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[Abstract] Objective: To develop monoclonal antibodies (mAb ) against human neuropilin 1 (HuNRP1)and provide useful materials
to inhibit tumor angiogenesis by targeting HuNRP1. Methods: Using lymphocyte hybridoma technique, 8-week-old BALB/c mice were
immunized with recombinant protein, b domain of human neuropilin 1(TF-HuNRP1") derived from E. Coli, then splenocytes of the im-
munized mice were prepared and collected , with the addition of sp2/0 myeloma cells, all the mixed cells were fused. Positive hybridoma
cells were screened by indirect immunofluorescent assay (IFA) established with native HuNRP1 expressed by breast tumor cell line
MDA-MB-231. The specificity of mAb was identified by IFA, Western blot and flow cytometry (FCM). The inhibitory ability of mAbs
against tumor angiogenesis was identified by methyl thiazolyl tetrazolium (MTT)and chamber migration test. Results: One hybridoma cell
line producing mAb against TF-HuNRP1" were obtained and named as 4F11. Western blot analysis showed that mAbs could recognize on-
ly recombinant HuNRP1" not the other proteins produced in BL21(DE3) (pCold-HuNRP1")and BL21(DE3) (pCold). The results of IFA
and FCM showed that mAb could recognize native HINRP1 expressed on human umbilical vein endothelial cells (HUVEC) , tumor cell
line MDA-MB-231 and HepG2. The results of MTT assay and chamber migration test further showed that mAb 4F11 had strong inhibitory
effect on migration and proliferation of HUVEC. Conclusion: mAb against HuNRP1" was successfully obtained which will be useful in
the functional study of HuNRP1 and provide good materials for the inhibition of tumor angiogenesis.
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A #2517 B & (human neuropilin 1, HuNRP1) J&
— A A SZ ARSI PR A2 1A 53T, i
AKX R M PN X3 BB A3 2H A, He A X
REEG X, ATHE 34550 CUB IX b X FI C X
HuNRP1 il i H b 544 5% (HuNRP1") 5 1L 9 B A
A ¥ 32K (vascular endothelial growth factor recep-
tor, VEGFR) .3 2 A= K A+ 52 1A (epidermal growth
factor receptor, EGFR) %5 [ 2 IR U i SZ (A HH ELAE
RAEIAZ R DI RE , 1458 4 M X i 45 P i A K R
(vascular endothelial growth factor, VEGF) . & B2 A4
F (epidermal growth factor, EGF) | Ifil. /) g I P4 A=
KHRT (platelet-derived growth factor, PDGF) el
RSS2, HuNRPLA Il T VEGF165 5
HAZ AR VEGFR2 BYZ5 4, A0 A AR i P R 5 46 F
YERT o WS & 3, 2 Fh i 40 i 2L A B 40 i
VEGF165 Y TIfg , g 2 2L il = &, i 45
iz A K R L 2 75 19 NRP1 5 VEGF165 255 )5
AE 3 (e 2 e A A2 1 A A i e e 4 L % LA K%
JifvgEE A 8, AT G g A & JR e T NRP 1 B
HRE R 2 SN A B IR LM AR 4 S
T NRP1TE M K Az e J B 2 VR L 2B il hy
JHIRE RS B — BT

ABIFFER IR A0 M 2 SR HR K S 36 2 iy
J1 1 £ B9 HE 24H HuNRP 125 11 57 8 JAl i BALB/c /)
Bl 467 S MUIRE I L2 200 5 0 200 L sp2/0 354 200 Jf
A, g (8] 22 6 %8 2% )6 72 (immunofluorescent as-
say , IFA) §ifi 306 £5 72 70 W47 HuNRP1 ) 5 5 B 470 4
(monoclonal antibodies, mAb) 4l il # . mAb [1) 3R 5
W RTRABEGE HuNRP 1 A= 127 D RE B8 1) g )
A e 1 A ISR B AL LA

1 #RFTE

1.1 A

8 J& it BALB/c /N .8 ~ 10 J& i ICR /N (1
PN R A FE B & 2 vty ) 5 B 988 4 L 3R sp2/0 AR
U0 ARAF | FLIRIE AN Ik MDA-MB-231 | T8 2
J Bk HepG2 (HR B BE L I 40 it 22 ) , N i ok P9 Bz
20 M AR (human umbilical vein endothelial cells, HU-
VEC, b IE /R A Y B R A BRA W] ) ; DMEM
L-15 55 37 5 (Gibeo 22 Al , 2 [ ) , P Bz 41 i 50 42 b5
F (R oL R /), JE 0 IR % (Hyclone 23 ],
), PEG (MW 1500, % K/~ Al , EE ), HRP-F
P B IgG HUiR (HRP-FEHi B IgM HiiA | FLIE mAb
5 e TR G L U A - i s I O A% T Chy-

poxantin-thymidin , HT ) I 47 | YK B W22 4 - ff fig s e
i S A% - & FE B 78 (hypoxanthin- aminopterin-thy-
midine , HAT) I 773 ( Sigma N, EE) 5 Alexa Flu-
or R488 FRic 1 -3 Bl 1gG (H&L) (Abcam 23 7 , 56
), ECL b2 & B (Millipore 23 7], 32 ) 5 HiAh
By ES P T IS
1.2 ik
121 ik

DA S 55 % T 400 1 4 1) 5 4 HuNRP1 il 28 1
(TF-HuNRP1") LA K fish % A (trigger factor, TF) %%
HEFUE R P, 430 6 8 JEl IS BALB/e /MR, Hh i
FE3W, IR 2 J . s, Rl 81 TF-HuNRP1®
SR A LN A AN 10 b3 o K LA et |6 2 N
SESTRPE, 100 g/ H 5 55 2 G2, TF-HUNRP1" 5
SRR IR AR SE AR FE SRS L 6T/ N BUISER
BT 22 i SR AR IR 5 26 3O E )i 7 d, U Bl
R DK AL, 00 S BRUAA IV BTSN 5 26
2 RAE 2 Al WAL LA BE 1:5 000 LA E A ege
SUE T R ER ISR S , (A2 TF-HuNRP1®, 53 AH
], 3 o Ji5 IR 20 A T 240 M Rl 15
122 mioghs

ISR A5 3 d 5, TR i A 5 e VALIE B0 200 i
B, 5B AN sp2/0 IR AT )5 S0, DMEM ¥k 4%
1R R TR A AR ML T TE I O IR 20 5 B RS
AT 37 CCHHYE PEG(MW 1500) , fif 145 41 it
TEPEGAYERIN T 37 CKU S T #EAT ARl 45 L
‘H 10 min; DMEM Z¢ F @A SV 54 °C 1 000 r/min &5
0> 10 min; [m) 40 B CE HAAGE & 7 HAT 1Y) DMEM
SEAFRIERFTIR 2, 733 96 fLA, 37 °C.5% CO;
BT E R . 5 dJE NTRLG A T
10 d JE RS R B il o HT S5k . e IULER
S WA AL EIE AT 18T
1.2.3  JA)3 6 9% 50 b ik U i Fa Vb 2 S0 am ek

N F I 955 24 Ff A% MDA-MB-231 5 2% 35 HuN-
RP1" BUERARAS BT MDA-MB-231 41 Jifd , £/
MEH AL , 5l 96 FLAMIIE 774 , 4x 10* AL, & 37 °C.
5% COYEFRAARI I FR . K H |, =20 CHLve 1y i
B VR [ 2, S IR AL PR 10 min; B AT (5 10% FrifE
/N ILY A PBST) 37 “CEFHA] 2 hs VUG A ZR5E
ARG AR 10,37 CIER 1 hs i A TAR
J£ 1 Aiexa Fluor R488 A5 ic 1Y 4T Fl IgG (H&L) %¢
JE P, PBS VRIS , 81 B 2O WA B ULES AR
[Fi] B TR0 i A R 1) TF A28 BRU IV A Sy BF P T 1R
IRk PR
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1.2.4  TEMEZR 5 20 B Ak 09 S0 AL B 7K mAD 9
*) &

KR FHAT B A T, ol i 126 28] %) BHAE 2 S8 98 A e
T2 ik . RINIFA KA HI A8 K mAb, £
10 JEI % i 5 () BALB/c Wi R, I 1 S TR AR Ay
500 wl/H ;7 d 5 BE R A K EXPEORM FEPES R
JAANAR 200 L, B H 5104, 5 d e SIS K = A1
M, S RAENE K, 142 ELISA M2 8 7K mAb R -
1.2.5 ELISA %2 mAb #) I %

¢ LR mAb A A 5 e 1R S T 45, R L
JRA G0 ELISA 5858 mAb (9.2 . BRI ERf)
Wi 2% vh IS B i B TF-HuNRP1", 4 Cid 7, £ 9%
ELISA LA s I H , 430N A £ mAb AT E , 6
V5 A I A B 1 1L E BT B 1gA L 1gG 1. TgG2a,
1gG2b 1gG3 Fl IgM 2R PR AT T 5 2B br — 0
7 TMB .2 mol/L H.S0, 2% 11 F2 7 , 2B £L
19 D (450 nm) & , B D (450 nm) W68 B 5 & T H
gl BRI mAb 2,

1.2.6 mAb & Western blot 2 #7

Fie IS 2 SOk (13 ], Ll 12 9% 0 43 85 e LA
5 % 1) He 4 J5E , %F 4 75 5 I BL21 (DE3) (pCold-
HuNRP1") , BL21 (DE3) (pCold) #f 17 SDS-PAGE 43
B, Bt Je R iz e lee b 38 1 5% BN 2 PVDF IR & 5 %
J R WA 1Y PBST 3 P41 RIS, 5 1E 7K mAb i &
(LB 1 10088 ) 4 Cid ik s YE& I, # PVDF
JEE 55 TAR M BE A HRP-2E4T B 1gG \HRP-“E4T [ IgM
THURAWANEE 37 CKIB 1 hi ke kO, BERE
R R G AT
1.2.7 8)4% 9% % B & 5T mAb iR %) X & HuNRP1
) e,

HBUMDA-MB-231 HepG2 ) 2 HUVEC 4Hitg, #4118
123 7B , AL 4x10° 1% 10%, 1} 10*~/FL3%
Fh 2 96 FLH, 37 °C 5% CO.MIEFEA i et 7% . &
mAb IFF | Alexa Fluord88 F# 1 [ 2£HT il 1gG (H&L)
Thig A, SO R S R,

1.2.8 A X 288K 5 H mAb 4 4 X X HuNRP1 #9
g

B 1x10"> MDA-MB-231 4, I AGE 2455 BE 1)
mAb, ZIRVE 1 h,1 000 r/min 2.0, PBSYEL 3 U A
T AE W 1) Alexa FluorR 488 #5 1c 19 3£ Pt B IgG
(H&L) =9t , & i EAEH 30 min, [7] B3RS, Ui
K AAAL 53T -

1.2.9 MTT %3547 mAb 3 HUVEC 3% 74 49 % &)

FSCHR[ 1417978, % HUVEC #1104 /4L4%

Tl 28 96 FLHR , B 37 °C.5% CO. 55540, 5356 hy B
Boh T IME R FR L, 6 h R ot Rt gs . 58
IS0 A3 B mADb , AR B S B4 (10 we/AL .
40 pg/fL) , LI BIPE (BEIARFR PBS) | BHPE XS HR AT (7%
3 pg/mL A ) 5 k2235 5% 48 h, B ALIA 5 mg/mL
MTT, 20 pL/AL; 35574 h )5, 55 K355 5, A DMSO,
250 pLAL, FEIRE Y 10 min, FF40 M ) 48 (045
i R ESE VAR IS Rl ALY D(570 nm){H.
1.2.10  Transwell ~ & 5 #7 mAb #p 4] HUVEC it #
a9 AE

2 CHk(15] K HUVEC 204 2 2% 10°>mL
FEA 2 Transwell 22,200 pl/Z, FE A 400 pL
Rigedt B 37 °C 5% CO B AR 77 4 h; B S 0
R I 56 0 o0 SR RGN 37 Y 2 20 M 1% 3R, 1%
756 h; 7 P HI A 0.1% BSA ) DMEM 85 75 3E
200 wL/AL, AN A mAb 10 wg, 75 PBS X} I R
A 400 L P B 40 B 58 42 85 5% 3 DL K10 ng
VEGF165. 37 °C.5% CO, 15 SR f 4k 8L 1535 , 70 )
1E6.12 24 h G BUH FIE/NE  PBSYE3 YK, 5 minfiK;
PRI Transwell 2 AT MM ; [F)_ |
VERJE R 4% 2 TP E 10 min; [F]_LPER) 45
Al AL 10 min, GEAIFIRT, (318 WA IS 4
BEALE 4 0T BT R 4N EL
13 %itssE

i SPSS 20.0 FAFHATEIR M G t22 4T, 45
2 () b A >R FH B R 28 Ty 22 43 A, T T ) bl A
LSD-t /5. P<0.05 MZERAH G L.

2 # R

2.1 JA)AE SR O KK U ik FE b 2 S g Bk

PG AR T T U2 1) 200 b 3% 1 B BB P Y
setandG (B 1), RUIRES 8 M TF-HuNRP1 G
BUAT DA77 AR £F % HUNRP 28 I BIBUIA  iZ PR RE %
P RAR A9 HuNRP1
22 XRGmABHRAEL

B E B UE 40 5 sp2/0 40 L Rl L 28 TFA
i, A4S 1 R B A5 2 E 43 WA BT HUNRP1® mAb 1
ZeAC TR A AR 4F 11, HE K mAb RN 4300
1:51 200, F2H 1M,
2.3 mAb &I H ST

K Westren blot 7387 mAb #9455, &P mAb
ALV E A5 2 5 BL21(DE3, pCold-HuNRP1") &
AN, 7E 89 kDa &b H B S M 5, 1T 5 28 A
%5 1 BL21 (DE3) (pCold) A % HEATAa] 52 v , ¢ B
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Figure 1 Establishment of indirect immunofluorescence

for screening postive hybridoma cells (x200)

mAb L E 4] HuNRP 1" i A 5 FR%5 8 1 TF DL K%
A TSR (O, BEBIAS 58 B 445 /9 mAb J2 4
SEPEER X HuNRP1 A mAb (& 2) .
2.4 mAb A %A X & HuNRP1 # 4%

# MDA-MB-231 . HepG2 . HUVEC 4 ity # A4b #f
Jo , AT IFA SE56 . TFA 25 5380 mADb 4F11 g
fi% 5 MDA-MB-231 . HepG2 LI 5 HUVEC 40 i 45 4,
TE 240 Jif 9 ThT K e Hp R O A% B 2 e 5 (&1 3)
F AR FEARAT ) mAb HA LU K48 HuNRP1 1Y

&b
He o

mAb 4F11

HepG2 MDA-MB-231

HUVEC

B TF-HuNRP1" 24 L7

MDA-MB-231 HepG2 . HUVEC 43 HI 1 4F 11 L TF-HuNRP 1" ZH0 I Bt TF 240 LTS 19 ez 9Ok 2,

1: 4 1PTG 554 BL21(DE3) (pCold-HuNRP1") [ ; 2: £ IPTG i5
S BL21(DE3) (pCold ) T .,
E2 BH4F11MEREITES TSR
Figure 2 Immunoblotting analysis of mAb 4F11

2.5 AKX @RS H mAb 4F11 5 X & HuNRP1 %9
LEaRe N

MDA-MB-231 4 b 505 , 435l A &5
5 LU B mADb 4F 11 AR —di, &2 0FRIc i) —
PO AR S, RIS R R, mADb 4F11 7E 1:200,
1:400.1:800 i34 5 MDA-MB-231 4 ff ELAG 4 614
aiaael(El4),
2.6 MTT &5 mAb 474 HUVEC A&7 69 4%

¥ HUVEC 40 iYLk B5 9% 6 h 5 , E47 MTT 52
B, X6 A0 M AT R TS AN AT R SRR
BT, mAb 4F 11 IR 5 v 70 0 20 20 LA 735 2R 530 R

PUTF ZHi il

B3 EEEREE I E S HT mAD ISR 4 HuNRP1 AJAE 71 (x200)
Figure 3 Analysis of the binding ability of mAb with native HuNRP1 by indirect immunofluorescenct assay (x200)
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(7573 £ 5.51)% . (61.87+8.35)% , SX e 2= 55 . HA M HUVECAEIE I RE T, (H A FHMEXT BRZH (i
2 e R AL AN ARG P BE S R, B mAb A1) (49.20 + 6.08) %%, fEAE R EMEE R (ES5),

1:200 1:400 1:800 1:1 600
200+ 2004 200 200+
62.1% 53.4% 23.8% 6.64%
150 150 1501 150
2 2 2 2
£ 100 £ 100 £ 100 £ 100
&) &) &) &)
50 50 50 50
0+ 04 0- 04
10° 100 100 10° 10 10°710"10° 10" 107 10°°10° 100 10° 10 10" 10" 10° 100 10°
mAb 4F11 (anti-HuNRP1") mAb 4F11 (anti-HuNRP1") mAb 4F11 (anti-HuNRP1") mAb 4F11 (anti-HuNRP1")

B4 FHRX 44 mAb 4F11.5 MDA-MB-231 filA % & 667
Figure 4 Flow cytometry analysis of the binding ability of 4F11 with native HuNRP1 expressed on MDA-MB-231 cell
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§ ] T 3 3 i
% R NRP1/EN VEGF B3z 14, HAT 138 o iz 40 i
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‘ ﬂ E— A 0F5% & B, HuNRP1 % 4E 4 VEGF165 (13t
0 ——L : 37 38 5F 5 KDR/VEGFR2 JE 18 52 4 W AT 184 5
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g4 y n=s. N ™ N 2 N N S
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Figure 5 Analysis of mAb 4F11 on inhibiting the  JUALIIZEHIIIARIT ", Horf NRP1 ) b 4544 U2
proliferation of HUVEC VEGF % & Ho Az (I & #57 HAR 1l A5 A BV FH i) S e

2.7 Transwell %447 mAb#p# HUVEC 4094k h  #h0L. BF5T A& BLEH W th NRP1 4 1 VEGF165 5

Biit4E BEN]  mAb 4F117E6.12 24 hiyfe i KDRIWZEARERAASPL VEGF165/KDR 5 554 5,
EANH HUVEC T8, 50 AL AR, 2 e geitay AR 8 A ORI A1 0 RSk NRP1
TS0, AR AR K 87.6% (78.6% . 59.2% , Yi W YA SN AT A AT B NRPLREBR)
mAb 4F 11 LA 0P 0 A B 3 o7 1 LA, ) PSP RO ML PO B A A R R A A e

6 h(x100) 12 h(x100) 24 h(x200)

CO4F11 mmPBS
— *
g 800 .
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= | —
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B 2007 X
2 0
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P LEH, P < 0.001,n=3,
6 Transwell /NZE %247 mAb 4F11 3% HUVEC E R 088
Figure 6 Ability of mAb 4F11 on inhibiting the migration of HUVEC by transwell chamber migration test
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52 o) PR R HuNRP1 AT LA S RELT
JeRIRE AN () M55 K, W Feefgd 2 S B/ FH
A 5E R F AT IR A5 ) T 41 28 1 TF-HuNRP1®
He 9% BALB/c B, L) MDA-MB-231 b 41 it i J5 , 7t
SET A O PH I 2 3 98 A AR 6 T 1L 3R AS 1R
L HuNRP1" (A 4E 5 mAb 4F11, Western blot 45 5
B ZER mAb B EN X E 4] HuNRPL, TFA A
A BT a2 B %0k mAb XA 5] i g 201 it
T MAE PN B2 20 e T 43k 1 K A% HuNRP 1 HLA R4
HIR BN ZE A RE ) o KB IFA RaR AR 1 A1 X
R A X8, IR 8 e /N RS 52T LLER
MARRIIZ S K E AN FET M mAb, MTT 525 L
] Transwell /NG TEFE AN 6| S5 R B, AR5 3k 45
[ 4F 11 H AT 0 i) 4 ) HUVEC 3451 KT 7% 1 fig
VEIIABIFSE T AR5 89 mAb 7] F 4347 HuNRP1 B4/
Y4 iR, JUHOE S5 SR B FEST , Wil g &R 47
148 A BB — 25 R U R E A )R T 7 () i
PO, AAE SR TR B e TR
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