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Introduction

The success of standard immunosuppressive regimens that

have been primarily directly at T-cell-mediated responses

[1–5] has decreased the incidence of T-cell-mediated acute

rejection (TCMR) but has resulted in the emergence of

donor-specific alloantibodies (DSA) as mediators of acute

and chronic allograft rejection [6,7]. The staining for com-

plement 4d (C4d), a degradation product of C4b indicating

activation of the classical complement pathway and subse-

quent deposition on the allograft endothelium, allows for

easier diagnosis of antibody-mediated rejection (AMR) and

was first incorporated into the Banff classification in 2003

[8,9]. C4d-positive kidney biopsies have been associated

with poor outcome and a worse prognosis when compared

with pure TCMR [10–13]. Subsequently, the diagnosis of

AMR has led to an increased utilization of immunosup-

pression therapies that target alloantibody production and

removal, including plasmapheresis, intravenous immuno-

globulin (IVIG) and the humanized, chimeric monoclonal

anti-CD20 antibody, rituximab [14–18].

Recent studies have questioned the value of C4d stain-

ing for predicting allograft outcome [10,19–23], and alter-

native approaches have been developed to probe the

contribution of B cells and antibodies to acute allograft

rejection. Sarwal et al. observed that the presence of dense

CD20+ B-cell clusters in the absence of C4d in acutely

rejecting renal allografts correlated with glucocorticoid
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Summary

The contribution of T cells and graft-reactive antibodies to acute allograft

rejection is widely accepted, but the role of graft-infiltrating B and plasma cells

is controversial. We examined 56 consecutive human renal transplant biopsies

classified by Banff schema into T-cell-mediated (N = 21), antibody-mediated

(N = 18), and mixed (N = 17) acute rejection, using standard immunohisto-

chemistry for CD3, CD20, CD138, and CD45. In a predominantly African-

American population (75%), neither Banff classification nor C4d deposition

predicted the return to dialysis. Immunohistochemical analysis revealed CD3+

T cells as the dominant cell type, followed by CD20+ B cells and CD138+

plasma cells in all acute rejection types. Using univariate Cox Proportional

Hazard analysis, plasma cell density significantly predicted graft failure while

B-cell density trended toward significance. Surprisingly T-cell density did not

predict graft failure. The estimated glomerular filtration rate (eGFR) at diagno-

sis of acute rejection also predicted graft failure, while baseline eGFR

‡6 months prior to biopsy did not. Using multivariate analysis, a model

including eGFR at biopsy and plasma cell density was most predictive of graft

loss. These observations suggest that plasma cells may be a critical mediator

and/or an independently sensitive marker of steroid-resistant acute rejection.
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resistance and accelerated graft failure [24]. However,

subsequent studies into the role of intra-graft CD20+ B

cells in acute renal allograft rejection have yielded con-

flicting results [25–30]. Proposed reasons for these differ-

ences include the heterogeneity of the patient populations

and immunosuppression regimens, timing of the allograft

biopsy, the lack of consensus regarding the definition of

‘CD20+’, and variability in the intra-graft B-cell popula-

tion during acute rejection (reviewed by Zarkhin et al.

[31]). The aim of this study is to quantify the cellular

composition of renal allograft biopsies identified as hav-

ing acute rejection and to test the hypothesis that B cells

and plasma cells independently predict both short- and

long-term clinical outcomes.

Materials and methods

Consecutive human adult renal allograft biopsies with the

diagnosis of acute rejection were identified in the Univer-

sity of Chicago Medical Center pathology archives between

2005 and 2009. We examined 56 renal transplant biopsies

classified by Banff schema into cell-mediated (N = 21),

antibody-mediated (N = 18), and mixed (N = 17) acute

rejection. A control group of consecutive biopsies taken

for cause (n = 33) without evidence of rejection was also

examined; these were classified as normal (N = 8), acute

tubular injury (N = 8), interstitial fibrosis and tubular

atrophy (N = 15), or calcineurin inhibitor toxicity

(N = 2). Only biopsies with adequate tissue (at least 6

glomeruli and at least 5 mm in length) were studied. No

isolated v (intimal arteritis) or borderline lesions were

included in the study. Each biopsy was evaluated by stan-

dard light microscopy using hematoxylin & eosin and

periodic acid-Schiff stains and by indirect immunofluores-

cence microscopy for C4d (Biogenesis, Sandown, NH,

USA). Biopsy interpretation was conducted by a renal

pathologist (AC or SMM), and diagnoses were rendered

according to 2009 Banff criteria [32]. All patient charts

were reviewed and relevant clinical data including the

presence or absence of DSA were collected when available.

Estimated glomerular filtration rate was calculated by the

4-variable Modification of Diet in Renal Disease Equation

[33,34]. This study was approved by the University of Chi-

cago Medical Center institutional review board.

Immunohistochemistry

Using standard immunohistochemical methods, sequen-

tial 2-lm-thick tissue sections from each biopsy were

stained for CD3, CD20, CD138, and CD45, The number

of interstitial cells showing strong circumferential mem-

branous staining was counted manually by a single

pathologist (JMM or AC) without prior knowledge of the

clinical or pathologic data. CD138+ epithelial cells were

identifiable and were excluded. The width of every biopsy

tissue core was 1 mm and the length was measured to

calculate cell densities per square millimeter.

Statistical analysis

Continuous variables with normal distribution were ana-

lyzed by unpaired, two-tailed Student’s test or anova and

Bonferroni post hoc test, with P < 0.05 indicative of

significant differences. Wilcoxon rank-sum or Mann–

Whitney test was used for data with skewed distribution,

and chi-square or Kruskal–Wallis equality-of-populations

rank test was used for categorical variables. Graft survival

was analyzed with the Kaplan–Meier and Cox Propor-

tional Hazards models. Statistical analyses were performed

with STATA v. 11 (Statacorp, College Station TX, USA)

and GraphPad Prism software, version 4 (GraphPad Soft-

ware, Inc., San Diego, CA, USA).

Results

Clinical patient data and kidney allograft biopsy pathology

The demographic data of patients from both the study

and kidney transplant center are summarized in Table 1.

Gender and underlying cause of end-stage renal disease in

both acute rejection and control (indication biopsies

without acute rejection) populations were comparable,

but patients with acute rejection were significantly youn-

ger than controls (39.3 vs. 51.9 years; P < 0.001). The

acute rejection group was significantly over-represented

with African-Americans (75%) compared with the control

group (44%) and overall transplant population (52%).

The mean time from transplant to biopsy, also referred to

as the post-transplant interval, was comparable for both

groups (949 ± 1570 days for the acute rejection and

1101 ± 1678 days for the control group, P-value = 0.9,

Supplemental Table S1), while the overall follow-up time

from transplantation was significantly shorter for the

acute rejection group (1517 ± 1601 days) compared with

the control group (2310 ± 1701 days) (P = 0.0008). The

TCMR biopsies were categorized as Banff type IA

(N = 5), type IB (N = 9), and type IB+IIA (N = 7). The

mixed rejection biopsies were categorized as Banff type

IA+C4d-positive (N = 5), type IA+IIB+C4d-positive

(N = 1), type IB+C4d-positive (N = 9), and type

IB+IIA+C4d-positive (N = 2). Not surprising, the major-

ity of patients diagnosed with AMR and mixed rejection

were PRA+ and DSA+, while a lower frequency of those

diagnosed with TCMR were DSA+ (Supplemental Table

S2). Interstitial fibrosis (ci score) and tubular atrophy (ct

score) in the rejection and control groups were compara-

ble (P-value = 0.5 and 0.4, respectively).

Chang et al. Plasma cells and GFR predict poor outcome

ª 2012 The Authors

Transplant International ª 2012 European Society for Organ Transplantation 25 (2012) 1050–1058 1051



Baseline eGFR, determined approximately 6 months

prior to biopsy, was comparable in both rejection and

control groups (51.7 vs. 48.4 ml/min) (P = 0.5), but the

mean eGFR at the time of biopsy and at 4 weeks postbi-

opsy was significantly lower for the acute rejecting group

(Table 1). All patients received high-dose corticosteroids

to treat acute rejection. In addition, thymoglobulin was

used predominantly to treat the majority TCMR (63.2%),

while B-cell-directed therapies of IVIG, plasmapheresis,

and/or rituximab were used to treat the majority of

mixed rejection (70.6%) and AMR (80%) (Supplemental

Table S3).

Banff classification or C4d deposition was not significant

predictors of allograft survival

With a mean follow-up of 568 ± 477 days from biopsy to

the end of study, Kaplan–Meier analysis for the return to

dialysis was performed on biopsies categorized by either

Banff classification or C4d peritubular capillary deposition

status (Fig. 1). While a trend toward a worse outcome was

observed for patients with mixed rejection, overall Banff

classification and C4d deposition was not significantly pre-

dictive of graft outcome (P = 0.3 & 0.9, respectively).

Because long-term graft survival could be affected by

events unrelated to the acute rejection event, we evaluated

sequential eGFRs in the year following the diagnosis of

acute rejection (Fig. 1). In all rejection types, we observed

a drop in eGFR at the time of biopsy, which was signifi-

cantly larger for mixed rejection (45.0 ml/min/1.73 m2)

compared with TCMR or AMR (20.9 and 18.5 ml/min/

1.73 m2, respectively; P = 0.01). A modest increase in

eGFR was observed within 4 weeks post biopsy; however,

this was comparable among all the rejection types (2.1,

8.7, and 7.1 ml/min/1.73 m2). Neither the drop in eGFR

nor its recovery was significantly different between the

C4d-positive or C4d-negative groups (P = 0.3). There

also was no association between the age, race, or gender

of recipient and the likelihood of graft loss after a diagno-

sis of acute rejection (Table 2).

Table 1. Patient demographics and clinical and pathologic data.

Acute Rej

(n = 56)

Control

(n = 33)

UC Tx

(n = 530)

P-value

Rej vs. Total

P-value

Rej vs. Ctrl

Age 39.3 ± 13.9 51.6 ± 12.5 47.74 ± 15.1 <0.0001 <0.0001***

Gender

Male 62.5% 66.7% 62.0% 1.0 0.1*

Female 37.5% 33.3% 38.0%

Race†

African-American 75.0% 44.0% 51.6% 0.006 0.001*

Caucasian 19.6% 48.0% 31.7%

Hispanic 5.4% 8.0% 13.8%

Diagnosis†

Hypertension 39.2% 43.3% 30.6% 0.006 0.8*

Diabetes 23.2% 36.6% 33.2% 0.3 0.2*

FSGS 10.7% 6.7% 6.4% 0.4 0.3*

Lupus 5.3% 0% 3.6% 0.2 0.7*

Others 32.1% 33.3% 27.0% 0.3 1.0*

Follow-up Days Mean ± SD (Median)

From Tx 1517 ± 1601 (1139) 2370 ± 1701 (1559) 0.052**

From Tx to Bx 949 ± 1570 (366) 1101 ± 1678 (322) 0.9**

From Bx 568 ± 477 (440) 1269 ± 251 (1261) <0.0001**

Mean ± SD

Acute Rej Control

Interstitial fibrosis (ci score) 1.2 ± 0.78 1.13 ± 0.18 0.5***

Tubular atrophy (ct score) 1.2 ± 0.82 1.13 ± 0.18 0.4***

GFR Pre-Bx 51.7 ± 25.3 (49.0) 48.4 ± 3.3 (46.0) 0.4****

GFR at Bx 24.2 ± 12.6 (22.1) 39.3 ± 3.7 (35.0) 0.002****

GFR at 4 weeks post-Bx 31.4 ± 16.5 (31.0) 40.0 ± 4.7 (42.0) 0.1****

*Chi-square test. **Wilcoxon rank-sum test. ***Mann–Whitney test. ****2-tailed t-test.

†For the acute rejection group, n = 53 for this variable.

Tx, transplant; Rej, rejection; Bx, biopsy; FSGS, focal segmental glomerulosclerosis; UC Tx, Total University of Chicago Transplants from 2004 to

2009.

Plasma cells and GFR predict poor outcome Chang et al.

ª 2012 The Authors

1052 Transplant International ª 2012 European Society for Organ Transplantation 25 (2012) 1050–1058



Interstitial inflammatory cell densities in renal biopsies

with acute rejection

We next tested whether total cellular infiltrate or the den-

sity of B or plasma cells specifically was predictive of poor

graft outcome. There were significant differences in the

densities of CD45+ and CD3+ T cells among the rejection

types, with TCMR and mixed rejection biopsies having

significantly higher densities compared with AMR

(Fig. 2). We also analyzed 33 control indication biopsies

that were diagnosed as not having acute rejection. These

control biopsies were C4d negative and had significantly

lower densities of CD45+ and T-cell infiltrate compared

with mixed and cellular rejection, and had cell densities

similar to AMR (Fig. 2).

Because the density of the cellular infiltrate at biopsy

had previously been reported to correlate with the post-

transplant time interval, we investigated whether this was

the case in our cohort. It was notable that the time post-

transplantation when the rejection occurred was compara-

ble in all groups, with 35–48% and 12–29% of the grafts

<1 year and <90 days post transplantation, respectively.

There was no significant correlation between the density

of the cellular infiltrate at the time of acute rejection and

the transplant-to-biopsy interval (Fig. 1 and Fig. S1). Also

there was no correlation between the density of the cellu-

lar infiltrate, including B and plasma cells, during acute

rejection and the baseline eGFR (Fig. 3). The post-trans-

plant interval did not predict loss of graft following a

diagnosis of acute rejection, as determined by univariate

Cox Proportional Hazard Analysis (Table 2). Finally, we

observed that the eGFRs neither at the baseline nor at the

time of biopsy were significantly associated with the age

(transplant-to-biopsy interval) of the graft.

Einecke et al. [35] reported an association between

the post-transplant interval and expression of B cell and

immunoglobulin transcripts. Because the majority (77%)

of their biopsies were classified as nonacute rejection, we

examined whether increased post-transplant interval (age

of the graft from the time of transplantation to biopsy)

in our control, nonacute rejection, group had increased

B cells and/or plasma cell densities. We observed that

the densities of CD138+ plasma cells (P < 0.004), but

not CD45+, CD3+, or CD20+ cells, correlated with the

post-transplant time interval. Noteworthy is that the

densities of the cellular infiltrate, including the CD138+

cells, were fourfold to 12-fold lower in the control

biopsies compared with those diagnosed with acute

rejection.

Interstitial inflammatory cell densities predict graft loss

and return to dialysis

We tested whether increased densities of CD45+, CD3+ T,

CD20+ B, or CD138+ plasma cells were predictive of graft

failure and return to dialysis. When these cell densities

were individually analyzed by univariate Cox Proportional

Hazard Analysis, CD45+ (P = 0.03) and CD138+

(P = 0.02) densities were significantly associated with

graft failure while CD20+ density approached significance

(P = 0.07). Surprisingly, CD3+ (P = 0.2) density at acute

rejection did not predict the return to dialysis.

(a)

(d) (e) (f)

(b) (c)

Figure 1 Banff classification (a, d) and C4d deposition (b, e) in biopsies diagnosed with acute rejection do not predict long-term graft survival.

For cause biopsies diagnosed as nonacute rejection were used as controls (c, f). Graft was survival determined by Kaplan–Meier analysis and eGFR

was determined at the indicated weeks postbiopsy. N represents the numbers of study subjects at the indicated time points.
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Because biopsies that have higher density of CD45+ cell

infiltrate also tended to have higher densities of T cells, B

cells, and plasma cells (Fig. 2 and Fig. S2), the densities

of these three cell subsets were analyzed in a single multi-

variate model, to determine whether B cells or plasma

cells were independently predictive of graft failure

(Table 2, Model 1). We found that T- and B-cell densities

were not independently associated with failure (P = 0.5

and 0.7, respectively), and that plasma cell densities

approached significance (P = 0.08). These data likely

reflect the tight association between high T-, B-, and

plasma cell densities in the biopsies and support the

notion that increased overall infiltration is strongly associ-

ated with the return to dialysis (Fig. 2).

eGFRs and interstitial inflammatory cell densities during

acute rejection predict graft loss and return to dialysis

We performed univariate Cox proportional hazard analy-

sis to test whether graft failure and return to dialysis was

independently predicted by eGFR at biopsy or at 4, 12,

26, and 52 weeks after biopsy. The eGFR at each of these

time points was predictive of graft loss (Table 2) as were

the magnitude of drop in eGFR from baseline to biopsy

and of increase in eGFR from biopsy to 4 weeks post

biopsy. We focused subsequent analysis on eGFR at

biopsy (P = 0.001; Table 2) because it was the most

straightforward predictor of graft failure.

We observed a significant negative correlation between

eGFRs at biopsy and the densities of CD45+, CD3+,

CD20+, and CD138+ cells (Fig. 3) (P = 0.023–0.0009).

Multivariate Cox analysis with eGFR values and CD3+,

CD20+, and CD138+ cell densities (Model 2, Table 2)

determined that a lower eGFR was strongly predictive of

graft failure (HR = 0.94; P = 0.004), a higher CD138+ cell

density trended to significance (HR = 1.30, P = 0.08)

while CD20+ and CD3+ cell densities were not. When

CD20+ and CD3+ cell densities were removed in a step-

wise fashion to create the most parsimonious model,

higher CD138+ plasma cell density became a significant

independent predictor of failure (HR = 1.22, P = 0.041)

while eGFR retained a strong negative association (Model

3, Table 2). Furthermore, Model 3 (P = 0.0002) was bet-

ter at predicting failure than a univariate Cox Model

either with eGFR at biopsy or CD138+ density alone,

underscoring the significance of higher plasma cell density

as a predictor of graft failure. Of note, interstitial fibrosis

was not predictive of graft failure in this model (analysis

not shown).

Discussion

Despite the critical diagnostic role of allograft biopsies,

controversy persists regarding their ability to predict graft

outcomes accurately. Our study is consistent with recent

reports that neither Banff class nor C4d status predicted

short-term or long-term graft outcome and that the

overall degree of inflammation in the biopsies and the

post-transplant interval is better at predicting graft loss

[19–22]. When CD45+, T, B and plasma cell densities

were examined, CD45+ and CD138+ densities were signif-

icantly associated with graft failure while CD20+ density

approached significance, while surprisingly, CD3+ densi-

ties did not.

Using a microarray approach of testing biopsies from

unselected renal allografts, Einecke et al. [35] reported

that increased B-cell and immunoglobulin gene transcripts

were predictive of reduced recovery of renal function.

Table 2. Association of demographic, renal, and pathological vari-

ables with renal graft failure, univariate cox proportional hazard analy-

sis (n = 56).

Variable

Hazard

ratio

Std.

error P-value

95%

confidence

interval

Age 0.99 0.013 0.4 0.96–1.02

Gender 0.97 0.40 0.9 0.44–2.16

Post-transplant

interval (log)

1.18 0.13 0.1 0.96–1.45

AA vs. other race 2.12 1.16 0.2 0.73–6.21

CD45 density (log) 1.65 0.38 0.03 1.06–2.60

CD3 density (log) 1.27 0.23 0.2 0.89–1.82

CD138 density (log) 1.27 0.13 0.02 1.05–1.54

CD20 density (log) 1.36 0.23 0.07 0.98–1.90

GFR baseline* 1.0 0.01 1.0 0.98–1.02

GFR at biopsy† 0.94 0.02 0.001 0.91–0.98

GFR at 4 wks‡ 0.89 0.02 <0.001 0.85–0.94

GFR at 12 wks§ 0.91 0.02 <0.001 0.88–0.95

GFR at 26 wks– 0.91 0.02 <0.001 0.87–0.95

GFR at 52 wks** 0.86 0.04 0.004 0.78–0.95

Change GFR, baseline

to biopsy††

1.02 0.008 0.006 1.006–1.04

Change GFR, biopsy

to 4 wks‡‡

0.95 0.02 0.02 0.90–0.99

Model 1

CD138 density (log) 1.29 0.19 0.08 0.97–1.72

CD3 density (log) 0.84 0.23 0.5 0.49–1.44

CD20 density (log) 1.12 0.29 0.7 0.68–1.86

Model 2

CD20 density (log) 1.12 0.33 0.7 0.62–2.01

CD3 density (log) 0.74 0.22 0.3 0.41–1.33

CD138 density (log) 1.30 0.19 0.08 0.97–1.74

eGFR at Bx 0.94 0.02 0.004 0.91–0.98

Model 3

CD138 density (log) 1.22 0.12 0.04 1.01–1.48

eGFR at Bx 0.94 0.02 0.004 0.91–0.98

*n = 46; †n = 54; ‡n = 52; §n = 50; –n = 44; **n = 32; ††n = 45;

‡‡n = 51.

AA, African-American; GFR, glomerular filtration rate; wks, weeks.
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Because elevated B-cell and plasma cell transcripts also

correlated with the post-transplant interval (>5 months),

Einecke et al. [35] concluded that B cells and plasma cells

were not directly mediating rejection but were simply

indicative of older grafts with reduced renal function. In

contrast, we did not observe a significant correlation

between B and plasma cell densities in the acute rejection

biopsy and the age of the graft. As the majority (77%) of

the biopsies examined in Einecke et al. [35] were diag-

nosed as nonrejection, we considered the possibility that

their conclusions largely reflected the nonrejecting, and

not the acutely rejecting, biopsies. Indeed, when our con-

trol biopsies were examined, a strong correlation between

the age of the biopsy and the density of plasma cells was

observed. However, the densities of overall cellular infil-

trate, and of plasma cells specifically, in the nonacute

rejection biopsies were fourfold to 11-fold lower than

those in the acute rejection biopsies. Thus, during acute

rejection, the composition and increased density of infil-

trating plasma cells can play important roles in graft path-

ogenesis and in determining graft outcome.

At the diagnosis of acute rejection, the CD45+ cell den-

sity was a good predictor of poor graft outcome. When

T-cell, B-cell, and plasma cell subsets were investigated, T-

cell densities were not predictive, B cells trended to being

significantly predictive, and only plasma cell densities sig-

nificantly correlated with graft failure. Our observations

that B cells are weakly predictive of poor graft outcomes

straddle previous reports that B cells demarcate a subset of

steroid-resistant acute rejection and reports that B cells do

Figure 2 Cell types and densities in

renal biopsies grouped by Banff Classifi-

cation of TCMR, mixed, AMR, and

control nonrejection biopsies. Statistically

significant comparisons by ANOVA and

post hoc Bonferroni tests between

rejection types are indicated by lines;

*P < 0.05; **P < 0.01; ***P < 0.005.

Figure 3 eGFR at biopsy (BxGFR), but not baseline eGFR (PreGFR) at ‡6 months prior to biopsy, was inversely correlated with interstitial leukocyte

(CD45), T (CD3), B (CD20), and plasma (CD138) cell densities. Regression analysis was performed, and r2 and P-values are indicated.
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not [25–30]. Even though plasma cells represent the

minority subset (£16%) of total infiltrating cells in the

rejecting biopsies, their densities were most predictive of

long-term graft outcome, an observation consistent with

previous reports of plasma cell-rich acute rejection having

worse graft outcome [36–38]. Because mixed rejection

biopsies with the highest densities of T cells and C4d depo-

sition also had the highest plasma cell densities, these

observations raise the possibility that plasma cells are being

generated in situ and they contribute to the rejection pro-

cess by the secretion of graft-reactive antibodies.

Univariate Cox proportional hazard analyses revealed

that eGFR at the diagnosis of acute rejection/biopsy, as

well as eGFR postbiopsy, but not eGFR at baseline, were

strong predictors of graft failure. While this is not an

unexpected finding, it underscores the critical effect acute

rejection over other parameters such as the time since

transplantation (age of the graft) or its functional capacity

prior to rejection has on the long-term outcome of the

allograft. Furthermore, in a multivariate analysis, eGFR at

biopsy and densities of plasma cells were independent

predictors of graft failure, and the combination of eGFR

at biopsy and increased densities of plasma cells consid-

ered in a single model was an even stronger predictor of

graft failure than either alone.

We speculate that the type of rejection occurring with

plasma cells present in the parenchyma may differ from

an acute rejection event that does not include plasma cells

or may represent a temporally more advanced stage of

rejection. In either case, if the antibodies secreted by these

plasma cells are graft-reactive, they can bind to the allo-

graft to elicit humoral rejection and also generate opso-

nins that enhance T-cell-mediated rejection [39,40]. The

lack of therapeutic agents that can successfully control

plasma cell secretion of antibodies may explain why rejec-

tion episodes with dense plasma cell infiltrate are associ-

ated with graft failure and return to dialysis. The

alternative interpretation is that plasma cells are simply a

marker of a temporally more advanced rejection process,

and that they are simply recruited by the inflammatory

milieu. If this is true, then targeting the plasma cells

would be irrelevant and targeting the underlying cause of

rejection would be necessary. Both scenarios are not

mutually exclusive, and it is possible that some plasma

cells are generated in situ and are graft-specific, while oth-

ers are recruited into the graft in a non-antigen-specific

manner. A demonstration that the graft-infiltrating

plasma cells are enriched for graft-reactivity will strongly

support a conclusion that plasma cells and the antibodies

they secrete in situ directly contribute to acute rejection.

In summary, our study confirms that the combination

of low eGFR and high density of plasma cells provides the

most strongly predictive model of allograft outcome.

Resolving whether plasma cells are directly contributing to

rejection, or if they are being recruited in an antigen-inde-

pendent manner, is now critical as the former would man-

date the targeting of plasma cells, while the latter suggests

an optimal strategy of targeting the acute rejection process.
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