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Umbilical Cord Blood Transplantation for Myelodysplastic
Syndromes with Donor-Specific Anti-HLA Antibodies against
HLA-DP
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The presence of donor-specific anti-human leukocyte antigen (HLA) antibodies (DSAs) against anti-HLA-A,
-B, -C, and -DRB1 in HLA-mismatched hematopoietic stem cell transplantation (HSCT) is associated with
graft failure. DSAs against HLA-A, -B, -C, and -DRB1 with a mean fluorescence intensity (MFI) of greater
than > 1,000 was shown to increase the risk of graft failure in single-unit umbilical cord blood
transplantation (UCBT). Nevertheless, the impact of DSAs against HLA-DP or -DQ on transplantation
outcomes is not fully understood. In this report, we present a case of UCBT in a patient with
myelodysplastic syndrome who was positive for DSAs against HLA-DP with MFI of 1,263 before UCBT but
successfully achieved neutrophil engraftment. If HLA-DP or -DQ is mismatched in UCBT, evaluating DSAs
against HLA-DP or -DQ is crucial to avoid graft failure. However, the criteria for DSAs against HLA-A, -B,
-C, and -DRB1 may not be directly applicable to those against HLA-DP or -DQ.
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Introduction

Umbilical cord blood transplantation (UCBT) has been
widely performed to treat patients for whom a human leu-
kocyte antigen (HLA)-compatible stem cell donor is not
available. Because of the less stringent HLA compatibility
requirements in UCBT, HLA disparities often occur
between recipient and donor.

Donor-specific anti-human leukocyte antigen antibod-
ies (DSAs) have been associated with graft failure (GF) in
HLA-mismatched hematopoietic stem cell transplantation
(HSCT) (Choi et al. 2021). GF is an important complica-
tion that reduces the outcome of allogeneic HSCT and may
occur more frequently in UCBT (Ozdemir and Civriz
Bozdag 2018; Fuji et al. 2020). A Japanese study reported
that DSAs with a mean fluorescence intensity (MFI) >
1,000 against HLA-A, -B, -C, and -DRBI increase the risk

of GF in single-unit UCBT (Fuji et al. 2020). Previous
reports suggest that DSAs against HLA-DP and -DQ are
also causative factors of GF (Ciurea et al. 2011; Jo et al.
2023); however, the applicability of criteria for DSAs
against HLA-A, -B, -C, and -DRBI1 to those against
HLA-DP and -DQ has not been established.

Case Presentation

A 65-year-old woman diagnosed with myelodysplastic
syndromes (MDS)- refractory cytopenia with multilineage
dysplasia (RCMD) with 46, XX, del(5)(q?) was referred to
our hospital to be treated with lenalidomide (LEN). Despite
13 cycles of LEN monotherapy, the patient became transfu-
sion dependent. Bone marrow aspiration (BMA) showed
14.0% of blasts, suggesting the progression of MDS; thus,
azacitidine (AZA) was initiated. BMA after two courses of
AZA revealed that the blast count had decreased to 1.8%,
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but the patient remained transfusion dependent. Because of
the prolonged pancytopenia, AZA was discontinued and
HSCT was proposed.

We first scheduled transplantation with umbilical cord
blood (UCB). Table 1 shows the HLAs of the patient and
all candidate donors. Confirmation of the patient’s anti-
HLA antibodies revealed a wide range of anti-HLA anti-
bodies with high MFI. Because she had DSAs with MFI of
11,842 against DRB1*15:02 of the initially selected UCB

Y. Uchibori et al.

unit, it was judged as ineligible. We then considered per-
forming haploidentical HSCT with one of her two sons.
Since she had DSAs with high MFI against those of both
sons (the eldest son: DSAs with MFI of 6,085 against
A26:01, 11,091 against B40:01, and 12,475 against
DRB1*04:03; the second son: DSAs with MFI of 17,697
against DRB1*09:01), they were also judged as ineligible.
Therefore, we decided to perform UCBT with a second
UCB unit. The patient did not have DSAs against HLA-A,

Table 1. Human leukocyte antigens (HLA) and patient’s HLA antibodies.

HLA-A HLA-B HLA-C HLA-DRBI1 HLA-DQA1 HLA-DQBI1 HLA-DPA1 HLA-DPBI1
Patient 02:07 33:03 46:01 58:01 01:02 03:02 08:03 13:02 - - - - - - - -
first-choice CB donor 02:03 33:03 39:09 58:.01 03:02 07:02 13:02 15:02 - - - - - - - -
eldest son 26:01 33:03 40:01 58:01 03:02 03:03 04:03 13:02 - - - - - - - -
second son 02:07 33:03 46:01 5801 01:02 03:02 09:01 13:02 - - - - - - - -
second-choice CB donor 02:15N  33:03 46:01 58:01 01:02 03:02 08:03 13:02 01:02 01:03 06:01 06:09 01:03 02:02 02:01 05:01
Anti-HLA antibody Antigen Site MFI

Patient

Class I Ab positive

Class IT Ab positive

A25:01,A26:03, A26:02, A26:01, A23:01, A66:01, A24:02, A01:01
A01:02, A24:03, A11:02, A11:01, A43:01

B15:12,B67:01, B40:03, B49:01, B50:02, B15:20, B50:01, B15:27
B15:18, B56:01, B40:05, B15:07, B45:01, B40:04, B48:02, B15:01

B40:06, B40:02, B41:02, B40:01, B56:03, B15:06, B55:02,
B15:04

B15:03, B52:01, B27:04, B39:13, B27:08, B42:01, B55:04, B41:01
BA44:02, B42:02, B55:01, B44:03, B27:06, B27:05, B39:05, B07: 14
B15:24, B07:02, B35:02, B39:04, B15:10, B39:02, B15:21, B82:01
B39:06, B48:01, B39:01, B35:12, B38:02, B51:01, B13:02, B35:08
B54:01, B35:03, B78:01, B38:01, B51:02, B35:01, B81:01, B47:01
B15:02, B13:01, B73:01, B18:01, B53:01, B15:11, B59:01, B14:01
B15:13, B37:01, B08:01

DRBI1*09:02, DRB1*09:01, DRB4*01:03, DRB4*01:01, DRBI*04:01
DRBI*07:01, DRBI*04:04, DRB1%04:02, DRB1#04:03, DRBI*15:01
DRB1#04:06, DRBI*15:02, DRB5#02:02, DRB5*01:02, DRB1#04:07
DRB5#01:01, DRB1*04:05, DRB1#15:03, DRB1#16:02, DRB1*16:01
DRB1*10:01, DRB1*04:11, DRB1*01:01, DRB1%04:10, DRB1*01:02
DRBI*01:03, DRB1*12:02, DRBI*12:01, DRB3%02:02, DRB3*02:01
DRB1*14:01, DRBI*14:54, DRB1*14:04, DRB3*01:01, DRB1¥14:05
DQB1#03:01+DQA1#06:01, DQB1#03:01+DQA1#05:03
DQB1#03:02+DQA1#03:02, DQB1#03:19+DQA 1*05:05
DQB1#03:03+DQA1*#03:02, DQB1#03:19+DQA1*02:01
DQB1#03:02+DQA1#03:01, DQB1#02:01+DQA1#05:01
DQB1#04:01+DQA1%03:03, DQB1#03:01+DQA 1%02:01
DQB1#03:03+DQA1#02:01, DQB1#03:02+DQA1#02:01
DQB1#03:03+DQA1#03:01, DQB1#03:01+DQA1*03:01
DQB1#04:02+DQA1*#02:01, DQB1#04:01+DQA1#02:01
DQB1#04:02+DQA1%04:01, DQB1#05:01+DQA1*01:01
DQB1#02:01+DQA 1#03:01, DQB1#05:02+DQA 1%01:02
DQB1#02:01+DQA1¥04:01, DQB1*05:03+DQA1*01:01
DQB1#06:03+DQA1#01:03, DQB1#02:01+DQA1#02:01
DQB1#02:02+DQA1%02:01

DPB1*01:01+DPA1#02:01, DPB1#05:01+DPA1%02:02

9438, 9051, 8415, 6085, 5085, 5012, 4137, 4106
3788, 1889, 1833, 1480, 1022

15730, 15129, 14887, 14677, 14306, 14044, 13655, 13491
13041, 13000, 12909, 12776, 12372, 12209, 12179, 12054

11882, 11436, 11126, 11091, 10871, 10258, 10140, 9872

9710, 9580, 9532, 9460, 9214, 9205, 9165, 9094
8971, 8764, 8371, 8347, 8331, 8253, 8121, 7596
7586, 7436, 7252, 7023, 6963, 6876, 6687, 6514
6390, 6323, 6238, 6237, 6196, 5869, 5830, 5487
5417, 5365, 4736, 4526, 4477, 4446, 4422, 4169
4114, 3697, 3180, 2874, 2120, 1929, 1918, 1570
1561, 1422, 1268

19131, 17697, 16485, 15144, 14621

14201, 14126, 13016, 12475, 12211

12051, 11842, 11689, 11675, 11499

11449, 11062, 10502, 10489, 10099

8969, 8550, 8157, 7904, 6839

5984, 3230, 2920, 2470, 2310

1880, 1700, 1654, 1330, 1162

15701, 14964

14473, 14038

13022, 12031

11850, 9784

9655, 9427

9351, 8689

8157, 7229

5983, 5038

4555,4100

4053, 2986

2831, 2646

2186, 1699

1431

2288, 1263

Numbers in bold are indicated in the Case Presentation.
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-B, -C, and -DRBI1 of the second candidate; however, con-
sidering the wide range of anti-HLA antibodies including
HLA-DP and -DQ, these HLAs were additionally investi-
gated in the second UCB unit (Table 1). The patient had
DSAs with MFI of 1,263 against DPB1*05:01 and
DPA1*02:02 of the second UCB unit. Although the MFI
was over 1,000, we decided to perform UCBT with the sec-
ond selected UCB unit due to a lack of other suitable UCB
units. The patient underwent UCBT (total nucleated cell
dose: 2.76 x 107/kg, CD34 cell dose: 0.68 x 10°/kg) with
fludarabine [22 mg/m* (dose reduction because of decreased
renal function) day —7 to —2], busulfan (3.2 mg/kg day —7
to —4), and melphalan (40 mg/m* day —3 to —2) as condi-
tioning and tacrolimus and mycophenolate mofetil as graft-
versus-host disease (GVHD) prophylaxis. On day 9, she
developed a high-grade fever, skin rash, weight gain (from
41.6 kg to 46.4 kg), and renal dysfunction (eGFR 27 mL/
min/1.73 m?; Cre 1.52 mg/dL) indicative of pre-engraftment
immune reaction (PIR) and were given total six doses of
hydrocortisone (100 mg) from day 10 to 13. BMA per-
formed due to delayed hematological recovery revealed
numerous activated macrophages, along with eclevated
serum ferritin (6,947 ng/mL), suggesting the development
of hemophagocytic syndrome (HPS). Administration of
methylprednisolone (mPSL) (1 mg/kg on day 14 to 15) fol-
lowed by dexamethasone palmitate (10 mg on day 16 to 17
and tapered) resulted in good hematological recovery with
improvement in PIR and HPS, and neutrophil engraftment
was achieved on day 20. Shortly thereafter, the patient
developed gastrointestinal acute GVHD, and mPSL (1 mg/

kg) was administered again from day 26 (Fig. 1). The
administration of mPSL was effective and BMA on day 28
revealed complete donor chimerism with 0.6% of blasts,
suggesting hematological remission. Platelet engraftment
was achieved on day 48.

Discussion

We present a case of UCBT in a patient with MDS
who had a wide range of anti-HLA antibodies. Although
the patient developed relatively severe PIR, HPS, and
GVHD and had DSAs against HLA-DP with an MFI >
1,000, she successfully achieved neutrophil engraftment.

Several studies have reported the association of DSAs
with GF and their adverse impact on transplantation out-
comes. DSAs with MFI > 2,000 in unrelated HSCT
(Spellman et al. 2010) and MFI > 1,000 in single-unit
UCBT (Fuji et al. 2020) increased the risk of GF. Whereas
the impact of DSAs after haplo-HSCT with posttransplant
cyclophosphamide is controversial (Ciurea et al. 2015;
Bramanti et al. 2019; Lima et al. 2021), the presence of
DSAs with MFI > 5,000 is significantly associated with
worse neutrophil recovery in haplo-HSCT using GVHD
prophylaxis with steroid (Yoshihara et al. 2012). However,
most of these reports focused on the effect of DSAs against
HLA-A, -B, -C, and -DRBI1 and the studies that analyzed
the impact of DSAs against HLA-DP and -DQ on the trans-
plantation outcomes are limited.

Few studies have found an association between DSAs
against HLA-DP or -DQ with GF. In a study involving 175
patients who underwent single-unit UCBT, patients with

Clinical course of the patient with donor-specific anti-HLA antibodies against HLA-DP after UCBT.
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Fig. 1. Clinical course of the patient.

The patient underwent umbilical cord blood transplantation (UCBT) with fludarabine, busulfan, and melphalan as
conditioning and tacrolimus and mycophenolate mofetil as graft-versus-host disease (GVHD) prophylaxis. She developed
pre-engraftment immune reaction (PIR), hemophagocytic syndrome (HPS), and acute GVHD. The treatment with
corticosteroids resulted in good clinical response. WBC, white blood cell; Hb, hemoglobin; PLT, platelet; ANC,
absolute neutrophil count; BM, bone marrow; CB, cord blood; FLU, fludarabine; BU, busulfan; MEL, melphalan;

mPSL, methylprednisolone.
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DSAs against HLA-C, -DP, -DQ, and -DRB3/4/5 had lower
engraftment rates than those without such DSAs
(Yamamoto et al. 2014). More specifically, a retrospective
study analyzing 567 single-unit UCBT recipients demon-
strated that DSAs against HLA-DP or -DQ were associated
with a significantly lower neutrophil engraftment rate,
resulting in an increased risk of bacterial infection and
decreased survival (Jo et al. 2023). Nevertheless, no con-
sensus was obtained among these studies on the MFI
threshold of DSAs against HLA-DP and -DQ which poten-
tially causes GF. Our patient underwent UCBT with a UCB
unit which had DSAs with MFI of 1,263 against HLA-DP
and successfully achieved sustained neutrophil engraftment.
Our case suggests that DSAs against HLA-DP need a
higher MFI to induce GF in single-unit UCBT than DSAs
against HLA-A, -B, -C, and -DRB1. The observation
reported by Jo et al. (2023) that the MFI of DSA against
HLA loci other than HLA-DP or -DQ is relatively lower for
HLA-DP or -DQ supports our hypothesis; however, this
notion that the MFI threshold for DSAs against HLA-DP
may be higher for DSAs against HLA-A, -B, -C, and
-DRBI1 is speculative. The specific threshold of DSAs
against HLA-DP and -DQ which can lead to GF needs to be
confirmed in larger prospective studies.

Moreover, little attention has been given to the rela-
tionship between DSAs against HLA-DP and -DQ and
transplantation outcomes other than GF, such as PIR, HPS,
and GVHD. Given the relatively severe PIR, HPS, and
GVHD in our case, DSAs against HLA-DP and -DQ may
be associated with the development of PIR, HPS, and
GVHD; however, there are no reports suggesting potential
associations between DSA against HLA-DP and the devel-
opment of PIR, HPS, and GVHD. Given that several stud-
ies have reported an association between HLA-DP mis-
match and increased risk of acute GVHD in unrelated
HSCT (Morishima et al. 2018; Petersdorf et al. 2020; Zou
et al. 2022), this may be due to the HLA-DP mismatch
itself.

In conclusion, the present case suggests that the crite-
ria for DSAs against HLA-A, -B, -C, and -DRB1 in UCBT
may not be directly applicable to those against HLA-DP.
Furthermore, the MFI threshold for DSAs against HLA-DP
could be higher than that for DSAs against HLA-A, -B, -C,
and -DRB1. To clarify the MFI threshold for DSAs against
HLA-DP and the actual impact on long-term outcomes in
single-unit UCBT, further studies are required.
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