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Abstract
Antibody rejection is often accompanied by non-donor HLA specific antibodies (NDSA) and self-
reactive antibodies that develop alongside donor-specific antibodies (DSA). To determine the
source of these antibodies, we immortalized 107 B cell clones from a kidney transplant recipient
with humoral rejection. Two of these clones reacted to HLA class I or MICA. Both clones were
also reactive to self antigens and a lysate of a kidney cell line, hence revealing a pattern of
polyreactivity. Monoclonality was verified by the identification of a single rearranged
immunoglobulin heavy chain variable region (VH) sequence for each clone. By tracking their
unique CDR3 sequence, we found that one such polyreactive clone was highly expanded in the
patient blood, representing ~0.2% of circulating B cells. The VH sequence of this clone showed
evidence of somatic mutations that were consistent with its memory phenotype and its expansion.
Lastly, the reactivity of the expanded polyreactive B cell clone was found in the patient serum at
time of rejection.

In conclusion, we provide here proof of principle at the clonal level that human antibodies can
cross-react to HLA and self. Our findings strongly suggest that polyreactive antibodies contribute
to DSA, NDSA as well as autoantibodies, in transplant recipients.
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Introduction
Antibodies reactive to kidney grafts have been implicated in transplant rejection for more
than 40 years, yet much remains to be elucidated regarding their generation, fine
specificities and function [1–3]. The main targets of these humoral responses are HLA class
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I and class II molecules expressed on donor cells that are mismatched with those of the
recipients. These antigens are recognized as non-self by the host immune system due to their
polymorphic allelic determinants and lead to the generation of donor specific antibodies
(DSA). Serological responses to other targets have also been reported following kidney
transplantation, including non-donor specific antibodies (NDSA) [4–7], i.e. antibodies
reactive to HLA molecules not expressed by the donor cells. How NDSA develop is still
uncertain. The most widely accepted explanation is that NDSA and DSA cross-react to
public epitopes shared by multiple HLA [8–11]. In other instances, especially in the absence
of DSA, the generation of NDSA is thought to result from previous exposure to non-donor
HLA, for example via blood transfusion and pregnancies.

An abundant literature also attests to the development of antibodies to self-antigens
alongside anti-HLA antibodies in transplant recipients [12–22]. In a recent study, we used a
combination of solid phase techniques including protein microarrays, to characterize
serological profiles of kidney transplant recipients with chronic humoral rejection (CHR)
[23]. Our experiments showed that patients’ sera reacted to numerous autoantigens, at the
time of CHR. Moreover, serum reactivity patterns appeared remarkably unique for each
individual with only minimal overlap between patients. These complex serological
responses, combining allogeneic and autoimmune components are intriguing and difficult to
explain.

In the present study, we investigated the antibody response associated with graft rejection at
the cellular level by isolating, cloning and characterizing B cells responsible for the
production of graft reactive antibodies. We examined the nature of these antibodies and
looked for a possible relation between allo- and autoreactivity.

Materials and Methods
Patient characteristics and biological samples

The patient studied in this report is a 43 year old male who underwent explantation of his
second kidney transplant consecutive to rejection. His original disease was focal segmental
glomerulosclerosis (FSGS). The first kidney failed 12 years after the initial transplant,
consecutive to cyclosporine vasculopathy and focal acute cellular rejection. The second
kidney graft was transplanted 5 years after rejection of the first one and functioned for about
1.5 years. It was removed because of suspected pyelonephritis. Sections from the
nephrectomy specimen showed a dense mononuclear inflammatory cell infiltrate with
marked tubulitis and interstitial hemorrhage. The infiltrate contained focal aggregates of
neutrophils. C4d staining was negative in peritubular and glomerular capillaries. In
summary, the nephrectomy showed acute cellular rejection, type III, superimposed on
chronic rejection. The patient had a slight positive CMV serology 4 months post-transplant.
The serology became negative after a month of treatment. The patient received 2 blood
transfusions 3 year prior to the second transplant. HLA typing of the blood donor was not
documented. The HLA typing of the patient and of both donors are as follow: Recipient:
A2,26; B8,70; Bw6; Cw2,3; DR11,13; DQ3; Donor 2nd kidney: A1; B8,44; Bw4,6; Cw5,7;
DR15,17; DQ1,2; Donor 1st kidney: A2; B7,44; Bw4,6; Cw5,7; DR4,6; DQ1,3. Anti-Class I
and Class II antibodies were detected at low level before and after the second transplant.
Reactivity to both Class I and class II was significantly higher at time of nephrectomy. The
collection of all clinical specimens and medical information used in the study was approved
by the Massachusetts General Hospital internal review board.
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Isolation and immortalization of B cell clones
Multiple fragments of the explanted kidney graft were dissociated mechanically to obtain a
cell suspension. Although the graft specimen was thoroughly rinsed with PBS, blood was
still present in the tissue at time of dissociation. Mononuclear cells were isolated from the
cell suspension by gradient centrifugation (Ficoll-paque™ PLUS, GE Healthcare,
Piscataway, NJ). EBV-transformed B cell clones were generated by incubating
immunopurified B cells (CD20 MicroBeads, Miltenyi Biotec, Auburn, CA) with supernatant
from EBV–producing B95-8 marmoset cells in presence of the TLR9 agonist CpG 2006 at
2.5μg/ml [24]. Limiting dilution cloning was performed in 96 well plates by plating serial
dilutions of cells on top of feeder cells consisting of 50,000 irradiated monocytic THP-1
cells per well in 96 well plates. Once established, clones were maintained in RPMI 1640
supplemented with 10% heat-inactivated fetal bovine serum, 4 mM glutamine, 1 mM
sodium pyruvate, 10 mM Hepes, and antibiotics. Cells growing in plates where less than
30% of wells contained growing cells were presumed clonal. Clonality was confirmed by
molecular analysis of Ig heavy chain transcripts as described below.

Assessment of reactivity to HLA molecules
The reactivity of B cell clone supernatants as well as patient’s serum samples to HLA
molecules was assessed using beads coated with either mixed HLA molecules (LABScreen
Mixed, One Lambda, Los Angeles, CA), or a single HLA molecules (LABScreen Single
Antigen HLA Class I and Class II, One Lambda). Antibodies reactive to beads were
detected with an anti-IgG (One Lambda) or IgM (Invitrogen, Carlsbad, CA) PE-conjugated
secondary antibody on a Luminex 200 apparatus (Luminex, Austin, TX).

ELISA assays
ELISA assays for the detection of antibodies to double stranded DNA (dsDNA), whole
protein extract from human embryonic kidney cell line (HEK-293) and insulin were
performed as previously described [23]. Antibody binding was revealed with an HRP–
conjugated goat anti–human IgG/M/A (Invitrogen), and developed using 3,3′,5,5′-
Tetramethylbenzidine (TMB) (Sigma-Aldrich). Optical density was read at 450 nm.

Immunofluorescence Assays (IFAs)
Slides coated with Hep-2 cells (Bion Enterprises Ltd, Des Plaines, IL) were incubated at
room temperature with serum sample diluted at 1/50 or undiluted clone supernatants for 30
min, washed in PBS, stained with fluorescein isothiocyanate-conjugated anti-human IgG/
IgM/IgA (Invitrogen), washed with PBS, and visualized by fluorescence microscopy.

Molecular analysis of immunoglobulin heavy chain variable regions
Total RNA was extracted from immortalized clones 3E7, 4G4, and 4G10 using TRIzol
reagent (Invitrogen). Superscript III reverse transcriptase kit (Invitrogen) was used to
generate cDNA. Variable regions of the Ig heavy chain were amplified by PCR using 6
family-specific forward primers (VH1 to VH6) [25] and a consensus JH reverse primer [26]
(Figure S1A). The PCR conditions were as follows: 95°C/5′, (95°C/30″; 56°C/30″; 72°C/
30″) × 35 cycles; 72°C/10′. PCR products were cloned in a pCR8/GW/TOPO TA vector
(Invitrogen) and used to transform TOP10 chemically competent bacteria (Invitrogen).
Twenty representative colonies per clone were harvested and sequenced using the
corresponding VH primer to confirm the clonality of the B cells. Sequencing was done at the
Massachusetts General Hospital DNA core facility.
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Flow cytometry
Immortalized B cell clones were stained with PE-conjugated anti-CD27 antibody (BD
Biosciences), washed and analyzed using a FACScan flow cytometer (BD biosciences). To
assess their origin, immortalized B cell clones and donor- and recipient-derived EBV cell
lines were stained with FITC-conjugated anti-HLA-A2 antibody (BioLegend, San Diego,
CA), washed and analyzed using an Accuri flow cytometer (BD biosciences).

Molecular assessment of B cell clones frequency in vivo
Total RNA was extracted from the patient’s PBMC collected at time of nephrectomy as well
as from the graft tissue using TRIzol reagent (Invitrogen). First-strand cDNA was then
synthesized with the superscript III reverse transcriptase kit (Invitrogen). VH regions
corresponding to the 3 clones studied (VH2 for clone 4G10, VH3 for clone 3E7 and VH4 for
clone 4G4; Figure S1B) were amplified by PCR using cDNA from blood and graft origin
following the same method as described above. PCR products were cloned in a pCR8/GW/
TOPO TA vector (Invitrogen) and used to transform TOP10 chemically competent bacteria
(Invitrogen). For each PCR product, 940 individual colonies were screened by hybridization
for the presence of a plasmid containing a VH insert as well as the corresponding clone-
specific CDR3 sequence. The strategy is depicted in Figure S2.

The dot-blot technique used a 96 well-plate vacuum manifold system to spot nylon
membranes (BrightStar®-Plus, Ambion, Austin, TX) with 95 plasmid DNA samples, each
corresponding to a single colony. One positive control dot (plasmid DNA containing the VH
segment of the corresponding clone) and one negative control (empty well) were present on
each plate. Membranes were sequentially hybridized; first with a 32P-labelled clonotypic
probe corresponding to the unique CDR3 region of each clone (Figure S2) and then with
a 32P-labelled JH consensual probe to detect the presence of a VH insert. All DNA samples
showing a positive hybridization signal with the clonotypic probes were sequenced to
confirm the presence of the unique clonal CDR3 sequences. Results are reported as the ratio
of confirmed clonal CDR3 specific dots on total number of VH chain positive dots.

Results
Generation of immortalized B cell clones

To characterize cells responsible for humoral responses to kidney allografts, we generated a
series of immortalized B cell clones starting from a patient who underwent transplant
nephrectomy for acute and chronic antibody mediated rejection. CD19+ B cells were
immunopurified from the explanted graft tissue and immortalized with EBV. One hundred
and seven clones were generated and propagated in vitro from the initial sample. All clones
produced IgG or IgM in culture. We used these antibodies secreted in the culture supernatant
to determine the specificity of the corresponding B cells.

B cell clones reactivity to HLA and MICA molecules
Culture supernatants from the 107 immortalized B cell clones were assessed for HLA
reactivity against Class I, Class II, and MICA antigens by Luminex using beads coated with
multiple molecules. As shown in Figure 1, one clone (4G4) produced IgM reactive to MICA
and one clone (4G10) produced both IgM and IgG reactive to Class I molecules. To further
characterize the specificity of both IgM and IgG produced by 4G10 we assessed their
reactivity to individual HLA alleles using single antigen beads. Figure 1 (right panels) report
the 20 class I antigens toward which 4G10 IgM and IgG were most reactive in descending
order. These included HLA-B44, an HLA allele expressed by the donor (noted with an
asterisk in Figure 1) as well as several non-donor specific HLA alleles. The highest
reactivity was observed towards HLA-B48, a non-donor specific HLA allele. The panel of
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HLA specificities of 4G10 IgM and IgG were identical, indicating that they originated from
the same clone.

B cell clone reactivity to self-antigens
We next assessed the reactivity of the 107 clone’ supernatants to two generic autoantigens,
double stranded DNA (dsDNA) and insulin, as well as to a whole protein lysate made from
the human kidney cell line HEK293 using ELISA. Seven of the 107 immortalized clones
displayed reactivity to one or more of these generic self-antigens (Figure 2A). However, the
2 clones that displayed the highest reactivity to self were clones 4G4 and 4G10 that also
reacted to HLA or MICA molecules (Figure 1). Clone 4G4 strongly reacted to HEK293
lysate, dsDNA and insulin whereas clone 4G10 was the most reactive to dsDNA and also
showed some reactivity to insulin. These results provided evidence that both clones were
polyreactive, i.e. reactive to a broad range of antigens not related to one another. We
selected these 2 polyreactive clones, together with another B cell clone showing reactivity to
dsDNA and HEK293 lysate but not HLA/MICA molecules (3E7) as well as a non-reactive
clone (3B3) for further analysis. As depicted in Figure 2B, supernatants from clones 3E7,
4G4 and 4G10 but not 3B3 reacted to the carcinoma cell line Hep-2 in a comparable manner
as self-reactive antibodies developing in patients with autoimmunity.

Analysis of B cell clones’ immunoglobulin heavy chain variable regions
To verify the monoclonality of the selected clones 3E7, 4G4 and 4G10, we analyzed the
sequence of their immunoglobulin heavy chain variable region. PCR amplification of the
clones cDNA using a series of 6 forward primers corresponding to the 6 immunoglobulin
heavy chain variable region (VH) families, generated a unique band for 3E7, 4G4 and 4G10
(Figure S1B). Further analysis of the PCR products revealed a single sequence with a
distinct rearranged Complementary Determining Region 3 (CDR3) for each clone. While
sequences from clones 3E7 and 4G4 were identical to a germline segment, the sequence of
clone 4G10 displayed multiple point mutations upstream of the CDR3 domain (Figure 3A).
The mutation frequency for this clone was 3.1% at the nucleic acid level with a percentage
of silent mutations of 22.2% (Figure 3A, lower panel). Accumulation of somatic mutations
in the variable region of rearranged immunoglobulin genes is a hallmark of differentiated
memory B cells. As shown in Figure 3B, mutated clone 4G10 cells highly expressed CD27,
consistent with a memory phenotype, whereas clones 3E7 and 4G4 did not (Figure 3B). We
also verified that the immortalized clones originated from the recipient. As shown in Figure
S3, clones 3B3, 3E7, 4G4 and 4G10 expressed HLA-A2 molecules, a mismatch HLA class I
allele between the recipient and the donor of the explanted kidney graft.

B cell clone frequency in vivo
The relative frequencies of the 3 polyreactive clones in the patient’s graft and blood were
then assessed using a molecular strategy. This approach consisted in screening a large
number of PCR amplified VH sequences by hybridization with CDR3 specific probes to
detect and quantify sequences corresponding to any of the 3 B cell clones. Approximately
900 sequences of the corresponding VH family generated by PCR using RNA extracted
from the graft tissue were first screened for each clone using a dot blot technique (Figure
S2). None of the 3 clones could be detected (data not shown). The same technique was then
carried out with RNA extracted from the patient’s blood. No positive signals corresponding
to the CDR3 sequences of clones 3E7 and 4G4 could be found, indicating that they were
either absent from the patient’s blood or represented at very low frequency. In contrast,
clone 4G10 CDR3 sequence was detected at a high frequency (4.45%) among VH2
sequences. Since approximately 5% of human B cells use the VH2 segment [27], we
estimated the frequency of 4G10 at 0.22% of all blood B cells. This high frequency revealed
that clone 4G10 had undergone vigorous clonal expansion in vivo, which is consistent with
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the memory phenotype and the accumulation of somatic mutations in its rearranged
immunoglobulin heavy chain gene. The fact that clone 4G10 was found at high frequency in
the blood but not in the graft strongly suggested that it was immortalized from residual
blood cells in the explanted kidney tissue.

Patient’s serum reactivity to HLA and self-antigens
We then examined the contribution of polyreactive antibodies secreted by high frequency
clone 4G10 to the reactivity of the patient’s serum to HLA class I molecules and self
antigens. As depicted in Figure 5A, multiple HLA class I alleles were recognized by the
patient serum at 15 months and 20 months post transplantation, including donor specific
alleles (A1, B44). The serum also reacted to several non-donor specific HLA class I
molecules including those recognized by clone 4G10 (Figure 5A). Seven out of the 20 class
I alleles towards which the serum reacted the most at 15 and 20 months post-transplant,
were also recognized by 4G10 monoclonal antibody (Figure 1 and red histograms in Figure
5A). Moreover, the serum was also reactive to Hep-2 cells, dsDNA and insulin as antibodies
produced by clone 4G10 did (Figures 5B and 5C). The correspondence between the serum
reactivity pattern and that of clone 4G10, together with the observation that this clone was
highly expanded in the blood, strongly suggest that antibodies produced by 4G10 are present
in the serum and contribute to its overall reactivity.

Discussion
Antibodies are key elements in the host response to solid organ grafts and are involved in
both acute and chronic forms of rejection. It is commonly accepted that these antibodies are
either alloreactive, i.e. reactive to polymorphic antigens disparate between donor and
recipient, such as donor HLA molecules, or autoreactive, i.e. recognizing self-determinants
such as vimentin [16, 21] or myosin [20]. The distinction between allo- and autoreactivity is
well entrenched and seldom questioned as it relies on the assumption that each antibody is
specific to a single antigen, be it self or non-self. Here, we describe another sort of
antibodies detected amidst kidney graft rejection that are neither alloreactive nor
autoreactive but rather polyreactive in that they react to a broad range of antigens as
dissimilar as nucleic acids and HLA molecules.

Antibodies cross-reactive to multiple HLA alleles have already been reported in transplant
recipients. It has been proposed that they recognize “public” epitopes shared among
polymorphic HLA alleles [8–11]. Likewise, the monoclonal antibody secreted by
immortalized B cell clone 4G10 recognizes several HLA class I molecules in Luminex
based assays. However, its reactivity pattern exceeds the sole recognition of public HLA
epitopes as it also reacts to DNA, Hep-2 cell cytoplasmic structures and HEK 293 protein
lysate. The fact that the patient serum reacted to the same non-donor specific HLA
molecules than that recognized by clone 4G10, together with the demonstration that this
clone was highly expanded in the blood, suggested that polyreactive 4G10 antibodies
contributed to the serum reactivity. Remarkably, reactivity to HLA-B44, a donor allele
recognized by polyreactive 4G10 antibodies, represents only a small component of the
overall serum reactivity. It is plausible that additional high frequency polyreactive clones
produced antibodies targeting other HLA molecules, including HLA-A1, the donor specific
allele towards which the serum was the most reactive. At this point however, we cannot
discriminate which components of the serum result from monospecific or polyreactive
antibodies.

We have recently reported on the increase of serum reactivity to a wide variety of self-
antigens in patients undergoing CHR [23]. In light of our present study, this observation can
be rationally explained by the presence of polyreactive antibodies such as 4G10. Additional
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studies are now warranted to extend our findings to other transplant recipients patients and
determine the exact contribution of polyreactive B cells and the antibodies they produce to
humoral responses post-transplant. In particular, circulating polyreactive antibodies could
explain the detection of NDSA or even high Panel Reactive Antibody (PRA) measurements
often observed in transplant recipients with graft rejection.

The reason why polyreactive IgG develop during CHR is still unclear. Polyreactive IgM,
known as “natural IgM”, are commonly observed in healthy individuals and are thought to
be produced by B1 B cells (for review: [28]). Our experiments demonstrated the
unexpectedly high frequency of clone 4G10 in the blood of a patient with ongoing rejection.
This frequency implied a considerable expansion in vivo that was consistent with the
accumulation of somatic mutations found in the immunoglobulin heavy chain region as well
as the expression of the CD27 memory marker by the corresponding immortalized B cell
clone. We hypothesize that this clone is not unique but rather, is representative of a discrete
subset of memory, somatically mutated polyreactive B cells, producing “natural IgM” under
physiological conditions. Upon activation in the context of inflammation associated with
graft rejection or as a result of common infection related to immunosuppression, these
polyreactive B cells would expand, undergo class switch recombination and produce IgG.
Remarkably, clone 4G10 underwent class switch recombination in vitro and produced both
IgM and IgG in the culture supernatant. Although this was likely the result of EBV
immortalization and TLR9 stimulation by CpG [29, 30], it revealed the capacity of 4G10
cells to expand, undergo class switch recombination and secrete antibodies upon stimulation.

An important question is whether our immortalization and culture conditions would skew B
cell populations. For example, the differentiation stage of isolated B cells could affect their
ability to be transformed. To address this critical issue, we carried out a series of
immortalization tests on transitional, naïve and memory B cells sorted from healthy donor
samples. The immortalization rate was comparable for all subsets, showing that no
significant bias would be introduced through the immortalization process. Moreover, the
percentage of polyreactive B cells among the 107 clones is consistent with the frequency of
polyreactive B cells described by the group of Michel Nussenzweig showing, using a
molecular approach, that the percentage of polyreactive B cells was contained between 4
and 7% of all B cells (for review: [31]). Polyreactive antibodies have been described for
many years, especially as a first line of defense against bacterial infection [28, 32, 33]. Their
implication in humoral responses to solid organ grafts, however, has not been examined and
will warrant additional mechanistic studies to determine whether they play and active role in
tissue destruction or whether production of these antibodies is more a consequence of graft
dysfunction. In this case, it is also possible that they play a beneficial role in participating in
mechanisms of wound healing.

Overall, we provide here the proof of principle for the existence of polyreactive human
monoclonal immunoglobulin reacting to multiple HLA alleles as well as DNA and other self
structures. We also found that such polyreactive antibodies can be produced by memory,
somatically mutated B cell clones highly expanded in the blood of kidney transplant
recipients experiencing graft rejection. Further investigation will advance our knowledge of
these neglected elements of B cell immunity following solid organ transplantation and their
precise contribution to the pathophysiology of graft rejection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CDR3 Complementary Determining Region 3

CHR Chronic Humoral Rejection

DSA Donor-Specific Antibodies

HEK Human Embryonic Kidney

Mab monoclonal antibody

MICA MHC Class I-related Chain A

NDSA Non-Donor-Specific Antibodies

PRA Panel Reactive Antibody

VH immunoglobulin heavy chain variable region
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Figure 1.
Reactivity of immortalized B cell clones to HLA and MICA molecules. The reactivity to
HLA and MICA molecules of the immortalized B cell clones was measured by Luminex
with an HLA mixed beads kit using the clones supernatant and anti-IgG or anti-IgM
secondary antibodies (upper and lower panel, respectively). Clone 4G10 supernatant, which
contains IgG and IgM anti-Class I antibodies was further tested by Luminex using Class I
single antigen beads. The 20 Class I alleles towards which 4G10 antibodies reacted the most
are depicted (right panels). Results are presented after normalization as fold increase
compared to control uncoated bead. HLA Class I alleles expressed by the donor are marked
with an asterisk.
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Figure 2.
Reactivity of immortalized B cell clones to self-antigens. (A) The reactivity of the 107 B
cell clones towards generic self antigens (dsDNA and insulin) as well as towards a whole
protein lysate prepared from the kidney cell line HEK293 was measured by ELISA. Results
are presented after normalization as fold increase compared to the reference value. (B)
Reactivity of the 4 selected immortalized clonal supernatants to permeabilized HEp-2 cells.
Staining of HEp-2 cells was revealed using a FITC-conjugated anti-IgG/M secondary
antibody. All pictures were acquired using the same settings for consistency purposes.
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Figure 3.
Immunoglobulin heavy chain variable region sequence analysis of selected immortalized
clones. (A) The uniquely rearranged Ig VH sequences of the 3 selected polyreactive B cell
clones are aligned with their closest germline variable sequence (IMGT/V-Quest [34]). The
complementary determining regions 1–3 are highlighted in grey. The table reports the
comparison between the clonal sequences and the nearest germline sequence. (B) The
expression of the B cell memory marker CD27 at the surface of the 3 selected polyreactive
B cell clones was assessed by flow cytometry. Filled gray histograms show the signal
generated by staining with the corresponding isotype control.
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Figure 4.
B cell clones frequencies in the blood. Frequency of the 3 polyreactive clones was assessed
in the blood by hybridization of plasmid cloned PCR amplified VH segments using dot blot
assays as described in Figure S3. Bacterial colonies grown in 96 well microplates were
transferred onto membranes and screened with the corresponding clonotypic probes (Figure
S2). Ten membranes were screened for each clone. The upper left corner dot in each plate
contained a control plasmid. Each positive dot was further analyzed to verify the presence of
the unique clonal CDR3 sequence. All weakly positive dots observed for 3E7 were false
positive. Each membrane was also screened for the presence of a VH sequence using a
consensual JH probe. The ratio of positive clonotypic sequence on total VH sequence is
reported for each clone.
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Figure 5.
Patient’s serum reactivity. (A) The reactivity of the patient’s serum IgG to HLA class I
molecules was tested by Luminex. The 20 alleles towards which the serum was most
reactive are depicted for 3 time points post transplantation. Class I alleles towards which
clone 4G10 was most reactive are depicted as red bars. Class I alleles expressed by the
donor are labeled with an asterisk. (B) The patient’s serum IgG reactivity to Hep-2 cell was
determined using a sample collected at time of transplant nephrectomy (20 months post-
transplant). The serum of a representative non-CHR patient was used as control. Staining
was revealed using a FITC-conjugated anti-IgG secondary. (C) Serum reactivity to self
antigens. The patient’s serum collected 20 months post-transplantation was assessed for
reactivity to dsDNA and insulin by ELISA. A serum sample collected from a non CHR
patient was used as control. The reactivity was revealed using an HRP-conjugated anti-IgG
secondary antibody.
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