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Sema3E/plexinD1 DX EI %5726, 3 HUVEC
(b W e IR L P B2 M) % Pl C 28R %47 o 7
VEGF (MBI T) 2 #5535 &, HUVEC OHjH
BLOIRERBADMIRAE SN2, ZOFRIE Sema3E D%
HAZ X 0 IBEARAA I HIH S 7z, S HIZZ D Sema3E O
A A BIFIERIE, Sema3E (kT L CHIBIBN BRI %
plexinDI1-Fc Bl &2 H (LU plexinDI-Fo) # %5342 &
THHIEEND 2 Ehvbir-72(Fig. 1A, 1B)o Sema3E |13
VEGF O %K T& % VEGFR2 D) » E b #ifil L,
Z OFEH VEGF I & B MEF AAHED > 7 F Vi 2 40
#l L Cv72s VEGF OWFIPiiA%E H 50 o5 L7z
HUVEC |28\ Tid Sema3E %5 L T Aoy 2
PREFIEE B I SN2 o722 £ 005, Semal3E
DIMEH AEINHIRHIE VEGF RTFETH 5 2 & AR
g7z (Fig. 10),

KRIZ in vivo 1231F % Sema3E/plexinD1 D% E| % <%
720, v ATVEEIMETVEERL, BI85
Sema3E B LU plexinDl DFEHZFRLEEHEEZ 1T 572,
B 3 HE XY Sema3E 8 £ U plexinD1 OZEH D 57
PRI 2BV TRED S (Fig. 2A, 2B), Sema3E 13/
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Figure 1 Sema3E suppresses VEGF-induced angiogenesis.

A: Cultured endothelial cells were treated with VEGF alone (50 ng/ml) or VEGF + Sema3E (1, 5, or 10 nM) or VEGF + Sema3E +
plexinD1-Fc (1 or 10 pg/ml). Sema3E significantly inhibited VEGF-induced endothelial cell proliferation, which was effectively reversed
by plexinD1-Fc treatment. "P<0.01 versus Sema3E (-)/VEGF (-)/plexinD1-Fc (-) (n=4). "P<0.05, #P<0.01 versus Sema3E (-)/VEGF
(#)/plexinD1-Fc (-) (n=4). ¥ P<0.01 versus Sema3E (5 nM)/VEGF (+)/plexinD1-Fc (-) (n=4). Data represent mean + SEM.

B: Photographs show tube formation of endothelial cells in the presence of VEGF (50 ng/ml) (VEGF), VEGF + Sema3E (5 nM)
(V4S) or VEGF + Sema3E + PlexinD1-Fc (10 pg/ml) (V+S+Fc). Scale bar=300 um. Vehicle treatment served as control (Control).
C: VEGF-induced tube formation was examined in the presence of anti-VEGF antibody (500 pg/ml) (nV), Sema3E (5nM) (Sema3E) or
anti-VEGF antibody plus Sema3E (nV+Sema3E). Vehicle treatment served as control (Control). In the presence of anti-VEGF antibody,
Sema3E did not significantly inhibit tube formation. "P<0.01 versus Control (n=4).
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Figure 2 Expression of Sema3E is markedly up-regulated in ischemic tissues.
A: Western blot analysis for Sema3E expression in ischemic limbs on day 3 (D3), day 7 (D7), and day 10 (D10) after surgery

(n=5). Sham, sham-operated.

A| B

B: The mRNA levels of Sema3E and plexinD1 in ischemic limbs on day 3 (D3), day 7 (D7), and day 10 (D10) after surgery
were assessed by real-time PCR analysis. Sham, sham-operated. "P<0.01 versus sham (n=5). Data represent mean + SEM.
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BOTIHEEEERIIZ X > T p53 285G L L Sema3E @
BBDFEIND &) BRI S 72 (Fig. 4B). &
@ in vitro DFERIZ—FK LT, Y7 ATHEEMET VO
B AR 515 % p53 B LU Sema3E DFEHUT L DI
M3 HE XD EAPED LN, TOEIMICLD
Sema3E D_EFE p53 KA~ 2D TR IMAHRE Tl
ROLNLD o722 D5, in vivo DEIMHHMEIZB W
T, p53MRAENEIC Sema3E DFEBIAT LA L, Iz
BRI L CHIHICER L Cn b 2 AR S e
(Fig. 4C, 4D),

FEPRIR O B2 B WU R INA O I HT A BE AT
LTCWABIZEDBRHOLNTWEY, ZEOFFMZEETICREL
TS ATIAZRVY, AL T R M 2 2 JBEPRS- L
72 1 BUBERRIRE T L~ 7 2B W BRI YRR L,

BHAERER AT L 720 BERIFET N~ T AIBWTI
RO MFT OB L O IE AT R RE TV~
Y AR THEIZHA L TBY, E512 VEGE D58
N7 F—=TFAI REMHELZIMTOSENELELL
XN TV /2 (Fig. 5A, 5B)o RICHERIFET V< A
DFFREREZ BT p53 & Sema3E DFEBERAN-L 25,
NSO FDOFBDPIERIFTET N~ AL, B
JRIFET VYT AIBWTARIZEAL TR I LD
M, TS IMER IR T OFBLo_EA-AHERIEE
TN T AIBITBMEFEREEIHG L TR LD
R X7 (Fig. 5C)
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Figure 3 Sema3E negatively regulates angiogenesis in ischemic tissue.

A, B: Blood flow recovery (A) and vessel area (B) in ischemic limbs of mice treated with an empty vector (Control) or the plexinD1-Fc
expression vector (plexinD1-Fc). "P<0.05, “P<0.01 versus Control (n=8 for A, B). Data represent mean * SEM. Photographs show
immunohistochemistry for CD31 in ischemic limbs on 10 days after surgery. Scale bar=100 um.

C: Blood flow recovery (left) and vessel area (right) in ischemic limbs of mice treated with mock (Control), VEGF only (VEGF), Sema3E
+ VEGF (B3E+VEGF), or Sema3E, VEGF and plexinD1-Fc (3E+VEGF+Fc). 'P<0.05, “P<0.01 versus Control (n=4-6). “P<0.05,
#P<(.01 versus VEGF (n=5-6). ¥ P<0.05, * ¥ P<0.01 versus 3E+VEGF (n=5). Data represent mean = SEM.

D: Blood flow recovery (left) and vessel area (right) in ischemic limbs of wild-type mice (WT) and Sema3E-deficient mice (Sema3E
KO). "P<0.05, "P<0.01 versus WT mice (n=3-8). Data represent mean + SEM.
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Figure 4 p53 regulates expression of Sema3E.

A: Endothelial cells were infected with an adenoviral vector encoding p53 (Ad-p53) or mock (Ad-mock) and subjected to Western
blot analysis for expression of Sema3E and p53. Overexpression of p53 up-regulated Sema3E expression.

B: Endothelial cells were infected with a retroviral vector encoding HPV16 E6 (E6) or mock (Mock) and treated with CoCl, (100
uM) for 6, 12, 24 hours (6, 12, 24). Expression of Sema3E and p53 was examined by Western blot analysis. CoCl, markedly up-regulated
Sema3E expression compared to control (Pre), and this up-regulation was inhibited by disruption of p53.

C: Western blot analysis for p53 expression on day 3 (D3), day 7 (D7), and day 10 (D10) after surgery (n=4). Sham, sham-operated.
Expression of p53 was markedly up-regulated 3 days after surgery and this up-regulation persisted for 10 days.

D: Western blot analysis for Sema3E expression in ischemic limbs of wild-type (WT) or p53-deficient (pS3KO) mice on day 10 after
surgery (n=4). Sema3E expression was increased in ischemic limbs of wild-type mice (WT) but not p53-deficient (pS3KO) mice.
Sham, sham-operated.
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Figure 5 Sema3E inhibition improves impaired
angiogenesis in diabetic mice.
A, B: Blood flow recovery (A) and vessel area
(B) in ischemic limbs of control (Control) or
streptozotocin-induced diabetic (STZ) mice after
0 treatment with mock (v(-)) or the VEGF ex-
VEGF - + -+ pression vector (v(+)). Diabetic mice showed
impaired blood recovery and a smaller vessel
area in ischemic limbs compared with control
1- mice. They showed less response to VEGF
—~Fc () treatment. "P<0.05, “P<0.01 versus Control/
v(-); ¥P<0.05, #P<0.01 versus Control/v(+)
- Fc (+} (n=5-12). Data represent mean £ SEM.
C: Expression of Sema3E and p53 was examined
in limb tissues of control (STZ-) and strepto-
zotocin-induced diabetic mice (STZ+) by West-
ern blot analysis (n=4). Expression of Sema3E
and p53 was up-regulated in diabetic mice.
D: Blood flow recovery was analyzed in ischemic
limbs of diabetic mice treated with VEGF (Fc(-))
or VEGF+plexinD1-Fc (Fc(+)). Treatment of
plexinD1-Fc in addition to VEGF significantly
improved neovascularization in diabetic mice.
"P<0.01 versus Fc(-) (n=7-9). Data represent
mean £ SEM.
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&, VEGF B 58 L g L CEA 2 MRS 145
N7 (Fig. 5D)
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A Pathological Role of Semaphorin3E in Postnatal Angiogenesis and
Its Implication for Therapeutic Angiogenesis

Junji Moriya,' Tohru Minamino,"* Kaoru Tateno,' and Issei Komuro'

'Department of Cardiovascular Science and Medicine, Chiba University Graduate School of Medicine, Chiba, Japan
*PRESTO, Japan Science and Technology Agency, Saitama, Japan
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The axon-guiding molecules known as semaphorins and their receptors (plexins) play an important role in development
of the vascular network during embryogenesis. However, it remains unclear whether these molecules are involved in postnatal
angiogenesis. Here we report that semaphorin3E (Sema3E), one of the class 3 semaphorins, and its specific receptor
plexinDI inhibit angiogenesis in adults. Sema3E inhibited cell growth and tube formation by suppressing the vascular
endothelial growth factor (VEGF) signaling pathway. Expression of Sema3E and plexinD1 was markedly up-regulated
in ischemic limbs of mice, and inhibition of this pathway by introduction of the plexinDI-Fc gene or disruption of Sema3E
led to significant improvement of revascularization. Hypoxia up-regulated Sema3E expression by activating the tumor suppressor
protein p53 in endothelial cells. Expression of p53 and Sema3E was increased in diabetic mice and this increase was further
enhanced by ischemia. Consequently, blood flow recovery after VEGF treatment was significantly impaired in diabetic
mice compared with VEGF-treated control mice. These changes were effectively reversed by additional introduction of the
plexinDI-Fc gene. These results indicate that Sema3E/plexinDI negatively regulates postnatal angiogenesis and suggest that
inhibition of sema3E would be a novel strategy for therapeutic angiogenesis, especially when VEGF treatment is ineffective.

(J Jpn Coll Angiol, 2010, 50: 343-349)
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