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Abstract

Background: Alemtuzumab is a CD52 humanized monoclonal antibody with proven success as an induction
agent in renal transplant. Its histological influence on graft rejection, however, has not been fully elucidated. We
present a histological outline of the predominating cell types on biopsy in patients who have suffered rejection after
induction with alemtuzumab.

Methods: Aretrospective histologic analysis of 181 biopsies obtained from recipients with alemtuzumab induction
diagnosed with acute rejection between March 2006 and May 2015. Biopsies were classified based on description
of the predominant inflammatory cell type in multiple high-power fields. The association of alemtuzumab induction,
baseline recipient demographics, and inflammatory cell type on rejection were assessed.

Results: 181 recipients suffered from acute rejection. 124 (68.5%) from Acute Cellular Rejection (ACR), 24
(13.3%) from Antibody Mediate Rejection (AMR), and 33 (18.2%) combined ACR/AMR. Banff scores included 24
(13.4 %) grade la/lb, 141 (78.8%) grade lla/llb, and 14 (7.8%) grade lll. A single or couplet of cell types predominated
on any given biopsy; 55 (30%) lymphocytes, 52 (29%) monocytes, and 21 (12%) both monocytes and neutrophils
comprised the majority of cases. Lymphocytes and/or monocytes were present in 41 cases, and 37 cases of ACR,
respectively. Monocytes were most prominent in Banff Il rejections (42 out of 141).

Conclusion: Monocytes play a substantial role in transplant rejection after induction with alemtuzumab. These
data suggest monocytes are capable of evading alemtuzumab induction and protocols lacking sufficient steroid

regimens may be susceptible to increased rejection rates and severity.
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Introduction

Acute cellular and antibody-mediated rejections are important
obstacles to long-term success in renal transplantation [1-3].
Alemtuzumab is a human monoclonal antibody classically employed in
the treatment of various hematological cancers. Recently, alemtuzumab
has been employed as an induction agent prior to transplantation with
the advantage of a potential steroid-free regimen [4]. Alemtuzumab is
an immune cell CD52-targeting monoclonal antibody that mediates
lysis through several mechanisms such as cell-mediated cytolysis,
complement-dependent cytolysis, and induction of apoptosis. This
lymphocyte depletion effect may lead to reduced overall rates of acute
cellular rejection and Antibody Mediated Rejection (AMR) [5-7].

Despite advances in immunosuppression protocols in transplant,
certain groups still remain high risk for rejection. Demographic
characteristics such as being under the age of 65, black ethnicity, pre-
sensitization (elevated Panel Reactive Antibody [PRA]), and Delayed
Graft Function (DGF) pose higher risk of rejection [8,9]. Although
alemtuzumab may aid in ameliorating disparities in transplant outcomes
in high risk patients, rejection remains a primary concern [10]. Many
institutions continue to report acute rejection rates in less than 15% of
transplants in non-sensitized patients [7,11-19]. Even in patients who
recover from acute rejection, however, there is still a negative impact on
long-term graft survival.

The mechanism of rejection is initiated when alloantigens, such
as MHG, activate the immune system against the allograft. A defining
feature of acute renal allograft rejection is tubulitis, characterized by
the presence of leukocytes and inflammatory cells in the tubular wall.

Thus, biopsy is the standard in determining rejection, and the Banft
classification model is useful in allowing pathologists to grade the
severity of rejection into mild, moderate, and severe by assessing the
intensity of the infiltrate, arteritis, and tubulitis. While CD8+ T cells are
classically the predominating cell type on biopsy, B cells, monocytes,
NK cells, neutrophils, and eosinophils can dominate as well. There is
an increasing body of evidence that the composition of cells may play
an equal, if not greater, role in determining graft outcomes than the
intensity of infiltrate [16,20,21]. The monocyte lineage is increasingly
recognized as an indicator for worse outcomes and higher Banff scores.
Monocytes are known to be less sensitive for the depleting effects of
alemtuzumab than lymphocytes, possibly due to their heightened
ability to evade complement-mediated cell lysis and their decreased
expression of CD52 antigen [22]. However, the relationship between
rejection and cellular infiltrate on histology is sparsely reported. We
hypothesize that alemtuzumab is associated with more monocyte
involvement in rejection within higher risk populations. Within the
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context of our research, we will be use the term monocyte to represent
monocyte/macrophage as they share the identification marker of CD62.

Methods

We performed an IRB approved single center retrospective
analysis of 181 biopsies from recipients diagnosed with acute rejection
between March 2006 and May 2015. All patients were induced with
alemtuzumab. Screenings, transplants, and follow-up were performed
at The University of Toledo Medical Center. Immunosuppression
included: Alemtuzumab-30 mg IV, or 0.5 mg/kg if less than 60 kg,
Methylprednisolone-500 mg IV, Mycophenolate sodium-720 by mouth
(PO). The majority of recipients were steroid free. All subjects were
negative for T and B cell cross match. All cases of rejection were biopsy
proven; and were obtained percutaneously using sonographic guidance.
Histological preparation of biopsies involved paraffin embedding,
cutting, and staining. Specific stains included CD68 (marker for
macrophages), CD138 (marker for plasma cells), CD3 (marker for
lymphocytes), CD20 (marker for B cells), and C4d (for type of rejection)
by immunohistochemistry with satisfactory positive and negative
controls. Hematoxylin-eosin staining (H&E) was used for neutrophils
and eosinophils. Particular cell type dominance was identified in
multiple high-power fields, per the assessment of an experienced
pathologist. Biopsies were described as having no cells if there were no
principal leukocyte population present. Figures 1 and 2 demonstrate
images of stain biopsies for each corresponding stain described above.
Each is a representative sample image used for cellular identification
and quantification. Severity of rejection was determined using Banff
2013 classification consistent with the most recent guidelines (Figure
3) [23].

Patient demographics were divided based on met criteria. Elderly
patients were defined as age of 65 years or greater. High PRA was
defined as panel reactive antibody 20% or greater upon time of testing.
Patients suffering from Delayed Graft Function (DGF) required dialysis
within 7 days post-transplant. Other recipient characteristics included
ethnicity, and retransplant status. Those suffering from chronic
rejection, determined by presentation, biopsy phenotype, medications,
or outcome, were excluded. For analysis, recipients were not isolated
to a single focus group. For example, if a patient was found to have
both a high PRA and be of elderly age, this patient was examined in
both the elderly and PRA categories independently. Demographic
characteristics, together with the histological profiles of the biopsy
itself, were assessed in concordance with clinical outcomes.

Statistical analyses were performed using SPSS 21.0 (Armonk, IBM

Figure 1: Stains of Cells present in ACR. A: H&E of Acute Cellular Rejection, B:
CD3 Stain for lymphocytes of ACR, C: CD20 for B cells in ACR, D: C4d negative

stain in ACR, E: CD68 stain for Monocytes in ACR, F: H&E for Arteritis in ACR.
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Figure 2: Stains of Cells present in AMR. A: H&E for arteriole in AMR, B: H&E

for glomerulus in AMR, C: C4d positive stain with AMR, D: CD138 stain for
plasma cells in AMR

Banff classification of acute cellular rejection

Borderline | Borderline changes suspicious for acute rejection.
Mild interstitial inflammation (<25% of nonsclerotic cortical parenchyma: i0 oril) plus any
tubulitis (1, 12, or t3) or significant interstitial inflammation (>25% of nonsclerotic cortical
parenchyma; i2 or i3) plus foci of mild tubulitis (t1)

TypeIA | Significant interstitial inflammation (>25% of nonsclerotic cortical parenchyma; i2 or i3) and
foci of moderate tubulitis (t2)

TypeIB | Significant interstitial inflammation (>25% of nonsclerotic cortical parenchyma; i2 or i3) and
foci of severe tubulitis (t3)

TypeIIA | Mild-to-moderate intimal arteritis (v1) with or without interstitial inflammation and tubulitis

TypellB | Severe intimal arteritis comprising >25 percent of the luminal area (v2) with or without
interstitial inflammation and tubulitis

TypeIll Transmural arteritis and/or arterial fibrinoid change and necrosis of medial smooth muscle
cells with accompanying tymphocytic inflammation (v3)

Figure 3: Banff Classifications.

Corp). Data were assessed using two-sided Student’s t-test or Mann-
Whitney U test for continuous variables and Pearson’s Chi-squared Test
or Fisher’s Exact Test for categorical variables. Survival was calculated
using Kaplan-Meier analysis.

Results

A total of 661 patients underwent renal transplantation between
March 2006 and May 2015. Baseline characteristics for recipients and
donor kidney types are outlined in Table 1. A total of 181 patients
suffered rejection (27%), with a median time 82 + 516.3 days. Rejection
diagnoses included 124 (68.5%) ACR, 24 (13.3%), AMR, and 33
(18.2%) combined ACR/AMR. Banft scores included 24 (13.4%) grade
Ta/Ib, 141 (78.8%) grade ITa/IIb, and 14 (7.8%) grade III (Table 2).

Recipients diagnosed with rejection were stratified according to
certain high risk characteristics (Table 2). No statistical significant
association with rejection was found for elderly (22.5% vs. 28.7% for
control, p=0.163), black race (30.4% vs. 26.60%, p=0.349), deceased
donation (27.8% vs. 26.5%, p=0.766), ECD (27.3% vs. 27.7%, p=0.942)
or high PRA status (34.5% vs. 25.9%, p=0.069). Significant findings
included DGF (49.2% vs. 24.8%, p<0.001) and retransplantation (35.4%
vs. 24.5%, p=0.006).

Biopsy results were analyzed as they pertained to the demographics
of the recipients previously discussed. Predominant inflammatory cell
type on biopsy included 11 (6.1%) eosinophils, 19 (10.5%) neutrophils
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Median age (S.D.)
Median BMI
Diabetes Mellitus

52.3 years (13.8)
28.1 (5.0)
253 (38.4%)

Sex (male) 419 (63.5%)
Ethnicity
White 470 (71.2%)
Black 148 (22.4%)
Hispanic 29 (4.4%)
Asian 13 (2%)
Donor Status
Deceased 490 (74.2%)

Extended Criteria 55 (8.3%)
48 (7.2%)
83 (12.6%)

138 (20.9%)

Deceased after Cardiac Death
Related
Living
Table 1: Study demographics.

Rejected (% of
total)

Non-rejected

Factor N
population

Significance

Elderly (>65 yoa) 31 (17.1%) 107 (22.3%) 0.163
Black race 45 (24.9%) 103 (21.5%) 0.349
Retransplant 63 (34.8%) 115 (24.0%) .006*
DGF 31 (17.5%) 32 (6.8%) <0.001*
PRA>20% 41 (22.9%) 78 (16.5%) 0.069

Incidence (% of Incidence (% of

Rejection Type total) Banff Score total)
-ACR 124 (68.5%) -la/lb 24 (13.4%)
-AMR 24 (13.3%) -lla/lib 141 (78.8%)

-ACR/AMR 33 (18.2%) -l 14 (7.8%)

Table 2: Rejection populations of interest.

alone, 21 (11.6%) neutrophils and monocytes, 23 (12.7%) plasma
cells, 52 (28.7%) monocytes alone, and 55 (30.4%) lymphocytes
(Table 3). Monocytes alone, along with neutrophils in combination
with monocytes, as the principal cell type were more prevalent over
lymphocytes for our patient population.

Banff scores were also assessed in comparison to cell types.
Lymphocytes were found to have the highest frequency of Banft III
(n=7,50%). Neutrophils (n=16, 11.3%), eosinophils (n=8, 5.7%), plasma
cells (n=21, 14.9%), monocytes (n=42, 30.0%), and neutrophils with
monocytes (n=16, 11.3%) were all present in higher frequency on Banft
II biopsies. We report 24 cases of Banff I rejection; cell predominance
was as follows: neutrophils=1, eosinophils=1, Plasma cells=2,
monocytes=9, neutrophils with monocytes=3 and lymphocytes=8.

In terms of overall death-censored graftloss, all 181 cases of rejection
were analyzed according to cell type. The results of predominant cell
type for each case of rejection with graft loss included: 3 (5.2% of
total) eosinophils, 3 (5.2%) neutrophils and monocytes, 7 (12.0%)
neutrophils alone, 8 (13.8%) plasma cells, 17 (29.3%) monocytes,
and 22 (34.4%) lymphocytes. Monocytes predominated in terms of
frequency in patients with a high Banff classification and were second
only to lymphocytes in terms of its association with death-censored
graft loss (Table 4).

In addition, cell types present on biopsy were compared in each
high risk focus group. Significant histological findings, at p<0.05,
include neutrophils predominating for elderly (9, 29% for elderly vs. 10,

6.7% in control), retransplant showing eosinophils (7, 11.1% vs. 4, 3.4%
in control), and lymphocytes being present in black race patients (20,
44.4% vs. 35, 25.7% in control). All other cell type/groups comparisons
were not significant. Common, yet non-significant, cells seen in each
group include monocytes for the elderly (9, 29%), monocytes for DGF
patients (11, 35.5%), monocytes and lymphocytes in retransplantation
patients (18, 28.6% each), monocytes and lymphocytes for black
race patients (9, 20% and 20, 44.4%, respectively) and monocytes
and lymphocytes for high PRA patients (13, 31.7% and 15, 36.6%,
respectively) (Table 3).

Discussion

Alemtuzumab has a successful history of reducing acute rejection
post transplantation [5, 24-26]. Despite this success, we uncovered a
high rate of rejection with a reported frequency of 27%, greater than
other institutions utilizing alemtuzumab. In the face of these findings,
our institution is experimenting with long-term steroid maintenance
in individuals determined to be at greater risk for rejection, as early
steroid withdrawal is suspected to play a larger role in certain high
risk populations. Our data, however, identifies monocytes as a likely
contributor to rejection in general as their presence was highly
correlated with rejection rates and graft failure for each high risk
patient group examined, as well as higher Banff classification discussed
later. Thus, we suggest that use of alemtuzumab contributes to a shift
in circulating immune cells that may alter outcomes in those who
experience acute rejection.

Monocytes, peripheral blood macrophage precursors, are members
of the innate immune system that play several roles in the promotion
of inflammation and in tissue healing [23]. Monocytes have been
implicated in allograft rejection in a number of ways. Schinstock et
al. [27] revealed that transplant glomerulopathy develops in the wake
of chronic AMR and is likely driven by complement-independent
pathways that include NK cells and monocytes. Recent discoveries
relating to the biological function of monocytes have identified novel
roles for these cells in the establishment and regulation of inflammation
within the context of transplantation. However, the role of monocytes
contains complexities that require additional research to delineate their
precise contribution to the development of inflammation responsible
for inhibition of allograft function [20]. Our identification of monocyte
residence within the majority of rejection allografts supports the
hypothesis that monocytes are indeed correlated with rejection. Further
research is imperative to determine what role, and by what mechanism,
monocytes play within the context of promoting allograft damage and
renal rejection.

Alemtuzumab’s use as an induction agent in transplant remains
off-label. As a humanized monoclonal antibody, alemtuzumab targets
the cluster of differentiation 52 that is highly expressed on T and B
cell populations [28]. CD52 is also expressed on a number of cells of
the innate immune system, including eosinophils, plasma cells, and,
to a lesser extent, neutrophils and monocytes [29-31]. However, the
mechanism of alemtuzumab includes potent complement stimulation,
which allows for effective ablation of members of both the innate and
adaptive immune system through complement-mediated cellular
lysis via direct antibody/epitope binding and complement activation
[32]. Yet, when monocytes are considered, our understanding of this
particular mechanism becomes less clear.

Fabian et al. [33] demonstrated that monocytes clearly express
CD52, justifying the use of alemtuzumab for their ablation.
Nonetheless, monocytes continue to be associated with renal rejection
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Risk Factor Neutrophils Eosinophils Plasma Cells Monocytes Neutrophils and Lymphocytes
Monocytes
Elderly 9 (29%)" 2 (6.5%) 1(3.2%) 9 (29%) 4 (12.9%) 6 (19.4%)
DGF 5(16.1%) 1(3.2%) 2 (6.5%) 11 (35.5%) 4 (12.9%) 8 (25.8%)
Retransplant 6 (9.5%) 7 (11.1%)? 8 (12.7%) 18 (28.6%) 6 (9.5%) 18 (28.6%)
Black Race 4 (8.9%)° 1(2.2%) 6 (13.3%) 9 (20%) 5 (11.1%) 20 (44%)
PRA (>20) 3 (7.3%) 1(2.4%) 4 (9.8%) 13 (31.7%) 5(12.2%) 15 (36.6%)
Banff la/lb 1(5.3%) 1(9.1%) 2 (8.7%) 9 (17.3%) 3 (14.3%) 8 (15.1%)
Banff lla/llb 16 (84.2%) 8 (72.7%) 21 (91.3%) 42 (80.8%) 16 (76.2%) 38 (71.7%)
Banff llI 2(10.5%) 2(18.2%) 1(1.9%) 2 (9.5%) 7 (13.2%)
AMR 1(5.3%) 3 (27.3%) 6 (26.1%) 5(9.6%) 3 (14.3%) 6 (10.9%)
ACR 13 (68.4%) 4 (36.4%) 15 (65.2%) 37 (71.2%) 14 (66.7%) 41 (74.5%)
ACR/AMR 5 (26.3%) 4 (36.4%) 2 (8.7%) 10 (19.2%) 4 (19%) 8 (14.5%)
Total (pop) 19 1 52 21 55

Due to double-counting patients between groups, numbers are not summative. Significant differences (p<0.05) of note: 'control=6.7%, *control=3.4%, 3control=25.7%

Table 3: Histological presentation and diagnostic features.

Cell Type Death-Censored Graft Loss
Neutrophils 7 (12.1%)
Eosinophils 3(5.2%)

Plasma Cells 8 (13.8%)

Monocytes 17 (29.3%)

Neutrophils+Monocytes 3(5.2%)

Lymphocytes 20 (34.5%)

Percent shown is of total death-censored graft loss.

Table 4: Death-censored graft survival by cell type.

in presence of alemtuzumab induction. Lenihan et al. report monocytic
infiltration with alemtuzumab induction, postulating that properties of
alemtuzumab permit the infiltration of monocytesleading to subsequent
contributions to transplant glomerulitis [21]. The contradictory
expression of CD52 by monocytes in conjunction is mechanistically
puzzling. Sambasiva et al., utilizing flow cytometry and peripheral blood
of donors, demonstrated that while monocytes do express CD52, they
also expressed a relatively greater quantity of complement inhibitory
proteins (CIPs) as compared to CD52 expression. This property
potentially renders monocytes far less susceptible to complement
mediated cell lysis precipitated by alemtuzumab, rendering monocytes
the ability to promote future rejection.

Given that our patient population was treated solely with
alemtuzumab pre-operatively, an explanation is offered as to why
monocytes are the predominant cell type present post-induction
and stand to contribute to allograft rejection. Indeed, we report that
monocytes were the most commonly observed cell type seen on biopsy
irrespective of associated risk factors and were correlated with adverse
outcomes including graft failure as indicated by their high Banff
classification. This supports the notion of potential contributions by
monocytes to heightened rejection severity. Zhang et al. [34] found
that monocytes were associated with acute cellular rejection with
alemtuzumab induction and further demonstrated that these rejections
responded well to steroid treatment. This suggests that the steroid free
properties of alemtuzumab may be blunted in higher-risk patients, and
that these groups may benefit from the addition of corticosteroids to
their regimen.

We report a rejection frequency of 27% with 18.7% being Acute
Cellular Rejection (ACR) (69.3% of rejection) and 3.6% being AMR
(13.3% of rejections) at 5 years of follow up. While this confirms the trend
that alemtuzumab decreases the risk of AMR, our overall rejection rate
is considerably higher than the national average. By comparison, other

institutions report frequencies of ACR varying from 4.4% to 14.4%
depending on follow up, with most studies achieving a primary end
point of 5 years [11-17]. For AMR, rejection rates have been reported to
range from 6.39% to 15%, where a five year follow up was attained in the
majority of studies [7,18,25]. Therefore, we have amended our protocol
to include long-term maintenance steroids in high risk patients as well
as also encouraging a full dosage of mycophenolate.

The benefits of alemtuzumab and minimal steroid usage in
kidney transplant have been well documented. However, few have
acknowledged the potential consequences of alemtuzumab induction
should the complication of rejection arise. Our research provides
meaningful insight into the inflammatory intricacies of rejection as well
as the correlations between recipient populations and induction agent.
Furthermore, uniform pre- and post-operational transplant protocols
were used throughout, therefore minimizing confounding factors.
Although it must be included that our investigation has a number
of limitations. As a single center, results may not be applicable to all
regions. Secondly, the retrospective nature of this study lends itself to
the difficulties of inadequate follow-up data. A relatively small sample
size of recipients experiencing rejection proved difficult for statistical
analysis in some instances. Lastly, there was also no control group.

In conclusion, we highlight the complexities of using alemtuzumab
as an induction agent and suggest that monocytes are more likely to
play a significant role in rejection when this agent is used. Given that
Zhang et al. demonstrated that monocytes were responsive to steroids,
it is very likely that our postoperative immunosuppression protocols
lack sufficient implementation of steroids in a capacity which would
inhibit the rejection promoting function of monocytes. Monocytes are
capable of evading this induction and potentially promote deleterious
allograft outcomes. Our results, as well as previous studies, also
suggest that aggressive treatment is justified in the post-rejection
setting should monocytes be seen on renal biopsy, as monocytes were
present in a significant number of patients with adverse outcomes.
Future investigations are needed in order to determine the mechanism
by which monocytes damage allograft tissue within this context, and
more importantly, the aim of future studies is to ultimately identify a
therapeutic agent that can combat monocyte-dominant rejection.
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