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Abstract

While the incidence of antibody-mediated kidney graft rejection has increased, the key cellular
and molecular participants underlying this graft injury remain unclear. Rejection of kidney
allografts in mice lacking the chemokine receptor CCR5 is dependent on production of donor-
specific antibody. Here we determine if cells expressing cytotoxic function contributed to
antibody-mediated kidney allograft rejection in these recipients. Wild type C57BL/6, B6.CCR5-/—
and B6.CD8-/-/CCR5-/- mice were transplanted with complete MHC mismatched A/J kidney
grafts and intra-graft inflammatory components were followed to rejection. B6.CCR5-/- and
B6.CD8-/-/CCR5—/- recipients rejected kidney allografts by day 35 whereas 65% of allografts in
wild type recipients survived past day 80 post-transplant. Rejected allografts in wild-type
C57BL/6, B6.CCR5-/- and B6.CD8-/-/CCR5-/- recipients expressed high levels of VCAM-1
and MMP7 mRNA that was associated with high serum titers of donor-specific antibody. High
levels of perforin and granzyme B mRNA expression peaked on day 6 post-transplant in allografts
in all recipients, but were absent in isografts. Depletion of natural killer cells in B6.CD8—/-/
CCR5-/- recipients reduced this expression to background levels and promoted the long-term
survival of 40% of the kidney allografts. Thus, natural killer cells have a role in increased
inflammation during antibody-mediated kidney allograft injury and in rejection of the grafts.
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Whereas the advent of calcineurin inhibitor-based immunosuppression has decreased T cell
mediated graft rejection, the incidence of antibody-mediated graft injury and rejection has
increased (1-4). Antibodies are reported to be the cause of up to 50% of acute rejection
episodes in kidney transplants and more than 60% of late graft failure (3-5). The increased
incidence and difficulty in treating antibody-mediating rejection has underscored the need to
develop new strategies to identify the cellular and molecular components underlying
antibody-mediated kidney graft rejection. Antibody mediated rejection of kidney allografts
has distinct histopathologic features from T cell mediated graft injury (6-8). These include
neutrophil and macrophage margination in peritubular capillaries and often within the
glomeruli. In many cases donor-specific antibody (DSA) doesn’t mediate rejection as a
solitary event, but induces the activation of other components of innate and adaptive
immunity to contribute to the graft tissue injury. The presence of T cell infiltration and
tubulitis is often observed in for-cause biopsies with diagnosis of antibody-mediated
rejection (5, 8-10). Such mixed T cell-antibody mediated histopathology may occur in 10—
90% of kidney graft biopsies that fulfill the Banff criteria for antibody-mediated rejection (5,
9). In addition, the presence of transcripts associated with NK cell activation in kidney graft
biopsies during ABMR is often observed, suggesting a role for NK cells in the pathology
(11-13). The contribution of T cells and/or NK cells to kidney graft injury during antibody-
mediated rejection, however, remains poorly defined.

We have developed a unique mouse model of antibody-mediated rejection of kidney
allografts (14, 15). CCR5-deficient allograft recipients have dysregulated DSA responses
where high titers are generated within two weeks of transplantation. In contrast to wild type
C57BLI/6 recipients of complete MHC-mismatched kidney allografts, all CCR5~~ recipients
reject the allografts between days 17 and 30 post- transplant and this rejection is dependent
on the production of DSA. We have recently reported the activation of CD8 T cells in
CCR57/~ recipients of kidney allografts (16), but the contributions of CD8 T cells as well as
NK cells during antibody mediated rejection in these recipients has not been directly tested.
In light of clinical studies suggesting a potential impact of donor-reactive T cells and/or NK
cells in antibody-mediated rejection of renal allografts, we generated CD8/-/CCR5~/~ mice
to test the role of donor-reactive CD8 T cells in antibody-mediated kidney allograft
rejection. The goal of the current study was to compare the cellular and molecular events
occurring in a temporal manner during the rejection of kidney allografts with vs. without
CCR57/~ recipient CD8 T cells and/or NK cells. The results indicate that CD8 T cells are
not required during antibody-mediated rejection of kidney allografts but that NK cells
mediate intense intra-graft inflammation and play a critical role in rejection.

Renal allograft survival in wild type, CCR5”~ and CD8/"CCR5~/~ recipients

A potential role for donor-reactive CD8 T cells during antibody-mediated rejection to renal
allografts in CCR5-deficient recipients was investigated by comparing survival of complete
MHC mismatched A/J renal allografts in B6.CCR5™/~ vs. B6.CD8/"CCR5~/~ recipients.
Groups of wild type C57BL/6 mice received A/J allografts or C57BL/6 isografts. C57BL/6
isografts were maintained long-term (> 60 days) in wild type C57BL/6 recipients without
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any incidence of graft failure (Figure 1a) as well as in B6.CCR5™~ and B6.CD8/~"CCR57/~
recipients (data not shown). Consistent with our previous studies, renal allografts were
maintained in wild type C57BL/6 recipients until day 30 post-transplant when 40% were
rejected by day 40 post transplant, but the remaining 60% of the allografts survived with
good function beyond day 70 post-transplant. B6.CCR5~/~ recipients began rejecting A/J
allografts on day 15 post-transplant and all allografts were rejected by day 35 with a mean
time survival (MTS) of 16.75 + 5.70 days. B6.CD8~/"CCR5/~ recipients rejected the renal
allografts with slightly delayed kinetics with a MTS of 27.33 + 13.67 days that was not
significantly different from allograft survival in B6.CCR5™/~ recipients. Extensive
histopathological evidence of antibody-mediated rejection was already obvious by day 6
post-transplant in B6.CD8/"CCR5~~ and B6.CCR5~/~ recipients that included marked
capillary dilatation with leukocyte margination and C4d deposition (Figure 1b and
Supplemental Figure 1), typical features of antibody-mediated kidney graft rejection (17—
19).

Production of DSA in response to renal allografts

Consistent with previous results indicating induction of high levels of donor-reactive
antibody to complete MHC-mismatched renal allografts in B6.CCR5~/~ recipients (14, 15),
DSA of all 1gG isotypes were first detectable in B6.CCR5~/~ renal allograft recipient serum
by day 7 post-transplant and rose to high titers between days 14-21 that were maintained
until allograft rejection (Figure 2). Serum titers of all DSA 1gG isotypes were markedly
higher at day 7 post-transplant in B6.CD8/"CCR5~/~ recipients than those observed in
B6.CCR5~/~ recipients and reached peak titers by day 14 post-transplant. In wild type
C57BL/7 allograft recipients, DSA levels were low until day 14 post-transplant and all DSA
IgG isotypes were 4-10 fold lower than those observed in the B6.CCR5~/~ recipients at the
time the allografts were rejected in the latter.

To more closely assess the impact of DSA titer on kidney allograft rejection, the serum titers
of 1IgG DSA in each of the renal allograft recipient groups were assessed at the time of
rejection (Figure 3a). DSA titers in B6.CCR57/~ recipients were high (13926 + 2458) and
those in B6.CD8~/~CCR5™/~ recipients were approximately 4-5 fold higher (36045

+ 12040). While DSA titers in wild type C57BL/6 allograft recipients with surviving
allografts were low on day 40 post-transplant (625 + 435), DSA titers in wild type recipients
that rejected the allografts were more than 10-fold higher (8192 + 4092) and near the titers
observed in B6.CCR5~/~ recipients at allograft rejection. Similar to rejecting allografts in
CCRS5-deficient recipients, rejecting allografts in wild type C57BL/6 recipients had dilated
peritubular capillaries with marginated leukocytes, particularly Mac2* cells, and C4d
deposition in the capillaries and in the glomeruli (Figure 3b).

Histological evaluation of renal allografts in wild type C57BL/6, B6.CCR5~~ and
B6.CD8/-CCR57'~ recipients during development of antibody-mediated injury

On day 3 all grafts, including isografts, had evidence of ischemia-reperfusion induced injury
including proteinaceous casts and peritubular neutrophil infiltration at the cortico-medullary
border (Supplemental Figure 1). By day 6 post-transplant, the ischemia-reperfusion induced
histopathology attenuated. However, allografts from wild type C57BL/6, B6.CCR5~/~ and
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B6.CD8~/~CCR5~/~ recipients contained diffuse interstitial CD3" infiltrates at day 3 that
increased on days 6 and 14 and then slowly decreased with time (Supplemental Figure 1a
and data not shown). CD3* cells infiltrating allografts from wild type C57BL/6 and
B6.CCR5~~ recipients were primarily localized in the peritubular capillaries whereas large
numbers of CD3* cells infiltrated tubules in allografts from B6.CD8/~"CCR5~/~ recipients.
This pattern of staining was also observed when the allograft sections were stained to detect
granzyme B expressing cells; granzyme B* cells in allografts from wild type C57BL/6 and
B6.CCR57/~ recipients were primarily localized in the peritubular capillaries on day 6 post-
transplant and although the numbers decreased thereafter, these cells infiltrated the tubules
by day 14 (Supplemental Figure 1b). In contrast, granzyme B™ cells in allografts from
B6.CD8~/"CCR57/~ recipients were primarily present in the tubules on day 6 post-transplant
and their presence remained in this location when examined on day 14 post-transplant.
Beginning on day 6 scattered FoxP3™ cells were present in all of the allografts, but on day 14
post-transplant were more abundant in allografts in wild type recipients (data not shown).

All of the allografts had moderate diffuse C4d deposits in peritubular capillaries on day 6
(data not shown) that increased to strong diffuse C4d deposits by day 14 (Supplemental
Figure 2a). C4d deposits were accompanied by intravascular accumulation of Mac2*
macrophages and small platelet aggregates (Supplemental Figure 2b). The macrophages
were more numerous in allografts from the B6.CCR5~/~ and B6.CD8~/~/CCR5~ recipients
than in the wild type C57BL/6 recipients. The macrophage infiltrates expanded the
interstitial compartment of the allograft and the overall cross-sectional dimensions of the
allografts were markedly greater than the isografts. In contrast to allografts, isografts had
scattered macrophages and T cells in the interstitium. At later time points post-transplant,
interstitial fibrosis and glomerulosclerosis increased in the allografts (data not shown).

Intragraft cytokine and chemokine mRNA expression in renal allografts

Differences in inflammation within the allografts from the different recipient groups were
also assessed during the course of antibody-mediated rejection by measuring the levels of
mRNA encoding inflammatory mediators on days 3, 6, and 14 post-transplant and at the
time of rejection from groups of wild type C57BL/6, B6.CCR5™~ and B6.CD8/~"CCR5/~
recipients and isografts from wild type C57BL/6 recipients.

The expression levels of the inflammatory mediators in the allografts fell into three general
patterns (Figure 4): 1) the neutrophil chemoattractants CXCL1 and CXCL2 were expressed
at peak levels by day 3 post-transplant in the isografts and allografts from all recipients
groups and quickly fell, but began to rise again during antibody-mediated rejection of the
allografts in the B6.CCR5™~ and B6.CD8/~CCR5~~ recipients; 2) expression levels of
CCL5, TNFaq, perforin, and granzyme B were low in isografts in wild type C57BL/6
recipients, but expressed at high levels in allografts from the 3 recipient groups by day 3
post-transplant, rising to peak levels on day 6 post-transplant, and then decreasing with time
to renal allograft failure in the CCR5~/~ and CD8/~"CCR5~/~ recipients; and, 3) expression
of VCAM-1 and MMP7 appeared in isografts and allografts at low levels on day 3 post-
transplant and decreased with time post-transplant in isografts and allografts in wild type
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C57BL/6 recipients, but continued to increase to high levels in allografts in B6.CCR5~~ and
B6.CD8~/"CCR57/~ recipients to the time of allograft failure.

The rejection of 40% of the kidney allografts in wild type recipients with high titers of DSA
allowed us to more precisely compare the expression levels of the genes associated with
antibody-mediated rejection during allograft rejection vs. long-term survival in wild type
recipients. In the rejecting allografts expression of IFN-y, VCAM-1 and MMP7 mRNA was
markedly higher than the expression of these genes in isografts and in the long-term
surviving allografts harvested on day 40 from recipients with low DSA titers in wild type
recipients (Figure 5). Expression of perforin and granzyme B mRNA was expressed at
higher levels in long-term surviving allografts when compared to isografts, but was still 3-4
fold lower than the levels expressed in rejecting allografts. In clinical kidney transplants
CXCR6 mRNA is expressed at high levels during acute T cell mediated rejection, but at low
levels during antibody-mediated rejection; and, MYBL1 and Sh2d1B1 mRNA are expressed
at high levels during antibody-mediated rejection but at low levels during T cell mediated
rejection (11). In the long-term surviving kidney allografts in wild type recipients, CXCR6
MRNA expression was 3—4-fold higher than in rejecting allografts (Figure 5). In contrast,
MYBL1 and Sh2d1B1 mRNA was expressed at lower levels in the long-term surviving
allografts when compared to the rejecting allografts.

Role of NK cells in early inflammation in renal allografts in CD8/-CCR5~~ recipients

The perforin and granzyme B mRNA expression levels that peaked at day 6 post-transplant
in renal allografts in B6.CD8/"CCR5~/~ recipients was somewhat surprising and suggested
anon-CD8 T cell mechanism during antibody-mediated rejection. Antibody mediated
rejection is associated with neutrophil and macrophage margination in the peritubular
capillaries and NK cells have been proposed to play a role in graft injury during antibody-
mediated rejection (11, 12, 20, 21). On days 5 and 6 post-transplant, groups of wild type
C57BL/6 and CD8/~CCR5~~ allograft recipients were treated anti-NKZ1.1 or anti-Gr-1
mADb to deplete NK cells or neutrophils and Gr-1 expressing myeloid cells, respectively, and
grafts were harvested on day 7 and analyzed for expression of proinflammatory genes. In
CD8~/~CCR57'~ recipients, depletion of NK cells almost completely abrogated IFN-y,
perforin, granzyme B, CXCL1 and CXCL2 expression and markedly decreased FasL
expression in the kidney allografts, indicating a role for NK cells in early allograft
inflammation at a time point when donor-specific antibody is first detectable in the recipient
serum (Figure 6). Treatment of CD8/"CCR5™/~ allograft recipients with anti-Gr-1 mAb also
decreased expression of IFN-y, CXCL1, CXCL2 and granzyme B, but not any of the other
tested markers. Treatment of wild type allograft recipients with either anti-NK1.1 or Gr-1
mADb reduced allograft expression of granzyme B, CXCL1 and CXCL2 mRNA but had more
modest effects on expression of the other test genes.

NK cells promote kidney allograft rejection in CD8/~CCR5~/~ recipients

Since the results suggested that NK cell activation increased intra-allograft inflammation at
early times post-transplant, the impact of NK cell depletion on kidney allograft survival in
B6.CD8~/~"CCR57/~ allograft recipients was tested. As an initial test strategy recipients were
treated with anti-NK1.1 antibody on days 3, 8 and 13 post-transplant, but this brief course of
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treatment did not improve survival of the allografts (Figure 7a). However, giving additional
weekly doses of the NK cell-depleting antibody resulted in long-term survival of 40% of the
kidney allografts beyond day 100. Those allografts that did reject in anti-NK1.1 mAb treated
B6.CD8/~"CCR5~" recipients had substantial edema indicated by tubular separation,
infiltrates of CD3* and Mac2™ cells into the kidney allograft interstitium, and glomeruli with
diffuse C4d deposition on the peritubular capillaries and glomeruli (Figure 7b), features
similar to those observed during antibody-mediated rejection of allografts in untreated
CCR5-deficient recipients.

Finally, the expression levels of the genes associated with antibody-mediated rejection were
compared in rejecting vs. long-term surviving kidney allografts in the anti-NK1.1 mAb-
treated CD8/"CCR5~/~ allograft recipients. Expression of IFN-y, perforin and granzyme B
mRNA was similar in rejecting and long-term surviving allografts (Figure 7c). There was
also no difference in expression of CXCR6, CX3CR1, MYBL1, and Sh2d1B1 between the
rejecting and long-term surviving kidney allografts in the NK cell depleted CD8/~CCR5™/~
allograft recipients (Figure 7c¢ and data not shown). In contrast, rejecting allografts expressed
high levels of MMP-7 and VCAM-1 mRNA whereas this expression was low/undetectable
in long-term surviving allografts.

DISCUSSION

These studies utilized the CCR5~/~ mouse model to extend investigation into mechanisms
underlying antibody-mediated rejection of kidney allografts. De novo donor-specific
antibody responses are rapidly induced in CCR5~/~ kidney allograft recipients leading to
graft failure with the same histopathologic features observed during antibody-mediated
rejection of clinical kidney grafts (14, 15). Results from our previous studies had indicated
infiltration with CD8 T cells and high expression of perforin/granzyme B mRNA in rejecting
kidney allografts in CCR5™/~ recipients (15). The results of the current study indicate that
removal of recipient CD8 T cells has little impact on the level of intra-allograft inflammation
and rejection and that NK cells play an important role in promoting antibody-mediated
kidney allograft inflammation and graft failure in these recipients.

High levels of perforin, granzyme B and IFN-y mRNA expressing appeared within kidney
allografts in wild type and CCR5-deficient recipients 3 days after reperfusion, suggesting
effector T cell and/or NK cell activation at this early time. The expression of perforin,
granzyme B and IFN-y are equivalent in wild type, CCR5~~ and CD8/~CCR5~/~ recipients
and DSA is not detectable at this time suggesting that ischemia-reperfusion injury and not
DSA instigates the early activation of effector T cells or NK cells in the allograft.
Correlating with the low titers of serum DSA, C4d deposition appears by day 6 post-
transplant in the allograft peritubular capillaries that could augment neutrophil, CD8 T cell
and NK cell recruitment and their activation to express functions mediating graft injury.
Depletion of recipient NK cells decreases the expression of these genes in kidney allografts
in both wild type and CD8/~"CCR5~/~ recipients implicating NK cell activation in early
allograft tissue inflammation. In addition, recipient treatment with anti-Gr-1 mAb, which
depletes neutrophils as well as Gr-1 expressing myeloid and dendritic cells populations, also
decreased expression of these genes in kidney allografts in wild type and CD8/~CCR57/~
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recipients. This could indicate that innate Gr-1* cells increase the inflammation that directs
recruitment of effector T cells and/or NK cells to the graft site and would be consistent with
studies from this and other laboratories reporting that attenuation of early innate mediated
inflammation delays adaptive immune mediated allograft injury (22, 23). Expression of two
genes, VCAM-1 and MMP7, were expressed at low levels in isografts and allografts after
reperfusion, but in allografts that went on to reject VCAM-1 and MMP7 expression began to
increase at the time DSA was detectable in the serum and was at high levels at the time of
graft failure. The activities of VCAM-1 and MMP7 are critical components of tissue
remodeling (24-26), and their expression in rejecting allografts may indicate antibody-
induced initiation of this process.

There has been intense effort in identifying gene signatures that distinguish acute T cell
mediated and antibody-mediated rejection of kidney grafts. Recent studies from the Halloran
group have demonstrated that during early rejection episodes expression of genes associated
with T cell activities are observed in kidney grafts, but later injury of kidney grafts raises a
distinct set of genes associated with antibody-mediated rejection (27-29). Whereas T cell
mediated rejection is indicated by kidney graft expression of TcRa, CXCR6, GPR171 and
NELL2, ongoing antibody-mediated rejection is indicated by expression of NK cell
associated genes, CX3CR1, MYBL1, and Sh2D1B (11). When expression of these T cell vs.
NK cell gene signatures was tested in accepted vs. rejecting kidney allografts in wild type
recipients or in CD8/~"CCR5~~ recipients treated with NK cell depleting antibody, CXCR6
expression was decreased in rejecting grafts but CX3CR1 expression did not correlate with
acceptance or rejection in either recipient group. Furthermore, high expression of MYBL1
and Sh2d1B1 was observed in rejecting allografts in wild type recipients that had high DSA
titers and expression was low in the accepted grafts. However, there was no difference in this
expression in accepted vs. rejecting allografts in CD8/~"CCR5~/~ recipients treated with NK
cell depleting antibody where the distinction in expression of these genes would be
expected.

Treatment with NK cell depleting antibody did promote the long-term survival of almost
half of the kidney allografts in CD8/~"CCR5~/~ recipients and the other 60% of the
allografts had a delay in time of rejection when compared to control treated CD8/~"CCR57/~
allograft recipients. Together these results support a role for NK cells in contributing to
kidney graft failure during antibody-mediated rejection. In addition to the expression of NK
cell transcripts in kidney grafts during antibody-mediated rejection, results from a recent
animal model have implicated NK cell activity in promoting the chronic injury leading to
transplant associated vasculopathy in cardiac allografts in RAG-17/~ recipients infused with
DSA (21).

Consistent with our previous reports (14, 15), the DSA in CCR5~~ recipients of complete
MHC-mismatched kidney allografts is first detectable at low levels on day 5-7 post-
transplant and then increases quickly to peak titers about day 21 post-transplant. The titers of
DSA of all IgG isotypes increase more rapidly in CD8/~CCR5~/~ recipients with peak titers
observed by day 17 post-transplant. These differences in the kinetics of DSA 1gG production
suggest that the activation of donor-reactive CD8 T cells restricts the initiation and
magnitude of the ongoing DSA response in CCR5-deficient recipients. Such a regulatory
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effect could be mediated indirectly by competition for space or cytokines in secondary
lymphoid organs during the ongoing antibody response. Alternatively, the CD8 T cells could
directly restrict the magnitude of the antibody response at early times post-transplant by
interfering with the activities of helper T cells or B cells or eliminating these cell
populations, possibly through cytotoxic mechanisms. Many studies have demonstrated the
CD8 T cell mediated regulation of antibody responses to various antigens, including to
allogeneic hepatocytes transplanted within the recipient spleen through cytolytic elimination
of recipient B cells (30-33).

Studies from this and several other laboratories have indicated the long-term survival of
complete MHC mismatched kidney allografts in wild type recipients (14, 34, 35). One factor
underlying this enhanced survival is the rapid infiltration of CD4*FoxP3* Tregs into the
kidney allograft as depletion of Tregs is followed by rapid graft rejection (36). We also
observed FoxP3* cell infiltration into kidney allografts in wild type C57BL/6 recipients as
well as in B6.CCR5™~ and B6.CD8~/"CCR5™/~ recipients when examined on day 6 post-
transplant. Whereas this allograft infiltration was sustained in wild type recipients on day 14,
it was markedly decreased in the CCR5~/~ and CD8/"CCR5~/~ recipients (data not shown).
Consistent with previous studies, 40% of the kidney allografts were rejected by wild type
recipients in the current report. We observed low serum DSA titers in wild type recipients
with long term surviving kidney allografts whereas high DSA titers were observed in wild
type recipients with rejecting allografts and these were close to those observed in
B6.CCR5~/~ and CD8/~CCR5~/~ recipients at the time of allograft rejection. Furthermore,
rejecting kidney allografts in wild type recipients expressed high levels of gene transcripts
associated with antibody-mediated rejection in the B6.CCR5™~ and CD8/-CCR57/~
recipient groups, including VCAM-1 and MMP7, supporting the proposal that DSA
activates the expression of these genes as part of the tissue remodeling process. Importantly,
these results suggest that in unsensitized wild type mouse recipients DSA is an important
factor promoting kidney allograft rejection. Mechanisms that dictate the production of high
DSA vs. low DSA titers in wild type recipients remain unknown at this time, but certainly
warrant further investigation.

Overall, the results of this study have shown the important role of DSA in mediating injury
in kidney allografts leading to graft failure and key transcripts that are consistently expressed
during the development of antibody-mediated allograft injury and expressed at high levels at
the time of graft failure. NK cells contribute to this rejection and the CCR5~/~ kidney
allograft model of antibody-mediated rejection should be useful in identifying mechanisms
of NK cell mediated graft injury during antibody-mediated rejection.

MATERIALS AND METHODS

Mice

C57BL/6 (H-2P) mice and A/J (H-22) mice were purchased from the Jackson Laboratory
(Bar Harbor, ME). B6.CCR5™~ mice were maintained in the Biological Resources Unit of
the Cleveland Clinic. B6.CCR5~/~ and B6.CD8a.~/~ mice were crossed to generate mice
with homozygous disruptions in both genes, B6.CD8/~CCR5~/~ mice. All experiments used
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8-12 week old male mice and all procedures involving animals were approved by the
Institutional Animal Care and Use Committee at the Cleveland Clinic.

Murine kidney transplantation

The left kidney from C57BL/6 or A/J mice was transplanted into C57BL/6, B6.CCR5™/~ or
B6.CD8/~CCR5™/~ mice with anastomosis to the recipient abdominal aorta and inferior
vena cava and ureter anastomaosis to the bladder as previously described (37, 38). On day 5
post-transplant the remaining native left kidney was removed so that recipient survival was
dependent on kidney graft function. The operative success rate of these transplants was >
85% as determined by recipient survival beyond 7 days post-transplantation with no visual
evidence of graft necrosis and hydronephrosis at the time of native nephrectomy. Allograft
recipients were treated with anti-Gr-1 (RB6.8C5) or anti-NK 1.1 (PK136) mAb (both from
BioXCell, Lebanon, NH) to deplete Gr-1* or NK cells by i.p. injections of 250 pg aliquots
of the mADb, or rat IgG as a control.

Histologic examination of renal tissue

Renal allograft tissues containing full cross-sections were immediately fixed in acid
methanol (60% methanol and 10% acetic acid. Paraffin-embedded sections (5um) were
subjected to high-temperature antigen retrieval and paraffin removal in Trilogy (Cell
Marque, Hot Springs, AR) in a pressure cooker. Endogenous peroxidase activity was
blocked by incubation with 0.3% H,0,, and nonspecific protein interactions were blocked
by incubation with a serum free protein block (DAKO, Carpinteria, CA). Slides were
incubated with one of the following primary antibodies: monoclonal rat antibody to mouse
Mac2, a marker of inflammatory macrophages (Cedarlane Laboratories, Burlington, NC), rat
anti-human/mouse CD3 mAb (AbD Serotec, Raleigh, NC) or rabbit polyclonal antiserum to
mouse C4d for 60 minutes at room temperature. Staining antibodies were visualized using
rat or goat on mouse HRP-Polymer Kits (Biocare Medical, Concord, CA) followed by
diaminobenzidine and counterstained with hematoxylin. Images were captured with a 12-
megapixel DS-Ril Digital Camera using NIS-Elements software (Nikon, Melville, NY).

Determination of DSA titers

The presence and titers of DSA were assessed as previously reported (14, 39, 40). Briefly,
aliquots of kidney donor A/J thymocyte suspensions were incubated with serial dilutions of
recipient sera taken on days 3, 6, and 14 and at the time of allograft rejection. After washing,
the cells were resuspended in staining buffer (Dulbecco’s PBS with 2% FCS/0.02% NaN3)
containing FITC-conjugated rat anti-mouse 1gG1, 1gG2a, 1gG2b or 1gG3 mAb (Pharmingen,
San Diego, CA) for 30 min on ice. The cells were then washed, fixed and analyzed by flow
cytometry. The mean channel fluorescence (MCF) of each dilution of each serum sample
was determined and the dilution that returned the MCF to the level observed when A/J
thymocytes were stained with a 1:4 dilution of normal wild-type serum was divided by two
and reported as the titer. Antibody titers are expressed as mean + SEM and differences were
determined using Mann-Whitney U-test and analyzed using GraphPad prism (GraphPad
Software, San Diego, CA).
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RNA extraction and quantitative analysis of chemokines

Total RNA was extracted from kidney grafts using the RNeasy TM Mini Kit (QIAGEN,
Valencia, CA) and reverse transcribed using the High-Capacity cDNA Archive Kit (Applied
Biosystems, Foster City, CA). Reverse transcription and Real-Time PCR were performed
using commercially available reagents and probes on a 7500 Fast Real-Time Thermocycler,
all from Applied Biosystems. For quantification of mMRNA expression, target gene
expression was normalized to Mrpl32 gene expression. Individual graft samples were plated
in duplicate and the data for each group are expressed as mean test cytokine expression level
+ SEM.

Statistical analysis

All data were analyzed using GraphPad Prism Pro (GraphPad Software, Inc., San Diego,
CA). Analysis of renal allograft survival was plotted using Kaplan-Meier cumulative
survival curves and differences in survival between groups determined using the Log-rank
(Mantel-Cox) test. For other experiments statistical analyses were performed using the
Mann-Whitney nonparametric test to analyze differences between experimental groups. P
<0.05 was considered significant. Error bars reflect SEM for each group.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Survwal of complete MHC mismatched renal allografts in wild type C57BL/6,
B6.CCR5~ and B6.CD8/"CCR5 7/~ recipients

Groups of wild type C57BL/6 (n = 9), B6.CCR5~/~ (n = 10) and B6.CD8/~"CCR5/~ (n = 9)
mice received renal allografts from A/J donors. A group of wild type C57BL/6 mice (n = 5)
also received isografts. (a) Nephrectomy of the remaining native kidney was performed on
day 5 post-transplant and graft survival was followed by daily examination of overall animal
health. **P<0.01; ***P<0.005; when compared to survival of allografts in wild type
C57BL/6 recipients. (b—d) Histological evaluation of kidney allografts from B6.CCR5~/~
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recipients on day 6 post-transplant stained with: (b) hematoxylin and eosin; (c) anti-C4d
antibody; and (d) anti-Mac2 antibody. Arrows indicate marginating leukocytes. Images
shown are representative of 3 individual allografts in the group.
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Figure 2. Production of donor-reactive 1gG antibody in wild type C57BL/6, B6.CCR5~ and

B6.CD8/"CCR5~/~ kidney allograft recipients

Serum was collected from individual wild type C57BL/6, B6.CCR5~/~ and
B6.CD8/~CCR5~ recipients of A/J kidney allografts on days 3, 7, and 14 post-transplant
and at the time of rejection. The sera were tested for reactivity to A/J thymocytes using a
flow cytometry-based approach to determine the titer of donor-reactive antibody for each of
the 1gG subclasses. Data indicate mean titer for each recipient group + SEM.
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Figure 3. Titers of donor—reactlve 1gG antlbody at the time of kidney allograft rejection in wild
type C57BL/6, B6. CCR57~ and B6.CD8™/~CCR5 7/~ recipients

(a) Titers of donor-reactive IgG antibody were determined in serum collected from allograft
recipients at the time of graft rejection or from C57BL/7 recipients with long-term surviving
allografts collected on day 40 post-transplant. Data indicate individual titers within each
recipient group and the mean titer for each recipient group £ SEM. (b—d) Histological
evaluation of a rejecting kidney allograft from a wild C57BL/6 recipient on day 36 post-
transplant stained with: (b) hematoxylin and eosin; (c) anti-C4d antibody; and (d) anti-Mac?2
antibody. Arrows indicate marginating leukocytes. Images shown are representative of 2
individual allografts in the group.
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Figure 4. Expression of inflammatory mediator mRNA in kidney isografts and allografts in wild
type C57BL/6, B6.CCR5/~ and B6.CD8/"CCR5~/~ recipients

Groups of wild type C57BL/6, B6.CCR5~/~ and B6.CD8~/"CCR5™~ mice (n = 4) received
renal allografts from A/J donors and a group of wild type C57BL/6 mice received isografts
(n = 4). Grafts were harvested on days 3, 7, and 14 post-transplant and at the time of the
rejection. On the indicated day post-transplant, kidneys were harvested and whole cell RNA
was prepared and analyzed by qRT/PCR for expression of the indicated neutrophil
chemoattractant CXCL1 and CXCL2, T cell chemoattractant RANTES, and inflammatory
mediator genes. Data indicate the mean expression levels for each group on the indicated
day £ SEM. All significant differences are indicated by */<0.05.
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Figure 5. Expression of inflammatory mediator mRNA in renal isografts and allografts in wild
type C57BL/6 recipients with long-term surviving or rejecting grafts

Kidney allografts from wild type C57BL/6 recipients were retrieved on day 80 (long-term
surviving allografts n = 3) or at the time of rejection (n = 3). C57BL/6 isografts were
isolated from the wild type recipients on day 30 post-transplant (n = 4). Whole cell RNA
was prepared and analyzed by gRT/PCR for expression of the indicated cytokine and
inflammatory mediator genes. Data indicate the mean expression levels for each group +
SEM.
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Figure 6. Expression of inflammatory mediator mRNA in kidney allografts in
B6.CD8/"CCR5™/~ recipients treated with mAb depleting NK or Gr-17 cells

Wild type C57BL/6, B6.CCR5~/~ and B6.CD8~/"CCR5~/~ received renal allografts from A/J
donors and a group of wild type C57BL/6 mice received isografts. Groups of 3-5 recipients
were treated with 250 pg anti-Gr-1 (RB6.8C5) or anti-NK 1.1 (PK136) mAb to deplete
Gr-1* or NK cells or rat IgG as a control on days 5 and 6 post-transplant. Grafts were
harvested on day 7 post-transplant and whole cell RNA was prepared and analyzed by
gRT/PCR for expression of the indicated cytokine, chemokine and inflammatory mediator
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genes. Data indicate the mean expression levels of each test gene in allografts for each
group. *#~<0.05.
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Figure 7. Depletion of NK cells promotes long-term kidney allograft survival in
B6.CD8/"CCR5~ recipients
Groups of B6.CD8/"CCR5™~ mice (n = 5 per group) received renal allografts from A/J

donors or isografts and nephrectomy of the remaining native kidney was performed on day 5
post-transplant. The indicated groups of allograft recipients were treated with 200 g of
control rat 19gG (-@-) or with anti-NK1.1 mAb either on days 3, 8 and 13 post-transplant (-
HW-) or on days 3, 8 and 13 post-transplant and then weekly to day 41 post-transplant (-a-).
(a) Allograft survival was followed by daily examination of overall animal health. */<0.05
when compared to allograft survival in control 1gG-treated recipients. (b) Histological
evaluation of a rejected kidney allograft on day 16 post-transplant from a
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B6.CD8~/"CCR5~/~ recipient treated with anti-NK1.1 mAb. The graft sections are stained
with anti-C3 mADb, anti-Mac2 mAb and C4d antibody as indicated. Images shown are
representative of 2 individual allografts that rejected in the group. (c) Grafts were harvested
at the time of the rejection or after day 100 post-transplant and whole cell RNA was
prepared and analyzed by qRT/PCR for expression of the indicated cytokine, chemokine and
inflammatory mediator genes. Data indicate mean expression levels of test genes in 4
individual isografts, 4 individual rejecting allografts and 2 individual accepted allografts
harvested on day 100 post-transplant £ SEM.
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