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IN VITRO PROPAGATION AND HOMING OF LIVER-DERIVED
DENDRITIC CELL PROGENITORS TO LYMPHOID TISSUES OF
ALLOGENEIC RECIPIENTS

[MPLICATIONS FOR THE ESTABLISHMENT AND MAINTENANCE OF DONOR CELL CHIMERISM FOLLOWING LIVER
TRANSPLANTATION |2
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Dendritic cell (DC) progenitors were propagated in
liquid culture from nonparenchymai cells resident in
normal mouse (B10.BR: H-2%, I.E*) liver in response to
granulocyte-macrophage colony stimulating factor
(GM-CSF). The liver-derived DC progenitors were
MHC class 117%™ and did not express counter recep-
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tors for CTLA-4, a structural homologue of the T cell
activation molecule CD28. Following subcutaneous or
intravenous injection, these liver-derived cells mi-
grated to T cell-dependent areas of lymph nodes and
spleen of unmodified, allogeneic (B10; H-2"; I-E™) re-
cipients, where they were identified 1-5 days, and |
and 2 months after injection by their strong surface
expression of donor MHC class II (I-E*) and their den
dritic morphology. Maximal numbers of liver-derive«
DC in the spleen were recorded 5 days after injection.
Both clusters of strongly donor MHC class II* cells—
and (more rarely) dividing cells—could also be identi-
fied, suggesting cell replication in situ. Using the same
techniques employed to generate DC progenitors from
normal liver, GM-CSF-stimulated cells were propa-
gated for 10 days from the bone marrow and spleen of
nonimmunosuppressed mice sacrificed 14 days after
orthotopic liver transplantation (B10;:H-2®> — C3H:H-
2%)., Immunocytochemical staining for recipient and
donor MHC class II phenotype revealed the growth
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both of host cells with DC characteristics, and of cells
expressing donor alloantigens (I-A"). These results are
consistent with the growth, in response to GM-CSF, of
donor-derived DC from progenitors seeded from the
liver allograft to recipient lymphoid tissue. The func-
tional activity of the progenitors of chimeric DC and
the possible role of these cells in the establishment
and maintenance of donor-specific tolerance following
liver transplantation remain to be determined.

[t is now thought that the comparative ease of “acceptance”
of different transplanted organs may reflect their endowment
with “passenger” leukocytes (1, 2). Of these. bone marrow-
derived dendritic cells (DC)* are thought to be the most
important, because of their capacity both to present antigens
and to deliver activation signals to T cells (3-5). The liver,
which is the most tolerogenic whole organ (2, 6-10), has a
comparatively heavy content of DC (1 1-15), and can be trans-
planted across major histocompatibility barriers in most
mouse strain combinations, without immunosuppression (2).
Further insight into the tolerogenicity of the liver may
emerge from studies of the functional properties of liver DC
which, to date. have been the subject of very few investiga-
tions.

Recently, we have shown that DC with potent allostimu-
latory activity for naive T cells can be isolated from normal
mouse liver (16). In addition, we have succeeded in propa-
gating DC progenitors from liver non-parenchymal cells
(NPC) in response to the cytokine granulocvte-macrophage
colony-stimulating factor (GM-CSF) (17). Although these
nonadherent, low-buovant-density cells express DC-restricted
surface phenotypic markers, they are avidly phagocytic 1a
characteristic of immature DC) and are resistant to the in-
duction by cytokines ot either cell surtace major histocompat-
ihilityv complex {MHC) class II anugen expression or allo-

timulatory activity.

Animportant tunction of DC lineage cells is their capacity

Abbreviations: APC. antigen-presentung cell: DC. dendnitie cells:
GM-CSF. granuiocvte-macrophage coionv-stumulaung  tactor:  la.
immune-associated antigen; mAb, monocional antibodv: MHC. major
histocompatibility complex: NPC. nonparenchvmal cell; RT. room
temperature.

FrGoURE 1. Cvtocentrifuge preparation showing celis released trom
GM-CSF-sumuiated liver cell aggregates «dav 101, which exnibit

rrrerrutarly shaped, eecentric nucier. absence of prominent granuies.
and distinct cviopiasmic processes (memsa: - 6000
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TaBLE 1. Immunophenotypic characteristics of nonadherent, GM-
CSF stimulated mouse liver-derived DC progenitors harvested
from liquid cultures: comparison with GM-CSF stimulated spleen-

derived DC
Antigen (mAb) Liver DC Spleen-
progenitors derived DC
Leukocyte-common Ag
CD45 - ++
CD45RA:B220 - -
MHC Class II; I-EX9-pc -/dim +44
DC-restricted
Lymphoid DC (33D1) + +
Interdigitating cell (NLDC 145) - +
Myeloid (primarily) macrophage - +
(F4/80)
Lymphoid (primarily)
CD3. - -
Heat-stable antigen (J11D) - - ++
NK cells: NK1.1 - -
Receptors/adhesins
CDa32. FcyRIL - +
CD11b, MAC-1a umit: C3biR -~ +
CD1lc. pl50/90 (N418) - ND®
CD44, Pgp-1 - ++
CD54. ICAM-1 - Fas
CTLA-4 counter-receptors - ++
CD25, p55: IL-2R - -
* Not determined.
:zc)ooo1
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FIGURE 2. Absence of allostimuiatory acuvity of y-irradiated. (M-
CSF-stimulated. B10.BR mouse hver-denived DC progenitors (i3}
using nawve. B10(I-E 1 splemie T cells as responders. The nonadher-
ent, low-buovant-density cells were harvested from 10-day GM-CSF-
stimulated cultures and set up at various concentrations, with 4 « 10°
responder T cells. Cultures were maintained for 72 hr: ["HITdR was
added 18 hr betore harvesung. The MLR-sumulatory actuwvity o
treshiv-isolated allogeneic tB10.BR) liver NPC {3} and spleen ccils
() and of svagenere ¢B10: |1 1)) spleen cells 1s also shown. The resuits
are expressed as mean counts per minute cpmy < 1 SD and are
representative of 3 separate expenments.

to migrate or “home” to secondary lymphoid tissue /8. [91
and therein to present antigen to T cells. The nature and the
etfectiveness of this cellular interaction mav determine the
immunogemecity/tolerogenicity of gratt alloantigens. In this
study. we have examined the in vivo migratory activity, fate.
and growth potential of mouse liver-derived DC progemitors.

MATERIALS AND METHODS

Amimais. Aduit 8-12 week oid male B10.BR (H-2%. I.E*). C57BL/
108nd (B1O. H-2" 1A v and C3H/Hed «C3H. H-2% [-E”) mice were
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pmhased from The Jackson Laboratory. Bar Harbor. ME. They
were maintained in the specific pathogen-tree facility of the Univer-
sity of Pittsburgh Medical Center.

Isolation of nonparenchvmal cells from liver. Nonparenchymal
cells {NPC) were isolated from normai B10BR mouse liver following
in situ perfusion. digestion in collagenase solution. and Percoll cen-
trifugation, as described in detail elsewhere ! 7). Hepatocyte con-
tamination was consistently <5%. Fresh spleen cell populations
were prepared using the same protocol. to control for possible en-
zyme-mediated effects.

Culture of liver. spleen. or bone marrow-derived DC lineage cells
with GM-CSF. Liver NPC or spleen cells. or bone marrow cells
isolated using conventional procedures 12.5%10°%) were placed in
wells of 24-well plates containing 2 ml of RPMI-1640 complete me-
dium (Gibco. Grand Island. NY) supplemented with 10% v/v fetal calf
serum and 0.4 ng/ml recombinant mouse GM-CSF (R&D Systems,
Minneapolis. MN). Nonadherent, low buoyant density DC-lineage
cells released from developing clusters were propagated as described
recently (17), using a modification of the method of Inaba et al. (20).
The cells were harvested routinely for study after 7-10 days of
culture. In some expenments, GM-CSF-stimulated liver-denived
populations were depleted of all Ia-rich cells by complement-depen-
dent lvsis. using mouse anti-[-EX monocional antibody (tmAb)
(PharMingen, San Diego, CA) and low-toxicity rabbit complement
(Accurate Chemical & Scientific, Westbury. NY). [a” cell depletion
was confirmed by both flow cytometry and immunocytochemistry.

Flow cvtometric analysis. Immunophenotypic analysis of liver or
spleen-derived cells was performed by either direct or indirect im-
munotluorescence staining as described elsewhere, using an exten-
sive panel of mAbs (17). These included antibodies directed against
mouse lymphoid. myeloid and DC-restnicted markers (33D1. TIB227,
ATCC. NLDC-145; and CD11c, N418: kindly provided by Dr. R.M.
Steinman. Rockefeller University, New York. NY). In addition,
counter-receptors of CTLA-4 (a structural homologue of CD28)
(CTLA-4CR), which inciude CD80 family members (B7/BB1) and
B70/B7-2. were identified using the CTLA-4lg fusion protein tkindly
provided by Dr. P.S. Linsley, Bristol Mvers Squibb Pharmaceutical
Research Institute. Seattle, WA) (21), with human Ig (Sigma) as a
negative control. Flow cvtometric analvsis was performed using a
F \CSTAR flow cvtometer t Becton Dickinson. San Jose. CA). and five
thousand events were acquired for each sample.

Mixed leukocvte cultures. To test the immunogemeity of cultured
liver or spleen-denved cells, one-way mixed leukocyte cultures were
performed 1n Y6-well, round-bottomed microcuiture plates with vari-
able numbers of GM-CSF-stimulated. y-irradiated (20 Gy} allogeneic
(B10.BR) or svngeneic tB10) liver or spleen cells as sumulators. B10
spleen cells (4 10” per well) enriched for T cells by passage t1 hr)
through a nvion wool column were used as responders. Cultures were
maintained for 72 hr; [ 'HITdR was added 18 hr before harvesting
and the extent of DNA synthesis determined by liquid saintillation
counting.

Dendritic coll homung. Nondepleted or la-depleted cultured
B10.BR liver- or spleen-denved cells were washed in Hanks' bal-
inced salt solution and injected s.c. 11 or 2.5~ 10" cells 1n 50 ul)into

ne hind footpad or 1.v. 110" in 200 ulr via the lateral tail vein of
armal B10 mice. Une dav to 2 months later. groups of 3 animals
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were killed and the draining popliteal lymph node i where appropri-
ate). thymus. and spleen were removed. embedded in Tissue-Tek
10.C.T. Compound. Miles, Elkhart, IN) and frozen at —70°C. Cryo-
stat sections (5 um) were air-dried at room temperature (RT) over-
night, then stored at —70°C until used.

Immunocvtochemistry. Cryostat sections (equilibrated at RT) or
cytocentrifuge preparations of cultured cells were fixed in acetone,
then stained for donor MHC class II using biotinylated mouse IgG2,
anti-mouse [-EX4?" or anti I-A® mAbs (PharMingen) as appropriate.
in an avidin-biotin-peroxidase complex (ABC) staining procedure.
Controls included sections or cytospin preparations of normal donor
or recipient strain tissues or cells. The incidence of donor MHC class
II* cells in sections was determined by the mean number of positive
cells per 100 high power fields (hpf).

Liver transplantation. Orthotopic liver transplantation (OLTx)
was performed in a mouse strain combination (B10 to C3H; MHC
class I, II and mHC disparities) with a high acceptance rate, using
techniques described previousiy in detail (22), with minor modifica-
tions. No immunosuppressive therapy was used. The animals were
killed 14 days after OLTx (three animals per group).

RESULTS

Growth and immunophenotype of liver DC progenitors.
Approximately 2.5X10° low-density nonadherent cells with
typical dendritic shape and other morphological features of
DC (Fig. 1) could be harvested per liver after 7-10 days of
culture in GM-CSF. Flow cytometric analysis (summarized
in Table 1) confirmed that these cells expressed surface an-
tigens associated with mouse DC, inciuding CD45 (leukocyte-
common antigen), heat-stable antigen, CD54 (ICAM-1),
CD11b (MAC-1), and CD44 (nonpolymorphic determinant of
Pgp.1 glycoprotein). In addition, staining of weak-to-moder-
ate intensity was observed for the DC-restricted markers
NLDC-145 (interdigitating cells), 33D1 and N418 and for
F4/80 and CD32 (FcyRII). The intensity of expression of
these markers on GM-CSF-stimulated spleen cells was
similar, except that CD32 and CD11b were reduced and
33D1 and NLDC 145 were slightlv more and less intense,
respectively, compared with the liver-derived cells. In con-
trast to the spleen cell progeny, which were MHC class
[IPm=ht  and positive for CTLA-4CR. the liver-derived.
(GM-CSF-stimulated cells were MHC class [T "™ and did not
express detectable CTLA-4CR.

Allostimulatory activity of GM-CSF-propagated liver-
dertved cells. Compared with freshly isolated B10.BR liver
NPC or spleen cells, the GM-CSF-stimulated liver DC pro-
genitors failed to induce proliferation in naive, allogeneic
1B10; [-E ) splenic T cell populations (Fig. 2). Similar obser-
vations were made whether nondepleted or la-depleted cell
populations were tested. GM-CSF-stimulated spleen-derived
DC, however, which expressed much higher levels of surface
MHC class II antuigen and also CTLA-4CR. were efficient

FIGURE 3. (a=h). Homing ability of GM-CSF-stimulated B10.BR liver-denved cells DC progemitors reieased in cuiture from proliferating ceil
aggregates charvested on dav 10). The ceils (2.5x10") were injected s.c. tday U1 1nto one hind footpad of B10 (I-E ) recipients and detected
by immunohistochemistry t1-E ") in cryostat sections of draining ivmph nodes. spieen, or thymus i day to 2 months later. The sections were
stained. using the ABC peroxidase procedure. with donor-specitic mouse ant-[-E* mAb, together with appropnate controis. (a) day 1, spleen:
1 strongiy donor MHC class [I-positive ceil in the T-dependent area of recipient spleen. close to an artenole tarrow: tb). day 1, lymph node:
A single positive ceil in the subcapsular space and some additionali structures tarrows) that mav represent Lightly positive cells: (¢) day 1.
thvmus: a positive cell in the meduila: (d) dav 3. spieen: several strongly positive celis with dendntic morphology in T-dependent area near
an artenole: (e) day 5. spleen: 1solated donor class 11" cells with dendntic morphology and an aggregate of similar ceils. each of which

expresses donor phenotvpe: (f) 2 weeks and (g1 2 months. spieen: showing positive cells and thi day 4. spieen: a dividing donor class [1* ceil
e Lo imimmsinm ot Ta.denieted liver-denived DC progenitors (ail x 1000).
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FIGURE 4. Mean number = 1 SD of donor MHC class II" cells with
dendritic morphology observed in spleen per 100 high-power fields
thpf) 1-60 days after s.c. footpad injection of 2.5x10°> GM-CSF-
stimulated, liver-derived DC progenitors.

inducers of primary allogeneic T cell responses (data not
shown).

In vivo mugration of liver-derived developing DC. We
wished to determine the migratory ability of the liver-derived
DC progenitors after their local (s.c.) or i.v. injection (in the
latter instance to mimic possible consequences of liver trans-
plantation). As shown in Figure 3. at least some of the liver-
derived cells homed after footpad or i.v. injection almost
exclusively to the T cell areas of recipients’ spleens. where
they were identified by expression of donor MHC class II
([-E*) in close proximity to arterioles. Similar observations
were made in the draining popliteal lymph nodes of footpad-
injected mice: occasional [-E " cells were also observed in the
thvmic medulla. Many of these chimenc cells exhibited dis-
tinct dendntic morphology. Donor MHC class IT* (I-E**)
cells were first observed in lvmph node or spleen 24 hr after
injection. Interestingly, structures resembling weakly donor
MHC class I~ cells were also observed in lymph nodes at 24
hr (Fig. 3). Whether these were maturing donor-derived cells
or recipient cells that had taken up shed donor MHC class II
peptides was not determined. In the spieen, maximal num-
bers of [-E*" cells were found on day 5 (Fig. 4). Thereatter,
numbers declined. but 1-E** cells were still detected in T cell
areas 2 months atter the mnjection of liver-derived DC pro-
senitors. In addition to 1solated cells. aggregates Fig. 3e)and
also rare dividing cells (Fig. 3h) were found within the first 5
davs after injection. To address the question of whether up-
regulation of MHC class Il expression or selective migration
of the small proportion of class II* cells had occurred in vivo.
fa’ cells were removed before injection of the cultured cells.
Similar observations were made whether nondepleted or la-
depleted. liver-derived cells were injected: after s.c. injection,
the mean number of positive cells per 100 high-power fields
in the spleen at 5 davs was 15.8=8.9 and 15.39.2 per 100
hfp. respectively.

Growth of cells expressing donor phenotvpe from hone
marrow and spleen of liver-ailograrted mice. We next tested
whether. using the same technique as was employed to prop-
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agate DC lineage cells from normal mouse liver. GM-CSF !
stimulated cells of donor phenotype could be propagated from
the bone marrow or spleen of mice killed 14 days after allo-
geneic orthotopic liver transplantation (B10 — C3H). Flow
cytometric analysis of donor and recipient MHC class I ¢. ||
surface antigen expression in freshly isolated suspensions f
bone marrow or spleen cells revealed a low incidence (<5
of donor (H-2"*) cells, compared with 89% and 97% recipient
cells (H-2**), respectively. Ten days after the initiation of
GM-CSF-stimulated cultures, in which selective enrichment
for cells with DC characteristics was performed, a minor
population of donor MHC class II* cells could readily be
identified both in the bone marrow and spleen cell popula-
tions (Fig. 5). Cells were also propagated for 10 days from the
spleens of normal B10 (donor strain) and C3H (recipient
strain) animals and stained both for I-A® and I-E*, with
appropriate Ig isotype controls. No mAb crossreactivity was
observed. These findings are therefore consistent with the ex
vivo propagation of donor liver-derived DC from progenitors.
or even stem cells, seeded in the lymphoid tissue of the organ
allogratt recipients.

DISCUSSION

Unlike GM-CSF-stimulated DC propagated from normal
mouse blood (20), bone marrow (25), or spleen, the majority of
GM-CSF-stimulated cells with DC characteristics derived
from liver NPC express little or no cell surface MHC class Il
antigen. Furthermore, as we have shown here, the liver-
derived DC progenitors fail to stimulate unprimed alloreac-
tive T cells—in contrast to freshly isolated spleen cells or
hepatic NPC, a finding in keeping with the very low intensity
of MHC class II and CTLA-4CR detected on their surface. As
shown previously (17), these cells also exhibit anid phago-
cytic activity—a property of immature DC. They can how
ever, be induced to mature in vitro (confirming their [
lineage) by exposure for several days to the extracellul.
matrix protein tvpe-1 collagen (/7) that is spacially assocr-
ated with MHC class [ DC in the portal triads within
normal liver. Recently, there has been increased speculation
that such “immature” DC or DC progenitors present in non-
lymphoid organs may constitute tolerogenic progenitors of
chimeric cells in recipients of organ allografts (1, 17, 23).

A specialized property of bone marrow~-derived DC is their
capacity to migrate in vivo to T-dependent areas of periph-
eral lvmphoid tissues (18, 19) wherein they present antigen
to T cells. In this study, we assessed the homing ability ot
(GM-CSF-stimulated. developing, liver-derived DC (low [-E*
expression or [a  following complement-mediated lysisi that
were injected either locallv or systemically (to mimic possiblc
sequelae of liver transplantation) into allogeneic B10 (I-E
recipients. When the recipients were killed after 1 to 5 dav:
at least some of the injected cells were found to have mi-
urated to T cell areas of the draining lymph node (atter locai
injection) and spleen. In these sites. they were easily ident-
fied as donor by their strong cell surtace staining tor MHC
class [1 (I-E*). Significantly, the liver-derived cells or their
progeny persisted in the spleen much longer tfor at least 2
months) than those donor-derived DC described in the same
tissue up to onlv 4 days after cardiac transplantation 1n
unmodified mice that rejected their gratts within 8—12 days
18). This may, of course, retlect both qualitative and quan-
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FIGURE 5. (a), donor MHC class II" (I-A"") and (b), recipient MHC class II" (I-E**) cells with dendritic morphology in 10-day GM-CSF-
supplemented cuitures of bone marrow-derived cells isolated from a C3H (H-2*) mouse recipient of a B10 (H-2") liver allograft. 14 days after
transplantation « = 1000). (c), mouse IgG isotype control ( x400). No staining of GM-CSF-stimulated C3H or B10 spleen cells (derived from
normal mice) with anti-I-A” or anti-I-E*, respectively, was observed (data not shown).

tirative differences in the migratorv DC populations derived
from liver and heart. Either way, the persistence ot injected
chimerie cells of DC lineage within lvmphoid tissue of un-

modified allogeneic recipients is consistent with the tailure of

these animals to reject liver allogratts 12). [t is also in agree-
ment with the survival of donor-derived leukocytes, including
DC. within the central lvmphoid tissue of unmodified murine
liver allograft recipients tfor up to one vear posttransplant (2).
Donor chimeric leukocvtes have similarly been observed in
spleens ot liver-allogratted rats up to 300 days posttrans-
plant (2.1).

The comparativelv long survival and apparent maturation

of liver DC progenitors homing to T cell-dependent areas of

allogenewc lvmphoid tissue 1s consistent with the contention
2, 2.4) that the destination of donor-derived leukocytes, mi-
»-ating atter whole organ transplantation. is lineage-specific,

! tllowing routes similar to those taken by svngeneic cells of

the same lineages. Alter transplantation ot the liver or other
organs. immature cells of DC lineage mav undergo in vivo
differentiatiorvmaturation (as shown here in terms of the
upreguiation of cell surtace MHC class Il expression) under
the regulatorv influence of endogenous GM-CSF and other
cvtokines. such as tumor necrosis factor-« and IL-4. in an in
vivo recapitulation of the resuits ot in vitro maturation (25-
27). The kinetics of this maturation process are likelv to be
influenced by the extent of host immunosuppression, al-
though the general pathwayvs ot donor cell migraton and

differentiation have been shown to be much the same in
liver-allografted rats treated with FK506 (24). The implica-
tions of the ramd egress trom the liver 1a potential hema-
tolymphoid organ [281) of progenitor DC with replicative
capacity, exhibiting low cell surtace MHC class I expression
and low T cell-stimulating activity, are considerable. The
implications of these findings are underscored both by the
lengthy persistence of these cells in nontmmunosuppressed
hosts and by our capacity to propagate cells of donor pheno-
tvpe 1n vitro from the lymphoid tissue of liver allograft re-
ctpients. This latter observation is consistent with the detec-
tion of presumptive proliferating « 10-15% ) donor cells within
the spleens of liver-allogratted rats several days posttrans-
plant (24). Taken together, these lindings suggest a mecha-
nistic basis for cvtokine-driven perpetuation ot donor leuko-
cvte chimerism in recipients of liver and other organ gratts.
They also provide support for the therapeutic strategy ot
augmentation of natural chimerism in human allogratt re-
cipients currently being evaluated at this medical center 129),

The possible functional role of chimeric cells ot DC lineage
:ind their progeny in organ allogratt acceptance remains to be
determined. The existence however. of subpopulations of mu-
rine DC with a veto function tinactivation ot T helper cells or
cvtotoxic T cell precursors) has been proposed (30). In addi-
tion. MHC class [I""™ allogeneic donor bone marrow ceils.
<hown to exhibit veto cell activity, have been postulated to be
unmature DC (31). Although the precise basis of DC=T ceil
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interactions that might lead to tolerance induction is uncer-
tain. it is most likely to depend on the relative affinity or
avidity compared with “immunizing” antigen-presenting
cells [APC)) of donor DC-T cell receptor interactions and on
the expression on the former cells of critical adhesins and
costimulatory molecules. such as members of the CD80 (B7-
1/B7-2) family. These aspects of developing liver and bone
marrow—derived DC both in vitro and in vivo are under
further investigation in our laboratory.

Following local or systemic injection into nonimmunosup-
pressed allogeneic recipients, liver-derived DC progenitors
propagated in vitro homed to T-dependent areas of lymph
nodes and spleen. They were detected by the expression of
donor MHC class II antigen and they persisted for at least 2
months in the spleen. where rare dividing cells identified as
donor were also detected. Using the same techniques em-
ployed to propagate DC progenitors from normal liver, both
bone marrow and spleen cells obtained from liver allograft
recipients 14 days after transplantation were cultured for 10
days in GM-CSF. This resulted in the propagation of recipi-
ent-derived cells and of cells expressing donor MHC class II
antigens, suggesting the growth of donor cells from precur-
sors seeded to host lvmphoid tissue. These findings provide
insight into the establishment and perpetuation of donor
(APC) cell chimerism following transplantation of the liver
and possibly other organs.
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SOLUBLE CTLA4Ig MODIFIES PARAMETERS OF ACUTE

INFLAMMATION IN RAT LUNG ALLOGRAFT REJECTION

WITHOUT ALTERING LYMPHOCYTIC INFILTRATION OR
TRANSCRIPTION OF KEY CYTOKINES'
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The efficacy of CTLA4Ig in blocking immune activa-
tion and allograft rejection (AR) was tested in an ag-
gressive and rapid model of rat lung AR (Brown Nor-
way [BN] — Lewis [LEW]). CTLA4Ig is a recombinant
soluble protein that binds with high affinity to rat
B7/BB1 and other surface molecules on APCs, subse-
quently blocking the binding of B7/BB1 to CD28/
CTLA4 on T cells. This interrupts the costimulatory
pathway critical for complete T cell activation and
completion of the AR process. Left single-lung trans-
plants were performed between BN-—Lew. Five al-
lograft recipients were examined in each group. At
transplantation, animals received 250 pg of CTLA4Ig
or 250 pug of control Ig intraperitoneally daily until
sacrifice. Animals were sacrificed on days 2, 4, and 7
after transplant. Control (BN— Lew) grafts show irre-
versible rejection by day 7. Syngeneic (Lew— Lew)
grafts show no AR on day 7. AR episodes were graded
histologically (stages 0-IV) and pathologic intensity of
inflammation was graded on percentage of involve-
ment. Cytokine transcript levels were measured in
control and CTLA4Ig-treated animais (n = 5 in each
group) on day 7 using reverse transcriptase poly-
merase chain reaction techniques. The most profound
lifferences were found on day 7 after transplant. The
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degree of lymphocytic infiltration was greater in the
CTLA4Ig group (perivascular: 4+0 vs. 2.6+0.6, peri-
bronchial: 40 vs. 2.2+0.4, and peribronchiolar: 3.6+
0.5 vs. 2x0.3, P<0.01). However, in striking contrast,
the stage of AR (3+0 vs. 420, P<0.01), vasculitis (1£0.7
vs. 2.6+0.6, P<0.05), hemorrhage (0.4+0.6 vs. 3.2+0.4,
P<0.01), and necrosis (00 vs. 2.4%0.5, P<0.005) were
significantly reduced in animals treated with CTLA4Ig.
Since CTLA4Ig blocks Th1l cell activation in vitro, we
compared the levels of Thl inflammatory cytokines
IL-2, y-IFN, and TNF-a in the two models. The intra-
graft ratios (CTLA4ig/control) were [L-2:0.77, y-IFN:
1.29, and TNF-a:1.33. Thus, CTLA4Ig did not signifi-
cantly block intragraft production of Thl cytokines on
day 7. Transcript ratios for cytokines known to sup-
press Th1l cell activation (IL-4, IL-10, and transforming
growth factor-p1) in CTLA4Ig to control Ig were all
about 1, which indicates no preferential expression of
Th2 cytokines in CTLA4lIg-treated animals. Cytotoxic
T cell serine protease and c-myc transcript levels were
similar in both groups. Our findings suggest that: (1)
CTLA4Ig exerts a profound and statistically signifi.
cant inhibitory effect on inflammatory and cytode-
structive events in the BN—Lew allograft model on
day 7; (2) there is no effect on lymphocytic infiltration,
cellular proliferation, Thl, Th2 cytokine transcript
levels, serine protease transcript levels, and c-myc
transcript leveis; (3) the inability of CTLA4Ig to com-
pletely block cellular infiltration and cytokine tran-
scription may be related to its known decreased effi-
cacy in rat models, possibly related to potent
costimulatory signals that are independent of the
CD28/B7 pathway.

Lung transplantation has become a viable treatment for a
vanety of terminal lung diseases, and vet, rejection-acute
and chronic-remains a senous problem. accounung for about



