
INTRODUCTION

UCB has become an useful, alternative 
source for human stem cell transplantation 
for the treatment of various hematological 
disorders [1]. One advantage of UCB is its 
immunological immaturity [2, 3] , which 
enables its use in most patients, even when 
HLA differ among the transplant pairs [4].

The expression of HLA molecules in UCB 
cells has been compared to that in adult PB 
[2, 3, 5-11]. The expression of HLA-class I is 
lower in UCB- than in adult PB- MNCs [5, 9]. 
The proportions of HLA-DR positive CD3+T 
cells, CD19+B cells or CD14+monocytes 
are lower in UCB than in adult PB [2, 6-8, 
10]. These findings indicate that UCB-T or 
B-lymphocytes are resting, or non-activated, 

and also that monocyte antigen presentation 
is insufficient to activate host immune effec-
tors.

sHLA-I have been quantified by ELISA in 
healthy individuals [13] and in individuals 
with various disorders such as cancer [14, 15] 
and autoimmune disease [16, 17] or in post-
transplant patients [18, 19]. Conflicting com-
parisons of sHLA-I levels in UCB and adult 
PB have been reported [9, 10, 21]. sHLA-I 
antigens demonstrated immunosuppressive 
functions in in vitro conditions. Zavazava et 
al. [22], Popo et al. [23], and our group [24] 
revealed that sHLA-I induced apoptosis in 
CD8+ T cells, activated by allo-antigen, phyto-
hemagglutinin, or viral (Epstein-Barr virus) 
antigen, respectively. sHLA-II concentrations, 
especially sDR, detected in human sera [25], 
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were increased in autoimmune disorders 
[26] or following organ transplantation [27]. 
Specific tolerance to acetylcholine receptor 
epitopes was induced by soluble MHC-class 
II-peptide complexes in in vitro cloned T cells 
generated from myasthenia gravis patients 
[28]. However, until now, no report has been 
published about sHLA-DR in UCB sera.

The mHLA and sHLA levels from the 
same origin (samples) of UCB and adult PB 
were quantified by flow cytometric analysis 
or ELISA. The frequency of HLA expressing 
cells, as well as the fluorescence intensity per 
cell or volume of blood, were measured or 
calculated, especially for mHLA quantifica-
tion. The total mHLA-I quantity per ml of 
blood was only marginally lower in UCB 
than in PB and the total mHLA-DR count 
was higher in UCB, though not statistically 
significant. sHLA-I levels were significantly 
lower in UCB than in PB. sHLA-DR levels 
did not differ in UCB and PB. The explana-
tion and potential immunological signifi-
cance of these results are discussed.

MATERIALS AND METHODS

Samples
A total of 16 PB samples were donated 

from normal healthy adults and 7 UCB 
samples were collected from full term deliv-
eries in accordance with the Tokai University 
Committee on Clinical Investigation. The 
samples were stored at room temperature 
and processed within 24 hrs of collection.

Separation of MNCs and plasma
First, blood was centrifuged at 2500 

rpm for 10 minutes. After the plasma was 
collected, the buffy coat was diluted with 
phosphate buffer saline (PBS) and loaded on 
Ficoll-Hypaque (1.077 g/cm3) solution and 
centrifuged at 1500 rpm for 30 minutes to 
separate MNCs.

Flow cytometry
MNCs were incubated with unconju-

gated HLA-I MoAb (W6 .32; from DAKO 
A/S, Glostrup, Denmark), then with FITC-
conjugated goat anti-mouse immunoglobu-
lins (Becton Dickinson, San Jose, CA). The 
cells were also double stained with PE-CD3, 
CD14, CD19 or CD20 monoclonal antibodies 
(MoAb) (Beckton Dickinson) together with 
FITC-HLA-DR MoAb (Beckton Dickinson). 
Finally, at least 1× 104 viable cells were 

analyzed by FACS scan flow cytometry using 
Cellquest software (Beckton Dickinson).

sHLA-I ELISA
The system is described elsewhere [29], 

but briefly, anti-HLA-I MoAb, W6/32, (15
μg/ml) was plated on a 96 well microplate. 
After blocking with 0.05%Tween-20 PBS 
(TPBS)＋ 3 % bovine serum albumin, 1:50 
diluted plasma samples were added. After 
washing, HRP-conjugated β2-microglobulin 
(Dako) (diluted 1:1000) was added to each 
well. Finally, the reaction was completed 
with the TMB-peroxidase EIA Substrate 
Kit (BioRad Labs, Herculus, CA) and 
optical density (O.D.) was measured by a 
THERMOmax microplatereader (Molecular 
Device, Nenlo Park, CA) . The O.D. was 
converted to ng/ml using a standard curve 
constructed with standard antigens, which 
were prepared from the culture supernatant 
of C1R neo B7 (donated from Dr. F. Carl 
Grumet, Stanford University).

sHLA-DR ELISA
In brief, 96 well -plates were coated 

with anti-HLA-DR MoAb, L243 (Beckton 
Dickinson) at a concentration of 15μg/ml. 
The samples at 1:2 of dilution were added, 
after blocking with 0.05 % TPBS ＋ 3 % 
bovine serum albumin. After washing 
with TPBS, each well was incubated with 
anti-HLA-DR MoAb, CR3/43 (Boehringer 
Mannheim GmbH, Germany). After wash-
ing, peroxidase-conjugated anti-mouse IgG1 
(Zymed) (diluted 1:1000) was added to each 
well, followed by the same procedure as for 
sHLA-I ELISA. The O.D. was changed to 
ng/ml using a standard curve constructed 
with purified HLA-class II antigens, which 
were donated by Dr. H. Grosse-Wilde (Essen 
University, Essen, Germany). Details of the 
protocol are described in a previous manu-
script [30]. 

Statistical analysis
Results were expressed as mean± stan-

dard error (SE). The difference in mean 
values between the two groups was analyzed 
by the Mann-Whitney U test.
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RESULTS

Total mHLA-I and DR quantities in UCB 
and adult PB

As shown in Fig.1-a, over 80 % of UCB 
cells expressed HLA-I and a statistical 
significant difference of MFI was not de-
tected between UCB and adult PB (p＝ 0.08). 
Representative histograms of HLA-I expres-
sion are shown in Fig. 1-b. The total number 
of MNCs per ml of blood was consistently 
higher (approximately twice as high) in UCB 
than in adult PB. We calculated the total 
mHLA-I quantity per ml of blood by mul-
tiplying the MFI by the frequency of HLA-I 
positive cells and by the total MNC number 
per ml, divided by 106. As shown, the total 
mHLA-I concentrations were equivalent in 
UCB and adult PB.

The frequencies of HLA-DR expression 
was similar in UCB and adult PB (Fig. 2-a), 
however, the MFI was unexpectedly higher 
in UCB than in adult PB. When each cell 
fraction was analyzed, the frequencies of 
CD14+/DR+, CD19+/DR+ or 20+/DR+ cells 
were not different between UCB and adult 
PB (Fig. 2-b). Meanwhile, the MFI of DR 
expressing cells was significantly higher in 
UCB-CD3+ (p＝ 0.02), -CD19+ (p＝ 0.007), 
and -CD20+ cells (p＝ 0.02) compared to 
the adult-PB counterparts. Representative 
dot grams are shown in Fig. 2-c. As with 
mHLA-I, the total mHLA-DR per ml of 
blood was calculated by multiplying MFI 
by the frequency of HLA-DR positive cells 
and by the total MNC numbers per ml, 
divided by 106. mHLA-DR concentrations 
per ml of blood were higher in UCB (Fig. 

0
UCB UCBadult PB adult PB UCB adult PB

20

40

80

100

%

60

0 0

50

100

150

20

40

80

100
MFI

60

To
ta

l m
H

LA
 q

ua
nt

ity
 (

/ m
l o

f b
lo

od
)

Fig. 1-a   HLA-I expression in UCB- and adult PB-MNCs. Frequency (left) of HLA-I expressing cells 
and MFI (middle) of HLA-I expression were analyzed by flow cytometry. Total mHLA-I 
quantitity per ml of blood cells was calculated by multiplying MFI by the frequency of 
HLA-I positive cells and by total MNC numbers per ml divided by 106 (right).

Fig. 1-b   Histograms of HLA-I expression in UCB- (left) and adult-PB- (right) MNCs. Data is derived 
from 7 UCB- and 16 adult PB-samples. The open histogram represents cells stained with 
isotype-matched control immunoglobulin.
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Fig. 2-a   HLA-DR expression in UCB- and adult PB-MNCs. Frequency (left) of HLA-DR expressing 
cells and MFI (middle) of HLA-DR expression were analyzed by flow cytometry. Total mH-
LA-DR quantitity per ml of blood cells was calculated by multiplying MFI by the frequency 
of HLA-DR positive cells and by total MNC numbers per ml divided by 106 (right).
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Fig. 2-b   Frequencies (upper) of HLA-DR positive CD14+, CD3, CD19+ or CD20+ cells and MFI (lower) 
of DR antigens in each fraction. Statistical significance between UCB and adult PB is shown 
by asterisks (*; p＜ 0.05, **; p＜ 0.01).

Fig. 2-c   Dot plots showing the HLA-DR expression in UCB- or adult PB-CD14+, CD3+, CD19+ or CD20+ 
cells. Data are derived from 7 UCB and 16 adult PB samples.
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2-a), although statistical significance was not 
obtained (p＝0.06).

sHLA-I and DR concentrations in UCB and 
adult PB

sHLA-I was significantly lower (p＝0.003＜
0.01) in UCB than in adult PB plasma (Fig. 
3). In contrast, sHLA-DR concentrations were 
similar in UCB and adult PB.

DISCUSSION

The present study revealed that cell-
surface membrane bound HLA-I expression 
in UCB-MNCs was approximately 3 -fold 
lower than in adult PB-MNCs, even if the 
difference did not reach a level of statistical 
significance.  sHLA-I levels were also signifi-
cantly lower in UCB than in adult PB. Puri 
[9] and Inostroza et al. [21] also reported that 
sHLA concentrations were lower in UCB 
than in adult PB sera. Puri reported that 
reduced HLA-I expression by neonatal leu-
kocytes was responsible for the lower sHLA-I 
levels [9]. sHLA-I can exist as three differ-
ent sized molecules: a 36 KDa breakdown 
molecule, a 39 KDa spliced molecule, and 
a 42 KDa shedded form. Puris et al. [9] also 
reported that the distribution of sHLA-I in 
UCB sera did not differ from that in adult 
sera, indicating no preferential reduction of 
any particular form of sHLA-I in UCB sera. 
Our findings are in agreement with their 
report, and we propose that membrane and 
surface HLA-I antigens are controlled by a 
common mechanism of regulation or signal-
ing of production.

UCB contained approximately 2-fold 
higher numbers of total cells or MNCs per 
ml of blood than adult PB (data not shown). 

Therefore, even if UCB cells secrete lower 
amounts of sHLA-I, the total accumulated 
quantity of sHLA-I would be expected to 
be elevated close to adult PB levels. When 
“a total mHLA-I quantity per ml of blood” 
was calculated, only a slight difference was 
observed between UCB and adult PB. HLA-I 
are expressed in almost all nucleated cells, 
and the circulating sHLAs are derived from 
organs or tissues such as the liver, an espe-
cially active producer as well as from MNCs 
[18, 31] . Recently, Demaria et al. reported 
the release of β2-microglobulin (β2 m) -
free-HLA-class I heavy chain (HC) from cell 
surfaces by membrane metalloproteinases, 
and their subsequent re-association with β2 
m [32]. They also reported that exogenous 
β2 m binds only to peptide-confirmed HC 
antigens, and is protected from cleavage, 
in the same way as the MPase inhibitor. 
Endogeneous cancer-derived peptides have 
also been recovered from sHLA-I in patients’ 
sera [33] . Taken together, two possible ex-
planations for these observations include: 
1) MPase activity on UCB cell membranes is 
lower than in adult PB cell membranes or, 2) 
peptide-free non-confirmed HC concentra-
tions are higher in UCB than in adult PB. 
Alternatively, peptide-unbound HLAs could 
be unstable and degraded, as shown by 
Chersi et al. [34].

Several studies have shown that HLA-
class II, DR antigens are expressed weakly 
or in a lower proportion in UCB -T/B 
lymphocytes or -monocytes than in adult 
PB-T/B lymphocytes or -monocytes [2, 6 -8, 
10]. Higher DR expression on CD20+B cells 
or an equivalent level of expression on 
monocytes have been proposed as explana-
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Fig. 3   Soluble HLA-I (left) and DR (right) levels in UCB and adult PB sera. Statistical significance 
between UCB and adult PB was shown as for sHLA-I (p＜ 0.01).
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tions by Keever or Harris et al. [5, 6] Our 
results show that the frequency of DR posi-
tive monocytes or B cells (not T cells) is the 
same in UCB and adult PB. An especially 
interesting finding is that the intensity of DR 
antigens on UCB-monocytes and -B cells was 
2-fold higher than in adult PB-monocytes 
and -B cells. Such relatively high HLA-DR 
expression, especially manifested by antigen-
presenting cells (APCs), could trigger a 
strong allo-reaction in to DR-mismatched re-
cipients. Furthermore, CD3+T cells expressed 
a significantly higher DR level, even though 
the UCB-T cell frequencies were lower than 
in adult-PB-T cells. A potential explanation 
is that a small proportion of UCB-T lympho-
cytes may have been activated by particular 
gestational antigens. The function of UCB-T 
cells should be investigated, especially with 
regard to allo-immune reactions.

We examined, for the first time, the 
content of sHLA-DR in UCB-sera; sHLA-
DR concentrations were virtually equivalent 
in UCB and adult PB sera, even though the 
total mDR concentration in UCB was 3 times 
higher than that in adult PB. Fetal tissue or 
cells might have a reduced ability to secrete 
sHLA-DR. It is still unknown which organs 
or tissues contribute to the production of 
sHLA-DR in human sera. However, APCs, 
such as monocytes, B cells or dendritic cells, 
which not only circulate in blood but also 
reside in peripheral tissues, express mHLA-
DR to present foreign antigens to CD4+T 
cells. Therefore, sDR antigens may derive 
in considerable amounts from peripheral 
tissues through encounters with foreign an-
tigens after birth. Garban et al. [11] reported 
that HLA-DR molecules on UCB-B cells were 
devoid of stably bound peptides. Such HLA-
DR, if separated from cell surface mem-
branes, might be fragile and easily degraded 
in UCB sera.

sHLA is considered unique because it 
shows immunomodulatory and suppres-
sive functions in vitro [22-24, 35] . Human 
allograft acceptance is closely correlated 
with sHLA antigen-driven immune regula-
tion [17]. Burlingham [36] mentioned that 
maternal sHLA proteins might induce toler-
ance via indirect presentation of maternal 
allopeptides to fetal T cells. The effect of 
non-inherited maternal antigens (NIMA), in 
allo-organ or stem cell engraftment, might 
be explained by sHLA [37]. sHLA can be 

easily allo-typed by ELISA [27, 38]. Maternal-
derived sHLA-I or -DR in UCB-sera, and its 
contribution to the depressed immune reac-
tion to NIMA, should be investigated in the 
future.
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