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QIR CHYMZZF THP-1MZ0|M Human Cytomegalovirus©
=g MEdst

Human cytomegalovirus (HCMV)2| FH714 2 2 H€]9] A BA 3= 2 Y7)5o] A5 AlellA] & AAe-S
7 e, B3} 7149 9L WS- 283 AFHA S shie|th. HCMVE] 387ty 39 2 shels s
I 3 AADTHA Zof| A& HCMVE] 842 doliy] 913 o2 £3} DA o] = THP-13} HL-60 4] Eoj)
HCMVE A7) F AE A £ 59} YA 315 Av| Boke}. HL-60 A X7 HCMV 31430 23 A= AS
ot Hefeol] 2 FE A o= vk, F o] B3 AXel THP-12 HCMV 3ol o8] A& A Ee] $7} 743}
3L, HellH A= Yelydc. o) d YelA Wiz A X $38 Frld g A2 HCMV Zgel npe
THP-1 /X Ewie] CD11b ¥ F71e} WA FA7F e A2 YZ4E0). THP-1 A Eo] HCMVE Z4A)7)
F FAE7A o] o] FoiAl A& Y8, A E 3} A2 TPAS} hydrocortisoned A2)3151-& A% vloleglav}
A8 Blate] FA3R=A] ol gie). uheleia 744 2 Aol E3A)X] THP-1 A XM 23} 5UARE o)
ulolE2v} AEFHNT, 249 1794 317 A XolMe 3} F 15YA 5 vlolgi2rt A3EL #F3. o]
£ HCMVE THP-1 A Zdj] 71 F 2315 X719 433194 QI HCMV7L A4 2 g Aol A=, 3
3 i 71zke] AojA4F nlolg 29 AP EE AQIATGE AL v
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Human cytomegalovirus (HCMV):= beta-herpesvirus= 4] Q13
o ZdstAS o vkt AHE dovled ole F2 <A
A7)0l oA 4<317] A Blop 2Aolq) 9ol Azte
WS dozitt 1y B S ulolgias WEE 943
S YA edar Aol FEARE S A P FRo e
o] Azhde r)old, WY dgE Al 53} o] Wer|s
o ot Ye W XPA AE 2T 5 Ut} webA oy
gk gQlo] FEHE o 2 HE HCMVE SAFA|A A 7o
ol2A sk=Aldl gk A= HCMVE] He 712 tigk 28
g FE-8 ApAskar Qi)

PBMC (peripheral blood monocyte}= HCMV7} ZHE3] gl
T83 F912(13,14,18,22), o] X O 2HES] HCMVE] &3}
= THIEY EE Bol A ddoA) e ekl 4
At} mebx] PBMC7F HOMVE] FER-92 Z2351A) Q45 m
Tt SHARE PBMCE oF &S 7|7t Fehtt daS +8sla
= 23 £07 AR B}y il £@sE 77l
HCMVell €t 47ksl7] ofith. HoMvzt g Qe
g F49 7FsAe] AAEAIL(9,10), PBMCTL S04 2
3t 2Ask= g PBMC A7 DAl HOMVvel Hdgitt
< Aol AATH(15,21). 1Y o]F AEAME HCMV 3
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A dhgdo] dojuA] a1, 4] Qi) sl= 27] F-AAtel] Z3kE
o} ©]# & monocytedl| A HE o9A HCMVE] A &AJ3)7) o)+
AAE=A gotry] & st WYPO 2 monocyte EE
macrophage®] £3 2 &A37 A|=HAct LPSE Xk
monocyte?| 4] HCMV [E 32} &z} g7 g Z2] oA
B7F #EE IO W, TPA (phorbol 12-myristate 13-acetate)S}
hydrocortisoneS 7 *12]3F monocyte:™= macrophage® #-3}}
WAl HCMV MIE 870 @8o] f=5ths,19,20). whebA
monocyte?41€] HCMV #Z2} 82 macrophage22] £3}=
a2 e A & 5 Aok ol#id Aah= ¢ed] HCMV
o tigt FAE A2 Y=, 28y YAHH AHS HolA] e
A7 Al AlA EEIgE PBMCoI A Hlo]2122] DNAE &
g g Aot AEA vholeae BelE 4 Itk o)de] B
=7 GA|gct

o ZL ATE M E X&5FHoE AAZRE PBMC
E ¥ ol& ERshe APE AFk sk F o] ke
o i olejgt AFPERRE FYI ANE A7) FET) oA &
HE FH3) A% oz shie] Ay mdEsy olgHT
= Ao gl zFo|t) HIE QAlolA 2t Eals] W PBMC
25 234127 macrophage®t FYE ZSAgE TPALk
hydrocortisone 5-& #2184 macrophagest A A, 7%
H 5495 vEbdth o]3d QAGSAM S S 31 THP-1
HEZ o]8ste] TPAZ 39S o HeMVE] F-AR} L)
Hpol 0] S TaAstATh(19,21). Wb DA EFoA] A

=
o
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I Eo) olAjo] o3k HOMV f-37}e] wale Axe] Baje} B
3] Po] Q1S Alolgar Fg e
B Aqos A EgA AT e A IEHE

Zo] THP-13} HL-60 A|EE o]-83l] HCMVE ZEAH S o
douh= A FAYEEZH Q] W3lE B} 31Hom, HCMVe]
EBrrd o 2 BE) Akl tieh v)d-e- Yot A} STt

%)-

Nz R Y

M=

E AFE Y& QAGHAH EF THP-13 HL-60 A|ZEE AF
ggit} RPMI 1640 (Gibco BRL, Gaithersburg, MD, USA)ll
10% fetal bovine serum (FBS, Gibco BRL, Gaithersburg, MD,
USAYS #7138 w2 ARS8t 37°C, 5% CO, HH°J7l°ﬂH 1
okElgdth HOMVEl £248 3 A EEE  human
foreskin fibroblast (HFF) M X2 AME-slHch Aae] sjeke
10% FBSE #H7}3F Dulbecco’s Minimum Essential Medium
(DMEM, Gibco BRL, Gaithersburg, MD, USA)S AH&-3}1UF.

Biol2{A

Blo]# 2~ HCMV strain TowneS AMESIth 244gA]
HCMV stockS @7] A3l Al w8 100 mm FAJol vl
HFF A3 0] 0.01~0.05 plaque forming unit (pfuymis &
A7) F 158 AR JPEA E50] Fof 37°CAM 1R F
o EAAZATH nlol s T 459 F AEHHMENRT} o=
A vehd wjx|E dolar vleleig 79 8~10 ¥ 5
Faelatt. MEE Hol YilRested FEAe 50 ml AHE
ol YWl pellet> A 1]} /102 AFEH3te] ] A
o 23] A} HYS HHEEle] 20 B & o 94E
gJ3te] s Oéomr. olFA A& upo]H 2 stockS 7]
224 % 12 miE o] ¥ —70°Coﬂ Ruskch

upoleiz e 71 de] ARSI BlawE HEE plaque
assayS o183}t oA B2 Hlol: V‘E oA 1071 3]
Asto] 10758 107°9] vlolg s s|Melg A uikE 35 mm
HAloIA] vjoFEE HFF Al @ol] HEst $ A7 5t F3
A7l ohe- vlolel 2 A ASEAL 17} overlay medium (2% FBS,
0.37% NaHCO,, 0.25% agarose, 100 pg/ml streptomycin, 1 g/
mi amphotericin B7} 7% DMEM)S H7Fatadnt. wlole{~s
2Ax 73 7¥0] At § e 24| overlay mediumS 13}
oxerlay medium ¢l @] FATk 23} overlay mediume S
2] 79 AL Fo 10% formalin® & 647 AXE IA skt
Formalin® overlay mediume A AL 0.03% methylene blue=
Aaated shtan) g sl Al plaqued] & AIRUTH

ME MESe| B

AE) FAe B SAsIA Aolgls HE ot FE A
¥ g 24s7) S8 7P QuAl WEel oypan blue

exclusion assay & "]‘%0}9\9\4. A w2 vith 04%
trypan blue (Sigma Chemical Co., St. Louis, USA) 1:10 3]4
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skt Aelle AE
el A Bke FAE s v F2 AEE 4

&l trypan blueZ} T2 E Jgd oz Holj

-3t u| 7 sloll A HEASF7]IZ AT

¥ trypan blucS F46H4 gomg dn)
lzm o] o)

= YEE o

M= el 23

Aol BoF WHals K| $siA] Aol = MEE Sol7t ¥
F& We EZQ calcein-AM (Molecular Probes Inc., Eugene,
OR, USA)S ARE-3IATh A vk HA] BlEel cover slips
73l AEE YL ¥ TPA (Sigma Chemical Co., St. Louis,
USA)$} hydrocortisone (Sigma Chemical Co., St. Louis, USA)
< HEstAY, HOMVE ZEAA vl F 1:200 343
Calcein-AMS 37°C, 5% CO, wek)ol A 3087 283}l PBS
2 5% 33 Aol ok 223 wheel & AHE= PBS/
glycerol gl Y31 cover slipS B # HF2E B3t
v BGA e TS FH5H slide glass 9o ¥ &
cover slip 2 @& & #Asth. 3 dvA (BX50F-3:
Olympus Opticals Co., Tokyo, Japan) 3}tol|A] ##&3ste] A&
BA3F & confocal microscope (MRC 1024: Bio-Rad Labora-
tories, Hercules, CA, USA)E ZA38l H9]& H3d3}o] Confocal
Assistant, ver 4.02 X218 (Bjo-Rad Laboratories)O. 2 213}

At

FMZ R

HCMVOl| A= AAY TS A 92 THP-1 HZS 2o
PBSE AojFAd Trypan blueE o]-gsle] AE HiELe] FE
AAE 9, 10° A|FZ microcentrifuge tubeZ & 7|31 700 rpmS
2 387 %Q%a% = 90 pel PBSE APGAZTE 7]
phycoerythrin (PE)°] #2¥ <14 CD11b &2}l g G2
A 10 plE Par 3087 Aol wjdslact PBS 1 uE A
7yated Mol H ARz o5 MEE ESkrh thA] PBS
200 pE wol AAER H 10' MEE FAEEA7] (Becton-
Dickinson, San Jose, CA, U.S.A)E 415190,

-

l

X-gal staining

HFF AEZ wje¥st & Sv40 27 F8AF promotoro] 23}
231 Bgalactosidase FAAES 7[Rl AZEFE vho]# 2l
HCMV/SV2-B-gals A AT vlelgl =8 27 § 29 %
o vIXE A AF k& PBSE 13 AMoFil, 2% parafor-
maldehydeZ 1417} B¢t Hlstdd AEE aASIAT AE 3L
NS A Adti PBSE wEA ShH Aoy & F 108 B9
PBSEZ olFt} thA] PBSE AAT ¥ g o Aok
18]35 X-gal €94 (02 M K Fe(CN)6, 0.2 M K,Fe(CN),, 1 M
MgCl,, 40 pg/ml in dimethyl formaldehyde)g WoiFUT AE
k7oA WESAI AT 4~6A17F Fol| Sl o T GHE HEE
?Jrﬂa}ait} THP-1 Al3E2] 720l HCMV/SV2-B-gald A
217 29 Fol| ke HFFA| R0l o} Fof FA %S 3t
ujekeloll = TPA 50 nM } hydrocortisone 10 uMo] Al 3=
At} BAMIES 4] 797 109 Fol| X-gal stainingS 3t
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nlolgj 2o 74 THP-1 A|EE Lopr ).
g 3 nF

HCMV Z}20] THP-1 M| Z 2} HL-60 M =0 0| X|= Y&k

HCMV7} Ao ¥R FEE AIXE 52 58 HollA dof
Y] $18iA] THP-1 A9} HL-60 A2l 22t ZEAA T 7
F ¥ 2UARE 22U 7HHoE ME9 St WslsleRE
trypan blue exclusion assay® 3 #&sI{ch 2 A3} HL-60
A Eo A vlolgizd] AR k& AE E FEE AFEoA
TEANA AEF7} F7R8IH7} o|F Zadhe do] TAHA
ThFig. 1). ¥Fd THP-1 MEAAME TEHA] &2 BF3HQA 43
- D 13YAA E3] AE F7F S7FRE ¥bd HCMVe
7A€ THP-1 AEE ) 749ARE 2dER] & Alxet
H|S=3HA S21817t o] FRE] AXe] 47 F43] 1Adte 7
F 1B3YAdNE AE AZ7F A gl Aom BHAHYG
(Fig. 2).

Monocyte/macrophage &3} 4]  granulocyte monocyte
progenitor?] ©HAlol QU= HL-60 AE2] 739 HCMVE] Z+go]
HEe] FAo ojmgt FFE 71XA] e Ao FEd v,
o)Xt} monocyte TAGl T 7M7H- THP-1 Al ¥ 4= HCMV
o] ZHo] 7 T 7YAIRE ME F2E ASke Fo=
#HAHA. ol F © ¥31€ THP-1 AEAT HCMV 74
o thgh ¥hg-0] S-S oJv|itt.

HL-60 A X&) 77} 7dR/7kR] A&2 07 7kt ol %
3] ZrAdhE o= WE ME EEZ et Alxe] 0t F
71ate] wjeFlel] Exlehs AR} e Jd EFo] 14
o] 554 MEAL 3 apoptosisZ} 3 E31(10,23), ©1F IAt
el & AFEEE Ao AjZbEr) THP-1 Al¥E HL-60 B
o F4 57t =2]7] wEo] AE Y] ofg Abde FA

Number of cells (x1 06)

- : i : %
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Days after HCMV infection

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,

e tA] Ztort HCMV el &8l AlaZaPgo] S71st
3 olfr= obk= HCMV el €Jal apoptosis7t =571 o
¢ AeE AAEY HE B d7Ae] 47 AR oA
HL-60 A= HCMV 7ol 23} apoptosisol] F3ke whx] ¢
A%k, THP-1 AI322]  apoptosiscs ZA| S7F8= 202 YERG
o Axe vloleize] e oist W] 7]z R
apoptosisE =8 ASE AWE 4 0vh(1,4,23). HL-60 Al
E= HCMVO) A== vlo]gx 21 W] YehA] ¢
ARk, THP-1 AlE2] Z-golle 2 ¥ TPASH 22 &3} f=Al
o <J3l HCMV #4 Wdo] vehdth®). wets HCMV 7
ol thall HL-60 M E+ apoptosis® = IRyl glovt
THP-1 Al E+= apoptosisE =X T2 HM¥EE Bed g
27} et olggt zpelrt F Alxe] E3l wAle] zpelel] ok
AR, ol HCMV 34} FdS 2AI8t= cellular nega-
tive factor(11,19,20)°Y] &8t x}o|Q1A|= EAl51A] et}

HCMVO|| Zte E M Zo| HEl H3lel CD11be] W

HCMVe] 7+go] THP-1 A|E2o] Bk 71X]& 33}

7] 93 HFFLE(Calcein-AM)E o] &3] FAe & 2319
o A=A 92 THP-1 Al Ee T2 g9 3

W Azl Rfely ks Aol g wbd
HCMVY| 2 MEs AR B34 SHAE dAse s
HoFa1 9lom (Fig. 3B), HIUE7] vl Bo] Aol Al¥
T #EEHIIH (Fig. 30).

HCMVel 7+99% THP-1 MX 9] S3 o] 78l w3k vk
87] vl FaEe AL 7AA He AL ¢ 83 9
vlE Adth PBMCe= HCMVY 7Z+H9E &4 Jou HCMV 2
2 dojuiA] gFett A vlol# 9] AL mitogenoll &
3 439 T cellell ofsf E31=EUS v BFHKe,7). 2 A
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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 CD11b and analyzed by flow .
cytometer.

Fig. 5. HCMV was present in latently-infected THP-1 cells. Cells (A;

HFF, B; THP-1) were infected with HCMV/SV2-f-gal recombinant
Tl A= HCMV 2ol )8 dele] wWslrt vepd THP-1 Al virus and X-gal assay was performed. A, Blue plaque form HFF cells
= monocyteo 4] macrophage®2 2] £33} Aol U= M EZo} infected with HCMV/SV2-B-gal. B, Blue plaque in HFF cells co-
12281 Be WolFEth HOMV 2412 )88k wls oh cultivated with THP-1 cells infected with HCMV/SV2-f-gal.

11‘,

4\ = o=
et DAk, 5 ohe kel os] 1 w3kET HOMY S
= 7PsslA & Blelehs 21E AlARE E & Zlolehs e AT

1A
Monocyte/macrophage?] &3

o AExde EAste=
adhesion molecule$! CD11b2} WA BA7E Ut ol ths THP-1 M| Z0|A 2] HCMVe| HEZHY
Ao A= HCMV 74 & THP-t Al3Ee] CDILIb 3ol F THP-1 A3 HCMV7} 278 l=A|5 ok ] fls)
715 =R AHKE QT THP-13 HL-60 Ao Hlol#i xS THP-1 A Zo] nlo]#) 2 7+FA17]ar 2 o] A Fof] viFl-&
7ZEA 7150 4d Aol AES F8sted CD1lbel| tisk 9GEE AraRelste] A5l 4 mi FHshe] -70°Co)] Bkt 529

A5 ojfdle] fAIE BAVIR FAE (Fig. 4). HL-60 A AdEte] 59 ztAo 7 oF 4 i AR vjUgAL Hil=
HEo 2] CDIIb &L HCMV 7“"30%1 o3 HrhE wskE AL wrEaignh oA Radh Wit HOMV 7 AlE
Holx| ¢ekort THP-1 Aol CDIlb W& HCMV T o] HFFell golFo] gl nlojz2ao] A oJF-ZF plaque
Aol oaf =A Fistdnt ol 2> ATE THP-1 AlZ¢] assayS Eo Gotr gt 1 A¥} ofwgk v YAl A% plaques
2xg 9 upg 2ol Z77h eDib ¥ FUkel #lo] 28/93HA] H-3F3THdata not shown).
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o] A¥ZHEE ZFH THP-1 HE2) ujkeloa] nlolzxr}
AZHA Lskvar A FEFE] o] FoHEA & e e
B, THP-1 A2 ol vlo]g 27} ZHds|o] EAlshaA] Yol
12} ST} o2 93] sv409] Z7)5-2A promotor Holl B
galactosidase -F+345 7IA1L Q= HCMV/SV2-B-galo|2h=
A2 A=Y vlol# 25 AHE-TE HOMV/SV2-B-gal Hlo|8 e
A 8RS B9 X-galts APs] FH 729" Az
A Fog sgas oA Fug 7ol il ArE 44
& = Stk HFF AI£E w98 & HCMV/SV2-B-gal Blo|# 2
E AT Y F 29 AT Tl X-galg X EFY 64
Zraro] shehals 4R AE7F BRETh (Fig. 5A). THP-1 Ao
HCMV/SV2-B-gal ¥lol2i~E 7HEA7]a 24, 49, 18]l 7Y
T X-gals AE)ete] FUE A9 dAEHe Axs BET 5
AN 2 olfre opvte E3tEA 94& THP-1 Al XoAe
HCMV 221880 olu)2hg) SV40 f3AF 2 e dolulx] 9
7] wiiEolekal Aztenh. 2y vz AlEE g AlaEst
3w vizkeA Al nlelE 27t S48EE ¢
7} @o] A7) wjiEoll THP-1 AlEel HCMV/SV2-B-gal Blo]a] 2
£ AQA71AL 29 Foll HFF MEdd gol SASS 3t
I A3 FA o & 757 10Y ol wekale] plaqued]
= Ath(Fig. 4B).

o]de] 4% ANEH-E HCMVE THP-1 AXA Z218 4
T §IAEF THP-1 A2 7EE ok B7dn. oA
HCMVZ} THP-1 4|3l FEAEE sohe AL I3 He= B
o= Aijolot.

AEZiIE THP-| ME 2 SElS| X w2te]

BRG] HOMVZE ABRRL A1) ol Yo
7] 93] HOMVE THP-14120] Z9A17] 3 59 HH o2 X
£ 3} TPA 50 nM3} hydrocortisone 10 uM-S *@]sle] B
512 G55 Ho] lo]else] A|FASE JolR T, HFFE of

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

7 12 17 22
7dpi. 14

12dpi. 4 0
17 dpi. 13 1 0
2dpi. 17 1 0 0
27dpi 14 3 3 0 0
32dpi. 1 7 3 0 0
37dpi. 2 3 2 3 0
42dpi. 0 1 0 3 1
47dpi. 0 0 0 2 3
52dpi. 0 1 0 1 2

* d.p.i.(day post infection)

DA Zo|Ae] HCMV ZAE73 149

83} plaque assay A7 vlo|g 2 7 29 Fof] 3} F=AE
A2|atgE wolle &3} sYAFE ulolexr) HEHAL, THE
F 790 ®3E F=d Aeole BIAZIA 108ARE, 2
1290 E3ANHE Ffole BIRE F 15U55EH vloly~
7} AEEE 2E FEIA vlelfaE AIAA 179 =2
290l #3E FEsS Aol B EsAZIA 2094
5] nloje} 27} 7EE UK Table 1).

Aot 2L A= HCMV 79 § A27t #3=Ae 49 A
G937} o ulo]gl2 F2lo] dojdal, HCMV TE717E &
EIHTAE A2l & Alte] AdE4= HOMVZE A8t
Hol e 7|7te] 28 Adve RS vt AF7kA] B
1E ulol] o3hd E3HiEA ol o3l E3ks WA ARl 9
Ao HeMVZE ZaEo] F43ktar Hago)x] oy, &
Ae] A= HCMVZE 94 7HdE Fof A2rt 23tE0s
7AFoE HCMVZE A&8AS} =] F2lo] dold = Slthehe
7FsAE AAIg

AA7HA) Harg wlel] wEd TPAE HCMVY thdh 744
Azunl olg} B4 A EAAME HOMVE 729X 2L 74
$ MIE 32 #3dE& A58tar Baso]x QIth3.s). o=
HCMV MIE #4+2] promotor/enhancer F-$oll YX|3}= AP-1
motif (TGACTCA)| TPAZ} UFE HAlA o} AlF o] 74
o] QA5 wheal A wE PHo R AFeE Ao
A JkS,16,17). oleit QAT EFL] THP-1 HE 5
S o] &3l 7122 A ko gl it i3t WAL AT

k=t 71 Aol

=

HAlel 2

£ A7 Tk Bao)gynst ustsAsh it
(97-R-L-4y} 87| sHto] Ao) 78t A7AMY (98-103-02-02-A-
05)9] 7uIR|Lle] ojsf =L or ool ZAR=HUT

b

o 235

—

o
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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 HCMV 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-1 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.





