Human Cytomegalovirus Persistent Infection in a
Human Central Nervous System Cell Line:
Machanisms of Establishment and Maintenance
of the Persistent Infection
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EENTOE FHA R AFTTA LA (HCMV) & & % FHRAHE RATIE SRR O € 7)1 KB
L LT, b bR RS - HCMV @ in vitro EIERIC DV TRETL 72, HCMV B R
(HCMVwt) B (m.o.i.=10) glioblastoma (118MGC) # X Uf neuroblastoma (IMR-32) il ke R =]
By 4L AEHEATD 5 iz 08, oligodendroglioma (KGC) i@ TD ™ 1 v AL A STz,
HCMVwt B 118MGC il BR I £ v, HCMV B R s ST E X iz, 20 HCMV Fie
BmiE (118MGC/Towne) 26 i, B 360 B (50 HR) BAEwE D, 102~10° p.fu./10° Ko R
Pk 4 v A (HCMVpi) MEEFERICEE S L7z, 371t 118MGC/Towne Hifign 5 i3, IR R R
74»x,k@?ﬁv4»xm%&%nﬁ,é%m,%v&~7lnyﬁ@ﬁ%E%ﬁ&éﬂf,:w%
SRR R « HESOBFE L L CEE Y A L A BRI L SRR O SRR S v, & 51D,
E R X N R 3k HCMVpi i, & e OTFERIY A 4 A (HCMVwt) LEERLAITFOM
Wi BWTREE > T, 1) HCMVpi OHFEE, HCMVwt & SBELES, 2512, v L ABERS
B otz. 2) HCMVpi Byl id, HCMVwt Rz & > T I R v wa-F it 73,000 0 HCMV
HRNIEASHE s A, 3) HCMVpi 8 & U HCMVwt B33 DNA BIC i #iE EOE VL HE80
Sz, LLEOFE LY, REVES EBGERRE® HCMVpi i HCMVwt DORETEEEICET 2 ERKRTH S 2
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Smith# & U Rowe?iz & D BBt E e b
¥4 FAF B4 A (human cytomegalovirus, B
T HCMW L, ~AA7 A4 LABHCEL, & bl
—DEEETHRBODNABY A LATHS, — ]
iz, HCMV Q¥R TR T H 3 5, HENHA
BRER L D, RIHAD 80~90% 457 1 )V AEFEE R
B2z rns, L b EEET2ARNV AV
Ar#ELBNTVS, HCMV BEKADRHE LT
BERES L BRBESMsNTE D, BRY AL
213, BEORBHEEOETIC X D BRIRED S IFEE
fban, BxOREE, Flaid, FFL, HEEENLE

PAEERT LY, BRI BT 5 R IRO R R
i3, SHERD 0.5~2.0% & & <%, BERIO AN RN
FORTHRMEENEVE SN THDL, JHSEXR
PERRRR D 3 ~10%13, 5 EAEHIRE AMBEE (cyto-
megalic inclusion disease) & U THFIRME, HyE, /)
BERE 7 & R IKAL RS & BB SRR 2 2
29, &5, FAERSE LRI B O T A
BT 2RBRTYH, FOROBHHELD, BEDON
EEET, BHEEEH 2 IHENEENERCHD S
no, ERFREBENSIE L - Tnd, IDEI R
ESMFRICAD S>3 EEE, HCMV O & b i

Abbreviations : act D, actinomycin D ; CH, cycloheximide; c.p.e., cytopatic effect; DIP,
defective interfering particle; DMEM, Dulbecco’s modified Eagle’s medium; E, early;

HCMV ; human cytomegalovirus; HCMVpi,

persistently infected HCMV ; HCMVwt,

HCMV wild type; HEL, human embryonic lung; IE, immediate early ; IEA, immediate




b A REEE R 551 2 HCMV g 59

FERAIGIZ 517 2 Bt B c B0 < ATREME A TR &
NTHBY, LarLliahs, THETHCMV Lk M
FRHRE RN & OAEEERNICHT 219218, 1B ALY
ERLTESY, HCMV ZRTIEHEREREED
ANEZXLETHTH S,

AHFFETH, & bR R M T 0 HCMV
HETHEEDMETS, 7o N HCMV #reE L i oD 4 37
fexEtD, & b PREHEREMRE T O HCMV 5 R
SEHERF OB RS iz L, IR T O RE
B s Z 2 HRE LT,

S & UHE
1. fERmAe e sy

b b AR R R & L ¢, neuroblastoma
(IMR-32)®, glioblastoma (118 MGC)®, # X tf
oligodendroglioma (KGC)'W > 3 #{bHilg % >z,
IMR-32 3 & tF 118 MGC #i fig 12, 10%f{F 4 #& i
Dulbecco’s modified Eagle’s medium (DMEM) (H
K, B T, KGC M3, 10% 444 R I % & tv DM-
160 (HEER, BE0) BEtic X DEFExE, b bR AS
MESEHRY (HEL M) i3, 4 7 B-4RaRN & » 3%,
10% 74 MEFRI DMEM THRE S €722, w4 LA
B KGC b 5 %4 B& 2 i in DM-160, 1th 2 4
Bk, 5 %P4 MBI DMEM 2 & b #E: L 7-. flla
D HE R 1, 0.02% ethylendiamine tetraacetate &
0.25% U 7+ > (Difco, Detroit, US.AL) 12 & D4y
Eff%, MRS 1.0~2.0X 108 cells/ml i ZHE& L, 37°C
THRTEHKA L 7.

II. 741X

HCMV &, Towne#f%2EHLZ. AbvoroAn
A (&1 multiplicity of infection (m.o.i.) TR ¥
7: HEL M@0, +xTIHEELER (cytopatic
effect, c.p.e.) DI, WHEBELEODH (1,500%
G, 1043 L, ZDOLE%E-80°C IZIRIEL 7219,

[Il. 740 R iBE

BEEY (142 R) POEEEE &Mk
HCMV % m.o0.i.=10 plaque forming unit (p.fu.)/
cell TRH&w, 37°C, 90 HEBH &, LBOY 1L
A assay WV, &7 A 0 AREECE, Bk
IR B L SRR, s o, V=T 74T
SD-12 (Branson, Chicago, U.S.A.) 12 & b BEH L
BHG0vybh, 30 LEboEERLE, £/,
RSB A L R BBIEIC R, BRHEERE O

early antigen ;

(1,500%G, 10 53) LEi@E&R 72, 74 L AREHE I,
HEL M ETD 75 v 25290 § DfIE L, phu/
ml THRRL 7z, %72, cell associated virus #id, 2
TANARE»SHRARE T AV ARERL, plu/
10° MR THROR L 7o, BRSO I, FHER & D A
TEWEE LT,

V. 71V ZRREDHEH

HCMV BRi5E (RIIE (immediate early
antigen, IEA) ' & &A1 (late antigen, LA)'®] i3,
Pl E XA (indirect immunofluorescence, IF)
T L DL, FOB, 1, B IEA
UM L @ 16 B L HLLA Fifkfli 1 640 &k b
mEEM, 2WiAEE, fluorescent-isothiocyanate
B b 1eG v X RMERA L.

V. ®EABEFEE LS URV T YLT I FHALBR
&% (polyacrylamide gel electrophoresis,
PAGE)

HCMV RBEEHH (E) 8 X U8 (early, E)
EHOA W, Blanton & Tevethia O ™I fEw
ST L 2. 25-em? 79 A F w2 75 &2 (Falcon,
Cockeysville, U.S.A) WTH#%E L /- HEL#i
HCMV % m.o.i=5 TRF & ¥/, 1RHBEER, »S
B A+ 4 = > (30 xCi/ml ; BstEb 3% ¥ 1110 Ci/
mmol) (Amersham, Buckinghamshire, UK.) *%&
L AFF = URGREHRERFRICT, 2 RBHERE TR
%S, IEEER/ VAR L. &L A ER
IEEE %, 500 ! fHHERE (30 mM NaCl, 10% 7
Yxro—i, 1mM CaCl,, 0.5mM MgCl,, 2mM
EDTA, 0.5% NP-40, 0.00039% 7 = =)L A F )L A I
Tx=NT7NEFZ4F, 20mM Tris-HCI, pH 9.0)
KT L, bR IEA FiEBMHE b mig 10 k] &
4°C, 4 BRI & D, RGO R ¢, 851,
0ul07v 74> Ax770—XCL4AB (7 7 —=%
7, U7 7)) RINA, PURTUSREYIEEYE, 10%
R Z 75 LRV PAGE 2174 o172,

&5, 1 7uAF v 38 (cycloheximide, CH)
ENT X % IE EHSMAIE, Jeang & Gibson @ 5320
WS, A ABERAT LRSI L 0 CH (50 g/
ml) (Sigma, St. Louis, US.A)) THI4LEL 7z HEL
iz, CH #E T8 W T, HCMV # m.o.i.= 5 TR
e, 1FRARER, BEMiE2 s 512 CH 28
LR ICR S, IE mRNA AR A B w7, &
RITHBE®CEE2RE, 7275 /%4> >»D

IF, indirect immunofluorescence ; K, kilodalton; Kb, kilobase: LA, late

antigen; m.o.i., multiplicity of infection; PAGE, polyacrylamide gel electrophoresis ; p.f.u,,

plaque-forming unit.
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(actinomycin D, act D; 5 zg/ml) (Sigma) A
F A4 U REHRBRD T, BEMEE 2B ¥S- 2 F
F = B, 2 O%, EEIE B 2t L, PAGE
WD REESR LT, SFRY—2—E LT, BEE
WAy, 7xA7 4N I, FIMETLT I,
RE7TALT Ly, RERAKRERESR VYV F-L
(Amersham) [ F&Z, ZhZh 200, 92.5, 69, 46,
30, 14 kilodalton (K)] ZFiv>7c.

V1. 1E BB &R O pulse-chase 7347

IE B &/ D pulse-chase Bk IZ, Gibson O J7i&"
W& DT o, 384 F 4 = 42 CH 3808 [E BH
%, actD (5 ug/ml) EETT, 18 RERIFEERH - 7
F =T chase L7z, IEEAZHH L, SAERER,
BRI ¢ PAGE :iC & b 8T L 72,

VII. HCMV HIF RSl L U7 1L X DNA O

H

HCMV #7058, Talbot & Almeida D/
WChEV T o7, HEL #ifdic HCMV # m.o.i.=0.01
Rivs &, 80% DML c.p.e. &R LI, HERMERIR
IR T-, 5 B, EEERREEED, 7,000%G, 20
SEOHR, EEESATA - — Ny T, A
Y7 4= F) T56,000xG, 90 ELL, ZOUE
BUIET A VA E LT, BEEY A VA % 500 pl SBEE
(100 mM NaCl; 10 mM Tris-HCI, pH 7.4) TH#E
L, 15% 25 0%DEAEY Y 7 AEEARELE
T, VA NANY FESHL, BRY AV %,
x5z, 100ug/ml 7 a7 4 +7—+ K (Sigma),
0.5%% N2 NL9 £&te 200mM EDTA (pH
8.0)F1T50°C, 3R, 7=/ —HE 20
EEL Y 4 VA DNA 257,

VIl. HCMV DNA O #IFRE IR & BRUAR

74 v ADNARERITO D, MHY A LA
DNA %4I/EEESE Eco R, Bam HI, Hind 1ll, Xba 1
(7, WE) TYIHrL 7z, 0.1 g © DNA & 20 BALD
FESIREES 3TC, 2BMRIEE, & 51, I
DNA MW E %, 0.6%7 Hu—A5 L &AW ETUKE
WEDSEELT:, DNAORESDEH¥ER—A—L LT,
Hind TIYHFA 7 7 — Y DNA Wi 2 [9FH 23.3,
9.3, 6.5, 4.3, 2.2, 1.9kilobase (Kb)] &M 7.

IX. 94 LZADNAWE DS TRyT 4>

&

HCMV DNA WiFis, %> 7ay 7 4 ¥ 7E9NC
ko= towro—ABIEE L, ELo DNA K
B, Rigg 5D=v 27 b I VAL —¥a YEMNT L
n 2P.dCTP (100 £Ci; Hss HhiE & 3,000 Ci/mmol,
Amersham) THUEER & h7z HCMV B4% DNA
Fu—FEDNA TV A ¥ - a B DREL

B i#

I. b bhiRmERERMALIC 55 HCMV 0
i}

—iz, in vitro TO HCMV 8851, —f&ke b
MR B TR LWENTH S Z Mo T
WY, 22T, b b ERERMRETO
HCMV o #5EgE = 415 B89 T, IMR-32, 118MGC,
KGC, 8 & ¢ HEL #ifgiz, HCMV % m.o.i.=10 TRk
e, BARNCSBEEY AL AEEHEL, &
HARATD ™7 4 L A RETEAED 2 % LEBARET L 7z,

1R & 5w, HEL Ml TD 7 1 L A
SEAEL DEBEan, 5 BEKE3.0x10° pfu/ml
DORBIPETFRY A NV ASE S, —75, IMR-32
L O 118MGC TRz 3517 2 ey 4 v A DEE
13, B4 BB L DBAEN, SHEOV AL AE
A B #1108 pfu/ml TH o, ULaLiests, KGC
Wik, B8R A L AR ShEr o,
ORI, BE S HBoMinc Sl E it/ HCMV
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Fig.1. Replication of HCMV in various human
CNS cell lines. Subconfluent monolayers of
IMR-32 (0), 118MGC (®), KGC (») or HEL (D)
cells were infected with HCMV at an m.o.i. of 10.
After 90 min, cells were washed with Hanks’
balanced salt solution and maintenance medium
was added. At the indicated times, the cells
were disrupted by freezing and thawing once, and
by sonication. The total amount of infectious
virus was then measured by plaque assay on HEL
cells.
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Fig.2. Production of infectious HCMV in persistently infected 118MGC cells. The
cells were infected with HCMV at an m.o.i. of 10 and subsequently subcultured once
a week at a split ratio of 1:3. At the indicated times after infection, virus titers
in the culture supernatant (O, log,, p.f.u./ml) and cell extract (®, log, p.f.u./10¢
cells), or infectious centre titers (@) were determined.

Fig.3. Immunofluorescence photomicrograph of
HCMV persistently infected 118MGC cells. At
650 days after infection, cells were fixed with
acetone and stained with human convalescent
serum and with anti- human immunoglobulin G
goat serum conjugated with fluorescein iso-
thiocyanate (< 400).

KRN LA BHNHAR) 2 IFEcE 0Tk
WhoTaswigani., Ms, HEL, IMR-32,
£ UF118MGC #ila T, 95% A E o #ifass LA BT
Horz, KGCHIKETIZ, b¥d 3.3%Dfass LA
Bitkic X ah o, ThosOFERIE, IMR2 B LU
118MGC Ml TP ™7 1 N A pEAREE, HEL #HKC H
~NH#100 54D 1L THY, Zhe 2 EifiE HCMV
JEIZxF L T semi-permissive TH 3 = L AR E N7,

II. & b PERRREEERC ST 5 HCMV #5

Bzt

HCMV 12 & b 35 & Nz e R E BB ES A (R FE R
BT, R v 1 0 R ot T
5 ENTHEENTVLEY, COBEREERL T, &
HEIC 514 2 HCMV SRS 7 b o a1 g8 % vic
Meaf U7z, IMR-32, 118MGC % & ' KGC# g 1=
HCMV #m.o.i=10 TR#EE, #ic 11, Mass 3
ISR 7o 8IE TREAOS B 2 R L, #6110 RRR
M A v A, LA BHERBE, & & RO+
nENHE L 7.

ZOFR, KGCHIB T3, Bk 7 AHICIZ LA B
PEHIREUE R 0% T H » 128, 3EOBAIC LD, LA
MMM & O 4 L R & S IR TEEE 72 -
7. IMR-32 MRCIE, Btk 7 HEICIE, v A L A%
I cpe DHIIC LD 0%LLE DB BE L 72,
ZOEFHIAREEETH 0, BEE 60 AR, 10!
~10° pfu./10° MRAR D BRHME Y 4 L AEE LTS 51
fz. UL, 27 AU EOMRESRORE, Bavry
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ANABLULASRRESCELE L —7,
HCMV @ 118MGC#ifa T, Bk 6 B2
00% LA L DML c.pe 2w LI L7 28, EFEHE
D k) HCMV HERgsira iz, B2
FELT 2k <, HOCMV R 118MGC #ifE (LA
118MGC/Towne) %13, fREAY ALV ABELT
102~10° pf.u./10° #lRE, &7, SEEEHCF 2 X10°
~10% p.f.u/ml DEERYE Y A L A A3, REHf% 300 B
b (40 RLIL) BRI EEE s hTe, BHMARRTO
Bfech i34 0. 1~15% TH o7z, & &1z, IF I
X s n LA BHEiESus, 0.1~60% % L,
Bferh Ul R IZEEBI L T e,

i, HCMYV #$#Em4 118MGC/Towne #ERNMER

118MGC/Towne #i 1 & & o ¥ 8 13, JE BB
11SMGC i th A B E=RETED b heh o T,
MO & LT 1 ~10% DI cpestHic
B R, Zho OO AN, HCMV BEE
BRE A, Tabb LA FURY IF REic & DR
anfz (EM3).

118MGC/Towne fifE £ HCMV (HCMVpi) @
HEL# LT 77 v 7 BRkEER 34°C & 3¢°C Tt

gL, MRECBWUBREAN:T Iy 708/, P
EBLUHA XCBEELEIRD s hEho/z &
512, 118MGC/Towne #ifg % 39°C T 7 ABE#EL T
b, B A VAEES LU LA HEEEIZ X 34°C 1E
BEHLHANEELEGRED oMY, BEBRIHER
HOHRBREESNT. £ TR, RETHB7AL
2 (defective interfering particle, DIP) HIRDAIEE
M % 4 et L 72, HCMVpi B4 HEL # iz ~ 0 8%
HCMV (HCMVwt) DERFIE, HCMVwt B E 4
CTFW L b o7, & 512, 118MGC/Towne #IEASE
B HCMVpi-DNA 2 ¢ ¥ v L7 a7 4 FEEVEL
BB LI & D 4R L7458, DIP ik DNA I
MY 2 DNA®Z B 3 hig hot, &5,
118MGC/Towne Ml #R FIcid, 15 —7 =0
UREEMEME T S o7z, — 7, HCMV iR
Sk (RFIHE ;1 0 64) BAET T o 118MGC/
Towne fAlED 3 BEMOEAREE W, BRE7 AV A
B LU LA &REEERICIHIL 72,

V. SRR 1L A OBNEE

B Rk HE RS & L7z 118MGC/Towne HIfg 2 & B
#ahd HCMVpi @ 77 v 713, HCMVwt Bk
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Fig.4. Replication of HCMVwt and HCMVpi in HEL (a) or 118MGC (b) cells.
Subconfluent monolayers of cultures were infected with HCMVwt (©) or HCMVpi
(®) at an m.o.i. of 1. HCMVpi was obtained from 118MGC/Towne culture at 430
days post-infection and grown once in HEL cells at an m.o.i. of 0.1. After a 90 min
adsorption period, cells were washed with Hanks' balanced salt solution and
maintenance medium was added. At the indicated times the total amount of

infectious virus was measured.
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7w 7 LA A AOHED & IR O VR AYE 2 X
A VAL ARIGEER IS 50T 5 AR S S, 2 2
T, HEL 8 & U 118MGC #fllig 4z #3514 5 HCMVpi &
WSEEE R HCMVwt 0 # 4L & Flghat L7, HEL £
S U 1IBMGC #tfalz, HCMVwt %7213 HCMVpi %
mod.= 1 TR, 2 O 2RRE Y 1 L R it %]
E L 72, HEL #if3 ¢ HCMVwt & HCMVpi 0 R
T ANADEBIE, FRZIBE2HEHE 3HE
B &, HCMVpi 0K HIE HCMVwt £ b 1
R o7, & o0z, Bl HBoED o e
HCMVpi BREEE Y, HCMVwt 12l 10 430
1 Ch-7: (B da), —F, 11I8MGC #3513 2
HCMVpi @ 858 ¢ 13, BRI 4 L R 0 HOE 1
HCMVwt 2k 2 (B3 5 ITEIChl s h, Bike
HETORKAY 1 0 AFEALE S 100 530 1 (K- 7=
(B 4b).

(a)
1 2 3 4 5 ¢
TBKL ’
73K — ol
k4 W =

V. RS 1L 20 IE BESELE

HCMVpi DM DET £ 5F v L CHAFT 5
721z, HCMVpi B HEL # L U8 118MGC $ikiz
FHEHIN 2 HCMVE B IEE & & Gk 512,
PAGE & THEF L 7-. S5allRL 722k K<,
HCMVwt R HEL (v —> 2) 8 & 0F 118MGC 48
T (Lv—>58) ik, AFETRKEBKD2o0%
HIE B SRR SHRUNICaRant., —5,
HCMVpi @4 HEL (v —> 3) 5 X U 118MGC #Hia
(L= 6) B BFEIEEY (72 & 18K) DER
i, HCMVwt (ZlEREFEL CET L7z, BBREE D - &
2, HCMVpi &4 HEL #8713, HCMVwt B
JgizidFEE s N 203K IEBEESFLICERs
fz. 20 HCMVpi Bsfifaic ¥+ 2 73K IEEH
&, CHIEIE BENMmAicd > TH, FICHIE S
NHZedms, 3K IEREARGERRICE D HERL

(b)

2

4
92.5K e
4 g9k . } —73K
72K
.4 46K P
>
<« 30K

& -

Fig.5. Analysis of IE proteins synthesized in HEL or 118MGC cells infected with
HCMVwt or HCMVpi. (a) Subconfluent monolayers or HEL (1, 2, 3)or 118MGC (4,
5, 6) were infected with HCMVwt (2, 5) or HCMVpi prepared as described in the
legend to Fig.4 (3, 6) at an m.o.i. of 5, or mock-infected (1, 4). After a 1 h
adsorption period unadsorbed virus was removed and the cultuers were pulse-
labelled with [**S] methionine for 2 h in methionine-free maintenance medium. [E
proteins were extracted, immunoprecipitated by human serum, and separated by
SDS-PAGE as described under Methods. (b) Subconfluent monolayers of HEL cells
were infected with HCMVwt (2) or HCMV pi (3) or mock-infected (1) in the presence
of CH. At 18 h the CH-containing medium was removed, and cells were labelled
for 2 h with [3S] methionine in methionine-free maintenance medium containing
act D. The radiolabelled cultures were immediately solubilized, and proteins were
separated by SDS-PAGE. The mol. wt. of IE-specific proteins are presented, and
arrowheads indicate the mol . wt. of standards.
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I BEY TR AL I L AER AN 5b).

HCMVwt ¥ HCMVpi = & 2 IE EA S & #E 8
grrds L 7R, HCMVwt By HEL g <, s
®IMEIr R Lt BKOFEIEEAVBERE N
(6 ; v—>2), Btk 3~ 5T, uih.oIE
EOOGHERS ou%jtu:. Z DA
WEEHLLTHFEILS, 83, 68K w%ﬁ@z\*y ®
LR Eh (L—>3), —H, HCMVpi B HEL
W T, Bk 3EERIZI, 3K IEEHOAS
aREan (L= 5), ZOEREE, BEERRNIC
BOLE (b—>6, 7), £/, 2 L BKEEIER
HOERIE, BEpE3~5EHcyoTRLLN
(v—>6), a5, TEEEHOEHRICL &
HCMVwt 2k~ 2 B BEN A 5l (L—
7).

VI, 2a—>{t HCMVpi nt&HE

HCMVpi (%% 430 H @ 118MGC/Towne il f2
EHE) # HEL#ilLET3IE Sy 7#feL 7z 70—
+ b HCMVpi #187:. #s5hrc4 7 u—>»DHEL
Mgz B 5 BEsE Rk > VIEBE AR
HCMVwt k& L7z, 4 207 o—{L HCMVpi
DEKY 4 VAEERE, HCMVwt D% 2T
b 5~10f5E» o7z, &6, Bk IEMECE
BRah3 EBART3KEACAT, B4 v—>3

92.5K

69K

46K

30K

Fig.6. Time coures of IE and E protein synthesis.
HCMVwt (2, 3, 4) or HCMVpi (5, 6,7) at an m.o.
i. of 5, or mock-infected (1). The cultures were
pulse-labelled with [3*S] methionine at 1 to 3 h
2,5, 3to5h(3,6), and 5 to 7 h (4, 7) after
infection. IE proteins were extracted, immuno-
precipitated, and separated by SDS-PAGE. The
mol., wt. of IE- and E-specific proteins are
presented, and the arrowheads indicate the mol.
wt. of standards.

=

Ltk 7 a— 2t HCMVpi & [E#RD R D
st (F—5ER). Zokdic, HCMVpi i, %
O S & O IE BEAKAECHE L HCMVwt & &
HAWIREETAIANATHD L IR A L.
VI SRR REE s L CRMEREAR
HCMVpi O LEE
HCMVpl OREEES 5 VI IEBEAAKEEDE
, BEESERAOBRECZLONE I hERET
%71 s, REME IR (49 B) & REGRITERER (490
1) ® 118MGC/Towne fita & b HCMVpi % 53#L,
HEL filac 817 3 IEBESMAES PAGEIC LV
L7, ERESHARE HCMVpi »3EE 3 IFfHiE
HEYT S IEERE, 728 BK THY, HCMVwt
rHREREEEs oo (BT r—> 2,
3), —7, Bgh%iEk HCMVpi i, 73K IEE

78K—L_ <« 92.5K
?,%f(_]— < 69K

W w 46K

4 30K

Fig.7. Comparison of IE protein synthesis
between short-term and long-term persistent
infections. HCMVpi was obtained from
118MGC/Towne cultures at 49 and 490 days after
infection. Subconfluent monolayers of HEL
cells were infected with HCMVwt or HCMVpi at
an m.o.i. of 5, or mock-infected. After 1 h
adsorption, infected cultures were labelled with
[2sS] methionine for 2 h. IE proteins were
extracted, immunoprecipitated, and separated by
SDS-PAGE. (1), mock-infected cultures; (2),
HCMVwt-infected cultures; (3), cultures infected
with HCMVpi obtained at 49 days; (4), cultures
infected with HCMVpi obtained at 490 days.
The mol. wt. of IE-specific proteins are
presented, and the arrowheads indicate the mol.
wt. of standards.
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HO&EGH LY (L—>4), —7, i HCMVpi @
HEL HilE T DREGEAE & LB U 725558, B SR
HCMVpi DFKR7 4 v AEEE (4.0X10° p.f.u./ml
yiE, HCMVwt O #h (2.5X10° p.fu/ml) kb L
BROsS e por, L L, Bl®kimk
HCMVpi 4 HEL A TO 2 DEEY 1 L 2 & 13
HCMVwt DO#9 20 530 1 & {&dn -7z,

Vii. 73K IE ZA 0K

HCMVpi EHIIICFHFE SN2 73K IEEAOM
ReW|b720, CHEIEIEEM Y X 512 18 BEHIgE
B X F4 => Cchase L, PAGE iz & D 2MF L

< 200k

“ & <4 92.5K
T 88 ™. ..

€ 30K

414.3K

Fig. 8. Pulse-chase analysis of 73K IE protein
synthesis. Subconfluent monolayers of HEL cells
were infected with HCMVwt or HCMVpi
(prepared as described in the legend to Fig. 4), or
mock-infected in the presence of CH. At 18 h
the CH-containing medium was removed. and
cells were labelled for 2 h with [*S] methionine
in methijonine-free maintenance medium contain-
ingact D. At the end of the labelling period, one
culture was immediately processed for sub-
sequent IE protein analysis by immuno-
precipitation and SDS-PAGE. The other culture
was rinsed three times with growth medium, and
incubated for an additional 18 h in act D-contain-
ing medium. The cultures were then similarly
processed for IE protein analysis. (1), mock-
infected cultures labelled for 2 h: (2), HCMVwt-
infected cultures labelled for 2 h; (3), HCMVwt-
infected cultures chased for 18 h; (4), HCMVpi-
infected cultures labelled for 2 h; (5), HCMVpi-
infected cultures chased for 18 h. The mol. wt.
of IE-specific proteins are presented, and the
arrhowheads indicate the mol. wt. of standards.

72, B8R L 72 &k 54z, HCMVpi BREHEE TE R &
N7 3K IE &M, 1805 chase B TL I FHROE
L zhoMkEIToons ot (Lb—y ;
4, 5).

IX. HCMVwt-DNA & HCMVpi-DNA o tt#
£ Z &<, HCMVpi ¥ HCMVwt & T4y
FNEDNERICASNEDT, YALALE ) LELT
HCMVpi-DNA %t HCMVwt-DNA » #3& F& v %
oy nE, HIRBERVIMSHICL DRICEEL
7:. HCMVpi-DNA & HCMVwt-DNA 0 4| [R & &
Eco RI, Bam HI & 7213 Hind Wi & 2 ¥I0 - OE
KUkEN/ Y — > 227 4 v A DNA B COER IR
wohkhol (B9, v—->al,a2,bl,b2,
cl,BIUc2), LhrLass, HIRESE Xba 14]
¥ HCMVpi-DNA WAz, HCMVwt-DNA & ki
Lo b 3 20BRRBBEEOR L 21 Pt
W &h (b—>:d1,d2).

(@ () () ()
12 121212

23.3kb  »

9.3Kb
6.5Kb

4.3kb > |

2.2Kb
1.9Kb t :

Fig.9. Restriction enzyme analysis of DNA
derived from HCMVwt (lanes 1) and HCMVpi
(lanes 2) virions. DNAs were prepared and
digested with Eco RI (a), Bam HI (b), Hind 1l (c)
or Xba 1 (d) as described Materials and
Methods. Digested DNA fragments were
electrophoresed on a 0.6% agarose gel, and then
transferred to nitrocellulose filters. The DNA
fragments on the filters were blot-hybridized
with 32P-labelled HCMVwt DNA. The blots
were autoradiographed by exposure to Kodak X-
Omat AR film at —70°C for 24 h. Arrowheads at
the right hand side indicate DNA fragments
present in HCMVpi but absent in HCMVwt.
Molecular sizes Kb for ADNA fragments
digested with Hind 1Il are indicated at the left
hand side.
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HCMV Ot bR, ERcBw TR L TRERE
O FAIHERAD 7 A VA BRI L, DNEE,
AR X UNERLE 2L 22T 292 e8HonT
Wb, 85k, TEERBRED—IIICL, HRCHL
MRS NHRE (GREERET, BREELL) 8
bhd N, HCMV i sk E R & B
RGBSR 2 ATREESTRENTHEY, LeLlR
25, MR R B 5 HCMV s AR B
B, ZORBERERIOBFE N ETEREsATY
7>, Wrobleska &%, in vitro TO HCMV &t
b R AR = DR E R B RETL, & MR
Bl To HCMV ORERREREL, £2TOV A4
NAEARIE, HEL MBI A8 L 2 1005530 1 TH
BEEEL, Lhl, ZOXRBRTHE, ERORL
2 BIEMHERHEEMTO HCMV BREHOEZER IS
nTnw, 22T, ¥EZ, 3BOEXKERICTLE
b R R T SRR LR & BV, HCMV & QA
PR & 0 BEMIICRE L7z, v i 3EEMEERD S B,
KGC (oligodendroglioma) #ifa T3 &EE 2 HCMV
BRI T & 2 H o T8, L1I8MGC (glioblastoma)
WH B & 'IMR-32 (neuroblastoma) #i & T i,
HCMV O m.oi. (10 p.fu/cell) BFic LD v AN
2 AR LR, Zhs 2 BllgkTo v 1 AR
ekl HEL#lEO B £ £ 10050 1 TH D, -2
Wrobleska &2 QHE L B —BLERSE >
J=. COFSEE, bt L PREERERO S, 2 —
OyHERIES Y 7 R, HCMV OF m.o. B#R
ZED, A MAEEEEET S I L EERL, (€K,
THAFA P RAF T NARBRTVATRD N
FREREE RS~y —F L, —7, LT3N
Bk~ D HCMV {E m.oi. (1 p.fu./cell) BHT,
11I8MGCHilaT D47 4 VA BIELRD o Ll (F
FEF—5), TNLHOBRIY, ERIZBT2HAED
HCMV BERHE, BEOSMEBAOY 1 VAR
B AN, KR, ERE Y OEBERES &
BITbvnrEionsd, —7h, YEOVA VAR
i, 7V T7RBHBOATDYA WARERHEL, M
Kz Y OBREOEREETAAREETFRL TV 2,
%5z, HCMV & 118MGC #ifg T3, AR
FATEE Y HCMV SRtz s . In
g CHEENTO HCMV RMAEHERRARE IR TH T
Hotoh, EFEETHLERE, 77 RMEETRE
HARD HCMV 2SS 2 2 & 2 ERL, & 615, A
gERESE, TR ©OBKERES & B 2 TR
CEZIZEELAbNS.

B

LIBTE D@ D7 A LAD in vitro TOFRRERERER
OB E L UZORERICET 2HMEIH N, EOK
L LT, 1) BEREMEREOEE, 2)
KIBFUBT A VADQHEE, 3) 4 »Fy—T 0>
sy EOFmEwr PR OERTFHEMRL L (I
EHTHESLTwL I ENHIsNTwS, LirLas

, SE#IE & hiz HCMV 8 58 & 3 118MGC/
Towne $ifa T3, LRV 2RTFLIPTET,
BIEGE I & D RS & vz HCMV FRBERSD
B STHEFE & RO B 7 A v A DT IRY & SRR
o REOEEFRFCL b D EEL LN

72T, 74 NAOEBER L SR FE
I 2GR TR SO TR BiEL
R B Lt TAUCEEL T, N, R
Huwr 4 L AHRE HCMV & #Hk HCMV B3 DNA ©
BE0ELEEE L Twa, 118MGC/Towne filED
B, BEISNIEERR YA VA (HCMVpi)
# % HCMV (HCMVwt) & bt RHEL ® & U
1ISMGC il TORENE L {EVWERKTHS

EHENT. &5k, TOREERETOST LY
TOFEFIC LY, EEDEB: HCMVpi i3, HCMVwt
B FE s NS FE BKIEEALRCS
L, HCMVpiic k2 ZEIEEH (12 BK)IB &
VBROFTBEEEROARIE HCMVwt & 0 2 FfHEE
NTHE LR, 20k 512, HCMVpi OEEREDET
3, FircdEgshi BKIEEARERTS LBb
N, X, HCMV EBEFOHRRE, B
HCMV %/ AFHDF| & L L TEE, 3512,
FE 2K IEEAHMNE HCMV [ERETOHRBEEH
THRL TW AV EHESNTWE, £ 2B T, EED
BHUL7Z BKIEESR, HEROFETNZKIEEAD
Bk T2 ¢, HCMVpi i L D FFH IR
EREHTHLIENFINTVE, IHHDHEEX
RHESIFs L, 0 3K IEEAE, @sroliRA
TFEDRKIEEAOMOBICEDEL, ZOKR
AROBREE R T, EHs RKIEEEEKS &
V2 OBEEOREABAMICHEL, BELRBEY L
BT 2 AT R S 7z, 7, HCMVpi i
3 DNA 1X, HCMVwt i3 DNA & & 1E WA
HoeNTzbDD, TOENE 3KIEEHOEMED
BE B L Cid, DNA O & 0 3 22 A & DB
BIZENBTHDI.

%7-, 118MGC/Towne fifi L D ELE SN2 ERY
AV ADQHEI, BRI R (9 300~400 H
Ll) MRS TO AR SN, SHREBGMEIREMN (1
AR LS B TERLI NS, ERY
ANAHBEE, ERSRBEOBESLET,
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HCMVwt D& T 713, —8D Y4 VADERIC L
DHELEEDbRE, ZOEERY A L ADHEN,
A HCMVwt Ric —EEEL TOL e ER 7 4 L R
DEFHIBML A EEORBRELC 7 DH ¥ ) IR BER
BTH3., wFhizg &, #Birdks i 118MGC/
Towne BN RERHRFICIINHEDKRFTH S L&
Aohb, IhsEBRELT, HCMV O in vivo TO
AR R R B 1T A R, MIRREMOETL
U ANAD ) T TOMIEIC & 20 —5H8
BLEROFEE 2R RN ORI, OBRELT,
ERICBITIBREOMEET, HEREREE3 &8
ITEEZNEZTNBRERTEIZ L,

ZD kD, SEMIALL 7 HCMV &5 i
118MGC/Towne i f 13, & F F R WRZTOD
HCMV FHEEREL B TR R O 72 D EERE 5 & O
BIRIFR 2B 225 5 A THRERLEY T F L%
LBbha,

##

t bR iR R BRI (neuroblastoma, IMR-
32; glioblastoma, 118MGC ; oligodendroglioma,
KGC) izk7 5 HCMV DM OMRS 42 > Uiz 4
A FHER SR O BRI & % O#ERE OB o fiE8E %
ZIABLUTORBELE.

1. IMR-32 &£ U 118MGC g T, Bt 1
NADEEZEESRD Shis, KGCHifaTH ™ 1
NASETEIE A S N otz IMR-32 5 & O 118MGC
HIRE T HCMV BokE4 8, HEL Mgkt~ s &
Z10053D 1 {Ehro7z.

2. HCMV &% 118MGC Mg o kg # iz & b,
HCMV #se R gufifg (118MGC/Towne) 23 71t &
M, 2 ORMREAS S IXB L 360 B (50 #F%) Wbz
D, FEEERQICEEE Y 102 (HCMVpi) 24 S
A

3. 1I8MGC/Towne #ifi» & i3, BEREHER
W, KEBFTHBIAVA, BLUL 09 —7 20 S
HHEOEEIRO SN BTz, H-T, IO
BB - HBFEOBRE I, B4 Y1412
(HCMVpi) R & IERYAR D HE & 0 SFH7ic
HEOL T LR@ga i,

4. HCMVpi i, #O#ENE, 71V AREWNIE
BEEHARES L UDNAEE BV THHCMY
(HCMVwt) tHHOWCBR2ERB YA VLA TH-
7o, ZOERY AL ADHEIZ, 118MGC/Towne HifE
DRI « HEFRFIZEE L BEE R L T 5 TR R
X AN

5. HCMVpi O E, IEEESHE - DNA#

S

BB EERE, FRBRERITR W1y B
®) CBLTRRSAT, BE (300 AL 4]
HTHIRL 2.

# &

A2 5 iR, MY, MEMEBh 0 & L KmE
HE-BEL SV, REEEHES s LS ELAED
BEZBBRIIH LEROBELRbOL T, 512, #igH
DD & LI SARIZERT 7 4 L A EROD S T5 12 R L
F7.

FHTFED—ERI, 55 32 [6 (BBAI59 ), 45 34 B (W3F0 61
F) BEY AL AESBRSTRRL 2,
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Human Cytomegalovirus Persistent Infection in a Human Central Nervous System
Cell Line : Machanisms of Establishment and Maintenance of the Persistent Infection
Tsutomu Ogura, Department of Virology, Cancer Research Institute, Kanazawa University,
Kanazawa 920—J. Juzen Med. Soc., 96, 58—70 (1987)
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Abstract

The susceptibility of human central nervous system cell lines to human cytomegalovirus
(HCMV) and the fate of infected cultures were studied. Significant amounts of infectious progeny
virus were produced in glioma (I18MGC) and neuroblastoma (IMR-32), but not in oligodend-
roglioma (KGC) cells when the cultures were infected with wild-type virus (HCMVwt) at an m.
0.i. of 10. Further passage of infected 118MGC cells resulted in the establishment of a long-term
persistent infection. This infection, designated 118MGC/Towne, continuously produced
infectious virus (HCMVpi) with titres ranging from 10? to 10° p.fu./10° cells up 360 days
post-infection (corresponding to 50 subcultures). Since no temperature-sensitive mutant, defective
interfering particles or interferon-like activity were found in the 118MGC/Towne cultures,
maintenance of the persistent infection seemed to be due to a balance between the release of
infectious virus and the growth of uninfected cells. The HCMVpi produced in long-term
persistently infected cultures was shown to be different from the HCMVwt used originally by the
following characteristics : (1) HCMVpi replicated slowly and yielded lower amounts of progeny
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virus than HCMVwt ; (2) HCMVpi induced a 73000 mol.wt. immediate early protein that was not
synthesized in HCMVwt-infected cells ; (3) the DNA structure of HCMVpi was different from that
of HCMVwt. These results suggest that HCMVpi is a slower growing variant of HCMVwt and
probably plays an important role in the maintenance of the persistent infection.




