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Background and Objective. Umbilical cord blood
(UCB) cells have been definitively proved to be a
source of hematopoietic stem cells with repopulating
capacity when transplanted into pediatric hosts with
neoplastic or non-neoplastic disease. Moreover, due
to the immaturity of the UCB lymphoid compartment,
these transplants are usually associated with a low
incidence and severity of GvHD. This clinical obser-
vation and the immaturity of the UCB lymphoid com-
partment, justify the acceptance of UCB units which
differ from their recipient by 1 or 2 HLA antigens of the
six HLA A, B and DRB1 antigens conventionally typed.
Whether the number and type of HLA disparities affect
clinical outcome of UCB transplants has not, howev-
er, yet been clearly demonstrated.

Design and Methods. In the present study on 14
pediatric patients with high risk leukemia trans-
planted with UCB from unrelated donors, evaluation
of HLA compatibility was extended to HLA-C and
DQB1 genes and correlated to the engraftment rate
and occurrence of GvHD. Conditioning regimen and
GvHD prophylaxis were identical in all cases. HLA-A
and B antigens were typed by serology, whereas DNA
based methods were used to define HLA-C gene
groups, and HLA-DRB1 and DQB1 alleles.

Results. Conventional HLA-A, B and DRB1 typing
demonstrated that 12 recipient/donor pairs differed
at one HLA locus, while 2 pairs had 2 HLA disparities.
The extended HLA-typing showed that only one out
of the six pairs with a different HLA-A locus had addi-
tional mismatches at HLA-C and DQB1 loci, where-
as all the remaining 8 pairs, which already differed
at HLA-B and/or DRB1 loci after conventional typing,
had additional HLA-C and/or DQB1 mismatches (p =
0.002). By contrast, engraftment rate and occur-
rence of GvHD did not significantly correlate with
level of HLA-mismatches even after extended HLA-
typing.

Interpretation and Conclusions. The present data
show that additional mismatched HLA-C and/or
DQB1 antigens are significantly more frequent in
pairs which after conventional HLA-typing differed at
HLA-B and/or DRB1 loci, than in those showing one
HLA-A mismatch. This observation provides an addi-
tional criterion for selection of UCB donors with the

closest HLA-match when more than one unit are
available. We did not, however, observe any correla-
tion between engraftment rate, occurrence of GvHD
and degree of HLA disparities detected either by
standard or extended typing. These data support the
notion that certain HLA differences do not affect the
clinical outcome of UCB transplants and indicate
that the expensive and time consuming molecular
typing of HLA-C and DQB1 loci might be avoided for
UCB donor selection. 
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Hematopoietic stem cells in umbilical cord
blood (UCB) from an HLA identical donor
were used to transplant a patient with Fan-

coni’s anemia for the first time in 1988 by Gluckman
et al.1 Since this first case, the number of UCB col-
lections and transplants has increased very quickly.
To date, preliminary multicenter analyses show
encouraging results in hematologic patients receiving
related or unrelated UCB.2-6

Efforts are now being made to establish common
citeria for UCB banking, search and transplant pro-
cedures. In particular, as far as concerns HLA com-
patibilty between recipient and donor, search pro-
cedures include serologic typing of HLA-A and B
antigens, and high resolution molecular typing of
HLA-DRB1 genes. Due to the low number and rela-
tive immaturity of UCB lymphoid cells and to the
observed low incidence and severity of GVHD after
UCB transplants, it is usually accepted that UCB
units might differ from the recipient host by 1 or 2
HLA antigens.

Since, however, available data are mostly based
on retrospective multicenter studies in which differ-
ent pre-transplant conditioning regimens were used
and high resolution molecular typing for class I and
class II antigens for several recipient/donor pairs is
lacking,5 relationships between UCB engraftment
rate, occurrence of GVHD and HLA disparities have
not yet been clearly identified.

Based on these considerations, in present study
on 14 patients receiving an identical conditioning
regimen and transplanted with UCB from unrelated
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donors, we have extended the standard HLA-A, B and
DRB1 typing to HLA-C and DQB1 genes and corre-
lated the number of mismatched antigens to engraft-
ment rate and occurrence of GVHD. 

Design and Methods

Patients
From October 1995 to December 1997, 14 con-

secutive patients with high risk leukemia received an
UCB transplant at the “G. Papa” Bone Marrow
Transplantation Unit of the “La Sapienza” Universi-
ty in Rome. Table 1 summarizes the clinical charac-
teristics and outcome of the 14 patients studied. The
disease status of the patients at the time of trans-
plantation was as follows: acute lymphoblastic
leukemia (ALL) in second complete remission (CR) of
disease: 7 patients; ALL in second relapse (BM blast
cells < 30%): 3 patients; ALL in 1st CR: 1 patient;
acute myeloid leukemia (AML) in 1st CR: 1 patient;
AML in 2nd CR: 1 patient; chronic myeloid leukemia
(CML) in accelerated phase: 1 patient.

DNA extraction
Cell nuclei were prepared from whole fresh or

frozen EDTA bone marrow, peripheral venous blood
and umbilical cord blood samples, and were lyzed by
a TRITON-X-100 based method. High molecular
weight DNA was extracted according to the salting-
out method described by Miller et al.7 after incuba-
tion in proteinase-K 10 mg/mL (Boehringer-
Mannheim) at 65°C for 1 hour. DNA was then resus-
pended in a TRIS-EDTA solution 1 X.

HLA typing
Serologic typing for HLA-A and B antigens was

determined by standard complement-dependent
microcytotoxicity test.8 Molecular typing of HLA-C
(low resolution), HLA-DRB1 and HLA-DQB1 (high
resolution) was performed with a sequence specific-
primers polymerase chain reaction (SSP-PCR),9 using
Dynal (Oslo, Norway) commercial kits according to
the manufacturer’s instructions. These procedures
allow definition of all HLA-C gene groups and DRB1
and DQB1 alleles recognized by the WHO Nomen-
clature Committee for factors of the HLA System.10

Unrelated donor selection
Searches for potential unrelated UCB donors were

performed by the UCB Banks of Milan, New York,
Dusseldorf, Paris, Barcelona, Israel. The initial match-
ing criterion for the selection of a cord blood unit was
that it should share at least 4 HLA antigens with the
potential recipient. HLA compatibility was evalauted
by a standard procedure which included serologic
determination of HLA-A and B antigens and molecu-
lar high resolution typing of HLA-DRB1 genes. Of the
14 UCB units transplanted, 7 units were provided by
the Milan Cord Blood Center, 6 units by the New York
Blood Center and the remaining unit by the Heinrich
Heine University of Dusseldorf, the “German UCB”
bank. The median number of viable nucleated cells
infused was 2.953107/kg (range 1.4-7.9).

Transplant procedures
All patients were prepared with an identical condi-

tioning regimen consisting of fractioned TBI (200 cGy

Table 1. Main clinical characteristics at time of transplant and clinical outcome of the 14  patients receiving UCB graft.

No. of mismatched
HLA  antigens

UPN Sex/age Weight Disease status Conv. typing Ext.typing Presence and Engraftment Days to PMN Clinical outcome   
at transplant (6 loci) (10 loci) grade of GVHD >0.53109/L after UCB transplant (months)

300 M/15 70 AML 2nd CR 1 4 II no (ABMTrescue) 59 Alive in CCR (36+) 

312 F/9 34 ALL 2nd CR 1 2 Not occur. no (autol. rec) 37 Relapse (22) 3rd CR (12+)

324 M/10 41 ALL 2nd CR 1 1 II yes 22 Alive in CCR (29+)

325 F/4 13 ALL 2nd Re 1 4 II yes 30 Relapse (4) Dead (10)

337 M/2 12 AML 1st CR 1 2 Not occur. yes 56 Dead during CR (3)

341 M/6 19 ALL 2nd Rel 1 3 Not occur. no (autol. rec.) 33 Relapse (3) Dead due to disease (4)

355 M/12 46 CML-AP 1 3 Not occur. yes 35 Alive in CCR (14+)

359 M/6 20 ALL 2nd CR 1 1 I yes 33 Alive in CCR (18+)

360 F/11 40 ALL 2nd Rel 2 4 I yes 22 Alive in CCR (18+)

368 M/16 60 ALL 1st  CR 2 2 I yes 22 Alive in CCR (15+)

375 F/7 26 ALL 2nd CR 1 1 IV no (autol. rec.) 27 Dead due to GVHD (3)

381. M/6 28 ALL 2nd CR 1 2 III yes 73 Dead due to sepsis

389 F/8 25 ALL 2nd CR 1 3 I yes 33 Alive in CCR (8+)

393 F/5 20 ALL 2nd CR 1 1 I yes 33 Alive in CR (9+) 

Conv.= conventional HLA-typing. Ext.= extended HLA-typing. Autol. rec.= autologous hemopoietic reconstitution.



twice a day for 6 doses over 3 consecutive days start-
ing on day –7), etoposide (20 mg/kg, given as a 24-
hour continuous i.v. infusion on day –4), cyclophos-
phamide (60 mg/kg, given as a 2-hour i.v. infusion on
days –3 and –2) and antilymphocyte serum (600 IU/kg
continuous infusion over 4 consecutive days starting
on day –6). Prophylactic measures against GVHD con-
sisted of daily administration of cyclosporin-A (CSA,
3 mg/kg) starting on day –1 and 6-methyl-pred-
nisolone (2 mg/kg from day –6 to day 0 and 1 mg/kg
thereafter). The dose of 6-mehylprednisolone was
tapered from day 30; the full dose CSA was given until
day 50 and then tapered off by 5% per week.

Engraftment and GVHD
Engraftment was established as the number of days

required to recover an absolute neutrophil count of
0.53109/L, and a platelet count of 203109/L, in the
presence of a persistent full donor chimerism status.
This status was evaluated by PCR amplification of
individual specific VNTR loci following the proce-
dures previously described.11 Donor cell engraftment
and remission status were assessed on day 20, 35, 60,
100 and 1 year after transplantation.

GVHD was scored according to standard criteria.12

Results
From October 1995 to December 1997, 14 patients

with high-risk leukemia received UCB cells from unre-
lated donors. As summarized in Table 2, convention-
al HLA-A, B and DRB1 typing showed that 12 recipi-
ent/donor pairs differed at one HLA locus (HLA A = 5
pairs; HLA B = 4 pairs; HLA DRB1 = 3 pairs), where-
as 2 pairs showed the following two HLA disparities:
HLA-A plus DRB1 loci: 1 case; and both the two HLA-
DRB1 loci: 1 case. These 14 pairs were additionally
typed for HLA-C and HLA-DQB1 genes. The extend-
ed HLA typing demonstrated additional HLA differ-
ences in 10 cases. In detail, only one out of the six
pairs with a different HLA-A locus had additional
mismatches at HLA-C and DQB1 loci. In contrast,
the remaining 8 pairs which differed at HLA-B and/or
DRB1 loci showed additional HLA-C and/or DQB1
mismatches. This difference was statistically signifi-
cant by Fisher’ exact test (p=0.002).

Ten out of 14 UCB recipients (71%) achieved full
engraftment with complete hematologic recovery and
a persistent full donor chimerism pattern. Four
patients failed to engraft. Three out of these 4 cases
had a transient mixed chimerism phase. Of the 4
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Table 2. HLA typing of donors and recipients.

Conventional typing Extended typing No. of mismatched antigens

UPN/UCB unit A  antigens B  antigens DRB1 genes   C gene-groups DQB1 genes Standard Extended
(serologic typing) (serologic typing) (high resolution) (high resolution) typing typing

300 / 2,24 51,44 1602,1104 0501,07 0301,0502 1 4
NY103433 2,24 51,44 1501,1104 14,blank 0301,0602

312 / 1,26 8,45 0301,1302 07,16 0201,0609 1 2
NY100393 1,26 8,38 0301,1302 07,12 0201,0609

324 / 1,24 38,35 0402.1104 04,12 0301,blank 1 1
NY103822 24,26 38,35 0402,1104 04,12 0301,blank

325 / 1,2 50,35 1401,0701 0102,0602 0202,0503 1 4
MI 95/R/964 1,2 8,35 1401,0701 04,07 0303,0503

337 / 1,2 8,40 0301,0701 03,07 0201,0202 1 2
NY100492 1,2 51,8 0301,0701 15,07 0201,0202

341 / 2,2 63,39 1301,0701 0602,07 0202,0501 1 3
MI93/1159 2,blank 39,50 1301,0701 0602,12 0202,0603

355 / 2,11 38,18 1104,1104 07,12 0301,0301 1 3
MI95/3635 1,2 38,18 1104,blank blank,12 0301,0603

359 / 11,30 7,63 1501,1302 07,blank 0602,0604 1 1
MI96/2626 3,11 7,63 1501,1302 07,blank 0602,0604

360 / 1,3 51,7 0401,0701 0501,07 0301,0303 2 4
NY101788 1,3 51,7 0404,1104 blank,07 0301,0302

368 / 3,24 18,35 1103,1302 04,07 0301,0604 2 2
MI96/3699 3,11 18,35 1104,1302 04,07 0301,0604

375 / 1,32 52,18 1502,0302 12,blank 0201,0601 1 1
MI96/2721 1,29 52,18 1502,0302 12,blank 0201,0601

381 / 1,3 7,7 1101,0804 07,blank 0303,blank 1 2
DU598 1,3 7,blank 1101,1501 07,blank 0303,0602

389 / 2,29 7,44 0103,0701 07,16 0202,0501 1 3
MI96/2618 2,29 7,44 0101,0701 07,blank 0202,0501

393 / 1,66 8,44 1501,0301 07,16 0601,0201 1 1
NY103553 1,29 8,44 1501,0301 07,16 0601,0201
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patients who did not engraft, patient UPN 300
reached the defined threshold peripheral blood count
by day 75, following rescue with his BM back-up.
Chimerism analysis in the remaining 3 patients
demonstrated early autologous hemopoietic recon-
stitution which was non-leukemic upon morpholog-
ic evaluation.

Acute GVHD was observed in 8 out of the 10
patients with successful engraftment, and in 2 out of
the 3 patients showing a transient mixed chimerism
status after UCB transplantation. 

Tables 3 and 4 show an analysis of engraftment
rate and GVHD occurrence according to number of
mismatched HLA-antigens. In neither case was there
a statistically significant differences with respect to
the number of HLA-mismatches, determined by
either standard or extended HLA-typing. 

Discussion
HLA antigens are a highly polymorphic family of

cell-surface molecules whose function is to bind and
present antigenic peptides to lymphocytes, leading
to initiation of the immune response.

Recently, molecular based technologies have made
it possible to type alleles of several HLA genes. These
approaches have contributed to the elucidation of the
highly polymorphic nature of the HLA system, defin-
ing 87, 191 and 189 alleles for HLA- A, B, and DRB1
genetic loci, respectively. Furthermore, these methods
allow a significantly higher resolution than that affect-

ed by serology. This is particularly important for the
characterization of genetic loci whose protein prod-
ucts are weakly immunogenetic, for example HLA-C
genes.13 However, the high number of alleles and the
wide distribution of polymorphic regions within the
genes raise several technical and financial concerns
about  molecular HLA-A and B typing. For these rea-
sons, molecular methods are not yet routinely used to
define compatibilty of HLA class I genes. 

However, several studies have recently pointed out
the clinical relevance of high resolution molecular
typing of HLA class I and II genes in unrelated bone
marrow transplants, demonstrating that survival was
significantly longer in patients receiving fully HLA-
matched marrow than in those transplanted with
mismatched marrow cells.14-20

In contrast, the degree of HLA compatibility is less
relevant in UCB transplants. In fact, clinical results
available in this setting have shown that UCB trans-
plants are associated with a low risk of acute and
chronic GvHD, probably as a consequence of the rel-
ative immaturity of cord blood lymphoid cells.5 Thus,
UCB searching criteria including HLA-A and B sero-
logic typing and the possibility of selecting unrelated
UCB units which differ from the potential recipients
by 1 or 2 HLA antigens out of the six HLA-A, B, DRB1
antigens conventionally typed.

In the present study, we have extended conven-
tional HLA typing to the characterization of HLA-C
and DQB1 loci in 14 patients transplanted with UCB
from unrelated donors in order to verify whether
HLA-C and DQB1 mismatches might influence the
clinical outcome of patients.

After extended HLA-typing, we found additional
mismatched HLA antigens in all the 8 pairs which
already differed at HLA-B and/or DRB1 loci. In con-
trast, only one out of the six pairs with an HLA-A mis-
match had two additional differences at HLA-C and
DQB1 loci. This observation, probably explained by
the strong linkage disequilibrium existing among HLA
genes, provides an additional criterion when selec-
tion of UCB donors with the closest HLA-match is
requested.

Moreover, in our group of 14 patients we did not
observe any correlation between engraftment rate,
occurrence of acute GVHD and degree of HLA dis-
parities even after extended typing.

Due to the limited amount of available DNA for
each pair, we could not perform high resolution typ-
ing of HLA-A and B genes. However, we do believe
that the lack of molecular HLA-A and B typing does
not affect the interpretation of the present data. In
fact, serologic typing showed that 10 out of 14 recip-
ient/donor pairs already differed at HLA-A or B loci,
while additional differences could be expected in the
remaining 4 pairs following molecular typing. Thus,
our conclusion that certain HLA disparities do not
affect clinical outcome of patients receiving UCB
transplants also holds true in the absence of HLA-A

Table 4. Occurrence of acute GVHD in the 13 patients with
UCB engraftment (10 cases) or showing a transient mixed
chimerism condition after UCB (3 cases) according to the
number of mismatched antigens evaluated by conventional
and extended typing.

No.of mismatched Conventional HLA typing Extended HLA typing
antigens No.of pairs GvHD (%) No.of pairs GvHD (%) 

1 11 8 (73%) 4 4 (100%) 
2 2 2 (100% ) 4 2 (66%) 
3 – – 2 1 (50%) 
4 – – 3 3 (100%) 

Table 3.  Engraftment rate of UCB cells according to number
of mismatched antigens evaluated  by conventional  and
extended HLA-typing.

No.of mismatched Conventional HLA typing Extended HLA typing
antigens No.of pairs grafted (%) No.of pairs grafted (%) 

1 12 8 (66%) 4 3 (75%) 
2 2 2 (100%) 4 3 (75%) 
3 – – 3 2 (66%) 
4 – – 3 (66%) 
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and B molecular typing.
Furthemore, should these findings be confirmed in

future studies on larger series of patients, these data
would suggest that expensive and time consuming
molecular typing of HLA-C and DQB1 loci might be
avoided during UCB donor searches.
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