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AT OF 7 SO Aikilia5RE U /= B R RERSE) 1 A —h—DER & BIEADEE

MRNEKE REF—  IISHTEROEAEREMMITAH  AISRERHEs

HRES

BIERRAEE, 1970FECHERASNE VIR NOBEZ T BRI 3EETHD. SEEFRE3.7% &
BOHTFEARTH D, £ANEEZ. CORBENSI0OFBENTRET I ENS, BESEHE2ELT
WS, LLEDBEENS, BURKECKH T 3ERLZEDE - BEREORFEIERNR2EETHIEOD. &
NETREFREDODFI—H—EH DN TR, T THRARTE. FECHT UT=AIE) (o A< —7
—BEEOLRERETHD FHTOFAZT O] (CLD. BUPRIERET - h—ZER L. DT
BOfEH, RNOERAREIE - ABREOBR(CETIMERINET S cZEBRNET D,

CNVZERT BTz, FEFEETIC, ERPRMEICHABEPREMIE CRITESH L T 3B ER
EY—HN—R#EEREL. CNSOERGERIIT3Z6H0E.) I0—7) Uiz, J7 —>HiRSAI5S0
ERUEAZ TSN T DRIC I DR Uz, &5(0. RNEBOBEERS L CRASNTUEI X TS
FUCH T RENZHET DY —D—OREEEREL. M2 < OBEMDRIEEIROTH S, RIETEERE
MY DI DEREZ IR CARBRMME R — =25 Ule, U EDRR%E SNEZAERE L. FEEEE T
BUILE/IO-FIUARORRIEETE L 52 T, SROBMRIE/ EE AR S S N G~
OOV LA ZRERE LSRR, BURIERM cSXR(CRIT Y 3 Annexin A4(ANXA4)ZEIFE LTz, FTz,
SRTFUERERMKR ARBRERORREHBIN SEANXAIEZ B U, SEMHRIEEICHT3
ANXAADRIREN' S A TSF O RE MBI R EEBSHC LT,

A. HxEN
BiE, REN—D—PRIEY -4y MR E DRI

AN SHTRRES (. TOFA— LABFHNS
EERE - RSN 3 MEMEREREZ. RS

INAAY—D—EHEORE (L, BN E SR (CEh
TRTENS, TOFAZURRTE RO R
RTESHSNTND, UNUINS, HRgesas
MEINFETICEERMRAEICETE AT
W ZNETOFA—LFRIH S RE SN IBHE
HEOHNEZ L, COPFHNSHERARDFERDIAD
JEHDORBRMNIARATH DT LCERAL TS,

(CENDZ bOILO—REICHHERL < EHEETS
CET, T7=ZHASA TS UDhh SRR,
DR (CE/ U0 —F) LA E (ER BB 55
ZWRUZ. INICKD. BE LTk TR~
TO7V LA ZREREETL. ZREFIDOHN AR
B SERBRESEHEOEORENH & ODOFHRS
BTN SIREBY — D — RIS —5'y MR & DRI



NAAR—H—BRE LD SDIERARDFERD
AD T ENTRE SRS . TTTAAR T, BIE
NA AT —N—EBEBEENREL ERAJER R
TOFA ST OB ZEMEL . RIEARFDIETR
E—RIDHRADHTE, SEEFEMEN3.7% LT
HTTFERRARRESEPFECISAITZZET. Bl
R ET —H—BREERRL. NEEDIT
FREDAREAYCE AR BN - SAEEDRREICET D
MBEENET B EHIC, AIEANOERZEIEI L
ZENET D,

BHRFIE(E. 1970FEECHEAESNET AN
DIREZTER-TIERECTHD. BENSI0FE
ENTRET I ENS., BAEZREHERBEL TV
3. TO—HT. NERCHT DHNERZH - B
ESAEE @M. DFREITSIAREASMNCENT
WL ENS. BAESBITRIC &> TEERMLZ
MBEEFTRERTHD. > TERRAKICIDTRES
NBMEE. BEESETICE > TSRBERNIET
SENE ST IEERRECH LT, B - T
EREOmEERBESE D EHIC. BROEREE
PEBEEYR. EXAROFRSHIELECEMI ST
DEHTFND.

CDLSREE - BNDE & CLERMARZEDIC
frm PRt BEPERERB TSR
[CHIE T BANnexin A4(ANXA4)Z HFICFERITT
BHUE, . MERBOFERPEERETHIZA
jf?D(CDDP)(:iﬁ?%@%’lﬁ%ﬂﬁb55_\7—
H—DFOBERERMF=ETD. ANXA4HDERICEH
EEI. AN FORREE TS & TCDDPORE
SUNTIET B EEEASHELEDT. TNSH
FRRRICDVNTIRET Do

B. HARSE
T/ 0-FIHAEREI 7 — DR

ZMANXABEBRANEIFAENZ D 7 —2 =
R 274 —pCANTABSE CRZEERIR ST AIG&E

TGtk EEI UO—ILA by IS5, 50 pug/ml
ampicillin. 2% glucose &8 2YTHEMMN A > Tz
96well L — ~TAEMR. 250 rpm. 37°CT—HE
gLz, B, FHOKBESN TS h—LEL
EETAT. BIEEBRI0 WEHCHERELE50
ug/ml ampicillin, 2% glucose=H2YT5i1100 pl
(CHIZ. ODego = 0.3~0.6XTHEELE, LiEH
TI0EFR L EMIBKOIANIILIKN=T 7 ==
(Invitrogen) %20 plgDRML. 37 CT1EME.
HmEALZ L TRESER, 2,000 rpmT1553fE
BEOL. BEER CETESNERLY MIHU
7100 pg/ml ampicillin. 50 pg/ml kanamycin &
A2YTHEE#Z200 plF DFEMLT37 CT—IRiEE
Lf=. A, 2,000 rpmT15ofE=ELL T EEZE
IRL. ZHANXAMERFAIRR D 7 —SZRR L.

Dot Blot ELISAIC k34521l

AXNA4. Luciferase(Promega). OVA(Sigma).
BSA(Sigma)*% Bio-Dot Microfiltration Apparatus
AT, TBSICE UL bOILO—XRELCE
1L UT=. &welllCBlocking buffer (10% skim
milk, 25% glycerol) %200 plI3 DFML. ZEmT2
BRIEFEY B TIOvF>Y Ul TBST1EN.
#4%. Blocking bufferTs x 10'* CFU/mICAIRL
JegEs 5 7 — HEZNEHN200 yl/weliimU. Eii
T2RRERE LTz, TBST (0.1% Tween 20250
TBS) &TBSTSHEIT DIEFE. Blocking bufferT
1,000 & # T U 7= HRP/mouse anti-M13
monoclonal antibody % 200 ul/well 00 U 72
TBST & TBSTIEEFE. A>T L2 %ZECL plus
Western ( GE
Healthcare) CHUIEL. LAS-3000%fEA L TR -

s LT

Blotting Detection System

EMhEEEGT 07 L1 ORERE
EREEREE/EEPREABTL A (US




Biomax) ZF>L> « T4/ —JLICTRINS T«
> - HKALEZ T\, DAKO Target Retrieval
Solution pH 9 (DAKO) (T3BULT. 125C T30,
90CTIOMIEY B &~ THERZEESEL LTz, 5%
NAOOF LA D—EDOZREIREC (FEEILRENIE
ZIBEDAKO AutoStainer (DAKO) Z{EH LTz, NIE
HMDORILAFZH -—CUNEBOD 8. DAKO
Peroxidase-Blocking Reagent (DAKO) % 5434L1E
U.E(T10% BSAT30D 1> FaR—> 32932
ETIOYFI Tz, 2D, 1 x 10" CFU/m
7 =&MU, ERTIEMEE Uz, TBST

(0.05% Tween 202 &3 TBS) T5 ElfE#%. 100
&R L zMouse anti-M13 monoclonal antibody

(GE Healthcare) &RINL. 30 &&=, TBST

(0.05 % Tween 20ZEHTBS) T3 EIHE:E N
ENVISION+ Dual Link, mouse (DAKO) &L
J=. TBSTT3 [EI%%#%. DAB+ liquid (DAKO) #*
HWTHREeaETE,

B~ o077 LA (CLBDAERFEHEOZ I74L(1.
RAAIRE T OFRIRD DB EE 2T (DN AMRID
50%LATFDFRZEL, HAMIRED50%U FORES
2) . FRFBEEIBMC AL, TOETM2
BUFCiEt. 3UETHREEHECR,

IS E

Bt IEHRE R (H28, H2052, H2452, H226.
MSTO221H) (FATCCLDEBALIEEDEAE,
BE(C(E. 10% FCS/RPMI1640%EML. LWI'NE
MABELTHI IS JILI Y MREEOBDEEER
(C# LTz, Human Mesothelial Cells (HMC) (&
Zen-BioKDEALLZEDZER W, EEC(Z.
Mesothelial Cell Growth Medium (Zen-Bio) %
W BREBELTYIT I JILI Y MREDEDSE
KERICH U=,

Two dimensional differential in-gel

electrophoresis (2D-DIGE) f##f
EEEERIET CIEBEURH28, H2052%2H>
IWEUTRWE, 52T ILE50 u g2 ZNEN400
pmol D 5 RILIEEH FEcy2. cy3. cy5 (GE
Healthcare) &K ETI00RBIRIGSE. TDH10
mM LysineZ X, K ET109RIEE L CRIcEE=
lE=Bz. EHEnNeEy > TILE2LTRAE L.
sample buffer (2% DTT. 2% pharmalyte (GE
Healthcare). 7 M urea. 2 M thiourea. 4%
CHAPS) T450 p lICARTY LTz, —55. BH
BZEURT BHDE Y O ILRC. SAIUEEE
TERHEHLU TV RWH S T ILEREBICESAR U,
FERKBHOBARILY —ICH> TILEEALT.
IPG-gel (pI 4-7) X NUwF (GE Healthcare) %
AL, ol ZEE U fz. ETTAN IPGPhor (GE
Healthcare) ZRWT. JLEE 10847, &
BRESKENIZEIT DIz, KEHE T, IPG-gelx T
{tbuffer A (Tris-HCI (pH 6.8) . 6 M urea. 30%
glycerol. 2% SDS. 0.002% BPB. 10 mg/ml DTT)
E g Ebuffer B (Tris-HCl (pH 6.8) . 6 M urea.
30% glycerol. 2% SDS. 0.002% BPB. 25 mg/mi
iodoacetamide (Sigma) ) (D2UL. &159RIFE
{E&1To7zs ZRTEDSDS-PAGEERITS =8, 4
JU 7B P 0] B8 72 SDS-PAGE A 4° JL ( 10%
polyacrylamide and 2.7% N,N'-diallyl
-tartardiamide gels) (CIPG-gelXJw FH&tw ~
2o 7HO—-XTH A% . Ettan Daltsix
Electrophoresis System (GE Healthcare) %M\
T 2RTEBRXEZITOIZ. Ew IS ILIEDeep
Purple Total Protein StainZ B\ TC—p &L, B
BRICKDOBRBEEITOZ. BATICIE. Typhoon
scanner. Ettan DIGEZEAL. XRwv crEwW(C
(&Ettan Spot Picker (GE Healthcare) &Z{ER L=,

MSHEHT
FILF(Z 100 pl DR (25 mM ammonium




/ 50%
acetonitolile (Nacalai Tesque)) ZIlX. E&T
10 DiRBEE. RERERDRIZETHE
1T T, $:U\T 200 pl O acetonitrile ZIX. &
JUBEHEE U gE D iRE, BmOBMERICK D TR
1R BB EThKETOfE. BIKUESILAIC 5
ul @ trypsin &5 (20 pl/ml trypsin (Promega)
/ 50 mM ammonium bicarbonate) ZhlX. 37°C
T 16 BERGESE3ZET. SILRDEREZH
LTz, #b. AL ICmtsR (1 ERE 50
d 50% acetonitrile / 5% TFAE®. 2 EHE(E 50
pl 0 80% acetonitrile / 5% TFA AR, 3 ERE
50 pl @ 100 % acetonitrile) ZMZX. 3 EYZ
H—23> L. BC 30 DERILTYIIUED
HHEEEINT 2 EVWDIEFE 3 BT D2 &TRY
F REHE U, TORTF REREE D EES
CLoTEmL. cnaY>NILERELZ. B>
ZFILBAE 5 pl & nano-LC (EASY-nLC (Bruker
Daltonics)) IC TR B L. SESDORTF L Z
ESI-Q-TOF MS (maxis (Bruker Daltonics))(CT
HIORELNC. BREREZTOIC. 7S, N
TFROBEKCE. AFAZEEDOEA.
iodoacetamide [CLBZ AT VEEDHIVNE
RXF)tEER LT,

bicarbonate ( Nacalai Tesque )

Western Bloting

gIEEMGREMPIKR (H28. H2052. H2452,
H226. MSTO221H) &IEEFEHAR (Human
Mesothelial Cells (HMC)) Zif@Em#R(CKDA]
L. 2 fE2ED Laemmli Sample Buffer &3
ERALE. BEBE 5%&RBKDIC
2-mercaptoethanol Z7NM#, 95 'CT 5 FEL
fe. RaitEE. SDS-PAGE B4LICHRIIL. BXUK
BETL). BEREEDEUL, TD®RS)LZ PVDF
FECEES L. 10% Block Ace [CTEE. 1 B>

FaR—-3>FBRIELTIOYFIIUR, TBS
< 1 El¥#E#%. mouse anti-human ANXA4
(Abnova : 1D3)EFM L. BONTIRE S SN
S=ET 1 BRRESEZ. TBST (0.1% Tween
20 & TBS) (CT 3 EIFEFE L&, 0.4% Block
Ace T 3,000 f&#FHFRUTz HRP/mouse anti-M13
monoclonal antibody Z%&H0U. REDSEINS
=8 1 BERGE . TBST T 3 EfERE. X
> JL>% ECL plus Western Blotting Detection
System THUEL. LAS-3000 (LD - B85
Iz

ANXA4AR TR -actindFEIRE (L. Image JICKD
&I\ ROBEETET D LICKDERUIZ.

C. IHR&ER
C-1. FMANXA4HFEIREORRIETT

FEhR7 MR CEE LT, B IEHia THR
FREUTWEBEhEERERNY—T— R THD
ANXA47Z R U, RIS L TIRBDA > TSI
S TUBEC K TIT 7 —SHES A TS UDHRM
5. ANXAAICHEELS1000—>72RT0U—22
Sl EEREERSE Uz, TITAFEQ.
ANXA4(CHIBE/OO—F) LA T HDEMR
g - TRGEEmEREREl,. TORRTO
TS, ANXAADEEHEIBFEN~Y—1—
CFUTOBREEHEIT D LB LU,

CNEERTBIH. I REECAVSREENE
DEWIREES D, BIFEEETICHELZSY
O—>FNENCDNT, EFAT—DBERT 7 —
SHERBEEAEICRNT R L TRHREMZHME L.
ZOHER, #2,7,9, 100400—>TEFAIU—Z
S0 EEREC. ANXAG(CH 9 DFEEENERD ST
DIcF L. #1, 3, 4, 5,6, 8060—>T[EFATY
—TIHEEERD. BAENRHSNINDTZ.
ThE. AOU—ZIOBICE. KBENSEES



NrzigE bETOFEEMALTED. SEBTO
TP —SDIA I —H—E L TR, FUR
(ST LTI R0 (CORS LIS (C o e D &
ZBNB. FIE. #7E#9FANXAGDH LS T,
Luciferase(CEREEMNRH SNz, ANXA4 (319
7 IBNBHKD. SFRE36kDa) &Luciferase
(12417 = JBH S0, SFE(F137kDa) DA
FEMEE12% EBENEDD, ANXA4D30FE S &£ 120
BEAHE. 28084 [CELDESINGEIET B T=6b.
#7 E#9FTNS DMEERBT B CH DAL
HENEZ SNI. SHBYA 5 —HIFID &SRR
SHIEHIMRS IRBREDD. DR EB, #2&
#10(d. ANXA4([CH U TIEEDE\NIO—>ThHh
BTENTREENE (Fig. 1) .

C-2. ANXA4ADFEIRT' O DI 71 LR

ANXAADBMRRBREN T —-H—ELTDH
RRZEREES B/ed. C-1TRESNZE 0—F
AR ZRV. ANXAADRBE T O D 7 1 )L &R L
JZ. C-1TANXA4ICH U THREDE N S f= #2003
WRRD 7 =2V 82 < OB AR/ E
BRI ER SN oOT L1 s
REURZECS, EETEBR#TIE25%DREET
ANXALBEMETH D TzDICH U, BMERRBERR < (2
62%DIEFITHRMETH D, NAMBBCTESRICREL
TWSTENASHERS Tz, 4, FER I 7 —>
HREICEBIELIR<. T7 —SOIESENIIR
BICKIBRETERNC EEZERLTLS (Data
not shown) . BLENS, KXOFE. BMTREE
ERV—H—REICRDDIBTEMNRENzEEE
(C. RERBICASHEET ZAEENEZ SN
(Fig. 2)s

C-3.CDDPRERZ M LIRS EKICBITIRRE
B1fiFtT & CODPRESZIET — h — IR DREE
CDDP(&. BAEFKIEAEICHSVTRENRNZ

CSNDIEENRETHIN. TOENR(LEH
20%(Tim7z/a0Y. CDDPIE, BEM/RE0aER%
RITz8 . EREFINDCDDPI% S (B EDQOLEE
UETSES. > T, EHIRSHIICCDDPORS
M2 SR (TR A A — H—EBEEL BN
(&, CODPOBEINMHENHARE TSR VMK LTI,
REASENETHIRA M FERENSZRID
BUTRIESRENZEEIICEEHEERD. B
BHOQOLDE EICEMULS B,

AR SHARRERE L. BEUETRECSITS
CODPRERM/N\A AR - H—BHBEOER - - BExE
M, MFEEFETICESEEEDREMPakDCDDP
RZMERERZITV\ (B EREE R I /=5dDCDDP
SREME U TH2052%, RS k& L TH28%
ROU—Z20 Ule. ZTTHREE (FTNS MR
ECTHREZLSH L TL\BCODPRE MY —H —{Rifi%
REFNL. 2D-DIGE#Hi=1To7= (Fig. 3) . &
DFER. H2052(TEER H28 T8 R\ # LT
WEEREZ8EARE L. £ TCEESWCLDEE
U7z (Table 1) . EBRENZ &S, COP(CIE. 5
(FEBM PR IEERB TERICRE L TULEANXASG
B D KD FHCODPORBFMEICEIS L CL\BET4E
HENEZ SN,

C-4. HEEENEIEMIIKICI IS ANXAIDFTE
£ & CDDPRR M DIARIARAR

C-3DMEREZ IS, FATULEE (. ANXA4ECDDP
DREZMEDEREEMFITT D26, SEEMEDRIER
FIER(C 51T BANXAGDFIRE & CDDPORS DA
BIZARAT U Tz, SIEE IR R AE MR 351+ B3 CDDP
DB OVTIIMEEETICTROLSCHS
MZLTWB (Fig. 4(a)) .
(CDDPREEM(FEIMAIXICs0)] H28 (154.5 p M)
< H226 (87.5 U M) < H2452 (66.0 p M) <
MSTO-221H (49.5 u M) < H2052 (27.8 p M)
—75. SEBMRIBMITKICS T BANXAGDRIE



£2(d. Western BlotE(C KDL (Fig. 4(b)) .
T2 A I\U_—%ﬁmtiiﬂﬁﬁbt: (Fig. 4(c)) -
ZO45ER, CDDP(CM T BREZFHNERBENH28 T
ANXAADRIEEN B EE <. CDDPORZMN TUE
TBICONT. BBETANXAMOFEIREELETITD
{BEN R SN,

ANXA4(ZANXAL~A13DB T FZ A THHSNT
WBAnnexin AD 7 SU—MD1DTHO. AIL=DA
R OMEOES T ESET & U TESEES
CESLTWBTERMSNTVD, —AT. BA
CHNTE. DIVRTSF>ORZRCEETSH
IS A TERESNTH O, BER - 142K
WIS - THEYYA b= 2N LU THRDNARIZHE
YU TWRETEEEIM RSN TS, {ED TANXA4
(4. BHREEICH U\ THCDDPORKRZEICRIET D
ERETHDENRREEND. S&. ANXA4
& B EOCDDPRF I DER (CDWT R D
HICHRIS BT, BIEF LFIICANXALERILTZ
BRE|FIE - v OS> S EBROCDDPRZ 2 Y
ML TW FETHD. £z, CODPIRSEDS DR
EigAEBENT. ANXMORERRTOIT71ILE
CDDPOREZHDIRBZ AT S D & T BIEPRAE
([Cx T BARBERRIROEHDERRBEZMEY—N—C
L TCOEREOREIEEDDTE CTHD.

Wb, AFRREHET D ECKD, EHTTFER
RELBEHPEEOERO—BICRS Z EZHFL
TWnad,

D. 8
C. FRFHEROMR(CEH.

E. f&5m
WYAR TR, BUPREREY —H—DRRE
Bie LT, AEEQFUTOMRZER.

o ANXAAICHITBIHEMEOBVLNE/JO-FIL
i E2o0— 21571,

e ANXA4(E. [EEPRMEMCIEA. BERREIEHE
BTERCRRLTHSD. BUHPKIEREY—
H—THBDENTEENIZ.

e CDDPICX T 2B MM LERZIEHRE T2
EL ERREEH LTV SEEDEREZRE
L. ANXA4EEFTN T,

o ANXAADFEIIE(E. CDDPICH T DRZMENTT
EFT DO, BT I BERHRD SN,
CDDPORZMZHIEL D DN —H—(C/3D0]
gD RSN,
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Anti-ANXA4 monoclonal antibody candidates
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Fig. 1 Specificity analysis of 10 anti-ANXA4 monoclonal antibody candidates-expressing
phage by dot blot ELISA

Antigen proteins were immobilized on nitrocellulose membrane. Anti-human ANXA4 monoclonal
antibody candidates-expressing phages (1 x 10'2 CFU) as primary antibody were incubated with
each antigen. Binding to each antigen was detected by HRP conjugated anti-M13 antibody.

ANXA4 positive case ratio

Mesothelioma tissues
(60 cases)

Normal mesothelial tissues
(20 cases)

in normal mesothelial tissues
Fig. 2 ANXA4 expressed ratio in clinical mesothelioma / normal mesothelial tissues
Tissue microarray with 60 mesothelioma and 20 normal mesothelial tissues was immunostained
using anti-ANXA4 antibody-expressing phages (clone #2). Distribution score was scored as 0 (0%),
1 (1- 50%), and 2 (51- 100%) to indicate the percentage of positive cellsin all tumor cells present
in one tissue. The intensity of the stain (intensity score) was scored as 0 (no signal), 1 (weak), 2

(moderate), and 3 (marked). The cases that sum of distribution score and intensity score was more
than 3 score were regarded as positive.
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Fig. 3 2D-DIGE image of fluorescently labeled proteins derived from H28 and H2052 cells.
Proteins derived from high and low-susceptible mesothelioma cells (H2052 and H28) were labeled
with cy3 and cy5, and then separated by IEF-PAGE and SDS-PAGE. The differentially-expressed
spots in H28 were indicated by allows and identified by ESI-Q-TOF MS analysis

Table 1 Identification of differentially-expressed proteins in H28 compared to H2052

SI\?c?.t Acclisc,)s'ion Protein name pl MW E();pzrgs/sisgor;i)o
1 P11413 Glucose-6-phosphate 1-dehydrogenase 6.4 59.3 21.0
2 pP78417 Glutathione S-transferase omega-1 6.2 27.6 7.4
3 P09525 Annexin A4 5.6 35.9 3.6
4 P30041 Peroxiredoxin-6 6.0 25.0 3.5
5 Q09028 Histone-binding protein RBBP4 4.7 47.7 3.0
6 P07195 L-lactate dehydrogenase B chain 5.7 36.6 2.9
7 P32119 Peroxiredoxin-2 5.7 21.9 0.03
8 Q9Y696 Chloride intracellular channel protein 4 5.5 28.8 0.13
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Fig. 4 Correlation of ANXA4 expression and CDDP susceptibility in malignant mesothelioma
cells.

Mesothelioma cell lines, H28, H2052, H2452, H226 and MSTO-221H were incubated with various
concentration of cisplatin for 24 hrs. Cytotoxicity of mesothelioma cells was evaluated by WST-8
assay (a). ANXA4 expression level in human primary mesothelial cell, HMC, and mesothelioma cell
lines was analyzed by western blotting (b). Intensity of the western blotting images was quantified
by densitometry (c).
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Fine tuning of receptor-selectivity for tumor necrosis factor-o. using a phage
display system with one-step competitive panning
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Tumor necrosis factor-o, (TNF) is one of the attractive targets for the development of anti-inflammatory
and anti-tumor drugs, because it is an important mediator in the pathogenesis of several inflammatory
diseases and tumor progression. Thus, there is an increasing need to understand the TNF receptor (TNFR1
and TNFR2) biology for the development of TNFR-selective drugs. Nonetheless, the role of TNFRs,
especially that of TNFRZ, remains poorly understood. Here, using a unique competitive panning, we

Iée)t'“;?rdsz optimized our phage display-based screening technique for isolating receptor-selective TNF mutants, and
I\Xo?eclgl‘:r biology identified several TNFR2-specific TNF mutants with high TNFR2 affinity and full bioactivity via TNFR2.
Protein Among these mutants, the R2-7 clone revealed very high TNFR2-selectivity (1.8 x 10° fold higher than
Affinity that for the wild-type TNF), which is so far highest among the reported TNFR2-selective TNF mutants.
Bioactivity Because of its high TNFR2-selectivity and full bioactivity, the TNF mutant R2-7 would not only help in

elucidating the functional role of TNFR2 but would also help in understanding the structure-function
relationship of TNF/TNFR2. In summary, our one-step competitive panning system is a simple, useful
and effective technology for isolating receptor-selective mutant proteins.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Tumor necrosis factor-. (TNF) is a major inflammatory cytokine
that plays a central role in host defense and inflammation via two
receptor subtypes, TNF receptor (TNFR)1 and TNFR2 [1,2]. Elevated
serum levels of TNF correlates with the severity and progression of
the inflammatory diseases such as rheumatoid arthritis (RA),
inflammatory bowel disease, septic shock, multiple sclerosis and
hepatitis [3—5]. Currently, TNF-neutralization therapies have
proven successful for the treatment of RA [4,6,7]. However, these
therapies can cause serious side effects, such as tuberculosis,
because TNF-dependent host defense functions are also inhibited
[8,9]. Therefore, understanding the function of TNF/TNERs is
important for optimal therapy of various TNF-related autoimmune

* Corresponding author. Laboratory of Biopharmaceutical Research, National
Institute of Biomedical Innovation, 7-6-8 Saito-Asagi, Ibaraki, Osaka 567-0085,
Japan. Tel.: +8172 641 9814; fax: +81 72 6419817.

E-mail address: tsunoda@nibio.go.jp (S-i. Tsunoda).

0142-9612/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biomaterials.2011.04.018

diseases. TNFR1 is constitutively expressed in most tissues and
seems to be the key mediator of TNF signaling [10,11]. In contrast,
the expression of TNFR2 is more restricted and is found mainly on
certain T-cell subpopulations [12], endothelial cells, cardiac myo-
cytes [13] and neuronal tissue [14,15]. Recent studies suggested that
TNFR2 signaling is associated with T-cell survival [16], car-
dioprotection [17,18], remyelination [19], and survival of some
neuron subtypes [20,21]. Although the two TNFRs have been shown
to have distinct functions in some cells [22], the physiological
significance of the presence of both receptors is not fully under-
stood. Especially TNFR2-induced signaling remains elusive and
need further investigation.

In order to understand the mechanism of TNFRs, we have
investigated the relationship between the biological activities
and structural properties of a large number of TNF mutants by
phage-display technique [23,24]. However, screening efficiency of
isolating TNFR2-selective TNF mutants using this technique is
extremely low, and it is difficult to prepare large repertoire of
TNER2-selective TNF mutants for the structure-activity relation-
ship study. In our previous study, we screened 500 phage clones
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q
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Fig. 1. Screening scheme for isolating TNFR2-selective TNF mutants using competitive panning. To concentrate TNFR2-selective mutant TNFs, phage libraries were pre-incubated
with TNFR1 Fc chimera (TNFR1-Fc), and subsequent biopanning against the TNFR2 was carried out in the presence of TNFR1-Fc using the BlAcore biosensor. After several rounds of
panning, phage clones were isolated and screened by ELISA.

for isolating TNFR2-selective mutants using the conventional competitive panning technique, phage libraries were pre-
panning method [23]. Out of the 500 clones, only 2 clones showed incubated with TNFR1 Fc chimera (TNFR1 -Fc), and subsequent
selectivity for TNFR2 binding that was 10-times higher than the biopanning against the TNFR2 was carried out in the presence of
wild-type TNF (WtTNF). Furthermore, bicactivities of these two TNFR1-Fc using the BlAcore biosensor. Since TNFR1-binding
TNFR2 selective TNF mutants were lower than that of wtTNF clones could not bind to TNFR2 due to steric hindrance, TNF
(<30%). To improve the screening efficacy, we optimized our mutants binding only to TNFR2 were selectively enriched with
phage display-based cytokine mutagenesis technology [25] with high efficiency. Using this optimized competitive panning tech-
an unique competitive panning technique for identifying TNFR2- nique, we have identified TNFR2-selective TNF mutants with full
specific TNF mutants with higher affinity and bioactivity. In this bioactivity via TNFR2.

0.1 pmol TNFR1-Fc 1 pmol TNFR1-Fc 10 pmol TNFR1-Fc

+ + +
WITNF phage Negative phage WtTNF phage wtTNF phage wtTNF phage
300 - - - -
200 1 - ) i i
-]
4
100 T i i i i

. e e L

L 1 1 1 1 1 ] 1 1 L 1 1 [} i L

0 1000 2000 0 1000 2000 0 1000 2000 0 1000 2000 0 1000 2000
Time (s) Time (s) Time (s) Time (s) Time (s)
Fig. 2. Optimization of competitive panning using BlAcore biosensor. 0.1 pmol, 1 pmol or 10 pmol of human TNFR1-Fc was mixed with 1 x 10'® CFU phages displaying wtTNF for 2 h

at4°C, and the mixture was passed over the TNFR2-immobilized CM3 sensor chip and real-time biomolecular interaction analyses were performed with BlAcore biosensor. Anti-
CD25 single chain Fv-displaying phage was used as a negative control.



5500 Y, Abe et al. / Biomaterials 32 (2011) 5498—5504

A Conventional panning

140
120
100
80
60
40
20

Binding to TNFR1
(% of control)

0

120
100 fr
80 [
60 |
40}
20 |-

Binding to TNFR2
(% of control)

0/54 (0%)

C 1 pmol TNFR1-Fc

E%:']ZO
E% 100
2§ %[
2% o0
2 40
@ 20 |
0

120
EA‘IOO ’
L5 gof: )
I—g 60 2 §
Lo : @
2% 40 i 1
T X c %g | w%ﬁ
£ 20 s L
s} %ﬁ |

A A AM A M

11/54 (20%)

B 0.1 pmol TNFR1-Fc
120

100
80
60
40
20

RO R

Binding to TNFR1
(% of control)

0

120
E 100 |z
Lo :
g 30%
28 Goa:
25 4ol
RN -
& 20;?i

1154 (2%)

D 10 pmol TNFR1-Fc

_ 120
X~ 100
£z 80
28 60
2% 40
2L
£ 20
0
120
N
&~ 100
[o]
£z 80
28 60
2% 40
=)
5 20 ;

L
17/54 (31%)

A AMA

Fig. 3. Determination of relative affinities of mutant TNFs for TNFR1 or TNFR2 by capture ELISA. E. coli supernatant containing a TNF mutant (gray bar) from each panning
conditions, in which phages were premixed with (A) none, (B) 0.1 pmol, (C) 1 pmol and (D) 10 pmol of TNFR1-Fc, were applied to the TNFR1-Fc or TNFR2-Fc immobilized plate and
detected with biotinylated polyclonal anti-TNF antibody. wtTNF was used as a positive control (hatched bar). Affinities of TNFR2-selective clones (black bar) for TNFR2 was more

than 70% of that of the wtTNF, and that for TNFR1 was less than 30% of that of the wtTNE.

2. Materials and methods
2.1. Cells

HEp-2 cells, a human fibroblast cell line, were provided by Cell Resource Center
for Biomedical Research (Tohoku University, Sendai, Japan) and were maintained in
RPMI 1640 (Sigma—Aldrich Japan, Tokyo, Japan) supplemented with 10% bovine fetal
serum (FBS) 1 mm sodium pyruvate, 50 mm 2-mercaptoethanol, and antibiotics.
hTNFR2/mFas-PA cells are preadipocytes derived from TNFR17"R27" mice expressing
a chimeric receptor, the extracellular and transmembrane domain of human TNFR2,
and intracellular domain of mouse Fas; these cells were cultured in RPMI 1640
supplemnented with 10% FBS, 5 pg/ml Blasticidin S HCl (Invitrogen, Carlsbad, CA), and
antibiotics [26].

2.2. Library construction

Protocol for the construction of phage-display library displaying structural
mutants of human TNF has been described previously [23]. In brief, multiple-

mutations were introduced into the wtTNF gene by PCR to randomly replace the
codons of 6 amino acid residues at positions 29, 31, 32, 145, 146 and 147, respec-
tively, of the TNF protein. The PCR product was digested with the restriction
enzymes Hind 1Il and Not I, and ligated into the Hind {II/Not | digested pY03’
phagemid vector for displaying the TNF mutants on the phage surface as g3p-
fusion proteins.

2.3. Optimization of competitive panning using BlAcore biosensor

Human TNFR2-Fc (R&D systems, Minneapolis, MN) was diluted to 50 pg/ml
in 10 mwm sodium acetate buffer (pH 4.5) and immobilized onto a CM3 sensor
chip using an amine coupling kit (GE Healthcare, UK), which resulted in an
increase of 5000—6000 resonance units (RU). 0.1 pmol, 1 pmol or 10 pmol of
human TNFR1-Fc (R&D systems) was mixed with 100 pl of wtTNF-displaying
phage (1 x 10'! CFU/ml) for 2 h at 4 °C, and the mixture was passed over the
TNFR2-immobilized CM3 sensor chip at a flow rate of 3 w/min. The binding
kinetics of the mixtures to TNFR2-Fc were analyzed by BlAcore 2000 (GE
Healthcare).
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Table 1

Amino acid sequences of wtTNF and TNFR2-selective TNF mutants.
Clone Residue position

29 31 32 145 146 147

WETNF L R R A E S
R2-6 L R R H E D
R2-7 v R R D D D
R2-8 L R R N D D
R2-9 L R R T S D
R2-10 L R R Q D D
R2-11 L R R T D D
R2—-12 L R R D G D
R2-13 L R R D E D

2.4. Selection of phage displaying TNFR2-selective TNF mutants by competitive
panning

1 x10° CFU phages displaying TNF mutants were pre-incubated for 2 h at 4 °C,
with serially diluted TNFR1-Fc. The mixtures were injected at 3 pl/min over the
sensor chip. After injection, the sensor chip was washed using the rinse command
for 3 min. Elution was carried out using 20 pl of 10 mm glycine-HCl (pH 2.0) and the
eluted phage was neutralized with 1 m Tris—HCl (PH 6.9). The recovered phages
were amplified by infection of E. coli strain TG1 (Stratagene, La Jolla, CA), which
allow read-through of the amber stop codon located between the TNF and g3p
sequences of pY03’ phagemid vector. These steps were repeated twice. After final
round of panning, the phage mixture was used to infect E. coli and plated on LB agar/
ampicillin plates. Single clones of transfected TG1 were randomly picked from the
plate and each colony was grown in 2-YT medium with ampicillin (100 pg/mi) and
glucose (2% w/v) at 37 °C until the ODgoo of the culture medium reached 0.4. Each
culture was centrifuged, the supernatants were removed, and fresh 2-YT media with
ampicillin (100 pg/ml) was added to each E. coli pellet. After incubation for 6 h at
37 °C supernatants were collected and used to determine affinity for TNFRs by
capture ELISA as described previously [24]. After the procedure, the phagemid
vectors were sequenced using a Big Dye Terminator v3.1 kit and ABI PRISM 3100
(Applied Biosystems Ltd., Pleasanton, CA).

2.5, Expression and purification of TNF mutants

Preparation of purified recombinant protein was described previously [25]. In
brief, TNF mutants recombined into pYas1 vector, under the control of T7 promoter,
were produced in E. coli (BL21ADE3). Mutant TNFs recovered from inclusion body,
which were washed in Triton X-100 and solubilized in 6 ™M guanidine-HCl, 0.1 m
Tris~HCI, pH 8.0, and 2 mwm EDTA. Solubilized protein was adjusted to 10 mg/ml and
was reduced with 10 mg/ml dithioerythritol for 4 h at RT and refolded by 100-fold
dilution in a refolding buffer (100 mm Tris—HCl, 2 mm EDTA, 1 ™ arginine, and
oxidized glutathione (551 mg/L)). After dialysis with 20 mm Tris—HCI, pH 74, con-
taining 100 mm urea, active trimeric proteins were purified by Q-Sepharose (GE
Healthcare)chromatography and size-exclusion chromatography (Superose 12; GE
Healthcare).

2.6. Analysis of binding kinetics using surface plasmon resonance (SPR)

The binding kinetics of the wtTNF and TNF mutants were analyzed by the SPR
technique (BlAcore 2000; GE Healthcare). TNFR1-Fc or TNFR2-Fc were separately

immobilized on to CM5 sensor chip, resulting in an increase of 3000—3500 RU.
During the association phase, wtTNF or TNF mutants diluted in running buffer (HBS-
EP) at 156.8, 52.3, 174, 5.8 or 1.9 nm were passed over the immobilized TNFR2 for
2 min at a flow rate of 20 pl/min. During the dissociation phase, HBS-EP was run over
the sensor chip for 1 min at a flow rate of 20 pl/min. The SPR measurements for
TNFR1 were performed using much higher concentrations of TNF mutants (392.1,
130.7, 43.6, 14.5 or 4.8 nm). The data were analyzed globally with BlAevaluation 3.1
software (GE Healthcare) to apply a 1:1 Langmuir binding model. The obtained
sensorgrams were fitted globally over the range of injected concentrations and
simultaneously over the association and dissociation phages.

2.7 In vitro assessment of bioactivity via TNFR1 or TNFR2 with TNF mutants

HEPp-2 cells were seeded at 4 x 10* cells/well in 96-well plates and incubated for
18 h with serially diluted wtTNF (Peprotech, Rocky Hill, NJ) or TNF mutants in the
presence of 50 mg/ml cycloheximide. After incubation, cell survival was determined
by methylene blue assay as described previously [25]. In the case of analyzing TNFR2-
mediated biological activity, hTNFR2/mFas-PA were seeded on 96-well micro titer
plates with a density of 1.5 x 10% cells/well in culture medium. Serial dilutions of
WETNF (Peprotech) and TNF mutants were prepared with 1 pg/ml cycloheximide and
added to each well. After 48 h-incubation at 37 °C, the cell viabilities were analyzed
using a WST-8 assay kit (Nacalai Tesque) according to the manufacturer’s instructions.

3. Results
3.1. Optimization of one-step competitive panning protocol

To improve identifying TNFR2-selective TNF mutants with
better bioactivity, we have introduced a step to remove the TNFR1-
binding phages from the library by competitive panning using
TNFR1-Fc. We postulated that TNFR1-binding clones could be
eliminated when panning for the TNFR2-binding clones is per-
formed in the presence of TNFR1 protein (see Fig. 1). Although an
immunoplate or immunotube is commonly used for the panning
[27-29], these techniques cannot make real-time observation of
the interaction between phage library and receptor, and are difficult
to automate and control the precise settings. Therefore, we first
utilized the BlAcore biosensor and optimized the concentration of
TNFR1-Fc required for eliminating the TNFR1-binding clones.
Serially diluted human TNFR1-Fc was mixed with 1 x 10! CFU
phages displaying wtTNF, and the binding avidity of the phage-
displayed wWtTNF for TNFR2 was assessed using a BlAcore
biosensor. As shown in Fig. 2, TNFR1-Fc inhibited the binding of
phage-displayed wtTNF to TNFR2 in a dose-dependent manner.
10 pmol of TNFR1-Fc virtually abolished the binding of wtTNF not
only to TNFR2 (last panel in Fig. 2) but also the binding of wtTNF to
TNFR1 (data not shown). These results clearly suggest that 10 pmol
of TNFR1-Fc would be sufficient for competitively subtract
unwanted TNFR1-binding phage clones from a phage library dis-
playing structural TNF mutants.

Table 2
Biding kinetics of TNFs to TNFR1 and TNFR2.
TNFR1 TNFR2
Kon® (10% M71s™1) Ko (107 571y Kp® (10710 M) Relatived (%) Kon® (10% M 151y Kor” (1074 571) Kp® (1071 M) Relative? (%)
WETNF 045 1.3 29 100.0 2.0 12.1 6.1 100.0
R2-6 0.79 54,5 68.8 42 32 7.8 24 251.4
R2-7 0.44 116.0 262.0 1.1 2.1 7.4 36 169.7
R2-8 1.22 50.3 41.1 7.1 3.1 6.6 2.1 291.0
R2-9 1.19 50.1 423 6.9 3.8 126 33 185.2
R2-10 067 43.9 63.7 46 2.2 5.3 24 2535
R2-11 0.81 875 108. 27 23 54 23 264.5
R2-12 1.36 98.8 72.6 40 4.1 10.6 26 235.0
R2—13 0.97 104.0 107.0 2.7 29 8.2 29 2122

Kinetic parameters for each TNF were calculated from the respective sensorgram by BlAevaluation 3.1software, and taking into consideration that the TNF binds as a trimer.

on iS the association kinetic constant.
b kefr is the dissociation kinetic constant.
¢ Kp is the equilibrium dissociation constant (Kp = Kogf/kon).
4 Relative values were calculated from the Kp (WtTNF)/Kp (TNF mutants) x 100.



