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On Histocompatibility Barriers, Th1 to Th2 Immune
Deviation, and the Nature of the Allograft Responses1
Xian Chang Li, Martin S. Zand, Yongsheng Li, Xin Xiao Zheng, and Terry B. Strom2

ntigen-activated CD41 Th cells can differentiate into at
least two distinct phenotypes. Th1 cells produce IL-2,
IFN-g, and TNF-b and often orchestrate the T cell-dependent cytopathic effects noted in certain autoimmune states, allograft rejection, and delayed-type hypersensitivity responses. In
contrast, Th2 cells secrete IL-4, IL-5, IL-6, and IL-10 and are the
classic Th cells for the provision of B cell help in Ab production
(1). Central to this polarized nature of CD41 T cells is the role of
certain cytokines that act as cross-regulators in Th1 and Th2 differentiation. IL-12 that is produced primarily by activated macrophages/monocytes is a powerful and probably an obligatory cytokine in driving Th1 differentiation (2). Indeed, mice that are
deficient for IL-12 (3), the IL-12Rb1 (4), or STAT-4 (5), a key
IL-12 signaling component, manifest impaired Th1 responses. The
differentiation of Th2 cells, however, requires IL-4, which is produced by T cells and CD41NK1.11 cells (1). As the Th1 and Th2
paradigm holds that the ultimate fate of an immune response is
determined as a consequence of whether the Th1 or Th2 is in
control of the other, it has been proposed that a Th1 to Th2 immune deviation may be beneficial in certain Th1-mediated pathologic processes. Indeed, a Th1 to Th2 deviation that is produced by
treatment with Th2 cytokines or anti-IL-12 mAb is highly beneficial in several models of T cell-dependent autoimmunity (6 –12),
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suggesting an unequivocal role for Th2 cells as an important immune regulatory population in this situation.
Allograft rejection in unmodified recipients is consistently, albeit not universally, associated with a Th1 pattern of immune activation. Moreover, allograft recipients that are treated with tolerizing immunosuppressive regimens often manifest a Th2-type
response during the treatment period (13–17). Nonetheless, IL-2deficient hosts reject allografts despite a strong expression of IL-4
(18), and IL-4-deficient allograft hosts receiving potent immunosuppression can be permanently engrafted (19, 20). Furthermore,
attempts to induce permanent engraftment or create a state of allograft tolerance through the administration of long-acting Th2
cytokines (i.e., IL-4Ig and IL-10Ig fusion proteins) or immune
deviation via the application of IL-12 antagonists have failed (21,
22). It is puzzling as to why treating allograft recipients with such
strategies, which are extremely effective in dampening autoimmunity (6 –12), has not proven efficacious in transplantation. Adding
to the mystery, the states of neonatal tolerance and “infectious
tolerance” to alloantigens can be broken through the administration of anti-IL-4 (23–25).
We have reasoned that T cell-dependent alloimmune and autoimmune responses differ in at least two different and interrelated
ways. First, the host response to MHC-mismatched allografts includes responses to directly presented foreign (donor) MHC Ags
(i.e., direct Ag presentation), while autoimmunity is characterized
by the indirect presentation of autoantigens upon self MHC molecules. Second, the rejection of MHC-incompatible allografts activates more T cell clones than do typical autoimmune responses.
We have sought to determine whether these factors lie at the heart
of the paradoxical ability of immune deviation to curtail T celldependent autoimmunity while failing to blunt T cell-dependent
responses to MHC mismatched-allografts.

Materials and Methods
Reagents
A B cell hybridoma producing a depleting rat anti-mouse CD8 (2.43,
IgG2a) was purchased from American Type Culture Collection (ATCC,
Manassas, VA). Ascites was prepared in nude mice and used in the study.
A neutralizing rat anti-mouse IL-12 mAb (C17.15, IgG2a) that recognizes
0022-1767/98/$02.00
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In the present study, we have sought to determine the basis for the frequent failure of Th1 to Th2 immune deviation to blunt the
severity of allograft rejection, as such immune deviation has proven highly effective in the treatment of several T cell-dependent
autoimmune states. Our study demonstrates that treating islet allograft recipient mice with anti-IL-12 mAb is highly effective in
producing Th1 to Th2 immune deviation in several model systems (i.e., fully MHC, partially MHC, or multiple minor Ag barriers).
Nevertheless, anti-IL-12 failed to prolong the engraftment of fully MHC-mismatched islet allografts. However, anti-IL-12-treated
recipients carrying MHC-matched but multiple minor Ag-mismatched allografts experienced prolonged engraftment; allograft
tolerance was frequently achieved in the DBA/2J (H-2d) to BALB/c (H-2d) strain combination. In another model, in which the host
response was dominated by CD41 T cells responding to donor allopeptides presented upon host APCs in the context of self MHC
class II molecules, anti-IL-12 treatment proved to be extremely potent. Thus, Th1 to Th2 immune deviation produces prolonged
engraftment as compared with recipients of MHC-mismatched allografts when rejection is dependent upon indirectly presented
allogeneic peptides and a reduced mass of responding alloreactive T cells. The Journal of Immunology, 1998, 161: 2241–2247.
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an epitope on the p40 subunit of IL-12 was kindly provided by the Genetic
Institute (Cambridge, MA). Rat IgG2a was used as an isotype control Ab.

Animals
We obtained 8- to 10-wk-old male B10.BR (H-2k), CBA/ca (H-2k),
DBA/2J (H-2d), B10.D2 (H-2d), and B6AF1 (H-2b/k.d) mice from the Jackson Laboratory (Bar Harbor, ME). Male BALB/c (H-2d) mice were purchased from Harlan Sprague-Dawley (Indianapolis, IN). MHC class IIdeficient mice (C57BL/6Abb2/2) were obtained from Taconic
(Germantown, NY). All animals were housed under standard conditions.

Islet transplantation

Histopathology
The left kidney bearing the islet transplants was removed from recipient
mice at various times after transplantation, fixed in 10% formalin, and
embedded in paraffin. Serial tissue sections (5 mm) were cut and mounted
on Superfrost Plus glass slides (Fisher Scientific, Pittsburgh, PA), fixed in
methanol, and stained in hematoxylin and eosin for the identification of the
composition of the cellular infiltrates.

Thymectomy and depletion of CD81 T cells
Thymectomy was performed on adult recipient BALB/c mice using a pipette suction technique. Briefly, BALB/c mice underwent upper median
sternotomy under general anesthesia, and the thymus was removed by gentle aspiration. The skin was then closed with interrupted sutures. At 7 to 10
days after thymectomy, mice were treated with a depleting anti-CD8 mAb
(2.43; ATCC) that was administered i.p. (0.2 mg) on days 26, 23, and 21
before transplantation as described previously (26).

Flow cytometry
Two-color cell staining was performed. Briefly, peripheral blood leukocytes (1 3 106) were stained with a biotinylated rat anti-mouse CD4 mAb
(GK1.5) on ice for 45 min, followed by staining with FITC-conjugated
streptavidin (PharMingen, San Diego, CA). Cells were washed twice in
PBS-0.5% BSA and further stained with a phycoerythrin-conjugated rat
anti-mouse CD8 mAb (53-6.7; PharMingen). Isotype-matched, fluorescent-conjugated anti-2,4,6-trinitrophenyl mAbs (PharMingen) were used as
controls. Cells were then washed in PBS and analyzed using a FACScan
flow cytometer (Becton Dickinson, Mountain View, CA).

RNA extraction
Tissue samples were homogenized, and total cellular RNA was extracted
using a Qiagen RNA isolation kit (Chatsworth, CA) according to the manufacturer’s instructions. RNA was reverse transcribed into cDNA in a
40-ml reaction mixture containing first strand buffer (10 mM Tris-HCl, 15
mM KCl, and 0.75 mM MgCl2), 10 mM of deoxynucleoside triphosphate
mix, 100 mM of DTT, 5 U of RNase inhibitor (31 U/ml RNasin; Pharmacia, Uppsala, Sweden), 1 mg/ml of BSA, 500 mg/ml of random primers, and
200 U of Moloney murine leukemia virus reverse transcriptase (Life Technologies, Grand Island, NY). The reaction mixture was incubated at 37°C
for 1 h, terminated by heat inactivation at 65°C for 10 min, and stored at
220°C.

Quantitative RT-PCR (QRT-PCR)
QRT-PCR was performed as reported previously (27) with some modifications. Briefly, 1 ml of reverse-transcribed cDNA was coamplified with a

Serum IgG isotype assay
A sandwich ELISA was used to assess serum IgG1 or IgG2a titers. Briefly,
96-well plates were coated with rabbit anti-mouse IgG at 5 mg/ml (50
ml/well) at 4°C overnight and subsequently blocked with 0.5% BSA in
PBS at room temperature for 1 h. Plates were washed three times with
PBS-Tween 20 and then incubated with serial diluted serum (50 ml/well) at
4°C overnight. After washing in PBS-Tween 20, isotype-specific rat antimouse Ab was added (5 mg/ml in blocking buffer, 50 ml/well; Zymed
Laboratories, Palo Alto, CA), and the plates were incubated at 4°C overnight followed by washing three times in PBS-Tween 20. An alkaline
phosphatase-conjugated goat anti-rat IgG (1:1000 dilutions) was added and
further incubated at 4°C for 2 h. The reaction was developed by the addition of alkaline phosphatase substrate and was quantitated in an ELISA
reader at 405 nm.

Statistics
Graft survival was analyzed using the log-rank test; p , 0.05 was considered significant.

Results
Anti-IL-12 mAb induced a Th1 to Th2 immune deviation in
recipient mice
To determine whether treating recipient mice with anti-IL-12 mAb at
the time of islet transplantation can induce Th1 to Th2 immune deviation, crude islet allografts were transplanted into fully MHC-mismatched or MHC-matched but multiple minor histocompatibility Agmismatched recipient mice. The recipient mice were administered 1
mg of anti-IL-12 mAb i.p. on days 0, 1, and 7 posttransplant, and the
intragraft expression of Th1 (IL-2 and IFN-g) and Th2 (IL-4 and
IL-10) genes was analyzed by QRT-PCR. The timepoints chosen for
this analysis correlated with the time of maximal leukocytic infiltration in the grafts of untreated recipients as assessed by histology (i.e.,
day 8 posttransplant on MHC-mismatched grafts and day 16 on minor
Ag-mismatched grafts). As shown in Figure 1, a vigorous expression
of IL-2 and IFN-g was detected in rejecting MHC-mismatched
B10.BR (H-2k) islet allografts by BALB/c (H-2d) recipients, whereas
IL-4 transcripts were barely detectable. In anti-IL-12-treated recipients, however, the intragraft expression of IL-4 and IL-10 was markedly increased, and the expression of IL-2 and IFN-g was proportionally down-regulated. Thus, Th1 to Th2 deviation was manifested
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Islet transplantation was performed as described previously (18) with some
modifications. Donor pancreata were perfused in situ with 3.5 ml of type
IV collagenase in HBSS (2 mg/ml; Worthington Biochemical, Freehold,
NJ) through the common bile duct. The pancreata were harvested after
perfusion and incubated at 37°C for 40 min. Crude islets were released
from the pancreata by gentle vortex and further purified on discontinuous
Percoll gradients. Briefly, the crude islet preparation was resuspended in 4
ml of 25% Percoll, and layered on top with 2 ml of 23% Percoll followed
by 2 ml of 21% and 2 ml of 11% Percoll gradients. After centrifugation at
1800 rpm for 10 min, the islets were harvested from the 21/11% gradient
interface and washed twice in HBSS. A total of 300 to 400 islets were
transplanted under the renal capsule of each recipient that had been rendered diabetic by a single i.p. injection of streptozotocin (225 mg/kg;
Sigma, St. Louis, MO). Allograft function was monitored by serial blood
glucose measurements using an Accu-Chek III blood glucose monitor
(Boehringer Mannheim, Indianapolis, IN). Primary graft function was defined as a blood glucose level of ,200 mg/dl on day 3 posttransplantation,
and graft rejection was defined as a rise in blood glucose level of .300
mg/dl following a period of primary graft function.

known concentration of gene-specific competitive template in a 50-ml reaction volume containing 10 mM of deoxynucleoside triphosphate, 100 ng
of sense and antisense primers, and 0.25 U of Taq polymerase (Promega,
Madison, WI). The specific primers for murine IL-2, IL-4, IL-10, IFN-g,
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA were
used as reported previously (18). The gene-specific DNA competitors
(bearing a 60 – 80-bp deletion from wild-type (wt) cDNA) were generated
from Con A-stimulated splenic leukocytes using specially designed double
sense primers. All competitors were cloned in a TA cloning vector (Invitrogen, San Diego, CA), transfected into DH5 cells (Life Technologies),
purified, and quantitated with a UV spectrophotometer (Beckman,
Columbia, MD).
The PCR amplification schema consisted of the following cycle components: denaturing at 94°C for 1 min, annealing at 55°C for 45 s, and
extension at 72°C for 1 min for each cycle in a thermocycler (Perkin-Elmer
Cetus, Norwalk, CT) for a total of 40 cycles. A positive and a negative
control were included for each PCR amplification. Negative controls were
performed by omitting the initial cDNA in the PCR reaction mixture. As a
positive control, cDNA from Con A-stimulated splenic mononuclear leukocytes was used. In addition, amplification of the constitutively expressed
GAPDH gene served to confirm the successful isolation and reverse transcription of total cellular RNA. PCR products were analyzed in ethidium
bromide-stained 2% agarose gel and photographed with Polaroid positive/
negative films (Polaroid 55, Cambridge, MA) under UV light. The PCR
results on the negative film were scanned into a computer using a desktop
scanner, and the density of the wt cDNA and the gene-specific competitor
bands was analyzed using ImmunoQuan computer software (version 1.1,
Hercules, CA). The magnitude of target gene expression is calculated and
expressed as picograms of target gene cDNA per picogram of GAPDH
cDNA in each sample.
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following anti-IL-12 treatment. Similarly, the rejection of minor Agmismatched DBA/2J (H-2d) islet allografts by BALB/c (H-2d) recipients was also associated with a robust intragraft expression of IL-2
and IFN-g, while anti-IL-12 treatment produced an increased expression of IL-4 and IL-10 and a proportional decrease of IL-2 and IFN-g
expression (Fig. 2).
An analysis of serum IgG isotype also demonstrated an increased titer of IgG1, which is often associated with a Th2 immune
response, at 14 days after anti-IL-12 treatment in recipient mice
(data not shown). Thus, anti-IL-12 is highly effective in inducing
a Th1 to Th2 immune deviation as well as a shift of the IgG1
isotype of Ab production in recipient mice receiving either
MHC-mismatched or MHC-matched but minor Ag-mismatched
allografts.
Anti-IL-12 treatment resulted in prolonged engraftment of
MHC-matched and multiple minor Ag-mismatched but not
MHC-mismatched islet allografts
Table I summarizes the graft survival times of islet allografts that
were transplanted across major or minor histocompatibility barriers. Fully MHC-mismatched B10.BR (H-2k) islet allografts were
rejected by BALB/c (H-2d) recipients with a mean survival time
(MST) of 15 days (15 6 2, n 5 5). Treatment with anti-IL-12
failed to prolong allograft survival (MST 5 13 6 3, n 5 5) despite
immune deviation to a Th2-dominated allograft response (Fig. 1).
Partially MHC-mismatched DBA/2J (H-2d) islet allografts were
rejected by isotype control Ab-treated B6AF1 (H-2b/k.d) recipients
with an MST of 17 days (17 6 5, n 5 6). Anti-IL-12 mAb treatment, which induced a Th1 to Th2 deviation in recipient mice as
assessed by intragraft gene expression for IL-4 and IFN-g (data not
shown), produced a modest prolongation of DBA/2J islet allografts
(25 6 6, n 5 6) ( p , 0.05), but all of the islet allografts were
eventually rejected (Table I).

The rejection of MHC-matched but multiple minor Ag-mismatched islet allografts exhibited remarkable variation between
different strain combinations. B10.BR (H-2k) islet allografts were
permanently accepted by CBA/ca (H-2k) recipients without any
therapeutic intervention (.120 days, n 5 4), although skin grafts
are vigorously rejected in this strain combination (24). In contrast,
DBA/2J (H-2d) islet allografts were rejected by BALB/c (H-2d)
recipients with an MST of 26 days (26 6 4, n 5 6). Interestingly,
BALB/c (H-2d) recipients rejected multiple minor Ag-mismatched
B10.D2 (H-2d) islets with considerable vigor (MST 5 17 6 3, n 5
5) (Table I).
In contrast to the effect of anti-IL-12 treatment on the survival
of MHC-mismatched allografts, anti-IL-12 mAb treatment of
BALB/c recipients enabled a prolonged engraftment of multiple
minor Ag-mismatched B10.D2 islet allografts (MST . 38 days,
n 5 6) and the indefinite survival of DBA/2J islet allografts. In
fact, 7 of 10 BALB/c recipient mice with DBA/2J islets survived
for .120 days, while the other 3 mice were rejected on days 68,
70, and 82 posttransplant, respectively. Control mAb-treated
BALB/c recipients rejected DBA/2J islet allografts at 28 days
(28 6 6, n 5 6). Histologic examination of the islet allografts that
were harvested at 120 days posttransplantation showed sporadic
focal lymphocytic infiltration surrounding but not invading the islet allografts; this finding is in striking contrast with the control
Ab-treated mice, in which lymphocytic invasion and islet destruction were extensive (data not shown).
Nephrectomy was performed (DBA/2J islet allografts were placed
under the renal capsule) on five BALB/c recipient mice at 120 days
posttransplantation to determine whether tolerance is evident in antiIL-12-treated recipient mice bearing long-term surviving MHCmatched but minor Ag-mismatched allografts. As shown in Figure 3,
removal of the left kidney bearing the DBA/2J islet allografts resulted
in a sharp rise in blood glucose levels; these levels were .350 mg/dl
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FIGURE 1. Intragraft expression of Th1 (IL-2
and IFN-g) and Th2 (IL-4 and IL-10) gene transcripts in MHC-mismatched islet allografts. The
islet allografts were harvested on day 8 posttransplant from untreated or anti-IL-12-treated recipient mice, and the intragraft expression of the
cytokine gene transcripts was determined by
QRT-PCR. THe results are expressed as picograms of target gene cDNA per picogram of
GAPDH cDNA. The representative data that were
detected in one of three animals in each group are
shown.
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after 2 days, demonstrating that the euglycemia of these mice was
maintained by the islet allografts. The nephrectomized BALB/c mice
accepted a second DBA/2J islet allograft without any immunosuppression, indicating a state of tolerance.
Anti-IL-12 treatment induced prolonged engraftment of islet
allografts from MHC class II-deficient C57BL/6 donors in
thymectomized and CD81 cell-depleted BALB/c recipients
Clearly, a Th1 to Th2 immune deviation induces a prolonged engraftment of islet allografts that have been transplanted across
multiple minor but not major histocompatibility barriers. As the

rejection of MHC-matched but multiple minor Ag-mismatched allografts is mediated primarily by the indirect presentation of alloantigens via a smaller mass of responding T cell clones than
MHC-mismatched allografts (28, 29), we reasoned that the recognition of donor MHC alloantigens in the context of “self” MHC
may also enable tolerance to be established via immune deviation
in this model. In this circumstance of indirect Ag presentation, the
number of T cell clones proliferating in the allograft response is
much smaller than that responding to directly presented, intact,
foreign MHC molecules. As a stringent test of this hypothesis, islet
allografts from MHC class II knockout (KO) C57BL/6 (H-2b)

Table I. Islet allograft survival across MHC or minor histocompatibility barriers a
Donors

Recipients

n

BALB/c

BALB/c

4

Barriers

Syngeneic
1b

Treatment

Survival (days)

None

.120, .120, .120, .120

MST

.120

B10.BR
B10.BR
B10.BR

BALB/c
BALB/c
BALB/c

5
5
5

MHC
MHC1b
MHC1b

None
Control Ab
Anti-IL-12

12, 14, 15, 17, 17
14, 15, 17, 17, 17
12, 12, 13, 13, 17

15
17
13

DBA/2J
DBA/2J

B6AF1
B6AF1

6
6

Partial MHC
Partial MHC

Control Ab
Anti-IL-12

14, 16, 17, 18, 20, 20
20, 22, 22, 26, 28, 35

17
25

B10.BR

CBA/ca

4

Minor

None

.120, .120, .120, .120

B10.D2
B10.D2

BALB/c
BALB/c

5
6

Minor
Minor

None
Anti-IL-12

15, 16, 17, 19, 21
20, 23, 25, 28, 35, .100

DBA/2J
DBA/2J
DBA/2J

BALB/c
BALB/c
BALB/c

6
6
10

Minor
Minor
Minor

None
Control Ab
Anti-IL-12

20, 22, 26, 27, 30, 31
21, 22, 28, 28, 31, 34
68, 70, 82, .120, .120, .120
.120, .120, .120, .120

.120
17
38
26
28
.120

a
Survival of islet allografts that were transplanted across major or multiple minor histocompatibility barriers. Crude islets from donor mice (300-400 islets) were transplanted
under the renal capsule into recipients that had been rendered diabetic by a single i.p. injection of streptozotocin at 5 to 7 days before transplantation. Groups of recipient mice
received no treatment or were treated with anti-IL-12 or control Ab (1 mg i.p. on days 0, 1, and 7 postransplant).
b
MHC1 5 MHC and minor histocompatibility barriers.
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FIGURE 2. Intragraft expression of Th1 (IL-2
and IFN-g) and Th2 (IL-4 and IL-10) gene transcripts in MHC-matched but multiple minor Agmismatched islet allografts. The islet allografts
were harvested on day 16 posttransplant from untreated or anti-IL-12-treated recipient mice, and
the intragraft expression of the cytokine gene transcripts was determined by QRT-PCR. The results
are expressed as picograms of target gene cDNA
per picogram of GAPDH cDNA. The representative data that were detected in one of three animals
in each group are shown.
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mice were transplanted into BALB/c recipient mice (H-2d). The
recipient mice were thymectomized, and CD81 cells were depleted. Thus, the activation of recipient CD41 T cells in this model
is dominated by an indirect recognition of the donor alloantigens
presented by recipient APCs. As shown in Figure 4A, control Abtreated mice rejected the islet allografts at 28 days (MST 5 28 6
12, n 5 5), confirming that indirect Ag presentation does play an
important role in islet allograft rejection (30). FACS analysis of
peripheral blood at the time of graft loss demonstrated a complete
depletion of CD81 T cells, while the composition of CD41 T cells
in the recipient mice was not altered (Fig. 5). The administration of
anti-IL-12, which is very effective in inducing a Th1 to Th2 immune deviation in this model (Fig. 4B), induced a prolonged engraftment of MHC class II-deficient islet allografts. Three of five
islet allografts survived .100 days; the remaining two were rejected on days 52 and 66 posttransplant, respectively (Fig. 4A). In
contrast, islets from wt C57BL/6 donors were vigorously rejected
by unmodified BALB/c recipient mice that had been treated with
anti-IL-12 (11 6 2, n 5 4) or by thymectomized BALB/c recipients without CD8 depletion that had been treated with anti-IL-12
(12 6 4, n 5 6).

Discussion
Since the discovery of the cross-regulating Th1 and Th2 phenotypes and the elucidation of the immunoregulatory effects of Th2
in autoimmunity and infectious diseases, there has been great anticipation that a Th1 to Th2 immune deviation may be critical in
the acquisition of transplantation tolerance. Although tolerizing
therapy in some animal models often skewed the immune activation toward a Th2-dominated response (13, 14), extensive in-depth
studies have repeatedly demonstrated that a Th1 to Th2 immune
deviation does not uniformly permit the acquisition of transplant
tolerance (31, 32). In the present study, we have sought to determine the basis for the frequent failure of Th1 to Th2 immune
deviation and of Th2 cytokines to blunt the severity of allograft
rejection despite the fact that such measures have proven highly
effective in the treatment of many T cell-dependent autoimmune
states (6, 8, 33). We have reasoned that alloimmunity and autoimmunity differ in terms of the nature of Ag presentation and the
clonal size of responding T cells (29). The host response to MHCmismatched allografts encompasses an unusually large population

FIGURE 4. A, Survival of islet allografts from MHC class II KO
C57BL/6 mice in thymectomized and CD81 T cell-depleted BALB/c recipients that were treated with anti-IL-12 mAb. B, Intragraft Th1 (IFN-g)/
Th2 (IL-4) gene transcript analysis in control Ab- or anti-IL-12-treated
recipients.

of T cell clones. Moreover, the direct recognition of foreign MHC
during the allograft response has no counterpart in autoimmune
states, in which autoantigens are processed by self APCs and presented in the context of self MHC. We have sought to determine
whether these rather unique facets of the allograft response are
responsible for the failure to prevent allograft rejection through
Th1 to Th2 immune deviation.
Clearly, treatment with anti-IL-12 mAb at the time of transplantation in this islet allograft model is highly effective in inducing a
Th2-type response, regardless of histocompatibility barriers (i.e.,
fully MHC, partially MHC, or multiple minor Ag barriers) (Figs.
1 and 2). While the impact of anti-IL-12 upon the pattern of cytokine expression was consistent, stunning differences were noted
in the impact of such therapy upon the duration of engraftment in
MHC-mismatched vs MHC-matched but multiple minor Ag-mismatched conditions. In accordance with the observations of Piccotti et al. using a cardiac allograft model (22), anti-IL-12 treatment was totally ineffective in prolonging the engraftment of
MHC-mismatched islet allografts (Table I). With regard to the
mode of Ag presentation and the responding T cell clonal size, the
allograft response to MHC-matched but minor Ag-mismatched allografts may more closely resemble the response to autoantigens
than the response to MHC-mismatched grafts. Unlike the responses to MHC-mismatched allografts, foreign peptides are presented on self genotype MHC molecules. Thus, Ag presentation, as
in the case of autoimmune reactions, is indirect. Moreover, a larger
T cell clonal mass is stimulated by MHC-mismatched allografts
than by minor Ag-mismatched allografts. Consequently, we were
fascinated to learn that most anti-IL-12-treated recipients carrying
MHC-matched but multiple minor Ag-mismatched allografts experienced a prolonged engraftment; allograft tolerance was frequently achieved in the DBA/2J to BALB/c strain combination
(Table I and Fig. 3). Consistent with the failure of anti-IL-12 to
produce benefits among MHC-mismatched allograft recipients and
produce the acquisition of tolerance in similarly treated recipients
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FIGURE 3. Induction of tolerance in anti-IL-12-treated multiple minor
Ag-mismatched recipients. Nephrectomy of the islet graft-bearing kidney
on five BALB/c recipients at 120 days posttransplantation led to a sharp
rise in blood glucose levels. Nephrectomized BALB/c mice accepted a
second DBA/2J islet allograft without any immunosuppression.
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FIGURE 5. FACS analysis of CD41 and CD81 T cells in the peripheral blood of control mice or thymectomized and CD8-depleted recipient mice at
the time of allograft rejection. A, isotype control Ab staining; B, unmodified control BALB/c recipients; C, thymectomized and CD8-depleted BALB/c
recipients.
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of MHC-matched but minor Ag-mismatched allografts, anti-IL12-treated recipients of partially MHC-mismatched allografts experienced a modest albeit significant increase in the duration of
engraftment (Table I).
To further test the hypothesis that the mode of Ag presentation
(direct vs indirect) and/or the size of the responding T cell mass
underlie the failure of anti-IL-12 or other modes of producing Th1
to Th2 immune deviation to benefit the recipients of MHC-mismatched allografts, we studied the impact of anti-IL-12 treatment
in an unusual MHC-mismatched allograft model. MHC class II
KO C57BL/6 (H-2b) mice were used as donors, and MHC-mismatched, thymectomized BALB/c (H-2d) mice that had been
treated with a depleting anti-CD8 protocol were used as recipients.
As a consequence, the host response should be dominated by CD4
cells responding to the donor allopeptides that are presented upon
host APCs in the context of self MHC class II molecules. The
impact of anti-IL-12 treatment in the model closely resembled the
potent effects that were noted in MHC-matched but multiple minor
Ag-mismatched allograft recipients (Fig. 4A). In a control experiment, MHC class II-positive wt C57BL/6 donor allografts were
rapidly rejected by unmodified (nonthymectomized, non-CD8-depleted) BALB/c hosts that had been treated with anti-IL-12 mAb.
In consideration of our results, the clearest example of IL-4dependent allograft tolerance (infectious tolerance) was obtained
in a model using MHC-matched multiple minor Ag-mismatched
skin allografts (24). Hence, we conclude that immune deviation
from a Th1 to a Th2 response does not universally blunt cytopathic
T cell-dependent immune reactions. Rather, unique features of the
T cell-dependent response to MHC-mismatched allografts render
the alloimmune response resistant to the frequently seen tolerizing
effects of Th1 to Th2 immune deviation (e.g. autoimmunity and
neonatal tolerance) (23, 34). The implication of these results upon
clinical strategies seems self-evident, although the precise mechanism for the failure of Th1 to Th2 immune deviation to curb
allograft rejection in MHC-mismatched allograft recipients will
require further investigation.
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