Clinical significance of NIH chronic GVHD
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Fig. 1 Chronic GVHD-specific survival in patients with chronic
GVHD diagnosed by the NIH consensus criteria. a Probability of
chronic GVHD-specific survival (cGSS) among patients who devel-
oped classic chronic GVHD (solid line) and overlap syndrome (dotted
line). b Probability of ¢GSS among patients who developed mild
(short dashed line), moderate (long dashed line), and severe chronic
GVHD (solid line)

improved grading scales for established cGVHD. A retro-
spective analysis of data on HLA-identical sibling trans-
plantation reported to the International Bone Marrow
Transplant Registry identified five variables independently
associated with worse survival of those who developed
historic ¢cGVHD: low Karnofsky performance status at
c¢GVHD diagnosis (<80), chronic diarrhea, weight loss,
presence of cutaneous manifestation, and lack of oral
involvement [15]. The Seattle group also proposed a revised
classification for distinguishing limited and extensive
c¢GVHD by the use of 16 clinical criteria [16]. Although
these new classifications do not clearly discriminate
between cGVHD and delayed onset GVHD with features
resembling aGVHD, they have been shown to be at least
useful for identifying patients at higher risk of NRM. Future
studies are strongly warranted to compare the prognostic
values of NIH cGVHD subcategories with those determined
by other cGVHD grading system [21].

So far, several groups have reported the prognostic
relevance of cGVHD severity graded by the NIH criteria
and consistently found the inferior survival of patients
with severe cGVHD [20-23], although such association
was not observed in one earlier study [19]. While only a
few of these studies focused on the significance of

distinction between “overlap syndrome” and “classic
c¢GVHD”, our study revealed a trend toward worse sur-
vival in patients with overlap syndrome compared to those
with classic GVHD, as was recently reported by Kim et al.
[23]. In the present study, patients with overlap syndrome
had a significantly shorter median time to the development
of cGVHD than patients with classic cGVHD and were
more likely to receive corticosteroid treatment for prior
aGVHD at the onset of cGVHD. Intriguingly, these
observations were very similar to the findings by Arora
et al. [22], who reported that most of patients with overlap
syndrome had a history of prior aGVHD and a progressive
cGVHD onset, although they did not observe worse sur-
vival of this subgroup of patients compared to those with
classic ¢cGVHD. Given that nearly all patients who
developed overlap syndrome had a prior history of
aGVHD in our study cohort, NIH overlap syndrome in
most instances could be considered as a flare of preex-
isting aGVHD, concomitant with development of classic
c¢GVHD. In this context, it is important to note that early
flare of cGVHD or early treatment change for exacerba-
tion of cGVHD has been reported to be associated with
increased NRM and inferior ¢cGSS [34, 35]. It is also of
note that a significantly higher proportion of patients with
overlap syndrome had thrombocytopenia less than
100 x 10°/uL at cGVHD onset in our study. Since the
progressive cGVHD onset and the presence of thrombo-
cytopenia were consistently associated with an increased
NRM across various studies [16, 36], more effective
management of patients with overlap syndrome and
thrombocytopenia might be needed.

Duration of systemic immunosuppressive therapy is
suggested to be a useful surrogate endpoint to evaluate the
response to specific treatment for cGVHD [26]. Although
we could not find significant association of NIH cGVHD
subtypes with duration of systemic IST, patients who had
been given ongoing systemic corticosteroids at the onset of
c¢GVHD were found to receive significantly prolonged
systemic IST in multivariable analysis, consistent with the
findings of Vigorito et al. [37]. In our study, the duration of
systemic IST was also prolonged in patients who had high-
risk underlying disease compared with those who had
standard-risk disease. If the activity of cGVHD were likely
to worsen in the high-risk subgroup of patients, one possible
explanation might be the preference of physicians to taper
systemic IST faster for patients at higher risk of relapse.

The present study, however, has several limitations; the
retrospective study design, small cohort size, recording
bias, and heterogeneity of underlying diseases and trans-
plantation procedures might substantially influence the
results. In addition, diagnostic ¢cGVHD manifestations
of affected organs or sites might have originated from
other causes, including drug reactions, infection, and
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Table 3 Univariable and multivariable analysis of factors potentially associated with chronic GVHD-specific survival among patients who

developed chronic GVHD defined by the National Institutes of Health criteria

Variable n (%) Univariable analysis Multivariable analysis
HR (95% CI) P value HR (95% CI) P value

Patient age

Less than 50 years 51 (53) 1.00 -

50 years or more 45 (47) 1.40 (0.494.05) 0.53 -
Donor/recipient sex combination

Other than female/male 69 (72) 1.00 -

Female/male 27 (28) 1.03 (0.32-3.28) 0.97 -
Disease status at transplant

Standard risk 51 (53) 1.00 1.00

High risk 45 (47) 3.03 (0.95-9.68) 0.061 2.75 (0.86-8.80) 0.088
Donor/recipient HLA compatibility

Matched 80 (83) 1.00 -

Mismatched 16 (17) 0.33 (0.04-2.53) 0.29 -
Conditioning regimen

Myeloablative intensity 54 (56) 1.00 -

Reduced intensity 42 (44) 1.04 (0.36-3.00) 0.95 -
Stem cell source

Bone marrow 67 (70) 1.00 -

Peripheral blood 24 (25) 2.07 (0.69-6.19) 0.19 -

Cord blood 5(5) 1.63 (0.57-4.68) 0.37 -
Prior aGVHD

Grade 0-1 47 (49) 1.00 -

Grade 24 49 (51) 1.16 (0.40-3.37) 0.78 -
Subcategory of cGVHD

Classic cGVHD 77 (80) 1.00 -

Overlap syndrome 19 (20) 2.76 (0.96-7.97) 0.060 -
Severity of cGVHD at onset

Mild to moderate 73 (76) 1.00 1.00

Severe 23 (24) 3.10 (1.09-8.86) 0.034 2.58 (0.90-7.39) 0.077
Platelet count at cGVHD onset

100 x 10*/uL or more 65 (68) 1.00 1.00

Less than 100 x 10°/uL 31 (32) 4.19 (1.40-12.5) 0.010 405 (1.35-12.1) 0.013
Eosinophil count at cGVHD onset

Less than 500/uL 68 (71) 1.00 -

500/uL. or more 28 (29) 0.90 (0.28-2.88) 0.86 -
Systemic corticosteroids at cGVHD onset

Not received 63 (66) 1.00 -

Received 33 (34) 1.74 (0.61-4.97) 0.30 -

CI confidence interval, aGVHD acute graft-versus-host disease, cGVHD chronic graft-versus-host disease

comorbidity before transplantation. Furthermore, genital
tract involvement might be underestimated because female
patients do not always report about their genital symptoms
to physicians.

In conclusion, our present study suggests that both the
subcategory and global severity of cGVHD proposed by
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NIH consensus criteria have effects on ¢cGSS and the risk
of NRM among patients who develop NIH cGVHD. Future
prospective studies are warranted to more precisely char-
acterize the clinical significance of the subcategory and
severity of ¢cGVHD evaluated by the NIH consensus
criteria.
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Fig, 2 Cumulative incidence of discontinued systemic immunosup-
pressive treatment. The lower curve shows the cumulative incidence
of discontinued systemic immunosuppressive treatment (IST) in the
absence of death, recurrent primary disease, or secondary malignancy
among 81 patients who developed NIH cGVHD and received
systemic IST (left-hand scale). The upper curve shows the competing
risks of death or recurrent/secondary malignancy during systemic IST
(right-hand scale). At the onset of ¢cGVHD, 69 patients had been
already given ongoing systemic IST consisting of calcineurin
inhibitors alone (n = 36), calcineurin inhibitors plus corticosteroids
(n = 27), corticosteroids alone (n =4), or corticosteroids plus
mycophenolate mofetil (rn = 2)
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Abstract Allogeneic hematopoietic stem cell transplan-
tation (HSCT) is associated with both graft-versus-host
disease (GVHD) and graft-versus-leukemia (GVL) effects.
In clinical studies of HLA-mismatched HSCT, strong GVL
effects have been reported. In the present study, we
addressed the mechanism of the GVL and GVH response
using MHC-haploidentical murine bone marrow trans-
plantation (BMT) models. Recipient BDF1 (H—2h/") mice
received T cell-depleted bone marrow and spleen cells from
B6C3F1 (H-2"%) or C57BL/6 (H-2") mice with or without
P815 mastocytoma cells (H~2d) after receiving lethal total
body irradiation. B6C3F1 — BDF1 (hetero-to-hetero type)
recipients showed more powerful antileukemic effects with
less severe GVHD than C57BL/6 — BDF1 (parent-to-F1
type) recipients. Compared with C57BL/6 — BDF1 recip-
ients, significantly higher in vitro cytotoxic activity against
P815 cells was observed in B6C3F1 — BDFI recipients.
Significantly lower CXCR3 expression on donor T cells and
higher interferon (IFN)-y expression were considered to be
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associated with strong antileukemic effects with less severe
GVHD in B6C3F1 — BDFI recipients. Furthermore, host
immune cells, especially natural killer cells and CD8" T
cells, were found to contribute remarkably to high IFN-y
production in B6C3F1 — BDFI recipients. Thus, in MHC-
haploidentical HSCT, host immune cells may change the
balance between GVH and GVL response through IFN-y
production.

Keywords MHC-mismatched hematopoietic stem
cell transplantation - GVHD - GVL - Interferon-y -
Natural killer cell

1 Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT)
has been a potentially curative therapy for patients with a
variety of diseases, especially for hematologic malignan-
cies [1, 2]; however, more than 70% of patients who could
benefit from allogeneic bone marrow transplantation
(BMT) do not have a matched sibling donor. On the other
hand, there is a greater than 90% chance of promptly
identifying a human leukocyte antigen (HLA)-haploiden-
tical donor within the family. A major obstacle of
HLA-mismatched HSCT is the high incidence of graft-
versus-host disease (GVHD) [3, 4]; therefore, separating
beneficial GVL effects from deleterious GVHD is a goal
for HLA-mismatched HSCT.

In this context, we have reported, in a series of clinical
studies on unmanipulated HLA-haploidentical HSCT, that
strong graft-versus-leukemia (GVL) effects are maintained
in many patients even after complete suppression of GVHD
by the use of reduced-intensity conditioning treatment, or
the use of steroids and/or anti-T-lymphocyte globulin as
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GVHD prophylaxis [5-8]. However, the cellular and
molecular mechanisms of the separation of GVL reaction
from GVHD observed in HLA-haploidentical HSCT
remain unclear. In murine BMT studies, parent-to-F1
(homo-to-hetero) BMTs, in which donor type engraftment
can be achieved without total body irradiation (TBI), have
usually been used as major histocompatibility complex
(MHC)-haploidentical BMT models. Furthermore, these
models have contributed to the progress of GVHD study
[9] because the influence of radiation on tissue damage can
be avoided; however, whether the parent-to-F1 murine
models correctly reflect clinical HLA-haploidentical
HSCTs that are mostly performed in transplant settings of
HLA hetero-to-hetero combinations remains unclear.

To enable comparison between homo-to-hetero and
hetero-to-hetero transplants, we therefore established two
major MHC-haploidentical murine BMT models, in which
recipient BDF1 (H-2") mice received T cell-depleted
(TCD) bone marrow (BM) and spleen cells from B6C3F1
(H-2"%) or C57BL/6 (H-2") mice with or without P815
mastocytoma cells after receiving lethal TBI. In the present
study, we found that B6C3F1 — BDF1 (MHC hetero-to-
hetero-type) BMT showed more powerful antileukemic
effects with less severe GVHD than C57BL/6 — BDF1
(MHC homo-to-hetero-type) BMT. Furthermore, we found
that, compared with C57BL/6 — BDF1 recipients,
B6C3F1 — BDFI1 recipients showed lower CXCR3
expression on donor T cells in recipient spleens and higher
interferon (IFN)-y production. This high IFN-y milieu with
low expression of the inflammatory chemokine receptor
was considered to be associated with the induction of
strong antileukemic effects with less severe GVHD, since
recent studies demonstrated that IFN-y augmented lym-
phohematopoietic GVH reactions [10-12], namely, GVL
reaction, and that IFN-y mediated the protective effect
against GVHD [13, 14]. Furthermore, donor immune cells
as well as host immune cells, especially host natural killer
(NK) cells and CD8" T cells, were found to home to
spleens after transplantation, and to produce IFN-y highly
in B6C3F1 — BDFI recipients.

2 Materials and methods
2.1 Mice

Female C57BL/6 (B6, H-2"), B6C3F1 (B6 x C3H/Hel;
H—Zb/k) or BDF1 (B6 x DBA2; H-Zh’d) mice were pur-
chased from Japan CLEA (Osaka, Japan), or Shizuoka
Laboratory Animal Center (Shizuoka, Japan). Mice used for
experiments were 8—12 weeks of age, were housed in sterile
microisolator cages in a specific pathogen-free mouse
facility, and received autoclaved food and water ad libitum.
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2.2 BMT

BM cells were harvested from the tibia and femur of donor
mice by flushing with RPMI-1640 medium. T cell deple-
tion of BM cells was performed by treatment with anti-
Thyl.2 monoclonal antibody (mAb) (clone 30-H-12;
PharMingen, San Diego, CA, USA) plus rabbit comple-
ment (Cedarlane, Hornby, ON, Canada). Spleen cells were
isolated from donor mice using the nylon-wool-purification
method as a source of lymphocytes. All BMTs were per-
formed by the transfusion of a fixed number of donor cells
after TBI the previous day. TBI was given in a single dose
at a dose rate of 50 cGy/min. Cells from donors were
resuspended in 0.5 ml RPMI-1640 medium and trans-
planted by tail-vein infusion into recipients.

Survival was monitored daily, and the presence of
GVHD was judged by clinical symptoms, including body
weight, posture (hunching), mobility, fur texture, and skin
integrity [15]. All animal protocols were approved by the
Ethics Review Committee for Animal Experimentation of
Hyogo College of Medicine.

2.3 Challenge of tumor cells

Inexperiments to estimate the strength of antileukemic effects,
recipient mice received P8 15 mastocytoma cells derived from
DBA/2 (H-2%). The tumor cells were injected intravenously
through the tail vein on the day of transplantation.

2.4 Histopathological analysis

Tissues were fixed in 10% buffered formalin and embedded
in paraffin. The sections were stained with hematoxylin and
eosin and were examined by light microscopy. Immuno-
histochemical analysis was performed as previously
described [16], with some modifications. In brief, frozen
sections were fixed in 4% paraformaldehyde. After being
blocked with phosphate-buffered saline (PBS) containing
10% fetal calf serum (FCS) for 15 min at room temperature,
the origin of infiltrating T cells was determined by staining
with mouse anti-H-2K® mAb (SF1-1.1; host-specific) and
rat anti-CD4 mAb (GK1.5) or rat anti-CD8 mAb (H35-17.2)
at 4°C overnight and visualized using Alexa-Fluor 488-
labeled anti-rat and Alexa-Fluor 546-labeled anti-mouse
antibody. 4',6-Diamidino-2-phenylindole (DAPI) was used
to stain the nucleus. Sections for fluorescent staining were
analyzed with a confocal laser scanning microscope
(LSM510; Carl Zeiss, Jena, Germany) [16].

2.5 In vivo spectral fluorescence imaging analysis

For in vivo imaging analysis, P815 cells were engineered to
express mCherry fluorescent protein by a lentiviral vector
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transduction system, as previously described [17, 8].
Recipient mice received modified P815 cells with BM and
spleen cells via the tail vein on day 0. Prior to imaging,
mice were anesthetized with sodium pentbarbital (Nem-
butal), and hair was removed with a hair removal cream,
Epilat (Kracie, Tokyo, Japan), and rinsed with water.
Spectral fluorescence imaging analysis was performed
using the Maestro in vivo fluorescence imaging system
(CRi; Woburn, MA, USA), as previously described [19].
Whole body images (0.05- to 0.5-s exposure) were taken
and analyzed over sequential days.

2.6 Flow cytometric analysis

Anti-Fc receptor (2.4G2) monoclonal antibody (mAb),
fluorescein isothiocyanate (FITC)-conjugated anti-mouse
H-2K? (clone SF1-1.1) mAb, phycoerythrin (PE)- indotri-
carbocyanine (Cy7)-conjugated anti-mouse CD3 (clone
145-2C11) mADb, anti-mouse CD4 (clone GK1.5) mAb,
allophycocyanin (APC)-conjugated anti-mouse CD8 (clone
53-6.7) mAb, and PE-conjugated anti-mouse NK1.1 (clone
PK136) mAb were purchased from PharMingen (San
Diego, CA, USA). PE-conjugated anti-mouse CXCR3
(clone 220803) mAb and rat anti-mouse IgG;, isotype
control were purchased from R&D Systems (Minneapolis,
MN, USA). Cell suspensions were prepared in PBS-
containing 1% FCS and 0.1% sodium azide, Cells were
incubated with an anti-Fc receptor mAb for 10 min at 4°C
to block nonspecific staining and then incubated with FITC-,
PE-Cy7-, APC-, and PE-conjugated mAb for 30 min. The
stained cells were washed twice, resuspended, and analyzed
using FACSCalibur (Becton-Dickinson, Mountain View,
CA, USA) using CellQuest software (Becton—Dickinson).

Intracellular IFN-y staining was performed using the
BD Cytofix/Cytoperm™ Fixation/Permeabilization kit (BD
Bioscience, San Jose, CA, USA). In brief, cells were retrieved
from the recipient spleen, and resuspended at 10%ml and
cultured with phorbol myristic acid at 50 ng/ml plus iono-
mycin at 500 ng/ml for 5 h, including monensin during the
last 2 h of culture. Cells were harvested, washed, and resus-
pended in PBS-containing 1% FCS and 0.1% sodium azide.
Cell-surface antigens were then stained as described above,
and cells were resuspended in 100 pl per well of a microwell
plate of fixation/permeabilization solution, and incubated for
20 min at 4°C. After washing, cells were stained with
APC-conjugated anti-IFN-y (clone XMG1.2; PharMingen) or
isotype control: rat IgG1-APC (Clone R3-34).

2.7 Mixed lymphocyte culture (MLC)
and 3'Cr release assay

BDF1 mice were transplanted using TCD-BM (5 x 10%)
and spleen cells (2 x 107) after receiving TBI 9 Gy.

Spleen cells of the recipient mice on day 14 were used as
responders for MLC. Cells (3 x 10°/200 ul/well) were
cultured with irradiated (20 Gy) BDF1 spleen cells
(3 x 10%200 pl/well) in 24-well flat-bottomed plates
(Falcon Labware, Lincoln Park, NJ, USA). After 72 h
culture, IFN-y concentrations of the culture supernatants
were measured by Bio-Plex (Bio-Rad Laboratories, Her-
cules, CA, USA). For cytotoxic T lymphocyte (CTL) assay,
BDF1 mice were transplanted using TCD-BM (5 x 10°)
and spleen cells (2 x 107) with P815 cells (1 x 10* after
receiving TBI 9 Gy. Spleen cells of the recipient mice on
day 14 were recovered, and directly measured for CTL
activity against P815 cells by °'Cr release assay, as
described elsewhere [20]. Effecter cells were tested in
triplicate at four effector:target (E:T) ratios, and the percent
lysis was calculated according to the following formula:
[(sample cpm — spontaneous cpm)/(maximum cpm —
spontaneous cpm)] x 100%. Results are shown as the
mean percent lysis of the E:T cell ratio for each treatment

group.
2.8 Statistical analysis

Values were compared by two-tailed Student’s ¢ test.
Survival data were plotted by the Kaplan-Meier method
and were analyzed by the log-rank test. A P value of less
than 0.05 was considered significant.

3 Results

3.1 B6C3F1 — BDFI recipients showed less severe
GVHD than C57BL/6 — BDF]1 recipients

To investigate the pathophysiology of GVH or GVL
reactions in MHC-haploidentical BMT, we established 2
MHC-haploidentical murine BMT models: BDF1 (H-2"%)
mice were transplanted from B6C3F1 (H-2b’k) or C57BL/6
(H-2°) mice. B6C3F1 — BDFI is an MHC hetero-to-hetero
(donor/recipient combination) BMT model, where one
MHC haplotype is identical between the donor and reci-
pient but the other is different. C57BL/6 — BDF]1 is an
MHC homo-to-hetero (parent-to-F1) BMT model, where
MHC is haplotypically mismatched in the graft-versus-host
(GVH) direction but not in the host-versus-graft (HVG)
direction.

Recipient BDF1 mice received donor TCD-BM
5 x 106) and spleen (2 x 107) cells after a lethal TBI
dose (9 Gy) the previous day. There was no significant
difference in total cell numbers, T cell doses, and the
CD4:CDS8 ratio of spleen cells transfused between the 2
BMT models (data not shown). Two weeks after BMT, the
majority of C57BL/6 — BDF]1 recipients began to present
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GVHD signs, such as body weight loss and a hunching
posture, and 90% of mice had died of GVHD by day 40
(Fig. 1a). In contrast, B6C3F1 — BDF1 recipients showed
fewer GVHD signs, and only 30% of mice had died of
GVHD by day 80, with significantly improved survival
observed in B6C3F1 — BDF1 recipients compared with
C57BL/6 — BDF1 recipients. Histopathological exami-
nation of C57BL/6 — BDF1 recipients on day 14 revealed
prominent lymphocyte infiltration in the periportal area of
the liver, and various pathological changes in the large
intestine compatible to GVHD (Fig. b, left panel). In the
immunohistochemical study, these lymphocytes infiltrating
the liver or large intestine were found to be donor-derived
CD4 or CD8 T cells (Fig. lc, upper panel). In contrast,
liver or large intestine samples from B6C3F1 — BDF1
recipients showed few pathological changes (Fig. 1b, right
panel) with almost no infiltration of donor T cells (Fig. Ic,
lower panel). These results indicate that B6C3F1 — BDF1
recipients developed less severe GVHD than C57BL/
6 — BDFI1 recipients, leading to improved survival in
B6C3F1 — BDF1 recipients.

3.2 B6C3F1 — BDFI recipients induced more
powerful antileukemic effects than C57BL/
6 — BDFI recipients

To compare antileukemic effects in the 2 MHC-haplo-
identical BMTSs, recipient BDF1 mice received P815
mastocytoma cells (H-2%, 1 x 10*) with donor TCD-BM
cells (5 x 10% with or without donor spleen cells
(2 x 107) after receiving TBI 9 Gy the previous day. In
mice receiving TCD-BM cells alone, P815 cells prolif-
erated mainly in the liver, spleen, and BM of the reci-
pient, and tended to form macroscopic nodules in the
liver or spleen. Some animals developed lower limb
paralysis, and histological analysis revealed infiltration of
P815 cells around the spinal cord. Thus, death of reci-
pient mice accompanied by these signs or symptoms was
considered leukemic death. When recipient mice pre-
senting with clinical signs of GVHD died without any
signs of leukemia progression, they were considered as
death by GVHD. All mice receiving TCD-BM cells alone
with P815 cells had died of leukemia progression by day
20 (Fig. 2a). Compared with mice receiving TCD-BM
cells alone, mice receiving spleen cells showed a sig-
nificantly improved survival in the 2 groups (Fig. 2a);
however, none of them died of tumor progression (some
mice died of GVHD). We could demonstrated antileu-
kemic effects of donor spleen cells, but could not com-
pare antileukemic effects in the 2 BMT models under
these conditions.
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Fig. 1 Survival and histological change in B6C3F1 — BDF1 and »
C57BL/6 — BDF1 recipients. a. Survival of B6C3F1 — BDF1 and
C57BL/6 — BDF1 BMT recipients. All recipients receiving TCD-
BM cells alone from C57BL/6 or B6C3F1 mice survived. For mice
receiving TCD-BM and spleen cells, B6C3F1 — BDF1 mice showed
significantly improved survival than C57BL/6 — BDF1 mice. All
mice that died showed severe clinical signs of GVHD. Open
rectangles C57BL/6 — BDF1 mice receiving TCD-BM cells only
(n = 4); open triangles B6C3F1 — BDF1 mice receiving TCD-BM
cells alone (n=4), closed rectangles C57BL/6 - BDFl mice
receiving TCD-BM and spleen cells (n = 10), closed triangles
B6C3F1 —» BDF1 mice receiving TCD-BM and spleen cells
(n = 10). **P value < 0.01. The results are representative of 2
separate experiments. b Histological analysis of the liver and large
intestine from recipient mice receiving TCD-BM and spleen cells.
Prominent Iymphocyte infiltration in the periportal area of the liver
and severe intestinal histopathological changes, including surface
erosion, decreased numbers of goblet cells, and cellular infiltration in
the lamina propria, were observed in samples from C57BL/
6 — BDF1 recipients on day 14. In contrast, few pathological
changes were observed in samples from B6C3F1 — BDF1 recipients.
Representative data are shown (x200). ¢ Immunohistochemical
analysis of GVHD-target organs on day 12. Data represent multi-
colored immunofluorescent staining: anti-CD4 (green) or anti-CD§
(green), anti-H2Kd (host-specific; red) and DAPI staining {(blue) of
the nucleus. Donor and host T cells were visualized as green and
yellow, respectively. Massive lymphocytes infiltrating the liver or
large intestine in C57BL/6 — BDF1 recipients were found to be
donor-derived CD4 or CD8 T cells. In contrast, fewer infiltrates of
donor T cells into these organs were observed in B6C3F1 — BDFI
recipients (x300)

Therefore, we decreased the number of spleen cells
transfusedto 5 x 10° cells. At this spleen cell dose, no mice
died of GVHD. All mice receiving TCD-BM cells alone had
died of tumor progression by day 14. Recipients receiving
spleen cells survived significantly longer than mice receiv-
ing TCD-BM cells alone. All of C57BL/6 — BDF1 recip-
ients receiving spleen cells had died of tumor progression by
day 28, while only 20% of B6C3F1 — BDF1 recipients
receiving spleen cells died of tumor progression during the
observation period (Fig. 2b). For mice receiving spleen
cells, compared with C57BL/6 — BDF1 recipients,
B6C3F1 — BDFI1 recipients showed a significant lower
tumor mortality rate (Fig. 2b). To visualize the kinetics of
tumor progression, P815 cells that were engineered to
express mCherry fluorescent protein by a lentiviral trans-
duction system were applied to the experiment in Fig. 2b. As
shown in Fig. 2c¢, in mice receiving TCD-BM alone, fluo-
rescence tumor signals appeared in the abdominal region
(e.g. liver and spleen) and the femoral and sternal bones on
day 10. In C57BL/6 — BDF]1 recipients receiving TCD-
BM and spleen cells, fluorescence tumor signals appeared in
the femoral and sternal bones on day 10, and extended to the
abdominal region by day 12. These fluorescence signals
continued to strengthen, with signals continuing to spread
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tumor. We killed some mice, and confirmed mCherry-
positive P815 cells in the liver, spleen, and abdominal lymph
nodes, as well as the bone marrow in the femoral, sternal,
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Fig. 2 B6C3F1 — BDFI recipients developed stronger antileukemic
effects than C57BL/6 — BDFI recipients. a BDFI mice received
P815 mastocytoma cells (H-2%, 1 x 10*) with donor TCD-BM cells
(5 x 10°) with or without donor spleen cells (2 x 107) after receiving
TBI 9 Gy the previous day. Open rectangles C5TBL/6 — BDF1 mice
receiving TCD-BM cells and P815 cells (n = 6), open triangles
B6C3F1 — BDFI receiving TCD-BM cells and P815 cells (n = 9),
closed rectangles C5TBL/6 — BDF1 mice receiving TCD-BM,
spleen cells and P815 cells (n=10), closed triangles
B6C3F1 — BDF1 receiving TCD-BM, spleen cells and P815 cells
(n = 14). *P value < 0.05. Representative data from 3 separate
experiments are shown. b The same experiments as in a were
performed except for the reduced number of spleen cells transplanted
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to 5 x 10°. Each symbol indicates the same mice as shown in
a. **P value < 0.01. Representative data from 3 separate experiments
are shown. ¢ In vivo imaging analysis confirmed the difference in the
kinetics of tumor progression between the 2 BMT groups. Trans-
plantation was performed in the same condition as shown in b. P815
cells were engineered to express mCherry fluorescent protein by a
lentiviral gene transduction system (see “Materials and methods™).
Fluorescent imaging in mice was checked every other day from days
6 to 21, and thereafter once a week until day 40. Tumor mass of P815
cells and gastrointestinal contents are visualized as red and blue,
respectively. Representative images from 2 independent experiments
are shown
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Fig. 3 The Kkinetics and a
characterization of T cells

proliferating in recipient spleen.

a Kinetic analysis of donor T 5
cells engrafted to recipient
spleens. B6C3F1 — BDF1 and
C57BL/6 — BDF1 BMTs were
performed as shown in Fig. |.
The number of donor CD4" or
CD8" T cells was calculated
based on multi-colored flow
cytometry data, as described in
“Materials and methods”. Open
bars C57TBL/6 — BDFI1 1
recipients, closed bars

B6C3F1 — BDF1 recipients. ol
Values were calculated based on 4
experiments using at least 4

mice. Data are expressed as the

mean =+ standard deviation b
(SD). *P < 0.05.
Representative data from 2
separate experiments are shown.
b Kinetic analysis of host T
cells recruited to recipient
spleens. Each symbol indicates
the same mice as shown in a.
*P < 0.05, *P < 0.01.
Representative data from 2
separate experiments are shown,
¢ Median fluorescent intensity
of CXCR3 expression on donor
CD4" and CD8* T cells was
compared in the 2 groups

(n = 3). Open bars C57BL/ 0|
6 — BDF1 recipients, closed 4
bars B6C3F1 — BDFI

recipients. Results are

representative of 2 experiments.
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cytometry (data not shown). On the other hand, no detect-
able signals were observed in most B6C3F1 — BDF1
recipients receiving TCD-BM and spleen cells during the
observation period. These results demonstrated that
B6C3F1 — BDF1 recipients developed more powerful
antileukemic effects despite presenting with less severe
GVHD compared with C57BL/6 — BDF1 recipients.
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3.3 Lower expression of CXCR3 on donor T cells
engrafted to B6C3F1 — BDFI1 spleens
was associated with less severe GVHD

To address the difference in the extent of GVHD between
B6C3F1 - BDF1 and C57BL/6 —» BDF1 recipients
(Fig. 1), we examined the kinetics of and characterized
donor T cells engrafted to recipient spleens by flow
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cytometry. As shown in Fig. 3a, CD8" T cells dominated
CD4™ T cells in the observation period, and donor T cells,
being fewer on day 4, rapidly increased to peak on day 7,
and thereafter decreased rapidly or gradually. On day 4, the
number of CD8" T cells in C57BL/6 — BDF1 recipients
was significantly greater than in B6C3F1 — BDF1 recip-
ients. On day 7, the number of CD4" and CD8™" T cells in
B6C3F1 — BDFI recipients was significantly greater than
that in CS57BL/6 — BDFI recipients. Regarding the
kinetics of host T cells recruited to spleens, although 1 or 2
orders of magnitude lower than donor T cells, the number
of host CD4™ and CD8™ T cells rapidly increased to peak
on day 7, and thereafter decreased gradually (Fig. 3b). The
numbers of CD4" and CD8™ T cells on day 7 were sig-
nificantly greater in B6C3F1 — BDFI1 recipients than
those in C57BL/6 — BDFI recipients.

We next examined the CXCR3 expression status on
donor T cells in recipient spleens. CXCR3 is a Thl-asso-
ciated chemokine receptor, which plays an important role
in the homing of donor T cells to GVHD-target organs [21,
22]. CXCR3 expression levels on donor T cells were
highest on day 4, and thereafter decreased rapidly or
gradually. Compared with B6C3F1 — BDF1 recipients,
C57BL/6 - BDF1 recipients showed a significantly
higher median fluorescent intensity of CXCR3 expression
in CD4™" T cells on days 4 and 7, and in CD8™ T cells on
days 7 and 11 (Fig. 3c). Regarding the expression of
CCRS5, another Thl-associated chemokine receptor, on
donor T cells, the median fluorescent intensity of donor
CD4" or CD8' T cells was also significantly higher in
C57BL/6 — BDFI recipients than in B6C3F1 — BDFI
recipients in the early transplantation days (data not
shown). Thus, a relatively low CXCR3 or CCRS expres-
sion on donor T cells proliferating in recipient spleen was
considered to be associated with the occurrence of less
severe GVHD in B6C3F1 — BDF]I recipients.

3.4 Stronger in vitro CTL activities and high IFN-y
expression in B6C3F1 — BDF1 recipients

To address the mechanism of stronger antileukemic activ-
ity in B6C3F1 — BDFI recipients (Fig. 2), we next com-
pared the production of inflammatory cytokines, TNF-«
and IFN-y, between B6C3Fl — BDFl and C57BL/
6 — BDFI recipients. TNF-« is a well-known inflamma-
tory cytokine to play a major role in inducing GVHD [23],
while IFN-y was recently reported to induce the separation
of GVL effects from GVHD [11]. Serum TNF-a levels
peaked on day 7, and thereafter decreased. There was no
significant difference in serum TNF-« levels between the 2
groups (data not shown). On the other hand, serum IFN-y
levels were highest on day 4, and thereafter rapidly
decreased (Fig. 4a). Serum IFN-y levels on day 4 in
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B6C3F1 — BDFI recipients were significantly higher than
in C57BL/6 — BDF1 recipients.

To ensure powerful antileukemic effects in B6C3F1 —
BDF1 recipients, we performed an in vitro cytotoxicity
assay against P815 cells. Using, as responders, spleen cells
that were recovered from the recipient mice on day 14 in
the experiment in Fig. 2a, we compared B6C3F1 — BDFI
and C57BL/6 — BDFI1 BMTs. Responder cells used for
cytotoxicity assay of C57BL/6 — BDF1 BMT were com-
posed of a mean of 72.6% CD3" cells (99.7% donor type;
18.0% CD4™" cells and 82.0% CD8™ cells) and a mean of
18.7% NK cells (88.2% donor type). Those of B6C3F1 —
BDF1 BMT were composed of a mean of 71.2% CD3*
cells (100% donor type; 22.3% CD4™" cells and 77.7%
CD8™ cells) and a mean of 9.7% NK cells (55.4% donor
type). There was no significant difference in the percentage
of CD4" or CD8™" cells between C57BL/6 — BDFI1 and
B6C3F1 — BDF1 spleen cells. Recipient NK cell numbers
in B6C3F1 — BDF1 spleen were significantly greater
(around twice) than those in C57BL/6 — BDF]I spleen. As
shown in Fig. 4b, spleen cells from B6C3F1 — BDF1
recipients showed significantly stronger CTL activities
than those from C57BL/6 — BDF]I recipients. In addition,
spleen cells recovered from recipients on day 14 were co-
cultured with irradiated BDF1 spleen cells for 3 days, and
we measured the IFN-y concentration in the culture
supernatant (Fig. 4c). Significantly higher IFN-y produc-
tion was observed in culture supernatants from
B6C3F1 — BDFI recipients than in those from C57BL/
6 — BDF1 recipients. These results indicate that, com-
pared with C57BL/6 — BDFI1 recipients, B6C3F1 —
BDF1 recipients have more powerful antileukemic effects,
and also suggest that high IFN-y production may have been
involved in the induction of the powerful antileukemic
effects.

3.5 Remarkable contribution of recipient immune cells
to high IFN-y production

To address the mechanism of high IFN-y production in
B6C3F1 — BDF]1 recipients, we next intended to identify
IFN-y-secreting cells in recipient spleens. IFN-y-secreting
cells were calculated based on flow cytometry data using
intracellular IFN-y staining (Fig. 5a). In the analysis
of whole mononuclear cells, on day 4, host-derived
IFN-y-secreting cells were significantly increased in
B6C3F1 — BDFI recipients than in C57BL/6 — BDFI
recipients but not donor-derived cells. On day 7, the
number of IFN-y-secreting cells in B6C3F1 — BDFI
recipients was significantly higher in both donor and host
populations compared with in C57BL/6 — BDFI recipi-
ents (Fig. 5b). In the analysis of each donor-derived line-
age cell, there was no significant difference in the number
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of IFN-y-secreting cells between the 2 BMT recipients
except for CD8" T cells on day 7 (Fig. 5c). When we
calculated based on the donor T cell counts shown in
Fig. 3a, the majority of CD8" T cells in the 2 BMT
recipients on day 4 were IFN-y-secreting cells, with IFN-y-
secreting cells rapidly decreasing to only 10—~15% on day 7.
In the analysis of each host-derived lineage cell, IFN-y-
secreting cells were significantly increased in CD8™ T cells
on day 7 and in NK cells on days 4 and 7 of B6C3F1 —
BDF1 recipients compared with C57BL/6 — BDFI
recipients (Fig. 5d). In particular, the number of IFN-y-
secreting host NK cells on day 4 in B6C3F1 — BDFI
recipients was 4 times higher than in C57BL/6 — BDFI
recipients. These data strongly indicate that recipient
immune cells, including T and NK cells, have highly
contributed to high IFN-y production in B6C3F1 — BDF1
recipients.

<« Fig. 4 Stronger in vitro CTL activity and higher IFN-y expression in

B6C3F1 — BDFI recipients. a Serum IFN-y concentration in
recipient mice. B6C3F1 — BDF1 and C57BL/6 — BDF1 BMTs
were performed as shown in Fig. |. Serum IFN-y concentration was
consecutively measured by Bio-Plex (see “Materials and methods™).
Open bars C57BL/6 — BDF1 recipients (n = 8), closed bars
B6C3F1 — BDFI recipients (n = 8), gray bar untreated BDF1 mice
(n = 3). Serum IFN-y levels on day 21 became undetectable in the 2
BMT groups. Data are expressed as the mean &+ SD. *P < 0.05.
Representative data from 2 separate experiments are shown. b In vitro
cytotoxicity assay for P815 cells was performed using spleen cells on
day 14. To obtain responders, mice received TCD-BM (5 x 10°) and
spleen (2 x 107) cells with P815 cells (1 x 10" after receiving TBI
9 Gy, as shown in Fig. 2a. Spleen cells were recovered from recipient
mice on day 14, and directly checked for CTL activity against P815
cells by 'Cr release assay, as described in “Materials and methods™.
Closed triangles B6C3F1 — BDFI1 recipients, closed rectangles
C57BL/6 — BDFI1 recipients, closed diamonds untreated BDFI
spleen cells. Values were calculated based on experiments using at
least 4 samples. Data represent the mean £ SD of specific lysis
percentage for P815 cells at a given E/T ratio. Representative results
from 2 independent experiments are shown. ¢ IFN-y production in the
culture supernatants of mixed lymphocyte culture. B6C3F1 — BDF1
and C57BL/6 — BDF1 BMTs were performed as shown in Fig. |.
Spleen cells were recovered from recipient mice on day 14, and were
co-cultured with irradiated (20 Gy) BDF1 spleen cells for 3 days, and
the culture supernatant was checked for IFN-y concentration by Bio-
Plex (see “Materials and methods™). Open bar C57BL/6 — BDFI
recipients, closed bar B6C3F1 — BDF1 recipients. Values were
calculated based on experiments using 5 samples. Data are expressed
as the mean = SD. *P < (0.05. Representative results from 2
independent experiments are shown

4 Discussion

In the present study, using MHC-haploidentical murine
BMT models, we showed that, compared with
C57BL/6 — BDFI1 (homo-to-hetero-type BMT) recipients,
B6C3F1 — BDF1 (hetero-to-hetero-type BMT) recipients
showed stronger antileukemic effects with less severe
GVHD (Figs. |, 2). Using these models, we addressed the
mechanism by which B6C3F1 — BDF1I BMT exerted
stronger antileukemic effects with less severe GVHD
than C57BL/6 — BDF1 BMT, because clarification of the
mechanism is considered to be useful for the understand-
ings of the separation of GVL effects from GVHD in
MHC-haploidentical HSCT.

Significantly higher antileukemic activity of B6C3F1 —
BDF1 recipients was also confirmed by in vitro cytotox-
icity assay against P815 cells using spleen cells (Fig. 4b).
We speculated that high IFN-y production was involved in
this higher antileukemic activity of B6C3F1 — BDFI
recipients. In fact, serum IFN-y levels in the early trans-
plant period (on day 4) were significantly higher in
B6C3F1 — BDFI recipients than in C57BL/6 — BDF1
recipients (Fig. 4a), and IFN-y levels in the culture super-
natant for MLC were significantly higher than in C57BL/
6 — BDFI recipients (Fig. 4c). We consider that this high
IFN-y production is not the effect but the cause of strong
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allogeneic response. IFN-y has been shown to enhance Thl
polarization through the facilitation of production of IL-12
by dendritic cells (DC) [24] or through synergizing with T
cell receptor signals to maximally induce T-bet [25]. Fur-
thermore, we demonstrated that host immune cells, espe-
cially NK cells, recruited to the spleen, substantially
contributed to high IFN-y production in B6C3F1 — BDFI
recipients (Fig. 5). The fact that host NK cells still
remained in recipient spleens on day 14 and the fact that
the number of the host NK cells was significantly greater in
B6C3F1 — BDF1 spleens than in C57BL/6 — BDFI
spleens support that host NK cells were more involved in
high IFN-y production in B6C3F1 — BDFI recipients. In
particular, high IFN-y production in spleen, a secondary
lymphoid organ, is considered to be important for inducing
strong antileukemic response. Although NK cells are lar-
gely excluded from lymph nodes under steady-state con-
ditions, recruitment of NK cells to antigen-stimulated
lymph nodes was recently reported to be important for
providing an early source of IFN-y that is necessary for
Th1 polarization [26]. NK cells are also shown to partici-
pate in adaptive immune responses by modulating DC
function or by producing IFN-y [27].

Furthermore, IFN-y has been reported to enhance GVL
effects mainly by the following 2 mechanisms: the aug-
mentation of lymphohematopoietic GVH reactions [10—
12, 28] and enhancement of the susceptibility of tumor
cells to alloresponses. Although the mechanism by which
IFN-y enhances lymphohematopoietic GVH reactions
remains to be determined, this cytokine may mediate
antihematopoietic activity that predominantly targets the
recipient hematopoietic cells through its direct effect on
hematopoietic cells [29]. IFN-y may enhance the sensi-
tivity of tumor cells to cytotoxic donor T cells by
upregulating surface expressions of Fas and Fas-L, or
MHC on tumor cells [30-32], or its direct effect on tumor
cells [33].

The analysis of chemokine receptors [21, 22] on donor T
cells engrafted to recipient spleens revealed that CD4™ or
CD8" T cells from B6C3F1 — BDF1 recipients showed
significantly lower CXCR3 expression levels, compared
with those from C57BL/6 — BDFI recipients (Fig. 3c).
These donor T cells in B6C3F1 — BDFI recipients, which
also showed lower CCRS5 expression (data not shown),
were considered to have low ability to home to GVHD-
target organs, which is a prerequisite for the induction of
GVHD, despite highly expanding in the spleen. There was
no significant difference in the serum levels of TNF-«, a
major inducer of GVHD [23], between the 2 groups.

Regarding GVHD-protective effects of IFN-y, IFN-y
inhibits T cell activation through various mechanisms,
including the induction of apoptosis to alloreactive T cells
[34], the inhibition of Th17 cells [35], the generation of
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CD4 regulatory T cells [36], and the activation of immu-
nosuppressive mesenchymal stem cells [37, 38], and fur-
thermore the direct interaction of IFN-y with recipient
pulmonary parenchyma was recently reported to prevent
idiopathic pneumonia syndrome in lethally irradiated mice
after allogeneic HSCT [14].

In the experiment using another MHC-haploidentical
BMT models, C3D2F1 (H-2Y%) » B6C3F1 (H-2"%) and
C3H (H-2%) —» B6C3F1, stronger antileukemic effects for
EL4 cells (H-Zb) with less severe GVHD were observed in
C3D2F1 — B6C3F1 recipients (hetero-to-hetero-type
BMT) (data not shown). These findings suggest that sep-
aration of GVL effects from GVHD could be a generalized
phenomenon observed mainly in hetero-to-hetero-type
mismatched BMT; however, we need further experiments
to confirm the hypothesis because the severity of GVHD is
highly dependent on the strain combination in murine BMT
models. Regarding the relationship between the findings in
this animal study and our clinical data, we had 4 patients
who underwent unmanipulated HLA-2-3 antigen-mis-
matched HSCT undergone in homo-to-hetero combination:
3 patients received myeloablative conditioning and the
remaining 1 reduced-intensity conditioning. Two patients
had no acute GVHD, 1 grade II GVHD, and the remaining
early death. Among them, only 1 patient had a relapse.
Homo-to-hetero combination does not seem to clinically
develop severe GVHD, despite the experience of only 4
cases; however, the clinical outcome must have been
influenced by intensive GVHD prophylaxis containing
steroids in our HLA-haploidentical HSCT regimen [7, 8].
To obtain some clinical evidence, a large scale-study
is needed, and we consider that the use of less intensified
GVHD prophylaxis in our protocol may make the
difference between homo-to-hetero and hetero-to-hetero
combinations more evident in unmanipulated HLA-haplo-
identical transplant settings.

Our findings suggest that two-way in vivo MLC reaction
occurs in spleens more strongly in hetero-to-hetero BMT
recipients compared with homo-to-hetero BMT recipients,
and that host immune cells, such as NK or T cells, produce
IFN-y abundantly, which may be considered to have con-
tributed to the separation of GVL from GVHD. Thus, the
participation of host hematopoietic cells in the afferent
phase of GVHD changes the balance between allogeneic
GVH and GVL responses of donor T lymphocytes, and that
appropriate utilization of host immune cells may enable
greater separation of GVL from GVH reactions.

In conclusion, we showed, in MHC-haploidentical
murine BMT models, that powerful antileukemic effects
with less severe GVHD were associated with a high pro-
duction of IFN-y, and also data suggesting that host
immune cells, including NK cells, played an important role
in this IFN-y production.
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Fig. 5 Contribution of recipient
immune cells to high IFN-y
production in

B6C3F1 — BDF]1 recipients.
Transplantation was performed
as shown in Fig. |. IFN-y-
secreting cells in recipient
spleens were calculated based
on flow cytometry data using
intracellular IFN-y staining.

*P < (.05, **P < 0.01.

a Representative flow cytometry
data using whole mononuclear
cells recovered from spleens on
day 4. The upper panels
indicate the percentages of IFN-
y-secreting cells in the fraction
of whole mononuclear cells. Dot
plots in which isotype-matched
control mAb was used are
shown in the lower panels. A
higher percentage of host-
derived (H-2¢ positive) IFN-y-
secreting cells was observed in
B6C3F1 — BDFI recipients
than in C57BL/6 — BDFI
recipients. b IFN-y-secreting
cells in the fraction of whole
mononuclear cells retrieved
from spleens on days 4 (n = 7)
and 7 (n = 4). Closed bars host
cells, open bars donor cells.

¢ Donor-derived IFN-y-
secreting cells in each cell
lineage. Open bars C5TBL/

6 — BDFI1 recipients, closed
bars B6C3F1 — BDF1
recipients. d Host-derived IFN-
y-secreting cells in each cell
lineage. Open bars C5TBL/

6 — BDFI recipients, closed
bars B6C3F1 - BDF1
recipients. Regarding these IFN-
y-secreting cells, representative
results from 2 independent
experiments are shown

a C57BL/6 - BDFI
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Abstract A 32-year-old male with chronic hepatitis B
was admitted to a hospital with cellulitis in the right leg in
September 2006. Pancytopenia, hepatosplenomegaly, and
systemic superficial lymph node swelling were noted,
and he was referred to our hospital. He developed fever and
liver dysfunction in June 2007 and underwent a splenec-
tomy. His pancytopenia subsequently improved. A patho-
logic diagnosis of hepatosplenic aff T cell lymphoma was
made by examining spleen tissue and biopsy specimens of
the liver and mesenteric lymph node. He had stage IVB
disease because neoplastic T cells were noted in the bone
marrow. The response of the lymphoma to conventional
chemotherapy including the CHOP (cyclophosphamide,
adriamycin, vincristine, prednisolone) and DeVIC (dexa-
methasone, etoposide, ifoshamide, carboplatin) regimens
was poor and transient. A partial remission was obtained
with an ESHAP (etoposide, cisplatin, cytarabine, methyl-
prednisolone) regimen. Therefore, we planned a bone
marrow transplantation (BMT) from an HLA-haploidenti-
cal sibling donor. He was moved to the Department of
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Hematology, Hyogo Medical College, to receive this BMT
as part of a clinical trial. During the conditioning procedure
for the transplantation, however, he died of septicemia.
Since hepatosplenic aff T cell lymphoma is very rare with
only 23 reported cases to date, herein we report this case
and discuss the therapeutic strategy.

Keywords Hepatosplenic T cell lymphoma -
Alpha-beta T cell - Allogeneic hematopoietic stem
cell transplantation

Introduction

Hepatosplenic lymphoma of y0 T cell origin is a rare
subtype of peripheral T cell lymphoma, which was first
reported by Farcet et al. [1]. Another hepatosplenic T cell
lymphoma (HSTCL) with the «f type T cell receptor
(TCR) was reported in 2000 [2, 3]. This subtype is even
rarer, with only 23 cases reported to date [1-3, 5, 7—11].
At present, both subtypes of HSTCL are recognized as a
distinct entity of malignant lymphoma in the WHO clas-
sification system [4]. «ff HSTCL exhibits an aggressive
clinical course with a poor prognosis. Indeed, almost all
patients who received conventional chemotherapy for
lymphoma died of disease progression [5]. Therefore,
hematopoietic stem cell transplantation (HSCT) has been
conducted as a curative therapeutic modality [3, 7-11]. In
a case report of y0 HSTCL associated with chronic hep-
atitis B, Ozaki et al. [6] discussed the possible role of the
HBYV infection in the pathogenesis; however, for the of8
type, there has been neither a reported case of aff HSTCL
associated with chronic HBV infection nor study regard-
ing the role of HBV in the pathogenesis of this type of
HSTL.
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Case report

A 32-year-old male with chronic hepatitis B was admitted
to a hospital with cellulites secondary to atopic dermati-
tis in the right leg in September 2006. He had hepato-
splenomegaly and superficial lymphadenopathy and was
pancytopenic. Based on the examination of biopsy speci-
mens of inguinal and cervical lymph nodes, he was
pathologically diagnosed with reactive lymphadenitis. He
was referred to our hospital because of pancytopenia in May
2007. Physical examination showed hepatomegaly (6 cm
below the costal margin), splenomegaly (10 cm below the
costal margin), and systemic superficial lymphadenopathy
with a diameter of around 1.5 cm. A bone marrow aspirate
did not show any dysplastic features of hematopoietic cells.
He was admitted to our hospital because of B symptoms
(fever, weight loss, and night sweating) and liver dysfunc-
tion in June 2007. Hematologic examination showed a
white blood cell count of 7 x 10°/1 with a normal differ-
ential count, a platelet count of 33 x 10%/1, and a hemo-
globin concentration of 10.7 g/dl. Hemostatic examination
revealed a fibrinogen concentration of 75 mg/dl (normally
180-320), D-dimer concentration of 8.7 pg/ml (normally
below 1.0), thrombin-antithrombin complex (TAT) con-
centration of 37.4 ng/ml (normally below 3.2), and
a2-plasmin inhibitor complex (PIC) concentration of
4.5 pg/ml (normally below 0.799), indicating disseminated
intravascular coagulation (DIC). Biochemical tests revealed

Fig. 1 CT and positron
emission tomography (PET)-CT
scanning. a CT scans showing
hepatomegaly and marked
splenomegaly. b An abnormal
accumulation of FDG in the
spleen and superficial lymph
nodes and in the abdominal
cavity is seen
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AST concentration of 319 IU/l, ALT concentration of
292 TU/1, LDH concentration of 1,011 TU/I (120-250), total
bilirubin concentration of 1.1 mg/dl, ALP concentration of
451 TU/1 (100-340), and yGTP concentration of 41 IU/IL.
Concentrations of C-reactive protein (CRP) and soluble
interleukin-2 receptor (sIL-2R) were elevated to 1.5 mg/dl
(normally below 0.5) and 11,100 U/ml (below 530),
respectively. Serological tests for hepatitis B (HBs-Ag and
HBe-Ab) gave positive results. The loading of hepatitis B
virus (HBV-DNA) was 3.2 log copy/ml (normally below
2.6). Neither anti-human T-cell lymphotropic virus type 1
(HTLV-1) nor anti human immunodeficiency virus (HIV)
antibodies were detected. Positron emission tomography-
computed tomography (PET-CT) scanning with FDG
showed hepatomegaly, a huge spleen that almost occupied
the entire pelvic cavity, and lymph node swelling in the
abdominal cavity (Fig. 1). We conducted splenectomy and
the biopsy of liver tissue and lymph nodes to make a definite
diagnosis and to improve the thrombocytopenia after sple-
nectomy. The weight of the spleen was 5 kg. The splenic
capsule was intact, and the cut surface was homogeneously
red-purple without nodulation. Microscopically, massive
infiltration of medium-sized lymphocytes in the red pulp
was observed, and these cells had cleaved nuclei and scant
to moderate cytoplasm. In the liver, similar lymphocytes
markedly and moderately infiltrated the sinusoids and per-
iportal region, respectively. In the lymph node, the normal
architecture was completely effaced by the same abnormal




