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Abstract

Introduction: Vasculogenic mimicry (VM) is the formation of fluid-conducting channels mediated by
aggressive tumor cells. It provides a pathway for perfusion that is independent of angiogenesis. VM
is associated with tumor growth, metastasis, and short survival time of several cancers. Our previous
study showed that the expression of chitinase 3 like 1 (CHI3L1) is associated with VM and
metastasis in invasive cervical cancer.
Objectives: 1. To address whether CHI3L1 was associated with VM in cervical cancer.

2. To confirm whether CHI3L1 played a key role in VM formation.
Methods: We examined CHI3L1 expression and VM formation using immunohistochemistry and
CD34 - Periodic acid-schiff (PAS) dual staining in 66 tissue samples of cervical cancer and the tube-
like structure formation assay was performed in cervical cancer cell lines.
Results: The significant association between CHI3L1 expression and VM formation was observed
(P=0.031). Moreover, VM negative were positively correlated with non-metastasis (P=0.035) in
cervical cancer patients. Moreover, we found that the recombinant CHI3L1 enhanced cervical cancer
cell lines to form tube-like structures.
Conclusion: Our present data reveals the crucial role of CHI3L1 on promoting VM formation which
may contribute to tumor aggressiveness and suggests that targeted CHI3L1 may be a valuable

strategy for the reduction of cervical cancer progression and metastasis.
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UNKI: Vasculogenic mimicry (VM) Lﬂugﬂl,mumsaﬁ”ﬁmaa@Lﬁa@’lm%awumﬂluﬁaumﬁqﬁagﬁi‘l,u
IZHZINT I@mﬂugﬂLmumsa%maamﬁa@ﬁ%jLﬁmiTadﬁ'uEaJLmun'ﬁa%'mmamﬁaﬂﬂﬂauuu
angiogenesis UASWUIIMI&TIIWAaARaLUL VM Jenusuwusnunisasaidulasasiauustse
MIINTIUVBINELT LLazmiﬁ%ﬁmgiaﬂg’umadgﬂaﬂIiﬂmL%a

Tanuszasa: sl,uﬂﬁﬁﬂm'ﬂ%y'off?jaag:aLﬁuﬁnmmmamaan’ua\ﬂﬂiﬁu chitinase 3 like 1 (CHI3L1) W&z
mafegdusunisaienasaiaauuy VM lugdihoszdahnuegnuazganaduiusiumsiionis
INMUVBINIT

ASmsdnu: ﬁwmiﬁauawgiuéa‘[mmﬁiu%mf‘famﬁwm;jﬂ'salLﬁagmmﬁwﬁuﬁmaammamaaﬂ
2891U3f% CHI3L1 waznsianaaaliaauuy VM (CD34 - Periodic acid-schiff (PAS) dual staining
LLazﬁwmimaaulumaﬁmL’%dwaszngmmiw‘%wLsﬁaﬁuzﬁomﬂm@ﬂﬁwiﬂiﬁu CHI3L1 Lﬁ'ag}mi
gHlassansvesnaaaidonlny

HANNIANEY: WUIINIWEAI08n209lU5AK CHIZLT AANNFNAUTLIULTILINNUMIINAraaaLRaa
wwy VM lagmindnisugesasnuesldsiin CHIBLT annduwazwumsiiansaisrasaidanlmituy
VM Lﬁu%uaamﬁﬁfﬂéwﬁmvmmﬁa (P=0.031) LLa:Lfiamaaﬂmfﬁaﬁl,wwzL’gmmﬁamﬂmgﬂwu’h
TUs@u  CHI3L1 ﬁmwmminsl,umiﬂizéjulﬁmaﬁmL%dLWW:LﬁyﬂaLﬁ@mia%ﬂmda%aﬂﬁwm&aa@
Lﬁa@ﬁLﬁwmnﬁuaﬂ'wﬁﬁfméﬁﬁ'@ﬁamaaﬁ&ﬁmﬂ%wﬁwﬁ'vn&jwmuqu

asduan1Inaaa: mmﬁﬁvlﬁammﬁﬁ'ﬂﬂ%f: gansoin CHIBL1  lifludrtisdiadaanuns
Lﬂ§ﬂuu,ﬂawmmaﬁmmw:n’aumﬁ{lvlﬂLﬂmw:mﬁdmﬂmgﬂ wazmunsaliiiuditsdnaia
waaadanlnirsuuy angiogenesis UATLUL VM 673\1mmﬂﬁfluiagaﬁugm’lumimﬁﬁuﬁﬁﬂL‘Wﬁ:
AU CHI3L1 1uamﬂ<mﬁ'aWﬁ@ﬂszTMﬂumﬁhm;jﬁhﬂmﬁamﬂmgﬂamaﬁﬂizaﬂ%mw WaY
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1. ﬁaﬂuﬁﬁﬁ@uazﬁuﬁmaaﬂ@ﬁﬁﬁﬁﬁnﬁsﬁﬁﬂmnﬁuaamﬂﬁbaﬁuqﬂﬁﬁﬂamgﬁéaﬂiuﬁumﬁsﬁﬁﬂ
RANVDINKIINIRY

w1391 nu@an (cervical cancer; cxCa) WuazSefinuannilusueusy wasiuazisens
5hiwn1n§ﬂ%%mmaaQﬂasquﬂuéﬂﬁﬂﬁéTu@m@aﬁdTan uanawnﬁﬁﬁhwudﬁqﬁﬁnwsnﬁﬁmu:ﬁoﬂﬁﬂ
mgnslu;jﬁ@aﬁbﬂaﬂﬁﬁimm@uqo%u (1) Izﬂslmm@3ehuivsry'maan’mﬁm:l%aﬂ’mmgnﬁamiam%a
125& human papillomavirus (HPV) mﬁm?}mga Wi HPV 16 uae 18 (2) nMyithaauszazuasnziialan
Nﬂgﬂgﬂﬁﬁ%%@lﬁ‘t‘ﬁmwLLUULLN%‘H@G International Federation of Gynecology and Obstetrics (FIGO)
adwnmeilunssnsuaznsiamunanissne ﬂ%qﬁﬁnws%hhﬂIﬁﬂN:SGﬂWﬂwﬂgﬂﬂszﬂauﬁdU
mMIMaa  S9FTnELazmMsiedtdaniamssnsnlasldismssnmsinnu %aﬁuagﬁhszﬂ:mad
1sa (3) aﬂwaiiﬁmwuwuiwQﬂaﬂuwdiwyﬁﬂﬂiﬂﬁﬂuﬁLﬂuliﬂ%ﬁﬂﬁhawn%ﬁ%ﬂnws%ﬁrnluﬁﬁﬁ%& ERYEY
mauauaaﬁaﬂws§ﬂwn(4)%adaulm@ﬂha:wuiugﬂaﬂIﬁﬂuzﬁas:ﬂ:qnaﬂu uaﬂaﬂnﬁﬂhﬁﬁaﬁbéuﬂ f
finadomanavaidulsadn 1w vwavestouunss dunssvatauuziis anMzvedIdrileies
maa@auﬁ%nﬂi§hwﬂﬁ1ﬁL%uﬂzauﬁbéﬂaﬂ (5, 6) uaﬂaﬂﬂﬁﬁu§dﬂaﬁﬁﬁéﬁﬁmﬁnﬁomﬁaﬁa MILne
waaadanlnirasionuz Simaaadsaniialnimaidninfisisssiussasanmsiiisasunse
ST%&L'flumquéﬁé’tyﬁﬁﬂﬁﬁaumﬁmaﬂm ﬁﬂ’]i@i’]l,ﬁui’iﬂLLN&SZUZQﬂm&I‘ﬁTmL%’J%u lasdndua
founzsaziiamIsionaaaidonlniflisonin angiogenesis Faiilumsssnaaaidanlnioniass
endothelial  wazdinsenwwuinmsiiavaeadanlnimaniiinadomsdniulsefiliauazsasns
sa@%ﬁmﬁwTuQﬂayu:ﬁaﬂwnuﬂgn(7)

1uﬂaqﬁﬂﬁﬁﬂwsﬁﬂwnwuiﬂuanawnnﬁiaﬁﬁa%aa@Lﬁaﬂiﬁﬂuuu angiogenesis a8
AMUFNNUTALIZIZINANVBINELTI (metastatic cancers) wdnin Gfnmssinasadeauuulnilas
Humshevsendoalnafiliifiendasiu endothelial Falumisivsandoalnslasmasaadaniu
YpILTARNLLTILES ﬂi’mgmitﬁmiﬁ%‘m%aa(ﬂLﬁaﬂlﬂﬂﬁu@m@hamn traditional tumor angiogenesis 'f':
(38n vasculogenic mimicry (VM) SanuluuziSinanssiia (8-15) wananuwudasadnsaneswuin
mnﬁwaamﬁa@LLfmfIMaif:ﬁmwué’uﬁuﬁﬁumnﬁ@migﬂmma\mzﬁaLLazms@hLﬁuIsﬂﬁ"lsjﬁlu
Nz1398n6 8 (16)

mydnedauninil Sakunjia uszame (17) lévnmsnsnenuuandrsluszaunisusasaan
madﬁu(gene(ﬁﬁaenﬁalexmesgon;xommg)I@ﬂﬁﬁquiﬂsawiiﬁIuﬂéuéﬂaﬂﬁiﬂﬁﬂqwuﬁmﬂna ngal
ﬁﬂwﬁamﬂuu:ﬁomm\lﬂ@ﬂ (precancerous lesion; low-grade intraepithelial lesions (LSIL) W& high-
grade intraepithelial lesions (HSIL)) uazdtheuziisinuagn wuiduraneriiaiimsusasoaniia
ga%ﬁlu@ﬂaﬂﬁlﬂuuzﬁaﬂﬂﬂuﬂgﬂ wazwitslutiudaBu chitinase 3 like 1 (CHI3L1) &9nsuaadaan
2898%  CHI3L1 ﬁizﬁﬂLﬁuﬁﬁlunéuﬂﬂaﬂizﬂzﬁamuﬂuuzﬁa wazgthouziTsihnuagn il
wWisuieuiungulng waasliifudoninfiddyuedtn  CHIBLT  fifisadasiumadufiues
lsauzisathnuagn (17) meLﬁaQﬁﬁﬂuazﬂnwiﬁ%wnwsﬁnwnuwuwn%ﬁhﬁnﬂsﬁﬂaﬁumaa CHI3L1
wunigunumdudasefisninlmifansaonseadanlriuuy  angiogenesis  lapsninlwimas
endothelial ﬁﬂ?ﬂﬂﬁauﬁua:%hﬁfhﬁﬁmﬂﬂia%miﬂida%mmaa%aa@uﬁa@luéﬂaﬂw:ﬁaﬂﬁﬂmﬂgn (18)
wonaniuLiITe UM suEaseenuadldsin  CHIBLT  feflanuduwusiunmsuaasoanuaaldsin
vascular endothelial growth factor (VEGF) @allulusdunanlumisinasaiaalwsiuuy
angiogenesis  WazszeUmsuaasaanvesllsaudidanusunutiuimunasaidonlnaidiiodwln

diheuziiathnuegn (18)
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Iﬂimumﬂzyﬂmzqu’lmLmaau:mmﬂmgnm@]msmﬂwaa@Laammu VM mawahaﬂwmmmﬂ
voaniinsdudulianlid  ienRgatauududingy  nsEnmasiianzdidayinnsdnm
UNUINAUINNIFNUTINNING I Ivnawuas CHIBLT lumstninldiiamyasnslassasnaanusos
ﬂﬁ'mmamﬁa@maaLﬁnaﬁLWW:Lﬁmmﬁaﬂmmgﬂ FINHIRN AN VFUNRTVDINITURAIDDNVDI
CHI3L1 waznssiavaaatiaalniuuy VM lu%uLﬁau:L%omanﬂaalml,%ammmgﬂ
U, { U g; kg v & ‘é I v Y U ¥ U
ﬂmugﬁ"l,@mﬂwamsﬁnmmaﬁm%ﬂmﬂumLﬂuaaﬁmmgmmagaﬁugwmw CHI3L1 819
ansanaw lduduihuanslumssnslsauuuiuinga (targeted therapy) luauiaa Naliiia
@ X = ' p= A A A @ o A An Aok
ﬂiﬂwﬂumﬁﬂmgmw:mmnm@nammﬂs:a‘nﬁmw LLaszalvsQﬂwuqmmwmmmmu
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2. Yagilsravazaslason1side

2.1 WednEwunumwindiues CHIBLY, 1L-6 uaz TNF-0L luenumsindiensiaadimnziasusise
thnuagnlimaienasaiiaalniuuy VM

2.2 TR NMUFNRHEIZNINIS2AUNITUEAIaBNTaI CHIBLA, IL-6 uaz TNF-QL uazdoyanis
ARRN TIunINTAevaeaidaalwaiLLL VM Iu;‘ij’ﬂ'mu:ﬁaﬂ'mm;ﬂﬂ

23 MafNENANUFINUEIAUNIUEAI8aNT8s  CHIBLY  UaNNSURAI8anues  inflammatory
cytokines (IL6 ez TNF-QL)

24 RafNENANNFINUEIAUNIUEAI8aNTES  CHIBLY  UaNNURAI8anUas  inflammatory

cytokines (IL6 uaz TNF-0) lunaifiansaaifaalnduny VM lugihouzSahnuagn

3. mammmmaafﬂsamﬁﬁ'ﬂ

= o A e o 6 & < v a [ 2 A
ANEUNUINAUINVES  CHI3LA Iuﬂ"li"ﬁﬂu'ﬂsﬁaﬂLW']ZLE\]UGN&L?G‘L]"IT]SJ@]@T]I%Lﬂﬂﬂ?i?ﬁ']x‘i‘ﬂﬂﬂﬂl,ﬂaﬂ
l‘ﬁﬁjLL‘LI‘U VM uazfin®n1suaadaanuad CHI3LT LLﬂzﬂWiLﬁﬂIﬂidﬁ%’Nﬂﬂﬂ@]Laa@lLL‘]J‘]J VM I%Qﬂﬁﬁ

mﬁamﬂmgﬂ Lm:ﬁ,wﬁLmﬂ:ﬁmwué’uﬁufﬁuﬁa;&ammaﬁﬂ

4. N anayigw (01d) uaznsauuwianudnzalainsIvg
mﬂmiﬁﬂ‘mﬁauvsﬁwm;fﬁml,azﬂmz wgasliFudounumwinfinsrnuues  CHIBLY
lumstnihldiiamsainvaeaiiaalniiuuy  angiogenesis  lagtninliload  endothelial  §n1s
ndauiuaztnih ldifanssnilasseisreimasaiian wazdadanudiusiunsiian1IanaINas
U39 (metastasis) lurjtheouziisnuagn (18) é’afulumaﬁnmm%ffmﬁawuagflmﬁ'mﬁ'uuwmﬂ
wihfilwiieas CHIBLY HemsndudmnsmagitninlfisssusSafanamasaiioauuy VM
lugtheuziahnuagn f’%\‘iEﬁﬁ?ﬂﬂ’]@lﬂ’]ﬂﬂwi'ﬁlvlﬁﬁl’]ﬂNaﬂ’]‘iﬁﬂH’]ﬂ%ﬂﬁ@’mﬁ]:l‘ﬁlﬂuﬁaHﬂﬁuiﬁuﬁ’]
CHI3L1 anamansanan lduduihnunelumssnsnlsauuuiuiinge (targeted therapy) luauaa
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| |

Negative or Low Low CHIZLI CHI3L1 :
CHILI expression expression m:;;minn Increased expression of
|
| Nommetasiasis " Mclasiasis | Increased expression of
vasculogenic mimicry 7
This study
Ta determine the VM function of CHI3L1 in CxCa cell lines. - New knowledge on VM blood supply
- Todeternune the mechanism of CHI3L1 1 CxCa cell lines. network formation in CxCa
- Tocvalnate the association of CHI3LI expression with VM - New targets for a novel therapeutie
expression and chnical parameters of CxCa patients. strategy in CxCa

5. ABNIANRWNTIVY ua:amuﬁ'ﬁ'lmiwﬂaaaltﬁu*ﬁaga

5.1 AMIduinnsIae
Tunsanmnessfiuisnsmanasidln 3 daw aadt
gl 1 FmsseuntihfiwasTUsdiu CHIBLY, IL6 waz TNF-O lasmsvianlusawmaniiaaluwerad
wangmmﬁaﬂmeﬂ LLams'maaumsmz@jmsnaﬁl,wwxl,gmmﬁdmnmgﬂlﬁlﬁwaamﬁa@ﬂ,mj
WL VM Turiamaseumsiasuudssszeuiuaneg fifisadesiunisiienasadealnsituy VM
(VE-cadherin LLlaz N-cadherin)
§ufl 2 hmInTaseauszaunsuEeIaanaaslUsau CHI3LT uazuaznisugaseanadlolala IL-6
uaz TNF-OL uazuaedaanvaInaaaiiaalniuuy VM dnitduyludaland (HC) Tuguitanzi5ein
uagnuasdie
§uA 3 Sl TERANN NI R TE A UM IULRaIeanuaallsain CHIBLA, IL-6 uaz TNF-a lumsdn

ﬁ’]lﬁ/ﬂ’]ﬂﬁﬂﬁﬂE]@Laélﬂl‘lﬂéjLL‘]Jll VM iauﬁ'ﬁa;&amaﬂaﬁﬂmaagﬂa UN&L%GﬂWﬂQJ@IE‘}ﬂ

5.2 3 d8u3T¥in398

5.2.1 mnﬁuéhas’n%mffamﬁaﬂ’mm@n
1un'ﬁﬁnmﬁvL@Tﬁ'1miLﬁué”sasha%mf:amﬁw'mmgmrm;jﬁwﬁtﬁﬁ'unws%’nmmﬁwmmamt‘%a
guaNTmil %aﬁwé’aL@l’%ﬂwﬁl‘iﬁaLﬁaﬁumaﬁﬂﬁiiwlumgwﬁ Iﬂﬂﬁﬁmmﬁﬁmuﬁaaﬂwmﬁﬂﬂl%gm
WA 9L
N = (Za/2))2 x P(1-p)/d2
N = sample size
z[ 172 = 95% confidence interval = 1.96
P* = prevalence of abnormality = 13%
D = error in estimating P = +0.1 (2 direction)

N = 1.962 x 0.13(1-0.13)/0.12 = 43 cases



* m@ﬂ:l,uqﬂ'?]msrﬁﬂml,amaaﬂmaa VM fledanmsAnsnuziSaanasvad Liu XM, et al., 2011 (40)

5.2.2 miL?:mLsﬁaﬁLWW:L'gmmﬁamﬂmgn

maﬁmwuﬁmmﬁdmﬂmgﬂ 2 7@ @e 1Tas CaSki uaslwas Hela a:gﬂLgﬂaluawuLWW:Lgmaﬁaﬂ
271%17 DMEM high-glucose (DMEM-HG) ﬁﬂimauﬁm 10% w8y fetal bovine serum (FBS) L8z 1%
Penicillin/Streptomycin (Invitrogen, Carlsbad, CA).

5.2.3 mifnsmaianssielasseiimemasaidonlniluauiomasinnzaes (tube formation
assay)

11 growth factor-reduced Matrigel (BD Bioscience, SanJose, CA) U3 50 lulasdas laaslu 96-
well plate ﬁé'amﬂﬁ?uﬁﬂmaaﬁww:tﬁmmﬁamﬂmQﬂ?ﬁﬂmu 1 x 104 Loa8 L&aIHLNANAING lag
uwiingumaneaadiiusaings ﬂ@;uLLiﬂLﬂuﬂ@;uﬁLaummiﬁvl,afl,d%ﬂawﬁuuuﬂﬂiau CHI3L1 uae
mﬁiu‘ﬁ'aaaﬁamjw@aa\ﬂ:@maw‘%ﬂauﬁuuuﬂﬂi?\u CHI3L1 wasansiwassimasaadunaummu 6

) A o v @ & ' @ A A a £
T3 1309 LuamuL'Jmmvlﬂ@slmﬂaadgamiﬂuuazmymemqmwwaamaaﬂiﬁwmﬂmu

5.2.4 myanensuaasaanvasiuiifouulasludo5% Reverse transcription PCR (RT-PCR)

ﬁwmiﬂ%ﬂLsm§LWW:L’§HGN:L§\1mnm§ﬂﬁG 2 wila seSnendunwurilusiin CHIBLY Aindaldands
6.2.3 WasINTUAIMIaTa RNA ¢me TRIzol reagent (Gibco, Grand Island, NY) waziu/apwiiln first
strand complementary DNA (cDNA)  sulwsiwes oligo d(T) Tuzan3daiasnzst Improm IITM
Reverse Transcriptase System (Promega, Madison, WI) LLmﬁWmi@li’Jﬁ]ﬁaUﬂ’mLﬁmaaﬂ"uadﬁu‘ﬁ

WETRINUANTIAG VM 1% VE-cadherin waz N-cadherin @835 PCR

5.2.5 mifinmdnaiiaduyludalaidudian (iImmunohistochemistry, IHC)

éfmL‘f':mﬁamﬁamnmgﬂﬁﬁaluwwsﬂu’lﬁﬁmﬂwm 4 luasen  nuualas s ldrw
NITUIBNIINZANWITINY (deparaffinization) A28 xylene LLa:ﬂi:mumiLm‘L{ﬁﬂﬁuﬁu (rehydrated)
¢ ethanol wasanswin s unIzuIums Antigen retrieval laan13éulu 0.01 M citrate buffer (pH
6.0) uu 15 W LAZHIBNIZLIBNNITNG endogenous peroxidase @78 0.5% H202 1Jwaan 30
Wi LLazﬁﬂmsﬁuﬂg\a nonspecific site AILNIIRLA ﬁﬂﬂﬁ?uLLﬂu phosphate buffered saline (PBS) 10
Wit 20% FBS win 30 wift §9azvinlw back ground amad NTWWEA primary antibody wazUNf)
oD NviaInIw 16 1 lug :nud9eas PBS 3 ﬂ%ﬂ a2 5 wfl Se3urnInaseLMNTHALYE
TANAROL EnVisionTM system (DAKO corporation, Carpinteria, CA) ‘f?umauq@ﬁwﬁﬂ 3,3-
diaminobenzidine DAB substrate (DAKO corporation) 1idl 2-3 %1 wdrdsdsinan Uazildou
NUAILT hematoxylin W1t 45 w1 Nt mount ¢ael glycergel (Dako Cytomation.; Carpinteria,

CA, USA) Tlad cover glass 1 ldéunamuldndasgansye

5.2.6 MIANBINILEAIBaN2EI VM lasnsdan CD34-PAS dual staining

o

3 1 v v v . . & {
mMIaaraeaiiaalniuuy VM aansaasiagau laaiunsdan CD34-PAS dual staining Tdiiarin
m3tiay IHC 283 CD34 (primary antibody) luiliaibauziiathnuagndqaudy Watsluaaugariede
mstuee EnVisionTM System (DAKO corporation, Carpinteria, CA) #adsannuuleinldussindu

a1 5 wi Wi lduuéae periodic acid—Schiff (PAS) w1 15 wfila28aunuaa8 hematoxylin ¥



45 377 NKL mount Ge glycergel (Dako Cytomation.; Carpinteria, CA, USA) Uaa18 cover glass
ﬁﬂﬂémwamﬂlﬁnﬁaagamiﬂﬁ USraiiiansainaeaiealrinuy VM asimiGafaag waon

WINAANIRIINA0ALREALLL angiogenesis =HATINAALAIVY CD34 LNe9BENILAEN

5.2.7 MIANATITANIFDG
% a 6 a a 6 ' a A 1
1% Pearson test FLATIERANMNRUNUTIERININIURAID0NVY CHIBLT UazMINANRaALEan MANLLY

VM luﬁjﬂw “INANY89 P value %a8N31 0.05 D83NAANULANA1INUNIRD A

6. ayLluansaiiwiwaaslasinislagsa

6.1 fnmmadasuwdasesduuslusiufiiortasiunnianssaiioalniuty VM 1@w  (VE-
cadherin W&z N-cadherin) luLSﬁaa‘wmL'gmmﬁamnmgﬂﬁﬂ%ﬂﬁasﬁ‘ﬂauﬁuuuﬂﬂs?}u CHI3L1 lag
1935 RT-PCR

Tuauwsn  fidpvhmamaannifivanzandemainidenszesiudnag  laonadogfl 1

Wuin8u Beta Actin (231 bp), N-cadherin (224 bp), IL-6 (214 bp), syndecan-1 (250 bp), TNF-O (211

pb) W&z VEGF (269 pb) ﬁqm%gﬁﬁmmmwﬁa 58, 62, 58, 62, 62 LAz 54 BIFLTALTUE ANNIGL

Beta actin (231 bp) N-cadherin (224 bp)
MV 52 54 56 S5SR 60 62 NTC MV 52 54 56 58 60 62 NIC
T - - — - - 30003 i------—.
IL6 (214 bp) Syndecan-1 (250 bp)
MV 52 54 56 58 60 62 NTC MV 52 54 56 58 60 62 NTC
- : 250b -
BT i------ Hom R ——

TNF-a. (211 bp) _,VEGE (269 bp)
MV 52 54 56 58 62 NTC 1 52 54 56 58 62 NTC

=

LT

Yy e 300 bp
—— 200 bp -

UM 1 Mamgunnil (52, 54, 56, 58, 60 uaz 62 aeEaTys) Nvwanzanluniaviigeritudag 7
aahanfsdasiumaia VM lasld cDNA sasdthouzssthnuagnluszozyuussanld
1T DNA template Lz NTC fa non template control

%&'amﬂﬁﬁﬁmnwwzlﬁmLszjaﬁl,wwzLﬁmmﬁamﬂmgﬂﬁa 3 oia  wazinnsiAnInew
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Summary

Vasculogenic mimicry (VM) is an alternative microvascular system which tumor cells
orchestrate, independent of endothelial cell-mediated angiogenesis. VM develops tumor
vascular networks that correlate with tumor growth, metastasis, and short survival time of
patients with a number of cancers. However, little is known regarding VM in the
vascularization of cervical cancer. Chitinase 3 like 1 (CHI3L1) was previously reported to
display the ability to induce angiogenesis in cervical cancer. Here, we explored a pathologic
role of CHI3L1 in tumor cell-mediated vascularization. Sixty-six samples of cervical cancer
were collected to examine CHI3L1 expression and VM formation using
immunohistochemistry and CD34-Periodic acid-schiff (PAS) dual staining. CHI3L1
expression was correlated with formation of tumor cell-associated vascular channels in the
absence of endothelial cells (P=0.031). Interestingly, tumor samples lacking VM were
positively correlated with non-metastasis (P=0.035). Patients with VM positive tumors
tended to have decreased overall survival (OS) compared to those with VM negative samples
(43.9 vs. 64.6 months, P=0.079). In addition, recombinant CHI3L1 enhanced cervical cancer
cell lines to form tube-like structures, supporting the notion that CHI3L1 mediates VM in
cervical cancer. Our present data reveals the crucial role of CHI3L1 in the formation of VM,
which may contribute to tumor aggressiveness. Therefore, targeting CHI3L1 may be a

valuable strategy for the reduction of cervical cancer vascularization and metastasis.

Key words: YKL-40; vasculogenic mimicry; angiogenesis; dual staining



INTRODUCTION

Cervical cancer is the fourth most common cancer in women and is diagnosed in nearly
530,000 women globally each year.! In 2017, an estimated 12,820 new cases of invasive
cervical cancer are diagnosed in U.S.,? in which a high risk of infection with human
papillomavirus (HPV) is the leading cause of carcinogenesis.? Over the past several decades,
accumulating evidence has revealed that highly metastatic cancers are intimately associated
with vessel-like formation that is primarily derived from tumor cells, independent of
endothelial cell-mediated angiogenesis. This alternative microvascular formation lacking
endothelial cells is known as vasculogenic mimicry (VM). It is emerging that VM plays an
essential pathologic role in a wide variety of human cancers.*!? The development of VM is
strongly correlated with a poor prognosis in a number of cancers including hepatocellular
carcinoma'!, gastrointestinal stromal tumors!? and glioma!'3. However, little is known
regarding VM in the development of cervical cancer.

Chitinase 3 like 1 (CHI3L1), also known as YKL-40, is a secreted glycoprotein with
molecular mass of approximately 40 kDa. CHI3L1 is related in amino acid sequence to the
chitinase protein family but it lacks enzymatic property due to a mutation in the chitinase-3-
like catalytic domain in which an essential glutamic acid is replaced with a leucine. CHI3L1
is mainly produced by macrophages, neutrophils and cancer cells.!* High expression of
CHI3LI has been found in sera of patients with various diseases including inflammatory
diseases,!>!® and human solid tumors including cervical cancer.'®23 Our previous study
reported that CHI3L1 acts as an angiogenic factor in cervical cancer to promote endothelial
cell migration and tube formation in vitro. Moreover, the expression of CHI3L1 was
positively correlated with metastasis in cervical cancer patients.?* However, it is unclear
whether or not the elevated levels of CHI3L1 are associated with the formation of VM and

cancer progression. To explore the potential role CHI3L1 in tumor vasculogenesis, we test



the hypothesis that CHI3L1 promotes the formation of tumor cell-mediated blood supply
network, thereby contributing to the aggressiveness of cervical cancer.

Our present findings will provide novel pathologic insights into CHI3L1 active role
in the microvasculogenesis of cervical cancer; thus defining a potential therapeutic target for

cervical cancer therapy.

MATERIALS AND METHODS

Patients and tumor samples

Cervical tissues were collected from patients who were treated at the Tumor Clinic,
Srinagarind Hospital, Thailand. This project was approved by the Ethical Committee of
Thammasat University (MTU-EC-O0-4-098/58). All the patients provided informed
consents and did not receive chemotherapy or radiotherapy before operation. The
histopathology of 66 tissue samples was reviewed and analyzed by pathologists. These
cervical cancer samples were squamous cell carcinoma (SCCA) including 4 stage I, 21 stage
I1, 37 stage III and 4 stage VI. The clinical data involved age, tumor stage, metastasis, and

overall survival time.

Immunohistochemistry (IHC) analysis

In brief, 4 pm thickness tissue sections were deparaffinized with xylene and rehydrated
through a graded series of ethanol. The antigen retrieval was performed under the boiling
cooker in 0.01 M citrate buffer (pH 6.0) for 15 min. After cooling down for 15 min at room
temperature, the slides were incubated with 3% H,O, for 30 min at room temperature to
inactivate the endogenous peroxidase, followed by incubation with blocking buffer
containing 20% fetal bovine serum (FBS) for 30 min. The slides were then incubated with

primary antibodies (1:400, anti-CHI3L1) for 16 h at room temperature in a humidified



chamber. After washing in PBS, proteins were detected by immunodetection using the
EnVision+ System - HRP labelled polymer anti-rabbit (DAKO corporation, Carpinteria, CA)
for 15 min at room temperature. Finally, IHC staining was developed using 3,3-
diaminobenzidine DAB substrate (DAKO corporation) for several minutes. After washing,
samples were counterstained with Meyer’s hematoxylin. For reliability and consistency of the
analysis, the slides were independently blind-reviewed by different pathologists .The CHI3L1
staining was evaluated as multiplied scores of percent (0—100%) and intensity of positive
staining cells (0, negative; 1+, weakly positive; 2+, moderately positive; and 3+, strongly

positive) giving rise the score ranging from 0 to 300.

Determination of VM by CD34 - periodic acid-schiff (PAS) dual staining

VM was detected by CD34-PAS dual staining. Briefly, the process for IHC of CD34 was
performed as mentioned previously’, the dilution1:100 of anti-CD34 (BD Pharmingen, San
Diego, CA) was used as a primary antibody at 4°C for 16 h in a humidified chamber,
followed by immunodetection using the EnVision® System - HRP labelled polymer anti-
mouse (DAKO corporation, Carpinteria, CA) for 15 min at room temperature. Subsequently,
the slides were rinsed with distilled water for 5 min, incubated with PAS for 15 min,
counterstained with Mayer’s hematoxylin for 1 min, and viewed under a light microscope to
detect CD34 and PAS signals. All areas of the slides were examined for the presence of VM

(CD34-negative and PAS-positive vessels).

Cell culture
Cervical cancer cell lines (CaSki, HeLa and SiHa) were maintained in Dulbecco's modified
Eagle's medium high-glucose (DMEM-HG) supplemented with 10% fetal bovine serum

(FBS) and 1% Penicillin/Streptomycin (all from Gibco, Carlsbad, CA) in a humidified



atmosphere of 5% carbon dioxide (CO,) at 37°C. Cells were passaged when they reached

80% confluence.

Tube-like structure formation assay

The ability of cervical cancer cell lines to develop vascular channels was evaluated by a tube-
like structure formation assay. The 50 ul of growth factor-reduced Matrigel (BD Bioscience,
San Jose, CA) was added to each well of a 96-well plate and allowed to polymerize at 37 °C
for 30 min. Cervical cancer cells (1 x 10* cells) were suspended in the DMEM-HG with or
without CHI3L1 (400 ng/ml)** and seeded on a 96-well plate coated with Matrigel. After 6-hr
incubation, the number of tube-like structures of each group was assessed at least for 6

different fields under the light microscope with 200x magnification.

Statistical analysis

Statistical analyses were performed with SPSS version 20. The relationship of VM formation
with the clinicopathological parameters was analyzed using two-tailed Chi-square test and
Kappa test. Survival analysis was performed using Kaplan-Meier and log rank test.
Students’t-test was used to analyze between treated and untreated control groups. P value <

0.05 was statistically significant.

RESULTS

CHI3L1 expression is associated with VM in cervical cancer patients

To evaluate the potential relationship between CHI3L1 expression levels and VM formation,
expression of CHI3L1 and tumor cell-mediated vascular tissue were determined in 66
cervical cancer cases. Using CD34-PAS double-staining (Fig. 1), VM was distinguished by

channels lined with cancer cells from shuttle-like endothelial cell-associated vessels that



express CD34.25 These vascular channels showed PAS-positive but CD34-negative structure,
in which a large amount of blood cells were identified, confirming that cells around the
channels were not composed of endothelium. No necrotic and infiltrating inflammatory cells
were observed around the channels. VM was detected in 15 cases out of 66 cervical cancer
cases (22.72%) whereas endothelial cell-associated angiogenesis was present in all of the
cases, indicating a large subset of cervical cancer that develops tumor cell-associated vascular
channels. Next, to evaluate the relationship between the VM-positive tissue and CHI3L1
expression, 66 cervical cancer cases were categorized into 2 groups based on a cut-off value
of the median of CHI3L1 immunoreactive scores (126).2* Cancer samples with VM positive
expressed higher CHI3L1 than those with VM negative (P=0.031) (Fig. 2), suggesting that

VM formation correlated with CHI3L1 expression in cervical cancer patients.

Association of VM with clinicopathological features of cervical cancer patients

The clinicopathological features of 66 cervical cancer patients related to VM were
summarized in Table 1. The VM negative was significantly correlated with non-metastasis
status in cervical cancer patients (P = 0.035), implicating VM formation as an indicator of
tumor progression and metastasis. Moreover, survival analysis revealed that patients with
VM positive tended to have short overall survival (OS) compared to those with VM negative
(43.9 vs. 64.6 months, P = 0.079) (Fig. 3). No significant correlations were found between

VM formation and age or tumor stage.

Recombinant CHI3L1 protein promotes tube-like structure formation of cervical
cancer cell lines
The clinical data indicated that VM formation was associated with CHI3L1 expression. To

address whether CHI3L1 plays a key role in VM formation, a tube-like structure formation



assay was performed in cervical cancer cell lines (CaSki, HeLa, and SiHa). We found that
recombinant CHI3L1 enhanced cervical cancer cells to form more tube-like structures when
compared to controls (P< 0.05) (Fig. 4). Taken together, all the data suggest that CHI3L1

prompts tumor cells to participate in the development of vascular channels in cervical cancer.

DISCUSSION

Cervical cancer is the most common cancer that causes woman death worldwide.! Although
the radiotherapy and radical surgery are equally effective for early stage disease and give rise
to a favorable outcome with 5-year survival rate over 90% 2, the combination regimen of
chemo-radiotherapy used for advanced disease is only effective in 40% of patients who can
survive longer than 5 years.?” A vast majority of advanced diseases eventually develop
progressive, recurrent tumors or distant metastases.?® It is noteworthy that patients initially
diagnosed with metastatic disease have poorer outcomes with a 5-year survival rate of
16.5%.%° At present, chemotherapy with cisplatin or carboplatin is recommended for these
patients as the standard course, whereas non-platinum regimens including paclitaxel and
topotecan are alternative for patients who cannot tolerate cisplatin.30-3!

To gain highly effective intervention in metastatic diseases, the conjunctive treatment
of cytotoxic drugs with anti-angiogenic agents has received significant attention as compared
with monotherapy.3? For example, the combination of chemotherapy and VEGF inhibitor
bevacizumab compared with chemotherapy alone showed a significant improvement in
overall response rate (ORR), progression free survival (PFS), and OS.33 While the combined
therapy demonstrated the advantage over the single therapy, some of patients could still not
receive notable benefit from the intervention, since advanced cancers can escape from VEGF
inhibition and thus develop resistance to bevacizumab. The molecular mechanisms that

mediate anti-VEGF-drug resistance were probably ascribed to the alternative tumor



vascularization such as VM.3433 A study in 2013 by Steeg?¢ has reported that VM poses a
major challenge to anti-angiogenesis treatment in hepatocellular carcinoma (HCC), where
some of anti-angiogenesis drugs have showed minimal effectiveness in the treatment of
HCC.3¢ Therefore, targeting both angiogenic and VM pathways may pave a novel therapeutic
avenue to effectively block tumor vasculogenesis and metastasis.

Here, we demonstrated the correlation of CHI3L1 expression and VM formation in
human cervical cancer. Moreover, we uncovered the critical role of CHI3L1 on VM
formation in vitro, which was consistent with the study in glioblastoma and other cancers.?’
In addition, previous studies reported that VM contributes to metastasis of multiple cancers,
including hepatocellular carcinoma3?, laryngeal squamous cell carcinoma’, and colon
cancer.?> We found that VM negative had strong correlation with non-metastasis status.
Although increased cancers are needed to probably gain significant difference in survival
time and cancer metastasis, our finding suggests that cervical cancer patients with VM
positive have a tendency of poor prognosis compared to those with VM negative.
Collectively, the current data suggest that the increased CHI3L1 expression mediates VM
formation, thereby facilitating cancer aggressiveness and metastasis.

In conclusion, our findings have shown the first time that CHI3L1 expression was
associated with VM formation in cervical cancer, in addition to angiogenesis.?* The study
might suggest a feasible therapeutic strategy for targeting CHI3L1 expression in cervical

cancer with both classic angiogenesis and VM formation.
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Figure captions

Fig. 1

VM formation in cervical cancer tissue samples. (A) CD34"blood vessels (red arrow

indicates typical blood vessels with brown CD34" staining; green arrow indicates red blood
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cells). (B-D) VM formation in cervical cancer tissue (red arrows indicate typical blood
vessels with brown CD34" staining; green arrows indicate red blood cells and black arrows

indicate VM channels formed by tumor cells).

Fig. 2

VM formation was positively correlated with CHI3L1 expression level in cervical cancer
tissues. (A) Representative images of CHI3L1 immunostaining (left) and VM formation in
cervical cancer tissue (right) (magnification: x400). (B) The scatter plot showed that patients
with VM positive had higher expression level of CHI3L1 than those with VM negative
(P=0.031). Horizontal black bars indicate mean of expression level. Horizontal black bars

indicate mean of expression level. VM negative (n=51) vs. VM positive (n=15).

Fig. 3
Effect of VM formation on patients’ overall survival. Patients with VM positive tended to
have short overall survival when compared to those with VM negative (P=0.079). VM

negative (n=51) vs. VM positive (n=15).

Fig. 4

Effect of recombinant CHI3L1 on VM formation in cervical cancer cell lines. Cells (1x10%)
were seeded on a layer of Matrigel and cultured in the presence or absence of CHI3L1 (400
ng/ml) for tube formation analysis. The recombinant CHI3L1 protein (400 ng/ml)
significantly enhanced cervical cancer cells to form vessel-like structures. The representative
pictures (left) and quantification mean numbers (right) of tube-forming structures. *P<0.05

compared with the control group. (SF, Serum-free medium). n=6.



Table 1. Relationship between clinicopathological variables and VM formation.

VM formation

Variables Cases (n) Negative (%) Positive (%) P
Age (years) 0.142
<54 33 23 (69.7) 10 (30.3)

>54 33 28 (84.8) 5(15.2)

FIGO stage 0.263
Stage 1 4 4 (100.0) 0(0.0)

Stage 11 21 16 (76.2) 5(23.8)

Stage 111 37 29 (78.4) 8(21.6)

Stage IV 4 2 (50.0) 2 (50.0)

Metastasis *0.035
Negative 49 41 (83.7) 8(16.3)

Positive 17 10 (58.8) 7(41.2)

Mean OS time 66 64.599 43.900 0.079

(months)

(52.316-76.881)

(25.072-62.728)
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