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Figure 6. Engraftment of EBV-infected T and B cells in NOG mice transplanted with PBMC of patients with EBV-HLH. A. Peripheral
blood EBV DNA load. Following transplantation with PBMC or PBMC devoid of CD4" cells of the patient 11, EBV DNA was measured weekly by real-
time PCR. Results of two mice prepared in an experiment are shown. B. Cytokine levels in the peripheral blood of the patient 12 and a mouse that
received his PBMC. The levels of IL-8, IFN-y, and RANTES were measured by ELISA in triplicates and the means and the standard errors are shown. A
plasma sample of healthy person was used as a control. C. Immunophenotypic analyses on the peripheral blood lymphocytes of the EBV-HLH patient
10 (a) and a mouse that received his PBMC (b). Lymphocytes were gated by the pattern of the side scatter and the expression of human CD45, and
analyzed for the expression of the indicated markers. The circles indicate the fractions that contained EBV DNA. D. Photograph of a mouse showing
splenomegaly (red arrow) and hemorrhagic lesions (yellow arrow). Spleens excised from this mouse and a control mouse are shown at the bottom. E.
Photomicrographs of the tissues of mice transplanted with EBV-HLH-derived PBMC. Liver and spleen tissues of a mouse transplanted with PBMC of
the patient 11 were examined by EBER-ISH (left), double staining with an anti-human CD20 monoclonal antibody and EBER-ISH (middle), and double
staining with an anti-human CD45RO monoclonal antibody and EBER-ISH (right). Original magpnification x600.
doi:10.1371/journal.ppat.1002326.9006
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CAEBV may be its inability to immunologically remove EBV-
infected 'I" and NK cells. In this context, it should be emphasized
that EBV-infected ‘T or NK cells usuadly exhibit the latency 11
pattern of EBV gene expression and do not express EBNA3s, that
possess immuno-dominant epitopes vecognized by EBV-specific T
cells {47). EBV-infected 'I" and NK cells are thus not likely to be
removed by cytotoxic T cells as efficiently as EBV-infected B cells
that express EBNA3s. The reported lack of cytotoxic T cells
specific to LMP2A [17], one of the few immuno-dominant EBV
proteins expressed in the virus-infected T and NK cells, may
therefore seriously affect the host’s capacity to conwol their
proliferation. A genetic defect in the perforin gene was recently
identified in a patent with clinical and pathological features
resembling CAEBYV, suggesting that defects in genes involved in
immune responses can result in clinical conditions similar to
CAEBV [48].

Engraftment of EBV-infected T and NK cells in NOG mice was
in most cases accompanied by co-engraftment of un-infected cell
populations. These un-infected cells might have been maintained
and induced to proliferate by certain factors produced by EBV-
infected 'I" or NK cells. Abundant cytokines produced by these
cells may be responsible for this activity. It is also possible that the
proliferation of these un-infected cells represents immune
responses. Experiments are underway to test whether these un-
infected T cells contain EBV-specific cells. These un-infected T
cells might also be reacting to host murine tissues. Intravenous
injection of PBMC obtained from normal humans to immunode-
ficient mice including NOG mice has been shown to induce acute
or chronic graft versus host disease {GVHD) [49,50]. However,
because much less PBMC were injected to mice in the present
study as compared to those previous studies, it is not likely that
major GVHD was induced in NOG mice transplanted with
PBMC of patients with CAEBV or EBV-HLH.

CAEBYV has been treated hy a variety of regimens, including
antiviral, cytocidal, and immunomodulating agents with more or
less unsatisfactory results. Although hematopoietic stem cell
transplantation, especially that with reduced intensity conditioning
can give complete remission in a substantial number of patients
151,52], it is still desirable to develop safer and more effective
treatment, possibly with pharmaceutical agents. The xenograft
model of CAEBV generated in this study may be an excellent
animal model to test novel experimental therapies for the disease.
In fact, the OKT-4 antibody that depletes CD4™ T cells in vivo
gave a promising result implying irs effectiveness as a therapeutic
w0 CAEBV.

Materials and Methods

Ethics statement

Protocols of the experiments with materials obtained from
patients with CAEBY and EBV-HLH and from control persons
have been reviewed and approved by the Institutional Review
Boards of the National Center for Child Health and Development
and of the National Institute of Infectious diseases (NID}. Blood
samples of the patients and control persons were collected after
obtaining written informed consent. Protocols of the experiments
with NOG mice are in accordance with the Guidelines for Animal
Experimentation of the Japanese Association for Laboratory
Animal Science and were approved by the Institutional Animal

“«

Care and Use Committee of NIID.

Patients with CAEBY and EBV-HLH
Characteristics of the nine patients with CAEBV and the four
patients with EBV-HLH examined in this study are summarized
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in Table 1. Diagnosis of CAEBV and EBV-HLH was made on the
basis of the published guidelines [19,53] and confirmed by
identification of EBV-infected T or NK cells in their peripheral
blood by flow cytometry and real-time PCR.

NOD/Shi-scid/IL2Ry™" (NOG) mice

Mice of the NOD/Shi-scid/1L-2Ry™" (NOG;) strain [22] weve
obtained from the Central Institute for Experimental Animals
{Kawasaki, Japan) and maintained under specific pathogen free
{SPF) conditions in the animal facility of N1ID, as described [22].

Transplantation of PBMC or their subfractions to NOG
mice

PBMC were isolated by centrifugation on Lymphosepar |
{(Immuno-Biological Laboratories (IBL) and injected intravenously
to the tail vein of NOG mice at the age of 6 8 weeks. Depending on
the recovery of PBMC, 1-4x10° cells were injected to 2 to 4 mice in
a typical experiment with a blood sample. For transplantation with
individual cellular fractions containing EBV DNA, CD4Y T cells,
CD8* T cells, and CD36* NK cells were separated with the IMag
Cell Separaton Systems (BD Pharmingen) following the protocol
supplied by the manufacturer. To isolate v8T cells, CD19*, CD4",
CD8", CD36", and CD 14" cells were serially removed from PBMC
by the IMag Cell Separation Systems. From the remaining
CDIS7CD47CD8™CD367CD14” population, CD3* cells were
positively selected by the same kit and defined as the v8'1 cell
fraction. To transplant PBMC lacking individual immunopheno-
typic subsets, CD19™ CD4Y, CD8*, CD36" or CD14™ cells were
vemoved from PBMC by the IMag Cell Separation Systems and the
remaining cells were injected to mice. To prepare PBMC lacking
¥&T cells, CD19%, CD4%, CDB*, CD36%, and CD 147 cells isolated
from PBMC in the process of obtaining Y81 cell fraction (see above)
were pooled and mixed with the CD197CD4"CD8 CD56™ -
CDI147 cells that did not react with anti-CD3 antibody. For
complementation experiments, an EBV-containing cell fraction and
the CD4* cell fraction were isolated from a sample of PBMC as
described above and the mixture of these two fractions were injected

to NOG mice. The approximate numbers of injected cells are shown
in Table 2.

Analysis of immunophenotypes and TCR repertoire
expression by flow cytometry

PBMC isolated from the patients and the recipient NOG mice as
described above were incubated for 30 min on ice with 4 mixture of
appropriate combinations of f{luorescently labeled monaclonal
antibodies. After washing, five-color flow-cytometric analysis was
carried out with the Cytomics FC500 analyzer (Beckman Coulter).
The following directly labeled antibodies were used: phycoerythrin
(PE}-conjugated antibodies to CD3, CD8, and TCRa/B, fluores-
cein isothiocyanate FITCl-conjugated antibodies to CD3, CD4,
CD8. CDI19, TCRVYY, TCRVS2, and TCRY/8, and Phycoery-
thrin Texas Red (ECDj-conjugated antbody to CD45RO from
Beckman Coulter; Pli-conjugated antibodies to CD16, CD40, and
CD40L, and FITC-conjugated antibody to CD36 from BD
Pharmingen. TCR VP repertoire analysis was performed with the
Multi-analysis TCR VB antibodies Kit (Beckman Coulter} accord-
ing to the procedure recommended by the manufacturer.

Treatment of mice with the OKT-4 antibody

NOG mice were injected intravenously with 3x10° PBMC
isolated from the CAEBY patient 3 (CD8 type) or 8 (NK type! and
were subsequently injected intravenously with 100 pg of the
OKT-4 antibody on the same day of transplantation. Additional
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administration of the antibody was carried out by the same dose
and route for the following three consecutive days. Peripheral
blood EBV DNA load was then monitored every week. Mice were
finally sacrificed four weeks post-transplantation and applied for
pathological and virological analyses.

Quantification of EBV DNA by real time PCR and analysis
of EBV gene expression by RT-PCR

Quanitification of EBV DNA was carried out by real-time
quantitative PCR assay based on the TagMan system {(Applied
Biosystems), as described [54]. Analysis of EBV gene expression by
RI-PCR was carried out as previously described with the following
primers [35]. EBNAI: sense, gatgagegutgggagagetgattctgea; anti-
sense, tectegtecatggtratcac. EBNAZ: sense, agaggaggtggtaagegstic;
antisense, tgacgggtitcenagactatee, LMP1: sense, ctetecttetectectettg;
antisense, caggagggigatcatcagta. LMP2A: sense, atgactcatctcaaca-
cata; antisense, catgttaggcaaattgcaaa. LMP2B: sense, cagtgtaatctg-
cacaaaga; antisense, catgttaggcaaattgcaaa. EBER]: sense, agcace-

tacgcigecctaga,  antisense, aaaacatgeggaccaccage. Cp-EBNAL
sense,cactacaagacctacgectetecatteate;  anti  sense,  tteggtcteeccta-

ggeectg. Wp/Cp-EBNAT: sense, tcagagegecaggagtecacacaaat; an-
tisense, tteggtctecectaggeectg. Qp-EBNALD sense, aggegeggga-
tagegigegetacegga; antisense, tectegtecatggttatcac. RT-PCR prim-
ers for B-actin were purchased from Takara {(Osaka, Japan).

Histopathology, EBER ISH, and immunohistochemistry

Tissue samples were fixed in 10% buffered formalin, embedded
in parafin, and stained with hematoxylin and eosin. For
phenotypic analysis of engrafted lymphocytes, immunostaining
for CD3, CD8 (Nichirel), CD45RQ, and CD20 (DAKO) was
performed on paraffin sections. EBV was detected by in situ
hybridization (ISH} with EBV small RNA (EBER) probe.
Immunohistochemistry and ISH were performed on an automated
stainer (BENCHMARK XT, Ventana Medical Systems) accord-
ing to the manufacturer’s recommendations. T'o determine the cell
lineage of EBV infected cells, paraffin sections were applied to
double staining with EBER ISH and immunohistochemistry.
Immediately following EBER ISH, immunostaining for CD45RO
or CD20 was performed. Photomicrographs was acquired with a
OLYMPUS BX351 microscope equipped with 40x/0.75 and 20x/
0.50 Uplan ¥I objective lens, a Pixera Penguin 600CL digital
camera {Pixera), and Viewfinder 3.01 (Pixera} for white balance,
contrast, and brightness correction.

Quantit" cation of cytokines

samples were measured with thc anyme linked mnnunosorl)em
assay (ELISA) kit provided by R&D Systems following instructions
provided by the manufacturer.
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Figure S1 Changes i the body weight of NOG mice
transplanted with PBMC derived from patients with CAEBV or
EBV-HLH. Body weight of the five CAEBV mice shown in
Figure 1A fransplanted with PBMC from the patient 1, 3, 3, and
9, and with the CD4" fraction from the patient 1. respectively} and
two EBV-HLH mice shown in Figure 8A (both wansplanted with
PBMC from the patient 11} were recorded weekly.
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Figure 82 Histopathological analysis of a control NOG mouse. A a
NOG mouse without xenograft. A 20-weck old female NOG mouse
was sacrificed and examined as a reference. No human cells are
identified in these dssues. Upper panels: liver tissue was stained with
hematoxylin-eosin (HE}, antibodies specific to human CD3 or CD20,
or by ISH with an EBER probe; the rightmost panel is a double
staining with EBER and human CD45RO. Botom panels: EBER
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transplanted with- PBMC of a healthy EBV carrier. A sb-week old
female NOG mouse was transplanted with 5x10% PBMC isolated
from a normal EBV-seropositive person and sacrificed at eight weeks
post-transplantation for histological analysis. Liver and Spleen tissues
were stained with HE, antibodies specific to human CD3 or CD20, or
by ISH with an EBER probe. No EBER-positive cells were identified
in these tissues.Original magnification is x200 for both A and B.
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with CAEBV and a corresponding mouse derived from her
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with EBV-HLH and a corresponding mouse derived from his
PBMC.
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DO AR R IR B OWE & & 5 Z Ry R & #85E
BIZAZ ) ==y 7 LT AMES AT o2 REL,

TEME 2 W & 2 HUCE ) EE) R IR AT

ZEERE L
T b, [IREEHE 1 Je 1, mmu/ﬂﬁ AAAAA HArFEIc il
HAOTIME, i, POoMBENLBHMRES AT AH

BELERRTHD EBDbNS. ARTE, ZOHL

CIREOBE FDTHRE ) Pk L
R OBRBIRALZ AT B

1 HILLPCRBE v IFTLvZ7XPCR
EUT7IVE14 4L PCR

DHRIAEAR B O

34, #rLvs PCR (polymerase chain reaction) 4%
ELTHHEARAEWPCR (B, =~ vF 7Ly s R
PCR) LB PCR (V7L A4 A PCR) DL, &
51k, B MAMVRZATA N AI~SHOTVFT L v
7 APCR &Y T &4 5 PCR ZHMAA DL/ BIR TR

BYATFARMILL, FOESHECOWTOHRELZIT-
72,

PCR & BEW ik, ~VvF 7L v APCRIE#
NENORFE R BRIGTIA—FHWT, Oy
v 2%t ® LightCycler & v 5 B¢ PCR 2479 (W 1).
PCR#, 7u—70RA&WE PCREWZREL, 77
7 (melting curve) 24TV, T4 VAL EDHIK
DNA OH %2475, Th 5k Tm f (melting temper-
ature, BUARIE) PELZLLVEIICERELLTo—

TWEoTEFOHB 2 HET IOV TH S (H2).
PR o sEME PCR T VOB s> FTHEL Tw
2h, FREERAYR 20 L) RS 7 7 TH

*Sunao Sugita @ BB R KSR
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ek 5 DNA S (155 DNA flitti) |

Il

[ < WVF 7L v 7 A PCR (LightCycler) }
Il

( Tu— T R ]
Il

| WS (TR
L

| BESERD 7Y 4 APCRAN

PCR S

LightCycler PCR %
Fy¥sy— Rl 1 O AT~

i

PCR BEI&

B®1 vWF7L vy XPCREBEE
T NF T L 7 A PCR (multiplex PCR @ 8 H Ml PCR) ¥oftid, BEEE (843 10 Bl LA
W) D7 AN A7 EOFERMEGUR & I GREICHINTE 28 Ly PCR BB Y 27 4. IR
5 DNA Z4hihi#, accuprime Taq # (W CTEFNRZFROHE DNA RN TS A v —2RGLT, <L
F7V v 7 A PCR Z4TH. BHBOWNEZEARAOF v 5 ) -2 HWTHRIEICHAET 5. PCR IS,
NATIVFLE—aT7u—TORGHE PCREWEIRG L, MBI 21T, HUEDNA ®

gz 5.

YT H. ZOPCROFMIE, BtElhiis 5 725K 5w
B IR OPE R A WS EAShb A ) RERTE S
ok, H TS S PCRICAH D % T BRI D §

1RER] 40 73R E & CTHMETHB 2 &, 10 HHLL
L OGLRPERUE DN A AR Btk A Bt D Hl e AT
E, A7) ==L LTHHITER I L, LM
biFoh s, ZoMoRHE, IREREAEESE (f5
k,%m&&a)wﬁﬁ%%uﬁﬁmﬂ%ﬂmﬁﬁmm

LA H Y, TOPCRIBHHTHS.

uMJHTRX?Uwa/ﬁﬁﬁfMﬁT%otﬂ
ﬂim)}?c‘f% LTEZDERALZITIN, VT NVI AL
PCR # HI\WCHT T 5. PCR OFEMIZ VA WA X
NTWw5Bb 2, 4% 513 LightCycler 3 L < & ABI #k
7300 system Tiht PCR #17T-> T\ 4. fAkGME % B
LHHWT, 794<x—¢7u—7EslIvwLFTLy 7
APCREERED EIICHELTWE, ERYTLY
£ 2 PCR DA DOF fIL, HBRTICIEFTO DNA 2
V—HEBRTE S -0ICmE oo Y, i s 4
IVITOBEILDL. Fiz, MEPREEZRINTE 5
A, R 2 =Ko X - TRk o %
LB, 5ERPCR THM S M- BLEPEIRN £ PCR #5
RERKIITR L. IREFTOHER 28S rRNA ¥ —
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BB ThHo7z2 20, 2O PCRIELBMZT
TR LHEHRFEOBEII LR S ERTH 5

4 TIENA T O IRB R Vv 7z PCR IR T o
K EROEN F 721328 PCRREDOA T, okt
D EHIZETH & FIRZ DB IR o B Bk 5 47
IHERITEAE LRI TR, X512, BEEAHO
RN S B O RRIR D & ZREE OSSP K
HWEAZ ) ==y TP TEDLOT, EYSED BRI T
& FEBICE o TR AT O A FHLOPRAEREZ 1T 2
5EIh 5.

O HLWPCRH/E: JO-KL Y PCR

AR, AR Gt % MRS 2 72 50 O HI i AR A BF 2 B
SE57u—FL ¥ PCR (#I# 16S rRNA gene) %
TTRBDEI o7 (M4, B R BRAF o R
i, FLR28S VARV — LA RNA#HBOT7O—FL VY
PCR (FLH 28S rRNA gene) 2%7bh . 7u—FL ¥
Y PCR I, VYAV == RNA (rRNA) #{xT % By
ICL72PCR T, BEAMWTIE16S rRNA, HEEAWT
1£18S/28S rRNA & \Vio 72 ZNZN ORI THAF S iz
BIRFZEMICLZbDOTH D, 13EALOME A
TAHBETFTHENT AFX—Y ¥ 7ilifsT, 16S rRNA
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Temperature history

Temperature (T)

Fluorescence (640/530)

2125 3151
Time (h : mm : ss)

0:56

5"

16

Melting

0.1551

0.1451

0.1351

Fluorescence history

0.151

0.141

01 4:30 4:58 5:27 5.

Time (h : mm : ss)

1143:33 4 51

w

peaks

0.001
0.001

0.001
0.0014

(705/530)

CMV
Tm fii : 61T

0.0014

(d/dT) Fluorescence

45

T

55

T T T

60 70

Temperature (T)

Melting

peaks

0.0014
0.001
0.000

(640/530)

—0.001

(d/dT) Fluorescence

—0.001

HSV-2
Tm i : 71T

40 45

55

60 65

Temperature (T)

B2 wIFTLYyIZXPCRERENDTS7
R ) — 7 TR RRED OREZ TS . 72% 21F CMV-DNA i Tm 2% 61T THISAMM SN2 X 5 1cie LT

V5. HSV2-DNA @ Tm fliiZ 71T C, Z DA IZMMANIC HSV2-DNA RSN TW5 2 EAbh b,

[AIEIC HSV2

PADHD NV Z 7 4 ) 2 DNA (HSV1, VZV, EBV, CMV, HHV6, HHV7, HHV8) 133X THEHTH 2 = L 2 B3 2.

B3 ERU7IEALPCR TEZE S hA-REEH D PCR

=R

sEHt PCR THM S M FUHEMIRN %O PCR # R0 757, o
Y —KoM bR, RO DNABEOT R M 7L (B
) EREBIERD-DDR Y » ¥ — FH ¥ 7 (control
DNA) 2 U4 FTPCR 20 THHTL, 4> 71D Ct
EEHH L TRERICETROEIETEFOF YT VHD

DNABRELH D I LATE 5.

Z DR TR O FLH 28S

rRNA ® 2 ¥ — ¥ 6.5X10° copies/m! & EftiTa - 7=.

(15)

Amplification curves

L6] 7§k : Ui 28S rRNA gene (65X 10° copies/ml)
= L4 Sample
™ 1.24
[Te]
\; H Control DNA
8 LOE+05
5 08
ot LOE+04
g 08 LOE+03 7
__S 0.4 ’ ~
= 1LOE+02 4~ >
02 / Negative
0h—
246 8101214 16 18 20 22 21 26 28 30 32 34 36 38 40 42 44 46 48 50
Cycles
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200 400 600 800

1,000

1,200

V1 V2 V3 V4 V5
Olweasm W 98

V6 V7

e— Sense primer (Bac 349F) : 5-~AGGCAGCAGTDRGGAAT-3’

1,400 1,542bp

<¢— Antisense primer (Bac 806R) : 5'- GGACTACYVGGGTATCTAAT-3'.
==== TaqMan probe (Bac 516F) : 5'-FAM-TGCCAGCAGCCGCGGTAATACRDAG-TAMRA-3".

REEBREBAWVWTPCREMNT BT & THE IR TERE TR

B4 7O-KL >V FRPCR OEHE,
Bk

A 16S rRNA #IROIF R %2 75 4
~¥—& TagMan 70 —7 %% L, &
it PCR RAE A HESE L7, M omcy)Ic
PR BUR GET A HIR) & T2 s
RHIAFEL, RAFHUIR%E PCR THIE
SH5.

V8 V9  Vi0

(VKR —20HEHAERICHE, HEOYA1318S/
28S) XL < HWwWHLNBENTAF—E UV FRBIZTFDO—
ThY, ThzBilT5Z L CRHOEENHEHTE S.
CO7a—FLYYPCRAZHWT, BiEH»SHIHR K
WEBREICHRHTED L))o T/, ERPCR
ZHAEDLELI L THOERLNTE, EHIZZDMH
BFDY—7 L AW EATH T LT, WORETTH
WHETH 5. 7oL ZITHRE Tk, BT RTASLETHRA
§ % BRI (PRAFFIR) & WRIC X - TR Z 2z
TR GERAFEIR - WASIR) AR HEIHFEL, 20
HIRIZ 16S rIRNA D H D, ZORAFEREMH L T
PCR 2179 L H@GMICITME TR TEBRIBLTE % (X
4). FEBHIIE, MOPIHFET S 3 L EOME O
60~80% MM TE % & 3, IRHUSMNDEKRDYT
LIEWICHELMAI IR > TWA. Z® PCR BE#fk
(2, 16S rRNA S A MIHS¢C, B -2 AL
T, TO#HE% GenBank ¥ — ¥ NX— A T7 5 X M@t

BAEENN

75X MEI MR 16S £t PCR TOBMEHAI, B
DI EHWTT Z A bE#H (BLAST : basic local
alignment search tool) % 47 » Tw %. #i i 16S
rRNA #{z1® PCR IZ & A1lEx, 25F 754 < —
% H\T 16S rDNA ORi:4# 500 bp Z #Hr+ 5. #
DOYWE L 72 PCR % % GenBank ¥ — % X— A T#
AV NI =DV RTHB, =237zt
ABI 7+ A —%HOTEMNZHITL, ZO#H
GenBank BLAST T—#M2#M#E 3T 5. 100% —3
(HBHVITI8WLLE) THRERERE LTS, &
DA Z F VT — R e MBS 28R A X ) B
DFEEEFTITAH LIRS,
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(HEEMS) 2ITVHOREE TEITH. TDTF A b
FENTIZZ D OREILD 575, 4 —Men) 70 dl B 55 28 A
S BHECHOFEE TITR D L)% DI LHWEES
NTwa, EFLHIE, ZOME 16SPCREY TV F 4
L5ER PCR, BX U7 5 A MR MG bE 7 #E
TR AT L2 L, MR PEIRN SR ZIEA L,
ZOHEIEIZOVTOHEEFT-> TV B,

Il #FzAVEREDRO

HARW 2 IRBFr OBEREOHRIZK 52T L 7.
AREEIL, IREIERBTRTE RS, Btk
g%, MABLMLAT 28, RRAPEMRN K, RN V3l 2% &0
PHERNRIEEZ AT L2BEPOA Y 74— F-avk
¥ MEBTHIEK, WA BHEICE o TR R R
% EOIRNAMBRZ RIS 5. MKk, HBEL EoRE
M ARAEVERE R TId, MBEEREY R, R & %
FRINT 5.

BRI, IR0 ImIHHIERSICRTIEEAL
DEZIT) T EDMHETH 5. REOMHIZ, HBikz
A OHEL, TREOMIBLK 5 EA%EEE DNA 24, L
CIEEM (A A7), ko Fifix PCR UMb ot (3
1 M A4 PHE, FERPUENE, R T 5.
R 228l Tl — 3O ML % — B0 2 ik B AE, 7o
= A MX DY —% 720 B 2 R AT VA
B, Tl YVvaAf F=3 A 0GR LD Bk
TOHRELTRET 2 HNWTHREZIRIT 286505 5.
WO E SRR DD O TR IS 5 2
B b.
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RR, BREEELE ABRR BERX

X5 RREMABICHT 20BN
PCREZW AT LOBRED
mh

MR 929 PE B 2 & Befk & $RIL L C,

MM 5 A% HE DNA 24, B

X PCRUAN DA (A A A~

WsE, FRRpike, Kiaen ) i

i35, PCRIZ2DoDAFv 7

TARIZ) == 7 %479, Q740

ABLUREIBEEVFTL v 2

ABLUYTIH 4 5DPCR, %2 IR D) B YoM A b4 4
@M 4= i (HIHE 16S) 35 X OFHLE P:iow cytometry
et PCR (FLH 185/28S) # 7 i Bk AL

O— FL ¥ VERPCR Tff). #
O, LELRBEDOAREHT 4 LA
ZEDEHR PCR Z 174 5. IBRA

MRAHE, MRS &
AL A/ MR %8/
1 ¥ 7S/ RE I A 2¢

P o]

TEM PCR
B Y ¥ 3 (T V) > 73if)

PCR LISADIRE

k& # F—ToxocaraCHECK
KRR N R—R5 8, A AT

) YN TlE— B oML % — i %
WEMAE, 7u—H AL PA MY —%
i 7 i 22 1 B0 A AT (AR L

Eifidsd 4 b A4 Y WEET.

PCR A7) —= ¥ 73 R#E (24
KERILAAN) 12479 . 2 0B 0ROk
A 48 MM LINZ HEE L 5.
KL M PRV AT

27IVTRE

TIVFTL v XPCR

Y7214 LER PCR

AR ZY A VAR (HHV1~8)

¥V TFTZX=, NIVEFFERT

JOo- KL > UERPCR ZOfth') 7L 21 L PCR

M4 A 165 (RNA ik | [HTLV"]
UM 424 © VU 28S rRNA i | [E Y £V 2
T/ T74NVA

# ¥ Y% 1 18S rRNA HiiR d
7 AL A : 185 rRNA TYTET4NA
W T ABR P A
AV 7NV f VR
ll BK/JC %4 V2
INIVET LIV A
VT havyHh R
THhY BT A=

BLAST 47 (RIS 52 )

1. HEHRAR D2 M

MIEPERN 2 OBWICIE, — KR 7 F A%
i, FAFYAMITMZ T, PCR#475. PCRIE, MK
RAFEHREMIE S Y52 70— FL » ¥ PCR (M 16S
) ARV — 24 RNA #) 12TH79 (M5). o PCR Btk
FRfkiE, 16S rRNA Sz HIE X C, H#HEI—2r v
ALTHOREETEITH. IREOERBMEIRA KOt E
MR Propionibacterium acnes (7 7 7)) (IR A T
BHRAHER O 7= DR E X IZ Vv, BB WV ITRERERE RIS
W EZET 52 05wkt PCRREVSHHTH 5.

2. HEMBRAROZHE

HRPREDN LG, HME% Ax27BX070—
FL Y PCR (B M PRAF IR O B © FLH 28S V)
K '— 2 RNA #) »7bh s (K5). Zofl, R

(17)

THE) oLl

BV ERDbNE S V¥, TARLVELA, 7
H) o LADFNFROER PCR H179.

3. TAINAMRE S EROBE

TANVADBENIE, NIVRZAT ANV RR ] KA
(HSV (herpes simplex virus)-1, HSV-2, VZV
(varicella-zoster virus), EBV (Epstein-Barr virus),
CMV (cytomegalovirus), HHV (human herpes virus)
6, HHV7, HHV8) FT& L buy A LA THRE)
RO D human T-cell leukemia virus 1 : HTLV-I
(proviral DNA) O¥FEZ1T9 (K5). 7Y 3 V¥
ELT, TF/9A4NVA, ZyFu9 L )VA, arz4y
F—IANR, BETANVA, T2 IRRB A
BKYA VA, JCIA WA, 2)VEK2A4L)VZBL9, 4
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YINWNIHT LN AL TH PCR 2 WV TRENS
DHGENHDH. NVRATANVABIIWTRLETVFT
Ly 27 ZAPCRTAZ)—=V 7 LT, BEYALVAD
AUYTIVE AL LPCRZHVWTY ) AORRBHOERE
79. YA NAEREOY AT PCRIRE R D AT,
BB L o T Q flidllE (IRNFFRPUANIE) 2179 .

4. BRAFEHRDOZH
WRAFEROZHNICIE, REWZIPFVYTIFIALE T
VA TOBEEIT). BbFY 77 A<EITEN - &
HPCRZHWTIRANY  20FER, IRNF VD 55
(A x|l, 2amEB) i bFVH5F 2y 2 (Toxocara
CHECK, fligyitketiisr) & Hv CTIRASERV A
FEB L PCR 179 (K5). MV T I XDHE
PCRAOEAEMTHAHA, PFVITIIERSORERTIZ
PCRTY /7 2% FET 5 & ) b RAIFRIEDGEH A
HHTH 5.

5. TOMAESIRE/ABRR/BEXDBERE LS
REOZH
SEHBROGH & 2 2 HEHET, %, HEE D LR
A==, NVIFEAITH (F2VoH» &), ABERIHE
FMLER—, HREICZFTIVTHEHS (5).

-
—

noOHNRETIEOENSB L U R PCR 2 HHWTH )
LADFFEZRATI N, EHARELER (L 21E, #ET
BYNRVTY) YEHNTAN) THE. THY b7 A=
PR DIEBIRAATIE, ABERBYOSRAHEHT,
R T#ER PCR 2 fiiE L LTHWA.

6. RRAEEOZH

IRARERERE 2 3 2 RN > 2308 & [ s AR EE o
DWIEETH L. — RO LREBEH LS, RN E
MM LZZPCR Tlg (771 ») HERESE (B Ml
F) BLUTCR (T M4 BHEE (THRSR) 2
79 (M5). PCR THtoMKEIHY ¥y 7ay bt
N 2475, FRICHRMAED L% H L T ELISA
(enzyme-linked immunosorbent assay) (& 544 b
A CWEEATHH, ZDIL-10, IL-6 Ol b #ibhE
Wre LTHEHTHS.

IV PCR PEZWICER TH - -REER

(GEBI 1) 535, B ZX 0 #ORA RS TH
g, %, GRFEBF, GiEEROB L WIRP RAED A
bh7: (K6). WFkrHvwERETIE, ¥BETZy T
Oy A RARHPRI SN, RIKTT T 2 BHERE AN E
a7z WFAROME 16S PCR T, M DNA A% 2

Amplification curves

5623
5.123
4623
S 4123
L
L 3623
=}
= 3123
g 2623
(<]
2 2123
et
S 1623
=
= 1123
0623
BErEEHWAERE
0.123 \_
K23 © Enterococcus faecalis

HH 16S PCR : M1 16S rRNA gene 1.4 X 10° copies/m/
BLAST f##7 : Enterococcus faecalis

Control DNA
10E+05 ——>

10E+04
1.0E+03

Sample

10E+02

Negative

Wk 77 ABYEERIE

——

10

KB © A MR B P R P 28

20 25

Cycles
X6 SBEMEEEMIRARDER

35 40 45

A DOME 16S PCR T, Mi# DNA 2% 1.4X10° copies/m/ & # 2 ¥ —HR S h T/,
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Amplification curves

3.6
3.2
2.8
241

23
1.6
1.2
0.87
0.4

i

ERFTM

Fluorescence (530)

441 ABHIEE: 75 ~ b7 2 —73DNA 6.7X10? copies/ug - DNA
4] W 7H >~ b7 A =73 DNA 3.1X10° copies/m/

Control DNA 1.0E+05
—_—

1.0E+04
1.0E+03

Negative

1

(BB T R T A— 5|

E—BER LT FHREOFT B - CiaiRp R
MHFRTE LD o705, BB WM B PR N
REL. TDOHDT 5 A MENIZT Enterococcus
Jaecalis 23 E S 7z,

(FE® 2) 335 Bth AL _RRMEMBEL/RE D
ROBENTHS, %, AUOLESR, MEEHE BLwv
BRI, MERBEOAR SN BIBNRIEIAR SN (K
7). ABERBYORETIE, EERSICTS—H—4 >
7 KOHBETT A Y PT A—=1DY R PARIES NI
[ > 1 42 ), RO ER PCRT, 7THAY M7
A —/NDNA GtET, #iBhZWicHEHTHh 7. 20
., Bnl o BLHEEE Y O KA T DNA Bt Aske v 7225,
BRI PUS L RIEASTLRME L 722 5 PCR TRt E % 5
7=,

5 bH U

COFHLVRERES ZTFL0HHBES BB LE L
T, RRAEDH & 7 2 AL RMEPUIR 2 B (240 TR
ETHIENTE, RUBHANL D25, 72, BF

(19)

LINN SN 0% T G TR IR L SR B DN U S (i (NS VN SN NN G /NN G N TN NN AN N NG PR N TN B A DN AN RN G i i i o e N R A |

Cycles

T PH MNP A=INBEROER
HIBEHWAHEND T A 2 b T A= NHRED T HARIER. YIEETIEAVRAERES
BEARDBENTHFEE T Tz, ABHEGRY, W OER PCRT, 74~ 7 2 —/3 DNA
AENEN6.7X10? copies/ug + DNA, 3.1X10° copies/m/ L BtE% R L7 72 2o
DIRBHUF (NVRZ T £V A DNA %2 &) idnFh b B TH - 7.

FrOBIZT DERILZ TV EHREORERCROBE L 12
. ZD7) ZIFHAY ORRIIEVES B A S H L sbktk
PREORE SN BN DY, FH S L HHVE Mk
HNEEIBRROMEZIT 72V, & HIIZFHREIE E AL
AR ECEHRE RN T e TEL L
o, BMROBTEELGREL 25 LAWFEIS.

X 73

D A B, wkiE—, NOREIEAD Bk Rse 8 3i
WHDOEFHMBRHEY £ WA PCRBLUY 7% 4 A PCR
AL BANRAY AV ARIEFRIE HBR&E 112
30-38, 2008

2) Sugita S, Shimizu N, Watanabe K et al : Use of multiplex
PCR and real-time PCR to detect human herpes virus
genome in ocular fluids of patients with uveitis. Br J Oph-
thalmol 92 : 928-932, 2008

3) Sugita S, Shimizu N, Watanabe K et al : Diagnosis of bac-
terial endophthalmitis by broad-range quantitative poly-
merase chain reaction. Br J Ophthalmol 95 : 345-349,
2011

4) Sugita S, Shimizu N, Kawaguchi T et al : Identification of
human herpesvirus 6 in a patient with severe unilateral
panuveitis. Arch Ophthalmol 125 : 1426-1427, 2007
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RESEL -

SRR - B

B DS

IVETTOY %]

REDOHE

O=LICZEDRBDEZTESE

> PCR),

ORNRER N SEDRRDBUIRE T, 1
PCRZ1T>TCH 1~2 BEHNRETHY, if_ﬁﬁmfgﬁot<@7b D7z,

e,
¥
5

SONDBREIITIMEBLAGL,

O DI OLBHERMGTEHIRICHENICZ DIBEOKBEREBETED T
LWBRE=N, BRESASNE (ZILFTL Yo R PCR)

L 2BRENHR L (U751 L PCR),
®3/-, MEEK EEEMEBERET D PCR REL T4

ICE>k (7O—RKRL

| i

MRBLD JHHIEA & 72 2 JE M 0 R0 2 IR R
I8 E ) PR CRYMEIRN AR H 5, o DR
RIEVEE B D - oW 50 < A b) 2 ia i
fxa%&%w%%%¢m,ﬁwawm TR

TR, TR, e oEsic kb,
Mﬂ%&f%h HAH OB I LI b T B 44K
TEBUE (7 AoV R, fiEE, B, FFdl, g
E)DBHELTHB I LML TEL, LaL,

KoM %E H W72 W S0 H 2 0
DBURTH B, HlZIE, Bk E gy
LywELTHICARoEETH S Z &, KK
PR LT H B 2k, £ BGRERR R E:
PREEBLEST A3 M e o — X%}Bf) h, Bk XA
FEEE & DT H B WWU/A§14
T PRI TR B PR ’Ca’b%# LAY
TRAELVIELREBEITONS, uguc; IR Ff
M%7 50 8 ) R RIRN R DB WifE <t

oM oKL 2% <, PCR
(polymerase chain reaction : A Y X 5 — & HiH 7
JE) Z2fi->TH I~2 HEDWETH Y, 1
HIEE S X hd i, ZD07d, 1D DK
THY, ELIEch 2 9B %2 8 5
%%%&%ﬁﬁ¢mmkwwﬂﬁkf%otqi
72, IRGREMESE O 2 BT B BB 1
DIRSRBEEDH Y, ZD WW®f®LM%W
DR 22 BRI 0 B 72 & O WRPLEEIL 2 15 2
BERHDLDIERIETH B,
S DRIEE T, 2 O 2 IRBA 2 Ho T,
:ﬂbwﬁkMWﬁﬁwmm&ﬁ%ﬁm&%km
R BN A 7 ) —= v LB T st 2
T LR Y, BUETE, [RBHEM O BN
T HEIC, MBI C DBH DMK &&ﬁ
T%%/XTA‘&%éﬂ R ICHIRIGH 2 N
7o (RVF T Ly 7 APCR), E5IZEDHED
HE2ERLTI2MESHEEL (V7P LY A4 A
PCR), F£7-ME2M, HESMEMET 2 PCR

FE VB L YUTERR R AR BERE A A WL R B S 1
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BB, ARERE
BIRR/HEIER

TRAKIRER

Step 1 Step 2
/:f DNAS %

VILF 7Ly ZPCR JH— Lo EEPCR
MESH : M5 16S (RNAES
EE2M - BE28S rRNASEE
224 185 rRNASESS
7 ZRJLEILZ 185 RNA
SEE. POREMNE
U7 A LFEEPCR
AR A JUZ (HHV T ~8)
W, BB, hEUND.
hf‘/jii?\ AV A S
USITTRE BLASTERIT (BREBE)
#4PCR
20t 715 A APCR N aigp.
HTLV-1
BB AL
FF I 9AIR
IVFOYAILR .
S UE—H AL PCRUSADEE
A TN FTANA BU M/ SHE- k1A VHIE
Bff/JQ’?’f =R Flow cytometry
ISIVIRD AW R EERE
’777 ;]3 E};ﬁf\ k= 715 -ToxocaraCHECK
- =% K-1EE 7
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Abstract Intraocular lymphoma (IOL) is rare lymphoma
that frequently infiltrates the central nervous system (CNS).
An optimal treatment has not been established, and its
prognosis is quite poor. We treated three IOL patients with
CNS involvement by concurrent administration of intra-
venous and intravitreal methotrexate (MTX) injection. The
intraocular lesion responded in all patients. One patient
achieved complete response (CR), whereas the other 2
patients were in partial response for CNS lesion, added
whole brain radiation and achieved CR. In 3 eyes of 2
patients, an intravitreal MTX injection (VMTX) was
administered 2 h after a systemic MTX injection (sMTX)
and the intravitreal MTX concentration was measured
twice: 2 h after sMTX and 24 h after vMTX. The half-life
of MTX in the vitreous fluid was estimated to be 12.4-
21.5 h by assuming the first-order elimination kinetics.
Although the concentration was still high 24 h after vMTX
(69.94--82.89 uM), there were no ocular complications.
The serum MTX concentration was not influenced by
adding vYMTX to sMTX. Grade 3 adverse event, leukocy-
topenia, was observed in only 1 patient. No grade 4 event
was observed. Although further evaluation is required,
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concurrent SMTX and vMTX may be effective for IOL
with CNS inveolvement.
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1 Introduction

Intraocular lymphoma (I0L) is an extranodal non-Hodgkin
lymphoma (NHL) in which the lesion is in the eyeball,
involving the retina, the uvea, and the vitreous body. Pri-
mary IOL (PIOL) in which lesions are confined to the eyes
is very rare, and its rate of occurrence is approximately
1-2% of all extranodal NHL [1]. It is quite difficult to
make pathological diagnosis of IOL because the eye is too
important and too small to obtain sufficient materials.
Recently the ratio of intravitreal IL-10/IL-6 >1 has been
used as a diagnostic marker of IOL [2]. Detection of
rearrangement of the immunoglobulin heavy chain gene by
polymerase chain reaction (PCR) is also used for confir-
mation of monoclonality, because most IOLs are B cell
type [3]. However, the diagnosis is still difficult, and the
median duration from the onset to diagnosis is 12.5 months
{(4-60 months) {4]. In addition, IOL has central nervous
system (CNS) involvement at a high frequency (60-80%)
during the clinical course [3]. There is a close relationship
between CNS lymphoma (CNSL) and IOL and it has been
also reported that 15-25% of patients with CNSL, which is
multifocal in most cases, have ocular diseases [5]. These
facts make the prognosis of IOL extremely poor, and the
median survival is approximately 12-20 months [5].

An optimal treatment for JOL has not been established.
Recently, the effectiveness of an intravitreal methotrexate
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MTX) injection for ocular lesions of IOL has been
reported [6, 7]. However, it is insufficient for control or
prevention of CNS involvement [6]. Meanwhile, the stan-
dard treatment for CNSL is a systemic intravenous injec-
tion of MTX (sMTX), but the effect of sMTX on ocular
lesions is reportedly insufficient [8]. Thus, concurrent
sMTX and intravitreal MTX injections (VMTX) are con-
sidered effective for 10L, especially for the patients
accompanied by CNS involvement.

We experienced 3 IOL patients with rapidly progressive
CNS involvement and treated them with concurrent sMTX
and vMTX. We also examined and monitored the MTX
concentration in the vitreous fluid after sMTX and vMTX
in 2 cases (total 3 eyes). In this study, we report the clinical
courses of these patients and the effects of concurrent
sMTX and vMTX treatment on their diseases.

2 Materials and methods
2.1 Diagnosis of IOL

We diagnosed IOL in patients by observing lymphoma cells
in the vitreous fluid or by confirming IgH gene clonality
using the PCR assay or deviation of the surface light chain
expression using flow cytometry. In addition, we considered
the elevation in interleukin (IL)-10 in the vitreous fluid
along with the IL-10/IL-6 > | ratio as a characteristic
feature of IOL using enzyme-linked immunosorbent assay
(R&D systems, Minneapolis, MD, USA).

DNA was extracted from a vitreous sample to detect
rearrangement in the VDIJ region of the IgH gene. PCR
was performed according to a previously reported proce-
dure [9].

2.2 Systemic chemotherapy

Chemotherapy was administered according to the report of
Abrey et al. [10]. In brief, MTX was administered 5 times
every 2 weeks at 3,500 mg/mzlday, vineristine (VCR), 5
times every 2 weeks at 1.0 mg/m*/day, and procarbazine
(PCZ) at 100 1ng/m.2/day for 7 days 3 times at odd times of
MTX and VCR administration.

2.3 Measurement of MTX concentration

Concentrations of MTX in serum and vitreous fluid were
measured using the fluorescence polarization immunoassay
method with a TDx assay system (Abbott Laboratories,
Chicago, IL, USA).

The work complied with the principles of the Declara-
tion of Helsinki. The studies for the PCR assay, cytokine
measurements, and vMTX were approved by the ethical
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committee of Tokyo Medical and Dental University, and
written informed consent was obtained from each patient.

3 Case reports
3.1 Case 1

A 74-year-old woman was admitted to our hospital because
of bilateral blurred vision. Severe vitreous opacity was
detected in the left (Fig. 1a) and the right (data not shown)
eyes. She had a history of pulmonary tuberculosis and
chronic hepatitis C. Vitrectomy on the left eye was per-
formed first. Although cytological diagnosis was class 3, a
monoclonal band for the IgH gene was detected using the
PCR assay. In addition, concentrations of intravitreal IL-10
and IL-6 (normal is undetectable level) were elevated
(Fig. 1) with the IL-10/IL-6 ratio of 5.7. Vitrectomy on the
right eye was also performed in succession, and atypical
class 5 lymphoid cells were detected. IL-10 and IL-6
concentrations were also elevated (Fig. 1), and the IL-10/
IL-6 ratio was 3.5. Thus, she was diagnosed with IOL.
Magnetic resonance imaging (MRI), lumbar puncture,
f-fluorodeoxy glucose positron emission tomography/
computerized tomography (FDG-PET/CT), bone marrow
aspiration and biopsy were performed and no additional
lesions were revealed. Thus, we finally diagnosed her with
PIOL. Treatment with 400 pg vMTX for each eye was
started. It was effective and vitreous opacity and ocular
fundus findings improved rapidly and markedly (Fig. 1b).
The IL-10 level in the vitreous fluid decreased rapidly and
was undetectable after 2 and one time vMTX in right and
left eye, respectively (Fig. 1). No adverse events occurred,
although the patient had chronic hepatitis. vMTX was
administered once a month; however, 6 months after
diagnosis, the IL-10 level in the vitreous fluid increased
again (Fig. 1). In addition, some white spots developed on
the retina of the left eye (Fig. lc). There were no neuro-
logical symptoms, but an enhancing lesion was detected in
the left lateral lobe bordering on the posterior horn of the
ventricle by brain MRI (Fig. le). Taken together, we
diagnosed a recurrence of IOL with CNS involvement. The
cytology of the spinal fluid was class 2, and a systemic
survey revealed no other involvement. We started systemic
chemotherapy as described in “Materials and methods”.
Because of chronic hepatitis, however, we reduced the
doses of PCZ and VCR to 100 and 1 mg/day, respectively.
MTX was administered to the vitreous cavities of both eyes
on days 2, 13, 22, and 34. Grade 3 leukocytopenia was the
only adverse effect greater than grade 2, and no ocular
complications were observed. After the treatment, the vit-
reous IL-10 level was undetectable, and the ophthalmo-
logical findings improved (Fig. 1d). Finally, the CNS



