ysates of sur
face jodina ed cells were sequentially smmunoprecipitated
with a panel of mAb the immunoprecipitates were then iden
tified 1n SDS gels by autoradiography as indicated in Fig 2
the bands were cut from the gels and the mcorporated radioac
tivity was counted (Fig 3) To evaluate the data in Fig 3
LFA 1 should be considered first

In a sertes of prelimiary experiments it had becn found that
the level of expression of I FA 1 when compired to that of
other surface antigens 15 the most constant imong the ditterent
cell clones This conclusion 1s confirmed by Lig 3 A mean of
18000 (£ 6300) cpm are incorporated 1n the lirge subunit of
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Figure 2 [Immunoprecipitated T90/44 and HUA cls [ molecules
(A) clone 4A4 T90/44 nonreduced (B) clonc 4A4 ['90/44 after reduc
non of disulfide bonds (C) clone 2G11 19044 nonreduced (D)

clone 6C7 HLA class I (E) PBL T90/44 nonreduced (F) PBL I90/
44 after reductuon of disulfide bonds The precipitates m (A) (D)
represent cell aliquots of 107 cclls The preaipitates i (k) (F) repre
sent > 108 cells For the mensurement of incorporated 1adiol bel the
bands were cut out 15 indicated by broken lines
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LFA Lper$ x 107 cells of the different clones The amount of
radiolabel 1 the small subumts are similarly constant so that
the ratio of radiolabel 1n the two subumts 154 67 + 0 54

The remarkable constancy of LIA 1 expression 1s 1n contrast
to the HLA class I molecules where large vanations among
the different clones are found It 15 noteworthy however that
HLA heavy chain and f3, microglobulin vary to the same
degree the ratio of the radiolabel incorporated in the heavy
and light chams respectively 15 2 59 £ 0 49 for the 6 cell
clones These results support the conclusion that Fig 3 reh
ably represents the relative tevel of expression of the surface
antigens when the different cell clones are compared

It appears from these data that the mhibition by 9 3 mAb of
the M leprae activation correlates well with the level of T90/44
expression 1n a given clone This 1s most clearly seen by com
panng dones 2B2 or 2F10 with clone 2G11 Clones 2B2 and
2F10 express high levels of T90/44 (5900/4300 cpm precips
tated) and are strongly mhibrted at <1 pg/mt 9 3 mAb clone
2G11 expiesses hittle T90/44 (1100 cpm preupitated) and 1s
only weakly inlubited at the highest 9 3 mADb concentration

As ws to be expected from their T helper phenotype all the
clones tested express stmilar levels of T4 antigen [10 11] Tt
was however unexpected that clone 2G11 and to a lesser
extent clone 6C7 1n addition to T4 express relatively hgh
levels of I'8 antigen which does not appear to interfere with
their helper function With regard to the simultaneous expres
ston of T4 and T8 antigens 1n these clones 1t 15 of mnterest that
n further blocking studies antt T4 mAb but not antt T8 mAb
were found to inhibit the activation of clone 2G11 by M leprac
(data not shown) The present data do not show whether the
finding that the two T8" clones 2G11 and 6C7 also have 1
relatively low expression ot T90/44 has a functional signifi
cance All the cell clones tested by the immunoprecpititions
were found to express sumilar amounts of DRa p and DQo
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Figure 3 Incorporated ridioactivity (cpm 1) m T90/44 and refer
ence antigens mununoprecipitated from surface 10dinated ccll clones
2B2 2F10 2G4 2G11 6C7 3E8 (A) [3 class antigens he vy chan
(MHCT) B, microglobulin (32M) LFA I/large subumit [LFA 1(1)]
and I FA I/small subumt [LFA 1(2)] (B) T90/44 T8 T4 transferrn
receptor (TR) The cotumns i (B) relative to those n part (A) of the
figure are scaled up by 4 factor of 9 3 The meorporated radioactivity
per S X 10 cells 1s mndicated 1n alt fields below the columns in units of
cpm
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(data not included m Fig 3) and of transferrin receptors
(Fig 3) This finding corroborates the above conclusion from
the functional assays that all the clones have a comparable
prohferative potential because these surface molecules may be
viewed as markers for the cellular activation state

Furthermore since the clones 2G11 (low T90/44) and 4A4
(lugh T90/44) were derived from the same leprosy patient BC
(DR3 4/DRw52 53/DQw3/DPwl 5) whereas the other clones
were derived from patient R (DR2 3/DRw52/DQw1 2/DPw5)
it can be concluded that the level of T90/44 expression does not
correlate with that of class IT antigens

It 1s noteworthy that the analysis of the cell surface immuno
fluorescence 1n the FACS IV yielded results which were con
sistent with those of the immunoprecipitations 1 Fig 3
Therefore, the amount of radioactivity incorporated nto the
various cell surface antigens by the present 1odination protocol
also by this criterion may be considered a good 1pproximation
of therr relative amounts when the different cell clones arc
compared A fu.ther result of the FACS alysis was that the
expression of 190/44 m a given cell population 15 homogene
ous For example the low T90/44 expression n the 2G11 ccll
clonc 1s duc to the equally low cxpression 1n all cells rather
than to the presence of positive and negative cclls bec wise only
one single peak of positive fluorescence 1s recorded 1n the
FACS IV immunofluoiescence profile

3 3 Effects of 9 3 mAb on cytotoxic T cell hines

Three class I restricted CTL (r ¢ HLA Al ind B8 restricted
anti minor H antigen speafic C1L  HLA A2 and B7
restricted H Y speaific CTL and HLA A2 [ speafic alloim
mune CTL [12 13]) were used to mvestigate whether the
9 3 mAD 1s capable of interfering with cytotoxic functions It
had been cstablished by prior immunoprecipitations that these
CTL express sumilar amounts of T90/44 as those M leprae
activated Ty, clones with high T90/44 expression (sce ibove)
when measured on a per ccll basis or relative 10 eapression of
the class 1 antigens (datnot shown) The functiond cifeets of
the 9 3 mAb and of several reference antibodies on the cellu
lar cytotoxicity was investigated i a CML assay It was found
that the 93 mAb 1n contrast to the refcrence antibodies
wlhich had varnous inmbitory efficts was not capable of intey
fering with the cytotoxic function of any of these CTI
(Table 1)

Table 1 Eftects of 93 mAb and ot reference mtibodics mn CMLE crred bt with dlnmmune HLA A% 1

90 44 (9 3 ntigen) in | celf activ ttion 1293

In a further approach to define the regulatory mechanisms in
which T90/44 plays a functional role the effects of the
93 mAb on the proliferative rather than the cytotoxic
activties of these CTL were mnvestigated The LA A21
allommune and the HLA A2 restricted H Y specific CT1
were stimulated m a 5 day MLR with their specific stimulator
cells and co cuftured with various concentrations of 9 3 mAb
and anti T3 where ifter ["H]dThd tncorporation was me isured
(Table 2) The proliferation of both CTL was found not to be
significantly modulated by the 9 3 mAb i contrist to the
pronounced nhibitory cffeet of the wtt I3 mAb (T bl 2)

In further experiments the 9 3 mADb w s tested for its ity
to mhibit natural kiiler activity o1 antibody dependent cellul
cytotoxicity and was found not to inhibit in those 15s s (d it
not shown)

3 4 Lymphocyte transformation tests

First indications that T90/44 his 1 functional 1ole m T ¢l
activition were provided bv the finding thi 9 mAb
enhances mitogenic responscs of PBL to suboptimil ¢oneen
trations of PHA or to allogencic colls wheseas no direct
mitogenie effect of the ntibody could be detected [5] These
results were confirmed nd cxtended by Huvet i |7] but
direct mitogenic action ot 9 3 mAb was documented in 1 more
recent report [8] To investigite this pomt in more detul the
effccts of 9 3 mAb and of severyl icference mtibodies were
studied m a sertes of lymphocyte trinsform wtion tests ¢ ned
out with PBL of 2 umehted donois (Table 3) Stiong
enhancements of the proliteritive responses to PPD ind 1T
(20 30 fold) weie found which support the previously
reported growth enhancement phenomena [> 7] No effect of
9 3 mAb on the cultuie activated by PHA 15 detected because
the PHA here 1s used in optimally activiting concentrition
({51 cee Sect 2473)

The above transformation tests were carried out in RPMI 1640
m.dium supplemented with 15 HS [5 7} Howcver when
the PBL were cultured iy RPMI 1640 medium supplemented
with FCS istead of HS md were cxposed 109 3 mAD without
any further activating factors 1 strong dnect nutogenic wion
of 93 mAb became apparcnt which nowrly cqualled that
found with anti T3 mAb (Table 3 last column) This duect
mitogentc action of 9 3 mADb 15 in sharp contrast with the ab
sence of any activation at equivalent antibodv concentr stic ns
in media supplemented by HS {5 7]

subtype speafic CIT (ot HE A

AZ 1) HI A Al ind B8 restricted it mumor FEoantegen spead CHE (it win 1 A 3) HEA A? nd B7 restiicted nt 81N spee s CTE v

specettic target cclls

3By o

‘*"7&: i WY s \T“%y
Mﬁ%: 556% )45 & i %Msm @

HY

201 101

78%
% 9% 68% (3%
g% % §~14%§ §

%
/13106 (BRI 0% s% BO%Y T1% (| 19%) 0% (~6%
7 ézggﬁ@iﬁ% %% 5@% (25%% %f?% s%g gg% E-se;;

%{mq’j’ 63% ( 39) 66% (-10%) 56% (-2%)

1) Lffcctor tirget well rivo

b) Percentige of target cell hsis 11d the
inhibition of lysis (i1 pirentheses) Ty
the variots ntibodies e 1ven s the
mean of tripheite o lture
1630/157 HS

0% (m%)

11 RIMI
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Table 2 Etfcets of 9 3 mAb ind « T3 mAb on the proliferation of HI A A2 restricted it 1 Y CTL («H Y) ind 1nti HLA A2 1 illoimmune
CTL (¢A2 1) m 5 day MLR with specific target eclls Lhe sncorporated [PH]dThd 1s given as the mean ¢pm of trplicate cultures

CTL mAb Antibody concentration (pg/mi)
Mediym 0001 0010 6 100 10
N 1
anti H-Y 93 21010 £ 3460 24580 £ 540 2170 = 640 20720 & 1340 26020 = 585
ant T3 23045 = 925 24965 + 1315 8900 £ 250 3085+ 375 2550+ 15
antt A2 1 93 24560 = 280 29510 & 477 33060 * 5330 38590 £ 238D 375320 + 7135
anti-T3 17675 + 285 18405 & 605 9265 & 1550 4953 & 3% F 5140 10

The antibody concentration dependence and the possible role
of monocytic cells 1n the direct T cell activation by 9 3 mAb
were vestigated PBL of the two donors were depleted of
monocytes by sorting out cells staned with PAV 10 2 (ants
monocyte) mAb on the FACS [V The cells were then cul
tured m medium supplemented by 10% FCS to reveal the
direct mutogenic action of 93 mAb A strong proliferative
response to 9 3 mAb again was found at 5 6 pg/mi antibody
and 2 5 X 10° cells/m! with PBL the monocyte depleted lym
phocytes did not respond to 9 3 mAb but its mitogenic iction
could be restored by re adding nrradiated autologous PBL to
the punfied lymphocytes (Table 4) lhe cell activation tnig
gered by 56 pg/ml 3 mAb nearly equals that i the o T3
mAb or PHA controls

Thus direct mitogeme action 1s only found at lugh antibody cell
rat1os 1t has practically vamshed already at the fourfold highcer
dilution of 9 3 mAb (Table 4) wheres the cohancement of
growth promoting stgnals 1s detected cven at ng/ml 93 mAb

(3

It may be concluded that the mitogenic action of 93 mAb
depends on the prescnce of monocytes and 1s quenched by HS
A likely cause of the suppression of the mitogenic action in
media supplemented by HS 1s their relatively ligh content 1n
human immunoglobulin molecules It might then be proposed
that the binding of 9 3 mAb to I'c receptors of monocytes and
as a consequence the possible clustering of 190/44 15 function
ally important This hypothests 14 further supported by the
recently reported finding that F(ab), but not F , tragments of
93 mAb have functional effects on T cells [17] However it

cannot be excluded that the quenching by I1S 18 at least in part
due to the presence of material which reacts with 9 3 mAb
(e g shed T90/44) {5]

3.5 I90/44 expression 1s induced 1 activated [ cells

Comparative immunoprecipitation studies had revealed that
both the class I restricted CTL and the clasy II restricted M
leprac activated T, cell clones express sigmficantly larger
amouts of T90/44 than resting PBL It was therefore postulated
that [90/44 expression ts mduced in activated T cells To inves
tigate this hypothesis PBL of two unrelated donors were cul
tured in the presence of optimally activating concentrations of
FHA and (after day 3) of IL 2 Aliquots of cells were surface
todinated at day 0 3 5 and 7 of PHA activition T90/44
together with other representative surface 1ntigens wire
immunoprecipitated from ceil lysates the respective bands
wete cut from SDS gels and the mcorporated radiolabel w s
counted It was found that the radioactivity per cell which 15
mcorpotated into T9/44 increased regularly from day 0 to
day 7 by factors of 6-10 (F1g 4) Whereas sumular results werce
obscrved with DRa f and DQa p and with the transferrn
receptor less pronounced increases were found with the LFA
1 orclass 1 antigens The expression of still other surface ants
gens was not affected by the ccll activation for example the
radiotabel incorporated mto the 4 3 antigen [16] remamcd
practically constant throughout the whole activation period
(Fig 4)

The surface todination of cells and the immunoprecipitations
werce carried out under carefully standardized corditions they

fable 3 | ymphocyte trinsformition tests T fects of )3 mAb ind | relerence wtibodies on proliter wive responses of PRI sol tted from two
unrchited donors A ind B chioited by PHA PPD nd 1]

PHA PPD IT Medium/10% FCS
Medium A 59917 1198 5202 & 847 4857 £ 2574 Mk 19
B 6713524169 16170 + 1455 9377 & 2250 288+ 66
Anti-T3 A 65810 & 1316 147900 £ 7395 182033 £ 31099 63593 = 636
B 78490k 3140 127100+ 5084 167767 + 10066 52580 2629
Ant T4 A 55913% 559 5988 £ 1257 1335 & 814 298 % 36
B 64803 % 1944 10067 % 1711 6742 & 1618 M1z S8
Anti-T8 A S6093 % 1122 4578 + 1099 3502 4 2360 138, 2 a) Cells of two donors A ind B were
B 67700 1354 11700+ 3510 4575 % 4666 20% 31 cullulfﬁd n dRPMI 1640 medum
ted by [5% HS (PII.
Anti LFA-1 A 21840 % 655 618+ 272 Pe 136 %7+ M }”;FS Lén*;)n (():r byle%OFCg EMSS\I
B 35003 & 2450 2668 + 1387 1260 & 1575 . um last column) Mean cpm and
93% A 61613% 1232 107393+ 8501 162233 + 22712 41330 4 7026 stud urd deviation (triplicate cul
B 70383 % 704 79780 £ 15158 58117 £ 52305 20697 2 1656 tures) of ncorpos sted {'1}d Thd

b) 5 6 ug/mt
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Table 4 Mitogenmc ichon of 9 3 mADb (5 6 nd |+ ug/ml wubody) w0t 13mAb ind PHA in cultures of PBL (3 X 10 celis well) homphoactos
(5 % 10° cells/well) purificd by sorting out monoeytic cells from PBL on the TACS 1V cell sorter the sime pllllllLL| Iymphocyvtes (v XN 10 cldls
well) to which nutologous nridated PBL (5 x 10 cellvwddl) were added bk md weradiited PBL (S X 10° cedls well)

PBL. Lymphocytes  Lymphocytes +

st PRL*®
Medunt A"’ a0 UTE,. 3™ 2wrx 52
4@},}8&:& fa HUE 260+ 159

930 ik e Ny v o 100 225w+ 20

o, Ba' &13 ak,m wlZZi: A 20150+ 1480
93 . & yEs “347 ot B asise 3
COB o dzalioe 4 ;25 108w 121
AnteT3 A WS & 200 T Sk 297 41183 £ 2471
/44183 & 2209 2}2& 85 36390 + 1456

To9s0 = 547
19827 £ 1586

43433 + 1303
52743 £ 2109

PHA A 619331858

B 58253 % 1165

refer to the same activity reference date of I Fuithermore
microscopic imspection confirmed that practically ail the cells
n the culture were umformly transformed The 1adioactivity
mcorporated mto a given surface antigen thus 15 a good
approximation for the relative numbcr of 1ts copies per ccll
when the cells of a given donor are compated throughout the
activauon period It may then be concluded that the T90/44
expression mereases at least in proportion with the cell surface
area 1n the blast transformation m view of the stecper mnerease
of TY0/44 when comparced to that of class For LEFA 11t cinnot
even be excluded that the cell surtice density of TY90/M4 i the
PHA blasts 15 higher than mn resting cells

(A) (B)
DAY 7 % y 0 o= P
v, .
DAY S W oA ] M
DAY 3 w o Q FEERRVES VI
.
pavo o v ow oo o -
SIS ¥ Mmooy e oy
S Lo ¥ v > a & g 0
< o § @ & Q 9 g o
is 2
[T56254 ]

Figure 4 Reditive expression of 19044 md ol relurenee intiens on
PBL of two donois nd o PHA wtivition  thoe intisens weid
immunoprecptated from aliquots of surtce wodinted PBL atdy 0
3 S and 7 cultured in the prosence ol PHA d 11 2 The Jowar part ol
the columns refers o the epm of meorportied * Tin the first donos
the tota] height ot the columns refers to ¢pm ncorporated ' Tin the
second donor (A) LTA Ulwrge kD1 subumit [[TA I(1)] nd sl
subunit {I FA 1(2)] class 1 antigen heavy chan (MHC 1) B micro

globulin {B) 190/44 4 3 intigen (4 3) translerniniccepton (TR) chiss
1T nugens DRa § and DQa 3 The columns m put (B) rehune
those 1 pait (A) of the figure were seiled up by 1 fictor of 3 The
incosporated radioactivity per > X 107 celis of the second donot e
given 1n sl ficlds below the columns in units ol ¢pm

PBL*

2324 16

632 = 929
8095 = 648
2092 £ 209

20 57 a) PBL* — urudnited PBI

88+ 20 b} Cdlls of two donots A tnd B were cultuied mn
15447 & 927 ]I:{(Pgﬂ 1640 medium supplemented with 10
6489 & 519 ¢} Muan cpm and stindud devition (g e

20250 £ 1417 culturcs) of meorpor wed { HdThd © 1o 6

13740 £ 550 d) > 6 ug/ml
o) 1 dug/ml

4 Concluding remarks

The number ot the diffcrent 1 cedl suthwce intigens throush
which the intracellulu actis won puthw v Cin be wdiessed
and which therefore can iy ite I ddls into prolifer ton 18
small At present the TVT3 comples nd the TH antreen i
known to belong to this cliss of codb sufce moleeukes {13
The present results together with the previous findings on the
functional effects of 9 3 mAb [» 7 S} lo e hitle doubt tha
T90s44 also can recen ¢ mutogeme mforny iton 190 44 formalls
mects the essentaal citen which detine 1 rceeptor moleaud
115 expressed at the cell surt e binds aspeatic lmnd and s
a4 consequence changes 1n ol function are measwed A
1eeeptor funchion of T90/44 theretore wannot be eacluded 1nd
to search for a physiologic higand n further studics meht be
Justified

There 15 1rm evidence that T90M ind the e/f} heterodimnie
Trare d stinet gene products The subunits of TY0 H Cwnot be
iesolved mto separate binds by 1 vurety of clectrophorene
metheds whereas Tt consistently 1s resohved into «ind f sub
units of different molecul u mass [ 25 6] Furthermore 1t
wd found that T9O/44 and I3 cannot be comodulated |7 %
15] T90/44 therctorc 15 mdependent of the 1eeepton stiucture
which appears to be the complete antigen recozmtion st |1]
1t may then be concluded that the wetivation through T90 dd s
independent of antigen If the ume pomt i the T eell actng
tion process at which T90/44 mught tunction is ¢v dutied the
turther sigmificant finding that 9 3 mAD dircctly o1 i combiny
tion with phorbol esters mduces [T 2 and 1L 7 reeeptor expres
ston {7 8] has to be conside 1ed Any seeeptor function of T80
44 then would have to be pliced in the peniod before T 211 2
teeeptor mterwtion 1T eodl iy stion s viewad ool o
tory mulostep sequence of successive ctowth sianals Howeve
the presently available datr do not dllow the Onclusion th
triggarmg of TY0/44 15 1 obligitory step i such 1scguence
The activation through 190/44 rather mizht represent i
gen ndependent bypass ot the Ti T3 complex Models of ool
actiyation pathways bascd on the latter issumption would pro
dict that a prumary activatmg signal receved by the Tr T3 0om
plex may become modulated by the mput of sccond iy sub
thicshold signals o accessory recepton(st Pricocdh bt
the functional cffects of 93 mAb 1eported af they do not
prove models of the Titter type it e it ne consistent sith it
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Any model of T90/44 function has to take into account the
important finding that the 9.3 mAb can either block or pro-
mote proliferation. The former is found in the inhibition of the
specific response to M. leprae in the cloned T, cells; the latter
is clearly documented in the mitogenic effect on resting lym-
phocytes in the presence of monocytic cells, FCS and high
antibody concentrations or in the enhanced responses to PPD,
TT and PHA (Table 3; [5, 7, 8]). This apparent dichotomy of
functional effects is consistent with various models. It may be
envisaged that all growth-regulating signals either at the cell
surface or intracellularly ultimately converge on a common
biochemical pathway; if, furthermore, regulated feedback
loops play a role along this pathway, it becomes obvious that
depending on the status of the system the same receptor
molecule may elicit positive or negative responses. The high
level of expression of T90/44 in activated as compared to rest-
ing cells is likely to be one of the key factors which determine
whether a positive or a negative signal 1s generated at T90/44.

The authors thank Dr. R. de Vries for sumulating discussions. The
excellent techmical assistance of Ms. Anuwta Hofer and Ms. Diénne
Elferink 1s an essential part of this work. The generous gifts of mono-
clonal antibodies by Dr. B. Malissen (Marseille) and Dr. H. Spus
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