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he role of recipient mast cells in acute and chronic
ardiac allograft rejection in C57BL/6-KitW-sh/W-sh mice
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Frontier Research Initiative, The Institute of Medical Science, The University of Tokyo, Tokyo, and the

Department of Cardiovascular Surgery, Saitama Medical Center, Jichi Medical University, Saitama, Japan.
BACKGROUND: Mast cells are hypothesized to promote rejection and adverse remodeling in cardiac
allografts. In contrast, it has been reported that mast cells may enhance cardiac allograft survival in rats.
We used C57BL/6-KitW-sh/W-sh mast cell-deficient and corresponding wild-type mice to investigate
possible contributions of recipient mast cells to acute or chronic cardiac allograft rejection.
METHODS: FVB (H-2q; acute rejection), or C-H-2bm12KhEg (H-2bm12; chronic rejection) donor hearts
were heterotopically transplanted into C57BL/6-KitW-sh/W-sh (H-2b) or C57BL/6-Kit�/� (H-2b) mice.
The degree of acute rejection was assessed at 5 days and chronic rejection, at 52 days.
RESULTS: In the acute rejection model, donor heart vascular cell adhesion molecule-1 (VCAM-1)
expression was significantly lower in C57BL/6-KitW-sh/W-sh than in wild-type recipients; however,
acute rejection scores, graft survival, inflammatory cells, or cytokine expression did not differ signif-
icantly. In the chronic rejection model, the number of mast cells/mm2 of allograft tissue was signifi-
cantly increased 52 days after transplantation in allografts transplanted into C57BL/6-Kit�/� but not
C57BL/6-KitW-sh/W-sh mice; however, no substantial differences were noted in graft coronary artery disease,
graft inflammatory cells, or levels of graft tissue expression of cytokines or adhesion molecules.
CONCLUSIONS: Cardiac allografts undergoing chronic rejection in wild-type C57BL/6-Kit�/� mice ex-
hibit increased numbers of mast cells, but acute or chronic cardiac allograft rejection can develop in
C57BL/6-KitW-sh/W-sh mice even though these recipients virtually lack mast cells. These findings indicate that
recipient mast cells are not required for acute or chronic cardiac allograft rejection in the models examined.
J Heart Lung Transplant 2010;29:401–409
© 2010 International Society for Heart and Lung Transplantation. All rights reserved.
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Congestive heart failure has become a worldwide public
ealth problem. Although medical and non-transplant sur-
ical options are considered first-line therapies for patients
ith end-stage heart disease, cardiac transplantation re-
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qE-mail address: mfischbe@stanford.edu

053-2498/10/$ -see front matter © 2010 International Society for Heart and Lun
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ains the gold standard treatment. Despite advances in
urgical technique, donor organ preservation, and immuno-
uppressive agents, allograft rejection still represents the
ajor cause of graft failure after cardiac transplantation.1

Substantial advances have been made in our understand-
ng of transplant immunology, but the cellular and molec-
lar mechanisms that underlie acute and chronic rejection
ave not been fully delineated. Acute rejection is typically

cell-mediated immune response, with clinical conse-

uences varying from asymptomatic to circulatory collapse.

g Transplantation. All rights reserved.
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hronic rejection, or graft coronary artery disease (GCAD),
s characterized by a diffuse intimal proliferation in the
oronary arteries that leads to luminal obliteration and,
ventually, graft failure.2

There currently is great interest in understanding the
otential role of mast cells in transplant rejection. Because
ast cells are present in the human heart, investigators have

ocused on the possible functions of mast cells in several
ardiovascular disorders,3 including atherogenesis,4–6 aor-
ic aneurysm formation,7 and cardiac allograft rejection.8–10

he participation of mast cells in cardiac transplant rejec-
ion remains controversial. For example, studies in out-bred
enetically mast cell-deficient or corresponding wild-type
ats suggest that mast cells may contribute to the survival of
eterotopic cardiac allografts.10 By contrast, morphologic
ndings in post-transplant endomyocardial biopsy speci-
ens from human heart transplant recipients have been

nterpreted to indicate that mast cells can promote fibro-
is and chronic rejection of cardiac allografts.8

Accordingly in the present study, we used genetically
ast cell-deficient C57BL/6-KitW-sh/W-sh mice and the cor-

esponding wild-type mice to investigate the biologic im-
ortance of mast cells in acute and chronic allograft rejec-
ion after cardiac transplantation in mice.

aterials and Methods

he mice used in this study were maintained in the animal
are facility at Stanford University Medical Center (Stan-
ord, CA) and were treated in compliance with the Guide for
he Care and Use of Laboratory Animals and published by
he National Academy Press (revised 1996).

nimals

ix- to 10-week-old male FVB (H-2q) and B6.C-H-2bm12KhEg
Bm12, H-2bm12) mice were obtained from Jackson Lab-
ratory (Bar Harbor, ME). Mast cell-deficient C57BL/6-
itW-sh/W-sh (H-2b) mice and the corresponding C57BL/6-
it�/� (H-2b) wild-type mice were generously provided by
r Peter Besmer (Memorial Sloan-Kettering, New York,
Y). C57BL/6-Kit W-sh/W-sh mice are profoundly mast cell-
eficient; in 12-week-old mice, virtually no mature mast
ells are detectable in the heart, lung, or in many other
ites.11 The W-sh mutation is an �3 Mb inversion upstream
f Kit,12 which includes a region (�150 kb upstream of Kit)
hat regulates KIT expression in mast cells,13 and that dis-
upts corin,14 which encodes a cardiac serine protease that
onverts the proform of atrial natriuretic peptide to the
ctive peptide. Kit W-sh/W-sh mice are not anemic or ster-
le,15 but have cardiomegaly and increased numbers of neu-
rophils and platelets.14

eterotopic cardiac transplantation

eterotopic abdominal cardiac transplantations were per-

ormed according to the method of Corry et al.16 Donor (
earts from (A) FVB mice (total allograft mismatch) for
cute rejection or (B) Bm12 mice (major histocompatibility
omplex class II-mismatch) for chronic rejection (GCAD)
ere transplanted into KitW-sh/W-sh and Kit�/� mice. Allo-
rafts were harvested on Post-operative Day (POD) 5 or at
he time of graft failure in the acute rejection model and at
OD 52 for the chronic rejection model. To study the effect
f resident donor mast cells on acute rejection, donor hearts
rom (A) KitW-sh/W-sh or (B) wild type Kit�/� mice were
ransplanted into mast cell-competent FVB (H-2q) recipi-
nts.

nalyses of graft survival and allograft function

raft viability was assessed by daily direct abdominal pal-
ation of the transplanted heart. Cardiac graft function was
xpressed as the beating score, assessed by the Stanford
ardiac surgery laboratory graft scoring system as 0 (no
ontraction), 1 (barely palpable), 2 (obvious decrease in
ontraction strength), 3 (strong, coordinated beat but notice-
ble decrease in strength), or 4 (strong contraction of both
entricles, regular rate).

istologic evaluation

rafts and arteries were analyzed after Mallory, hematox-
lin and eosin, or elastica van Gieson staining. The areas
ithin the internal elastic lamina (IEL), the external elastic

amina (EEL), and the lumen were carefully traced, and
lanimetric areas were calculated with SPOT Advanced
.4.2 software (Diagnostic Instruments, Inc, Sterling Heights,
I). The cross-sectional area of luminal stenosis was cal-

ulated as follows: luminal narrowing � [(IEL area �
uminal area)/IEL area] � 100 (%). The intima-to-media
I/M) ratio was calculated as follows: I/M � (IEL area �
umen area)/(EEL area � IEL area). The percentage of
essels affected by GCAD was quantified by calculating
he number of arterial segments in a given heart section
ith intimal proliferation � 10% and dividing this num-
er by the total number of arterial segments in that
ection.17

Parenchymal rejection was assessed in allografts on POD
for acute rejection and on POD 52 for chronic rejection.
he severity of parenchymal rejection was graded with a
odified scale of the International Society of Heart and Lung
ransplantation (ISHLT) classification.18 The fibrotic areas in
llografts on POD 52 were measured with an image analysis
ystem and scored as follows: 0 (no fibrotic areas), 1 (increased
umber of interstitial collagen fibers), 2 (0%–10% fibrosis), 3
10%–50% fibrosis), or 4 (50%–100% fibrosis).

uantification of mast cells

ast cell numbers were counted in sections stained with
.1% toluidine blue (pH 1) and expressed as total number
f mast cells/cross sectional area of tissue analyzed

mm2).
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mmunohistochemistry

rozen sections (5 �m) were fixed in acetone for 10
inutes at 4°C. After washing, sections were incubated
ith primary antibodies overnight (4°C), biotinylated

econdary antibodies at room temperature for 30 minutes,
nd detected with an avidin-biotin-horseradish peroxi-
ase complex (Nichirei, Tokyo, Japan). AEC (3-amino-
-ethylcarbazole) was used as the chromogen, and coun-
erstaining was with hematoxylin.

ytokine antibody arrays

ytokine antibody arrays (Raybiotech, Norcross, GA) were
sed to identify intragraft expression of the cytokines
nterferon-� (IFN-�), tumor necrosis factor-� (TNF-�), in-
erleukin-2 (IL-2), IL-4, IL-6, IL-10, and IL-17; intracellu-
ar (ICAM-1) and vascular cell adhesion molecule (VCAM-1),

igure 1 (A) Survival of cardiac allografts in wild-type (Ki
KitW-sh/W-sh ) mice (open circles; n � 8) during acute rejection. (
� 6) or mast cell-deficient Kit W-sh/W-sh mice (open circles; n
istology of cardiac allografts transplanted into Kit�/� or mast ce
00 �m; hematoxylin and eosin stain; original magnification � 10

ata are the mean and standard error of the mean for 8 mice per group
nd the chemokine monocyte chemotactic protein-1 (MCP-1).
embranes were covered with 250 �g of protein from

issue lysates. Integrated densities were calculated using
mageJ 1.38 software (National Institutes of Health, Be-
hesda, MD).

tatistical analysis

ata are expressed as mean � standard error of the mean.
he Kaplan–Meier analysis and the Mann–Whitney U-test
ere used for statistical evaluation of graft survival and

urvival differences between 2 groups, respectively. A
-tailed t-test was used for statistical evaluation of paren-
hymal rejection scores, infiltrating cell number, luminal
arrowing, I/M ratio, and fibrotic areas. One-way analysis
f variance was used for comparisons between groups for
ytokine array data. A value of p � 0.05 was considered
tatistically significant.

mice (filled circles; n � 8) or genetically mast cell-deficient
vival of cardiac allografts from donor Kit�/� mice (filled circles;
ransplanted into FVB recipient mice during acute rejection. (C)
cient KitW-sh/W-sh mice at 5 days after transplantation. The bar �
Parenchymal rejection (PR) scores at 5 days after transplantation.
t�/� )
B) Sur
� 6) t
ll-defi
0. (D)
. NS, not significant (p � 0.05).
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esults

ecipient mast cells are not required for acute
ejection of heart transplants

o test whether recipient mast cells can influence the devel-
pment of acute rejection, donor hearts from FVB mice were
ransplanted into mast cell-deficient C57BL/6-KitW-sh/W-sh

ice and the corresponding wild-type control C57BL/6-
it�/� mice. There was no significant difference in acute

ejection between donor hearts transplanted into C57BL/
-Kit W-sh/W-sh or C57BL/6-Kit�/� recipients (10.1 � 1.2 vs
.7 � 0.9 days, p � 0.56; Figure 1A). Parenchymal rejec-
ion scores were also very similar between the 2 groups 5
ays after transplantation (Figure 1C). Histologically, the
umbers of graft-infiltrating CD4� lymphocytes, CD8�

ymphocytes, and CD11b� cells (macrophages) in allografts
t 5 days were somewhat higher in C57BL/6-Kit�/� than in
57BL/6-KitW-sh/W-sh mice, but these differences did not
chieve statistical significance (Figure 2). Similarly, al-
hough levels of immunoreactivity for certain cytokines,

CP-1, ICAM-1, and VCAM-1 were higher in donor
earts transplanted into wild-type mice than in those trans-
lanted into C57BL/6-KitW-sh/W-sh mice, only the difference
n VCAM-1 levels achieved statistical significance (Fig-
re 3).

igure 2 (A) Immunohistochemical staining of CD4�, CD8�,
cute rejection. The bar � 100 �m; original magnification �400.

he mean and standard error of the mean of values derived from an ana
These experiments indicate that in our acute model of
ardiac allograft rejection, the allografts can be acutely rejected
y mast cell-deficient C57BL/6-KitW-sh/W-sh mice as rapidly as
y wild-type mice. Although cardiac allografts undergoing
cute rejection in C57BL/6-KitW-sh/W-sh mice developed slightly
educed levels of graft-infiltrating lymphocytes and macro-
hages, cytokines, and adhesion molecules than did the
orresponding wild-type mice, except for levels of
CAM-1, such differences did not achieve statistical sig-
ificance. Thus, even if mast cells in recipient mice might
ave slightly enhanced inflammation in the allografts during
cute rejection, these effects did not significantly influence
he ultimate outcome of the process: acute graft rejection.

ast cells in recipient mice are not required for
he development of features of chronic rejection

he number of donor heart mast cells has been reported to
orrelate positively with the severity of GCAD in human
earts.8 To test whether mast cells can influence the de-
elopment of chronic cardiac allograft rejection, donor
earts from Bm12 mice were transplanted into mast cell-
eficient C57BL/6-KitW-sh/W-sh mice and the corresponding
ild-type control C57BL/6-Kit�/� mice. On POD 52,
ast cell numbers in allografts from C57BL/6-Kit�/� re-

ipients (2.5 � 0.4/mm2) were significantly higher than the

11b� cells in allografts at 5 days after transplantation during
antitative analysis of CD4�, CD8�, and CD11b� cells. Data are
and CD
(B) Qu
lysis of 20 fields.



c
(
B
C

b
K
c
e
C
6
i
i
w
5

C

r
P
s
c
s
6
s
m
I
M
a
(

e
c

F
r
m
V

405Itoh et al. Role of Mast Cells in Cardiac Allograft Rejection
orresponding values in non-transplanted donor hearts
1.2 � 0.1/mm2), isografts transplanted into syngeneic
m12 mice (1.1 � 0.1/mm2), or allografts transplanted into
57BL/6-KitW-sh/W-sh mice (0.9 � 0.1/mm2; Figure 4).

After 52 days, there was no significant difference in the
eating scores for cardiac allografts in wild-type (C57BL/6-
it�/�) vs mast cell-deficient (C57BL/6-Kit W-sh/W-sh) re-
ipient mice (Figure 5A). At POD 52, neointimal thick-
ning and luminal narrowing were 42.0% � 9.3% in
57BL/6-Kit W-sh/W-sh mice vs 43.8% � 13.5% in C57BL/
-Kit�/� recipients (p � 0.91; Figure 5B). GCAD sever-
ty, assessed by the mean percentage of luminal narrow-
ng, the I/M ratio, and the percentage of diseased vessels,
as also virtually identical between the 2 groups (Figure
C).

We also detected no differences between wild-type

igure 3 Expression of adhesion molecules, cytokines, and the ch
ejection in allografts transplanted into Kit�/� mice (filled bars; n �
ice. Data show the mean and standard error of the mean in each group.
CAM, vascular cell adhesion molecule.
57BL/6-Kit�/� or mast cell-deficient C57BL/6-KitW-sh/W-sh c
ecipient mice in the histologic appearance of the allografts on
OD 52 (Figure 6A) or in the parenchymal rejection or fibrotic
cores (Figure 6B). The numbers of infiltrating CD4� lympho-
ytes, CD8� lymphocytes, and CD11b� cells did not differ
ignificantly between wild-type C57BL/6-Kit�/� and C57BL/
-KitW-sh/W-sh recipient mice (Figure 6C). Finally, the expres-
ion of levels of allograft immunoreactivity for the adhesion
olecules ICAM-1 and VCAM-1, the cytokines IFN-�, IL-2,

L-4, IL-6, IL-10, IL-17, and TNF-�, and the chemokine
CP-1, were also very similar in wild-type (C57BL/6-Kit�/�)

nd mast cell-deficient (C57BL/6-KitW-sh/W-sh) recipient mice
data not shown).

Taken together, these findings do not support the hypoth-
sis that mast cells in the tissues of recipient C57BL/6 mice
ontribute significantly to cardiac allograft fibrosis or

ne monocyte chemotactic protein-1 (MCP-1) is shown during acute
itW-sh/W-sh mice (open bars; n � 6). *p � 0.05 vs values for Kit�/�

intracellular cell adhesion molecule; IFN-�, interferon-�; IL, interleukin;
emoki
6) or K
ICAM,
hronic rejection in this model.
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iscussion

t is now appreciated that mast cells can have either
ositive or negative roles in innate or adaptive immune
esponses.3,19 This new understanding permits the recon-
ideration of hypotheses about mast cell function that was
ased on morphologic observations. For example, be-
ause rejection severity seemed to correlate with mast
ell numbers in human post-transplant heart biopsy spec-
mens,8 several laboratories have focused on mechanisms
y which mast cells might promote transplant rejection.

By contrast, 2 recent reports have presented evidence
hat mast cells can enhance allograft survival. Experiments
n genetically mast cell-deficient C57BL/6-KitW-sh/W-sh mice
ndicate that mast cells can promote peripheral tolerance of
kin allografts, which is a process dependent on Treg.20 The
onclusion that mast cells can have effects that promote
llograft survival is also supported by the findings of
oerma et al,10 who investigated heterotopic cardiac trans-
lantation using genetically mast cell-deficient out-bred
s/Ws rats. Ws/Ws rats are profoundly deficient in mast

ells because of a 12-base deletion in the tyrosine kinase
omain of c-kit that results in marked loss of function in
IT.21,22 At 12 weeks after heterotopic transplantation, the

urvival of Ws/Ws hearts transplanted into Ws/Ws rats (3 of
hearts) was significantly reduced compared with that of

he corresponding wild-type hearts transplanted into wild-
ype rats (8 of 8, p � 0.015).

As acknowledged by the authors, however, these findings10

ust be interpreted cautiously, because the Ws/Ws and corre-
ponding wild-type rats used were the F2 generation of hybrids

igure 4 (A) Baseline mast cell numbers in non-transplanted
onor hearts. (B) Mast cell numbers/mm2 detected in Bm12 allo-
rafts transplanted into Bm12 mice (isograft controls). (C) Bm12
llografts transplanted into C57BL/6-Kit W-sh/W-sh mice. (D) Mast
ell numbers/mm2 in allografts from C57BL/6-Kit�/� recipients
2 days after transplantation. The error bar shows the standard
rror of the mean.
f BN/fMai-Ws/� and wild-type Donryu strain animals. In m
ddition, the rats in that study were receiving treatment with
yclosporine to induce immunosuppression.

The mast cell-deficient mouse model used in this study
C57BL/6-KitW-sh/W-sh) permits the analysis of allograft re-
ection in mast cell-deficient and wild-type mice on the
ame genetic background. Moreover, the analysis was per-
ormed without treating the mice with immunosuppressive
gents, which might influence the function of mast cells as
ell as T cells.23

The central finding of this study was that recipient mast
ells do not appear to have essential positive or negative
nvolvement in acute or chronic cardiac allograft rejection
n our model. These findings are of interest, because mast
ells can have many effects with the potential to influence
everal aspects of inflammation, tissue remodeling, and T
ymphocyte migration and activation.3,24 However, even
hough numbers of graft-infiltrating CD4� or CD8� lympho-
ytes and CD11b� cells in allografts at POD 5 in the acute
ejection model were somewhat higher in C57BL/6-Kit�/�

han in C57BL/6-KitW-sh/W-sh mice, these differences did not
chieve statistical significance. Similarly, although levels of
mmunoreactivity for certain cytokines, MCP-1, ICAM-1,
nd VCAM-1, were higher in donor hearts transplanted into
ild-type than C57BL/6-KitW-sh/W-sh mice, only the differ-

nce in VCAM-1 levels achieved statistical significance.
hese results are consistent with the possibility that mast
ells contribute to leukocyte recruitment and survival and to
ytokine and chemokine production in the acute rejection
odel; however, cardiac allografts transplanted into wild

ype or C57BL/6-KitW-sh/W-sh mice had virtually identical
arenchymal rejection scores and, importantly, survival
urves.

Our prior chronic rejection studies showed that the de-
elopment of GCAD is absolutely contingent on the pres-
nce of CD4� lymphocytes, and that CD8� lymphocytes
ugment GCAD severity.25,26 Interestingly, although the
llograft mast cell number was increased in the chronic
ejection model in the wild-type but not mast cell-deficient
ecipients, this did not correlate with any substantial differ-
nces in donor heart mononuclear cell recruitment or sub-
equent allograft arteriosclerotic changes. As in the acute
ejection model, numbers of CD4� lymphocytes in the
llografts were somewhat higher in wild-type recipients
han in C57BL/6-KitW-sh/W-sh recipients. Although the im-
ortance of this finding is uncertain, it offers further support
o the notion that mast cells in recipient mice may contribute
arginally to lymphocyte recruitment and/or survival in

llografts in this setting.
Notably, Boerma et al10 also detected fewer T lympho-

ytes in mast cell-deficient donor hearts transplanted into
ast cell-deficient rats than in the corresponding wild-type

onor hearts transplanted into wild type rats; despite this
nding, the mast cell-deficient allografts transplanted into
ast cell-deficient rats had slightly (but not significantly)

igher rejection scores.10 They attributed these findings to
educed transforming growth factor-� (TGF-�) levels in the

ast cell-deficient recipients, suggesting that TGF-�, which
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an be secreted by mast cells,27 may be anti-inflammatory
nd help to prevent rejection in this model.

Although they are known both to produce chemokines/
ytokines and to influence chemokine/cytokine secretion in
ther cells types,3 mast cells in recipient mice did not appear
o alter substantially the levels of immunoreactive cytokines
r of the chemokine MCP-1 in the cardiac allografts. The
ifferences did not achieve statistical significance, but lev-
ls of most cytokines and MCP-1 at POD 5 in the acute
ejection model were somewhat higher in the allografts
ransplanted into the wild-type mice than they were in the
rafts from mast cell-deficient recipients. However, levels
f cytokines and MCP-1 in allografts undergoing chronic
ejection, as assessed at POD 52, were nearly identical in
he 2 groups. The cytokines measured included IFN-�, a

igure 5 (A) The graft beating scores of allografts in Kit�/� mic
ardiac transplantation in the chronic rejection model, consisting of
ieson-stained representative sections of cardiac allografts unde
it W-sh/W-sh mice. Original magnification �400. (C) Data from m
nd diseased vessels in sections like those shown in Panel A. Da
ytokine that has an important effect in the development of f
CAD in this strain combination. Indeed, Tellides et al28

eported that IFN-� alone induced intimal proliferation in
uman arterial loops that were transplanted into immuno-
eficient mice. Furthermore, we did not detect significant
ifferences in IL-17 levels, even though mean levels of
L-17 immunoreactivity in allografts examined on POD 5 in
he acute rejection model were about 74% higher in wild-
ype than in mast cell-deficient mice (p � 0.07).

Given the complexity of attempting to understand how
ast cells might influence cardiac allograft rejection, it is

mportant to acknowledge the limitations of our study. First,
e of course cannot rule out any contributions of resident
onor organ mast cells (ie, passenger mast cells) to allograft
ejection in our models. Mast cells normally are present in
he healthy hearts of animals and humans. However, we

d squares; n � 8) and Kit W-sh/W-sh mice (open circles; n � 8) after
jor histocompatibility complex class II mismatch. (B) Elastic Van
chronic rejection 52 days after transplantation into Kit�/� or
etric assessment of luminal occlusion, intima/media (I/M) ratio,

he mean and standard error of the mean for 8 mice per group.
e (fille
an ma
rgoing
orphom
ound that when mast cell-deficient KitW-sh/W-sh or wild-type
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it�/� hearts were transplanted into mast cell-competent
VB (H-2q) recipients, the differences in graft survival
etween donor KitW-sh/W-sh and Kit�/� hearts were not sig-
ificant (10.3 � 0.5 vs 10.2 � 0.5 days, p � 0.56; Figure
B; preliminary data, n � 3). Moreover, Zweifel et al29

ave suggested that recipient mast cells, rather than donor
ast cells, may be more important in cardiac allograft

ejection in rats.29

Second, although KitW-sh/W-sh mice are not anemic, they do
xhibit cardiomegaly and increased numbers of blood neutro-
hils and platelets14 and may have other abnormalities yet to
e defined. The genetic inversion noted in KitW-sh/W-sh mice
esults in the interruption of corin, a cardiac protease respon-
ible for the activation of atrial natriuretic peptide and, conse-
uently, mild hypertension and cardiomegaly. Some of the
ther phenotypic abnormalities in KitW-sh/W-sh mice may pos-
ibly compensate in part for their lack of certain mast cell
unctions that may be important in acute or chronic cardiac

igure 6 (A) Representative sections of cardiac allografts undergoi
ice. The bar � 100 �m; hematoxylin and eosin stain; original magni

ike those shown in Panel A. Data are the mean and standard error of
D8�, and CD11b� cells. Data are the mean and SEM of values de
llograft rejection. For example, it is possible that neutrophilia D
nd thrombocytosis could influence the pathogenesis of
CAD in KitW-sh/W-sh mice.
Third, mice in the chronic rejection model were sacri-

ced for examination of donor hearts at POD 52. It is
ossible that differences in numbers of infiltrating cells,
evels of immunoreactive cytokines, or rejection scores
ight have been detected if the animals were sacrificed at

arlier or later time points.
In conclusion, despite the limitations of our approach, we

elieve our data strongly support the hypothesis that recipient
ast cells are not required for the development of either acute

r chronic cardiac allograft rejection in C57BL/6 mice.
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