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Analysis of glioma invasion mechanisms and development of pioneering therapies
targeting invasive potential

Wanibuchi, Masahiko

3,300,000

ACTC1
Rapl, Hippo, Relaxin, Apelin, Sphingolipid, C-type lectin receptor Oxytocin
a ACTA2 ACTC1

WHO grade 4 5 10%

ACTC1 a
ACTA2 ACTC1 ACTA2

Malignant gliomas are challenging to cure even with multimodality treatment
because of their highly invasive potential. In this study, we identified the signaling pathways
Rapl, Hippo, Relaxin, Apelin, Sphingolipid, C-type lectin receptor, and Oxytocin as gene pathways
involved in ACTC1 expression in gliomas. We also found that ACTA2, which also belongs to a -actin,
is involved in the invasive potential and prognosis of malignant gliomas, as is ACTCl.
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1. WFZEBRAAY WD 5t

BT ) =< DA T D EWOIRIEERIE Z ORGSR T DIREFINOZERZHEL S LTEY . K
PRBDFFERDPRD TEHWIRE D —>TH %,

TIFANE 6 DDT A YT 4 —5 (BRI NI v 78I F) b, 206X a-7 7 F
v (ACTC1, ACTAl, ACTA2) . B-TZF > (ACTB) . y-T7 7 F > (ACTGl, ACTG2) D 3 >DF
N—THESND, 2D 95 a7 7 F U FHIHNOBUNESPRE T « 7 A b L BT 5
Z LT, MR oWEERIRE, MR, MR, MRS & o7 & E S E AR MaRRIC b
B LTS ZENHBNTNDH, a-actin IZTITOF - B - R & Ofiaics
WTHBRBLL T, o7 7 FURFEEEH Y X ba 7 0 —00 S R KRIE O ETHEE 1 &
LTHDATV D b OO, FHAMFEMILIC I D o —actin OFEBLEIIHMALO 10, 000 530 1 LA
TEIEF DI, DT MMOIEFMIL L FEE, 7V A —~ ORI Z X2 5 actin #RfE
DOFEEIL, BHENLL D B-actin = y—actin & RS, BEHOZ LV a—actin IFHFZERTS
ELTUTEALIERINT I o le, ZHAUSH LA 1T, a-actin O/37 1 VEEFD—D
Td 5 ACTC1 (actin, alpha cardiac muscle 1) 237 U A —~<HlaizIi) % lamellipodia DI
ik & RIHRE O S RICE RSB S LT D Z L A EBRINIZGEN L. K7 U A —~ itk
T a-actin 2NEFEBL L TV DIEF]CIIMEE O RHANRECERES 4 & 2T HENFRICE WD
Ll AR URE L7- (Ohtaki S, et al. ACTCl as an invasion and prognosis marker in
glioma. J Neurosurg. 2017 126(2):467-475., Wanibuchi M, et al. Actin, alpha, cardiac
musclel (ACTCl) knockdown inhibits the migration of glioblastoma cells in vitro. J

Neurol Sci. 2018 15;392:117-121)

2. WO HBY
AlalF & 1L, EEARIBRE IS T D o 77 T OB BRI L. RSO EEEE 2 B9 5 7=
O DIEPEREA RN BN D F R R A 15 5 72 O AR 3E & i L 7=,

3. WD IE

(1) & MEMEMRBIERE U25IMG ZfE H L, ACTC1, ACTA2 IZXf7 54 % D small
interfering RNA Z VT, ACTCL 8L NACTA2 D/ v 7 X7 (KD) Z{T72-7z, FAEEDOHINE
% 4% % 16 R[] Time—lapse ki L, MIRAZRE D2 (b & Al o> SEBhH B A ffAT U 7=, FRICHBAR O
A A D MO S RAEED 5 B, “lamellipodia” X [EERIUE ) &ML 2 R
—/VIROAMIZEE CTH Y . TORMITT U A —~ ORI BWTHEETHSH (Mair DB,
et al. Mol Biol Cell. 2018.), M7= U251 iz %F5:Z ACTCL 35 I TN ACTA2 0Dl il o2 e
BEITV, T OMBINRBTE « 54 2 BREtd 5 & I2, ACTCL & 5\ % ACTA2 % KD L7=BEdD
lamellipodia JEEKHEIZ DV TR L 72,

(2) MFET 2014 F D 2022 FOMICFATAITV, HGG (High Grade Glioma, WHO grade I
541, IV 741) &M EAIIERIOHR T, MG FIT 2 51T L7 12 Bl B OFIF K
B L OFHRIFRIRIZI T 5 ACTA2/RPL3T O%8l% digital droplet PCR CHIEL., ZD3H L
Tt & ORBURIC OV TR 24778 5 72,

(3) KENHBABELTWANRAY /LT FF A& (TCGA) @ PanCancer Cell line Atlas [Z&
FREATVD 1, 166 FFHO N AMIERIC BT 285 FHBL7 — % 2 T, ACTCL & A E7RHHL



FBE AR~ 8Is A2l d 2 L3, BERTFOT7T —2 X—2% AT ACTCl O 1E—HEd
N ek LR BFPE O B R B R+ DOEEHR % in silico I TITR -7,
(4) v h7 U A —~ itk 8 ka4 IV C#ER 72 transcriptome f#AT 2 50 L, ACTC1 DFEE
7 EHEIFINCH BT 2 R TR F 2RISR Y = A fljfT 2 FEM L. FrlZ ACTCL 12X
STERBTHE: impact 2%\ DIBEEF/NA T = A O &2 A7,

4. WFFERR

(1) a-actin T2 ACTCL 72 & ONZ ACTA2 237"V A —~ il 1amellipodia BTN > T
SORIZE R L TS Z EAVHIH L (Fig. 1A), F£72 ACTCI, ACTA2 % KD L7=#EiX & bl
Control #f & khiik LT, JEREFAYICIUZE (pseudopodia) FRIEE DR IIH] S 4L, EEHHE OF
BEIMETAR® bz (ACTC1 KD: 1.18 % 0.06 nm/sec, ACTA2 KD: 1.08 =+ 0.09 nm/sec

Negative Control: 1.64 £ 0.02 nm/sec, p<0.05) (Fig. 1B, C)
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Fig. 1 Knockdown of either ACTC1 or ACTAZ2 significantly reduces lamellipodia formation.
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HELEN, TNENHAEICEA T2 2R L7z 02 fold, p<0.01), ZOHFFEFZ Y A—~
HIfEIZBWTIND 290D a—actin D5 H—FHFOFRHNB LI-HEIT, M5 ORI % FEHT
(IS D00 5 D OFBFAHHEESFIEL TWDHZ L ERBLTND EEZ b,

(2) HGG IEB IR I CHFE A CIIIRIEE ORISR &tk LT ACTA2 FEBLO A E 72 ¥ N2 38
B (W% 0.90 (0.09-4.10), F3E: 2.05 (0.12-9.16), p=0.02), #IFEH 5 FEIEE TIT ACTCA2
MEEIN L TWZER CIEHER E TCOMBPHEBIZENNT EAVHI Lz (BNEE: 5.5 (4-13)
months, RZE/METFEE: 13.5 (8-31) months, p=0.01) (FX), LAEOFERLY ., a 77 F iz
J& 9% ACTCL & ACTA2 [ THEMEFRBIE D EE « RAFICEIS- L, ACTA2 O @ F B LM B IR D
BRICEEG L TWD Z ENRRBIEDT —2 L R sy,

IDH-wild type glioma,

1.0

L2 —_
5 ° (S Grade 3 and 4
‘» 10 2 08 a
S o Z g P=0.011
Q. o v 06 :
5 6 ) b
N 2 5 ACTA2-Low
ﬁ i T 1) s )
8. ] B iACTA2-High
o == = 3, i |
Grade 3 Grade 4 0 5 10 15 20 25 30

PFS mo



(3)ACTC1 OFELL T R s | O L3/ p~— B —i8fE 1T 5 FNL. SNAT1, ZEB1. TWIST1.

VIM, FOXC2Z OFBE A EREOHBEND S = LAHI L= (Fig.2), SbICEGERTOF—4

N—Z % AW T ACTC1 @7 v & — X EHNT xR LRRIZBIRPE DO S WERE R 1 & 2858 L 72/ 51

SMARCA4, RB1, POLR2A, CBFA2T2, WT1, GLIS1 ® 6 223 Siv7=,

Fig. 2 ACIC1 & EMT ~—2) —B=FDRIRIEES

MRNA expression (RNA Seq RPIM]. FN1 (0g2)

MRNA expreasion (RNA Soq RPXM) ZEB1 (Jog2)
L o -

& s b o o v 0

FN1 vs. ACTC1
Spearman: r = 0.30
p = 1.19e-25

////////

+ ® 4 2 0 2 4« 6 8 w

mMRNA expression (RNA Seq RPKM): ACTC1 (15q14) (og2)

ZEB1 vs. ACTC1
Spearman: r = 0.25
p = 1.19e-17

3 & 4 2 0o 3 4 & 8 1

RNA expression (RNA Seq RPKM): ACTC1 (15a%4) fog2)

MANA expression (RNA Seq RPKM): SNAY (0G2)

SNAI1 vs. ACTC1
Spearman: r= 0.26
p = 1.02e-18

g

mRNA exprossion (RNA Seq RPIM): FOXC2 (og2)
& -

4 & 4 2 o 2 4 8 8 1w
MRNA expression (RNA Seq RPKM): ACTCH (15q14) (og2)

FOXC2 vs. ACTC1

‘| Spearman: r = 0.25

p = 3.29e-18

/

+ 4 <+ 2 0 2 4 & 8 0
mRNA axprossion (RNA Saq RPKM): ACTC1 (15q14) (052)

mRNA axpression (RNA Seq RPYM) TWIST1 fog2)

MRNA expression (RNA Seq RPKM): VIM (0g2)

TWIST vs. ACTC1

Spearman: r = 0.26

Lk o w a

p = 6.33e-20

/

: nﬁlu:m?m;”iﬂ) Ac;'c‘ u;vl‘(hﬂb
VIM vs. ACTC1
| Spearman: r = 0.22
p =1.24e-14

////////

3 s 4 2 8z gpe s
MRNA axpressicn (RNA Seq RPKM): ACTC (15q14) 0og2)

)

o

(4) & N7V A —<Hfark 8 #k & FV TR 72 transcriptome fEAT & 5266 L. ACTC1 D38

B & RIS

BB 2R TR F 2 RIS/ A T = A BT &2 FE i L 72K R, Rapl,

Hippo, Relaxin, Apelin, Sphingolipid, C-type lectin receptor, Oxytocin ZE® signaling
pathway 723, ACTCl mHBRICBWTHEZLBEIZRT NA T oA & LTCRESH (Table 1),
ACTC1 D@ FEBUTIEL RAS-MEK /XA T = o DIEVEALABE G- L TV 5 Z LAV s iviz (Fig. 3),

Table 1 ACTCl1 DRFITEES B NRA T =4

Pathway name

p—-value

Rapl signaling pathway

Endocytosis

Pentose phosphate pathway

Relaxin signaling pathway

Purine metabolism

Ferroptosis

Fc gamma R-mediated phagocytosis

Apelin signaling pathway

Hippo signaling pathway

C-type lectin receptor signaling pathway

Sphingolipid signaling pathway

Oxytocin signaling pathway
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Fig.3 ACTC1 BRI Y A —~<HIERICI 1T D RAS-MEK /SR ¥ = A OIEHA/L
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