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Abstract: Colorectal cancer (CRC) is one of the most common malignant tumors in the world, and its
incidence and mortality are among the top three of all malignant tumors. In recent years, CRC is becoming more
common in younger patients. Currently, surgery is the main or first treatment of early stage CRC, however, up to
50% patients have recurrence and metastasis post-surgery. While chemotherapy and radiotherapy are often used as
adjuvant treatment after surgery or as main treatment options for late stage CRC, they usually induce severe
adverse effects. Safe and effective treatments for CRC are still lacking. Therefore, it is essential to discover new
therapies for CRC. Neuropilin 1 (NRP1), as a transmembrane glycoprotein, is reported to highly express in CRC,
and its overexpression is demonstrated to be closely related to the occurrence and development of CRC. NRP1 is
involved in angiogenesis, tumor growth, autophagy, and lipid metabolism, which is expected to be a potential new
target for the treatment of CRC. This paper reviews the role of NRP1 in CRC, including its molecular structure,
expression in CRC, as well as its connection with autophagy and metabolism. The regulatory factors of NRP1 in
CRC were introduced, including vascular endothelial growth factor (VEGF), semaphorin 3A (SEMA3A),
transforming growth factor- f (TGF- /), etc. The potential intervention strategies of CRC targeting NRP1 were
summarized in order to provide reference for the diagnosis and prevention of CRC.
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bE & ILARAE 2 K R A& 5 K4 i, AR & 45
MR T B RS, WAL 5 G0 g kAR 28R A T
e 4 2020 4 4 BRI B ST, 4 AR T R e it o 151
1930 75, Hrh 25 LA o5 10%; 42 4F 201 000 /3 J#E S8
TR B, 45 B b 9.4%" . 45 B igdE W 2 4E
NHE, BRSHIORE e R I, DR 2R 2 I 1 Ak
R R IE R . AT I AL R, T ARk 4 B
i A RUVERMEAN, B EREUTFAR N E
THRIT T B, AR 50% B HERF2FENHAE R
TR, SAEAAEEAUN 19% . BUT ST EARTFAR
) i Bl V2 T A ) 3 A2 K 3, L TBLYT B A ) F B
BRSO R B R 2 1l AR O AT A RS B R,
WAL B2 5 R IE TS By R 40 2 5 B0 & 1
AR, BRI 9T AR R T VR IR T BRI T AR R, BT
7% VG 2% BN J8 B Ay B 1) 3 R AR KR T
24K (epidermal growth factor receptor, EGFR), £t % i
J5 AR 7 73 9 FE ] (Kirsten rat sarcoma viral oncogene,
KRAS) 5= [R5 A= Y 1) e ¥ 1 45 B e - 2 A6 280, AELRE
KRAS HE K R A R 55 B e T BCRUY, DSR4 Dy #E
W] I N R A2 K PRl 7 (vascular endothelial growth factor,
VEGF) 1) 254", i it FH Wt VEGF ) AR 7 3 14 1 34 )
PR BOR, 5 ISR HT R AN RS BB S, 2 BELAG I A
AR BRI, ST I AR AR 7S AT A T AL
FORT 8 B RS W AN TS G IO . At
AR A LT B -1 (neuropilin 1, NRP1) /& VEGF ]
W 2 Ak, FE 45 E e B 4 a0k B 5 950 1
RAER VIR AR SO NRP1 5 45 B i 58 &
HIBE Lt AR IR, RG4S T NRPL &M RIA
AT Re, R T 45 EL e NRP1AH ¢ I 15 [ 1
AR AL, 40 8 1 a0 #E m) T NRP LR IT 45 HL
T T TE T 22 5 5K .

1 NRP1HIZEHFITHRE

NRP1 TR 5 I £ 1, He 85049 70 IXREBR, HANA)
3 DX 3 45 S AH N BT S DR R AN IR Th e, FE R
TE MR R R FE MR 2 R E AR L AR R R e
VA S5 T T R P OB o e WIHIE ST N 51 K B NRP1
TE #2270 Hh 208, HE T FL R 4 i R 2 o 5] 3 N A
KA K 22 B R T 1) ] 7 3A (semaphorin 3A,
SEMA3A) )2 &, Al 2 K B KRG DI Ag; I
Ab, NRP1AE Ay I8 AR p i 38 B4 75 [R5, AR 4R RF 0 1
AR [R5 IR AT AE i 8 2 58 AN B ik AR T TR $E
R, 5 B0 5T K I NRP17E 2 Fi i o s R

ik, AL S S A SR R O 1 2 T U e
IR . WNNRP1 5 VEGF 45 4 Jim il o 1 =75 i /g ifn
EIRE A MRS IR o MR o 45 B e K R
A, NRP1/ER TR0 A f T 40 i 25 4 1% 40 B TR 34 %
KU HE I NRP7E [ 45 %% & e 07 1 W] e R ¥ 40 B
YER

1.1 NRP14%F£5#) NRP1 g 4h X L85 X L g
Ji X3 AN 4y 2 M. B Ah X AT 4 & SEMABA
VEGF165, 5 5 [X 7] 5 #1122 A8 1 (plexin) ZX 5 i 1A
M N 2 A K Rl F 3248 1 (vascular endothelial growth
factor receptor 1, VEGFR1) 8 VEGFR2 J il 5 5 % 14
AW, T DR 2 i 3R TH 52 1R 5 P3RS 5 I 24 A 45
G0 BbAh, HUANIX TR AT 4 53 9 5 AN S5 kI, L dE al/a2.
b1/b2 il ¢ G5 F 4K, BLAS [F] 25 44 30 T RE AN ], SEMA3A
A 45 4 al/a2 bl &5 #38, VEGF165 A] 45 4 b1/b2 &5 14
1, c &I T A S SEMA3A Fi#{E 5. M2, NRPI
A IEET S 2 MK G EETES %
0%, NRP1 Bk o 25 645k 255 FEE DX R0 LR X5 6 A
54 48 BT 5 14 NRP1 (soluble neuropilin-1, sNRP1),
57, sSNRP1 A1 NRP1 &+ = T e,

1.2 NRP1HJFRIE NRPIEARFHALAFHHRIL, H
FIEAKF% 57 (B 1), NRP1AENEIE & A 7E ) R
e &5 T IV e £ e % IE B 0 55 2 o g 4H 213 45 4
b ik . BE TR W], NRP1FE 45 B i 40 i A 20
ZIp I8 ¥ T R 4 A1 ZH 21, 3278 NRP1 A fg
TE RS E s WS e A Wbs 0. Ik, 45 H
S SR H B AEAT A M 45 R R, NRPLBAME R A B ¥
LR PERIA AR L, AR A7 R O R4 R, HL R 43
RIEFEE S5 NRP1 Rk A AT, #— B UEWINRPL 5
45 e 1 R A R R UV RE R, FE ORI TR
NRP1 7E %0 6 A R Ik H B A 4577 s fa S I AE
AR, i 45 i 9 A v 45 L s 2B ARG IR 3R 5 96 R
PR P, T S 1) NRP1 AT 22 i 25 i 9% 10) 45 1 W e R
AN R A

1.3 NRP15{Ri§ NRPI7E4E e b ol 2 0 B0eE,
BIF FCAE S, FEAIR NRP1 (1) 3 3 ] 5 3% 3 1) 45 B o e 4m
Jif0 F 1 HEY . A R ZH R A AR TR 4% A R AR T
NRP1 5 /M3 2 [0 i 5CBE, B 98 1 NRP1 mifik
Jei TR A W (A8 A2, A SO0 6 T PRV AR, (2 T R i
P B 2 R . 7 R R A A I R, R
Tk PROAR 7 5 6 20 A o AR B2 190 R 6 A0 v i R T PR i
2% NRP1 R i 20 P H Je B Ik 22 PR k75 522 384,
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Figure 1 Neuropilin 1 (NRP1) expression in different tissues (data source: https://www.proteinatlas.org/)
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NRP1 {4 VEGFRI1 (1% B % {4, —%# 5 VEGF-B
S5 )5 v RN e N R T 5T 3 KA T I T A EOA i
£ R, NRP1 2 51 75 &5 )16 5 1 1) - A i
T, MR 2023 v i g 4 i sk = NRPT IS, JIi Joa A 36 2
AR T AR DRy T 0 O AR, o R S B E A
BT RAR 32 4517

BB Ak, NRP1 AT fE 5 0 ACH R BLAR A K. AH
KT FL AW, NRP1 A] a1 1) A% 1 IR 45 5 35 R AL 45
F) 35 K 52 /4 ZX % 3 (domain-like receptor family pyrin
domain-containing 3, NLRP3) 4 JiE /s 4 411 1] 72 g i &
g1 B B B 2K 52, 5 R U NRP1 A 2 TR T
B PRI 1) S SR RE %o TR PR 1 Dy 5 L e 11 XL
K2R, 2> ek 45 B i) R AR 5 A
1.4 NRP15BE {4 E AR T, 3Rk
T M e SR A P A A R B LT OGP BIRAESS E
JWgee e i A b BT P T, 540 R TR L S
Jee R FE, I 0T I VR PR Y S A (R a3 4 L e 2 R P AR
KEAES. W, B a9 N4 5 1 NRP1
)2 35, NRP1 JR ] {2 1 &5 B g i 40 B W, m A
NRP1 A] 38 i i i 38 Ji7 6 55 0% 1 1% 51 B10 (Aldo-keto
reductase family 1 member B10, AKR1B10) [ % ik,
AKRIB10 55 1 /% -3- 175 2 i 2086 (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) #f H. /£ H 7T Jik />
GAPDH [11& A, i3 ) GAPDH % %12 1fij B A% %] %
BE LR 5 00 B W, BTN 5 W, B NRP1 AT E
iR AKRIB10 ) 158 R A2 2 H 1R
2 LEEBpEEH NRP1HEXIETE 7B R

FE45 B R B R b, NRPLAE N 2 DI RE 2
A, Bt i 5 VEGF.SEMA3A . LA KK F B (trans-
forming growth factor-8, TGF-£) &1/ K745 & 1 &K 4%

AH S AE F, 75 ] 3@ i Wnt (Wingless-related integration
site)/f-IEINE [ (B-catenin) W K IEIEIEH (K 2).
2.1 VEGF NRPI1{E N4 RS2k, 7 5 2 F &
i RIEAFEER . VEGF 2 & WA 2
—, HE G SR M KB LS R0 752
S M2k . VEGF 45 & B 2 B W% (VEGFR-1 Al
VEGFR-2) J& A & # 8 37 1. & 1) 4F FH Y, VEGF &
5 Fp AL, 4 5 /& VEGF121. VEGF145. VEGF165.
VEGF189 fl VEGF206, % . 7 B 5 A [ Th g, H
VEGF165 /& — M E Z W7, NRP1 {E N VEGF165
()3 32 4K, £ NRP1 5 VEGFR-2 I & & ), vl it
— 35 # 5% VEGFR-2 (135 1, MM {2 ik VEGF165 5
VEGFR-2 1454 . IHb4h, NRP1 75 7E 4 2% 40 it A P 2
Y R IE, HARAS F WA VEGF-A B 5 2 il
SE B IR om0 R FERY . l ki, NRP1/VEGF @ #%
Xof 45 B (R R A R SR AR 2 e i B L

2.2 SEMA3A I /REHE XMW, 51EH AL ML,
SEMA3A 7E B Jig 18 i LR T A0 I /)N 248 o it s 45
FIE R, G REFUE A, BEE SEMA3A 1] # i iR
I A8 A= Rt T 4 1 R AR BT, SEMA3A 5 NRP1 &5
&G, iEGE plexinA1-4 5 5 AW, iG55 &Y
Al A% 3% SEMA3A /3 1 RIS 5, 3 1M U 1 40 i A7
TG B AT #ERY . W FU AR s, AL T R 4 B R
SEMA3A 1] 55 Jifgs #H 5¢ E g 4 i I 1 NRP1 A 45 &
RIFVER, 145G AT M2 B B0 4 o 38 58 (02 g
KRE) R, O TR R M TR W A R (PR R )
B tbAh, DUBRNRPL J5, BERE4H A+ Y SEMA3A E
5 IR AL 22 L JE 0 A R R (mitogen-activated
protein kinases, MAPK) H1 &5 1 ¥ [#§ B (protein kinase
B, AKT), 1Ml 1% ¥ ™1 2% &1 5 45 B i 1 R A2 K e %
VIAH G, 40 NRP1 KB K/ F 7 SEMA3A ZifHg i
ﬁﬁ[”]o

2.3 TGF-f TGF-B1 {EMI s R IFEXEAEH: 4R
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Figure 2 NRPI structure (A) and NRP1 related regulatory factors or pathways (B). SEMA3A: Semaphorin 3A; TGF-f: Transforming growth
factor- #; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor; MAPK: Mitogen-activated protein

kinases; AKT: Protein kinase B; FAK: Focal adhesion kinase; Wnt: Wingless-related integration site

Ab T HIIIN, TGF-B1 % B T G, W i K H G /S
S0, DT 10 1) 240 o A G B 7 2400 S8 A L =24 b 89 400 g
Ab W IS, TGE-B1 Th 86 1% 2R 1 0 i2 00 Ji 8 28 1 A
TR P, 2 4 S T e I G 9 R 4 AR 2R
MRENW. WH IR, 4 Epm A TGF-41 ThRgiek
I SN W, NRP11EN TGF-B1 5244k (TGF-B1R)
3L AK, 7£5 TGF-AIR B E &) )5, Wt — Dok
TGF-B1/Smad {5 5 1£ 5, 14k, NRP1 JR ] ¥#7E TGF-A1
(4 50 4498 76 % 30 (LAP-TGF-p1), il 5 5 535 5
it 96 1) R A R R, NRPT 5 R 3% 528 e #0 o) 5 T e A1
TGF-p1 235 T FEARR A 3 7, e k4 ffn ) T

2.4 Wnt/f-catenin Wnt/f-catenin i £ O #f iF B =
585 B e K R HERR, 208 B 000 AT 3 41 i is B)
N P A2 2, ELOXT &5 B s 440 B 14 B L AR AN O T2 5%
WA EELEY, HFF R, Wat {55l K —
ANER 2 AN R AE 90% LA b Y 45 i e B AR N AR AE
RAF EERINIEE CTNNBI (catenin beta-1) B
RAF Je 2 Ty i 98 1 2 A B 1 (adenomatous polyposis
coli, APC) F[KI K3, A W] REAFAEHE K SOX9 (SRY-box
transcription factor 9). TCF7L2 (transcription factor 7
like 2). AXIN2 (axin 2) Ml FBXW7 (F-box and WD

repeat domain containing 7) < 48", Wnt/B-catenin {5

5 30 % 1 0% B 9 B TT A5 5 R T 40 i R NRPL R
i, A %08 #% J5 A) 3 3 43 W VEGF/NRP1 {5 5 #%
s2m, Bl VEGF-A/NRP-1 4l T 3% Wnt/f-catenin i 1,
T R 32 98 400 A K RN T i 2450 A, AH G B
SEEG R B, @Ik NRP1 A] 52 1 Wnt/B-catenin 8 % 2 1fi
AN W R a S SO
3 NRPUHIFIFISEERERTT

NRP1 7 25 B g Je 5 A SURI s 3R A, 7]
RHEE R R ERE. VPR KDL, % NRP1E
AR R AR, BT 4H AR R NRPL SRR JE A R
8 i JHC 0o Jie g P Bk 1) B9 M, bR R AT R NR P
IR ] B 1k 25 B e 08 AL o R G Bk o R,
NRP 1 #7791 5 Th R 3 uE 51 2 77 72 Kk, H
BT EVA 1/ 5 50 B AR 28 NRP 101 71 38 I PR 1338
B, 2 AN/ 53125 NRP1 01 550 15 76 34T I R 11 B 50
(K 1)e RR/NIFTHARNS 2 H Rg3 K microRNA 55
R I T B 1 NRPL GG . e Ak, XT3k
RNAM, sNRP1P, NRP1 1 il BK® g B 7 1 1E 75 3
7.
3.1 MNRP1685A MNRPI685A 1F N — Fit & %}
NRP1 f) 5 50 B P d, OFE I K5 PRI H R 47
BME, HAE R — s 25w i 2 ¥ R 4F, =

Table 1 Research progress on NRP1 inhibitors. Information on clinical trials is available at https://www.clinicaltrials.gov/

Inhibitor Type Mechanism

Therapeutic action Research stage

MNRP1685A The human

EG00229 Small molecule ligand EG00229 blocks binding of VEGF-A to the bl
domain of NRP1
EG01377 Small molecule ligand EGO01377 inhibits the formation of NRP1-VEGF

complex by binding to NRP1

MNRP1685A blocks binding of VEGF to the b1b2 Reducing tumor-related angiogenesis A phase I study
monoclonal antibody domain of NRP1 on vascular endothelial cells

and vascular remodeling
Targeting angiogenesis, tumor A preclinical study
growth and metastasis
Anti-angiogenesis, anti-migration A preclinical study

and anti-tumor
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MNRP1685A A BEAFAE 15 5 S 98 9 1) AU, Hf b ZE K
FaAE AR 25 00 $0 ) Sk 28 0, K5 MIAL A 2 Kb
%S B/ % 10 (interleukin 10, IL-10) JH & 5 /T A &
PN 52, AT 00 o) Fe g 2 a4 72 U e MINRP1685A
4 7] NRP1 () VEGF 45 & 25 #3538 i BH I VEGF 5
NRP1b1/b2 45 ¥4 38 1) 45 - LR /D i 8 A 5% 11 145 2
A& B, [, MNRP1685A JR 7] 5 L /N 45 &,
W AR B BOXU S . MNRP1685A 5 DA% B4 4t (T
VEGF .50 BE P AR) B I, AT 9 35 3 i DUAR SR B i)
i 98 A= A AR RS A AR AL o AR i 45 &
VEGF ] [7] i, MNRP1685A 5 NRP1 45 &, P & 3 A
B FH T 328 21033 — 25 00 ) fob I 184 1D 205 2R

3.2 EG00229 FHf A 51 4E 2009 4F 4k 1 T NRP1 1)
51NN TR EG00229%Y, % /N7 T B #£ 5 NRP1
(1) VEGF-A165 25 & [ AH TLAE F, #H] NRP1 &1 M
T PR AP0 [ IO A B g A K RV B T e 0, it — 20
VR 22 B R R R EG00229 JF A iE i SMAD3 (small
mothers against decapentaplegic 3)/AKT BH ¥ 4 %! TGF-p
G, W R IR G R R R, BRI T
I 75 EG00229 (144 i) 25 SR 473 75 2k — 25 5, {5 LA
N A LR 2y, A IR TT R B A 20 HT NRP1
29D PR AE T D A, BT B4 B M 25 0 M R SR AL
ERAEK

33 EGO01377 TR, R EEE LRHLED
EG00229 J:fith ¥ it 7 — 2587 B4 (1) NRP1 #1171, 1%
k) 77 2 B 1) T RS R R 45 A IR B 1 R B TR A, JF
6% A A7) ok BT EG01377%Y. EG01377 5
NRP1 7] fa g 45 & H EL A B (0 4= 3 R i o Foe
PE, FAMH NRP1-VEGF & & ¥ B [ B, 78 GE 4 BH
& Hh M) VEGF 3X 30 (19 185 26 J « A e 8 i % 2%
P R A1 S286 45 B 5 oR, EG01377 B Hi I & A4 i bt
TR AP . ALk, EG01377 14 v] Ji i 3
AR T 40 R TGE-B (7= 42, AT 5 20T b8 e
P55 SN 5 . 28 B TR, EG01377 38 i BH I NRP1
M AT VEGE - 3 HIME 555, it — b md H
s 4 L 32 B AR 2%

34 ASEERg AZEHRBIENPTHASHAH
SRR T 1 B 22—, B I 9 3R BE Lm0 P
S AL H NRPT LR 2255, AT 40 ) P9 e A2 RE 19
JES, ghAh, N2 2 Re3 I8 1) B NRP1 5 £ 4k 3%
F2HE F1 1 (fibronectin 1, FNT) ¥ AH /5 F 5, 33k 1 40 1
B . PR, HEM A 23 o Rg3 vl ad i 41 NRP1
Ry Bl e R, BARERNLEE FHRAE T
3.5 MicroRNAs MicroRNAs 1 N — 2 Py ¥ 1% /N 7
T RNA, R MR R 45 0 3% = W fis A2 i ok, 3L

I 3 B C 5 3K 5 B mRNA &5 A, 3 T 4 ) S
mRNA ] #& 5L 85 1], B microRNAs 7] 7E ¥ 5 J5 7K
P U 4 B I R Y R I o A DG IIE $E 3R B microRNAs
A T4 B R 12 B S B R IR IR
i microRNA-9** I microRNA-338""%f NRP 1 [ 3 [K /K
SERT R E R EE AR, HED microRNA-9 Fil microRNA-
338 ¥y ml i #0 f NRP1 R FE b 45 B e R «

4 FHEERE

NRP1AE 2y 45 B Jid (098 76 TOBT #0 5, 72 1M
Az 1l AT R iR 1R 28 4 22 o A TR B A2 R P Kk
R ER, RAT TR 5. E2,
NRP1 2 7£ 25 B s 220k, 2 15 A7 A8 oA 1 75 P
5 NRP1H: A H Ak 45 B e i R 2B K e, ey
BT 22 4 ) NRP1 0] 710 45 51 e 36 AT 9502
IX L ] A R Ay R RE . SR BT T ST 7, NRP1AE I
&M P eSS H A mERIE, 5HEEE (severe
acute respiratory syndrome coronavirus 2, SARS-CoV-2)
G55 T 1Y SR 70 e T 40 0 R g 5%, (15 NRP1
%N VR T T B 5 IR 9% 72 il K (coronavirus disease
2019, COVID-19) 1 # &4, X W 51 7 K& 7 A i
Y7 TAE TR A FINRPL bo B35 % NRP1 R N
Fo, HAEYF I RE B MR R, E 2 #L 1A NRP1 40
il 771 2 1 T R H R, 3X X T NRPL A3 1R 45 Bl e A
J7 B R S .

YE& TTlk: TR B0 BT 00K PORI IR R B R A ST
85, B RS S RS I XE TR E i8R
1EZ, 557 WA BT IR A2 2505 LA .

F 2RI P B W AT TR 2 e R
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