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ESTABLISHMENT OF A HUMAN EMBRYONIC KIDNEY CELL LINE
CARRYING CHROMOSOMALLY INTEGRATED HUMAN HERPESVIRUS 6B
(HHV-6B) USING NOVEL RECOMBINANT HHV-6B, AND ANALYSIS OF THE

INTEGRATION MECHANISM INTO HUMAN GENOMIC DNA
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Human herpesvirus 6 (HHV-6) is a nononcogenic lymphotropic beta herpesvirus. HHV—-6 can be
classified into 2 variants: HHV—6 variant A and HHV-6 variant B (HHV-6B). Like other herpesviruses,
HHV-6 establishes a latent infection within monocytes and macrophages after primary infection. HHV—6 has
been shown to specifically integrate into the telomeres of chromosomes (chromosomally integrated HHV -6,
CIHHV-6) in approximately 1% of the human population and to be vertically transmitted through the germ—
line. Despite the consistent and frequent detection of CIHHV-6, it remains unclear how HHV-6 genomic
DNA integrates into the human genome and whether persons with CIHHV—6 are at clinical risk. Here, we
describe our establishment of the 293T cell line carrying integrated HHV-6B (293TintH6B) using a novel
recombinant HHV-6B (H6BR28LEP) and 293T cells to determine the mechanism involved in the HHV-6
integration. A Basic Local Alignment Search Tool homology search of 293TintH6B genomic DNA confirmed
the presence of an HHV-6B DNA right direct repeat telomeric sequence joined with TAACCC telomere
repeats and of a chromosome 4q35 subtelomere sequence. Quantitative real-time polymerase chain reaction
analysis revealed that 1 complete copy HHV-6B genomic DNA was included in each cell. Although the
immediate early gene (U90) and the early gene (U25, U42) mRNA expression were detected at the beginning
of 293TintH6B cell establishment, the expression of each mRNA was gradually silenced during the
proliferation of 293TintH6B cells. These observations suggest that 293TintH6B cells represent the initial
event of HHV-6B integration to all somatic cells, including germ cells, and that HHV—-6B is maintaining the
stable latent infection by integrating its genome into a telomeric region under a telomere—specific gene—
silencing mechanism.

(Tokyo Jikeikai Medical Journal 2013;128:41-52)
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FLORKE/SY., HHV-61L, FH Y4B
WWERT 5T AELTHRESIN, T0O%, T
M7z & oMy B>, ERRMzRE, £<
OMMBICEET 5 ENMESN TN S,
HHV-6 13D NIV R AT A )L ATk, WIS
HERP 707 7 — DICEBIRER LT 2P 7.
— BN ANV R AT A )V A DERIBERIT, T1 )V
2T ) AIENBRIR TS AI R (ZEYV—L4)
JEHETHEL, TEY — AWML ZUT HE I
N2 Z kDN D 2 & T, BIRERPEZHERL T
bEEZLENTVWS., LL, HHV-6 TIEERE
WL TWBTAINAT ) LAOBIRBEDL D2 D
DODIIHEE L TR,

—75C, RMILFDOHHV-6 DNA I E—HIE
WITEWEF O FISHA#T S, HHV-67 / Aldk
B iR H A9A F£ 41 (Chromosomally integrated
HHV-6, CIHHV-6) ¥ © 7, AEffilazz ML Tk
BEREETLZENASNTNDEY Y, DAL
TN ZERICBNTHEEE G T NOH A S
I3RS S TH O, Epstein-Barr virus (EBV)
Marek’s disease virus (MDV) TIZHHV-6[AlkE, &
TAINAT T LIS A NIRRT LT AAEN
BT EMHENTNDOY UL, HEHEMER
2N T B AIAMRITIHHV-6 THREZINDDATH
D, T4 AEEERESEEE OEIZBW TR
EIFFICEHINTNS D 9,

CIHHV-6 % f£ 5 ko MBI EL, BARICH
WTIE0.21% P, EEICBWNWTIZ08% 10 L3N
TWaH, TOHEOREIIZHMND LT, KA
EDOMNMD VIR EIZHS N> TR, £z,
HHV-6flAA AN E M REARO T O A Y {8 g %
F—Ay RELTWE I EMPEEIND D, B
FUENDHLAIA AT HHV-6 DT O A 7 FEEE 5]
HETHDZENRBINTNDY A, R
IHLAGA FNT2 T A )L A DFERES FHE AL D1 5
IIWEEFEROI NI NDEEIATHS.

SlEFR 2V, DX D IR DL AA AT
B LHEZRRT 572912, DAjicHwmE L7z
U2-U8 R JEBAGEVER A4 X HHV-6 (H6R28) ©
B NX— ZATH T ITHER U 72 i A4 2 HHV-6B
(H6BR28LEP) % b & b Rzl ph ke fa ik 293 T
IR Ye X B /=, T D H6BR2SLEP &Y 12 5k L
T, HAHZHHV-6 DFFDERT—H—ITXD

(=N

A ORI MBI O—Z > 7 2170,
HHV-67%" / L DA A BT 2 RFE L, #HAA
HIEAL DB AR TFRLANDH S Iy & 73 o Tl f i,
293TintH6B Z B\ U 7. & 512, 4 [El#Hi /- it
3L U 72 293TintH6B % i FH L C, CIHHV-6BIZ 3
%A ZGRAG T ORLAABIRNL & 1 )V A5l
EFFRBREHREF L, HHV-67%7 J LA IAB DA
WP ICBE T 2 H e i i A E 15 7.

oI K &7 &

1. MRgEDAILR

s i B Bk (CBMO) 1 3WF9E b i i (B
MNA AV =2y —, KWEDOIEH) %2
BEAL, 10%EFFMBIEMmE FBS), 10 ng/
ml IL-2 (PROLEUKIN ; Chiron Corp, USA) A D
RPMI1640 medium (SIGMA, USA) THi# L 7=.
TR pg/ml®d 7L — k3 — bHCD3FIIA
(orthoclone OKT3; Janssen) T #l| ¥ % 1T - 7=.
HEK293T Il I BN AU Y — 2 > & —p
S5HAL, 5%IEHLFBS A D DMEM (SIGMA)
THEE L. b MBS MOFHICE L T3 3R
BRERNRSE, TTBGE NS FE T ST A FE T,
TNETNOMMEERDKRERG/.

HHV-6 variant B (HST strain) & ] #& #% O
CBMC Iz /3% (1,500 rpm, 37 °C , 4043) TREG:
IE, MR R A380% UL _E ORISR L
THIHRTHETEHRLA. 80 CTHAEL 2HBH
KRR 270, 2,000 g T5 0Lz BigzE 1
JVAHE LT -80 CTIEEL /=,

2. HHBMZVANAERATS XI ROEE
HHV-6 variant B (HHV-6B) D A )L A& AT
U2, UB[HIIZ BT 2 MHFEIM A AITE > T, HCMV
major immediate—early enhancer-promoter (MIEP) C
¥ F 9 % enhanced green fluorescent protein (EGFP)
& simian virus 40 (SV40) early promoter C FEHl 9 %
puromycin resistance gene (Puro) ZE AT 570D
75 AR, pU2-U8 EGFP-Puro ™ #1513 LRI ¥}
HLTW2Y. 5EH 7212, MACSelect LNGFR kit
(Miltenyi Biotec, Germany) CHLAHZ 71 )L Xkt
il i 2 3% ) 9 % /= © 12, pMACS LNGFR-IRES
(Miltenyi Biotec) O LNGFR-IRES/Jtz v I % EGFP
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BIAFOEFIZEA L (pU2-US LEP, Fig. 1).

3. HEAMBZ VA I ADIER

CBMCZ¥HiCD3 ik C3HREIHIL, E.OvET
HHV-6BZ R IE/-. R 4RFRI%IZ, 1X107H
FIZHRL T, 1 g ® pU2-U8 LEP % electroporation i
(AMAXA ; Lonza, Switzerland) 1Z&-> T/ Oha—
JVIEOWCE AU, il AR R K> TR AL
AT ADEREPLR S/ D702, FEEGECBMC
LIRFIH£IZ800 rpm T10 43 i 0L, 24 FFE 21
puromycin (1 pg/ml) CREFMIEDEREITo7.
B 24 RF RIS &2 MACS > A7~ AT 7 Obk
O—)UTHEVERI L2, fBITIE, JESSHIIE 1} 107
IZDOE Ny 77— (0.5% FBS, 2 mM EDTA ¥ Il PBS
() 70 LI TEEEL, 20 110 MACSelect LNGFR
MicroBeadsZ{E 1L 4 ‘CT 15 & &, Peifis,
MidiMACS magnetic separatoriZtzvrU7ZLS 715 A

MUz, I AE3ENy 77 —2@ L THREL,
ﬁﬁ«ﬁz IR,

WAL= T LNy Ty —2 8RN0, A

o Z A ) ZD & GIZ KD low-affinity nerve growth
factor receptor (LNGFR) ZF I L CTW\W%CBMC%
IEEL, H5hCHHICD3FAREIL-2 THRIFHL Th
7= IR CBMC &I 228K, fAHA D1
WV ADERZEPLR U7z, LL =D puromycin & MACS
AT INTEBIE % 5 [EHEDIRL,  ElE DR A
ZHHV-6 (H6BR28LEP) % AFL7z.

4. H6BR28LEP (D 293T flifa\ D&k & B ZHhRa D
au—_/a

H6BR28LEPIZ L j®E R ~ — 1 — & L TEGFP&
Puro, LNGFRﬁX&r)\éh*Cbiét&b RPN
puromycin 2L, I5HICMACS LNGFR selection
%1152 & TH6BR2SLEPIZIE YL /=Ml il DA% 3 B
T 52 EM A HETH D (Fig. 1). 293THI fig i
multiplicity of infection (MOI) 2 CH6BR28LEP%
O E TR S, 2HI210 ng/ml puromycin 2
WIU7z. ZHLNGFR selectionZ1TVy, &R
%96 7N L —NZERER FREFHWTHGL, B—i
famsan=—zRir Lz,

a Ty TR2 U16 U25  U42 U69 U90 TR1 TR2

Eﬁ|<< ¢ <} DR
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Fig. 1. Structure of HEBR28LEP genome
a. Structure of HGBR28LEP

The straight line at the top represents the genome of the HHV-6B HST, with the U2 to U8 region expanded below. In the
middle, the shaded arrows show the positions from start codon to poly(A) signal of the genes in the U2?U8 gene cluster that
was replaced by the EGFP-IRES-LNGFR-Puro cassette. The bottom diagram shows the structure of pU2-U8 LEP. Open
boxes represent the low—affinity nerve growth factor receptor (LNGFR), enhanced green fluorescent protein (EGFP), and
puromycin—N-acetyl-transferase (Puro) genes; filled boxes represent the internal ribosome entry site (IRES), human
cytomegalovirus major immediate early promoter (HCMV MIEP), and simian virus 40 (SV40) promoter. The locations of the
real-time PCR targeting lesions (U16, U25, U42, U60-66, U69 and U90) are indicated as open arrows at the top. DR = direct

repeat, TR = telomere like sequence.

b. EGFP expression in 293T cells infected with HEBR28LEP

293T cells were infected with HEBR28LEP by using the centrifuge method and were observed under polarizing microscopy
(left) and fluorescent microscopy (right) at 2 day after infection.
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5. Inverse PCR;%

H-anozZ—2ElRd 5HE1 X 10°% 5 Gen-
tra Purgene Cell Kit (QIAGEN, USA) #fW\ T~/
O~ 3—)LIZ L7205 Ttotal DNA ZAEHL L 7=,
KEHLL 7= total DNA 11 g 7% Pst 11 U T 37 ‘C—HiiH
1t L, QIAquick PCR Purification kit (QIAGEN)
ZRHWTTO NI —=)LIC Lo TREE, Li-
gation high (TOYOBO, Japan) % H W\ T, — Mt
self-ligation 17> /2. fERR L7545 —2 3>
FEMIN S, Fig 21R L72X D270 X 7 KRB A

Table 1. Primers and probes used in this study.

Name Sequence (5’ to 3")

MI13-RVM GAGCGGATAACAATTTCACACAGG

M13-47 CGCCAGGGTTTTCCCAGTCACGAC

DR-R1 GACGACAAAGGCCGACTCCTAGCAT

DR-R2 GTAATCACTTCTGTCCGCGTTTCTCCCA

DR-F Pstl AGCTCACTCCGGCGTGCGTTTGACACAG

DR-F Pst2 TCCGGCAGCTCTAGGTCCTCCTCATAC

Chdint R GAGCTGCATTCTGCTCAGCACAGAC

Ul6 F GGCCCTAGAAAAGTATGAGGACAC

Ul6 R GGGGATTGTTAGGGGATATCGTC
FAM-

U16 probe AACATTAGCACCGTCCAAGAAATTCTGCCG
-TMRA

U25F ACCCCGACCACAACCAATTC

U25R GAGGATTATCGGTTGACTCTACATAG
FAM-

U25 probe CTTCGCAACACATATAGGTCTTCGCCCAGT
-TMRA

U42 F TCGACGCAAACTTTGGATTTAACC

U42 R GGACCTTCATGCAGCTATTCAAC
FAM-

U42 probe CGACCTACCTCAGACCTCTCATCGTTCACA-
TMRA

U69 F AGTGGTTTACGTCCCTCACAAC

U69 R CTTCGTTGGCCGTCTTTATGG

U89 prob FAM-ACACCTTCCCGTAGGCACCCACTCC-

probe TMRA

U90 F GATGCTCCTTCTTCCACATTACTG

U90 R CCAGAACTGGAAGCCTTTGATC
FAM-

U90 probe CATCCCAGAGTCTTCCAACGACATCGCT-
TMRA

U60-66 F AGGATCTTGGTAGATGCTTGGGG

U60-66 R CGACCATCAAAATATAAAGAGCACA
FAM-

U60-66 probe  AGCTGCTACAATACACACAGTATACGCGGA-
TMRA

(=N

EROISIICUAINAMIBRELE T TA < —
+ v b (DR-R1&DR-F Pstl, DR-R2 & DR-F
Pst2) % H VY C Gene Amp PCR System 9700 (Applied
Biosystems, USA) Z{#i[ L, nested PCR 21T > 7=.
PCR 4 1%, GoTaq Green Master Mix (Promega,
USA) ZHWT, #IAMEZ9 C 22170, #i
WC95 C 143, 60 °C 143, 72 °C 153D PCRJ
% 1st PCR1Z 20 %1 27 ), 2nd PCRIZ 401 7)1
1> /2. PCRJEH) % QIAquick PCR Purification Kit
(QIAGEN) TH5# L /=1, TOPO TA cloning kit
for sequencing (Invitrogen, USA) % | W\ 7= TA 2
O—=>/27yT708 b a—)LiE D2 pCR4-TOPO
N2 % — (nvitrogen) [/ O0—=>7_L, a~
ET > hlifig (Stbl2 fifid 5 Invitrogen) 2B H A
WiEfroz, HEL/Z30=—7n 5 Table 11Z7R
L7 o4 <=ty (M13-RVM & DR-F Pst2)
TaOZ—PCRZITW, BEIOZ—05 QIA-
prep Spin Miniprep kit (QIAGEN) Z W T/ 5 &
S RDNAZRHL .

6. HHV-6%/ A#IHABHEBRIDRIE

WL /=79 23 RDNAIZ D\ TBigDye
Terminator v3.1 Cycle Sequencing kit (Applied
Biosystems) % JH\)C, M13-47, M13-RVM 7 5
AX—TCETNETNOhI—-)LEDICS—I T
TR O EELEY =V T ARTBNT,
ERNTJ ARRINCRRENR T 54 —2%REL
(Ch4intR), DR-R27 T o ¥ — & & & [Ttotal
DNA %4 > 7 IVIZPCR #17 D /=.

7. EEREE

H6BR28LEP Y/ AL A A 472 293 Tl fl &,
B 4= SR HHV-6B 2 35 00 5 TIREG S B 72 293 Tl 1
%, TNZNHIHHV-6 & /70—F)Lfifk (OHV-1,
OHV-2, OHV-3DIRGHUER) &—RFUKIZ, Alexa
Fluor 488 donkey anti-mouse IgG (Invitrogen) % .
KPR W TR ARTE TEIZR L.

8. Real-time PCR%

H6BR28LEP 7 / LS HLAaA 4 7= 293 T #fl i
5HTR D & D I total DNA Z A5 E L, 1D /-
DDA A4 ) LADNA D E — % % TagMan
real-time PCR CHI®E L /z. PCRO O —7 & 7
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4~ —tv M3, HHV-6% / L% R#IT TN —
T 5K, BIirT#EEUL, U25 U42, U6Y,
U9 icENENFE L7 (Fig. 1, Table 1). HEIE
EMITIE, Premix Ex Taq (Takara Bio, Japan) %
A W T, Applied Biosystems 7300 Real-Time PCR
System (Applied Biosystems) % Fl|fiL 7=. PCR®
S, WIHIZAMEZ 95 C 30T\, WL TI5
C58, 60 C31HDPCRIEZE45H 1 7 I T>
7=. Bl 5 — # {3 Human TagMan Copy Number
Reference Assay (Applied Biosystems) % A W\ C
ribonuclease P (AT CHEHE(L L /.

HHV-6 mRNAFE i 2 58 3 % 72 1T, total
RNA % RNeasy Mini RNA isolation kit (Qiagen) T
70 Na—)Vil D IZK B L, PrimeScript RT
Reagent kit (Takara Bio) Tifi#xE L T cDNA Z1E
B U7z, HHV-6 QRGN SIS 2 Al 4] 1 58&
LT U0 & WIE AT U25, Ude, JEEZINICH
B9 2 % B AR T U60-66 fEIICERGT L7z T T 1
v—&7O—7t v b (Fig. 1, Tablel) T kidd
[F] B D & Creal-time PCR 217> 7z &Hll 57—
ZRINTZAF—Y 2 JiEisT TdH %GAPDH
mRNA FEBL & TR L /2.

. # xR

1. /-1 HEAMEZ HHV-6 DVEEL & 293T MBI~ D
DLRiIC i U7z #l A 2 HHV-6 (H6R28) O
TERUT, ML Z puromycin TEINGT 25 Z & T
AR T A IV A DML ZEIT> TV, SElH
72 IZLNGFR i {5 F 2 HHV-6 jif {5 7 U2-US i iZ
FLAIA I, MACS > A 7 L & puromycin # R % ff
Ad2ZET, WECROAEIDBEY, K1 5 H
THlAH: 2 HHV-6 (H6BR2SLEP) O ff %73 ] i
&E73-> 7= (Fig. 1a).

H6BR28LEP % 293T ffl el 17 3% (A ClRE = B 72
LA, Y245 5 EGFP OFEH % 8% 7=
(Fig. 1b). Bl - 0 293 T Ml Z HHV-6 D 74
Sk D fE LML Tl 721 A%, HE6BR2SLEP X Z) %
BG LB TFHRENGINITOND T LR
SNz, — A T EERIEGEME D A1)V ARFO
FHNEFRD T, B RRIIR I TN T LAV
Mol (F—FIF#iEd). HHV-6 A B 5E MR

Qe R g e BRI EG U2 5813, MlasiRz
FBET DD, T LHAABORFHITIIE X 78
Wo UL, HEFEMEES 2 IR S 7200 293 T MRS,
MRAER DU 27 K<, HHV-6 D b N #Ek
NDHAA A (CIHHV-6) DM FITH 272l
THDZ ENRBI N,

a TR
genome *
TR H6R28LEP genome TR pea
(TAACCCO)? (TAALCON )
P | HEv-6B UL :
DRw LNGFR - DRr '
161573 &
Pstl Pstl- - - Psﬂ(l_S%M) '
---------- TR '

Il
HHV-6B DRr genome Human gennmel
Pstl DR-R1— Pstl
DR-F Pst2 DR-R2
~—DR-F Pst1
47b

217b

‘ self-ligation DR-R2

MI3-RVM
v DRR

» genome »

TA cloning

Pstl
.4
¥ " DR-F Pst2

Fig. 2. Detection of HE6BR28LEP genomic DNA integrated into
293T chromosome
a. Illustration of inverse PCR method
Upper boxes represent HEBR28LEP genome integrated
into the subtelomeric region of human genome and Pst 1
restriction endonuclease—cleaved fragment. Lower left
circle shows the self-ligated circular DNA of Pst
1-cleaved fragment. Lower right circle shows nested—
PCR products inserted into pCR4-TOPO plasmid vector
after TA cloning. The small arrows beside the box and
circles show the positions of each primer used in nested—
PCR, colony PCR, and sequencing, respectively.
b. Colony PCR analysis
The band indicated with the arrow represents the positive
colony of E. coli transduced with pCR4-TOPO, including
the Pstl-cleaved fragment.
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2. H6BR28BLEPY / ADEEAKICHAIAE N
203THARAD Y O—=2 &
H6BR28LEP 7 / AR AR A E N2
293THIfEZ 7 O —= > 79 572912, 293THI
|2 HBBR2SLEP % 2t /(% TGS S &, 24 FFR%
5 puromycin &, H{LNGFR §i/&ZF]H L 72z MACS
MR~ 7 0E— X TR 28R L, BRAR
REZ2AWTHE OO —%26270— 287 L
2. FNEFNDO 7 O— > 10°HiliE 5 total DNA %
8L, HHV-6B DRREZFINICTEAET 5 ifil BR B2
FPst ITHIL L 7z, CIHHV-6137 O X 7 fE#KIC
BIDMHEMABZIICIDZEEZLSNTND?
B, ZF T, Pst 1 TiH{L Dtotal DNA % self-
ligation C BR IR {£ & &, DRRAL ¥ 1 k§ % 7Y 7
primer & F\\ Tnested PCR 217> 7z (Inverse PCR
%, Fig. 2a). 67 0—>05 517 10— TPCR
DFERMNEETH > 7= (Fig. 2b).

3. HMAHEFDORE

Inverse PCRIGHETH > 70— 212D,
=0 L2 2T DR % Basic Local Alignment
Search Tool (BLAST) THMERL/&EZ A, TOA

DR-R2

(=N

7 BL A % B A 72 LIRITHHV-6 DRR &,  Fifild
chromosome 4q35 7~ 11 A 7 fEiEk & & O A kBl 41 &
D—R 7z @Oz FEEE S 7z chromosome
4935 NDE BT AA AL, HHV-6 DRR KD
THAT DR LS (TTAGGG) bt b
O A 7EEF (TTAGGG) &4t L Tt TH 0,
WRDOHEITTE LISWEERTH > 7= (Fig. 3a).
=D LT THEE LTcRe S RITEET L 2 fy
BT 74 < — (chdintR) ZHWT, BHIL
= MR 2y 5 K B U 7= total DNAIZ kf L TPCR %
frolz& A, 4420piifBITN > RIS 1,
=D LT T THEE L RSN S EHIE N
WA E —B L Twiz (Fig 3b). LLEOKEMH»
5, H6BR2SLEP% / A #Ychromosome 4q35 7 O
A7 FEIICHLAIA £ 72 293T Ml (293 TintH6B)
DI &R TE .

4. H6BR28LEP#H & iA & 293T#Al k2 (293TintH6B)
IZ$1F 5 HEBR28LEP 4/ /s DNA DFIR
293TintH6B 7™ 5 5 8L L /= total DNAIZ D W T,
HHV-6%7 / LA EBRICIES> TRELZ T T4~ — -
Jo—7+w b (Ule, U25, U42, U69, U90) T

Chromosome 435 ==p—

GTAATCACTTCTGTCCGCGTTTCTCCCACAGGCGCGTGCACACGCAGACNCG |
CAGACACGCACACACCACCTCTATGGCAGTCGCGGGCGGGCAGGCGGGGAG

CATACGGGGGGCAGATGTAAAGACAATGAGGAACGGCATAGCGCGCGACGT

GCCGTCGTCTCGGACCCTTGCTATTCTGGCACGACGCCAAGGGAAGCCTCTG_|
GCGCAATCTATAACCCTAACCCTAACCCTAACCCT + « + + = = = = = « ¢« ]
TAACCCTAACCCTAACCCTAACCC |
CAACCCTCATTATTCTCGGCTGCAAAGAGGAAGGATCTTTACCGTGGATGTG ]

GCCCCCAGTTGTCCCAAAATGAAGCAGTGCCCCCAACGTCTGTGGAGAGGCA
Ch4intR

TGCGCTGCTCCACCTTCGCGATGTCTCCCGCGTCTGTGCTGAGCAGAATGCAG

| recombinant
HHV-6B DRR

 Telomere

Chromosome 4q35

CTCCGCCATCGCGTTCCCCCCGAAGTCTCTGCAG CGGGACCCCGTGGCGTA _
Pstl recombinant
HHV-6B DRr

Fig. 3. Determination of the chromosomal integra

tion site

a. Left: The Pstl-digested fragment inserted into pCR4-TOPO was sequenced using M13—
RVM and M13-47 primers, respectively. BLAST homology search con?rmed the presence of
chromosome subtelomere 4q35 sequence (lower) joined with TAACCC telomere repeats

~4— 442bp

(italic and underlined), and H6R28LEP DRR sequence (upper).The arrow at the lower
sequence represents the primer (ch4int R) designed after the sequence was determined. Right:

the arrow indicates the integration site of HGR28LEP genome into the chromosome 4q of

293T cells.

b. The band indicated with the arrow represents the PCR products using DR-R2 and Ch4int

R primers.
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€ & real-time PCR Z fiifT L, HHV-67% / A 1
E—HZEZNELZ. 1fMladz0 OHHV-67 / L
IE—HIWTNOEKIZBNWTH12aE—0
HilETd D, 293THNEY / LT H6BR2SLEP 7/
LEENIIE—HMBAEN TSI EIZTEL
BNBDTH-o 7 (Fig. 4).

5. 293TintH6B [CH(F 2D T 4 JL A mRNAFEIR
293TintH6B %, HHV-6E / 7 O —F L Hifk
OHV-1, OHV-2, OHV-3 % W\ CHEIEHiRET
pet L& (Fig 5. BFAEHK (wo HHV-6J% 3
293THINEIZPTHAV-6 & / 7 O —F )ILFR TR
I N7=—7F T, H6BR2SLEP Y / LWL AIAEN
72 293THIII BT NT, HMAAAMIETIE Y
AN ARTFOEEIIITONTNBENI EEREBL

T/,

L=35 1

é8 3

:% 2.5 4

c

= 2 A

8154

<2 1.

N

&~ 05 | |
0

U16 U25 U42 UB9 U90

Fig. 4. Quantitative real-time PCR analysis of HEBR28LEP
genomic DNA copy numbers in 293TintH6B
Total DNA was isolated from 293TintH6B and U16,
U25, U42, U69 and U90 genomic DNAs were amplified
by quantitative real-time PCR using specific primers
and probe, respectively. Data are given as mean =+ 1
standard deviation (n = 2).

EGFP expression

293TintHG6B

HHV-6 #8281 2B A T RIS BWICiT
OB ENAMENTND Y, g IE 2
B L EETHEMYERT, O THIEE
T, Bo EbESHHTLHIELETHEZIERT
EIEYS, FNTNORHEEHRT D Z t'C'ﬁfr)I/

ABFHIZAE S BEFIE OREZE S HYATHE
Thb. ﬁﬁ(?};&:?}n’vﬂiﬂfﬂfbi@’r)I/Z*uﬁ’*d)ﬁéélzbi
ROl o 7=h3, EGFP OFERIIRD . £ T,
ZNEN D mRNA FEH % real-time RT PCR THiH
92 & THAABMBITBT 571 )V ZEiET
FUz A L. mi g T U990 mRNA & 4]
M 5T U25, U42 mRNA, DOFEBIZRDEZHD
D, %L T U60-66 mRNA IR S N7ah -5
7= (Fig. 6).

6. #AIAH203THIRRICE T BHRICKD UM
AmMRNAFEHEDZE(L

293TintH6B k5= L7z & 25, 5K HE
TEGFPORHIXIFIFHEL = (Fig. 7a). Jfaff
IZHLAIA £ 72 H6BR2SLEP 7/ A7, kL E &
HICHE, HEL T maREMZEEL,
EGFP %¢ Bl )i 55 #2 12 F Ftotal DNA & 5 8 L,
U16, U25, U42, U69, UODDNA I ¥ — ¥ %
real-time PCRCHIE L /=. T35 &, Wiho
HHV-6 #1575 EGFP YFEH U TW = k)i &
FERIC, 1JE—fif Qi CHFFIN TN
(Fig. 7b).

— 5T 1 )L AmRNALL, MAREITL 720
THITBEMZH O (Fig. 7¢), 7 LDOFHAA
AIHEFIN TV BICHEND ST, UK E

anti-HHV-6 monoclonal antibody

293T cells
infected with wtHHV-6

Fig. 5. Immunofluorescent analysis of HHV—-6 protein expression in 293TintH6B
Upper and lower left show the EGFP expression of primary 293TintH6B and 293T cells infected with wild type (wt) HHV-6
under fluorescent microscopy. Upper and lower right show the HHV-6 protein expression in each cell using anti-HHV-6
monoclonal antibody (mixture antibody of OHV-1, OHV-2 and OHV-3). Despite of the EGFP expression, each HHV-6

protein was not detected in 293TintH6B cells.
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& EHICmRNAFBIIMEH S T < wTHEd: %
REL Tz,

V. & =

HHV-6% J LDt N7 J LDl &R H
(chromosomally integrated HHV-6, CIHHV-6) IZ
DNTOMEE, 19934E1T Luppi HITE > TR S
NTLSk?, fEEmlRA, HEEESY, Z28iTD
NTn3., ARTBWLWTIREEANTBWT, K
0.21 % IZCIHHV-6% B0 % E OGN dH 5.
CIHHV-6 ZfE S EHE NP W THTEOHERE LD
BRI BARE ICIZ 7R > TWR WS,  Esnfe il
IZHBWTCIHHV-6 Z £ 5 5513, MR EAYE
SISO 270 ERT B E N AR, K
REBWEORDF U DN, ERDF2U D NE
DEF TCIHHV-6 DHIENEmNEDHEDH D
D0 RETE R BIE ORI T & 7R > TV Al fE
PEIFFERHM I N TWS, £/, CIHHV-613T X T
DOHEEMIBICED 53, M5 OEZFPCR
TIEEH1X10°TE — /mlPA EOHHV-6%7 / L
PRI NTLUED D, JLUAIVAF OGN
WEIIE BRI R SR I N D ATREME B iR
INTVDP, ZOXDIZCIHHV-6 D K72
BRITEREHINTETVWSN, T1)LAHHE
OBENSFEMBA N Z L LTV EERIAINT
Wiz, FI2T, SEIELIEHZITERL A
#+ Z HHV-6B (H6BR28LEP) 7% fl\)7z, HHV-6
7 BISLAA E NIk ORINL &, B L7
IR KR I & D CIHHV-6 D Rt & B T 75 5 /=
HHV-6A & W27 J AL BABE T IV DS
WEURNZREI N TS MNY®, NUT7 > hBIZXS
77 LARABET IV OMEISENBYD TTH
5. ARFIZB D HHV-6IZFIE L < N 7 >
RBICEZHDTHDI ENHHNTHY,
HHV-6B 7/ L AIA B DHEFFRo e & OB %
BHOEMZIT DI EIIRERBERZNDHDEEZILN
5.

H6BR28LEPIZ, #i 4 #lpuromycin & LNGFR
(CD271) & >NV ITHEBRT ARSI /7 O0E—
AEHND T EITKD, FBRGSHIE 2RI
TX%. F£7-, H6BR28LEP O 293T i~ D ke
TIE, BPET A 2K FOREEZRDT, B

(=N

IS EMEICD > TEET 5 2 ENERE N
7= (F—%18#E 7). H6BR28LEP & #+ 293T #H
fao 20X 578X, 7/ LAHAAB DT
I3 & B X 572D, H6BR2SLEP & 293T Al
fa oz 2RI LT, HHV-6B% / ARLAIA A
FIETIEIERT S LT .

HHV-67%" / \ O [ i IZ 77 £ 9~ 5 direct repeat
(DR) fEIIE TAACCC O 0 IR UEdH % & % (Fig.
la, 2a), ZOEFINE T LADTORATESIE
RS 272D, HHV-67% / LWSHFEFL A 2 T
b T ADT O AT ST AA £ 5 rTREN:
MRBINTVWDY, SEFTWEINTNEHOD
IZBI L Tld, CIHHV-6 2% & 7= i3 9 X
TTFOXA7EFMATH O, 51T, HHV-6 [
1247 7 A2 70 A 7 REEC S & 4 9 5 Marek's
disease virus (MDV) HfEEHIIL D 7 0O A 7 fEH
WWHAREND Z ENFAENTNE DY, 22
T4 A3, 413, HBBR2SLEP & 293T fllfiil 2 Fi 2 C,
RAAIRICHHV-6B 7/ LDV A0A £ 72 293 T Hl
fa DRI 2 i A 51T Y72 0, HHV-6B DRR fE 5
KBTL2T7O0ATHESNSE N AT ORAT
IR DOHAAAESN 2 FET DT TO—F &2
I U7=. B3 L /2H6BR2SLEP% / Ll A A &
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Fig. 6. Relative mRNA expression at the beginning of 293TintH6B
cell establishment
Total RNA was extracted from 293TintH6B. RNA
samples were reverse—transcribed and amplified by using
U25, U42, U60-66 or U90-specific primers and probes,
respectively. Although the immediate early gene (U90)
and the early gene (U25, U42) mRNA expression were
detected, the late gene (U60-66) mRNA expression was
not amplified. Data are given as mean =+ 1 standard
deviation (n = 2).

relative mRNA expression
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293THlifiE (293TintH6B) D7/ LKA 2 i@kt L 7=
& Z %, H6BR2SLEP” / LI DRREEH D 70O A
7 ARECH 70 5 chromosome 4q35 7 1 A 7 fE A~ &
HFE L THO, #H72ITHENL L 72 HHV-6 $A3A A
MR RK 293 TintH6B IZIIMER O EFB O ITFT O A
7 fEIHIZ HEBR2SLEP 7 / ANl AA EN TN S
ZEMHSMNER ST (Fig. 3).

%72, HHV-6B/ / \DNA & 3{12 /31§ % &
{5+, U1e, U25, U42, U69, U90 % FEHIFIC BT
% DNA O ¥ — % real-time PCR CHigt L7z & 2
A, IMlAH-0ICEENIEBLETIZIIE—
FLETH o7~ (Fig.4). Real-time PCR DIE 1
% E[Ed 5 &, chromosome 4q35fEIC1 O E —
DH6BR2SLEP 7/ A EREMNMAAENTNS Z
EMER <R I Nz, HHV-64 J Al B hE I
QUREIZUE, SRR A )L 2R Bk O B EH IR
DNAMNSEIRDNA Z R L, ZEDT / L)t
#% 9 2 concatemer D ¥ BE % % TH & N 5.
HHV-6%7" / LD R A ST J LN DFLAABDY,
DNA#EHEL D E DM TIHAET 2 DM ITEmI T
MANB M, concatemer JEHLIFIC T 0O X 7 fEIRIC B
VB A ERL AR Z D3R L 7235503, o —
DOHHV-6%7 J LI N7 ) LT AAENS Z
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2723, SEAT D 7z real-time PCRIZ K A HEHT
13, 293TintH6B IZ 84X ® H6BR2SLEP 7 / L\ A3 Hll
HAENTVUEIRNIIEEH TH D, EHEHWRK
DNA O HE TR A2 2 2l Z U 7z AT REME 28
EWEHEBZ5NTZ. £z, real-time PCR THH 5 )
/5 7/=HHV-6% / AdE—EN1 I —FEET
Ho EMS, 293TintH6B M TiZ HHV-6B O
DNA N THON TR EHAHI N .

HHV-6B 7% JF 5 5l V% 3t 2 fd 297 293 T Al i ]
¥k, 293TintH6B D 538 RiEHITESEAED 1)L X
KYFoOEEITED N> N, —H T,
293TintH6B Kf 7. 24 #)13 EGFP D # Bl % 388 /= (Fig
5). £IT, UMIAMESY >N\ EHOF K
WHHURETHE L2 & 25, 293TintH6BILHi
HHV-6E / 7 O—F )ik THRBINT,
HHV-6% >NV EEBIMA SN TS Z &
S5Mm&ETro 7z (Fig. 5. & EIEM L =5 HHV-6
£/ 7 a—FIVHiE, OHV-1, OHV-2, OHV-313,
TN FNOHV-1I #) Wl i {5 FU39% > )X
(glycoprotein B), OHV-213 #] H]i& 5 FU41 % >
JN 27, OHV-31d #% Ml & & T U48% > /)X
(glycoprotein H) 129 %€/ 7 O—F )L HUKAT
HBHOWWO DT EMmS, BTN YNS

a .
EGFP epresmn _ 35
L e o % 2 3 [ passage 1
E 25 O passage 5
passage 1 = 2
& 15 T
o
< 1 T
3 05
passage 5 u16 U25 U42 U699 U90
c 160
< 140 [ passage 1
Z <120 4 O passage 5
.2 100 4
[=X7]
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< 3 404
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0 T T T T 1
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Fig. 7. Alteration of HHV—-6 gene expression in 293TintH6B by passage number
a. EGFP expression in 293TintH6B at passage 1 (upper) and passage 5 (lower) under fluorescent microscopy.
b. DNA copy numbers of 293TintH6B at passage 1 and 5 were determined by quantitative real-time PCR. Data are given as

mean * 1 standard deviation (n = 2)

c. Relative mRNA expression of 293TintH6B at passage 1 and 5 were determined by real-time RT-PCR. Each mRNA
expression was silenced in 293Tint6B cells at passage 5. Data are given as mean % 1 standard deviation (n = 2).
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293TintH6B IZ 3 W\ T3, HHV-6B D #) & {5 T
NI DS EBHEETY DT ICEBLETYUA
WAH NI OEEADIHRI SN TNWD Z &Ny
Mmooz,

D X7, H6BR28LEP ® mRNA ¥ % figtr 3 %
7212, HHV-6Ri#ELRT (U90), #IHLER
F (U25, U42), %15 ¥ (U60-66) mRNA
% real-time RT-PCR CZNZIHIE L /=, AL
A7) A DEATIENT, BB RS < FEH
T LEHEELETY >N DB TR 25
HBL, WIMELETY N DREE T RRER
HBIH5EWD KD, EFIL BRI A T —
RIZLENS THIFEIZSN TWDS ZENRH SN TN
5. 293TintH6BIZ B} % HHV-6 mRNA1E, G
HIEN 5 3681 2 380 2 pig)E T - 9IHEET
WL CI3RBl 28D 720, %iELsTU60-66
mRNA O FHEHIIBO 780 > 7= (Fig. 6). KL ED
HHV-6 mRNA FEH OMat &, aiflid O @t iRk
12 X BHHV-6% > /)N 7 5Bl O ¥ & » 5,
293TintH6B & #1213, #1535 T mRNA O
FIEROMFE T 1 )L 2GR HIE T TV 5 AlRE
PEASRIZ S 7z,

I 51T, 293TintH6B DIEEZ Mk L7z & 2 A,
EGFPFH IR FEITWET L, MRS EITIFHELE
L 7= (Fig. 7a). EGFPJH %1% D 293TintH6B IZ
1} %, real-time PCRIZ &% HHV-6% / /s DNA O
a5 (Fig. 7b), EGFP OIS, flAAEHN
JHHV-6%7 J LAOREICE DB D TIER<, i
BTYA LT T K DR R S N .
HHV-6 mRNA B H, #LEKIT & B> THES
T HHEMIH O (Fig. 7c), HHV-67% J LHLAIA
BBHEFEINTWDIZE NN 5 T mRNAFEH
MEELTNWDEZEMNS, RARNT J LMTHAA
FN/ZHHV-6 BATFHRIENIREME & & B
NTNWS ZENHENI RS2, ZDLD BT
L >3 2 7D BARK IR RN S % OE T H
%7, 293TintH6B IZBH L T, concatemer DI HE
Tld/a<, HERDODNADI1 I E—/fAIAEN
ZEXHERO—DRHEH2HDEEZEZ SN, T
25, DRINOT O A7 ERECHNIC BT 5 HH R
BHLZ TIX, HHV-67% / L DOWjiGIZF{Ed % DR
DREFNELDIISN r—2 2 7 2 7 FIVIsiEkT
52 EICED, HEEEIIHBITS, RIKDNAN

(=N

5 concatemer DL A TREE 72D, KR, ER
THERI S e A )V ZRLTIEAEICE D TN
WaHMMETH 5.

CIHHV-6 32 T O L TRl 557
D, FeafRA O AIA BT A FEAN L D B T
NBEEZLNTNS, HHV-6 23 EHINEIT &
guik, MTEMEREER T, LI, swiicy
AIIVAGEIGT, TAIWARY 2INT DRELEHEREL
I 7=5a, EORICEMMENIER R, KL
EZERLUZET DI EITEHL W, SEF e BT L
7ZHHV-67% J LA A 293 THIRIZ B W T, Hi
BIR B BN MW, AT LA O HHV-6
BFRBERD D, M LA D IR
INBIZONT, WINDOBEIETFHIIL >
TEanTwolk, ZOBRIE, AiEMazssd
NTOFRMEITBT 55/ LA ~\DOHHV-6 F H5A
ADOFIGZBR L THWL ARGV EE XS
N7z, HHV-6I3EETFFHEZMH L /2RETr o
AT EBICHARAEND Z EITLD, BELZE
RIEGRREZHEFF L TV D HD EE X 5N T,

S [a] DS CHENT L 72 293TintH6B 13, HHV-6
IR 72 Bl 5T d 5 HHV-6 77 J LA bk
MBI & OBHICE T 2 RBR 2 IRMET 2 D A
25T, BREPIIBITZ A1) ABETFOHEE:
B HIG I LEBOMHICKE<HEMT 20D
EEZSNT.

V. #

=
=]

L [alFk 2 3 HL A2 2 HHV-6B % I \Z T, HHV-
6B/ ADYRAAIR T O A 7 I AR £z
293THIE 2 Fi 7= ITHER L 7=, o1 )V A fn 178
gkl & Ebicifl N TwE, HHV-6BY ./
LT e FRAERT O A Y FIRN CTREMITHERF S
NTNnWsZENgholz. 2O &L, HHV-6B
T L, HREE A TT T OERMIIEAN THER:
SNAHHBROEEBEHICFENND 252 % DAL
57, HHV-6 O RERG - FHIE ML ORI Iz B
TEOEHBERRZRETZ2HDTH > /=,

EZDF|RIR (conflict of interest:COI) BAR:
AL DOFRNA B L TRICH &R L
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