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Clone and expression of human cytomegalovirus UL144 gene and its effects on dendritic cells

WANG Huai-zhou, CAI Gang,SHEN Qian"
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[ABSTRACT] Objective: To construct a recombinant adenovirus vector carrying human cytomegalovirus (hCMV) UL144 gene and to
explore the biological characteristics of ULL144 gene-modified DCs. Methods: The UL144 gene was amplified from hCMV DNA, which
was extracted from hCMV-DNA positive serum. The recombinant adenovirus vector carrying hCMV UL144 gene was constructed with
AdEasy system and then transfected into HEK293 cells to create recombinant adenovirus Ad-UL144. The expression of inserted gene
was identified by RT-PCR. The recombinant adenovirus was then transfected into mice myeloid dendritic cells. The surface proteins of
dendritic cells were analyzed by FACS, and cytokines in supernatant were detected by ELISA. T cell proliferation stimulated by gene-
modified DC was examined by ? H-TdR uptake assay. Results: The UL144 gene was successfully cloned into the pAdEasy-1 plasmid. The
recombinant adenovirus Ad-UL144 was packed in HEK293 cells, with a viral titer of 3X10" pfu/ml. DCs infected with AACMV-UL144
had markedly decreased surface expression of CD80. CD86 and I-A’ (P <C0. 01). The contents of TNF-q, IL-6 and IL-18 were
significantly decreased in the supernatant of AdCMV-UL144 modified DCs (P <C0. 05). T cell proliferation ability induced by gene-
modified DC was obviously lower than in the DC control group (P<C0. 01). Conclusion: UL144-modified DCs can maintain a relative
immature status,and have reduced stimulating activity upon the proliferation and activation of T cells in vitro.
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sion, and competes with HSV glycoprotein D for
HVEM, a receptor expressed by T lymphocytes; TN-
FSF1O AL T 4 — DS 5 sl 455 g 8
KGR B/ T ik EL 40 M 55 /6 I F (B and T lymphocyte
attenuator, BTLA) #2445 T 41 g — A4 il v (55 5
WFgEtY W1, UL144 % (1 RE S5 1 BTLA 254, JF HAw
il T 20 M A 3 5E BT HVEM LR HI T, A4 58
RN (dendritic cell, DC) e 2 ) & HAT J5Uis 52 20 i
TEGPE N 24 S EEVE F s hCMV BB A% 38 13 SR e DC 5%
M AT S D) BE A0 T 400G kD AR S g6 i
THEH hCMV UL144 K& R B0 5 41 R 2, O e
DC. 5% UL144 FEREMiRY) DC B D REAE Ak .

1 T E

1.1 AR a MEPE.6~8 i C57BL/6 /D
B (H-2")Fl BALB/c /N (H-2%) , 1l T | 76 75 3 /R -
LR B AT IR, OV A BREERME T 40
MZAR (T cell receptor, TCR) # &K /N, B 56 —
HEE R 2E e P A A T S G R S . HEK293
Ml HeLa 4 Mtk A RHRAF . =5 BN 8 Ad-GFP
i HVEM £& X 19 I 96 8 (Ad-HVEM) B A 52 5%
TNy g, & AR G N VIS (Bgl T . Sal
1 .Pme 1 .Pac 1).T, DNA %% . TagDNA %
A BN TaKaRa 24 A 88 BioLab 2 @ 7=, 4t
I F Lipofectamine™ 2000 M FH Gibco 23 A ; TRIzol
BWHIW A Invitrogen 2~ Al R XK & W H Fer-
mentes 2% 8 ; LPS I H Sigma 23 7 ; rmGM-CSF Al
rmlL-4 1 7 R&D A F], M4 il (FCS) & RPMI
1640 Rz FF WM H Hyclone A &l , PE #ric Hii/b R I-
A'.CD40,CD80,CD86 #i1& ¥y [ eBioscience 24
H), CDllc (N418) Microbeads 5§ H Miltenyi Bio-
tec A H) P H-TdR W H v [E Rl 5 B J5t - 58 0F 58 i,
S Bl T AR T AR AR R 5 A BR A A

1.2 Ad-ULl44 9 ¥ & X 2B EAEN  RIE
hCMV-DNA FH 2 SR I 2~4 ml. 5% EDTA 1t
BE L7 ULIH 35 AxyVace Vacuum Manifold 327 &5 H2 B
DNA. fll &9 BBt . MHE UL144 LT 51 %11 5]
Y, E . 5'-GAC AGA TCT CGG CCC CAT GAG
TTA TT-3". 0 A Bgl 11 V) {7 & F W#. 5-TACT
GTC GAC CAG GGT GCG GTA GAA AA-3', A
Sal [EEYINL S, L hCMV-DNA BHPEFRAS () cDNA N
BMR &3 UL144 FE[H, % UL144 FEH 9 PCR =)
SEREZ pMDI18-T #Ak h, IF #E4T PCR 45 % 1% 41
SE . ARG Bgl TN Sal DBV . T A B 22 5]
TR TR AR pAdTrack-CMV (192 TEFe & E L i 3

P UL144 JE B9 28 82 2 kL 2k 1R pAdTrack-CMV-
UL144, K 2% % 1k Fn & 85 2 1k &b 3 1Y pAdTrack-
CMV-UL144 B 5 B 85 5 42 BTk pAdEasy-1 75 K
WA kT8 BI5183 Hh kAT W]V 41 , 75 21 5 4 B i e 1k
AR pAd-UL144, HIFE FUIATE S Y HEK293 401, %
Ye i #2¥% Lipofectamine™ 2000 FZ R YEAT , M3 5 240
JHLp 72 R G2 1 & 44,5 ) 2R 1 (green fluorescence pro-
tein, GEP) 1Y UM W7 I 25 40 3% 58 i, K 9 19
B, I CsClUURS B2 6 B 5500 1 4l A s 55 , 404 19
BEAS PO MK (PFU) & & J5 43 2 /A7 T —80°C K
f.

1.3 RT-PCR #m % & % 20 je ) UL144 mRNA #
Fik G4 Hela 4HME35 57 T 24 FLARN , WS40 L A=
K 5L B2 Pl ARG 80 Y6 Bt A 4 B 7 (Ad-
UL144 RS54, Ad-GFP Xt B4 , L MOIT 2y 5 ¥
Ye Hel.a 20 ; YK H 76568 & W6 T M R4t
DGR LML Ry 32 Y A0, 48 h SR URAE 4R . A TR-
Tzol $EHUE RNA, PLE RNA MR 7517 RT-PCR
INE S INE 7 ) 5 B R AR JEG Hh, Dk M A

L4 DPRAFHMARDCEA DCHEEFHESH In-
aba S5 T R IE R VR B aE . BALB/ ¢ /I BUSUME JIE F
AEBE .75 % L BEIR L 5 min, 7F TG &4 F 89 F B .
I o 2 2 1 L PR A 25 5 2 0 T o DA (i 2
B . H RPMI 1640 K5 3% ¥ ob 6 B i 40 M.
Tris-NH, Cl 22041, RPMI 1640 £ 5 ¥k 2 K
Ja s % T8 10 ng/ml rmGM-CSF. 2 ng/ml rmlL-4
M 10% FCS B RPMI 1640 52 & 8 5. & 37°C.
5% COFR MK IR, 5 3 KW K5 352 e B IF 4
JL, T B A & rmGM-CSF Ml rmIL-4 (1) ff 5 5%
W, B 6 K IR AN DU RE 1 1 A A SR AR L
CD11c fBRHEAT FHE I3

1.5 DC &4 F4n HEHafsifhiy DC # 1<
10° /LA 24 fLAR L LS Sl 200 pl, % MOI
50 BRI A Ad-UL144 #1 Ad-GFP, 3% 7.
AN ART 95 5 A B % R AL, R EE IR YL 4 b e,
B SR A B 8UAR % 100 ng/ml LPS 19 DC 58
EREFRWAE 37°C 5% CO, & F 4k 885 9% 24 h.ilk
A6 1T 40 0 R0 L oA A R AT XA
X (FACSCalibur, BD 23 &) kil , 2 18 43 F (1 2 ik LA
ST B BE (MFD 7R

1.6 DC3#AbLFmien - F4n RH ELISA K
7 £ (eBioscience 23 &) A I W £& ) M B 1% 3% E W5
4 f R F TFN-y  1L-18.11-6 , TNF-o 1 11L-2, 4% it
IR CEC (o
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FH 2 Fl 5 20 B 15 B e BALB/ e /N TR DC 5
KGR B R R IR A DC S FIX D L fE &
AR A LPS(100 ng/mD MR FR PR 5% 18 h )=,
R A0 B T I R 4 L R L 4% 2. 0 <10 /LI AR S
96 FLAR g 20 40 i g A b 3 O X s AL,
Miltenyi Biotec CD4 " #f Bk BH 1 43 B3 4l £k 1) #2300 1)
DO 11. 10 /NFCR TR OVA 05 550 B FPE CDAT T 41
JAEEB B 2 510" /ml, 100 pl/FLINA L3k DC ) [A
JiE 96 LA A BF A OVA 525550 K (400 pug/ml)
i, 37°C 5% CO M T Hi g% 96 h,fe 5 18 h % 1
pCi/FLBAH-TAR(1 Ci=3.7X10" Bg) , £ 3k 41 i
SELRUCEE AN I, Wallac 23 7] # Micro-beta ¥ NS &
B8 15 P (counts per minute, cpm) ,

1.8 %itFa®m FrAZRYU o+ Fon, K410
Z5 0 EEG R H RN R 7 28 (one-way ANO-
VA) IR geit b B4R SPSS 10. 0 Geit4dk,

2 &5 B

2.1 ULI44 Be9 ARy 3 ULl44 & PCR Y
95 AT SRR WEE B HL K A AT R L TR A B R
/IR 531 bp, A FUH Y45 R — B (B D . P90 45
RBEH.ULI44 F N Y5 GenBank H & F 1 hCMV
UL144 (Gi:1167917) W79 58 4= —%K ,

1 2 bp

750

500

1 PCR P& UL144 F B
Fig 1 ULI144 fragment cloned by PCR
1. Fragment of UL144; 2; 1 kb DNA ladder

2.2 FAMRAE R ME R IE A E A IR E
BEH AL AE A B P R AT R R AL A5 B R [F] Y
B BREUTR, JoH PCR #i REGIE S A H K MY
AR R SR ORL, A5 #4531 bp M9 A B, A
Pac T BEY) 4 R 2 F 28 00 WA K/ 2 4R B/
B2y 4.5 kb, KAYZ) 30 kb, 1M pAdEasy-1 RAE KH
B BTN B 2),

2.3 RT-PCR#m % & F M UL144 mRNA #

FiA FEWET Ad-GFP FIHE 4 I3 7 Ad-UL144
JEYE ) Hela 40 M0, RT-PCR A 45 W /% 5 41 %
FHA UL144 BRI, 25 80w 3 o H 2 A
235 (F 3D,

| 2 3 4 5 kb

— 30.0

B 2 pAd-UL144 B2 Pac | BRI E
Fig 2 Pac | restriction map for pAd-UL144
1:pAdEasy-1; 2: Track-Luc; 3: TaKaRa Wide Range DNA ladder;
4:pAdEasy-Luc;5:pAd-CMV-UL144

| 2 3 4 5 bp

750

—_— 500

3 RI-PCREEEARKBAFEEER
Fig 3 RT-PCR identifying UL144 fragment for
recombination adenovirus
1:RT-PCR for UL144 from Ad-UL144 infected cells; 2: TaKaRa Wide
Range DNA ladder;3:RT-PCR for UL144 from non-infected cells;4 :RT-
PCR for UL144 from Ad-GFP infected cells;5: UL144 gene

2.4 JmapE AN MW EEY I oC ER S A DN 2
PR Ad-UL144 A28 #O8 Ad-GFP 1905 55 04 B
3R s 3X 10" pfu/ml A1 110" pfu/ml,

2.5 DCx@may-Fa#aa ZiREIR, AdUL144 4b B
4 T-A?.CD80,CD86 Hl CDAO FY & 1k 7K -7 £ Uk S 5
4 SR R T 45 SR, Horh CD80 . CD86 Fll T-A 1 22 ik 7k
SEHI AL T Ad-GFP 41 (P<C0. 01),CD40 7KF- B A%
T Ad-GFP 4 (HICH] & 22 5, XS R W H 0y 2
UL144 7E DCs 3635 7] T 94 DCs 1 CD86.,CD80
AR RIS B 5 28 (0 A H L A RE R #% LPS 1
T8 DC B GR D,
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F 1 FRik UL144 3H/NER B K IE DC FIR B A 0E (MFI)
Tab 1 Effect of UL144 on phenotypes of myeloid DCs (MFI)
(n=3.x=%s)
Group CD80 CD86 CD40 I-Ad

Ad-UL144 186.4+7.0" " 316.9+ 8.3~ 98.144.9 318.1412.2**
Ad-GFP 245.5+5.9 414.84+ 7.6 105.4+5.1 465.34+13.2
Control 153.5+5.9 243.4+ 5.6 92.1+3.4 246.6+13.2
Ad-UL144+LPS 290.9+3. 4404 466.0+11. 84 170.2+£5. 4 638.94+ 9.2
Ad-GFP+LPS 310.944.3 492.6+ 6.6 166.4+3.3 652. 7+ 7.4
Control+ LPS 238.5+6.8 477.5+ 7.5 173.1+4.7 637.2+ 8.6

** P<<0. 01 vs Ad-GFP group; £ P<C0.05 ,24P<C0. 01 vs Ad-GFP+LPS group

2.6 DC#¥ALFmpwn-Fian 258 8R, Wi
5 DC Fik UL144 J5 .5 Ad-GFP Xf f 40 AH 1L,
REHH 2 T 8 TNF-o,1L-6 DL K& IL-1B 9 43 W 7K
(P<20.05), HHr, 1L-6 7K F7E LPS RIS T

Fezs X B2 A W) W R AR X T IFN-y, Ad-

UL144 4b32H B8 Ad-GFP AbBZHA T 8 a3, 5

TGeit 275 5 1L-2 W50 WK P14 21 =2 1) T W
5. BARgERNE 2,

R 2 FRIE UL144 X/NR B B8R IR DC 43 ik 28 B B F 39 % I
Tab 2 Effect of UL144 on cytokines secretion in myeloid DCs

(n=3,x%s)
G 8 TNF-« 1L-6 INF-y 1L-2 IL-18
rouy os/(ng * ml™ 1) os/(ng+ml™ D o/ (pg s ml™ D) or/(pg * ml™1) os/(pg*ml™ 1)
Ad-UL144 4,84+0.5% " 3.7+1.1"" 65.9+19.3 16.042.2 167.9+30.4"
Ad-GFP 9.5+0.9 5.24+1.1 76.1+26.4 14.94+2.1 315.6453.3
Control 1.8+0.2 0.740.1 73.8+ 5.0 17.24+3.9 39.1+16.7
Ad-UL144+LPS 23.0%2. 34 14.1£1. 044 110.5+ 6.3 19.74+6.8 330. 64+22. 64
Ad-GFP+LPS 26.6+2.7 20.9+4.2 122.2+13.2 16.6+2.6 397.2434.1
Control+LPS 16.7+1.7 23.0£2.6 117.8+21.7 16.74+2.9 247.9434.8
** P<C0. 01 vs Ad-GFP group; © P<C0. 05 vs Ad-GFP+LPS group; 4 P<C0. 05 vs control+LPS group
2.7 WBRHBFWTmEBARE  H OVA ik 5 600007 g senven
2 B Ad-UL144
FR 459 TR IR 1 DC AR OV Ao B 5 B PE CDA s eDmE masoe
T 40 A 65, St UL144 2R E i 69 DC %) 46 g e
CD4 " T 4i Jfd 14 5 9 40 0 20 RE . [6) i & 7 Ad- g 0090
HVEM X} #f, 458 7R, i €3k UL144 iy DC s 2
XIHIEE A CDA™ T 4 M 19 35 58 A BT 2 0% 40 0 4 2 R
N = ] - | el
(P<<0.0D) . #HIYER S HVEM £k (E 1), Control OVA+LPS LPS

RIS

BTLA J2 it & B CD28 Kk b iy a5t L &
BLRIRT T.B AR, £ E WE 4N . DC Fil NK 41
M FE A AR R A, HVEM S8 BTLA B9 BC
R, FEELEF APC.T M B i R m, —Jym,
HVEM-BTLA Al fiAH#E 15 DC N IREE 1R E ™5 55
— 7MW BTLA 45 & HER G ol A M il 15 5, 30
T MATE L, HVEM Ml BTLA £Ei24 &K i
B — XK R TNFR ZK MG M 1g 88 2 15 19 4 1, [6) i)
HVEM WAE R LIGH TR FC AR & #5 L fl Js vE. %
F HVEM X B J7 1 09 854, & 0T DUAE b g R 46
B9 T35 P TF OG5 1 FE AR PN B 5 I g ~F- A7 1) 4 - v ke

4 UL144 EFEHE DC #1H
BRI CDIT THEKILHE
Fig 4 UL144 gene-modified DCs inhibit
proliferation of antigen specific CD4™ T cells
** P<<0.01 vs Ad-GFP group;%~4 P<C0. 01 wvs blank group. n=3,
z%s.1 epm=6.17X10° Bq

HEAEHTY, DC1E R TI6E 2 0 i K0 b Ji ik 2 40
0, 38 2ok X AR G i 55 AR AR M G (R B R L T G g T
2GR REROE T B B A AT S R, PR
F L hCMV A ZUE S DC, g T8 DC £ i py &
BHAMAENEZ AW 1.1 4. CD80,CD86 Fl
CD40 /Y £ 3k , BEALDC Y Bi Jit % 2 58 1 . M DC
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PG R T 4 A9 D) B L HE IR B Te 40 1 i
B4FH . hCMV 6 sk 40 f 5 58 2 I JF Re gl e, A&
W5 Ae 4 A N 20 i 1 UL144 B[R fY It 25
I b 2 S 7 A s R BE R JR Y DC, FRAT]
WEL ] UL144 3B MR DC H AT 48 F7 4% & i
BORAHIBE 11, DC BTG W) IR T 40 A f g Ja 1k
U

G 2R IS5 R R IS B AL HE LY
W,UL144 & R B M A9 DC % 5%+ 18 DC e 4% 5t
CD4 " T 4t ji ) 34 58 g ) AT BEAIK 40296 ~80% . X Fh
R 6 B A 0 05 (AL T RE R 2 U T L e — B
2 DC R UL144 5 T 4000 b AR SEEE 6 40 T4
ST YA RO I RIAE . UL144 J2 96 92 90 55
—4i % TNFR @ RZBER A ER, Bh 2 M
HVEM H [R18 4 /9 2 b 20 f2 & 4E X (cysteine rich
domain, CRD) ,fH /> 5 TNF FK LA 45 & 15 3
A~ CRD, AN BE AT A B 18 TNF EARZS 4, i
Cheung " (I W, UL144 BEFI BTLA PL#g
MRBY 36 RS 454, FF 10 T 40 Mo A% 3% 30 0 {5 5, =4
HilfE AT BTLA B RAR AR —HVEM, H—,
UL144 3L DC 38 T 40 i 3% 55 1% 2 0 7
BIHL R AT BE R IR T3 Bl DC A B P i K 3 fig 7 1 19
s, AT EEE) UL144 S P& DC H: 26 i 43
TR T G HE ARG S B Ay 25 IR R,
WA JC LPS Hll#, UL144 £ R Y DC Y 2% 1 43
F MHC- [ 2315 ,CD80 Fl CD86 F 2 ik /K - R
[F) 2 2 AR T B AT A A U B AL B DC iRk (P<
0.01), XK /> TRk MW FEOL T 41
L G HORE 0T T A0S L AE T A, =, DC
DIBe AR S T 4 M 3% Ak B B 1Y O — 4> AT R M L
i NS R B v L ol s R 1 B AR W 20 1| R
TNF-o.,1L-6 2534 50 Z0 A9 42 T 40 o 3% 5 19 76
TEABR I FR AT B R I 1L-2 B9 3k K 78 4% 4b 31
HzE JCH B 22 5 {3 TNF-o Ml 1L-6 1Y % 35 7K F
DL TL-1R 1 326 35 7K 7 ¥ 8 AS ) B2 88 1 T 9, b B
BN OGS R i I 4 7 el e e 1 S R 6
XA AL

ASBIEFE & BN B4 B UL 144 3 P& i 11
DC HLA 2 R AR A sl RS 19 58 71, I F 40 il e i
SR T 4 MY S 33X SRR R A R T R b ok A
(DR AR < SN (o S . ) A S N OO
UL 144 K&K 7E 5% 75 19 G0 95 I 285 vh & 44 3 22 4F

FH . 30 DA DA 7 32 R s 356 PR 7= 0 oAy 00 05 it —
PR SN R R R R RS Y e 2 i
[, ULL144 3 F A& DC 75 5 5 5 5 i 52 76
— G R T SR W L FE A R B R g 1 9 L il
Sl PRAFE 5 v B A 5 ) i) A T 55t
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