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Abstract

Background—Alloantibody can contribute significantly to rejection of heart transplants by

activation of complement and interactions with a variety of effector cells, including macrophages

and monocytes through activating FcγRI, FcγRIII, FcγRIV, the inhibitory FcγRIIB and

complement receptors. These receptors link cellular and humoral immunity by bridging the

antibody specificity to effector cells. Activating FcγRs are also involved in serum amyloid P

component (SAP)-mediated clearance of apoptotic bodies.

Methods—B10.A (H-2a) hearts were transplanted into WT or FcγRIII-KO C57BL/6 (H-2b)

mouse recipients. Levels of alloantibodies and SAP in the circulation were determined by flow

cytometry and ELISA, respectively. Intragraft cytokine mRNA expression was measured by real-

time PCR. Intragraft deposition of C4d, von-Willebrand factor (vWF), SAP and activated caspase

3 was visualized by immunochemistry.

Results—B10.A hearts in C57BL/6 FcγRIII-KO recipients were rejected acutely within 6-8 days

as compared to 10-14 days in WT. The rejection in FcγRIII-KO was accompanied by higher levels

of circulating IgM/IgG alloantibodies and SAP than in WT recipients. Histology in FcγRIII-KO

cardiac allograft recipients indicated: perivascular margination of monocytes and neutrophils,

vascular endothelial cell injury, intense vasculocentric infiltrates with extensive apoptosis. Higher

numbers of apoptotic cells, stronger C4d and SAP deposition and extensive activated caspase 3

were found in areas of dense pockets of apoptotic blebs in FcγRIII-KO.

Conclusions—We propose that absence of FcγRIII is associated with the lack of efficient SAP-

mediated clearance of apoptotic cells through FcγRs. Apoptotic cells become immunogenic,
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induce enhanced inflammation, AlloAb production and complement activation leading to

accelerated cardiac allograft rejection.
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complement

Introduction

Transplant rejection is a complex process that usually involves multiple innate and adaptive

immune responses. Alloantibody mediated organ rejection (AMR) has become clinically

critical because this form of rejection is unresponsive to conventional anti-rejection therapy.

Therefore AMR has become a therapeutic challenge in transplantation. Alloantibody can

contribute significantly to rejection of heart transplants by activation of complement (C) and

interactions with a variety of effector cells, including macrophages and monocytes through

Fcγ (FcγR) and complement receptors. These receptors link cellular and humoral immunity

by bridging antibody specificity to effector cells.

Data from several transplantation centers (1, 2) indicate that complement split products such

as C4d and C3d are deposited on the vascular endothelium in a significant number of acute

antibody-mediated rejections of renal and cardiac transplants. This finding is frequently

associated with marginated neutrophils or monocytes and donor-specific antibodies in the

circulation.

The recent growing interest in antibody-mediated rejection has stimulated the development

of in vivo and in vitro experimental models to study antibody and complement in acute and

chronic rejection. These experiments have demonstrated multiple mechanisms by which

antibodies and complement can intensify macrophage, B cell and T cell responses (3, 4).

We developed a mouse model of antibody- and C-mediated rejection. In this model, B10.A

hearts are transplanted to Ig deficient C57BL/6 recipients that receive passively transferred

alloantibodies to MHC class I antigens (5-7). We documented that non-complement-

activating IgG1 in combination with low doses of complement-activating IgG2b

alloantibody caused irreversible rejection of cardiac allografts that was accompanied by

linear deposits of C4d on endothelium. In parallel in vitro experiments, we demonstrated

that IgG1 alloantibodies to class I MHC in the absence of complement stimulate production

of pro-inflammatory cytokines by endothelial cells. This response was increased in the

presence of macrophages through a mechanism that was dependent on stimulatory FcγRIII.

FcγR provide a critical link between specific humoral responses and the cellular pathways of

the immune system (8). Alloantibodies interact with effector cells through activating (FcγRI,

FcγRIII, FcγRIV) and inhibitory (FcγRIIB) Fc receptors. These two classes of receptors

function in concert and are usually co-expressed on the cell surface (8). FcγRI, FcγRIIB,

FcγRIII and FcγRIV are expressed by variety of leukocytes: macrophages, monocytes, NK,

PMNs and small number of T cells, whereas FcγRIIB are expressed on both myeloid and

lymphoid lineages. They mediate effector functions, including phagocytosis, ADCC (9, 10)
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and the release of pro- and anti-inflammatory mediators (11). Antibodies also provide

powerful feedback through Fc receptors to increase complement production (12, 13), and

complement split products can modulate the expression and function of FcR for antibodies.

In addition, Du Clos, Mold and colleagues identified FcγRs as the major receptors for C-

reactive protein (CRP) and serum amyloid P component (SAP) and implicated their

involvement in the process of phagocytosis (14-17). Based on analysis of pentraxin

interactions with FcγRs this group unraveled the crystal structure of human SAP interacting

with FcγRIIa (18). CRP and SAP are members of pentraxin family of proteins that are

evolutionary highly conserved and characterized by a pentameric structure (19). They both

have important functions in innate host defense (20), clearance of phospholipids and nuclear

components from the late apoptotic and necrotic cells (21-23), and regulation of the

inflammatory response (20). While CRP is an acute-phase protein in humans, SAP plays the

same role in the mouse. Recently both pro- and anti-inflammatory functions of CRP and

SAP were identified. These functions depend on differential interactions of both pentraxins

with complement, FcγRs and complement regulatory proteins (24, 25).

Mice with a genetic mutation of the γ chain (FcRγ-KO) have impaired expression of FcγRI

and FcγRIII. They exhibit impaired antibody-mediated responses, including loss of NK cell-

mediated ADCC, macrophage phagocytosis, and mast cell degranulation in response to FcR

cross-linking (26, 27).

In this study we investigated the mechanism of accelerated acute cardiac allograft rejection

in recipients deprived of functional FcγRIII. We provided evidence that in the absence of

activating FcγRIII cardiac allograft rejection is associated with increased alloantibody

production, activation of complement (C4d deposition) and widespread apoptosis.

Results

B10.A cardiac allograft survival in C57BL/6 FcγRIII-KO recipients. In these studies we

documented that cardiac allografts from B10.A (H-2a) hearts transplanted to C57BL/6

FcγRIII-KO (H-2b) recipients were rejected acutely within 6-8 days after transplantation

(n=20). In contrast, hearts in their WT counterparts survived longer and were rejected within

10-14 days after transplantation (n=22). This difference in survival was significant

(P<0.0001) by log-rank test in Kaplan-Meier plot analysis (Fig 1).

Vascular injury is increased in B10.A cardiac allografts transplanted to C57BL/6 FcγRIII-
KO vs. WT recipients

In preliminary experiments H&E staining of B10.A hearts transplanted to FcγRIII-KO

recipients performed 7 days after transplantation indicated that accelerated acute rejection

was manifested by prominent perivascular margination of monocytes and neutrophils,

vascular endothelial cell injury, and intense vasculocentric infiltrates with extensive

apoptosis. Macrophages were the predominant cell type in the infiltrates (SDC Fig 1) as has

been described in the Banff criteria for antibody mediated rejection (1). At the same time

hearts transplanted to WT recipients demonstrated only mild cellular infiltration and

vascular endothelial cell injury with only few apoptotic cells. High levels of DNA
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fragmentation of apoptotic cells was visualized by Tunel assay (data not shown). Since the

interpretation and specificity of this assay is controversial (28), we confirmed the findings

with immunohistology for activated caspase 3 and caspase-clevead cytokeratin. We found

extensive areas containing apoptotic blebs that stained for activated caspase 3 in cardiac

allografts transplanted to FcγRIII-KO (Fig 2A). In contrast, in WT recipients DNA

fragmentation was minimal and activated caspase 3 was expressed in small numbers of

apoptotic cells (Fig 2B).

The extent of apoptosis was quantified on 5 separate fields in the central myocardium distant

from areas associated with epicardial and endocardial inflammation. In allografts

approaching complete rejection, areas that displayed advanced rejection and myocyte

necrosis were excluded. To avoid multiple apoptotic bodies from single cells contributing to

the count disproportionately (SDC Fig 2), a grid of 50 microns square was superimposed on

digital images captured on medium power (SDC Fig 3) and the number of squares

containing apoptotic cells were counted. This method documented that apoptosis was much

more widespread in cardiac grafts to FcγRIII-KO than wild type recipients (Fig 3A).

Apoptosis was sparse in allografts to wild type recipients at the initial stages of rejection

(6-8 days) and in the terminal phases of rejection (9-11 days). This suggests that the

difference in apoptosis was not simply related to the stage of rejection, but to an alternate

mechanism. The stains also demonstrated that donor cells including cardiac myocytes

underwent apoptosis (SDC Fig 2). Excess apoptotic myocytes could be a source of antigen

processed in antigen presentation.

Immunohistochemical staining demonstrated arterial and capillary deposition of C4d that

was more diffuse and intense at 6 – 8 days in FcγRIII-KO than in WT recipients (Figs 2C,

2D, 3B). C4d deposition became more diffuse and intense in the terminal phases of rejection

in WT recipients (Figs 2D and 3B). The vascular injury in acutely rejected B10.A cardiac

allografts in FcγRIII-KO recipients was accompanied by intense intravascular release of

von-Willebrand factor (vWf) and formation of platelet aggregates that occluded capillaries.

Immunohistological staining demonstrated abundant vWf associated with these platelet

aggregates (SDC Fig 4). In FcγRIII-KO recipients more vWf was associated with platelets

and less vWf was confined to cytoplasmic storage granules of endothelial cells than in hearts

transplanted to WT recipients.

Alloantibody responses to class I MHC in C57BL/6 FcγRIII-KO and WT recipients elicited
by cardiac allografts from B10.A

The level of alloantibodies in the circulation was measured by two-color flow cytometry

using donor specific lymph node lymphocytes as target cells. Rejection of B10.A cardiac

allografts in C57BL/6 FcγRIII-KO was accompanied by significantly higher levels of IgM

and IgG alloantibodies to MHC class I antigens in the circulation than in WT recipients (titer

>64) measured 7 days after transplantation (Figs 4A, 4B). Interestingly, IgG was mainly

composed of complement-activating IgG2a and IgG2b subclasses (Figs 4C, 4D). The level

of non-complement-activating IgG1 was very low in both FcγRIII-KO and WT recipients

(Fig 4E).
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To further confirm the ability of these antibodies to activate complement we performed a

flow cytometry experiment using donor-specific lymphocytes sensitized with alloantibodies

in the presence of 15% fresh mouse sera as the source of complement. Alloantibodies from

FcγRIII-KO mice showed significantly higher ability to activate complement and deposit

C4d on target cells than their WT counterparts (Fig 4F).

SAP-opsonizes apoptotic bodies and cardiomycytes in transplanted hearts

Because SAP is known to bind to apoptotic bodies and potentiate their clearance by FcγRIII-

bearing cells in non-transplanted tispplees, we stained cardiac allograft tissues for the

presence of intragraft SAP. Immunohistological stains indicated that SAP bound not only

apoptotic bodies, but also nuclei of injured myocytes (SDC Fig 5). This observation

indicates that SAP can opsonize cardiac myocytes in the early apoptotic process as well as

late apoptotic bodies.

The level of SAP in the circulation of cardiac allograft recipients

Knowing that SAP is an acute phase reactant, the levels of SAP were measured by ELISA as

an indicator of the extent of pro-inflammatory responses in the FcγRIII-KO recipients. The

levels of SAP in sera of FcγRIII-KO recipients were significantly higher (p<0.0001) than in

their WT counterparts (Fig 5A). These findings were confirmed in FcγRIII-KO recipients of

B10.A skin grafts (data not shown).

The pattern of intragraft expression of pro- and anti-inflammatory cytokines

We tested whether the lack of effective clearance of apoptotic bodies affects the intragraft

production of cytokines. To this end we analyzed the profile of intragraft mRNA transcripts

for pro-inflammatory (IFN-γ, IL-12, and TNF-α) and anti-inflammatory (IL-10) cytokines

using a quantitative Real-Time PCR method (Fig 5B). While the expression of mRNA

transcripts for IL-12 and TNF-α was not statistically different in FcγRIII-KO vs WT

recipients, we found significant differences in the expression of IFN-γ and IL-10. In

FcγRIII-KO recipients, the intragraft level of IFN-γ RNA transcripts was significantly

higher (p<0.01) than in WT recipients, while IL-10 transcripts were significantly

downregulated in FcγRIII-KO hearts (p<0.01) (Fig 5B).

Discussion

In the present studies, we found B10.A hearts transplanted to C57BL/6 FcγRIII-KO

recipients were rejected faster than in WT recipients (6-8 vs 10-14 days, respectively). The

apparent paradoxical finding that the lack of activating FcγRIII contributes to acceleration of

acute cardiac allograft rejection may be attributable to another function of FcR, namely the

efficient clearance of apoptotic cells. Rejection in FcγRIII-KO recipients was associated

with extensive accumulation of apoptotic cells compared with that seen in WT. Furthermore,

pockets of apoptotic blebs were opsonized with SAP, but in the absence of FcγRIII they

were not cleared by phagocytic cells.

Previous studies have reported that acute and chronic rejection is associated with apoptosis

of cardiac myocytes and vascular endothelial cells (29-32). Our immunohistological stains
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for activated caspase 3 clearly demonstrated apoptosis of cardiac myocytes. In the absence

of normal clearance, these apoptotic myocytes would present added donor antigen.

The acceleration of acute rejection in FcγRIII-KO was also accompanied by intense

perivascular margination of monocytes and neutrophils and increased IgM and IgG

alloantibody production. The IgG alloantibodies were mainly represented by C-activating

IgG2b and IgG2a subclasses that activated C4 as measured by its final product C4d

deposited on donor specific lymphocytes in vitro and intragraft C4d deposition. Endothelial

injury was indicated by intravascular release of vWf and abundant formation of platelet

aggregates. Systemic inflammation was indicated by elevated SAP levels in the circulation,

while intragraft inflammation was accompanied by SAP bound to apoptotic bodies, a

significant increase of intragraft IFN-γ and decrease of IL-10 mRNA expression.

Our data support the concept that accelerated acute cardiac allograft rejection in the absence

of FcγRIII in vivo results from vigorous pro-inflammatory immune responses involving

FcR-dependent functions through complement, antibodies and SAP. There are a few reports

in the literature indicating that the lack of FcγRIII might contribute to development of

autoimmunity (33, 34). However, no similar studies have been reported in models of

allograft rejection.

In this study we found high levels of complement-activating IgG2a and IgG2b

alloantibodies in the circulation as well as strong perivascular deposition of C4d in grafts of

FcγRIII-KO recipients. In our model intragraft deposition of C4d might reflect activation of

C4 that is initiated by binding of C1q to alloantibodies and SAP or directly to apoptotic

bodies (35), and in addition by MBL binding to alloantibodies or apoptotic bodies (36, 37).

Similar to other molecules of innate immune system SAP recognizes a wide variety of

ligands from apoptotic cells, damaged or altered tissues as well as determinants on

microorganisms. The SAP ligand-binding site is calcium-dependent and recognizes

specifically membrane phospholipids containing phosphoethanolamine/phosphocholine

(38), heparan sulfate (39), laminin (40), fibronectin and C4b binding protein (41). DNA,

chromatin and histones serve also as common physiological ligands for SAP (42, 43).

CRP, expressed in high levels in humans, binds to phospholipids on apoptotic blebs and

activates complement through binding of C1q. CRP also interacts with FcγRs on

macrophages, PMNs and NK cells (17). Similarly, in mice, apoptotic cells and bodies are

opsonized by SAP and phagocytosed through interaction with FcγRs on macrophages and

neutrophils. However, when SAP-opsonized apoptotic bodies are not engaged by FcγR they

become immunogenic leading to an increase of pro-inflammatory immune responses.

Opsonization of apoptotic blebs by SAP followed by sufficient elimination of apoptotic

blebs through interaction with activating FcγRs prevents development of uncontrolled allo-

and autoimmunity (44).

Du Clos, Mold and colleagues (14, 15) documented that bone marrow macrophages from

FcR-γ-chain-deficient mice did not phagocytose SAP- and CRP-opsonized zymosan. While

in this study FcγRI was identified as a high affinity and the only receptor for CRP, both
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FcγRI and low affinity FcγRIII were identified as receptors for SAP in the mouse. CRP and

SAP binding to apoptotic cells has been well documented in experiments in vitro.

Our study provides in vivo evidence that accelerated cardiac rejection in the absence of

FcγRIII is associated with the lack of efficient SAP-mediated clearance of apoptotic cells

through interaction with FcγRs. We suggest that apoptotic cells that are not sufficiently

cleared become immunogenic and induce enhanced inflammation that is mediated in part by

complement activation. Similarly, in some models of autoimmune diseases (e.g., in SLE

nephritis) genetically determined low levels of CRP have been associated with the severity

of the disease (45). Nuclear antigens released from apoptotic cells that were not cleared

properly promoted autoimmunity, an increase of pro-inflammatory responses that were

associated with the expression of high levels of IFN-γ. In our model of cardiac allograft

rejection in FcγRIII-KO recipients we found similar type of pro-inflammatory phenotype

associated with high levels of intragraft m-RNA transcripts for IFN-γ.

Regulatory role of IL-10 produced by macrophages has been implicated in FcR/CRP/SAP

interactions in different mouse models in vivo (44, 46-49). Du Clos' and Mold's group

showed that CRP-mediated protection from LPS-challenged mice required the presence of

functional FcγR and was associated with downregulation of proinflammatory response and

enhanced production of IL-10 (46). In the absence of FcγRs the profile of cytokine

expression was reversed and the protective effect of CRP was abolished (46).

Taken together, the data presented in our study indicate that SAP-opsonized apoptotic

bodies are not engaged by FcγR in FcγRIII-KO recipients and consequently not sufficiently

cleared. Therefore we suggest that the severely impaired process of clearance of SAP-

opsonized apoptotic bodies in FcγRIII-KO recipients is one of the potential mechanisms that

contribute to rapidly developed pro-inflammatory immune responses leading to accelerated

rejection of mouse cardiac allografts.

Materials and Methods

Mice

Male C57BL/6 (H-2b), B10.A (H-2a) and FcγR3 tm1Sjv (FcγRIII-KO) inbred mice were

purchased from Jackson Laboratories (Bar Harbor, ME) and used at 8-12 weeks of age. This

genetic deletion has been backcrossed onto C57BL/6 for 12 generations. By the 12th

generation, the backcrossed mice are genetically identical to the parental strain (50).

Heterotopic Heart Transplantation

B10.A hearts were transplanted into wild type (WT) or FcγRIII-KO C57BL/6 recipients

using the standard technique with some modifications as previously described (6). Briefly,

the donor aorta and pulmonary artery were anastomosed to the recipient abdominal aorta and

inferior vena cava, respectively. Graft function was monitored by abdominal palpation daily

until rejection, which was defined as total cessation of contractions.

Erdinc Sunay et al. Page 7

Transplantation. Author manuscript; available in PMC 2014 October 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Histology

Full cross sections through the center of cardiac grafts obtained at the time of sacrifice were

frozen in OCT. Adjacent cross-sections were fixed in 60% methanol/10% glacial acetic acid

solution, embedded in paraffin, and sectioned at 7 microns. Rejection was assessed on

sections that were stained with hematoxylin and eosin (H&E).

Immunohistochemistry

High-temperature antigen retrieval and paraffin removal was performed by immersing the

slides in Trilogy (Cell Marque, Hot Springs, AR) in a pressure cooker until the chamber

reached 125°C and 23 psi. Endogenous peroxidase activity was blocked for 18 min in 0.3%

H2O2 in methanol. Slides were incubated for 30 minutes in a serum free blocking solution

(Dako, Carpenteria, CA) followed by an overnight incubation with a monoclonal antibody

rat anti-mouse Mac2 marker of “inflammatory macrophages” (Cedarlane Laboratories,

Burlington, NC), a polyclonal rabbit antibody to either human cleaved caspase-3 (Cell

Signaling Technology, Boston, MA), vWf (Dako) or mouse C4d (developed in our

laboratory (7), now available from Hycult, Biotech, Plymouth Meeting, PA). Sections were

then incubated with biotinylated polyclonal donkey anti-rat or donkey anti-rabbit antibodies

(Jackson Labs, West Grove, PA). For detection of SAP a polyclonal biotinylated sheep

antibody to mouse SAP was used (R&D Systems). Immunoperoxidase staining was

performed using Vectastain ABC Elite (Vector Labs, Burlingame, CA). The avidin-biotin

complex was visualized using Impact DAB substrate (Vector Labs). Sections were

counterstained in hematoxylin (Richard-Allen, Kalamazoo, MI).

Measurement of extent of apoptosis and C4d deposition

The extent of apoptotic cells and nuclear fragments marked by staining for activated caspase

3 was quantified on digital images captured with a 20x magnification objective. Five

separate images were captured from fields in the central myocardium distant from areas

associated with epicardial and endocardial inflammation. In allografts approaching complete

rejection, areas that displayed advanced rejection and myocyte necrosis were excluded.

Counting was performed by superimposing a grid of 50 microns square on the captured

image (SDC Fig 3) and counting the number of squares containing apoptotic cells. This

method avoided multiple apoptotic bodies from single cells contributing to the count

disproportionately (SDC Fig 2).

C4d deposition was graded on the clinical criteria of distribution (focal versus diffuse) and

intensity. Each parameter was scored on a 0 to 3+ scale and with a maximum total score of

6.

Measurement of alloantibodies in sera

Alloantibodies were measured by flow cytometry on single cell suspensions of cervical

lymph nodes from donor B10.A mice using standard technique described previously (6).

Briefly, 50 μl aliquots containing 1.5×105 B10.A lymph node lymphocytes were incubated

with 50 μl of diluted sera from transplanted mice (1:4, 1:16, 1:64). To stain for IgM and IgG

alloantibody, the washed cells were reacted with 50 μl of PBS + 0.5% BSA + 0.02% sodium

azide (PBA) containing a mixture of FITC-conjugated goat antibody specific for the Fc
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portion of mouse IgG and PE-conjugated goat antibody specific for the μ chain of mouse

IgM (Jackson Immunoresearch Laboratories). After staining, the cells were washed, fixed,

and analyzed by flow cytometry. To analyze the IgG subclass of alloantibodies, cells were

washed after the first incubation with diluted sera and then reacted with 50 μl of PBA

containing an optimal dilution of FITC-conjugated rat mAb against mouse IgG1, IgG2a and

IgG2b subclasses (Pharmingen, CA). After two washes, the cells were fixed in PBS/1%

formaldehyde, and analyzed using FACScan (Becton Dickinson, Mountain View, CA). IgM,

IgG and IgG subclass antibodies to class I MHC antigens on B10.A target cells were

expressed as the mode channel fluorescent (MCF). The average MCF value for control sera

was subtracted from the MCF value for experimental sera.

Measurement of C4d deposition on sensitized lymphocytes by flow cytometry

Activation of complement by IgM and IgG alloantibodies was measured by flow cytometry

according to method developed in our laboratory and previously described (7). Briefly, 50 μl

aliquots containing 2×105 B10.A (H-2a) lymph node lymphocytes were incubated with 50 μl

of diluted sera from transplanted mice (1:4, 1:16, 1:64) for 45 min in +4°C. The cells were

washed twice in Gelatin Veronal Buffer 2+ (GVB2+), (Sigma-Aldrich, St. Louis, MO), then

incubated for 30 minutes at 37°C in GVB2+ containing 15% fresh sera from normal mouse

as the source of complement. The cells were washed twice in PBA, then stained with the

polyclonal rabbit anti-mouse C4d antibody for 30 min at +4°C and washed twice in PBA.

Finally, the cells were stained with a goat anti-rabbit-IgG-FITC (Jackson ImmunoResearch),

incubated for 30 min at +4°C and washed twice in PBA. The cells were fixed in PBS/1%

formaldehyde, then analyzed on a FACScan cytometer.

Measurement of SAP in sera by ELISA

The levels of SAP in sera from heart recipients were assessed using ELISA detection assay

for mouse SAP (Kamiya Biomedical, Seattle, WA) according to the manufacture's

recommendations. The intensity of the enzymatic reaction was measured at 450 nm in an E

Max Microplate Reader 2100R (Molecular Devices Corporation, Sunnyvale, CA).

Preparation of RNA

Total cellular RNA was isolated from snap frozen heart tissues using TRIZOL (Invitrogen,

CA) according to the manufacture's guidelines and the method described in our previous

studies (5, 6).

Real-Time-PCR

Total RNA from heart tissues was reverse transcribed into cDNA as described in our

previous studies (6). The cDNA was then analyzed for cytokine expression by Real-Time-

PCR method using Pre-Developed TaqMan Reagents containing specific target primers and

probes for mouse IFN-γ, IL-10, IL-12, TNF- α and GAPDH (PE Applied Biosystems, Foster

City, CA). Data were collected with Sequence Detector software (Bio-Rad MyIQ

thermocycler, Hercules, CA) from which an amplification plot was generated. From this plot

the threshold value (CT) was calculated, representing the PCR cycle value at which

fluorescence was detectable above an arbitrary threshold. Relative gene expression within
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each group was calculated using a comparative ddCT method. Target gene levels are

expressed as a ratio of CT for a target gene relative to the endogenous housekeeping gene

GAPDH (dCT) and to calibrator sample using the formula 2-ddCT.

Statistical analysis

Survival time data in WT and FcγRIII-KO recipients was analyzed using log-rank test in

Kaplan-Meier plot analysis. All other data were analyzed using TT-Student's test.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Cardiac allograft survival in FcγRIII-KO and WT
Cardiac allografts from B10.A (H-2a) hearts transplanted to C57BL/6 FcγRIII-KO (H-2b)

recipients were rejected acutely within 6-8 days after transplantation (n=20). In contrast

hearts in their WT counterparts survived longer and were rejected within 10-14 days after

transplantation (n=22). This difference in survival was significant (P<0.0001) by log-rank

test in Kaplan-Meier plot analysis.
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Fig 2. Apoptotic cells visualized by staining for activated caspase 3 and caspase-cleaved
cytokeratin
Both nuclei and nuclear fragments are stained for activated caspase 3 in larger numbers in

cardiac allgrafts to FcγRIII KO recipients (A) compared to WT recipients (B). Arterial and

capillary deposits of C4d were more intense in cardiac allgrafts to FcγRIII KO recipients (C)

compared to WT recipients (D).
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Fig 3. Measurements of apoptosis and C4d deposition
The extent of apoptotic cells and nuclear fragments stained for activated caspase 3 was

quantified in grids of 50 microns square superimposed on digital images captured on

medium power. The number of squares containing apoptotic cells was much more

widespread in cardiac grafts to FcγRIII-KO than WT recipients (A). Apoptosis was sparse in

allografts to wild type recipients at the initial stages of rejection (6-8 days) and in the

terminal phases of rejection (9-11 days). C4d deposition graded on the clinical criteria of

distribution (focal versus diffuse) and intensity with each parameter scored on a 0 to 3+

scale demonstrated diffuse and intense deposits occurred more acutely in cardiac grafts to

FcγRIII-KO than WT recipients (B). The more acute deposition of C4d correlated with more

rapid generation of alloantibodies responses to cardiac grafts to FcγRIII-KO than WT

recipients.
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Fig 4. IgM, IgG and IgG subclasses of alloantibodies to MHC class I antigens measured by flow
cytometry in serum from C57BL/6 WT (square symbols) and FcγRIII-KO recipients (circle
symbols) 7 days after transplantation
FcγRIII-KO demonstrated higher levels of IgM (A) and IgG (B) alloantibodies to MHC

class I antigens in the circulation than in WT recipients (titer >64). IgG was mainly

composed of C-activating IgG2a and IgG2b subclasses (C, D). The level of non-C activating

IgG1 was very low in both FcγRIII-KO and WT recipients (E). Alloantibodies from

FcγRIII-KO mice showed significantly higher ability to activate C and deposit C4d on target

cells than their WT counterparts (F). Each point represents the average mode channel

fluorescence staining +SD (n>10). Statistically significant differences (p<0.05) for IgG,

IgM, IgG2a, IgG2b and C4d are indicated with *.
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Fig 5. The level of SAP in the circulation measured by ELISA and intragraft expression of
cytokines of cardiac allograft recipients measured by Real-Time-PCR
The levels of SAP in sera of FcγRIII-KO recipients were significantly higher (p<0.0001)

than in their WT counterparts (A). In FcγRIII-KO recipients, the intragraft level of IFN-γ

RNA transcripts was significantly higher (p<0.01) than in WT recipients, while IL-10

transcripts were significantly downregulated in FcγRIII-KO hearts (p<0.01), (B). The levels

of IL-12 and TNF- α in WT and FcγRIII-KO hearts were statistically insignificant. Each bar

represents the average value of SAP (mg/ml) +SD or relative gene expression +SD (n>15)

calculated using a comparative ddCT formula (see Materials and Methods). Statistically

significant differences are indicated with *.
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