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Abstract

The effects of reduced intensity conditioning (RIC) on human leucocyte antigen (HLA)-

alloimmunization and platelet transfusion refractoriness (PTR) following allogeneic

haematopoietic stem cell transplantation (Allo-HSCT) are unknown. We studied HLA-

alloantibodies in a cohort of 16 patients (8 HLA-alloimmunized with pre-transplant histories of

PTR and 8 non-alloimmunized controls) undergoing Allo-HSCT using fludarabine/

cyclophosphamide-based RIC. Pre- and post-transplant serum samples were analysed for HLA-

antibodies and compared to myeloid, T-cell and bone marrow plasma cell chimaerism. Among

alloimmunized patients, the duration that HLA-antibodies persisted post-transplant correlated

strongly with pre-transplant HLA-antibody mean fluorescence intensity (MFI) and PRA levels

(Spearman’s rank correlation = 0.954 (p=0.0048) and 0.865 (p=0.0083) respectively). Pre-

transplant MFI >10,000 was associated with post-transplant HLA antibody persistence >100 days

(p=0.029). HLA-antibodies persisted ≥100 days in 3/8 patients despite recipient chimaerism being

undetectable in all lympho-haematopoietic lineages including plasma cells. Post-transplant de-

novo HLA-antibodies developed in 3 control patients with 2 developing PTR; the donors for 2 of

these patients demonstrated pre-existing HLA-antibodies of equivalent specificity to those in the
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patient, confirming donor origin. These data show HLA-antibodies may persist for prolonged

periods following RIC. Further study is needed to determine the incidence of post-transplant PTR

as a consequence of donor–derived HLA alloimmunization before recommendations on donor

HLA-antibody screening can be made.
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INTRODUCTION

Platelet transfusion refractoriness (PTR), defined as a post-transfusion platelet increment

that is less than expected, can result from immune and/or non-immune causes. Immune

causes include alloimmunization to human leucocyte antigens (HLA) and/or human platelet

antigens (HPA) due to prior exposure to allo-antigens from pregnancy, transfusions and/or

transplantation. HLA alloimmunization is more common than alloimmunization to HPA and

is the primary cause of immune-mediated PTR (Kickler et al, 1990). The incidence of PTR

from HLA alloimmunization has decreased as a result of the increased use of leucoreduced

blood products. Nevertheless, chronic platelet transfusion support using leucoreduced blood

products still results in approximately 20% of patients becoming HLA alloimmunized (The

Trial to Reduce Alloimmunization to Platelets Study Group, 1997). A number of approaches

have been explored to overcome HLA alloimmunization, including plasmapheresis,

intravenous immunoglobulin, rituximab and bortezomib (Claas & Doxiadis, 2009; Gloor &

Stegall, 2010; Warren & Montgomery, 2010; Zachary & Eng al, 2011). These therapies,

utilized mostly in HLA alloimmunized solid organ transplant recipients, are successful for a

minority of patients, typically resulting in only transient decreases in HLA-antibody titres

(Warren & Montgomery, 2010; Kupin et al, 1991; Perry et al, 2008).

Patients who have undergone an allogeneic haematopoietic stem cell transplantation (HSCT)

often demonstrate poor increments to platelet transfusions due to a combination of immune

and non-immune causes, including pre-existing HLA alloimmunization, medications, viral

infections and sepsis (Balduini et al, 2001; Klumpp et al, 1996). Although HLA antigen-

sensitized patients are likely to benefit from platelets that are closely HLA-matched, the

routine provision of 4-antigen HLA-matched platelets is not always feasible, which can lead

to PTR, resulting in an increased risk of haemorrhage-associated morbidity and mortality.

The presence of donor-specific HLA-antibodies (DSAs) in the recipient has been shown to

be associated with higher incidences of graft rejection in both solid organ transplantation

and HLA-mismatched HSCT, most notably unrelated cord blood and haploidentical stem

cell transplants (Ciurea et al, 2009; Ciurea et al, 2011; Cutler et al, 2011; Eng et al, 2011;

Gutman et al, 2009; Reinsmoen et al, 2004; Spellman et al, 2010; Takanashi et al, 2010;

Yoshihara et al, 2012). Furthermore, the presence of DSAs in unrelated cord blood

transplant (UCBT) recipients has been implicated in delayed engraftment following

myeloablative conditioning regimens (Takanashi et al, 2008). Recently, donor-derived

HLA-antibody production has been described in patients undergoing HSCT from HLA
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antibody-positive donors (Lapierre et al, 2002; Taniguchi et al, 2012), with a few reports

implicating donor-derived HLA-antibodies as a cause for PTR occurring in the post-

transplant setting (Hatakeyama et al, 2011; Nakazawa et al, 2007). Based on these

observations, some have advocated screening both patients and donors for HLA antibodies

before HSCT to identify patients who would be at an increased risk for graft rejection as

well as HLA alloimmune-mediated PTR after transplantation (Balduini et al, 2001;

Hatakeyama et al, 2011).

Previously, we and others have shown that recipient plasma cells can survive reduced

intensity conditioning (RIC) regimens and are relatively resistant to donor immune-mediated

graft-versus-host lympho-haematopoietic effects. The persistence of recipient plasma cells

in the post-transplant setting that produce anti-A and/or anti-B isoantibodies is thought to

play a dominant role in the pathophysiology of delayed donor erythropoiesis and pure red

cell aplasia (PRCA), which complicate major-ABO incompatible HSCT (Griffith et al,

2005). Recipient plasma cells involved in HLA-antibody production that survive transplant

conditioning and donor T-cell mediated graft-vs-host lympho-haematopoietic effects could

similarly lead to the protracted production of HLA-antibodies after reduced intensity

transplants which could cause PTR. Likewise, PTR could also occur in the post-transplant

setting in patients who were HLA-antibody-negative prior to transplantation as a

consequence of B lymphocytes being transferred in grafts from HLA-antibody-positive

donors that differentiate into HLA-antibody producing plasma cells (Taniguchi et al, 2012).

At present, little is known regarding the effects of using RIC on the persistence HLA

alloantibodies and the risk for developing HLA alloimmune-mediated PTR after

transplantation. Therefore, to better understand this effect, we measured HLA-antibodies

pre- and multiple times post-transplant and investigated the temporal relationship between

HLA-antibody persistence and donor-host lympho-haematopoietic chimaerism in a cohort of

patients undergoing fludarabine/cyclophosphamide-based RIC.

MATERIALS & METHODS

Study Population

We retrospectively studied 16 patients who received an allogeneic peripheral blood stem cell

(PBSC) transplant from an HLA-matched sibling on National Heart, Lung and Blood

Institute (NHLBI) Institutional Review Board approved protocol 99-H-0050, which

investigated a fludarabine/cyclophosphamide-based RIC regimen for patients with

malignant and non-malignant haematological disorders (ClinicalTrials.gov: NCT00003838).

Patients who had a clinical history of pre-transplant PTR, defined as a 1-h post-transfusion

corrected count increment of < 5 × 109 platelets /l on two separate occasions, and who had

HLA class I antibodies detected prior to HSCT (N = 8), and all additional patients treated on

the protocol 99-H-0050 who had no history of PTR prior to HSCT (controls, N = 8) were

included for analysis if they had stored serum available for analysis that was collected pre-

transplant and multiple time-points post-transplant. All received an allogeneic granulocyte

colony-stimulating factor (G-CSF) mobilized, lymphocyte-replete PBSC allograft from an

HLA-identical sibling following cyclophosphamide (120 mg/kg) and fludarabine (125

mg/m2) (+/− equine anti-thymocyte globulin [ATG] 40 mg/kg × 4 days), with ciclosporin
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(CSA; beginning on day −4) and methotrexate (5 mg/m2 IV days +1, +3, and +6) used as

prophylaxis for graft-versus-host disease. All 8 patients who had pre-transplant PTR (and

Patients 11, 16) received ATG as part of the conditioning.

Chimaerism Analysis

Peripheral blood lineage-specific chimaerism analysis was performed on days +14, +30,

+45, +60 and ≥100 post-transplant. Ficoll–Hypaque fractionated mononuclear cells were

sorted into CD14+/CD15+ myeloid and CD3+ T-cell lineages using immunomagnetic beads

(Dynal A.S., Oslo, Norway) as previously described (Childs et al, 1999). Bone marrow

aspirate samples collected post-transplant were available for plasma cell chimaerism

analysis on 6 of 16 patients (Patients 4, 5, 7, 8, 9, 16). Plasma cells chimaerism analysis was

performed on DNA obtained from CD38+ bright, CD138+ bright, CD19− bone marrow cells

isolated by flow cytometry from day +100 and day +180 as previously described (Antin et

al, 2001). Polymerase chain reaction (PCR)-based analysis of short tandem repeats (STRs)

polymorphic between patient and donor was used to quantify donor/recipient chimaerism in

lympho-haematopoietic lineages including plasma cells (Griffith et al, 2005; Antin et al,

2001) as previously described (sensitivity for minor populations: 1–2%).

HLA-Antibody Analysis

Stored patient serum collected pre-transplant (≤ 30 days from initiation of transplant

conditioning) and at multiple post-transplant intervals (days +30, +60, +100, +180 and ≥

365) was analysed for HLA class I antibodies using a membrane-independent solid phase

assay and a flow analyser (LABScreen and LABScan 100 flow analyser, One Lambda Inc.,

Canoga Park, CA). Samples with mean fluorescence intensity (MFI) > 500 were further

tested for antibody specificity using LABScreen Single Antigen kits (One Lambda Inc.). A

background-adjusted MFI > 2000 was determined to be positive based on previous reports

(Taniguchi et al, 2012). Panel reactive antibody (PRA) and MFI were analysed to measure

HLA-antibody strength and specificity, respectively.

Statistical Analysis

Spearman’s rank correlation coefficient was used to test for correlation between the intensity

of pre-transplant HLA-antibodies (measured by MFI and PRA) and the time duration of

HLA antibody persistence following allogeneic transplant in the 8 patients with pre-

transplant PTR. Fisher’s exact test was used to examine whether MFI >10,000 was

associated with persistence of HLA-antibodies ≥100 days post-transplant. To evaluate the

differences between the patient groups who received or did not receive ATG as part of the

conditioning, the log-rank test and the unpaired t-test assuming unequal variances were

carried out to compare lymphoid and myeloid engraftment and lymphoid recovery,

respectively. Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc.,

Cary, NC) and a two-tailed P-value of less than 0.05 was considered significant.

RESULTS

Patient demographics and post-transplant outcomes are shown in Tables I and II. The mean

time until chimaerism converted from mixed to full donor in myeloid and T lymphocyte
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lineages was 48 days (range: 15 to 161 days) and 44 days (range: 15 to 141 days),

respectively. All of the 8 patients who had PTR prior to transplantation were placed on

HLA-matched platelet transfusion restrictions post-transplant using a previously validated

HLA Matchmaker program (Nambiar et al, 2006).

Peripheral blood lineage-specific myeloid and T cell chimaerism were available on all

patients at 2-week intervals up to day +60 and until full donor chimaerism was achieved.

Bone marrow aspirates collected after transplantation to evaluate plasma cell chimaerism

were available on 6 subjects (Patients 4, 5, 7, 8, 9, 16) and revealed no evidence for any

residual recipient plasma cells populations (i.e. 100% donor plasma cells) at day +100 and

day +180 (data not shown). HLA class I allo-reactivity, assessed in serum samples collected

after transplantation, using PRA and MFI analysis is shown in Figure 1. Among the 8

patients who had pre-transplant HLA alloimmunization, HLA-antibodies remained

detectable for more than 100 days post-transplant in 3 patients (38%).

There was a strong positive correlation between both the pre-transplant HLA-antibody MFI

and the pre-transplant PFA, and the duration of post-transplant HLA-antibody persistence

(Spearman’s rank correlation of 0.954 (exact two sided p-value = 0.0048) and 0.865 (exact

two sided p-value = 0.0083), respectively. All 3 patients with persistence of antibody

reactivity ≥ 100 days post-transplant exhibited a pre-transplant MFI >10,000 whereas HLA-

antibodies had disappeared completely by this time point in alloimmunized patients who had

a lower pre-transplant MFI. The Fisher’s exact test for the association between pre-

transplant MFI >10,000 and persistence of HLA antibodies for >100 days was significant (p-

value = 0.029). One patient (Patient 7) continued to express high levels of HLA-antibody

reactivity (PRA 84%; MFI 14,000) for over 1 year post-transplant despite myeloid and T

cell lineages in the blood and the plasma cell lineage in the bone marrow being 100% donor

in origin. Interestingly, this patient had previously been infected with hepatitis B virus prior

to HSCT and continued to express a native anti-HBc antibody that persisted for more than 2

years after HSCT. Because the donor was found to have no immunity to the hepatitis B virus

(i.e. donor serum was negative for any antibodies against hepatitis B virus), persistence of

anti-HBc antibody production in this patient in the post-transplant setting was also probably

mediated by recipient plasma cells. Although Patient 8 had a persistently elevated PRA

(65%) at 1 year post-transplant, his MFI had decreased, from 14,000 to 850, suggesting the

production of HLA-antibodies was in the process of resolving.

Three additional patients (Patients 9, 15, 16) developed de novo HLA-antibodies post-

HSCT, including two (Patients 9 and 16) who developed clinically significant PTR in the

post-transplant setting. Patient 9 demonstrated a negative HLA-antibody screen pre-

transplant (Table II), but was found to be refractory to platelet transfusions within the first

month after HSCT with a PRA of 24% and an MFI of 6500 on a day +30 HLA-antibody

screen. Her course was complicated by fungal sinusitis requiring granulocyte transfusions

and frequent (≥ 1 daily) platelet transfusions (Table III). Although her HLA-antibody screen

reverted to negative at 1 year post-transplant, she returned 3 years later while being treated

for chronic hepatitis C infection, with severe interferon-induced thrombocytopenia and a

life-threatening intracranial bleed. At that time she demonstrated severe HLA-alloimmune

PTR (PRA 98%; MFI 11,000) necessitating treatment with HLA-matched platelet
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transfusions and the thrombopoietin mimetic, eltrombopag. Patients 15 and 16, who were

also negative for HLA-antibodies pre-transplant, developed HLA-antibodies by day +30

post-transplant (Figure 1).

Following the observance of de novo HLA-antibody production in three patients (Patients 9,

15, 16), we retrospectively analysed archived serum collected prior to transplantation from

all 8 donors for control patients who did not have HLA-antibodies detected pre-transplant.

Two of 8 of these donors were found to have HLA antibodies. Remarkably, the recipients

for both of these donors developed de novo HLA antibody production post-transplant with

HLA antibody specificity being similar to their donor’s, confirming HLA-antibodies in these

patients were probably donor in origin (Table IV). Patient 16 exhibited PTR in the post-

transplant setting, which eventually resolved after being placed on HLA-matched platelet

restrictions. HLA-antibodies in this patient were no longer detectable by day 180 post-

transplant. In contrast, Patient 15 had limited transfusion requirements and demonstrated

satisfactory increments to the few platelet transfusions he received within the first 30 days of

HSCT, although his HLA-antibody MFI and PRA were noted to have increased by day +60

and were still detectable at high levels at 1 year post-transplant (Table III). In contrast to

Patients 15 and 16, Patient 9 demonstrated de novo HLA-antibodies on day +30 post-

transplant despite her donor having no HLA antibodies. These antibodies had disappeared

by 1 year post-transplantation.

The persistence of HLA-antibodies did not appear to be influenced by the use of ATG in the

conditioning regimen, as the engraftment kinetics (T-Lymphocyte chimaerism) and

lymphoid recovery (Figure 2) were similar in the10 patients who received ATG (Patients 1–

8, 11, 16) compared those who did not.

DISCUSSION

Little is known regarding the effects of using RIC on HLA alloimmunization and PTR

following HSCT. Although sporadic reports have described HLA alloimmunization as a risk

factor for post-transplant PTR, none of these studies have followed the temporal course of

HLA-antibodies beyond 60 days of the transplant (Balduini et al, 2001; Klumpp et al, 2006).

Here, we show that prolonged persistence of HLA-antibodies leading to post-transplant PTR

can occur with the use of RIC regimens. Among the patients who were alloimmunized pre-

transplant, 3 demonstrated persistence of HLA-antibodies more than 100 days post-

transplant. Remarkably, 1 patient had clinically significant PTR and extremely protracted

production of HLA-antibodies lasting > 1 year after RIC HSCT. Although several

investigators have recently reported that HLA antibodies can persist for up to 60 days after

HSCT (Lapierre et al, 2002), this is the first report to show that these antibody populations

can persist for extended periods following RIC HSCT, leading to an unexpected

prolongation in time until PTR resolves in the post-transplant setting.

The persistence of HLA-antibodies more than 100 days after HSCT was probably impacted

by the use of RIC, which would allow recipient plasma cells producing HLA-antibodies to

have a better chance of surviving compared to transplant regimens using myeloablative

conditioning. Furthermore, the previously established temporal delay in the eradication of
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recipient antibody-producing plasma cell populations by engrafting donor T-cells relative to

other recipient lympho-haematopoietic populations could also account for the protracted

persistence of HLA-antibodies observed in this study. This phenomenon of plasma cell

resistance to donor T-cells mediating graft-vs-marrow effects was previously observed to

occur in recipients of major ABO incompatible transplants and was associated with the

protracted production of anti-A and/or anti-B isoantibodies of recipient origin leading to

extended periods of pure red cell aplasia after RIC HSCT (Griffith et al, 2005). Although we

don’t have data on patients receiving myeloablative conditioning, one may surmize from

prior studies on isohaemagluttinins persistence in the context of major ABO incompatibility

(Griffith et al 2005) that HLA-antibodies would recede earlier after a fully myeloablative

transplant. Additionally, our results apply to RIC approaches that utilize agents that have

minimal anti-plasma cell activity against plasma cells and may not apply to transplants that

utilize RIC that have agents that are more toxic to plasma cells. It is unlikely that the

administration of ATG influenced the HLA-antibody kinetics given that there was no

significant difference in either the speed of engraftment or lymphoid recovery in those

patients who received ATG versus those that did not (Figure 2).

It is unclear from our data what role continued alloantigen exposure from platelet

transfusions played in maintaining plasma cell production of HLA-antibodies. Patients who

demonstrated prolonged HLA alloreactivity (Patients 5, 7, 8, 9, 15, 16), compared to those

who displayed extinction of HLA-antibodies by day +100, did receive slightly more

transfusion support with HLA-unmatched platelets between days 0–30 (Table III).

Furthermore, in Patient 16, although the HLA antibody specificities were similar to his

donor, he also developed antibodies to the A1 CREG, which were not evident in his donor,

and, by day 30, was noted to have a > three-fold higher MFI than was observed in his donor.

Likewise, Patient 9 demonstrated de novo HLA-antibodies despite her donor having no HLA

antibodies. Taken altogether, these data suggest antigen exposure from platelet transfusions

may play a contributory role in the development of new and/or increasing titres of HLA

antibodies in the post-transplant setting.

Furthermore, Patient 5 demonstrated a decreasing intensity of HLA-antibodies (MFI 4500 to

400) from day +100 to day +180 despite having increased antigen exposure from multiple

transfusions during this period (albeit he was receiving HLA-matched platelet transfusions

during that time). Indeed, one could postulate that, had HLA-matched restrictions not been

placed on these patients, the time until HLA alloimmunity was eradicated may have been

further prolonged, as was observed in Patient 15, who received non-HLA-matched platelets

and demonstrated persistently high HLA alloreactivity for more than 1 year after HSCT.

Only recently have a few reports provided evidence that passive transfer of donor HLA-

antibodies to recipient can occur post HSCT (Taniguchi et al, 2012; Hatakeyama et al,

2011). De-novo HLA alloimmunization has been observed in up to 4.6% of paediatric

patients (Balduini et al, 2001), and was implicated in a fatal case of PTR after HSCT in

which HLA-antibodies were transferred from a maternal donor to her child (Nakazawa et al,

2007). Similarly to these reports, we observed de novo HLA-antibody production after

HSCT in 3 patients. Given similar specificities of HLA-antibodies in the donor and patient

in 2 of these patients, it is highly likely that HLA-antibody producing cells in the donor were
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transferred to the patient at the time of transplantation and led to de novo HLA-antibody

production in the post-transplant setting. The data presented here are unique in that we are

the first to show that this de novo antibody production can persist for extended periods, in

some patients persisting for more than 1 year after transplant, leading to unexpected and

clinically significant PTR in the post-transplant setting. Although speculative at this point,

there may a potential benefit to screen patients with a history of prolonged post-HSCT PTR

for HLA-antibodies should a subsequent requirement for platelet transfusions develop, to

establish the necessity for HLA-matched platelets.

Unexpectedly, in several patients who were HLA alloimmunuzed pre-transplant, we

observed persistence of detectable HLA-antibodies in the post-transplant setting even after

all recipient myeloid, T-cell, and bone marrow plasma cell populations became undetectable

by our chimaerism analysis. Two possibilities exist to explain this observation. The first is

that there may be non-bone marrow niches where host anti-HLA-producing plasma cells

find sanctuary. The second possibility is that our chimaerism assay was not sufficiently

sensitive to detect these plasma cell populations in the bone marrow; the limit of detection

for minor cellular populations using our STRbased chimaerism analysis is only 1–2%.

Therefore, it is possible that only a small quantity (i.e. < 2%) of surviving recipient HLA-

antibody producing cells is necessary to produce HLA-antibodies at a level that can lead to

PTR in the post-transplant setting.

We also observed that the duration of HLA-antibody persistence post-transplant was

strongly associated with pre-transplant HLA-antibody level of intensity, as measured by

MFI and PRA. HLA-antibodies disappeared more quickly in patients who had lower levels

of pre-transplant HLA-antibodies, in contrast to those who had pre-transplant HLA-antibody

MFIs >10,000 where HLA-antibodies remained detectable 100 days or more after HSCT

(Patients 5, 7, 8). This may be partly explained by the kinetics of immunoglobulins in vivo

with the half-life of IgG ranging between 26 and 36 days (Mankarious et al, 1988; Zhou et

al, 2008). This finding has important implications for the post-transplant transfusion

management of highly HLA allosensitized patients (especially those with MFI >10,000) in

terms of maintaining an inventory of HLA-matched platelets for a prolonged period of time

after transplant (> 100 days) in those patients who continue to require platelet transfusion

support.

This series brings to light interesting considerations in terms of the evaluation and selection

of donors for HSCT. All 3 patients (Patient 8, 15, 16) with de novo HLA alloimmunization

received grafts from female siblings, of whom 2 were HLA alloimmunized. The donors for

Patients 15 and 16 were multiparous females with no history of transfusions, but the donor

of Patient 8 (who had no detectable HLA-antibodies) was nulliparous and had no history of

transfusions. It has been recently reported that approximately 4% of healthy non-transfused

men, 8% of nulliparous women and up to 26% of multiparous, non-transfused women may

possess HLA class I antibodies (Triulzi et al, 2009; Densmore et al, 1999). Taniguchi et al.

(2012) reported donor-derived HLA-antibody production in four out of seven patients who

received either a bone marrow transplant (n=2) or a PBSCT transplant (n=5) from HLA-

antibody-positive donors. These data, as well as observations from our patient series,

suggest that screening patients and their donors for HLA-antibodies before transplant would
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assist in peri-transplant transfusion support and would identify the majority of subjects at

risk for the development of post-transplant alloimmune-mediated PTR. Although the

development of HLA-antibody-dependent PTR as a consequence of transplanting stem cell

grafts from HLA alloimmunized donors tempts one to propose that the donor’s HLA-

antibody status should be considered in the decision analysis for selecting optimal stem cell

donors, the small numbers of subjects in our study prevent us from making any definitive

conclusions in this regard.

In conclusion, the protracted persistence of HLA-antibodies leading to continued PTR can

occur after HSCT and may be exacerbated by the use of RIC. Furthermore, non-HLA

alloimmunized patients may develop de novo HLA alloimmunization as a consequence of

the transfer of HLA-antibody producing cells from the donor to the patient at the time of

transplantation, which can lead to clinically significant post-transplant PTR. Screening

patients (and possibly donors) for HLA-antibodies before HSCT would assist in post-

transplant transfusion support, as it would identify the majority of subjects at risk for

developing alloimmune-mediated PTR after transplantation. Further study is needed in a

larger series of donor/patient pairs to determine the effect of donor-derived de novo HLA-

antibodies on post-transplant PTR prior to making any definitive conclusions on the need for

donor HLA-antibody screening.
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Figure 1. MFI and percentage of PRA positivity
MFI and percentage of PRA positivity in 8 patients with HLA-antibodies prior to HSCT (A,

B) and in 3 patients with de novo HLA antibodies post-HSCT (C, D). Pre-transplant MFI

values not illustrated in Patients 2 and 9 (A, C) because HLA-antibody testing was done by

solid phase enzyme immunoassay. Dotted line in panels A and C denotes MFI detection cut-

off threshold for positive antibody reactivity.

MFI, mean fluorescence intensity; PRA, Panel Reactive antibody; HLA, human leucocyte

antigen; HSCT, haematopoietic stem cell transplantation.
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Figure 2. Donor T-Cell and Myeloid Engraftment kinetics and lymphoid recovery
A, B: Post-transplant percentage donor T-Lymphocyte chimerism (A) and percentage donor

myeloid chimerism (B) in patients who received ATG versus those who did not receive

ATG in the conditioning regimen. Comparisons of median donor chimerism at days 30, 60,

100 post-transplant were not statistically significant between groups. C, D: ALC (C) and

mean ALC (D) in patients who received ATG versus those who did not receive ATG in the

condition regimen.
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ATG, anti-thymocyte globulin; ALC, absolute lymphocyte count
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Table IV

Donor and patient HLA-antibody specificities.

Donor/Patient MFI PRA HLA antibody specificities¥

Donor 15 Class 1 = 6500 60% A:1*, 11*, 25†, 26†, 34†, 36*, 43†, 66†, 80*; B:8, 73‡; C: 6, 7, 18

Patient 15 Class 1 = 9000–11055 93% A:1* 3* 11* 23* 24*, 25†, 26†, 32†, 34†, 36*, 43†, 66†, 80* B:49‡, 51‡, 52‡, 53‡,
59, 63‡, 73‡, 76‡

Donor 16 Class 1 = 2500 31% B:13, 35‡, 46‡, 49‡, 50‡, 51‡, 52‡, 53‡, 56, 57‡, 62‡, 63‡, 71‡, 72‡, 75‡, 77‡, 78‡

Patient 16 Class 1 = 4000–9000 16%–33% B:13,35‡,49‡,53‡,71‡,75‡; A 23*,24*

Donor 9 Class 1 = <200 0% None

Patient 9 Class 1 = 2500–6000 16–24% A2+

*
A1 CREG,

†
A10 CREG,

‡
B5 CREG,

¥
Shared HLA-antibody specificities between donor and patient are in bold.

HLA-antibody screen of serum collected from the donors of Patients 10–14 revealed class 1 MFI < 200 and 0% PRA.

HLA, human leucocyte antigen; MFI, mean fluorescence intensity; PRA, panel reactive antibody.
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