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ABSTRACT
Allogeneic hematopoietic stem cell transplantation (allo-HSCT), a curative treatment for
hematopoietic neoplasms, often causes various autoimmune disease-like conditions. In
contrast, allo-HSCT-related type 1 diabetes mellitus is extremely rare. Herein, we report a
case of allo-HSCT-related type 1 diabetes mellitus in a patient who had undergone cord
blood transplantation (CBT) as a treatment for acute myeloid leukemia. The patient’s
human leukocyte antigen was replaced with the donor type after transplantation. The
donor had a disease-sensitive haplotype. To the best of our knowledge, this is the first
reported case of type 1 diabetes mellitus following CBT.

INTRODUCTION
Type 1 diabetes mellitus is a type of diabetes mellitus usually
characterized by insulin-dependence and preceded by an
immune reaction to the islets of Langerhans1. Type 1 diabetes
mellitus is associated with specific human leukocyte antigen
(HLA) haplotypes, mostly involving DRB1*0405-DQB1*0401,
and invariably shows rapid progression2.
Allogeneic hematopoietic stem cell transplantation (allo-

HSCT) has been used widely as a curative treatment for hema-
tological malignancies, with caution taken to avoid the develop-
ment of graft versus host disease (GVHD). In allo-HSCT,
chronic GVHD exhibits autoimmune disease-like symptoms.
Although autoimmune disease-like conditions are seen fre-
quently after allo-HSCT, HSCT-related type 1 diabetes mellitus
has seldom been reported in the literature.

CASE REPORT
A previously healthy 30-year-old man presented with recent
onset anemia. The patient was diagnosed with acute myeloid
leukemia with myelodysplasia-related changes through bone
marrow examination. Peripheral blood analysis showed that the
glycated hemoglobin (HbA1c) level was at 5.5% 3 months
before admission; at this point, anemia was not severe. Upon

admission, the HbA1c level was at 6.5% and Hb was 8.1 g/dL
(Table 2). The fasting blood glucose (FBG) level was 100 mg/
dL, and glycosuria was not detected. The patient had no family
history of diabetes mellitus.
He achieved complete remission after chemotherapy. Follow-

ing this, the HbA1c level was 4.8%, and resolution of anemia
was noted when complete remission was achieved.
We successfully performed an allogenic cord blood trans-

plantation (allo-CBT) from an HLA-2-mismatched, unrelated,
female donor 8 months after the onset of leukemia. Both the
donor and patient’s HLA profiles are shown in Table 1. Pre-
transplant treatment included Ara-C, cyclophosphamide, and
total body irradiation (12 Gy). As a prophylactic measure for
acute GVHD, methotrexate and tacrolimus were administered.
Trough levels of tacrolimus were maintained between 7.2 and
22.2 ng/mL following allo-CBT.
Anti-glutamic acid decarboxylase (GAD) antibody (<5.0 U/

mL) and anti-insulinoma-associated protein-2 antibody (anti-
IA-2 antibody) were negative 48 days before transplantation.
The patient did not experience hyperglycemia before transplan-
tation. Granulocyte engraftment was achieved 19 days after
allo-CBT. The patient developed grade I acute GVHD during
granulocyte engraftment.
Two days after CBT, the patient had a fever (body

temperature >37.5°C). Test results for cytomegalovirus
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antigenemia and Aspergillus antigens were negative at the
time of granulocyte engraftment. No other sign of infec-
tion was detected. Bone marrow aspiration on day 62
after CBT revealed that the patient maintained complete

remission, and G-band analysis revealed 99.6% of female
chromosomes.
Five days after CBT, we noted elevated FBG levels (130 mg/

dL). After that, the FBG increased further, recording a

Table 1 | HLA typing of the patient and donor

Sex Blood type HLA-A HLA-B HLA-Cw HLA-DRB1 HLA-DQB1

Patient (before CBT) M O+ 2
0201

35
3501

10
0304

4
0403

8
0302

26
2602

61
4002

8
0801

12
1201

9
0303

Patient (after CBT) M A+ 2
0201

61
4006

1
0102

4
0405

7
0301

2
0201

54
5401

8
0801

12
1201

4
0401

Donor (cord blood) F A+ 2
0201

61
4006

1
0102

4
0405

Unknown

2
0201

54
5401

8
0801

12
1201

Unknown

The patient’s HLA changed to DRB1*0405-DQB1*0401 post-transplant. This is a high-risk HLA haplotype for type 1 diabetes mellitus.
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Figure 1 | Clinical course. Rapid elevation of fasting blood sugar levels 5 days after cord blood transplantation. Glycosuria was detected on day 16,
and the C-peptide immunoreactivity index decreased with time.
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maximum of 432 mg/dL (Figure 1). The HbA1c level increased
to 8.4% on day 38. Glycosuria was detected on day 16, whereas
ketonuria was not. The patient was administered different ster-
oid hormones, beginning with 125 mg of methylprednisolone
on day 0. Despite steroid administration, his FBG did not
exceed 126 mg/dL during days 0–4 (Figure 1). Anti-GAD anti-
bodies (25.6 U/mL) were positive and anti-IA-2 antibodies were
negative on day 38. No symptoms reminiscent of neurodegen-
erative disease were observed. Based on these results, GAD
antibody in the residual serum 48 days before transplantation
was measured, but it was negative. Abdominal computed
tomography showed no remarkable findings. The patient devel-
oped an insulin-dependent state as the C-peptide immunoreac-
tivity index decreased with time (Figure 1). We diagnosed the
patient with acute-onset type 1 diabetes mellitus according to
the Japan Diabetes Society3 because he tested positive for GAD
antibodies and required continuous insulin therapy from the
early stage of diabetes diagnosis. The patient did not develop
ketoacidosis, possibly due to the early initiation of insulin
therapy.
He was administered prednisolone from day 13 to treat fever.

The administered medication and FBG levels are indicated in
Figure 1.

DISCUSSION
Allo-HSCT-related immune responses, such as GVHD, have
become a serious complication, causing major concern. In con-
trast, allo-HSCT has been held with little caution regarding the
development of type 1 diabetes mellitus. Only few cases of type
1 diabetes mellitus development after bone marrow transplanta-
tion have been reported, and none of them describes type 1
diabetes mellitus development following CBT4,5.
It is well known that patients with type 1 diabetes mellitus

often have a disease-sensitive HLA haplotype2. In our case, the
CBT donor had DRB1*0405, which is a high-risk HLA allele
for type 1 diabetes mellitus, whereas the recipient did not have
any sensitive allele. Although there are no data regarding the
DQ allele in cord blood, the patient had a 0303 DQ allele pre-
transplantation, which changed to the 0401 allele post-
transplantation (Table 1). Therefore, it is presumed that the
DQ allele in cord blood was 0401. DRB1*0405-DQB1*0401 is
a high-risk HLA haplotype for type 1 diabetes mellitus2.
Thymus-derived T-lymphocytes appear approximately 1.5–

2 years after CBT6. In contrast, in our case, the FBG levels

increased from day 5. Therefore, we hypothesized that immune
cells other than donor stem cell-derived lymphocytes were
involved in the onset of type 1 diabetes mellitus in our case.
Moreover, cord blood is known to contain some peripheral
lymphocytes of the newborn infant7. Therefore, these findings
suggest that lymphocytes from the cord blood may have been
involved in the onset of type 1 diabetes mellitus in our case.
Pre-engraftment syndrome (PES) is an immune response

that occurs before engraftment, similar to the onset of type 1
diabetes mellitus in our case8. T-lymphocytes in the umbilical
cord blood are mostly na€ıve and therefore differ from those in
adult peripheral blood. Moreover, T-lymphocytes in the umbili-
cal cord blood change to memory cells approximately 14 days
after transplantation and replace the host lymphocytes9. The
incidence of PES is believed to be higher in the group with
>90% donor-type lymphocytes in 7 days than in the group
with <90% donor-type lymphocytes. Considering these factors
and relating them to our patient who showed elevated FBG
levels from day 5, it is also possible that umbilical cord blood
lymphocytes with a type 1 diabetes mellitus-susceptibility haplo-
type were subjected to antigen presentation to allow expansion
and memory formation until day 5; following this, they may
have induced an immune response to the recipient’s islets of
Langerhans.
During the first medical examination at our hospital, the

hemoglobin (Hb) level of the patient was 8.1 g/dL, and the Hb
level recorded 1 month prior to that was 9.5 g/dL (Table 2).
Therefore, anemia may have progressed over a month. The
patient’s HbA1c level during the first medical examination was
6.5%, which was a mildly high value. Some reports indicated
that as anemia progresses, HbA1c levels are elevated due to
prolonged erythrocyte survival10. Therefore, it is better to inves-
tigate glycoalbumin levels instead of HbA1c levels for measur-
ing glucose tolerance in patients with anemia.
The results of this study highlight the recognition of the

onset of type 1 diabetes mellitus after CBT by comparing anti-
GAD antibody levels pre- and post-transplantation. As anti-
GAD antibodies are known to be a predictive marker of type 1
diabetes mellitus11, we believe that measuring anti-GAD anti-
body levels before HSCT will be beneficial in predicting type 1
diabetes mellitus onset after transplantation.
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Table 2 | The time course of RBC, Hb, and HbA1c

Days from transplantation -281 -234 -183 -134 -83 -51 37

RBC (9103 lL) 353 259 246 443 398 512 275
Hb (g/dL) 11.5 9.5 8.1 13.1 11.7 14.5 8.3
HbA1c (%) 5.5 6.5 4.8 4.9 5.1 8.4
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Approval of the research protocol: N/A.
Informed consent: The patient provided written informed con-
sent.
Registry and the registration no. of the study/trial: N/A.
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