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siveness to donor alloantigens, we per- 
formed several in vitro functional and phe- 
notypic analyses of T lymphocytes. Fluores- 
cence-activated cell sorter (FACS) analysis 
of lymphocyte populations revealed no dif- 
ferences between thymic allograft recipients 
and normal controls or hosts of long-stand- 
ing intratesticular or renal subcapsular allo- 
grafts (1 4). Similarly, mixed lymphocyte cul- 
ture responses of T lymphocytes from islet 
allograft acceptors to donor strain stimula- 
tor cells were indistinguishable from re- 
sponses to "third party" stimulators (15). 
However, limiting dilution analysis of 
lymph node cells-revealed a significantly 
reduced (40 to 60%) precursor frequency of 
cytotoxic T lymphocytes (CTLp) to donor 
strain alloantigen (Lewis) in recipients of 
intrathymic as compared to-untrans- 
planted controls (Fig. 3), suggesting that 
deletion or functional inactivation of class I- 
restricted RTl l  reactive T lymphocytes had 
occurred. In the same recipients the CTLp 
frequency for DA alloantigens was un- 
changed. 

o u r  finding that the thymus is a privi- 
leged transplant site was unexpected be- 
cause, unlike privileged sites such as the 
brain and the hamster cheek  ouch. the 
thymus does not lack efferent lymphatics 
(13, 16). However, thymic cortical vessels 
contain numerous tight junctions between 
endothelial cells that d o  not permit extrava- 
sation of particulate dyes or radiolabeled 
circulating cells (17). In addition, mature T 
cells rarely return to the thymus, thus mak- 
ing it relatively protected from immune 
surveillance (18). Though these anatomic 
and physiological features might account for 
survival of allografts implanted in the thy- 
mus, they would not explain the favorable 
influence on allografts subsequently im- 
planted in extrathymic sites. We hypothesize 
that this influence mav be attributable to the 
role of the thymus in the induction of self 
tolerance. Allogeneic thymus transplants are 
capable of inducing tolerance, as can intra- 
thymic inoculation of allogeneic thymus 
stem cells in lethally irradiated mice that are 
reconstituted with syngeneic bone marrow 
(19-21). Our data indicate that allogeneic 
cells of neither thymic nor lymphoid origin, 
if present in the thymus, can induce unre- 
sponsiveness, and that this may depend on 
deletion, inactivation, or both. 

ALS depletes the peripheral circulation of 
T cells and accelerates the kinetics of stem 
cell traffic into the thymus (22, 23). In rats 
injected once with ALS, the peripheral T cell 
population is transiently (14 days) depleted 
to 10% of normal levels as assessed bv FACS 
analysis (14). Subsequent reconstitution of 
the peripheral T lymphocyte pool in these 
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LFA-3, CD44, and CD45: Physiologic Triggers of 
Human Monocyte TNF and IL- 1 Release 

The monocyte-derived cytokines, tumor necrosis factor-cu (TNF-a) and interleukin- 
l p  (IL-lp), are central regulators of the immune response, but the physiologic stimuli 
for their release remain largely undefined. Engagement of three monocyte glycopro- 
teins, LPA-3, CD4-4, and CD45, by specific monoclonal antibodies immobilized on 
plastic induced TNF-a and IL-1p release. In addition, TNF-a was released when 
monocyte LFA-3 bound immobilized, purified CD2, which is its physiologic receptor. 
Thus, a receptor-ligand interaction that mediates cell-cell adhesion can transmit the 
necessary signals for the release of monokines. 

M ONOCYTES PRODUCE A VARIETY 

of soluble mediators (monokines) 
that can influence surrounding 

cells. Among such mediators are TNF-a and 
IL-1P, both of which are important in the 
initiation and regulation of the immune 
response (1, 2). Although monocytes release 
TNF-a and IL-1P after stimulation with 
endotoxin, phorbol myristate acetate 
(PMA), or Gram-positive bacterial compo- 
nents (2, 3), other more physiologic mecha- 

nisms for induction of monokine release 
must also exist, because monokine produc- 
tion can be induced under conditions that 
exclude these factors. One such physiologic 
mechanism may be via cell-cell contact. For 
example, TNF-a is elicited when monocytes 
contact tumor cells (4), and IL-1P. which 
facilitates T cell proliferation, is released 
during antigen presentation to T cells (2). 
We therefore attempted to define the mech- 
anisms by which monocyte interaction with 
other cells might induce monokine release. 

~ece~tor- l igand interactions between sur- 
D. S. A. Webb and T. L. Gerrard, Food and Drug 
Administration, Center for Biologics Evaluation and face Idecules on monocytes and other 
Research, - A - m -  Division of Cytokine Biology, Bethesda, MD are likely to trigger this release of mono- 
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Immunology Branch, National Cancer Institute, Nation- receptor with specific monoclonal antibody 
al Institutes of Health, Bethesda, MD 20892. (MAb) immobilized on plastic might mimic 
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ligand on  another cell. We therefore sur- 
veyed MAbs to eight monocyte surface re- 
ceptors for their capacity t o  induce T N F - a  
and IL-1P release from monocytes (Fig. 1) .  
All the receptors studied are involved in 
adhesion or  activation of leukocytes (5-9). 
Monoclonal antibodies specific for the mol- 
ecules CD44, CD45, and LFA-3 (lympho- 
cyte function-associated antigen-3) reprodu- 
cibly induced TNF-a and IL-1P release 
from monocytes; MAbs to the other five 
receptors induced n o  detectable release of  
these monokines. All the MAbs listed in Fig. 
1 bound to monocyte surface antigens (as 

TNF-a IL-1 p Fig. 1. Antiboles to LFA- 

T r e a t m e n t  

0 - 
' ~ 1  
8 .- - 
3 

E - 

Fig. 2. Soluble antibodies do not stimulate TNF- 
a or IL-1P secretion. Monocytes (4 x lo5 per 
well) were added to wells that were either previ- 
ously coated with MAb or endotoxin (2 ngiml) 
for 6 hours (black bars), or to which soluble MAb 
or endotoxin was added (white bars). After an 
overnight incubation, the supernatants were as- 
sayed for the presence of TNF-a. Untreated 
monocytes released no detectable TNF-a. The 
lowest detectable TNF-a concentration was 25 
pgiml. This is one of three representative experi- 
ments. Monocytes from different donors were 
used, and results were comparable. 

3, CD44, and CD45 stimu- 
No Mab late TNF-a and IL-lP pro- 

LFA-3 duction by human mono- 
cytes. The inlcated MAb 

CD44 (10 p g l y )  was added to 
96-well mcrotiter plates in 

CD45 - phosphate-buffered saline 
(PBS; 50 PI), incubated 6 

ICAM-1 hours at PC,  and unbound 
LFA-1 MAb removed by washing 

twice with PBS. The wells 
MAC-I were then filled with RPMI 

1640 containing fetal bo- 
HLA class ll vine serum (FBS, lo%), 2 

CD29 mM glutamine, and genta- 
micin (0.1 mglml). Mono- 

determined by immunofluorescence) and 
appeared t o  facilitate binding of  the mono- 
cytes to  the plates (10). Whereas LFA-3, 
CD44, and CD45 MAb-induced TNF-a,  
only the LFA-3 MAb induced significant 
amounts of IL-1B release. 

100 200 300 400 loo 200 300 400 500 600 700 cytes, purified by elutriation 
Cytokine production (pgiml) (26), were added at a con- 

centration of 4 x lo5 cells 
per well to give a total volume of 200 PI, and the plates were incubated overnight at 37°C in 5% C02.  
Supernatants were collected and assayed by enzyme-linked immunosorbant assay (ELISA; Cistron, Pine 
Brook, New Jersey) for TNF-a or IL-1P. The lowest detectable concentration of TNF-a or IL-1P was 
25 pglml. The following MAbs were purified immunoglobulins derived from ascites unless otherwise 
indicated: CD44 NIH44-1 (13), LFA-3 MAb TS219 (27), ICAM-1 MAb 84H10 (28), LFA-1 MAb 
MHM24 (29), human lymphocyte antigen (HLA) class I1 MAb IVA12, CD29 MAb 4B4 (Coulter 
Electronics, Hialeah, Florida), CD45 MAb NIH45-2, and MAC-1 MAb NIHllb-1. All MAbs are of 
the immunoglobulin G1 (IgG1) subclass. Results presented are the mean of triplicates + SEM. 
Endotoxin (500 ng ld)  was used as a positive control and induced the release of 1285 pg of TNF-a 
and 6400 pg of IL-lP per milliliter. 

The three mol'ecules that induced mono- 
kine release are structurally unrelated. LFA- 
3 is part of  the immunoglobulin supergene 
family (1 I),  CD44 is related t o  cartilage link 
protein (12), and CD45 is a member of a 
distinct family of  cell surface tyrosine phos- 
phatases (6). Nevertheless, our findings fit 
concepts of these molecules emerging from 
other model systems. CD44 (also known as 
Hermes, phagocytic glycoprotein- 1, or 
extracellular matrix receptor 111) not only 
participates in T cell adhesion t o  erythro- 
cytes (13, 14) and endothelial cells (IS), but 
also facilitates T cell activation by its interac- 
tions with both T cells and monocytes (13, 
16, 17). CD45 (T200, leukocyte common 
antigen) is an abundant molecule found o n  
all hematopoietic cells that can modify acti- 
vation of T cells in many model systems (7) 
and can mediate adhesion in at least one 
system (18). Finally, LFA-3 is a relatively 
ubiquitous cell surface molecule that is the 
ligand for the T cell protein, C D 2  (19). The 
CD2-LFA-3 interaction is one of the major 
pathways that mediates interaction o f  T 
cells with other cells (8, 9, 20). 

Because monocytes are so sensitive to  
activation by bacterial lipopolysaccharides 
(endotoxin), great care was taken t o  exclude 
endotoxin as a cause of these effects. Endo- 
toxin concentrations [measured by a limulus 
amebocyte lysate assay (21)] were low or  

1 0 1 ~ ' ~ ' . ' ~ ' ~ ' ~ ' ~ ' . ' . ' ~ ' ~ ' . ' . * . ~ . ' . ~ .  
0 ,  6 12 18 24 30 36 42 48 
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Fig. 3. The kinetics of TNF-a and IL-1P secre- 
tion by human monocytes stimulated by antibod- 
ies to LFA-3, CD44, and CD45. Monocytes were 
added to wells that had been previously coated 
with MAb to LFA-3 (TS219) (e), CD44 
(NIH44-1) (A), or CD45 (NIH45-2) (W),  at a 
concentration of 4 x lo5 per well and incubated 
at 37°C. To some wells, endotoxin (500 nglml) 
(0) was added. Supernatants were collected from 
different wells at 3, 6, 12, 18, 24, and 48 hours 
and assayed by ELISA for the presence of TNF-a 
and IL-1P. There was no detectable TNF-a or IL- 
l p  release from untreated monocytes at any time. 
The lowest detectable concentration of TNF-a 
and IL- 1P was 25 pgid.  These data are from one 
of four representative experiments. Monocytes 
from different donors were used and results were 
similar. 

undetectable in the MAb preparations used 
in this study; the endotoxin concentration 
was <0.006 nglml in most of the MAb 
preparations. The only measurable endotox- 
in was found in the LFA-3 and LFA-1 MAb 
preparations: MAb at 10 pglml contained 
endotoxin at approximately 0.5 ngiml. We 
compared soluble MAb t o  MAb bound to 
plastic for induction of  monokine release 
(Fig. 2).  When added directly t o  monocytes 
in solution, weak induction of TNF-a  re- 
lease that could be attributed t o  endotoxin 
was observed in the two preparations with 
measurable endotoxin; in contrast, after im- 
mobilization of  the MAb o n  dates. the 

A ,  

endotoxin appears to  have been washed 
away, whereas the marked monokine induc- 
tion by LFA-3, CD44, and CD45 MAb was 
revealed. Finallv, we observed n o  induction , , 
of. TNF-a  release when monocytes were 
added t o  microtiter wells that had been 
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Fig. 4. Stimulation of TNF-a secretion from human monocytes by purified CD2. CD2 and ICAM-1 
were purified as described (25, 30, 31). Microtiter wells were coated with approximately 300 ng/ml of 
either CD2, ICAM-1, human serum albumin, or a 1:2 dilution of a CD2-negative control fraction 
of the CD2 affinity column eluent for 6 hours at 4°C. The plate was then washed and monocytes were 
added (4 x 105 cells per well). After a 6-hour incubation at 37°C with 5% C0 2 , the supernatants were 
collected and the concentration of TNF-a in the supernatants determined. To some wells the following 
MAbs were added at approximately 10 |xg/ml: CD2 MAb 9.6; CD3 MAb OKT3 (American Type 
Culture Collection); and CD8 MAb B9.8. All three MAbs contained no detectable endotoxin. The 
lowest detectable concentration of TNF-a was 25 pg/ml. Results from three representative experiments 
are presented. Values are the mean of duplicates (+ SEM). NT, not tested. 

previously coated for 6 hours with 2 ng per 
milliliter endotoxin, a concentration that 
induces TNF-a release when added directly 
to the monocytes. 

We found that none of the endotoxin-free 
MAbs were able to induce monokine release 
when not bound to plastic, indicating that 
they do not induce monokine release by 
binding to a specific epitope, but act by 
cross-linking the antigens. All MAbs used in 
Fig. 1 bound to the plastic and thereby 
mediated the attachment of monocytes to 
the wells (10); however, only those specific 
for LFA-3, CD44, or CD45 induced mono
kine release. In contrast, a recent report 
indicates that soluble CD44 MAb can in
duce release of IL-1 from human monocytes 
(17). It is unclear why this soluble MAb 
induces a response; however, contaminating 
endotoxin (cited as < 1 ng/ml) may be suffi
cient to induce monokine release. Our data 
indicate that endotoxin was not a factor and 
that the MAbs used had to cross-link either 
the LFA-3, CD44, or CD45 molecules on 
the surface of monocytes for induction of 
monokine release. 

For monokine release to be relevant to the 
early events of T cell activation, release 
should be rapid. Secretion of TNF-a and 
IL-ip was extensive within 3 hours and 
peaked at about 6 hours (Fig. 3). These 
findings are in agreement with another re
port (22). Triggering by these molecules 
most likely induces transcription, since simi
larly prepared monocytes incubated for 4 
hours in media alone showed no mRNA for 
either IL-1 or TNF (23). 

Interaction of T cell CD2 with LFA-3 on 
others cells mediates adhesion and enhances 
T cell responsiveness to other stimuli (24). 
The induction of monokine release by LFA-
3 MAb suggests that the monocyte can, 
likewise, be activated by CD2 on the T cell. 
Therefore we determined whether purified 
CD2 could induce monokine secretion (Fig. 
4). The results show that purified CD2 
stimulates TNF-a release. The specificity of 
the CD2-induced release is indicated by the 
ability of a CD2 MAb, but no other MAb, 
to block the induced TNF release, and the 
purity of the CD2 preparation on a silver-
stained SDS-polyacrylamide gel (only one 
band was observed) (25). Furthermore, a 
comparably purified protein, ICAM-1, 
failed to induce TNF release. Together, 
these data suggest that this response can 
occur in the absence of MAbs, indicating 
that the Fc portion of the MAbs is probably 
not contributing to induction on the mono
kines. Thus, it appears that binding of CD2 
and LFA-3 transduces signals to both inter
acting cells. 

LFA-3 and at least two other molecules, 
CD44 and CD45, are involved in induction 

of monokine release. It is unclear whether 
these molecules act independently or are 
associated functionally. We await a detailed 
understanding of the intracellular mecha
nisms whereby these molecules trigger mon
okine release under physiologic conditions. 
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