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recent reports suggested a possible association of
some LCV's with the regions implicated in cancer
development (lafrate et al, 2004; Sebat et al.,
2004), the precise role of the LCVs detected in
the current analysis in the pathogenesis of CML
is still unclear and should be addressed in future
studies that would include a larger number of nor-
mal subjects.

Although arrav  CGH  analyvsis  successfully
unveiled cryptic genomic aberrations in CMILL, we
should note thart it also has limitatons in that the
tmor content of the samples clearly affected the
sensitivity of detecting copy number changes in tu-
mor components. According to our admixcure
experiments, in which mixed tumor and normal
DNA were tested for detection of a wrisomy, the
threshold of tumor content for detection of triso-
mies in our arrav CGH was esumated to be more
than 20%-40% wmor components (data not
shown). Thus, the tisomy 8 in AP3 and the
monosomy 21 in AP4 as revealed by G-banding
analysis were not expected to be detected in array
CGH analysis because abnormal metaphases were
found in only 2 of 20 with AP3 and 5 of 20 with
AP4 (lables 1 and 2). On the other hand, array
CGH failed to detect the loss of chromosome 21
found in 17 of 20 metaphases in G-banding analy-
sis in BC26, which was most likely a result of kar-
votypic overrepresentaton of one or more rapidly
proliferating tumor subclones in G-banding analy-
sis. Finally, the FISH Mapped CGlones V1.3 collec-
ton distributed from BACPAC Resources Center,
which we used for array construction, does not
cover some regions of particular interest in CML
pathogenesis. For example, deletions of the
region of the ABL/BCR junction on the der(9) chro-
mosome, which is known to affect 10%-15% of the
CML patients (Storlazzi et al., 2002), were missed
in this study because our Human 1M arrays did not
contain BAC clones including the ABL gene or the
upstream ASS gene.

In conclusion, our arrav CGH analvsis disclosed
not only common chromosomal abnormalities, but
also small, cryptic copy number alterations in
CMIL genomes that were not detected by conven-
tional analysis. It enabled a better description of
genetic alterations in CML, which potendally
could be applicable to molecular diagnostics and
prediction of disease prognosis of this neoplastic
disorder. "T'he submicroscopic copy number altera-
tions detected in this study might contribute to the
identification of novel molecular targets implicated
in the pathogenesis or disease progression of CNL.
Further studies with whole-genome uling arravs

having much higher resolutions will help to detect
precisely the genes involved in the disease pro-
gression of CNL.

ACKNOWLEDGMENTS

We are grateful 1o the late professor Hisamaru
Hirai (Department of Hematology and Oncology,
University of "Tokvo) for his encouragement in this
work. We dedicate this paper to his memory. We
also thank Ms. Yasuko Ogino and Mr. Kenjirou
Masuda (Lab Company Limited, "Tokyo, Japan) for
their technical assistance.

REFERENCES
Ahuja Ho Bar-ET MU Advani SH. Benchimol S, Cline M]L 1989,

Aleeradions in the p33 gene and the clonal evolution of the blast
crisis of chronic mycloeytic Jeukemia. Proc Nad Acad Sci USA
36:6783-6757.

Alberison DG. Pinkel D0 2003, Genomic microarrays in human
gencetic discase and cancer. Hum Mol Genet 12 Spee No 2:R145-
R132.

Alimena G. De Cuia MRL Diverio DL Gastaddi RO Nanni M. 1987,
The karyotype of blastie crisis. Cancer Genet Cytogenet 26:39-
50

Beck Z. Kiss AL "Toth FD, Szabo J. Bacst A, Balogh E. Borbely A,
‘Telek By Kovaes Eo Olah K, Rak K. 2000, Alerations of P33 and
REB genes and the evolution of the aceclerated phase of chronic
mycloid leukemia Leuk Lymphoma 38:587-597.

Blick M. Romero P Talpaz M, Kurzrock R, Shralrid M, Andersson
B, ‘Irujitto J. Beran ML Guoeerman [ 1987, Molecular characreris-
ties of chronic myclogenous leukemia in blase erisis. Cancer
Genet Cyrogenet 27:349-356.

Calabretea B. Perrott . 2004, 'The biology of CMLL blast crisis.
Blood 103:4010-4022.

Feinstein K. Cimino G, Gale R Alimena G, Berthier R, Kishi K.
Goldman |, Zaccaria A Berrebi A, Canaani K. 19910 p53 in
chronic myclogenous leukemia in acute phase. Proe Natl Acad
Sci USA 88:6293-6297.

Ficgler H. Garr P Douglas E). Burford DC. Hunt S, Scou CE.
Smith J. Verrie D0 Gorman P Tomlinson IR, Carter N2 2003,
DNA microarrays for comparative genomic hybridizaton based
on DOP-PCR amplitication of BAC and PAC clones, Genes Chro-
maosomes Gancer 36:361-374.

Fiorcros 1L Strombeck B. Sandberg ‘I Johansson B, Billstrom R,
Borg A, Nilsson PG, Van Den Berghe Ho Hagemeijer A Mitelman
F. Hoglund M. 1999, Isochromosome 17q in blast erisis of chronic
myeloid leukemia and in other hematologic malignancies is the
result of clustered breakpoints in 17p11 and is not associated with
coding 'T'P33 mutations. Blood 94:225-232.

Hurer Ji., Schoenwald M. Brizard AL Guilhor F. Vikmer Eo ' Tanzer ]
1989. Chromoesome 6p rearrangements appear to be secondary
changes in various  hacmatological  malignancies. Leuk Res
13:819-824.

lafrate AJ. Feuk L. Rivera MN. Listewnik M1, Donahoc PK. Qi Y,
Scherer SW, Lee G. 2004 Detection of large-seale variation in the
human genome. Nat Genet 36:949-931.

Kelman 7. Prokocimer M, Peller S, Kahn Y, Rechavi G, Manor Y.
Cohen AL Rotter V1989, Rearrangements in the p33 gene in Phil-
adelphia chromosome positive chronic myclogenous leukemia,
Blood 74:2318-2324.

LeMaistre A, Lee MS, Talpaz ML Rangarjian HM. Freircich KL Dei-
sseroth AB, “Trujillo JML Stass SAL 1989, Rus oncogene mutations
are rare late stage events in chronic myelogenous leukemia. Blood
73:889-891.

Melo N Hughes TP Appertey JE 2003, Chronie myeloid feukemia
Hemarology (Am Soc Hematol Ed Progy132-152,

Meza Espinoza [P Judith Picos Cardenas V. Guricrrez-Angulo M,
Gonzaler Garcia JR. 2004, Sceondary chromosomal changes in 34
Philadelphia-chromosome-positive chronic mycloeytic feukemia
patients from the Mexican West. Cancer Genet Cyrogenet 148
166-169.

Genes. Chromusonies & Cancer YO 101002 gee



494 HOSOYA ET AL.

Mitant K. Ogawa S, Tanaka 10 Mivoshi Ho Kurokawa M. AMano H.
Yazaki Y, Ohki M, Hirai H. 1994, Generation of the AN 1-EVI-1
fusion gene in the t3:21g26:q22) causes blastic cerisis in chronic
mycloeveie leukemia. Embo ] 13:304-310.

Naukai H. Misawa S, 1993, Chromosome 17 abnormalides and inacri-
vation of the p33 genc in chronic myveloid teukemia and cheir
prognostic significance. Leuk Lymphoma 19:213-221.

Nakai H. Misawa S, Tuniwaki M. Horiike S, Takashima "1 Seriu “TL
Nakagawy H. Fujit H. Shimazaki Co Maruo N and others. 1994,
Prognostic significance of loss of a chromosome 17p and p33 gene
mutations in blast erisis of chronic myclogenous feukacmin, Br ]
Hacematol 87:425-427.

Nakai Ho Misawa S, “Toguchida J. Yandell DW, Ishizaki K. 1992,
Frequent p33 gene mutatdons in blast erisis of chronic mycloge-
nous leukemin, especialiy in myceloid crisis harboring foss of a
chromosome 17p. Cancer Res 32:6388-6393.

Nakamura 17 Largaespada AL Lee M Johnson LA Ohyvashiki K.
Tovama K. Chen SJL Willman CL. Chen INL Feinberg AP Cope-
land NG, Jenkins NAU Shaughnessy J1) Jr 1996, Fusion of the
nucteoporin gene NUP98 to HONAY by the chromosome translo-
cation «7:11)pl3:p13) in human mycloid Jeukacmia, Nac Gener
12: 154158,

Pinkel DL Segraves Ry Sudar DO Clark S, Poole 1 Kowbel DL Colling
C. Kuo WL, Chen G Zhai Yo Dairkee SH. Ljung BN Gray JW.
Abberson DG 1998, High resolution analysis of DNA copy num-

ber variation using compiratis ¢ genomic hyhridization to microar-
ravs. Nat Gener 200207211,

Prigoging EL. Fleischman EW, Volkova AL Frenkel MAL 1978,
Chromosome abnormalities and clinical and morphologic mani-
festations of chronic myeloid leukemia, Hum Genet 41:143-156.

Rowley I 1973 Leter: A new consistent chromosomal abnormal-
ity in chronic myelogenous leukaemia identdficd by quinacrine
fluoreseence and Giemsa staining. Nature 243:290-293,

Schat J. Lakshmi B. 'Troge J. Alexander ] Young J. Lundin P Naner
S M assa Ho Walker Mo Chi ML Navin NL Licito R, Healy . Hicks
1.Ye Ko Reiner AL Gilliam FCL " Trask Bl Patterson NL Zertterberg
A Wigler ML Largesscale copy number polvmaorphism in the
human genome. Science 305:525-528.

Sill H. Goldman JM, Cross NC. 1995, Homozvgous deledons of the
P16 tumor-suppressor gene are associated with lymphoid transfor-
mation of chronic myeloid feukemin. Blood 83:2013-2016.

Wang 1., Ogawa S, Hangaishi A, Qiao Y. Hosova No Nanva Yo Ohya-
shiki Ko Alizoguchi H. Hirai H. 2003, Molecular characterization
of the recurrent unbalinced  tanslocation  der(1:7)6¢g 10:p10).
Blood 112:2597-2604.

Yehuda O, Abcliovich DL Ben-Neriah S, Sverdlin L Cohen R0 Varadi
G. Orr R Ashkenazi YL Hevd | Lugassy G Ben Yehuda D. 1999
Clinical imphications of Huorescenee in sito hybridizadgon analyvsis
in 13 chronic mycloid leukemia cases: Ph-negative and variant
Ph-positive. Cancer Genet Gytogenet 114100107,




Journal of Antimicrobial Chemotherapy (2006) 57. 10041007
doi: 10.1093/jac/dk1089
Advance Access publication 21 March 2006

JAC

Pharmacokinetics of ganciclovir in haematopoietic stem cell
transplantation recipients with or without renal impairment

Yuki Asano-Mori!, Yoshinobu Kanda'#, Kumi Oshima!?, Takuro Watanabe', Eriko Shoda’,

Toru Motokura', Mineo Kurokawa!? and Shigeru Chiba'?

'Department of Hematology & Oncology, University of Tokvo Graduate School of Medicine and Hospital,

2 . . . . .
Tokvo, Japan;*Department of Cell Therapy & Transplantation Medicine, University of Tokyo
Hospital, Tokvo, Japan

Received 3 October 2005; returned 22 November 2003; revised 25 January 2006; accepted 24 February 2006

Objectives: We investigated the pharmacokinetics of ganciclovir in 12 haematopoietic stem cell
transplantation (HSCT) recipients to evaluate the validity of a 50% reduction in the ganciclovir dosage
for mild renal impairment.

Patients and methods: Ganciclovir at 5 mg/kg/day was pre-emptively infused in patients with estimated
CLcg = 70 mL/min (Group A), whereas the dose was reduced to 2.5 mg/kg/day in patients with ClLcr
between 50 and 70 mL/min (Group B).

Resulis: The peak concentration was significantly higherin Group A (P<0.01). However, the decrease in the
plasma ganciclovir concentration was slower in Group B (P = 0.09), and the AUC of all patients in both
groups was distributed within a narrow range (25.6 + 4.77 pg-h/mL), when two patients with exceptionally
high AUC values were excluded.

Conclusions: A 50% reduction in ganciclovir appeared to be appropriate for patients with mild renal
impairment. Measuring the ganciclovir concentration at 4 h after starting infusion may be adequate for
evaluating AUC.

Keywords: cytomegalovirus, CMV, antigenaemia, antiviral therapy

Introduction

Ganciclovir is the mainstay of antiviral agents in pre-emptive
therapy against cytomegalovirus (CMV) disease after allogeneic
haematopoietic stem cell transplantation (HSCT).! Ganciclovir is
mainly excreted from the kidney and about 90% of the admin-
istered dose is recovered unchanged in the urine after intravenous
(iv) administration.” Therefore. total body clearance correlates
well with CLeg.™ In HSCT settings, patients frequently develop
renal impairment caused by the use of nephrotoxic drugs. A 50%
reduction of ganciclovir is recommended in the drug information
leaflet for patients with mild renal impairment of CLcr between
50 and 70 mL/min in order to achieve an unchanged AUC.
However, the pharmacokinetic profiles of ganciclovir have not
vet been [ully evaluated in such patients. Therefore, we investi-
gated the validity of this dose reduction by serial evaluation of
the plasma ganciclovir concentration.

*Corresponding author. Tel: +81-3-3815-5411 ext. 35602:

Patients and methods

Twelve patients (nine men and three women) aged between 23 and
61 years were enrolled in a 12 h pharmacokinetic study of intra-
venous ganciclovir after ethical approval. The median age and weight
were 50.5 years (range 23-61) and 57.5 kg (range 36.7-80.0), respec-
tively. All patients provided informed consent to participate in this
study. The underlying disease was acute leukaemia in three patients,
chronic myelogenous leukaemia in three patients, myelodysplastic
syndrome in two patients and pancreatic cancer in four patients.
Five patients received a graft from an HLA-matched relative and
seven received a graft from an alternative donor defined as an
HLA-mismatched relative or a matched unrelated donor. We calcu-
lated CL¢g weekly. based on a 24 h urine collection. Patients were
classified into two groups according to CLcg evaluated within | week
before the initiation of ganciclovir administration: Group A included
seven patients with CLeg 2 70 mL/min (mean 98.1 mL/min,
range 74.9-142.0 mL/min) and Group B included five patients

Fax: +81-3-5804-6261: E-mail: ycanda-tky @umin.ac.jp
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Table 1. Pharmacokinetic parameters of ganciclovir in Groups A and B

Group A Group B

(CLegr 2 70 mL/min) (CL¢gr 50-70 mL/min) P value
C0.5 6.56 (4.39-11.33) pg/mL 4.92 (2.90-10.80) pug/mL 0.37
Cl 9.20 (5.50-19.03) pg/mL 475 (3.32-6.61) pg/mL <0.01
C2 4.76 (2.72-12.09) pg/mL 2.38 (2.30-2.73) pg/mL <0.01
C4 2.58 (1.25-6.30) ug/mL 1.57 (1.37-1.80) pg/mL 0.17
Co 1.69 (0.79-4.89) ug/mL 1.15 (0.90-1.30) pg/mL 0.29
C8 1.22 (0.40-3.99) ug/mL 0.91 (0.64-1.09) ug/mL 0.57
Ci2 0.62 (0.23-2.88) ug/mL 0.58 (0.39-0.81) ug/mL 0.94
LogC4/Cl ~0.66 (-0.73—-0.48) -0.42 (-0.68--0.33) 0.09
AUC 29.8 (20.2-111.0) pg-hymL 24.6 (22.5-28.3) ug-h/mL 0.57
i 3.57 (3.36-7.94) h 5.76 (5.05-8.87) h 0.03
CLyon 3.04 (0.73-4.31) mL/min/kg 1.66 (1.50-1.81) mL/min/kg 0.12

CL¢g. creatinine clearance: AUC, area under the concentration curve: 7. elimination hatf-life: CLyyp. total body clearance.
C0.5-C12 represent plasma ganciclovir concentrations at 30 min. and 1, 2. 4, 6, 8 and 12 h after start of infusion. respectively.

The values of each parameter are reported as the median and range.

with CLcg between 50 and 70 mL/min (mean 59.1 mL/min. range
51.3-67.4 mL/min).

Antigenaemia assay for CMV infection was performed weekly
after engraftment as described previously.® Ganciclovir was pre-
emptively started when 20 or more positive cells were detected
per two slides in patients who received a graft from an HLA-matched
relative, whereas it was started when three or more positive cells
were detected per two slides in patients who received a graft from an
alternative donor. The starting dose of ganciclovir was once daily at
5 and 2.5 mg/kg/day in Groups A and B, respectively, which was
infused at a constant rate over 1 h.® Venous blood samples were
obtained before infusion (C0), 30 min (C0.5) and 1 (C1), 2 (C2), 4
(C4), 6 (C6), 8 (CB) and 12 (C12) h after starting the first-dose
infusion. After the blood sample was centrifuged, the plasma was
separated and stored at —20°C until measurement of the ganciclovir
concentration.

The plasma ganciclovir concentration was measured after
solid-phase extraction (SPE) and dilution in mobile phase by
reversed-phase HPLC. In brief, plasma samples were heated at
58°C for 30 min to inactivate the virus prior to handling. These
samples were then diluted with 0.1 M phosphate buffer (pH 8.0)
and applied to disposable Cig SPE columns (Bond Elut CI8-OH:
Varian, Palo Alto, CA, USA) conditioned with methanol and water.
The column was washed with 0.1 M phosphate buffer (pH 8.0} and
water, and ganciclovir was then eluted by 1.5 mL of 15% methanol.
After 0.1 mL of 10 pg/mL guanosine was added as an internal
standard, the eluent was injected into the HPLC system (C,g column,
CAPELL PAK CI18 SG 120: Shiseido. Tokyo, Japan: mobile phase:
a mixture of 20 mM KH>PO, (pH 2.6) containing 5 mM sodium
1-octanesulfonate and acetonitrile (95 : 5, v/v)]. The flow rate of the
mobile phase and the column temperature were 0.8 mL/min and
40°C. respectively. The HPLC was equipped with a photo diode
array detector (SPD-MIOA vp, Shimadzu, Kyoto. Japan) set at
a detection wavelength of 254 nm. This quantitative assay provided
a high selectivity for determining a compound in biological samples.
It was available for 0.02-5 pg/mL of an analyte in plasma samples.
The precision expressed as a coefficient of variation was less than
2.5%. and the accuracy expressed as an error per cent was <t3%.
Endogenous sources of interference were not detected from blank
plasma.

Pharmacokinetic parameters were calculated by non-compartment
modelling using WinNonlin software (version 4.0: Pharsight
Corporation). CLcg was normalized to 1.73 m? body surface area
and AUC was calculated using the linear trapezoidal rules with
extrapolation to infinity by standard techniques. The decline ratio
was calculated as Log C4/Cl for the evaluation of the decrease
in plasma ganciclovir concentration in the distribution phase and
early elimination phase, whercas the eliminaton half-life was
calculated from the terminal portion of the slope after C4. The
differences between groups were compared using the Wilcoxon
(Mann-Whitney)-test. P values of less than 0.05 were considered
statistically significant. The relationship between the total AUC and
plasma ganciclovir concentration at each point after starting infusion
was investigated by calculating correlation coefficients +° using
linear regression analysis after logarithmic transformation because
they did not fit a normal distribution.

Results

The median pharmacokinetic parameters and the concentration
versus time profile are shown in Table | and Figure I(a).
The peak plasma concentration (C,,,) ranged from 3.32 to
19.03 pg/mL. The C, in Group A was significantly higher
than that in Group B (9.20 versus 4.75 pg/mL, P < 0.0h.
There was a borderline significance in the decline ratio between
the two groups (0.66 versus -0.42, P = 0.09). Total body clear-
ance in Group B was lower than that in Group A (1.66 versus
3.04 mL/min/kg, P = 0.12). Also, the elimination half-life in
Group B was significantly longer than that in Group A
(5.76 versus 3.57 h, P = 0.03). There was no significant differ-
ence in AUC between the two groups (29.8 versus 24.6 ug-h/mL,
P = 0.57). The AUCs of the patients in both groups were dis-
tributed within a narrow range (25.6 +4.77 pg-h/mL, Figure 1b),
when we excluded two patients with exceptionally high AUC
values (48.18 and 110.99 ug-h/mL). The CLcg values of these
two patients were 74.9 and 87.2 mL/min, respectively. Among
the serial ganciclovir concentration measurements, C4 most
strongly correlated with AUC (= 0.95, Figure lc).
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Figure 1. (a) Median concentrations of ganciclovir after I h iv infusion of
5 mg/kg ganciclovir in Group A and of 2.5 mg/kg ganciclovir in Group B.
Open and filled circles represent each median concentration point in Groups
A and B, respectively. (b) The AUC in cach patient. Open and filled circles
represent individual measurements in Groups A and B. respectively. (¢} Cor-
relation between the AUC and the plasma concentration at 4 h after starting
infusion (C4). Open and filled circles represent individual measurements in
Groups A and B. respectively. The solid line represents the orthogonal regression
line described by the equation AUC = 17.666 x C4 - 4.4555.

Discussion

The results demonstrated that a 50% reduction in the ganciclovir
dosage was appropriate for HSCT recipients with mild renal

impairment of CLcg between 50 and 70 mL/min. In addition
to the significant difference in the elimination half-life, we
observed a difference in the decline ratio (Log C4/C1) between
the two groups with a borderline significance, which might indi-
cate that renal excretion had started within 4 h of infusion. AUC
was not significantly different from that in patients with normal
renal function, probably due to the prolonged elimination in
patients with mild renal impairment, although the small sample
size might be responsible for the lack of significant difference.
When we excluded two patients whose AUC values were excep-
tionally high. the AUC ranged within 25.6 £ 4.77 ug-h/mL, which
was similar 10 the values reported previously An exceptionally
high AUC was observed in two patients with CLcg values
between 70 and 90 mL/min. The reason for the high AUC
is not clear, but it may suggest that the dose of ganciclovir
should be reduced in patients with CLcg values between 70
and 90 mL/min after confirming that the AUC is significantly
high in such patients. Drug interaction is also a possible explana-
tion for the high AUC. but these two patients were not being
given drugs that are known to interact with ganciclovir. Also,
the exceptionally high AUC might result from a transient renal
dysfunction, which could not be detected even by a weekly CLcg
examination.

The role of clinical pharmacokinetic monitoring in solid organ
transplantation as well as in HSCT is unclear.” Previous studies
failed to show a significant correlation between the ganciclovir
concentration and its efficacy-or toxicity.”* A possible explana-
tion for this lack of correlation is the small number of patients in
these studies, since a significant correlation between the cumu-
lative dose of ganciclovir and the incidence of neutropenia has
been shown in large-scale clinical studies.”'" However, it is
difficult to perform a large-scale study with pharmacokinetic
monitoring because of the need for repeated blood sampling
from patients. In this study, C4 most strongly correlated with
AUC, with 7 values of 0.95, although we should confirm this in
a larger study. Another limitation of pharmacokinetic monitoring
of ganciclovir is that only the intracellular phosphorylated gan-
ciclovir is active and it is not known how its concentration relates
to the plasma concentrations. Nevertheless, a prospective study
with monitoring of C4 is warranted to evaluate the role of phar-
macokinetic monitoring in HSCT.

In conclusion, a recommended reduction of ganciclovir dosage
by 50% appeared to be appropriate for HSCT recipients with
mild renal impairment. Measurement of the plasma ganciclovir
concentration C4 could be an accurate predictor of AUC. Further
studies are necessary to validate these findings in a larger number
of patients and to clarify the relationship among plasma concen-
trations, AUC and responses.
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Abstract In this study we analyzed our cases of localized
aggressive lymphoma treated in our institution during the
last 20 years to compare the finding of this study with those
of previous studies. Forty patients with Ann Arbor stage [~
1 aggressive lymphoma were treated with 3—6 cycles of a
CHOP regimen (cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone) and radiation therapy (30 or 40 Gy
with involved field). Between 19835 and 2003, 40 patients
with stage 1 (N=25) or stage II (N=135) disease were treated.
Chemotherapy mainly preceded radiotherapy, although the
sequence of radiotherapy and chemotherapy was deter-
mined by individual physicians and patients’ choice.
Median and mean age was 50.5 and 48.6 years, respec-
tively, at the time of diagnosis, with a male to female ratio
of 19:21. Analyses were undertaken to determine (1)
response to treatment according to age, international
prognostic index (IPI), lactate dehydrogenase (LDH)
value, serum interleukin 2 receptor (sIL-2R) value, cell
type, stage, extent of maximum local disease, with or
without mediastinal lymph nodes, number of sites, ana-
tomic distribution, and irradiation dose, and (2) relapse
patterns. Complete follow-up was obtained in all patients.
The follow-up period of surviving 33 patients ranged from
24.7 to 180 months with a median of 69 and a mean of
72.7 months. A complete remission (CR) was achieved in
37 patients (93%). A study of relapse patterns after a CR
showed that four patients had a first relapse within a
radiation field and the other one patient had an extranodal
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distant relapse. Significant prognostic factors were not
identified by multivariate analysis. Combined chemother-
apy and radiation therapy is safe, highly effective, and
probably curative for most patients with stage I-II
aggressive lymphoma.
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Introduction

Throughout the past 25 years, the treatment of limited-
stage diffuse aggressive non-Hodgkin’s lymphoma has
evolved from surgical staging and radiotherapy (RT) to
primary chemotherapy (CTx) and limited RT [1-5].

Some investigators have suggested that adjunctive RT is
not indicated for most patients in the management of DLCL
[6-8]. Others, in an effort to reduce the incidence of local
recurrence and possibly improve survival, have added RT
to their CTx programs particularly for patients with bulky
or other unfavorable Stage 1] presentations [9-16].

CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone) has been used as a standard CTx for DLBCL
and 3 cycles of CHOP followed by RT has also been
accepted for localized DLBCL [17]. There are many
reports that favor adjuvant chemotherapy with involved-
field RT even for with localized lymphoma [18-21]. This
article describes the usefulness of RT combined with CTx
in the management of localized aggressive lymphoma.

Materials and methods
Patients

This is a retrospective study. The subjects were 40 patients
with localized aggressive lymphoma and treated with
combined CTx using CHOP regimen and RT for curative
intent as the primary therapy. The cases in which the World
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Health Organization (WHO)/Revised European-American
Lymphoma (REAL) classification was known were
described as it is and the cases unclassifiable with WHO/
REAL classification were described according to the
Working Formulation classification (Table 1) [22]. Patients
with complete surgical resection of lymphoma, treated with
RT alone and administered CTx other than CHOP regimen
were not eligible. An overview of the patients’ character-
istics according to clinical parameters is given in Table 2.

Minimal staging included chest radiograph, computed
tomography (CT) of the abdomen and pelvis, and single
percutaneous bone marrow biopsy and blood studies.
Gallium scintigram, '*F 2-fluoro-2-deoxy-p-glucose-pos-
itron emission tomography (‘*F-FDG-PET), and barium
swallow were optional.

CTx

The treatment consisted of 3—6 cycles of CHOP (day !
cyclophosphamide, 750 mg/m2; day 1 doxorubicin,
50 mg/m”, day ! vincristine, 1.4 mg/m® (capped at
2 mg); and days 1-5 oral prednisone, 100 mg) every
3 weeks. We performed 6 cycles for bulky disease more
than 5 cm in diameter and 3 cycles for not bulky disease.

RT

RT was performed with a 6-MV X-ray machine. RT
delivered with megavolitage equipment began 3—4 weeks
after the last cycle of CHOP, confirming the recovery from
the toxicity of CTx. The primary tumor and the metastatic
lymph nodes were irradiated for a total dose of 30 Gy in 20
fractions over 4 weeks for cases achieving CR after CTx
and 40.5 Gy in 27 fractions over 5.4 weeks for cases having
a residual lymphoma.

In our institution, RT was confined to the whole neck,
supraclavicular region, and Waldeyer’s ring for 13 patients
with cervical nodal or Waldeyer’s disease (Fig. 1).

Toxicity assessment
Patients were observed weekly during the treatment to

monitor toxicity. It was graded according to the National
Cancer Institute Common Toxicity Criteria (version 2.0).

Table 1 Histopathology characteristics (n=40)

Histopathology n (%)
Diffuse large B-cell lymphoma 31 (77.5%)
NK/T-cell lymphoma 2 (5%)
Anaplastic large cell lymphoma 2 (5%)
Peripheral T-cell lymphoma 2 (5%)
Diffuse histiocystic lymphoma 1(2.5%)
Diffuse medium-sized B-cell lymphoma 1(2.5%)
Diffuse T-cell lymphoma 1 (2.5%)

Table 2 Patient characteristics (#n=40)

Patient characteristic Number
Age

<60 28
>60 12
IP1

Low risk 29
Intermediate-low risk 11
LDH

High 20
Normal 20
sIL-2R

High 16
Normal 13
Cell type

B 33
T 7
Stage

I 24
11 16
Tumor diameter (cm)

<5 14
5-1.5 8
7.5-10 3
=10 4
Mediastinal LNs

(] 34
+) 6
No. of sites

<3 36
>3 4
Anatomic distribution

Head and neck 24
Supra-diaphragmatic 12
Infra-diaphragmatic 4

Late toxicity was graded according to the Radiation
Therapy Oncology Group/European Organization for
Research and Treatment of Cancer late radiation morbidity
scoring scheme.

Follow-up evaluation

The following evaluations were performed until disease
progression every 1 month for the first year after the
completion of the protocol treatment, every 2 months for
the second year, and every 3—4 months thereafter: physical
examination, complete blood count, serum chemistries
including soluble interleukin 2 receptor (sIL-2R), B2
microglobuline ($2-MG), and lactate dehydrogenase
(LDH). CT scan or FDG-PET was optional.
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For the primary tumor and the involved nodes, responses
were judged according to the Intemational Workshop
Criteria for non-Hodgkin’s lymphoma [23]. CR was
defined as regression of all palpable nodes (<11 cm and
of normal consistency) and radiographic disease. Partial
response (PR) was defined as =50% reduction in the sum of
the products of the dimensions of all measurable lesions.
Progressive disease (PD) was defined as »>50% increase
from nadir or the appearance of new lesions. Stable disease
(S1)) was classified as a response less than PR but nota PD.

Statistical analysis

Statistical analvses were performed using StatView Dataset
File version 5.04 for Windows computers (North Carolina,
USA). Survival periods were calculated from the start of
irradiation. Statistical analysis mcluded the Student £ test,
the Pearson 2 test. and the Fisher exact test as appropriate,
The survival functions were estimated with the Kaplan-
Meter method estimator, and log-rank tests were used (o
compare the survival distributions. Univariate Cox propor-
tional hazards models were used to identify the indepen-
dent factors that predict overall survival,

Resulls
Patient charactenistics

From June 1985 1o December 2003, 40 patients were
eligible and assessable. The patient characteristics are
presented in Tables | and 2. Thirty-eight percent of the
study population had stage 1 disease. Extranodal involve-
ment was present at diagnosis in 22 patients (55%), with
head and neck sites constituting the vast majority. Few
patients had an impaired performance status or systemic

symptoms. As expecied. approximately 80% of patients
had diffuse large-cell vmphoma (7 A minonity of

10%) had three or morc Ann Arbor sites of

patients
disease. The tumor mass was 210 om in 10%. Mediastinal
lymphadenopathy was recorded in six patients {15%). CTx
mainly preceded RT (V=35_ 88%). although the sequence
of RT and CTx was determined by individual physicians
and patients’ choice.

Total 6 cveles of CTx was performed in 18 cases (45%),
3 cycles in 19 cases (48%). In the other three Ld%t CTx
was called off in 1 cycle (V=2) or 2 cyeles (A=1) because
lymphomas had a resistance 1o CTx.

Survival

Complete follow-up was obtained in all patients and the
last follow-up was performed in December 2005, The
follow-up period of surviving 33 patients ranged from 24.7
to 180 months with a mcdizm of 69 and 4 mean of
2.7 months. The overall survival for all 40 patients at
year was 81.2% (Fig. 2).
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Response to the primary therapy

RT preceded CTx in five cases (12%). All the five cases
achieved CR at the completion of irradiation before the
start of CTx and they were all surviving at this analysis.
The survival time was 72, 93, 113, 125, and 180 months
respectively. CTx preceded RT in the other 35 cases (88%).
In the 35 cases, CR was achieved in 28 cases, PR in two
cases, SD in one case, and PD in four cases, after the
completion of CTx before the start of RT. As to the seven
cases without achieving CR, five cases died in 0.5, 1.2, 3.2,
15.6, and 22.9 months, respectively and the other two cases
are surviving at 24.7 and 71.1 months, respectively.

Response to CRT

With application of the above criteria, CR was achieved in
37 patients (93%) and PD in three patients (7%). The three
patients died in 0.5, 1.2, and 3.2 months after the
completion of irradiation, respectively. All the three
patients died of systemic invasion of lymphoma. The first
patient died directly of liver dysfunction and sequential
multiple organ failure (MOF), the second died of acute
liver dysfunction, disseminated intravascular coagulation
(DIC), and methicillin-resistant staphylococcus aureus
(MRSA) pneumonia, and the third died of infection.

Prognostic factors

A study of relapse patterns after a CR showed that four
patients had a first relapse within a radiation field and the
other one patient had an extranodal distant relapse with left
humeral skin. Significant prognostic factors for overall
survival were not identified in age, international prognostic
index (IPI), LDH value, sIL-2R value, cell type, stage
(Fig. 3), gender (Fig. 4), extent of maximum local disease,
with or without mediastinal lymph nodes, number of sites,
anatomic distribution, and irradiation dose (Table 3) in the
univariate analysis according to Cox proportional hazards
models. As to the effect of CTx preceding RT (Fig. 5), CR
group (n=28) was a significant better prognosis than non-
CR (#=7). Overall survival curves between male and
female were a significant difference according to log-rank
test (p=0.0296) (Fig. 4). Female group had the significantly
more proportion of patients achieving CR from CTx
preceding RT (95%) than male group (63%) (p=0.0175). If
using modified IPI from a South-west Oncology Group
(SWOQG) [17] instead of IP1, survival curves between low
risk group (#=27) and not low risk group, that is either low-
intermediate risk group (#7=10) or intermediate-high risk
group (#=3), were not of significant difference (p=0.4593).
In this study, the number of patients was too small to
perform multivariate analysis. The association of other
variables with survival was negligible.
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Treatment-related toxicity

In CTx setting, 32 patients (80%) experienced grade 3 or 4
neutropenia. Grade 3-4 anemia and thrombocytopenia



Table 3 Univariate of relative risks on overall survival in 40
patients

Category i Univariate analysis
Relative 95% confidence p
risk interval

Gender

Male 19 1

Female 21 0.135  0.016-1.125 0.0641
No. of sites

<3 36 I

=3 4 3.344  0.648-17.24 0.1495
No. of CTx cycle

3 19 1

6 18 0.251 0.28-2.252 0.2182
Effect of CTx

CR 28 1

Not CR 7 2564 4.651-142.9 0.0002
RT dose (Gy)

30 17 1

40 16 0.859  0.053-13.89 0.9151
Age (years)

<60 28 1

>60 12 0.990  0.192-5.102 0.9909
1PI

Low 29 1

Intermediate low 11 1.149 0.22-5.952 0.8685
LDH

Normal 20 1

High 20 1.479  0.330-6.622 0.6087
sIL-2R

Normal 13 1

High 16 0.492  0.082-2.956 0.4384
Stage

1 24 I

11 16 0.784  0.130-4.694 0.9589
Cell type

B 33 1

T 7 2.538 0.489-13.16 0.2679
Tumor diameter (¢cm)

<5 14 1

=5 15 0.621  0.104-3.717 0.6018
Mediastinal LNs

=) 34 1

+) 6 0917 0.110-7.634 0.9362
Anatomic distribution

Supra-diaphragmatic 12 1

Head and neck 24 2816 0.329-24.13 0.3448
Infra-diaphragmatic 4 2713 0.169-43.57 0.4809

occurred in eight patients (5%) and eight patients (5%).
respectively. Hematopoietic growth factors were not used
routinely.

In RT setting, major toxicity was not seen in the study.
All 13 patients, treated with RT field covering over the
whole neck, supraclavicular region, and Waldeyer’s ring,
suffered from grade 1 (mild mouth dryness/may have
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slightly altered taste such as metallic taste) or grade 2
(moderate to complete dryness/markedly altered taste)
acute radiation morbidity on salivary gland. Additionally,
those 13 patients experienced grade 1 (slight dryness of
mouth; good response on stimulation) or grade 2 (moderate
dryness of mouth; poor response on stimulation) late
radiation morbidity on salivary gland. No patients devel-
oped radiation-induced second malignancy.

The results and the outcome of the subset of patients
with T-cell lymphoma were shown in Table 4.

Discussion

The standard therapy for patients with stage IA or
contiguous stage IIA and low or low-intermediate grade
is the combination of CTx (3—4 cycles of CHOP or
R-CHOP) and RT. In a randomized trial by Eastern
Cooperative Oncology Group (ECOG)-1484, comparing
8 cycles of CHOP with 8 cycles of CHOP plus RT (30Gy),
10-year disease-free survival was 46 and 57% (p=0.04),
and the benefit of tacking on local RT to CTx was proven
[24].

SWOG-8736 randomized phase III trial showed a
favorable 5-year survival of 82% by 3 cycles of CHOP
plus RT (40-55 Gy) compared to that of 72% by 8 cycles of
CHOP alone in patients with stage I or IE and nonbulky
stage 1I or JIE localized nodal and extranodal aggressive
non-Hodgkin’s lymphoma (p=0.02) [21]. The 5-year
overall survival in patients with a low-risk IPI and a low-
intermediate risk were 82 and 71%, respectively, including
both the CHOP plus RT group and the CHOP alone group.
After these results, we adopted 3 cycles of CHOP plus RT
as a treatment regimen for stage I-1I aggressive lymphoma
in the present study.

Recently updated analysis of the SWOG trial showed an
overlapping curve at 9 years for overall survival as a result
of late relapses in the CHOP plus RT group, but it remained
the standard treatment for stage I and nonbulky stage 11
patients based on survival advantages through the first
9 years and less toxicity. Late relapses also suggested that
optimal treatment might include more or different systemic
CTx. Recent reports suggest that rituximab plus CHOP is
more effective than CHOP alone in more advanced stage
DLBCL [25, 26] and the standard treatment for early stage
DLBCL patients may be changed in the near future [27].
We have also changed CHOP regimen into rituximab plus
CHOP (R-CHOP) since February 2004. Since the
introduction of rituximab, therapy has changed the
following: (1) rituximab has been administered in day 1
of every cycles and subsequently CHOP administered from
day 2, and (2) both the number of cycles of CTx and the
method of RT have not been changed. Nowadays, a CHOP-
RT approach has been used only for patients with either
T-cell lymphoma or CD20 negative B-cell lymphoma in
our institution.

In the Lymphoma Non-Hodgkinien study 93-4 (LNH
93-4), randomized trial by the Groupe d'Etude des
Lymphomes de 1'Adulte (GELA) for elderly patients
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Table 4 Results and outcome of patients with T-cell lymphoma

Pt No. Histopathology Gender Age Stage

Diffuse T cell type M 49 1A

NK/T-cell lymphoma F 44 1A

NK/T-cell lymphoma M 59 1A

Anaplastic large cell lymphoma M 19 1A

Peripheral T cell lymphoma M 72 1A

Peripheral T cell lymphoma F 44 1A
M

Anaplastic large cell lymphoma 42 1A

~ Oy b B W R e

Modified IPI Recurrence  Survival time (months) Outcome
Low (+) 0.5 Dead
Low -) 83.3 Alive
Low =) 72.1 Alive
Low (+) 42.3 Alive
Low-intermediate  (+) 14.7 Alive
Low +) 3.2 Dead
Low -) 50.4 Alive

comparing 4 cycles of CHOP plus local radiation (40 Gy)
with 4 cycles of CHOP, there was no significant difference
in 5-year survival (64 vs 69%, p=0.4) [28]. In the LNH 93-
1 for patients under 61 years, dose-intensified doxorubicin,
cyclophosphamide, vindesine, bleomycin, and prednisone
(ACVBP) followed by sequential consolidation was supe-
rior to 3 cycles of CHOP plus RT for the treatment of low-
risk localized lymphoma (5-year overall survival was 90 vs
81%, p=0.001) [29]. The reports, that the meaning of RT
for low-risk stage [-II aggressive lymphoma was unclear,
continued one after the other.

The possible benefits of a short course of chemotherapy
followed by involved-field RT are the potential for
eliminating microscopic sites of disease; however, RT
alone is still a very important treatment modality for
localized low-grade lymphomas [17].

It is well known that CR obtained after first-line
treatment is associated with a longer overall survival
[30]. In our study, CR obtained after the primary CTx
(n=28) was highly associated with a longer overall survival
(p<0.0001). A number of clinical variables, among which
IPI is the standard approach, predict therapy response, but
in our study, there was no significant difference between a
low-risk IPI and a low-intermediate risk (p=0.8684). With
regard to prognostic factors for survival, clinical variables
at presentation appear to lose their predictive significance
when response to therapy is taken into account [31].

Among seven cases without achieving CR in the primary
CTx preceding RT, RT after CTx may be able to salvage
two cases (surviving at 24.7 and 71.1 months with keeping
CR, respectively).

Local and systemic-related toxicities were minimal, and
patients generally tolerated treatment well [32, 33]. In most
series and our experience too, long-term side effects were
mild and late toxicities and second malignancies were
infrequent.

Our results in the treatment of localized aggressive
lymphoma are excellent. A definitive recommendation for
treatment of localized aggressive lymphoma is difficult to
make based on this study with such a small number of
patients, albeit the excellent results.

Conclusion

Stage I-11 aggressive lymphoma trend to be localized and
to have good outcome. Our limited data suggest that
combined CTx and RT is safe, highly effective, and
probably curative, with mild and infrequent long-term side
effects for the majority of patients with primary localized
aggressive lymphoma.
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CD1d expression level in tumor cells is an important determinant
for anti-tumor immunity by natural killer T cells
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Abstract

Invariant natural killer T iNKT) cells are thought to regulate anti-tumor immunity. Human iNKT (.e. V224" NKT) cells
have been reported to recognize CD1d on target cells and show cytotoxicity directly on the target cells in virro. However, the
anti-tumor effect of mouse iNKT (i.e. V214" NKT) cells has been repeatedly reported to be dependent on the activity of
natural killer NK) cells via interferon~y, with no evidence of direct cytotoxicity. In the present study, we report that i vitro
cytolysis of EL-4 mouse lymphoblastic lymphoma cells by V224" NKT cells and iz vivo eradication of these cells are both
dependent on the level of CD1d expression on the tumor cell surface. These observations possibly suggest that direct
cytotoxicity of tumor cells by iNKT cells is common to both humans and mice, and that the high expression level of CD1d
may be a predictor whether the tumor is a good target of iNKT cells.

Keywords: Amti-tumor immunity, CD1d, natural killer T cell, mouse tumor model, T cell lymphoma, immunotherapy,

a-galactosylceramide

Introduction

Natural killer T (NKT) cells are a population of T
cells that have natural killer INK) cell markers such
as NKI1.1 (NKR-P1C) in mice [1,2]. Sizable
populations of NKT cells use an invariant T cell
receptor (TCR)-« chain (Va14-Jx18 in mice, Va24-
Jx18 in humans) paired with V8, V7 or Vf2 in
mice, or with V11 in humans [1,2], and are called
invariant NKT (NKT) cells. iNKT cells are
activated through TCR by synthetic glycolipids such
as a-galactosylceramide (x-GalCer) in a CD1d-
restricted manner [1,2]. iNKT cells produce both
Th1 [such as interferon (IFN)-y and tumor necrosis
factor-2] and Th2 [such as interleukin (IL)-4, IL-10
and IL-13] cytokines upon TCR-mediated signaling
[1,2]. It has been reported that iNKT cells control

immune responses in infections, tumors, autoim-
mune diseases and transplantation [1-3].

In mice, iNKT cells have been demonstrated to
have an anti-tumor effect in vivo, in which iNKT-
dependent activation of NK cells and/or CD8"
cytotoxic T-cell via IFN-7 is considered to be the
most important mechanism [2-4]. The direct
cytotoxicity of mouse iINKT cells on tumor cells
has not been defined to date. A similar mechanism
had been suggested for the anti-tumor effect of
human iNKT cells through in virro experiments [5].
However, in humans, a small number of recent
reports described that iNKT cells directly recognize
CDI1d on target cells [6-8]. Moreover, some pri-
mary leukemia cells express CD1d and are killed by
Va24" iNKT cells in a CDIld-dependent manner
[9-11].
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In the present study, we describe that the expres-
sion level of CD1d in EL-4 mouse lymphoblastic
lymphoma cells correlates with ¢-GalCer-dependent
anti-tumor activity of INKT cells i wviro and
tumor growth suppression i vivo. Our results
potentially support the theory that iNKT cells directly
kill the target tumor cells and that the level of CD1d
expression on tumor cells is an important indicator
for #-GalCer therapy or NKT immunotherapy.

Materials and methods
Mice

C57BL/6 (H—Zb) mice were purchased from Japan
Clea (Tokyo, Japan). Female mice, aged 6-12
weeks, were used in all the experiments. Mouse
studies were conducted according to the University
of Tokyo Animal Experiment Manual.

El-4 T cells and murine CD1d transfection

The murine CD1d expression vector (pSRa neo/
CD1d1) was kindly provided by Dr Exley (Beth
Israel Deaconess Medical Centre, Boston, MA,
USA). The murine T-lineage lymphoblastic lympho-
ma El-4 cells were transfected with the plasmids
using Superfect (Qiagen GmbH, Hilden, Germany)
and then cultured at 3 x 10* cells/well of 24-well
plates in RPMI1640 supplemented with 10% FCS
(cRPMI) and ! mg/ml of Geneticin (G418, Invitro-
gen, Carlsbad, CA, USA). Independent clones with
various levels of CD1d expression were obtained. We
calculated the growth rate of the clones by daily
counting viable cell numbers for 2 weeks.

Phenotypic assay

Anti-CD1d (1B1) and isotype control (A95-1)
antibodies were purchased from BD Pharmingen
(San Jose, CA, USA). Immunofluorescence staining
was performed according to the standard procedures.
Cells were analysed by flow cytometry using a
FACSCalibur (Becton Dickinson Bioscience, San
Jose, CA, USA).

Cyrtotoxiciry assay

Human iNKT cells were established as previously
described [6,9]. Briefly, monocytes from healthy
human donors were cultured in AIM medium (Life
Technologies, Gaithersburg, MD, USA) supplemen-
ted with 10% FCS with recombinant human (rh) IL-
4 (500 U/ml, CellGenix, Freiburg, Germany) and
rhGM-CSF (500 U/ml, CellGenix) for 5 days, and
used as monocyte-derived dendritic cells (Mo-DCs).
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Vu24™ cells, which were isolated from the same
donor by positive magnetic bead sorting (Miltenyi
Biotec, Bergisch Gladbach, Germany), were cultured
with irradiated (50 Gy)-Mo-DCs that were pulsed for
12 h with 2-GalCer (100 ng/ml, kindly provided by
Kirin Brewery, Gunma, Japan). The cells were
maintained in the presence of rhil-2 (40 U/ml,
kindly provided by Shionogi, Osaka, Japan) and
restimulated by irradiated-Mo-DCs every 7 days.
Identity of the expanded cell populations as
iNKT cells was confirmed by cytometric analysis
with anti-Va24 (C15) and Vf11 (C21) antibodies
(Beckman Coulter, Fullerton, CA, USA). Five x 10°
of *'Cr-labelled (Amersham, Arlington Hights, IL,
USA) EL-4 sublines and the effecter iNKT cells at
the indicated ratios were seeded onto 96-well round-
bottomed microtiter plates in 200 ul of cRPMI with
or without 100 ng/ml of «-GalCer. The co-cultured
cells were incubated for 4 h, and 100 ul of supernatant
was collected from each well and was counted with a
Packard COBRA gamma counter (Packard Instru-
ment, Meriden, CT, USA). The percentage of specific
51Cr-release was calculated as: (c.p.m. experimental
release — c.p.m. spontaneous release)/(c.p.m. maximal
release — c.p.m. spontaneous release) x 100. The ratio
of spontaneous release to maximal release was less than
20% in all experiments.

In vitro INKT sumulation and cyrokine production

Five x 10* Va24™ iNKT cells and 5 x 10* EL-4 clones
were suspended in 200 yl cRPMI, with or without 100
ng/ml of «-GalCer, and cultured in 96-well plates. After
24 h, the supernatants were collected from each well
and the concentrations of II-4 and IFN-y were
evaluated by ELISA according to the manufacturer’s
protocol (CytoSets; Biosource, Camarillo, CA, USA).
The cultured cells were cytometrically analysed with
anti-TCR Va24, human CD25 (B1.49.9) and human
CD69 (TP1.55.3) antibodies (Beckman Coulter) and
analysed by FACSCalbur.

In vivo tumor-bearing model

EL-4 cell lines (1 x 10° cells/mouse) were injected to
mice inwavenously. The resulting tumors were re-
moved from all the dead mice immediately (<24 h)
after death and histopathological specimens from
tumors were stained with hemaroxylin and eosin.

Molecular analysis of 1Gb3, a natural ligand
for TCR on INKT cells

Total RNA was extracted from EL-4 lines according
to the manufacturer’s protocol (Tri Reagent LS;
Sigma-Aldrich, St Louis, MO, USA) and reverse
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transcribed (SuperScript II; Invitrogen). The result-
ing ¢cDNA was subjected to polymerase chain
reaction amplification using the primer pair for
iGb3 (5-ATTATTATCAGGCTCATAGAAGG-3
and 5-CTAGTTTCGCACCAGCGTATATTC-3)
[12] or the pair for f-actin (5-GAGAGGGAAATC
GTGCGTGA-3 and 5-ACATCTGCTGGAAGG
TGGAC-3").

Statistical analysis

Survival of mice was analysed by the log-rank test.
Differences in the amount of secreted cytokines, the
percentage specific lysis of EL-4 cells and the
proportion of activated INKT cells were analysed
using Student’s r-test. P < 0.05 was considered
statistically significant.

Results

Establishment of CDI1d-transfected EL-4 sublines and
cytotoxic activity of NKT cells against the individual
sublines

We obtained multiple EL-4 subclones that express
various levels of CD1d. Among these, five and two
clones with the highest and intermediate CD1d
expression levels (EL-4/CD1d™ and EL-4/CD1d™)
were used for the following analyses. Three mock-
transfected clones were used as controls. The
mean + SD growth rates were 4.0 + 0.40 divisions
per 24 h in mock-transfected clones, 3.8 + 0.12 in
El-4/CD1d™ clones and 3.8 + 0.43 in EL-4/CD14™
clones, indicating that the expression levels of CD1d
did not affect the growth rate. Wild-type and mock-
transfected EL-4 expressed a low level of CDl1d
(Figure 1A). We used human iNKT cells (Figure
1B) as effector cells because in vitro expansion of
mouse INKT cells is generally difficult, while the
method to expand human INKT cells has been
established [6,9]. Importantly, the mechanism of
recognition of CD1d-bound a-GalCer by iNKT cells
is conserved through mammalian species [13]. With
dependence on the CDI1d expression level, iNKT
cells exhibited cytotoxicity to EL-4 cells only in the
presence of «-GalCer (Figure 1C). We also char-
acterized the acuvation of the INKT cells by the
different sublines of EL-4 in vitro by analysing the
surface expression of activation markers (Figure 1D)
and the profiles of secreted cytokines (Figure 1E).
The proportions of CD69 and CD25 positive cells
among INKT cells were independent of the expres-
sion level of CD1d on co-culturing EL-4 clones.
Although the amounts of IL-4 and IFN-y secreted
from iNKT cells stimulated by EL-4/CD1d™ tended

to be higher than those from iINKT cells stimulated
by EL-4/CD1d"", the difference was not always
statistically significant. The cytotoxicity of INKT
cells via IFN-y might not be a major mechanism of
anti-tumor activity.

Survival of EL-4 tumor-bearing mice correlated
to CD1d expression level on the surface of
tumor cells

We next examined whether the CD1d expression
level on the surface of tumor cells could affect the
survival of the tumor-bearing mice. All the wild-type
El-4-inoculated mice died within 6 weeks, showing
multiple lymph node swelling. All the enlarged
lymph nodes examined were diffusely infiltrated with
morphologically obvious tumor cells. Analysis of the
tumor cells by flow cytometry revealed that they had
characteristics of T-lineage cells and CD1d expres-
sion at levels that were the same as those in the
injected EL-4 cells (Figure 2A). Survival of wild-type
and mock-transfected EI-4-inoculated mice was not
significantly different (data not shown). In contrast,
mice inoculated with all of the five EL-4/CD1d™
clones survived significantly longer than those
inoculated with EL-4 expressing CD1d at lower
levels (Figure 2B). These results suggest that
interaction between iNKT cells and CD1d on the
tumor cell surface is useful for protecting the host
from tumor growth. This anti-tumor immunity
should be based on natural ligands. We examined
the expression of iGb3, a known natural ligand for
TCR on NKT cells [12], and found that all the
clones expressed iGb3 (Figure 2C). Therefore,
iINKT cells acquired cytotoxic activity against
CD1d-expressing EI-4 cells i vivo possibly by
stimulation with iGb3 that is naturally expressed
on EL-4,

Discussion

Anti-tumor activity is one of the attractive functions
of INKT cells. x-GalCer has been tested in phase I
clinical trials, either by direct administration of the
compound [14] or by administration of x-GalCer-
pulsed autologous DCs [15]. In wviro expanded
iNKT cells might also be used as an immunotherapy.
However, despite such progress, very little is known
about the tumor-suppressing mechanisms of iNKT
cells.

INKT cells produce both Thl and Th2 cytokines,
suggesting that they also have a certain regulatory
function. Some studies reported that NKT cells
suppressed tumor immunity [5,16]. Accordingly,
there is no definitive information as to whether
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Figure 1. In vitro cytotoxic activity of CD1d-transfected EL-4. (A) Expression levels of CD1d in transfected EL-4 clones. The pattern of
CD1d expression on the wild-type EL-4 cell surface is overlayed on an isotype-control (dashed line). EL-4/CD1d™ and EL-4/CD1d™ are
clones with the highest and intermediate CD1d expression level, respectively. (B) Flow cytometric analysis of the expanded iNKT cells. (C)
Cytotoxic assay for iNKT cells. 3'Cr-labelled mock-transfected EL-4, EL-4/CD1d™ and EL-4/CD1d™ were used as the target cells.
Comparing each E : T ratio, there are significant differences in the percentage of specific lysis among the three groups of EL-4 sublines
classified by the expression level of CD1d. Data are shown as the mean + SD. Very similar results were obtained using other clones from
each group. (D) Expression of activation markers of iNKT cells by each subline of EL-4. The results shown are the sum of seven independent
experiments. (E) Cytokine profile of activated iNKT cells by each subline of EL-4. The levels of cytokines secreted by mock-transfected EL-4
and EL-4/CD1d"™ were not significantly different. Similar results were obtained using other clones from each group.

iNKT cells act as a cytotoxic effector or a regulatory
effector for individual tumors. The results of the
present study raise the possibility that the CD1d
expression level is the determinant in an in vive
animal model and that such an effect is mainly
mediated through the direct killing activity of iNKT
cells rather than secretion of Thl cytokines.
Information about the physiological ligands for the
invariant TCR, which should play a significant role in
anti-tumor function of iNKT cells in EL-4-bearing
mice, is limited. Unfortunately, examination of
tumor-infiltrating lymph nodes in the present study
failed to delineate the mechanisms of tumor eradica-
tion by in sizu INKT cells present in the lymph nodes.
The fraction of iNKT cells in the EL-4 CD1d"

tumor (0.24 + 0.14%, n=9) was significantly
(P=0.04) larger than in the mock-transfected EL-4
tumor (0.12 + 0.05%, n=>5). However, interpreta-
tion of this finding is difficult because we could not
standardize the sizes of lymph nodes, the cellularity
of infiltrating EI-4 cells and various infiltrating
immune cells other than iNKT cells (data not
shown).

Nevertheless, CD1d expression on the tumor
surface may be a predictor of whether the tumor is
a good target for iNKT cells. The results of the
present study raise the possibility of NKT cell
therapy being used as a treatment modality for
CD1d-expressing tumors. Direct evidence showing
that iNKT cells kill the tumor cells in vivo should
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Figure 2. Survival of mice inoculated with various EL-4 sublines. (A) Flow cytometric analysis of the infiltrating lymphoma cells. (B) Survival
of mock-transfected (solid line, #=21) EL-4-, EL-4/CD1d™(dashed line, n = 6) and EL-4/CD1d"-(dotted line, 1= 13) inoculated mice.
EL-4/CD1d"-inoculated mice survived significantly longer (P= 0.0005). The result is the sum of six independent experiments. (C) RT-PCR
assay showing that the EL-4 cell lines expressed iGb3. Very similar results were obtained using all the clones.

be warranted, which might be obtained after the
technical improvements have been implemented.
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ABSTRACT

Ex vivo expansion of hematopoietic stem cells (HSCs) has been
explored in the fields of stem cell biology, gene therapy, and
clinical transplantation. Here, we demonstrate efficient ex vivo
expansion of HSCs measured by long-term severe combined
immunodeficient (SCID) repopulating cells (SRCs) from hu-
man cord blood CD133-sorted cells using a soluble form of
Deltal. After a 3-week culture on immobilized Deltal supple-
mented with stem cell factor, thrombopoietin, Flt-3 ligand,
interleukin (IL)-3, and IL-6/soluble IL-6 receptor chimeric
protein (FP6) in a serum- and stromal cell-free condition, we
achieved approximately sixfold expansion of SRCs when eval-

uated by limiting dilution/transplantation assays. The mainte-
nance of full multipotency and self-renewal capacity during
culture was confirmed by transplantation to nonobese diabetic/
SCID/yc™™" mice, which showed myeloid, B, T, and natural
killer cells as well as CD133*7CD34* cells, and hematopoietic
reconstitution in the secondary recipients. Interestingly, the
CD133-sorted cells contained approximately 4.5 times more
SRCs than the CD34-sorted cells. The present study provides a
promising method to expand HSCs and encourages future
trials on clinical transplantation. STEM CELLS 2006:24:
24562465

INTRODUCTION

Umbilical cord blood (CB) is an established stem cell source for
hematopoietic stem cell (HSC) transplantation. In many cases.
however, CB transplantation is unavailable to patients with
relatively high body weight because of the insufficient number
of HSCs obtained from a single CB unit [1-3]. Recently. trans-
plantation of multiple units of CB in adult patients was reported
in an experimental attempt to infuse a higher number of HSCs
or hematopoietic progenitor cells (HPCs), but the effectiveness
of this novel trial needs further investigation [4-T7].

Another possibility to acquire a higher number of stem cells
is ex vivo expansion of HSCs. Although many reports have
described potential methods to increase HSCs ex vivo, only a
few of them have clearly demonstrated the expansion of long-
term severe combined immunodeficient (SCID) repopulating
cells (SRCs), currently the only reliable measure of HSCs
[8-10]. According to one of these reports, combined use of
soluble interleukin (IL)-6 receptor (sIL-6R) and IL-6 together
with stem cell factor (SCF), thrombopoietin (TPO), and flt-3
ligand (FL) appeared to be helpful for the successful expansion

Correspondence: Shigeru Chiba, M.D.. Ph.D.. Department of Cell Therapy and Transplantation Medicine. University of Tokyo
Hospital, 7-3-1 Hongo, Bunkyo-ku. Tokyo 113-8655. Japan. Telephone: 81-3-5804-6263; Fax: 81-3-5804-6261; e-mail: schiba-
tky @umin.ac.jp: or Seishi Ogawa. M.D., Ph.D., Department of Regeneration Medicine for Hematopoiesis. Graduate School of
Medicine. University of Tokyo. 7-3-1 Hongo. Bunkyo-ku. Tokyo 113-8655. Japan. Telephone: 81-3-3815-5411. ext. 35609: Fax:
81-3-5804-6261; e-mail: sogawa-tky@umin.ac.jp  Received April 26, 2006: accepted for publication July 11, 2006 first published
online in STEM CELLS ExPRESS July 20. 2006. ©AlphaMed Press 1066-5099/2006/$20.00/0 doi: 10.1634/stemcells.2006-0258

STEM CELLS 2006;24:2456 2465





