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Cord blood unit selection

The HLA-A and HLA-B Ags were identified by serological
typing. HLA-DRBI alleles were determined by high-
resolution molecular typing using PCR sequence-specific
primers. Patients without a suitable, closely HLA-matched
family donor were eligible for CBT if a matched unrelated
BM donor was unavailable as a first treatment option. If
there was insufficient time for an unrelated BM donor
search because of disease status or because preliminary
search indicated a low likelihood of obtaining a matched
unrelated BM donor, we attempted to locate cord blood
grafts. Preferred cord blood units matched three or more of
six HLA loci and contained a minimal cell count of
1.5 x 107 nucleated cells per kg before freezing. All but one
cord blood units were obtained from cord blood banks in
the Japan Cord Blood Bank Network.

Conditioning

All patients received four fractionated 12Gy TBIs on
days —9, —8 or on days —8 and —7, recombinant human
G-CSF combined Ara-C and CY. Ara-C was administered
iv. over 2h at a dose of 3g/m? every 12h on days —6
and —5 or on days —5 and —4 (total dose, 12 g/m?). G-CSF
was administered by continuous infusion at a dose of
5ug/kg per day. Infusion of G-CSF was started 12h
before the first dose of Ara-C and stopped at the
completion of the last dose. CY was administered i.v. over
2h at a dose of 60mg/kg once daily on days —4 and —3 or
on days —3 and —2 (total dose, 120 mg/kg). At 2 or 3 days
after the completion of conditioning, patients received
a CBT.

GVHD prophylaxis

All patients received standard CYA and MTX as GVHD
prophylaxis. CYA was given i.v. every day starting on day
—1 at a dose of 3mg/kg per day. MTX (15mg/m? i.v.) was
given on day 1, and 10 mg/m? of MTX was administered on
days 3 and 6. Once oral intake could be tolerated, patients
were administered oral CYA at a dose of 1:2, in two divided
doses per day, on the basis of the last i.v. dose. In the
absence of GVHD, CYA was tapered beginning between
weeks 6 and 9 until it could be discontinued in the absence
of chronic GVHD (cGVHD) between 6 and 12 months
after transplantation. CYA was reduced when serum
creatinine levels rose 1.5 times above baseline or when
other serious agent-associated toxicities occurred. Physi-
cians could freely modify the CYA dose for patients
experiencing severe acute GVHD (aGVHD) or risk of
disease relapse. Corticosteroid-based treatment was con-
sidered when grade II or higher severe aGVHD occurred
(0.5-2mg/kg).

Supportive care

All patients received G-CSF by i.v. infusion starting on day
1 until durable granulocyte recovery was achieved.
The supportive care regimen, including prophylaxis for
infection, was the same as previously reported.'?
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End points and definitions

Myeloid engraftment was defined as the first of the 3
consecutive days during which the ANC was at least
0.5 x 10° cells per 1. Plt recovery time was achieved on the
first of 3 days when the plt count was higher than 5 x 10°
cells per 1 without transfusion support. The chimerism
status after CBT was determined either by FISH witha Y
chromosome probe for sex-mismatched CBT or by
quantitative PCR analysis for microsatellite DNA markers.
Primary engraftment failure was defined as the absence of
donor-derived myeloid cells on the day of death, the day of
relapse and on day 60 in patients surviving after CBT. A
second allogeneic transplantation or autologous hemato-
poietic reconstitution before donor-derived myeloid recov-
ery was considered as primary engraftment failure. Both
aGVHD and ¢GVHD were graded according to the
previously published criteria.'®*® TRM was defined as
death from any cause except relapse. Relapse was defined
by morphological evidence of disease in peripheral blood,
BM or extrameduliary sites. EFS was defined as the time
from CBT to graft failure, relapse, death or the last
observation.

Statistical analysis

Cumulative incidences were estimated for hematopoietic
recovery, GVHD, TRM and relapse to take competing
risks into account. The probability of EFS was estimated
from the time of CBT according to the Kaplan-Meier
method. Variables considered in univariate analysis were
body weight, age, recipient sex, degree of HLA matching,
recipient CMV serology, diagnosis (MDS-related SAML or
others), cytogenetic subgroups, year of transplant, total
nucleated cell dose and CD34-positive cell dose. Variables
with a value of P<0.1 for each end point were tested in
multivariate analysis. End points were calculated at the last
contact, the date of the last follow-up being 1 December
2009.

Results

Characteristics of patients and cord blood units

The characteristics of 33 patients and cord blood units are
shown in Table 1. Among the patients, the median age was
42 years (range, 19-52 years), the median weight was 55kg
(range, 41-75kg), the median number of cryopreserved
nucleated cells was 2.51 x 107 cells per kg (range, 1.71-
4.60 x 107 cells per kg), and the median number of
cryopreserved CD34-positive cells was 0.91 x 10° cells per
kg (range, 0.27-2.14x 10° cells per kg). Ail patients
received a single and HLA-mismatched cord blood unit.

Hematopoietic recovery

A total of 30 patients had myeloid reconstitution, and the
median time to achieve more than 0.5 x 10° cells per | ANC
was 22 days (range, 18-35 days). Three patients experienced
primary engraftment failure. Of the three patients, one
relapsed at day 53 and two died at days 24 and 28 without
myeloid engraftment. The cumulative incidence of neutro-
phil recovery at day 50 was 91% (95% confidence interval



Table 1 Characteristics of patients and cord blood units

Characteristics

Patients, n 33
Male/female, n 22/11
Median age, years (range) 42 (19-52)
Median wt, kg (range) 55 (41-75)

Median no. of cryopreserved nucleated cells 2.51 (1.71-4.60)
(x 107 cells per kg (range))
Median no. of cryopreserved CD34-positive cells

(x 10°cells per kg (range))

0.91 (0.21-2.14)

Median time from diagnosis to transplantation, 9 (2-223)
months (range)
Recipient CMV status, positive/negative, n 27/6
Diagnosis
RAEB, n 7
MDS-related secondary AML, n 26
Cytogenetic subgroups
Standard, n 23
Adverse, n 10
Conditioning regimen
TBI+ Ara-C/G-CSF+CY, n 33
GVHD prophylaxis
CyA+MTX, n 33
No. of HLA-A, -B and -DRBI mismatches
1,n 5
2, n 1
3,n 11
4, n 2
Year of transplant
1998-2003, n 15
2004-2009, n 18

Abbreviations: RAEB =refractory anemia with excess blasts; MDS =
myelodysplastic syndrome; G-CSF = recombinant human G-CSF.

Table 2 Multivariate analysis of factors associated with hemato-
poietic recovery and acute GVHD
Qutcome/[variables Hazard ratio (95% CI) P-values
Neutrophil recovery
Diagnosis
sAML 2.48 (1.04-5.92) 0.04
RAEB 1
Pt recovery
Recipient CMV status
Positive 0.21(0.09-0.48) 0.00021
Negative 1
Acute GVHD (grade II-1V)
No. of HLA mismatches
Jor4 3.04 (1.19-7.78) 0.021
lor2 1
Abbreviations: CI=confidence interval; sAML =myelodysplastic

syndrome-related secondary acute myelogenous leukemia; RAEB=
refractory anemia with excess blasts.

(CI), 79.7-100%). In multivariate analysis, neutrophil
recovery was significantly faster for sAML patients
(P=0.04) (Table 2). A self-sustained plt count of more
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than 50 x 10° cells per 1 was achieved in 29 patients at a
median time of 51 days (range, 30-179 days). The
cumulative incidence of plt recovery at day 200 was 88%
(95% CI, 75.1-100%). In multivariate analysis, plt recovery
was significantly faster for CMV seronegative patients
(P<0.001) (Table 2).

aGVHD and cGVHD

Acute GVHD occurred in 28 of 30 evaluable patients. The
grading of aGVHD was grade I in 12 patients, grade II in
10, grade III in 4 and grade IV in 2. The cumulative
incidence of grade II-IV and grade III and IV aGVHD at
day 100 after CBT was 67% (95% CI, 34.0-90.8%) and
41% (95% CI, 5.5-75.5%), respectively. In muitivariate
analysis, degree of HLA mismatch had a significant impact
on the incidence of grade II-IV aGVHD (P=0.021)
(Table 2). cGVHD occurred in 25 of 28 evaluable patients.
Among 25 c¢cGVHD patients, 11 patients were of the
extensive type. The cumulative incidence of overall and
extensive-type cGVHD was 76% (95% CI, 60.4-91.2%)
and 34% (95% CI, 17.4-51.2%), respectively. No factor
was associated with the incidence of overall and extensive-
type cGVHD.

Relapse

The cumulative incidence of relapse at 5 years was 16%
(95% CI, 2.7-29.1%). No factor was associated with the
incidence of relapse.

TRM and causes of death

The cumulative incidence of TRM at day 100 and at 5 years
was 6% (95% CI, 0-14.4%) and 14% (95% CI, 0.8-
27.0%), respectively. No factor was associated with TRM.
Eight patients died. Of the eight patients, four died of
relapse. In the remaining four patients, the causes of death
were treatment related (organ failure (n=1), infection
(n=1), cGVHD with or without infection (rn = 2)).

EFS

Of 33 patients, 24 are alive and event-free after CBT.
Median follow-up of event-free survivors was 59 months
(range, 5-137 months). The probability of EFS at 5 years
was 70% (95% CI, 55.3-88.9%) (Figure 1). No factor was
associated with EFS.

Discussion

Several studies have suggested the promising results of
unrelated CBT after myeloablative conditioning for adult
patients.”> Recently, reports of disease-specific outcomes
for adult patients with acute leukemia after CBT have been
published;>">* however, there have been no reports
detailing the long-term follow-up results of disease-specific
outcomes of adult advanced MDS patients treated with
CBT after myeloablative conditioning. Although we have
previously reported the results of 19 adult patients with
advanced MDS who received CBT after myeloablative
conditioning,'®'” the follow-up duration after CBT was
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Figure 1 Probability of EFS after cord blood transplantation.

short and risk factors associated with transplant outcomes
were not analyzed. In addition, our recent report of the
results of 77 adult patients with AML who received CBT
included 20 patients with SAML;>' however, the details of
sAML-specific outcomes were not fully analyzed. There-
fore, we updated the results of unrelated CBT after
myeloablative conditioning for 33 adult patients with
advanced MDS and identified pretransplant factors related
to the transplant outcomes on long-term follow-up.

In this study, the cumulative incidence of neutrophil
recovery at day 50 was 91% and the median time to
neutrophil recovery was 22 days. Of 33 patients, only 3
patients experienced primary engraftment failure. The
diagnosis of SAML was identified as a significant factor
affecting faster neutrophil recovery. One reason may be
that two of the three patients who experienced primary
engraftment failure had refractory anemia with excess
blasts (2 of 7 refractory anemia with excess blasts patients
experienced primary engraftment failure). The cumulative
incidence of plt recovery at day 200 was 88%, and pit
recovery was significantly faster for CMV seronegative
patients. This finding is consistent with our previous
report.?® The cumulative incidence of grade [I-IV aGVHD,
grade III and IV aGVHD, overall and extensive-type
c¢GVHD was 67, 41, 76 and 34%, respectively. As described
before,'? because immunosuppressants for CBT recipients
tended to be discontinued faster in our institution, the
incidence of aGVHD and ¢cGVHD was relatively higher
than other reports of adult CBT. However, the cumulative
incidence of TRM at day 100 and at 5 years was very low
(6 and 14%, respectively), and aGVHD and cGVHD were
not related to TRM. In muitivariate analysis, degree of
HLA mismatch had a significant impact on the incidence of
grade II-IV aGVHD. Recently, Arcese et al.'* reported the
updated results of a large series of adult patients with
different hematopoietic malignancies transplanted in 63
centers of the Eurocord group. In total, 171 adult patients
received CBT after myeloablative conditioning. They
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analyzed outcomes and risk factors after CBT. The
cumulative incidence of grade II-IV aGVHD was 32%,
and no factor was found to significantly influence the
development or severity of aGVHD in multivariate
analysis. Our previous studies®**> and those of others,”**
as well as that of Arcese et al.'* reported that HLA
matching had no effect on aGVHD after CBT in adults;
however, the degree of HLA mismatch had a significant
impact on aGVHD in this study. The reasons for this
finding remain unclear because of the limited number of
patients. The cumulative incidence of relapse at 5 years was
16% and the probability of EFS at 5 years was 70%. No
factor was associated with relapse and EFS. Recently, a
transplantation-specific cytogenetics grouping scheme for
patients with MDS has been reported.'® Under this scheme,
abnormalities of chromosome 7 and complex karyotype are
considered to be adverse risks, whereas all others are consi-
dered standard risk. Although, we performed univariate
and multivariate analyses according to this transplantation-
specific grouping, cytogenetics had no impact on the
incidence of relapse and EFS. In this analysis, unrelated
CBT after myeloablative conditioning can cure ~70% of
the adult patients with advanced MDS. As previously
described, 152! 3 lower TRM rate and the use of G-CSF-
combined preparative regimen,” which was capable of
reducing the post transplant relapse rate in refractory
myeloid malignancies, may be associated with encouraging
outcomes in this study. In addition, Japanese patients
might have some advantages in the setting of HLA-
mismatched transplantation because of HLA or non-
HLA immune genetics.

In summary, we updated the results of unrelated CBT for
adult advanced MDS patients. These results suggest that
unrelated CBT after myeloablative conditioning could be
safely and effectively used for adult patients with advanced
MDS without suitable related or unrelated BM donors.
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Time from cord blood collection to processing and temperature influence the

quality of mononuclear cell products isolated using a density-gradient protocol

Miki Yuzawa", Tokiko Nagamura-Inoue”, Ikuo Ishige", Kazuo Ogami", Tomoki Tamura”,

Atsuko Takahashi®, Hideki Kodo”, Satoru Yamaguchi® and Arinobu Tojo"

Background: For clinical cord blood (CB) transplantation, CB is processed using a standard hydroxyethyl starch pro-
tocol generally within 48 h of collection at room temperature. However, for tissue stem cell research, mononuclear
cells (MNCs) were isolated from CB using a Ficoll-Paque density-gradient method. Here we report the effect of stor-
age temperature and time from CB collection to processing on the cord blood mononuclear cells (CB-MNCs) isolated
using a density-gradient method.

Methods: We processed CB using a Ficoll-Paque density-gradient method to collect the cells in the MNC layer. Cells
were analyzed using an automatic blood cell counter, and CD34" cells were counted according to the ISHAGE method.
Results: The recovery rate of viable MNCs in the CB-MNC layer was inversely related to the time from collection to
processing of CB samples. However, recoveries of total nucleated cell and CD34" were not affected by the time from
collection to processing. The percentage of neutrophil contamination in the MNC layer increased significantly with
increasing time from CB collection to processing (n=100, p <0.0001). Furthermore, CB stored at low temperatures
had significantly less neutrophil contamination in the MNC layer than those stored at room temperature for 30 h after
CB collection.

Discussion: Storage temperature and time from collection to processing influence the composition of CB-MNCs prod-
ucts processed using a Ficoll-Paque density-gradient method.

Keywords: cord blood (CB), mononuclear cells (MNCs), cord blood (CB) processing, density-gradient method,
storage, viability, recovery
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Introduction

Cord blood (CB) cells are of interest not only as a
source of hematopoietic stem cells but also tissue stem
cells, which have potential therapeutic applications in
regenerative medicine. The National Research Cord
Blood Stem Cell Resource Bank (http://scbh.ims.u-toky
o.ac.jp/), the first stem cell bank established in the
world, began in 2003 as part of a project to realize the
potential of regenerative medicine. It is organized by
the Ministry of Education, Culture, Sports, Science and
Technology in Japan. The research CB banks isolated
cord blood nucleated cells (CB-NCs), CD34" cells, and

mononuclear cells (CB-MNCs) from nonconforming
CBs for clinical use, and supplies CB in research-use for
domestic researchers via Riken Bioresource Center. In
this project, we first processed CB-NCs using a hy-
droxyethyl starch (HES) centrifugation method, as
used clinically for CBB, and provided the frozen CB-
NCs units to researchers. However, when frozen CB-
NCs units are thawed by the ordinary thawing method,
such as by mixing with a large volume of medium, ag-
gregation often occurs due to a large quantity of resid-
ual neutrophils and red blood cells. In this situation,
general researchers find it difficult to process and con-
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tinue the culture of frozen CB-NCs. In addition, many
researchers in the field of regenerative medicine have
reported that CB-MNCs contain a potential source for

U~8  Therefore, since 2008, we have

regeneration
started to release CB-MNCs products for researchers.
CB-MNCs are processed by the well-known density-
gradient method based on differences in cell size and
density. To assure the quality of CB-MNC products for
research use, we set the following quality criteria: 1) in-
formed consent from the mother, 2) negative for infec-
tion and genetic background, 3) initiation of CB process-
ing within 36 h of CB collection in obstetrics, 4) neutro-
phil contamination in the CB-MNCs products of less
than 20%, and 5) more than 1 x 10" of MNC per tube. In
this setting, we found that neutrophil contamination
often exceeded 20%. Here, to resolve the problem of
neutrophil contamination, we investigated potential
factors, including time and temperature, which may be
critical to the excess of neutrophil contamination.

CB stored at room temperature (RT) is preferred to
CB stored at a low temperature because plateletsin CB
units may aggregate at low temperatures® ™. Guide-
lines for the store period of CB samples differ. Accord-
ing to the guidelines (http://www.factwebsite.org/Sta
ndards/) of many countries except Japan, CB samples
should be processed within 48 h of collection in obstet-
rics, whereas guidelines released by the Japan Cord
Blood Bank Network suggest that CB samples be proc-
essed within 24 h (https:;//www.j-cord.gr.jp/ja/bank/t
echnicalhtml). However, the effects of storage time and
temperature on the isolation of CB-MNCs using a
density-gradient method are not fully understood.
Here we show that time from collection to processing
and storage temperature influence the quality of CB-
MNC products processed using a Ficoll-Paque density-
gradient method.

Materials and Methods

CB collection, store and transportation to IMSUT-
CRC

The study for Research Cord Blood Stem Cell Re-
source Bank Project was approved by the Ethical Com-
mittee of the Institute of Medical Science, The Univer-
sity of Tokyo (IMSUT), Japan, and by the Tokyo Cord
Blood Bank (Tokyo CBB). Informed consent was ob-
tained from the mothers involved in this project. CB
was collected in collection bag (Kawasumi, KBS-200CA
8, Japan) and stored at RT (around 20C) in a plastic
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store box setting in a delivery room of obstetrics until
the CB units were picked up at around 8 : 30 am every
day. Therefore, some CB units collected in the prior day
were stored overnight (up to 24 hours), and others col-
lected in the early morning (until CB units were picked
up) were stored shortly in the obstetrics. The collected
CB units in the obstetrics were transported to Tokyo
CBB at RT by the courier every morning. It almost con-
stantly took less than one hours to transport CB from
obstetrics to Tokyo CBB. CB units were determined to
be conforming or not for transplantation in Tokyo CBB.
The nonconforming CB units were anonymized in the
Tokyo CBB and subsequently transported to the re-
search cord blood stem cell bank, namely, IMSUT-Cell
Resource Center (IMSUT-CRC). The transportation
was carried by the courier or immediately transported
by the staff of IMSUT-CRC or Tokyo CBB. During
transportation, CB bags were placed at RT in foam
polystyrene boxes with cushions. After reception of
the bags, the bags were preserved at 15C until proc-
essing.

CB processing

One hundred CB units were processed into MNCs
using the bioclean cabinet installed in the IMSUT-CRC.
The time from CB collection to processing was defined
as the total time elapsed since CB collection at obstet-
rics and evaluation of conformity at Tokyo CBB until
the initiation of CB processing into MNCs at IMSUT-
CRC.

After 0.5-ml pre-processed CB sample was drawn
for the testing, the CB was diluted to the appropriate
volume (up to the multiples volume of 30 mI) with sa-
line. Then 30 m! of CB was poured onto filters inside 50
ml-LeucoSep tubes (Greiner bioc-one GmbH, Fricken-
hausen, Germany) that had been pre-filled with 15 m/
of Ficoll-Paque PLUS (GE Healthcare UK Ltd, Bucking-
hamshire, UK). Then, the tubes were centrifuged at
1,000 x g at 20C for 20 min. After centrifugation, the
MNC layer was collected and washed twice with 30 m/
of PBS. The cell suspension was adjusted to 10 m!/ with
PBS, and 0.5 m! of the post-processing sample was used
to calculate cell numbers and differential.

To estimate the effect of storage temperature, we di-
vided CB units into four equal parts, respectively. One
group was initiated to be processed at 12 h after CB col-
lection, whereas the remaining three were stored for
30 h elapsed since CB collection to processing at 4C,
15C, and RT, respectively.
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Fig. 1 Comparison of the processing in cord blood
A: Differential display of CB cells and MNCs isolated using a bufly coat layer HES centrifugation method and using
a Ficoll-Paque (F/P) density-gradient method. The 1IES centrifugation method shows a cloudy broad band and the
F /P density-gradient method shows a relatively sharp white band. B: Flow cytometric analysis after CB processing
using HES centrifugation and density-gradient methods. The X-axis shows CD45 expression, and the Y-axis shows
side-scatter. Neutrophils in the CB-MNC layer were reduced in samples processed using the density-gradient

method.

NC count and differential white blood cell count

Differential white blood cells (WBC) were counted us-
ing an automated hemocytometer XE-2100 (Sysmex
Corporation, Kobe, Japan). Total NCs include total WBC
and NRBC. MNCs are defined as the sum of lympho-
cytes and monocytes and the proportion of MNCs is
calculated as the sum of them in the TNCs.

CD34" cell count and viability analysis

We measured CD34' cells following the ISHAGE sin-
gle platform method. We stained and analyzed the pre-
and post- processed samples using CD45 FITC- and
CD34 PE-conjugated antibodies (BD, Franklin Lakes,
NJ) and Via-Probe 7-Amino-Actinomycin D (7-AAD)
(BD) in TruCount tube (BD). After lysis of RBC by a
PharmLyse reagent (BD), we analyzed cells using a
flow cytometry FACS Calibur (BD). For cell viability
analyses, viability was defined as the proportion of
CD45" 7-A AD viable WBCs within the total population
of CD45" cells.

Recovery rate of TNCs, MNCs and CD34" cells was
defined as the percentage that the post-processing cell
number was divided by the pre-processing cell num-
ber.

Statistical analysis

Data are presented as the mean=SD or the median
with range. Comparisons between two groups were
performed using the Student T test, and Pearson corre-
lation coefficients were calculated to evaluate correla-
tions between groups using by JMP software (version
6.0.2, Cary, NC) and R software, respectively, and p val-
ues less than 0.05 were considered to be significant.

Results

The HES centrifugation method isolates a cloudy
broad band and the density-gradient method isolates
a MNC layer which is relatively sharp and white band
(Fig. 1.A). According to the flow cytometric analysis of
CD45/side scatter after CB processing, neutrophils in
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the CB-MNC layer were reduced in samples processed
by the density-gradient method (Fig. 1.B).

Effect of time from collection to processing on sam-
ple quality

To evaluate the effect of time from collection to proc-
essing on sample quality, we examined recovery rates
of NCs, MNCs, and CD34' cells using a density-gradient
protocol. Median collection volume was 81.0 mI (range
60.0 m! to 133.7 mI), including 28 ml of CPD, and me-
dian concentration of NCs before processing was 0.96X
10’/m! (range 0.60x10" to 1.7x10"/mI). Median time from
CB collection to processing was 14.0 h (range; 6-38 h).
Recovery rate of MNCs before and after processing
was 71.3£10.3%. This rate decreased significantly with
time (p = 0.0006; Fig. 2.A). Interestingly, the percentage
of neutrophils in the MNC layer increased significantly
in proportion to the time from collection to processing
(p<0.0001; Fig. 2B). No significant difference was found
in the recovery rates of NCs (Fig. 2.C) or CD34' cells
over time (Fig. 2.D).

The viability of CD45" WBCs before processing de-
creased significantly with increasing time from collec-
tion to processing (p = 0.0085; Fig. 2.E), although the vi-
ability was relatively kept high (mean+SD 96.3+2.6%)
in this study.

Effect of storage temperature on sample quality

To evaluate the effect of processing time and storage
temperature on neutrophil contamination, we divided
CB units into 4 samples of equal volume. One sample
was immediately processed, and the remaining three
were stored at 4°C, 15C, or RT (25C) for further proc-
essing. As expected, neutrophil contamination in-
creased with increasing storage temperature (20£11%
at47C, 27£12% at 15C, and 46=15% at RT; Table 1). Sam-
ples processed immediately (within 12 h) contained less
neutrophil contamination (10+4%) than those stored for
30 h at any temperature. Samples processed immedi-
ately and samples stored at 4C had significantly lower
neutrophil contamination than those stored at RT.
There was no significant difference in the recovery
rate of NCs in samples stored at the various tempera-
tures.

Because CB units in obstetrics were stored for vari-
ous time and at uncontrolled temperature, we intro-
duced the refrigerator to store the collected CB units
at 10T in the storage room of the obstetrics. Contami-
nation of neutrophils in the MNC layer (Fig. 2.F) stored
at 10C (n=85) was significantly decreased compared
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with that stored at RT (p < 0.0001) in the obstetrics.
The CB units stored at RT are the same units as those
in Fig. 2.B.

Discussion

Most CB banks have now adopted to the HES
method”"® within 48 h of collection in obstetrics accord-
ing to the guidelines of CB processing for CB banking
in many other countries. The HES method is sufficient
for obtaining stem cells from a limited volume of CB,
but generally most hematopoietic progenitor cells are
present in the MNC fraction'””. Furthermore, tissue-
specific stem cells can be found in the MNC population
of CBs isolated using a density-gradient method in the

D~ except the special popu-

lation such as very small ES like cells™.

regenerative experiments

In the present study, we found that prolonged time
from CB collection to processing at RT resulted in a sig-
nificant increase of neutrophil contamination in the
MNC layer using a density-gradient protocol. In addi-
tion, prolonged time from collection to processing CB
resulted in a decrease in recovery rate of MNC (lym-
phocytes and monocytes), although the final TNC num-
bers were not affected. These results suggest that pro-
longed time from CB collection to processing decreases
neutrophil density, whereas the density of lympho-
cytes and monocytes increases after CB processing.
Therefore, the final product seems same, as far as the
TNC are manually or automatically counted without
WBC differentials. Although obtaining mesenchymal
stem cells from CB seemed more difficult than we ex-
pected™®, our results show that prolonged time from
collection to processing and preserved temperature
might affect the composition of CB samples. To our
knowledge, this is the first report that clearly describes
the relationship between the time from collection to
processing and the composition of CB samples isolated
using a density-gradient method. Our results also sug-
gest that these phenomena might occur in other blood-
and bone marrow-derived MNCs isolated using a
density-gradient method. Although a change in cellular
density or the alteration of cell metabolites may ex-
plain neutrophil contamination in the MNC layer, the
mechanism of this contamination is still unknown.

We also found that CB storage at lower tempera-
tures prevented an increase in neutrophil contamina-
tion in the MNC layer when time from collection to
processing was prolonged. Some researchers have re-
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Fig. 2 Influences of time from collection to processing and temperature on the composition of MNC laver

A: MNC recovery rate. The recovery rate of CB-MNCs after F/P density-gradient processing decreased significantly with time
from CB collection to processing (in hours: p=0.0006). B: The percentage of neutrophils in the MNC layer. The percentage of
neutrophils in the CB-MNC layer (neutrophil contamination) increased significantly in proportion to time from CB collection to
processing (p<0.0001}. C: Recovery rate of NCs. The recovery rate of NCs in the CB-MNC layer showed no significant change
according to the indicated time from CB collection to processing (p=NS). D: Recovery rate of absolute numbers of CD34* cells.
CD34* cells in the CB-MNC layer were counted using a flow cyvtometiry-based ISHAGE method. The recovery rate of CD34*
cells in the CB-MNC layer showed no significant decline according to the indicated time from collection to processing (p = NS} E:
Viability of white blood cells after processing using an F/P density-gradient method. Viability is the percentage of 7-AAD~
viable cells within the total CD45* white blood cell population (p=0.0085). F: The percentage of neutrophils in the MNC layer.
B indicates CB units stored at RT in obstetrics (n=100) and & indicates CB units stored under temperature control at 10T in
obstetrics (n=285) (p<0.0001).
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Table 1 Effects of time and temperature on CB-MNC
Provessing.
At 30h
Time after Immediately Stored temperature
collection processed® - -
4T 15C RT (257C)
In MNC layer (%)
Monocytes 18+7 158 15+6 10£3
Lymphocytes 72+11 6618 | 578 45+8
Neutrophils 104! 20117 | 27212 | 46%15

*CB units, which were transported faster to the processing fa-
cility IMSUT-CRC) and were immediately processed into MNCs
within 12 hours after collection. Data are shown as mean £35D.
n=4, 'p<0.05.

ported that storage of platelets at 4C inhibits cytokine
accumulation and bacterial growth™. Maintaining
platelet function is not important for processing CB. In
our hand, we did not find any de novo aggregation in
CB samples stored at 4C overnight and returned to
RT just before processing (data not shown). Generally,
RT is thought to have wide range such as 4 to 25T, but
our results suggest the need to store CB at lower tem-
perature and process it immediately. Furthermore,
when we set up a refrigerator in the storage room of
obstetrics to keep the collected CB units at 10C, con-
tamination of neutrophils seemed to be prevented in
the CB-MNC layer, as tested by the Ficoll density
method, when compared with samples stored at RT
(Fig. 2F). This may suggest that a lower fixed tempera-
ture (not broad range, RT) to store CB units in obstet-
rics is better for the fresh storage of CB. Time from col-
lection to processing in clinical CBB requires re-
evaluation.

In conclusion, storage temperature and time from
collection to processing influences the quality of CB-
MNCs products processed using a Ficoll-Paque
density-gradient method.
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Summary

We report the results of umbilical cord blood transplantation (UCBT) performed in 88
patients with primary immunodeficiency (PID) between 1998 and 2008 in Japan; 40 patients
with severe combined immunodeficiency (SCID), 23 with Wiskott—Aldrich syndrome (WAS),
7 with chronic granulomatous disease, 5 with severe congenital neutropaenia (SCN) and 13
with other immunodeficiencies.

Five-year overall survival (5Y-OS) for all patients was 69% (95% confidence interval [CI],
57%-78%). 5Y-OS for SCID and WAS was 71% and 82%, respectively. The main cause of
death before day 100 was infection (17/19), while that after day 100 was graft-versus-host
disease (GVHD) (5/7).

Using multivariate analyses, pre-transplant infection, no conditioning, >2 human leukocyte
antigen (HLA) mismatches or diagnosis other than SCID, SCN or WAS were all associated
with poor prognosis. Reduced-intensity conditioning was associated with decreased overall
mortality compared with myeloablative therapy.

The cumulative incidence of grade 2—4 acute GVHD at day 100 was 28% (95% CI,
19%—-38%), and that of chronic GVHD at day 180 was 13% (95% CI, 7%-23%).

We conclude that UCBT should be considered for PID patients without HLA-matched
sibling. Controlling pre-transplant infection and selecting HLA-matched donors will lead to a

better outcome.

Keywords: Primary immunodeficiency, severe combined immunodeficiency, Wiskott-Aldrich

syndrome, cord blood transplantation, reduced-intensity conditioning
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Introduction

Allogeneic haematopoietic stem cell transplantation (HSCT) has been successfully used as a
curative therapy for most severe forms of primary immunodeficiency (PID) (Antoine, ef al
2003, Cuvelier, et al 2009, Dvorak and Cowan 2008, Griffith, et al 2008, Kobayashi, et al 2006,
Mazzolari, et al 2007, Rao, et al 2005, Sakata, et al 2004, Zeidler, et al 2000). Stem cell
transplantation from a human leukocyte antigen (HLA)-identical family donor provides better
prognosis than bone marrow transplantation from an unrelated donor (Antoine, et al 2003).
Survival with this type of transplantation from a matched unrelated donor has improved
significantly over the years in patients with severe combined immunodeficiency (SCID),
whereas no improvement in survival has been observed with this transplantation in non-SCID
patients (Antoine, er al 2003). The optimal stem cell source for PID patients with no
HLA-identical sibling remains to be determined (Cuvelier, et al 2009, Dvorak and Cowan 2008,
Griffith, et al 2008).

Umbilical cord blood grafts from unrelated donors have been successfully used, primarily in
children and subsequently in adults (Gluckman, e al 1997, Kurtzberg, et al 1996, Laughlin, ez
al 2004, Rocha, et al 2004, Rocha, et al 2000, Rubinstein, et al 1998, Wagner, et al 1996).
Theoretically, unrelated cord blood transplantation (UCBT) has the following distinct
advantages in PID patients: (1) the cord blood product is rapidly accessible in most cases; (2)
the incidence and severity of graft-versus-host disease (GVHD) is not excessive, even in
mismatched transplantation and (3) the risk of latent viral transmission is low. The
disadvantages of UCBT include slower haematopoietic/immunological reconstitution and graft
failure, which have been observed with UCBT for malignant disorders, and naivety of
lymphocytes to pathogens (Brown, ez al 2008, Griffith, et al 2008, Szabolcs, et al 2008). Rapid

immune reconstitution is particularly important in PID patients with ongoing infection who
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undergo UCBT.

The limited data available show that UCBT can be a curative measure in patients with SCID,
Wiskott—Aldrich syndrome (WAS), chronic granulomatous disease (CGD) and severe
congenital neutropaenia (SCN) (Bhattacharya, et al 2003, Bhattacharya, et al 2005, Fagioli, et
al 2003, Knutsen, ef al 2003, Knutsen and Wall 2000, Kobayashi, et al 2006). Most of the
available data have come from a single centre, and thus, detailed information on the outcome
and problems associated with UCBT in PID patients is still lacking. In this study, we report the

results of UCBT performed in 88 PID patients between 1998 and 2008 in Japan.
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Methods

Collection of data

All the UCBT carried out for PIDs through the Japan Cord Blood Bank Network (JCBBN)

between August 1998 and January 2008 was enrolled in this study. Eighty-eight patients with

PID underwent UCBT during this period. All data were provided by JCBBN, which collects

recipients’ clinical information at day 100 after transplantation. Recipients’ data on survival,
disease status and long-term complications are renewed annually by administering follow-up
questionnaires. Latest data acquisition was performed in November 2009. The present study

was approved by the institutional ethical and data management committees of JCBBN.

Patients

A summary of patients enrolled in this study is shown in Table I. Forty patients had SCID
(45%) and 48 (55%) had non-SCID. Patients with familial haemophagocytic syndrome were
not included in this study. The median age at the time of transplantation was 10 months (range,

0-248 months).

Procedures

Cryopreserved, unrelated cord blood cells were used as a source of haematopoietic stem cells.
The type of conditioning used and median cell dose infused are shown in Table L.

In most cases, HLA matching was performed by both serological and DNA typing for
HLA-A, HLA-B and HLA-DRBI. In this study, HLA mismatch was defined according to
serological or low-resolution molecular typing for HLA-A and HLA-B and high-resolution

molecular typing for HLA-DRB1. Of the UCB donors, 29 (33%) were HLA fully compatible.
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Of the mismatched donors, 40 (45%) were 1-antigen mismatched, 15 (17%) were 2-antigen
mismatched and 4 (5%) were 3-antigen mismatched (Table I). In 48 patients in whom
high-resolution genotypical typing was performed for HLA-A, HLA-B and HLA-DRBI, 11
were fully matched, 13 were 1-antigen mismatched, 16 were 2-antigen mismatched, 5 were
3-antigen mismatched and 3 were 4-antigen mismatched.

Immunosuppressive prophylaxis against GVHD after UCBT consisted of cyclosporin A
(CyA)- and tacrolimus-based regimens in 48 and 35 patients, respectively. Five patients were
not administered any immunosuppressive drug after UCBT.

Various techniques including karyotyping, HLA typing and fluorescence in situ hybridization
for the XY chromosome and variable number of tandem repeats were used to confirm the

engraftment of donor cells.

Definitions

Neutrophil recovery was defined by an absolute neutrophil count of at least 0.5 x 10°/L for 3
consecutive days. Platelet recovery was defined by a count of at least 20 x 10°/L; recovery was
unsupported by transfusion for 7 days. Reticulocyte recovery was defined by a count of at least
20%o.

Patients without conditioning or with only anti-thymocyte globulin (ATG) were categorised as
the those receiving no conditioning. Patients administered BU/CY + TBI or TLI, BU/CY +
ATG = TLI, BU/CY + fludarabine (Flu) or CY/etoposide/high-dose AraC were categorised as
those receiving myeloablative therapies (MATs). CY dose ranged from 120 mg/kg to 240
mg/kg (median, 200 mg/kg) in patients receiving MAT.

TBI <4 Gy was classified as ‘low-dose TBI'. Patients administered Flu/melphalan (L-PAM) +

low-dose TBI or TLI, Flu/BU + TLI or Flu/CY (50-60 mg/kg) + low-dose TBI/TLI, Flu +
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