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Immunogenicity of Yunnan-cobra Venom
Factor in Non-human Primates
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Abstract: Cobra venom factor (CVF) depletes complement C3 and may therefore be important in preventing the
complement-mediated damage and disease. In comparison with various CVF reported previously, Yunnan-cobra venom
factor (Y-CVF) has higher anticomplement activity. The goal for this research is to investigate whether Y-CVF could
induce the specific neutralized anti-Y-CVF antibody and xenoantibodies in non-human primates. Thus two cynomolgus
monkeys were intravenously injected with Y-CVF (0.05mg/kg) every two weeks for totally four times. The serum C3,
CH50, anti-Y-CVF antibody and xenoantibody levels were measured at different time points before and after Y-CVF
injection. The results revealed that, complement C3 was effectively depleted during the first two injections, and
incompletely depleted during the third injection, but almost not depleted during the last injection. The results of Western
blot and ELISA confirmed the production of anti-Y-CVF antibody, and its titer increased with the injection. Additionally
no significant changes of anti-porcine endothelia cell xenoantibodies were found measured by flow cytometry. We
concluded that multiple injection of Y-CVF stimulated anti-Y-CVF antibody production in monkeys, which resulted in
the invalid of Y-CVF. The induction of anti-alpha -Gal xenoantibody by Y-CVF in primates was not observed.
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A B3 e s 25 b 19 BT £D 44 Pl - (anticomplement
factor) X PR by HR 45 g it 75 K] F~(cobra venom factor,
CVF), HAFRRIEERRAMA C3 1ADE T, i
REA A8 R MAARORSE ) A4 1 S e B0, A nl e
wEBAE, JUHIE R A HE R BT va T T
RIFEFEVE . B2 CVE S kIR i 511
FMEE, 5ARFEEERIMEZ R, Z2IR4E
WS CVF W REs 753 AR etk Bt CVF Hidkl
i 2= et A PR (BIndt o-Gal i), M
HARGAS CVF RO i e MR A I HE 5 S
(Taniguchi et al, 1996). 5T CVF [P 55 J %)
CVF AR M PR N i SCHE K

Y-CVF (Yunnan-cobra venom factor) & M [
2 T T S I o A IR A g b i v 40 B H ) —
A S PE I PUHMAIR - (Chen et al, 2004), Zid
MALDI-TOF-MS (Bruker, Reflex III) #l|5&, Y-CVF
a5 7k 147 234.22Da CRERERD. 5
HAbKIEY CVE AL, Y-CVF [HTaMATE 2w
5—20 1%, HIZ5HIEEAC5—10 £% (Sunetal, 2001;
Sun et al, 2003), CAERR Mk HE 5
HR TR T R A EAMATE VAR, (RILAEN LA
P S B PR R 5 AN 4 o ARSCIS AR T N
R EB RN 2 G L& 1) Y-CVF, LUMEE
Pt Y-CVF HURFFd 8 22 5P e R Hu A ey = A A 4
S Y-CVF 23034k, o

1 #MR57HE

1.1 SR RAEARFEE

IER gL 2 ., 45k 06cy0l Al
07cy10, Z37lk F v ERFBE R S PE5T s 56
PRI M IE B AR ER A R A A e R K
FBIFFCIT Ry, KT 5.0kg A1 4.5kg, ¥ Ay I

MIEbRACK AR : R BEE R I 3mL, F RS
30min J57E 4 CUKAENERE 1h, $AJ5 3800r/min 2§
L» 10min (f# [ Eppendorf &AL, #4%5: 5810),
PAFMLIE, 7355 E-80 CUKFI AT
1.2 Y-CVFHRIRBERERAER

Y-CVF #8350 i b R B B B sl Pt 5
Prahdyes e S, H s KRR T 0.3
mg/mL W S5, 0.22pum Jow g3, -20°CUKAH
AT o

Y-CVF I AE IR 0.05 mg/kg, 73l 7E
FHZHIFAEIISE 0 14, 28 Al 42 KERIKIESS, St 4

Wo BABUEE 0 GESFRI. 1. 24 3. 7. 14, 15, 16
21, 28, 29. 35. 42. 43 fil 44 Kl i, -80°C KA
HAEEH

1.3 IiE#MA C3 KT E

AN I 1) SRR LY I AMAC3 A sl e 4
HHORHR R 2 [ B 2 B i S B 5 1, SR FH S e S
Lk, it HAEs A Dade Behring BN 1142 H
LI E 0T RS
1.4 IMFESHMATEMSE (CH50) AYME

FTFARFIRULES : dnfadiiusin g G
T EE A, AR 1040000 2%40F-
LU QAL I 0); pH7.4 LILZ
22 (Evans et al, 1981); 4= H3hEEFR{Y (BioTek
Synergy 2).

o Rk 7L (Mayer et al, 1961) A&7 137 &
AMATEE (CH50): OBURSARFLdiMl: ¥l
HpH7.4 CHZZEMBRRER 2U. L 2%40 404
B 55 2 UM I R, T 37°C/K#E 30
min, FARYRRE. QFISIRHEE: 2%48F 2040l
2mL N ZEM/K SmLyE A BRI A 429 I A, B 2 mL 4%
MR MpHT.4 L Z 2 2mL, BI2h 50%%F
MARAEE . @IFE: BURFIE 0.2mL, JiApH7.4
ELLL 222 ik 3.8 mL, PR REE A 1 1 20 [
P 76 1—10 B 238 1 ISty , W51 5 37°C
K 30min, FEANI B SEAT A i Or¥rTIR, ARG
2500 r/minf5.0 Smin. @ A [ ShBEAR ()
21— 10 F AR K 50%% IS 7E 542 nmi K G
J% (ODsap)s WROGHE BT S0%¥ LS R OG LI —
EHCAW ML 5 . OUHE BAMAR ST S
PR MLGEYE (U/mL) =¥ 26 5 B 5 R (mL)
< MG R EL (1/20),

1.5 HEZEENEEE (Western blot) #0035 A
Y-CVF ik
M Y-CVF {E RN H, BEUKIE FAFER 20 ul
(% Y-CVF 6 pg), 7Bl EER 12%, &1+
POIERREN (SDS) [ J5 4 F k. ANIR] 7]
A A —PT (12 2000 FkE), PN BRI A
bR I E TN 1gG (PIERCE 433, 1 : 5000
ke A PB4 5 Western Blot 255 .
1.6 EEEAREWMIRIE (ELISA) MEMFE AR
Y-CVF iR E

96 fLELISAMEHRAR i% BE 5L 1 pg Y-CVFHL i i it

TR (ACHRD. —Hih 1:100—1 : 204800 St
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12 MELLFBERL IS (37CHFE 60min). —
PUABAR AR AR 1 1) F-PT N1gG (PIERCEZ)
%z, 118000 #iks, 37°CHFH 30 min). WEEHHA
PUHEIBERIE (TMB) (R KRk, 37CREM
10min). W5, 2mol/L HySO.Z 1l ik i (h,

FEEL 450 nmi K KR OGIE (ODys0) o LE[F— ANkt
Lb'r, ODEBim, MM HTY-CVFIRI RO S 78
FIFFODME , Ft Lok, 1fiE N HTY-CVETIHE
JE 8

#& 1 CHSs0 ME
Tab.l CH50 Assay
W45 Tube No.
/4y Constituents (mL) BES TubeNo
1 2 3 4 5 6 7 8 9 10
1 20 Ifiii#% Serum 0.1 015 02 025 03 035 04 045 05 0
B H 72231 Barbitone buffer 1.4 135 13 125 12 115 1.1 105 10 15
FUH LA ML Sensitized red cell 1 1 1 1 1 1 1 1 1 1
1.7 RSB I E N FHE E F 1 F M Je LRI B0 6 T SRS 1) 2/3 a5 2 IR

H THEGL Y-CVF Bet s 57 A M i 22 7 1tk
Fhfifk (P o-Gal Hrik), ASIEG KM L
PR A0 HAE R A0 i (SVA0-4% 1ML A5 N B2 4 i
Fif 4L Karolinska %Pt J. Holgersson #2154 ), A[A]
IS IA) RO (12 20 Fike) 48 —40, PE FridHl
FPiN 1gG (EH Jackson A FH)D EH K —PU, £
DN PN B 20 I A THT 45 B HUAR e 1R L AR 2 9 ' i
J% (geometric mean florescence intensity, G-Mean)
oK R PO N PO R 77 A S E (Chen et al,
20050, BLHELAl —Hi 4 IR P B2 40 AT A 9 1)
1

2 e
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4T Y-CVF |5 S B E C3 K2k
The changes in the serum C3 level in cynomolgus
monkeys after Y-CVF injection
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2.2 ImiFEARI Y-CVF Hikay ik

Western Blot &5 R 27r: M 07cy10 7E58 3 IR
S Y-CVF I} (5 28 X) w48 Hi BH 2 (¥ Pt Y-CVF
PURSA:, 5 4 UGES Y-CVE I (55 42 %), Iy
WHL Y-CVF [HTRRE—2 1 & % 06cy01 WL

80

G0

CH30(U)

—h— (7cyl0
= 4= (beyil]

19

Y-CVF

)]
Y-CVF

Bl 2 VESS Y-CVF i o fr B i s Sk A 1k
(CH50) “Z{k,
Fig.2 The changes in total serum complement activity (CH50
Assay) in cynomolgus monkeys after Y-CVF injection
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ELISA iR E/R: Mt 07cyl0 #6255 2 WKiEH
Y-CVF i, I3 P REAp RS A B T Y-CVF
ks 553 RS 4 RVES Y-CVF I, Bk
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4 YRS IR PR AL R L B 2 YRV I S A R
LU 32 4% o % 06cy01 {EAESS Y-CVF By B e A il
H TRAT (R BE T Y-CVF BUik; 2654201 3 Wit bt
IS, L& N HT Y-CVF HUiR 1) BEE A THE: fEAHIR
() OD H N, 552 ¥k 25 3 IR 5 4 YRS i

Day 0
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07cyl0

Day 28 Day42
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TR RE L 23 )2 B8 — G S T I3 A7 8 L T 64 32
64 fix (Kl 4,
2.3 MiFERUIERN R ARSI IRREE L
WAL R R M 06cy01 MLENHUE A
FZ A TG il BELE SR 14 K K 28 KREEES 1 Ui S
WAERRE TG BT, RO /NMREEIR R, 7255 42 K
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Western Blot displayed the presence of anti-Y-CVF antibodies in cynomolgus monkey’s sera after

20

1'5 - —

- 06cy01D0
- 06ey01D14

= 06cy01D28
= 06cy01D42

-
-4
-

0.5

e T R B B B B B

Kl 4 ELISA RS Y-CVE Ja 8% IIE AT Y-CVF JLikiazfe
Fig. 4 ELISA displayed the changes of anti-Y-CVF antibodies in cynomolgus monkey’s sera after

Y-CVF injection
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Fig. 5 Anti-porcine endothelia cell IgG and IgM in cynomolgus monkey’s sera of different time points measured
by flow cytometry (data shown as geometric mean fluorescence, porcine endothelia cells only reacted

with secondary antibody served as negative control)
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DR B g B SRR T AN RN T A BT 22 7 EIC VXS b
AR FEE A E ], AT A28 B A I Sk
He & S it R HE s 1B 96 5 T AT REAR LB T

PRI 2 A AH H T CVF2 Rl 2 1) S
HE, WRERA RN, SR A
CVFHUN 2 75 S EHTCVE R AT,
M5 3CVFL%AL (Taniguchi et all, 1996; Vogel et al,
2007).
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T2 R B> . fEARSNSEEH, Y-CVF 1)
FOAMATEE A 1515U/mg (Sun et al, 2001), s
5 BRI RSN UAMATEME T R, BAERIE 2000—
3000U/mg CRARGEEL, LA R SCHRFRIE (1) 4 Fl
SKIFMICVFHUAMATE PES8 =, SRy B0 JEE IR B v
(Naja naja) HICVFHUAMAIEMES 200—250 U/mg
(Ballow et al, 1969). 500—1000U/mg (Pepys et al,
1979), KT AR IR BEde (AR kS LA R B s

Naja atra)t)CVFHURMATE 4 78.62U/mg(Shu et al,

1991). 250U/mg (Takahashi et al, 1982). 7EAK 5K
B, Y-CVELERRE 1A Y H0 IR MA TR 6 7 77—
A 30U/kgak 0.02mg/kg (Sun et al, 2001), 52
ST SClRARE 1 AR CVEAE FH 7, sy T B s
MR BEIE FICVEZAE R (baboon) 4 P AT 7 1) FH 24 571)
4 60U/kg (Leventhal et al, 1993), KJ&T doli$z
R BE I (Naja kaouthia) [KICVELEREARIA N BT
FIH 25554 0.25—0.5 mg/kg (Kobayashi et al,
1997; Taniguchi et al, 1996). 7E4[EH &, FlEH
NI, TRV 22 S KA 967 7 R Y-C VF 2
0] LA AR e e AR iy = AR ok ik, LAE
REKBRA G IR W, JELEY-CVFIF4k
S O AR Al RS T )
3.2 Y-CVF g SR KEzY =L hfmik, N

M52 Y-CVF k3

ARSI LRI, 2T 25 Y-CVF (0.05
mg/kg) (R IERMARCR 2, 55 1 ORI 2
DS Y-CVF G AMA KRR e, 55 3 s
A R, 55 4 WS I e AT %%, HAT
REAHAIAE 2 LA L, fH B SCHR R 1 A Sk IE 1
CVFZU AT . Taniguchi et al (1996) }iE, CVF{E
552 RS G 14 R BIEKIEAMATIE .
Taniguchi it FH 1] CVF AR 2 K U5 T o 0z A I 55 s
2, AHSRPMAIE R Y-CVIAS, T 2 1A FH 77
WK (0.25mglkg). EARY-CVF 1) 20 55 SC
BRFROE AW, EATH AR A7 AE AR A FH Rk ) e 2R
R SR R AR T g2 15 377 A T R S EBTY-CVFHL
1o A6 1 Western BlotFIELISAHIFSE, 4F 2
JEES— K Y-CVF,  7EAM At G 28 H00 1 70 ¥ 1
UN, REEGW AP Rer AR e HEBUY-CVFPLE,

L P B A Y-CVEVE A i 3 . X3k
B, BARY-CVF&d Tl L igalisb e, HIZh7)
AR T OB kb, A RAR A — 2 1
Rk R H ATTE R AR UECR T R sk MA VR T 7
KL NEWY, BT 2 B, KRY-CVF &
(V9 FH AT 55 o 1 FLYE RS A A3 22 165 A ) At 2
PHIFIBCHE R, XL GBI HA T AT REE — e R
PRI A, TR Y-CVFIE (2%
IR F3ak, FECVFAT N S0 PLYs > 5092 it
PE, DUHRTBKI. 2R EMH, 2T RCVF
I R N A A5 SR IR e 22—
33 Y-CVF RiFSMBIMAK (B o-Gal i) #Y

KEFHE

Gowda etal (1992) RiEILFTHIFTCVER
LESERE 458 47 o-Gal 5% B 4514 . Taniguchi et al
(1996) ki, CVFu]ifsTRKIKENWIEN bt
o-GalPif, W] RELIG s S PR A I HE 7 OB, 1%
GAJEY-CVFAE 5 i AR A0k 8 FH v 8 #3411 1)
o B I N B A0 L 1 3 B SR Rl R a-Gal, {H
R IE AR KB ) AEa-Gal S FHFT 5 (Chen et al,
2005). WERY-CVF% S Plo-Galhifk, W55
R A0 b R a-Gal L iR et 4 A, Al 45 G 1P
PPN WA S50 R 45 PR A — 3 A
F AN 2R A g AN, ARSI A DU AN [ B [ 557 10037
WIKBUE DA, LU Y-CVFiE S la-Galfi ik
= e Ol &R BoR, fEREZIREHY-CVF)5,
4k Western BIotFIELISAIE S 26 28 K. 5 42 K
PR B BTY-CVE IR, (HRKESEN
(RHHE N S 20 B IgGARTgMU/K PR W25 19 0, 427
Y-CVFi%5 57 A 1 h AP ml e A & bo-Gal b ik .
X RIS SCHRIRIE  (Taniguchi et al, 1996) A7,
IR TTRE R 1) Y-CVEREEEZ ) haT A B el &
Wb s fo-Gal Pl e %5 2) Y-CVFil T RA
mPUAMATEE, 25505 Kb, L a-Gal
ST 22 PR B S RN S R GRS, A
UL AERCR B IPUAR; 3) MAFAERI ik
PEAGE T etk . SR DIIAL AT 75 12— 20
TR
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