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Abstract

ROLE OF DIFFERENTIAL CLASS 1l ANTIGEN EXPRESSION IN ALLOSTIMULATION BY
HUMAN MONOCYTE HYBRIDOMAS
by
Abraham Shaked

Advisor:  Lloyd ¥. Mayer M.D.

A scrics of human monocytc hybridomas were generated by the
fusion of y -IFN activated peripheral blood monocytes with an HGPRT
dcficient promonocytic cell line, U937. Fusion cfficicncy rclated to the use
of y-IFN as the monocytc activator and ranged between 1-3%. These fusion
products wcre determined to be truc hybridomas by thecir acquisition of
donor HLA «class 1 gene products. In addition, thesc cells displayed
morphologic characteristics  distinct  from the U937 parent lingc,
hypcrploidy, as well as functional characteristics of normal maturc
monocytes (IL-1 and CSF sccretion, Fc mediated rosciting and phagocytosis
of immunc complexes). Onc unusual aspect of these hybrids was the
differcntial cxpression of class 11 antigens, HLA-DR, DP and DQ. Only one
hybrid clone, 16.1, expresscd HLA-DR  whereas others, 13 and 15, expressed
DP and DQ but no DR and the U937 parcnt line was class 1l Ag negative. We
utilized this unusual phcnotype to address the role of individual class 1l
Ags in the stimulation of an allogencic mixed lymphocyte reaction. All
threec class Il Ags were stimulatory in MLR as determined by the ability of

ctones 16, 13 and 15 but not U937 1o stimulate allogencic T cells. Further
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cvidence for this finding was obtained by the ability of antibodics against
distinct class Il Ags to inhibit MLRs in a manncr which corrclated to the
pattern of class I Ag expression on the hybrids. In addition, y-1FN
appcarcd to diffcrentially regulatc  DP and DQ cxpression on the hybrids,
downrcgulating cxpression on clones 16, 13 and 15 and uprcgulating
cxpression on U937 and clonec 8. The cxpression of DP and DQ dircctly
corrclated with the ability of these cells to stimulate a primary allogencic
MLR. Furthcrmore, when we analyzed the phenotype and function of
responding T cclls in the individual MLR cultures, it appcared that therc
was a preference for CD8+ T cells in MLRs where the stimulator was DR-
but DP, DQ+. Taken together, these data suggest that distinct class 11 Ags
may play an important role in thc rcgulation of T cell responses and that

specific T cell subpopulations may be D sub-region restricted.
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CHAPTER ONE

Generation and Characterization of human monocyte hybridomas

Intr i

Ccells of the mononuclcar phagocyte system (MPS) originate in the
bone marrow from a committicd mycloid progenitor ccll. Following
multiple successive maturational cvents, the ccells differentiate into blood
monocytes which traverse the circulation, ecnter the tissue and both
under normal steady statc and in inflammatory c¢xudates, diffcrentiate
into tissue or fluid macrophages. There is considerable cvidence to
indicate that monocytecs and granulocytes derive from a common
progenitor ccll. This common precursor is referred as to the colony-
forming unit-granulocyte, monocyte (CFU-G,M) bccause of its ability to
give risc to colonics of mononuclear phagocytecs and granulocytes in
bonc marrow culturecs (129). The growth of granulocytes and monocytcs
colonies in scmisolid gel cultures require the presence of a cytokine,
colony-stimulating factor (CSF)(130). It has been convincingly
dcmonstrated that gamma interferon activatcd monocytes induce the
cexpression  of monocyte specific CSF (M-CSF). This suggests that
monocytes can release autocrine growth factors (131). Negative feedback
mechanism for monocyte growth arc probably mediated by the relcase of
inhibitory factors which include prostaglandin E and lactoferrin (132).
The carlicst idcntifiable mononuclear progenitor in the bone marrow is
the promonocytc. The cell has a well developed Golgi complex and

contains pcroxidasc-positive granules. The promonocyte has poorly
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dcveloped phagocytic activity and has only a few receptors for the Fc
portion of the IgG (133). Fcw cell lines arc currently available which
rcpresent  various  stages of granulocyte-monocyte (HL-60 (121)) or
promonocyte (U937 (120)) preccursors. Maturc macrophages losc their
cytochemical peroxidase activity, and gain an cfficient phagocytic,
endocytic and killing capacity.  These cells become large, adhcrent, and
can develop pscudopodia. Tissue macrophages cxist in many forms,
including the alvcolar macrophage, the hcpatic kupffer ccll, peritoncal
and plcural macrophages, brain glial cclls and ostcoclasts. of
importancc is the fact that although these cclls acquire tissuc specificity,
these changes arc reversible.  Several groups have dcveloped monoclonal
antibodics identifying antigens cxpressed, with  varying degrees  of
specificity, on mononuclear phagocytic ceclls (MPC)(123,134). Thesc
markers, including the cxpression of class Il antigens, have proven to be
uscful in dcfining scvcral subscts of MPC cclls , however, the corrclation
bectween surface antigen cxpression and function is yet to be
dctermined(135). It has bcen previously reported that the presence or
absence of class Il antigens may scparatc macrophages into two scts cach
playing a different role in an immune response (136)

Within the immune response, cclls of the MPS function in the
following areas: 1) Host defense against cxtra and intraccllular
pathogens; 2) As scavengers to recmove antigens and nonorganic
compounds; 3) To iniliate immunc responses through stimulation and/or
antigen prescntation to immunocompetent T-cells; 4) Sccretion  of
various mecdiators which regulate the prolifecration and the production of
factors by lymphocytes and other non-mesenchymal cells; and 5)  Control

tumor growth.



At present it is difficult to clucidate thc molccular basis of human
and murinc monocyte/macrophage function.  Since the monocyte and the
macrophage arc tcrminally differentiated cells, studying their function
is limited to a poor yicld of a non-purificd hcterogencous population of
cclls which can be obtained from peripheral blood or ilymphatic tissucs.
The establishment of macrophage-like tumor cclls in the murinc system,
and carly promyclocytic cell lines in the human system has contributed
to our understanding of the function of the monocyte and macrophage,
however, studics with these cells arec hampered by their inability to
present the whole repertoire of cells of the MPS. In the human system,
unless induccd, these cclls are poor representatives of the mature
monocyte or macrophage. In the murine system there has been some
success in obtaining macrophage ccll lines by transfection with SV40.
Although these cells depend on external supply of CSF for continuous
growth, they function like normal resident macrophages in antigen
presentation, MLR, and IL1 sccretion (1). Applying the same technique to
obtain human monocytc cell lines, i.c. transfecting with SV40 dcpleted
from its origin of replication, was not successful (2). Early cxperiments
by Gordon ¢t al described an attempt to fusec mouse peritoncal
macrophages with mousc fibroblasts (3). The fusion product cxpressed H-
2 dcterminants of both parent and donor cclls, however, it did not acquirc
any spccific macrophage markers or function. Despite these insufficient
data supporting the production of functional macrophage hybridomas,
the authors  described, in a subscquent report, the successful fusion of
the same¢ macrophage population with mouse melanocytes (4). They were
able to dctermine differential kinctics of DNA and RNA synthesis in the

hybrids ceclls which presumably reflected the contribution of the




macrophage gecnes.  Although the data provided did not show the
acquisition of novecl macrophage characteristics in  the hybrids, it
supported further attempts to produce monocyte/macrophage hybridoma
clones. A successful and promising approach was offecred by Tzhoval ct al.
(5), who dcscribcd the fusion of murine splenic macrophages with a
mycloma B-ccll linec.  The rationale was to "frceze” the cxpression of
various monocytic functions in a continuously growing tumor ccll linc.
The fusion product between the mycloma cell and splenic adhcrent cells
had macrophage characteristics such as positive e¢sterasc staining,
phagocytosis, stimulatory capacity in MLR, antigen prcscntation
capabilitics, and sccretion of IL-1. More recently, Uchida ct al. (6)
rcportcd the successful gencration of murinc macrophage hybridomas by
fusing splcnic macrophages from an 1-AK mousc with an 1-Ad  P388DI
macrophage-like cell line. The fusion products had different
morphology, with larger adhcrent cclls than the P388DI1 cclls. The clones
dcmonstrated different capacitics to perform Fc or C3 receptor mediated
phagocytosis and IL-1 sccretion. The hybrids were ablc to stimulate an
allogencic MLR response and to present antigen to cither H-2k or H-2d T-
cells (7). The possibility that some cloncs were the products of fusion
bectween P388D1 and B cells, which contaminated the macrophage
population, was ruled out since the clones did not cxpress any lIg markers,
and had no translated mRNA for Ig. Subsecquent rcports describing the
diverse immunologic functions of these hybrids reinforced the
importance of decveloping such clones. Sclected la+ clones were unable to
inducc MLR response despite normal sccrction of IL-1 and the appearance
of IL-2 and IL-2 reccptor expression on responder T-cells (8). These

clones wecre thought to represent a distinct class of inhibitory




macrophages with somec being invoived in 1-1%  restricted suppressor T-
ccll induction (9. Sclected clones cxpressed tumoricidal activity and
sccreted tumor ncecrosis factor (10). We were able to obtain mousc
macrophage hybridoma clones 5§ and 59 (kindly provided by Dr. M. Dorf)
in order to study the sccretion of macrophage dcrived fibroblast
proliferation factor(s) (MDFPF). Wc¢ were able to show that non-activated
macrophage hybridoma, clone 5§, sccretes a 30 KD protein which could
specifically cnhance the proliferation of normal mouse fibroblasts. This
protcin was not sccreted by the parent tumor ccll line or by the other
hybridoma clone. Activation of the cells with lipopolysaccharide (LPS)
recsulted in an inhibition of the sccretion of MDFPF and an incrcase in 1L-
1 production. Thc protcin was distinct from IL-1 by its molccular wecight
(30kd vs. 15.5kd), as wecll as its pl (6.2-7 vs. 5-5.5) (11). We belicve that the
sccretion of this factor by the hybrid rcsulted from contribution of the
genes transferred from the tissuec macrophages used for the fusion and
represents a novel pathway for regulation of normal tissue repair or
chronic inflammatory recactions. Our initial work with mousc
macrophage hybridomas and the studics of Dr. Dorf's laboratory
underscore  the importance in  producing monocyte/macrophage cell
lines by somatic fusion in order to study macrophage function.

It is distinctly possible that the above described findings were duc
to sclection of functional clones of the P388Dl linc used for fusion, and
that macrophages arc not “"fusible” as terminally mature cells. The data
from the macrophage - B cell fusions arguc against this concept in that
these fusions were csterase positive, capable of phagocytosis, and able 1o
secrete IL-I (5). In the hybrids gencrated in Dorf's laboratory there was

acquisition of donor class Il antigens and the cells did not display any B



ccll characteristics. Therefore, it is obvious that monocytes can be
activatcd and fusible so that the approaches to produce
monocytes/macrophage hybridomas in order to look at
monocytc/macrophage function at the clonal level are plausible.

Recently Traves ct al described the cstablishment of cell lines from
somatic ccll fusion bectween human monocytes and mouse mycloma ccells
(12). Human monocytes wcre recovercd following adherence on  tissuc
culture dishes, fused with NSI mouse mycloma cclls and the hybrids were
sclected with HAT medium. The authors were able to show the
incorporation of human chromosomes in the mouse ccll linc. Some
hybrids were positive for non-specific esterase staining and cxpressed Fc
rcceptor as shown by immunec-mediated rosctting, although none had any
phagocytic activity. The cells secrcted factor(s) which augmented the
PHA response of mouse thymocytes consistent with IL-1. In their
discussion the authors admit that thcy were not able to rule out whether
most of their findings, including the expression of the Fc receptor and
the non-specific ecsterase staining, were contributed by the mycloma
cclls, However they were impressed by the ability to define IL-1- like
activity which was more likely to be contributed by the monocytes. The
hybrids did not express HLA products or any known monocytic markers.
Despite the lack of dcfinite monocytic function in this report, it supports
the results obtained in the mouse system that human monocytes are
indeed fusible.

The establishment of monocyte/macrophage hybridoma cell lines
in thc mousc and the human system can be viewed as an important tool to
study the immunological function of cclls of the MPS. Wec belicve that

this is a crucial step for better understanding of the human monocyte-




macrophage lincage, the rolc of these cells in monokine sccrction and
thc regulation of immune response by various class Il antigens on the
cell  surface.

In the first part of this work wec shall describe the successful
gencration of human monocyte hybridomas by thc fusion of an HGPRT-
deficient U937 histiocytic cell linc with gamma interferon activated
human monocytes. We shall also describe our cxpericnce in  producing
monocyte hybrids by using HL-60, a promonocytic cell linc as the fusion
partner. Wc shall describe various propertics of these clones such as the
cxpression of various surface monocytic determinants, the sccrction of
monokines such as interlcukin-1 (IL-'), colony stimulating factor (CSF)
and monocyte-derived sccretagogue (MMS). The hybrids were  also
capable of mediating somc macrophage functions such as immunc-
mediated rosctting and phagocytosis. Since our interest was focuscd on
the role of class Il molccules in the context of the monocyte/macrophage
in allorcactivity, wc shall describe in the sccond part of the thesis the
acquisition of various class 11 antigens on thc hybrids, rcsulting in their
ability to stimulatc mixed lymphocytic responses (MLR), and preliminary
data on the differential proliferation of T cell subsets in MLR as the result

of stimulation by diffcrent class 11 antigens.




U937:. The U937 cell line was derived from a paticnt with diffuse
histiocytic lymphoma (120)(gift from Dr. J. Larrick, Citus Corp.
Emcryville, CA). The cells grow as a non-adhcrent single cell suspension
in complcte medium. Cytochemical staining is positive for lysozyme and
non-spccific esterase but they are ncgative for peroxidase. Initial tests
for surface receptors revealed the presence of complement C3 and Fc
receptors in 30% of the cclis (determined by the binding of EA). The cells
arc ncgative for surface or cytoplasmic Ig. A small number of cclls are
wcakly phagocytic (<20%) asscssed by latex ingestion. Under normal
culture conditions the cells cxpresses surface class I molecules and
according to diffcrent studics can be induced to cxpress class II molccules
following stimulation with gamma intcrfcron. The cells were found to
sccrete IL-1 upon stimulation with LPS or PMA. The cclls do not stain with
any of the following monocytic markers: Leu M3 , S1, 839 (123) and anti-
DR (Vg2)(124).

HGPRT-deficient U937 cells: U937 histiocytic cell line was
mutagenized with cthylmcthancsulfonate ( 200pg/ml for 20 hr ). HGPRT
deficicnt mutants were sclected using 20 pg/ml of 6-thioguanine in the
culture medium. surviving lincs were subcloned twice. The cclls were
routinely maintaincd with 20 pug/m! of 6-thioguaninc in completc medium
(sce below) for 1 weck cvery 3-4 weeks.

HL-60: The HL-60 ccll line was derived from a patient suffering

from acutc promyclocytic leukemia (121)(kind gift from DR. A. Dimitriu-



Bona, Mount Sinai Mecdical center, New York, NY). The cclls grow as non-
adhcrent single cecll suspcnsion in complete medium. Cytochemicuai
staining dcmonstrates non-specific estcrasc and peroxidase. The cells have
no monocytic surface markers. but they can be induced to express class 1l
antigens and Fc receptor using 500 u/ml of gamma IFN. The cclls can be
induced to terminally diffcrentiate to morphologically and functionally
maturc granulocytes by incubation with wide varicty of compounds
including rctinoic acid and DMSO (125). Alternatively, incubation with 12-
o-tetradecanoylphorbol-13-acetate (TPA) will result in diffcrentiation to
the monocyte-macrophage lincage (126).

D 10: The helper T cell clonec D10 was dcrived from AKR/J niice
primecd with hen e¢gg albumin (OVA)(122) (kind gift of DR. R. Stcinman.
Rockefeler university, NY). The cells grow only in the presence of OVA
and irradiated splcnocytes from an H-2k  mouse (serving as an antigen
presenting cclls).  The rcquirement for antigen presenting cells and OVA
can be climinated by the addition of IL-1 or IL-2. Thus, this system allows
quantitative analysis of supcrnatants containing IL-1 or IL-2 rclative to a
known standard.

EBV 3 and 6: These spontancously transformed B ccll lines were
cultured from the healthy individual whosec monocytes were used to obtain
the hybridoma clones 13 and 16.1. The cclls were found to have the EBNA
genome (Kindly performed by Dr. W Rceves) and were proven to be B cells
since they were positive for specific B cell markers (CD 20), surface Ig and
sccreted Ig spontancously.  The cells were found to cxpress all HLA-D
region molccules (DR, DP, DQ). The cells were used to determine the donor
HLA type and in various bioassays.

Tiss ltur¢ _medium;
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Tissuc culturc mcdium used to maintain the ccll lines U937, EBV3,6,
monocyte hybridoma clones and normal monocytes was prepared from
powdered Iscove’'s modificd Dulbecco's medium with 25 mM Hepes buffer
(Gibco, Tissuc culturc products), supplcmented with 10% fetal calf scrum
(FCS) (Hazclton, Dutchland, Pa.), 2 mM L-glutaminc, 25000 units penicillin,
2.5mg streptomycin in 500 ml of medium (Gibco), and is decsignated as
complete medium (CM). For the¢ HL-60 and D10 cells the medium was RPMI
1640 (Gibco) with the samc supplemcent as above.

Mcdium for the MLR studics was RPMI 1640 supplemcnted with 10%
AB scrum or 5% agammaglobulincmic scrum (Normal voluntcers or
agammaglobulinemic paticnt), L-glutamine, penicillin/streptomycin  as
above, and is designated as MLR-medium.

lati H n lear ] nterflow
ntrif lutriation

Buffy coats from normal blood donors were provided by the Mount
Sinai Blood Bank. The cclls were resuspended in PBS and scparated from
contaminating rcd blood cells by Ficoll-hypaquc gradient centrifugation.
The mononuclear cells at the interface layer were collected, washed x3 and
diluted in PBS, 1% BSA at the dcnsity of 108 /m1. Scparation of the
mononuclear cells on the basis of the size and density was achieved by
utilizing a Bcckman eclutriation system as described by Wahl et al (127).
Prior to loading the cclls, the system was sterilized by pumping 400 cc of
70% ETOH through the tubes and the chamber. A total of 109 cells were
pumped dircctly to the chamber at flow rate of 6 ml/min with a rotor speed
of 2000 rpm. The cells were cluted by scquential incrcase in the flow rate
and wcre collecied in sterile tubes. At cach established flow rate 150 ml of

mcdium were collected and represented one fraction.  Aliquots from cach
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fraction were sized on ZBI Coulter counter and channclyzer (Hiatech, FL).
Initially, a representative  sample of cach fraction was stained by
monoclonal antibodics to common surface antigens on human pcriphcral
mononuclcar cells.  In subscquent experiments, the flow ratc was adjusted
for obtaining monocyte-cnriched fractions only.

Fusion pr 1

Previously published methods were used with some modifications.
The monocyte populations as well as the tumor line (growing in log phasc)
were washed in serum-frce medium three times.  Cells were mixed at the
ratio of 5:I monocyte to tumor cclls in 15 ml round bottom tubes. Onc half
ml of 30-40% PEG 1000-1500 MW (Sigma) was addcd to the pcllict for total
exposure of 7 min. The cells were centrifuged and the PEG was removed by
washing in mecdium (scc figure 1). The cclls were re-suspended as follows:
a) for the U-937 ccll fusion, the cells were re-suspended in CM containing
100 mM hypoxanthine, and were dispensed in 96 well flat bottomed plates
in 100 ul aliquots at a final dcnsity of 5x10% cell per well.  Azascrinc was
added 1o the wells after 24 hr at the final concentration of 1 pg/ml.
Medium was replaced every 3-4  days. Positive growing clones werce
cxpanded in 24 plaic wells and flasks, and subsequently were cxamined
for monocytic propertics; b) For the HL-60 cclls, following fusion, cclls
were gently re-suspended to 2x103 parcnt  cclls/ml in CM in a 25 cm? tissuc
culture flask. After overnight incubation the cells were fed with CM 1o
double the volume, and, after an additional 24-48 hr, Lcu-M3+/Vg2+ celis
were sclected by an indircct rosctting technique. Bricfly, 20x108  cells
were incubated for 30 min at 220C in 0.1 ml of a 1/40 dilution of cither Lcu-
M3 or Vg2 antibody. These cells were then washed 3 times in CM and re-

suspended in 0.5 ml CM. F(ab)'p goat anti-mouse lg coated oxRBC were




obtaincd by chromic chioride technique. On half ml of 2% goat anti-
mousc Ig coated oxRBC were added to the ccll mixture for 5 min on ice. The
mixture was spun for 5 min at 1000 RPM at 40C and replaced on icc for an
additional 30 min.  Cclls were re-suspended and layered over a Ficoll-
Hypaque gradicnt. The pelicted rosetted cclls were subjected to hypotonic
lysis with ammonium chloride (0.84%) and re-suspended in at a
concentration of 2x105/ml.  Aficr 7 days in culture, cclls or supcrnatants
wcre screened for activities in various assay systems.

LA in

A modificd two stage cytotoxicity assay was pcrformed on cach
hybridoma clone and the U937 cell line. The spontancously transformed B
cell line of the donor whose monocytes were fused and the fusion products
were used in this study served as a source to identify the donor HLA. The
pancl of antiscra with known HLA spccificity was absorbed with various
cell lines (137). The resulting, complement frce antiscra, was incubated
with the hybrids for 30 min at 370C in the presence of pre-scrcencd non-
toxic rabbit complement. Each test was performed in duplicatc and was
rcpcated at lcast twice. The degree of positive response was determincd by
colorimetric changes in the wells, and rcad by automaicd ELISA rcader
(courtesy of Dr. M. Fotino - Rogosin Institute, NYC).

Staining assay:

2.5x105 cells were placed in a 96 well V-bottom plate and were
washed X3 with PBS containing 1% BSA, 0.01% sodium azide. The cell pellet
was resuspended with 50 pul monoclonal antibody culture supernatant, or
an equivalent concentration of ascites fluid and/or commecrcial
monoclonal antibody (final concentration of 5 pg/ml Ig) and incubated for

45 min on ice. The cclls were washed x3, resuspended and stained with the



addition of 5 pl/well of fluorescein conjugated goat anti-mouse F(ab')?
antibody (Tago). After an additional 45 min of incubation on icc the cclils
were washed x3 and were processed for cxamination. For ncgative
controls, mycloma protcins of known isotype wecre matched by the
appropriate isotypes and used in all cxpcriments. Slides were examined
with a fluorcscence microscope ( Leitz Orthoplan). Positively staining
cclls were scored by counting 200 cclls, and the number of positive cells
wcre cxpressed as percentage of the total ccll preparation.  Quantitative
cytofluorometry was performed on non-fixed or fixed (Coulter fixative)
cclls with an Epics C cytofluorograph.

Intcricukin  1/2 assays:

Clonc D10.G4.1 (a gift from Dr. R. Stcinman) is a helper T cell clone
obtained from a primed AKR/J lymph node ceclis (H-2K).  Cells were
maintained in RPMI mcdium supplemented with 10% FCS, 100pg/ml cgg
white protcin, conalbumin, and irradiatcd splenocytes from an H-2k
mousc, as antigen presenting cells, at the ratio of 1:10. The cells
prolifcrate in the presence of IL-1 or IL-2 in the absence of foreign
antigen and antigen presenting cells. D10 cells at log phasc growth arc
scparated from splenocytes by Ficoll-Histopaque gradient, washed x3 and
resuspended in RPMI 10% FCS and deprived of IL-1 or IL-2 for 24-48 hours.
To test for IL-1 or IL-2 activity, 2x10% cclls were cultured in 0.2 ml RPMI
medium containing 5% FCS with the addition of IL-1/2 containing
supcrnatants, in triplicate, at various dilutions. Standard IL-1 curves were
obtained for cach assay using known concentrations of recombinant IL-L

Cells were harvested afier 65 hr, following a 16 hr pulse with 1 pCi of 3JHTdR

and processed for scintillation counting.
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Preparation of antibody-scnsitized crythrocytes (EA): Ox red blood
cells were washed x3 with PBS and wcre incubated with 50 pg/ml of
purificd polyclonal goat IgG anti Ox crythrocyte antibody for 45 min at
40c. Following incubation, the ceclls were washed x3 with PBS and
resuspended  at 1x108 cells/ml in CM. Radiolabcling of the cclls was
performed by incubating the cells with anti-Ox and 50 pCi of Sicr
(Amcrsham Corp., Arlington Hcights, IL) for 1 hr at 370C. The cells were

washed x3 with PBS a1 resuspended at 108/ml in CM.

Preparation f minj -1r h rythr EN):
Sheep crythrocytes were washed x3 with RPMI. The ccells pellet were
incubated with 100 pl of ncuraminidasc (1 wunit/ml, vibrio cholera,
Calbiochem, Berhing Diagnostics) diluted in 20 ml of CM, for 1 hr at 370C.
Following incubation the cclls were washed x3 in RPMI and re-suspended
in CM. The cells were used within the first two weeks of preparation. Sler
labecling was performed as described for the EA.

Immyne medi ing: 5x103 monocytc hybridoma cclls and
frcshly isolated monocytes were combincd with 2.5x107 EN or EA. All
experiments were sct up in duplicate.  The mixtures were centrifuged at
500 RPM for 5 min and incubated at 370C for 1 hr. Afier incubation the
cells were resuspended in CM and were assessed by direct visualization
using a phase microscope. A sample from cach tube was mounted on a
slide, and the ratio of roscited and nonrosctted cells was determined
(positive rosctics were binding of at least 4 RBC/cell).

Phagocytosis: Immune mediated rosctting was assayed as described.
Dircct visualization of phagocytic capacity was assessed after lysing free

Ox RBC and roscttes with 0.84% NH4Cl, and by direct visualization of
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internalized cclls. Quantitative assessment of phagocytic activity was
tcsted by the uptakc of 51Cr labeled EN or EA cells. The cells were washed
and assaycd for phagocytosis as described above.  Following lysis, the cells

were washed x3, and the pcllet was counted in gamma counter.

kin

The ability to block immunc-mediated rosctting and phagocytosis  was
tecstced by precincubation of the ccils with 1 pg/ml of monomceric mousc
mycloma I1gG or anti Fc antibody. Following saturation of thc rcceptors,
the cells were incubated with antibody coated EA and phagocytosis was
determined.  Cells to be tested were washed x3 with RPMI. 1.5x100 cells
were resuspended in CM in the presence of S0 pg/ml of purificd mousc
mycloma IgG1(MOPC 300, ATCC), 1gG2a (LPCl, ATCC), I1gG2b or anti-Fc
antibody 3G8 (kind gift of DR. J. unkcless, Mount Sinai Mcdical Center, NY).
The cclls were incubated in the cold for 45 min. Following incubation the
cells were washed x3 with RPMI and resuspended in CM. 0.5x106 cells were
incubated with 1.5x107 S1Cr labeled anti-Ox IgG coated OxRBC in 15 ml
round bottom tubes. The cclls were spun for S min at 500 RPM and were
incubated for 60 min at 5% CO2 370C.  Following incubation, thc OxRBC
were lysed with 0.84% NH4Cl, the cclls were washed x3 with PBS and the
pelict was counted in the gamma counter. All studics werc done in
triplicate, and repeated twice for cach cell linc.

CSF_assay; A short term scmi-solid culture was utilized as previously
described (128). Bone marrow cclls of normal voluntcers were suspended
in McCoy 5a medium supplemented with 10% FCS, 10% monocyte hybridoma
conditioned medium and, as a control, 10% of giant cell tumor conditioned
mcdium containing colony stimulating factor (Gibco). Warm agar was

added to a final concentration of 0.3%. The suspensions were aliquoted in
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35 mm petri dishes, in triplicates at a final ccll concentration of 2x105/m1.
The culturc was allowed to solidify. The plates were incubated at 379C 5%
CO2 atmospherc for 10 days. Colonies wcre scored by direct visualization as
plus or minus 40 cclls per aggregate. The assay was rcpeated twice for
ncgative supcrnatant and thrce times for positive supcrnatant.
Monog¢lonal antibodies: The following monoclonal antibodics
(Mab) were used throughout this study for staining cell surface
dcterminants of normal monocytes, monocyte hybridomas, U937 ccll linc,
and the EBV transformed B ceclls. For staining, the monoclonals were uscd
cither directly from hybridoma supcrnatants or diluted ascites. As
control, an isotype matchcd mycloma IgG was used for cach staining.
Monocyte specific; OKM1 (coulicr), Mab P9 (Leu M3)(1gG2b), S1 and
S39 (IgG2a) were kindly supplicd by Dr. A. Bona. This pancl of Mab stain
70-93% of normal periphcral blood monocytes with  similar tissuc

distribution (123). These markers are not expressed by our U937 or HL-60

cell lines.
B ccll spegific;
Mab B1 (IgG2a) CD20 is found on all maturc pecriphcral B
cells.

Mabs TB28-2 and 1.155.2 (IgGl) specific for human kappa and
lambda light chain respectively (ATCC, HB61 and Becton Dickinson).
T cell_specific;
Mab T3 (IgGl, Coulter) is found on all maturc peripheral
blood T cclls, and is associated with the T cell receptor.
Mab TI11 (IgGl, Coulter) is found on 100% of E positive
rosctting lymphocytes.  Although the antigen is present on rarc mycloid

leukemias, it is not cxpressed on our U937 cells.
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Mab T4 (IgGl, Coulter) is present on 60% of circulating T
cclls, This population is functionally dcfincs the human inducer T ccll
subsct for T-T, T-B, T-M interaction .

Mab T8 (IgG1, Coulter) is present on 35% of circulating T
cells and is functionally defincs the human suppressor/cytotoxic subscts.
D-region specific:
Mab 5G2.1 (IgGl) kindly supplicd by Dr. S. M. Fu dcfines
non-polymorphic regions specific for thec DR framework (124).

Mab S34 (Dr A. Bona) an anti-framcwork human D-region
antibody.

Mab Genox  3.53 (1gGl) directly binds polymorphic
dcterminants of the class 11 antigen which is the product of the HLA-DQ
region (ATCC, HB 103).

Mab Lcu 10 (IgGl) dcfines a class Il antigen which is a
product of the HLA-DQ rcgion (Bcecton Dickinson).

Mab B7/21 (IgGl) initially described as rcactive with HLA-DR,
was subscquently dctermined to rccognize HLA-DP  specificitics, Ascites
was kindly provided by Dr. Stcven Burakoff.

ific;

Mab U26, 28, 48 wecrc developed against U937 ccll line.  These
Mabs arc not ecxpressed on monocytes or macrophages but weakly stain
circulating granulocytes (kindly supplied by Dr. A. Bona).

nirol anti i

MslgGl, MslgG2a, MslgG2b  (Coulter) are  monoclonal
antibodies with no specificity for human tissuc and scrum proteins. These
Mabs were uscd as control in surface staining assays.

Mousc mycloma protgins;
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1gG1: MOPC 300, ATCC

1gG2a: LPCI, ATCC

Statistical analysis: The data arc cxpressed as mcan and standard
crror of the mcan in all cxperiments. Comparison between groups were
pcrformed by using the standard student T-test or ANOVA (analysis of
variances). Protcin concentration (monoclonal antibodies) were
dctermined from standards using lincar regression curves. All statistical
analysis was pcrformed using Statview 512+TM, Interactive Statistics and

Graphics package, Abacus Concepts, inc.
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In order to obtain

a rclatively purc population of monocytes we resorted to the method of
counterflow clutriation.  As scen in figure 1, the sequential increasc in
flow ratc rcsulted in cluticn of larger (lower density) cells (as asscssed
by a Coulter Channclyzer). It can be clcarly seen that the PBL can be
divided into two groups once the contaminating RBC and platclets arc
climinated (pcak 1), The first group of smaller B and T cclls (pcaks 2-6),
and sccond group consisting of the large monocytes (pcaks 7-9). This was
also confirmed by staining isolated fractions with anti- T3, T11, Bl and P9
(Figurc 1, upper right corner). At flow ratc of 6 ml/min all the red blood
cclls and platelets passed through (pcak 1). Incrcasing the flow rate
scqucntially 1 ml/min from 7, 7.6, 8.6, 9.6 and [0.6 ml/min (group I, pcaks
2-6), rcmoved the majority of the B and T cells since cells in this group
staincd positively with anti- T3,4,8 and B1. Of speccial interest was the
climination of the majority of the B cclls in the sccond fraction. Thus,
using this mcthod, wc significantly rcduced the probability of gencrating
B c¢cll-U937 hybridomas which do not express B cell characteristics and
could be mistaken for representing functional monocyte subpopulations.
This is in contrast to previously published reports where the
monocyte/macrophage population was sclected by one hour plastic
adherence, a technique which Icaves a large population of adherent B

cells in the preparation.



Peripheral blood lymphocytes
%T cells %B cells %monocytes o
(OKT3+) (Bl+) (Lue M3+)
Fraction # 1 Plaiciets and RBC only
2 54 42
3 100
4 100
5 90 2 S
" 6 65 7 25
g 7 10 87
g 8 8 91
e 9 12 S 81
—
—
)
]

cell volume (p3)
Figure 1: Cell size profiles of a representative counterflow elutriation of human peripheral blood mononuclear fractions

1-9, as determined on ZBI coulter counter and channelyzer. The majority of monocytes were eluted in fractions 7-9.

0c
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The majority of the monocytes were cluted in fraction 7-9 with
flow rates of 11.6, 13.6 and 15.6 ml/min (pcak 7-9). Cells from thosc
fractions were 81-91% positive for OKM3 and S39. Since we noticed some
contamination of fraction 7 and 9 with T cclls and B cclls (as shown by
surfacc staining for OKT3,4,8 and B1), we cxclusively used fraction 8 (P9-
91%, CD3- 8%, Bl- 0%), realizing that a monocyte subpopulation may bc
prcferentialy sclected in this manncr.  These cclls were plated on tissuc
culturc dishes and trcated with gamma IFN. Only the adherent cells were
uscd for fusion. In gencral we were able to obtain 50x100 monocytes from
cach buffy coat.

Ib. Fusion and sclection of monocyte hybrids: U937 histiocytic cell
linc was mutagenized with cthylmethancsulfonate and grown in an
incrcasing conccntrations of 6-thioguanine. An aminopterin  sensitivity
assay with the mutagenized parent line revcaled a narrow gap between
the toxic dosc of aminopterin 8x10-8M for normal U937 cell and killing of
3-5x10-8M for the HGPRT decficient U937 cells. In contrast, there was
large difference between toxic level of Azascrine (>S5 pg/ml) and cidal dose
for th¢ mutant cclls (0.5-2 pg/ml) lcaving significant room to manuver.
Peripheral blood mononuclear cells, cnriched for monocytes and
activated with 100 units/ml of recombinant gamma IFN, were fused with
the HGPRT dcficiecnt U937 cell line genecrated by Dr. J. Larrick. Gamma
interfcron was used since we found in scveral experiments that it was the
most promising cytokine for fusion efficiency.  After fusion, cells were
cultured in completc medium containing Hypoxanthine-Azascrine at a
final concentration of 1pg/ml. Microscopic growth appcarcd 6-9 wecks
after fusion (Figurc 2). In two of thrce successful fusions, we wecre able

to isolatc spontancously transformed B ccll lines which were used as
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Figure 2: Scheme for generation of monocyte hybridomas
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controls for HLA typing studics. In the initial fusion wc were able 1o
obtain 11 cloncs (fusion cfficiency of 1%), and with 2 subscquent fusions
we were able to obtain 6 and 1 clonc respectively (fusion cfficiency of
0.6-0.1%). Thus, it appcars, that duc to the tcrminal stage of maturation of
these ccells, fusion cfficiency is low.

Since fusion cfficiecncy was so low, altecrnative approaches were
attcmpted.  Fusion with HL-60 was problcmatic, however, since sclection
with cither HAT or HA was impossible duc to tcrminal maturation of the
cclls in the presence of these compounds. To circumvent this we tried to
sclect  hybrids by rosctting cells with monocytic surface antigenic
dcterminants such as Luc-M3, S39 or anti-HLA-DR. Initially, we were able
to obtain hybrids which werc positive for these markers, however, there
were many contaminating HL-60 cells.  We were unable to obtain clonal
populations of thesc hybridomas despite our cffort to subclonc the
monocyte hybrids as soon as possible following fusion. We assumc that
this failure was duc to rapid loss of monocyte chromosomes and followed
by the loss of monocyte characteristics and the expression of cell surface
dcterminants.

We were unable to obtain monocytc hybridomas when the fusion
partner was onc of the commonly uscd HGPRT dcficicnt lymphoblastoid
cell lines such as 0467 or the KR4 human mycloma ccll line. In all the
attempted fusions using the above lines and monocyte enriched fractions,
thc product was proven to be cither a T or B ccll hybridoma, since it

expressed T or B cell surface determinants.

Wc¢  could demonstrate that our fusion products had new

charactceristics: (1) There were diffecrences in the morphology when
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comparcd to the parent ccll line, (2) The cclls had an incrcascd number of
chromosomes, (3) The cclls obtained novel monocytic markers. The cclls

wcre truc hybrids since they aquired donor HLA antigens.

Ila, Morphology: The parent cell line U937 grows as single
uniformly round cclls in suspension. It is non-adhcrent in tissuc culturc

dishes. The cytoplasm is clcar with few dark granules, the ccll surfacc is
smooth with occasional 2-4 dendritic-like cextensions.  Somc of the hybrids
cxhibited distinctive morphology. Clones 13 and 20.3 wecrc non-uniform
populations of large to small cclls, the cytoplasm was a smooth with few
large vacuoles and onc to four nuclcoli. Clone 13 cells shown in figurc
3b, arc larger than the U937 parent cells (figure 3a.), with most of the
cells round with smooth cell surface while the other have multiple
pscudopodia and dendritic-like extensions. This linc was cloned and
maintained their variation in morphology. In gencral the cclls were not
adhcrent on tissuc culture dishes, however, 30-40% of clone 20.3 adhered
to plastic. This property was rapidly lost in continuous culturc
conditions, prcsumably due to loss of specific chromosomes. Other clones
such as 9, 11 and 16.1 werec morphologically indistinguishable from the
U937 parent cell line. In prolonged culture, and specifically following
frcczing and thawing, the clones such as 13 and 20.3 tended to losc their
morphological characteristics and would either die or acquirc the U937
morphology. These phcnomenon was usually associated with loss of
specific function as well.

The cells were initially studied for their chromosome number. The
U937 had 44-47 chromosomecs while hybrids uniformly had more than 55
chromosomes. Clonc 13 had more than 100 chromosome on rcpeated

testing.



Figure 3:

a. Parent cell line U937. b.

Monocyte hybridoma clone 13.
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The ratc of growth was different for various clones with doubling
time of 36 hours for cloncs 13 and 20.3 compared to a normal U937
doubling time of 18 hours.

I i hybri ; Elutriated enriched
monocyte fractions were obtaincd from buffy coats of blood donor
voluntcers suppliecd by the Mount Sinai blood bank. In onc of the
successful fusions we were fortunate cnough to isolatc a spontancously
transformed B ccll line from the same donor as well as monocyte
hybridomas. These ccll lines in addition to the U937 werec HLA typed and
comparcd to the ecxpression of HLA antigenes on the hybridomas. As
shown in 1able 1, the U937 ccll linc cxpresscs HLA A3 and BS, 18, which is
in agrecement with previous reports of this line. The donor cells
cxpressed HLA A9, 11 and BS, 49. Both donor and U937 sharcd Bw4 and Bwé6
and BS5 specificitics. Initially, most of the hybrids cxpressed all U937 HLA
dcterminants, However, clone 9 and 14 were positive for the donor A9, in
addition clonc 14 was weakly positive for All. Clone 8 wecakly expressed
A9 and All in addition to the U937 A3 antigens. Clone 12 was wcakly
positive for A9, while clone 11 was wcakly positive for A1l.  The initial
finding that hybrids were positive for the donor HLA B49 was not
supported by repcated tests using differcnt antisera. Clone 13 did not
acquircd any of the donor HLA antigens and appeared to lose the HLA BI18
expression of the U937 cells.

We were able to identify the HLA-D rcgion products expressed on
U937, the transformed B cells and clone 16. The results confirmed that the
U937 did not cxpress any HLA-D region molecules. Hybridoma clone 16
however expressed HLA-DR 2 and DQ 1, while the donor B cells expressed

HLA-DR 3, 5 and DQ 2. It is obvious that the D-region molecules of clonc 16



baype A3 Ax  BS B8  Bwa Bwe oeype A3 A1l BS B4 Bws DR3.5 DQ
Hybrid #
8 4+ 44 3+ 3+ 3+ +/- +/- 44 2+ 44
9 44 a4 2+ 4+ 3+ 4+ 44 +- 3+
1" 44 4+ 2+ 3+ 3+ weak 4+ 2+ 3+
12 4+ 4+ 2+ 3+ 4+ +/- 3+ 2+ 3+
13 44 2+ 3+ NT 2+ 3+
14 44 4+ 2+ 3+ 3+ 3+ +/ 3+ 2+ 3+
18 4+ 4+ 2+ 3+ 3+ 3+
16 44+ 4+ 2+ NT NT 3+ 2+ 3+ DR2 DN
20 44+ 44+ 3+ 3+ 3+ 3+ 2+ 3+
Table 1: HLA typing of the monocyte hybridoma cells revealed shared class | expression with the parent line U937. in addition,

some of the hybrids aquired HLA- A9, 11, as well as B49 from the donor cells.

probably constituents of the original U937 genome.

Clone 16 now expressed DR2, DQ1 which are

L
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were not contributed by the donor cclls, but we can not cxclude the
presence of a transacting factor which induccd the DR 2 expression on
the hybrid, which was donated by thc monocyte partner as suggested in
othcr systems (24,25).

These results indicate that our monocytc hybridoma clones arc
indced truc hybrids, sharing both donor and parent line HLA
detcrminants.

llc, Surfacc cxpression of lymphocytic markers: The ability to
identify new  hybrids by the acquisition of specific cell surface
determinants indicate the functional cxpression of ncwly incorporated
chromosomes. As cxpected, the hybrids expressed surface detecrminants
found on the U937 cells idcntifiecd by Mab U28, and U48. The hybrids did
not ecxpress any B ccll markers idcentificd by Mab BIl, surface or
cytoplasmic kappa or lambda light chains and did not sccrete
immunoglobulins.  Staining with a pancl of T ccll markers such as Mab
T3, T4, T8 or T11 were ncgative. The hybrids were ncgative for Mab Luc
M3 or OKMI1 but thecy show various cxpression of monocyte specific
markers S1 and S39 (Table 2) (after cxclusion of non-specific binding by
Fc gamma rcceptor).  Clone 13 also cxpressed the Fc receptor in higher
density detected by Mab anti-FcRIL

The lack of B or T ccll markers on the new hybrids concomitant
with the cxpression of monocytic markers S1/39 and the Fc receptor
indicate that these clones are fusion products of blood monocytes and the

U937 ccll line.

Functlional assecssmgn f _human monog¢ hybridomas



mAB

u4s

S1

S39

B1

T3

Cell line

uaesz 6 13 14 15 16.1

Stalning intensity

++4+ - +++ +4++ +++ +4++
++4+ ++ ++ +
++4+ +++ +++ +
+++

Table 2. Surface staining of monocyte hybridomas with specific mAB S1 and S39. These molecules are
absent on the U937 parent line, or the transformed B cell line (B1+). All hybridoma clones and U937
were stained with U48 mAB, but failed to stain B or T cell markers. Staining was assesed by fluorescent
microscopy as well as flow cytometry. (- negative, + weak, ++ moderate, +++ strong staining).

6¢
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Initial studies were performed to  determine  whether  thesc
hybridomas were now capable of monocyte rclated functions not
demonstrable by the U937 parent linc. Threce cxperimental approaches
were  used 1) assessment of IL-1 sccretion. 2) rosctting with and
phagocytosis of antibody coated red blood cclls and  3) sccretion of other
monocytc-derived factors such as colony stimulating factors and
monocyte- derived sccretagogue peptide.

Ila, Seccrction of interleukin 1 (IL-1); IL-1 production is a

property of monocytes and macrophages. This important
immunorcgulatory monokine is sccreted by activated cclls during an
immunc responsc.  This monokine has ubiquitous cffects, but importantly
acts on T cclls to render them capable of cxpressing interleukin 2 (IL-2)
rcceptor which is usually accompanicd by seccretion of IL-2. Although
scvcral groups have demonstrated that U937 ccells can secrete IL-1 when
stimulated with lipopolysaccharide (LPS), not all U937 lines have this
capacity. The line maintained in our laboratory sccretcs minimal
amounts of IL-1 after stimulation with LPS. It was thcrefore of interest to
determine whether our hybrids could now sccrete IL-1 constitutively or
after stimulation with LPS. As scen in figure 4a, significant seccrction of
IL-1 was noted in hybrids 13, 16, 17 and 20, only after stimulation with
LPS, using the murinc IL-1 scnsitive D10 T cell line assay. The remainder,
like U937, werc uninducible (clones 8, 9, 14, 15) or sccrcted minimal
amounts of IL-1 after LPS stimulation (clones 11, 12). The supcrnatant did
not contain any traccable amount of IL-2 since they were incapable of
supporting the growth of IL-2 sensitive CTLL cell line (128). The amount
of IL-1 sccretion could be determined by comparing a dosc response

curve for cach hybridoma supcrnatant with a standard IL-1 curve using
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Figure 4: A. Constitutive IL-1 production in monocyte hybridomas ( [ll) and after
LPS stimulation (B) as assessed by the D10 cell line. Only clones 13,16,17 and 20
secreted significant amount of IL-1 upon LPS stimulation.

B. A dose response curve was used in order to determine IL-1 aclivity
(determined by the D10 cell line assay). Clone 13 and clone 17 (1.5 and 0.8 units/ml
respectively) secreted significantly greater amount of IL-1 than the U337 parent cell line.
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available recombinant IL-1 (Figure 4b). Following stimulation with 10
pg/ml of LPS for 48 hours, clones 13 and 17 secreted 1.5 and 0.8 units of IL-
1/ml respectively, while clone 16 sccreted 0.15 and U937 sccreted only
0.05 u/ml of IL-1 under the same conditions. These results support the
assumption that somc¢ hybrids indced posses functional monocyte
characteristics such as IL-1 secrction.

111 Imm 1 i n h is: Sincc many
monocyte functions arc mediated by binding of antigen/ antibody
complexes to the Fc receptor followed by internalization and processing,
it was appropriatc to assess thc ability of our hybrids to bind immunc
complexes and follow their progression into the cell.  The percentage of
immune-mcdiated rosetting for anti-Ox 1gG coated Ox red blood cclls
(OxRBC) of U937, monocyte hybridomas and freshly isolated human
monocytes is shown in table 3. U937 cclls and clones 8, 11, 12, and 13,
cxhibitcd some degree of rosctting with the coated OxRBC. However,
initially clones 20 and 9 displayed similar rosctics compared with normal
monocytes. The binding for clone 20 was morc than 10 RBC/hybridoma
ccll.  This ability to roscttc antigen coated RBC was lost in culture by clonc
9 and rctained in clonec 20.3 (subclone of 20). We could clearly
decmonstrate that the attachment was immune-mediated since non-coated
OxRBC did not bind to thc hybrids. Incubation of the cells with
ncuraminidasc scnsitized sheep RBC was not associated with attachment,
indicating the lack of other surface receptors (such as for mannosc)
which are¢ responsible for Fc independent attachment and phagocytosis.

Although there is some corrclation between the phagocytic
activity and rosectte formation, rosectting per se was not synonymous with

phagocytosis. The functional heterogeneity which is demonstrated for
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Ox RBC Rosettes Phagocytosis
% %
PBL Monocytes 71 50
U937 10.7 6
Clonc # 8 20.3 18.3
9 49.1 20.1
11 13.6 0
13 241 6.1
15 5.6 11.9
16 4.9 1
17 6.5 5.6
20 64.1 34.1

Table 3: Binding (rosctic formation) and phagocytosis of IgG coated ox RBC of is
compared to normal freshly isolated PBL monocytes. There was a heterogenicity in both
rosette formation and phagocytosis among the hybrids when compared to the normal
monocytes or the U937 parent line. The ability of binding was not necessarily associated
with phagocytosis suggesting that the two processes were differentially acquired.




34

subpopulations of human macrophages appcars to be cxpressed by the
hybrids (13). The dcgrce of phagocytosis in the normal monocyte was
less then that reported in the literaturc, but was reproducible in our
hands. As scen in table 3, the capacity for rosctte formation and
phagocytosis is clcarly dcmonstrated by the human monocytes (13) and
clone 20. Although there is a good corrclation betwcen the these two
functions in clonc 8, there is no phagocytosis in clone 11 despite binding
of coated OxRBC (13.6%). Similar results in the murinc sysicm (14) wcre
assumed to bce related to the presence of a poorly phagocytic
subpopulation, or duc to polymorphic Fc receptor with the expression of a
rcceptor which docs not trigger ingestion.

The ability of clonc 20 to bind antigen coated OxRBC is
dcmonstrated in figure Sa.  In the uppcr pan, the attachment of multiple
RBC to the cells is evident following mixing of the OxRBC and the
hybridoma cclls at the ratio of 50:1. Thc ceclls were spun at 50g and the
undisturbed pelict was incubated at 370C for 60 minutes. The cells were
mounted on slides after gentle resuspension and were directly visualized
under the microscope.  The lower figure (figure Sb) was taken following
lysis of surfacc attachecd OxRBC with 0.84% NH4Cl. The phagocytoscd
OxRBC can bc scen inside the hybrid using phasc microscopy.

Hic, Phagocylosis of S1Cr labeled OxRBC: Although microscopic
cvidence suggests an  active FcR in  these hybrids, qualitative and
quantitative asscssment of phagocytosis and the role of Fc receptor in
immune mediated phagocytosis can be better demonstrated by the uptake
of 31Cr labeled anti-Ox IgG coated OxRBC by U937 and hybridoma cells.
Following incubation with labcled Ox RBC, the cells were resuspended in

0.84% NHA4Cl for 5 minutes, the pellet was washed x3 with PBS and counted




35

Figurc 5: a. Rosctic formation with 1gG coated ox RBC by clone 20. b.

Following lysis of surface attached ox RBC, the phagocytosed cells arc scen

insidc the hybrid.
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by gamma countcr, As shown in table 4, clone 20.3 where we could
visually dctect phagocytosis, there was a higher uptake of SIcr oxRBC
than the U937 cclls. In agrcecment with table 3, clonc 16 had lowcr uptake
of the S1Cr than the U937 cells. Of interest was the low uptakc of clonc 9.2
which had lost the ability to phagocytosc the Ox cclls despitec repcated
sub-cloning of the cclls, a phcnomenon which is probably associated
with hybrid instability.

Cells were pre-incubated with mouse mycloma IgG 1, 2a, 2b or the
anti-Fc receptor Mab 3G8 followed by incubation with the labeled OxRBC.
Although the level of Ster uptake was low, a significant dccrease in
phagocytic activity was producced by the IgG2a protein and not by other
isotypes or the 3G8 antibody (Table 4), confirming that the binding and
the phagocytosis arc mediated through Fc receptor specific for murine
IgG2a. Thus we were able to demonstrate that Fc dependent rosctting and
phagocytosis which can occur in some of the monocyte hybrids, is
different from the U937 parent cell line, and presumably represents a
function contributed by the donor monocyte.

1 reti f ! imulatin ; Although IL-1
appcars to bc a major monokinc rcgulating T and B cell function, other
monokincs may also have cffccts on the immunc response. It has bceen
suggested that IL-3 and other colony stimulating factor(s) (CSF) may
affcct lymphocyte activation. This family of molccules is capable of
supporting the clonal proliferation of hematopocitic progenitor cells in
vitro. Some factors such as IL-3 are capable of supporting the
prolifcration of colonics of multiple cell lincages, including ecrythroid as
wcll as mycloid precursors, while others such as the human GM-CSF are

capable of supporting cclls of the granulocyte-macrophage (G-M) lincage




Cell line

Ue3? 20.3 9.2 16.1
CPM 51Cr

antibody 2597 4943 2109 1985

Preincubation with  IgG1 2281 5270 NT NT

IgG2a 2575 2306 NT NT

IgG2b 2281 4914 NT NT

anti-Fc (3G8) 2482 5467 NT NT

* P,0.005
“* Not tested

Table 4: Uptake of chromium labled OxRBC by monocyte hybridoma clones compared 1o U337 demonstrate the
enhanced ability of clone 20.3 bind and internalize IgG2a coated OxRBC. This process is biocked by preincubation
with 1gG2a myeloma protein, but not IgG1, IgG2b or anti- FcR mAB 3G8.

LS
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(15). GM-CSF has been shown to be sccreted by numecrous tumor cell lines
and is capable of acting in an autocrine fashion. It has also been ascribed
to normal monocytes and macrophages (16). Using a standard colony
forming unit assay, we added graded concentrations of hybridoma
supcrnatant to the fceder layer of normal bonc marrow cultures. As
shown in 1table S5, thrce patterns cmerged with regard to colony
formation. Two hybrids (clones 13, 20) appcared to sccrcte a factor
capablc of stimulating colony growth (dcfined as morc than 40 cclls
faggregate), and was comparable to the cffect produced by the positive
control for this assay, supcrnatant from a giant ccll tumor known to
sccretc GM-CSF. U937 and 4 other hybrids (clones 8, 9, 15, 16) inhibited
colony formation, while other cloncs demonstrated intermediate cffects
on growing colonics (clones 12, 14) and were not different from the
platcs with mcdium alonec without CSF. The stimulatory capacity, which
did not appcar to correlate with IL-1 sccretion, does appcar to be a form of
CSF.  Under direct visualization the colonies with there large cclls were
typical for the granulocyte-monocyte lincage and could be distinguished
from crythroid coloniecs which are usually smaller, denscer, and contain

hecmoglobin.



Controls Supernatant Source

+CSF -CSF U937 #8 #9 #13 #15 #16 #20
Colonies (#) Colonies (#)
Experiment 1 38.3 15.7 0 1.7 0.3 37 0.3 0.3 46
2 33.7 3.3 0.3 o 1.3 39.3 1 0 37.7
3 47 12.3 41.3 40

Table 5: The ability of supernatant from unstimulated hybridomas to support colony growth of bone marrow cells. Clone 13 and
20 display CSF activity comparable to CSF control (10% gaint cell tumor conditioned medium) while U937 and clones 8, 9, 15 and

16 inhibit colony formatiom.

6¢
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Discussion

The role of the monocyte/macrophage in rcgulating an immunc
rcsponse has beccome incrcasingly apparent n studies of T and B ccll
activation. This regulation is mediated via a) thc monocyte's ability to
process antigen, b) the interaction of cell surface molecules and
processed peptides with T cell receptor, and c¢) the sccretion of regulatory
monokincs. However, up to now, the ability to study distinct rcgulatory
mcchanisms has bcen hampered by the heterogencity of freshly isolated
monocyte/macrophage preparations and the lack of immortalized clonal
ccll lincs in both murinc and human systcms. Recently two groups have
described the successful immortalization of cclls of the monocyte lincage,
in mousc by cither wvirally induced ccll fusion or fusion with a
mutagenized monocytoid ccll line P388D1  (1,3,5,6). These studics
decmonstrate that monocytes arc capable of further activation to a state
where fusion is possible.  Use of such ccll lines has cnhanced the ability
to study ccllular intcractions as well as to identify specific monokines
(10,11).  In man, the availability of monocyte lincs is even morc limited,
with few lines representing only carly stages of monocyte maturation
and failing to cxpress class Il gene products. U937 has been a valuable
sourcc of IL-1 for isolation and cloning (17), but other monokincs have
not becen isolated or well characterized from this line.  The ability to
immortalize normal human monocytes is a major stcp forward in the
characterization of monocyte function.

In the first part of this work we describe the establishment and

characterization of human monocyte hybridomas. The fusion products
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were  diffcrent from the U937 cells by virtue of thcir morphology.
acquisition of chromosomes, cxpression of novel ccll surface antigens
(monocyte spccific and class I/Il antigens), and the ability to function as
maturc  monocytes/macrophages. They were proven to be truc
hybridomas since the acquired the HLA class | antigens. We conclude
that human monocytes, despite their terminally differentiated state, arc
fusible.  Our findings arc supportcd by studics performed in the murine
system (5,6,12).  Although successful fusion in thesc cascs was achicved
by fusing macrophages with a B cell linc (5), our initial cxperience using
various human HGPRT decficient B ccll lincs was discouraging.  Attempted
fusion with another carly monocytoid (histiocytic) ccll line, HL60, failed,
since the fusion process induced these cells to tcrminally diffcrentiate in
the presence of sclection medium containing cither 6 thioguanine or
aminopterin. We scleccted U937, a promonocytic cell line, since 1) This
cell line is monocytoid, 2) It does not cxpress maturc monocytic markers
(including class Il molecules), 3) and does not display normal
macrophage functions. Under such circumstances the ability of the
fusion product to cxpress features of mature monocyte is sccondary to the
presence of newly acquired or activated genes in fusion. These genes can
cither function primarily in systems unique to thc new hybrid, or may
produce factors which can regulate the expression of other genes in the
original tumor cells. Scveral problems innate to human hybridomas werce
also cvident in our initial fusions i.e. chromosomal instability, lack of
fusion and poor fusion efficiency. We ulilized a counterflow elutriator to
secparate rclatively high number of unmodified monocytes from
peripheral blood, cnhancing our numbers and chances for successful

fusion. Our results clearly dcmonstrate that an cnrichment of  >95%
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LucM3 cclls is casily obtaincd in numbers cxceeding 108 from onc unit of
blood (500cc). Although we may have sclected a subpopulation of
monocytes by this process. Following multiple fusions we found that,
with our tcchnique, a fusion cfficiency of 1-3% could bc obtained.
Morcover, prolonged incubation periods (up to 6 weeks) were required
before the initial growth of the hybrids was cvident.  Although scveral
approaches to fusion werc attempted, maximal fusion cfficiency was
achicved utilizing gamma interfecron activated purificd (by clutriation)
peripheral monocytes fused with the HGPRT deficient cell line U937. The
approach of PEG as a fusion agent appcars to be better than the previous
attcmpts of virally mediated fusions since our protocol has resulted in the
gencration of a scries of unique and functional hybrids(20). Our results
using the technique described above were confirmed by other groups
(18,19).

It was impcrative to prove that our fusion products werc truc
hybrids and wecrc capablc of  functioning as maturc monocyltcs. The
acquisition of donor class I molecules, HLA A9 or All, strongly suggested
that our fusions wcre truc hybrids. However, Clonc 16 cxpressed HLA-
DR2 DQ! antigens while the donor cclls cxpressed HLA-DR3,5 DQ2.
Isolation of DNA, restriction cnzyme digestion and probing for DR and DQ
in U937 rcvcaled a DR2,S DQI phenotype. These data suggest that the
fusion induced the cxpression of cndogcnous class H  genes in U937
probably by the acquisition of genes cencoding specific transacting
factors (87,88). No sccreted factors werc responsible for the expression of
class Il aniigens on the hybrids since we were able to demonstrate (data

not shown) that incubation of normal U937 ceclls in the presence of
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supcmatant of clonc 16 was not associated with upregulation of class 11
expression.

In addition to class 1l gene products, we wcre able to distinguish
the hybrids from the U937 cclls by morphologic criteria, as wcll as by
mcasuring thc numbcer of chromosomes rclative to the U937 cclls.
Finally, the abscnce of distinct T and B ccll surface antigens along with
the monocyte characteristics described above made it unlikely that these
hybridomas resulted from the fusion of activated lymphocyics with the
U937 parent.

Thus, the major findings in this part of the study were the fact
that these hybrids acquired novel functional capabilitics, allowing for
morc carcful cvaluation of specific monocyte functions. Our monocyte
hybridomas wcre comparcd to the maturec monocytc by: a). the ability of
these cclls 1o sccrete various mediators which are esscential in  the
stimulation of T cclls, b). phagocytosis and proccssing of various
antigens, a typical fcaturcs of the mature monocyte and the tissuc
macrophage, c¢). sccrction of monokincs, d). the ability to actively
stimulate an allogencic MLR and to activate different T cell subscts.  The
MLR studies will be described in the next part of this thesis.

Initial cxperiments demonstrated that unstimulated U937 cells or
monocytc hybridomas do not sccrete IL-1. In contrast, the LPS stimulated
hybridoma clones 13 and 16 as well as freshly isolated monocytes produce
significant amounts of IL-1. Our mutagenized U937 did not respond to the
same stimulus by secrction of IL-1. Soluble IL-1 alone doecs not seem to be
ceffective in the induction of proliferation of resting T cellis. The
activation of T cclls depends upon the physical presence of APC ( ?

cognate interaction) (21). In our system we managed to produce a ccll
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which can sccrete IL-1 and, as will be shown later, is able to stimulatc T
cclls.

An important role for the monocytc/macrophage in the initiation
of the immune rcsponse is the uptake of antigen by the APC, the
brcakdown of thcse antigens by cndolysosomal ecnzymcs, and their rc-
cxpression complexed to class 11 molecules. This Ag/MHC complex is
rccognized by the T cell receptor of helper T cells.  Alternatively, binding
of large macromolecules followed by digestion may climinate an cxcessive
antigenic load in the system (i.c. the role of the liver macrophage-
Kupffer ccll as a scavenger cell for various gut antigens  cntering the
portal system (22)). Many of these processes arc mediatced by the binding
of antigen-antibody complexes to the Fc  receptor followed by
intcrnalization and processing. We were able to demonstrate that most of
the clones (expressing Fc receptor) could roscttc and phagocytose anti-ox
IgG coated ox RBC. Thc immunc mediated attachment and phagocytosis is
a unique function of maturc cells of the monocyte lincage and is not
found with U937, supporting our conclusion that our hybrids rcpresent
various stages of maturation. The ability of some hybrids to demonstrate
phagocytosis of antibody coated red blood cells has allowed us to use these
cells to study mcchanisms of antigen processing.  Ccrtain hybrids have
demonstrated an  incrcased ability to take up soluble protecin antigens,
process them and re-cxpress them on the cell surface ( i.c. casein and
tctanus toxoid-K. Spcrber, A. Shaked and L Mayer, in preparation).

In our last sct of cxperiments we clected to test the sccretion of
various known monocyte mecdiators by the new hybrids, thus
demonstrating the uscfulness of cloned monocyte hybridomas in the

characterization of monokines. Various clones wecre able to secrcte
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factors with CSF-like activity. The stability of these human hybridomas
rcmains an  issuc. It has been well recognized that human-human
hybrids arc gecncrally unstable, losing chromosomes during periods of
prolonged ccll culture (23). Our monocytc hybrids have been initially
stable in terms of maintaining surfacc phenotype (i.c. presence of
monocyte surface antigens) but have rccently demonstrated significant
chromosomal loss and some loss of function. Maintenance of stable
hybrids has bcen aided by repcated subcloning and ccll freczing.

In summary, wc werc able to produce an important tool, human
monocyte hybridomas, which can aid to our ability to study thc role and
function of cells of the monocyte/macrophage lincage in immunc
rcsponscs  and ccll-cell communication. Wc focused our attention on
utilizing these hybridomas to study the function of distinct class [l
molecules in allogencic responses, described in the second part of this

work.
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CHAPTER TWO
Role of diffcrential class Il antigen cxpression in allostimulation by

human monocytec hybridomas

INTRODUCTION 1l

Earlicr studics of tissuc and organ transplantation, recognized that
the fatc of the graft was dectermined by a set of antigenic dcterminants
which were the products of closely related genetic loci termed the major
histocompatibility complex (MC). Subscquent studies dctermined that
the products of the MHC participate not only in allorecognition but arc
also responsible for self recognition and normal immunorcgulatory
pathways. Morc rccently, a system of non MHC alloantigens, termed Mils,
has also bcen described to explain the histo-incompatability of MHC
identical mice. Initially MHC dcterminants were distinguished on cells
bascd on a panel of antiscra against class | and class II antigens (i.c
"secrologically dcfined"”) or by the ability to stimulate allogeneic
lymphocytes of the same species to undergo blast transformation with the
gencration of cytotoxic T-cells (CTL). This "mixed lymphocyte response”
or MLR could bc mcasurcd by an increase in 3u thymidine incorporation
by the responder T cells after six days of culture. It has become clear that
MLR is mediated through rccognition of class Il antigens on the cell
surface (I-A, I-E, HLA-D), whercas cytotoxic T-cells recognize class |

antigens (k, d, HLA-A,B,C). Class Il antigens are predominantly present
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on B-cclls and monocytc/macrophage/dendritic cclls, whereas class |
antigens arc ubiquitous on nuclcated cells.

Class 1 _molegyles: Class 1 molecules arc sct of transmembranc
glycoprotcins of around 44KD that arc typically associatcd with a light
chain, 2 microglobulin. The hcavy chain is cncoded within the MHC on
chromosome 17 in the mouse and 6 in human (26), while the B2 is cncoded
outside the MHC on chromosome¢ 2 in thc mousc and 15 in human. Class 1
molccules function as restriction clements in MHC restricted cytotoxic T
cell responses. The T cell receptor on a cytotoxic T cell recognizes forcign
ccll surface antigens presented on cells that bear “self” class I molecules
rcsulting in stimulation of the T-cells and lysis of the target (27). The
role of class 1 in scif/fnon-sclf discrimination is cvident in the observed
immunologic phcnomena such as graft rejection and cell mediated
lympholysis.

Class Il molecules: Class Il antigens consist of two chains of 34 KD
(a, hcavy chain) and 29 KD (8, light chain) (28). Each chain consist of
distal and proximal external domains, a transmembrane domain and
cytoplasmic tail. Each of thc external domains (cxcept the distal a chain)
has a two cysteic acid residucs which form a disulfide loop. The chains
arc non-covalently linked, however, the c¢xact three dimcensional
arrangement of these molccules is  still unknown dcspite the recent
crystallographic analysis of class 1 molecules. The distal cxternal
domains show marked diversity, while the proximal external domains as
well as  the transmembrane and intracytoplasmic portions are well
conscrved. The «class 11 molecules are structurally related to
immunoglobulins, as part of the 1Ig supergene family, and thcir

organization into polymorphic first and conscrved seccond domains is
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rcminiscent of the variable and constant regions of immunoglobulin
molccules.

The human HLA class Il genes arc located on the short arm of
chromosome 6 centromeric to the class 1 genes.  The whole region is
roughly 1100-1500 kb with scveral wcll decfined as well as less well

defined sub-regions (29). The DR sub-region (analogous to the I-E region

of the murine H-2 1 region) is composed of onec DR a gene and 3 DR B genes
(30).  Gencetic polymorphism is confined 1o the B genes and account for
the distinct specificitics of the gene products (DR haplotypes). DR a,
sequenced by different groups, was shown to have only onc amino acid
polymorphism in the cytoplasmic domain (31). This conscrvation
probably rcflects strong constraints on the structure rcquired for
appropriate association with the polymorphic B chains and ultimately
with the T ccll receptor.  However, other a genes of DQ and DP chains
posscss cxtensive polymorphism. This finding rules out the cxistence of a
common site of binding for the T ccll receptor on the a chain of the class
I1 molecule. The DQ sub-region (analogous to the I-A region of the
murinc H-2 | rcgion) has ecxtremely polymorphic a, § chains (32,33). The
available antiscra rccognize polymorphic dcterminants on the o chain
product. The combination of polymorphic a, p chains in the DQ molecule
may rcsult in an incrcascd number of variant DQ molecules in the
population. The DP genc is analogous to the non-cxpressed Af3 genc in
th¢ murine H-2 1 region (34). Its degreec of polymorphism is not clear
sincc there is cvidence for identity between scquenced genes of different
cell lines (35). At present only these thrce D-region molecules DR, DQ and
DP can bc dctected on the cell surface by monoclonal antibodies

(36,37,38).  Scquencing analysis suggests the cxistence of at least three
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morc subregions at the gene level- DX (a possible duplication of DQ), DZ
(DO) and SX (39,40). It has not bcen determined whether DX and DZ are
cxpresscd, although northern blots using mRNA probes for DZ a suggest
low lcvel cxpression on a few B cell lines. SX appcars to be a pscudogenc.
The overall diversity between o chains fall in the range of 55-61%
whereas 60-70% of the B chain demonstrate diversity at the amino acid
level (41). This may arisc from gecne duplication with subsequent
mutation and/or genctic cxchange (by genc conversion) creating new
patchwork gcnes (42,43).

DR, DQ and DP class Il antigens as the products of the lg supergenc
family, dcmonstrate significant homology with diffcrent domains of class
I antigens and the immunoglobulin hcavy and light chains. The common
structurc may play a role in the control of immunec rcsponses.  Allelic
variations arc morc pronounced in the cxtcrnal domains and similar to
the immunoglobulin variable domain there are “hypervariable” rcgions
which arc surrounded by more conscrved rcgions (44,45). This
hypervariability is gecncrated cither by genc conversion followed by
sclection and fixation, or by point mutations. There is no cvidence for
somatic rcarrangements in class Il genes. The large number of
polymorphisms in the first domain may rcflect a positive sclection for
polymorphism, while in the seccond domain there is a conscrvative
sclection pressurc. Although data are accumulating with regard to the
genes encoding these molecules, little is known about their regulation
and their functional importance. Scquencing  data has allowed
indentification of two wcll conscrved blocks rclated to the promotor site.
The conscrvation of thesc promotor clements in the human and the

mouse system suggest thcy have a functional role in the coordinate
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control of class Il expression (46,47). It is not known however whcether
the control by these promotor regions involves suppression or induction
of class Il expression.

Regulation of class II molecule cxpression:  Activation of human
monocytes and macrophages from various sources, or the promyclocytic
HL-60 cell line with gamma IFN uprecgulate the cxpression of D region
molccules (48,49). Human fibroblasts and vascular cndothclium, which
have no constitutive class Il antigen cxpression are induced by gamma
IFN to cxprcss DR and DP antigens (50). However, not all class 11
molecules are capablec of being induced by gamma-IFN (mRNA lcvels for
AB3 in the murine system and DX, DZ in the human do not show any
diffcrence following trcatment with gamma IFN (41,51)). Taken together,
with the available information of the genctic mapping for the HLA-D
region, it is possible that gamma IFN is directly involved in controlling
the promotor regions of the class Il genes (52). In the experiments
rcported to datc gamma IFN was capable of uprcgulating class 11
cxpression suggesting a dircct cffect by the molecule.  However as shown
in our cxperiments, as well as others, the differential up or down
regulation of different class Il molecules suggests scparatc control
mechanisms for different class Il molecules. Morcover, the finding that
fusion products of a class Il necgative B-cell lincs with a normal class Il
cxpressing cell line resulting in the expression of the DR haplotype of
both cells, suggests the existence of other positive trans-acting
regulatory factors (24,25,53).

The role of class Il molecules in  self-nonsclf discrimination:

Although the immune response to common antigens is commonly

dissected into T cell recognition, generation of helper/suppressor T cells
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and  production of antibody by B cclls, these processes would not occur
without the intcraction of the monocyte/macrophage. In models of T-cell
responscs, macrophages non-specifically cendocytose bulky antigens,
brcak thcm  down by cndo-lysosomal dcgradation to rccognizable
antigenic components, and complex thesc “processed” antigens with class
Il antigens to be rc-cxpressed on the surface of the macrophage.  These
la/antigen complexes can now be recognized by the appropriate T cell
rcceptor.  In addition, these class Il molecules can be recognized by a sct
of alloreactive T cclls as well to initiatc similar immunc responscs.

The role of HLA class Il molccules in the recognition of non-sclf in
the context of self is clearly demonstrated in the primary mixed
lymphocyte rcaction.  Peripheral blood T cells from onc individual can be
induced to prolifecratc upon rccognition of allogencic class Il antigens on
irradiated lymphocytes from anothcr, unsclected individual.  The nature
of the stimulator c¢ell in the MLR is still somewhat controversial.
Although there is good cvidence that la positive dendritic cells are quite
potent stimulators of primary MLR, there arc new and old data
demonstrating a role for the monocyte/macrophage, EBV transformed B
cclls lines, endothelial and cpithclial cells in  allostimulation (54,55,56,57).
The common dominator in all these stimulator cells is the presence of
class II molecules on their surface, However, expression of class II by
itsclf is not sufficicnt for the rcaction to occur. An example of this is
found using la positive purificd lcukemic B cells which by themsclves are
poor stimulfators of MLR (58). In fact, in cases where stimulation by B
cells occur, the response has been reported to be abolished by
pretrcatment of the responder cclls population with anti la and

complement, suggesting the interaction of an autologous macrophage in
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this rcaction (59). This is not the casc when the stimulator population is
monocytes or macrophages. These data suggest that, in some cases ( i.c B
cclls), contaminating accessory cclls in the rcsponder population arc
responsible for the stimulation scen (perhaps by processing and
presenting alloantigens of the stimulator cclls). Thus it may bec that
many MLR responscs arc not only duc to class Il molecule recognition but
also may involve other surfacc molccules or the reclcasc of
growth/promoting factors.

1-6% of all responder T ccll populations are allorcactive (60,61).
This massive response to allogencic MHC but not xcnogencic MHC which
occurs in thc mature or thc germ-frce animal, led to a few theoretical
modcls rcgarding the mechanism of alloresponsiveness. Jernc proposed
the cxistence of scparatc alloresponsive T cell populations, unaffected by
the thymic sclective process (62). These cclls would recognize allogencic
MHC in the samc manner as antigen specific T cell recognition of seclf
MHC combincd to antigen. This thcory was not generally accepted based
on the high frequency of alloreactive T cells for a rclatively high
number of forcign MHC. It was also demonstrated that cytotoxic T cells
from bulk MLR could recognize and lysec unmodificd allogencic cclls as
well as hapten modified (but not unmodificd) syngencic cells (63). It was
concluded that the responsc was carricd by cclls bearing rcceptors
specific for allogencic MHC determinants and antigen/hapten modificd
sclf MHC.

Later cxperiments, wusing murine cloned T cells, showed
uncquivocally that the same cell could recognize antigen in association
with sclf MHC encoded molecules as well as allogencic cells. They were

able 1o propagate these cclls in culture cither by the addition of
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syngencic APC and the antigen used for priming or by the addition of
allogencic irradiated cclls which serve as stimulators without antigen
(64).  These cxperiments directly demonstrate that the allorcactive T ccll
population ovecrlaps with the sclf MHC + antigen specific T cell
population. Morcover, allorcactivity, oncc present, ecxhibits a grecater
degree of cross rcactivity than antigen spccific responscs (66).

The demonstration that the same T cclls can respond to sclf MHC +
antigen and to allogencic- MHC led to the scarch for cither one binding
sitec, or T ccll receptor which would rccognize both allogencic and
modificd sclf MHC or two rcceptors on the same T ccll, one for
allorcactivity and onc for sclf MHC + antigen (67,68). Using monoclonal
antibodics as probes to identify onc vs. two scparate receptors on the same
T cell, Kayec and Jancway gencrated a helper T cell clone DI10.G4.1 which
could bc inducced to prolifcratc by OVA and 1-Ak accessory cclls and was
allorcactive in response to I-AP stimulator cells (69). F(ab) fragments of
3D3 monoclonal antibody, against the T ccll receptor of the DIO cell line,
were able to block the proliferative response to either I-AK accessory
cells + OVA or to I-Ab gtimulator cclls alonec. The antibody precipitated the
samc hctero-dimer which in rctrospect was the T cell receptor.  This work
supported thc model which suggested that both allogencic IA and sclf TA +
antigen are rccognized by the samc receptor molecule. Other  studics
utilizing the samec technique have confirmed this conclusion (70).

Since self and nonself recognition is assigned to a single cell
rcccptor which can identify a class Il antigen positive target ccll, the
approach to explain the phenomenon of alloreactivity is based on
viewing forcign class Il molccule as modified sclf, or self plus antigen

(67,68). Most of the ecxperiments to datc have been directed toward the
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characterization of mechanisms in  which self class Il modified with

antigen is rccognized by the T cell, assuming that the same is truc for
allogencic- class I To account for the MHC restricted antigen
rccognition or allo- recognition two models for T cell- target cell

intcraction wcere suggested.  The first, the "self-altered modcl, suggested
the cxistence of onc T cell receptor which can reccognize an altcred site(s)
on the MHC moleccule; the sccond proposed a "dual recognition” of onc
receptor for a rccognition unit of the MHC molecule and another for an
active sitc on the antigen (71,72). In these studics, protcin fragments or
synthctic peptides substitute for native antigen in a system in which the
T helper cell activation  in vitro is mcasurcd in the presence of antigen
presenting cells.  The binding sitc on the MHC class Il molccule is viewed
as a polymorphic internal ligand cncoded by a polymorphic region.  This
ligand is normally bound to internal receptor (perhaps on cach chain of
the class Il molecule), the immunodominant peptide can displace the
internal ligand and take an cquivalent gcometry on the receptor (67).
Forcign ligands arc scen by the T cell as analogues of the internal sclf
ligand and the comparison of internal ligand with an cxternal ligand
would form the basis for sclf -nonsclf discrimination. When the forcign
ligand is indistinguishable from the internal ligand there will be a "holc”
in the repertoire which will lcad to sclf tolerance. In the casc of
allorcactivity, the internal ligand, which is composed of a number of
polymorphic residucs will be scen as forcign. Each polymorphic residuc
will present a different foreign antigen in the context of self. Hence, a
large number of T cells will respond to single alloreactive class Il

molecules and explains the large number of responding allogencic T

cells.
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The rccognition unit of the T ccll, the T-ccll receptor, is a disulfide
-linked hetcro-dimer, consisting of a and B chains with an apparcnt
molccular wcight of 50-40 kd in human (73). The genes encoding the T
cell receptor are members of the immunoglobulin supergene family and
of genc scgments which rcarrange during ontogeny to gencrate clonally
distributed rcceptor molecules.  Four T cell receptor gencs-a, B, v, and &
arc organized like the immunoglobulin light and hcavy chain gencs,
cach with its own variable (V), Joining (J), diversity (D) (not found in the
a gene), and constant (C) scgments (74).  Using the same mcechanism for
the gencration of diversity as in the immunoglobulin genec family, the
cnd product is mcembranc associated molccule bearing variable and
constant domains, which are specialized in their rccognition of altered
MHC class 1 (for the suppressor/cytotoxic T cell) or class I molecules (for
helper T cells).  Analysis of the o and B chain scquences in antigen
specific T ccll clones reveal that both a and B chains are involved in MHC
plus antigen specificity (75). Diffcrent VB gene scgments correlate with
thcir ability to rccognize antigen in association with different MHC
molccule (76,77). Using specific Ja genes, scgments display new MHC
allorcactivity (77).

The introduction of T cells and accessory cells in an antigen
specific system results in the activation of the T helper cell population,
cxpression of IL-2 receptor, and the initiation of IL-2 sccrction. 1L-2
sccretion provides a sccond signal for a non-la restrictcd population,
cytotoxic T-cells, to prolifcrate (78).  Scveral studics have demonstrated
carly proliferation of helper T cells followed by a sccond phase of T
cytotoxic/suppressor ccell  proliferation (79). The appearance of sccond

phase proliferation is dependent upon IL-2 production and the expression
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of DR antigens on the helper T cells (80). The presence of T suppressor
cclls inhibits further prolifcration of fresh autologous T helper cclls
(81,82). The actual induction of spccific suppressor or cytotoxic ccells is
less clear.  Although it has bcen suggested that CD4+ T cclls recognize
class I and CD8+ T cclls rccognize class I, therc are scveral examples of
crossover.  The role of distinct D region molecules in the activation of
thosec T-ccll subscts remains to be clucidated. Such recactions can result in
the induction of both cytotoxic and suppressor T cells. It has bcen
dcmonstrated that stimulation by both DR and DP antigens can result in
the proliferation of helper and suppressor T-cclls (83,84). It was also
demonstrated that the HLA-DR molecule is dircctly implicated in the
proliferation of helper cclls in MLR whilec HLA-DQ molccules appear to
have recgulatory functions involving the activation of suppressor and/or
cytotoxic T cells (36.85). Unfortunately, all of these studics were
performed using cells which express multiple D region dcterminants.,  In
an attempt to look at the funciion of specific D region molccules, cosmid
clones for distinct a and B chain D-region molccules were transfected in
mousc fibroblasts or macrophage ccll lincs. The cxpression of specific D-
region products were documented by ccllular binding,
radioimmunoassay, immunofluorescence, and immunoprecipitation of
iodinated cell surface molccules (86,87,88). Only onc study could
demonstrate L-cell transfectants cxpressing  functional DP  molccules,
which werc able to present antigen and stimulate proliferation of a DP
restricted T-cell clone (86). Functional expression of DQ and DR molccules
have not as yct been demonstraied.  The inability of these transfectants 10

function as normal accessory cells, may be rclated to the lack of other
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macrophage dcrived factors, surface antigens or a combination of the
two.

Rccently, we have been able to gencrate human monocyte
hybridomas by fusion of normal activated pcriphcral blood monocytes
with a mutagenized U937 histiocytic cell line. These fusion products were
dctermined to be true hybridomas by the acquisition of novel
chromosomes, their ability to function as maturc monocytes and by the
cxpression of donor ccll surface antigens (see section ). Among the
acquired antigens arc the genc products of HLA-D region. Hybridoma
clones bearing combinations of DP, DQ molccules with or without DR
molccules have been isolated, allowing for a functional asscssment of
such combinations in the sctting of a truc monocytc. Such studies should
rcsult in a betier understanding of the intecraction of these molecules in
the immunc response and help to characterize the regulation of T cell
activation. Abcrrant cxpression or rcactivity to these molecules could
rcsult in scvere immunorcgulatory dcfects. In addition, these studics may
aid in undcrstanding as to why some antigens sclectively stimulate
specific T cell subpopulations. These antigens may preferentially
associatec with one D-region molecule and not others.  Should this be the
casc, onc would bec ablec to disscct out regulatory mechanisms, study their
roles in specific discascs of disordered immunorcgulation and potentially
be able to intercede in these disorders by re-rcgulation of antigen-class

II interaction.



Material h

Isolation of T cclls; Whole blood of hcalthy voluntcers was diluted
1:2 in PBS. Peripheral blood lymphocytes (PBL) were scparated using
Ficoll-Hypaque density gradient centrifugation. Following
centrifugation at 1800 RPM for 30 min the interface ccll layer was
rcmoved and washed x3 with PBS and resuspended in CM at final density
of 6x106/ml.  To obtain T-ccil populations, 30x100 cclls were mixed with 1
ml of ncuraminidase scnsitized sheep red blood cclls (EN) in round bottom
tubcs. The cclls were centrifuged at 800 RPM for 5 minutes, and incubated
on icc for 1 hour. Following incubation, the ccll pcilet was resuspended
in the CM and the the cclls were layered onto 3 ml of Ficoll-Hypaque. The
tubcs were centrifuged at 1800 RPM for 30 min. The pellet which
represents  the rosctted T-cells were lysed with 0.84% NH4Cl. The cclls
were washed x3 with PBS and resuspended in CM.  Since our initial studics
showed contamination of the isolated T-cells with < 5% monocytes, the
cells were further scparatcd by plastic adherence for 45 min. resulting in
less than 2% Luc M3+ cells, and over 95% CD3+ cclls. It is our experience
that in using these mecthods the contamination of the T-cells is minimum.
The ccells were resuspended in CM or MLR medium for further studics.

Isolation _of B cells; The interface layer of the Ficoll separated T
cell-roscties was removed and washed x3 with PBS.  The non-T-cells were
allowed to adhere for 60 min on tissuc culture dishes at 379C. The non-
adhercnt cclls werc > 90% B-cclls as judged by surface staining with Bl

antibody.
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Isolation of monocytes for MLR studics: The interface layer of the
Ficoll scparated T-cells was washed x3 with PBS. The cclls were allowed to
adhcre for 60 min at 379C in tissuc culture dishcs. The non-adhcrent cells
were recmoved and the plate washed x3 with PBS.  The adhcrent cells were
incubatcd overnight in a 379C humidified incubator with 5% CO;. The
looscly adherent cclls, including B-cells and dendritic cells, were
rcmoved by washing the plates x3 with PBS. The firmly adhcrent
population was removed using a rubber policeman, with gentle scraping,
and placed in a tubc on ice until used.

Mixed lymphocyte response- MULR;: U937 cells, monocyte
hybridoma clones were used as stimulators in unidirectional MLRs.
Autologous or allogencic monocytes, pulmonary macrophages and EBV 3,6
cells were uscd for various control studies as the stimulator populations.
The stimulator ccll populations were prevented from proliferating by
gamma-irradiation at an optimal dosage predetermined for each cell line.
105 respoander T-cells were co-cultured with various concentrations of
stimulator cells and the optimal responder to stimulator ratio was
dctermined  for cach population. Control cultures consisted of responder
and stimulator cclls incubated alone under the same culture conditions as
the mixed cells. The cells were cultured in 0.2ml MLR-medium in round-
bottomed microtiter plates (Linbro, Flow Laboratories Inc.) at 37°C in 5%
CO?7 for 6 days. 18 hours prior to harvesting, 1pCi of 3H thymidine (New
England Nuclear, Boston, MA) was added to ecach well. The cclls were
harvested onto glass fiber filters using a scmiautomatic PHD cell
harvester (Cambridge Technology, inc.), and the radioactivity was

mcasurcd by scintillation counting. Stimulation index was dcfine as peak
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response divided by the background non-stimulated T cells 3H thymidinc
incorporation.

Blocking MLR assays by anti-HLA D-rcgion Mab: MLR cultures
were sct up as described above. Monoclonal antibodies (anti-HLA DR
(5G2.1), DP (B7/21) and DQ (Genox 353)) were added as ascites, at various
concentrations, dircctly to the wells. In control cxpcriments, the
antibodics wecre pre-incubatcd  with  cither the responder or  the
stimulator ccll population for 45 min on ice, the cells were washed x3 with
RPMI and then co-cultured in the MLR. The optimal levels for complete
blocking were dctermined by dilution curves using various known
concentrations of Mab as mcasurcd by ELISA.

Intcrferon gamma modulation of ccll surface antigens:  Cell clones
grown in CM werc washed x3 with RPMI and resuspended in fresh CM at a
density of 5x10%/ml in two 25cm?2 flasks. 100-250 units/m] of recombinant
gamma interferon were added to onc of the flasks. The cclls wcere
incubated for 72 hours at 379C in 5% CO2 atmosphere. Following
incubation, the cells were washed x3 with RPMI and resuspended in CM.
The cells were checked for viability using trypan bluc exclusion, and
studicd in parallel for the expression of surface antigenic dcterminants
by surface staining mcthods, for the presence of mRNA for distinct D-
rcgion products and for their ability to stimulatc MLR.

Suaining of stimulated T c¢ells: Freshly isolated T cells and cither
irradiated monocytes, U937, monocyte hybridoma cclls were co-cultured
in microwells in MLR mcdium for 6 days as previously described. At this
point, the responding T «cells were removed, washed x3  with
PBS/BSA/Azide, and stained using a pancl of monoclonals against T cells

including T3 (pan T), T4 (hclper/inducer), T8 (suppressor/cytotoxic), 9.3
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(helper/cytotoxic) and 5G2.1 (HLA-DR). The cclls were stained as
previously described, and the percentage of positive cells was determined.

Suppressor/helper  assay for MLR-T blasts; MLR cultures were
performed by mixing 100 pl of responder E-rosetied T-cclls (105 cell/well)
with 50 pl of irradiated (4000 R) stimulators cclls (104 cell/well)
containing cither allogencic monocytes, the U937 cell line, monocyte
hybridoma clones 13, 16.1 or medium alonc (RPMI, 10% AB scrum). All
culturcs were performed in round bottom 96 wcll plates.  After 72 hours of
incubation at 5% COj, 370C, the T-ccll blasts (T*) were recovered. The
cclls were washed three times with RPMI and re-suspended in CM.

Suppressor cell activity of the T* ceclls was assaycd by mcasuring
the inhibition of IgG sccrction by freshly isolated autologous peripheral
blood lymphocytes (PBL) and PWM cocultured with the T* cells. 100 ul of
autologous PBL (105 cells/well) were mixed with 100 ul of T* cells
containing 105, 104, 103, or no T* cells in CM supplemented with 1% of
pokeweed mitogen (PWM) (Gibceo).

The helper assay was performed by meceasuring the enhancement of
IgG sccretion by freshly isolated autologous B cells with T* cells. The
cnhancement cffect was measured prior or following the irradiation of
T* cclls. 100 pl of autologous B cells (105 /well) were mixed with 100 pl of
irradiated or non-irradiated T* cclls containing 105, 104, 103 or no T*
cells in CM supplcmented with 1% of PWM.

IgG seccrction by the same PBL or B cells in the presence of PWM
served as basc linc positive control, and the absence of PWM as a necgative
control for these experiments.

The suppressor/helper assay was sct in triplicates in flat bottom 96

well plates. The cells were incubated for 8 days in humidified 5% CO3,
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379C incubator. On day 8. the supcrnatant was rcmoved to V-shaped 96
wcll  plates, the plates centrifuged for 10 min at 2000 RPM, the
supcrnatant collected, and assayed using a standard ELISA for the
detection of secreted immunoglobulins.

Enzyme¢ Linked Immunosorbent Assay-ELISA for total IgG: Total
IgG in culture supcrnatant was determined by “"sandwich™ ELISA.  Weclls of
flat bottomed ELISA plaics (NUNC Intermed) werc coated overnight with
65ul of a 1:400 dilution of affinity-purifiecd goat anti-human IgG antibody
(Sigma) in pH 9.6 carbonate buffer (coating buffer), washed five times
with phosphatc-buffered saline (pH 7.2) containing 0.05% Tween 20
(Sigma) and 0.02% sodium arzide (PBS-Twcen) using an automatced washer
(Titertck  Microplate washer). Non-specific binding was prevented by
"blocking” the plates with PBS-1% BSA for lhr prior to the addition of the

samples.  After washing, the wells were filled with 45 pi PBS-Tween and 20
pul aliquots of the culture supcrnatants in triplicates. Each plate contained
eight scrial two fold dilutions of an IgG standard ranging bctwcen 0.5-100
u g/ml. After 1 hr incubation at 379C the plates were washed and
incubated with 65 pl of 1:1000 dilution of goat anti-human IgG conjugated
to alkaline phosphatase (Sigma) in substrate buffer for 1 hr at 379C.
After an additional wash the plates were developed with 1 pg/ml p-
nitrophcnol phosphate (Sigma) in PBS-Tween.  The rcaction was stopped
on icc by the addition of 25 pl of 10N NaOH. The optical density at 405 nm
was rcad using an automated microplate rcader (Genetc Systems).  Each
cxpcriment was rcepcated twice. The absolute IgG concentration was
calculated using a lincar regression curve based on IgG standards in each

plate and is given in ug/ml.
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Modification of the ELISA technique for dectcrmination of
monoclonal antibody concentration for the bigassays: Coating of the

platecs was performed using affinity purified goat anti-mouse antibody
(Sigma). To determine the absolute IgG concentration, the samples were
scrially diluted prior to the addition to the wells. The standards were
bascd on known concentrations of mouse IgG mycloma proteins. The
alkalinc phosphatase conjugated antibody was goat anti-mousc g
antibody. The assay was pcerformed as described above for determination
of human IgG levels. The absolute concentration of the antibody was
calculated wusing a lincar rcgression curve based on standard 1gG
mycloma protcins in cach plate.

Mogonoclonal antibodies: The monoclonal antibodics which were

used in part [, the following monoclonal antibodics (Mab) werc uscd
throughout this study cither for staining ccll surface determinants or for
blocking assays on T cclls and monocytc hybridomas. For staining
purposcs the monoclonals were used cither directly from hybridoma
supernatant or diluted ascites. For the blocking studies the antibodies
were purificd from hybridoma supernatant or ascites fluid by column

chromatography using DE 52 and Protcin A-Scpharose columns.
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Results

Numcrous studics have dcveloped the concept that class 11 antigens
on the monocyte/macrophage surface arc cssential to the gencration of
an immunc response.  Sclf class Il antigens as as wcll as forcign class 11
antigens stimulate T4+ responder T cells to initiate an immunologic
cascade. Our human monocytec hybridomas with functional capabilitics
arc an cxccllent modcl system for dissccting T ccll-class 11 interactions
and dcfining modes for ccllular activation. In this secction we will
describe the presence of class II antigens on the hybridoma surface,
investigate their regulation and develop systems to cvaluate their role in
intcracting with and activating allogencic T cclls.

la. Expression of HLA-D rcgion molecules on monocyte hybridomas:
In order to define whether fusion had resulted in the acquisition or
expression of class Il antigens, hybrids were stained with monoclonal
antibodics (Mab) directed against DR (VG2.1, S34), DQ (genox 353, Leu 10)
or DP (B7/21). Surface ecxpression of these class Il antigens was
corroborated by dctection of specific mRNA in cach cell line.

As scen in table 7, hybridoma clones demonstrate variable
constitutive cxpression of D region molccules, either duc to seclective
chromosome loss or activation of endogenous genes following the fusion.
U937 cells did not express any DR or DQ surface antigenic determinant,
and had very low dcnsity DP on 8% of the cclls.  Clonc 8 behaves similarly
1o the U937 cells with slight elevation in the DQ expression from 2-9%.
54% to 70% of monocyte hybridoma clone 16.1 expressed DR antigen at

high density as assessed by staining with framework anti-la Mab VG2.1.



Cell line

U937 #8 #12 #13 #15 #16 #16.1 m7 #6 Monocytes
% staining
anti DR (IgG1) 0 0 0 0 0 15 54 0 85 58
anti DQ (IgG1) 2 9 26 53 18 16 35 42 92 33
anti DP (IgG1) 8 11 41 73 31 38 37 76 93 23
1gG1 myeloma 5 5 4 4 1 0 2 1 0 3

Table 6: Hybrid clones were stained with monoclonal antibodies to DR (VG2), LQ (genox), or DP (B7/21), as well as
control igG1 myeloma protein. Clone 16.1 and normal monocytes display similar pattern of class Il antigen expression,
other clones are DR- and display varying amounts of HLA- DQ and -DP.
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These cclls also stained brightly with S34, a sccond framework anti-la
Mab. Nonc of the other clones cxpressed DR, 55% of the cells  from clone
13 expressed DQ antigen, staining positively for framework Mab Lcu 10
and Genox 353, 73% of the cells cxpressed low density DP antigens as
dctermined by the specific monoclonal antibody B7/21.  In contrast to the
hybrids, the spontancously transformed B ccll line -AVB 6 were found to
cxpress high density DR, DQ and DP antigens on 85-93% of the cells

Ib. mRNA for HLA-D rcgion products: Parallel expcriments were
cstablished to dectermine whether the diffcrential cxpression of D region
antigens noted was duc to defects in transcription or translation. mRNA
was isolated from cach hybrid and analyzed by slot blot analysis using
specific riboprobes for D-region products. These probes arc specific for
DR, DQ, DP alpha chain invariant regions, so that all DR, DQ, DP message
should be dcmonstrable.  The presence of the message by slot blot was
comparcd with the surfacc cxpression of the translated product.  Figure 6
decmonstrates the results of the siot blot analysis for clones 13 16.1, the
parcnt U937 ccll linc and the spontancously transformed B cell line, AVB
6. The Raji B ccll lymphoma line known to cxpress all surface D-region
molecules, was uscd as a positive control and demonstrated mRNA in high
levels in the cytoplasm. MOLT 4 or 1301, T cell lymphoma lines which
lack the cxpression of D region molecules as well as message for D-region
molccules, were used as ncgative controls.  As scen in table 7, U937 cells
which did not express of D-recgion products by staining had no detectable
levels of mRNA for class II gene products, while clone 13 had mRNA for
DQ and DP products consistent with the staining results. In agreement
with the surface staining their was no mRNA for DR antigens in this

clonc. Clonc 16.1 also had wecakly dctectable mRNA for DQ and DP, but, in
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Figure 6: Scanning densitometery readout of isolated mRNA
from monocyte hybridomas and the parent line U937 demonstrates
the correlation of surface D-region molecule expression with
mRNA (DR/DP/DQ in 16.1, DP/DQ only in clone 13) when compared
to control.
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contrast, cxpresscd low level mRNA for DR as wcell.  This was somewhat
uncxpected given the bright staining scen for DR, As expected, the AVB 6
cxpressed very high levels of mRNA for all D-region molccules.

Thus, the presence of mRNA for any of the D-rcgion antigens
corrclated with the cxpression of these antigens on the cell surface, and
could be uscd as confirmatory data for the unusual expression of the D-
rcgion molccules seen on our hybrids.

Ic. Stimulation of mixed lymphocyle response (MLR); Since we
could dcmonstrate the differential expression of D region molecules on
somec of the hybrids, wc could utilize these diffecrences to determine
differences in their stimulatory capacity in MLR.  Figure 7 demonstrates
the ability of the monocyte hybridomas 1o stimulatc MLR. 103 responder
allogencic T cells were co-cultured with 104 irradiated stimulator cclls
(cither U937 ceclls, monocytec hybridoma clonec #I13 or 16.1). The
spontancously transformed B ccll linc AVB6, and freshly isolated
monocytes were used as positive controls for cach expcriment. Each
column dcpicted in figurc 7 rcpresents the mean of triplicates cultures of
thc MLR response.  Six different experiments are shown in this figure
representing  six  diffcrent donors for the allogencic T cells. This
approach was taken to incrcase the chances of DR, DQ and DP mismatch.
We were able 1o demonstrate that the parent U937 cells, which lack D-
rcgion antigens, did not stimulate allorcactive T cells, In contrast,
monocyte hybridoma clones 13, 15, 16.1 rcproducibly and significantly
stimulated the prolifcration of alloreactive T-cells. These clones all
cxpress D-region molecules on their surface, and are capable of secreting
IL-1 upon stimulation with LPS. As expected, the control cells, the AVB6 as

wcll as the freshly isolated monocytes wcere found to be good stimulators
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Figure 7: Ability of human monocyte hybridomas to stimulate MLR. 1x105 T cells were
co-cultured with 1x10 4irradiated (5000R) hybridoma cells in RPMI 1640, 10% AB serum
and antibiotics for 120 hours at 37°C. During the last 18 hours of culture 1uCi® H thymidine
was added and the cells were harvested and counted. Six different experiments are depicted
in this figure representing six different donors. Clone 6 is an EBV transformed B cell line
from the donor whose monocytes were used for the fusion.
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in MLR for all the donor allogencic T cclls. In cach case the stimulation
index of monocytes and the AVB6 cclls were 2 to 4 times higher than the
hybridoma ccils, and werc in agrcement with the heightened expression
of D rcgion molccules on the cclls.

These data confirm previous studics demonstrating the  importance
of D-region molecules in the stimulation of MLR. However, it also
supports the premisc that DR may not bec the sole stimulating antigen in
MLR. Wc can clcarly dcmonstratc that DQ-DP antigen positive monocyte
hybridomas (but not a DQ positive T cell clone) arc capable of stimulating
MLR cven in complctc absence of surfacce DR antigens.  Morcover, the
disappcarance of D rcgion molecules from the ccll surface of different
hybridoma cloncs wunder continuous culture conditions was associated
with marked dccrease in their ability to stimulate MLR. The decrease in
surfacc DR of clone 16.1 from 85% to 50% and the disappcarance of DQ and
DP cxpression reduced its ability to stimulate MLR from an average of
35,000 CPM to 6,000 CPM, although other factors may relate to this finding
as well. The same was true for clone 13 and 15. The average stimulation
ratc for AVB 6 was not changed and there was no noticcable change in D
recgion expression on the cell surface over time.

Id. Dosc response of class Il antigen stimulatory capacity: The
stimulatory capacity of thc monocyte hybrids was clearly demonstrated to
be dose dependent. In figure 8, clones 13 and 16.1 stimulated maximally at
104 cells (using 103 allogencic responder T cells).  Each point represents
the mean and SE of six consccutive experiments using different
allogencic T cells as the responder population.  Greater responscs were
scen when the B cell line or normal allogencic monocytes were tested.

This suggests that the density of class 11 Ag is lower in thc hybridomas,
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but still significant since stimulation was sccn with ccll numbers as low
as 103 stimulator cclls/well.  The parcnt cell line U937 did not stimulate
MLR at any cell concentration, and gavc total counts which were similar
to the¢ T ccll background only (<1000 CPM). Other hybridoma cclls such as
clonc 8 and 15 which cxpress low levels of D-region antigens were able to
wcakly stimulatc MLR at 104 ccll/well but not at 103 cell/well (data not
shown). Incrcasing the conccntration of the hybridoma cells up to 5x104
or 105 cclls /well did not causc any increase in thymidine incorporation
and in many cascs was associated with rcduction of proliferation.  This
previously described phecnomenon can be contributed to the rapid loss of
nutricnt in the medium and/or dcath of the irradiated stimulator
population, rclcasing toxic substances and preventing T cell
prolifcration,

By comparing the quantity and the quality of surface D-region
molccules on the hybridoma cclls and their ability to stimulate MLR, it is
clcar that higher cxpression of DR or DQ and DP without DR on the cell
surface is important factor in stimulation, but at this stage the presence
of other stimulatory dcterminants cannot be excluded.

Ie. Stimulation of allo-spegific DR2 restricted T ccll clongs: The
recognition of alloantigens by allo-specific T ccll clones cnables one to
dctermine the cxpression of specific alloantigens and is onc proven
mcthod of typing «class Il antigen expression on a various cell
populations. Figure 9 dcscribes the proliferative response of a DR2
restricted, allo-specific, T cell clone in the presence of the U937 cells,
monocyte hybridoma clones 13, and 16.1. The donor transformed B cell
linc AVB21 and an E rosctic ncgative DR2 positive ccll served as positive

control. The proliferative responsc was assessed by 3H thymidine
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Figure 9: A DR2 specific alloreactive T cell clone was capable of being stimulated
by the DR2+ clone 16 as well as DR2+ non T (E-) cells but not DR- clones 13, 21 and
the parent line U937.
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incorporation in a 3 day assay. E- cells as well as clonc 16.1 were able to
stimulate the proliferation of the DR2 but not a DR3 allo-specific T cell
clone. The U937 cclls , clone 13 (DR-, DQ, DP+) or AVB 21 did not causc any
stimulation of the¢ DR2 or the DR3 allorcactive T cclls. In this experiment
wc were able to confirm the tissuc typing results of 16.1 ( DR2+). Since the
donor cclls typed as DR 5 and 7, these data suggest that that the DR
expressed on clone 16.1 is not provided by the donor's monocytes, but
rather is acquired following fusion from the U937 cclls (although it is not
cxpressed by the U937 cclls). Morcover and morc importantly, it confirms
that clonec 13 which was able to stimulatc allogenecic T cells docs not

mecdiate this cffect through the same DR antigens.

From the experiments described above it scems obvious that
contrary to the current models of allostimulation the presence of DR s
not a nccessary prerequisite for an MLR, and that DQ and DP arc capable
of gencrating an impressive allogeneic-responsc. In order to further
disscct the roles of distinct D subregions in stimulating MLR we have
addressed this issuc from two other dircctions 1. The cffect of distinct
anti-D region antibodies on the ability to block an MLR, and 2. Regulation
of class Il on the surface of the monocytc hybrids with gamma-
intcrferon and rc-assessment of subsequent stimulatory capacity.

1la. Blocking response to AVB6 and monocytes by anti D region

nti ics: In order to dctermine whether our pancl of D-region specific
framework monoclonal antibodics arc blocking antibodies, we tested their
cffect in an MLR system where the stimulator cells were shown to express
all D-region molecules. AVB 6, thc spontancously transformed B ccll of

the donor cxpresses high density DR antigen on 85% of the cells, DQ and
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DP antigens on 92 and 93% of thc cells respectively.  Peripheral blood
monocytcs cxpress high density DR antigens on 58% of the cclls, and
lower density DQ and DP on 33% and 24% of the cclls respectively.  When
purifiecd anti-DR (VG2.1) antibody (1.5 pg/wcll) was added to MLR cultures
of T cclls with irradiated AV6 at the onsct of culture, the MLR rcsponse to
AVB 6 cclls was inhibited by 67%, whilc purified anti-DQ (genox 353) and
anti-DP (B7/21) in the same concentration inhibited the response by 50%
and 57% rcspectively (Figure 10). Addition of all three anti-D region
antibodics to the wells resulted in  further suppression of the MLR
responsc by 86% (Figurc 10). The MLR response to peripheral blood
monocytcs was inhibited by 86% in the presence of anti-DR, 43% with
anti-DQ and 52% with anti-DP antibody (conccntration = 1.5 pg/well).
These results allowed us to cstablish the fact that our anti-D-region
antibodies can scrve as standards for blocking antibodics in further
studics with the hybrids. The ability to block was dircctly corrclated with
the degree of surface antigen cxpression and did not appear to rclate to
the affinity of thc monoclonal antibody. Furthermore, in the casc of the
allogeneic monocytes, where DR is expressed at high density on a large
percentage of cclls while DQ and DP are expressed at relatively low
density, the addition of anti-DR was more cffective in blocking the
stimulatory capacity of these cells. Inhibition of stimulation of
allogencic T cells with AVB 6 cclls by anti DR mAb was not as marked,
probably duc to the expression of DQ and DP antigens at high density on
the cell surface. However, the MLR response was inhibited 40-60% with
anti-DQ or -DP suggesting that all 3 class Il antigens may play a role in

MLR stimulation. In any case, the ability of these Mab to specifically
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Figure 10: The anti D-region monoclonal antibodies VG2.1, Genox

and B7/21 were able to inhibit primary allogeneic MLR stimulated

with peripheral blood monocytes (A) or EBV transformed B cell line (B).
The inhibitory effect was directly related to the surface expression of
class Il molecules on the stimulating population.
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block MLR allowed us to usc them for our further studies with the

monocyte hybrids.

ITb. Inhibition of MLR stimulated with monocyte hybridomas by
nti- ion i ics; Since we had alrcady dcmonstrated that distinct

D subregion molccules are capable of stimulating allorcactive T cells, we
ncxt turned to question the role of these molecules in a "normal” MLR.
This was assesscd by the ability of monoclonal anti-D-region antibodics to
modify MLR responses.  In figure 11, T cells were co-cultured with 104
irradiatcd hybridomas, clonc 13 (DR-, DQ+, DP+), clonec 16.1 (DR+DQ+DP+) or
the parent ccll line U937 (DR-, DQ-, DP-), in thc presence or absence of
specific anti-class 11 antibodics (lpg/well). As we noted previously, the
U937 cclls did not stimulate MLR, and the addition of anti-class [l
antibodies did not alter this finding. However, added at the onsct of
culture, all D-subregion antibodies significantly inhibited the MLR
rcsponsec to clone 13 and 16.1. The MLR response to clone 16.1 was
inhibited by >81% in the presence of anti-DR (5G2.1), which corrclated
with the high dcnsity of DR antigen on the ccll surface (56-85%) of the
clone and suggests that the MLR response clicited by this clone is
mediated mainly through DR. The 1otal response was not completely
inhibited since these cells still express DQ and DP antigens at low density
on thcir surfacc. This low antigen dcnsity may also explain the lesser
inhibitory cffect note when anti-DQ or anti-DP antibodics were added to
the microcultures (35-50%). The addition of all three anti-D region
antibodies to the wells resulted in almost complete inhibition of MLR
response (>90%). The ecffect of these blocking antibodies on the MLR
responsc to clone 13 was of greater interest. As scen in Figure 11, the

addition of anti-DQ led to 35-75% inhibition, whereas the addition of anti-
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Figure 11: T cells were co-cultured with irradiated monocyte hybridomas 13 (DP, DQ+), 16.1 (DR, DP,DQ+)
or the parent line U937 (DR, DP, DQ-) in the presence or absence of purified antibody to HLA-DR (1ug/ml), DP
(1ug/ml) or DQ (1ug/mi). When placed in culture all anti D-subregion antibodies significantly inhibited response
to clone 13 whereas inhibition of response to clone 16 was greater with antibody to DR. The effect of anti-DR
on clone 13's ability to stimulate appears to relate to the antibody's effect on DR+ activated T celis.
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DP was associated with 35-55% inhibition.  Uncxpected was the finding
that, in presence of anti-DR, the MLR response was reduced by 30-35%
despite the lack of DR antigens on the cells as demonstrated by 1) surface
staining, 2) mRNA studics, and 3) the inability to stimulatc a DR
restricted allorcactive T ccell clone. The addition of all three anti-D region
antibodies to the wells resulted in further suppression of MLR response
by over 60%. These results may relate to the antibody's cffect on T4+, DR+
activated cclls in t(he responder population (table 9) specifically
inhibiting thcir prolifcration, consistent with previously published data.
In fact, as reported below, pretrecatment of clone 13 with anti-DR failed to
causc inhibition of MLR responsc. As can be scen, inhibition of the MLR
was incomplcte cven in the presence of both antibodies (anti-DP  and
anti-DQ) in the wells. This may rclatc to 1) Inadequate saturation of class
I antigens on the cell surface (although this is unlikely duc to the
conccntration utilized in this study). 2) The presence of non class 11
alloantigens. 3) Inadcquate blocking (recognition of non-blocking
cpitopc but partial inhibition duc to steric hindrance) of the stimulatory
cpitope on the class Il antigens by the anti-class Il antibodics.

In order to address the first possibility, we incubated the cells in
the presence of decrcasing concentration of the antibody.  representative
dosc response curves assaying the blocking cfficiency of anti-DR, DQ and
DP antibodics on the ability of clones 13 and 16.1 to stimulatc MLR arc
depicted in figures 12a and 12b. Increasing the concentration of any
antibody to over 10 pg/well caused ncar complete inhibition of MLR
response. These data can cither reflect inhibition per se, or could be the
result of nonspecific toxic effects of high concentrations of antibody.

These possibilitics were addressed by selective saturation of class I
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Figure 12: Dose response curve of the blocking effecacy of anti class Il mAb to inhibit the
stimulation of allogeneic T cells by clone 13 (A) and clone 16.1 (B). The stimulatory capacity
of clone 16.1 is effectively inhibited by low concentration of anti-OR, whereas anti-DP, DQ in
similar concentration had no effect. In contrast, these same concentration of anti-DP, DQ
effectively inhibited T cell stimulation by clone 13.
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antigens by preincubation of the hybrid with antibody prior to co-
culturing the cclls in MLR (sec below). However, the presence of anti-
class II  antibodics at high concentration did not affect thc prolifcration
of PHA-stimulated T cells or the seccretion of IgG by PWM stimulated
peripheral blood mononuclear cells (data not shown), thus it is logical to
assume¢ that the effect demonstrated is inhibitory rather then toxic.

The relative contribution of different class Il antigens in MLR can
be further analyzed by looking at inhibition in the presence of lower
conccentrations of blocking antibodies (<0.1 pg/ml). DR+ clone 16.1 can be
cffcctively blocked by anti-DR at 0.1 pg/ml, while at this antibody
concentration, ncither anti-DQ nor DP had any significant blocking
cffect, (precsumably overwhelmed by the response to non-blocked DR
antigens). In contrast, clone 13, which expresses DQ and DP only and not
DR, ability to stimulate MLR rcsponse can be blocked significantly by
anti-DQ or DP at 0.1 pg/mi. Thus it appcars that our results are not related
to nonspecific toxicity but rather rclate to the inhibition of specifically

expressed distinct D-region molecules on the surface of our hybrids.

MLR _response of monocyte hybridomas: Our cxperimental protocol in

the above described cxperiments utilized anti- class 11 Mab added directly
to the wells at the onsct of culture, which might adversely affect the
rcsponder T cell population as wcll as accessory cells present.  This was
suggested by the ability of anti DR 1o block the cellular response to clone
13 despite the fact that this clone did not express DR antigens. Thus, we
initiated studies to exclude the possibility that our results arc due to
inhibition of T cells by pre-incubating the responder or the stimulator

cell population with anti-D region molecules prior to their addition to the
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Figure13: The capacity of clone 13 to stimulate MLR (column 1), was blocked by the addition of
anti-class |l antibodies directly to the weils (column 2), or by preincubating the hybrids with the
antibodies prior to the addition of responder population ( column 3). Pretreatment of the responder
T cell population with anti-class H| antibodies did not affect their capacity to respond (column 4).
Thus the inhibitory effect of these antibodies was mainly mediated through binding to surface
D-region molecules of the monocyte hybridomas.
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wells.  In figure 13, the response to clone 13 only is shown in column L
The addition of anti-DR, DQ, DP dircctly to the wells is depicted in column
II, with the inhibition by anti-DR of 31%. In column III, clone 13
(stimulator cclls) was pre-treated with cither anti-DR, DQ, or DP prior to
the addition of thc responder population. Onc can sce that the blocking
cffect of anti-DQ and DP stayed the samec, while the blocking by anti-DR
was rcduced to 8% which is not significant. Pre-trcatment  of the
rcsponder T cell population with anti-class I antigens did not affect their
capacity to rcspond (since thcy arc class Il negative to start). Taken
togcther, these data support a role for DP and DQ in allostimulation.

I1d. Modulation of surface D region antigen cxpression with gamma
intcrfcron; Since we were interested in the role of different class 11
antigens in the stimulation in MLR, we procceded to explore whether
changes in the ecxpression of surface D region molecules induced by
gamma interferon were associated with diffecrent patterns of MLR
stimulation. Morcover, since our hybridomas have differential
cxpression of these D region antigens, modulation of either DR, DQ or DP
alone or in concert, and the corrclation of these changes to their ability
to stimulate MLR, would allow us to asscss the relative contribution of
specific D region antigens in the stimulation of allogencic T cells.
Monocyte hybridoma clones 13, 16.1 and the parent cell line U937 were
incubated in the presence or absence of 100-250 units of rccombinant
gamma interferon for 72 hours. Following the incubation, cell growth
and viability, surface D region antigen cxpression and capacity for MLR
stimulation were assessed. In the presence of gamma IFN the growth rate
of clone 13 was reduced 2-4 fold. Clone 16 and U937 were inhibited 1.5-2.5

fold. The viability was not affected. As shown in table 8, the surface
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expression of all D region moleccules was differentially affected in all
cells.  The expression of DQ and DP molecules on the U937 ccll was
significantly incrcased (DQ 2% to 21%. DP 8% to 28%). The same responsc
was scen for cclls of clone 8. In contrast, surface DQ cxpression on clone
13 was significantly reduced from 53 to 26%, and thc reduction of DP was
less pronounced (73% to 56%). There were no changes in DR expression
(0%). D region antigen cxpression did not change on clone 16. Howecver,
cclls of clone 16.1 showed a total disappcarance of DQ surface antigens
(35% to 4%) significant rcduction in the DP expression (37% to 13%).
There was no change in DR expression on these cells (56%). This
dcmonstration of different patterns of D region cxpression, specifically
the appcarancc of DQ, DP on the U937, the reduction in the cxpression of
these antigens on 13, and the almost complcte disappcarance of DQ and DP
on 16.1 without changes in DR, allowed us to examine the role of DQ/DP,

DR/DQ/DP or DR alone in stimulation of MLR.

llcl. Th fi h i rf -regi 1 } n
the abilitly of monocyle hybridomas to stimulate MLR: Thus far we have

demonstrated that T cells rccognize and are activated by distinct D region
molecules. Since we have alrcady dcmonstrated our ability to
differentially up and down regulate class Il antigens on the hybrids and
the U937 parent cell line, it was of intcrest to study whether these
modifications could result in an altcration in MLR response which could
rclatc to our initial findings. As secen in Figure 14, U937 cells which
initially were unable to stimulatc allogeneic T cells, were now capable of
stimulating MLR after treatment with interferon. This newly acquired
property appearcd to parallel the expression of DQ and DP cxpression

induced by gamma interfcron (column 1-2). In contrast, the down
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Figure 14: The capacity of gamma IFN to regulate the expression of D-region molecules
corresponded to the ability of clones 13, 16.1 and U937 to stimulate allogeneic T cells.
Inhibition of DP and DQ expression on clones 13 and 16.1 resulted in significant reduction
in the stimulatory capacity of these cells in MLR, while the apearance of these molecules
on U937 was now associated with their ability to stimulate MLR.
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rcgulation of DQ and DP on clone 13 was associated with a significant
dccrcase in the ability of these cells to stimulate MLR (columns 3-4).
These data were reproduced in scveral experiments with an  ovcerall
rcduction in MLR of 35-40%. Complctc loss of DQ cxpression on clone 16.1
following trcatment with gamma interfecron, concomitant with
significant down-rcgulation of DP molccules to below 13% (low density
cxpression) rcsulted in a 40-65% inhibition in MLR rcsponsc. This
rcduced, but still significant, rcsponsc was notable ecspecially given the
abscnce of change in the cxpression of DR antigen.

These results indicate that DQ and DP cxpression arc functional
forcign class Il molecules and capable of stimulating a significant
allogencic T ccll rcsponse even in the absence of DR antigens as
demonstrated by U937 cells after interfecron trcatment. Down-regulation
of DQ or DP is associatcd with a diminished ability to stimulatc allogeneic T
cclls, as scen in clonc 13 and 16.1. However, it is obvious that the

expression of DR alonc can support a significant, albcit reduced MLR

rcsponsc.
IIc2. Effect of blocking antibodics on clone 16,1 following gamma
interfcron treatment; A logical extension of the expcriments described

above was to dcmonstrate the ability of anti-class [ antibodies to inhibit
MLR after gamma interferon trcatment of the stimulator ccll. This
experiment was designed to demonstrate whether anti-DQ or DP antibodics
can still affect MLR response to clone 16.1 despitc the lack of cxpression
of thesec antigens following interfcron trcatment. As previously
demonstrated, cells of clone 16.1 are capable of stimulating allogencic T
cells (Figure 15,column I-1). Untreated 16.1 cells still express DQ and DP,

and rcspond to the presence of anti-DQ or DP antibodics in the wells by
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Figure 15: T cells were co-cultured with clone 16.1 before and after treatment with gamma
IFN. Following treatment with IFN there was no notable difference in DR expression, but DP
and DQ were significantly downregulated. This correlated with a diminished capability to
stimulate allogeneic T cells. While antibodies against DP and DQ partially inhibited the
stimulatory capability of non-IFN treated hybrids, once treated, these antibodies no longer
could inhibit the mixed lymphocyte response.
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rcduction in MLR response (columns 1-3,4). Inhibition is also scen with
the addition of anti-DR to the wells (column [-2). Consistent with the data
in the previous scction, following interferon trcatment of clone 16.1 the
stimulatory capacity is markedly reduced (column II-1). This reduced
response is further inhibited by anti-DR antibody down to background
levels (column 11-2). In contrast and as anticipated, the addition of ant-
DQ or DP 1o these cultures cxpressing minimal or no DQ or DP no longer
interferes with the 16.1 ccell's ability to generate an alrcady reduced MLR

response  (columns [1-3,4).

Since we were able to demonstrate that DQ and DP antigens arc
capable of gcnerating a significant MLR response, we next proceeded to
scc whether T cclls stimulated in this response arc similar to those clicited
by DR+ cclls. These scrics of preliminary cxperiments took advantage of
the differential distribution of D region molecules on the monocyte
hybridomas, such as the DQ, DP ecxpression on clone 13, the expression of
DQ, DP and DR on clonc 16.1, and thc lack of cxpression of any D region
molccules on the parent cell line U937, Control cclls for these
cxperiments were freshly isolated DR+ allogencic monocytes as
stimulators or responder T cells cultured in mecdium alone.  Changes in
the responder T cell populations were followed by surface staining for
the different T cell subsets and by functional assays for helper,
suppressor and cytotoxic activity.

Illa. Surfacc staining of the responder T cells; Responder T cells
were stimulated by one of the following ccll populations: U937, clones 13
or 16.1, freshly isolated monocytes, or medium alone. The responder cells

were removed from  the microwells after 48, 96 and 144 hours of
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stimulation and wcre staincd with pancl of monoclonal antibodics
including: anti-DR, T3, T4, T8 and 9.3. At day 0, the normal CD4/CD8§ ratio
in our T ccll preparation obtaincd from hcalthy blood donors was 2-4:1.
DR+ cclls wcre found to be less than 2%. All the cclls were T+ (since
thecy wcre purified from peripheral blood lymphocytes by rosctting
tecchnique using ncuraminidasc-sensitized SRBC) and over 95% CD3+ (pan
T). Responder cells tested following 48 and 96 hours of stimulation did not
show any significant change from bascline values of cither DR antigens
or T ccll markers from the initial preparation (results not shown).
Staining on day 6 is shown in Table 9. Of note is the finding that DR+
cxpression of the T cells incrcased with time in culturc when stimulated
with cither clone 13 or 16.1 or allogencic monocytes (7-12 fold increasc).
In contrast only a 4 fold incrcasc was scen using U937 as a stimulator, and
no change was noted in the medium control.  The expression of CD3
rcmaincd constant in all cultures.

Other differcnces were noted however in the responding T cell
population. A greater number of CD8+ T ceclls were evident after 6 days in
MLR cultures stimulated by clone 13 cclls (42.8%, CD4/CD8 ratio 1.2:1)
comparcd with clone 16.1 or allogencic monocytes (28%, CD4/CD8 ratio
2.3:1), or U937 and medium alone (16-22%, CD4/CD8 ratio 3-4:1).

Activated T cells were co-stained with antibody 9.3 which
recognizes an cpitopec on cytotoxic T cells but is absent on suppressor
cclls.  As scen in Table 9, T cclls which expressed the 9.3 epitope were
significantly grcater in those MLR cultures stimulated with clone 13,
than with those stimulated with 16.1, allogencic monocytes or medium
alone (59.2% vs. 37-46%). These data suggest that the absence of DR (or

the presence of DP and DQ ) on a stimulator cell stimulates the




DR T3 T4 T8

9.3
o .
T cells only 2.29 94.65 7117 16.40 46.15
use37 10.00 85.96 63.85 2250 40.00
13 27.67 90.35 51.10° 42 87° 59.25"
16.1 16.55 87.70 63.45 28.82 37.50
Monocytes 25.39 94.33 65.98 2857 4262
*P< 0.05

Table 8: Allogeneic T cells were co-cultured with irradiated stimulator cells (hybrids 13 and 16.1, U937,
or freshly isolated monocytes) or in medium alone for 6 days. At the end of this period, T cells were harvested

and analyzed

for differences in T cell subpopulation (i.e. specifically stimulated T cells) by surface staining.

Clone 13 significantly stimulated more T8+, 9.3+ (cytotoxic cells) than other clones and normal monocytes.

This table represent the results of six experiments.

16
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prolifcration of cytotoxic lymphocytes rather then helper inducer cells,
sccn with DR driven cultures. Thus cach D subrcgion moleccule may play
an important rolc in stimulating distinct T ccll subpopulation.

ITIb. Suppressor vs, helper activity in MLR: Since we were able to
demonstrate differences in  stimulated T ccll subpopulations using cells
cxpressing  distinct patterns of class Il antigens, it was of interest to
determine  whether the staining data corrclated with T cell function.
Clonc 13 appear to stimulatc CD8+, 9.3+ CTL, whereas clonec 16.1 and normal
DR+ monocytes stimulatcd CD4+, 9.3- T cells.

Specific helper activity of T blast cclls following stimulation and
proliferation in MLR was tested by the ability of these cells to induce
sccretion of immunoglobulin from autologous B cells. To assay for
suppressor ccll activity, the T cell blasts were co-culturcd with autologous
pceriphcral  blood lymphocytes (PBL) in the presence of pokcweed
mitogen (PWM).

Ilc. Suppressor function; The suppressor cell assay demonstrates
qualitative suppressor activity. 105 PBL stimulated with PWM resulted in
1gG sccretion of 1.39 +/- 0.05 pg/ml. The addition of 105 autologous T cell
blasts, dcrived from MLR cultures using monocyte hybridomas, clones 13,
and 16.1, or allogencic monocytes as stimulators, to the PBL/PWM cultures
resulted in a 5-7 fold inhibition of IgG seccretion. The inhibitory effect
was casily dilutable, with no activity noted when only 104 or 103 blast cells
were added to the cultures. Negligible suppressor activity was mediated
by T cells which were cultured 6 days in medium only (40%).

Thus, functionally, T cells stimulated in a primary allo-MLR

appcar to be predominantly cytotoxic/suppressor T cells regardless of the




105

104 103 0
Stimulator cells Ig_Secretion (ug/ml)
Clone #13 0.88 0.44 0.55 1.46
#16.1 40.46 0.58 0.68 1.46
Monocytes 102.7 0.35 0.91 1.46
Medium only 40.46 0.74 1.26 1.46

Tabie 9: T cells stimulated by clone 13, 16, allogeneic monocytes or medium only for
120 hours were isolated and co-cultured at varying concentration with autologous B cell
(105/well) in the presence of PWM (1%) for 6 days.

harvested and analyzed for Ig secretion by ELISA.

Supernatants from these cultures were

¢b
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diffcrence in D-region expression of the stimulating cclls, consistent
with previous results published by Engelman and others (96).

IIld. Helper function; The helper activity of the T ccll blasts was
asscsscd by their ability to stimulate isolated autologous B cells to
terminally mature to Ig sccretion in the presence of PWM. Initially the T
blasts were added to thce cultures without any trcatment. Howcver, in a
sccond sct of experiments, thc potentially ncgative contribution of
suppressor cclls was climinated by first irradiating thec T blasts and
subscquently adding them to the B cclls. As seen in Table 10, the basal IgG
sccrction from B cclls alone was 1.46 +/- 1.4 pg/ml. The addition of non-
irradiated T blasts to 105 isolated B cclis led to higher IgG sccretion from
thc B cclls when these blasts were derived from MLR cultures with the
DR+ clone 16.1, allogencic monocytes as stimulators or T cclls cultured in
medium only ( 40-100 fold incrcase). The addition of T blasts stimulated by
clone 13 cells, in contrast, did not result in incrcased IgG secrction with
levels comparable to the IgG sccretion by B cells alonc.  The helper
activity of blasts stimulated with clone 16.1 or allogencic monocytes could
be ecasily diluted out by reducing the number of T blast cells added to the B
cell preparation.  Following irradiation (ic. elimination of radio-sensitive
suppressor cells), all T cell blasts demonstrated significant helper activity
(table 11). With the addition of 103 T blasts, the IgG sccretion was 200-400
fold grcater than thce basal level, and the results were similar for blasts
stimulated with clones 13, 16.1 or allogencic monocytes.  Although there
was helper activity demonstrated by T cell blasts stimulated by clone 13,
taken together, these data, consistent with the staining data, suggest that
the predominant T ccll stimulated by the DR-, DP,.DQ+ clonec 13 is a

suppressor/cytotoxic T cell.



105 104 103 o]
Stimulator cells g Secretion (ug/mi)
Clone #13 4273 18.8 0.35 1.46
#16.1 482.9 6.34 0.39 1.46
Monocytes 264.7 0.35 0.35 1.46
Medium only 309.2 16.9 1.49 1.46

Table 10: T cells stimulated by clone 13, 16, allogeneic monocytes or medium only for
120 hours were isolated, irradiated in order to eliminate radiosensitive suppressor T celis,
and co-cultured at varying concentration with autologous B cells in the presence of PWM for
6 days. Helper activity is clearly demonstrated after such approach.

G6
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However, when assays of cytotoxic T cell activity were performed. no
diffecrences in  activity were noted in any culturcs, suggesting that the
findings described were consistent with the proliferation of suppressor
rather than cytotoxic T ceclls. This result is somcwhat in conflict with the
cxpression of the 9.3 cpitope on the T cell blasts and is currently being

studicd.
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The concept that class 11 antigen cxpression quantitatively and
qualitatively influence the immune response is supportcd by numerous
studics. This was most cvident in the studics dcmonstrating that the
rcsponsc  of antigen specific T cell clones was proportional to the type
(DR, DP, DQ) and dcnsity of the class Il antigen cxpresscd on the antigen
presenting cell (59,60).  Our results confirm that this samc concept also
applics 1o allorcactive rcsponsc. We have shown that the alteration in
class Il antigen dcnsity as well as type of class Il antigen dctermines the
magnitude of the alloresponsivencss in the same manncr as MHC/antigen
restricted responses.  For these studies we utilized a panel of monocyte
hybridomas which express differing densities and patterns of surface
class Il molecules. The magnitude and the nature (i.c. stimulation of
specific T cell subscts) of a unidircctional MLR was found to be
proportional to the cxpression of specific class Il molccules.

Our carly studics rclated to the corrclation of cxpression and
presence of messenger RNA for class Il molecules in our hybrids.
Previous studics had rcported that B cclls express high levels of the
known class 1l antigens DR, DQ and DP, whereas there appears to be
discoordinate expression of these molecules on  cells of the
monocytc/macrophage lincage (89,90,91). Most of the circulating
monocytes cxpress DR but only a fraction express DQ or DP. This pattern

of cxpression impedes the cxploration of the role of distinct class 1l
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molecules in immunc alloresponsivencss. The monocyte hybrids were
unique since individual clones were found to have sclective cxpression of
class 11 moleccules on their surfacc. Our initial results showed that
monocylc hybridoma clones 16, 16.1 cxprcsscd DR in high density, but
only a fraction cxpressed DQ or DP antigens, consistent with the
cxpression of class Il molecules on normal pcripheral blood monocytes.
Other hybridomas wcre quite unique. Clone 13 and 15 demonstrated an
unusual combination of surface HLA-DQ/DP without DR, while the U937
parcnt ccll linc did not cxpress any class II antigens. These results were
confirmed at the level of mRNA.  Only the appropriatc messenger RNA for
thc molccules cexpressed on the «cell surface were dctected using
riboprobes specific for DRa, DQa, and DPa. The lack of cxpression could
not bc cxplained at the¢ DNA lcvel, since the genes for all three class 11
molecules were detectable by Southern blot analysis, in all the lines and
the U937 parent linc (data not shown). Thus, the regulation of class Il
molccules appcars to be at a transcriptional lcvel. This pattern of Ia
cxpression can be cxtrapolated 1o physiological states.  Alteration in class
Il antigen cxpression in  various pathological conditions has bcen
rcported by scveral investigators (89,97,98).  As part of our studics, we
were able to confirm these differential and unusual HLA class 1l
antigenic combinations on peripheral blood lcukocytes of patients with
various granulocytic/ monocytic lcukemias (data not shown). Thus in
our system, as well as in  pathological conditions, there may be
diffcrential cxpression of various class Il antigens. _This finding might
represent a stage specific cvent in cell lincage maturation or may rclate

to specific functional characteristics of these ccells. Our monocyte
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hybridomas rcprcsent an cxccllent model system to define factors which
regulate such coordinated cxpression of class 11 gene products.

The differential expression of class Il surface antigens was used to
determine the association between surface cxpression and  functional
capacity of the distinct class Il molecules in MLR stimulation. The
obvious advantagc to using our monocytc hybridomas in these studics was
that thecy represent the maturc monocytc as a clonal antigen presenting
ccll, capablc of phagocytosis/IL-1 production (scc scction [ carlicr)
rcquircd to initiatc the cascade of an immunc rcsponsc.

In order to dctermine the role of distinct class Il antigens in
allostimulation, we sclected the model of unilateral MLR, where the
stimulating cell is always a monocyte hybridoma clone or the parent line
U937, and the responding ccll is a highly purified monocyte dcpleted
allogencic T cell.

Conventionally, a bulk allogencic MLR is the sum of many T cell
clonal responscs directed against specific forcign class 11 antigenic
determinants. The class Il antigen dcterminants which have bcen
dcfined by specific T cell clones have also been detected by specific
monoclonal antibodies dirccted against polymorphic dcterminants on
class II (D-rcgion) genc products. However, cellular responscs are more
restricted than monoclonal antibodics, picking up subtle differences in
distinct class Il antigen. In autologous systems, antigen specific T cell
populations requirec class Il identity in ccllular interactions with antigen
presenting cells. However, in allogencic systems, class 1} antigens
appear to act as sclf and non sclf, potentially mimicking a specific
forcign antigen in context of sclf, stimulating the allorcactive T cells.

Despite these findings, the expression of class Il products on a stimulating
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ccll is necessary but not sufficient for the gencration of a significant
allogencic responsc.  Despite somce initial reports to the contrary, it has
been well documented that class Il cxpression on normal and abnormal B
cclls is associated with poor MLR stimulatory capacity (58.113,114), whilc
monocytes/macrophages and dendritic cclls arc cxcellent  stimulators  of
an allogencic MLR (113,116). Thc naturc of the stimulating ccll in MLR
has been studicd in grcat dctail by Stcinman ect. al, dctermining the
rclative stimulatory capacity of class 1l antigen bcaring monocytes and
macrophages vs. dcndritic cells. It has been suggested in these studics
that an allogencic response to monocytes is duc solely to contamination
by dendritic cells (which arc the most potent stimulators of allogencic T
cells in a primary MLR) (113). In our systcm, class Il antigen positive
monocyte hybrids were quite capablec of stimulating allogencic T cells.
Although it is not possible to exclude the cxistence of a dendritic cell-U937
hybrid, this is very unlikcly since our monocyte hybridomas displayed
the phcnotype and function of maturc monocyte/macrophages. The
capability of class Il antigen positive monocytes and EBV transformed cell
lines but not unstimulated B cells to stimulate MLR can bc cxplained by
other factors associated with monocyte function which may be involved
in allogencic stimulation. This was clcarly demonstrated by Glimcher and
othcrs, who rcported that factors such as IL-1 are required to drive an
MLR response by allo-specific T cell clones against class Il antigen
becaring murine tumor B cell lines. EBV transformed B ccll linecs arc
cqually capable of stimulating MLR, suggesting that given the
appropriatc setting, or functional propertics, such as IL-1 secretion or
the cxistence of co-stimulator molecules, many class Il antigen bcaring

cclls can stimulate MLR (114,115). The obvious advantage of our system is
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the availability of clonal ccll populations cxpressing distinct D region
products, which are ablc to function as normal monocytecs by virtue of IL-
1 sccrction, as well as sccrction of other monokines (IL-6 ?7) which may
affcct T ccll prolifcration. Furthermore, the argument that our studics
rcpresent a T ccll response to an abnormal malignant ccll linc is not
valid, since our responder T ccll populations are vigorously depleted of
autologous accessory cclls, preventing processing and presentation  of
tumor antigens, and avoiding nonspecific T cell stimulation.

All monocytc hybridomas which cxpressed one or more D region
molecules were capable of stimulating MLR to diffcring dcgrees.
Stimulation indices avecraged from 10 to 50. This is in contrast to the
parent ccll line U937 which completely lacks the expression of any D
region molecule and is incapable of stimulating an MLR.  Furthermore,
we were able to inhibit MLR responses with monoclonal antibodics to the
specific class Il antigens on the hybridomas (sce below). In contrast to
other studies which stress the nccessity for accessory cells in  the
respondcr population for the initiation of an MLR responses (59,116),
stimulation of allogencic T ceclls was achieved, in our hands, cven after
complecte removal of all accessory cells and  dendritic cells from the
responder population (no DR+ or OKM3+ cells in the responding
population).  Thus, we are able to conclude that a primary MLR is the
rcsponse of allogeneic T cclls against class Il antigen cxpressing cells
including those of the monocyte/macrophage lincage, and that this
response docs not require the presence of additional accessory cells in
the system.

Since sclf- and non-sclf recognition is the property of a single cell

rcceptor  which can  identify a Class 1l antigen positive antigen
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presenting cell, and if we accept that allorcactivity is, in a scnse, viewing
forcign Class Il molecules as modified sclf or self + antigen, it is logical to
anticipatc that Class Il products such as DQ and DP (which arc able to
scrve as restriction clements in antigen specific MHC restricted systems)
should serve as stimulatory dcterminants in allogencic systems. Our
cxperiments confirmed our hypothesis that the expression of DR is not
the sole stimulatory dcterminant in MLR. Most of our hybrids (except for
clonc 16) did not cxpress DR but expressed various combinations of DP and
DQ and wecre fully capable of stimulating an MLR rcsponsc.

Our data arc therefore in contrast to others who have demonstrated
that the stimulation of primary MLR is mainly the function of HLA D/DR
incompatibility and not HLA-DQ (117,119). There arc no data available
rcgarding the allorcactive response of T cells to HLA-DP.  Our results
strongly suggest that both DQ and DP are potent stimulatory dcterminants
for allogencic T cells. Further proof for this concept was obtained in our
studics using monoclonal antibodiecs dirccted against specific class 1l
antigens. However, the use of monoclonal antibodies dirccted against
monomorphic decterminants on Class I or Class Il molecules to block
immune responses in  vitro must be interpreted with caution. The
binding of antibodies to a given site on the class Il antigen could causc
inhibition of T cell responses by cither site specific inhibition or by
steric hindrance.  Our initial studics were designed to prove whcther our
anti-class 11 antibodies were cffective as blocking antibodics in a normal
unidirectional MLR. The allogeneic MLR response against peripheral
blood adhcrent cells or a DR, DQ, DP positive transformed B ccll line was
significantly inhibitcd in the presence of cither anti- DR (VG2.1), anti-

DQ (genox) or anti- DP (B 7/21). The relatively weak inhibition of anti-
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DQ/DP against freshly isolated monocytes, and the ncar completc
inhibition by anti-DR corrclated with the cxpression of these antigens on
the ccll surface.  Surface staining demonstrated that unstimulated freshly
isolated monocytes cxpress mainly DR with DQ/DP antigens cxpressed at
low density. Our blocking cxperiments were structured to prove that the
stimulatory molccules on our hybrids were Class Il gene products.  In this
systecm wc¢ took advantage of the diffcrential cxpression of these
molccules in  uninduced or induced states (incubation with gamma
intcrfcron). Since the monoclonal antibodiecs wc used had been
previously documented to be specific for distinct D sub-regions, the
antibody would block MLR response only if the specific Class I molecule,
expresscd by the cell, is responsible for the stimulation. Indecd, in the
presence of anti-DR, the MLR response to clone 16.1 (DR positive) was
significantly but incomplectely inhibited. The addition of anti-DP and DQ
to these cultures was associated with only 30-46% inhibition by
themsclves, but in conjunction with anti-DR complcte inhibition was
achicved (data not shown). The possible role for anti-DQ and DP in this
system was further dcmonstrated in experiments altering class Il antigen
expression in this cell clone. Following trcatment with gamma
interferon,  cexpression of DQ and DP was down rcgulated in clone 16.1
while DR remained constant.  MLR response against these cells was now
complectely inhibited in the presence of anti-DR, however, the stimulation
index was unchanged in the presence of cither anmti-DQ or DP antibodics
(duc the abscnce of these antigens on the interfcron treated 16.1 cells).
Furthermore, it was logical to expect that the allogeneic response
against clone 13, which lacks DR but docs express DQ/DP, antigens would

bc inhibited by anti-DQ and anti-DP but not anti-DR. Indeced, both
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antibodics werc able to inhibit thc response by 75% to S5 %, respectively,
confirming that both of these class Il molecules on clone 13 are
stimulatory in MLR. The addition of anti-DR antibody dircctly to the wells
did result in a 30% dccrcase in the stimulation index, but this inhibition
was attributable to the binding of the antibody to DR+ activated T cells in
the responder population, since activated helper T cells have been shown
in our studics, as wcll as in others, to cxpress DR antigens on their surface
(93,57). This was morc vigorously demonstrated in experiments where
preincubating T cells or the DR ncgative clone 13 cells with anti-DR prior
to the addition of the cclls to the cultures was not associated with any
significant inhibition, wherc preincubating clone 16.1 with the same
monoclonal antibody resulted in marked inhibition of MLR responsec.
Furthcrmore, prcincubation of the T cells with anti DQ or DP did not lcad
to any inhibitory cffect in thc MLR response, whercas preincubation of
clonec 13 with anti DQ or DP lcad to the same inhibitory cffect which was
achicved by direct addition of thesc antibodics to the wells. These results
arc consistent with the concept that DQ and DP are both stimulatory
dcterminants  while being cxpressed on cclls of the monocyte-
macrophage lincage.

The rclative contribution of cach of the class Il antigens in
standard MLR culturcs could be assessed using clonc 16.1, cxpressing DR,
DQ and DP. Antibodies to DR, DQ or DP, added in varying concentrations to
clone 16.1, inhibitcd MLRs. However, monoclonal antibody anti-DR
cffectively inhibited MLR even at low conccentrations, while anti-DP/DQ
only blocked stimulation at high concentrations. In contrast, the ability
to inhibit clone 13 stimulated MLR was achicved by lower concentrations

of anti-DQ and DP monoclonal antibodics ( being the major stimulatory
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antigens in this sctting). Dosc rcsponse curves of the monoclonal
antibodics dcmonstrated that the effects scen were not related to the
affinity of individual antibodics. Thus, in sum, all thrce class Il antigens
appecar to play a rolc in allostimulation, with DR becing thc most potent
stimulator molccule. Our data arc in disagrcecment with other studies
which rcport that anti DR but not anti DQ antibodics arc capablc of
blocking MLR, suggesting that DQ is not a stimulatory dcterminant in
MLR (85,36,117). Onc possible cxplanation in this discrcpancy may rclatc
to the usc of different blocking antibodies (Genox vs. Leu 10), recognizing
different epitopes on this Class II molccule.

Although the density of class Il antigens expressed on antigen
presenting cells has been shown to play an important role in their ability
to present antigen, the corrclation between the density of Class 11 antigen
cxpression and stimulatory capacity in primary MLR responses is not well
cstablished (99,111,118). Comparing the data from individual
cxperiments, we wcere impressed by the finding that the degree of
stimulation was dircctly corrclated to the quantity as well as the specific
typc of the expressed D region molccule on the hybrids.  Expression of
high dcnsity DR on clone 16.1 was associated with higher stimulation
indices.  Differing degrees of DQ and DP cxpression on various clones
corrclated (non lincar) with allogencic T cell stimulation. Clone 15,
which expressed 18% DQ and 31% DP had stimulaiica indices of 7-10, while
clone 13 which expressed more DQ (53%) or DP (73%) induced greater
proliferation in the same T cell population (indices = 15-20). With
continuous culture, a variant of clone 13 which progressively lost DQ and
DP cxpression.  This phcnomenon was associated, initially, with markedly

diminished allostimulatory capacity by this clone. Finally, complete loss
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of D region cxpression by this clone led to its inability to stimulate MLR
although somec minor stimulatory capacity was rctaincd suggesting the
prescnce of a non-class 1l antigen stimulatory molecule (studics in
progress).

In order to further ecxplore the rclationship between density and
typc of D region cxpression with stimulatory capacity in MLR, wc took
advantage of changes in Class Il antigens following incubation with
gamma intcrfcron. Under maximal stimulation (100-200 units/ml for
48hr) U937 and clone 8 cclls were able to cxpress significant levels of DP
and DQ (21%, 28%). Although these cclls had been incapable of
stimulating an MLR prior to gamma interfcron cxposure, they werc now
capable of stimulating a significant rcsponsec. In contrast, the down
rcgulation of DP and DQ on clone 13 induced by gamma interfcron (sce
below) was associated with a dccrcase in the ability of thesc cells to
stimulatc in MLR cultures. Complete loss of DQ cxpression and significant
of down rcgulation of DP cxpression of clone 16.1 following treatincnt
with gamma interfecron resulted in a 65% inhibition in MLR response.
This reduced, but still significant response, was notable since there was
no change in the cxpression of DR antigen in these interferon-treated
cells.  The up rcgulation of Class II gene products following incubation
with gamma intcrfcron has been reported in multiple studies (100,110).
However, that distinct class Il antigens arc diffcrentially upregulated and
down rcgulated by either transcriptional, translational or transacting
factors is a novel finding.

In most experiments, we noticed a trend for the DR positive clone to
have stimulation indices which were higher than those of the DQ, DP

positive clones. However, subjecling these data to non-parametric
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statistical analysis failed to demonstratec any difference between  the
stimulatory capacity of DR positive vs. DQ positive cloncs.

The importance of surface density of class II products in a clinical
sciting is yct to be explored. Since acute rejection is belicved to be
dirccted against class Il alloantigens, hcightencd cxpression of these
gene products may be associated with a more scvere form of rejection.

An allogencic MLR offers an idcal systcm to analyze intcraction
among various phenotypically and functionally distinct subscts of T
lymphocytcs. It has been previously demonstrated that  allo-specific
helper, suppressor and cytotoxic T cells arc gencrated in these cultures,
however, the exact molecular signals lecading to the activation of specific
helper, suppressor vs. cytotoxic cells arc not known.

The unique dissociation of DR and DQ/DP antigen cxpression in our
systcm allowed us to investigate whether proliferation of T cell subsets in
rcsponsc to allogencic D-rcgion dcterminants is restricted by distinct
class 11 antigens. Dctermination of specific T cell populations
proliferating in rcsponse to clone 16.1 and allogencic monocytes (DR+) or
clone 13 (DR-, DQ/DP+) was studicd using subpopulation specific T cell
surface markers and functional assays. We demonstrated that the
prcdominant hclper T ccll proliferation was in response to DR allo-
antigen while a sclective prolifcration of suppressor T cells was noted in
the presence of DQ/DP and the absence of DR. In ecither case the T cells
showed evidence of activation, ecxpressing surfacc HLA-DR. DR
expression on T cells was dctected during the Sth and 6th days of culture.
As has becn shown in previous studies, allo-or auto-activated T cells,
cxpressing DR antigen, may function in cell to cell communication and

propagation of the immunc response (95,96). There was no apparent
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cxpression of cithcr DQ or DP on the responder T cells.  Morcover, we were
able to dctermince that the appcarance of DR on activated T cclls is a
rcsponsc  stimulated by all class Il allo-dcterminants on the stimulator
population.

Furthcrmore, data from these cxpcriments add further support to
the concept that the DR antigens expressed on T cclls are the result of
cndogecnous synthesis by the responder proliferating T cells. It can not
reflect the adsorption of shed DR molecules from the stimulator cell (99),
since, in our systcm, thc stimulator cclls, such as clone 13, did not cxpress
DR.

Most of the T cclls responding to DR positive clone 16.1 cells and
peripheral blood monocytes stained positively with OKT4 and wcere able 1o
promote the production of IgG by PWM stimulated autologous B cells.
These findings arc in agreement with previous reports on the ability of
DR+ cclls to stimulate allogencic helper T cells.  In contrast, hybridoma
c¢lone 13 (DR-, DQ/DP+) was found to inducc the proliferation of allogencic
OKT8+ cclls, supporicd by surfacc staining of the responding cells.  These
cells functioned however as T suppressor cells as dctermined by their
ability to suppress the production of immunoglobulins by PWM stimulated
autologous PBMC and B cells,

The presence of multiple class 11 genes and their differential
expression on the cell surface raises the question as to whether the
cvolution of these antigens was the result of an attempt to cxpand the
repertoire of antigen presenting molccules and aid in the induction of
distinct immune responses. Early work in the murine system by J. Klein
ct. al suggestcd that the I-E subregion was a restriction clement for

suppressor T- cells, while I-A subregion was implicated in the response of
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helper T-cells (102,101,103). In MLR cultures, the late proliferation of the
suppressor cclls could be blocked by the addition of anti-I-E specific
antibodics.  Since the I-A molecule is comparable to the HLA-DR molccule
and the [-E to th¢ HLA-DQ (105,106), it is possiblc that these regions arc
also acting as rcstriction elements in the regulation of hclper and
suppressor T-cclls in the¢ human system. A rccent study by Hirayam ct.
describes the response of a CD4+ T ccll line to a Schistosoma japonicum
(S})) antigen from a HLA Dw 12 DR2 DQI individual in the presence of
autologous or allogencic APC sharing thc samc DR2 antigen with the T
cell line (104). In their system, the response was clearly blocked by an
anti-DR framcwork monoclonal antibody, but not by an anti DQ antibody.
The authors concluded, appropriately, that the HLA DR2 molecule acted as
a restriction clement for the presentation of the SJ antigen to CD4+ T cells.
Suppression could be induced in this system in the prescnce of CD8+ T
cells, but this suppression could be reversed only by the addition of anti-
DQ antibody. Furthermore, non-responders of the same haplotype,
clcarly demonstrate proliferation in the presence of antigen presenting
cell, antigen and anti-DQ antibody. Thus, the DQ in this system is cpistatic
to DR in the rcgulation of the immunc response to the SJ antigen, and is
acting as a restriction clement in the gencration of suppressor cells in
the response to a specific antigen. These data suggest a logical pathway
in the control of an immunc response in an antigen specific system.
While antigen can be bound to all D region dcterminants on the surface
of an antigen presenting cell, the immune response is initiated by the
prescentation of antigen, bound to DR, to helper T cells. Mcanwhile,
antigen bound to the relatively less expressed DQ/DP molecules could

result proliferation of antigen specific suppressor T cells, controlling
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further activation/proliferation of the helper cell. Initial activation of
CD4+ T cells could result in the sccretion of gamma interfcron which
subscquently enhances DQ and DP expression on acccssory cclls. The
presence of these accessory cells would now allow for stimulation of
suppressor T cclls, suppressing further T ccll proliferation. The data
presented by others in autologous systems (107,85,36,108), and this study
in an allogencic system, favors differential function for distinct class 1l
antigens.  This thcory, of sclective binding of cither helper or suppressor
cells 1o the different D region molecules, can be further cxplored by
using ccll transfected with isolated class Il genes (8R). Our work with
monocyte hybridomas provide a system suitable to identify such
rcgulatory T-cell pathways.

The cxact mechanism of T ccll subsct stimulation in our system s
largely unknown, however, it has been suggested that allorcactive T cells
identify the forcign DR molecule as self plus cross rcactive antigen.  This
is probably sccondary to the spccific conformation of variable and
hypcrvariable domains of the class Il molecule. We can cxtend these
assumptions and suggest that the suppressor T cell receptor can identify
specific domains on the DQ and/or DP molccules and respond by
proliferating.  The conclusions drawn from these data, as well as other
studics in autologous and allogencic systems, document the ability of
different D-rcgion molecules to stimulate cither helper or suppressor
cells.

Experimental models using laboratory animals and tissuc culture
techniques have clcarly demonstrated the importance of MHC antigens in
transplantation. If the response to surface allogencic class Il antigens

can rcgulate the immunec response, i.c. in the clinical setting, the ability
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of the recipient to toleratc or reject a graft by the expression of different
class 1l molecules, onc might wonder whether an uncxplained rejection is
not the result of mismatching of class Il antigens other than the
conventional DR molccule. At present there are no studies documenting
thc importancc of DQ or DP antigens in human organ or tissuc
transplantation. Wc suggest that class Il antigens other than DR are
involved in the rejection or tolerance phcnomenon.  Our results, as wecll
as others, stress the importance of future studics in human organ and
tissuc transplantation rclating to the role of all D region molecules in

acute graft rejection or successful cngraftment.
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