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Abstract: Human cytomegalovirus (HCMV) is popularly prevalent and extremely harmful, which has
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seriously hindered the researches on its pathogenic mechanism, drugs and vaccines, owing to restriction of
species specificity and lacking animal models. In this study, we have explored the death of primary dermal
fibroblasts (TSDF) isolated from the Chinese tree shrew (Tupaia belangeri) that infected with HCMV-Towne.
The cytopathic effect and cellular death after infection were observed, and cell viability was measured using
CCK (cell counting kit). The differences in transcriptional levels of apoptosis-related factor genes bax, bcl-2,
and an unfolded protein response (UPR) relevant factor genes chop, atf4, xbpls were detected using qRT-PCR.
Western blot was also used to detect principal viral proteins IE1 and UL44 as well as apoptosis-related factors
including Bax, Caspase-9, Caspase-3, and PARP. Additionally, apoptosis was detected by AV-PI double
staining. The results showed that the cytopathic effect and cellular death gradually worsen as the infection
progressed (Fig.l1 a—e), accompanying with significant decrease of cell viability (Fig. 2c, P < 0.001).
Moreover infection caused up-regulation of the transcription levels of bax, bcl-2, chop, atf4, xbpls, and the
bax and bcl-2 transcription levels showed a significant antagonistic trend (Fig. 3). Meanwhile, protein
expression and progressive activation of Bax, Caspase-9, Caspase-3, and PARP were also up-regulated.
Nevertheless viral proteins IE1 and UL44 were up-regulatied to the end of a complete virus replication cycle
(Fig. 4). In summary, our study indicates that HCMV can induce apoptosis through cross-species infecting the

tree shrew primary dermal fibroblasts, which is closely related to endoplasmic reticulum and mitochondria.
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ANEEZMPE (human cytomegalovirus,
HCMV) BEOERBRUE N Z K4, KikH
FIRNIMIE PR N 36% ~ 77%, KB E K
TR 95%, AN [ S AR P BH P 3 = iA 100%

(Adland et al. 2015) o ZJ75 2 LA P sl 78 AR K
ety )7 R EAEAE TR AR N, 8
AT AL R . HCMV 2 26 RVEM K B 7 I E
BRI IRE A A N EE AL P
el g, 2241 LG Ja nl 5] ke ™ H R e 2
B £ R NAR #1155 (Cheeran et al. 2009) .
HCMV BA i (P Fhe et , 7T RESZ 2140 i
PET L W 1 AN T 3 20 A% 7 18 s )9 55 22
K252 (Jurak et al. 2006, Tang et al. 2006,
Marsh et al. 2015, Burwitz et al. 2016) . F& [
ANHE R T R B4 AR AT B bk B2 200 1 25 /D B0 4 i
4b, HCMV I pRIR AT G i AT AE A bRz 4
Mo NRZAMM. SPHE LA . fh e e oT 20
MM S . TSRtk A w/128-131 FERIfY
RAZ, RKE TR, WM. 2%
KL BASIR 20 i 55 () S 4L BE /1 (Wang et all.
2005). FRATHEAHNIZ T HCMV &S

ARG T . H AT, X HCMV BUmHLSI ., %2
AR FEAE BT B NSRRI B
M EE (cytomegalovirus, CMV) JEYLAH W
HIZ04), WHEFEFE (Pan troglodytes, Perot et al.
1992, Bennettetal. 2016) « 1E{i[}E (Mancaca
mulatta, Burwitz et al. 2016) . K (Rattus
norvegicus, Powers et al. 2008) . /N (Mus
musculus, Crawford et al. 2015) . K (Cavia
porcellus, Schleiss. 2002) AT LI T, &
A AIER HCMV B,

AHIE T P FH PR i SR AR R T 4 4 ok
PET B 4  H XNRL SIS S IR R ( Tupaia
belangeri) . Z:RA 73 HT 87, HERKIREEL
AP (Fan et al. 2013). JAEZH# ( Li
etal. 2015). Jit/ERE (Yangetal. 2013) %%
Pl N5 B AR A R FEATAH G 7T . BT
AL RELE — B FEE b S R HLAE AR N IR
Al 25 R B R AT e ML T HCMV BFTEH
i, ASHI I R AR R A B R A 4 2 e
17 HCMV [RAR MG S5 o 1 8] 5 30 2 Gt
[ A A B FE T O A ™ L, T AH S AT
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N BT R AF4E4H . Chuman embryonic lung
fibroblast, HEL) fE/&H HCMV BH], {4t
LB AR AR T, T 59 R 4 A 1 vMIA L VICA
SAEHTRTIEM, RTINS LASEE, N
A 18 AT 200 S H AL 3% (Skaletskaya
et al. 2001, Karbowski et al. 2006). A
KW, BTG M TR ER, wT R
WO AT 8 M. (unfolded protein reaction,
UPR) S LEE KA 1 (inositol-requiring
enzyme-1, IRE1) FIWFEIY) RNA MOl &
FLIUBEEE PN 5T 38 (the PKR-like ER kinase,
PERK) 737/ S HIPI %812 (Lee et al. 2003,
Isler et al. 2005). Z&HFifA YT TSR R 3 22
WA, B kEANpIRE-2 (B-cell lymphoma-2,
Bel-2) HEZ R ) Bel-2 M1 Bax 825
Hrh (Brune et al. 2017), H#H Bel-2 EF 5
Bax 45 & 17, NIFEPLHAAT IR T ThRE
Rl A 5T A AE T 2R 3R, e FET 2R A
AR, XA AE T R REAT TP IR R

TEARAN I /K P 204708 7 2 G 5 B0 1 B
T, FETEVREN I N A B R RS ) P AR
FEHLHI A BOE1E . AIRZRE HCMV G EUT
HRIET R, DLW BRI PE R AL, A
WA AR E %5 Towne ¥k (human
cytomegalovirus-Towne, HCMV-Towne) i 4
A b5 T 1R b ) R AR R T e i, i
WS R 5 AL . RS e .
1 1 -4 5 G BB =4 PR R 8 R B VN
Bk & B -V M B fk i€ Cannexin-V  and
propidium iodide, AV-PI) ) XU 4Lt yk % e &5,
d5c 2 S A 0 DA B R S T A A i 1) 5 AR A
ToRBUAA MR T, I H 5 A 5T A2 b A 55
PIMH K.

1 #MEETE

1.1 RREAE B AT 4 B Y 70 B 3 57

8 Bl A L B R AT A 40 Y E AR S % 0
AT E . B AL TR 2 F W HETEAY
AR P A0 B2 AR B 22 1 mm® K, SRAH 0.1%

R [ iEAkET 37 CHHt AL 20 min.
AW AT 100 HIEM S 1000 r/min 550
10 min. G 10%FBS. 1% # 5 R IE R
) DMEM-F12 5457t By, #MT
T25 ZifBE 7, BT 37 C 5% CO, FI4iig
B IE IR 4 d. ARSI E 2% R My A= K R
F (Gibco 7)) ) DMEM-F12 58485 #7 FL 4k
SRR, T FTIR A R AR R AT A
IR A D R SRR ) B AR, BT DAA
AR 70% I K FH TR 22 S5 8 A0 vk gk AT 4l
1o RIS U B DU AT BT iR K
AlRE % (BERRER) . AWERFTE LK 5
B2 BB TR ZEAC B2 A & W A%

1.2 ZHHRRG B 77

HCMV-Towne F " [ £} 2% B i 007 5 HF
T AR 7 5 R, SR Sz rh R R AR
LY A AL 3 10/ 46 T BL4% 90 mm ZH il
Figeml, PURSLEE (multiplicity of infection,
MOI) A 1 4%F HCMV-Towne, % B F1 5 12,
24, 48, 60 72. 96 h, Ft 6 MY AN
HIRREHLE L2 (Mock 4H),  HATR] W22 40 o i 22
O, WA MIREAR TR IC T (AR 3 S B B b
B T AR R TR -

i CCK M A CcCK Rila (dbni4at
SAEMAFD M YR A ). TEA R
FE P AR B Y R AT R A0 B 5 5 S 450 nm Ab
WGAE (Agso) [R)EESZRME G RO HEEAE b, Xt
AN [ S e i ] e 2H B 9% IS AT Mock 4183%
F¢ LiF 450 nm AWROGAE Aaso 45 R IHEAT AL EL
B, IS B AR LT Mock ZH 40 i
JIHE 5y b g
1.3 FTHXREFHEFZKEERM

o AN [R] SR L i) 8] 7 40 B AE AR EUS. RNA
Ji, M HiScript® Il — LW N E =
PCR SYBR Green i (Vazyme A#]) HAT
SER, SREE 27 T R A
X AR FOL I G 4[] A S A i PR - S /K P B I
fHEL. FTHBIYIIER 1.
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R1 FATHREREEFZIOEER PCR 511
Table1 ¢RT-PCR primers for

apoptosis-related genes

H % Fl Target 5|97 %) Primer sequence (5'-3")

TS-B-actin F: CCAGGGCTTACCTGTACACTG

R: CATTTTTAGGTGTGTACTTTTATTG
TS-bax F: CCGCCTCACTCACCAT

R: CATCCCACCCCCCAAT
TS-bcl-2 F: AGAAAGAGCAATAGTGGGAATAGG

R: CAGTGATGAATGTCTCAAGAAAAG
TS-xbpls F: CTCAGTGAAGGAGGAACC

R: CAGCAGGCAGGAAGATGG
TS-chop F: CAGGGAGGTAGAGGCAA

R: GGAAAGGCAGGTAGTGG
TS-aif4 F: CTCGGATAATGACAGTGGCA

R: GGTCGTATGGTTTTGGGCGG

R H—PiH%5 50 C 15 min;
5B TIARYE 95 °C S min: 5B =SB EIA RON,
95 'C 10s, 60 ‘C 34s, JLif 40 MEIK. &
fik ik 95 C 15s, 60 C 60s, 95 C 15s.
1.4 SREHEEHEICRNEQRE

1 FH RTPA 4@ A0 1.3 H ik i Jk e 20 J2
Mock HANAIFEAS 3B I BCA 728 37 Ak ph 28,
B ASRNS A NE AR RIR B . e BAE
5T SDS-PAGE &K HLK, 70 V 8 KK 4
30 min, 110 VL& 1 he RABIEEH
PKEE W) PAGE 4% 160 mA 1Hi#% 90 min 5
0.4 um [ PVDF i I, HA1 F T-#751d Caspase-3
A1 Bax [) PAGE %, % 160 mA {Eii¥% 50 min
% 0.2 um #J PVDF fi I, S0 aKEE T 5
5% BSA 13 I =R shE M 1 he iR
20 —PUdH TR, RJE 4 CIE R E A
YHAE R TBST $efs, —H1 (R 2) 4% 15000
Wik E THEIR LM E 1 he TBST FRIEBE
Jii» 18 F BIO-RED &R A% R Al 45 3
1.5 JEBEO-V AL e GeE S e 4
A

4 JC EDTA (¥ JRAG A7 8 v A A 380 s
24 h A48 h M4EMurEAS, 23d PBS Vek)a,

£2 REHTTRATAYE
Table 2 The antibodies for western blot

4 K ey RILBL

Title Source Lot No. D}l{l;lttil(())l‘l Supplier
IEl (pp72) MouseIgG2a MAI-7596 1:1000  Lhermo
Fisher
UL44 (ICP36) Mouse IgG ab53482 1:1000 Abcam
Bax Rabbit #2772 1:1000 CST
Caspase-9  Mouse IgGl #9508 1:1000 CST
Caspase-3 Rabbit #9662 1:1000 CST
PARP Rabbit IgG #9532 1:1000 CST
B-actin Mouse 1gG1 ab6276 15000 Abcam
Rabbit IgG H(I:}ielﬁ)G ab6721  1:5000  Abcam
Mouse IgG H(]::e _;E)G ab97023  1:5000  Abcam

% Thermo Fisher A 7 FIJEEE S -V (annexin
V, AV) FILbABE (propidium iodide, PID
PSRl v T e L (SR 3 B OB Y/ )
R e, B TR E O R P gL
ek
1.6 HEG o

K H GraphPad Prism 5 (GraphPad #Xf4)
AT one way ANOVA Giit2g50¥r. B Eids
PSPPI + FriEZ (Mean + SD) K8, 4 P<
0.05 I 2 R 3%

2 R

2.1 WEERE K S ARG HCMV 5
TR J i 7 e

I bl A [ S B T s o i AR B o
LR YN M PR AR SE T B DL, RILAHEE T Mock
M, BYLHB G 24 ~ 96 h 4l KA R K SR
TR RERE AR E (B Do BM 5 96 h 4
B %5 iR 5/ F Mock 2 Je HoAthgedt, H4ni
TSI 24 h 19 90.25% S HF4E N iR,
MG 96 h [N 40.4% (&2, P<0.001),
Pl AR B R AT 4E A0 AR IR G HCMV S5 1R
Al el A 2R S SIEAT, DL—Fo AR mra
7 ok T AR B G R ESE T
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Bl SRR G 1) Uit it R A B AR AT 4 4B MR AR SE T L (x 100D
Fig. 1 Cytopathic effect and cellular death of tree shrew primary dermal fibroblast

at different time points of HCMYV infection (x 100)

a. FEME 24 h; b, M 48hs o HEMJE 72h; d. HEFNE 96 h; e B 96 h.
a. After inoculation 24 h; b. After inoculation 48 h; c. After inoculation 72 h; d. After inoculation 96 h; e. Mock-96 h.

*kk

a b \’; c | |

20r @ M 1 L < | ** |
20 e Sl ean values LS o j3tfl HOMV-Towne S0 |
< 15| — FRMERIZ = BHIEIRAL Mock B 80t
B Fitting line 1.0 > eol
Riof =
3 05§ ﬁ aor
E 0.5 Y=0.1614X+ 0.2842 o R 20k
S & R2=0.9941 w2
v
¥ 00 2 4 6 8 10 0 24 48 72 96 % 0% 24 48 72 96

il a6y s Y S s ] R ]
Cell density (x10* cells) Hours after post-infection (h) Hours after post-infection (h)

B2 S [RVRR G Ta) et i AR I B B A 4 4 v 0 e 45 3R
Fig. 2 Determination of tree shrew primary dermal fibroblast viability at different time points after infection
a. R JEAC TR RRET R AN I John et 2 s b, WA S QB AT A AN L & R 18] £ 450 nm WROBAE Aaso SREGERT IZEPER R ¢ MR
JEART B AT A0 L e ] S5 AN VE 16 &, ** P<0.005, *** P<0.001.

a. Tree shrew primary dermal fibroblast viability standard curve; b. Linear relationship between A4so nm absorbance value and infection time at

each infection time point of tree shrew primary dermal fibroblast; c. Relationship between tree shrew primary dermal fibroblast infection time and

cell viability, ** P <0.005, *** P <0.001.

2.2 WENRARE R A MR TARE T
BFKTFERD

ZRE T X JOLE 8 PCR (qRT-
PCR) ERELR, KILFEHE RGN AT,

EET Mock 4, EYLHLERF G 12 ~ 96 h id %
e bel-2 A bax W FKFHEIAE Fifka
#, HAEFERNG 24 h HFUE bax 735 /K V&
T bel-2o HABEGLA bax fEHEFN G 60 h A%
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Mock 4 mRNA #3/K-F L 39.98 {5, 5[
IS} 8] 2 bel-2 _FE 4.93 %A Hb b B S A
HlE A (A 3a) o YL A 4T 8 55 1 . (UPR)
FHORYEMIIE 7 xbpls gk~ BiGE TR S
12 h, {HFHEH 5 48 h LRSS, RS 60 h
FHXF bax B E KT LB S IRES, T a4 5
chop [FIFE I JE b FRAKMFE K (B 3b).

50Fa
L -e—bax
| = bcl-2 /i\

\,—*

_—— W A
oA XONDA S

T T T T T T T

36 48 60 72 84 96

FXFmRNAFEE
Relative mRNA abundance

1
0 12 24

[b
40  "—e—xbp-1s
30 = arfa
207 achop

AHXTmRNAF B
Relative mRNA abundance

0 1|2 2|4 3|6 4|8 6|0 7.2 8|4 9.6
JR&YL )5 it 8] Hours after post-infection (h)
B3 SRR A o 0 R oA R
B THRAKFERRE
Fig.3 Differential expression of transcriptional
levels of apoptosis related factors at different time
points after infection

a. LRLARYE T AR S M R T e SROK P 22 R RIE T L b, R4
B A SRR SR R T KT 22 e Rk B
a. Differential expression of mitochondrial apoptosis pathway-related

cytokine transcription levels; b. Differential expression of UPR-

associated cytokine transcription levels.

2.3 MR R AR E B R A 44 R e JE R T A
KRR R Bom 3 2R 1 0 S 5 BN a2 A
AR e PS8 T (R R % N 28 B2 28T o
AHIFFT 2R AR T2 I8 A8 AH S 4 Rl F- Bax £
FEME 12 ~96 h B38E BiliEsh, 5HE5RK
P45 AT . Caspase-9 H T _EiE R+ Bax /EH

IR G 24 h FF4R, B 47 ku $7 8T DI0GE K 37
B¢ 35 ku MU A A B, b B UIE0E D RE P
1T Caspase-3, Caspase-3 MFZF /5 48 h Hif
FH 35 ku # BT UGS A 19 ku #1117 ku FITEAL S,
IRJETAT HFHAT PARP 12 5 5245 DNA I DjRE
PARP H 116 ku # 55 U1 A% 89 ku, I AGEPAT
H DNA BEMIhEE. WE LRI HEN 1Bl
A HIAIRE T UL44 fEEA G 12 ~ 72 h 2252
E LR, MG 96 h ERFIRIEEMLIL 72 h
WA TS (B 4D,

HCMV
kan M 12 24 48 60 72 96 (h)
20.5- "~ W W s Bax
47- s e wmm w w— wen s proCasp-9
37/35- % = Cleaved Casp-9
35 o — --“pmcasp_3
ig: -_— Cleaved Casp-3

116- e = o
89- - h-n-—:P
72- B e v - w—TE|

52- - — e = UL44

42- ——— S w— g = -2ctin

B4 AFEBGEESETHERET
ERBEAREER
Fig. 4 Apoptosis-related factors and viral protein

expression at different time points after infection

24 REEB-V ABYLAERE (AV-PD WEEE
% e R TR AR B AT 4 4 T

ASHIE T A FH R ER -V R R e X
AR E O AR A T R T
HRIFRICIEIX 2. K 5a~c NEEME 24 h AV,
PI IR T- A ta b R I Sd~ £l g ~i ¥R
BeFPJG 48 h AV, PI AT R A (A 45 ], AN
2B Sg ~ 1 RRIgeeags B, [RIRar DOM %2
BT A %R B R 40 S VIR g . 2
Tt J5 24 h oAb S AR B A R4 i ) T L
HPRAS AR 1 B 5
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K5 JREECEE -V AIBRAL P XU G ik 4 xe R R AR B AT LRI T (% 400)

Fig. 5 Tree shrew primary dermal fibroblast apoptosis identification results

by annexin-propidium iodide (AV-PI) staining (x 400)
a. HEFNE 24 h 10 AVTRL SR b, BeRUR 24 h (F) PU Y EASERL: o R0 24 h 10 AVIRI PI A G B IN: d. BEFIJE 48 h ) AV Lt
iR e BERJS 48 h ¥ PI YRG5 £ BEFNJS 48 h 10 AV TR PT Y RBIN: g~i 5 d~ fIFABERNS 48 h MR, (B g~i K
A A MU 2 AL IR VR A 4
a. AV staining results after 24 h inoculation; b. PI” staining results after 24 h inoculation; c. AV and PI' Merged staining results after 24 h
inoculation; d. AV" staining results after 48 h inoculation; e. PI" staining results after 48 h inoculation; f. AV" and PI" Merged staining results after
48 h inoculation, g — i and d — f are the same double staining results after inoculation 48 h.
AV BEBCER IV BEPER LR P BULTIRE YRR L, PI MU nERIPE G st

AV". Annexin V positive staining results; PI". Propidium iodide positive staining results; PI". Propidium iodide negative staining results.

3 Wip B, ]S85 ANBLIAER (Bennett et al.
2016), {HHEPRAR Y 52 2 ) 40 BRI 7™ A% PR

R T EUA F E AR R S AN YR ] fE R E AR (thesus CMV, RhCMV)
BRI, BEE BRI RS HCMV i (IR R 32 2 9IS E A, A sE &
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A BT RhCMV, R 53515 I &M
BHYERIZNY) (Powers et al. 2008). /)N 1K B&
BRI Z, (H/NR B4 E (mouse
CMV, MCMV) AEeRBGHBERE, T AARE
F T4 R R (Medearis 1964) . 4 K L
F MG T R R E i 8 (guinea pig CMV,
GPCMV) HIBTFE, SRR WK B4 & )
D 1 7= A H B A A5 AH OC Bt gk fE 42 1
(Schleiss 2002). JTHRAH LM AFAE T A
RAp ) NP LN (humanized mice) BT
HCMV [ 5256, {55 73 A REE A\ U4 i
&l (Crawford et al. 2015), FEAREY B
NI HAR A 2R B 51K RGPS . A
ERE NFEEG R RBIEM Y (Fan et al.
2013) JEHERZB|ZHIRE . MHRPTFAEK
BT #6295 2 (Tupaia herpesvirus, TuHV)
f%Eal b, P 4a H TuHV B 2Rt S
LB CMV AHAL,  HJE DR 2H 55 R SRR AE S 2
WEASWINY CMV 2k, THERKSE
AE A2 CMV i #%IL (Bahr et al. 2001),
7 HL 73 25 AR B 2R ) TuHV A
RO RA MM . N2 T B RS &
(herpes simplex virus I , HSV-1) EZLpf iR
PR SIS, S B G IR o A i AR SN
BRI A PPREAR 7 = PR R AR T AR
e, WEIHE AR FT HSV-1 B AR 28
ARG —DNELEAA (Li et al. 2015,
2016). RIMLASL = IR AL R, &
22 EAN HCMV 3 SR s )15 BY B 58 A8 )
TH.

CLEI B4R # (CMV) SR s I
AT 9 B 45 A BN IR IS ) (Garcia-
Ramirez et al. 2001) . ¥IFhiE T PEHE N N2 5
e ibri e = A S T AL OESE S TE: £ 7N
TRPUE 3 ARG AHNALS] (Marsh et al.
2015). fil4n, eI & BAE (M. fascicularis)
7] Jg R A H R R g, 1E T B4 s
(RhCMV) LEotk 68-1 HIRARIK G B BRI A
LRAEAHI, (H 7R 5 A B (Burwitz et al. 2016)

N1 B RERIFAERE, HCMV &G N\ 1Al R
YRGS 2 R RS T IE R
S, AT A6 3 w22 o T HCMV Rt
R SR AR B R AT 4 A0 S5 1 > & A R
A (R AR o BT AR i S5 B B2 414 4
5 N BRI 4T 4E 40 B i e HCMV J 774
ANFEIRG, P TR A B B A AL, LA KB
SRRV WL

P R SRR B AT AN S  FF HCMV B
NGB REAT I E, KREMMEIL T RIRAS
B, AL AN ZE R, s vt I TA
KEF bax. bcl-2, KHfr@&EAKRSN (UPR)
FHRANMLIEF chop. atfd. xbpls #53k/K V-2 5
1) QRT-PCR Al S5, 15 56 MAZ IR 7K P-4 7~ 2
MIBET- IR, HrF bax 5 bel-2 TE4F1 24 h LA
B 2HEPRE B, 25 bax T B
HAr (B 3a); xbpls fEHEAP 5 24 A1 60 h
PR RS B EgE (B 3b)s arfd —HE L
TR K. G RIEMAIERN at 5
o 155K EHITESIAE O (Yu et al. 2013),
HCMV %8t UL148 £ [ 75 8] v A0S
KB EAKRMN (Siddiquey et al. 2018), A
N T EAK T . HCMV 240 S 65
BFICEREE A IEL fEHEFNS 12 ~ 72 h Rk 1l
(K 4, &4 HCMV [1) DNA F& BB 7
(Strang et al. 2012)UL44 ) i, 5B HCMV
TE R Bl S5 AR I B R AT 4R 40 i S5 T JE T RRk
P HES) . B 4 R O T2 R Bax.
Caspase-9. Caspase-3 TEFEFIE 12 h EIHIZHK
Fak BRI YIS, WAL Caspase-3 HETf
FHHS PARP 12K %1 DNA, 44K 5 didid
AV-PL BUGSENHR T 58, 78 4 Ui B AR i J
AE L A e 2T /R HCMV B4t sy,
X HCMV P24 B FRRE 5 e R AR AL R T A
PRI

g5 b, AR EE T HCMV B9
Gl R SR B R T A 4T i R R 5 | B A
TR, WiERKENVEE R RTER
(Fan et al. 2013), TuHV (492055 . R
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HAEMFHE LD EA N S5 RKE CMV BF
B BRI (Bahr et al. 2001), #5REFE/MiR
B HCMV ) fhds 5 vE R AENLH], mesh & ar
HCMV KRR, KHESh HCMV EUw L]
P B 245 )R % i S5 S ST 7
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