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main causes of death were multiple organ failure (n = 10), hepatic
failure (n = 0), heart failure (n = 5), pulmonary failure (n = 5),
sepsis (n = 5), intracranial hemorrhage (n = 5), intestinal hemor-
rhage or perforation (n = 3), hemophagocytic syndrome (n = 2),
and other (n = 6). Of the 47 patients who died, 20 (42%) died after
transplantation. Of the 61 surviving patients, 41 were in CR and
4 were in PR without any symptoms, whereas 16 remained in stable
disease at the last follow-up.

Clonality analysis

At the time of diagnosis, viral clonality was analyzed by Southern
blot analysis using EBV terminal repeat. Of 76 patients with
available DNA, EBV-infected cells were monoclonal in 64 (84%)
and oligoclonal in & (11%). Polyclonal EBV-infected cells were
detected in only 4 patients (5%). TCR rearrangement was analyzed
in 90 patients at the time of diagnosis, 42 of whom had monoclonal
rearrangements. Six patients with NK-cell infection demonstrated
TCR rearrangement. Because this analysis uses a PCR-based
method, erroneous detection of a seemingly clonal cell population
(pseudoclonality) or reduced TCR diversity caused by the preva-
lence of a few Ag-selected subclones, which are often seen in EBV
infection, may occur.** Chromosomal aberrations were detected in
the peripheral blood or lymph nodes at diagnosis in 6 patients, whereas
an additional 6 patients later developed chromosomal aberrations in
their clinical course of 1-9 years (median, 5 years). Patterns of
chromosomal aberrations in each patient are shown in supplemental
Table 2. These results provided additional support to the assertion that
patients with EBV* T/NK-LPDs had clonality at early stages and
subsequently developed overt lymphoma or leukemia with an increase
of chromosomal aberrations in their clinical course.

Pathologic categories based on the 4th WHO classification

At the time of diagnosis, based on the 4th WHO classification,
53 and 13 patients were classified into systemic EBV™ T-LPD of
childhood and hydroa vacciniforme~like lymphoma, respectively.
The proportion of these pathologic categories in each clinical group
is shown in Figure 1C. Four patients clinically categorized to
hydroa vacciniforme without any cellular atypia or systemic
symptoms were classified into hydroa vacciniforme-like lym-
phoma based on the monoclonality of cells with TCR rearrange-
ments. In systemic EBV*" T-cell LPD, T-cell subsets of EBV-
infected cells were variable (Figure 1D). In hydroa vacciniforme—
like lymphoma, 6 of 13 patients had y8 T-cell infection. Conversely,
42 patients were not classified into either of these pathologic
categories because they failed to correspond to criteria in the
current WHO classification. Classification of each patient is shown
in supplemental Table 1.

At the last follow-up or death, there were 29 patients who were
unclassifiable, most of whom had CAEBYV of the NK-cell type and
severe mosquito bite allergy with NK-cell infection (Figure 1D). In
the clinical course, ENKL developed in 6 patients (patients 2, 5, 20,
34, 60, and 81 in supplemental Table 1) after 9 months to 12 years
of follow-up after onset (median, 1.5 years), whereas ANKL
developed in 4 patients (patients 8, 43, 66, and 80) after 2-17 years
of follow-up (median, 12 years); most of these patients had NK-cell
infection. EBV* PTCL developed in 3 patients after 1 year (patient
83), 5 years (patient 93), and 20 years (patient 53) of follow-up.
The EBV* PTCL patients in this study were characterized by their
expression of cytotoxic molecules, nodal manifestation, lack of
CD36 expression, and TCR gene rearrangement. These features
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Figure 4. Efficacy of therapeutic interventions. (A) Number of patients treated with
each therapy and patients who maintained CR are shown among categories of
clinical groups. SMBA indictes severe mosquito bite allergy; and HV, hydroa
vacciniforme. *P = .002; ™P = .02. (B) Numbers of patients who received each
therapy and those who maintained sustained CR are shown among categories of
EBV-infected cells.

suggest a pathologic distinction between these EBV® PTCL and
extranasal ENKL.

Representative results of histological examinations are shown
in Figure 2. Histological findings and the number of EBER ™ cells
varied among patients. EBER* lymphocytes were detected at
various frequencies. Infiltrating cells (presumably EB V-infected)
expressed cytotoxic molecules such as TIA-1, perforin, and
granzyme B. BM aspirations showed various findings, but most
patients had normocellular BM without any abnormal findings.
Patients with EB V-associated HLH showed normoplastic or hyper-
plastic BM with mild or moderate hemophagocytosis. In all
patients, however, BM findings showed an absence of hematologic
malignant disorders at the time of diagnosis.

Differences between patients with T-cell and NK-cell infection

We compared clinical and virological differences between T- and
NK-cell infections (Table 2). T-cell infection was characterized by
higher rates of primary EBV infection and TCR rearrangement,
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Table 3. Univariate and multivariate analyses of factors associated with mortality in 108 patients with EBV* T/NK-LD

Univariate analysis

Multivariate analysist

OR (95% CI) P* OR (95% Cl) Pt
Femafeséx 1.40(0.98-1.97) 048 1.26 (0.48-3.31) o84
Age at disease onset (= 8 years)§ 1.63 (1.17-2.28) .003 4.43 (1.61-12.2) .004
Past history of infectious mononucleosis : 0.62‘{0.35-1.11) L 093 0.36 (0.12-1.02) 3 054
Primary infection at diagnosis 0.47 (0.18-1.20) 079 0.32 (0.08-1.25) ‘ 10
Glinical entity at diagnosis o S : :
CAEBV 1.12 (0.90-1.39) NS
HUH 085{024-177)° o NS
Severe mosquito bite allergy 1.04 (0.30-3.65) NS
Hydroa varciniforme 0.43(0.05-4.03) = . . UUNSS
T-cell infection 1.13(0.69-1.71) NS
NiK-cell infection : 095(069-130) = NS
EBV DNA in mononuclear cells (= 10%5 copies/pg DNA) 1.16 (0.79-1.71) NS
EBY DNA in plasma (= 10%5 copies/mL) 1.23 {0.84-1.72) NS
EBV monoc!onaliw‘ 1.08 (0.89-1.31) NS
TCR rearrangement 113{0.73-1.768) NS
Chromosomal aberration 1.92 (0.34-10.9) NS
Symptoms and signs at diagnosis o :
Fever ‘ 1.10 (0.98-1.24) NS
o Li\ke‘rdysfuncﬂon‘~ tsa(loede3y o006 L 425 (1,23414.7) : 022
Splenomegaly 1.38 (1.01-1.88) 033 q ‘ '
. Anemia. C184(1.982.88) 005 . fse(osre0ny 68
‘Thrombocytopenia 1.75 (1.13-2.71) 009 1,80 (0.44-7.33) ‘ 41
~ Lymphadenopathy 1.24{0.77:200) NS~ o
Hémobhégocytio syndrome 1.30 (O.7é~2‘32) NS
- Hypersensitivity 1o mosquito bites 0.89(089-1.15) NS
Hydroa vacciniforme-like eruption 0.86 (0.34-1.97) NS
Chemotherapy : 0.84{053-1.34) . . NS e
HSCT 0.67 (0.045-0.98) .022 0.34 (0.12-0.96) 041
© T-celtinfection group 0.54(0.30:0.97) 021 Y
NK-cell infection group 0.83(0.51-1.34) NS

NS indicates not significant.

*P < .10 are shown; P < .05 (shown in bold) are statistically significant.
1For multivariate analysis, factors with P < .10 were included.

P < .05 (shown in bold) are statistically significant.

§Stratified onset ages were analyzed in advance, and = 8 years was chosen as the age factor.
fiSplenomegaly was excluded from multivariate analysis, because this factor was closely associated with anemia, thrombocytopenia, and liver dysfunction.

whereas a significant number (43%) of patients with NK-cell
infection had hypersensitivity to mosquito bites (Table 2). Interest-
ingly, 5 patients had both hypersensitivity to mosquito bites and
hydroa vacciniforme-like eruptions; these patients all had NK-cell
infection (Table 2). Conversely, 8 of 10 patients with hydroa
vacciniforme-like eruptions but without hypersensitivity to mos-
quito bites had T-cell infections (Table 2).

A comparison of viral load in the peripheral blood between
patients with T- and NK-cell infections detected similar levels of
EBV-DNA in both PBMCs and plasma (Table 2). Correlation of
viral loads between PBMCs and plasma was estimated (Figure 3A).
The quantity of EBV-DNA in PBMCs was significantly correlated
with that in plasma in both T-cell and NK-cell infections, although
EBV-DNA was not detected in the plasma from 15 patients. We
also compared viral load among clinical groups (Figure 3B-C).
Interestingly, the quantity of EBV-DNA in PBMCs was signifi-
cantly higher in patients with severe mosquito bite allergy and
hydroa vacciniforme, but these patients did not have any systemic
symptoms.

Efficacy of therapeutic interventions

Each patient received a variety of therapies. HSCT was adminis-
tered to 59 patients, which induced sustained CR in 63% of patients

with CAEBY, 60% of HLH patients, and 57% of severe mosquito
bite allergy patients (Figure 4A). Seventy patients received chemo-
therapy such as etoposide/cyclosporine A/dexamethasone, cyclo-
phosphamide/doxorubicin/vincristine/prednisolone (CHOP), CHOP
plus etoposide, and high-dose cytosine arabinoside therapy. Chemo-
therapy was effective in some patients, but the effect was usually
transient and failed to induce sustained CR in most cases.
Chemotherapy induced sustained CR in only 5 patients, 4 of whom
had HLH (Figure 4A). Immunomodulating therapies such as
prednisolone, cyclosporine A, high-dose IV immunoglobulin, and
methyl prednisolone pulse therapy were administered to 58 pa-
tients. The immunomodulating therapies induced sustained CR
in 2 patients with HLH (Figure 4A). In patients with HLH, both
chemotherapy and immunomodulating therapy induced sus-
tained CR more frequently compared with those with CAEBV
(P = .002 and P = .02, respectively). Antiviral therapies such
as acyclovir, adenine arabinoside, and ganciclovir were adminis-
tered to 32 patients. In 2 patients (patients 11 and 45 in
supplemental Tale 1), sustained CR was achieved during oral
acyclovir therapy and weekly IV administration of adenine
arabinoside (Figure 4A). However, because antiviral therapies
had been administered for a long time, it was not clear whether
CR was induced by them or if it was spontaneously achieved.
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Figure 5. Probability of survival rates from time of disease onset. Overall survival rates from onset (n = 108) were calculated from Kaplan-Meier estimates between each
subgroup (onset age = 8 years or < 8 years, with or without liver dysfunction, EBV-infected cell types, clinical categories, and with or without HSCT). HSCT patients were
divided into groups based on T-cell infection (n = 64) and NK-cell infection (n = 44) and independently analyzed. SMBA indicates severe mosquito bite allergy; and HV, hydroa

vacciniforme,

The effects of each therapy among cell types are shown in
Figure 4B. There was no statistical difference in the CR rate of
each therapy among cell types.

Factors associated with mortality

The factors associated with mortality were analyzed (Table 3),
and univariate analysis showed that sex (female), onset age
(= 8 years), liver dysfunction, splenomegaly, anemia, and

thrombocytopenia were significantly associated with mortality.
Conversely, HSCT was inversely correlated with mortality rate
(odds ratio, 0.67), and this was statistically significant only in
patients with T-cell infection. Multivariate analysis using fac-
tors for which P < .10 revealed that onset age and liver
dysfunction were independently significant factors that in-
creased mortality (Table 3); again, HSCT was an independent
factor that decreased mortality rate.
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Table 4. Comparison of characteristics based on outcome in 59 patients after transplantation

Total (n = 59) Alive (n = 39) Dead (n = 20) P*
Sex, malefiemale 29/30 2217 T8 : NS
Age at disease onset, y 118+ 92 11.0£9.0 13.6 £ 9.5 NS
Clinical category at diagnosis, n T pien :
CAEBV 46 32 14 NS
CHLH o 3 i 2 : L NS
Severe mosquito bite allergy 7 4 3 NS
+ Hydroa vacciniforms- 1 i i T NS
EBV DNA quantity in peripheral blood at dlagn03|s
Mononuclear cells, log copies/ng DNA 45208 44209 45> 089 NS
Plasma, log copies/mL 33£16 33=13 3.3+20 NS
Treatlinfection; n 32 23 : e NS
NK-cell infection, n 27 16 1 NS
Age atHSCT,y 176 +9.23 156 = 91 S21.2583 1034
Time from onset to HSCT, mo 65.0 = 68.2 52.2 + 547 90.0 + 84.8 .059
Disease status at transplantation, active/inactive 25/34 - 1328 12/8 ! 046
Preceded chemotherapy, n (%) 42 (71) 27 (69) 15 (75) NS
Sten cell source, BWperipheral bloat/cord blosd - 354113 22/8/9 13/8/4 : NS
Donor, MRD/MUD/MMRD/MMUD 18/11/4/26 10/9/3/17 8/2/1/9 NS
No of mismatched HLA 076 £ 08 076 =09 07509 NS
Preconditioning regimen, mye!oablauve/reduced 21/38 11/28 10/10 .086

NS indicates not significant; MRD, matched related donor; MUD, matched unrelated donor; MMRD, mismatched related donor; and MMUD, mismatched unrelated donor.

*P < .10 are shown; P < .05 (shown in bold) are statistically significant.

We compared overall survival rates between each subgroup to
confirm association of the above factors with mortality (Figure 5).
Overall survival rate in patients whose onset was more than 8 years
was significantly low (P <C.001). Patients with liver dysfunction at
the time of diagnosis had lower survival rate (P = .031). When
patients were divided into 5 groups based on EBV-infected cells
patients with CD4™ T-cell infection had a significantly lower
survival rate compared with those with NK-cell infection (P = .002).
However, there was no statistical difference in survival rate among
clinical groups, although the numbers in some groups were small.
Patients who received HSCT survived longer (P = .001) and,
again, this was statistically significant only in patients with T-cell
infection (P = .003).

Characteristics of patients after HSCT

Of 59 patients who underwent HSCT, 39 patients (66%)
survived 1-144 months after transplantation (median, 35.5
months). Conversely, 20 patients (34%) died 1 day to 48 months
after transplantation (median, 1.8 months). Detailed characteris-
tics of each patient are shown in supplemental Table 3. Main
causes of death were multiple organ failure (n = 5), intracranial
hemorrhage (n = 5), sepsis (n = 2), and other (n = 8). Of the
20 deaths, 15 were considered to be treatment related. We
compared various factors between patients who lived and
those who died after HSCT (Table 4). Univariate analysis
showed that age at HSCT was higher and patients with active
disease status at the time of HSCT died more frequently after
HSCT (Table 4). Time from disease onset to HSCT and intensity
of the conditioning regimen (either myeloablative or reduced)
were marginally associated with death (P = .059 and P = .086,
respectively). To determine independent risk factors, we per-
formed multivariate analysis using factors for which P < .10,
and found that none was an independent risk factor for death
(data not shown).

We compared overall survival rates (Figure 6A) and event-free
survival rates (Figure 6B) of transplanted patients between each
subgroup. Although disease status at HSCT was not an independent
risk factor by multivariate analysis, overall survival rate was

significantly higher in patients with inactive disease at the time of
HSCT (P = .014); however, its significance diminished for the
event-free survival rate. Patients who received HSCT at an age less
than 15 years had significantly higher overall (P = .013) and
event-free survival rates (P = .015). Patients whose time from
onset to HSCT was less than 30 months also had significantly
higher overall (P = .036) and event-free survival rates (P = .033).
Interestingly, these were statistically significant only in patients
with T-cell infection.

Discussion

Determining the phenotype of EBV-infected cells is mandatory for
our further understanding of the pathogenesis of EBV* T/NK-
LPDs and related biologic behaviors. In the present study, we used
unfixed peripheral blood to determine the phenotypes of EBV-
infected cells. One caveat of this study is that we may have missed
EBV-associated T/NK-LPDs if EBV-infected cells failed to mi-
grate into the peripheral blood.** Furthermore, EB V-infected cells
in the peripheral blood might be different from those existing in
tissues, although there was no discordant result between tissue
biopsy and peripheral blood.

In the present study, EBV-infected cells in EBV* T/NK-LPDs
were immunophenotypically divided into CD4" T cells, CD8"
T cells, y3 T cells, and NK cells, the variable proportions of which
were observed in each of the clinical categories. Kasahara et al
reported that CAEBVY and EBV-associated HLH were largely
caused by CD4* T or NK cells and CD8" T cells, respectively.?
We demonstrated that CAEBYV was caused by not only CD4" T and
NK cells but also by CD8* T and v& T cells. We also demonstrated
that EBV-infected cells in nearly half of hydroa vacciniforme or
hydroa vacciniforme-like lymphoma patients were v T cells,
which is in agreements with our previous observations.* Interest-
ingly, all of these cells express molecules characteristic of cyto-
toxic cells. In fact, EBER™ lymphocytes in EBV* T/NK-LPDs
usually express cytotoxic molecules including perforin, granzyme
B, and TIA-1, as shown in this study and in previous studies.’**
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Figure 6. Probability of survival rates after HSCT. Survival rates after HSCT were calculated from Kaplan-Meier estimates between each subgroup (inactive or active cases
at H8CT, reduced or myeloablative conditioning, age = 15 years or < 15 years at HSCT, and time from onset to HSCT = 30 months or < 30 months). Stratified ages were
analyzed in advance, and = 15 years was chosen as the age factor. Similarly stratified times from onset to HSCT were analyzed in advance, and = 30 months was chosen as
the time factor. (A) Overall survival rate after HSCT (n = 59). (B) Event-free survival rate after HSCT (n = 59). For time from onset to HSCT, patients were divided into T-cell
infection (n = 32) and NK-cell infection (n = 27) groups and independently analyzed.

The mechanism underlying EBV infection of T and NK cells,
which do not express CD21, remains unresolved. It has been shown
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NK-cell hosts.* It is plausible that killer cells in close contact with
EBV-infected B cells may acquire EBV infection directly and then
proliferate with clonality.

In the present study, we evaluated prognostic factors among
patients with EBV* T/NK-LPDs. Multivariate analysis showed
that age at onset of disease (= 8 years) and liver dysfunction were
independent risk factors for mortality, and that patients receiving
transplantations had a better prognosis. We found previously that
older onset age (= 8 years) was associated with mortality in
patients with CAEBV.?” Furthermore, a recent report demonstrated
that adult patients with CAEBYV had progressive and more aggres-
sive courses than those of childhood onset cases.* Interestingly,
patients with CD4™* T-cell infection had shorter survival rates than
those with NK infection, whereas clinical categories were not
correlated with survival rates. Onset age of patients with CD4*
T-cell infection was high (median, 14.5 years). These results
suggest that adult patients with CD4* T-cell infection may have
more aggressive features and are likely to develop multiple organ
failure. Although the reason is unclear, we should be cautious about
rapid progression in patients with CD4* T-cell infection.

We surveyed administered therapies based on physician ques-
tionnaire responses. A potential limitation of this study design was
the use of retrospective questionnaires; therefore, we should be
cautious about the evaluation of treatment efficacy. Nevertheless, it
seems that only HSCT induced CR in patients with EBV-associated
T/NK-LPDs except for HLH. Some EBV-associated HLH patients
responded well to chemotherapy and immunomodulating thera-
pies,*” but patients with CAEBV were generally refractory to chemo-
therapy. Similar findings were reported in patients with CAEBV in the
United States.?® Furthermore, Kaplan-Meier estimates indicated
that shorter time from onset to HSCT (<< 30 months) and inactive
disease at HSCT resulted in long survival times, suggesting that
earlier HSCT in patients in good condition is preferred. Patients
with CAEBYV have a higher risk of transplantation-related compli-
cations.*!#% Recently, Kawa et al reported excellent outcome of
HSCT with reduced-intensity conditioning.*’ Although the superi-
ority of reduced-intensity conditioning over myeloablative condi-
tioning did not reach statistical significance in that study, it appears
that a reduced-intensity regimen is sufficient to prevent transplanta-
tion-related deaths. 404

The concept of EBV' T/NK-LPD was initially proposed by
Kawa et al, and then examined by other researchers.”’#* This
umbrella term encompasses specific clinical diseases of the CAEBV
T/NK—cell type, EBV-associated HLH, severe mosquito bite al-
lergy, and hydroa vacciniforme, the distinction of which are
differentiated based on clinical manifestations. However, if the
clinical data are absent regarding the prodromal phase of expansion
of EBV* T/NK-cells with variable clonality, we cannot discrimi-
nate systemic diseases such as ANKL and extranasal ENKL from
EBV™* NK-LPDs, because EBV* proliferating cells are indistin-
guishable in morphology and phenotype. Recently, this issue was
highlighted by Takahashi et al.’® Interestingly, 4 patients of the
present series developed ANKL in their clinical course, 2 of whom
had only skin symptoms categorized as severe mosquito bite
allergy at the time of the diagnosis. In addition, 6 patients who were
clinically categorized as CAEBV NK-cell type (4 cases) and T-cell
type (2 cases) developed ENKL; the major clinical difference from
de novo ENKL was its early onset (median age, 8.5 years). Three
patients had hypersensitivity to mosquito bites. There were no
differences in pathologic features between these patients and de
novo ENKL patients.*® Furthermore, new development of chromo-
somal aberrations was seen in 6 patients during follow-up. In this
study, most of the patients with EBV* T/NK-LPDs had clonality of
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EBV-infected cells. These results indicate that patients with
clonally expanding EBV-infected T or NK cells in EBV* T/NK-
LPD eventually develop overt leukemia and lymphoma, the
clinicopathologic findings of which are in keeping with those well
documented in extranasal ENKL, ANKL, and PTCL, with addi-
tional mutations in cancer genes or tumMor-suppressor genes.

In 2008, an international meeting was organized at the National
Institute of Health to better define the pathogenesis, classification,
and treatment of EBV-associated LPDs in nonimmunocompro-
mised hosts.*® At that meeting, acute and chronic EBV syndromes
of T cells and NK cells were clarified to have a broad spectrum, in
which hydroa vacciniforme, hydroa vacciniforme~like lymphoma,
severe mosquito bite allergy, and systemic EBV* T-LPD of
childhood were listed as EBV* T/NK-LPDs under an umbrella
term of CAEBV of T/NK~cell type.* In the present study, EBV*
T/NK-LPD is characterized by the systemic distribution of EBV*
clones beyond the clinical categorization currently proposed as
CAEBY, HLH, severe mosquito bite allergy, and hydroa vaccini-
forme. Furthermore, we also shed light on the clinicopathologic
distinctiveness of patients with NK-cell infection, which has not
been well addressed in the past even though these patients comprise
approximately 40% of EBV* T/NK-LPD cases. This phenotype
was more closely associated with hypersensitivity to mosquito bite
and a relatively indolent clinical course, the biologic significance of
which should be clarified in the future.

Acknowledgments

The authors thank S. Kumagai, F. Ando, and H. Yamada for the
excellent technical support and the following collaborating institu-
tions and their staff for providing the specimens and patient data:
Aichi Cancer Center, Dokkyo University Hospital, Ehime Prefec-
tural Central Hospital, Ehime University Hospital, Fujita Health
University Hospital, Gifu Prefectural General Medical Center, Gifu
University Hospital, Gifu Municipal Hospital, Gunma Children’s
Medical Center, Hamamatsu University School of Medicine,
Hyogo Prefectural Kobe Children’s Hospital, Ibaraki Children’s
Hospital, Ichinomiya Municipal Hospital, Ikeda Municipal Hospi-
tal, Japanese Red Cross Kitami Hospital, Japanese Red Cross
Nagoya Daiichi Hospital, Juntendo University Hospital, Kansai
Medical University Hospital, Kitasato University School of Medi-
cine, Kochi Medical School Hospital, Kumamoto University
Hospital, Kyoto Prefectural University of Medicine, Kyoto Univer-
sity Hospital, Matsushita Memorial Hospital, Meitetsu Hospital,
Nagasaki University Hospital, Nagoya Medical Center, Niigata
Cancer Center Hospital, Niigata University Hospital, Nippon
Medical School, NTT Medical Center Tokyo, Ogaki Municipal
Hospital, Oita University Hospital, Okayama University Hospital,
Okazaki City Hospital, Osaka City General Hospital, Osaka City
University Hospital, Osaka University Hospital, Ohta General
Hospital, Rinku General Medical Center, Sakai Hospital Kinki
University Faculty of Medicine, Saitama Children’s Medical
Center, Shimane University Hospital, Shinshu University Hospital,
Shizuoka Cancer Center, Shizuoka Children’s Hospital, Shizuoka
General Hospital, Showa University Fujigaoka Hospital, Social
Insurance Kinan Hospital, Steel Memorial Hirohata Hospital, Teine
Keijinkai Hospital, Tokyo Medical and Dental University, Tohoku
University Hospital, Tosei General Hospital, Toyama University
Hospital, Toyohashi Medical Center, Toyohashi Municipal Hospi-
tal, Toyokawa City Hospital, Tsukuba University Hospital, The
Institute of Medical Sciences, The University of Tokyo, The
University of Tokyo Hospital, Yamagata University, Yamaguchi

—228—



University Hospital, University of Miyazaki Hospital, Yokohama
City University Hospital, Yokohama Minami Kyousai Hospital,
and Wakayama Medical University Hospital.

This study was supported in part by a grant from the Ministry of
Education, Culture, Sports, Science and Technology of Japan
(21591384) and a Health and Labor Science Research Grant on
intractable diseases from the Ministry of Health, Labor and Welfare

From bloodjournal.hematologylibrary .org at JICHI IKA DAIGAKU on March 4, 2012. For personal use only.
BLOOD, 19 JANUARY 2012 « VOLUME 119, NUMBER 3

of Japan (H22-Nanchi-080 to H.K.).

EBV-ASSOCIATED T/NK-LPD 685

study design, followed the patients, and helped to edit the
manuscript; S. Kawabe, K.G., and S.E. performed the experiments;

Y.T., S.Kojima, and T.N. followed the patients, collected the

clinical data, and helped to edit the manuscript; A.K., A.S., and
K.K. followed the patients and collected the clinical data; K.O.
performed the experiments and helped to edit the manuscript; and
S.N. contributed to the study design, performed the experiments,
and wrote the manuscript.

Conflict-of-interest disclosure: The authors declare no compet-

Authorship

Contribution: H.K. designed the study, followed the patients,
analyzed the data, and wrote the manuscript; Y.I. contributed to the

References

ing financial interests.

Correspondence: Hiroshi Kimura, MD, PhD, Department of
Virology, Nagoya University Graduate School of Medicine,

65 Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan; e-mail:
hkimura@med.nagoya-u.ac.jp.

. Cohen JI. Epstein-Barr virus infection. N Eng/

J Med. 2000;343(7):481-492.

. Williams H, Crawford DH. Epstein-Barr virus: the

impact of scientific advances on clinical practice.
Blood. 2006;107(3):862-869.

. Rickinson AB, Kieff E. Epstein-Barr virus. In:

Knipe DM, Howly PM, eds. Virology. Vol 2. Phila-
delphia, PA: Wolters Kluwer/Lippincott Williams &
Wilkins; 2006:2655-2700.

. Nakamura S, Jaffe ES, Swerdlow SH. EBV posi-

tive diffuse large B-cell lymphoma of the elderly.
In: Swerdlow S, Campo E, Harris NL, eds; Inter-
national Agency for Research on Cancer. WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissue. Geneva, Switzerland: World
Health Organization; 2008:243-244.

. Chan JKC, Quintanilla-Martinez L, Ferry JA,

Peh S-C. Extranodal NK/T-cell ymphoma, nasal
type. In: Swerdlow S, Campo E, Harris NL, eds;
International Agency for Research on Cancer.
WHO Classification of Tumours of Haematopoi-
etic and Lymphoid Tissue. Geneva, Switzerland:
World Health Organization; 2008:285-288.

. Song SY, Kim WS, Ko YH, Kim K, Lee MH, Park K.

Aggressive natural killer cell leukemia: clinical fea-
tures and treatment outcome. Haematologica. 2002;
87(12):1343-1345,

. Quintanilla-Martinez L, Kimura H, Jaffe ES. EBV+

T-cell lymphoma of childhood. In: Swerdlow S,
Campo E, Hanis NL., eds; Intemational Agency for
Research on Cancer. WHO Classification of Tu-
mours of Haematopoietic and Lymphoid Tissue. Ge-
neva, Switzerland: World Health Organization; 2008:
278-280.

. Jaffe ES. The 2008 WHO classification of lym-

phomas: implications for ciinical practice and
translational research. Hematology Am Soc He-
matol Educ Program. 2009;623-531.

. Ishihara S, Okada S, Wakiguchi H, Kurashige T,

Hirai K, Kawa-Ha K. Clonal lymphoproliferation
following chronic active Epstein-Barr virus infec-
tion and hypersensitivity to mosquito bites. Am J
Hematol. 1997;54(4):276-281.

Iwatsuki K, Xu Z, Takata M, et al. The association
of latent Epstein-Barr virus infection with hydroa
vacciniforme. Br J Dermatol. 1999;140(4):715-
721.

Henter Ji, Home A, Arico M, et al. HLH-2004: Di-
agnostic and therapeutic guidelines for he-
mophagocytic lymphohistiocytosis. Pediatr Blood
Cancer. 2007,48(2):124-131.

Kimura H, Hoshino Y, Kanegane H, et al. Clinical
and virologic characteristics of chronic active Ep-
stein-Barr virus infection. Blood. 2001;98(2):280-
286.

Quintanilla-Martinez L, Kumar S, Fend F, et al.
Fulminant EBV(+) T-cell lymphoproliferative dis-
order following acute/chronic EBV infection: a
distinct clinicopathologic syndrome. Blood. 2000;
96(2):443-451.

14.

20.

21,

22,

23.

24,

25.

26.

27.

Straus SE. The chronic mononucleosis syn-
drome. J Infect Dis. 1988;157(3):405-412.

. Jones J, Shurin S, Abramowsky C, et al. T-cell

lymphomas containing Epstein-Barr viral DNA in
patients with chronic Epstein-Barr virus infec-
tions. N Engl J Med. 1988;318(12):733-741.

. Okano M, Kawa K, Kimura H, et al. Proposed

guidelines for diagnosing chronic active Epstein-
Barr virus infection. Am J Hematol. 2005;80(1):
64-69.

. Kikuta H, Taguchi Y, Tomizawa K, et al. Epstein-

Barr virus genome-positive T lymphocytesina
boy with chronic active EBV infection associated
with Kawasaki-like disease. Nature. 1988;
333(6172):455-457.

. Kawa-Ha K, Ishihara 8, Ninomiya T, et al. CD3-

negative lymphoproliferative disease of granular
lymphocytes containing Epstein-Barr viral DNA.
J Clin Invest. 1988;84(1):51-55.

. Savoldo B, Huls MH, Liu Z, et al. Autologous

Epstein-Barr virus (EBV)-specific cytotoxic T cells
for the treatment of persistent active EBV infec-
tion. Blood. 2002;100(12):4059-4066.

Cohen JI, Jaffe ES, Dale JK, et al. Characteriza-
tion and treatment of chronic active Epstein-Barr
virus disease: a 28-year experience in the United
States. Blood. 2011;117(22):5835-5849.

Lay JD, Tsao CJ, Chen JY, Kadin ME, Su IJ. Up-
regulation of tumor necrosis factor-alpha gene by
Epstein-Barr virus and activation of macrophages
in Epstein-Barr virus-infected T cells in the patho-
genesis of hemophagocytic syndrome. J Clin In-
vest. 1997;100(8):1969-1979.

Kasahara Y, Yachie A, Takei K, et al. Differential
cellular targets of Epstein-Barr virus (EBV) infec-
tion between acute EBV-associated hemophago-
cytic lymphohistiocytosis and chronic active EBV
infection. Blood. 2001;98(6):1882-1888.

Fox CP, Shannon-Lowe C, Gothard P, et al. Ep-
stein-Barr virus-associated hemophagocytic lym-
phoehistiocytosis in adults characterized by high
viral genome load within circulating natural killer
cells. Clin Infect Dis. 2010,51(1):66-69.

Barrionuevo C, Anderson VM, Zevallos-Giampietri E,
et al. Hydroa-like cutaneous T-cell lymphoma: a clini-
copathologic and molecular genetic study of 16 pedi-
atric cases from Peru. Appl Immunohistochem Mol
Morphol. 2002;10(1):7-14.

Cho KH, Lee SH, Kim CW, et al. Epstein-Barr
virus-associated lymphoproliferative lesions pre-
senting as a hydroa vacciniforme-like eruption: an
analysis of six cases. BrJ Dermatol. 2004;151(2):
372-380.

lwatsuki K, Satoh M, Yamamoto T, et al. Patho-
genic link between hydroa vacciniforme and
Epstein-Barr virus-associated hematologic disor-
ders. Arch Dermatol. 2006;142(5):587-595.
Kawa K, Okamura T, Yagi K, Takeuchi M,
Nakayama M, Inoue M. Mosquito allergy and

—229—

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Epstein-Barr virus-associated T/natural killer-cell
lymphoproliferative disease. Blood. 2001;98(10):
3173-3174.

Tokura Y, Ishihara S, Ohshima K, et al. Severe
mosquito bite hypersensitivity, natural killer cell
leukaemia, latent or chronic active Epstein-Barr
virus infection and hydroa vacciniforme-like erup-
tion. BrJ Dermatol. 1998;138(5):905-906.

Kimura H, Morishima T, Kanegane H, et al. Prog-
nostic factors for chronic active Epstein-Barr virus
infection. J Infect Dis. 2003;187(4):527-533.

Nitta Y, Iwatsuki K, Kimura H, et al. Fatal natural
killer cell lymphoma arising in a patient with a
crop of Epstein-Barr virus-associated disorders.
Eur J Dermatol. 2005;15(6):503-506.

Ishii E, Ohga S, Imashuku 8, et al. Nationwide
survey of hemophagocytic lymphohistiocytosis in
Japan. Int J Hematol. 2007;86(1):58-65.

Kimura H, Morita M, Yabuta Y, et al. Quantitative
analysis of Epstein-Barr virus load by using a
real-time PCR assay. J Clin Microbiol. 1999;37(1):
132-136.

Kimura H, Ito Y, Suzuki R, Nishiyama Y. Measur-
ing Epstein-Barr virus (EBV) load: the signifi-
cance and application for each EBV-associated
disease. Rev Med Virol. 2008;18(5):305-319.

Kimura H, Hoshino Y, Hara S, et al. Differences
between T cell-type and natural killer cell-type
chronic active Epstein-Barr virus infection. J In-
fect Dis. 2005;191(4):531-539.

Gotoh K, lto Y, Ohta R, et al. Immunologic and
virologic analyses in pediatric liver transplant re-
cipients with chronic high Epstein-Barr virus
loads. J Infect Dis. 2010;202(3):461-469.

Kimura H, Miyake K, Yamauchi Y, et al. identifica-
tion of Epstein-Barr virus (EBV)-infected lympho-
cyte subtypes by flow cytometric in situ hybridiza-
tion in EBV-associated lymphoproliferative
diseases. J Infect Dis. 2009;200(7):1078-1087.

Chan JKC, Jaffe ES, Ralfkiaer E, Ko YH. Aggres-
sive NK-cell leukeamia. In: Swerdlow S, Campo E,
Haris NL, eds; Intemational Agency for Research on
Cancer. WHO Classification of Tumours of Haemato-
poietic and Lymphoid Tissue. Geneva, Switzerand:
World Health Organization; 2008:276-277.

Pileri SA, Weisenburger DD, Sng |, Jaffe ES. Pe-
ripheral T-cell lymphoma, not otherwise specified.
In: Swerdlow S, Campo E, Harris NL, eds; Inter-
national Agency for Research on Cancer. WHO
Classification of Tumours of Haematopoietic and
Lymphoid Tissue. Geneva, Switzerland: World
Health Organization; 2008:306-308.

Cohen JI, Kimura H, Nakamura S, Ko YH, Jaffe ES.
Epstein-Barr virus-associated lymphoproliferative
disease in non-immunocompromised hosts: a status
report and summary of an intemational meeting, 8-9
September 2008. Ann Oncol. 2009;20(9):1472-
1482.



686

40.

41.

42.

43.

From bloodjournal.hematologytibrary.org at JICHI IKA DAIGAKU on March 4, 2012. For personal use only.
BLOOD, 19 JANUARY 2012 - VOLUME 119, NUMBER 3

KIMURA et al

Kawa K, Sawada A, Sato M, et al. Excellent out-
come of allogeneic hematopoietic SCT with re-
duced-intensity conditioning for the treatment of
chronic active EBV infection. Bone Marrow Trans-
plant. 2011;46(1):77-83.

Gotoh K, lto Y, Shibata-Watanabe Y, et al. Clinical
and virological characteristics of 15 patients with
chronic active Epstein-Barr virus infection treated
with hematopoietic stem cell transplantation. Clin
Infect Dis. 2008;46(10):1525-1534.

van Dongen JJ, Langerak AW, Bruggemann M,
et al. Design and standardization of PCR primers
and protocols for detection of clonal immuno-
globulin and T-cell receptor gene recombinations
in suspect lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-CT98-3936.
Leukemia. 2003;17(12):2257-2317.

Takahashi E, Asano N, Li C, et al. Nodal T/NK-cell
lymphoma of nasal type: a clinicopathological

45.

46.

47.

study of six cases. Histopathology. 2008;52(5):
585-596.

. Ohshima K, Kimura H, Yoshino T, et al. Proposed

categorization of pathological states of EBV-
associated T/natural killer-cell lymphoproliferative
disorder (LPD) in children and young adults: over-
lap with chronic active EBV infection and infantile
fulminant EBV T-LPD. Pathol Int. 2008;58(4):209-
217.

Tabiasco J, Vercellone A, Meggetto F, Hudrisier D,

Brousset P, Foumie JJ. Acquisition of viral receptor
by NK cells through immunological synapse. J Im-
munol, 2003;170(12):5993-5998.

Arai A, Imadome K, Watanabe Y, et al. Clinical
features of adult-onset chronic active Epstein-
Barr virus infection: a retrospective analysis. Int
J Hematol, 2011;83(5):602-608.

Imashuku S, Teramura T, Tauchi H, et al. Longitu-
dinal follow-up of patients with Epstein-Barr virus-

—230—

48.

49.

50.

associated hemophagocytic lymphohistiocytosis.
Haematologica. 2004,89(2):183-188.

Sato E, Ohga 8, Kuroda H, et al. Allogeneic he-
matopoietic stem cell transplantation for Epstein-
Barr virus-associated T/natural killer-cell lym-
phoproliferative disease in Japan. Am J Hematol.
2008;83(9):721-727.

Gotischalk S. Reduced-intensity SCT for chronic
active EBV infection: excellent outcomes should
trigger future investigations on how EBV-positive
recipient cells are eradicated. Bone Marrow
Transplant. 2011;46(1):18-19.

Takahashi E, Ohshima K, Kimura H, et al. Clinico-
pathological analysis of the age-related differ-
ences in patients with Epstein-Barr virus (EBV)-
associated extranasal natural killer (NK)/T-cell
lymphoma with reference to the relationship with
aggressive NK cell leukaemia and chronic active
EBV infection-associated lymphoproliferative dis-
orders. Histopathology. 2011;59(4):660-671.



TRANSPLANTATION

Synthetic retinoid Am80 ameliorates chronic graft-versus-host disease by
down-regulating Th1 and Th17
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Chronic GVHD (cGVHD) is a main cause
of late death and morbidity after alloge-
neic hematopoietic ceil transplantation,
but its pathogenesis remains unclear. We
investigated the roles of Th subsets in
cGVHD with the use of a weli-defined
mouse model of cGVHD. In this model,
development of cGVHD was associated
with up-regulated Thi, Th2, and Thi7
responses. Thl and Th2 responses were
up-regulated early after BM transplanta-

tion, followed by a subsequent up-regula-
tion of Thi17 cells. Significantly greater
numbers of Th17 cells were infiltrated in
the lung and liver from allogeneic recipi-
ents than those from syngeneic recipi-
ents. We then evaluated the roles of Thi
and Th17 in cGVHD with the use of IFN-y~
deficient and IL-17—deficient mice as do-
nors. Infusion of IFN-y~/~ or IL-17-/-
T celis attenuated cGVHD in the skin and
salivary glands. Am80, a potent synthetic

retinoid, regulated both Th1 and Thi7
responses as well as TGF-8 expression in
the skin, resulting in an attenuation of
cutaneous cGVHD. These results sug-
gest that Th1 and Th17 contribute to the
development of cGVHD and that targeting
Th1 and Th17 may therefore represent a
promising therapeutic strategy for pre-
venting and treating cGVHD. (Blood. 2012;
119(1):285-295)

Introduction

GVHD is a result of immune attack of host tissues, such as the skin,
gut, liver, and lung, by donor T cells in transplants.’? On the basis
of the differences in clinical manifestations and histopathology,
GVHD can be divided into acute and chronic types. Chronic
GVHD (cGVHD) is the main cause of late death and morbidity
after allogeneic hematopoietic stem cell transplantation.™ cGVHD
often presents with clinical manifestations that resemble those
observed in autoimmune diseases, such as systemic lupus erythe-
matosus, Sjogren syndrome, lichen planus, and scleroderma. It has
traditionally been assumed that the predominant cytokines pro-
duced during acute GVHD are Thl cytokines, whereas those
produced during ¢cGVHD are Th2 cytokines. Although recent
studies have suggested that cGVHD could be caused by cytokines
secreted by Thi cells,® Th17 cells,” or autoantibodies,® or both, the
immune mechanisms leading to the development of ¢cGVHD are
not completely understood. .

Th17 cells are a third subset of polarized effector T cells
characterized by their expression of proinflammatory cytokine
1L-17 and other cytokines.? IL-17 belongs to a family of 6 mem-
bers: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E (also known as
1L-25), and IL-17F. Of these, IL-17A and IL-17F are the best
characterized cytokines and form heterodimers. IL-17 plays an
important role in the control and clearance of various pathogens.’®
In addition, Th17 cells have been implicated in allograft rejection
of solid organs and several autoimmune diseases.'>!! Although a

number of studies have addressed how Th17 cells contribute to
GVHD'? and have reported that Th17 cells are sufficient but not
necessary to induce acute GVHD, '3 the functional role of Th17 in
c¢GVHD is unclear.

Retinoic acid, the active metabolite of vitamin A, has
multiple effects on cell differentiation and survival by ligating
the receptors from 2 families, retinoic acid receptors (RARs)
and retinoid X receptors, each of which exists in multiple
isoforms." All-trans-retinoic acid (ATRA) has been reported to
inhibit IFN-vy synthesis by Thl cells and to suppress the
differentiation of Th17 cells by down-regulating the orphan
nuclear receptor RORvt, a key regulator of Th17 differentia-
tion.'o1® Am80 is a novel RAR«/B-specific synthetic retinoid
that shows ~ 10-fold more potent biologic activity than ATRA
by binding to RAR« and RARB but not to RARv.2% Am80 also
inhibits IL-6 signaling®®?! and reduces the severity and progres-
sion of inflammatory disease models.?0-23

In the present study, we used the B10.D2 (H-2¢9) into BALB/c
(H-2% MHC-compatible, multiple minor histocompatibility Ag
(miHA)-incompatible model of cGVHD to address the contribu-
tion of Th1/Th17 cells and the effects of retinoids on cGVHD with
the use of IFN-y~~ mice and IL-17"/~ mice as donors. We also
tested the hypothesis that the administration of Am80 ameliorates
c¢GVHD by reducing the levels of Thl and Th17 inflammatory
cytokines and the fibrosis factor TGF-.
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Methods
Mice

Female B10.D2 (H-2¢) mice were purchased from Japan SLC. BALB/c
(H-29) recipient mice were purchased from Charles River Japan. IL-17A-
deficient (IL-177/7) mice with the BALB/c background were generated
previously.?* IFN-y—deficient (IFN-y™/~) mice were purchased from The
Jackson Laboratory. IL-17"/~ and IFN-y~/~ mice with the B10.D2 back-
ground were backcrossed for 8-10 generations from the original knockout
mice. All experiments involving animals were performed according to the
regulations of the Institutional Animal Care and Research Advisory
Committee, Okayama University Advanced Science Research Center.

BM transplantation

Mice received transplants according to the standard protocols described
previously.? Briefly, BALB/c mice received a single dose of 6.75 Gy x-ray
total body irradiation. Recipient mice were injected with 2 X 10® spleen
T cells and 8 X 10°T cell-depleted BM (TCD-BM) cells from B10.D2 do-
nors, T-cell depletion and purification were performed with anti-
CD90.2 Microbeads, pan T-cell isolation kit, and CD25 isolation kit and an
AutoMACS system (Miltenyi Biotec) according to the manufacturer’s instruc-
tions. Donor cells were injected intravenously into the recipients on day 0.

Evaluation of cGVHD

After BM transplantation (BMT), animals were weighed every 3 days and
scored for skin manifestations of GVHD. The following scoring system was
used®: healthy appearance, 0; skin lesions with alopecia < 1 cm?in area, 1;
skin lesions with alopecia 1-2 cm? in area, 2; skin lesions with alope-
cia > 2 cm? in area, 3. In addition, animals were assigned 0.3 points each
for skin discase (lesions or scaling) on the ears, tails, and paws. The
minimum score was 0, and the maximum score was 3.9.

Tissue histopathology

Shaved skin from the interscapular region (~ 2 cm?), the left lung, liver,
and colon specimens of recipients were fixed in 10% formalin, embedded in
paraffin, sectioned, mounted on slides, and stained with H&E. Slides were
scored by a pathologist blind to experimental group (K.T.) on the basis of
dermal fibrosis, fat loss, inflammation, epidermal interface changes, and
follicular drop-out (0-2 for each category; the maximum score was 10).2
Lung, liver, and colon slides were scored by a pathologist blind to the
experimental group (T.T.). Lung slides were scored according to perilumi-
nal infiltrates, pneumonitis, and the extent of injury (0-3 for each category),
and the maximum score was 9.%¢ Liver slides were scored according to bile
duct injury and inflammation (0-4 for each category), and the maximum
score was 8.7 Colon slides were scored according to crypt apoptosis and
inflammation (0-4 for each category), and the maximum score was 8.2

Intraceilular cytokine staining and cytokine analysis

Organs from mice were removed, processed into single-cell suspensions,
and stimulated in vitro with 50 ng/mL phorbol 12-myristate 13-acetate
(PMA; Sigma-Aldrich) and 100 ng/mL ionomycin (Sigma-Aldrich) at 37°C
for 3 hours. Cells were then incubated with GolgiStop (BD PharMingen)
for an additional 2 hours. mAbs conjugated to fluorescein isothiocyanate,
phycoerythrin, peridinin-chlorophyll protein complexes, allophycocyanin,
or Alexa Fluor 488 were used to assess the cell populations and were
purchased from BD PharMingen or eBioscience. Cells were analyzed on a
FACSCalibur flow cytometer with CellQuest software (both from Becton
Dickinson) or MACS Quant flow cytometer (Miltenyi Biotec) with FlowJo
software (TreeStar); both were housed in the Central Research Laboratory,
Okayama University Medical School. Total peripheral lymph node (PLN)
cells were adjusted to 1 X 10%mL in cultures. Supernatants were removed,
and cytokine levels were measured with a BD Cytometric Bead Array
(CBA) or by ELISA (R&D Systems) according to the respective manufac-
turer’s protocol.
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IFN-vy neutralization

Anti-mouse IFN-y mAbs for in vivo experiments were prepared from
mouse ascites from clones R4-6A2. Mice were treated intraperitoneally
with anti~-IFN-y mAbs or rat IgG (160 pg/mouse; Sigma-Aldrich) on days
0,5, 10, and 15 after BMT.

Administration of ATRA and Am80

Recipients were orally administered ATRA (200 pwg/mouse: Wako), Am80
(1.0 mg/kg body weight; Nippon Shinyaku), or vehicle solutions daily
from day 0.

Real-time RT-PCR

Total RNA was isolated from homogenized ear tissue with the use of an
RNeasy mini kit (QIAGEN). cDNA synthesis was initiated by application
of oligo dT primers and TagMan Reverse Transcription Reagents (Applied
Biosystems). Target cDNA levels were quantified by real-time PCR. The
TagMan Universal PCR Master Mix and the following Assay-on-Demand
mouse gene-specific fluorescently labeled TagMan MGB probes were used
in an ABI Prism 5300 sequence detection system (Applied Biosystems):
Mm01178820_m1 (TGF-B1). The mRNA expression of individual genes
was normalized relative to GAPDH with the use of the equation
dCt =Cliyreer — Clgappn. The samples were obtained at room temperature
using light microscopy (BX51; Olympus) with an objective lens (10%/0.40
NA, or 20X/0.70 NA; Olympus) and a camera (DP-70; Olympus). The
images were acquired with image processing software (DP2-BSW Version
1.2; Olympus).

Statistical analyses

Group comparisons of skin cGVHD scores and pathology scores were
performed using the Mann-Whitney U test or Kruskal-Wallis test. Cell
populations, cytokine levels, mean weights, and gene expression data were
analyzed with the unpaired 2-tailed Student 7 test. In all analyses,
P < .05 was taken to indicate statistical significance.

Results

Th17 cells are increased in lymphoid organs during
cGVHD development

We first assessed the kinetics of Th1/Th2/Th17 cytokine production
of donor T cells generated during cGVHD. We used the most
common cGVHD model: the MHC-compatible, multiple miHA-
incompatible allogeneic BMT model (B10.D2 into BALB/c).
Sublethally irradiated (6.75 Gy) BALB/c mice were transplanted
with 2 X 108 B10.D2 spleen T cells and 8 X 106 B10.D2 TCD-BM
cells. Ly9.1 was used as a marker to distinguish donors from
recipients; B10.D2 and BALB/c are negative and positive for
Ly9.1, respectively. Flow cytometric analysis of the spleens and
PLNs on days 14 and 28 indicated that donor chimerism as
determined by the negativity for Ly9.1 was > 95%. The allogeneic
recipients showed pathologic damage to the skin, salivary glands,
lung, and liver, as reported previously (Figure 1A).>5?7 Cells
isolated from PLNs were harvested on days 14 and 28 after BMT
and analyzed for cytokine expression. In the early phase (day 14),
IL-17* T cells were detected more frequently in the PLNs of
recipients of syngeneic BMT, whereas in the late phase (day 28),
IL-17* T cells in allogeneic recipients increased and were detected
significantly more frequently than in syngeneic recipients (Figure
1B). We detected consistently higher percentages of donor T cells
expressing IFN-y and IL-13 in PLNs from allogeneic recipients
than from syngeneic recipients (Figure 1B). Intracellular staining
showed that most of the IL-17-producing cells were CD4* T cells
(Figure 1C) and that IFN-y/IL-17 double-positive cells (Th1/Th17
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Figure 1. Th17 cells are increased in lymphoid organs during the late phase of cGVHD. Sublethally irradiated (6.75 Gy) BALB/c mice were transplanted with
2 X 10® spleen T cells plus 8 X 10° TCD-BM from WT B10.D2 mice (allogeneic group; black bars). The syngeneic group (white bars) received a transplant of the same
dose of splenocytes and TCD-BM from BALB/c mice. (A) Histopathology of skin, salivary glands, lung, and liver of syngeneic and allogeneic recipients 35 days after
BMT. (B) The percentages of donor-derived CD3" T cells expressing IL-17, IFN-v, IL-13, and IFN-/IL-17 on days 14 and 28 are shown. (C} Representative staining for
intracellular IFN-y and IL-17 on CD4* and CD8" Tcells on day 28 for syngeneic and allogeneic mice. (D-E) Absolute numbers of IL-17—, IFN-y- and
IFN-v/IL-17—producing CD4* and CD8" T cells in recipient lung (D) and liver (E). (F) PLN cells from syngeneic and allogeneic recipients on days 14 and 28 were
stimulated with PMA and ionomycin in vitro. Five hours later, the supernatants were collected to determine cytokine levels by ELISA or CBA. Graphs indicate the levels
of cytokines secreted per 1 X 10° total stimulated PLN cells. Three to 6 mice per group were used. The means (= SE) of each group are shown. Data are from
1 representative of = 2 independent experiments. *P < .05, **P < .01, and ***P < .005.
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cells) were exclusively detected in allogeneic recipients (Figure
1B-C). As allogeneic recipients developed GVHD-induced lym-
phopenia on day 28; absolute numbers of IFN-y* T and IL-17%
T cells in PLNs from allogeneic recipients were not greater than
those from syngeneic recipients (IFN-y* T, 51.8 = 17.5 X 10* vs
494 £ 42 X 104 P =92, IL-17" T, 5922 X 104 vs
6.9 = 0.59 X 10% P = .16). Numbers of Thl and Th17 cells from
allogeneic recipients were significantly greater than those from
syngeneic recipients in the lung (Figure 1D) and liver (Figure 1E).
Cells isolated from PLNs of allogeneic recipients secreted signifi-
cantly greater amounts of [L-17, IFN-v, and IL-13 after stimulation
with PMA and ionomycin (Figure 1F) or without stimulation
(supplemental Figure 1, available on the Blood Web site; see the
Supplemental Materials link at the top of the online article). These
cytokine levels were also elevated in serum from allogeneic
recipients 28 days after BMT (supplemental Figure 2). To confirm
that our observations were not strain dependent or model depen-
dent, we performed similar experiments in the DBA/2 into BALB/c
model of cGVHD. We confirmed the up-regulated Thl and Th17
responses in this model (supplemental Figure 3).

IL-17-/- donor T cells ameliorate cGVHD

We next used 1L-1777~ mice with the B10.D2 background as
donors to evaluate whether Th17 contributes to ¢cGVHD. On
transfer of 1L-177/~ B10.D2 donor T cells into allogeneic BMT
models, weight loss was mild and fur loss was clearly ameliorated
in comparison to that seen in recipients of wild-type (WT) T cells
(Figure 2A-B). Clinical ¢cGVHD severity was assessed with a
standard scoring system (see ‘“‘Methods™). Allogeneic 1L-177/~
BMT recipients showed significantly less skin cGVHD than WT
controls (P < .05; Figure 2C). Histopathologic examination of the
skin showed significantly reduced cGVHD pathology in recipients
of IL-177/~ donors (3.17 = 1.09 vs 8.50 = 0.84; P < .01; Figure
2D). A dry mouth is one of the distinctive features of cGVHD, and
lymphocytic inflammation, fibrosis, and atrophy of acinar tissue
were observed in the salivary glands of WT BMT recipients.
Histopathologic examination of the salivary glands showed re-
duced ¢cGVHD pathology in the recipients of IL-177/~ donors
(Figure 2E). Atrophy of the salivary glands as determined by their
size was significantly reduced in recipients of IL-17-/~ donors
(4.21 £ 0.13 vs 3.54 = 0.11; P < .01; Figure 2E). No significant
differences were observed in pathology scores of the lung, liver, or
colon between recipients of IL-177/~ and WT donors (lung,
2.6 = 1.04vs0.8 = 0.44,P = .19 liver, 1.5 £ 0.87 vs 1.83 + 0.37,
P =75; colon, 1.6 = 0.36 vs 2.8 = 0.33, P = .06). Thus, IL-
17/~ BMT recipients showed less cGVHD in the skin and salivary
glands than did the WT controls. Flow cytometric analysis of the
PLNs in the early phase (day 14) showed no differences in
frequency of IFN-g* cells between IL-177/~ and WT recipients,
whereas recipients of IL-177/~ showed fewer IFN-y™ cells in the
late phase (day 35, 4.3% = 0.8% vs 189% =+ 3.5%; P = .01;
Figure 2F). As allogeneic WT recipients developed more severe
GVHD-induced lymphopenia on day 35 than IL-177/~ recipients,
absolute numbers of IFN-g* cells in PLNs from allogeneic WT
recipients were not greater than those from IL-17 /" recipients
(IFN-y* T cells, 6.08 = 0.87 X 10*vs4.83 = 1.23 X 104 P = 48).
As expected, IFN-y/IL-17 double-positive cells were not detected
in recipients of IL-17~/~ donors on days 14 and 35 (Figure 2G-H).
No differences were observed in the IL-137 cells or Foxp3* cells
between the groups (data not shown). These data suggest that donor
IL-17 contributes to the pathogenesis of cGVHD.
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Donor Th1 differentiation is responsible for the development
of cGVHD

To test whether donor Thl differentiation is responsible for cGVHD, we
used IFN-y~~ mice with the B10.D2 background as donors. BMT from
IFN-y~/~ donors compared with WT donors significantly improved the
clinical cGVHD score (P < .05; Figure 3A). Histopathologic examina-
tion of the skin showed significantly reduced ¢cGVHD pathology in
recipients of IFN-y™'~ donors (4.75 = 0.54 vs 7.80 = 0.52; P = .02;
Figure 3B). Salivary gland atrophy was also reduced in recipients of
IFN-y~/~ donors (3.81 = 0.05 vs 2.87 = 0.19; P < .05; Figure 3C). No
significant differences were observed in pathology scores of the lung,
liver, or colon between recipients of IFN-y~"~ and WT donors (lung,
247 0.61vs3.2*+ 052, P = 4;Figure 3B; liver, 1.0 = 04 vs 1.6 + 0.32,
P = 21;colon,0.75 = 0.21 vs 1.6 = 0.67, P = .30). Intracellular staining
of PLNs showed no differences in IL-13— or IL-17-producing cells
between IFN-y™"~ and WT recipients (data not shown), although signifi-
cantly greater numbers of Foxp3* cells were detected in the IFN-y~/~
recipients (day 35; P < .05; Figure 3D). To examine whether an increase
in numbers of Treg cells was responsible for the reduced cGVHD in the
absence of donor IFN-y™/~, mice were injected with whole T cells or
CD25-depleted T cells from donors. As shown in Figure 3E, depletion of
CD25* cells from the donor inoculum exacerbated skin scores (P < .05).
However, CD25-depleted T cells from IFN-y™/~ mice caused less severe
skin GVHD than those from WT mice (P < .05). These findings suggest
that IFN-y contributes to the pathogenesis of cGVHD by both Treg-
independent and -dependent pathways. Next, we evaluated the role of
IFN-y in the development of skin cGVHD by administering anti—IFN-y
mAbs to recipients of WT or IL-177/~ donors. Anti-IFN-y mAb
treatment significanty reduced skin scores and pathology scores in
recipients of WT donors (Figure 3F-G). Recipients of IL-17""~ donors
again showed reduced skin scores, and treatment with anti-IFN-y mAbs
further reduced skin scores (Figure 3H). These findings suggest that
IFN-y contributes to ¢cGVHD pathogenesis.

Am80 inhibits donor Thi and Th17 cells both in vitro and
in vivo

ATRA has been reported to suppress the differentiation of Th17 cells
with a reciprocal induction of Treg cells.?® Am80, a novel RAR/B-
specific synthetic retinoid, has a biologic activity ~ 10 times more
potent than that of ATRA and directly inhibits Thi cytokine produc-
tion.?*222 Therefore, we hypothesized that ATRA or Am80 down-
regulates both Th1 and Th17 differentiation in donor T cells, resulting in
attenuation of cGVHD. To clarify whether retinoids directly inhibit the
production of cytokines, PLNs were isolated from mice 14 days after
allogeneic BMT and cultured with Am80 for 24 hours to determine
cytokine production. Am80 inhibited IFN-y (Figure 4A) and IL-17
(Figure 4B) production in a dose-dependent manner. Next, BMT
recipients were orally administered Am80 at a dose of 1.0 mg/kg of
body weight or vehicle daily from day 0 of BMT, and cytokine
expression was assessed in PLNs harvested on day 35. We detected
significantly fewer IFN-y*™ T cells in Am80-administered recipients
(Figure 4C). In addition, PLNs from Am80-treated recipients produced
significantly less IFN-y after stimulation with PMA and ionomycin
(P <<.01; Figure 4D). No difference was observed in the percentage of
IL-17-producing donor cells, although PLN cells from Am80-treated
recipients produced significantly less IL-17 (P < .05) and IL-21 (P < .01)
after stimulation with PMA and ionomycin (Figure 4D). Taken together,
these data suggest that Am80 down-regulates both Thl and Th17 cells
in vitro and in vivo.
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Figure 2. IL-17-/~ donor T cells ameliorate cGVHD. Sublethally irradiated BALB/c recipients were transplanted from WT, IL-17-/~ B10.D2, or syngeneic BALB/c donors. (A) Gross
observation of the skin lesions from recipients of syngeneic, WT, and IL-17/~ donors 28 days after BMT. The recipients were analyzed for body weight (B) and cGVHD skin scores (C); data
from 2 independent experiments were combined (n = 14 per group). Pathology score of skin (D) and the longest diameter of the salivary gland (E) on day 35 of BMT are shown. Four to
6 recipients were examined in each group. (F-G) PLN cells of the recipients of syngeneic (white bar), WT (black bar), or IL-17~/~ (striped bar) donors were stained for intraceliular IFN-y and
IL-17 on days 14 and 35 after BMT. The percentages and absolute numbers of IFN-y* cells (F) and IFN-y*/IL-17* cells (G) are shown. Data from 2 replicated experiments were combined
(n = 6-11 per group). (H) Representative staining for intracellular IFN-y and IL-17 on CD4* T cells of WT or IL-17~/" mice on day 35 is shown. Data represent the means * SEs. *P =< .05,

*P=.01,and***P = .001.

Administration of Am80 ameliorates cGVHD

Next, we examined whether ATRA or Am80 can down-regulate
cGVHD. BALB/c recipients were orally administered ATRA
(200 pg/mouse) or Am80 from day 0 of BMT. We found that
ATRA tended to decrease the clinical cGVHD score (Figure 5A),
whereas Am80 significantly ameliorated the clinical score com-

pared with controls (P = .01; Figure 5B). Histopathologic examina-
tion of the skin on day 16 showed significantly reduced cGVHD
damage in Am80-treated animals (day 16, 4.8 = 0.4 vs 7.4 + 0.4;
P < .01; Figure 5C), No differences were observed in pathology
scores of the lung, liver, or colon between the 2 groups (Figure 5C).
Because it has been reported that Am80 can induce Treg cells,?? we
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every 3 days. The clinical skin cGVHD scores (F), histopathology, and pathology score of the skin (G) on day 35 of BMT from WT donors. Four mice per group were used. Data are from
1 representative of = 2 repeated experiments. (H) The clinical skin cGVHD scores after BMT from WT or IL-17-/~ donors are shown. Six mice per group were used. Data are from
1 representative of 2 independent experiments. The means (= SEs) of each group are shown; *P < .05.
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Figure 4. Am80 inhibits donor Th1 and Th17 cells in vitro and in vivo. Sublethally irradiated BALB/c recipients were transplanted from WT B10.D2 donors. (A-B) PLN cells
from recipients (n = 3-6 per group) on day 14 were treated with Am80 or vehicle solution for 24 hours, the supernatants were collected, and ELISA was performed to determine
the cytokine levels. Graphs represent the levels of cytokines secreted per 1 x 10° whole stimulated PLN cells. The data are from 1 representative of = 3 independent
experiments. (C-D) After BMT, recipients (n = 4-6 per group) were administered oral Am80 (1.0 mg/kg of body weight) or vehicle solution daily from day 0. PLNs of the
recipients were stained for intracellular IFN-y and IL-17. (C) The percentage and absolute number of IFN-y* and IL-17*-producing CD4* T cells. Data are from
1 representative of = 2 repeated experiments. (D) PLN cells from recipients (n = 3-8 per group) treated with Am80 or vehicle on day 16 were stimulated with PMA and
ionomycin. Five hours later, the supernatants were collected to determine cytokine levels by CBA. Graphs represent the levels of cytokines secreted per 1 X 10% whole
stimulated PLN cells. The data are from 1 representative of = 3 independent experiments. The means (= SEs) of each group are shown; *P < .05 and **P < .01.

quantified the frequency of Foxp3-expressing CD4* T cells in the
PLNs after BMT. Recipients administered Am80 showed a de-
creased frequency of Foxp3* cells (day 17, 12.3% = 2.5% vs
23.5% = 2.6%; P = .02; Figure 5D). Foxp3 mRNA expression of
the target organ (the ear) was also decreased in the Am80 recipients
(data not shown). To confirm that the effects of Am80 are

independent of Treg cells, mice were injected with whole T cells or
CD25-depleted T cells from donors. As shown in Figure 5E,
depletion of CD25* cells from the donor inoculum did not
exacerbate skin ¢cGVHD in Am80-treated mice, thus suggesting
that the effects of Am80 treatment are not associated with
Treg cells.
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Figure 5. Administration of Am80 ameliorates cGVHD. (A-D) Sublethally irradiated BALB/c recipients were transplanted from WT B10.D2 donors. The recipients received
daily administration of ATRA (200 pg/mouse; A), Am80 (1.0 mg/kg of body weight; B), or vehicle solution orally after BMT and were assessed for clinical signs of cGVHD every
3 days. The skin cGVHD scores are shown. (C) Representative histopathology of skin and pathology score of skin, lung, liver, and colon in each group (n = 5-6 per group) on
day 16 after BMT are shown. (D) PLN cells of the recipients on day 16 were stained for intracellular Foxp3. The percentages and absolute numbers of CD4*Foxp3* Treg cells
are shown. Data are from 1 representative of = 2 independent experiments. (E) Sublethally irradiated BALB/c recipients were transplanted with 8 x 108 TCD-BM cells plus
2 X 108 total spleen T cells or CD25-depleted T celis from WT or IFN-y~/~ B10.D2 donors. After BMT, recipients were given Am80 or vehicle solution. The skin cGVHD scores
are shown. There were 6 recipients in each group; the data are from 1 representative of = 2 independent experiments. (F-K) Sublethally irradiated BALB/c recipients were
transplanted from WT (F), IL-17~/~ (G), and IFN-y~/= (H) donors. After BMT, recipients were given Am80 or vehicle solution. TGF-B mRNA expression in the ears on day 35
after BMT (F-H) and skin cGVHD scores (I-J) are shown. Data are from 1 representative of = 2 independent experiments (n = 5 per group). (K) The skin cGVHD scores of BMT
recipients treated with Am80 or vehicle solution orally daily after day 21 of BMT, data from 3 independent experiments were combined (n = 12-14 per group). *P < .05,
“*P < .01, and ***P < .005.

TGF-B is a critical mediator of fibrosis in ¢cGVHD skin
lesions.® TGF-B mRNA expression was decreased in the ear of the

Am80 recipients (day 17, P = .02; Figure 5F). We then assessed
TGF-p mRNA expression in recipients of 1L-177/~ or IFN-y~/~
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donors treated with Am80. Am80 further reduced skin scores and
TGF-B expression in recipients of 1L-17"/~ donors (Figure 5G-1)
but not in recipients of IFN-y™/~ donors (Figure 5H.J). These
results suggest that the effects of Am80 are more dependent on
IFN~y than on IL-17.

Finally, we examined whether Am80 could be used for the
treatment of cGVHD. Am80 was orally administered to mice from
day 21 of BMT, when mice had developed clinical signs of
cGVHD. Am80 significantly improved clinical scores (P = .016;
Figure 5K).

Discussion

The results of the present study showed that Thl and Thi7 cells
contribute to cGVHD with the use of a MHC-compatible, miHA-
incompatible model of ¢cGVHD. In addition, we demonstrated that
Am80 down-regutates both Thi and Th17 cells in vitro and in vivo,
resulting in attenuation of cGVHD.

For many years, the best defined subsets of effector T cells of
the CD4* Th lineage were the Thl and Th2 cells. A third subset of
CDA4* effector cells was identified and named Th17 cells, because
the signature cytokine that they produce is 1L-17.%! Although the
role of Th17 in acute GVHD has been evaluated by several groups
with inconsistent results,’>* few studies have addressed the role of
Th17 in ¢cGVHD. Initially, cGVHD was hypothesized to be a
Th2-mediated disease on the basis of the results in a nonirradiated
P—F1 model of ¢cGVHD. ¢GVHD in this model is mediated by
host B-cell autoantibody production stimulated by donor Th2 cells.
Thl polarization of donor T cells activates donor CD8* CTLs to
kill host B cells, resulting in amelioration of c¢GVHD.?¢ However,
the relevance of this model is unclear in clinical BMT in which host
B cells are eliminated by conditioning. Such different effector
mechanisms between the models may be associated with distinct
requirement of Th subsets for cGVHD between the studies. In the
present study, we assessed the kinetics of Thi, Th2, and Th17 cells
during the development of ¢cGVHD in the B10.D2—BALB/c
model. Th1 and Th2 responses were up-regulated early after BMT,
followed by a subsequent up-regulation of Th17 cells. Significantly
greater numbers of Th17 cells were detected in the lung and liver
from allogeneic recipients than in those from syngeneic recipients.
We then evaluated the role of Th17 in ¢cGVHD with the use of
IL-17"~ mice as several groups had used,’*373% although
interpretation of the results deserves caution because the Thl7
lineage is uniquely regulated by RORvyt,'*** and other cytokines
such as IL-21 and IL-22 produced by Thl7 cells may also
contribute to Th17-mediated GVHD. On transfer of IL-177/~
B10.D2 donor Tcells, cGVHD was significantly ameliorated
compared with that in recipients of WT T cells, suggesting that
Th17 contributes to ¢cGVHD in this model. In particular, Th17
plays a significant role in skin cGVHD. This agrees with the recent
observation by Hill et al’? that donor pretreatment with G-CSF
induces Th17 differentiation of donor T cells and induces skin
GVHD after peripheral blood stem cell transplantation. In an
adoptive transfer model of autoimmune cGVHD, Thl7 cells
infiltrated target tissues.™ However, a subsequent study showed the
absence of donor Th17 cells did not abrogate GVHD pathology,™®
in contrast to our results. In the absence of donor IL-17, Thi
responses were preserved in that study but were reduced in our
study. Such difference in Thl responses may produce different
outcomes between the studies. In mouse models of acute GVHD,
Yi et al showed enhanced Thl differentiation of donor T cells by
increased production of IL-12 from dendritic cells in the absence of
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IL-17.%% By contrast, Kappel et al showed reduced numbers of
IFN-y—positive CD4* T cells and [FN-v secretion in culture in the
absence of 1L-17.% These results together with our results suggest
that IL-17 may induce IFN-vy, although such a hierarchy of
Th1/Th17 pathways may be context or model dependent or both
and will need to be studied in the future. Nonetheless, it should be
noted that cGVHD still developed in the absence of donor IL-17
cells in our study. Taken together, it is probable that Th17 is not an
absolute requirement for ¢GVHD, and either Thl or Thl7 is
sufficient to cause cGVHD.

We demonstrated that [FN-y~/~ donor mice and injecting
anti-IFN-y mAb ameliorated ¢cGVHD. Thus, Thl and Thl7
responses play a pathogenic role in cGVHD in this model. These
results were consistent with a recent study reporting that cGVHD is
mediated by Thl and Th17 responses because of the progressive
loss of CD4*CD25Foxp3™ T cells during acute GVHD in mice.?
These results were also consistent with clinical studies showing
that Thl cells and Th17 cells increased in patients with active
¢GVHD. 4 Increased transcription of IFN-y has also been
detected in the affected skin and oral mucosa of patients with
c¢GVHD.## I this study, we found no differences in Th17 cells
between IFN-y~/~ and WT recipients, although significantly greater
numbers of Treg cells were detected in IFN-y~'~ recipients.
CD25-depleted T cells from IFN-y™/~ mice induced more severe
skin ¢cGVHD compared with CD25-replete IFN-y~/~ T cells, but
still less severe cGVHD compared with CD25-depleted T cells
from WT mice (Figure 3E), suggesting that IFN-y contributes to
the pathogenesis of cGVHD by both Treg-independent and -depen-
dent pathways. Neutralization of IFN-y ameliorated cGVHD in the
absence of donor IL-17 (Figure 3H), suggesting again that both Th1
and Th17 responses contribute to the pathogenesis of cGVHD.

We found that donor-derived Th17 cells were generated in
recipients of syngeneic transplantation in addition to allogeneic
transplantation. However, the kinetics of Th17 development dif-
fered between the syngeneic and allogeneic settings; Th17 cells
developed in the early phase after syngeneic transplantation.
Kappel et al speculated that Th17 development may be the result of
increased immune reconstitution of syngeneic hosts compared with
allogeneic hosts with GVHD.* We additionally identified a
population of donor-derived IFN-y*IL-17* cells after allogeneic
BMT. It has been shown that a subset of IL-17-producing cells can
also produce IFN-y in vivo.**% Such CD4*IFN-y*IL-17* T cells
have been postulated to play a causative role in the pathogenesis of
experimental autoimmune encephalomyelitis (EAE).*6 IFN-y*IL-
17* cells were only detected after allogeneic BMT, but not after
syngeneic BMT, suggesting that this population is generated by
allogeneic stimulation, but not because of lymphopenia-induced
proliferation. Further investigations are required to clarify the
difference in function between IL-17 single-positive and IFN-y/
IL-17 double-positive cells.

ATRA suppresses Th17 differentiation and effector function by
RARw signaling,'$ but ATRA can also bind to RARB and RARYy,
which can form a variety of homodimers and heterodimers with
3 retinoid X receptors.'® Nonselective receptor binding is thought
to be a main cause of the side effects associated with the
administration of ATRA and other pan-RAR agonists. Am80 is a
synthetic RAR agonist that shows high affinity to RARa/B. In
addition to a greater specificity for RARa, Am80 offers several
other advantages over ATRA as a therapeutic agent, including less
toxicity, greater stability, fewer potential side effects, and superior
bioavailability. Am80 is effective in autoimmune disease models of
collagen-induced arthritis,”” EAE,*!?* 2 4-dinitrofluorobenzene—
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induced contact dermatitis,?? and atherosclerosis.?* Because reti-
noids can down-regulate Thl and Th17 cells and can ameliorate
autoimmune diseases, we hypothesized that these retinoids would
attenuate ¢cGVHD. We demonstrated that Am80 down-regulated
Th1 and Th17 differentiation of donor T cells in BALB/c recipients
of B10.D2 donors, resulting in reduced ¢cGVHD. Our results
suggest that combined blockade of Thl and Th17 responses may
represent a promising strategy to prevent or treat cGVHD, as has
been suggested for acute and chronic GVHD.3%48 Most recently,
Yu et al used mice deficient for both T-bet and RORyt as T-cell
donors and clearly showed that blockade of both Thi and Thl7
differentiation is required to prevent acute GVHD.™ In addition,
TGF-B mRNA expression in the skin decreased in the Am80
recipients of WT and IL-177/~ but not IFN-y~/~ donors. These
results suggest that Am80 down-regulates TGF-p and that this
effect is more dependent on IFN-y than on IL-17. Unexpectedly,
those recipients administered Am80 had a significantly lower
frequency of Foxp3* cells. These results differ from those of in
vitro studies performed by Mucida et al,?® in which retinoic acids
were shown to be capable of inhibiting the IL-6~driven induction
of Th17 cells and to promote Treg cell differentiation. Thus,
retinoic acids enhance Treg differentiation and inhibit both Th17
and Thl in vitro; however, the effects of retinoids may be more
complex in vivo, because retinoids can affect not only T cells but
also other immunoregulatory cells. For example, previous in vivo
studies reported that Am&0 suppressed Treg cells in experimental
models of BAE?® and collagen-induced arthritis,*’ similar to our
study. In our study, Am80 suppressed TGF-f expression, a key
cytokine in Treg development, which may have resulted in the
suppression of Treg.

In conclusion, both Thl and Th17 contribute to the development of
¢GVHD. Am80 down-regulates TGF-{3 and also regulates both Th1 and
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Th17 cells in vitro and in vivo, resulting in attenuation of cGVHD. Thus,
administration of Am&0, which is currently available as medication for
acute promyelocytic leukemia in Japan," may represent effective
strategy for prevention and treatment of cGVHD.
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AIMS

We investigated whether several polymorphisms within the methotrexate (MTX}
pathway genes were related to the toxicity and efficacy of MTX in 92 Japanese
patients with articular-type juvenile idiopathic arthritis (JIA).

METHODS

Eight gene polymorphisms within the MTX pathway genes, namely, RFC, BCRP,
MTHFR (two), FPGS, y-glutamyl hydrolase (GGH; two) and ATIC, were genotyped
using TagMan assays. Liver dysfunction was defined as an increase in alanine
transaminase to five times the normal upper limit. Non-responders to MTX were
defined as patients refractory to MTX and were therefore treated with biologics.

RESULTS

The non-TT genotype at GGH T16C was associated with a high risk of liver
dysfunction (P =0.028, odds ratio = 6.90, 95% confidence interval 1.38-34.5),
even after adjustment for the duration of MTX treatment. A longer interval from
disease anset to treatment (8.5 and 21.3 months, P =0.029) and rheumatoid
factor positivity (P=0.026, odds ratio = 2.87, 95% confidence interval 1.11-7.39)
were associated with lower efficacy of MTX.

CONCLUSIONS

The non-TT genotype at GGH T16C was associated with a high risk of liver
dysfunction, presumably because the C allele of GGH C16T may reduce the
activity of GGH. The time interval before MTX treatment and rheumatoid factor
positivity were associated with the efficacy of MTX treatment. The
pharmacogenetics of the MTX pathway genes affects the toxicity and efficacy of
MTX in Japanese JIA patients.
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