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c-Met, ErbB22EfAT 4541, Plexins 5% AR 4 . [A]
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T BERIL T MES)Y); Sema3-TVE R AL T HEZN ), SemaV I IE AL T4 Sema2-3 P EASemaV IV A 73 WA 2 1, oA VI A 1% i A
F1B51, PlexinA W 5 £ F5PlexinA1-A4 P /> i 51 ; PlexinB WP % {4 #iPelxinB1-B3 =/ % b1; PlexinCHlIPlexinD V. J% &4 — & Ui . Semaphorins Al
Plexins#l 5 i #hSema 4t )3k . Semaphorinsit {0 HEPST. TghF: 45 k) 5l R 1ML /)N b ¢ i i A% £ 11 55 42 45 #4) (thrombospondin repeats). Plexinsid {3,
$5PSI. IPT(IPT domain). GTPHff4E 417 £ (GTPase-binding domain)fIGAP }i Bt (segmented GAP domain), 15 441875 PDZ 45 4177 5. (PDZ-domain-
binding site)®, {7 3k X 22 Semaphorins FlIPlexins ) 45 & 11 1, %5 2k A8 % Neuropilins{F 4 L3244 . FV/VIIR 3 Ft 4 DX 1 ] 5 45 #4 35, Con-
served basic domainf\# Semafi 5T &5 k¥ dak,, CUBAC Ak MA LS A4, MAMAR K B ZA R AS 25 F4 4

Semaphorins and their receptors (Neuropilins and Plexins) are delineated. There are eight subfamilies of Semaphorins and four subtypes of Plexins,
including Plexin A1-A4, PlexinB1-B3, PlexinC and PlexinD subtypes. Semal-2, SemaSC, Plexin-A and Plexin-B are found in invertebrates; Sema3-7
are found in vertebrates; SemaV are encoded by viruses. Sema2-3 and SemaV are secreted proteins, whereas the other Sema subfamilies are transmem-
brane proteins®?. Semaphorins and Plexins share Sema domains. Additionally, Semaphorins include PSI domains, Ig-like domains, thrombospondin
domains. Other domains present in Plexins include PSI domains, IPT domains, a GTPase-binding domain and a segment GAP domain. Some Plexins
also have PDZ-domain-binding sites"”. Black arrows indicate the interactions between Semaphorins and Plexins. Green lines indicate the co-receptors
of Neuropilins. FV/VIII represents coagulation factor-like domains, conserved basic domain represents Sema conserved basic domain, CUB represents
complement binding domain, MAM represents meprin AS domain.

E1 Semaphorins & H Z K (iR HE S % ST [3-411E20)

Fig.1 Semaphorins and their receptors(modified from references [3-4])
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The expression patterns of Semaphorins and their receptors are regulated both spatially and temporally, as indicated in the Figure. In lung development,

Sema3A (orange) opposes the effects of Sema3C and Sema3F (green), both of which mediate the moropholgical changes and migration of alveolar

epithelial cells, thus promoting branching morphogenesis'®'?

represents inhibition, whereas green color represents promotion.

. “++” and “+” stand for high-level expression and low-level, respectively. Orange color

E2 Semaphorins¥}fifik & £ A& E

Fig.2 Model of Semaphorins’ functions in lung development
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FRCD100)H1Semad A7E s 5 [ N 7 (1) 52 4% 73 il
CD72MITim-2. SemadDZETH il | 2 ik, I 5B4
s B SR B AT A i B 52 AR CD 7245 5, 12
BECD72_EITIMIY 22 B A, A8 H AT 5 1% 310
SHP-15CD7241 &, f %51 B4 M. B 50K 4h f
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A (M T4 VEGFSHE 5001 R sl MU 158 A2 o AR TSt 40 (B €0) EE oft Db A 5 ELF 5 D A 28 (R T 1, i W 40 B (2 ) (AR DR A 2R v
2 ), T A0 P 3 4 Y T 1 1L B, B: Sema3 A Sema3BAMH 1l 45 1K e ML . — 5 1, Sema3ARIVEGF 3¢ NP2 ) — 5, Sema3A/
NP1/PlexinA 1L 52 R 1 I Ras, (i 486 25 11 K0 40 Jii 40 3L i 43 5. Sema3E/PlexinD B #1 | RasFl LG Arfo, 512 O 2 (1 [0 45, [7 i, Sema3E/

PlexinD 44145/ D 114-Notchil 554,

A: angiogenic sprouting and blood vessel growth: signals, such as VEGF initiate ECs’ sprouting. Tip cells(yellow) extend filopodia and guide new

sprouts while stalk cells(red) remain tissue perfusion. Later, newly-extended tip cells are bridged and converted into fresh vessels®”; B: anti-angiogenic

signaling by Sema3A/Sema3E in tip cells: Sema3A, on one hand, competes against VEGF for NP*2% On the other hand, Sema3A binds to PlexinAl,

thus suppressing Ras, which leads to the inactivation of integrin. The activation of Plexin D by Sema3E also inhibits the activity of Ras. Arf6, activated

by PlexinD causes the retraction of filopodia®*). Sema3E/PlexinD also inhibits the D114-Notch pathway in tip cells™*.
&3 Semaphorins¥it il E B 1E
Fig.3 Semaphorins in angiogenesis
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T3 J7 M, FERE R LT AR N A I v e A
R IR B AN R A B A A R T AT Sema 7 AT AP,
Sema7A{i¢ JF 5L A% 41 W 43 4 M2 B R 40 i, FE oS
M2 E W40 i, e 405 S AR YRR IR R AR
3.3 ffE

I g A B i L R IR 2 —, HRT Dk 4
BRI REAH I I BRI O, 22 Bl i e 40 i Rk
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I H A2 AR A S IR R AR R D, mARIE R
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AL TAEIE 7 1 /E F, NPFIVEGFR-2E05 PI3K S,
BRSO G AR IR AE AL, ARKBEAR S
TRCHE W] o R) L SO S0 P 3 47 220 W W 5% BINP K - 1) gk
AT BB BBt R B, Plexinsth 7 £ 5 e
Mk ik #E. H 24 5k K CRMP-1(Semaphorins | Jif
G50 )n, F 2 E g H—A %
B f———c-Met(HL AL fFHGFRINPL it 2 5 T
0 M3 7% R0 MR e A, B PlexinBoAL: [A] (i ik v i 7 A=

K11,
3.3.1 Semaphorinsst At 5 9 — AXAE ) Jeit i 1)

T (15 28 R e o) AN A0 455 i 200 1) 38 4% 2 2, ik

A F5 5 40 M 55 3L R 2 3E e g 4 PR A JELAZ Tt (cross
talk), —— J7 Ifil, Semaphorins{f & 2 %15 5 4> 1, X}
S A AT AR, S R A A 1Y
B PATRRERE S IEAS, MR IO B s A0 R TR
Semaphorinsth, G % HE V7 [ - W IAIEE N ) — 7
111, Semaphorins f % 1 15 I eg TR S5, BRI eg ) o, £
3 140 s iR AH OGP 5 41 Ffd (tumor-associated
macrophage, TAM)., #kEL40 . B SS40 . (/A
B2 A RN AR 28 21 o o QI A AR L ) R AR A
o JERE RV, Re g et M AEs . IS AR 28
PR,

F1 Semaphorins7EAiifE H B R AHLHI

Table 1 The effects and mechanisms of Semaphorins in lung cancer

o LA 1) H (ESES JHRE R AL 225 30k
The functions in angiogenesis Semaphorins The mechanisms in lung cancer References
Angiogenesis Sema3C Competes VEGF for the bind to Neuropilin receptors with higher [6,55]
metastatic capability
Sema3D ?
Sema3E Induces extracellular signal-regulated kinase 1/2 activation of EC, [6]
and promotes cell migration, invasive growth, and lung metastasis
Sema4C ?
Sema4D ?
SeamS5A ? [56]
(Related to non-small lung cancer)
Anti-angiogenesis
Sema3A Inhibits vascular density and branching vessel function and increases tumor [6,57-58]
hypoxia and necrosis, thus suppressing tumor growth, but without promoting
metastasis
Sema3B Has anti-proliferative effects and induces apoptosis in tumor cells [6,38,55]
Sema3F (1) Inhibites a5B3 integrin activation; [6,55,59,60]
(2) Inhibites ILK-ERK1/2 ,AKT-STAT3 pathway, and HIF-1A and VEGF;
(3) Extensively expresses CRMPS (in high-grade lung neuroendocrine carcinoma);
(4) Functiones as an anti-angiogenic factor, thus repelling EC proliferation/survival
Sema4B Interacts with CLCP1, which mediates proteasome degradation, [61]
thus inhibiting metastasis of lung cancer
SemabA ?

3.3.2  Sema3BA=Sema3Fxt it 4945 Al ez b,
A — L8Semaphorins 5 % B 54 5¢ W0l fili Ja 1) B 5 2F
FE, 1 H Ay a9 3 B 4E P 7 Sema3B fllSema3F .
Sema3 B W45 W\ Ay — B LA RE A 1) iR
FHIH o G %40 5 (1) S5 L R B 25 O R e g
AR AR TE DR 0 R A A, A R D e 2k, 1K
T Ml /It g 40 e b A P, 3k R IA Sema3 B ]
Aof g 00 2 K A2 0, e JE e R A RIE R (TS G)
S b 1Y B 5 25 FE AR KN 1 45 5 £) 1 -6(IGFBP-6) 1)

PR EH, MHIPIBKAE = 18 % M/ S 4l .
BOHTIFFE R B, Sema3BX 4] 4f i 8 A= A (1) i £ H
AJBES R 4 B IR e A A O, A Sema3 B4y
7 | IL-8 2R 26 P 388 I R e e AF DG 6 4 i 1) ¢ 78

Sema3F7E IEH il bRz g g s th Rk, 75— L&
e o3 IR R R IA, T AR I R A A IR AR 43 Ak
Ji R w2 IR AT BT R AR, AEHLS TN 40 i
Sema3F#ll il Akt-STAT3%% £ 4< {5 5 1l M. Sema3F
AT TR AL ) v B3 HE I BT 1 2% SR FH A1 B A MRS R 43 (1)
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B, LA, Sema3FIEHE(RAL 5 18 T (HIF )ik
F R MIVEGE-ARIS A, MR S 101
A,

4 Hig
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FER, I S RO P 5 R T AT el g
L8, FATIHNG AR i) 2% 40 4 I, Semaphorins &2 152
A 3F il A 47E FH Al 7] LA BE Semaphorins % L7 . i
ZHIME M. X 0] gk J5 22 ¢ T Semaphorins F fili &
B RIAH O (/)95 BEA ST A8 £ A 507 . T H
T 16 2 BAN =) BR T Semaphorins F1 H: 52 44 (1) ¢ ik
A7, 1 EARAE F AR AR FBLA  AR A T
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Semaphorins in Lung Development and Pulmonary Diseases
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Abstract Semaphorins are a large family of secreted and transmembrane signaling proteins that repel
axons in the developing nervous system. Recent studies have shown that Semaphorins are involved in the develop-
ment of lung and pulmonary diseases through regulating cell proliferation, adhesion, motility and apoptosis. This
review focuses on the emerging roles of the Semaphorins in lung branching morphogenesis, angiogenesis and pul-
monary diseases.
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