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hydrocortisones 87 *}2]3F monocytet™ macrophage® H-3}5}
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HAlA wiekgt HFF AZ B30 JEg & 1A% 5t §2
A7) o vlelE22E A A3} 137} overlay medium (2% FBS,
0.37% NaHCO,, 0.25% agarose, 100 ug/ml streptomycin, 1 pg/
ml amphotericin B7} ¥ DMEM)YE H7)stsith vlol2) s
dEAZ]AL 7o) At e 2A9] overlay mediume 12}
overlay medium ¢oll o] FItk 23} overlay mediums €2
2 78 A% Zoll 10% formalin®. 5 6X)7F A ¥E 11451
Formalin®} overlay medium$ A #8}3L 0.03% methylene blue®
Al S HEH o)A stoll A plaqued] 5 AU}
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trypan blue (Sigma Chemical Co., St. Louis, USA)I 1:10 &4
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3ttt dellE AlFEE trypan blueE F451R] fomE Hy
7datoll A ke FAe wl= vhd 28 MEE AHEu sl 9
& trypan blueZt HWFHEZ Hghioz RolA Hie YE o)
Bste] fulA st A MEAG7IZ AT

M= &Eef &

Ao B HiskE B Yaia Aol e AER S0} 3
FE U= 53 calcein-AM (Molecular Probes Inc., Eugene,
OR, USAYE ARS8l MAE ulF HA] vieol] cover slipS
23 AZE ¥ F TPA (Sigma Chemical Co., St. Louis,
USA)$} hydrocortisone (Sigma Chemical Co., St. Louis, USA)
= A28, HOMVE ZdAA wgd F 1:200 4%
Calcein-AME 37°C, 5% CO, Wi&F719A4 30%3F 2 )3}l PBS
& 524 33 Hlo] Aok agi vige] ¥& A¥E PBY/
glycerol TH-E WA cover slipS B F HFEE Bt
W SR Es dAEE 3 slide glass #lo B F
cover slipC.2 W& & #AZA5qct &3 #n3 (BX50F-3:
Olympus Opticals Co., Tokyo, Japan) dtell 4 y2Hsle] A2
M35 ¥ confocal microscope (MRC 1024: Bio-Rad Labora-
tories, Hercules, CA, USA)E A3t 1L9]i #dste] Confocal
Assistant, ver 4.02 X278 (Bjo-Rad Laboratories) 2.2 2435}
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HCMVOl A= AA Y 52 &8 THP-1 HZE Fo}
PBSE A FS Tt Trypan blueE ©]-83le] A& Ao 4=
ART H, 10° MEE microcentrifuge tube® %7131 700 rpmo-
2 3E AAEEE 9 90 wel PBSE AFHEAIAY. o 7)o
phycoerythrin (PE)°] $-2Hd <1z} CDI11b &4l 3 G&&2
A 10 wE B3 3087 AL A vieksldct. PBS 1 wE A
7¥ete] Mol F A4lEeel ofs) AMAEE 2okt b PBS
200 W= 2 zﬂf‘ﬂ_ﬂd H 10" A2E FAZESY] (Becton-
Dickinson, San Jose, CA, US.A)Z #4314}

X-gal staining

HFF MEZE kst & Sv40 271 3%} promotorel] 23}
2538l Bgalactosidase FAAE 7HAE WX H]-O] )29l
HCMV/SV2-B-gal& ZFEAIZ T nlo] 28 AN F 29 &
o wWjAE AAE T2 PBSE 18 MAo|FIL, 2% parafor-
maldehydeE- 1A17F &t HE]sted AEE stk AE 1
HAe AAsty PBSE W W Mol F &, 108 B
PBSE FoFRth thAl PBSE A|AS F $h¥ o o5t
283 X-gal £ (02 M K3Fe(CN)6, 02 M K;Fe(CN),, 1 M
MgCl,, 40 ug/m/ in dimethyl formaldehyde)2 B olF T A X
HjF7 ol A1 WES-AIZATE, 4-6A17E Fof] gk o 2 Qg HETE
a3t THP-1 M X 9] Z9-ol= HCMV/SV2- ,B-gali ZHEA
712 29 Foj] wjokE HFFA R Yol Fo FAjujeke 3lat.
vk oll = TPA 50 »M 3} hydrocortisone 10 uM®] 37“ ElEs
Atk FAHIES 2] 799 102 Foll X-gal stainingg 5}
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HCMV Z{0] THP-1 M Z2} HL-60 M Z0 0] X|= &

HCMV7E Al o]l mjxle J32 AlE F4 58 HollM o}

| 2180A THP-1 AlEe} HL-60 Ml3tol] Z4zh gdA Izt 7+

1 T 2UARE 2d7te] HEoE N 47} WHelEhEAlE
trypan blue exclusion assay® 3 @&atdvt. 1 27} HL-60
M| M= vlolei e THAEA] 2be “ﬂﬁr‘ 2 7HAE A Aol A
TLATA| A E57) F7V8Ir) o)F FhAdhs ool #hakE Rl
CHFig. 1). 908 THP-1 AlXEo M= 4 H%El A ek ARl A
9 #d B3YA7EA] g HE E Frskes 9 HOM Ve
7 THP-1 A2 729 7dA7 A A e Axe)
HIS3HA FAel) o] 58 Ml2e] 27t A3 7haske] 7t
F 3ol AE et ALY flofxl Aeg way gl
(Fig. 2).

Monocyte/macrophage -3} dAo| A granulocyte  monocyte
progenitor®] TrAl) Qi HL-60 A|XES] 7L HCMVE] o]
Mae] FAe] ojuldt Jaks 734 % Bos Ay vhd,
o] X} monocyte THAIo] T 7}7F8- THP-1 M| EAM <= HCMV

of 7ol 7 F TUARE HESl 34 oA Ao

N

AT} ol F v ®3lE THP-1 A3EoAnt HCMV 24
of) thgl wkg-o] 312 2n|glc},

HL-60 *13?9? /P TR A A& A o8 Frlslrhr) o] i
H3] il = W X B2 et Axe] ) S
718ke] H° ] *XH sl AARIxle) Zo- ok Edo) mdE
o T&H 14 Ak, & apoptosis7t W& E]31(10,23), 0% AR}

yeht ¢bd Al ziom AZEICy THP-1 M3Ess HL-60 X
ot 4 HE7F =g)7] wiol AR el ofgh Apde =)
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Fig. 1. Effect of HCMV on HL-60 cell proliferation. HL-60 cells were
infected or mock-infected with HCMYV, and the number of viable cells
were counted every two days by trypan blue exclusion assay. ( @ ),

mock-infected; (A ), HCMV-infected. The data are representatives of

three separate experiment.
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Fig. 2. Effect of HCMV on THP-1 cell proliferation. THP-1 cells were
infected or mock-infected with HCMYV, and the number of viable cells
were counted by trypan blue exclusion assay. ( @ ), mock-infected;
(A ), HCMV-infected. The data are representatives of three separate
experiment.

LHEREA] 253ko Lt HCMV ZHdell o3 Al EApde] Z7Hslaict.
71 o= opbe HCMV 7Hdell 218) apoptosis7F =51 7] uff
]l Ao A7 H B Apdel A9 Ayt oJsihw
HL-60 M35 HCMV 7doll 28] apoptosisoll S W] ¢
Z19E THP-1 A|3E2]  apoptosist= A F713Fe HoR Vel
ot AlEE ubolez=e] el digh W] 7|zt sz
apoptosisE H L3l o R AWE 4= 20vh(1.4,23). HL-60 A
A= HOMVel s sl vpole) 2 {4} wdo] vehdA] o
ARk THP-1 AlEe] Aol 29§ TPAS 22 23} 54
ol Jaf HCMV 214 o] viebdths). whebr] Hemv ZF
Aol i3l HL-60 AIEF apoptosis® FE& Ba7l gloyt
THP-1 M ¥<= apoptosisE R 2N TIE H3EE HEE
27F Aot o]k aboly ]‘ oAz B3 dAle] Zolol] )3l
ZARIA, ol HCMV F-3#F WES AASH: cellular nega-
tive factor(11,19,20)01] 2J3} 2po]QQ A= Bl lA] v},

HCMVO| 249 Bl M2 HE} H#i}sa} CD11be| Y&

HCMVE] 7+go} THP-I *ﬂi«] Yol] 7)) FEFE- wolr
7] 18] EHLPE (Caleein-AM)E- Olgl o] st & Ay
ot} 9w A 928 THP-1 AlE: T o] Fee =35
™ A Epfekeel] Bf-she] zlelv: Ao] wabEl wbA (Fig. 3A)
HCMVel 7493 AEe M2 23 20H45 F4dshs e

Holfa 9low (Fig. 3B), w94
T AT (Fig. 30).
HCMVel 7+ THP-1 Al XE2] L3 do] Zviali Ll ufjok
|71 upete] FaEls AAE 74 HE Re vl $R3)
Ao} PBMCe HCMVell 7HdE 4= 2loy HCMV
dojupr] et e ﬁMﬂ%A A1 mitogen]
B38E T cellol] 2J3] 29l S uf BaEche7). B

+7] vpeel] o] A= Hla
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Fig. 3. Morphological change of THP-1 cells following HCMV infection. A, Mock-infected cells. B, C, HCMV-infected cells. (B; aggregated

form, C; adhesive form).
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Fig. 4. Effect of HCMV on CD11b expression of monocytes. HL-60
or THP-1 cells were infected with HCMV and cells were harvested 4
days after infection. Cells were washed with PBS, reacted with PE-
conjugated monoclonal antibody to CDI11b and analyzed by flow
cytometer.
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TFME HCMV el ofs) &ejo] szt veld THP-1 A
3+ monocyted| Al macrophage= 2] £33} I A= A Ee}
H5:8 58 HoErth HOMV 3418 8)8she dle of
g} gxeks, RF vk 1ol o) o] £3}EH HCMV S
= 7FsshA & AHolele AL AAk) &
Monocyte/macrophage®] 372 AEZIEH FEA|She
adhesion molecule?] CD11be} L3S AA 7} A}, oo thE
Aol M HCMV 749 & THP-1 AlX9] CDIlb wae] =
7VatEA] A E QT THP-12F HL-60 Aol mlojH A&
DAAZIAL 4 Aol MEE 838t CDlIbel e GEE
FAE oG] FME B47|2 ST (Fig. 4). HL-60
*ﬂﬁowzl CDI1b W& HCMV Zgol sl ¥oh& #sgls
Koz} eFqko1} THP-1 AlEM¢] CDIb S HCMV 7
ofsf =A Ftakadek. oleh 2o Aaks THP-1 A
9 oupe 2ol 27 CDIb 3 Svkel #do)

A

o)
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44

Fig. 5. HCMV was present in latently-infected THP-1 cells. Cells (A;
HFF, B; THP-1) were infected with HCMV/SV2--gal recombinant
virus and X-gal assay was performed. A, Blue plaque form HFF cells
infected with HCMV/SV2-B-gal. B, Blue plaque in HFF cells co-
cultivated with THP-1 cells infected with HCMV/SV2-3-gal.

AL Roleks AL AL

THP-1 M| Z0|Me| HCMVe| &5 Zie
THP-1 AEol HCMV7} FE-7EAS sh=x]2 dolrr] s
THP-1 M| Xe) vlo]g] 28 ZAA7]11 2] AT Fof nfjoFdlS

QAR E ] AHEH 4 s FHste] 700col Bk 524
/zpq A 45} 5°E1 Aoz oF 4 ml A=) SRS FHSh
AL vkESI T o2 A RSk vl HCMV 4 X

\=]

?l HFFel] golFo] 5o nfo]gjze) &) oF-E plaque
assayE Fof FopRgtt). I A} o g i FH M= plaques
A 438}2] S-a}ithdata not shown).
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| Anpz el Zd® THP-1 MJEe] wiekoloA] ulo]e]sr}
AEH R dUdrha s 0] ol Folfe=A] & 7 gl
22, THP-1 AE o] ule] 227} 7A9lslo} EAjsh=A] doti
4_4 ket ol flal sv409] 714 promotor Floll B
galactosidase F-XAE 712130 d= HCMV/SV2-B-galolgl:
HAF Az nlole] 25 ARSI HOMV/SV2-f-gal MFo] ] 2=
)\ﬂioﬂ JLoJo}g‘iHQ. 7! Xg,al “ ]6}‘ Am {JLO]%EJ Aﬂﬁu}o]
Mepzlo g ulibde WA Heg 7o) oyel ArE 44
ot 4= Utk HFF M¥E s & HCMV/SV2-f-gal whole)2s
E A 2 F 29 A% ol X-gals A2jElFy 64
7o) mhebAl S 7F2) MAEZE Rt (Fig. 5A). THP- HH_OH
HCMV/SV2- Bgal vlelAE 7FIA17|3 24, 4%, 1E]T

T X-gals HeEete] A& A9 fAEe Mg Eg ?_
Sk L o] fe olvlm ¥R A 8 THP-1 M OML
HCMV f-3zpitnt ohujehg) SV40 izt Baw dofu}x]
7] WEelekar bt Trefuh vkl Al e Al ek
E3F wieksh Wiz AEue] upole) vt FAIStE]E A
7} o} l7] ol THP-1 Ao HCMV/SV2-B-gal Hlo]e] 2>
5 A7 2 Fol HFF AlEe Wol SApSS sttt
1A FA wieE = 79 109 Fofl A€ plaqueo] ¥HE
= A HFig. 4B).

&Or

= AW THP-1 4| 3] 7}0*
HCMV7} THP-1 A3Eof 2HE-7)

Fi= Avjolr).

A~
T
4o aicha 47T, ol Re
@e ok A% (Ao B

EHEZIH El THP-1 MIZ2SE{ef AUz

e el 2] HOMVZE AT d-s shsalef o i etoli
7] /8] HCMVE THP-1A13E0]l 71iA]7] & 59 kAo AN
£ #sle] TPA 50 aM3} hydrocortisone 10 uMS- 22}l -
ZEFE? FIst 5ol vlole] 2] g S SrolHATH HFFE ©]

Table 1. Recovery of infectious virus form THP-1 cells latently
infected with HCMV

TPA and hydrocortisone treated at (d.p.i.*)

Samples harvested at

2 7 12 17 2
7dp.i. 14

12dpi. 4 0

17dp.i. 13 1 0

2 dpi. 17 1 0 0

27dpi. 14 3 3 0

32dpi. | 7 3 0 0

37dpi. 2 3 2 3 0

42dp.i. 0 I 0 3 I

47dpi. 0 0 0 2 3

52dpi. 0 [ 0 I 2

* d.p.iday post infection)

Dl Zoll 2] HCMV ZE2Ed 149

43} plaque assay A7 npo)e 7 29 Fof| E3l FEAE
2e)8t9:& Wolle w3 sYASFE vlole 27 AEEAar, 7H
& 790l 2 Fg A9ols £ TIA 10YARE,
12¢e] Tﬁ}*lﬁ" AR BT T (5Y5EE nlo)e]x
b AEye AS ¥ é}o}"iﬂ— upol| 228 7AAIZIA] 17Y HEe
27l Fahg fEslHe Afole 25 AR 2084
RE ulol] 27t AEF AT Table 1).

Qlef 22 d3= HCMVY P4 % *ﬂiﬂ TEEAS A5 Al
437} wo] npole] 2 FAjo] oyt - HCMV HA7IE =
MR EAE ME)s] & Al 1049 2 HCMV7) A& s)
5101 Lo v)te] o Atk RS AU]E&D‘r. Ag7hA] B
% upol] ofalH BalRmA SOl osl BEE WA A7 @
MEel HCMV7E FAElo] F23thal Harslolx] glont, &
HATre] AdbeE HOMV7E WA s Foll H¥rt BatEgls
7= HOMV7ZE Alg-d3) =lof 4o dold & Qltkeh=

}:

TPA)S 7 A S
HA7bA] Bargl upe]l whanl TPAS HCMVel teh 71424
Al sk obujet B Aol M HOMVE tzﬁ*]ﬁg %
€ MIE 732 @S A=rghbal BHaxolr 9lth3.5). ole
HCMV MIE %412 promotor-enhancer Y21 ofl 14];}—‘5 AP-1
motif (TGACTCAYI| TPA7} v}t dAaladoln} Al& #o| 4]
o] @By} whESte] A7 wis U H R A= ‘O‘F‘ RAoR

A Arh5,16,17). ov]dF oiActal A 350 THP-1 A% B
L 083 V)R A o)t okowe] olite] WSt w AL A

skl 7)efat slolul.
DN
B sk Boiel i Hush Al a S Asiaeiw
(97-R-L 4»} a7 g ate] Hake)ate} AR (98-103-02-02-A-

05)2] ArnlAIelol] ofsf 4= =] 2).o.m ofof PAL=HUT
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ABSTRACT : Latent Infection and Reactivation of Human Cytomegalovirus from Human Monocyte

THP-1 Cells

Sang-Im Youn', Myung-Sook Moon', and Chan-Hee Lee**('Division of Life Sciences,
College of Natural Sciences, and “Research Institute for Genetic Engineering, Chungbuk
National University, Cheongju 361-763, Korea)

Reactivation of human cytomegalovirus (HCMV) from latency is often fatal to immunocompromised indi-
viduals. To understand the effect of HCMV on human monocytes where HCMV establishes latency, two
human monocyte cell lines at different stages in differentiation, THP-1 and HL-60 were infected with
HCMYV. While the viability and morphology of HL-60 cells were not significantly affected by HCMYV, the
viability of THP-1 cells was dramatically decreased by HCMYV infection. THP-1 cells infected with HCMV
became aggregated and adhered to the surface of culture dishes, probably due to the increased expression of
adherence molecules CD11b on the surface of the infected THP-1 cells. THP-! cells established a latent
HCMV infection were induced to differentiate by treatment with TPA and hydrocortisone. Recovery of infec-
tious HCMV from the culture supernatant of differentiated THP-1 cells was dependent on the time of induc-
tion of differentiation after HCMV infection. Thus, in vitro model of reactivation of HCMV from latently-
infected monocytes was established.



