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FIGURE 1. Mean AST levels 0, 6 h, 24 h and 48 h postop.

significant differences were found at any time point. The
technical failure rate was similar in all 3 experimental
groups.

The presented test model can demonstrate the increased
injury sustained by fatty livers after transplantation in a
reproducible way. The results suggest that PGE, treatment is
helpful in protecting fatty livers from ischemic injury associ-
ated with transplantation. An infusion of PGE, into a mes-
entery vein branch might be preferable in view of the signifi-
cant first pass clearance of PGE, by the lungs. However, this
could not be carried out successfully in our rat model. Liver
transplantation without arterial anastomosis was attempted
initially but yielded highly variable and nonreproducible re-
sults. ALT measurements might be preferable theoretically
as this enzyme is more liver specific than AST. Again repro-
ducible differences and results were not obtained.

Several studies have shown that PGE, treatment can pro-
tect organ transplants (liver, heart, kidney) from damage
created by warm ischemia and cold storage preservation (4-
6). Prostaglandins have also been shown to possess an im-
munosuppressive effect of their own (7). The study presented
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here shows that PGE, can, at least in rats, protect livers that
are more susceptible to transplant-related ischemia because
of fatty metamorphosis. Studies are now underway in our
laboratory to test other agents that could potentially protect
fatty liver grafts from transplant-related ischemic damage.

Bo S. HUSBERG?

YURI S. GENYK

GORaN B. KLINTMALM

Baylor University Medical Center
Transplantation Services

Dallas, Texas 75246

! Address correspondence to: Bo Husberg, MD, PhD, Baylor Uni-
versity Medical Center, Transplantation Services, 3500 Gaston Av-
enue, Dallas, TX 75246.

REFERENCES

1. Todo S, Demetris AJ, Makowka L, et al. Primary nonfunction of
hepatic allografts with preexisting fatty infiltration. Trans-
plantation 1989; 47: 903.

2. Mor E, Klintmalm GB, Gonwa TA, et al. The use of marginal
donors for liver transplantation. A retrospective study of 365
liver donors. Transplantation 1992; 53: 383.

3. Kamada N, Calne RY. A surgical experience with five hundred
thirty liver transplants in the rat. Surgery 1983; 93: 64.

4. Crafa F, Gugenheim J, Saint-Paul MC, et al. Protective effects of
prostaglandin E, on normothermic liver ischemia. Eur Surg
Res 1991; 23: 278.

5. Ueno T, Horita K, Okazaki Y, Itoh T, Natsuaki M. The effect of
prostaglandin E, on heart preservation. Transplantation 1992;
52: 418.

6. Tojimbara S, Ohsaki S, Teraoka S, et al. Effects of prostaglandin
E, on transplanted kidneys in dogs by laser Doppler blood
perfusion monitor. Transplant Proc 1992; 24: 1349,

7. Fabrega AJ, Blanchard J, Rivas PA, Moran SM, Pollak R. Pro-
longation of rat heart allograft survival using cyclosporine and
enisoprost, a prostaglandin E, analog. Transplantation 1992;
53: 1363.

Received 3 May 1993.
Accepted 26 July 1993.

SINGLE AS WELL AS PAIRS OF SYNERGISTIC ANTI-CD4+CD8 ANTIBODIES PREVENT
GRAFT-VERSUS-HOST DISEASE IN FULLY MISMATCHED MICE!

Marrow engraftment at reduced doses of total body irra-
diation together with prevention of graft-versus-host disease
(GVHD)* in homozygous fully mismatched radiation chime-
ras had been observed after a single injection of rat IgG2b or
mouse IgG2a anti-Thy-1 mAb (1). Similar data were obtained
after pairs of noncompetitive rat IgG2b antibodies against
epitopes on the murine L3T4 (CD4) and Lyt-2 (CD8) T cell
antigens had been injected in prospective recipients of mar-
row and spleen cells from thymectomized donors predepleted
by the same synergistic mAb pairs (2). In further studies,
single or synergistic anti-CD4 and/or anti-CD8 were not com-
pared as to their anti-GVHD effects, but prevention of GVHD

! This work was supported by a grant from Sonderforschungsbe-
reich 217, Germany.
* Abbreviations: GVHD, graft-versus-host disease.

in homozygous 2-haplotype-mismatched irradiated mice,
such as found for anti-Thy-1, was not reported (3, 4). A formal
comparison between synergistic and single anti-CD4+*CD8
mADb in euthymic radiation chimeras therefore appeared de-
sirable, given the remarkable immunosuppressive effects of
synergistic as well as of single anti-CD4 mAb in delaying skin
and vascularized organ graft rejection with and without coin-
jection of donor cell antigen (5-8).

Interest in the degree of GVHD suppression that is possible
with mAb against the CD4 and ~CD8 T cell subsets also lies,
of course, in the comparable distribution of the CD4 and CD8
antigens in mice and humans. We therefore generated a
number of rat IgG2a and IgG2b mAb and selected single and
synergistic IgG2b anti-CD4 (RmCD4-1, RmCD4-2) and anti-
CD8 (RmCD8-1, RmCD8-2) mAb for their potent effect on
suppression of GVHD in the difficult homozygous 2-haple-
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type MHC and minor antigens mismatched donor-recipient
combination where irradiated mice received bone marrow
and up to 5X107 spleen cells. Here we show that synergistic
mAb were not required, because already single IgG2b anti-
CD4 (RmCD4-2) mAb prevented GVHD completely and in-
duced full chimerism and specific skin graft tolerance, but
only if combined with anti-CD8 (RmCD8-2) mAb.

In contrast anti-CD4 (RmCD4-4) and anti-CD8
(RmCD8-5) mAb of the rat IgG2a isotype were much less
immunosuppressive (Fig. 1). mAb (400 pg) were injected in
CBA(H-2*) mice 4 hr after 600 ¢Gy and 20 hr before transfer
of bone marrow (2X107) and spleen (5X107) cells from C57BL/
6(H-2*) donors. Rat antibodies against CD4 and CD8 were
produced (9) after immunization with AKR/J thymocytes us-
ing either the rat myeloma line Y3/Ag 1.2.3 (10) for
RmCD8-1 and RmCD8-2 or the mouse myeloma line P3X63
Ag 8-653 (11) for the RmCD4-1,-2,-4 and RmCD8-5 mAb.
Antibody specificity was defined by FACS and confirmed by
intercalation of Clq with published synergistic antibodies.
For cross-inhibition with published anti-CD4 and -CD8 anti-
bodies (12, 13), see Table 1.

In vitro, the synergistic anti-CD4 and -CD8 mAb pairs
showed an antibody-coating density on T lymphocytes simi-
lar to that of RmT1, an anti-Thy-1 mAb of the same rat IgG2b
isotype (14). It allowed intercalation of Clq, the subunit of
the first component of the C cascade (Fig. 2), as could be
expected from the basic studies of Hughes-Jones et al. (15)
with synergistic alloantibodies to MHC antigens on rat red
cells.

Antibody-coating density and isotype-dependent affinity
for Clq leading to high in vitro uptake of C1q had been found
to correlate with immunosuppression in vivo in the case of
anti-Thy-1 antibodies (1, 14, 16-18). The synergistic IgG2b
anti-CD4+CD8 mAb pairs were very immunosuppressive.
They prevented GVHD altogether. Rat IgG2a RmCD4-
4+RmCD8-5 mAb were relatively ineffectual in delaying
GVHD (Fig. 1) and, in vitro, negative in Clq uptake and
C-dependent cell lysis (data not shown). Interestingly, our
single IgG2b anti-CD4 (RmCD4-2) mAb, if combined with
anti-CD8 (RmCD8-2) mAb, prevented GVHD as completely
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TABLE 1. Coating density and C-mediated cell lysis after incuba-
tion of T lymphocytes with single or synergistic anti-T cell mAb

. Ab-molecules %/ Cell lysis®

Antigen mAb cell X 10° ((i’)
Thy-1 RmT1 60 49
CD8 RmCD8-1* 26 13
CDs8 RmCD8-2 34 14
CD4 RmCD4-1** 27 12
CD4 RmCD4-2*** 24 12
CD4 RmCD4-1 + 2 53 27
CDS8 RmCD8-1 + 2 62 28
CD4/CD8 RmCD4-1 + 2 — 47

+RmCD8-1 + 2

e After calibrating the FACScan with quantitative fluorescein mi-
crobead standards, the amount of mAb-molecules/cell was deter-
mined with fluoresceinated, purified anti-T cell antibodies by FACS
analysis. The mean fluorescence of the mAbs was converted to fluo-
rescein equivalents (20).

b Percentage of dead lymphoid cells was measured in a FACScan
using C57BL/6 lymph node cells incubated at 37°C with purified
mAb in saturated concentration and undiluted syngeneic mouse se-
rum as C source. Dead cells were labeled with propidium iodide.

* Inhibiting YTS 169.4; ** inhibiting YTS 156.7.7; *** inhibiting
YTA 3.1.

as the synergistic mAb pairs, although in vitro Clq uptake
and C-dependent cell lysis were low or negative (Fig. 2 and
Table 1).

Since affinity for Clq is isotype related, the in vitro find-
ings with the less Clg-affine rat IgG2a mAb corelate with
their poor suppression of GVHD in vivo. The finding of single
RmCD4-2+RmCD8-2 mAb preventing GVHD in a stringent
radiation chimera model could be reproduced in 3 separate
experiments, each with groups of 6-9 mice accompanied also
by positive controls (i.e., mice injected with the rat IgG2b
anti-Thy-1.2 mAb RmT1). Their T lymphocytes with an anti-
Thy-1.2 antibody-coating density of around 60,000 molecules/
cell (14) compare with the 53 and 62x10° molecules/cell of
the RmCD4 and RmCD8 mAb pairs in Table 1. However, if
donor cells express only half of the Thy-1 antigen dose in
heterozygous (Thy-1.1XThy-1.2)F1 strains, the resulting re-
duction of antibody cell coating no longer allowed prevention
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FIGURE 2. Clq uptake by C57BL/6 thymocytes coated with diluted
single or pairs of synergistic rat IgG2b anti-CD4 (RmCD4) or anti-
CD8 (RmCD8) mAb. It was measured in ELISA after incubation of
the antibody-coated cells with 2% human serum as C source. Clq
binding was detected using a polyclonal POX-labeled anti-human
Clq antibody (1).

of GVHD (14). Since our single RmCD4-2 and RmCD8-2
mAb show a similarly low antibody coating between 24 and
34X10° molecules/cell, their continually successful preven-
tion of GVHD in this donor-recipient combination indicates
an additional immunosuppressive mechanism, e.g., interfer-
ence of anti-CD4 and -CD8 mAb with functions of the neigh-
boring TCR complex (19).

Thus our approach of conditioning marrow recipients for
both prevention of GVHD and engraftment at reduced radia-
tion doses with only 1 dose of anti-Thy-1 mAb (1) also proved
applicable to a cocktail containing single anti-CD4+CD8
mAb. Neither reduction of antibody dose nor increasing the
number of spleen cells to up to 103—approximately the maxi-
mally tolerable cell dose of murine marrow recipients—
allowed the documentation of a survival bonus of pairs of
synergistic versus single anti-CD4+CD8 mAb. Complete
long-term chimerism both after 6 or 8 Gy and specific toler-
ance of marrow donor strain skin grafts up to an observation
time of over 200 days are encouraging. It is to be hoped that
conditioning of marrow recipients with a high dose of anti-
CD4+CD8 mAb will help to overcome GVHD and graft fail-
ure, the stumbling blocks in clinical transplantation of bone
marrow from mismatched donors.
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EVIDENCE THAT DONOR-SPECIFIC SUPPRESSOR CELLS CAN BE PRODUCED
INDEPENDENTLY OF THE THYMUS!

We have described previously a method for inducing toler-
ance using cyclophosphamide (CP)* in a murine model, in
which 150-200 mg/kg of CP is administered intraperitoneally
2 days after intravenous priming with 10® donor spleen cells
(SC) (1). In donor-recipient combinations disparate only at
minor histocompatibility Ag, this procedure induces specific
tolerance to donor skin grafts in association with the estab-
lishment of long-lasting mixed chimerism both in the thymus
and the periphery (2, 3). In addition, we have shown that Ts
cells of CD8 phenotype contribute to the maintenance of this
type of tolerance at a late stage when mixed chimerism has
waned in some strain combinations (4, 5).

Although numerous reports have demonstrated the exist-
ence of Ts, it is not yet clear whether the thymic environment
is required for generating Ts, especially in a system in which
intrathymic chimerism can be induced as in our model using
CP. It has been shown that suppressor inducer T cells (Tsi)
can be detected early after (usually within a week) the in-
duction of various types of tolerance (6, 7), suggesting that
Tsi can be produced independently of the thymus. In con-
trast, more direct executor, suppressor effector T cells (Tse)
have been shown to take time to become detectable in vivo (6,
7). It has been speculated that a relatively long time is re-
quired for Tse to be activated by Tsi and to expand suffi-
ciently to exert effective immune suppression. However, an-
other explanation might be that most Ts are produced in the
thymus, and therefore suppressor activity in the periphery
takes time to become detectable. In fact, Hendry et al. (8) and
Hutchinson et al. (9) reported, using an adoptive transfer
system, that T cells responsible for donor-specific immune
suppression exist in the thymus. Alternatively, naive T cells
generated in the thymus might be preferentially affected by
Tsi. In the present report, to investigate the role of the thy-
mus in inducing Ts, thymectomized mice were used as recipi-
ents for tolerance induction using CP, and adoptive transfer
assays were performed at the late stage of tolerance.

Female mice of BALB/cCrSlc (BALB/c), DBA/2CrSlc (DBA/
2), and B10.D2 nSnSlc (B10.D2) strains (all H-2%) were ob-
tained from the Japan SLC (Hamamatsu, Shizuoka, Japan).
Thymectomy or a sham operation was carried out on recipi-
ent BALB/c mice 10 days before intravenous priming with 10°
donor DBA/2 SC. CP (Shionogi, Japan) was given intraperi-
toneally at a dose of 200 mg/kg 2 days after the priming. Skin
grafting was carried out 14 days after CP treatment. For
the adoptive transfer experiments, 10® SC from BALB/c

! This work was supported in part by Grants-in-Aid for Scientific
Research from the Ministry of Education, Science, and Culture, and
the Ministry of Health and Welfare, Japan. ‘

* Abbreviations: CP, cyclophosphamide; SC, spleen cells; Tse, sup-
pressor effector T cell; Tsi, suppressor inducer T cell.

mice made tolerant of DBA/2 14-20 weeks earlier were
transferred into syngeneic BALB/c mice that had been irra-
diated with 300 rad on the same day. One day after irradia-
tion and cell transfer, grafting with DBA/2 skin was per-
formed. In some experiments, the transferred SC were
pretreated with anti-CD4 mAb (30% culture supernatant of
RL172.4 hybridoma), anti-CD8 mAb (x500; anti-Lyt-2.2;
Meiji, Tokyo, Japan), or anti-Thy1.2 mAb (X100; Meiji) plus
C’. After these treatments, percentages of each subset de-
creased to less than 2%.

As shown in Figure 1, thymectomized recipients given do-
nor SC and CP acquired comparable levels of tolerance to
DBA/2 skin grafts as compared with euthymic tolerant mice,
and rejected third-party skin grafts (B10.D2) promptly. SC
from these tolerant mice were obtained about 100 days after
CP injection, and were transferred into lightly irradiated
secondary recipients. The results of the adoptive experiments
are shown in Figures 2, 3, and 4. As has been reported pre-
viously (4, 5), when unfractionated SC from tolerant euthy-
mic mice were transferred, significant prolongation of skin
graft survival could be obtained in the secondary recipients
compared with the controls receiving irradiation alone or
irradiation plus SC from untreated BALB/c mice (Fig. 2).
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FIGURE 1. Skin graft tolerance could be induced both in euthymic
(sham) and thymectomized recipients. Euthymic and thymectomized
BALB/c mice were injected intravenously with DBA/2 SC on day -2
and subsequently treated with CP on day 0. Grafting with DBA/2 or
B10.D2 (third party) skin was performed on day 14.



