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[ Abstract ] Background and objective Hemagglutinin-neuraminidase (HN) protein of newcastle disease virus is an
important immunogen for oncolysis. We designed three different expression plasmids encoding the HN protein targeted to differ-
ent subcellular compartments: cytoplasmic (Cy-HN), secreted (Sc-HN) and membrane-anchored (M-HN). On the basis of anti-
tumor effect in vitro, the aim of this study is to investigate the anti-tumor immunity effect of HN protein in vivo. Methods In the
present study, we developed a mouse model in order to evaluate the anti-tumor effect of the intratumorally injected modified HN
proteins and the anti-tumor immunity by lymphocyte proliferative response and CTL activity test. Results Although all three
DNA constructs elicited an immune response, tumor-bearing mice intratumorally injected with M-HN demonstrated a significant-
ly better anti-tumor effect than those injected with Cy-HN or Sc-HN (Day 18: P=0.022; Day 21: P<0.01). It also showed that this
anti-tumor effect was mediated by higher lymphocyte proliferative response and CTL activity in mice intratumorally injected with
M-HN [M-HN vs Cy-HN, P=0.019; M-HN vs Sc-HN, P=0.043; M-HN vs pcDNA3.1(+), P<0.01]. Conclusion The anti-tumor
immunity of Newcastle disease virus HN protein is influenced by differential subcellular targeting. The membrane-anchored form
of the HN protein appears to be an ideal candidate to improve the specific cellular immunity.

[ Key words ] Hemagglutinin-neuraminidase (HN) protein; Cellular localization; Anti-tumor immunity; Cytotoxic

T lymphocyte
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neuraminidase, HN ) =NDVHIIER FEIFEMEED, &
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FRATTIL A A AR P 2 B R A 0 6 258 T 41 i
. AN AN AN M A HN SR I EAZDNAJ R, B
A (Cy-HN) . BRI (M-HN) F4M (Sc-HN)
R U A PR AL S 1 — o 2 2 OB AR NG e il g AS 49 4
ML, 38 MTT A it 2 A A7 A ik 5 = o e 4 Jo
PLRES N IR AS4O MM A KIF A E 22 ), XFhERYS
15 RS TR0 R 43 A RV HINR, [ 1Y) FLAZ DNA UKL 5 3 AS49 41
P R T AR S SR ) BRI o6 . HLBE T IR
AL I G N SR A N PR T/ MR AR ES) . BT
IRINSEBG PIEE51e, AR P55
TN 43306 RV HNEE [ ) ELAZ DN AR X7 983 /1 B Bt e
T VER
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1.1 A3 SRR 2 EAL SRR FORA A i AS 494 il
F GRS RS [ 5 S g s At E R
( DMEM, Invitrogen, USA; 10%FBS, Invitrogen, USA) . UL
SHTIRTE R BEDOOKK 4= FE R M ARA , hpcDNA3.1(+) hy FLE
FIRFMA, FHEMAARY | PSR 2 M R DNA TR
FE TS IRV - B W T [ 5 o e S gz 1)

1.2 G AN BT A B g B AF IR S WSS ) S e T
Rl BN 44 Fou/nu BALB/c, MEVE, 6fFlk-7H
W%, RH16 g-18 g, H Mk e SCI0 sh A PR 2 Fl 42
fE, SR TS ARV BE A A I Sl S 0 B A

JIT U S 0 8l ) S 96 TR Sh ) SE SR R E R AR . IS 3x 108>
il 62 AS49Z il F 150 uL PBSIAVR ( pH7.4 ) H il B M4
B, RN TR EUORBRAMU K R o ] B2 K -3 K It 5
IR IEL HAR . — BAPETEALT £ 2k FikF]2S mm,

BEMLr ASANAITZ4H . Cy-HN. Sc-HN., M-HN, #5#§
IR TR pcDNA3.1(+) FIAE BRER K o 2 B2 N 22 0 3 55
T FR100 pgo BEMIFESK (BPd1, ds, dio, di1s) i
Sk, Lak. PrAIRIT SRR S ITEIRIGIT 21K
LB, BRAERR B 0™ B AR EE D R el T, IR A
HSH A V= (R R
1.3 MAUIE b O 200 RE s 7 S oAl /N B A i S e Th e o
SBORNE , - ot B AZ AR (Vi Vie=1:4) o
0.75%Tris-NH,Cl (pH7.4) #FLLANNE. PBSTEHIIX,

i Ficoll-isopaque solutionFE 21 bk B 441 B 1 % 2R 41 e ik

RPMI-1640 8 B JF R A% T (1x1071/mL) o P4 T

3/2 [11]O

96fL A, 100 uL/fL. FFFLINAL00 L EF A A A
HNHEAPUR (Sug/mL) , A, FLIFLIMAConA (£
WREES ug/mL ) AR PAPEXTRE,  [F]IF s TC A ALV E R R %
flo BALE3 N EE L. TSR G RIMTT G 200 I
e AN L, BIFE37°C. S%CO KiF4f P 3R72h
J&, INAMTS ( Promega, USA ) 20 pLé[‘iéé;Ei%?%S h, 353
SEETT10 min P FHVRERUIE 5 9LA (. KB ANt
850 ( stimula- tion index, SI) = (Hn L2 ODAE - TR &
R AN FRSLIODIE ) /AN s I FRZHODIHE .
1.4 s ETIREL A ( cytotoxic T lymphocyte, CTL ) 5
B R4 h S CoBRfd: 02 DROV AN : 4325 Y MLk L 20
JiLRD A N A CTL . QFRANL . Filifis 40 i AS49 T B F
ANERIR N B8 G IR W . MASCrEs RSN, 37 °CK
WHARICL h, BERIFIRRE A ML B R2x10%/mL, ASh
BUh: SCIZH X BEZH AR T A N 28 22 2475 R CAL BRI
AS49UIE 37 *CHiF796 ho MM AT A 2 RPMI
SEARREFRMRVEYS, FE . @HMIEEY : 1796fLURIAR N
AHBAAM, AEFL100 uL (2x10%/4L ) o 43553 20 it 4
HffI=75:1. SO:1FN25:1[1] £ LA 100 pLAS 1800 2 A .
RTINS AL, BITEXTRRAL ( B &Rk ) Hmioo yL
SEAREIE, PHPEXTRESL (H KRR ) Jnso uL Zapoglobin
( Beckman Coulter ) ZHI# A%, HF96fLHE 37 °CH5FR4 h
J&, 800 rpm L FRHR6 min, REFLIE100 uL b iE7EHR
IR I 5E B i iE v (cpmfB) o ANEAGE
U AT, CTLIEE (%) =[ (igﬁéﬁcpm-ﬁﬁ
Feiitcpm ) / (KB illepm- A & Fjillcpm ) ]x100%.

1.5 H¥a#r RAISPSS 15.050 4k, By A8 it L
Mean+SDFR/R o A8 4[] 22 55 L4 FH One-way ANOVA 5 2553
Wi Fisher's LSDHATZ H UL, P<0.0SHAGEIT 25

2.1 i A A HNEE [ 1) 2L DNA TR 88 /1N Bl
i geg A A R S A e 2B ROk XT fr J6 /) B AR Y
AR, 9K, I8 N T ST M-HN Y /) BRI R (A 34
K18, 198 N 25 iRk pc DNAS. L (+) I AH LA G it
ES, 12, IS8R, Ji NS4 BER K 4l A
ZARpcDNA3.1(+) 2 /)N ERUIT IR 1A A [R) P 12 S EE 4 HIN BT
BIHA A G242 5B21K, S/ UM K
FUERK ] B 22 5, I8 PN TS A AR /K 2 /N B g 14
i K, HIR N2 8K pcDNA3.1(+)4] . Cy-HN. Sc-HN
FIM-HN (1) o HBE 18 K M2 1 KA /s U RE (AR
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=1 g NRETELEREMEFRREL (n=8, MeantSD)
Tab 1 Variation of tumor size of A549 lung carcinoma tumor (n=8, Mean=*SD)

Day' Group1:PC3.1(+) Group2:Cy-HN  Group 3:Sc-HN  Group 4:M-HN  Group 5: Physiological P2 Post-hoc test?
saline

6 22.8%+2.4> 20.9+3.6° 21.4%2.12 20.7+1.6° 23.0£3.5°2 0.336 NA

9 27.0£3.5" 239%1.6" 23.8%£1.7° 22.4+0.8" 25.2%3.4° 0.007* G1<G4

12 32.4%+0.2¢ 26.1+1.0¢ 26.6+£2.0¢ 251£0.9°¢ 31.8%£0.3¢ <0.001*  G2=G3=G4<G5<G1

15 32.3+1.8¢ 273%0.5¢ 27.0%1.2¢ 259+2.1°¢ 33.4%1.7¢ <0.001*  G2=G3=G4<G1=G5

18 36.9+0.7¢ 31.8+0.8¢ 32.0%+3.9¢ 29.4£1.4¢ 36.5+1.2¢ <0.007*  G4<G2<G3<G1=G5

21 42.0£1.6¢ 34.0%£0.8¢ 34.8%£1.3¢ 32.7+0.3¢ 44.2+0.1¢ <0.001*  G4<G2=G3<G1<G5

SD=standard deviation; Cy-HN: cytoplasmic HN; Sc: secreted HN; M: membrane-anchored HN; PC3.1(+): pcDNA3.1(+); NA=not available;
! Linear mixed model was implemented to examine the differences between the time-points studied;

2 One-way ANOVA was performed;
3LSD test or Dunnett’ s T3 test was used;

*Significantly different among all groups, P<0.05;

Different letters meaned significant differences between various time-points, P<0.05.

30 4 5001 mpc3iw) [ISc-HN
: q ECy-HN M-HN T.a
40.0
1 o
% 2.0 A —‘7 g 30.0 4 -’ éé
2 g ’ %/
é l "_g 20.0 %
: - /
= 1.0 A v /
: /
10.0 4 %
/
0.0 - 0.0 - / %A
’ PC3.1(+) Cy-HN SCHN M-HN 25:1 50:1 75:1

Subcelluar localization

1 ZAREME MR HLE. * FPC3.1(+)2848tL, P<0.05.

Fig 1 Stimulation index in A549 cells transfected with PC3.1(+),
Cy-HN, Sc-HN and M-HN. ? indicates significantly different from
PC3.1(+), P<0.05.

HAE R AREE, 98 PV S M-HIN ) o7 988 /) BRUI R A K 2
(518K P=0.022; #H521K: P<0.01) .

2.2 ZfE A FRIAHNER [ (1) 55 DNAJGTR T b T 248 i
TETE B FE IR TR PN VR SR M-HIN A TR B 400 i S B
[V 5} 25 ik pc DNA3. L (+) AR L A i T2¢ 22 5% (218 s
0.87,P=0.003) (K1) .

2.3 CTLEEEA ISR B5 A HNE [ B 4 DNA KL
W RMCTLIGE MR, ML &AM ASI#ER
[M-HN vs Cy-HN, P=0.019; M-HN vs Sc-HN, P=0.043; M-HN vs

Ratioof Eto T

2 MAEHTHRESM (CTL) £%. ' BPC3.1(+)4AILE, P<0.05; [
M-HNZELE:, P<0.05, @ EE/TEEA25:14H, P<0.05,

Fig 2 The CTL activity in tumor-bearing mice treated with PC3.1(+),
Cy-HN, Sc-HN and M-HN. ? indicates significantly different from
PC3.1(+), P<0.05; ¢ denotes significantly different from M-HN, P<0.05.
2 indicates significantly different from E/T ratio of 25:1, P<0.05.

pcDNA3.1(+), P<0.01], JHKTUFI 43I T HNE [1EH 241 DNA
Fkrs S CTLIE METES 225 (P=0.656) ([&2) .

3 Wit

RO BT i TR N T/ S5 B BT AR AL
AW, ATRERBILE AL 25 B b5 240 i ¢ 1A ) I Y
R 5 S8 Jr T 200 JE 2 T £ P R 40 o 4R £ 24 i
8 LR T 5 ke 28 2800 240 D P 355 e AR A 5 2 L 14 48
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ARG B IER TN A 7E1E 32 41 M [R] 5B 7 Rk
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P A BV E R AR Ak . RSP SZ IR A 25 SR L TR AT 7R 2158
T T LR RS R AT A HN R (A B g ), ik —
A5 3 A TR /N BB, b 3 B A R Y 4L
Jikeg AV FH RN S B LA 2 B, R PR 3 S i PR 7 i ] A% R
TR SR ) (e TR /0 BRUMRE AR R 28, 55 PN T S B A R
53 WA H 20 A R TR B A IR /N R LU e e 25 R
(518K : P=0.022; 5521K: P<0.01) o IRINFFHI L fr
9o /N BRUIGE bR 20 4 i R, LR 08 200 SR 33 i 5 98 P 1
S RN SOR, 20 B ey o I RV M ) CTL S 35 A6 I 7 57
FIRHNEE ) B DNAFTRAE T A CTLRY,, FERCHEEL
(B/T) SA7S:10F, J0 T S5 IR AY SR R BLAY CTLIR
Pefsm, L ESHAMLASI 725 (P<0.01) , 1M
JL 3% RN 43 M RN 1 ) 2 DNA TR Z (8] TC e 12
%5 (P>0.05) .

Sz, FRATTAG S0 R B T e AR A TR AN E A
ik, HNE MR R P B S . BAARLE
TR B P B2 1) UKL A AR A B4 A T 7 0 200 B 7 194 UE
P, A I TN R B A0 SIS B SR e A 98 /N BRI
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E e (S T R 06 iR S B /I B = R (B
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