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ABSTRACT
C4d deposition in peritubular capillaries is a specific marker for the presence of antidonor antibodies in
renal transplant recipients and is usually associated with antibody-mediated rejection (AMR) in conven-
tional allografts. In ABO-incompatible grafts, however, peritubular capillary C4d is often present on
protocol biopsies lacking histologic features of AMR; the significance of C4d in this setting remains
unclear. For addressing this, data from 33 patients who received ABO-incompatible renal allografts (after
desensitization) were retrospectively reviewed. Protocol biopsies were performed at 1 and/or 3 and 6
mo after transplantation in each recipient and at 12 mo in 28 recipients. Twenty-one patients (group A)
had strong, diffuse peritubular capillary C4d staining without histologic evidence of AMR or cellular
rejection on their initial protocol biopsies. The remaining 12 patients (group B) had negative or weak,
focal peritubular capillary C4d staining. Three grafts (two in group B) were lost but not as a result of AMR.
Excluding these three patients, serum creatinine levels were similar in the two groups at 6 and 12 mo
after transplantation and at last follow-up; however, recipients in group A developed significantly fewer
overall chronic changes, as scored by the sum of Banff chronic indices, than group B during the first year
after transplantation. These results suggest that diffuse peritubular capillary C4d deposition without
rejection is associated with a lower risk for scarring in ABO-incompatible renal allografts; the general-

izability of these results to conventional allografts remains unknown.
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During the past 10 to 15 yr, an increasing number of
transplant centers worldwide have successfully ex-
panded the potential pool of living kidney donors
by performing transplants of cross-match–positive
or ABO-incompatible kidneys into recipients who
are preconditioned to remove antibodies specific
for donor HLA or blood group antigens.1–7 A po-
tential risk of such procedures, however, is the con-
tinued presence or reappearance of such antibodies
with resulting antibody-mediated rejection (AMR)
of the graft. In conventional and HLA-incompati-
ble renal allografts, the presence of peritubular cap-
illary (PTC) C4d staining on an allograft biopsy,
even a protocol biopsy of a stably functioning graft,
is usually associated with histologic features of

AMR, namely neutrophil and monocyte margin-
ation in PTC and/or thrombotic microangiopathy
(TMA).8 –12 Furthermore, PTC C4d deposition plus
neutrophil margination and/or TMA on protocol
biopsies of HLA-incompatible grafts was found to
be associated with development of chronic changes,

Received March 10, 2008. Accepted June 25, 2008.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. Mark Haas, Department of Pathology,
Johns Hopkins University School of Medicine, 600 N. Wolfe
Street, Pathology 712, Baltimore, MD 21287. Phone: 410-614-
5631; Fax: 410-614-7110; E-mail: mhaas@jhmi.edu

Copyright � ●●●● by the American Society of Nephrology

CLINICAL RESEARCH www.jasn.org

J Am Soc Nephrol ●● : –, ISSN : 1046-6673/●● 00- 1

 . Published on September 5, 2008 as doi: 10.1681/ASN.2008030279JASN Express



including chronic transplant glomerulopathy (TG), providing
strong evidence that the former changes indeed represent sub-
clinical AMR in these grafts.11

By contrast, we and others have noted that the majority of
protocol biopsies of ABO-incompatible grafts show PTC C4d
deposition that is often diffuse but only infrequently associated
with histologic changes of AMR.12–14 The significance of C4d
staining in the absence of these histologic changes remains un-
clear.15

In this study, we retrospectively examined renal allograft
biopsies and clinical data from 33 patients who received an
ABO-incompatible renal allograft after desensitization to re-
move blood group antibodies (BGA). Each patient had proto-
col biopsies 1 and/or 3 and 6 mo after transplantation, and
most also had 12-mo protocol biopsies. The specific questions
addressed in the study were as follows: (1) How often, if at all,
do patients with early (1- and/or 3-mo) protocol biopsies
showing diffuse, strong C4d staining without histologic
changes of rejection subsequently develop AMR, and (2) how
do graft function and graft scarring as assessed on 6- and
12-mo protocol biopsies compare in these patients versus those
whose early protocol biopsies show absent or weak and focal
C4d staining?

RESULTS

Of the 33 study patients, 21 had an initial protocol biopsy
showing strong (�1�, 0 to 4� scale), diffuse PTC C4d stain-
ing without histologic evidence of AMR or acute cellular rejec-
tion (ACR; Banff ’97 grade 1A or greater); these patients are
classified as group A. Four of the 21 group A patients had
borderline inflammation on their initial protocol biopsy, and
six had mild (g1) glomerulitis. Of the remaining 12 patients,
comprising group B, six had negative PTC C4d staining on
their initial protocol biopsy, and six had weak (�1�) C4d
staining involving an estimated 10 to 25% of PTC present on
their initial protocol biopsy. As with the group A patients, none
of the 12 group B patients showed significant (PTC score �1)
margination of neutrophils or mononuclear leukocytes in cor-
tical PTC, more than mild glomerulitis (all had g0), or other
histologic features of AMR on their initial protocol biopsy. In
addition, none of these 12 biopsies showed ACR or even bor-
derline inflammation. Four additional recipients of ABO-in-
compatible renal allografts during the study period had �1�,
diffuse PTC C4d staining on their initial protocol biopsy, but
with margination of leukocytes (mononuclear cells and neu-
trophils) in PTC, consistent with subclinical AMR.11 These
four patients were not included in this study. Notably, none of
the 12 patients (group B) whose initial protocol biopsy showed
absent or weak and focal PTC C4d had a subsequent protocol
biopsy that demonstrated strong, diffuse C4d without histo-
logic evidence of AMR. By contrast, 14 of the 21 group A pa-
tients whose initial protocol biopsy showed strong, diffuse C4d
without histologic evidence of AMR or ACR continued to

show diffuse C4d staining (�1� in all but two) without mar-
gination of neutrophils or mononuclear leukocytes in PTC on
each subsequent protocol biopsy during the first year after
transplantation.

Staining for C3d was done on the initial protocol biopsies
from 16 of the group A patients and all 12 group B patients.
Only two biopsies showed PTC C3d, both from group A pa-
tients. In one biopsy, the C3d staining was diffuse, and in the
other it was focal. Interestingly, the one group A patient whose
initial protocol biopsy showed diffuse C3d later developed
AMR. Our previous results12 suggested that PTC C3d in addi-
tion to C4d may be better correlated with AMR than C4d alone
in ABO-incompatible renal allografts; however, the number of
patients with C3d-positive biopsies in this study is far too few
to draw any clear conclusions.

Table 1 compares demographic and pretransplantation se-
rologic findings in group A and B patients. There were no
significant differences between the groups of patients with re-
spect to age, gender, racial composition, mean and median
maximum BGA titer before desensitization, or numbers of
pre- or postoperative plasmapheresis (PP)/intravenous Ig
treatments. Group A had a higher fraction of allografts from
donors of blood group A1, and group B had a higher fraction of
patients receiving kidneys from blood type B donors, although
variations in the distribution of donor blood types among the
two groups of recipients did not reach statistical significance
(Table 1). In addition, similar fractions of patients in each
group underwent splenectomy or received anti-CD20 anti-
body as part of their desensitization protocol.

As shown in Table 2, patients in groups A and B had similar
mean serum creatinine (SCr) levels at the times of their initial,
6-mo, and 12-mo protocol biopsies, as well as at last follow-up,
the last excluding one patient in group A and two in group B
who ultimately lost their grafts. The group A patient was lost to
follow-up after postoperative day (POD) 257, at which time his
SCr was 1.6 mg/dl. He later presented on POD 576 with a SCr
of 7.0 mg/dl after stopping all immunosuppressive medica-
tions for �3 wk. A biopsy at that time showed severe ACR
(Banff ’97 type 1B, C4d-negative) that did not respond to treat-
ment, and the patient became dialysis dependent. The group B
patients’ graft losses occurred 27 and 38 mo after transplanta-
tion, respectively. Both of these patients had one or more epi-
sodes of ACR (Banff ’97 grades 2A and 1B, respectively). Both
patients also had FSGS, clearly representing recurrent disease
in one case, although neither patient had a biopsy with diag-
nostic changes of AMR.

Table 3 compares renal biopsy findings in the groups of
patients. All 33 patients had protocol biopsies done at 6 mo
after transplantation, although one such biopsy in a group B
patient was inadequate, containing only medullary tissue.
Nineteen group A patients and nine group B patients also had
a 12-mo protocol biopsy. One patient in group A and three in
group B developed AMR associated with a rise in SCr (clinical
AMR; Table 3) between 3 and 12 mo after transplantation. In
one of the group B patients, the biopsy showing clinical AMR

CLINICAL RESEARCH www.jasn.org

2 Journal of the American Society of Nephrology J Am Soc Nephrol ●● : –,



was done 28 d after a 3-mo protocol biopsy showing subclinical
AMR. Similar fractions of patients in groups A and B had one
or more biopsies showing ACR (Banff ’97 grade 1A or greater)
during the first year after transplantation (Table 3). Two group
A patients each had three separate biopsies showing ACR, and
one patient each in groups A and B had two biopsies with ACR.
Incidence rates of BK virus nephropathy and recurrent glo-
merular disease (FSGS in each case) were similar in the two
groups (Table 3).

Mean chronic sum scores (comprising the sum of Banff
indices for TG [cg], interstitial fibrosis [ci], tubular atrophy
[ct], and arterial intimal fibrosis [cv]) on 6- and 12-mo proto-
col biopsies were lower in group A than in group B, and this
reached statistical significance at 12 mo (Table 3, Figure 1,
top). Furthermore, increases in mean chronic sum scores from
initial to 6-mo protocol biopsies and from initial to 12-mo
protocol biopsies both were significantly lower in group A pa-
tients compared with group B patients (Table 3; Figure 1, bot-
tom). In group A (but not group B), the mean chronic sum
score at 6 mo was not significantly different from that on the
initial protocol biopsies (P � 0.80 in group A and P � 0.043 in

group B by Wilcoxon rank sum test), although the mean score
at 12 mo was different from that on the initial protocol biopsies
for both groups (P � 0.012 for group A and P � 0.007 for
group B).

There were no significant differences between the two patient
groups with respect to individual Banff chronic indices (cg, ci, ct,
and cv) at 6 mo after transplantation; however, at 12 mo, mean ci
and ct scores were significantly lower in group A than in group
B (both 0.74 � 0.56 versus 1.33 � 0.87; P � 0.043 by Wil-
coxon). Mean cg (0.05 � 0.23 in group A, 0.22 � 0.44 in group
B; P � 0.18) and cv (1.00 in both groups) scores on the 12-mo
protocol biopsies were not different in the two groups.

DISCUSSION

The findings of this study document that ABO-incompatible
renal allografts showing diffuse PTC C4d staining in the pres-
ence of circulating BGA but the absence of histologic features
of AMR or ACR (Banff ’97 grade 1A or greater) on an early
protocol biopsy of a stably functioning graft (group A) develop

Table 1. Demographic and serologic data for patient cohortsa

Parameter Group A Group B P

No. of patients 21 12
Age (yr)b 0.25d

mean � SD 49 � 12 54 � 13
rangeb 21 to 64 33 to 73

Men/women 12/9 8/4 0.72e

Race (white/black/Hispanic) 18/3/0 9/2/1 0.58e

Donor blood group type 0.09e

A1 14 4
A2 2 1
A1B 1 1
B 3 6

Initial BGA titerc

mean � SD 182 � 217 133 � 134 0.51c

range 16 to 1024 32 to 512
median 128 96 0.44f

IQR 64 to 256 64 to 128
No. of PP/IVIG treatments

pretransplantation
mean � SD 6.1 � 2.3 5.8 � 2.4 0.48f

range 3 to 12 3 to 12
posttransplantation

mean � SD 4.7 � 1.5 4.7 � 2.1 0.74f

range 2 to 8 2 to 10
Other pretransplantation treatments 0.99e

splenectomy 4 3
anti-CD20 4 2
splenectomy and anti-CD20 1 0
none 12 7

aIQR, interquartile range; IVIG, intravenous Ig.
bAt the time of transplantation.
cPretransplantation titers of anti-A1, anti-A2, or anti-B before initiation of PP/IVIG treatments.
dBy t test.
eBy Fisher exact test.
fBy Wilcoxon rank sum test.
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significantly less overall chronic change, as assessed by the
mean chronic sum score (cg � ci � ct � cv), than grafts not
showing these findings during the first year after transplanta-
tion (group B). Mean ci, ct, and chronic sum scores on 12-mo
protocol biopsies, as well as mean increases in chronic sum
score between initial and both 6- and 12-mo protocol biopsies,
were significantly lower in group A than in group B. Further-
more, the degree of chronic change seen in ABO-incompatible
grafts showing diffuse C4d staining without evidence of rejec-
tion in this study is essentially identical to that reported for
conventional (ABO-compatible with no preoperative anti-
HLA donor-specific antibodies) live donor renal allografts at 6
to 12 mo after transplantation,16 –18 taking into account some-
what higher mean baseline levels of arterial intimal fibrosis (cv)
and, to a lesser extent, tubular atrophy (ct) and interstitial fi-
brosis (ci) in our donor population that includes a relatively
high fraction of older (�50 yr old) donors.19

Our donor population not only had higher mean baseline
ci, ct, and cv values but also greater variability in these param-
eters than in conventional live-donor transplantation, for
which baseline scores are rarely �0 for ci and ct or �1 for cv.18

It is because of this variability at baseline that we feel justified in
comparing increases in chronic sum scores between the two
patient groups as well as absolute sum scores at 6 and 12 mo.
The relatively short-term nature of our findings and the lim-
ited number of patients also led us to focus more on chronic

sum scores than on individual indices of chronicity (e.g., cg, ct)
to demonstrate significant differences between patient groups,
acknowledging that a possible drawback of the sum score is
that it treats increases in each of the different indices as being
equivalent, when in actuality increases in different parameters
may have different predictive values regarding graft survival.
Still, we did find significant differences in mean ci and ct (but
not cg and cv) values at 12 mo between groups A and B. His-
tologic changes of TG, which is the chronic lesion most closely
associated with antibodies against the graft,20 are quite uncom-
mon 1 yr after transplantation in both conventional and ABO-
incompatible renal allografts,16,20 although early changes of TG
may be detectable within 2 mo by electron microscopy.21

Only four of our study patients (one in group A, three in
Group B; P � 0.12) developed diagnostic changes of AMR.
This suggests that factors other than prevention of morpholog-
ically identifiable AMR contribute to the beneficial effect of
PTC C4d deposition without histologic evidence of rejection
in reducing graft scarring during the first year after transplan-
tation. Perhaps future use of microarray22 and/or other molec-
ular methods may prove useful in identifying possible anti-
body-mediated graft injury in the absence of diagnostic
morphologic changes of AMR.

It will also be important to investigate whether the apparent
beneficial effect associated with diffuse C4d staining without
evidence of rejection on relatively short-term graft scarring

Table 2. Clinical findings in patient cohorts

Parameter
Group A
(n � 21)

Group B
(n � 12)

P

Posttransplantation day of initial
protocol biopsy (d)

0.90c

mean � SD 49 � 29 44 � 18
range 22 to 115 24 to 81

Posttransplantation day of most recent
follow-up (d)

0.53c

mean � SDa 852 � 515 887 � 218
range 324 to 1956 504 to 1267

SCr (mg/dl)
at diagnostic/initial biopsy

mean � SD 1.2 � 0.3 1.2 � 0.4 0.84d

range 0.7 to 1.8 0.5 to 2.2
at 6-mo protocol biopsy

mean � SD 1.3 � 0.2 1.4 � 0.5 0.50d

range 0.8 to 1.7 1.0 to 2.7
at 12-mo protocol biopsy

mean � SDb 1.3 � 0.3 1.4 � 0.7 0.65d

range 0.9 to 2.3 1.0 to 3.1
at most recent follow-up

mean � SDa 1.3 � 0.3 1.3 � 0.2 0.59d

range 0.9 to 2.3 1.1 to 1.7
Graft losses (n �%�) 1 (5) 2 (17) 0.54e

aDoes not include the three patients whose grafts were lost.
bn � 19 for group A, n � 9 for group B.
cBy Wilcoxon rank sum test.
dBy t test.
eBy Fisher exact test.
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persists in the long term and translates into significantly im-
proved long-term survival of ABO-incompatible grafts. Espe-
cially as BGA persist in all of our recipients of ABO-incompat-
ible renal allografts, such longer term studies are needed to
determine whether diffuse C4d staining without evidence of re-
jection truly reflects a state of graft accommodation, in which the
organ continues to function well despite the presence of antibod-
ies directed against it.23 The finding of diffuse PTC C4d staining
without histologic evidence of rejection on one or more early pro-
tocol biopsies did not preclude later development of AMR, al-
though the latter was rare in this study. Only one of 21 group A
patients compared with three of 12 group B patients developed
AMR, although this difference did not reach statistical signifi-
cance and no grafts in either group were lost to AMR.

Whereas in the majority of biopsies of ABO-incompatible
grafts the presence of C4d is not associated with histologic
changes of AMR, this is not the case in biopsies of ABO-com-
patible renal allografts, even protocol biopsies.9 –11,24 –27 Fur-
thermore, in the latter grafts, even PTC C4d deposition with-
out histologic evidence of AMR or ACR may signify low-level,
antibody-mediated graft injury. In a study by Dickenmann et
al.,28 of 22 patients with ABO-compatible grafts and a biopsy
showing such findings, death-censored renal allograft survival

3 yr after biopsy was 69% in patients who were not given in-
creased immunosuppression, compared with 100% in those
who were. It must therefore be emphasized that the findings of
our study, namely that PTC C4d deposition without histologic
evidence of AMR or ACR is associated with less graft scarring
during the first year after transplantation, seem to be applica-
ble only to ABO-incompatible renal transplantation and do
not represent a general paradigm.

Antibodies directed against the carbohydrate blood group an-
tigens may well be less likely to promote AMR, including subclin-
ical AMR, than are antibodies against HLA protein antigens. In
the absence of early T cell help (possibly prevented by multidrug
immunosuppressive therapy), antibodies produced against a car-
bohydrate antigen structurally similar to human blood group an-
tigens in a mouse heart xenograft model result in graft accommo-
dation, with these antibodies binding to the carbohydrate antigen
on the graft but not producing AMR.29,30 Still, in this model, AMR
did occur when antibodies to the same carbohydrate antigen were
produced in the setting of early T cell help,29 and AMR (both
clinical and subclinical) does occur in some ABO-incompati-
ble renal allografts,12–14,16,31,32 including four (12%) of 33 in
this study. Conversely, a small number of ABO-compatible,
positive cross-match (HLA-incompatible) grafts showed C4d

Table 3. Renal biopsy findings

Parameter
Group A
(n � 21)

Group B
(n � 12)

P

Patients with AMR (n �%�)a 1 (5) 3 (25) 0.12c

Patients with clinical AMR (n �%�)b 1 (5) 3 (25) 0.12c

Patients with ACR (including clinical and subclinical; n �%�)a 7 (33) 4 (33) 0.99c

ACR type (Banff ’97)a 0.82c

none or borderline 14 8
1A 0 1
1B 2 1
2A 5 2

Patients with BKV (n �%�)a 5 (24) 2 (17) 0.99c

Patients with recurrent FSGS (n �%�)a 1 (5) 1 (8) 0.99c

(cg � ci � ct � cv)
at initial protocol biopsy

mean � SD 1.52 � 1.29 1.33 � 1.37 0.72d

range 0 to 4 0 to 5
at 6-mo protocol biopsy

mean � SD 1.86 � 1.82 3.00 � 2.57 0.22d

range (n) 0 to 7 (21) 0 to 9 (11)
difference

mean � SD 0.33 � 1.71 1.64 � 2.38 0.044d

range �1 to 6 �2 to 7
at 12 mo protocol biopsy

mean � SD 2.53 � 1.22 3.89 � 2.42 0.032d

range (n) 1 to 6 (19) 0 to 9 (9)
difference

mean � SD 1.21 � 1.27 2.44 � 1.74 0.030d

range 0 to 5 �1 to 5
aOn any biopsy of the graft in question during the first year after transplantation. When more than one biopsy showed ACR, the highest Banff ’97 type (grade)
of ACR is listed.
bOn any nonprotocol biopsy of the graft in question during the first year after transplantation, done because of a rise in SCr.
cBy Fisher exact test.
dBy Wilcoxon rank sum test.
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staining on protocol biopsies without histologic changes of
AMR or subsequent development of graft dysfunction or scar-
ring, including TG.11,12 This suggests that factors in addition to
the nature of the antigen determine whether a graft exposed to
antidonor antibody develops AMR or simply shows C4d dep-
osition without rejection. Inhibition of the complement cas-
cade distal to C4 cleavage by factors such as decay-accelerating
factor, CD59, and heparan sulfate may play a vital role in de-
termining whether grafts exposed to such antibody develop
AMR or show accommodation.23,33,34 Indeed, recent studies in
a heart xenograft model similar to that noted already demon-
strated elevated expression of decay-accelerating factor, CD59,
and Crry (a rodent complement regulatory protein) on capil-
lary endothelial cells of accommodating grafts.34 The regula-
tion of expression of these factors in human allografts and how
this is affected by binding of antibodies against blood group
and HLA antigens expressed on the graft remain important
areas for future study.

There are several limitations of this study. First, it is a ret-
rospective study, and patients were not treated according to
standardized protocols. Still, group A and group B patients
were quite similar with respect to demographics; serology; de-

sensitization procedures (mean numbers of PP/intravenous Ig
treatments plus fraction of patients undergoing splenectomy
and receiving anti-CD20); baseline immunosuppression; and
incidence rates of ACR, BK virus nephropathy, and recurrent
glomerular disease. Second, as noted already, follow-up inter-
vals were relatively short, and it will need to be determined
whether the association of diffuse PTC C4d deposition without
histologic evidence of AMR with reduced graft scarring during
the first year after transplantation persists in the long term.
Although there is considerable evidence that development of
chronic histopathologic changes during the first year after
transplantation is associated with reduced graft survival,18,35,36

these studies are in conventional allografts that are less likely to
be at risk for antibody-mediated graft injury than are ABO-
incompatible grafts.16 Finally, because the number of patients
studied was relatively small, there is potential for the results to
be disproportionately influenced by just a few patients with
poor outcomes. Our “control” group consisted of only 12 pa-
tients with negative or weak and focal C4d staining on their initial
protocol biopsy, two of whom lost their grafts to causes other than
AMR. Thus, as ABO-incompatible renal transplantation be-
comes more widespread, it will be important to examine cor-
relations between PTC C4d deposition without histologic evi-
dence of AMR and subsequent graft function and histology in
larger patient populations from different transplant centers.

CONCISE METHODS

Patients
All patients receiving a live-donor, ABO-incompatible renal trans-

plant at our center from January 2000 through July 2007 were consid-

ered for inclusion in this study, with the exception of patients receiv-

ing both HLA- and ABO-incompatible grafts. Of a total of 45 such

recipients, 37 patients met the following inclusion criteria: (1) One or

more protocol biopsies were performed during the first approxi-

mately 3 mo after transplantation and met adequacy criteria defined

in the Banff ’97 working classification for renal allograft pathology,37

(2) one or more subsequent protocol biopsies were performed at 6

and/or 12 mo after transplantation, and (3) C4d staining was done on

all protocol biopsies. Four of the 37 patients had �1�, diffuse PTC

C4d staining on their initial protocol biopsy with margination of leu-

kocytes (mononuclear cells and neutrophils) in PTC, consistent with

subclinical AMR,11 and were not included in this study.

All patients receiving ABO-incompatible renal transplants were

treated before transplantation with every-other-day PP and 100

mg/kg cytomegalovirus hyperimmune globulin (CMVIg; Cytogam;

Medimmune, Gaithersburg, MD) to remove BGA. PP/CMVIg treat-

ments were continued until a BGA titer of �16 was achieved. Detect-

able levels of circulating BGA, however, were present throughout the

postoperative course of each patient. Patients in the early part of the

study period underwent splenectomy, those in the middle part re-

ceived anti-CD20 (Rituxan; IDEC-Genentech, San Francisco, CA),

usually without splenectomy, and those in the last part underwent

neither splenectomy nor anti-CD20 therapy. Patients also received

Figure 1. Comparison of mean chronic sum scores (cg � ci � ct
� cv) on 6- and 12-mo protocol biopsies (top) and mean increases
in this score from the initial biopsy to the 6- and 12-mo biopsies
(bottom) in group A and group B patients. Error bars indicate 1
SD. P values shown all are by the Wilcoxon rank sum test. Mean
and SD values are also listed in Table 3.
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two to 10 posttransplantation PP/CMVIg treatments per protocol as

described previously.5 In addition, all patients received a sequential

quadruple-drug immunosuppressive regimen consisting of tacroli-

mus (0.1 mg/kg per d, adjusted to an initial target level of 8 to 12 ng/ml),

mycophenolate mofetil (2 g/d), daclizumab (2 mg/kg before reperfusion,

then 1 mg/kg every other week for a total of five doses), and corticoste-

roids (methylprednisolone 500 mg intraoperatively and 125 mg every 6 h,

followed by prednisone 30 mg/d, then 20 mg/d after target level of tacroli-

mus was reached). All study procedures were approved by the institu-

tional review board of Johns Hopkins Medical Institutions.

C4d and C3d Staining
For each biopsy, a 3- to 4-mm portion of renal cortical and/or med-

ullary tissue was taken for C4d staining. For the majority of biopsies,

staining for C3d was also performed. This staining was done by indi-

rect immunofluorescence on cryostat sections using mouse mAb to

human C4d and C3d (Quidel, San Diego, CA) as described previous-

ly.11,12 Staining for C4d and C3d in PTC was graded for intensity (0 to

4� scale, increments of 0.5�) and was also graded as diffuse (esti-

mated �50% of specimen), focal (�10% but �50%), or negative

(absent or involving �10% of specimen).

Grading of Histologic Parameters and Diagnosis of AMR
Histologic slides from all biopsies performed on the 33 patients meet-

ing study criteria were stained with hematoxylin and eosin, periodic

acid-Schiff, silver methenamine, and Masson’s trichrome stains and

were reviewed by a renal pathologist (M.H.) who was blinded to the

clinical, immunofluorescence, and serologic data. For each biopsy,

margination of leukocytes (neutrophils and mononuclear cells) in

cortical PTC was scored according to the following schema15: 0, min-

imal margination (fewer than three cells in the most involved PTC

and/or margination in [estimated] �10% of PTC in nonsclerotic cor-

tex present); 1�, margination in �10% of PTC, with three to four

cells in the most involved PTC cross-sections; 2�, margination in

�10% of PTC, with five to 10 cells in the most involved PTC cross-

sections; and 3�, margination in �10% of PTC, with �10 cells in the

most involved PTC cross-sections. It was also noted for each biopsy

whether there were histologic findings of TMA, defined by one or

more glomerular and/or arteriolar fibrin thrombi, arteriolar necrosis,

and/or fragmented red blood cells in one or more vessel walls. In

addition, the Banff ’97 grade (type) of acute rejection, all Banff acute

and chronic indices,37 and a chronic sum score composed of the sum

of the Banff chronic indices (cg � ci � ct � cv) were recorded for all

biopsies. A diagnosis of AMR was made when each of the following

three criteria was met: (1) Diffuse PTC C4d staining with intensity

�1�, (2) PTC margination score �1� with primarily neutrophils or

a mixture of neutrophils and mononuclear cells and/or presence of

TMA, and (3) presence of BGA in serum with specificity for donor

blood group antigen(s). C4d staining without evidence of rejection

was determined to be present when each of the following five criteria

were met: (1) Diffuse PTC C4d staining with intensity �1�; (2) PTC

margination score of 0 and no evidence of TMA; (3) no concurrent

ACR (Banff ’97 grade 1A or greater); (4) Banff g and cg indices of �1

and 0, respectively; and (5) presence of BGA in serum with specificity

for donor blood group antigen(s).

SCr levels at the time of each biopsy and at most recent follow-up

were recorded on spreadsheets separate from those containing the

biopsy results noted and results of serologic tests; the spreadsheets

identified each patient only by a study number. Titers of IgG antibod-

ies against blood group antigens were determined by indirect isoag-

glutination assay using anti-human globulin as described previously.5

None of the patients in this study was found to have donor-specific

anti-HLA antibodies at any point during desensitization or after

transplantation.

Statistical Analysis
The significance of differences between sample means was deter-

mined by t test for normally distributed data and by Wilcoxon rank

sum test for data that were not normally distributed. Categorical data

were compared using Fisher exact test. All tests were two-sided with

statistical significance set at P � 0.05. Statistical analyses were per-

formed using Stata 10 statistical software for Linux (Stata Corp., Col-

lege Station, TX).
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