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Figure 6. Bortezomib decreases the viability of EBV-infected cells from patients with EBV-associated diseases. (a, b, ¢) Bortezomib (0.5 pM)
was administered to each sample of cells, and the viable cells were counted for 3 days. {a) y3T cells and other MNCs from three patients
(Patients T-1, T-2, and T-3) with hydroa vacciniforme-like lymphoma, (b) NK cells and other MNCs from two patients (Patients NK-1, and NK-2)
with NK cell-type chronic active EBV infection, and (¢) y8T cell, NK cell, and non-y8T, non-NK cell (other MNC) from three healthy donors were
separated by magnetic sorting. For Patient NK-1, experiments were performed twice on different visits (exp.1 and exp.2). Bars indicate
standard errors. (d) EBER-positive cells of Patient T-1 with hydroa vacciniforme-like lymphoma were quantified using a FISH assay on unsorted
MNCs (total MNCs), the 8T cell fraction (y3T cell), and the non-y3T cell fraction (other MNCs). (e) The EBER-positive rate of each sorted cells
from Patient T-1 (left) and Patient NK-1 (right) were quantified using a FISH assay after 3 days treatment with bortezomib or PBS. (ff NK cells
and other MNCs of Patient NK-1, with NK cell-type chronic active EBV infection were separated by magnetic sorting. Cells were treated with

0.5 pM bortezomib for 24 hr and analyzed by flow cytometry. Viable cells were defined as those negative for annexin V-PE and 7-AAD staining,
and early apoptotic cells were defined as those positive for annexin V-PE and negative for 7-AAD staining.
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The existence of EBV may have little effect on cell death
induced by bortezomib. In a previous study, the killing effect
of bortezomib was not different between EBV-positive and
-negative Burkitt lymphoma cell lines,**" although Zou et al.®
reported that bortezomib had a greater effect in B cell lines
with latency type III than those with Type I The effect of
bortezomib may be different in cells with different latency
types due to distinct patterns of viral gene expression. The
existence of EBV may have some effect on bortezomib
because LMP1 is known to activate NF-kB.** In the study
by Zou et al,® however, transfection of LMP1 into an EBV-
negative B cell line did not change the sensitivity to bortezo-
mib. The EBV-positive T and NK cell lines used in our study
are classified as latency type II*> and express LMP1. Bortezo-
mib seemed to have little impact on LMP1-mediated NF-«xB
activation because the presence of EBV did not influence its
effects in our study. Comparing cell lines that are naturally
EBV positive with derivative cell lines that have lost EBV is
necessary to prove that EBV does not affect the outcome of
bortezomib treatment. However, establishing such EBV-
depleted cell lines is very difficult and, to our knowledge,
there are no existing EBV-depleted T- or NK-cell lines. Alter-
natively, we compared EBV-negative cell lines and those that
have been infected with EBV in vitro. We admit that this is
an artificial system that may have limited relevance.

Bortezomib induced lytic infection only in T cell lines. In-
hibition of the NF-kB pathway has been shown to induce the
EBV lytic cycle.*’ Although the reason for the difference in
Iytic induction between T and NK cell lines is unclear, T cell
lines seem to express lytic infection genes more often than
NK cell lines, consistent with our previous report.>® Histone
deacetylase inhibitors, such as butyric acid and valproic acid,
and phorbol 12-myristate 13-acetate are reported to induce
an EBV lytic cycle in B cell and epithelial cell lines.>*® To
our knowledge, however, no agent induces a lytic cycle in
EBV-positive NK cell lines. We administered valproic acid, a
class I histone deacetylase inhibitor, to NK-cell lymphoma
cell lines. Lytic induction was not induced in the NK cell
lines (data not shown).

Such lytic induction could contribute to the decreased via-
bility of T cell lines. However, this lytic induction is not a
major mechanism of bortezomib-induced cell death because
no significant difference was observed in its effect between T
and NK cell lines, or between EBV-positive and -negative cell
lines. In SNT-16 cells, bortezomib induced a marked decrease
in viability, and the recovery in viability following administra-
tion of a pan-caspase inhibitor was incomplete (Fig. 3c). Thus,
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the induction of lytic infection by bortezomib could play a
partial role in this cell line. Additionally, this result suggests
the potential utility of bortezomib as a novel strategy against
EBV-positive T cell lymphoma. In EBV-infected T cells, a few
latent genes with low antigenicity are expressed.”> Moreover,
the increased expression of lytic proteins, which are generally
antigenic, can be recognized in virus-specific cytotoxic T
lymphocytes, resulting in lysis of EBV-infected T cells.

Bortezomib killed EBV-infected y8T cells of hydroa vacci-
niforme-like lymphoma and EBV-infected NK cells of
chronic active EBV infection. Taken together with the flow
cytometry results, bortezomib induced apoptosis in EBV-
infected immortalized cells. These results indicate that borte-
zomib may be an effective therapy against EBV-associated T
and NK lymphoma/lymphoproliferative diseases. We adminis-
tered 0.5 pM bortezomib to peripheral blood cells in an
ex vivo study. This concentration is approximately equal to the
plasma concentration after administering 1.3 mg/m® bortezo-
mib in a recent Phase I and II study of multiple myeloma.**

Although recent studies have shown that the effect of borte-
zomib could be enhanced synergistically in combination with a
histone deacetylase inhibitor,*>™* further studies with appropri-
ate in vivo models are essential to confirm this possibility. EBV
infects only humans and no good animal models exist, although
recently, humanized mouse models with reconstituted human
lymphocytes and EBV infection have been reported.** >
Despite the complexity of this mouse model, it could be useful
for evaluating new therapies, including molecular targeted ther-
apy. The ex vivo administration model, coupled with magnetic
sorting, is a convenient method to evaluate molecular targeted
therapy against EBV-associated lymphoma.

In conclusion, bortezomib killed T/NK lymphoma cells by
inducing apoptosis. No significant difference in killing was
observed between EBV-positive and -negative cell lines,
although bortezomib induced lytic infection in EBV-infected
T cells. Following ex vivo administration, bortezomib had a
greater killing effect on EBV-positive cells than other MNCs.
These results give rationale for the use of bortezomib on T/
NK lymphomas, although existence of EBV may have little
effect on cell death induced by bortezomib.

Acknowledgements .

We thank Norio Shimizu (Tokyo Medical and Dental University) and Ayako
Demachi-Okamura (Aichi Cancer Center) for the SNK-6, SNT-13 and SNT-
16 cell lines. KAI3 and KHYG-1 were obtained from the Japanese Collection
of Research Bioresources. We also thank Millennium Pharmaceuticals Inc.
for providing the bortezomib.

All authors have no conflict.

virology, vol. 2. Philadelphia, PA: Lippincott
Williams & Wilkins, 20072655-700.

4. Williams H, Crawford DH. Epstein-Barr
virus: the impact of scientific advances on
clinical practice. Blood 2006;107:862~9.



2272

10.

11.

12.

13.

14,

15.

16.

17.

18.

Kieff ED, Rickinson AV. Epstein-Barr virus
and its replication. In: Knipe DM, Howley
PM, eds. Fields virology, vol.2.
Philadelphia. PA: Lippincott Williams &
Wilkins, 2007.2603-54.

Cartron G, Watier H, Golay J, Solal-
Celigny P. From the bench to the bedside:
ways to improve rituximab efficacy. Blood
2004;104:2635-42.

Heslop HE. How I treat EBV
Iymphoproliferation. Blood 2009;114:
4002-8.

Zou P, Kawada J, Pesnicak L, Cohen JI.
Bortezomib induces apoptosis of Epstein-
Barr virus (EBV)-transformed B cells and
prolongs survival of mice inoculated with
EBV-transformed B cells. J Virol 2007;81:
10029-36.

Adams J. Proteasome inhibition: a novel
approach to cancer therapy. Trends Mol
Med 2002;8:549-54.

Orlowski RZ, Eswara JR, Lafond-Walker A,
Grever MR, Orlowski M, Dang CV. Tumor
growth inhibition induced in a murine
model of human Burkitt’s lymphoma by a
proteasome inhibitor. Cancer Res 1998;58:
4342-8.

Zhang XM, Lin H, Chen C, Chen BD.
Inhibition of ubiquitin-proteasome
pathway activates a caspase-3-like protease
and induces Bcl-2 cleavage in human M-
07e leukaemic cells. Biochem ] 1999;340(Pt
1):127-33.

Jackson G, Einsele H, Moreau P, Miguel
JS. Bortezomib, a novel proteasome
inhibitor, in the treatment of hematologic
malignancies. Cancer Treat Rev 2005;31:
591-602.

Richardson PG, Mitsiades C, Hideshima T,
Anderson KC. Bortezomib: proteasome
inhibition as an effective anticancer
therapy. Annu Rev Med 2006;57:33-47.
Paramore A, Frantz S. Bortezomib. Nat
Rev Drug Discov 2003;2:611-2.

Fu DX, Tanhehco YC, Chen J, Foss CA, Fox
J]; Lemas V, Chong JM, Ambinder RF,
Pomper MG. Virus-associated tumor imaging
by induction of viral gene expression. Clin
Cancer Res 2007;13:1453-8.

Pulvertaft JV. A study of malignant
tumours in Nigeria by short-term tissue
culture. J Clin Pathol 1965;18:261-73.
Zhang Y, Nagata H, Ikeuchi T, Mukai H,
Oyoshi MK, Demachi A, Morio T,
Wakiguchi H, Kimura N, Shimizu N,
Yamamoto K. Common cytological and
cytogenetic features of Epstein-Barr virus
(EBV)-positive natural killer (NK) cells and
cell lines derived from patients with nasal
T/NK-cell lymphomas, chronic active EBV
infection and hydroa vacciniforme-like
eruptions. Br ] Haematol 2003;121:805-14.
Tsuge I, Morishima T, Morita M, Kimura
H, Kuzushima K, Matsuoka H.
Characterization of Epstein-Barr virus

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bortezomib kills T/NK lymphoma independent of EBV

(EBV)-infected natural killer (NK) cell
proliferation in patients with severe
mosquito allergy; establishment of an IL-2-
dependent NK-like cell line. Clin Exp
Immunol 1999;115:385-92.

Kaplan J, Tilton J, Peterson WD, Jr.
Identification of T cell lymphoma tumor
antigens on human T cell lines. Am J
Hematol 1976;1:219-23.

Yagita M, Huang CL, Umehara H, Matsuo
Y, Tabata R, Miyake M, Konaka Y,
Takatsuki K. A novel natural killer cell line
(KHYG-1) from a patient with aggressive
natural killer cell leukemia carrying a p53
point mutation. Leukemia 2000;14:922-30.
Miyoshi I, Kubonishi I, Yoshimoto S,
Akagi T, Ohtsuki Y, Shiraishi Y, Nagata K,
Hinuma Y. Type C virus particles in a
cord T-cell line derived by co-cultivating
normal human cord leukocytes and human
leukaemic T cells. Nature 1981;294:770~1.
Fujiwara S, Ono Y. Isolation of Epstein-
Barr virus-infected clones of the human T-
cell line MT-2: use of recombinant viruses
with a positive selection marker. J Virol
1995;69:3900-3.

Robertson MJ, Cochran KJ, Cameron C, Le
JM, Tantravahi R, Ritz J. Characterization
of a cell line, NKL, derived from an
aggressive human natural killer cell
leukemia. Exp Hematol 1996;24:406-15.
Isobe Y, Sugimoto K, Matsuura I, Takada
K, Oshimi K. Epstein-Barr virus renders
the infected natural killer cell line, NKL
resistant to doxorubicin-induced apoptosis.
Br J Cancer 2008;99:1816-22.

Iwata S, Wada K, Tobita S, Gotoh K, Ito
Y, Demachi-Okamura A, Shimizu N,
Nishiyama Y, Kimura H. Quantitative
analysis of Epstein-Barr virus (EBV)-
related gene expression in patients with
chronic active EBV infection. J Gen Virol
2010;91:42-50.

Kubota N, Wada K, Ito Y, Shimoyama Y,
Nakamura S, Nishiyama Y, Kimura H.
One-step multiplex real-time PCR assay to
analyse the latency patterns of Epstein-Barr
virus infection. | Virol Methods 2008;147:
26-36.

Patel K, Whelan PJ, Prescott S, Brownhill
SC, Johnston CF, Selby PJ, Burchill SA.
The use of real-time reverse transcription-
PCR for prostate-specific antigen mRNA to
discriminate between blood samples from
healthy volunteers and from patients with
metastatic prostate cancer. Clin Cancer Res
2004;10:7511-9.

. Kimura H, Miyake K, Yamauchi Y,

Nishiyama K, Iwata S, Iwatsuki K, Gotoh
K, Kojima §, Ito Y, Nishiyama Y.
Identification of Epstein-Barr virus (EBV)-
infected lymphocyte subtypes by flow
cytometric in situ hybridization in EBV-
associated lymphoproliferative diseases.

J Infect Dis 2009;200:1078-87.

29.

30.

3L

32.

33.

34,

35.

36.

37.

38.

39.

Kimura H, Hoshino Y, Hara S, Sugaya N,
Kawada J, Shibata Y, Kojima S, Nagasaka
T, Kuzushima K, Morishima T. Differences
between T cell-type and natural killer cell-
type chronic active Epstein-Barr virus
infection. J Infect Dis 2005;191:531-9.
Kimura H, Hoshino Y, Kanegane H, Tsuge
I, Okamura T, Kawa K, Morishima T.
Clinical and virologic characteristics of
chronic active Epstein-Barr virus infection.
Blood 2001;98:280-6.

Kimura H, Morishima T, Kanegane H,
Ohga S, Hoshino Y, Maeda A, Imai S,
Okano M, Morio T, Yokota S, Tsuchiya S,
Yachie A, et al. Prognostic factors for
chronic active Epstein-Barr virus infection.
] Infect Dis 2003;187:527-33.

Shen L, Au WY, Guo T, Wong KY, Wong
ML, Tsuchiyama J, Yuen PW, Kwong YL,
Liang RH, Srivastava G. Proteasome
inhibitor bortezomib-induced apoptosis in
natural killer (NK)-cell leukemia and
lymphoma: an in vitro and in vivo
preclinical evaluation. Blood 2007;110:
469-70.

Shen L, Au WY, Wong KY, Shimizu N,
Tsuchiyama J, Kwong YL, Liang RH,
Srivastava G. Cell death by bortezomib-
induced mitotic catastrophe in natural
killer lymphoma cells. Mol Cancer Ther
2008;7:3807-15.

Lee J, Suh C, Kang HJ, Ryoo BY, Huh J,
Ko YH, Eom HS, Kim K, Park K, Kim
WS. Phase I study of proteasome inhibitor
bortezomib plus CHOP in patients with
advanced, aggressive T-cell or NK/T-cell
lymphoma. Ann Oncol 2008;19:2079-83.
Zinzani PL, Musuraca G, Tani M, Stefoni
V, Marchi E, Fina M, Pellegrini C, Alinari
L, Derenzini E, de Vivo A, Sabattini E,
Pileri S, et al. Phase II trial of proteasome
inhibitor bortezomib in patients with
relapsed or refractory cutaneous T-cell
lymphoma. J Clin Oncol 2007;25:4293-7.
Hideshima T, Richardson P, Chauhan D,
Palombella V], Elliott PJ, Adams J,
Anderson KC. The proteasome inhibitor
PS-341 inhibits growth, induces apoptosis,
and overcomes drug resistance in human
multiple myeloma cells. Cancer Res 2001;
61:3071~6.

Kim K, Ryu K, Ko Y, Park C. Effects of
nuclear factor-kappaB inhibitors and its
implication on natural killer T-cell
lymphoma cells. Br ] Haematol 2005;131:
59-66.

Liu X, Wang B, Ma X, Guo Y. NF-kappaB
activation through the alternative pathway
correlates with chemoresistance and poor
survival in extranodal NK/T-cell
lymphoma, nasal type. Jpn J Clin Oncol
2009;39:418-24.

Chen S, Blank JL, Peters T, Liu XJ, Rappoli
DM, Pickard MD, Menon S, Yu ], Driscoll
DL, Lingaraj T, Burkhardt AL, Chen W,

Int. J. Cancer: 129, 2263-2273 (2011) © 2010 UICC



lwata et al.

40.

41.

42.

43.

44,

Int. J. Cancer: 129, 2263-2273 (2011) © 2010 UICC

et al. Genome-wide siRNA screen for
modulators of cell death induced by
proteasome inhibitor bortezomib. Cancer
Res 2010;70:4318-26.

Nencioni A, Grunebach F, Patrone F,
Ballestrero A, Brossart P. Proteasome
inhibitors: antitumor effects and beyond.
Leukemia 2007;21:30-6.

Cordova C, Munker R. The presence or
absence of latent Epstein-Barr virus does
not alter the sensitivity of Burkitt’s
lymphoma cell lines to proteasome
inhibitors. Acta Haematol 2008;119:241-3.
Shair KH, Bendt KM, Edwards RH,
Bedford EC, Nielsen JN, Raab-Traub N.
EBV latent membrane protein 1 activates
Akt, NFkappaB, and Stat3 in B cell
lymphomas. PLoS Pathog 2007;3:¢166.
Brown HJ, Song MJ, Deng H, Wu TT,
Cheng G, Sun R. NF-kappaB inhibits
gammaherpesvirus lytic replication. ] Virol
2003;77:8532-40.

Ogawa Y, Tobinai K, Ogura M, Ando K,
Tsuchiya T, Kobayashi Y, Watanabe T,

45.

46.

47.

Maruyama D, Morishima Y, Kagami Y,
Taji H, Minami H, et al. Phase I and II
pharmacokinetic and pharmacodynamic
study of the proteasome inhibitor
bortezomib in Japanese patients with
relapsed or refractory multiple myeloma.
Cancer Sci 2008;99:140~4.

Heider U, Rademacher J, Lamottke B,
Mieth M, Moebs M, von Metzler I, Assaf
C, Sezer O. Synergistic interaction of the
histone deacetylase inhibitor SAHA with
the proteasome inhibitor bortezomib in
cutaneous T cell lymphoma. Eur J
Haematol 2009;82:440-9.

Kawada J, Zou P, Mazitschek R, Bradner
JE, Cohen JI. Tubacin kills Epstein-Barr
virus (EBV)-Burkitt lymphoma cells by
inducing reactive oxygen species and EBV

lymphoblastoid cells by inducing apoptosis.

J Biol Chem 2009;284:17102-9.
Stamatopoulos B, Meuleman N, De Bruyn
C, Mineur P, Martiat P, Bron D, Lagneaux
L. Antileukemic activity of valproic acid in
chronic lymphocytic leukemia B cells

85—

48.

49.

50.

2273

defined by microarray analysis. Leukemia
2009;23:2281-9.

Yajima M, Imadome K, Nakagawa A,
Watanabe S, Terashima K, Nakamura H,
Ito M, Shimizu N, Honda M, Yamamoto
N, Fujiwara S. A new humanized mouse
model of Epstein-Barr virus infection that
reproduces persistent infection,
lymphoproliferative disorder, and cell-
mediated and humoral immune responses.
J Infect Dis 2008;198:673-82.

Hong GK, Gulley ML, Feng WH, Delecluse
HJ, Holley-Guthrie E, Kenney SC.
Epstein-Barr virus lytic infection
contributes to lymphoproliferative disease
in a SCID mouse model. J Virol 2005;79:
13993-4003.

Strowig T, Gurer C, Ploss A, Liu YF, Arrey
F, Sashihara J, Koo G, Rice CM, Young
JW, Chadburn A, Cohen JI, Munz C.
Priming of protective T cell responses
against virus-induced tumors in mice with
human immune system components. | Exp
Med 2009;206:1423-34.



| The dffigial 3 Japanese Canoer As

Antitumor activities of valproic acid on Epstein-Barr

virus-associated T and natural killer lymphoma cells

Seiko lwata,’ Takashi Saito,’ Yoshinori Ito,2 Maki Kamakura,' Kensei Gotoh,? Jun-ichi Kawada,3

Yukihiro Nishiyama' and Hiroshi Kimura'*

Departments of Virology and 2Pediatrics, Nagoya University Graduate School of Medicine, Nagoya; 3Department of Infection and Immunology,

Aichi Children’s Health and Medical Center, Aichi, Japan

(Received August 11, 2011/Revised October 17, 2011/Accepted October 17, 2011/Accepted manuscript online October 21, 2011/ Article first published online November 22, 2011)

Epstein-Barr virus (EBV), which infects B cells, T cells, and natural
killer (NK) cells, is associated with multiple lymphoid malignancies.
Recently, histone deacetylase (HDAC) inhibitors have been
reported to have anticancer effects against various tumor cells. In
the present study, we evaluated the killing effect of valproic acid
(VPA), which acts as an HDAC inhibitor, on EBV-positive and -nega-
tive T and NK lymphoma cells. Treatment of multiple T and NK cell
lines (SNT13, SNT16, Jurkat, SNK6, KAI3 and KHYG1) with 0.1-5
mM of VPA inhibited HDAC, increased acetylated histone levels
and reduced cell viability. No significant differences were seen
between EBV-positive and -negative cell lines. Although VPA
induced apoptosis in some T and NK cell lines (SNT16, Jurkat and
KHYG1) and cell cycle arrest, it did not induce lytic infection in
EBV-positive T or NK cell lines. Because the killing effect of VPA
was modest (1 miMl VPA reduced cell viability by between 22% and
56%), we tested the effects of the combination of 1 mM of VPA
and 0.01 pM of the proteasome inhibitor bortezomib. The
combined treated of cells with VPA and bortezomib had an
additive killing effect. Finally, we administered VPA to peripheral
blood mononuclear cells from three patients with EBV-associated T
or NK lymphoproliferative diseases. In these studies, VPA had a
greater killing effect against EBV-infected cells than uninfected
cells, and the effect was increased when VPA was combined with
bortezomib. These results indicate that VPA has antitumor effects
on T and NK lymphoma cells and that VPA and bortezomib may
have synergistic effects, irrespective of the presence of EBV.
(Cancer Sci 2012; 103: 375-381)

T he ubiquitous Epstein—Barr virus (EBV) infects most indi-
viduals by early adulthood and typically remains latent
throughout life. Not only does EBV infect B cells, T cells, and
natural killer (NK) cells, but it is also associated with multiple
lymphoid malignancies, including Burkitt lymphoma, diffuse
large B cell lymphoma, Hodgkin lymphoma, post-transplant
lymphoproliferative disorders, nasal NK/T-cell lymphoma, hyd-
roa vacciniforme-like lymphoma, ahgégressive NK cell leukemia,
and chronic active EBV disease.'"™ Epstein-Barr virus plays
an important role in the pathogenesis of many of these malig-
nancies via its ability to establish latent infection and induce the
proliferation of infected cells.”> Some of these EBV-associated
lymphoid malignancies are refractory and resistant to conven-
tional chemotherapies. Rituximab, a humanized monoclonal
antibody against CD20, targets B cell-specific surface antigens
present on EBV-transformed malignant cells. Currently, ritux-
imab is used for the treatment and prophylaxis of B cell lym-
phoma and lymphoproliferative disorders.®” However, the
need remains for effective treatments for T and NK cell lym-
phoid malignancies and novel approaches to molecular targeting
are desirable.

Sodium valproate (VPA) is a short chain fatty acid that is
widely used to treat epilepsy. It is easily accessible and has a

doi: 10.1111/j.1349-7006.2011.02127.x
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well-established safety profile. Recently, VPA was reported to
be a potent histone deacetylase (HDAC) inhibitor and inducer of
DNA demethylation.® It has been found that HDAC inhibitors
have potent anticancer activities, with remarkable tumor speci-
ficity, and some have even demonstrated therapeutic potential.C
The HDAC inhibitors can affect tumor cell growth and survival
through multiple biological effects. For example, they induce
tumor cell death with all of the biochemical and morphological
characteristics of apoptosis. Several HDAC inhibitors have been
used in the treatment of leukemias and lymphomas, such as
cutaneous T cell lymphoma, myelodysplastic syndrome, and dif-
fuse B cell lymphoma."”’ They have been used alone or in com-
bination with DNA demethylating agents or other anticancer
chemotherapies. Valproate has been reported to induce cell
death in human leukemia cell lines"'” and endometrial tumor
cells,"V and to enhance the efficacy of chemotherapy in EBV-
positive tumors."? Furthermore, VPA was shown to_ activate
Iytic viral gene expression in cells infected with EBV (/%1%

Previously, we reported that the proteasome inhibitor bortezo-
mib induced apoptosis in T and NK lymphoma cells."* Bort-
ezomib produced a stronger killing effect in EBV-infected
tumor cells compared with uninfected cells from patients with
EBV-associated lymphoproliferative diseases, although the kill-
ing effect of bortezomib in cell lines was not affected by the
presence of EBV. In the present study, we administered VPA to
EBV-positive and -negative T cell lines and NK cell lines, and
evaluated its antitumor effects by analyzing cell viability, the
induction of apoptosis, cell cycle arrest, and expression of EBV-
encoded genes. Finally, we evaluated the antitumor effect of the
combination of VPA and bortezomib using both in vitro cell
lines and ex vivo primary cultures of EBV-infected T and NK
lymphoma cells.

Materials and Methods

Cell lines and reagents. Of the cell lines used in the present
study, SNT13 and SNT16 are EBV-positive T cell lines,"*
SNK6" and KAI3"'® are EBV-positive NK cell lines, and Jur-
kat"'” and KHYG1"® are EBV-negative T and NK cell lines,
respectively. The SNT13, SNT16, SNK6, and KAI3 cells were
derived from patients with chronic active EBV disease or nasal
NK/T-cell lymphoma. The MT2/1EBV/9-7 cell line"” was
established through infection of MT2 cells with the hygromy-
cin-resistant B95-8 strain.®” The MT2/hyg cell line was trans-
fected with a hygromycin resistance gene. Similarly, the NKL
cell line®" was derived from a patient with NK cell leukemia,
and the TL1 cell line® was established from NKL cells
infected with an Akata-transfected recombinant EBV strain
carrying a neomycin resistance gene.
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Valproate (Sigma, St Louis, MO, USA) was dissolved in dis-
tilled water. Bortezomib, a gift from Millennium Pharmaceuti-
cals (Cambridge, MA, USA), was dissolved in PBS.

Cell viability. Cell viability was quantified by Trypan blue
exclusion. These experiments were performed in duplicate.

Immunoblotting. Cells were lysed directly in SDS sample
buffer. Cell lysates were separated by SDS-PAGE, transferred to
PVDF membranes, and immunoblotted with antibodies.
Antibodies directed against acetyl-Histone 3, caspase-3, cleaved
caspase-3, poly(ADP-ribose) polymerase (PARP; Cell Signaling
Technology, Beverly, MA, USA), and B-actin (Sigma) were used.

Flow cytometry apoptosis assays. Apoptosis was measured
by flow cytometry using an annexin V-phycoerythrin
(PE)/7-aminoactinomycin D (7-AAD) apoptosis assay kit (BD
Pharmingen Biosciences, San Diego, CA, USA) according to
the manufacturer’s instructions.

Cell cycle assay. Cells were treated with 1 mM of VPA for
48 h, fixed with 70% ethanol, and then washed with ice-cold
PBS. Fixed cells were treated with 10 pg/mL DNase-free
RNase and stained with 5 pg/mL propidium iodide (Sigma).

Real-time RT-PCR. Viral mRNA expressmn was quantified by
RT-PCR, as described previously.‘ B2-Microglobulin
(B2m) was used as an endo 5%enous control and reference gene
for relative quantification.® Each experiment was performed
in triplicate. The Mann-Whitney U-test was used to compare
expression levels and P < 0.05 were considered significant.

Patients. Mononuclear cells (MNC) were collected from
three patients with EBV-associated diseases. Patients T-1 (a
7-year-old boy) and T-2 (a 6-year-old girl) had hydroa vaccini-
forme-like Igrmphoma a newly classified EBV-associated T cell
lymphoma.® In these patients, approximately 10% of the MNC
were infected with EBV and the EBV-infected cells were
primarily y8T cells.*® The third patient, NK-1 (a 14- year—old
boy), had chronic active EBV disease, NK cell type.*’>?
Chronic active EBV disease is now considered an EBV-associ-
ated T/NK lymphoproliferative disease.?%*" In this patient,
approximately 40% of the MNC were infected with EBV and
the EBV-infected cells were NK cells. Mononuclear cells from
three healthy donors were used as controls. Informed consent
was obtained from all participants or their guardians. The pres-
ent study was approved by the Institutional Review Board of
Nagoya University Hospital.

Flow cytometric in situ hybridization (FISH). To quantify
EBV-infected cells and to identify the cell type(s) mfected by
EBV, a FISH assay was performed.®® Briefly, 5 x 10° MNC
were stained with monoclonal antibodies for 1 h at 4°C. Cells
were fixed, permeabilized, and hybridized with a fluorescein-
labeled EBV-encoded small RNA (EBER)-specific peptide
nucleic acid probe (Y5200; Dako, Glostrup, Denmark). Stained
cells were analyzed using a FACSCalibur flow cytometer and
CellQuest software (BD Biosciences, San Jose, CA, USA).

Magnetic cell sorting. Primarily infected cell fractions were
separated by magnetic sorting using a TCRy/8% T Cell Isolation
kit or CD56 MicroBeads (Miltenyi Biotec, Bergisch Gladbach,
Germany). The purity and recovery rates were 98.3% and
80.0%, respectively, with the TCRy/6" T Cell Isolation kit, and
96.4% and 80.9%, respectively, with the CD56 MicroBeads.

Results

Effects of VPA on HDAC in T and NK cell lines. Acetylated his-
tone 3 levels were determined in T cell lines (SNT16 and Jurkat)
and NK cell lines (KAI3 and KHYGI1) after 24 h exposure to
0.1-5 mM of VPA. Valproate increased acetylated histone 3 lev-
els in a dose-dependent manner (Fig. la), indicating that VPA
inhibits HDAC in these cell lines.

Effects of VPA on the viability of T and NK cell lines. To eval-
uate the effects of VPA on cells viability, EBV-positive T cell
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Fig. 1. Valproate (VPA) inhibits histone deacetylase (HDAC) and
reduces viability of T and natural killer (NK) cell lines. (a) Acetylated
histone 3 was detected by immunoblotting in T and NK cell lines
treated with various concentrations of VPA for 24 h. B-Actin was used
as a loading control. Viability of (b,c) Epstein-Barr virus (EBV)-positive
T cell lines (SNT13 and SNT16) and an EBV-negative T cell line (Jurkat),
(d,e) EBV-positive NK cell lines (KAI3 and SNK6) and an EBV-negative
NK cell line (KHYG1), (f,g) an EBV-positive T cell line (MT2/rEBV) and
its parental cell line (MT2/hyg), and (h,i) an EBV-positive NK cell line
(TL1) and its parental line (NKL) that were either treated with VPA at
the concentrations indicated for 24 h (b,d,f,h) or with 1 mM VPA for
96 h (c,e,g,i). Viability is shown as the ratio of viable cells in the
different treatment groups to distilled water-treated cells, as assessed
by Trypan blue exclusion. Data are the mean = SEM.

lines (SNT13 and SNT16), an EBV-negative T cell line (Jurkat),
EBV-positive NK cell lines (KAI3 and SNK6), and an EBV-
negative NK cell line (KHYG1) were exposed to 0.1-5 mM of
VPA for 24 h. The cell viability of all six cell lines tested was
reduced by VPA in a dose-dependent manner (Fig. 1b,d). In
another series of experiments, the same six cell lines were
exposed to 1 mM VPA for 4 days, with viability evaluated
every 24 h. In these experiments, VPA reduced the viability of
all six cell lines by between 22% and 52% after 96 h (Fig. 1c,e).
There were no obvious differences between the effects of VPA
on EBV-positive and -negative cell lines. Furthermore, to
directly compare the effects of VPA on EBV-positive and -nega-
tive cell lines, we exposed MT2/hyg and MT2/tEBV/9-7
(Fig. 1f,g) and NKL and TL1 (Fig. 1h,i) cells to VPA and found
that 0.1-5 mM of VPA had almost identical effects on the EBV-
positive and -negative cell lines.

doi: 10.1111/1.1349-7006.2011.02127.x
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Effects of VPA on the apoptosis of T and NK cell lines. To
determine whether VPA induces apoptosis in these cell lines,
the cleavage of caspase-3 and PARP was analyzed by immuno-
blotting. One mM of VPA increased levels of cleaved caspase-3
and PARP in Jurkat and KHYGI1, which are EBV-negative T
and NK cell lines, respectively (Fig. 2a), suggesting that VPA
induces apoptosis in these two cell lines. Analysis of the induc-
tion of apoptosis by flow cytometry showed that VPA only
increased the number of apoptotic cells in the SNT16 cell line

(Fig. 2b). In the other cell lines tested, increases in the number
of apoptotic cells were not confirmed, although the number of
dead cells increased. A representative result for KHYG1 cells is
shown in Figure 2(c).

Effects of VPA on the cell cycle in T and NK cell lines. To
investigate the effects of VPA on the cell cycle, cells were
treated with 1 mM VPA for 48 h, stained with propidium
iodide, and then analyzed by flow cytometry. The population
of cells in the G; phase was increased following exposure
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Fig. 2. Effects of valproate (VPA) on apoptosis. (a) PARP —»
T and natural killer (NK) cell lines were treated Cleaved PARP -
with 1 mM VPA for 24 or 48 h. B-Actin was used as .
a loading control. Valproate induced the cleavage fhctin —
of caspase-3 and poly (ADP-ribose) polymerase
(PARP) in Jurkat and KHYG1 cells. (b,c) T and NK .
cell lines were treated with 1 mM VPA for 48 h. (&) omm VPA 1 MM VPA

Viable cells were defined as those negative for
annexin  V-phycoerythrin (PE) and 7-amino-
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to VPA and VPA arrested the cell cycle in all T and NK
cell lines tested (Fig. 3a). To confirm that VPA arrested the
cell cycle, proliferation was compared in the presence and
absence of VPA. Proliferation was inhibited in all VPA-trea-
ted cells compared with control cells (Fig. 3b).

Effects of VPA on lytic infection of EBV-positive T and NK cell
lines. The expression of the following eight viral genes were
analyzed using real-time RT-PCR: lytic genes encoding BZLF1
and gp350/220; and latent genes encoding EBV nuclear antigen
(EBNA) 1, EBNA2, latent membrane protein (LMP) 1, LMP2,
EBERI, and BamHI-A rightward transcripts (BARTs). BZLFI,
but not gp350/220, was detected in the T cell lines. Conversely,
neither BZLF1 nor gp350/220 were detected in the NK cell
lines (Fig. 4). The expression of the two lytic genes and six
latent genes did not differ significantly between VPA-treated
cells and controls. Representative results for two latent genes
(those encoding LMP1 and EBER1) are shown in Figure 4.

Effects of the combination of VPA and bortezomib on cell
death. Because the antitumor effect of VPA alone was modest
(I mM VPA treatment for 96 h reduced cell viability by between
22% and 56%) (Fig. 1b—e), we evaluated the effects of the
combination of VPA (1 mM) and the proteasome inhibitor
bortezomib (0.01 pM) in several cell lines. In Jurkat and KAI3
cells, the combination of VPA plus bortezomib enhanced cell
death (Fig. 5); however, in SNT16 and KHYGI cells, the effects
of this combination were difficult to assess because 0.01 uM
bortezomib alone killed almost all the cells (Fig. 5).
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Fig. 5. Combined effects of valproate (VPA) and bortezomib. T cell
lines (SNT16 and Jurkat) and natural killer (NK) cell lines (KAI3 and
KHYG1) were treated with 1 mM VPA and/or 0.01 uM bortezomib for
96 h and cell viability was assessed. VPA and bortezomib had additive
effects in reducing the viability of T and NK cell lines. Data are the
mean + SEM.
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Fig. 4. Effects of valproate (VPA) treatment on the expression of Epstein-Barr virus (EBV)-encoded genes. The EBV-positive T cell lines (SNT13
and SNT16) and EBV-positive natural killer (NK) cell lines (KAI3 and SNK6) were treated with 1 mM VPA and harvested at 0, 24, and 48 h to
evaluate gene expression using real-time RT-PCR. BZLF1 is an immediate early gene and gp350/220 is a late gene. LMPT and EBERT are latent

genes. B2-Microglobulin was used as an internal control and referen

(10%). Data are the mean = SEM.
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ce gene for relative quantification and assigned an arbitrary value of 1
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Fig. 6. Identification of Epstein-Barr virus (EBV)-infected cell
fractions in patients with EBV-associated T/natural killer (NK)

lymphoma. (a, b) Patients T-1 (a) and T-2 (b), who had hydroa
vacciniforme-like lymphoma. (c) Patient NK-1, who had chronic active
EBV disease, NK cell-type. Mononuclear cells were analyzed in a FISH
assay. The EBV-encoded small RNA (EBER)-positive (black) and -
negative (gray) lymphocytes were gated and plotted in quadrants.

Effects of VPA on the viability of EBV-infected cells from
patients with EBV-associated lymphoma. The ex vivo effect of
VPA on lymphoma cells from patients with EBV-associated
T/NK lymphoma or lymphoproliferative diseases was evalu-
ated. To identify the fractions that contained EB V-infected cells,
MNC were stained with surface marker antibodies and then
subjected to in situ hybridization with EBER in a FISH assay. In
patients T-1 and T-2, who had hydroa vacciniforme-like
lymphoma, the FISH assay showed that 7.8% and 7.6% of MNC
were EBER positive, respectively. Most of the EBER-positive
MNC in these patients were CD3+ and TCRyo+ T cells
(Fig. 6a,b). Conversely, in patient NK-1, who had chronic active
EBV disease, 47% of MNC were EBER positive. Most of the
EBER-positive MNC in this patient were CD56+ NK cells
(Fig. 6¢). Magnetic sorting was then used to separated yoT cells
from other MNC in patients T-1 and T-2, and NK cells from the
other MNC in patient NK-1. Bortezomib (0.5 pM) and/or VPA
(1 mM) was administered to each fraction and viable cells were
counted over a period of 3-4 days. Individually, bortezomib and
VPA had greater killing effects on the fractions containing
EBV-infected cells compared with the other MNC, whereas the
combination of bortezomib plus VPA produced the strongest
killing effect (Fig. 7a—c). In the ydT and NK cell fractions,

Iwata et al.

the absolute number of control viable cells was stable or
increased slightly, but was reduced by treatment (data not
shown). The viability of cells obtained from blood samples from
three healthy donors after combined treatment with bortezomib
plus VPA for 4 days ranged between 75% and 100%, indicating
that bortezomib and VPA do not affect non-tumor cells
(Fig. 7d).

Discussion

Several studies have reported that HDAC inhibitors have
anticancer activities and some have even been tested in clinical
trials.*?7*% Valproate is used to treat epilepsy, is easily accessi-
ble, and has a well-established safety profile. Therefore, evalua-
tion of an anticancer effect of VPA may be very useful in the
treatment of malignant diseases. In the present study, VPA
reduced the viability of T and NK lymphoma/leukemia cell
lines independently of the presence of EBV. However, the kill-
ing effect of VPA was smaller than that of bortezomib, despite
the fact that the concentration of VPA tested (1 mM) was higher
than that used in the treatment of epilepsy (0.3-0.6 mM).

The HDAC inhibitors affect tumor cell growth and survival
via multiple biological effects. For example, they induce tumor
cell death with all the biochemical and morphological character-
istics of apoptosis. The HDAC inhibitors induce cell cycle arrest
at the G;/S boundary via upregulation of CDKNIA, which
encodes p21W AT and/or downregulation of cyclins. They
can suppress angiogenesis by reducing the expression of proan-
giogenic factors and also have immunomodulatory effects,
enhancing tumor cell antigenicity and altering the expression of
key cytokines, including tumor necrosis factor-o, interleukin-1,
and interferon-y.”” In the present study, we analyzed the mecha-
nism by which VPA reduces the viability of T and NK cell lines.
In some cell lines, VPA induced apoptosis, whereas in most
there was evidence of cell cycle arrest. Thus, VPA probably
activates other pathways to kill tumor cells than apoptosis and
cell cycle arrest.

The proteasome inhibitor bortezomib has strong killing
effects on T and NK lymphoma/leukemia cell lines (indepen-
dent of the presence of EBV) and EBV-infected tumor cells
from patients with EBV-associated T/NK lymphoproliferative
diseases." ~ Bortezomib is used in the treatment of myeloma
and has also been assessed for efficacy against a variety of other
malignancies. Recently, bortezomib and an HDAC inhibitor
were rePorted to have synergistic effects in human and mouse
models.®*>® Therefore, in the present study we evaluated the
effects of the combination of bortezomib and VPA. Bortezomib
and VPA were found to have additive killing effects on T and
NK cell lines and EBV-infected MNC from patients. In the two
cell lines tested, the effect of bortezomib was too strong to eval-
uate the killing effect of the combination treatment, despite the
low bortezomib concentration used. Conversely, in Jurkat and
KAI3, in which a low concentration of bortezomib killed
approximately half the cells, the combination treatment killed
nearly all cells within 4 days. Furthermore, the combination
treatment had a stronger killing effect in EBV-infected MNC
from patients than in uninfected cells. These results suggest the
potential usefulness of the combination of VPA and bortezomib
in the treatment of EBV-associated T/NK lymphoproliferative
diseases.

Val&)roate has been reported to induce lytic infection by
EBV,"%!® human cytomegalovirus,®” and Kaposi sarcoma-
associated herpes virus."”™ Induction of the lytic cycle is an
advantage for the treatment of EBV-associated malignant dis-
eases because of the lysis of EBV-infected tumor cells, the pos-
sible availability of antiviral therapy, and the recognition of
expressed viral lytic proteins by the host immune system.
Furthermore, the combination of VPA and an antiviral drug may
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Fig. 7. Effects of the combination of valproate (VPA) and bortezomib on Epstein-Barr virus (EBV)-infected lymphoma cells. Cell populations
were separated by magnetic sorting. Each fraction was exposed to VPA (1 mM) and/or bortezomib (0.5 pM) and viable cells were counted over
3 or 4 days. (a,b) Viability of y8T cells and other mononuclear cells (MNC) from patients T-1 (a) and T-2 (b) with hydroa vacciniforme-like
lymphoma. (c) Viability of NK cells and other MNC from patient NK-1 with chronic active EBV disease, NK cell-type. (d) Viability of MNC from
three healthy donors treated with 1 mM VPA and 0.5 uM bortezomib for 4 days. Data are the mean = SEM.

increase cell killing because some antiviral drugs inhibit virus
DNA polymerase and are more effective in the lytic state than in
the latent state.®” To our knowledge, this is the first report of
the effects of VPA on T and NK cell lines. In previous studies
showing that VPA induces the EBV lytic cycle a gastric carci-
noma cell line and B cell lines were used."">'? In the present
study, VPA did not induce the EBV lytic cycle in any of the T
or NK cell lines tested. In the two EBV-positive T cell lines
tested, expression of only the immediate early gene BZLF1 was
detected (expression of the late gene gp350/220 was not
detected). In the NK cell lines, the expression of neither gene
was detected These results are consistent with our previous
report.*® In addition, bortezomib only induced the EBV lytic
cycle in EBV-positive T cell lines.*> Therefore, it seems that
lytic infection can be induced in EBV-positive T cell lines. Nev-
ertheless, VPA treatment did not induce lytic infection in EBV-
positive T cell lines in the present study.

In summary, the results of the present study suggest that VPA
has potential antitumor activity, regardless of whether EBV is
present, although its efficacy may not be sufficient. The combi-
nation of VPA plus bortezomib may be a useful treatment
because of the potential synergistic effects. Our results indicate
that VPA has killing effects on T and NK lymphoma cells. Other
HDAC inhibitors, such as suberoylanilide hydroxamic acid and
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Recurrence of Chronic Active Epstein-Barr Virus Infection
from Donor Cells after Achieving Complete Response
Through Allogeneic Bone Marrow Transplantation
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Abstract

We report the case of a 35-year-old woman with chronic active Epstein-Barr virus (EBV) infection.
(CAEBYV). She underwent allogeneic bone marrow transplantation (BMT) from an unrelated male donor and
achieved a complete response. However, her CAEBV relapsed one year after BMT. EBV-infected cells prolif-
erated clonally and revealed a 46XY karyotype. In addition, the infecting EBV strain differed from that de-
tected before BMT. These findings indicated that her disease had developed from donor cells. This is the first
report of donor cell-derived CAEBV that recurred after transplantation, suggesting that host factors may be

responsible for the development of this disease.
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matosus
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Introduction

Epstein-Barr virus (EBV) can be detected not only in B-
cell tumors but also in T- and NK-cell tumors, which are
known as EBV-positive T/NK-cell lymphoproliferative dis-
cases (EBV-T/NK-LPDs). EBV-T/NK-LPDs comprise extra-
nodal NK/T-cell lymphoma nasal type (ENKL), aggressive
NK-cell leukemia, and chronic active EBV infection
(CAEBYV). CAEBV is a rare disorder accompanied by the
clonal proliferation of EBV-infected cells (1). Its T-cell in-
fecting type is designated as “EBV-positive T-cell lym-
phoproliferative disease of childhood” in the WHO classifi-
cation revised in 2008 (2). However, adult-onset cases have
been reported (3, 4).

The pathogenesis of CAEBV is assumed to be due to the

EBV infection of T or NK cells followed by their immor-
talization and expansion. However, the mechanisms respon-
sible for the clonal expansion of infected cells remain un-
clear.

We report here the case of CAEBYV in a female patient. In
spite of achieving a complete response (CR) after bone mar-
row transplantation (BMT), CAEBY recurred. At recurrence,
the infected cells were clonally proliferating donor cells, and
the infecting virus differed from that originally causing the
disease. We describe her clinical course and discuss the pos-
sible pathological mechanism responsible for the recurrence.

Methods

The detection and isolation of infected cells (5) and se-
quence analysis for perforin (6) were performed as de-
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scribed previously. For the sequence analysis of the variable
region of lmpl, the genomic DNA extracted from infected
cells was amplified by PCR. The following primers were
used: 5-AAGGGAGTGTGTGCCATTAAG-3 (fwd) and 5-A
CCCCCACTCTGCTCTCAA-3 (rev); their nucleotide posi-
tions in B95.8 (Genbank No.V01555) were 168052-168073
and 168619-168601, respectively. The conditions for PCR
reactions were as follows: 94C for 5 minutes, 94C for 15
seconds, 60°C for 30 seconds, and 72°C for 60 seconds; 35
cycles. The amplicon was directly sequenced using the same
primers. The ethics committee of Tokyo Medical and Dental
University Hospital approved this study, and written in-
formed consent was obtained from the patient.

Case Report

A 35-year-old woman developed fever and cervical lym-
phadenopathy and was transferred to our hospital. She had
systemic lupus erythematosus (SLE) for the previous 13
years and was receiving prednisolone (PSL) at 5 mg/day.
Her anti-EBV antibodies on admission were 1:20,480 for
anti-VCA-IgG and 1:1,280 for anti-EA-DRIgG, which were
extremely clevated. Anti-VCA-IgM was undetectable, and
the titer of anti-EBNA was 1:40. EBV DNA copy numbers
in peripheral blood (PB) were elevated to Ix107 copies/pg
DNA.

EBV-positive T-cell lymphoproliferative disease was diag-
nosed by cervical lymph node biopsy (Fig. 1A). Infiltrating
cells were positive for CD8, Granzyme B, and EBER
(Fig. 1B-D). In addition, activated CD8" cells were in-
creased in the PB (Fig. 1E). These cells were EBV-positive;
they were clonally similar to those in the lymph node,
which involved a TCRJP/ gene rearrangement (Fig. 1F-H).

Chemotherapy was administered followed by BMT as de-
scribed by Koyama et al (7). The donor was a 29-year-old
unrelated male. His HLA type was A2 (0207) / A26 (2602),
B46 (1501) / B62 (4601), and DR14 (1403) / DR 14 (1406).
The patient’s type was A2 (0207) / A26 (2602), B46 (1501)
/ B62 (4601), and DR14 (1401) / DR14 (1401). Their sero-
logic HLA types were identical, whereas the DNA types
displayed disparities in 2 HLLA-DR alleles.

The conditioning regimen for transplantation comprised
fludarabine (37.5 mg/m’ intravenously, once daily from days
-6 to -2), melphalan (60 mg/m’ intravenously, once daily
from days -6 to -5), and total body irradiation (4 Gy in 2
fractions on day -1). Cyclosporine (3 mg/kg, from day -1)
and short-term methotrexate (5 mg, 10 mg, and 10 mg on
days 1, 3, and 6, respectively) were administered for the
prophylaxis of acute graft-versus-host disease. Engraftment
was confirmed 1 month after BMT, and the EBV genome in
PB became undetectable after 2 months and remained so for
nearly 12 months.

Although graft-versus-host discase had not developed, ad-
ministration of low-dose corticosteroid (hydrocortisone, 10
mg/day) was continued to compensate for her endogenous
cortisol deficiency due to the long-term administration of

PSL. One year later, her EBV DNA level began to increase
and reached 1.7x10* copies/ug DNA. Three years after
BMT, it was 1.0x10° copies/ug DNA, and the number of
CD8-positive cells had increased among her PB mononu-
clear cells (PBMC; Fig. 2A).

Infected cells in PB were investigated again; these were
identified as CD8-positive T cells. Their clonality was con-
firmed by detecting a TCRJBJ gene rearrangement, which
revealed a difference from the original (Fig. 1I). EBV-
infected cells (Fig. 2B) and a lymphoblastoid cell line
(LCL) established from the patient’s PBMC soon after en-
graftment (Fig. 2C) had XY karyotype, confirming that
these were donor cells. Furthermore, sequence analysis of
the variable region of Imp] showed that the infecting virus
differed from that detected in CD8-positive cells before
BMT and was identical to that detected in LCL (Fig. 2D).
Although we did not examine whether the donor was sero-
positive for EBV, the virus obtained from LCL might have
been of donor origin.

Liver dysfunction developed gradually 4 years after BMT,
Liver biopsy was performed, and a significant sinusoidal in-
filtration of atypical cells (CD8- and EBV-positive) was de-
tected (Fig. 3A-C). Her PBMC retained the 46XY karyotype
(Fig. 3D) and mainly comprised activated CD8-positive
cells. In addition, CD4-positive cells were detected
(Fig. 3E).

The EBV DNA copy numbers, the chimerisms of nucle-
ated cells and lymphocytes, and the percentage of CD4- and
CDS8-positive cells in peripheral blood are summarized in
Table 1. The chimerism maintained the donor type during
the clinical course. An abnormal XXYY clone suggesting
donor origin appeared 4.5 years after BMT as the disease
progressed. From these results, the diagnosis of CAEBYV,
which developed from donor cells infected with a different
virus, was confirmed.

Discussion

The mechanisms responsible for CAEBV development
have not been elucidated. Some investigators reported that
EBV-infected T or NK cells could be detected during pri-
mary infection (8, 9), indicating that EBV could infect these
cells under a high level of viral load. However, some factors
leading to disease development may exist because CAEBV
shows a marked geographic preference for East Asia. Al-
though the strains identified in the present patient before
and after BMT were not identical, the relationship between
strains and disease development needs to be investigated. In
addition, a patient’s genetic background may be involved. In
our patient, recurrence after BMT underlines the importance
of non-hematological factors for disease development.

According to Ohshima et al, following infection with
EBYV, T, or NK cells can undergo poly-, oligo-, or monoclo-
nal expansion, resulting in CAEBV (10). For the expansion
of EBV-infected T or NK cells, suppression of cytotoxic T-
cell (CTL) activity may play an important role. Sugaya et al



Intern Med 51: 777-782, 2012 DOI: 10.216Y%/internalmedicine.51.6769

A

B C

D

1

03% 09 3%

! : © 994%  0.1%
i 1 oy §
o | 5. @ . J
b7 i s b V%‘d:, :
@ 3 : g|1°
:s X 1. . - + 50{; ﬁ?/
i - CD3% 01% ( Q5% o 0%
FsC CO3 CD4
Figure 1. Analysis of Epstein-Barr virus-infected cells at the onset of chronic active EBV infection.

A-D: Biopsy specimens of a cervical lymph node (original magnification, x200). A: Hematoxylin and
Eosin staining shows diffuse infiltration of atypical cells. B: Stained with the anti-CD8 antibody. C:
Stained with the anti-granzyme B antibody. D: In situ hybridization of Epstein-Barr virus-encoded
mRNA. Neoplastic cells were positive for CD3 and CD5; these cells were negative for CD4, CD20,
and CD56 (data not shown). E: Analysis of peripheral bleod mononuclear cells by flow cytometry at
disease onset. (F-I) Southern blot analysis for T-cell receptor Jf1 gene. After digestion with EcoRI (1),
BamH1 (2), and HindIll (3), DNA was analyzed to detect gene rearrangements. Arrows show rear-
ranged bands. F: Negative control. G: DNA extracted from peripheral blood (PB) at disease onset.
H: DNA extracted from a cervical lymph node at disease onset. I: DNA extracted from PB at recur-
rence.

demonstrated suppressed EBV-specific CTL activity in
CAEBV patients using human leukocyte antigen (HLA)-A’
2402-restricted tetramers (11). In addition, Katano et al re-
ported that mutations in both alleles of the perforin gene,
which is indispensable for CTL activity, resulted in its re-
duced expression and could play a role in CAEBV develop-
ment (12).

However, we were unable to detect perforin gene muta-

tions in CAEBV cells from the present patient (data not
shown). We previously reported suppressed CTL activity
against EBV-infected B cells in an EBV-B-LPD patient who
had been administered low-dose PSL for more than 7
years (13). The present patient and one in another report
who had SLE developed CAEBV during PSL administra-
tion (14). Thus, PSL, even at low doses, may suppress CTL
activity and trigger disease development.
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Figure 2. Analysis of Epstein-Barr virus-infected T cells 3 years after BMT at recurrence of
chronic active EBV infection. A: Analysis of peripheral blood mononuclear cells by flow cytometry
at the diagnosis of recurrence. B, C: Fluorescence in situ hybridization (FISH) analysis. Red and
green signals indicate X and Y chromosomes, respectively. B: Lymphoblastoid cell line (LCL) estab-
lished from patient’s PBMC soon after engraftment. The XY signal was positive in 96.8% of cells
and was considered to be of donor origin, EBV-DNA titer, 1.4x10° copies/ug DNA. C: CD8-positive
cells from PB at recurrence. The XY signal was positive in 98.4% of CD$-positive cells. EBV-DNA
titer, 2.4x106 copies/ug DNA. D: Lmp] sequence analysis of CD8-positive T cells at diagnosis (CD8-D,
upper lane) of LCL, established from patient’s PBMC soon after engraftment (LCL-R, middle lane),
and of CD8-positive T cells at recurrence (CD8-R, lower lane). The first nucleotide corresponds to
nucleotide No. 168238 of B95.8 (Genbank No.V01555), Asterisks indicate repeat regions; black let-
ters indicate distinctive nucleotides.

EBYV itself can contribute to the clonal proliferation of in-
fected T or NK cells. NF-kB was constitutively activated in
EBV-infected T or NK cells derived from CAEBV patients
and protected them from VP-16-induced apoptosis, suggest-

ing that EBV infection of T or NK cells could directly con-
tribute to their immortalization (15). However, EBV-induced
immortalization of infected cells may be insufficient for
CAEBV development.
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Figure 3. Analysis of Epstein-Barr virus-infected T cells at liver dysfunction development. A-C:

Biopsy liver specimens at recurrence (original magnification, x200), showing severe sinusoidal infil-
tration of atypical cells. A: Hematoxylin and Eosin staining. B: Stained with the anti-CD8 antibody.
C: In situ hybridization of Epstein-Barr virus-encoded mRNA. D: FISH analysis of peripheral nu-
cleated cells. Red and green signals indicate X and Y chromosomes, respectively. E: Analysis of pe-
ripheral blood mononuclear cells by flow cytometry at the time of liver biopsy.

We recently generated a xenograft model of CAEBV by
transplanting a patient’s PBMC to NOD/Shi-scid/IL-2Ry-
null strain mice (16). In this model, neither EB V-infected T
and NK cell engraftment nor CAEBV development occurred
without CD4-positive T cells. This indicates that both in-
fected cells and CD4-positive T cell-associated mechanisms
(e.g., interactions with CD4-positive T cells, CD4- positive
T cell-related cytokines, and so on) may be necessary for
CAEBYV development. At recurrence, the present patient had
activated CD4-positive cells that may have originated from
the donor’s PBMC (Fig. 3E and Table 1). Three other cases
of CAEBV have been reported in patients with autoimmune

diseases (14, 17, 18). Hyperactivated, uninfected T cells, in-
cluding CD4-positive T cells, may facilitate the expansion of
EBV-infected T or NK cells, as in our murine model.

In conclusion, the present case indicates that certain back-
ground host factors may predispose a patient to CAEBV de-
velopment. Further studies should be conducted in order to
determine these factors.
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Table 1.
plantation

Chemerism and Lymphocyte Subsets of Peripheral Blood after Bone Marrow Trans-

Years after Bone Marrow Transplantation

0 1 3 4 4.5
XX 0.6% XX 0% XX 0%
Chimerism of nucleated cells (%) NE
XY 99.4% XY 100% XY 100%
NE XX 0.5% NE XX 0%
Chimerism of T cells
NE XY 99.5% NE XY 78.5%, XXYY 21.5%
The Percentage of CD4-positive cells in CD3- NE 9, o
positive cells (in MC) NE 25 % (24%) NE 43% (41%)
The Percentage of CD8-positive cells in CD3- o » o o
positive cells (in MC) NE  75% (71%) NE 57% (57%)
Epstein-Barr virus-DNA <
ND 4 100 3 5 6
(copies/ugDNA) 1 1.7x10 1=10 1x10 5.6x10

ND: not detected

NE: not examined
MC: monocuclear cells
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