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Vasohibin-l Increases the Malignant Potential of Colorectal 
Cancer and Is a Biomarker of Poor Prognosis 

TAKAHITO KITAJIMA， YUJl TOIYAMA， KOJI TANAKA， SUSUMU SAIGUSA， MINAKO KOBAYASHI， 

YASUHIRO lNOUE， YASUHIKO MOHRI and MASATO KUSUNOKI 

DepGl川 1eI1/of Gaslroill1eSlilla/ alld Pediarric SlIrgery， 

Mie Ulliversiry Graduale Schoo/ of Medicille， Tsu， Mie， Japall 

Abstract. Backgroll11d: Vasohibin-/ (VASH l) is re/clled 10 

angiogel1esis al1d poor progllosis il1 severa/lypes oJ cal1cers. 

HOlVever， Ihe biological Juncliol1 and clinical Sigl1伊cal1ceoJ 

VASH 1 in coloreclal cancer (CRC) are nOI Jlllly known. 

Malerials and Melhods: The assocIalions bellVeel1 VASH J 

expression al1d clinicopalhological JealUres lVere invesligaled 

by ill1l1l1lllohislOchell1islry ;n 429 CRC lissues. To eνaluale 

Ihe JUl1cliol1 oJ VASH 1 il1 vilro， sl11all-il1lelj"ering VASH 1-

largeling RNA ¥vas IralBj"ecled into hllll1a!1 CRC cell lines. 

Resulls: We Jound Ihal VASH 1 was highly ιrpressed in Ihe 

cylOplasll1 of CRC lissues. High VASH 1 eλ:pressiol1 ill Ihe 
cyloplaslll was signijicaJ1l/y assocIaled lVilh 11I1IIor 

progressiol1， sllch as larger 1IIIIIor siこe，adνanced 7にslage，

Iylllph Ilode lI1e/aslasis， dis/(llll lIIe/(lslasis alld poor 
progl1osis. Moreoνer， a signijicanl posilive corre/alion lI'as 

delecled be/lveen VASH 1 expression and lI1ic田rovesseldensily. 

VASH I siRNA illhibiled CRC cell proliJeralioll， lI1igralion， 

al1d il1vasiol1， and prol11oled al1oikis. Conclllsiol1. 

Ol'erexpressiOI1 oJ VASH 1 il1 CRC cells inc・1古川ecll11aligl1al/l 

pOlel1lial ancl proll1olecl lI1elaslasis 

Colorcclal cancer (CRC) is lhe third mOSI common canccr 

worldwide and ils incidence is rapidly increasing， especially 

in Easlern Asia (1). Despile recenl aclvances in 

chemolhcrapclllic regimens wilh moleclllar-Iargeling drllgs， 

Ihe prognosis for palients wilh melaslalic CRC remains poor 

(2，3). In addilion， Ihe mechanislll lInclerlying Ihe melaslalic 

process in CRC is complex and nol complelely llnderslood 
(4). Therefol丸山eidenlificalion of well-characlerizcd 

1ll0leClllar markers relaled 10 III巴laslasisd巴velopmenlis 
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llrgenlly needed 10 monilor melaslalic progression in palients 

Wilh CRC and Iher巴byfacililale approprial巴 Iherap巴Ulic

1111巴rvenllon.

Angiogenesis， lhe growlh of new blood vessels， is a Illajor 

fealllre of variolls lypes of cancer. 11 is essenlial for 11IIllor 

growlh and melaslasis (5). Indeed， incl・巴asedvasclIlarily 
Ihrollgh angiogenesis enhances growlh of Ihe primary 11ImOl 

by sllpplying nlllrienls and oxygen， and provicles an avenlle 
for hel11alogenolls melaslasis (6・8).Microvessel densily 

(MYD) asseSSl11enl is lhe 1110s1 cOl11l11only llsed lechniqlle 10 

qllanlify inlratumoral angiogenesis (9). Elevaled MYD has 

b巴enproposecl 10 id巴nlifypalienls Wilh CRC wilh poor 

prognosis (10-12) 

Yasohibin-I (YASH 1) has recenlly been idenlified as a novel 

endolhelilll11-derived inhibilor of angiogenesis lhal is induced 

by vasclllar endOlhelial growlh faclor (YEGF)-A (13・15).Up-

reglllalion of YASH 1 cOllnl巴raclSexc巴ssiveangiogenic aClivily 

direcled by YEGFA. I1 plays il11porlant roles in palhological 

angiogenesis， sllch as lhos巴inrelinal disease (16) and diabelic 

nephropalhy (17). In addilion， YASH 1 is exclllsively expr巴ssed

in endOlhelial cells (ECs) of s巴veral11IITIor Iypes， including 
breaSI cancer， cervical cancer and prOSlale cancer， and 

inflll巴ncesth巴clinicalcOllrse. lnd巴ed，YASH 1 expr巴ssionin 

ECs is associaled wilh 11l1110r grade ancl hislological lype (18-

21). YASH 1 has also b巳enshown 10 be expressecl by cancer 

cells inclllcling Ihose in h巳palocelllllarcarcinol1la (HCC) (22) 

ancl CRC (23). YASH 1 expression in 11I1110r cells is closely 

correlaled wilh tUl1lor angiogenesis，筋肉f1ecleclby increasecl 

MYD as well as YEGFA. Moreover， il has been reponed 10 be 
an independent prognoslic faclor for lInfavorable discase-free 
survival and ov巴rallsllrvival (OS) (22， 23). However， the 
function and clinical significance of YASH 1 in CRC have nol 

been fully-investigated. 

In Ihe present sllldy， we firsl evalllaled Ihe relalionship 

belween YASH 1 expression and c1inicopalhological fealllres in 

mor巴 lhan400 palienls wilh CRC. Nexl， we assessed Ihe 

relalionship belween YASH 1 expression and MYD. Finally， we 

used RNA inl巴rfer巴nc巴10inv巴sligal巴lhefllnclional role of 

YASH 1 in CRC. 
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Materials and Methods 

Pcuiel1ls aJ1d salllples. A total of 429 patients with CRC， who were 
treated between Janllary 2002 and December 201 1 at the Depal1ment 
of Gastrointestinal and Pediatric Surgery of Mie University Graduate 

Hospital Japan， were inclllded in this retrospective stlldy. Written 
informed consent of all patients was obtained accOI廿ingto the local 
ethics guidelines. The stlldy was approved by the Institutional Review 
Board of our institlltion (No. 2216). Patients with incomplete clinical 
data， inadeqllate follow-lIp， or inad巴quatetissue sampling w巴1・e

exclllded from this analysis. Among the patients， 255 had 
histologically confirmed carcinoma of the colon and 174 had that of 
the rectllm. The pati巴ntCOhOl1 comprised 181 women and 248 men 

whose age range was 12-91 years (m吋ian=68years). TlImor histology 
distingllished 383 tubular adenocarcinomas， fOllr papillary 

adenocarcinomas， 20 poorly di仔'erentiatedadenoc出cinomas，20 
mucinous adenocarcinomas‘and two signet cell ad巴nocarcinomas.The 
distriblltion ofτ~stages according to the Union for International Cancel 

Control TNM classification (seventh edition) was as follows: Tis， 19 
tumors (4.4%); TI， 48 tllmors (11.1 %); T2， 58 tllmors (13.5%); T3， 
206 tumors (48.0%); and T4， 98 tumors (22.8%). The N stages wel巴
NO，247 cases (57.6%); N 1， 103 cases (24 %); N2， 63 casぉ(14.7%);
and N3， 16 cases (3.7%). Thirty-th陀epatients had peritoneal 

metastasis (7.7%)‘57 patients had hepatic metastasis (13.3%) and 59 

patients had distant metastasis (13.8%). The stages were distributed as 
follows: Stage 0司 19cases (4.4%); stage 1，76 cases (17.7%); stage 2. 

133 cases (31.0%); stage 3、109cases (25.4%); and stage 4， 92 cases 
(21.5%). The follow-up period had a range of 0.13-118.4 months 
(meclian 24.1 months). 

11II1II1IJ10hislochelllisl/'y (/HC). Paraffin-embedd巴dtisslIe sections (3 

凶11)were prepared from surgical sp巴cimensof patients with CRC 
After depara仔inizationand hydration， specim巴nswere pretreated in an 
autoclave at 121・Cfor 10 min in 10 mM citrate bu仔er(pH 6.0). 
Specimens were then blocked in 5% normal goat serum (Vector 
Laboratories， BlIrlingame. CA， USA) and incllbated with mOllse 
monoclonal antibody against VASH 1 (1 :2000; Abnova，丁目ipei，Taiwan) 
and CllIster of Differentiation 31 (CD31) (1:1000; Cell Signaling， 

Beverly， MA， USA) overnight at 4・C.Antibody binding was detected 
by Envision HRP reagents kit (Dako Cytomation， Glostrllp， Denmark). 

AlI sections were cOllnterstained with Mayer's hematoxylin. The 
specificity of the immunoreaction was verified by staining for known 

positive and negative controls. 
Each slide was observed by scanning the whole section at medillm 
(x40) and high (x200) magnification. Two independent researchers， 

with no prior knowledge of c1inical 01' pathological parameters of the 
samples、evaluatedVASH 1 immunoreactivity based on staining 
intensity and extent. Staining intensity was scored as 0 (negative)， 1 
(weak)， 2 (medillm)， and 3 (strong) (Figllre 1). The extent of VASH 1 

staining was scored accorcling to the perc巴日tageof cancer cells with 
cytoplasmic VASH 1 where 0=0%、1=1-25%‘2=26-50%、3=51-75%.
and 4=76-100% (Figure 2). Final IHC scores were calclIlatecl by 
mllltiplication of the intensity and extent scores. resulting in a scale 

with a minimllm score of 0 and a maximum score of 12. Any 
discrepancies encollnt巴redwere resolved using a mllltihead microscop巴
lIntil a consensus was reached. For f1ll1her analysis， VASH 1 expression 

of each section was dichotomizecl into either high-expression (score 
匡6)or low-expression (score <6) g1刀upsaccording to the cuto仔value

determinecl by receiver operating charact巴risticcurv巴 analysisto 

pl芭dictOS. 
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Scanning of immunostained sections under low magnification (x40 
and x 1 00) was us巴dto examine microvessels， which w巴reidentified 
based on archit巴CtUI巴.inclllding a lumen lined by endothelial cells. 
which were distinguish巴dby positivity to antibody to CD31 . The出'eas

with the greatest nllmber of distinctly highlighted microvessels， within 
巴achsection， were selected for cOllnting at higher power (x200; 0.74 
mm2 per自eld).Using this measurement method， the intratllmoral 
MVD of each individual tllmor was determin巴das the absolute mean 

valu巴ofthree counted fields by a single observer (24， 25). 

Cell lilles alld cullU/'e cOlldiliol1s. Hllman colon cancer c沼Ilslin巴s.

Cac02， DLD 1， HT29， LoVo， and SW480， were obtained from the 
Riken Cell Bank (Ibaraki， Japan). Cells were maintained in RPMI-

1640 medillm (Sigma-Aldrich， St. Louis. MO， USA) supplemented 
with 10% fetal bovin巴serum(FBS; Gibco BRI， Tokyo， Japan)， 2 mM 
glutamine， 100町Im1penicillin， and 100 ng/ml streptomycin at 37・c
in 5% CO2・

Wesle川 blol(l/wlysis. Cells were homogenizecl in Iysis bu仔'erfor 
5 min on ice， then， the supernatants were collected after centrifllgation 
at 12000 x g for 15 min at 4.C and protein concentration was 

measured by the BCA protein assay (Pierce， Rockford， IL， USA) 
Lysates containing 20問 totalprotein were mixed with appropriat巴
quantJt問。fLammeli's loading buffer containing s-mercaptoethanol 

and denatured by heating at 98・Cfor 5 min. Samples were then 
separated by electrophoresis on 12.5% gradient polyacrylamid巴gels

containing 0.1% sodium dodecyl sulfate at 25 mA for 30 min， 
followed by semi-dry transfer to an Immune-Blot polyvinylidene 
ditluoride membrat叩 (Bio伊Rad，Hercules， CA， USA) at 12 V for 30 
min. The membranes were then blocked for 2 h at room temperatllre 
with 1 % skim milk in Tris BlI仔erSalin巴(TBS).pH 7.5， sllpplementecl 
with 0.1% Tween 20 (TBS-T). Next. the blots were incllbated 

overnight at 4・withmouse monoclonal antibody against VASH I 
(1: 100; Abnova) and mouse mOllocJonal antibody to actin (cJone C4) 

(1 :400; ICN Biomedicals司Allrora，OH， USA). After three washes with 
TBS-T， blots were incllbated for 2 h at room temperature with alkaline 

phosphatase-conjugated goat ant卜mOllseIgG (1: 1000; Promega‘ 
Madison， WI， USA) diluted in TBS-T containing 1 % skim milk 

Following addition of the chemiluminescence detectioll sollltion‘ 
signals were visllalized lIsing a CS Analyzer and AE・6962しight

Capture (ATTO Corp.， Tokyo， Japan). 

VASH 1 RNA illlelle/'ellce. VASH I-specific siRNA (Silencer Validated 
siRNA; s巴nse: GAACAGCCGCAGUGAAAGAtt; antisense: 
UCUUUCACUGCGGCUGUUCct) and control siRNA (Silencel 
S巴lectNegative Control 削 siRNA) were purcha呂町jfrom Ambion 

(Austin， TX司USA).Reverse transfections were pelformed by mixing 
sllspended cells with 50 nM siRNA oligonllcleotides and 

Lipofectamin巴RNAiMAX(Invitrogen， Carlsbacl‘CA， USA) dillltecl 
in Optimem 1 (Invitrogen) befol巴 plating.Th巴 final siRNA 

oligonllcleoticJe concentration was 30 nM. 

ProliJeralioll assay. Cell prolげerationwas evaluated using the WST-8 
colorimetric assay kit (Cell Counting Kit-8; Dojindo Laboratories， 

KlImamoto、Japan).Briefly‘24 h after tl百nsfectionwith VASH 1 siRNA 
01' control siRNA， DLDI ancJ HT29 cells wel官 seededat 5x 103 cells 
per well in 96・welltlat-bottomed microtiter plates in culture medium 

at a final volume of 100ド.1.After 0・48h culture， 10 J.U Cell Counting 
Kit-8 reagent was addecl to each well， and the plates were incubated 
for a fllrther 2 h， wherellpon the absorbance of each well was 
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measllred by SoftMax Pro (Molecular D巴vicesCorp.， Sunnyvale， CA， 

USA) at a wavelength of 450 nm. Each independent experiment was 

performed three times. 

Scralch woulld lI1igralioll assay. DLD 1 (2x 106 cells/well) and HT29 

(2x106 C巴IIs/well)cells transfected with VASH 1 siRNA or negative 

control siRNA in media with 10% FBS were seeded into 6-well plates 

in triplicate and incubated for 12 h at 37・C.Once a confluent 
monolayer was attained， wounds were generated using a steriJe 200・μ
pipette tip. The cells were grown for an additional 48 h then wOllnd 

closure was assessed llsing an Olymplls Ix71 (OLYMPUS， Tokyo， 
Japan) microscope at x 10 magnification. Cellmigration distance was 

calclllated by Adob巴 PhotoshopElements 10.0 software (Adob巴

Systems Incorporated‘San Jose， CA‘USA) by comparison with 
baselin巴measurel1lents.Each independent experiment was pelformed 

three times. 

IlIvasion assay. ControJ or VASH I siRNA-transfected DLD (5x 1 04 

cells/well) and HT29 (5x 1 04 cells/well) cells were seeded in serllm-

free media in 24-well FalconT>1 cel1 culture inserts (8・阿npore Slze; 

BD Biosciences， Bedford， MA， USA) or 24-well MatrigelT>' lnvasion 

Charnbers (8・仰npore size; BD Biosciences) for migration and 

II1vaslon assays‘ respectively. lnserts were placed into Falcon 

cOl1lpanion plates containing 10% FBS. After incubation for 48 h at 

37・C，the media plus cel1s were rel1loved from the top chamber using 
cotton swabs and phosphate-buffered saline and the nllmber of cells 

l1ligrating to or invading the m巴mbranellndersides was determined. To 

do this‘mel1lbranes were fixed and stained with Diff-Qllick stainT>' 

(Sysl1lex， Kobe匂Japan)and mounted on glass slid巴s.Th巴numberof 
migrating 01' invading cells in five fields of view was cOllnted with a 

1ight microscope at x100 magnification. Each indepenclent巴xpenment

was pelformed thl官etimes. 

Alloikis assay. Anoikis assays were pelformed in 6-well Costar U1tra-

Low Attachm巴ntmicropJates (Corning， NY， USA). Briefly， VASH 1 

siRNA-or negativ巴contro1siRNA-transfected DLD1 and HT29 cells 

were sllspended in RPMト1640with 10% FBS at a density of 5x105 

cells/l1ll. Cell sllspensions (2 m1) were added to each well ancl 

incllbated for 24 h. Ml寸 assayswere performed to confirm anoikis 

indllction. To clo this， floating cells from the anoikis assay were seecl巴d

at 5x 1 03 per well in 96-we11 flat-bottom microtiter p1ates in a final 

voJume of 100凶culturemedium. Spectrophotometric absorbance of 
the samp1es was measllred as describecl for the pro1iferation assay 

Each inclependent experiment was pelformed thl巴巴times.

Slafislical allalysis. Resll1ts are 巴xpressed as meclian va1ues 

(interqUaJ1i1e range) 01' as mean:tstandard deviation. The associations 

between c1inicopatho10gica1 p出品met巴rsand VASH 1 expression were 

va1idated by Chi-squm芭 tests.Linear regression was lIsed to ana1yze 

the corre1ation b巴tweenVASH 1 and MVD. To calc1l1ate Cllt-O仔vallles，

I官C巴iveroperating characteristic curves were analyzed according to the 

most accurate va1ue obtainecl to predict OS. An OS ClIrve was 

generated by the Kap1an-Meier method， ancl cOlllparisons were made 

using the log-rank test. The Cox propOl1ional hazards mode1 was used 

to eva111at巴 indepenclent prognostic factors by lInivariate ancl 

lllu1tivariate ana1ysis of OS. The statistica1 significance of di仔erences

il1 "il/'o was calc1l1ated usingStudent 's 1-test. All statistica1 ana1yses 

were carried out using JMP 10 for windows software (SAS Institute， 

Caly， NC， USA). Two-sided p-va1ues of 1ess than 0.05 were considerecl 

statistically significant 

Table 1. RelωionshifJ be1ween eλfJ/'ession of ¥七sohibin-I α11<1

ιlinicofJα1hologicalfealll/'es 011 429 fJa1ien1s "，ilh colo/'ec/al cancer. 

FealLlre VASH 1 expression p-V.川ue

n High Low 

Genclel・

Male 248 117 131 

Female 181 87 94 0.855 
Age (years) 

<68 (median) 214 103 1II 

~68 215 101 114 0.810 

H istrological grade 

Di仔'erentiated 387 183 204 

Undeffierentiated 42 21 21 0.738 

TlImor size (cm) 

<4 191 79 112 
と4 238 125 113 0.021 
T-Stage 

TI，T2 125 42 83 
T3，T4 304 162 142 0.0002 

Lymphatic invasion 

Negative 106 38 68 
Positive 323 166 157 0.005 
Venous invasion 

Negative 213 83 130 

Positive 216 121 95 0.0004 

Lymph node metastasis 

Negative 247 98 149 
Positive 182 106 76 0.0001 
Hepatic Illetastasis 

Negative 372 168 204 

Positive 57 36 21 0.011 
Peritoneal Illetastasis 

Negative 396 180 216 

Positiv巴 33 24 9 0.002 
Distant metastasis 

Negative 370 164 206 

Positive 59 40 19 0.0007 
TNM stage 

0.1、2 228 85 143 

3，4 201 119 82 <0.0001 
MVD (n/Ill1112) 

<39 (median) 214 75 139 

~39 215 129 86 <0.0001 

Cate且oricaldata were compared by chi-square test. Bold indicates 

statistically significant difference at fJ<0.05. 

Results 

Cy戸vμIοYρ')/伯Cα7S11川1ηlic VASHI e.ωλXρ:pl'essiω011 iωs assoιiωaled will1 1 
じCI伽1υ(/11κc叩 αω111加1ω0/わog♂ICωrαllfe台k叩ω正GωtυI川uω(1'1白'esiω11 CRC. Specific il川Imm川lU川nos引1悶凶a引in川1吋ing
of VASH 1 was idenlifi巴din lhe cyloplasm of llImor cells in 

patienl-derived CRC lissue (Figure 3A) at differing inlensilies， 

as evidenced by the variOllS shades of brown inlerspersed in a 

granlllar 01' lamellar fashion目 1nconlrasl， VASH 1 expression 

was low 10 absenl in lhe cyloplasm of adjacent normal colonic 
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Figure J. 51αining intensily o.f Vasoilibill-/ (VA5H /) e.λpressioll ill c%recta/ cωIcer (CRC). The slαillillg illlensily oI cylop/as・lI1ica//y-expressed
VA5H/ prole川 inCRC lisSlles I¥'(/S scored“s lIegwil'e=O (A)， lI'eak=J (B).medilllll=2 (C)，αIId slrollg=3 (D). Representlllil'e ill1αges are S/lOlVl1. A// 
IJIlages were capr川町lOlx2001l1αgllijicalioll

mucosa (Figure 38). Quantification of VASH 1 immunoslaining 

in CRC showed that its expression was high in 47.5% 

(204/429) of cases and low in 52.4% (225/429) of cases. As 

olltlined in Tabl巴 1，analysis of lh巴 relalionshipsb巴lween
VA5H 1 scoring and clinicopalhological fealLlres revealed lhat 

VA5H 1 was significantly associated with tllmor size (p=0.021)， 

T-stag巴 (p=0.0002)，Iymphalic invasion (p=0.005)， venolls 

invasion (p=0.0004)， Iymph node metaslasis (p=0.0001)， 
hepatic melastasis (p=O.OII)， peritoneal metastasis (p=0.002)， 

distanl metaslasis (p=0.0007)， and TNM stage (pく0.0001).

Moreover， illllllunostaining of CD31 was identified in 口

endothelial cells of CRC tissll巴s(Figure 3C) and lIsed to 

calculate tumor MVD， which was fOllnd to be a median of 

39/mm2 (range=5.63-102.3/mm2). A significanl positiv巴

correlation was found between VASH 1 expression and MVD 

(r=0.356， p<O.OO 1) (Figllre 4) 
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Prognoslic il/ψacl of VASH I expressiol1 in CRC. According 

to lhe survival analysis， theト，3-， and 5-year 05 rales were 

92.1， 81.4， and 72.5%， respectively. Patienls with high 

VASH 1 expression (n=204) had significanlly worse 05 than 

lhose with low VA5H 1 expr巴ssion(Iog-rank lesl， p=0.03) 

(Figllre 5). Furlhermore， by lInivariale analysis， VA5H 1 

expression was found to significanlly intlllence 05， along 

with tumor size， hislological grade， Iymphatic invasion， 

venous invasion， and TNM slage. In contrast， MVD did nOI 

affecl 05 (p=0.095). However， multivariate analysis revealed 

lhat VA5H 1 was nOI an indep巴ndentprognoslic factor for 05 

(HR=1.05，p=0.819) (Table II). 

VASHI prollloles proliferation of CRC cells. Among th巴

five CRC cell lines， Cac02， DLDI， HT29， LoVo， and 

S¥ν480， VA5H 1 protein expression was highly detect巴din 
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Figure 2. E.rlelll of凶sollibill-I(VASH 1) illllllllllOS/(/川 1118川 colo何 cltllCllllcer (CRC). Tlle eXlelll ofVASHJ swillillg ill patiellトderi..edCRC lismes 
"'lIS scoredαccordIlIg 10 IIIe percelllllge of Cllllcer cells "，illl c)'lOplos.川ic¥lASHI s/(/illIlIg， ，，'here 0=0%，1=1-25'70 (A)， 2=25-50% (8)， 3=51-75% 
(CJ， lIlId 4=76-100% (D). Represellllllil'e illlllgCS lIre sllο11'11. AII川 IlIges，，'ere clIplured Q/ x2ω 1II11gllijiClIIioll. 

DLD I and HT29 cells (Figllr巴6A).Ther巳fore，DLD I and 

HT29 cells werc lIS巴dto further analyze th巳 fllnclion of 

VASH 1 in CRC lIsing VASHl siRNA. We first exa1l1inecl 
wheth巴1・c1own-r巴glllation of VASH J (Figllre 6B・C)

inrIlIcnccd thc growth of DLDI ancl HT29 cells， As a rcsllll， 
the proliferalion of bOlh celllines transfeclecl with VASHJ 

siRNA was significantly inhibited when c01l1parecl 10 lhal 

of conlrol siRNA-lransfectecl cOllnt巴rparls(Pく0.05)(Figllre 

6D-E). 

VASH J illcreases the lIIigralory capacily 01 CRC cells. Nexl， 
to exa1l1inc lhe effecl of VASH 1 on t1l1l10r cell 1l101ility， 
wOllncl-healing assays were performecl ancl lh巴 mlgralory

pOlenlial of CRC cells with and withollt ¥lASH J knockdown 

were compared. Twenty-follr hOllrs after VASH J siRNA 

transfeclion， bOlh cell lines showed significanlly decrcased 

migralory capacily (p=0.004) comparecl wilh lhat of conlrol 

siRNA-transfecled cells (Figllre 6F-I). 

VASH J prollloles lhe invasive abi/ily of CRC cells 

FlIrlher1l10re， to exa1l1ine th巴roleof VASH 1 on 11l1l10r cell 
invasion， we perfor1l1ed in vitro invasion assays. We fOllncl 
thal the capacity of VASH 1 siRNA-lransfecled DLD 1 ancl 

HT29 cells to invade lhrollgh a Malrigel-coaled l1lel1lbrane 

was significantly r巴dllcedc01l1pared wilh thal of conlrol 

siRNA-lransfected cells (p<0.05) (Figllre 6J-M). 

VASH J inhibils anoikis 01 CRC cells. Anoikis is a for1l1 of 
detach1l1ent-indllced apoptosis. In lhc in vilro experi1l1巴ntal

s巴tting，it is indllced when adher巴nt1lI1l10r cells al宅 forcedto 

lIndergo non-adherenl growth. Anoikis resistanc巴wasevalllated 

by lhe proporlion of viable 11l1l10r cells lhal proliferated non-

aclherenlly in low-attachmenl cllllllre plales. Transfeclion with 

VASH J siRNA significantly redllccd thc proporlions of anoikis-

resislant lllmor cells (floating viable 11l11l0r cells Will】 non-

adherenl growth) in bOlh c巴11lines c01l1parecl with lhose of cells 

receiving control siRNA (p<0.05) (Figllr，己6N-O).
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Figure 4. A/la/ysis of IIIe corre/aliOIl bel¥veell ¥匂sohibin-I 仰どl
microvesse/ del1sily i/l c%rectal Cα/lcer (r=0.356， p<O.OOI). 
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Figure 5. ¥lllsohibill-I (¥lASH /) expressio/l i/l c% 同cta/cal1cer (CRC) 
corre/mes lIIilll redllced overa!l sllrvi¥'(//. Kllp/(//I-M町ersurvi¥'(J! CII刊es
were generllled 10 exαmi/le overa!l SIII'l'iva/ of pmiellls lIIill1 CRC lIIilll 
eilh引 highor /0111 ¥lASH 1 expressio/l: p=0.03‘log→αIIk lesl. 

acqllisition of巴nhanc巴dproliferation， invasion， and motility， 
and redllced anoilくis.By IHC analysis of clinical samples， we 
fOllnd that the expression of YASH 1 prot巴In川 CRCtisslles 

was significantly greater than that in adjacent normal colonic 

mllcosa. ln addition， we observed that high YASH 1 expression 

in the cytoplasm was associated with more aggl宅SSIV巴clinical

behavior， inclllding high下stage(T3/T4)， Iymph node 

m巴tastasis，and distant metastasis of CRC. Becallse YASH 1 
was fOllnd to be significantly related to the promotion and 

establ ishment of l1l巴tastasisin CRC， these reslIlts indicate thal 

it cOllld b巴apromising therapelltic target 

Angiogenesis is the formation of new blood vess巴1networks 

It plays a role in nonnal hllman d巴velopm巳ntand also in 

pathophysiological conditions sllch as inflammation and canc巴r

(26). Th巴activitiesof angiogenesis stil1llllators are normally 

cOllntered by angiogen巴sisinhibitors. The balance between 

angiogenesis stimlllators and inhibitors decides whether 
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Figu悶 3.Expressioll Of¥lllsohibill-I(¥lASI) ill c% recta/ Cll/lCer (CRC)ー
ImmllllOl1istochelllislr" 11'αs IIsed 10 eXllmille ¥lASH 1 expressioll ill 
pαliellトderilledCRC lisslle (A) alld 1I0rmα/ II/11COSα(8). C/lIsler of、

Di.J!erel1lialiol1 31 (CD3I) e.λpressioll IVas lllso ex・w/lined(C). A!I imag白
川沼町 Cllplllred(/( x200 IIIllgn(ficα';011. 

In this study， we巴xaminedthe biological fllnction and clinical 

significance of YASH 1 in CRC. We fOllnd that CRC cells with 

elevated YASH 1 exhibited greater metastatic potential throllgh ö._~"_. ..._~~.... . ~...- 1"" 
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Table II. UIIIIαri(lle (111(/ 1IIl111i凶 ri(lle(llIalysis oJ plVglloslic J(lClors illflllellcillg ol'erall slIrvu'al oJ pαlie/lls lVilh colorectal ωIIcer. 

Univariate 

Variable HR 95% CI 

High VASH 1 expression 1.65 1.03・2.67
MVD (~39/mm2) 1.48 0.93・2.39
Gender (male) 1.06 0.66-1.69 
Age (孟68years) 1.31 0.82-2.10 

Tumor location (rectum) 1.27 。目79-2.02
Tumor size (o!:4 cm) 1.81 1.12-2.99 
H凶trologicalgradc 2.46 1.31-4.28 
T-Stage (T3.T4) 5.63 2.65-14.58 
Lymphatic invasion (positive) 2.88 1.46-6.52 
Venous invasion (positive) 2.54 1.54-4.36 
Lymph node mctastasis (positive) 4.41 2.69-7.48 
Hepatic metastasis (positive) 9.98 6.06-16.22 
Pcritoneal metastas時 (positive) 12.15 7.00・20.42
。時tantmetastasis (positive) 6.22 3.69・10.24

HR. Hazard ratio; CI. confidence interval; 

angiogcnesis is incluced. The histological MVD lechniquc is 

Ihe currenl gold-standard used 10 characterize IUmOt 

angiogenesis (27). Recenlly， a meta-analysis of all-published 
sludics showed Ihal high MVD predicled poor survival in 

palienls with CRC (24) 

VASH 1 is an endolhelium-derived negalive fe巴dback

regulator of angiogen巴sis(13，14). VASHI巴xpressionin ECs 

has been significanlly correlal巴dwith MVD， IUmor grade， and 

the histological Iyp巴ofcarcinoma in ccrvical carcinoma (21)， 

renal cell carcinoma (28)， and proslate cancer (29). NOlably， 

several reporls have demonSlraled thal VASH 1 cxprcssion in 

ECs is sup巴rior10 MVD as an indicalor of patienl prognosis in 

canccr (21，28，29). This may be because MVD in Ihe lumor 

environmcnt incllldes vessels that are not indepenclent of the 

tlll110r environment but are dependenl on tumor-indllccd 

neovasclllarization. Additionally， VASH I-relaled vasclllar 

mcchanisms have becn proposed to be responsiblc for cancer 

aggression. Indccd， the level of VASH 1 expr巴ssionin ECs 
effectively rcnects the clinical course of cancer progression. In 

our stlldy， we also confirmed thal a positiv巴correlalioncxists 

between VASH 1 expression and肘lVD，as renccted by CD31 
expression. Furthermore， high VASH 1 expression in tumor 
cells was a better prediclor of poor prognosis in paticnts wilh 

CRC than was MVD. 

TlIl11or-dcrived VASH 1 was also found to corrclate with 

increased l11etastasis of tumor cells 10 Iymph nodes and 

distanl organs by acquisilion of an aggressive， malignant 
phenotype in clinical CRC specimens. Converscly， 

knockdown of VASH I In vI1ro reduced proliferalion， and 
impaired migratory and invasive capabililies of CRC cell 

lines. These data， therefore， suggesl Ihat VASI-II is involved ， .......0:;:， 
in driving the malignancy in CRC， especially throllgh 
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Multivariate 

p-Value HR 95%CI p-Value 

0.034 ト05 0.64-1.75 0.819 

0.095 
0.782 
0.243 

0.308 
0.013 1.24 0.71-2.10 0.435 

0.006 2.26 1.17-4.10 0.016 
<0.0001 2.97 1.12-9.05 0.027 
0.001 1.44 0.52-3.62 0.462 
0.0002 1.23 0.69-2.33 0.490 
<0.0001 1.96 1.07-3.65 0.026 
<0.0001 4.16 2.24-7.63 <0.0001 
<0.0001 4.54 2.26-9.07 <0.0001 
<0.0001 1.36 0.69-2.61 0.365 

m巴tastasis.In agl巴em巴ntwith our findings， Shen e1 al. have 
reported that VASH 1 mRNA expression in melaslatic cancer 

cell lines is significantly gr巴aterthan thal in non-metastatic 

cancer cell lines， and that it has impol・lantroles in the 

progression of gaslric cancer (30). In addilion， Yan e1 al. 

demonstrated that VASH I mRNA in CRC cell lines is 

significanlly grealer than that in normal lissues， and is 

associated wilh malignant potential (23). FlIrthermore， up-

rcgulation of VASH I expression in IUmor cells was related to 

shorler paliem survival in hepatocellular carαnoma (22) and 

CRC (23). ThllS， our findings confirm a previollsly 

lInrccognized mechanislic role and clinical significance of 

VASH 1 overexp陀 ssion in promoting aggressiven巴ssand 

melastases of CRC cells， resulting in poor prognosis. 
In conclllsion， ollr reslllts delllonstrate Ihat up-regulation of 
VASH 1 expression is common in CRC tissucs ancl significantly 

correlates with tlllllor progression， mClaSlasis，白nd pOOI 

prognosis. In addition， VASI-II expression in tllmor cells is 

significantly associated with MVD， suggcsting Ihat it increases 

angiogenesis in th巴tumorenvironment. Thercforc， we concllld巳
Ihal detection of VASH 1 cOllld be useflll for Ihe identification 

of patients with CRC with poor prognosis. Moreover， targeting 

of VASH 1 could be a lIseful therapeulic strat巴gyin CRC. 
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