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Abstract
Background—Previous studies indicate that acute CD4 T-cell-mediated cardiac allograft
rejection requires donor MHC class II expression and can be independent of ‘indirect’ antigen
presentation. However, other studies suggest that indirect antigen presentation to CD4 T-cells may
play a primary role in cellular xenograft immunity. Thus, the relative roles of direct/indirect CD4
T-cell reactivity against cardiac xenografts is unclear. We set out to determine the role for indirect
CD4 T-cell reactivity in cardiac xenograft rejection.

Methods—Rat hearts were transplanted heterotopically into wild-type and immuno-deficient
mice. Recipients were untreated, treated with depleting antibodies or reconstituted with wild-type
cells.

Results—Antibody depletion confirmed that rat heart xenograft rejection in C57Bl/6 mice was
CD4 T-cell-dependent. Also, heart xenografts survived long-term in B6 MHC class II (C2D)
deficient mice. Graft acceptance in C2D mice was not secondary to CD4 T-cell deficiency alone,
because transferred B6 CD4 T-cells failed to trigger rejection in C2D hosts. Furthermore, purified
CD4 T-cells were sufficient for acute rejection of rat heart xenografts in immune-deficient
B6rag1−/− recipients. Importantly, CD4 T-cells did not reject rat hearts in C2Drag1−/− hosts,
contrasting results using cardiac allografts. ‘Direct’ xenoreactive CD4 T-cells were not sufficient
to mediate rejection despite vigorous reactivity to rat stimulator cells in vitro.

Conclusion—Taken together, results show that CD4 T-cells are both necessary and sufficient
for acute cardiac xenograft rejection and host MHC class II is critical in this process.
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Introduction
A major issue thwarting clinical transplantation remains the limited supply of human donor
organs, therefore xenografts may be considered an alternative organ source. The first
limitation of using xeno-organs is the phenomenon of hyperacute rejection, which can cause
complete organ failure in minutes to hours due to pre-formed antibodies and complement
activation [1]. Studies based on the removal or reduction of antibodies or antibody responses
show promise [2–5]. However, even if hyperacute rejection can be prevented, adaptive T-
cell dependent humoral and cellular mechanisms are capable of aggressive xenograft
rejection [6, 7]. The role of CD4+ T-cells in the rejection of cardiac allografts and xenografts
is well established. A variety of studies indicate that CD4+ T-cells can be necessary and
often sufficient to trigger acute xenograft rejection [8–14]. It remains unclear, however,
whether this CD4 response to cardiac grafts involves ‘direct’ (donor MHC restricted) or
‘indirect’ (host MHC restricted) antigen recognition, or both [15–20].

Early studies indicated that some inter-species T-cell responses, such as human-anti-mouse,
could discriminate between individual mouse H-2 haplotypes, suggesting a direct
recognition of xenogeneic MHC [18]. Later studies indicated that human responder-type
APCs or human cytokines were important for this xenogeneic response, raising the prospect
that ‘indirect’ (host APC-dependent) reactivity may be important for the xenogeneic T-cell
response [19]. This was consistent with the concept that in a clinically-relevant xenograft
scenario, such as pig to human, T-cell reactivity to donor APCs might be relatively weak
[21]. That is, it was posited that the potential incompatibility of various T-cell/APC ligands
and/or receptors that might prevent binding of donor MHC, might bias discordant xenograft
rejection to rely heavily on antigen presentation via indirect antigen presentation [22].
However, later studies clearly demonstrated potent human T-cell ‘direct’ reactivity to
porcine APCs [23–27] in addition to ‘indirect’ reactivity [24, 27]. Mouse CD4+ T-cells
exhibit strong direct T-cell reactivity to rat APCs and yet surprisingly can still show a major
reliance on indirect reactivity for the rejection of cellular islet xenografts [14].

The relative contribution of direct and indirect pathways of donor antigen presentation in T-
cell dependent rejection of vascularized organ xenografts in mice remains controversial. A
previous study indicates that treatment with mAbs against mouse MHC class II molecules
post-transplant can significantly prolong rat heart xenograft survival [28], leading to the
conclusion that a reactive CD4+ T-cell pathway likely requires indirect antigen recognition.
This is in contrast to findings for acute cardiac allograft rejection, where CD4+ T-cell
mediated rejection requires direct class II antigen presentation [29, 30]. Our previous
findings analyzing the rejection of cellular islet transplants, allografts were rejected with no
dependence on host class II while concordant rat xenografts show prolonged survival, but
ultimate rejection, in class II deficient mouse recipients [14]. Neonatal porcine islets
(discordant xenografts) survived long term in class II deficient mice, even if the recipients
are reconstituted with purified wild type CD4+ T-cells, demonstrating that direct CD4 cells
alone cannot mount a rejection response to islets in the absence of host class II. However, it
is becoming increasingly obvious that the rules governing rejection in one transplant model
do not necessarily apply for another. Therefore, despite our previous experience with islet
xenograft studies, it is necessary to also explore the requirements for cardiac xenograft
rejection. Consequently, the purpose of this study was to define the requirements for antigen
presentation in CD4-mediated xeno-rejection. To our knowledge, this is the first study
utilizing an MHC class II deficient mouse to define the contribution of host derived MHC.
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Methods
Animals

Inbred female C57Bl/6J (B6, H-2b), BALB/cByJ (BALB/c H-2d), immune-deficient C57Bl/
6-ragtm1/mom (B6rag1−/−, H-2b) mice were purchased from The Jackson Laboratory (Bar
Harbor, ME). Female C57Bl/6 I-Ab-gene targeted MHC class II-deficient (I-Ab−/−) (C2D,
H-2b) mice were obtained from Taconic Farms (Germantown, NY). Dark-Agouti (DA) rats
and C2Drag1−/− mice were bred in-house. C2Drag1−/− mice were generated as previously
described [30]. All animals were housed under pathogen-free conditions at the University of
Colorado Barbara Davis Center Animal Facility under IACUC approval and cared for
according to NIH guidelines.

Heterotopic Cardiac Transplantation
Hearts from DA rats (25–40grams) were transplanted heterotopically into B6, C2D,
B6rag1−/−, or C2Drag1−/− mice. Vascularized grafts were transplanted according to standard
microsurgical techniques [31]. Briefly the donor heart was placed in 4°C saline until
transplantation. End-to-side anastomoses of the donor aorta to the recipient aorta and the
donor pulmonary artery to the recipient IVC were made using running 10–0 nylon sutures.
Graft survival was monitored daily by palpation with rejection defined as cessation of
detectable beat and confirmed by laparotomy under anesthesia.

T-cell depletion in vivo
The rat anti-mouse CD4 mAb GK1.5 (IgG2b) [32] was produced for in vivo CD4 T-cell
depletion. Rat anti-mouse CD8 mAb 2.43 (IgG2b) [33] was produced for in vivo CD8 T-cell
depletion. The antibodies were produced as ascites in rag1−/− mice and quantitated by an
isotype-specific ELISA. B6 recipients were left either untreated or were treated with GK1.5
antibody (10mg/kg) or with 2.43 antibody (20mg/kg) administered intraperitoneally on days
−1, 0, 1 and 7 relative to transplant.

Adoptive transfer of purified CD4+ T-cells
Cervical, axillary and mesenteric lymph nodes (LNs) were harvested from B6 mice. Single
cell suspensions of LN cells were enriched for CD4+ T-cells by negative selection of CD8+

T-cells and B-cells on an immunoaffinity column according to the manufacturer’s
specifications (Cellect, Edmonton, Alberta, Canada) [30]. Cellular phenotyping of freshly
purified cells was determined by flow cytometry. CD4-enriched T-cells contained less than
0.5% contaminating CD8+ T-cells or CD19+ cells. Ten million unfractionated LN cells or
CD4-enriched T-cells were injected intraperitoneally into the indicated adoptive transfer
recipients 3–7 days post cardiac transplant.

Histology
Transplanted and native hearts were removed and divided in half in the long axis
perpendicular to the intraventricular septum. Halves were then placed in 10% formaldehyde.
Sections were cut and stained with hematoxylin and eosin (H&E) and examined in a blinded
fashion.

Flow cytometry
Freshly isolated lymphocytes were directly labeled with PerCP conjugated rat anti-mouse
CD4, (clone RM 4–5), PE CD8a (clone Ly-2) and PE CD19 (clone 6D5) (Pharmingen, San
Diego, CA). Approx. 5 × 105 cells were labeled for 20 min at 4°C with the indicated Abs.
Frequency determinations were calculated from single-parameter and double-parameter
fluorescence histograms on a FACSCalibur flow cytometer (BD Biosciences, Franklin
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Lakes, NJ, USA) after gating on viable lymphocytes. Cellquest software (BD
Immunocytometry Systems) was used to analyze flow cytometry data.

Mixed lymphocyte reactions
Mixed lymphocyte reactions (MLR) of DA splenocyte-stimulator cells and Balb/c
splenocyte-stimulator cells (allo control) with column purified CD4+ B6 responder lymph
node cells were performed. Briefly, triple wells containing 2.0 × 105 responder cells were
mixed with 3.0 × 105 irradiated (2500 Rads) stimulator cells in 96-well flat bottom plates.
Cells, cultured in EMEM supplemented with 10% FCS, 10–5 M 2-Me, and antibiotics, were
incubated at 37C in 10% CO2. Cultures were pulsed with 1.0 μCi thymidine for 6 hours on
the indicated day of cell culture. Plates were harvested and counted on a Trilux 1450 micro
beta scintillation counter (Wallac Inc., Gaithersburg, Maryland, USA).

Statistical analysis
The Mann-Whitney U test was used to determine significance of graft survival data. A p
value of less than 0.05 was considered significant.

Results
CD4+ T-cells, but not CD8+ T-cells, are required for acute cardiac xeno-rejection

To confirm the requirement for CD4+ T-cells in acute rat-to-mouse heart xenograft rejection,
DA rat hearts were transplanted into wild type B6 mice that were left untreated or treated
with depleting anti-CD4 or anti-CD8 mAbs. Untreated mice rejected rat hearts acutely (7.6
+/−1.5 days, n=5). B6 mice treated with a course of depleting anti-CD4 mAb exhibited
prolonged survival (79.8 +/−21.7 days, n=5, p<0.005), although all were eventually rejected
when peripheral CD4+ T-cell numbers had returned to baseline as determined by peripheral
blood flow cytometry. B6 recipients treated with depleting anti-CD8 mAb rejected their
grafts acutely despite depletion of peripheral CD8+ T-cells to < 0.1% (10.5 +/−2.6 days,
n=4, p=N.S. vs. control) (data not shown).

Host MHC class II is required for acute xeno-rejection
The requirement for an indirect MHC class II-restricted pathway of antigen presentation was
investigated by transplanting rat hearts into C2D (MHC II−/−) mice. These mice did not
reject DA hearts (>100 days) (Fig. 1) indicating that host MHC class II is indeed critical for
acute xeno-rejection. As C2D mice are also CD4+ T-cell deficient [34], we adoptively
transferred wild-type CD4+ T-cells into C2D recipients bearing long term surviving grafts
(>100days). Despite successful engraftment of these cells (demonstrated by flow cytometry,
DNS), they were still unable to reject their grafts (>100 days post CD4 transfer/>200 days
post transplantation) demonstrating that CD4+ T-cells require host MHC class II restricted
antigen presentation (Fig 1). Importantly, our previous studies demonstrated that CD4+ T-
cells could mediate acute cardiac allograft rejection in C2D recipients, indicating that CD4+

T-cells can mediate rejection in the C2D environment [30].

CD4+ T-cells are sufficient for acute xeno-rejection and require antigen presentation by
host MHC class II

Having ascertained that CD4+ T-cells are necessary for graft rejection and that xeno-
rejection requires host MHC class II, we sought to determine whether indirect CD4 cells are
sufficient to cause rejection in the absence of other lymphocytes. To test this we transplanted
rat hearts into immune-deficient C2Drag1−/− mice that were either untreated or were
reconstituted with purified naive CD4+ T lymphocytes from B6 mice. This model effectively
isolates antigen presentation to the CD4+ T-cells and to the direct pathway, as host derived
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MHC class II is absent. Additionally, this model allows for isolation of the response to the
CD4+ T-cells as the host remains B-cell and T-cell deficient. B6rag1−/− recipients (intact
MHC class II, but mature T-cell and B-cell deficient) were used as controls (Fig. 2). Cardiac
xenografts survived indefinitely in unreconstituted B6rag1−/− and C2Drag1−/− mice.
Importantly, while unfractionated lymph node cells and purified CD4+ cells were sufficient
to reject cardiac xenografts in B6rag1−/− recipients (11.4 days, and 13.0 days respectively),
column purified CD4+ cells were incapable of rejecting xenografts when adoptively
transferred to C2Drag1−/− mice (>100 days) (Fig. 3). Taken together, these findings indicate
that: 1) CD4+ T-cells are sufficient in the absence of CD8+ T-cells and B-cells to reject
grafts, 2) direct CD4+ T-cells are not sufficient for xenograft rejection and 3) the indirect
pathway of antigen presentation is required for concordant cardiac xenograft rejection.

‘Direct’ B6 CD4+ T cells respond vigorously to DA stimulator cells
The main hypothesis of this study was to ascertain the requirement for indirect T-cell
reactivity in xenograft rejection. However, results suggested that xenograft MHC expression
was not sufficient for triggering rejection in the absence of host MHC class II. This result
was in stark contrast to our previous finding that donor MHC class II expression was
sufficient for ‘direct’ CD4+ T-cell mediated cardiac allograft rejection [30, 35]. Therefore,
we set out to confirm that B6 mouse CD4+ T-cells could respond directly to DA rat
xenogeneic APCs in vitro. CD4+ column purified naive B6 lymphocytes proliferated
vigorously to DA stimulators to levels comparable to BALB/c allogeneic APCs (Fig. 4).
Thus, although direct B6 CD4+ T-cells have the intrinsic capacity to respond strongly to rat
APCs, this reactivity is not sufficient to trigger acute cardiac xenograft rejection in vivo.

Histology
Compared to an untransplanted DA rat heart, a rat heart rejected by a B6 recipient shows
extensive mononuclear infiltrate, intimal thickening, cardiomyocyte necrosis and some
interstitial hemorrhage (Fig. 5a & b). A xenograft surviving >100 days in an untreated
B6rag1−/− recipient (Fig. 5c) has virtually intact cellular architecture. A B6rag1−/−

reconstituted with unfractionated LNCs (Fig. 5d) demonstrates extensive infiltrate, severe
vasculopathy and some necrosis. A B6rag1−/− recipient reconstituted with purified CD4+ T-
cells has extensive mononuclear infiltrating cells and some interstitial hemorrhage Fig. 5e).
A DA heart which survived in a C2Drag1−/− recipient for >100d post reconstitution with B6
CD4+ LNCs (Fig. 5f) displays pristine cellular architecture.

Discussion
While fully immune competent transplant recipients possess a broad repertoire of pathways
available to mount a response to non-self tissue, it is becoming increasingly apparent that the
characteristics of xenograft immunity depend both on the tissue/organ grafted and the
specific type of phylogeneic difference between donor and recipient [6, 14]. Therefore, one
must examine the requirements for T-cell-dependent xenograft rejection using defined
tissues/organs of interest and particular inter-species transplant combinations. It is now
possible to genetically manipulate porcine donors such that they become less vulnerable to
hyperacute rejection by naturally occurring anti-porcine antibodies and complement [36–
38]. As such, the problem of T-cell-dependent xenograft immunity has become a more
pressing obstacle to overcome. Like the human anti-porcine response [23–27], the rat-to-
mouse concordant model demonstrates both potent ‘direct’ and ‘indirect’ CD4 T-cell
reactivity [14]. In light of this, we chose a model utilizing B6rag−/− and C2Drag−/−

recipients of cardiac xenografts to determine the relative importance of host MHC class II
expression for rejection. Importantly the B6rag is capable of mounting either a direct or an
indirect CD4 T-cell response via MHC class II, whilst the C2Drag, by virtue of its lack of
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class II expression, is only capable of mounting a direct response. Thus, this straightforward
model allows the analysis of T-cell-dependent rejection of primarily vascularized cardiac
xenografts.

Interestingly, despite the capacity of mouse T-cells to respond directly to rat APCs in vitro
[14], MHC class II deficient mice are incapable of rejecting rat hearts. This suggests that
while rat APCs can stimulate T-cells from C2D mice in vitro, directly stimulated T-cells are
not critical or even required for in vivo concordant xeno-rejection. Importantly, because
C2D mice have a corresponding deficiency in CD4+ T-cells [34] the lack of rejection in
these animals could be due to down-regulation of MHC class II, CD4 cells, or both. To
clarify this issue, C2D recipients of rat hearts were challenged with adoptively transferred
CD4+ T-cells. While our previous studies indicate that CD4+ T-cells can reject cardiac
allografts independently of host MHC class II [30], cardiac xenografts fail to reject despite
engraftment of the CD4+ T-cells in the C2D environment. We conclude that host class II
indirect antigen presentation is essential for CD4 T-cell-mediated cardiac xenograft
rejection, in stark contrast to allograft rejection that relies on direct CD4 reactivity [28, 30].
It is important to note that results suggest that APCs from the Rag-deficient host are
competent to mediate productive indirect xenoantigen presentation. Since lymphoid organ
architecture is disrupted due to the lack of T and B cells in such immune-deficient animals,
it is conceivable that indirect antigen presentation by the Rag−/− animal is aberrant. For
example, the intrinsic functional capacity of APCs in immune-deficient mice is somewhat
controversial [39, 40]. The implication of our current study is that Rag−/− derived APCs can
readily present xenoantigens to CD4+ T-cells since the tempo of rejection in CD4+ T-cell
reconstituted Rag−/− is essentially the same as primary acute rejection in wild-type animals.

Thus, while CD4 T-cells are required for acute cellular heart rejection of both allografts and
rat xenografts, the recognition requirements (i.e. host versus donor) for rejection are
markedly distinct. As such, results are similar to those found for CD4 T-cell-mediated islet
xenograft rejection in which rejection was highly dependent on host MHC class II
expression [14]. However, this result is rather surprising in that mouse CD4 T-cells mount a
formidable ‘direct’ response to rat APCs in vitro [14]. Given that such ‘direct’ CD4 T-cells
are sufficient for acute cardiac allograft rejection [29, 30], one might have also assumed that
such CD4 T-cells could readily reject rat cardiac xenografts. The fact that potential anti-rat
CD4 T-cells accumulate within the xenograft but fail to acutely reject MHC class II-bearing
rat xenografts in vivo may be related to the issue of how graft-reactive CD4 T-cells actually
mediate graft rejection. It is possible that while mouse CD4 T-cells respond to rat APCs,
there may nevertheless be species-specific cytokine and/or accessory molecule interaction(s)
that make a direct interaction with the xenogeneic rat target inefficient in vivo.

Since indirect CD4 T-cell reactivity – independent of either CD8 T-cells or B-cells – can
account for primary cellular cardiac xenograft rejection, a key ongoing issue will center on
the effector mechanism(s) of graft destruction. Strong indirect CD4 reactivity may promote
the activation of host inflammatory cells that have been implicated in other models of T-
cell-dependent xenograft immunity [35, 41–43]. Because indirect T-cells are restricted to
host MHC molecules, they are unable to initiate a direct, cognate T-cell receptor
engagement of the xenogeneic target cells [44]. As such, the primary route of xenograft
rejection in this case would presumably be through ‘bystander’ inflammatory tissue injury as
previously shown in the CD4 T-cell-dependent rejection of cellular transplants [44, 45].
Major molecular and cellular candidates for mediating this type of graft destruction would
include inflammatory cytokines [44, 45], death-inducing receptors such as Fas ligand
(CD95L), or the contribution of other innate cells such as activated macrophages. Also,
complement activation by T-cell-dependent inflammation, independent of donor-reactive
antibody reactivity, may be an additional innate response that might contribute to xenograft
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injury [46]. Clarifying the relative role of a variety of innate mediators triggered by CD4 T-
cell-dependent graft injury will be an important goal in understanding both xenograft
rejection and general transplant immunity.

Another intriguing possibility is that a host MHC-restricted (indirect) response can, by
chance, generate a small population of cross-reactive T-cells recognizing native allogeneic
or perhaps xenogeneic MHC molecules. This phenomenon of ‘heterologous’ immunity is
well appreciated in the setting of allograft immunity [47] and could be responsible for
generating CD4 T-cells directly reactive to native xenogeneic MHC despite originating from
a self MHC-restricted T-cell repertoire. Such T-cells could conceivably be responsible for
xenograft rejection. However, we would posit that even if this type of heterologous direct
reactivity did occur, it would presumably not be sufficient to account for acute cardiac
xenograft rejection. That is, although rat APCs are able to directly stimulate mouse CD4 T-
cells, this ‘direct’ pathway is not sufficient to permit xenograft rejection conditions when
host mouse MHC II is absent and rat MHC II is present. By extrapolation – under conditions
whereby indirectly activated CD4 T-cells are present – if direct engagement of the donor
(via donor xeno MHC II) were critical one would also expect rejection to occur under
conditions of isolated direct xeno-antigen presentation. Therefore, our data suggest that
although direct engagement of rat donor targets is possible, it is not sufficient for acute
rejection to occur. Therefore, by inference, it is likely that indirect CD4 T-cells ‘kill’ xeno-
targets via a non-cognate bystander effector mechanism.

The role of B-cells, and therefore xenoreactive antibody production, remains to be fully
investigated. However, our study clearly demonstrates that CD4+ T-cell mediated xeno-
rejection can occur in the absence of B-cells. Thus, B-cells are not required as primary APCs
for xenoreactive CD4 T-cells for initiating primary acute rejection. Certainly, such results
should not be construed as implying that humoral immunity is irrelevant in
xenotransplantation. Antibody dependent reactivity clearly can contribute to xenograft
injury [48, 49]. Rather, results support the contention that vigorous CD4 T-cell-dependent
immunity can result in cardiac xenograft rejection without a requirement for donor-specific
antibody production.

In summary, this study indicates CD4+ T-cells are both necessary and sufficient for acute
concordant cardiac xenograft rejection and that intact host MHC class II is required for
CD4+ T-cell mediated concordant cardiac xenograft rejection.
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Figure 1. Host MHC class II is required for acute xeno-rejection
C2D mice tolerate rat cardiac grafts indefinitely (>100 days, n=5, p<0.005ν). Long-term
surviving C2D hosts of rat cardiac grafts (>100 days) then received the adoptive transfer of
1×107 column-purified B6 CD4+ LNCs on day 100 post heart transplantation (see arrow: ↓).
Despite this challenge, these grafts continued to survive indefinitely (> than an additional
100 days).
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Figure 2. CD4+ T-cells are sufficient for acute xeno-rejection
B6 rag1−/− mouse recipients tolerate rat cardiac grafts indefinitely (>100 days, n=5,
p<0.005) but can acutely reject grafts after reconstitution with unfractionated or column
purified CD4+ LNCsλ.
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Figure 3. CD4+ T-cells require host MHC class II for acute xeno-rejection
Unfractionated lymph node cells and purified CD4+ cells were sufficient to reject cardiac
xenografts in B6 rag1−/− recipients (11.4 +\− 1.7 days, n=5 and 13.0 +/− 2.6 days, n=4
respectively). Column purified CD4+ cells were incapable of rejecting xenografts when
adoptively transferred to C2D rag1−/− mice (>100 days, n=5, p<0.005). Unreconstituted
C2D rag1−/− mouse recipients cannot reject rat cardiac grafts (>100 days, n=3). They are
still incapable of rejecting rat hearts after reconstitution with column purified B6 CD4+

LNCs. Although we did not expect an antibody involvement in our rag−/− recipients, we did
perform flow cytometry for IgG, IgG1 and IgG2a to confirm that our column purified T-cell
preparations were not contaminated. These immunoglobulins were all evident in wild type
mice that had rejected rat grafts, but totally absent in B6rag−/− and C2Drag−/− recipients
(data not shown).
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Figure 4. Dark Agouti xeno-APCs are capable of directly stimulating B6 CD4+ T-cells
MLRs were performed utilizing B6 CD4+ T-cells as responders with BALB/c γ-irradiated
splenocyte allo-stimulators (positive control) or DA γ-irradiated splenocyte xeno-
stimulators or media alone (control). Error bars represent the standard deviation from
quadruplicate wells in the MLR assay. Each panel is representative of 3 experiments.
Results show significant B6 CD4+ T-cell proliferation to both the BALB/c allo-control
stimulators and the DA xeno-stimulators, thus demonstrating that xeno APCs are capable of
directly stimulating CD4+ T-cells. The media controls did not elicit a significant response
from B6 responders.
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Figure 5. Histology of cardiac xenografts
a: Naive DA rat heart; b: DA rat heart in a B6 recipient, rejected 6 days; c: DA rat heart
from a B6 rag1−/− recipient, >100 days; d: DA rat heart from a B6 rag1−/− recipient
reconstituted with 107 B6 lymph node cells, rejected 9 days; e: DA rat heart from a B6
rag1−/− recipient reconstituted with 107 B6 CD4+ lymph node cells, rejected 14 days; f: DA
rat heart from a C2D rag1−/− recipient reconstituted with 107 B6 CD4+ lymph node cells,
>100 days (all 10x magnification)
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