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Cytomegalovirus (CMV) disease is one of the major infectious complications after allogeneic hematopoietic
stem cell transplantation (SCT). Several studies have shown that CMV-seropositive patients have a sub-
stantial survival disadvantage after bone marrow transplantation (BMT) or peripheral blood SCT (PBSCT).
Between August 1998 and February 2006, 101 adult patients underwent myeloablative cord blood trans-
plantation (CBT) from unrelated donors at our institution. Sixteen and 85 patients were CMV-seronegative
~and CMV-seropositive, respectively, prior to CBT. Outcomes of CBT were compared between CMV-sero-
" negative and CMV-seropositive patients. The cumulative incidences of neutrophii engraftment at 60 d after
CBT did not differ between CMV-seronegative and CMV-seropositive patients (100% and 94%, P = 0.09);
however, the cumulative incidence of platelet engraftment at 100 d was higher in CMV-seronegative
patients than CMV-seropositive patients (100% vs. 86%, P < 0.005). The cumulative incidence of CMV
~ antigenemia at 100 d was lower in CMV-seronegative patients than CMV-seropositive patients (0% vs.
77%, P < 0.001); however, the cumulative incidences of CMV disease did not differ between CMV-sero-
negative and CMV-seropositive patients (0% vs. 1%, P = 0.84). The probabilities of disease-free survival at
2 yr also did not differ between CMV-seronegative and CMV-seropositive patients (92% vs. 72%,
P = 0.16}. The outcomes of CBT for CMV-seropositive patients as well as CMV-seronegative patients in
our series were favorable. This might be due to effective antiviral therapy for CMV infection. Large-scale
studies are needed to determine the impact of recipient CMV serostatus on the outcome of CBT for
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Cytomegalovirus (CMYV) disease, particularly interstitial
pneumnonia, is one of the major complications after allo-
geneic hematopoietic stem cell transplantation (SCT) (1,
2). Ganciclovir therapy for preventing CMV disease has
reduced the incidence of early CMV disease after SCT.
In the recent era of effective antiviral therapy, the impact
of recipient CMV serostatus on the outcome of SCT has
been studied (3-5). Several studies have shown that
CMV-seropositive patients have a substantial survival

@ 2007 The Authors
Journal comgilation 80 (251-257) © 2007 Blackwell Munksgaard

disadvantage after bone marrow transplantation (BMT)
or peripheral blood SCT (PBSCT). The survival disad-

- vantage has been suggested to be largely restricted to

profoundly immunosuppressed SCT patients, such as
those receiving T-cell-depleted grafts and/or grafts from
human leukocyte antigen (HLA)-mismatched or unre-
lated donors. Increased mortality in CMYV-seropositive
recipients is probably due to both direct and indirect
effects of CMYV infection as well as drug toxicities.
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Impact of CMV-serostatus in CBT

Umpbilical cord blood transplantation (CBT) from an
unrelated donor has recently been utilized as an alterna-
tive therapy for paticnts who do not have suitable
donors for BMT or PBSCT (6, 7). Cord blood (CB) lym-
phocytes are functionally and phenotypically immature
when compared with adult blood lymphocytes (8); there-
fore, infectious complications including viral infections
are suggested to occur frequently in patients after CBT.
Our previous study showed that the probabilities of
developing positive CMV antigenemia and requiring pre-
emptive ganciclovir therapy after CBT were 79% and
67%, respectively, in 24 CMV-seropositive patients (9);
however, no patients developed CMV disease. In four
CMV-seronegative patients, none developed positive
CMV antigenemia. In the present study, we compared
the outcomes of CBT between 16 CMV-seronegative
patients and 85 CMV-seropositive patients.

Patients and methods

Patients

Between August 1998 and February 2006, 101 adult
patients underwent unrelated CBT following a
myeloablative conditioning regimen including 12 Gy
total body irradiation (TBI) at The Institute of Medical
Science, The University of Tokyo. Sixteen and 85
patients were CMV-seronegative and CMV-seropositive,
respectively, prior to CBT. Patient characteristics are
shown in Table I. CMV-seronegative patients were
younger than CMV-seropositive patients (median age,
32 yr vs. 40 yr; P = 0.014). The other characteristics
did not differ significantly between the two groups
(data not shown).

Characteristics of the grafts

The median numbers of total nucleated cells (TNCs)
before freezing were 2.60 x 107/kg (range, 2.04-3.98) in
CMV-seronegative patients and 2.38 x 10"/kg (range,
1.16-5.29) in CMV-seropositive patients (P = 0.37)
(Table 1). The median numbers of CD34-positive cells
were 0.86 x 10°/kg (range, 0.27-1.53) in CMV-seronega-
tive patients and 0.94 x 10°/kg (range, 0.15-8.97) in
CMV-seropositive patients (P = 0.37). The matching of
.HLA-A and -B was confirmed by low-resolution typing
methods, and the matching of HLA-DRBI1 was con-
firmed by high-resolution typing methods. All CB grafts
were from HLA-mismatched unrelated donors.

Transplantation procedures and supportive care

Transplantation procedures and supportive care were
described previously (10). Graft-versus-host disease
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Table 1 Patien: characteristics

Negative Positive

No. patients 16 85
Age, yr .

Median 32 40

Range 16-49 16-55
Gender, n

Male 9 46

Female 7 39
Disease, n

AML 12 42

ALL 2 15

CML 1 3

MDS 1 7

NHL 0 8
Disease status, n ]

Low risk 10 37

High risk 6 48
TNC, x107/kg

Median 2.60 2.38

Range 2.04-3.98 1.16-5.29
CD34, x10°/kg

Median 0.88 0.94

Range 0.27-1.53 0.15-8.97
HLA maiching, n

5/6 or 4/6 8 65

3/6 or 2/8 8 20
ABO incompatibility, n

Identical 4 23

Minor 5 28

Major 4 18

Bidirectional 3 16
Preparative regimen, n

TBl + CY + AraC 14 63

T8t + CY 2 9

TBI + FLU + AraC 0 8

TBI + FLU + L-PAM 0 3
GVHD prophylaxis, n 4

CSP + MTX 16 82

csp 0 3

Negative indicates cyiomegalovirus-seronegative; Positive, cyio-
megalovirus-seropositive; AML, acute myelogenous leukemia; ALL,
acute lymphoblastic leukemia; CML, chronic myelogenous leukemia;
MDS, myelodysplastic syndrome; NHL, non-Hodgkin's fyrmphoma;
TNC, total nucleated cell; Identical, ABO-identical; Minor, minor

 ABO-incompatible; Major, major ABO-incompatible; Bidirect, bidirec-

tional ABO-incompatible; TBI, total bedy irradiation; CY, cyclophos-
phamide; AraC, cytarabine; FLU, fludarahine; L-PAM, melphzlan; CSP,
cyclosporin; MTX, methotrexate.

(GVHD) prophylaxis consisted of cyclosporine
(3 mg/kg/d) and a short course of methotrexate
(15 mg/m* on day +1 and 10 mg/m’ on days +3 and
+6). To facilitate neutrophil recovery, recombinant
human granulocyte colony-stimulating factor was admin-
istered intravenously at a dose of 5 pg/kg/d from day
+1 after CBT. All patients received 1000 mg/d acyclovir

© 2007 The Authors
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orally from day -3 to day +35 to prevent herpes
simplex virus infection.

All platelet concentrates were obtained from single-
donor apheresis. All packed: red blood cells (RBCs) and
platelets transfused were leukoreduced by filtration. In
addition, four of 16 CMV-seronegative patients
were transfused with only CMV-seronegative blood
components.

Preemptive ganciclovir therapy

Cytomegalovirus infection was monitored using an anti-
genemia assay twice a week after engraftment during the
hospital stay, and at each hospital visit after discharge.
The antigenemia assay consisted of direct immunostain-
ing of polymorphonuclear leukocytes with monoclonal
antibodies C10/C11 (Clonab CMYV; Biotest, Dreicich,
Germany) directed against the lower matrix protein
pp65. We used two preemptive strategies for preventing
CMYV disease. Prior to May 2002, we used risk-adapted
preemptive ganciclovir therapy (9). In bref, ganciclovir
was initiated when two or more positive cells per 3 x 10°
cells on two slides were detected in patients at high-risk
for CMYV disease, defined as those developing grade II-
IV acute GVHD and those receiving more than
0.5 mg/kg prednisolone. In patients other than the
above, ganciclovir was initiated when four or more posi-
tive cells per 3 x 10° cells on two slides were detected.
Ganciclovir was initially administered at a dose of
5 mg/kg twice daily for 14 d, and then continued at a
dose of 5 mg/kg once daily. Ganciclovir therapy was dis-

continued when neutropenia with an absolute neutrophil -

count (ANC) of <1 x 10°/1 developed, or when negative
results on two consecutive tests were obtained. From
May 2002, we used another preemptive strategy with
ganciclovir (11). Irrespective of the risk for CMV disease,
preemptive ganciclovir therapy was initiated when any
positive cells were detected. In addition, the initial dose
of ganciclovir was reduced to 5 mg/kg once daily, which
was half the dose in the previous method. Ganciclovir
therapy was discontinued according to the same criteria
as above. :

Definition

Neutrophil engraftment was defined as an ANC exceed-
ing 0.5x10°/1 for three consecutive days. Platelet
engraftment was defined as a platelet count exceeding
20 x 10°/1 for three consecutive days without platelet
transfusion. Acute GVHD was graded according to pre-
viously published -criteria (12). Patients who survived
more than 100 d after CBT with sustained donor hema-
topoiesis were considered at risk for the development of
chronic GVHD (13).
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Cytomegalovirus disease was diagnosed as described
previously (14). Briefly, CMV pneumonia was defined by
the presence of sighs and symptoms of pulmonary dis-
ease together with the detection of CMV in broncho-
alveolar lavage fluid or lung tissue samples. CMV disease
of the central nervous system (CNS) is defined by the
identification of CNS symptoms together with the detec-
tion of CMYV in cerebrospinal fluid or brain biopsy speci-
mens. CMV disease of other organs was diagnosed by
biopsy with clinical signs and symptoms.

Low-risk diseases were defined as acute leukemia and
lymphoma in the first and second complete remission,
myelodysplastic syndrome. in the early phase, and
chronic myelogenous leukemia in the first chronic phase.
High-risk diseases were defined as those other than the
above.

Statistical methods

Patient characteristics in two groups were compared
using the Mann—Whitney U-test or Fisher’s exact test.
Cumulative incidences were estimated in a competing
risks setting, death being treated as a competing event
(15). In multivariate analysis, a Cox proportional haz-
ards model was used to assess the independent effect of
risk factors on the end-points. We used the stepwise var-
iable selection procedures at a significant level of 5%.
The: following faclors were studied: age, gender, disease
status, CMV serostatus, TNC dose, CD34-positive cell
dose, HLA matching, and ABO incompatibility. Trans-
plantation-related mortality (TRM) was evaluated using
the Kaplan-Meier method as well as the cumulative
incidence. Disease-free survival (DFS) was evaluated
using the Kaplan-Meier method, and differences
between curves were compared using the log-rank test.
A two-sided P of <0.05 was considered statistically
significant.

Results

Engraftment

All 16 CMV-seronegative patients and 78 of 85 CMV-
seropositive patients achieved donor-derived neutrophil
engraftment within 60 d after CBT. The median days of
neutrophil engraftment were day +21 (range, +19 to
+26) and' +22 (range, +16 to +46), respectively, after
CBT. Of the remaining seven CMV-seropositive patients,
three patients developed autologous hematopoietic recov-
ery and four patients died before neutrophil engraftment.
The cumulative incidences of neutrophil engraftment at
60 d after CBT were 100% and 94%, respectively [haz-
ard ratio (HR), 1.62; 95% confidence interval (CT), 0.93-
2.83; P = 0.09] (Fig. 1A). All CMV-seronegative
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Figure 1 (A) Cumulative incidences of neutrophil engraftment at 60 d
after CBT. (B) Cumulative incidences of platelst engraftment at 100 d
after CBT. Positive, CMV-seropositive, Negative, CMV-seronegative.

patients and 73 CMV-seropositive patients achieved
platelet engraftment within 100 d after CBT. The median
days of platelet engraftment were day +37 (range, +29
to +54) and day +40 (range, +26 to +88), respec-
tively. Of the remaining 12 CMV-seropositive patients,
three patients developed autologous hematopoietic recov-
ery, and four patients died before neutrophil and platelet
engraftment, and five patients who achieved neutrophil
engraftment died before platelet engraftment. The cumu-
lative incidence of platelet engraftment at 100 d was sig-
nificantly higher in CMV-seronegative patients than
CMV-seropositive patients (100% vs. 86%; HR, 2.29;
95% CI, 1.29-4.08; P < 0.005) (Fig. 1B). In addition,
multivariate analysis showed that the larger CD34-posi-
tive cell dose was also significantly associated with rapid
neutrophil and platelet engraftment (HR, 1.80; 95% CI,
1.18-2.76; P < 0.01; and HR, 1.61; 95% CI, 1.03-2.52;
P < 0.05, respectively).
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GVHD

Seven CMV-seronegative patients and 46 CMV-seroposi-
tive patients developed grade II-IV acute GVHD after
CBT. The cumulative incidences of grade II-IV acute

- GVHD at 100 d were 50% and 53%, respectively (HR,

0.98; 95% CI, 0.46-2.09; P = 0.96) (Fig. 2A). Twelve
CMV-seronegative patients and 63 CMV-seropositive
patients at risk developed chronic GVHD after CBT.
The cumulative incidences of chronic GVHD at 2 yr
were 79% and 75%, respectively (HR, 0.63; 95% CI,
0.33-1.19; P = 0.15) (Fig. 2B).

CMV infection

No CMV-seronegative patients developed positive CMV
antigenemia after CBT. In contrast, 66 CMV-seropositive
patients developed positive CMV antigenemia within
100 d after CBT. The median onset of antigenemia in
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Figure 2 (A} Cumulative incidences of grade I~V acute GVHD at
100 d after CBT. {B) Cumuiative incidences of chronic GVHD at 2 yr

_ after CBT.
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Figure 3 (A) Cumulative incidences of CMV antigenemia at 100 d
after CBT. (B} Cumulative madences of CMV disease at 1 yr after
CBT.

CMYV-seropositive patients was day +39 (range, +20 to
+91) after CBT. The cumulative incidence of CMV anti-
genemia at 100 d was significantly lower in CMV-sero-
negative patients than CMV-seropositive patients (0%
vs. 77%. P < 0.001) (Fig. 3A).

No CMV-seronegative patients developed CMV dis-
ease. One CMV-seropositive patient (1%) developed
CMYV disease of the CNS on day + 111, which directly

caused' her death: The ‘cumulative - incidences of CMV -

disease at 1 yr did not differ significantly between CMV-
seroneganvc and CMV-seropositive patients (0% vs. 1%,
= 0.84) (Fig. 3B).

TRM

Within 1 yr after CBT, no CMV-seronegative patients
and seven CMV-seropositive patients died without leuke-
mia relapse. CMV disease was considered to be the canse
of death in one CMV-seropositive patient, as described
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Figure 4 {A) Cumulaiive incidences of transplantation-related mortal-
ity at 1 yr after CBT. (B} Cumulative incidences of relapse at 2 yr after
CBT.

above. The main causes of death in the remaining six
patients were organ toxicity in three patients and infec-
tion in the remaining three patients. No patients died of
GVHD within 1 yr after CBT. The cumulative incidences
of TRM at 1yr did not differ significantly between
CMV-seronegative and CMV-seropositive patients (0%
vs. 8%, P = 0.23) (Fig. 4A). The probabilities of TRM
at 1 yr which were estimated using the Kaplan-Meier
method -also “did not differ significantly between CMV-
seronegatlvc and CMV-seropositive patients (0% vs. 8%,
= 0.24).

Relapse

Leukemia relapse occurred in two CMV-seronegative
patients at 12 and 54 months after CBT, and 16 CMV-
seropositive patients at a median of 4 months (range,
1-36) after CBT. The cumulative incidences of relapse
at 2 yr did not differ significantly between CMV-sero-
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negative and CMV-seropositive patients (8% vs. 19%;
HR, 0.28; 95% CI, 0.04-2.15; P = 0.22) (Fig. 4B).

Survival

The probabilities of DFS at 2 yr after CBT were 92% in
CMV-seronegative patients and 72% in CMV-seroposi-
tive patients (Fig. 5A). The probabilities of DFS at 2 yr
did not differ significantly between CMV-seronegative
and CMV-seropositive patients (HR for death or relapse,
0.24; 95% CI, 0.03-1.79; P = 0.16). Multivariate analy-
sis showed that high-risk disease status was significantly
associated with a lower probability of DFS at 2 yr (HR,
4.92; 95% CI, 1.66-14.6; P < 0.005).

Discussion

In the present study, we compared the outcomes of CBT
between CMV-seronegative = and CMYV-seropositive
patients. The outcomes of CBT for CMV-seropositive
patients as well as CMV-seronegative patients in our ser-
ies were favorable; therefore, statistical analyses did not
show significant differences for the cumulative incidences
of neutrophil engraftment, CMV disease, and TRM at
1 yr, and the probability of DFS at 2 yr between CMV-
seronegative and CMV-seropositive patients after CBT.
In addition, the results showing no significant differences
in TRM and DFS between two groups may be due to
the small patient numbers, particularly of CMV-sero-
negative patients. i

The most striking finding was a marked higher inci-
dence of antigenemia after CBT in CMV-seropositive
patients than CMV-seronegative patients (77% vs. 0%,
P < 0.001). In BMT recipients, the infusion of bone mar-
row cells from a CMV-seropositive donor was associated
with the early recovery of CMV-specific T-cell responses
after BMT, which indicates the important role of primed
CMV-specific T cells from the donor marrow inoculum
for the early recovery of CMV-specific immunity of
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Figure 5 Probability of DFS at 2 yr after CBT.
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recipients (16). Therefore, the lack of CMV-specific T
cells in the infused CB units as well as the immunological
immaturity of CB lymphocytes might be associated with
the delaved recovery of CMV-specific immunity after
CBT. However, CMV disease occurred only in one
CMV-seropositive patient after CBT. Preemptive ganci-
clovir therapy might effectively reduce the incidence of
CMYV disease in CMV-seropositive patients after CBT.

Previous studies have suggested that CMV-seropositive
BMT or PBSCT recipients, particularly those receiving T-
cell-depleted grafts and/or grafts from HLA-mismatched
or unrelated donors, have a substantial survival disadvan-
tage after SCT (3-5). A higher incidence of infectious
complications including CMV disease or severe acute
GVHD is considered to be likely responsible for the poor
outcome in_CMV-seropositive recipients. In CBT recipi-
ents, the impact of CMYV serostatus on various outcomes
has not been studied in detail. In a recent study on CBT
for adult patients (median age, 29 yr), the probabilities of
DFS at 2yr after CBT did not differ significantly
between S5 CMV-seronegative and 106 CMV-seropositive
patients (35% vs. 23%, P = 0.17) (17); however, the
impact of CMV serostatus on outcomes other than sur-.
vival was not shown. Other previous studies also did not
clearly show the association between CMV serostatus and
the outcomes of CBT for adult patients (6, 7).

The outcomes of CBT in CMV-seronegative patients
in our series were considered to be excellent; however,
the outcomes in CMV-seropositive patients, including
the cumulative incidences of CMV disease and TRM at
1 yr, and the probability of DFS at 2 yr, were also favor-
able. This might be partly due to effective antiviral ther-
apy for CMV infection. In addition, 99 of 101 recipient
and donor pairs in the present study were Japanese. The
lesser genetic diversity in a single ethmic population
might be associated with the favorable outcomes of CBT
for CMV-seropositive patients, such as a lower rate of
fatal acute GVHD. As the CMV-seronegative population
is small in Japanese adults, our study included only 16
CMV-seronegative patients. Large-scale studies are
needed to determine the impact of CMV serostatus on
the outcome of CBT for Japanese adults.

Acknowledgements

The authors thank Maki Monna-Oiwa for her secretarial
assistance. We also thank the Kobayashi Foundation for
financial support.

References

1. Forman 8], Zaia JA. Treatment and prevention of
cytomegalovirus pneumonia after bone marrow
transplantation: where do we stand? Blood 1994;83:2392-8.

© 2007 The Authors
Journal compitation 80 {261-257) @ 2007 Blackwell Munksgaard



Tomonari et ai.

. Boeckh M, Nichols WG, Papanicolaou G, Rubin R,
Wingard JR, Zaia J. Cytomegalovirus in hematopoietic
stem cell transplant recipients: current status, known -
challenges, and future strategies. Biol Blood Marrow
Transplant 2003;9:543-58.

. Boeckh M, Nichols WG. The impact of cytomegalovirus
serostatus of donor and recipient before hematopoietic
stem cell transplantation in the era of antiviral
prophylaxis and preemptive therapy. Blood
2004;103:2003-8.

. Broers AE, van Der Holt R, van Esser JW, Gratama JW,
Henzen-Logmans S, Kuenen-Boumeester V, Lowenberg B,
Cornelissen JJ. Increased transplant-related morbidity and
mortality in CMV-seropositive patients despite highly
effective prevention of CMV disease after allogeneic
T-cell-depleted stem cell transplantation. Blood
2000;95:2240-5.

. Nichols W@, Corey L, Gooley T, Davis C, Boeckh M..
High risk of death due to bacterial and fungal infection
among cytomegalovirus (CMV)-seronegative recipients of
stem cell transplants from seropositive donors: evidence-
for indirect effects of primary CMV infection. J Infect Dis

-2002;185:273-82.

. Laughlin MJ, Eapen M, Rubinstein P, et al. Qutcomes
after transplantation of cord blood or bone marrow from
unrelated donors in adults with leukemia. N Engl J Med
2004;351:2265-75.

. Rocha V, Labopin M, Sanz G, et al., Acute Leukemia
Working Party of European Blood and Marrow Trans-
plant Group. Eurocord-Netcord Registry. Transplants of
umbilical-cord blood or bone marrow from unrelated
donors in adults with acute leukemia. N Engl J Med
2004;351:2276-85.

. Harris DT, Schumacher MJ, Locascio J, Besencon FJ,
Olson GB, DeLuca D, Shenker L, Bard J, Boyse EA.
Phenotypic and functional immaturity of human umbilical
cord blood T lymphocytes. Proc Natl Acad Sci USA
1992;89:10006-10.

. Tomonari A, Iseki T, Ooi J, et al. Cyiomegalovirus
infection following unrelated cord blood transplantation

@ 2007 The Authors
Journal comgilation 80 (251-257) © 2007 Blackwell Munksgaard

10.

11

12.

13.

14.

16.

17.

Impact of CMV-serostatus in CBT

for adult patients: a single institute experience in Japan.
Br J Haematol 2003;121:304-11. ’
Takahashi S, Iseki T, Ooi J, ez al. Single-institute
comparative analysis of unrelated bone marrow trans-
plantation and cord blood transplantation for adult
patients with hematologic malignancies. Blood
2004;104:3813-20.

Tomonari A, Takahashi S, Ooi J, Tsukada N, Konuma T,
Kobayashi T, Takasugi K, Iseki T, Tojo A, Asano S.
Preemptive therapy with ganciclovir 5 mg/kg once daily
for cytomegalovirus infection after unrelated cord blood
transplantation. Bone Marrow Transplant, in press.
Glucksberg H, Storb R, Fefer A, Buckner CD, Neiman
PE, Clift RA, Lerner KG, Thomas ED. Clinical mani-
festations of graft-versus-host disease in human recipients
of marrow from HL-A-matched sibling donors. Trans-
plantation 1974;18:295--304.

Shulman HM, Sullivan KM, Weiden PL, McDonald GB,
Striker GE, Sale GE, Hackman R, Tsoi MS, Storb R,
Thomas ED. Chronic graft-versus-host syndrome in man.
A long-term clinicopathologic study of 20 Seattle patients.
Am J Med 1980;69:204-17.

Ljungman P, Griffiths P, Paya C. Definitions of cytomeg-
alovirus infection and disease in transplant recipients. Clin
Infect Dis 2002;34:1094-7.

. Gooley TA, Leisenring W, Crowley J, Storer BE. Estima-

tion of failure probabilities in the presence of competing
risks: new representations of old estimators. Stat Med
1999;18:695-706.

Li CR, Greenberg PD, Gilbert MJ, Goodrich JM, Riddell
SR. Recovery of HLA restricted cytomegalovirus (CMV)-
specific T-cell responses after allogeneic bone marrow
transplant: correlation with CMV disease and effect of
ganciclovir prophylaxis. Blood 1994;83:1971-9. A
Arcese W, Rocha V, Labopin M, et al., Eurocord-Netcord
Transplant group. Unrelated cord blood transplants in
adults with hematologic malignancies. Haematologica
2006;91:223-30.

257



International Journal of

HEMATOLOGY

Rapid Communication

Cytogenetic Remissions Induced by Interferon o and Imatinib Mesylate are
Immunologically Distinct in Chronic Myeloid Leukemia

Shin Nakayama,*® Tokiko Nagamura-Inoue,® Kazuaki Yokoyama,*® Nobuhiro Ohno,? Jun Ooi,?
Satoshi Takahashi,? Kaoru Uchimaru,? Toru Iseki,>¢ Arinobu Tojo®°

2Department of Hematology/Oncology, Research Hospital, Institute of Medical Science, University of Tokyo, Tokyo, Japan;
bDepartment of Cell Processing and Transfusion, Research Hospital, Institute of Medical Science, University of Tokyo,
Tokyo, Japan; ‘Department of Blood Transfusion, Chiba University School of Medicine, Chiba, Japan

Received June 6, 2007; received in revised form June 22, 2007; accepted June 28, 2007

Abstract

We compared immunologic parameters of chronic myeloid leukemia (CML) patients in cytogenetic remission receiving
imatinib mesylate (STI) treatment, CML patients receiving interferon o (IFN-cr), and healthy volunteers. Each group com-
prised 14 subjects. Median treatment dosages and durations were 6 x 106 IU/week and 174 months, respectively, for [IFN-o and
400 mg/day and 54 months for STL. The numbers of T-cells were significantly lower in the 2 patient groups (P = .0006), whereas
the 3 groups were comparable with respect to the numbers of natural killer cells. Not only the absolute numbers of monocytes
and B-cells but also serum immunoglobulin G (IgG) and IgA titers were significantly lower in the STI group than in the IFN-a
group (P < .0001). For T-cell subsets, the ratio of CD4 T-cells to CD8 T-cells was significantly lower in the IFN-o group than in
the STT group, but the proportion of CD26%8"CD4* T-cells among CD4* cells was significantly higher. Collectively, the 2 ther-
apeutic agents induce a distinct immunologic status in CML patients whose hematopoiesis has returned to normal levels.
Int J Hematol. 2007;86:208-211. doi: 10.1532/1JH97.07099 :
© 2007 The Japanese Society of Hematology

Key words: CML; Cytogenetic remission; Interferon o; Imatinib mesylate

1. Introduction and function of dendritic cells [10,11], suggesting an immuno-
suppressive state in CML patients who have been treated
Imatinib mesylate (STI), now the first-line therapy for  continuously with STI. Moreover, a recent observation that
chronic myeloid leukemia (CML) in the chronic phase, interferon (IFN)-resistant or IFN-intolerant CML patients
induces a complete cytogenetic response (CCyR) as wellasa  frequently showed hypogammaglobulinemia during the
major molecular response in the vast majority of patients with ~ subsequent STI therapy suggests a therapy-related functional
newly diagnosed CML [1-3]. The long-term efficacy and feasi-  deficit in B-cells.

bility of STI has also been confirmed in the IRIS trial [4], and Prior to the STI era, IFN-a was the standard choice for the
its sustained administration is recommended for preventing  conventional treatment of CML in the chrop{c phase ar.1d was
disease progression and recurrence from minimal residual dis-  capable of inducing a CCyR in a sensitive but limited

ease, which cannot readily be eradicated with STI alone [5-7).  population (10%-20%) of patients with a new CML diagnosis
On the other hand, recent articles have shown that STI inhibits ~ [12,13]. Although the mechanisms involved in the selective
not only the T-cell receptor-mediated proliferation and inhibition of a Philadelphia chromosome-positive (Ph*) clone

activation of effector T-cells [8,9] but also the development by IFN-a have not yet been clarified, various clinical and
laboratory observations strongly suggest that the activation of

immunologic effector functions, including T-cell and dendritic
cell responses, brought about by IFN-o. may contribute to its

Correspondence and reprint requests: Tokiko Nagamura-Inoue, life-prolonging effect [14].
MD, DMSc, Department of Cell Processing and Transfusion, These data taken together indicate that treatment with STI
Research Hospital, Institute of Medical Science, University of or IFN-a is likely to cause distinct immunologic alterations in
Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan; 81-3- CML patients, especially in therapy-sensitive long-term sur-
5449-5695; fax: 81-3-5449-5429 (e-mail: tokikoni@ims.u-tokyo.acjp).  ~ vivors. In the present study, we evaluated various immunologic
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parameters for CML patients in an STI-induced CCyR and
for CML patients with an IFN-o~induced CCyR and detected
significant differences between the 2 patient groups in the
values for some of these parameters.

2. Patients, Materials, and Methods
2.1. Patients

Fourteen individuals were enrolled in each of 3 groups,
the 2 patient groups plus a control group of healthy volun-
teers. Of the 14 patients in the STI group, 6 had a new CML
diagnosis and had started STI treatment, and 8 patients had
been treated with IFN-o but switched to STI at the begin-
ning of the domestic release of STI in 2002. The latter 8
patients had already taken STI for approximately 5 years at

the commencement of this study. ANl patients in the STI .

group have achieved both a CCyR [12] and a major molec-
ular response. All patients in the IFN-o group had new diag-
noses and had started IFN-o treatment. Ten of the patients
in the IFN-a group are also in a CCyR, and the remaining 4
are very close to a CCyR (the incidence of the residual Ph*
clone is between 3.0% and 6.7% by repeated fluorescence in
situ hybridization analysis of 1000 interphase nuclei and
a cutoff rate of 1.5%). The patients’ profiles are summa-
rized in Table 1. Peripheral blood cell counts and differ-
ential counts of leukocytes were measured with a Sys-
mex XE 2100 cell counter (Sysmex, Kobe, Japan).

2.2. Flow Cytometry

Peripheral blood was obtained after informed consent had
been obtained and was directly stained with antibodies prior
to the lysis of red blood cells with Lysing Solution (Beckman
Coulter, Miami, FL, USA). Samples were analyzed by
multicolor flow cytometry with an Epics XL instrument (Beck-
man Coulter) according to standard procedures, and results
were analyzed with Expo32 ADC software provided with the
Epics XL (Beckman Coulter). TruCount tubes (BD Bio-

Table 1.
Characteristics of the Patients and Healthy Control Individuals*

sciences, San Jose, CA, USA) were used in calculating the
absolute number of blood cells staining for CD45, CD3, CD19,
and CD56 markers. Fluorescein isothiocyanate (FITC)-conju-
gated anti-CD8a, anti-CD4-FITC, phycoerythrin (PE)-con-
jugated anti-CD4, ECD (PE-Texas red)-conjugated anti-
CD3, RDl1-conjugated anti-CD56, and PC5 (PE—cyanine
5)-conjugated anti-CD45 monoclonal antibodies were pur-
chased from Beckman Coulter, and anti-CD4-PE, anti-
CD25-FITC, and anti-CD19-FITC were from BD: Bio-
sciences. Anti-CD26-PE and anti-Foxp3-PE were obtained
from eBioscience (San Diego, CA, USA).

2.3. Statistical Analysis

Flow cytometry results were analyzed with JMP 6.0.2
software (SAS Institute, Cary, NC, USA). Statistical analyses
were performed with Wilcoxon and Kruskal-Wallis tests, with
a P value of .05 regarded as statistically significant.

3. Results and Discussion

Prior to the approval of STI, all of the patients in the
IFN-o group had already achieved major cytogenetic
responses, and IFN-o has been gradually tapered to a
minimal dose to maintain their responses. The standard dose
has principally been continued in the STI group. Accord-
ingly, the treatment durations for the 2 groups are
markedly different, but the age distributions for the 2 groups
are comparable. In both patient groups, white blood cell
counts were well controlled at levels that were moderately
lower than those in the control group of healthy volunteers
(5.50 x 10°/L in the control group, 4.18 X 10%L in the IFN-o
group, and 3.95 x 10%L in the STI group). Red blood cell
counts and hemoglobin levels were significantly reduced in
the STI group compared with the other 2 groups (P < .0001),

" and platelet counts were lower in the IFN-a group than in

the control group (P < .01) (Table 1).
TruCount tubes were used in the calculation of the absolute
number of T-cell subsets and other immune cells. The total num-

" Control (n=14) IFN-o (n = 14) STl (n =14) P
Male/female sex, n 10/4 12/2 9/5 —
Age, yt 41 (30-63) 50 (39-73) 54 (29-65) —
Treatmentt
Duration, mo —_ 174 (61-235) 54 (7-61) —
Dosage — 6 % 10° 1U/wk (3-18 x 105 IU/wk) 400 mg/d (300-400 mg/d) —
Blood data# | * ]
| * 1
WBC, x10°/L 5.50 +£1.21 4.81+1.36 3.95+0.89 .0056
[ * | P t
RBC, x10'%/L 479.7 £33.4 435.7 £+55.1 35791450 <. 0001
| * * } i
Hemoglobin, g/dL 144+ 09 13.7 l; 1.5 11.8 i~| 15 <. 0001
l * 1
Platelets, x10°/L 223 £59 153 + 50 185 + 23 .0057

*IFN-a indicates interferon o; ST, imatinib mesylate; WBC, white blood cells; RBC, red blood cells.

tAge and treatment data are presented as the median (range).

¥Blood data are presented as the mean + SD. Asterisks indicate statistically significant difference.
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Figure 1. Immunologic parameters in chronic myeloid leukemia patients under interferon-o (IFN-0;) or imatinib mesylate (STI) therapy. The
absolute numbers of CD14* monocytes (A), CD3* T-cells (B), CD19* B-cells (C), and CD56*CD3- natural killer (NK) cells (D) were measured by
flow cytometry with TruCount tubes and were evaluated in these 2 groups and the control group of healthy volunteers (Ctrl). The CD4/CD8 T-cell
ratio (CD4/8) (E), the proportion of CD26b#" cells among CD4* T-cells (F), and the proportion of Foxp3*CD25'CD4* T-cells among CD4* T-cells (G)
were also obtained via flow cytometry. Serum titers for immunoglobulin G (IgG), IgA, and IgM (H-J) were measured simultaneously. Box-and-whisker
plots show the median, interquartile range, and 95% confidence intervals. The sample numbers in the 3 groups are the same (n = 14). We used the
Wilcoxon or Kruskal-Wallis test with JMP 6.0.2 software (SAS Institute) to calculate the statistical significance of differences between groups.



Therapy-Related Immunity in CML 211

ber of T-cells was significantly suppressed in both patient groups
compared with the control group (P = .0006), whereas the num-
bers of natural killer cells in the 3 groups were not different
(Figures 1B and 1D). Only the STI group showed significantly
reduced numbers of monocytes and B-cells. In particular, the
absolute mean (+SD) B-cell count in the STI group was 1.38
+ 0.94 x 10%L, a count approximately one half that of the
mean values for the control group (2.67 + 1.34 x 10¥L) and
the IFN-o group (2.61 + 1.67 x 10%/L) (P = .0201).

Although the absolute T-cell counts were significantly-
lower in the 2 patient groups than in the control group but
were comparable with each other, the CD4/CD8 ratios of the
3 groups were significantly different (2.08 + 0.8 in the control
group, 1.5 + 0.90 in the IFN-a group, and 2.4 + 1.2 in the STI
group; IFN-a versus STI, P = .0359) (Figure 1E), clearly
indicating a relatively CD8-dominant pattern in the IFN-o
group. We also assessed the proportion of CD26Meh cells
among CD4* cells. CD26 is known to be a dipeptidylpepti-
dase IV, which is mainly expressed on T-cells among blood
cells and is up-regulated upon activation. CD26Me"CD4+ T-
cells are considered to represent effector memory T-cells of a
typical type 1 helper T-cell phenotype [15]. Recently, the
allergen dose—-dependent recruitment of CD4*CD26*CD25*
T-cells was noted in a study of a rat model of asthma [16].
Intriguingly, the IFN-a group showed a higher proportion of
CD26"e" cells among CD4* T-cells than the STI group
(12.1% =+ 5.0% in the IFN-o group and 7.9% + 3.6% in the
STI group) (Figure 1F), whereas the absolute counts were
reduced in the 2 patient groups. Regulatory T-cells (Treg
cells), which are characterized by their Foxp3+CD25MehCD4*
phenotype, are implicated in the maintenance of immunotol-
erance. Treg cells have an attenuated cytokine response to T-
cell receptor stimulation and can suppress the proliferation
and effector function of neighboring T-cells [17]. The expres-
sion of Foxp3, an essential transcription factor required for
Treg cell development, is detectable by flow cytometry with
an intracellular staining method. We studied whether
absolute Treg cell counts or their relative proportions are
influenced by the treatment option used. The absolute num-
bers and relative proportions of Treg cells were not different
among the 3 groups (Figure 1G).

To assess the consequences of reduced peripheral blood B-
cell counts in the STI group, we compared immunoglobulin A
(IgA),IgG, and IgM levels in the 2 patient groups (Figures 1H-
1J). Although all values were within the normal ranges, serum
IgG and IgA titers were significantly decreased in the STI group
compared with the IFN-o group. On the contrary, IgM values
were not significantly different. Mean IgG and IgA values were
1563 + 395 mg/dL and 370 + 106 mg/dL, respectively, in the IFN-
o group and 1032 + 210 mg/dL and 232 + 71 mg/dL in the STI
group (P < .0001, and P < .0013, respectively). Therefore, these
data suggest that STT therapy relatively impaired B-cell effector
function, as has previously been reported [18].

Our data indicate that the 2 CML therapeutic agents
induce a distinct immunologic status in CML patients and
raise the possibility that immunologic surveillance of residual
Ph* clones may be defective in STI-treated patients. Finally,
periodic monitoring of immunologic parameters is recom-
mended for CML patients undergoing prolonged STI therapy.
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Abstract

We identified three Pax5 isoforms due to altemative splicing of the C-terminal exons of its gene in cord blood (CB)-derived B cell progenitors
cultivated on the murine bone marrow stromal (HESS-5) cells. Apart from wild type (wt), one isoform skips exon 9 without subsequent frameshift
(del9), while the other has a frameshift insert between exons 8 and 9, resulting in novel C-terminal sequences (ins8’). Quantitative reverse
transcription-polymerase chain reaction analysis revealed that wt mRNA could be detected in CB CD34* cells, but that del9 and ins8’ isoforms only
appeared after 1 or 3 weeks of co-culture, respectively. Expression of each isoform mRNA was markedly upregulated during B cell differentiation
in vitro, and wild type continued to be the most abundant isoform. In a luciferase reporter assay using a synthetic CD19 enhancer, del9 isoform
revealed slightly lower activity and ins8’ isoform showed much lower activity, compared with Pax5-wt. Furthermore, retroviral expression of each
Pax5 isoform in CB CD34" cells induced aberrant CD19 expression in a fraction of immature myeloid cells after 1 week of culture, although del9
and ins8’ isoforms showed much less potent activity than Pax5-wt. These results suggest that Pax5-wt is quantitatively and qualitatively dominant

over other C-terminal isoforms during human B cell differentiation.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Pax5; Alternative splicing; Isoform; Cord blood; CD34; CD19

1. Introduction

B cell differentiation is tightly regulated by the precise usage
of stage- and lineage-specific transcription factors including
EBF, E2A, and Pax5 [1]. Among them Pax5 specifies B cell
lineage commitment over other hematopoietic cell fates {2].
In Pax5-null mice, B cell development is blocked at the pro-
B cell stage [2-4]. Ectopic expression of Pax5 in multipotent
progenitors does not inhibit their differentiation but extensive
proliferation to the myeloid lineage [5,6], and completely blocks
T-lineage development in the thymus [7]. Human and murine
Pax$ are also known to have a number of splicing variants {811}
in not only their N-terminal but also C-terminal domain, the lat-
ter of which constitutes a transactivation domain as well as an
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cal Research Center, Institute of Medical Science, University of Tokyo, 4-6-1
Shirokanedai, Minato-ku, Tokyo 108-8639, Japan. Tel.: +81 3 5449 5540;
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inhibitory domain [12]. However, the functional role of Pax5
in B lymphopoiesis was studied exclusively in mice because of
the lack of proper experimental system for humans. Recently, it
has been shown that human B lymphopoiesis can be simulated
by cultivating cord blood (CB) progenitors on the murine bone
marrow stromal cell line such as MS-5 [13,14], OP9 [15], and
HESS-5 [16]. Using this system, we could detect expression of
three Pax5 C-terminal isoforms including wild type (wt) during
early B cell differentiation. We further performed comparative
analysis of their transcriptional activities using synthetic and
endogenous target genes.

2. Materials and methods
2.1. Preparation of CB CD34* cells

Umbilical CB units were collected from single-birth, full-
term, and normal deliveries following the standards for CB
collection developed by the Tokyo Cord Blood Bank and the
Institute of Medical Science, the University of Tokyo. CD34*



2 R. Sekine et al. / Immunology Letters 111 (2007) 21-25

cells were purified from mononuclear cells using a CD34*
progenitor cell isolation kit and a MiniMACS separation unit
(Miltenyi Biotec GmbH, Glandbach, Germany) and stored in
a deep freezer until use. Samples with CD34" cell purity and
viability of at least 95% were used for experiments.

2.2. Cell lines

Hematopoiesis-supporting ability of a murine bone marrow
stromal cell line HESS-5 was precisely described elsewhere
[16]. HESS-5 cells were maintained at 37 °C in 5% CO; in
DNA, RNA-free a-modified Eagle’s medium (a-MEM) con-
taining 10% horse serum. Hela and 293T cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal
bovine serum (FBS).

2.3. Culture of CB CD34* cells over HESS-5 cells
HESS-5 cells were prepared at 2 x 10* cells/well in 6-

well plates 1 week prior to seeding CD34* cells and were
allowed to reach confluence without irradiation. CD34* cells

() —+ Exon8

were plated at a density of 3 x 10® cells/well onto the HESS-5
cell layer in 3ml of a-MEM containing 10% heat inactivated
FBS, 50 ng/ml recombinant human stem cell factor (SCF) and
10ng/ml recombinant human granulocyte colony-stimulating
factor (G-CSF) [13]. The culture medium was totally replaced
by fresh medium every week until 9th week. This culture system
exclusively produces non-adherent myeloid cells and adherent
B lymphoid cells, which migrate beneath the stromal layer. Non-
adherent and adherent cells were separately harvested for further
analysis.

2.4. Cloning of Pax5 C-terminal isoforms

Total RNA was extracted from 8 weeks cultured B lymphoid
cells after separation from the HESS-5 cell layer. First-strand
cDNA was synthesized from 0.5 pg total RNA using Bca PLUS
reverse transcriptase (TaKaRa Bio, Ootsu, Japan) and random
hexamers. Pax5 isoforms were cloned by polymerase chain
reaction (PCR) with the high fidelity PCR kit (TaKaRa Bio)
using a pair of primers, 5'-atggatttagagaaaaattatccg-3’ (forward)
and 5'-tcagtgacggtcataggcagtg-3’ (reverse). PCR reaction was

8gGCCETGACTTGGCCAGCACGACCETCCCCGRGTACCCTCLACACGTCOCCCCCOCTEGACAGGE

CAGCTACTCAGCACLGACGLTGACAGGEATGGTGLCTGYt + v v am e e s o ZTBR e nnniaenn

— Exon8"

agcbccTCGTGGcTGGCCTGAGCTGGTGGGAGAGAGGA'TWTCCCAGCAATGGATCG’ATGCAGGGC

TCTCGGRGCLCACAGGCTBACCT TTALTGAGCTCAGGTTITCATCGCCCTGTTGGGAGTCCAGGAA.

GGTCTTCCTGTGGAGAGAGGAACGH «------

.................. PO 1 T

20GGAGTGAGTTTTCCORGAGTCCCTACAGCCACCLTCAGTAT TCCTCGTACAACGACTCLTBGAG

® Exon 8 8
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Fig. 1. Novel exon and splicing variants of human Pax5. (A) Nucleic acid sequences of exons 8-9 of the human Pax5 gene: splice donor and acceptor sites are
indicated in small letters. Exon 8’ is newly identified in this study. Underlined TGA in exon 9 indicates a novel termination codon by frameshift in ins8’ isoform. (B)
Alternative usage of C-terminal exons by Pax5 isoforms and the resulting amino acid sequences written in a single letter. Each exon boundary is indicated (V).
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performed as follows: initial denaturation at 94 °C for 2 min fol-
lowed by 30 cycles of denaturation at 96 °C for 15 s, annealing
at 60 °C for 30 s, and extension at 72 °C for 2 min. The resulting
products were cloned into pCR-Bluntll (Invitrogen, Carisbad,
CA) and subjected to sequencing analysis using a BigDye ter-
minator cycle sequencing kit and ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA).

2.5. Quantitative RT-PCR

Quantitative analysis of mRNA expression of Pax5 iso-
forms was performed by the Tagman real-time RT-PCR method
(Applied Biosystems). Total RNA was extracted from CD34*
cells and B lymphoid cells in culture using an RNeasy
micro-kit (Qiagen, Valencia, CA), and was reverse transcribed
with SuperScriptll First-strand Synthesis System (Invitro-
gen). The primers and probes designed for this assay were:
exon 8 forward, 5'-tactcagcaccgacgc-3'; exon 8’ forward, 5'-
aaggtcttgctgtggagag-3’; exon 10 reverse, 5'-gcggcagegctataat-
3'; exon 9 probe, 5'-attcctcgtacaacgactcctggaggtice-3’; exon
8/10 probe, 5'-tggtgectggetcccccta-3/, and glyceraldehydes-3-
phosphate dehydrogenase (GAPDH) was used as internal RNA
standard [17].

2.6. Plasmid construction and protein analysis

Each Pax5 isoform ¢cDNA was subcloned into pcDNA3.1+
(Invitrogen, Carlsbad, CA) and transfected into 293T cells,
followed by immunoblot analysis using anti-Pax5 mouse mon-
oclonal antibody (clone N-19; Santa Cruz Biotechnology, Santa
Cruz, CA). The reporter plasmid pCD19-Luc [12] was gener-
ated by inserting three copies of high-affinity Pax5 binding site
from the human CD19 gene into pTAL-Luc plasmid (TaKaRa
Bio).

2.7. Luciferase reporter assay

Hela cells were seeded in 12-well plates and transfected
using FuGENE6 (Roche Diagnostics GmbH, Mannheim, Ger-
many) with 1000 ng of pCD19-Luc, 50ng of pcDNA-Pax5 or
mock vector and 200 ng of pSV-BGal. Luciferase assay and B-
galactosidase assay were carried out 24 h after transfection using
the Steady-Glo luciferase assay system and B-galactosidase
assay system (Promega, Madison, WI) according to the man-
ufacturer’s instruction.

2.8. Transduction of CD34* cells with Pax5 retrovirus

For retroviral transduction, each isoform of Pax5 cDNA was
inserted into pMCs-Ig vector [18], upstream of the IRES-EGFP
element. Plat-F packaging cells producing RD114-pseudotyped
viral particles [18] were transiently transfected with pMCs-Ig
or pMCs-Pax5-Ig, and the culture supernatant was harvested
for 72h after transfection. Viral titer determined by flow
cytometry was higher than 1 x 10° infectious units/ml. CD34*
cells were primed for 24h in Iscove’s modified Dulbecco’s
medium containing 20%FBS, 50 ng/ml SCF, 50 ng/ml Flt-3 lig-

and, 10 ng/ml thrombopoietin, and 10 ng/mi interleukin-3, and
then an aliquot of 2 x 10 cells were transduced in Retronectin
(TaKaRa Bio)-coated 24-well plates pretreated with 1 ml/well of
viral supernatant for 30 min at room temperature. Half medium
was replaced four times during 48 h of infection by fresh super-
natant containing acocktail of cytokines and 5 jg/ml protamine.
EGFP*CD34* cells were sorted on a FACS Aria (BD Bio-
sciences, Franklin Lakes, NJ), and 9 x 103 cells were cultured
on the HESS-5 monolayer in triplicate. Flow cytometric analysis
was performed on a FACS Caliber (BD Biosciences).

3. Results and discussion

In our culture system, the number of non-adherent myeloid
cells initially increases, reaching a maximum during the 3rd
week, and decreases rapidly thereafter {13}. On the other hand,

" foci of small B lymphoid cells beneath the stromal layer appear

during the 2nd week and increase in size until the 6-9th week.
The surface marker profile of B lymphoid cells after 69 weeks
of culture was CD34~/CD19*/CD20* (data not shown), which
was compatible with that of small pre-B orimmature B cells [13].
By RT-PCR analysis of 8 weeks cultured B cells, we detected
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Fig. 2. Quantitative analysis of Pax5 isoforms. (A) Primers and probes used
for real-time RT-PCR analysis of Pax5 isoforms. Arrows and boxes indicate
the location of primers and probes, respectively. The sequences of primers and
probes are described in the text. (B) Changes in mRNA expression of cach Pax5
isoform during B cell differentiation from CB CD34* cells. X-axis indicates
the culture periods of CB CD34* cells, and Y-axis means the ratio of mRNA
copy numbers between each Pax5 isoform and GAPDH as an internal standard.
Reactions were performed in triplicate and the results are shown as mean &+ S.D.



