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Abstract
Repopulation of memory T cells (Tmem) in allograft recipients after lymphodepletion is a major
barrier to transplant tolerance induction. Ineffective depletion of naïve T cells (Tn) and Tmem
may predispose to repopulation of Tmem after transplantation. Cynomolgus macaque monkeys
given heart allografts were lymphodepleted using Alemtuzumab (Campath-1H; anti-CD52).
Peripheral blood (PB) and lymph nodes (LN) were analyzed for CD95− (Tn) and CD95+ cells
(Tmem), one day, one month and up to three months after Alemtuzumab infusion. CD52
expression, susceptibility to Alemtuzumab cytotoxicity and pro-apoptotic caspase-3 were
evaluated in Tn and Tmem. In vivo, Alemtuzumab induction profoundly depleted lymphocytes in
PB (99% reduction) but exerted a lesser effect in LN (70% reduction), with similar depletion of Tn
and Tmem subsets. After transplantation, Tmem comprised the majority of lymphocytes in PB and
LN. In vitro, LN T cells were more resistant to Alemtuzumabmediated cytotoxicity than PB
lymphocytes. CD4+ Tn and Tmem were equally susceptible to Alemtuzumab-mediated
cytotoxicity, whereas CD8+ Tn were more resistant than CD8+ Tmem. However, no significant
differences in CD52 expression between lymphocyte subsets in PB and LN were observed.
Caspase-3 expression was higher in PB than LN T cells. CD4+ and CD8+ Tn expressed lower
levels of Caspase-3 than Tmem, in both PB and LN. Thus, after Alemtuzumab infusion, residual
Tn in secondary lymphoid tissue may predispose to rapid recovery of Tmem in allograft
recipients.
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1. Introduction
Memory T cells (Tmem) exhibit several characteristics such as high levels (compared with
naïve T cells; Tn) of adhesion molecule expression, less dependence on costimulatory
signals and a distinct cytokine profile, that enhances their ability to clear foreign antigen [1–
5]. These properties are a threat to graft survival after transplantation, where Tmem
constitute a major barrier to tolerance induction [6, 7].

To overcome this problem, many agents have been used to induce lymphodepletion, such as
Alemtuzumab and antithymocyte globulin (ATG) [8, 9]. Alemtuzumab (Campath-1H) is a
humanized IgG1 monoclonal antibody (mAb) directed against CD52,- a cell surface
glycoprotein expressed on all lymphocytes, natural killer cells, monocytes, and dendritic
cells [10]. Alemtuzumab is used to treat leukemia [11], lymphomas [12], and autoimmune
diseases such as rheumatoid arthritis [13]. It is also used as pre-operative induction therapy
in transplantation due to its potent ability to deplete T and B cells from the circulation [8].
However, severe lymphodepletion following alemtuzumab infusion is associated with
repopulation and rapid recovery of Tmem, that is also seen with other lymphodepleting
agents [14–23], giving rise to the concept that Tmem are resistant to lymphodepletion. On
the other hand, it has been reported that, in mice, Tmem repopulation after T cell depletional
therapy results from homeostatic proliferation of naïve T cells (Tn) that possess a superior
proliferative capacity in a lymphodepleted environment [24]. Moreover, it has been reported
that naïve CD4 and CD8 T cells, recently emigrated from the thymus (CD31+ Tn), are the
main contributors to early Tmem repopulation in both pediatric and adult populations
despite thymic involution in adults [25]. In rodents, there is evidence that Tmem are the
product of homeostatic proliferation of lymphodepletion-resistant Tmem and/or Tn [24].
Tmem repopulation in peripheral blood (PB) following lymphodepletion has been reported
previously in both humans and non-human primates (NHP), but the mechanisms underlying
Tmem repopulation are not fully understood [14–17, 19, 22, 26]. Moreover, little has been
documented concerning the kinetics of lymphocyte depletion and recovery in lymphoid
tissue of NHP or humans following T cell depletion. Here, we have performed a detailed,
sequential analysis of the influence of alemtuzumab on depletion and recovery of
lymphocyte subsets in the PB and lymph nodes (LN) of heart-transplanted Indonesian
cynomolgus monkeys.

2. Materials and Methods
2.1 Animals

Healthy cynomolgus monkeys (Macaca fascicularis) of Indonesian origin, weighing 3–5kg,
were obtained from specific pathogen-free colonies at Alpha Genesis, Inc, or the National
Institute of Allergy and Infectious Diseases colony (both Yamassee, SC). All animal
procedures were performed in accordance with the Guide for the Care and Use of
Laboratory Animals prepared by the Institute of Laboratory Animal Resources and
published by the National Institutes of Health (NIH Publication No. 86-23, revised 1985),
and under a University of Pittsburgh Institutional Animal Care and Use Committee-
approved protocol. Environmental enrichment was provided. Unlike humans, most NHP
species express CD52 on both white and red blood cells, leading to severe anemia when
using Alemtuzumab [27]. The Indonesian sub-species of cynomolgus macaque however, has
been reported to be resistant to anemia induced by Alemtuzumab due to lack of CD52

Marco et al. Page 2

Transpl Immunol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



expression on its erythrocytes [28, 29]. Cynomolgus monkey CD52 shares 85% structural
homology with its human counterpart [30].

2.2 Immunosuppression and surgical procedures
Six monkeys received a heterotopic heart transplant from an ABO-compatible allogeneic
donor on day 0 (Table 1). Anesthesia, heart excision in donor monkeys, and heterotopic
intra-abdominal heart transplantation were performed as described [31]. On days −2 (two
days before transplant), and on days 5 and 12 after transplant, the recipient was given an
intravenous (i.v.) infusion of Alemtuzumab (Campath-1H; Genzyme, Cambridge, MA) at
doses of 20, 10 and 10 mg/kg, respectively. Maintenance immunosuppression consisted of
mycophenolate mofetil (MMF) (Genentech USA, Inc., South San Francisco, CA) from day
-1 to 18 (target trough levels of 3–6 mg/mL), followed by rapamycin (LC Laboratories,
Woburn, MA) from days 19 to 54 (target trough levels of 10–15 ng/mL) after which
rapamycin was weaned slowly and discontinued completely on day 84.

Lymph nodes (LN) were obtained from normal monkey donors or excised from four of the
six graft recipient monkeys on d0 (on the day of transplant), 1, 2 or 3 months after
transplant, and at euthanasia.

2.3 Collection and preparation of samples
Normal, untreated monkeys were used as blood and LN donors for in vitro experiments.
Whole blood, Ficoll-purified PB mononuclear cells (PBMC) and LN were obtained from
normal monkeys, either immediately upon isolation or after storage in liquid N2 (−80°C).
Blood samples were drawn from the recipient monkeys before Alemtuzumab infusion, on
day 0, then weekly after transplant to monitor T cell subsets. Calculation of absolute cell
numbers was based on the WBC counts obtained from our Institution’s hematology
laboratory and applying the % of positively stained cells by flow cytometric analysis.

LN obtained either from naïve or transplanted monkeys were weighed, and either stored in
liquid N2 (−80°C), or used for cell isolation. Cells were isolated by gently mashing the
tissue in a sterile petri dish. Lymphocytes were filtered through a 70µm cell strainer, washed
with PBS, then counted to obtain cell numbers per mg LN, followed by staining and flow
cytometric analysis.

2.4 Flow cytometric analysis
For cell surface staining, the following conjugated antibodies were used: PerCP-cy5 CD3
(clone: sp34-2), APC CD4 (clone: L200), APC-Cy7 CD8 (clone: RPA-T8), all from BD
Pharmingen (San Diego, CA). CD95 PE-Cy7 (clone: DX2) from Biolegend (San Diego,
CA). FITC CD52 (clone: YTH34.5) from Serotec (Raleigh, NC). FITC Caspase-3 (clone:
C92–605) and Bcl-2 (clone: Bcl2/100) from Pharmingen BD. For intracellular staining, cell
fixation and permeabilization were performed using Fix and Perm reagent (BD
Pharmingen). Events were collected using an LSR-II (San Jose, CA), or Fortessa (BD
Biosciences) flow cytometer, and analyzed with Flowjo software (Ashland, OR).

2.5 Alemtuzumab-mediated cytotoxicity assay
Stored PBMC (from PB), LN and autologous serum were obtained from the same normal
monkeys (n=4). PBMC and LN cells were thawed and then 1× 106 cells were added to 5 ml
flow tubes, washed with phosphate-buffered saline (PBS), and resuspended in RPMI media
supplemented with 30% v/v autologous serum. Alemtuzumab was then added at different
concentrations to appropriate flow tubes (10µg/ml, 50µg/ml, and 100µg/ml). Control tubes
(no Alemtuzumab added) were included. All tubes were incubated at 37°C in a humidified
atmosphere containing 5% CO2 for 4 hours. After incubation, the cells were washed with
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PBS, and then surface stained for flow analysis. CountBright absolute counting beads
(Invitrogen) were added to each sample before collecting the flow events to count the cells
based on the following formula (# of cell events / # of bead events = assigned bead count of
the lot / volume of the sample).

2.6 Caspase-3 expression
To induce apoptosis, PBMC or LN cells were incubated with Camptothecin (Sigma; St.
Louis, MO) in 6-well plates with each well containing 3 ml of RPMI + 10% fetal calf serum
(FCS) media, Camptothecin (5 µM/well) and 4×106 cells. The cells were incubated for 8
hours at 37°C in a humidified atmosphere containing 5% CO2. After incubation, they were
washed with PBS, surface stained, then fixed and permeabilized for intracellular staining.

2.7 Statistical analyses
Continuous variables were expressed as means ± standard deviation. Differences between
groups were evaluated using Student’s paired ‘t’-test. Statistical analyses were conducted
using the standard formulas in Microsoft Excel software; a ‘P’ value <0.05 was considered
significant.

3. Results
3.1 Profound T cell depletion in PB but not in LN of heart transplant recipients after one
dose of Alemtuzumab

An initial dose of Alemtuzumab resulted in nearly complete depletion of all T cells (97.5%
±2%) in the PB (day 0 post-transplant; Figure 1). CD3+T cells declined from 3669±99/ml
before Alemtuzumab to 99±74/ml (P<0.001), 2 days after its infusion. Alemtuzumab was
less effective in LN, where it induced less T cell depletion (70%±11% in comparison to
normal monkeys); CD3+T cells in LN 2 days after one dose were 234 ± 87 ×103/mg LN
tissue, compared to normal monkeys, where CD3+ T cells in LN were 770 ± 290 ×103/mg
LN tissue (P<0.001). One month after 3 doses of Alemtuzumab, the extent of depletion in
LN increased to 85.5%±9%; CD3+ cells were 120 ± 76 ×103/mg LN tissue (p<0.001).

3.2 Similar depletion of Tn and Tmem in the PB after Alemtuzumab infusion
Total CD3+T cell numbers were suppressed efficiently by Alemtuzumab infusion. CD3+T
cell numbers were maintained at < 20 ± 20 cells/ml, until 3 weeks post-transplant (1 week
after the last dose of Alemtuzumab). During this period, CD8+T cell repopulation was more
marked than that of CD4+T cells (Figure 2A), with higher percentages of CD8+ than CD4+T
cells in the circulation. Based on cell surface staining, Tmem in NHP are considered CD95+,
while Tn are CD95− [32]. We evaluated Tn and Tmem in the PB before and after
Alemtuzumab infusion (Figure 2B). After the initial dose of Alemtuzumab (i.e. on day 0),
there was similar, profound depletion of both Tn and Tmem in the PB (Figure 2B and C), for
both CD4+T cells (97%±2% and 97%±1%, respectively) and CD8+T cells (93%±6% and
98%±1%, respectively). Following 2 doses of Alemtuzumab (i.e. 1 week after
transplantation) and subsequently until the time of heart graft rejection between 1 and 3
months (Table 1), we observed that Tmem constituted the majority of T cells in the
peripheral circulation (Figure 2C).

3.3 Similar depletion of Tn and Tmem in LN after Alemtuzumab infusion
Because circulating lymphocytes in the periphery at any given time represent only a small
percentage of total lymphocytes, we examined lymphocyte depletion in the secondary
lymphoid organs to provide a more accurate picture of T cell depletion. Based on CD95
expression, we evaluated Tn and Tmem in LN CD4+ and CD8+T cell populations following
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Alemtuzumab infusion in the monkey heart transplant recipients and compared the data to
LN obtained from normal monkeys (Figure 3A). As shown in Figure 1, T cell depletion was
evident in LN after the first dose of Alemtuzumab (day 0, although the effect was not as
marked as in PB). Following the first dose of Alemtuzumab, the percentages of Tn and
Tmem for both CD4+T cells (51%±14% and 49%±15%, respectively) and CD8+T cells
(64%±24% and 36%±24%, respectively) were similar to those in normal monkeys (Figures
3A and 3B), indicating that Tn and Tmem in LN was depleted to similar extents. However,
at 1 month, Tmem constituted the majority of T cells in LN. The incidence of CD4 Tn was
3%±3%, while that of CD4 Tmem was 97%±3%. Similarly, CD8 Tn represented 4%±4%,
while CD8 Tmem represented 96%±4%. At 2–3 months, the percentages of Tn and Tmem
remained similar to those at 1 month.

3.4 CD4 naïve and memory T cells are equally susceptible, while CD8 naïve T cells are
relatively resistant to Alemtuzumab-mediated depletion in vitro

At 1 month after Alemtuzumab, Tmem (particularly CD8+) constituted the major T cell
population in the peripheral circulation and LN of the heart graft recipients. We considered
that this might be due to a disparate depleting effect of Alemtuzumab on Tmem versus Tn.
Thus we evaluated the influence of Alemtuzumab on Tn and Tmem in cytotoxicity assays in
vitro (Figure 4). Targets were lymphocytes isolated from normal cynomolgus monkey LN,
and PBMC isolated from PB. Target cells were incubated with autologous serum and
different concentrations of Alemtuzumab for 4 hours. Percentages and absolute numbers of
CD3+, CD4+ and CD8+T cell populations were calculated by flow cytometry.

As seen in Figure 4A, Alemtuzumab killed total CD3+T cells from both PB and LN. At
100µg/ml, PB CD3+T cell survival was 60%±11%, while that of LN CD3+T cells was 79%
±16%. At 100µg/ml concentration, Alemtuzumab-induced cytotoxicity was evident in PB
total CD4+ and CD8+T cell populations (Figure 4B). PB CD4+T cells survival was 41%
±14%, while CD8+T cell survival was 64%±8%. Among CD4+T cells, the effect of
Alemtuzumab on both Tn and Tmem was similar (survival at 100µg/ml was 39%±8% and
42%±18%, respectively) (Figure 4B). For PB CD8+T cells, Tn were significantly more
resistant to killing by Alemtuzumab than Tmem (survival at 100µg/ml was 83%±10% and
60%±8%, respectively; p<0.01) (Figure 4B).

For LN lymphocytes, at 100 µg/ml, Alemtuzumab-induced cytotoxicity was evident in total
CD4+ and CD8+T cells populations, as for PB cells. LN CD4+T cell survival was 61%
±21%, while CD8+T cell survival was 83%±5% (Figure 4C). Among CD4+T cells, the
effect of Alemtuzumab on both Tn and Tmem was similar (survival at 100µg/ml was 62%
±26% and 64%±17%, respectively). For LN CD8+T cells, Tn were also significantly more
resistant than Tmem (survival at 100µg/ml was 87%±5% and 75%±8%, respectively;
p<0.01). These data indicate that cynomolgus monkey PB and LN CD8+T cells are
significantly more resistant to Alemtuzumab killing than CD4+T cells (p<0.05), with CD8+

Tn cells being the most resistant.

3.5 CD52 expression on T cells in LN and PB
The differences observed in susceptibility to Alemtuzumab-mediated cytotoxicity may be
attributable to differences in the binding of Alemtuzumab to lymphocyte sub-populations.
Thus, we evaluated the expression of CD52 on different T cell subsets in both PB and LN
using flow cytometry. As seen in Figure 5A, CD52 expression on total CD3+T cells in PB
was similar to that on CD3+T cells in LN (relative MFI: 18±6 and 19±6, respectively).
Although there was a trend towards higher CD52 expression on CD4+ than CD8+ T cells,
there was no significant difference in CD52 expression between PB and LN. Interestingly,
the lowest CD52 expression was observed on CD8 Tn.
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3.6 T cell sub-populations in LN express less Caspase-3 than those in PB
Resistance to apoptosis may play a role in the susceptibility of T cell subsets in PB and LN
to Alemtuzumab-induced killing. Cells from PB and LN were evaluated for apoptosis
induction and the expression of anti-apoptotic (Bcl-2) [33] and pro-apoptotic (caspase-3)
[34] molecules. To promote apoptosis, the cells were incubated with 5µM Camptothecin
[35] for 8 hours. After this period, there was no difference in the expression of Bcl-2 by
different T cell subsets (data not shown). As seen in Figure 6, caspase-3 expression was
significantly higher in all subsets in PB, compared with LN T cells (p<0.05). There were
increased percentages of caspase-3+ cells after Camptothecin exposure for all subsets.
Moreover, there were more caspase-3+ cells among Tmem than Tn, suggesting that Tn are
more resistant to apoptosis induction. There were no significant differences in caspase-3
expression between CD4+ and CD8+T cells before or after camptothecin treatment.
Collectively, these data suggest that combined lower expression of caspase-3 and CD52 by
CD8+ Tn may promote resistance to Alemtuzumab-mediated killing in vitro.

4. Discussion
We evaluated T cell repopulation following lymphodepletion by Alemtuzumab in heart-
transplanted cynomolgus monkeys. It has been reported that, in humans, depletion in the
peripheral circulation occurs as early as one hour after Alemtuzumab infusion [14]. Our data
show that a single dose of Alemtuzumab leads to profound depletion of Tn and Tmem in the
PB (97.5%), but not to the same extent (70%) in LN within 24 hours. After one dose of
Alemtuzumab, only 70% depletion of total CD3+T cells occurred in the LN, with similar
depletion of both Tn and Tmem populations. Kirk et al [14] have reported that human iliac
LN taken after three doses of Alemtuzumab exhibit predominance of a CD45RO+ Tmem
population. This is consistent with our current data obtained in monkeys after a third dose of
Alemtuzumab, were Tmem represented >96% of both CD4+ and CD8+T cells.

Repopulation of T cells occurred by 3–4 weeks post-transplant, as reported previously for
ATG in NHP [18] and Alemtuzumab in humans [17]. In the present study, CD8+T cells
reached pretreatment levels by 3 months post-transplant, while CD4+T cells were < 50% of
pre-treatment levels at this time. In humans, T cells recover to 50% of pretreatment levels by
36 months, with initial recovery of CD8+ T cells, followed by CD4+T cells at later time
points [17]. In normal cynomolgus monkeys given Alemtuzumab in the absence of
transplant, complete CD8+T cell recovery occurred by day 35, while CD4+T cell recovery
occurred by day 56 [36]. While our observations are consistent with those of others [20, 24,
29, 37], some reports indicate that Tmem are more resistant to depletion [16, 19]. In these
latter reports, depletion by Alemtuzumab has not been studied after a single infusion. It is
known however, that lymphocyte sub-populations in the LN differ from those in the PB in
their activation status and survival [9, 38–40].

To further evaluate the influence of Alemtuzumab on Tn versus Tmem, we performed
cytotoxicity assays as described [41]. In correlation with our in vivo observations, CD3+T
cells in LN were more resistant to killing than CD3+T cells in PB. Also, CD4+T cells were
more susceptible to Alemtuzumab-mediated killing than CD8+T cells in PB, as reported
previously [41]. While CD4+ Tn and Tmem were equally depleted, CD8+ Tn were more
resistant to depletion than Tmem. These observations contradict previously reported human
data [16], where Tmem were more resistant to in vitro depletion. Others have shown that
CD4+ and CD8+T cell subsets are depleted equally by Alemtuzumab in vitro [42]. This
discrepancy may be due to the different species studied (human versus NHP), and to use of
different cytotoxicity assays. Of note, our analyses were based on distinct phenotypes for Tn
(CD95−) and Tmem (C95+) in NHP and did not include further subtypes of Tmem (effector
memory and central memory) based on CD28 expression.
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In vivo T cell resistance to Alemtuzumab depletion in LN may be due to differences in the
bioavailability of Alemtuzumab in LN and PB, where more than one dose of Alemtuzumab
can induce more T cell depletion (Figure1). Another possible explanation is variable binding
of Alemtuzumab to lymphocytes in PB versus LN. Although we found no significant
differences in CD52 expression between populations, it was least expressed on CD8+ Tn.
Our data suggest that inadequate depletion in LN after Alemtuzumab infusion may provide a
reservoir of T cells that can contribute to Tmem repopulation, as reported previously in mice
and NHP [37, 43]. Our observations also suggest that repopulation of Tmem following their
depletion in monkey heart transplant recipients may be due either to expansion of remaining
Tmem that survive initial depletion by Alemtuzumab [44], or to homeostatic expansion of
Tn [24, 25] and their conversion of to Tmem after transplantation [45–47]. Studies in mice
[48] have shown that Tn undergoing homeostasis-driven proliferation can convert to a
phenotypic and functional state similar to that of Tmem, but distinct from Ag-activated
effector T cells. These ‘pseudo-memory’ T cells revert to a naïve phenotype once the
cellularity of the lymphoid compartment is restored. It is not clear whether these cells
participate in rejection and/or resistance to tolerance. It would have been of interest to
ascertain (e.g. using a MLR assay) the frequency of both alloreactive and donor-specific T
cells amongst the T cells that underwent homeostatic expansion in our model. However, the
very limited numbers of lymphocytes that could be isolated from blood or LN following
profound lymphodepletion precluded these functional analyses.

A recent report by Nadazdin et al [49] suggests that expansion of donor-specific Tmem
rather than overall homeostatic expansion of Tmem is relevant to rejection in renal-
allografted NHP (cynomolgus monkeys). Thus ‘true’ long-lived Tmem (as opposed to
‘pseudo-memory’ T cells) are characterized by high levels of anti-apoptotic gene expression.
Differences in the expression of proand anti-apoptotic molecules among Tn and Tmem have
been reported [50–52]. Here, we investigated the expression of Bcl-2 in Tn and Tmem, but
found no difference between different T cell subsets in both blood and LN, either before or
after apoptosis induction with Camptothecin (data not shown). This correlates with
previously reported data showing that Bcl-2 plays only a minor role in Alemtuzumab-
induced apoptosis [53]. We have found increased pro-apoptotic caspase-3 expression in
Tmem cells in both PB and LN. These data are consistent with previously reported evidence
that the T central memory population has higher caspase-3 levels [52], while others have
reported that CD8+ effector and terminally-differentiated effector memory sub-populations
have less caspase 3 when compared to naïve and central memory T cells [54]. In our
cynomolgus monkey model, resistance to apoptosis of LN cells in comparison to PB cells
correlates with resistance to Alemtuzumab-mediated cytotoxicity. This may be relevant to
lower levels of depletion of LN cells after Alemtuzumab in vivo.

5. Conclusion
In conclusion, our data extend previous observations regarding repopulation of Tmem after
lymphocyte depletion in organ allograft recipients. They also provide further insight into
factors that contribute to Tmem survival and recovery after organ allotransplantation.
Ineffective depletion of LN T cells and relative resistance of Tn (particularly CD8+ Tn) to
Alemtuzumab killing is likely to contribute to the preferential repopulation of Tmem
through the conversion of Tn to Tmem after transplantation.
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Abbreviations

ATG anti-thymocyte globulin

LN lymph node(s)

MFI mean fluorescence intensity

NHP non-human primate

PBMC peripheral blood mononuclear cells

Tmem memory T cell(s)

Tn naïve T cell(s)
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Highlights

• Alemtuzumab induction depletes peripheral blood more than LN lymphocytes

• After transplantation, memory T cells comprise the majority of lymphocytes

• LN T cells are more resistant to Alemtuzumab-mediated killing than blood T
cells

• After depletion, naïve T cells in LN may account for rapid recovery of memory
T cells
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Fig. 1.
Total T cell (CD3+) depletion in peripheral blood (PB) and lymph nodes (LN) of
cynomolgus macaques after Alemtuzumab infusion. Percentages of total CD3+ T cells are
shown in PB (in comparison to pre- alemtuzumab infusion; n=6) and in LN (in comparison
to normal monkeys; n=4) on day 0 (day of transplant; 2 days after Alemtuzumab) and 1
month post-transplant (after the third dose of Alemtuzumab). The pre-Alemtuzumab value
in LN was estimated by using the average of CD3+ T cells in LN obtained from normal
monkeys (n=6). (*** p<0.001)
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Fig. 2.
Naïve (Tn) and memory T cells (Tmem) in the peripheral blood (PB) before and after
Alemtuzumab infusion. Blood samples were drawn from the heart graft recipient
cynomolgus monkeys (n=6) before Alemtuzumab (baseline), on the day of transplant (day 0;
2 days after the first Alemtuzumab infusion), then weekly and monthly thereafter. After
gating on CD3+CD4+ and CD3+CD8+ cells, Tn (CD95−) and Tmem (CD95+) subsets were
enumerated. (A) Absolute numbers of CD3+, CD3+CD4+ and CD3+CD8+ T cells (left), and
percentages (%) of total CD3+CD4+ and CD3+CD8+ T cells (right) in PB. (B) Flow
cytometric analysis of Tn (CD95−) and Tmem (CD95+) in PB at various times, before and
after Alemtuzumab infusion. (C) Absolute number and percentage (%) of baseline of CD4+

(upper) and CD8+ (lower) Tn (CD95−) and Tmem (CD95+) subsets, before and after
Alemtuzumab infusion.
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Fig. 3.
Repopulation of cynomolgus monkey T cells in lymph nodes (LN) after Alemtuzumab
infusion. (A) Tn and Tmem CD4+ and CD8+ T cell populations were identified in LN based
on differential CD95 expression. Tn (CD95−) and Tmem (CD95+) from a normal monkey,
and a representative heart transplant recipient on the day of transplant (day 0; 2 days after
Alemtuzumab), at one month and at 2–3 months after transplantation are shown. (B)
Percentages of CD4+ and CD8+ Tn and Tmem in normal monkeys (n=6) and heart
transplant recipients (n=4). Two days after Alemtuzumab infusion, similar proportions of Tn
and Tmem in both CD4+ and CD8+ T cell populations were observed. However, at one
month and 2–3 months, the vast majority of CD4+ and CD8+ T cells in LN were Tmem.
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Fig. 4.
Alemtuzumab-mediated cytotoxicity in vitro. Cynomolgus monkey peripheral blood (PB) or
lymph node (LN) cells were incubated for 4 hours with alemtuzumab at various
concentrations (10, 50, and 100µg/ml), together with autologous serum, then analyzed by
flow cytometry. Absolute cell numbers were calculated using CountBright beads. Cell
survival determination was based on the absolute number of cells at each concentration
compared to controls (no Alemtuzumab). (A) Absolute numbers of CD3+T cells (left) and
the percent surviving cells (right) from PB or LN. (B) Upper panels show the absolute
numbers of CD4+ and CD8+T cells; lower panels show the percent surviving cells from PB.
(C) Absolute numbers (upper panels) and percent survival (lower panels) for CD4+ (left) and
CD8+ (right) LN T cells. For both PB and LN, CD8+ Tn were significantly more resistant to
Alemtuzumab-mediated cytotoxicity than CD8+ Tmem; *p<0.01. Data are representative of
4 different experiments.
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Fig. 5.
CD52 expression on cynomolgus monkey lymphocyte subsets. CD52 expression on (A)
CD3+T cells, (B) CD4+ and CD8+T cells in PB and (C) LN of normal monkeys evaluated by
flow cytometry (n=4). Histograms on the left are from representative animals. Graphs on the
right show means of 4 different normal monkeys.
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Fig. 6.
Caspase-3 expression. Cynomolgus monkey peripheral blood (PB) and lymph node (LN)
cells were incubated with 5µM Camptothecin for 8 hours. Control samples were untreated
cells. Following culture, the cells were stained for intracellular expression of Caspase-3 by
flow cytometry. Caspase-3 expression in (A) CD3+T cells, (B) CD4+T cells, and (C) CD8+T
cells was evaluated. Histograms (left) are from one representative monkey from each group;
grey histograms indicate isotype controls. Graphs (right) represent mean values obtained
from normal monkeys (n=4).
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Table 1

Graft survival in Alemtuzumab-treated cynomolgus monkeys

Monkey Alemtuzumab
(doses in mg/kg)a

Maintenance
therapy

Graft survival
(days)

LN biopsy
(days)

51-11 20-10-10 MMF/Rapa 97 2, 84

54-11 20-10-10 MMF/Rapa 96 2, 84

212-11 20-10-10 MMF/Rapa 62 28, 56

213-11 20-10-10 MMF/Rapa 50 2, 28, 56

214-11 20-10-5 MMF/Rapa 39 2, 28, 56

216-11 10-5-5 MMF/Rapa 33 2, 28

a
First dose of alemtuzumab given 2d before transplant on day 0.
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