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Abstract 

8ACKGROUND: He巾部virus entry mediator (HVEM) is如ownto 陪gu祖lteimmune

response and to be expres 鵠 din 鵠!veral human malignancies. However ， the 

p陪d鉛 role of HVEM in human  canar biology remains unknown. 刊isstudy aimed 

to da的 dinical im問陶n偲 of HVEM in human esophag 朗 1判uamous all 

carcinoma (ESCC) and also 胎的vivo functions. METHODS: We evaluated HVEM 

expr l部 sion in 1閃 pa百ents with ESCC to explore i臆clinical relevan ぬ andprognos 百c

val 嶋. The functions of HVEM in加mo陪 were analyzed 的vitro and 的vivo by using 

siRNA silencing 悟chnique. RESULTS: HVEM expli 部 sion was significantly 

∞rre 陥t剖 with depth of the invasion and 伽nph nodeme 臨S回sis. Fu巾ermore it was 

in明治ely ∞間la胞dwith tumor-infi 蜘百ngCD4+ ， CDS+ ， and CD45RO+ ゆηphocytes.

Impor 抽ntly ，the HVEM 5同知swas iden 世fied as an independent prognostic marker. 

HVEM gene silencing sign 前倒ntly inhibitl 剖 can 偲 rω11 prol 胎ration 的 vitro and 

can 偲 rgro 叫 1的 vivo. This an胤Jmor effect was a鎚ociatl 剖 with the n凶uα剖 all

proliferation activity. The effect was also ∞間隔.t edwith induction of CDS+ 偲!l sand

upregu 刷onof 10伺 Iimmune response. CONCLUSIONS: HVEM plays criti 偲 Iroles 

in tumor progr l白 sion and evasion of ho:説 antitumor immune 附 pons 部防部ibly

th悶ugh direct and indirect mechanisms 姐 Therefore ，HVEM may be a promising 

therape 叫:ic 回rget for human 部叩hag 回lcan 偲 r.
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INTRODUCTION 

E回p加喜朗1伺R悶 is∞eof 血emost di:ffi c叫t伊組曲tes 血a凶a1柳組 d邸句協at加 dcure. 1.2

P組佃tsatl 蜘砿戸nen 偲 dis 刷 tmetast 部:i sぽ local recl 回開田even af1町 cw油veresectio 乱1

Al血 ough m叫伽吋a1i ty ap伊ooch 回同sed on surgety ∞mbined wi血 preoperative

chemotherapy an.d/ or radiotherapy has been atte 時制，effi 伺cyof 也悶e位回出lenl 包islin 帥d，

an.d也 eove.r姐 1罰則val remains poぽ'.3.4 Therefore ， novel s回regi' 邸 ag: 租 st田叩加.geal 伺n倒

n悶dtobedevel 句吋組d回匂hlishedto 並lprove 同e蜘 'progn 慨.

H抑制服組句media 加11' (HVEM; TNFRSF14) is a memb ぽ of血eTNF re問中町

制阿制ly，which is eヰ鵬回edon several typ 田ofcells ， including T田Us， B偲:ll s，NK田:ll s，

de.rl dritic 四:ll s，組dmyeloid 田:ll s，槌well 部 non-lymphoid organs including lung ， liver ，姐d

組血ey. S，6HVEM is a li伊ndfc ぽ血eIg su伊rl' amily merr 帥rsB an. d T lymphα 抑 a倣nua 伽

(BTIA) an. dω1ω ，組dis also a re叫伽f町血.eTNFsu 戸rl' amily meml 加 sUG Hf姐 d

LTα.'-10 Ii~剖∞ ofHVEMby UGHf promO 回 T回:llpro.町 era 伽組dcytokinepr 吋uction

by加i白血g制 v甜.00 of也epro 録制va1位粗削 iption factor NF-) 信仰 By 血仰∞ntras t，

HVEM engagementofBTIA 加 dCDlωactivat 邸泊組制的rysignaling 泊T切:ll s，問ul血gin

d配陀asedT 叩:ll伊D.盟国説∞an. dcytokine pr吋uctio n.9，10， 12τ 盲目efore ，HVEM is known to 

display a dua1 functi ，四凶 acti: 吋ty for T cell activati ，佃 d叩ending 佃也elig: 組 dsen 伊.ged.

Howev ，ぽ" the inhibiω'ty 釦nction of HVEM may be domin 姐toverits 骨組m叫atory acti. 吋ty

飴 demons 回総dby 阻han.田 d叫 vation ofT 侃Us inHVEM 也 ficient 凶偲.12 Furth ermore ， 
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HVEM-deficient r凶回have been 曲目own 加bem 町es問。句姐bleto ∞n伺navalin A-mediated 

T cell -depen dent auωlimmune hepatitis 姐 d myelin oligodendrocyte glYI ∞抑制n

伊ptide 品duced 既 .pe 血nental autoimmune en印phalomyelitis. 12To date ， many s加di回 have

fωused 叩 HVEM 伊血way in 鶴田副 dis 開館s，such 節制的加lll1 une d出渇se，infecti 佃，

凶lamm 蜘 ybowel disea 民，and 位311Sp l祖凶0乱12-15 on the oth 町 han d，也.erole of HVEM in 

加nors remains 1町gely u出nown. HVEM expression has b倒 iden 組ed泊田:v eral human 

加mor 田IIlines including ∞Ilon 制問，bre 脳t回n回r，組dT田llleuke 凶a，組da1叩 ma肉凶

human mali 伊組CJ. I邸 such 剖 melanoma and hematopoietic mali 伊組、d田 .16-19 HVEM on 

加mor cells has been shown 加凶ibit cytokine pr吋剛on 姐 dprolif 町岨on of 加mor

antigen-sp 伺fic CDs+ T cells 吋a B1lA in vitrO. 17 In addition ，部v刊er剖姐m田担es翻加di悶加v刊e 

shown 伽Itblock 剖eofHVEM 沼flA伊 d由lwa符ya剖:u gr伊n偲蜘飽卸m町組訓世g血叩ecific 泊m阻 e

respon 蹴組din幽H凶蜘飽加mぽ g伊。uw血

伺叫n叩郁op凶 sv由i泊as噸i単伊必血n略g伽伽む捌u噛g悼h回伽n悶町切附路副dH町VEl¥別r1:， 1回.ding to suppression of tumor 

grow 血7，18τ 'hus，the functions 姐 droles ofHVEM in tumors 蜘 ncomple x.

h由iss 加dy，wehypo 由側副伽ItHVEM 佃加m町田llsr 凶ghthave 倒 neroles in祖

也胸凪ble human mali 伊姐cy，闘。phag 剖叫!uamous cell 伺rcm 佃鴎但SCC).百 erefore ，we 

a伽mp包dto clarify its clini ca1加 po血n印 inhuman ESC C. F町出.enTI ore ，we inv 剖伊凶血e

biolo gi.ca1 roles of HVEl\r1，凶ngRNAin位lÍeI組問me也odinv故~and 的吋vo.
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MATERIALS AND METHODS 

Patien 脂

Weexarnin 吋 1mpatients wi血田ophage a1伺 n田:r who undeIWent curative esophagectomy at 

Depar 加1ent of Surgery ， Nara Medic a1 u:国 versity ，be柳田:n 1995 and 2α泡. Patients had 

F回eivednei! 也.erchemo 血erapy nぽ radio 血.erapy before the operation. All田 ophag 朗l伺n回目

ev; 品醐吋也出sstudy we胞 pathologically dia 伊0副都squamous cell 伺吋noma. Tumors 

we肥 cl部組eda ∞ording 加由eTNMs 匂gmgsys 低m. 23官lemedi 担 fo11o 件 upfor all patients 

W槌 25フmon 由s.Wri 伽ninfαmedcon 邸:n tw出 ob凶ned from all patie 臨配cordi 略的our

加sti 加tion a1guidelin 回.

加munohistocl 担!mistry

Sections were 湖m吋山崎aDAKO En Vision sys 蜘 1のIAKO Cy加 m甜on，Kyo 加，J:叩an)

部 prev lO田lyd 回，cri bed. 24 As pr町四yanti 加di回，組ιHVEManti 加dyθ4804 ，R&D sys 蜘 18，

Minn叩，1is， MN， USA) ，制ω4anti1 加dy(4B12 ， DAKO) ， anti- ∞8an 伽 dy(C8/144B; 

DAKO)， and 棚田ω45RO 組曲吋~(Ua江l;DAKO)，組danti-Fo xP3 an伽命(ab225 1O;

Abc 倒n， Tokyo ， J;時刻1) w1ぽ'e employ ed. S胡 ons w町'e mc曲aぉdwi 血伊首凶yantibodies 

OVI 側首ght at4 0C. For 由e期凶ngofmo 田e由sue ，anJか Ki67 佃世加dy(SP6 ，S戸ngBioscience ， 

Fremon t， CA， USA) ，制覇CD4 anti 加dy (Novus Biologi 切ls，LI制御礼 CO，USA) 姐d

帥・CD8 an封切喝r(Novus Biologi ca1 s) were used and ino 伽凶 ovemight at 40C. 百le

7 



細iningw 出戸巾IUned using 也.e ~郎旬S加n ABC kit (、鳩町 Labo 雌:o ri田).

Imm unohis 加cherr 首班y品ifHVEM w部 eva1田お dby au血orized 卵白ologis 飴 who 加dno 

knowledge of松岡側， clini 回1 s刷lS. At 1，倒t 1，000 tumor 印11s w田 scor ed， and 

pぽ田n阻geoftwn ぽ∞11s showing positive s凶nmg was 伺lcula 胤 To ∞酬明chT回目

subse t，伽∞randomly 田1郎副ar伺 SWIぽC∞m叫 and an average number was s∞red. 

Animal and Cell Llne 

Fem a1e BALB/c mi回(5- w間:k -old) were ob旬inedfrom αEAJAPAN σokyo ， Japan). Al1 

expe 出nents were conduc 飽dunder a protocol approv 1吋byo 町出出lfI，∞a1肥 :viewbo 訂d.The

human ESCC ce11 lines ， TE-1 and TE-6 ，組d a murine colon adenocarcinoma 白llline ，Colon 

26， wereob 鈎inedfromR 区ENBioResource Center. 

Ext ractlon of To脂'1RNAs and Real-time Reverse Transcrlp 嗣5ePCR Analys ，脂

Total RNA w出 isola ぉdusing RNAs 凶Mini (GEH 伺1由開re，UK， udよandcDNAw 邸

synl 也回i却 d出血g a ReverTm Ace qPCR RT KitσOYOBO). For real-time 問ve臨

む粗削ip国 ePCR analysis ， cDNA was 翻 plified in TaqMan F:描tU:国 vers a1PCRM 部ter Mix

(Applied Biosystems) with gene-specific primers and prob 回佃伽御前即日usRea1 -Time 

PCR System (Applied Biosystems). 官le ex戸田sion level of the ho田eki 出向ggene ， 

s2-microglobulin w描 m錨 U岡部組帥ma1re:D悦脚・
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Preparation of Cell L~鋪胞sand~儲脂mBlot Analysis 

We resolved the cel1加回担 SDS-polya 句 lamide gels 組 d回nsfe 耐 them onto 

polyvinylidene difluoride membranes (l¥.佃五 pore ，LtdふAn ti-human HVEM anti 加dy(' 銅804;

R&D systems) and anti-mouse HVEM antibody 侭&D systems) we胞 employed. 百le

membranes were incub 枇 dwi血血eindi ，印刷戸泊四yantibody overnight at 40C， and then 

incubated with horseradish peroxi 伽se- ∞司ugated IgG (San 匂 Cruz Bio 協加ology). We 

de句cted peroxi 白鴎臨むity on X -ray fums using 加 e曲ancedcb 聞 illum 泊es回n回 deおction

sys 低血

siRNA 加 'ns 御 tionofHVEM

F目白'3IlS島 ction 祖母yses ，TE- l and 1E-6 cel1s we路加nsfected either with ∞n1rol RNA or 

with 80 nmo l/L of siRN A of HVEM. Colon 26 cel1s were also 回岡田旬deither with con 加I

RNA or with 20 nmol 止 ofsiRN A of HVEM. Transfections were carried out using the 

Upofec 岡山esys 民m(In vi1rogen). The human HV酪'1 siRNA duple X!田， genera 凶 with

3'-dTdT overh 叩 gsand pre p:眠 dby QIAGEN ， were chosen against 由.eDNA 凶get 田quence

出 fol1ows: 5にCAOα 'ACATTGCCCAO 口CM-3'. For the mouse HVEM ，血eDNA 

旬rgetsequen 白 W槌 asfo l1ows: ターCTGTATGTGCTGACTGCCTAA-3'.
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偽 '11 Viability A弱ayand Cell CyCI俗Analysis

Cell viab 出tyw 邸 detennined using 由.eCell-titer 96 aqu 叩 'US one solutionωU proliferation 

邸阻y魁t(1を'O mega co中ora 姐on，Madison ， WI， USA). 百le abs ぽbance at 4卯 nm w出

reωIrd 吋. Anal ysis of也e田II cyc1e w.出 petform 吋出血g也eCyc1eTEST 1M PLUS DNA 

R朗gent 阻t(BD Bioscien 回s). 百le 印H叫ar DNA ∞ntent of at 1悶st 20，1α泊 cells w出

加 alyzed using FACSCalibur ins 回 nent (B即:t on- Dickinso n， Fra 副 in Lak同 NJ)組 d由e

proportion of 田lls in 也edifferent ph出eof the cell cycle w部 detennined using the 

CellQ 附 t1Msofi 抑制(目配伽 Dickinson).

Anima/E 脚 !fi men 制 Protocol

In的vivo model ， Colon 26 cells we即 subcu 回loously in∞助制面白lower f1ank 抱gionof

lll1侃 .T胞a凶 entw 制御出d3days afl 回加morimpl 組踊.tI onwhen a small palpable lump w出

evident As described p即:viously ，2S we 1∞必lyit抑制ei也erco 前'O lRNAorHV 削 siRN A

with Atel oGene Lo叩 lU:田 (Koken Co.) twice a w偲kfor 2 weeks. The 加morvolumew 出

calculated a∞ording 知也efollowing formula: V = A x If/2 (mm 3)， where A is血e 1特出t

diameter (mm) and B is the smaU田 tdiameter (mm). 

Statistical Analysis 

C蹴 gorical variables w的 presen 刷出numbers 姐 dpercentages ， and groups we胞 comp 紅吋
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悶ng也echi- 岬即eぽFi sh町's偲 act 蹴tContinuous v:組ables were e:ヰ>reS関 d槌 m岡田and

st組伽d回rors ，姐dwereωnpared 国ng血et包stThe町吋va1c町 V回 were ca1叫 at吋by也e

Kapl組ーMeiermethod 組 dwere 祖母戸ゅdby 血elog 幽踊盛岡tAm 耐 varia 担問rviv a1analysis 

W箇 penonned using the Cox pr司)()1 tional hazard model. A P va1ue < 0.05 w邸∞nsider 叫

s凶 sti 叫lysi 併宣回nt

RESU L:・ m

H凶:MExp 帰出前m伽Hun 踊nESCC

We伽 t倒 npar 吋血erelative ex伊間活岨ofHVEMbetw 田nESCCtis 釦出血dnon -c組側

姐悶U邸 U油19 available frc 沼舶脳間郎.RJ 伺1-歯nePCR 姐a1 ysis showed 也atESCC 世間U邸

expre 田edm 即 hhigh 町 levels of HVEM n武NA出血non -c組側出制鎚 (P<. ∞1;Fig.IA). 

F町血聞nore ，也eHVEM expres 姐∞ of catl!慨世間 U邸 W槌 αmsis 回目yhigb 町也組曲atof 

n岨屯組問tissu 田恒伺chindivid ua1回叩 lhag 剖制御凶ent 但g. 1A). We next ex姐 rined

the HVEM expressl 叩担a出凶ESCCtissu 回 by泊lnmnohis 句chen 出町.Positive 側面ngfor

HVEMw; 出 seenbo 也∞血ecell membrane and 恒也ecytopl 制mof 側側関Usin 91 out of 

1m patients (:疫~%， Fig. 1B). The m伺n戸配阻旬ge of HVEM-positive twn ぽ cells w飽

428%. Innl仙 C組問蜘U邸，回memononucl 倒防Us we即 also 附 :itivef 祉HVEM.

Clln/cc 明atho/c ザalSlgn，撒沼町旭ofHVEM Exp re錨伽1/n Human ESCC 
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To fu地er 担vestigate the clini 切1relevan 田 of HVEM expression ， all s戸cim 回 swere 

cl出 S出edinto 同'0groups a∞ording top 町田n匂geof HVEM-positive 加morcells 拙 follows:

42 tumors (40.8%) wi血 bigh exp問路ion 倍野~ ofHVEM 同positive 回nor cells) and 61 

加mors (592%) wi也low expression (くま)% ofHV 酷 l-positive 加mor cells; Fig. 1B). We 

血.en eval 田飴d也e∞rrelation of血.eHVEMs 包tus wi由various clini ∞pathological fmd 同s

ぐTable 1). 百le加mors with  high HVEM expression we路 signifi 伺ntly 1崎町並垣部出m伽

加mors wi也low HVEM eXprl 田sion (P<.I ∞1). F町出ermore ，血e加mors WI血highHVEM

expression had a si伊出回ntly d偲:per invasion of血.ewall and more ∞mmon lymph node 

metastasis (Pく.∞1).百 lUS ，our 由旬 sugges 凶血at tumor-expressing HVEM might be 

involv 吋incancer progression in h田nanESC C.

骨'Ognostic 伽Jpo.瑚 'nce of HVEM Expj即時ion

We世len investiga 凶 the prognostic value of HVEM expression.τ 'he5-y'回rsurvival rate w部

SI伊江icantly lower 也 patients wi血血eHVEM 同high tumor 由組担 patients with the 

HVEM-low 加mor (18 .3% vs 49.6% ， Pく.∞ 1; Fig. 1C). F町血ermore ，血eml 叫説明iate

analysis showed that 也eHVEMs 凶 18 拙 well as tumor s匂加s，no白lme 匂stasis and dis 刷 t

meぬS匂sis w出 idenl 凶ed 拙 anindependent prognostic factor (P = .041; Table 2). Taken 

toge 血er，HV日10n 加mor cells mi悼[play a critical role 組 dalso be a pl1叩 nsing po蜘副

首lerapeutic targetfor ESC C. 
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Inverse Corre ，雌100 加伽回nHVEM Exp re隠 :iooand 胃臼

Since H¥1a佃TlA/ CDlωpa 血lwaysa 肥 known 加凶bitT 何11function ， we eval 回飽dthe

旬mor 四凶百回出19lymph ∞y回 θ宜..s) by回ununohis 防:h emis 句 toclarify 由e∞rrelation of 

the HVEM s蜘 swith TILs. HVEM exp 胞ssion levels were inversely correlated wi血血e

number of CD4+ (P = .02) and CDs+ lympho~戸出 (P= .1α)4; Fig. lD). There w部 also a 

SI伊宣cant 一面verse correl 組onbe抑制HV剛 expression 制印45RO+lymph ∞y回 (P

=.1 倒的.By ∞n加st，no sigr 並fi側 t∞rrelation wi也FoxP3 +1戸nph ∞拘sw掲 observed (da 1匂

not shown). D翻加di印刷伽tHVEMon 加mor ce11smi 出t凶 bit T ce11 in盟国tions into 

ESCC tissues. 

HVEM Silencil 曹如'hibil 信押陪Proliferation of Esophag 回'1CancerC 匂!lI s加Vitro

To fi百出er町田tiga 低血eprecise functions of百VEM under 加mor environments ， we next 

investigated the roles of HVEM exprl 回:sion in ESCC 的 vitro. We 凶 edhuman ESCC 田H

lines ， TE-l and τB6， 組 dexamined 血eeffi 配ts of HVEM down 朝間gulation using siRN A 

M∞kdown approach. At 72 hours post...: 回nsfection ，siRN A 1m∞ kdownsi 伊姐cantlY l1吋 u田d

HVEM expressions ∞mpared with control (Fi g. 2A組 d2B). We由enexamined its role 恒

也eregulation of伺n問自11pro 旺町ation by MfS出say. Cell pro 脆捌onwas si伊ificantly
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suppre. 錨edby HVEM gene silencing in加也ceI1s 侭g.2C). Thus，回nor 聞eヰ>res sing HVEM 

might directly play an加po由雌role 祖国CCpro 臨捌0払

H陪 MSllend 噂伽dUCE 賜押隠C副WCyc/eAn 槌 t

To 胞V叫也eunderlying m配h抑制担血.e 1油i刷 on of ce11 PrO旺 era 伽 observed by 

HVEM 1m∞:k down， we 相alyz 同問ncycle p即日田. Theωn cyde analysis showed a 

si伊組問ntincrease in the S and 血eGJM 切np叩叫組on恒bo血TE- 1血 d'fE.6伺:l1 s回a勧d

withHVEM 話RNA 悶n~間近加は湖加l ロE-1: CODJ 加11RNA vs HVEM 活RNA ，S; 13 土

03%vs 15.4士山%， P=~∞1， GJM; 22.1 :1: 0.4% vs 28.9 土0.2% ，P<.' ∞1，TE-6: c∞位。l

RNA vs HVEM siRN A， S; 12.9 土0.4% vs 152 :1: 03% ， P = .013 ， G/M; 22.1 :1: 0.9% vs 29，フ

土O.8%， P=.1 α)3; Fig. 2D). Fur出問問-e，也 e戸間組組geofapo 抑止印:ll sw;部 m側四凶by

Ann exin VIPI double 翻凶g.Th問問 no組側ficantdi 宜eren 回 t胸間油田制wi血

HVEM siRNA orαm 加IIRNA (1由旬not shown). Th悦也組問鑓田 t白紙HVEM si1encing 

凶ght in白田也e回ncyde arrest b砥 not apo 隣姐s，1回向旬 inhibition of can 側四H

proliferati 仙台n砂。.

HVEMS iJ蜘 cll 暫Inhlbl 脂TumorGrow 的;nV'IVO 

Next， we were 祖凶罰則 wi血血.efunction of HVEM und 町 physi o1ogical ∞nditions. We 

employed am田町∞aon c組問r叩:ll line ， Col，岨 26， ftぽか~vivo analysis ，釦問nomurine 
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問。phag l剖側側・切IIline w，部 available. First， we examined 御前ゆveffi 倒 ofHVEM

si1encing 担 Colon 26. S加温arly to human ESCC 伺狙S，SiRNA knockdown si伊出回ntly

r凶u制 HVEMexpre 随i∞(Fi g.3A). Furth ennore ， HVEM si1四也 gsi割fican:世 y抽出回

開llpro 町田雄倒的励。(F ig. 3B). In∞ n回st 加 human ESα 偲lls ，HVEM silencing 

ind 恥 eda sigt 姐回世旭町回路恒也eG1回llpop 叫甜on( ，αm加11RNA vs HVEM 話RNA ，39フ

:!: 13% vs 58.8土 O.1%， P<.∞1; Fig. 3C). We血.en eva1u蜘 d也e加吋voeffect of HVEM 

si1組cmg. 仁~lon 沼田lls were slあcu凶 eous1 yin ∞叫ated on syng 田 eic BAlB /c凶偲組d

蜘刷wi血C佃伽lぽ HVEM 話RNA HVEM expressions w問問問sfi 岨ydown-regul 蜘 d

by 仇吋vo HVEM. 垣RNA 回nsf 配 tion (Fi g. 3D and 3E). Inte悶 tingly ，HVEM 

down-regula 蜘 significantly 泊bibi 同制morgrow 血但g.3 め.Fur 也釦nore ，也epe 即entage

d也en回rotic ぽ国 W拙説割自白ntly higher in 佃血明細凶 with HVEM 必NA 由加

∞n加1(35 .2土l(協 vs10.2:!:3.1% ，P= .a8;Rg.3Gand3 問.In additi on， we examined 也e

pro 町erati 佃 activity of回nor cells by Ki67 s凶凶ng.Pe 即佃tage of Ki67- p<説世羽田 llsw ，制

剤員制tly d間関節din 加mors 蜘凶wi血HVEM 級 NA悶削吋胎∞ntrol (345 土

0.2% vs 64.8:!: 27% ， P < .'∞ 1; Rg.4A). 

HVEM~伽d噌Enhana措CD8"Lymphocyte R，即m伽 ent and Loca l加munlty

日na11 y，we eva1ua副官Ls by immunohis 臨:h emi 甜ym血is抗吋vomodel. As a resul t， CDS+ 

but not CD4+ lymphα 抑 s凶首位姐ng 加船出eSUIIOunding area of 也etum ぽ were

15 



si伊姐伺nt1ymore abundant in 加mors 伽御dwithHVEM 凶RNA 血組αm.trol 但g.4B).

Then， we analyzed 1∞al immune 翻加sin tumors.τ 'he ex伊関i叩 levels of IFN ヴ組dIL- 2

were signifi 回ntly higher in tumors treated wi血HVEM 函RNA 伺g.4C).Da凪恒 d伺加1白紙

HVEMbl ，∞:kade not only directly r吋u関dc組問切nprolife 創価，b叫also promoted CI)g+ 

凶首位叫on 恒加 tumors and e曲組問d 1，創立d加lffiune re叩onse ，也.ereby res 叫血g泊也e

inhibiti ，佃of佃nぽ grow 也前vivo.

DISCUSSION 

Tumors evade immune surveill 油田 by e.却 res 由g田ivem1 li伊nds 由aten 伊ge inhibitoty 

下旬nre 田ptors and dampen T覗 nfunctions wI!也 m血e加mor miα 田n吋ronme D!♂ z1

PD-LlJPD.. l伊血lway is known めbe∞eof major negative regt 劇団ypathways in卸mぽ

泊lffiunity. We 姐 do也.ers have r句ぽ凶血at 加mぽ'-expt 商品ng 四)-Ll is 倒 rela 飽dwi也

adV eI四 clini ∞伊血ological fi回附S姐dhas 組 ind 旬開dent pro 伊ωtic value 担問V捌

human c組問rs，including 側 phageal 制御戸脚 R抽佃nore ，回geting 出S伊血way is 

currently und 町恒V回世gat:i. onin clini 叩1trialS?l.32 However ，也ec脳 .cal e盟問cyse 偲 18ωbe

h凶めd.Th町 efore ，血町eis still D!即 dめexploreo 血.ernovel 血.erapeutic 旬rget In this study ， we 

have ad申essed the clinical si併E叩白血dfunctional role of a r悶 ntly discovered 

immunoinhibitoty ligi 血dHVEM 也回opha 喜朗l伺n附.

16 



There are relatively few studies on HVEM in can 田fbiology. Derre et al have shown that 

HVEM on melanoma 田lls 加hibi 民d距N-y production and proliferation of加mOf-S 戸ci:fi c

ca+ T cells via BTlA in vi，仰，suggesting that inhibitocy interactions ofHVEM-B TlA may 

play a role for evasion of host anti:加 mor 出nnunity.17 To date ， however ，血erole of HVEM in 

ac加a1 human 切出町田m垣間 l町gely unknown. In出 s銑udy ，we 伽 tconfrrmed the 

overexpression of HVEM in human ESCC tissues. We fu地.er found 由at恥加mor Wl由

higher HVEM exp 肥ssion had more adv 組問dfi 聞知res. Impo陶 ntly ，血em叫tiv 組ate 組a1 ysis

identifi 吋血e加mor-ex 戸田singHVEMs 跡 18部組independent pro ，伊ostic factor. Then， we 

analyzed 血e∞，rrelation of the HVEM s阻加swi 也mふIt iswidely 郎 O宮山吋由atTILs play

some roles in inhibiting tumor progression and recl 町組問，組dhavepro 伊ostic signifi 伺n白血

seve ra1 human mali 伊ancies ，inc1uding esophagealωn印:r.33• 34 More 時間nt1y，our and other 

studies have shown 伽 tCD45R O+ for memocy T叩Umaybeabe 恥:rpro 伊ostic marker 加

hum 組問ophageal canc ぽ戸;35 As a res u1t， we found 血atHVEM expression levels were 

恒versely 0側'el ated not only with 加mor-inf J1畑出 19 CD4+ and CDs+ T cells but also 

CD45R O+ memocy T cells. In鉛附 tingly ，re偲ntstudies have sugges 凶 that HVEM regulates 

也.egeneration and maintenance of memocy T回Us戸幻Takentoge 血er，HVEM on tumor cells 

may play a critical role 担 evasion of host 制加mor immune respons 四組d∞n凶bute to 

佃mor progression. Therモ:f ore ，也e関白胞 fur 血er emp 加s凶d血at HVEM cou1d be a 

promising target for novel cancer 血erapy against human ESC C. 
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B田ides 血e泊mlUnologi 叫 ro1 回 ofHVEM ， it functions 描eI!也町相 ndor 即岬tor 恒

div 慨 physiological 姐 d帥 ologi 叫戸田国蹴. Re回nt s加dies have 伽 nons 回凶伽

BTlA， CDlω ，組dglyl ∞pro 凶n D function 部 activating ligands E町 HVEM ，promo 血g

NF-) 侶 acti v:組 on姐 d伺:ll SUJVi val via HVEM in lymphoid 組 depi 也elialωus 戸38However ， 

加 our knowledge ，也関 isno s加dy 加 addr 回S曲edir 倒 effi 配;t ofHVEM 泊四nα古田H

S町吋val. We examined 也ebiological m即:ha 凶smsofHVEM 岨旬mぽ伺Us by凶ng温RNA

me也00，組.d found 田V倒凶戸胸ntobs 町vations. 日rst，叩:ll pro 町emtion w部 sl割fic 佃 tly

凶 ibi 節dby HVEM gl回esilencing 也 hum 姐邸CC 偲:ll sand murine ∞110n伺 n畑田:ll.

S邸側d，HVEM 品lencing indu 即d血e田:11 cyc1e arrest but not apoptosis 仇 vitro. Wbil e 

HV別品len 伽 gind 脚 d也eGJMarrest 加h皿m 四cc叩:ll s，itmedia 制御G1組側面a

murine ∞lon 制御伺:11. Th蹴 d働組側may be due to p53 s刷謂恒也間関:11 s.p53 is a 

key regula 加ifofbo 血GiS pha 民 andG 川 pha 錦戸Bo由humanESCC 白幽館凶nmu 旬凶

p53 ，組d白Ilon 26 cell has wi1d切 ep53. 40 Thus， HVEM silenl 伽gmay 並du四 di宜erential

印:11 cyc1e alter 甜佃s，depending on p53 SI匂加s.However ， underlying mol 配叫arm 配hanisms

of HVEM si1en出g-media 岡田:ll cyc1e arrest are still und 飢日泊町fun 也men 凶油xli 回

脱出erefore n白色dNeve 地eless ，0町 dataincli 伺勧d血atHVEM silencing suppres 蹴回目

仰旺erati ∞由rough 血einducti ∞ofthe 回:11 cyc1e arres t. Taken tog 他民O町伽胞並dica 臨

也atHVEM might be dir 叫 y也，volved 也伺n畑田:ll pro 旺闘員0乱
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Finall y， we inv ，儲，tigated 也e白ncti ∞al role of HVEM 旭卸mぽ的吋vo under 

physiological ∞ndition. As a胞sul t，HVEM bl，∞kade indu( 泡dby local injection of siRN A 

si騨ficantly 泊姐副総d加mぽ grow 血of仁blon 26 in syngeneic immunlα :om petent 回開.We

alsofound 血atHVEMbl ∞:kadesi 伊国側tly 恒hibi 凶也epro 町erati ，叩d伽m町田ills 的vか'0.

Thus， HVEM bl∞kadehad a 歯切tan:世田 nor effi 配ton tumorωills 仇vivo. We also found 

制 HVEMbl ，∞kadesi 併ficantly 担白白d也e凶 1剛佃ofC 郎 tTILs .Fur 也聞n鵬，1FN幽 y

and JL.. 2w悦姐割自C加，tlyupre 別協d加畑nors tr開制wi血HVEM siRN A Sev ，側聞nt

s旬di回 showed 也atbl ∞kade ofHVEMlB TIA p柚 ways 咽ngsoluble BTIA or血ev; 低:cin e

fused伯爵y∞F揃nDe油組問d加m町~reactiveT-田nactiv; 組佃組dled 加卸morregr 四sl叩

or tumor groW 也 inhibiti on. 20- 22 In additi 佃，血.e bl，∞kade of HVEMIBτ 1A恒胞 racti ，α18

hα蜘，edleve 1s of 1FN，ヴ姐 dJL.. 2恒也e加mぽ microenvironments?l our da胞mayfi 山由ぽ

Cぽrob 倒 te也悶問、rio 田 findings. 百四，HVEMbl ，∞:kade might have 祖恒direct 組長加m町

efli 側担du回dbytheinhi 刷岨ofTcellne 例ve伊血way. The田 direct and indirect effi 蜘 d

HVEM blockade on tumor are not mu加ally exc1usive and may be可n町'gistic.

h∞nc1usi on， we have shown :tiぽ血 e血事ttime 也at higher HVEM e司間ssion is 

∞rrelated with adv 姐田d:ti回附邸 ofhurnan 伺臨班and fewer TILs，姐 d血atHVEMis an 

泊dependent pro 伊ωtic mar 加担hurnan FSC C. F1世也 ermore ，HVEMαm 凶b団関胎伺n倒-

cellpro 旺d凶onandirr 平曲組制mor 加mune responses. Importantly ， HVEM bl∞kadehas 
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asi 伊組問ntan 伽 m町 d倒 und 町physiologi 伺lαmdition.τberef 町e，出s甜Jd ymay provide 

the rationale of developing a novel 伺n田r白銅IPY 匂rge 凶gHVEM for human mali 伊ancy.
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FIGURE ほ:G ENO

円gu陪 1. Clini 偲 Isign 前倒n偲 ofhe 巾鎚，virus e巾ym剖iator (HVEM) exp 陪鈴ionin

human E*拘 pha gE抱 .1 squamous 偲，11 偲 rdnoma. (A) The HVEM expre 鈴，ionin 伺 n偲 r

百部嶋 was signifi 伺ntI yhigher than that in no件情n偲rti鈴嶋(耐 tpanel). 同IEM

expr 鵠 sionin 伺 n倒恥Sl路 was ∞間隔担ntly higher than that in non 唄 nωr世ssueof

individual 凶 e同(rig は問問1). (8) R叩r鵠 n凶ve伺鰐ofl 側 andhighexp 陪ssionof

HVEM. (C)Pa 胎n脂糊甘， HVEM-high 加mo陪 had signi 目白柑ypoo 陪rposto 問ra首ve

survival ∞mpar l剖 W貯1HVEM-Iow tumo 陪.(0) 官官number of tumor -infil 甘訓ngCDt ， 

Coa+， and CD45 RO+ 加 pho 句協 was sign 嗣伺ntly fewer in HVE~ルhigh tumo 陪

∞mpar 剖 with HVEM-Iow tumα '8. A single a:拠 risk indi 句協 P< .05; double 

側側sks ，P<.01; 廿ipleas 担，risks ，P<加 1.

Figu陪 2. Downr ，句U刷onof 陥巾弱V川se同:rym 倒iator (HVEM) by siRNA inhibi 也

偲 11 prolifera 百onand indu 偲sthe cell cycI e arrl 偲 tin human 倍。pha 伊al (沼町inoma

叫 s. (A) TE・1and TE-6 cells we陪同nsf 印刷w油∞巾叫 RNA or HVEM siRN A. 

官官HVEM 猷 pn邸 sion was eval 明胞dbyq 嶋崎旬百verea 同mePCR.ltw ぉ甜'ongly

r凶時刻in凶h偲 IIlin 飴，when 甘ansf ，釘胞dw耐，HVEM siRNA for up to 72 hours. n 

=3・5聞 (8) 官砲protein exp 陪ssion of HVEM was eff 闘 velys 叩pn民泊剖inboth 偲 11

lin 鵠 as de抱rmin 凶 by immuno 凶0出喝 analysis. (C) Cell prolife 剖∞ was 
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sign 前倒nUyinhib 胎din 倒 Is甘側協dw耐，HVEM siRNA as 制 ermin 倒 byMTS 部閣y

a胎r72 hours incubation (n = 7 of each grO I.l同. (D) Cellcyc 担analysis indi 伺抱dthat

HVEM silencing sign 聞儲r咽yincr l伺 S剖 the propo 吋onof倒 IsatS p陥鰐and G21M 

pha:鵠 inboth 倒 Isωnpan 剖 W耐1∞巾ols (n=3 of鉛 chgro 叩1). A single as胞risk

indi句協~sP<.05;ωub除制剖sks， P<.01; 制ple asterisks ， P < .∞1. 

円gu陪 3. H町問W 机JSer 官ym剖iator (HVEM) silenci 句 inhib 胎加mor gro' 叫 1加

vivo. (A) 倒 on26 偲 IIs 鴨陪回nsfl 郎副 with ∞n甘'01 RNA or HVEM siRN A.刊 e

mRNA HVEM exp 鴎 sion was 剖gn前倒nUyl1剖 uo凶， wh開 transfec 加dwith HVEM 

siRNA for up to 72 hours (n = 3 of each group; 財tpane り.Thepro 胞in胤telwasalso

e取調vely suppr l白舘das 僧胞rmin 剖 byimmunoblo 帽nganalysis (right panel). (B) 

Cell proliferi 副onw ，ぉsign 前倒閣yinhibi 制 inColon26 甘伺栂dw耐，HVEM siRNA as 

determ 同 dby MTS assay af胞r72 hou 陪 incubation (n = 7 of倒的grou 防. (C) Cell 

cycle analysis ind 同胞dthatHVEMs 日開d喝 sign 町側柑yincr 銅製剖the propo 同onof

偲|胎 at G1 phase in Colon 26 (n = 3 of each group). (D) BALB/c mice we陪

sゆa胞n即時Iy in∞ula 刷 W耐， 1 X 106 Colon 26 倒 Is. M隙 we陪胎n10剖Iy

i刊館協deither ∞巾01 RNA(n=6)αHVEM siRNA (n = 6) on day 3， 6， 10， and 13. 

Immunohi 拠出emi 偲| 鋤 inir 唱 sh側副 that a sign 前倒同 d悶 e部ein HVEM 

expr e:渇 ionwas 側de吋intumo 陪obtain 凶 from HVEM siRNA.; 甘伺t剖 mi偲(町刊 e
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mRNA HVEM exp 鶴 sion was r，剖uα珂intumo 陪 from HVEM siRNA-' 甘舘胎dmi 偲

(n=6of 倒的group). (F) Tumor gn倒的W部 inhibi 刷 byHVEM blocka 御前vivo. (G 

and H) Hi剣勾i回，Ianal 拘，isindi ，伺制that there was more ex胞nsive neaotic ar四 in

tumo 陪ob也ined from HVEM siRNA 鵬首'ea 悟dmi 偲. Asingleas 刷 skindi 明胞sP<.05;

doublea: 剖erisks ，P<.01; 制pleas' 抱risks ，P<.OO1. 

Figu問 4. Inhib 耐onofh 自問倒防e巾ym倒iator (HVEM) rl剖L鴎 sthepro 町'era 百on

acti' 叫ly of tumor alls and 朋 hanα 刻版渇Iimmune rl儲3pOnsE括的 vivo. (A) The 

repres 抱n臨百四 miσog 問phs of immunihistochemi 偲 Is回ining for all proliferation 

(附6乃intumor 百ssues. A signifi l白川decn 倒鵠inKi67 翻 iningwas 側de同intumo 陪

from HVEM siRNA.; 甘銅制 mice when ∞m問陪d w肋∞巾'O ls. (8) The 

r叩限削刷ve micrl 句却hs of immunihis 蜘陥mi偲 Is祖ining for CD4+飢 dCDa+ 

加phα 抑 sintumo 陪.Coa+加 pho 句協intumo 陪甘回制W耐lHVEMsiRNA 嶋 re

mo陪 abunda 同. (C) 判官 IFN-y and IL-2 mRNA levels was signifi 伺 ntlyinσeas 剖 in

tumors 油脂加凶from HVEM siRNA-tr ，銅悟dmi 偲 Da抱we陪ぬ凶ned from 5-6 mice 

of each group. A single a:拠刊誌indi 伺恰sP< .05; double 部制sks ，P<. ∞1. 
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