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Introduction

Mouse natural killer T (NKT) cells were initially identi-
fied as a T-cell subset that expresses NK cell receptors

Summary

CD1d-restricted natural killer T (NKT) cells can rapidly produce T helper
type 1 (Thl) and Th2 cytokines and also play regulatory or pathological
roles in immune responses. NKT cells are able to expand when cultured
with a-galactosylceramide (a-GalCer) and interleukin (IL)-2 in a CD1d-
restricted manner. However, the expansion ratio of human NKT cells is
variable from sample to sample. In this study, we sought to determine
what factor or factors are responsible for efficient in vitro expansion of
NKT cells from various inbred mouse strains. Although the proportion of
NKT cells in the spleen was nearly identical in each mouse strain, the
growth rates of NKT cells cultured in vitro with a-GalCer and IL-2 were
highly variable. NKT cells from the B6C3F1 and BDF1 mouse strains
expanded more than 20-fold after 4 days in culture. In contrast, NKT
cells from the strain C3H/HeN did not proliferate at all. We found that
cell expansion efficiency correlated with the level of 1L-4 detectable in the
supernatant after culture. Furthermore, we found that exogenous IL-4
augmented NKT cell proliferation early in the culture period, whereas
interferon (IFN)-y tended to inhibit NKT cell proliferation. Thus, the
ratio of production of IL-4 and IFN-y was important for NKT cell expan-
sion but the absolute levels of these cytokines did not affect expansion.
This finding suggests that effective expansion of NKT cells requires
Th2-biased culture conditions.

Keywords: natural killer T cell; interleukin-4; interferon-y; glycolipid

disease. NKT cells are cytotoxic to various tumour cell
lines via Fas-ligand-, tumour necrosis factor-related
apoptosis-inducing ligand (TRAIL)- and/or perforin-

dependent pathways,”'> and play a role in tumour sur-

such as NKI-1, CD94 and Ly49.'? The majority of NKT
cells have the invariant T-cell receptor (TCR) a-chain
rearrangement Voal4-Jal8 and recognize antigens pre-
sented by CDI1d, a non-classical major histocompatibility
complex (MHC) class | molecule.>® NKT cells are contin-
uously sensitized by endogenous antigens so that they
display an effector-memory phenotype (such as CD62L""
CD44"#57 and rapidly produce large amounts of
T helper type 1 (Th1) and Th2 cytokines when stimulated
with lipid antigens such as a-galactosylceramide (a-Gal-
Cer) in a CDId-dependent manner.”® NKT cells are
regarded as immunoregulatory because of their cytokine
profile. Moreover, NKT cells are thought to play an
important role in response to infectious agents and in
pathological responses such as allergies or autoimmune

veillance."? NKT cells activated by interleukin (IL)-12 or
a-GalCer sequentially activate natural killer (NK) cells by
producing interferon (IFN)-y and induce antitumour
immune responses. This in turn inhibits tumour metasta-
sis and can suppress solid tumour growth. In some stud-
ies, it has been suggested that this ability helps to induce
tumour antigen-specific CD8 T cells, thereby making
an additional contribution to the immune response to
cancer. " ,

In humans, counterparts of mouse NKT cells have also
been found to be responsive to a-GalCer, which induces
them to secrete 1L-4 and IFN-y. In addition, they have
been shown to be cytotoxic to tumour cells via two
different mechanisms, a CD1d-dependent and a CDI1d-
independent mechanism.'”> Human NKT cells have the
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potential to induce antitumour responses in wvivo.
However, in patients with malignancies,'®'” NKT cells are
reduced in number and activity, and in vivo activation by
a-GalCer leads to transient activation and long-term
unresponsiveness of NKT cells.®'® For that reason, adap-
tive transfer of in vitro expanded and/or activated NKT
cells is expected to induce effective antitumour responses.

To date, several combinations of cytokines with a-Gal-
Cer have been reported to expand NKT cells isolated
from peripheral mononuclear cells. However, NKT cells
present a diverse range of expansion ratios even among
healthy individuals.?>?' Although a previous study sug-
gested that differences in NKT cell proliferation are asso-
ciated with the age of the donor,”” there is still much that
remains to be determined concerning additional factors
that influence NKT cell proliferation.

In this study, we used inbred mouse strains as an experi-
mental system in which to reveal factors that affect variation
in proliferation rates among individuals. Previously, we
found that in vitro expanded NKT cells from C57BL/6 mice
retained an effector-memory-like phenotype and retained
the ability to produce cytokines.”® In addition, we found
that there was a marked difference in the NKT cell expan-
sion ratio among various mouse strains and that the differ-
ences were closely related to the bias in production of Thl
or Th2 cytokines by NKT cells. Finally, we report that a rela-
tively low rate of proliferation can be enhanced by the addi-
tion of IL-4, which creates Th2-biased culture conditions.

Materials and methods

Mice

Female C57BL/6N, BALB/cA, C3H/HeN, DBA/2N
(C57BL/6 x DBA/2)F, (BDF1), (C57BL/6 x C3H/HeN)F,

(B6C3F1), and SJL/] mice were purchased from Charles

River Japan (Kanagawa, Japan). All mice, which were main-
tained in our animal facilities, were 8-11 weeks of age at
the time of the experiment. All animal protocols for this
study were reviewed and approved by the committee for
ethics of animal experimentation at the National Cancer
Center of Japan prior to the beginning of the study.

Monoclonal antibodies and reagents

Anti-IL-4 (clone 11BI1) and anti-IFN-y (clone R4-6A2)
monoclonal antigen-neutralizing antibodies (mAbs) were
obtained from the supernatant of a hybridoma culture
maintained in serum-free medium in a CELLine CL-1000
flask (BD Biosciences, San Jose, CA) and purified by Protein
G Sepharose (GE Healthcare Amersham Biosciences AB,
Uppsala, Sweden) affinity column chromatography. Anti-
CD16/32 (clone 2-4G2) was obtained from a hybridoma
supernatant. Fluorescein isothiocyanate (FITC)-conjugated
anti-CD3 (clone 145-2C11), allophycocyanin (APC)-conju-

IL-4 promotes NKT cell expansion

gated anti-IL-4 (11B11), anti-IFN-y (XMG1-2), and a rat
immunoglobulin G1 (IgG1) isotype control (clone R3-34)
and Golgi Stop™ were obtained from BD Biosciences.
a-Galactosylceramide (a-GalCer) was kindly provided by
the Pharmaceutical Research Laboratory, KIRIN Brewery
Co., Ltd (Gunma, Japan). The phycoerythrin (PE)-conju-
gated CD1d/a-GalCer tetramer was prepared using a bacu-
lovirus expression system as previously described.** Human
recombinant IL-2 (rIL-2) was kindly provided by Takeda
Chemical Industries Ltd (Osaka, Japan). Mouse rIL-4 was
obtained from PeproTech EC Ltd (London, UK).

Flow cytometry

NKT cells were detected by multicolour flow cytometry as
previously described.?® Briefly, cells were preincubated
with anti-CD16/32 mAb to block non-specific FcRy bind-
ing and then stained with FITC-conjugated anti-CD3 and
PE-conjugated CD1d/a-GalCer tetramer. Dead cells were
excluded by propidium iodide staining and electronic gat-
ing. For detection of intracellular cytokines, cells were
stimulated for 3 hr with phorbol 12-myristate 13-acetate
(PMA) (25 ng/ml) and ionomycin (1 pg/ml), with the last -
1 hr of stimulation in the presence of Golgi block, in a
37°, 5% CO, incubator, and then washed and incubated
with anti-CD16/32 mAb, followed by incubation with
FITC-conjugated anti-CD3 and PE-conjugated CD1d/
a-GalCer tetramer. Cells were then permeabilized using
Cytofix/Cytoperm (BD Biosciences) and IL-4 or IFN-y was
detected using APC-conjugated mAbs. Cells were analysed
by flow cytometry (FACSCalibur; BD Biosciences).

NKT cell proliferation assay

Preparation of splenic mononuclear cells and in vitro
expansion of NKT cells were performed as previously
described.”® Briefly, spleens of each mouse strain were
macerated aseptically and pushed through a nylon mesh
to obtain single-cell suspensions, and erythrocytes were
lysed in ammonium chloride buffer. Mononuclear cells
(1 x 10° cells/ml) were cultured with a-GalCer (50 ng/ml)
and rIL-2 (100 IU/ml) in RPMI-1640 culture medium
(Sigma-Aldrich, St. Louis, MO) supplemented with 8%
fetal calf serum (JRH Biosciences, Lenexa, KS), 2-mercapto-
ethanol (5 x 107 m) 100 U/ml penicillin and 100 pg/ml
streptomycin for 4 days in a 37°, 5% CO, incubator. After
4 days in culture, the absolute number of living cells was
counted using a microscope after staining of cells with
0-2% trypan blue, and the relative percentages of NKT
cells were determined by flow cytometry.

Cytokine production

The cell culture supernatant was collected after 24 hr or
4 days in culture and stored at —20°. The concentrations
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of IL-4 and IFN-y were determined by enzyme-linked
immunosorbent assay (ELISA) (OptEIA ELISA set; BD
Biosciences).

Results

a-GalCer-induced expansion of NKT cells from
various mouse strains

Mouse NKT cells show a similar variation in expansion
ratios to that observed for human NKT cells. We found
that the expansion ratios were different for different
mouse strains (Fig. 1). Before culture, spleen cell suspen-
sions contained a small percentage (0-8-1-5%) and a
small number (7-18 x 10° cells/ml) of NKT cells in each
mouse strain. As shown in Fig. 1, culture of spleen cells
with o-GalCer and IL-2 induced expansion of NKT cells,
except for C3H/HeN mice. After 4 days of culture, NKT
cells constituted 6-4—40-7% of cells in the culture and had
expanded 7-25-fold in BALB/c, C57BL/6, DBA/2, B6C3F1
and BDF1 mice. The CD1d-restricted TCR a-chain Vul4
dominantly associates with the high-affinity TCR B-chain
VP82, or the lower affinity chain V[8-3, VB7 or Vp2,
and a genetic defect in VB8 is reportedly the cause of the
low responsiveness of NKT cells. We next asked if the
TCR-B status of NKT cells had an effect on expansion.
However, we found no significant differences among the
six strains that were tested, and selective proliferation did
not occur (data not shown).

(a) C3HMeN  BALBIc

C57BL/6

NKT cell proliferation ratio correlates with amount
of IL-4 in supernatant from a 4-day culture

Previously, a high concentration of IL-4 and IFN-y in
supernatant from a 4-day culture was observed.? Firstly,
we measure amounts of IL-4 and IFN-y in the culture
supernatant.

An increase in the number of NKT cells was positively
correlated with the production of IL-4 in the 4-day cul-
ture (Fig. 2a). However, high levels of IFN-y were
observed in all of the mouse strains, independent of an
increase in either NKT cell number or IL-4 production.
Almost all CD8 T cells acquired the ability to produce
IFN-y when activated indirectly via NKT cells by o-Gal-
Cer (data not shown), so it appears that, in C3H/HeN
mice, NKT cells do not proliferate. Instead, it seems rea-
sonable that a large amount of IFN-y might be produced
by the activated NK cells and CD8 T cells.>>?¢

A previous study reported cytokine secretion of NKT
cells prior to their proliferation.””” Thus, we harvested
culture supernatants at 24 hr, before NKT cell expan-
sion,”’” to determine the status of cytokine production at
this early stage, which is the stage at which NKT cells ini-
tially respond to culture and initiate production of 1L-4.
This initial response positively correlated with NKT cell
expansion to some degree, although the response was
weaker than that observed for cells in culture for 4 days.
It is notable that IL-4 production by C3H/HeN was more
robust than that observed for C57BL/6, and IFN-y
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Figure 1. Expansion of natural killer T (NKT) cells in vitro. (a) Mouse spleen cells (1 x 10" cells/ml) were cultured with 50 ng/m! a-galactosyl-
ceramide (x-GalCer) and 100 U/ml interleukin (IL)-2 for 4 days. Cells were stained with anti-CD3 monoclonal antibody (mAb) and CD1d/
a-GalCer tetramer and analysed by flow cytometry. The percentage of NKT cells was determined for both fresh (upper row) and cultured (lower
row) cells. Representative results from replicate experiments are shown. (b) The fold increase in NKT cells after culture was calculated based on
living cell counts and the percentage of NKT cells in the total cell population. Data are shown as mean + standard error of the mean (n = 9 for
C3H/HeN, BALB/c and C57BL/6; n = 4 for DBA/2, B6C3F1 and BDF1).
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Figure 2. Production of interleukin (IL)-4 and interferon (IFN)-y
in  expansion cell culture supernatants. Mouse spleen cells
(1 % 10° cells/ml) were cultured with 50 ng/ml «-galactosylceramide
(2-GalCer) and 100 U/ml IL-2 for 4 days. Supernatants were collected
after 24 hr (b) or 4 days (a). The levels of IFN-y and IL-4 in the super-
natants were determined by enzyme-linked immunosorbent assay
(ELISA). Data are shown as mean + standard error of the mean (n = 9
for C3H/HeN, BALB/c and C57BL/6; n = 4 for DBA/2, B6C3F1 and
BDFI1).

production of C3H/HeN mice was much higher than that
of other strains (Fig. 2b). These observations lead us to
speculate that 1L-4 and IFN-y produced by NKT cells
work as promoting and suppressing factors, respectively,
during NKT cell proliferation.

NKT cell proliferation partially depends on IL-4
and is enhanced by Th2 cytokines

We next examined the influence of IL-4 on NKT cell prolif-
eration in vitro. Proliferation of these cells was accelerated
by addition of IL-4 at the start of the culture period, an
effect that could be partially suppressed by neutralization
of IL-4 (Fig. 3). In the C3H/HeN strain, where prolifera-
tion of NKT cells was not robust, a more significant induc-
tion of proliferation by IL-4 was observed (Fig. 4). In
addition, neutralization of IFN-y using antibodies did not
significantly change the proportion of NKT cells in the total
cell population. However, this did appear to up-regulate
the total number of living cells and lead to a concomitant
increase in the total number of NKT cells (Fig. 4b). Only
NKT cells can produce IL-4 when cultured with a-GalCer
and 1L-2,> so IL-4 must act as an autocrine growth factor
in the expansion of NKT cells in this context.

The proportion of intracellular IFN-y high positive
NKT cells is reduced by addition of IL-4

Exogenous 1L-4 promoted NKT cell expansion in C3H/
HeN mice, as shown in Figs 3 and 4. We next examined

[L-4 promotes NKT cell expansion
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Figure 3. Expansion of natural killer T (NKT) cells in the presence or
absence of interleukin (IL)-4. (a) Spleen cells (1 x 10° cells/ml) were
cultured with 50 ng/ml a-galactosylceramide (-GalCer) and 100 U/ml
IL-2 for 4 days with IL-4 (10 ng/ml) or anti-1L-4 monoclonal antibody
(mAb) (1 mg/ml). The percentages of NKT cells are shown. Data are
representative of replicate experiments. (b) The relative increase was
based on absolute numbers of NKT cells and was compared with
control expansion culture. Data are shown as mean % standard
deviation for five independent experiments. A paired two-tailed
Student’s t-test was used for statistical analysis (*P < 0-05; **P < 0-01).
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Figure 4. Expansion of natural killer T (NKT) cells from C3H/HeN
strain mice in conditions that favour production of T helper type 2
(Th2)-biased cytokines. (a) Spleen cells (1 X 10° cells/ml) were cul-
tured with 50 ng/m| a-galactosylceramide (2-GalCer) and 100 U/ml
interleukin (IL)-2 and with 1L-4 (10 ng/ml) and/or anti-interferon
(TFN)-y monoclonal antibody (mAb) (I mg/ml) for 4 days. The per-
centages of NKT cells are shown. Data are representative of replicate
experiments. (b) The relative increase was based on absolute num-
bers of NKT cells and was compared with the control expansion cul-
ture. Data are shown as mean * standard deviation for seven
independent experiments. A paired two-tailed Student’s i-test was
used for statistical analysis (*P < 0-01).
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Figure 5. Cytokine production profile of natural killer T (NKT) cells treated with interleukin (IL)-4. Intracellular cytokine staining for interferon
(IFN)-y and IL-4 in NKT cells that were fresh (upper), cultured (middle), or cultured with additional 1L-4 (lower) is shown. The cells were stim-
ulated with phorbol 12-myristate 13-acetate (PMA) and ionomycin for 3 hr, stained with anti-CD3 monoclonal antibody (mAb), CD1d/«-galacto-
sylceramide (a-GalCer) tetramer and anti-IFN-y, anti-IL-4, or an isotype control mAb, and then detected and sorted via flow cytometry.
Histogram panels for CDId/x-GalCer-tetramer® CD3" cells are shown. Closed histograms indicate isotype controls. The percentage of total
positive and high positive cells are indicated in the histograms. Data are representative of replicate experiments.

whether NKT cells cultured in Th2 conditions produced
IFN-y and IL-4. After 4 days of culture with a-GalCer
and 1L-2, intracellular IFN-y- and IL-4-positive NKT cells
were observed in both strains of mice. However, the pro-
portion of intracellular IFN-y high positive NKT cells was

reduced when the cells were cultured with additional 1L-4 .

(Fig. 5). In contrast to IFN-y, the proportion of IL-4-
positive NKT cells did not differ between cultures with
and without IL-4. Therefore, NKT cells expanding as a
result of induction with additional IL-4 displayed a polar-
ized Th2 phenotype.

NKT cell expansion is accelerated by Th2-biased
cytokine conditions

The SJL/] mouse strain is defective in cytokine produc-
tion by NKT cells, as a consequence of a loss of high-
affinity TCR to CD1d, which results from a deletion of
the TCR VP8 subfamily genomic loci***® The propor-
tion of NKT cells in the spleens of these mice was
lower than that observed for other strains (Fig. 6a), and
IFN-y and IL-4 production after a-GalCer stimulation
was also lower than that observed for other strains
tested in this study (data not shown). NKT cells from
SJL/] mice proliferated even in the absence of additional
IL-4, as was observed for NKT cells from C57BL/6
mice. Moreover, similar to findings for NKT cells from
C3H/HeN mice, the NKT cell proliferation effect could
be enhanced by addition of IL-4 and further enhanced
by addition of IL-4 combined with neutralization of
IFN-y (Fig. 6b).
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Figure 6. Expansion of natural killer T {NKT) cells from SJL/] mice
in vitro. (a) Spleen cells (1 x 10° cells/ml) were cultured with 50 ng/
ml a-galactosylceramide (a-GalCer) and 100 U/ml interleukin (IL)-2
for 4 days with 1L-4 (10 ng/ml) and/or anti-interferon (IFN)-y
monoclonal antibody (mAb) (1 mg/ml). The percentages of NKT
cells are shown. Data are representative of replicate experiments.
(b} The relative increase was based on absolute numbers of NKT
cells and was compared with the control expansion culture. Data are
shown as the mean of three wells + standard dewiation. Similar
results were obtained in two independent experiments.

Discussion

In a previous study in which we induced expansion of
NKT cells collected from human peripheral blood, we
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observed wide variation in the efficiency of NKT cell
expansion.’! Similarly, when mouse NKT cells were
induced to proliferate using similar methods in the pres-
ent study, the ratios of expanding cell types were dis-
tinctly different in cells obtained from different mouse
strains (Fig. 1). This suggests that genetic background
influences or controls the difference in proliferation effi-
ciency observed in humans and mice. However, we
could not rule out the alternative possibility that the
effect was a result of bipolar expansion of the cells,
rather than originating from genetic variation in one or
a few loci.

In this study, we have shown that the amount of 1L-4
in the culture supernatant was related to the efficiency of
NKT cell expansion induced by a-GalCer and IL-2. Previ-
ous studies revealed that addition of exogenous IL-2, 1L-7
and IL-15 was able to augment NKT cell expansion by
a-GalCer.**>* Similarly, in the present study we found
that exogenous IL-2 augmented o-GalCer-induced NKT
cell expansion in various mouse strains, with the excep-
tion of C3H/HeN mice. Moreover, addition of exogenous
IL-4 promoted o-GalCer-induced NKT cell expansion in
spleen cells from C3H/HeN mice. It has been shown
that only NKT cells have the ability to produce IL-4 in
this culture.”® IL-4 might therefore be an autocrine or
paracrine growth factor in a-GalCer-induced NKT cell
expansion. ‘

NKT cells, NK cells and some T cells when cultured with
a-GalCer and I1L-2 produce IFN-y.2% In contrast to IL-4,
the amount of IFN-y did not correlate with the efficiency
of NKT cell expansion. Furthermore, we found that NKT
cell proliferation in C3H/HeN mice was slightly increased
by neutralization of IFN-y in the culture. These results
suggest that IFN-y partially inhibits NKT cell expansion by
a-GalCer. Interestingly, we found an inverse correlation
between the IFN-y:IL-4 ratio in the culture supernatant
after 24 hr of culture and the efficiency of NKT cell prolif-
eration (data not shown). Although higher amounts of
IL-4 were detected in the culture of cells from C3H/HeN
mice than in the culture of cells from C57BL/6 mice after
24 hr of culture, a-GalCer stimulated spleen cells from
C3H/Ne mice produced higher amounts of IFN-y and
exhibited the highest IFN-y:1L-4 ratio of all mouse strains
tested. These results may explain the failure of NKT cell
expansion in spleen cells from C3H/HeN mice.

The balance between the production of IFN-y and
the production of IL-4 by NKT cells is influenced by
microenvironmental factors such as cytokines and anti-
gen-presenting cells?***>% 1.7 and IL-12 selectively
enhance IL-4 production by NKT cells.*™?® Antigen-
presenting cells such as o«-GalCer-pulsed B cells selec-
tively elicit weak IL-4 but not IFN-y production from
NKT cells.”’” There is a high IFN-y:1L-4 ratio in cultures
of spleen cells from C3H/HeN mice, which is caused by
splenic NKT cells (A. lizuka et al, unpublished data)

IL-4 promotes NKT cell expansion

Moreover, it has been reported that the balance of IFN-
y:IL-4 production by NKT cells is developmentally con-
trolled.*®4® At immature stages, NKT cells predominantly
produce IL-4, whereas IFN-y secretion increases during
the course of development.”® Moreover, immature NKT
cells have the ability to proliferate as compared with
mature NKT cells.*® Therefore, NKT cells in the spleen
of C3H/HeN mice may be more mature than those of
C57BL/6 mice, or contain only a few immature NKT
cells. We assume that the failure of proliferation and the
high IFN-vy:IL-4 cytokine production ratio of NKT cells
in the spleen of C3H/HeN mice were attributable to their
maturation stage.

Although IL-4 has opposite effects to IFN-y and sup-
presses the Th1 immune response, IL-4 induces prolifera-
tion of human IL-13% NK cells*' and CD8" T cells.”? We
found that Th2 culture conditions (in the presence of IL-4
and anti-IFN-y mAb) facilitated NKT cell expansion
induced by a-GalCer and IL-2 even in C3H/HeN and SJL/
} mice. IL-4 also induces IFN-y production by NK and
NKT cells in vivo.*> However, the proportion of IFN-y-
positive, but not IL-4-positive, NKT cells decreased when
cells were cultured in the presence of IL-4. As in human
immature IL-13* NK cells,*’ IL-4 may induce expansion
of developmentally immature NKT cells which have a
Th2-biased phenotype.

NKT cell maturation is controlled by the transcription
factor T-bet.**** Terminally differentiated NKT cells
acquire a strong ability to produce IFN-vy and elicit cyto-
toxicity.** Assuming that expanded Th2-biased NKT cells
after culture with o-GalCer, IL-2 and IL-4 are immature
cells, it will be possible to induce terminally differentiated
Thl-biased NKT cells for Thl cell immunotherapy, such
as cancer cell therapy.
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In order to evaluate whether we could predict reactivation
of CMYV by monitoring the number of CMYV-specific
cytotoxic T-lymphocytes (CTL), tetramer analysis was
performed in 37 patients who underwent hematopoietic
stem cell transplantation (HSCT). The results disclosed
that the mean number of CMV-specific CTL at day 30 did
not differ among patients who developed CMYV antigene-
mia (22/ul) and those who did not (12/pl). Serial tetramer
analysis showed that 21% of the patients had > 10/pl
CMV-specific CTL at the first detection of CMV
antigenemia and 67% of the patients had more than
10/pl CMV-specific CTL at the onset of CMYV disease.
Intracellular staining upon stimulation by CMYV lysates
and peptide in patients with CMV colitis revealed that
both IFN-y producing CD4 + and CD8-+ lymphocytes
were suppressed at the onset of CMYV colitis (1.6 and
8/ul), which increased with recovery of the disease (19 and
47/ul). These data suggest that it is difficult to predict
CMY reactivation solely by the number of CMV-specific
CTL. We suggest that additional functional analysis by
intracellular cytokine assay may be useful for immuno-
monitoring against CMYV.,
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Introduction

Reactivation of CMV is one of the major complications in
patients undergoing hematopoietic stem cell transplantation
(HSCT) and is significantly related to morbidity and mortality
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despite the recent development of potent antiviral medica-
tions.”? The decision to administer antiviral therapy is
currently based on the clinical risk and the detection of
viremia by various methods including PCR for CMV-derived
DNA or CMV antigenemia assay. However, treatment with
antiviral drugs such as ganciclovir and foscarnet increases the
risk for secondary graft failure and other infectious complica-
tions due to myelotoxicity. To optimize the therapy with
mimmum drug exposure, it is important to monitor the
recovery of CMV-specific immunity accurately. For this
purpose, tetramer-based monitoring of CMV-specific cytotoxic
T-cells (CTL) has been widely performed in patients with an
HLA-AQ02 or HLA-BO07 serotype.® ' Some of the results have
demonstrated that the reconstitution of CMV-specific CTL as
evaluated by quantitative tetramer to levels >10-20/ul is
adequate for protection against CMV infection.® 7 However,
some patients with CMV-specific CTL above this level still
experience CMV reactivation.® It has also been reported that
the cellular response to CMV in immunosuppressed patients
reflects functional impairment,’”® and CMYV reactivation
following HSCT has been shown to be associated with the
presence of dysfunctional CMV-specific T-cells.!' Therefore,
by itself, the quantification of CMV-specific CTL seems to be
insufficient and a simultaneous qualitative analysis of CMV-
specific lymphocytes is needed. Furthermore, it is essential that
we should develop a universal monitoring method, which is
not limited to HLA to cover larger populations, since an
epitope that is potent enough for immunomonitoring is not
obtained in some HLA types such as HLA-A24.’* In this
study, simultaneous functional analysis of CMV-specific
lymphocytes by intracellular cytokine assay upon stimulation
with CMYV lysate and antigen peptide were performed with
tetramer-based CTL quantification in patients who underwent
HSCT to identify an optimal monitoring system.

Materials and metheds

Study patients
CMYV seropositive patients with an HLA-A*0201 or HLA-
A*0206 genotype who had undergone allogeneic non-T-cell
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depleted-HSCT between February 2002 and May 2005
were included in this study. Patients were eligible with the
availability for 160 days of follow-up. The study was
approved by the Ethics Committee and a written informed
consent was given by all patients. Peripheral blood samples
were obtained at days 3017 and 60+ 7 after transplant-
ation. When patients agreed to additional sampling,
additional samples were obtained every 2-3 weeks. The
median age of studied patients was 52 (21-68).
The genotype for HLA-AQ02 in 37 eligible patients was
HLA-A*0201 in 20 patients, HLA-A*0206 in 16 patients
and both the HLA-A*0201 and HLA-A*0206 genotypes in
one patient. Nine patients received BMT from an unrelated
donor, two received BMT from a related donor and the
remaining 26 received peripheral blood HSCT from a
related donor. With regard to the conditioning regimen, 11
patients received a conventional regimen that included
120mg/kg CY plus 16 mg/kg BU or 120mg/kg CY plus
12Gy of TBI, whereas 26 received a reduced-intensity
regimen with 0.66 mg/kg cladribine (2-chlorodeoxyadeno-
sine) plus 8mg/kg BU or 180mg/m? fludarabine plus
8mg/kg BU. For patients who received a graft from an
unrelated donor or DNA-mismatched donor, 4 Gy of TBI
or 5mg/kg of rabbit antithymocyte globulin (ATG) were
added to reduced-intensity conditioning.

Diagnostic tests for CMV infection and CMV disease

CMV seropositivity was assessed by the detection of 1gG
antibodies to CMV late antigen. All patients and 31 donors
(84%) were seropositive for CMV. CMV antigenemia was
monitored weekly after engraftment to day 60, and at longer
intervals thereafter, by using the immunocytochemical detec-
tion of pp6S antigen in leukocytes. Test results were
considered to be positive when more than one cell per
50000 leukocytes was positively stained. CMV disease was
diagnosed clinically, with confirmation by biopsy of the
involved organ. Pre-emptive antiviral therapy was given with
an antigenemia of more than 10 positive cells per 50000
leukocytes, which we defined as high antigenemia. The initial
therapy was ganciclovir 5mg/kg once per day, which was
adjusted according to the follow-up CMV antigenemia value.

Peptide and CMV antigen

A >80% pure HLA-A02-binding peptide NLVPMVATV
(AA 495-503, referred to as NLV peptide) from the CMV
pp65 phosphoprotein was obtained using high-performance
liquid chromatography (Qiagen, Tokyo, Japan).

Tetramer staining

Tetramer staining was performed as recently described.’?
Briefly, 5ul CD8-FITC, CD4-PCS5, CD19-PCS5, CDI13-PC5
and 2pl PE-conjugated tetrameric HLA-A*0201 NLV
peptide complex (CMV-tetramer), purchased from Beck-
man Coulter Inc. (Fullerton, CA, USA), were added to
100 pl heparinized blood and incubated for 30min. After
RBC were lysed and washed twice, the cells were fixed and
acquired on a flow cytometer (FACS Calibur, Becton
Dickinson, Franklin Lakes, NJ, USA). More than 20000
cells in the lymphocyte gate were acquired and analyzed
using Cellquest software. The CD4—, CD19—, CD13- and
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CDg8 + CMV-tetramer-positive fraction of the lymphocyte
gate was defined as CMV-specific CTL.

Intracellular cytokine assay

Intracellular cytokine staining was performed as recently
described™® with the following modifications. Peripheral
whole blood (1ml) was stimulated for 6h at 37°C with
10 pg/ml NLV peptide or 1pug/ml CMV lysate (Advanced
Biotechnologies, Colombia, MD, USA), in the presence of
costimulatory monoclonal antibodies, CD28 and CD49d
(Becton Dickinson, 1pg/ml each). Breferdin A (Sigma,
St Louis, MO, USA; 10 ug/m!) was added for the last 4h
of incubation. Positive and negative controls were obtained
by stimulating the cells with 10pg/ml staphylococcal
enterotoxin B or phosphate-buffered saline. Samples were
lysed, permeabilized and stained with 2.5p]1 CD69-FITC,
20l IFN-y-PE, 0.6pl CD3-APC and 10ul CD8— or
CD4- PerCP. More than 10000 cells in the lymphocyte gate
were acquired and analyzed using an FACS Calibur. The
cells were gated on the CD3 + fraction of the lymphocyte
gate and the proportion of IFN-y and CD8 or CD4 was
analyzed. CD69 was used as a marker for activated T-cells.

Statistical analysis

The difference between groups was compared with the
Wilcoxon-Mann-Whitney U-test and the probabilities of
P <0.05 were defined as statistically significant.

Results

Tetramer staining

CMV antigenemia was observed in 27 patients (73%)
between day 23 and day 56 (median, day 34) after
transplantation; 13 (35%) of them had a peak antigenemia
level of >10/50000 leukocytes (high antigenemia) which
required ganciclovir therapy and four (11%) subsequently
developed CMV disease. The median number of leukocytes
and lymphocytes were 3500 (1300-17 200)/ul and 576 (228-
3333)/] at day 30 and 3900 (1400-9700)/ul and 1018 (192—
6790)/ul at day 60, respectively. The median percentages of
CD4+ and CD& + /lymphocytes were 35% (7-64%) and
38% (20-83%) at day 30 and 25% (6-37%) and 52%
(27-83%) at day 60, respectively.

The tetramer analysis showed that the mean and median
number of CMV-specific CTL at day 30 was, respectively,
11 and 1.9/pl for patients without CMV antigenemia, 23
and 7.8/pl for those with antigenemia, 33 and 15/ul for
those with peak antigenemia < 10/50000, 12 and 3.7/ul for
those with high antigenemia, and 21 and 2.4/ul for those
who developed CMV disease. There was no significant
correlation between the number of CMV-specific CTL and
the incidence or severity of CMV antigenemia (P> 0.05)
(Figure 1).

To further evaluate the accurate number of CMV-
specific CTL at the onset of CMV antigenemia, serial
analysis of CMV-specific CTL was performed weekly in 14
patients (Figures 2 and 3). Patient’s characteristics are
shown in Table 1. CMV antigenemia was observed in 12
patients, and five of them (UPNI-5) developed high
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antigenemia, including three (UPN1-3) with CMV colitis.
The mean and median number of CMV-specific CTL at the
first detection of CMV antigenemia was 21/ul and 4.7
(0-100)/ul in the 12 patients, and three (UPN2, 13, 14)
showed > 10/ul. For those who did not require antiviral
therapy (UPNG6-14), the number of CMV-specific CTL was
widely ranged. While UPN6-8 showed < 10/ul throughout
the observation time, the maximum CTL count was > 200/ul
for UPN12-14. The number of CMV-specific CTL for
UPNI1 and UPN2 who developed CMV colitis showed
> 10/ul, which was 14 and 80/ul when diarrhea occurred,
and 88 and 63/pl, respectively at the time of colon biopsy
which proved CMV colitis.

It has been demonstrated that in patients coexpressing
HLA-A02 and HLA-B07, CMV-specific cellular immune
responses restricted by HLA-B0O7 dominate those restricted
by HLA-A0Q2, possibly because CD8 + T cells specific for
dominant epitopes are able to suppress immune responses
to less favored epitopes.® The allele frequency of HLA-B07
is low (5.2%) among Japanese'® and only one patient
coexpressed HLA-BO7 in this study. We did not exclude
this patient (UPN14) from the analysis because the number
of HLA-AOQ2-restricted CMV-specific CTL in this patient
was 9.5/ul on day 30 and the maximum value reached
243/ul on day 128 suggesting that the coexpression of
HLA-B07 seems not to have affected the immunoresponse
of HLA-A?2 in this patient.

Intracellular cyrokine assay
Upon stimulation with CMYV lysate, intracellular IFN-y
staining among five patients (UPN1-5) who developed high
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Figure 3  Serial analysis in patients with CMV antigenemia of < 10/50000 or patients without CMV antigenemia. The legends are the same as Figure 2.
Intracellular cytokine was not assessed for UPNI3 and UPNI14.

Table 1 Patients’ characteristics
1D Age HLA-4  Primary disease  Conditioning GVHD Stem cell CM 1 serology Max CMV
locus regimen prophvlaxis source CMV-Ag disease
Recipient Donor

UPN-01 63 0201, 0206 CML (AP) CdA/BU CSP-TAC PB + + 740 +

UPN-02 57 0201 NHL (DLBCL) CdA/BU CSsp PB + + 48 +

UPN-03 49 0201 NHL (low grade) CdA/BU CSP—-TAC PB + + 178 +

UPN-04 54 0206 MCL CdA/BU/ CSP+sMTX PB + + 68 -
ATG

UPN-05 59 0206 AML CdA/BU/TBI CSP+sMTX UBM + + 35 -

UPN-06 66 0206 MDS (RA) Flu/BU CSP+sMTX PB + - 0 -

UPN-07 61 0201 NHL (low grade) Flu/BU/ATG CSP UBM + + 10 -

UPN-08 62 0201 AML CdA/BU TAC PB + + 6.5 -

UPN-09 43 0201 MDS (RA) BU/CY CSP+sMTX UBM + - 0 -

UPN-10 4] 0206 AML BU/CY CSP+sMTX RBM + + 2.1 -

UPN-11 54 0201 NHL (low grade) Flu/BU CSP+sMTX PB + + 3.7 -

UPN-12 32 0206 RCC CdA/BU CSP PB + + 2.8 -

UPN-13 42 0206 PCL CdA/BU/ CSP+sMTX PB + + 28 -
ATG

UPN-14 43 0206 RCC CdA/BU/ CSP PB + + 1.3 -
ATG

Abbreviations: ATG =antithymocyte globulin; CdA = cladribine; CML (AP)=CML (accelerated phase); CSP = cyclosporine; DLBCL =diffuse large
B-cell lymphoma; Flu = fludarabine; MCL = mantle cell lymphoma; MDS (RA) = myelodysplastic syndrome (refractory anemia); NHL = non-Hodgkin
lymphoma; PB =peripheral blood; PCL=plasma cell leukemia; RBM =related bone marrow; RCC =renal cell carcinoma; sMTX =short term
methotrexate; TAC = tacrolimus; UBM = unrelated bone marrow. ’

antigenemia and required antiviral therapy showed that the at day 160. As for three patients with CMV colitis
mean number of IFN-y-producing cells was 3.6 (0-6.7)/ul (UPN1-3), only one patient (UPN2) had detectable level
at day 60, which subsequently increased to 72 (15-250)/ul of IFN-y-producing cells (4.8/ul) at the time of disease
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Figure 4

Intracellular cytokine assay in a patient with CMV colitis (UPN2). The samples were taken at the onset of CMYV colitis (a~c) and after recovery

from CMYV colitis (d—f). The numbers of IFN-y-producing cells on lysate stimulation (a, d) and peptide stimulation (b, e} both increased after recovery from

CMYV colitis. (¢) and (f) are negative controls.

onset and were undetectable for the other two patients,
which remained negative until day 90 for UPNI. The mean
number of IFN-y+ cells subsequently increased to 19
(5-38)/ul after recovery from CMV disease (Figures 2, 4a
and d). Among the patients who did not require antiviral
therapy, the IFN-y-producing cells were all > 10/ul at
day 60.

When stimulated with CMV peptide, IFN-y-producing
cells numbered 8 (0-16)/ul at the time of disease onset with
a subsequent increase to 47 (15-95)/ul after recovery from
CMV disease (Figures 4b and e).

Regarding the phenotype of IFN-y-producing cells,
median of 81% (76-100) were CD4+ and <20% were
CDS8 -+ upon stimulation by CMV lysate. The staining of
IFN-y was brighter in CD4+ than in CD8 + cells and
CD69 was positive for both CD4+ and CD8 -+ fraction.
IFN-y-producing cells were CD69 low positive and median
of 42% (25-68) were CDS& +, while the rest were CD8—/
CD4- phenotype upon CMV peptide stimulation.

Discussion

Our results showed that it is difficult to predict CMV
infection by the number of CMV-specific CTL alone as this
did not correlate with the incidence and severity of CMV
infection. While UPNI1 and UPN2 developed CMYV colitis
after the recovery of sufficient number of CTL, UPNG6,
UPN?7 and UPNB8 did not require antiviral therapy despite
low CMV-specific CTL. These results showed that
CMV disease could occur after HSCT even in patients
with > 10/ul CMV-specific CTL as evaluated by tetramer
assay, which has been considered to be sufficient to protect
against CMV infection.* 7

CMV-specific CTL emerged immediately following the
detection of antigenemia in most patients, suggesting
that CMYV infection can be a trigger for the recovery of
CMV-specific immunity. However, UPN9 had recovery of
CMV-specific CTL at day 60 even though his CMV
antigenemia and CMV DNA as evaluated by PCR were
negative throughout the course.

On the other hand, intracellular analysis revealed that
IFN-y production in both CD4+ and CD8 + T lympho-
cytes was depressed in patients with high antigenemia or
CMV disease and this had subsequently recovered
at disease resolution. Functional analysis methods for
CMV-specific immune response by flow cytometry have
been established,’® and it was reported that patients who
developed CMV disease after SCT had no detectable IFN-y
production by CD3+ /4+ T-cells upon CMV AD-169
antigen stimulation.'” It has also been demonstrated that
levels of IFN-y-producing CD4 + cells less than one cell/ul
and CD8+ less than three cells/pl upon stimulation by
CMV-infected autologous dendritic cells are not protective
against recurrent infection.’® As assessed by IFN-y
ELISPOT assay, the threshold level for protection against
CMV reactivation was estimated as over one cell/ul
peripheral blood upon CMV pp65 peptide stimulation.'®
The number of IFN-y-producing cells upon CMV lysate
stimulation were above ten cells/pl among patients whose
antigenemia was < 10/50000 cells in our study, which may
be sufficient for protection against CMV reactivation. It is
difficult to determine the exact threshold level for protec-
tion against CMV since IFN-y production differs among
various stimulating agents. Also the magnitude of response
is higher in the cytokine flow cytometry assay while the
cytokine flow cytometry assay was less likely than
the ELISPOT assay to detect low-level responses.>®

o
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Several studies on HIV-infected patients have shown
the availability of analyzing the phenotype and other
cytokine production of virus-specific T-cells such as IL-2,
TNF-2.2! 2 It has been demonstrated that virus-specific
T-cells, which produce both IFN-y and IL-2 are important
in virus-specific immunity, and that IFN-y/IL-2 secreting
CD8+ T-cells were CD45RA—/CCR7- phenotype and
correlated with that of proliferating T-cells, whereas single
IFN-y-secreting cells were either CD45RA—/CCR7— or
CD45RA + /CCR7—.# Another study has shown that
immunorestored patients had increased levels of circulating
CMV-specific CD8+ T-cells with ‘early’ (CD274/
CD28 + /CD45RA +, CD27+ /[CD28 + /CD45RA-) and
‘intermediate’ (CD27—/CD28 + /CD45RA~) phenotype.*?
Only IFN-y production was assessed in our study, however
higher-order flow cytometry might have added more
discriminatory value. Foster er al** demonstrated that
CMV-specific CD4+ T-helper cells show the same
reconstitution kinetics as CD8 + CTL. Thus, functional
analysis of lymphocytes upon lysate stimulation that can be
used to assess both CD4+ and CD8 + cells is a useful tool
for monitoring T cell immunity against CMV in patients
after HSCT. This method is more widely applicable than
peptide stimulation or tetramer assay, since it is not
restricted to HLA or a single epitope. However, peptide
stimulation and tetramer assay may still be a major
procedure in the analysis of CD8 + T-cells, since tetramers
are widely applied to adoptive immunotherapy of CMV?3
and the dominant population of IFN-y-producing cells
upon lysate stimulation was CD4+ . Previous study has
demonstrated that flow cytometry following stimulation of
PBMC with pp65 and immediate early (IE)-1 peptide pools
consisted of 15-aa peptides was highly sensitive and specific
in predicting the presence of recognized epitope in the
respective proteins.”® Furthermore, it has been shown that
IE-1-specific responses were more important in protective
immunity than pp65-specific responses in heart and lung
transplant recipients.?” The stimulation with comprehensive
peptide pools might have better assessed both functional
CD4+ and CD8+4 T-cell responses. Further study is
needed to identify whether IE-1 is more important than
pp65 in allogeneic HSCT patients, and the significance of
1E-1 in Japanese population with low allele frequency
of HLA-A1 (1.8%), -B7 (5.2%) or -B8 (< 1%),'® which is
known to present 1E-1 epitopes.

It is likely that the patients who did not have CMV
reactivation despite low CMV-specific CTL had sufficient
T-cell immune-recovery against CMYV since the number of
intracellular IFN-y positive cells upon CMV lysate
stimulation was as high as that in patients who had
recovered from CMYV reactivation. As for CD8 + T cells in
these patients, CTL against other CMV-epitopes besides
NLV might have helped to protect against CMV. It is
reported that the recovery of CMV specific T-cells is earlier
in patients who received reduced-intensity conditioning
compared to conventional regimen and this was delayed by
the use of ATG.'**® Additionally, the graft source and
CD3+ T-cell dose significantly influence the recovery of
CMV-specific immunity.”® The difference of immune
recovery according to the conditioning regimen and graft
source was not demonstrated in this study, probably due to
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heterogeneous patients and small sample size. Functional
depression of the lymphocytes due to corticosteroid for
GVHD seems to be the major cause of CMV infection as
documented in all patients with high antigenemia. More-
over, 75% of the patients with CMV disease were receiving
more than 1mg/kg/day of methylprednisolone (mPSL),
while among those who did not require antiviral therapy,
only 13% had received 1 mg/kg/day or more mPSL. The
influence of corticosteroid on the number of CMV-specific
CTL is controversial. Some studies have reported that a
significant reduction of CMV-specific CTL occurred with
corticosteroid therapy.® ® Others have shown that the
frequency and the absolute number of CMV-specific
CD8+ T cells were similar in patients receiving cortico-
steroids and those who didn’t, while the CMV-specific
CD8+ T cells showed decreased cytokine production.’®?
Our result was consistent with the latter observation that
while the number of CMV-specific CTL does not decrease
significantly with corticosteroid therapy, IFN-y production
of CMV-specific CTL is severely suppressed. Therefore,
concomitant assessment of T-cell function is essential in
patients after HSCT, especially in those who are receiving
corticosteroid therapy.
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conditioning regimens.
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Abstract: To assess infectious complications associated with chronic
graft-versus-host disease (cGVHD) after allogeneic hematopoietic stem
cell transplantation (HSCT) with reduced- and conventional-intensity
conditioning regimens (RIC, n = 91; CIC, n = 54, respectively), we
retrospectively analyzed data from 145 consecutive patients with
c¢GVHD after allogeneic HSCT from a human leukocyte antigen-
matched related or unrelated donor. In the present retrospective
analysis, 57 % (83/145) of patients with cGVHD developed infections,
with a mortality rate of 27% (22/83). The incidences of bacteremia

(n = 28), central venous catheter-related infections (n = 11), bacterial
pneumonia (i = 4), invasive aspergillosis (7 = 7), and adenoviral
hemorrhagic cystitis (n = 8) were significantly higher in patients with
prednisolone dose >1mg/kg at the time of diagnosis of cGVHD. The
present results suggest that infections associated with cGVHD,
especially after high-dose prednisolone, are predictive of poor outcome
regardless of whether the patient received RIC or CIC.
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Infectious complications contribute to morbidity and
mortality following allogeneic hematopoletic stem cell
transplantation (HSCT). Well-known factors affecting sus-
ceptibility to infections include donor type, conditioning
regimen, development of graft-versus-host disease
(GVHD), and environmental factors. Reduced-intensity
conditioning (RIC) regimens are thought to lower the risk
of infections because they involve relatively little damage
to vital organs (1). However, our experience indicates that
with both RIC and conventional-intensity conditioning
(CIC) regimens, the incidence of bacterial infections during
neutropenia and Aspergillus infections is high after al-
logeneic HSCT (2, 3). Thus, it appears that RIC alone is not
sufficient to improve the safety of allogeneic HSCT.

GVHD and the treatment of GVHD with immunosup-
pressive drugs are also well-known predominant risk

factors for the development of opportunistic infections
(@—6). In the case of acute GVHD, inpatients can be given
comprehensive prophylaxis, including environmental con-
trol, to prevent infections over the short term. In contrast,
chronic GVHD (cGVHD) is most often a late complication of
allogeneic HSCT, and is usually treated on an outpatient
basis. Consequently, the resources that can be used to
control infections in patients with cGVHD are limited, and
prophylaxis should be considered as a long-term approach,
taking into account the safety and emergence of drug-resis-
tant pathogens. In Japanese patients, the incidence of
c¢GVHD after allogeneic HSCT is reportedly as high as
50%, with 20% of those who develop ¢cGVHD contracting
concurrent infections (7). At present, more transplantation
procedures are being performed with peripheral blood
stem cell (PBSC) products, in older patients, and with
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unrelated donors. The available evidence suggests that all
of these factors would result in greater numbers of patients
with cGVHD. Thus, management of cGVHD is one of the
greatest challenges to physicians practicing HSCT.

In the present study, we evaluated infectious complica-
tions associated with cGVHD in patients who received an
RIC or a CIC regimen before undergoing PBSC transplan-
tation (PBSCT) from a human leukocyte antigen (HLA)-
matched relative (related PBSCT) or bone marrow trans-
plantation (BMT) from an HLA-matched unrelated volun-
teer (unrelated BMT).

Patients and methods

Patient characteristics

We retrospectively analyzed data from 145 consecutive adult
patients with hematologic malignancies who had received
allogeneic HSCT with an RIC (n = 91) or CIC (z = 54) regi-
men between January 2000 and December 2004 at our insti-
tution. All of these 145 patients had sustained engraftment,
had survived for >100 days following transplantation, and
had developed cGVHD. The following types of patients were
excluded: patients who suffered from disease progression
before the development of cGVHD and received donor lym-
phocyte infusion, and patients with a history of previous al-
logeneic HSCT. Significant differences were observed be-
tween the RIC and CIC groups in terms of the age of the pa-
tients and donors, the gender of the patients, diagnosis,
disease risk (8), time from diagnosis to transplantation, do-
nor type and source of stem cells, and GVHD prophylaxis.
The patient characteristics are summarized in Table 1. Typ-
ing for HLA-A, -B, and -DR antigens of the donor and recip-
ient was performed using low-resolution DNA typing. The
frequency with which allogeneic PBSCT is performed in
Japan has been increasing since it became eligible for reim-
bursement from health insurance organizations in the year
2000, and our banking system only approves donation of
bone marrow. The clinical characteristics of cGVHD, includ-
ing use of immunosuppressive drugs at diagnosis and ini-
tial treatment, are summarized in Table 2. The present
study was approved by the Ethics Committee of our institu-
tion, and all 145 subjects provided informed consent.

Conditioning regimen and supportive care

The CIC regimen consisted of cyclophosphamide (CY,
120 mg/kg), in combination with either 12Gy total-body
irradiation (TBI, 7 =25) or busulfan (BU, 16 mg/kg;
1 = 29).The RIC regimen consisted of BU (8 mg/kg) in com-
bination with either fludarabine (Flu, 180 mg/m? n = 70)
or 2-chlorodeoxyadenosine (2-CdA, 066 mg/kg; n = 21); 14
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patients received either anti-thymocyte globulin (ATG, 5-
10mg/kg; n = 6) or 4 Gy TBI (n = 8). All patients received
cyclosporine (CSP, 3mg/kg/day; n =137) or tacrolimus
(TAC, 0.03mg/kg/day; n = 8), with (n=78) or without
(n = 67) short courses of methotrexate (MTX; related PBS-
CT,10mg/m? on day 1, and 7 mg/m? on days 3 and 6; unre-
lated BMT, 10 mg/m2 on days 3, 6, and 11) as GVHD
prophylaxis. All patients received prophylactic ciprofloxa-
cin (200 mg orally 3 times daily)for prevention of infections
until neutrophil recovery. Trimethoprim-sulfamethoxazole
{80mg of trimethoprim once daily) was administered for
the prevention of Prneumocystis pneumonia and encapsulat-
ed bacterial infection, from the first day of the conditioning
regimen until day 3, and from day + 30 until 6months after
transplantation, or for prolonged periods in patients with
cGVHD. Patients also received oral or intravenous flucona-
zole (100mg once daily) for prevention of infection by
Candida species, and low-dose acyclovir (600mg until en-
graftment, and then 100 mg/day orally), starting at the same
time as the conditioning regimens and continuing until ces-
sation of administration of immunosuppressive drugs (9).
Cytomegalovirus (CMV) antigenemia was monitored week-
ly until cessation of the administration of immunosuppres-
sive drugs. Testing for CMVantigenemia consisted of direct
immunoperoxidase staining of leukocytes with a per-
oxidase-labeled monoclonal antibody. Quantitative real-
time polymerase chain reaction was not performed.

Definition of outcome

Patients with grades II-1V acute GVHD were treated with
prednisolone (PSL) according to a standard regimen (10).
Chronic GVHD was assessed and graded according to the
standard criteria (11). The diagnosis and staging of cGVHD
were also assessed according to the working report pub-
lished by the National Institutes of Health Consensus
Development Project (12). Relapse was defined either by
morphologic evidence of the disease in the peripheral
blood, marrow, or extramedullary sites, or by recurrence
and persistence of pre-transplant chromosomal abnormali-
ties in cytogenetic analysis of the marrow cells.

Infectious complications

A documented infection was defined as signs and symp-
toms associated with microbiological documentation of a
pathogen from the site of infection. Culture-documented
bacteremia, fungemia, or viremia was considered to be a
definite infection, regardless of symptoms. On the other
hand, clinical infection was defined as signs or symptoms
consistent with an infection, but without microbio-
logical confirmation. Central venous catheter (CVC)-related
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‘S'P’or'TAC, é!bneZMTX with CSP orTA

ACiité GVHD grade I/lil/IV -
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Others®® ‘ 3 Y -
Progression . ) . -8 - . _ 2
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Number of patients, unless indicated otherwise. :

20thers = myelofibrosis (n = 1), chronic lymphocytic leukemia (» = 1), and multiple myeloma (n = 1). : )

3patients who were considered standard risk with a diagnosis of AML + MDS or AML, or ALL in first complete remission, CML in first chronic phase, or
untreated refractory anemia in MDS. All other conditions were considered to indicate advanced risk.’ '

“Time from diagnosis to transplantation. : .

5KPS was evaluated before the start of the conditioning regimen, and was graded according to Karnofsky performance status score.

SHCT-SCl was evaluated before the start of the conditioning regimen, and was graded according to hematopoietic cell transplantation-specific comorbidity
index (ref. 8). :

"Time from occurrence of grades li-1V acute GVHD to transplantation.

#Yotal number of patients differs because 8 patients (RIC, 5; CIC, 3) died of both infection and chronic GVHD.

S0thers = renal (1 = 1) and liver {n = 1).

100thers = RIC: cerebral infarction (n = 1), secondary hepatocellular carcinoma {n = 1), infection following secondary allogeneic cord blood stem cell
transplantation; CIC: acute myocardial infarction (n = 1), cerebral infarction (n = 1), drug-induced interstitial pneumonia {n = 1), infection following
chemotherapy (n = 1), and suicide (n = 2). - . .

RIC, reduced-intensity regimen; CIC, conventional-intensity regimen; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid
leukemia; ALL, acute lymphoblastic leukemia; ML, malignant lymphoma; PBSC, peripheral blood stem cell; BM, bone marrow; CSP, cyclosporine; TAC, -
tacrolimus; MTX, methotrexate; GVHD, graft-versus-host disease; PSL, prednisolone; cGVHD, chronic graft-versus-host disease; MOF, multiple organ failure.

Table1
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Clinical characteristics of cGVHD
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20thers = pleural effusion (n = 4), pericardia! effusion (n = 3), ascites (n = 3), and polymyosms (n=1)
RIC, reduced- -intensity regimen; CIC, conventional-intensity regimen; cGVHD, chronic graft-versus-host disease; KPS, Karnofsky performance status; CSP,

cyclosporine; TAC, tacrolimus; PSL, predmsolone

Table2

infections consisted of exit site infections without bacter-
emia. Bacterial pneumonia was included in the category
of definite infections, and was diagnosed by chest x-ray ex-
amination or computed tomography (CT) and identification
of a bacterial pathogen on culture of sputum, bronchoalve-
olar lavage fluid, pleural fluid, or blood specimen. Fungal
infections, including proven or probable invasive fungal in-
fections, were diagnosed by identification of a fungal
pathogen on culture or Aspergillus antigen and CTexamin-
ation according to consensus criteria (13). Pneumonia of un-
known origin was included in the category of undefined
pneumoniae, which were diagnosed by chest-x-ray and/or
CT. There was no significant difference in CMV serostatus
between the RIC and CIC groups (data not shown). A poly-
microbial infection of 1 organ or several adjacent
organs was considered to be a single infection. Death
associated with a documented infection was defined as
the death of a patient with findings consistent with an
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infection, or as detection of the pathogen in an autopsy
specimen.

Statistical analysis

Comparisons of variables were performed using the
2-tailed Fisher exact test or the y° test. Continuous
variables were compared by the Mann—Whitney U-test.
All Pvalues were 2-sided, and the type I error rate was
fixed at P<0.05.

Results

Transplant outcomes

The transplant outcomes are summarized in Table 1.
Twenty-two patients (RIC, #n = 15; CIC, n = 7) died of infec-
tions, of whom 8 patients (RIC, n = 5; CIC, n = 3) died of



