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Analysis of Epstein-Barr virus (EBV)-infected T cells in EBV associated
hemophagocytic lymphohistiocytosis
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Epstein-Barr virus (EBV)-associated hemophagocytic lymphohistiocytosis (HLH) is
characterized by ectopic EBV infection in CD8+ T cells and their clonal proliferation. We demonstrate
that EBV-infected cells can be detected as highly activated CD5-/dim CD8+ T cells that often react with a
specific TCR VB monoclonal antibody in patients with EBV-HLH, who exhibit characteristic profiles of
serum cytokines. Although down-regulation of CD5 in CD8+ T cells is not specific for EBV-HLH, the
combined approach of our flow cytometric analysis including TCR VB repertoire and cytokine profile
analysis may be useful in diagnosis and follow-up of patients with EBV-HLH.

EB



Epstein-Barr (EBV)
B
EBV
EBV B
EBV
T NK
(HLH)
EBV
EBV
HLH (EBV-HLH) 2 HLH
EBV T
HLH
EBV-HLH
EBV  CD8' T
EBV-HLH EBV
CD8"
CD5 T
(TCR) VB HLA-DR
CcD8' T
EBV-HLH
HLH
cD8" T
EBV-HLH EBV 2
HLH HLH
FHL2 HLH HLH
sIL-2R
EBV EBV
EBV EBV
FHL2
HLH
(1) EBV

CD4* T CD8' T
CD20" B CD56" NK
EBER-1 in
situ EBV

@

cba* T

cD8*'T y o' T
HLA-DR  CD5
CD8+ T CD5
EBV
(3) TCR VB
T
23 VB
CD4*T CD8'T VB
)
ELISA
IL-6, IL-18, IFN-y ,
, INF-a , TNF
(1) EBV-HLH
EBV-HLH 11 EBV
IM 11 FHL2 4
10
ELISA EBV-HLH IM
IFN-y  IL-6 IL-10 1L-18
-1
FHL2
EBV-HLH
HLH
CD8* T EBV
TNF-a EBV-HLH IM
EBV viral
1L-10
EBV-HLH 1L-10
FHL2 viral
1L-10
cD8* T
CD5
EBV-HLH
(2) FHL T
FHL
HLH
HLH
FHL EBV-HLH EBV
cD8* T
Ccos* T



FHL2 5 FHL3
Muncl13-4 1
CD5
CcD8* T
IFN-y
TCR VP
FHL CD5
CcD8* T
EBV-HLH
TCR
VB
cD8* T
CD5 EBV-HLH
FHL EBV-HLH
EBV-HLH

. Tsuma Y, Imamura T, Ichise E, Sakamoto
K, Ouchi K, Osone S, Ishida H, Wada T,
Hosoi H. Successful treatment of
idiopathic colitis related to XIAP
deficiency with allo-HSCT using
reduced-intensity conditioning.
Pediatr Transplant. 2015;19:E25-28.
doi: 10.1111/petr.12405. [ 1

. VuQV, Wada T, Tran TT, Ngo DN, Van Dinh
T, Nguyen CH, Le HT, Yachie A, Nguyen SN.
Severe congenital neutropenia caused by
the ELANE gene mutation in a Vietnamese
boy with misdiagnosis of tuberculosis
and autoimmune neutropenia: a case
report. BMC Hematol. 2015;15:2. doi:
10.1186/s12878-015-0020-x. [ ]

. Wada T, Matsuda Y, Muraoka M, Toma T,
Yachie A. Fecal eosinophil-derived
neurotoxin in cow"s milk-sensitive
enteropathy: A case report. Allergol
Int. 2015;64:99-100. doi: 10.1016/j.
alit.2014.11.001. [ 1

. Wada T, Toma T, Muraoka M, Matsuda Y,
Yachie A. Elevation of fecal
eosinophil-derived neurotoxin in
infants with food protein-induced
enterocolitis syndrome. Pediatr
Allergy Immunol. 2014;25:617-619. doi:
10.1111/pai.12254. [ ]

. Wada T, Matsuda Y, Muraoka M, Toma T,
Takehara K, Fujimoto M, Yachie A.
Alu-mediated large deletion of the CDSN
gene as a cause of peeling skin disease.

7.

8.

10.

11

12.

13

Clin Genet. 2014;86:383-386. doi: 10.
1111/cge.12294. [ ]

. Koura U, Sakaki-Nakatsubo H, Otsubo K,

Nomura K, Oshima K, Ohara O, Wada T,
Yachie A, Imai K, Morio T, Miyawaki T,
Kanegane H. Successful treatment of
systemic cytomegalovirus infection in
severe combined immunodeficiency using
allogeneic bone marrow transplantation
followed by adoptive immunotherapy. J
Investig Allergol Clin Immunol.
2014;24:200-202. [ ]

Wada T, Yasumi T, Toma T, Hori M, Maeda
S, Umeda K, Heike T, Adachi S, Usami I,
Yachie A. Muncl13-4 deficiency with CD5
downregulation on activated CD8" T
cells. Pediatr Int. 2014;56:605-608.
doi: 10.1111/ped.12290. [ ]

Vu QV, Wada T, Le HT, Le HT, Van Nguyen
AT, Osamu O, Yachie A, Nguyen SN.
Clinical and mutational features of
Vietnamese children with X-linked
agammaglobulinemia. BMC Pediatr.
2014;14:129. doi: 10.1186/1471-2431
-14-129. [ ]

. Wada T, Toma T, Hamaguchi Y, Yachie A.

Increased expression of epidermal
thymic stromal lymphopoietin in
inflammatory peeling skin syndrome. J
Dermatol. 2014;41:448-449. doi: 10.
1111/1346-8138.12449. [ 1

Wada T, Itoh M, Maeba H, Toma T, Niida
Y, Saikawa Y, Yachie A. Intermittent
X-linked thrombocytopenia with a novel
WAS gene mutation. Pediatr Blood Cancer.
2014;61:746-748. doi: 10.1002/pbc.
24787. [ ]

. Shigemura T, Nakazawa Y, Yoshikawa K,

Hirabayashi K, Saito S, Kobayashi N,
Sakashita K, Shiohara M, Wada T,
Shimodaira S, Agematsu K, Koike K.
Successful cord blood transplantation
after repeated transfusions of
unmobilized neutrophils in addition to
antifungal treatment in an infant with
chronic granulomatous disease
complicated by invasive pulmonary
aspergillosis. Transfusion.
2014;54:516-521. doi: 10.1111/trf.
12325. [ ]

Wada T, Kanegane H, Ohta K, Katoh F,
Imamura T, Nakazawa Y, Miyashita R, Hara
J, Hamamoto K, Yang X, Filipovich AH,
Marsh RA, Yachie A. Sustained elevation
of serum interleukin-18 and its
association with hemophagocytic
lymphohistiocytosis in XIAP deficiency.
Cytokine. 2014;65:74-78. doi: 10.1016/
J-cyt0.2013.09.007. [ ]

. Wada T, Sakakibara Y, Nishimura R, Toma



14.

15.

16.

17.

18.

19

20

T, Ueno Y, Horita S, Tanaka T, Nishi M,
Kato K, Yasumi T, Ohara O, Yachie A.
Down-regulation of CD5 expression on
activated CD8" T cells in familial
hemophagocytic lymphohistiocytosis
with perforin gene mutations. Hum
Immunol. 2013;74:1579-1585. doi: 10.
1016/j -humimm.2013.09.001. [ 1
Watanabe Y, Sasahara Y, Satoh M, Looi
CY, Katayama S, Suzuki T, Suzuki N,
Ouchi M, Horino S, Moriya K, Nanjyo Y,
Onuma M, Kitazawa H, Irie M, Niizuma H,
Uchiyama T, Rikiishi T, Kumaki S,
Minegishi M, Wada T, Yachie A, Tsuchiya
S, Kure S. A case series of CAEBV of
children and young adults treated with
reduced-intensity conditioning and
allogeneic bone marrow

transplantation: a single-center study.

Eur J Haematol. 2013;91:242-248. doi:
10.1111/ejh.12151. [ ]

Wada T, Muraoka M, Yokoyama T, Toma T,
Kanegane H, Yachie A. Cytokine profiles
in children with primary Epstein-Barr
virus infection. Pediatr Blood Cancer.

2013;60:E46-48. doi: 10.1002/phc.24480.

[ ]

Ikawa Y, Nishimura R, Kuroda R, Mase
S, Araki R, Maeba H, Wada T, Toma T,
Koizumi S, Yachie A. Expansion of a
liver-infiltrating cytotoxic
T-lymphocyte clone in concert with the
development of hepatitis-associated
aplastic anaemia. Br J Haematol.
2013;161:599-602. doi: 10.1111/bjh.
12259. [ ]

Wada T, Muraoka M, Toma T, Imai T,
Shigemura T, Agematsu K, Haraguchi K,
Moriuchi H, Oh-Ishi T, Kitoh T, Ohara O,
Morio T, Yachie A. Rapid detection of
intracellular p47phox and p67phox by
flow cytometry; useful screening tests
for chronic granulomatous disease. J
Clin Immunol. 2013;33:857-864. doi:
10.1007/s10875-012-9859-9. [ 1
Yokoyama T, Tokuhisa Y, Toga A, Fujiki
T, Sakakibara Y, Mase S, Araki R,
Nishimura R, Wada T, Fuseda T, Kato E,
Yachie A. Agranulocytosis after
infectious mononucleosis. JClin Virol.
2013;56:271-273. doi: 10.1016/j.jcv.
2012.11.016. [ ]

- VuQV, Wada T, Toma T, Tajima H, Maeda

M, Tanaka R, Oh-Ishi T, Yachie A.
Clinical and immunophenotypic features
of atypical complete DiGeorge syndrome.
Pediatr Int. 2013;55:2-6. doi: 10.1111/
J-1442-200X.2012.03722.x. [ ]

. Kanegane H, Taneichi H, Nomura K, Wada

T, Yachie A, Imai K, Ariga T,

21

22

23.

24

Santisteban I, Hershfield MS, Miyawaki
T. Successful bone marrow
transplantation with reduced intensity
conditioning in a patient with
delayed-onset adenosine deaminase
deficiency. Pediatr Transplant.
2013;17:E29-32. doi: 10.1111/j.1399-
3046. [ 1

. Wada T, Toga A, Sakakibara Y, Toma T,

Hasegawa M, Takehara K, Shigemura T,
Agematsu K, Yachie A. Clonal expansion
of Epstein-Barr virus (EBV)-infected
y 0 T cells in patients with chronic
active EBV disease and hydroa
vacciniforme-like eruptions. Int J
Hematol . 2012;96:443-449. doi: 10.1007
/s12185-012-1156-0. [ ]

. Kawai T, Saito M, Nishikomori R, Yasumi

T, lzawa K, Murakami T, Okamoto S, Mori
Y, Nakagawa N, Imai K, Nonoyama S, Wada
T, Yachie A, Ohmori K, Nakahata T, Heike
T. Multiple reversions of an IL2RG
mutation restore T cell function in an
X-linked severe combined
immunodeficiency patient. J Clin
Immunol . 2012;32:690-697. doi: 10.1007
/s10875-012-9684-1. [ ]
Nakaoka H, Kanegane H, Taneichi H, Miya
K, Yang X, Nomura K, Takezaki S, Yamada
M, Ohara O, Kamae C, Imai K, Nonoyama S,
Wada T, Yachie A, Hershfield MS, Ariga
T, Miyawaki T. Delayed onset adenosine
deaminase deficiency associated with
acute disseminated encephalomyelitis.
Int J Hematol. 2012;95:692-696. doi:
10.1007/s12185-012-1055-4. [ ]

. Wada T, Nishiura K, Kuroda M, Asai E,

Vu QV, Toma T, Niida Y, Yachie A. A case
of acute encephalopathy with
hemophagocytic lymphohistiocytosis and
clonal T-cell expansion. Brain Dev.
2012;34:376-379. doi: 10.1016/j.

braindev.2011.07.005. [ ]
FPIES
EDN
1gA 51
2014.11.8

. Wada T, Toma T, Yasui M, Inoue M, Kawa

K, Imai K, Morio T, Yachie A. Different
leaky phenotype in two siblings with
X-linked severe combined
immunodeficiency, 16th Biennal Meeting
of the European Society for
Immunodeficiencies (2014.10.29, Prague
Congress Centre, Prague, Czech
Republic)



XIAP IL-18
117
2014.4.11
4.
NK CD160
sCD160 23 EB
2014.3.16
5.
phenotype
XSCID 7
2014.1.25 NTT
6.
45
2013.10.26
7. PID
4
2013.9.22
8.
p47phox/p67phox
116
2013.4.19
9. EBV-HLH 44
2012.11.24
10.
yorT
EBV 3 y o
T 115
2012.4.21

http://ped.w3_kanazawa-u.ac.jp/

@
WADA, Taizo

30313646

@

®



