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1. FFim

VY7 Uh (GAG) TV fig (D-7 V7 GIcA, L X g IdoA) 73/
B (N-7&F/L-D-7 /L3 GleNAc, N-7 2 F/L-D-HF 2743 GaINAc ) M4 HID
A LTz R0 IR AEED DD B OB S HERE DR CTh D, GAG LL T/ IT U0
& (HS). ~/~U (HP), = RuAF U Hilg (CS), 7 /V~F  Hile (DS). 774 ik
(KS) ROEeT Lo fig (HA)RETHNS L, GAG ixa7 EAE LA E L7747
A EUTHIRRZE oM N~ R 7 ZTAFAEL  SYRAA R T L AT a7 s ATRESN
HRER T KO L2 F U EOBEER 1L G T HIE TR GHBROBERERERE, 3k, 1B
REFE A, RS TEIE K O il R i R 7 I T IED £ MBI BI 5775 (Fig. 1)*% HA IX
GAG IZJELCWAN, a7 EHE LA LW LM LI LA B E 2 b, K&

DFREEFFOZEPFEEL THETOND,

CS R HS [Tl S ORE AL E O A B OIE T LDk % 7R BIERFEL THY (Fig.
2). BRERL S — 2 DL, R ABYAT VR EOFES OBRSSAERIERD B e 52 LAV
HESITND %, CS R° HS O IEZ DA FEHERE L5 B2 BIRICHY | ZOREIEA BID)NC
THIED GAG DEPSREZ MR T 27 DI ERICEE CHLEEZE I LN\, FEEE, &
(LT OEFRIZIY, GAG DEHCHREN L ESND B R IR HE AR AETD ™, filx
X, HS & all#5E CTdhd EXTL F7213 EXT2 OE RICIEEIES IS E EAFIEL . CS
B T CHSYL OERTIIRH I, RS BELFHRE T DM IR E R F
SiET 5 B0,

W FLED ) CIEIR AE BN B 200 D CS X0 HS O IEC BB b 352 8054
HBENTND, FlZIE, B2 ELHCE CTITEICE CS, DS @ GalNAC /KERELD 4 (7 ANHilR
{bSH7- 4S #E1EE GalNAc /KFEIL D 6 NEAREE LS 72 6S & D (4S/6S L) 34
HZE P G RERT Ly 7 ISR S HS BN 352 83 b g oY
HFLENMIZH51T D GAG DR R - i RITEEMHI S COBICHBIDOL T, FEsHiE
o Bl B TR T DR ER e B IR TSR S QU ey 378,

RUT JLAZAEYN AN AFAE T DIV FE B CHY | A RPNIIEELL TR
LAY (PUT), ALV (SPD), A~ULy (SPM)D 3 FESFHIANIZ mM A —4 —D



PP CHEAEL TS 2, Fig. 3 ([CEMHIIIC 1T DR 7 I DG R E S IR ORI
B g, RUTUAES R ORI FEIL, AV =F U BREEEESE (ODC)ES-TF /3 VAT F
=U M REEEESR (SAMDC) TéhD, ODC ICLVA /L =F 76 PUT 234 &4, SAMDC (2
FoTHERENT ST T /U NAFNANF AT a LT IAZLD T 7 e VARG S,
SPD. SPM & 23T %, —h . RVT IV 3R R Cld— ALV AL N-T
FNNTG AT 2T —=BIZEOT B F kS ct, 7B TF AT I AR X —ERMEE, SPM
—SPD, SPD—PUT ~DOZEHNTOIND, Fo, AV AF T —E (SMO)IZLD, SPM
23 SPD ICHE BRSNS ¥, ZDINTHIMINARY 7V BT AEA R /R I Ok R
LV RIS TS %,

RUTJATHIINIZIB N TEELT RNA EFEALTEY, KIFE TIX PUT @ 48%, SPD
D 90%., V> /K TIE SPD @ 57%, SPM @ 65%7% RNA LfsA LTS 22, FLEDHISE
TN—TTiE RITIATEOFIRL L TH MR EZ Z T 2B A2 —RL QW 5iEE
THEARI)TI D20 " EER L, RIBEICBWTIE 20 &, BERIZBWTIT 1
(COX4), BMWfIARIZRBTIE 4 FE (Cct2. Hnrpl, pgaml, eEFIA)NRU T I BV an bl
TRESNTND 2%, KIBEIZBWTRY 713 RNA DS ARREEZ L S5 L THIR
RO I EE AE OB AL S - A AEROMERHC 5952 EBHBNC
IRl BRI AR T I 'Y anr OBENIRIERFLRENE N,

Ty MO T AR TIINEN RO P ORY 7 I BN 322Nl ST
% R Fim Y XHCE IS ST LR BTN B T TR M~ b2
D& RIT I AG REEEES ThD ODC DIEMEK N GAG BEMINT 5 3%, &bhiz, /37
NLE L E[RBRICT SR IR 7 2 U2 & BRECE i ~ Ly s i,
WA T A R ERZ BN T DEMEN L ESNLZENRESN TS ®, LLED
WEDD IR AR T BORA L GAG DI - BITHENHHZENE XS
iz,

AL T, ZVay 7V A R 2R 3 5720 2R 7 ZER L, LT
DFFNTEAT T2,
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Figure 1. Schematic structure of proteoglycans and HA.
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Figure 2. Structure of disaccharide units found in HA, HS, CS and DS.
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ODC, ornithine decarboxylase; PAO, polyamine oxidase; SAMDC, S-adenosylmethionine decarboxylase;
SMO, spermine oxidase; SPDS, spermidine synthase; SPMS, spermine synthase;
SSAT, spermidine/spermine N-acetyltransferase.

Figure 3. Pathway for the biosynthesis and degradation of polyamines.



2ENEEICEENDT VY VA BIXORY TI OFEE]

GAG LaT EHENAREA LT aT A 7V ATEEICELFELTEY, Lo Atk
DOHEFFCAMEIRB ISR W CHEAREE 2 R ZLT0D B8 Iz Cidnimic el
CS. DS Dfiilig b/ 2 —2 DAL, HSIZZ D BN 352N HESN DA, BidHHE
WROFEHL B A T DR I LRI S QU ey B, RIS E Tl E TS
VEAT T AZRHNWDZ LT v U RAREFORY 7 I EPIIIEICEVELD T 5 2
EERWOIE Lz B ZZTAZE T, BN FEREE W CRAICE D G PRy 7R
BEOREADE GAG DZEAUITHBANR & HE D) EETLT,

2-1. BRIk

1) Kk

B3 s e (S B U e o FL A i [—HIfEE [A7—2 | (n=5). AT —¥ 1l
(n=8) ] RO _WIFE [T — 1 (n=4), 27— | (n=25) 1] ([ZH\DIEERD B2 & D —B
ZRRIR T NT KRB ARUER 1 % . Bl RN AT R RIS A . R B D
BB LT N RV EEL T2 e, ABFEIZH WG I3 A 74— LR -3t b
DGO EE O BN T2 E | ARAFFEIIAA IR T YL K P E B L O TR R
R FFebifm i B O &KRE 2 T 7 L T1To7z,

2) #A%E

CS BEZ#ES (ADI-0S. ADi-4S, ADi-6S. ADi-UA2S, ADi-diSg. ADi-diSp. ADi-diS.
ADi-triS), HS i % i (ADI-0Shs. ADI-NS, ADi-6Sys. ADi-NS6S, ADi-NSUA2S,
ADI-TriSys). (3442 T2 XV % AL 7=, Chondroitinase ABC. Chondroitinase ACII,
Heparitinase |, Heparitinase 11, Heparinase 34:/b5 T30 AL 7=, Actinase E (ZFHfFi
HIVEE ALT=, Dispase Il 1 Sigma X0iEALT,

3) Dispase Il LPRIZL 532 EE R D4y BiE



Dispase Il #L¥EE Huang 5D EICHESTIT-72 %, 6 well 7L —hkH1iZ 0.5 mM MgCl, &
N1 mM CaCly & & A 72V BakEfE A A K (PBS) (137 mM NaCl, 2.7 mM KCI, 10 mM
Na;HPO,, 1.8 MM KH,PO,, pH 7.4) ZIRANL . 1.2 U/ImL DR EZ72 55512 Dispase 11 Z /N
Z. 4 CT 12 FEBHREL RO RUGS T, BOGH% . BR O TR By e ni3%
FWTHRYERN-ZI, Bty b2 VTR E 2 R LB RIS BEL -, RUTIUE
B HICFR K 40 mg, FEEK 60 mg, GAG FEHLHIZZ R EK 50 mg, E 2K 90 mg 22 41E
AR LT,

4) FIEHIZEENDIR) T IV DOER

BZJE 2 5% CCI;COOH %Mz, 70°C T 30 47 [BIINEAL 721212 10,000 x g, 4 C. 5 3l
D BEEATV, EAEZIEBS Tz, E OB X > TELIL- ElfZ Millex-LH Filter,
0.45 um (EMD Millipore) ZH\W\T7 4 & —jgiaL , RV T IV ERICHWZ, ILEDIT 1M
NaOH (ZIAfiEL ., Lowry #EICEDE QB E RIS 4,

RUTIVERIT lgarashi HOTTIEIZHEV, HERANI 7 M tiEE W eA A 7a~<h
757 4—\Z&0IT o1 P VB DR T 1L B ST 7% Chromaster® 5110 Pump, 484
R 71T B AR B R RS AR MINICHEMI PUMP NP-FX(IN-1U, A —H A —
1L B NAT7 78 ELITE LaChrom, 7 AEIRJE 13 H 2N 727 % ELITE LaChrom
L-2300, 46 ER1T B S~ 7 7%, ELITE LaChrom L-2485, A —h4 7 Z—dHAT
AT 7% ELITE LaChrom L-2200, 7 A3 8 —#% TSKgel polyaminepak (4.6 mm x 50
mm) ZfE L7, 3o BT TSKgel polyaminepak (4.6 mm x 50 mm) % E5Z 2 D%
T, i 0.21 mL/min, 77 235 50°C T o7, IEfERIE Buffer 11 (0.35 M7 =ik
FRU 2, 2 M NaCl, 20%A% /— /1 0.08% Briji-35, 0.64 mM ~FH %) %V iz, RAK
T LRI THDLA NI THNT VT ERIFIR (0.4 M ATEE, 0.35 M KOH, 4 mM A /L7 ¥
VT IVTER 28 MM -V Rk ) —/b 0.1% Briji-35, 0.63%A% ./ — V) [dit# 0.21
mL/min TR L7z, RSB I R 336 nm, #0563 & 470 nm OS54 TR LT,

5) BIEICEEND GAG D KR HT
R R 2 S R L 7= . 50 mM Tris-acetate (pH 8.0) % 400 pL /1% . 10 mg/mL Actinase E
Z 10 pL #INL. 45°C T 72 BEfA L F 2 —1 a3 CEABA SR LT-, GAG Dk



$1}3 Zhang O FHIEIZHESTIT-7- *, CHAPS 8 mg (final 2%). JR5% 192.2 mg (final 8 M)
ZINZHZETRIAMEE AE 2 7Rk . Millex-LH Filter 0.45 pm (EMD Millipore) % >
TIANE—RimEAT T2, 15 DAV TE#R % Vivapure Q MINI H spin column (2L, 0.2M
NaCl 450 uL Z iz, 1,800 x g =i 5 min T ODoBEEZ TV, Z O#REEZ X 5|2 2 ik
DG Z L TH BB LT, 16% NaCl 500 ul % spin column [Z#$41 L. 1,800 x g
Sl 5 min TELDBEZITUV, ZOEEAE S HIC1ERR D IRT Z & TGCAG Hy & 1572,
GAG H/3Z 4 mL A%/ —/L&MZ 4C 16 hFfiE L A ¥ /) — V& T o7z, AV
Ja—x—T 2300 x g. 4 °C. 10 43, 7o/ nm—&—T 11,000 X g, 4 °C. 30 4350
SYBERITHZET GAG 2457-, 135117= GAG IZ A% /—/L% 1 mL Nz 11,000x g4 °C 54y
5 DAy BEZ1TH LT GAG ZWE% L7-, GAG (2 H,0 25 uL. #Efik [0.2 M Tris-acetate
buffer (pH 8.0) ] 5 uL, 10 mU/uL = ReAFF—E ABC 5 uL Z/z ., 37 CT—BeS%
1To7z, D%, 100 CT 3 4r[EINE T 22 LTl 2 RIESH, 10,000 x g, 4 °C. 5 rf#liE
Doy BEZ4T _EE% Amicon Ultra-0.5 Centrifugal Filter Unit with Ultracel-30 membrane
(Millipore) (ZfitL7=, H,0 400 pL %%, 15,000 X g. 20 °C. 20 4> [Hist Loy BEAAT 714
H,0 450 uL Z N2 | 15,000 x g, 20 °C. 20 5[ 0o BEZA TV, I HE 43% CS, DS il
Fn_pEmisy L L7z, CS, DS Afafn _WEmisy 2 sk sotksE CS, DS Afafn _pEa15i-,
AT LTS TUWD HS % H,0 800 pL & AW TS, SRR ED HS %2157, H,0
5 uL. &K [0.1 M CH,COONa. 10 mM (CH;COO),Ca (pH 7.0) ] 5 pL. 0.5 mU/UL
Heparinase 2 pL. 0.5 mU/uL Heparitinase | 2 pL. 0.5 mU/uL Heparitinase 1l 2 L Z/0x..
37 CT16 KSR E1T>7, 100 ‘C T3y MMNEL | BEE A Sk St 10,000 X g, =R, 5
Gy D EEERTTV, BiEZ Ty RUACB L H LT SR — S — THRSEHZET HS
AN ZBEAAST,

CS. DS REFn —FED/IHTIXHOEAR AN T MR HIEE AW AT ra~ 757
A—IZXVIT o7, BWBER ORI EERIERTEL Liquid Chromatograph LC-10Ai,  #&
12 JASCO # Intelligent Fluorescence Detector FP-920S., RN ARG AR 712 H AKE B L
2RS4 MINICHEMI PUMP NP-FX(11)-1U, A>T 7L —&—L LT H 7Rl
Chromato Integrator D-2500, 1> =274 —|Z Reodyne #1:#% sample injector (model 7725,
sample loop 20 uL), HT7 Az v =—F 48 Senshu Pak DOCOSIL (4.6 mm i.d. x 150
mm), H7AEIRMIZ EYELA #E8L NTT2200, K71 BS54 G2 S EAT B Dry



Reaction Bath DB-5, 7 — X WLELH Y 7 hE L TR AT U XA LA AV LAY H
Chromato-PRO % F\ 7=, #ED/3BElX Senshu Pak DOCOSIL A7 A% H\, i 1.0
mL/min, 77 LG 60 ‘CTITo7-, K7 TV D72 IWEERIZ (A) 1.2 mM fiilizzk
BT INTTFNT =T LEETe 1204 ) —/VIEREERE (B) 0.2 M NaCl 38X 12% 4%/
—VEETe 1.2 mM FiFRKZE TN 7 F LT =0 LOKIERZ . 0-10 min (1% B).
10-11 min (1-10% B), 11-30 min (10% B). 30-35 min (10-60% B). 35-40 min (60% B) M4
HTr IV NEREATV, 1% B T 24 43[R L L 72, RAN I Z L3 3K TH D 0.5% (wiv)
-7 77 BRTIRE 1.0 M NaOH 13X T VT T % —Re 7 CTliigEb i 0.25 mL/min
TR LT, IRBIRITE=aAL (05 mm id. x 10 m) Z i@ IR T4 RUsAl 2 T
110°C TR LS, EIzA /L (0.25 mmid. x5m) THEILTZ, sk I & 346
nm. #GIEE 410 nm THEOERH LT,

HS AEF1 5D HTIZRATRD CS, DS HEFER /AT L FERDHEE | SoETIT o7, T2
7ZULIE T 1.0 mL/min, 277 =2 M3 0-10 min (1-4% B). 10-11 min (4-15% B). 11-20 min
(15-25% B). 20-22 min (25-53% B). 22-29 min (53% B) D& T/ IV MNAHZEITV,
1% B T 25 sy~ b Lz,

HA OHHFEOER AN T 2 HEZ W2 T L 7u~ b 57 40— X0 T-72 “, Uk
D4yBfElE Thermo Fisher Scientific #E#. Hypercarb (4.6 mm i.d. x 100 mm) Z V>, §iiH
0.75 mL/min, 77 LR 40 CTITo7o, WHEKIT 4% 7 =N &Z & 60 mM
Na2HPO4-12H20 (pH 11) %V 7z, RANI T LRILTHD 0.5% (wWiv) -2 7 /7R T7IK
E1.0M NaOH [ZX T INT T % —R 7 TR ES it 0.25 mL/min TRER L=, IREHR
XSG =AL (0.5 mmid. x 10 m) Z3@EiE IR A SOSHEZ VT 110 CTIEGUSSE,
mHI=AL (025 mmid. x 5m) THEIL-, SIS IZEE R R 346 nm, #0OE & 410 nm
THOER LT,

6) #ia AT
B0 RER ORI S5 M1 GraphPad Prism® Software % VY, A7~ DAL FE RS 5y

FricdkvirT-7z,

7) AEET L~TA



B R LT HERF B FRZE BB CELDFF a5 T, TRERF B FEBR T ht i L2 S
SWTHEMLTZ, 7 B THE 34-36 g O ddY R~ 2 6 L& H A SLC HRAS bk
AL, LEHEBLERICAIGET V=D AR, Y7 VT2 IO THRERZE A LTS
%, GEAHEL., Kai Industries #EUERRL S (BELEE 8 mm)IckV i E 4S8 kA% 1
Vedo7=b AR 72, S TRV A LT8R D £ 208 JEAI L LTV T 1% DFMO,
0.1%RY 73 (0.075% A LI 0.025% AL ) B &2 F N E B 7=, FH8L7-
1% DFMO BCEF . 0.1%RY 7 LU, oo b — LU CHKTRY L% 1 H 1A, 38 HAIESIC
BAILT, R rEL v — M RIICE A ST, AloRE~—F 7L, & —MIFEAL
72RO FE% Image J imaging software % FVWCHIE L7,



2-2 fER

BB EEND GAG EARY T I DR

GAG LRVT IV OMPBEZMRGTT 272012, BN ERE 42 k25 GAG &RV 7%
L. GAG O WERLA /T AAT o7z, BERIHAKIC RV AR L 7o AR B L H AR AN
S EFHEMRAEE WA L T a5 70— X0 B i LT (Fig. 4),
RITILBEHEIREAT 7o RN L0 . — L IR S L, SOITEOEITEIC
AT = 1 & NSNS, 2B IS FI§TICEENh5 DS KON HS O
TR R A AT Z A TR RIS AT — U TRILTHY (Tables 1,4-7), HOZINET
IS SN EIZH1TD DS KON HS R EFIC CThorz Y,

REECITERIZEEND GAG & EARVTIEOFEBEZFHMILI-EZA, HA & BIO)
DS & ([ZOWTITFHBEINGRO B -T24 (Fig. 6a-c; Tables 2,3,6,7), HS &EIZHWTIE
BARVT IV, ALV AL EEDTEDOMBENRO DL, FRZE R TIXHRV A
BA2VERD BT (Fig. 5a; Tables 3,5), R IZBW T HS OFRBLEN V72K, 19 ADEFIZ
BWTHEEEDD HS 2T 22L08CX/p o7z (Table 4), D728 HS B cX72
ST BE ORIRZEEROZ 23 IKTERE T O HS & LRV T I EOFBIEE FFRHnL 72
LA BRRITBWTHE R LFREE OFBINGRO BT (Fig. 6d; Tables 2,4), £7=, 4 AD
BFE (no. 7-10)D FZJE 2B W TIHRFIZZL DRV 7 & HS S &I 7728, HS O B
FRA TR oD BRE DR EN DRI HS O “BEHHAL S FLlt L7, Z Dfk B, ik 2 —
ALV DEAIT AN DD HS BEDHREELEIZ KR ERZBITRD bR T
(Fig. 5b; Tables 3,5),

EIMER L FIITERICE FNDRYT I B, GAG LAEMMOHBIMEAF- L 7=, R TlX
ISRV T I BORD BFEDDILZA | ERIZE FNLRI T IV 'V N0
BRIZBW TR 7 BEEFERICHBIGRO ben ~7= (Fig. 7; Tables 1-3), ki, #
BEEITHEZIZEEND DS &, HA &, HS &, DS @ 4S/6S tb LA fin DR B A TR~ 7273,
FRIXERD BN 7= (Fig. 8; Tables 1,4-7),

BlEIEEICH TR T ORE
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FEHIZBWT HS 1 HS a7 47U Chdy v T e — v ELCHEL,
B FERARR DK 5y SO0 2 AR FF DM, BIETRR L B REIE R L D % J g
D HS ®ERVT I RIHBENED D728 (Fig. 5a, 6d; Tables 2-5), HS 7'a 7427 U%
 OERE CTHLAIGHAICARY 7L B EE 52 5ZEMB 26N, 22T AIGET LV~
T A& WA ET, ANBIRIEIC R TRV T I OB E T LT, AIERIZRI T I A SR
ALEfEEE ODC DOFHLEAITHS a-difluoromethyl ornithine (DFMO)E721% 0.1% KRV 73
(0.075% AL 0.025% A~ LUANZETRINL, BIZAERLL C5 10 H A0 i fla 81 22
LizLZ A, AR TG 4-8 HTIE 1% DFMO HSINEED BIG TR 0O 3 L AN LT
7= (Fig. 5¢, d), 512, BWFRER (day0)AITERLE 6 H 25 L 7AJEL O B i 2 PR L |
RITIVEREITIZET, AIORI T I ENELL TODEINER T, ZORER,
AMERE 6 HRGEL7ZARB CIRANERIEZ LR TT R AT | A~ ULID U BEAREL
HINL T/ (Fig. 5e). Mizutani HIZXVAIEG#% 12 FFH T ODC OFBLAFHESNLHI LN
WESNTEY © AERE 6 A TTR ATy Z VLIV BN KREIEINL T RE L
LC ODC OFBLENIENMNL TWDHIENE 2 Hilz, Fiz, DFMO IRINFEERY 7 I USINEE
DARPIZE EFNTODRIT IV BERNT-EZA, DFMO IIEE TR 7 &AL,
RUTIARMBE TR 7 I BRI TODZ LA R TET- (Fig. 5e),
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l Enzymatic digestion

Unsaturated disaccharides Reversed-phase ion-pairing HPLC
HOOC OH HOOC 0SO;H 60 -
HO -0 HO
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30 4
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o
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Figure 4. Scheme of unsaturated disaccharides analysis by a reversed phase ion-pair
chromatography with post-column detection. For GAG depolymerization, sample were
incubated with Chase ABC or heparinase III,I1l. After enzymatic digestion, levels and
compositions of unsaturated disaccharide were determined using reversed phase ion-pair
chromatography with sensitive and specific post-column detection. HPLC condition was

descrived under Method.
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Figure 5. Relationship between heparan sulfate and polyamines in skin. (a) Correlation
between HS and polyamine contents in human dermis. Median values of HS, total polyamines,
spermidine and spermine were 6.2 ng/mg wet weight, 11.3, 3.4 and 7.8 pmol/mg wet weight,
respectively. In four subjects increased levels of HS levels were well correlated with total
polyamines, spermidine and spermine. Data of 42 subjects with breast reconstruction was
evaluated by Spearman’s rank correlation analysis (r; and p value) using GraphPad Prism®
Software (GraphPad Software). (b) Disaccharide compositions of unsaturated disaccharides of
HS in dermis from four patients having a good correlation between HS and total polyamines and
from other 38 patients. Data were evaluated by two-tailed unpaired Student’s t-tests.
P <(.005, 0.01 <*P<0.05. (c,d) Effect of polyamines on wound healing of mouse skin.
Three full thickness wounds were made in individual mouse using an 8-mm biopsy punch. After
wounding, hydrophilic petrolatum only (control), hydrophilic petrolatum containing 1% DFMO
or 0.1% polyamines (0.075% spermidine, 0.025% spermine) were applied to wounds every day.
The scale bar shown is 5mm. Data are expressed as the mean+s.em. (n=6). *P<0.01,
0.01 <*P<0.05, NS, not significant were determined by two-tailed unpaired Student’s t-tests.
(e) Determination of polyamine contents in wound regions (surround skin) by HPLC. PUT,

putrescine; SPD, spermidine; SPM, spermine. Data are expressed as the mean+s.e.m. (n="6).

0.01 <*P <0.05 compared to control skin.
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Figure 6. Relationships between GAGs and polyamines in human skin. Correlation
between polyamines and DS (a), 4S/6S ratio of DS (b), HA (c), or HS (d). Data of 42 subjects
with breast reconstruction was evaluated by Spearman’s rank correlation analysis (rs and p
value) using GraphPad Prism® Software (GraphPad Software). Median values of DS, 4S/6S
ratio of DS (n=37), HA (n=41) and HS in epidermis were 2.0 ng/mg wet weight, 6.6, 1.8 ng/mg
wet weight and 0.2 ng/mg wet weight, respectively. In case of epidermis HS (d), data of 23
subjects were also evaluated, and median value was 2.9 ng/mg wet weight. Median values of
DS, 4S/6S ratio of DS and HA in dermis were 140.5 ng/mg wet weight, 18.6, 304.8 ng/mg wet

weight, respectively.
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Figure 7. Relationships between polyammines and age in human skin. Median values of
polyamines in epidermis and dermis were 153.3 pmol/mg wet weight, 11.3 pmol/mg wet weight,
respectively. Data of 42 subjects with breast reconstruction was evaluated by Spearman’s rank

correlation analysis (rs and p value) using GraphPad Prism® Software (GraphPad Software).
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Figure 8. Relationships between GAGs and age in human epidermis (a) and dermis (b).

Data of 42 subjects with breast reconstruction were evaluated by Spearman’s rank correlation

analysis (rs and p value) using GraphPad Prism® Software (GraphPad Software). In case of

epidermis HS, data of 23 subjects were also evaluated.
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Table 1. Grade of breast cancer, age of patients and wet weights of abdominal skins used in this

study.
Patient No. mmediate delayed age _ Wet weight (mg) _ .
stage| | stagell | stagel | stagell GAG epi* | GAG der** | Polyamines epi* |Polyamines der**

1 o} 41 14 91 4 58
2 o 54 38 105 9 58
3 0 41 27 101 28 64
4 o 42 53 73 65 50
5 @) 53 37 95 41 63
6 o 42 22 108 34 %
! @) 64 40 83 36 78
8 @) 51 23 102 20 85
9 o 64 56 9 44 60
10 o 44 60 85 48 72
11 O 47 78 74 51 70
12 o 65 66 76 38 59
13 o) 64 77 9% 62 76
14 o 46 57 97 44 63
5 o 51 77 75 44 52
16 o 45 66 88 48 60
7 o 40 63 83 43 56
18 O 40 66 92 54 67
19 o) 57 34 81 21 52
20 o) 49 29 98 27 70
21 o 56 47 81 36 3
22 ¢} 49 61 101 43 54
23 O 58 85 97 61 61
24 o 44 59 91 36 50
25 @) 45 74 135 55 %
26 o 50 51 102 35 71
27 0 55 71 116 48 97
28 0 58 53 109 39 73
29 o 44 60 127 49 g8
30 o 52 106 101 70 73
31 o) 51 12 98 14 73
32 o 38 46 72 30 56
33 o 49 31 79 22 76
34 ¢ 48 49 79 36 59
35 O 55 54 71 40 60
36 0 64 39 68 31 55
37 o 57 36 87 24 74
38 O 53 34 86 32 69
39 o 41 42 92 35 77
40 ] 43 44 20 39 62
41 o 55 49 105 45 60
42 [} 63 43 103 28 71

*epi, epidermis, **der, dermis
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Table 2. Polyamine contents in human epidermis.

Patient No. Polyamines (pmol/mg wet weight).
PUT | SPD | SPM | Total polyamine

1 ND’ 33.6 |179.1 212.6
2 ND" 344 11817 216.1
3 ND" | 102.7 [755.9 858.6
4 ND" 39.2 | 283.7 3229
5 ND" 27.3 | 236.1 263.3
6 ND" 45.8 |448.3 494 1
7 ND" 42| 227 27.0
8 ND" 12.7 | 761 88.8
9 ND" 54| 26.5 31.8
10 ND" 35| 235 271
11 ND" 58 | 451 50.9
12 ND" 5.0 | 325 37.6
13 ND" 6.6 | 61.7 68.3
14 ND" 5.3 (1425 147.9
15 ND" 21.7 |315.9 337.6
16 0.5 15.3 [ 126.2 142.0
17 ND" 10.7 | 166.4 1771
18 0.3 21.7 | 235.6 257.6
19 ND" 13.8 | 164.8 178.6
20 ND" 19.6 [288.1 307.8
21 ND" 8.9 [138.9 147.7
22 ND" 8.3 [138.9 147.2
23 ND" 73| 821 89.4
24 ND" 14.7 {225.3 240.0
25 ND" 10.6 | 150.3 160.9
26 ND" 6.5 | 901 96.6
27 ND" 48 | 753 80.1
28 ND’ 9.6 [153.2 162.7
29 ND" 71| 744 81.5
30 ND" 10.7 | 994 110.2
31 ND* 7.2 1174.0 181.2
32 ND" 19.3 | 2771 296.4
33 ND" 25.0 | 397.6 422.7
34 ND" 145 (1784 192.9
35 ND" 13.0 | 161.0 174.0
36 ND" 10.8 [ 105.2 116.1
37 ND’ 58 | 625 68.3
38 ND" 10.8 | 194.5 205.3
39 ND" 9.1 [149.6 158.7
40 ND" 7.9 1123.2 131.1
41 ND" 6.0 | 96.5 102.5
42 ND’ 7.0 1241 131.0

“ND, not detected.
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Table 3. Polyamine contents in human dermis.

. Polyamines (pmol/mg wet weight)
Patient No. -
PUT | SPD | SPM | Total polyamine
1 ND* 1.2 29 41
2 ND* 1.6 2.7 4.3
3 ND* 22 4.6 6.8
4 ND" 1.3 3.0 4.3
5 ND" 1.5 3.1 4.6
6 ND* 0.9 2.0 29
7 ND* 12.8 | 350 47.8
8 ND" 20.0 | 404 60.4
9 ND* 28.0 | 37.0 65.0
10 ND" 233 | 511 74.4
11 ND" 85 | 19.2 27.7
12 ND* 73 | 16.8 242
13 ND* 4.4 13.2 17.6
14 ND" 36 | 11.0 147
15 ND* 58 | 16.6 225
16 ND" 6.9 | 124 19.3
17 ND" 6.0 | 144 204
18 ND* 6.2 10.4 16.6
19 ND" 3.8 53 9.1
20 ND* 41 11.0 15.2
21 ND* 4.1 16.0 201
22 ND* 41 11.2 15.3
23 ND* 46 | 144 19.0
24 ND* 3.7 | 10.2 13.9
25 ND" 1.9 74 9.4
26 ND* 1.8 6.1 8.0
27 ND* 1.7 6.0 7.8
28 ND* 2.5 71 9.6
29 ND* 14 5.6 71
30 ND* 23 6.0 8.3
31 ND" 0.9 43 5.3
32 0.2 3.6 8.2 11.9
33 ND" 3.3 | 105 13.8
34 ND* 36 | 143 17.9
35 ND* 3.7 | 13.8 17.5
36 ND" 3.1 7.5 10.6
37 ND* 1.3 3.6 5.0
38 ND* 0.9 1.9 2.8
39 ND* 1.2 52 6.4
40 ND* 0.6 1.9 24
41 ND* 21 7.3 9.4
42 ND" 14 52 6.6

“ND, not detected.
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Table 4. Level and composition of disaccharides in HS in human epidermis.

Patient No. Unsaturated disaccharide (%) Total amount
ADi-0S}s | ADI-NS | ADi-6S}s | ADi-NS6S | ADI-NSUA2S | ADi-TriSys | ng/mg wet weight
1 ND* ND" ND* ND* ND" ND* ND*
2 ND* ND" ND* ND* ND" ND* ND*
3 ND* ND" ND* ND* ND" ND" ND"
4 ND" ND" ND" ND" ND" ND" ND"
5 ND" ND" ND" ND" ND" ND" ND"
6 ND" ND" ND" ND" ND" ND" ND"
7 ND" ND" ND" ND" ND" ND" ND"
8 ND" ND" ND" ND" ND" ND* ND"
9 ND" ND" ND" ND* ND" ND" ND"
10 ND" ND" ND" ND* ND" ND* ND*
11 ND* ND" ND" ND* ND" ND* ND*
12 ND* ND" ND* ND* ND" ND* ND*
13 52.8 325 4.1 ND* 10.6 ND* 2.8
14 100 ND* ND" ND* ND" ND" 0.8
15 61.5 30.0 3.1 ND* 5.4 ND" 1.3
16 62.6 23.9 ND* ND* 13.5 ND" 2.9
17 50.6 295 8.9 ND* 11.0 ND" 52
18 57.4 26.7 4.6 ND* 1.2 ND" 6.7
19 55.0 259 4.5 ND* 14.5 ND" 42
20 58.9 225 9.5 ND* 9.1 ND* 4.6
21 57.6 255 ND* ND* 16.8 ND* 29
22 60.7 20.0 7.3 ND* 12.0 ND* 6.3
23 53.8 31.6 6.7 ND* 7.9 ND* 49
24 53.7 259 5.0 3.4 12.0 ND* 8.3
25 100 ND* ND* ND* ND" ND" 0.1
26 ND* ND" ND* ND* ND" ND* ND*
27 ND* ND" ND* ND* ND" ND* ND*
28 100 ND* ND* ND* ND" ND" 0.4
29 ND* ND" ND* ND* ND" ND" ND*
30 ND" ND" ND" ND" ND" ND" ND"
31 79.4 ND* ND" ND* 20.6 ND" 8.0
32 65.1 227 ND" ND* 12.1 ND* 3.8
33 55.3 24.9 3.0 ND* 16.7 ND* 10.1
34 58.7 241 4.4 ND* 12.9 ND* 14.4
35 ND* ND" ND" ND* ND" ND* ND*
36 100 ND" ND’ ND* ND" ND* 1.4
37 ND* ND" ND" ND* ND" ND* ND*
38 100 ND* ND’ ND* ND" ND* 0.3
39 100 ND* ND’ ND* ND" ND* 0.2
40 100 ND* ND" ND* ND" ND" 0.4
41 ND* ND" ND* ND* ND" ND" ND"
42 100 ND" ND* ND" ND" ND" 0.5

“ND, not detected.
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Table 5. Level and composition of disaccharides in HS in human dermis.

Unsaturated disaccharide (%)

Total amount

Patient No. 1 08 | ADINS | AD-6Ss | ADI-NS6S | AD-NSUA2S | ADi-TriSys | ng/mg wet weight
1 366 | 355 41 3.0 208 ND’ 6.1
2 272 | 375 44 21 266 22 148
3 452 | 364 27 ND' 15.7 ND' 47
4 286 | 376 40 25 257 16 178
5 660 | 193 29 17 10.0 ND’ 59
6 279 | 428 29 1.1 253 ND’ 8.6
7 458 | 513 17 06 0.3 0.3 40.9
8 453 | 487 3.0 05 17 0.7 278
9 397 | 553 25 04 12 0.9 308
10 405 | 558 21 0.6 05 05 20.4
11 439 | 523 18 1.0 1.0 ND’ 12.1
12 498 | 484 1.7 ND' ND' ND' 12.4
13 644 | 252 56 ND’ 48 ND’ 47
14 573 | 328 40 ND’ 59 ND’ 47
15 744 | 184 17 05 5.0 ND’ 101
16 605 | 294 36 19 46 ND’ 12.0
17 503 | 409 54 ND’ 34 ND’ 8.0
18 583 | 341 39 ND’ 37 ND’ 41
19 660 | 246 55 ND’ 3.9 ND’ 6.3
20 872 | ND' 48 24 5.6 ND’ 27
21 100 ND* ND* ND" ND" ND" 0.5
22 653 | 258 43 ND’ 46 ND’ 56
23 665 | 315 19 ND’ ND' ND’ 4.2
24 605 | 288 13 29 65 ND’ 6.8
25 147 | 853 ND' ND’ ND' ND’ 0.6
26 550 | 328 9.0 ND’ 3.2 ND’ 8.8
27 685 | 262 53 ND ND' ND’ 29
28 541 | 359 3.0 23 48 ND' 3.0
29 56.7 6.9 7.0 15.4 14.1 ND' 26
30 802 | 198 ND' ND' ND' ND’ 20
31 523 | 389 37 ND’ 5.1 ND’ 6.8
32 918 65 17 ND' ND' ND’ 2.2
33 651 | 234 37 15 66 ND’ 9.4
34 618 | 252 27 37 6.6 ND’ 5.4
35 753 | 217 13 ND’ 17 ND’ 6.7
36 605 | 284 43 08 6.1 ND' 9.3
37 100 ND' ND' ND’ ND* ND' 0.4
38 51.1 48.9 ND* ND* ND" ND* 0.3
39 468 | 477 34 ND’ 21 ND’ 10.9
40 439 | 503 58 ND’ ND' ND’ 2.1
41 452 | 457 32 17 42 ND' 134
42 464 | 438 33 15 5.1 ND’ 538

“ND, not detected.
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Table 6. Level and composition of disaccharides in DS and HA in human epidermis.

. Unsaturated disaccharide (%) . | Total amount of DS HA level
Patient No. - - " - — — — — 48/6S ratio ) .
ADi-0S | ADi-4S| ADi-6S | ADi-UA2S | ADi-diSg | ADi-diSg | ADi-diSp | ADi-TriS ng/mg wet weight | ng/mg wet weight
1 100 ND" ND" ND’ ND’ ND’ ND" ND" - 0.8 1.3
2 73.3 26.7 1.0 ND* ND* ND* ND* ND* 26.7 0.2 0.2
3 100 ND* ND’ ND* ND* ND" ND" ND’ - 0.2 0.2
4 82.3 17.7 1.0 ND* ND’ ND" ND" ND’ 17.7 0.1 0.1
5 70.9 21.8 74 ND" ND* ND" ND’ ND" 3.0 0.7 0.5
6 64.4 35.6 1.0 ND* ND* ND* ND* ND* 35.6 0.2 0.0
7 69.1 26.9 4.0 ND* ND* ND* ND* ND* 6.8 0.7 0.6
8 85.1 14.9 1.0 ND" ND* ND* ND* ND* 14.9 0.5 15
9 775 19.9 2.6 ND* ND’ ND* ND’ ND" 7.6 0.4 1.0
10 48.6 395 23 ND* ND* 9.6 ND* ND* 171 0.9 0.7
11 56.0 325 5.0 ND* ND* 6.5 ND* ND* 6.5 1.0 1.0
12 67.4 27.9 4.7 ND’ ND’ ND" ND" ND* 5.9 0.4 0.6
13 59.3 285 3.2 ND* ND’ 9.1 ND’ ND” 9.0 10.3 10.3
14 73.3 19.4 35 ND* ND" 3.9 ND" ND" 5.6 4.5 8.5
15 56.5 291 5.0 ND* ND* 8.8 0.6 ND* 58 47.4 423
16 40.3 411 6.9 ND* ND* 111 0.7 ND* 6.0 108.7 49.0
17 36.8 42.8 5.1 ND* ND’ 15.3 ND’ ND" 8.4 32 1.2
18 49.6 35.6 5.0 ND* ND’ 9.3 0.6 ND’ 7.2 35.1 23.6
19 70.2 20.0 35 ND* ND* 5.6 0.6 ND* 5.7 15.2 242
20 84.5 12.6 29 ND* ND* ND* ND* ND* 4.3 1.1 3.9
21 67.4 20.8 3.9 ND* ND* 74 0.6 ND" 5.4 11.8 16.5
22 67.1 219 4.8 ND* ND’ 5.6 0.6 ND’ 46 29.2 40.5
23 49.0 355 41 ND* ND" 11.0 05 ND’ 8.6 275 18.3
24 422 39.1 5.9 ND* ND* 121 0.7 ND* 6.6 65.8 36.6
25 43.7 417 2.7 ND* ND* 11.9 ND* ND* 15.7 2.0 0.9
26 65.3 26.5 3.8 ND* ND’ 45 ND’ ND" 6.9 1.9 2.1
27 343 51.7 3.8 ND* ND’ 101 ND’ ND’ 13.5 2.7 0.9
28 53.8 34.6 4.2 ND* ND* 7.0 0.4 ND’ 8.2 28.7 20.3
29 49.3 45.0 15 ND* ND* 4.1 ND* ND* 29.3 0.7 0.4
30 385 443 3.2 ND* ND’ 14.0 ND’ ND" 13.8 23 0.9
31 88.8 9.0 22 ND* ND* ND" ND" ND" 42 9.8 459
32 60.6 27.6 55 ND* ND" 59 0.4 ND’ 5.0 37.7 40.7
33 85.1 9.4 3.8 ND* ND* 1.7 ND* ND* 25 232 94.2
34 60.5 246 7.3 ND* ND* 6.9 0.6 ND* 3.4 491 51.9
35 729 16.8 6.0 ND* ND’ 3.6 0.7 ND’ 2.8 9.4 17.2
36 71.2 17.6 71 ND* ND’ 3.6 0.4 ND" 25 31.4 54.0
37 100 ND" ND" ND* ND* ND" ND’ ND" - 0.1 0.4
38 747 213 4.0 ND* ND* ND* ND* ND* 53 15 24
39 ND* ND* ND* ND* ND* ND* ND’ ND’ - ND" ND"
40 100 ND" ND’ ND* ND* ND" ND" ND” - 0.04 0.3
41 49.0 335 3.2 ND* ND' 14.3 ND" ND* 10.6 1.6 0.9
42 87.2 74 5.4 ND" ND’ ND’ ND" ND" 14 0.9 25

“ND, not detected.
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Table 7. Level and composition of disaccharides in DS and HA in human dermis.

. Unsaturated disaccharide (%) . Total amount of DS HA level
Patient No. " - " " — — — — 48/6S ratio X X
ADi-0S | ADi-4S| ADi-6S | ADi-UA2S | ADi-diSg | ADi-diSg | ADi-diSp | ADi-TriS ng/mg wet weight ng/mg wet weight
1 63.4 253 1.9 ND* ND* 9.3 ND* ND* 13.3 69.7 75.8
2 65.1 23.6 1.8 ND* ND* 9.4 ND* ND* 12.8 92.8 104.4
3 64.0 24.0 1.6 ND* ND’ 10.2 0.2 ND* 15.1 162.8 184.9
4 58.0 28.9 2.0 ND* ND* 10.7 0.3 ND* 14.2 300.4 265.5
5 68.8 20.8 1.6 ND* ND’ 8.6 0.2 ND* 12.6 110.0 149.1
6 56.9 31.8 1.9 ND* ND* 9.2 0.2 ND* 16.8 163.3 141.7
7 751 20.3 0.9 ND* ND* 3.6 ND* ND* 22.0 208.8 487.7
8 733 20.9 1.2 ND* ND* 4.4 0.2 ND* 17.3 203.0 429.7
9 70.3 241 1.1 ND* ND* 45 ND* ND* 222 167.2 305.0
10 71.0 233 1.3 ND* ND* 4.3 0.1 ND* 18.2 248.6 468.9
11 70.8 229 14 ND* ND* 4.8 0.2 ND* 16.7 333.0 618.1
12 75.5 19.4 1.0 ND* ND’ 4.0 0.1 ND* 18.9 157.4 3743
13 81.8 11.6 0.2 ND* ND* 6.3 ND* ND* 51.3 61.1 204.8
14 75.6 17.8 0.9 ND* ND’ 57 ND* ND* 19.1 168.8 397.5
15 85.1 10.2 0.9 ND* ND* 3.8 ND* ND* 11.8 142.4 616.3
16 76.3 18.3 0.8 ND* ND* 45 ND* ND* 222 127.8 315.6
17 70.9 21.7 0.8 ND* ND* 6.5 ND* ND* 26.5 8.8 16.2
18 72.8 20.7 0.9 ND* ND* 5.6 ND* ND* 235 1414 2771
19 83.6 111 0.7 ND* ND* 4.6 ND* ND* 15.7 65.8 252.4
20 79.2 16.4 0.8 ND* ND* 3.6 ND* ND* 19.5 75.8 205.3
21 99.4 0.6 ND* ND* ND’ ND’ ND’ ND* 5.8 0.2 21.8
22 83.7 1.7 0.6 ND* ND* 3.9 ND* ND* 18.4 110.6 4325
23 771 16.4 0.7 ND* ND* 5.8 ND* ND* 236 421 107.7
24 735 18.5 0.9 ND* ND* 6.8 0.3 ND* 20.5 119.2 249.4
25 85.1 11.9 0.6 ND* ND* 23 0.1 ND* 20.6 91.3 384.2
26 81.1 14.4 3.6 ND* ND* 0.9 ND* ND* 3.9 2211 686.5
27 86.2 1.1 0.8 ND* ND* 1.9 ND* ND* 13.3 65.8 304.6
28 69.7 243 14 ND* ND* 4.6 ND* ND* 17.0 106.5 183.8
29 99.8 0.2 ND* ND* ND* ND* ND* ND* 2.2 0.8 294.8
30 83.1 12.6 0.7 ND* ND’ 3.6 ND* ND* 17.8 139.5 506.1
31 58.6 31.1 0.9 ND* ND* 9.5 ND* ND* 354 431.8 448.9
32 66.7 254 2.0 ND* ND* 5.8 ND* ND* 12.6 226.4 333.7
33 82.9 12.6 1.0 ND* ND* 33 0.1 ND* 124 123.8 4448
34 73.2 20.3 0.9 ND* ND* 5.6 ND* ND* 215 346.3 700.6
35 75.5 18.5 1.0 ND* ND* 5.0 ND* ND* 19.4 88.4 201.1
36 715 211 1.1 ND* ND* 6.3 ND* ND* 19.9 112.8 209.3
37 61.9 30.5 0.7 ND* ND* 6.8 ND* ND* 411 559.1 677.3
38 69.6 246 0.9 ND* ND* 5.0 ND* ND* 28.1 232.9 395.3
39 65.2 275 0.9 ND* ND’ 6.5 ND* ND’ 31.0 237.9 327.7
40 60.8 31.6 1.9 ND* ND* 5.7 ND* ND* 16.9 176.0 202.8
41 68.4 259 1.0 ND* ND* 4.7 ND* ND* 255 120.0 193.6
42 65.0 27.8 0.9 ND’ ND’ 6.3 ND* ND* 30.6 3741 520.2

“ND, not detected.
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2-3. &5

RETIILMOEFEFIZEEND GAG ERVTILOREEITV, M, GAG DAFAE R,
GAG DAk, AU I BICHBAD G D E D E T UTZ, T, HBE IR 21T o 7R
FEOEATEICL ST GAG O BRI B L T D ETA~NTZ, TORER, GAG Ok
LA IIHAT = TR THY (Tables 1, 4-7). HoZhF TS SNI-REIZEIT5 DS
B OV HS AR EFRIC Cdro 7z ™, ARG TITFE LD DEEN T RER O K A TR 14
ICBRBL7Zb 0% AV T2 ZOMWE IR L EDVIRNEE 2 HND, KT,
REFITEERICEEND GAG & LR TV EOHBEMETHEL 7225, HS BITHRARY
TIE, ARV AL B EOIEOH RO ST (Fig. 5a, 2d; Tables 2-5),

OIZ, FR L EHICE ENLRV T IV BEEOMBZMAT L2 A REZITB W TR S
&G ENDRI T BICHBEINED O (Fig. 7; Tables 1, 2), —J5. F#ind GAG
DI BLEEMRI G- 2 DB T2LZAH, LD GAG DA Bl &I LU Z X
OB T (Fig. 8; Tables 1, 4-7), L L2356, MIZEY GAG OWEENEN TS
ZEMBRICHRE S TR M ARG T 42 B RITAERRAS 40~60 i O RICHEF LT
727z (Table 2), MEHICED GAG ~DEEEN 43T TE Ao T2 AT REVENE 2. B
7

FZIEF D HS EEARV T I BEITHEANED LN END, HS 7'a7 47V 1 ORE
DRAMGIEIICR T IV DB LR 52 TWDeE X AGET WV~ T2 WAL ZE T, AlGTE
T 2RI T I D BEEREF LT, ZOREE N7 I BEORA I W E ORI R
WOBHE N L TEY, RUTIUE HS a7 A7 V0 OEREICE 8% 5.2 Q- (Fig.
5¢,d), 7726, HS 707 A7V OREIZITIARI T I NI THHZEDRIBES LI,
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3.HS £AERIZKTDRITIVDEE

HS lZv e (D-7 /v7ul g GIcA, LA Au Wz 1doA )& N-7&F/L-D-7 )=t
(GICNAC) B AZ FAZHE G L, A HEKEE I D — RIS HREA 2L 23N L 72 B0 IR LA & D5 AR
EFHOEEIEZ BTl 5 1, HS A/ O % Fig. 9 1TR7 . HS DAGRITE B
VSIS BIELEIL (v r—A, HTTN—A HIFIR—R TV Ia @) |2
EXTL3 7% GlcNAc ZHMT22EmbihEsd 24, Fil v T, EXTUEXT2 ~7Tuld f~—n)
GlcA & GIeNAc ZfHN9 528 T HS MR35, /2. EXTL2 (XM LS~ D
GIcNAC FHINs e & 58 HS ARSI SIS ., NI HS BANBD 352 L3 abi
TWDD, ZOFERIIR AT =K MFIASES LTI R 1)
—ETIIRIT I EDNNEICEDBATH2E00, RITIICERL, KEHRICEE
N5 HS EERT I BIZIEOMBENFET HZEa WML LT, £DT20H —FETIE HS
EARVT I DBAMRMEICHE S22 T B fiiaz VTS BRI 21T o7,

Linker region

EXTL3
(GIcNACAT-I)
OO, [0 [ O <>OO
N=50-150 GIcA GICNAC GIcA Gal Xyl
v v vy o,
(GICNACAT-)
EXT1/EXT2 4
GIcNAc

Figure 9. Conventional scheme for HS biosynthetic machineries
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3-1.EBR L

1) AbfaksE

Neuro2a Al a3 a 73R R A b FRgEE bRz BaROEIFEIZEY 5L Tz
72Wiz, U208 M3 BACERE R R KRB 0 A aiE A Z R O 4 &
(2L L TNz, HCT116 Al X THERFRF B P FEfe o7 1Ml L)+
MR A EANESR, G @ AR E OB ZICI 55 5L T zi2vn 7z, PANC-1
e, MCF-7 fifld, CCF-STTGL MllldiL THERFR e SAoEle M 2atse=s B
B 0 L2 AR DT T KV 53 5 L Qe f2un iz, AB49 MIARIE T HER B RFBE SEARF5T
Bt SEZHIF AR B RS Z SR OB BIZED o B L Qe W, Bi R I
37°C. 5% CO2 DA T THEMIE, CHO M2\ Tid MEMa, EOMOMIEIZISNT
IZ DMEM (Z 10% FBS. 100 #4717z Penicillin, Streptomycin Z#INL7=H D% Hv,
FBS. Penicillin, Streptomycin | GIBCO LWl AL7c, B5EZBAEL THb 12 FEfEZIC
DFMO AL, 3 H 588422 L TRV 7V Ba i Sz, Table 10 IZZ 2ol
FRICHSINLT= DFMO DI E A7~ , A VLI O3 fiR% 578, amine oxidase B
FERTHLTI/ T =V (I mMM)EAILIV Y (25 uM)ZEFHICESINL . 3 H 5% 35
LT ANARY T I B %0 E & 7=, Deoxyhypusine synthase [H 3 &l T 5
N*-Guanyl-1,7-diaminoheptane (GC,)i& National Institutes of Health Dr. M. H. Park 14 & |
K053 5L TN,

2) MRV T I E & & OV HS HER R HT

e Ui ) ie ke A B AR K (PBS) (137 MM Hi LT RUD AL 2.7 mM Hifb )Y
5,10 mM U BEAKRFE T RIT A 1.8 mM VR —KFEHVT L pH 7.4) ZAWTHEHL
72o WRIZPBSZ1mLINZ, BIVAZL — =% W THESE L QO D Z [mIX L 7=t . Al
B = < F a— T IR LT, D BE R TV, BIEZ R V2212 PBS ImL &%
77

RIT IV ERDTD OY 7 LU THIFURRE IR D 40 pL SRIRL | 3O BEL 721 15
SIT-HIIIZ 5% N 7ualElz (TCA) % 100 pl Iz B 7-, w00 B C& FE 2 0B
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SEELNTZ BEEZRY T IV E LT, AT I E BRI EREEREED FETITo 7, TR
L7 HEIZ 20 uk @ 0.1 M KEE(L T R MMIPEfRSHE, lowry IEICEVEAEE&ETT-
=4

HS O ZFEREC AT IC WS-, HA R B IR 960 wl Z-3m Do BfEL . EIEZ BRI
SRR A T CIRBL 7, 201, RELERIERD HIET HS ZHRGHL | S O &1T

>7z,

3) Western Blotting
Western Blotting /% Nielsen 50 J7 i ICHEWTo7- ¥, #ifaZ lysis buffer [5 mM Tris-HCI

(PH7.5). 0.25 M %Z—%_ 1 mM EDTA, 1 mM DTT, 20 pM FUT-175. 1% Triton X-100]
TIRE L ST Gl A A U7, SRR L 7= MRS MR (10~30 pg)a M C SDS-PAGE
1otz ERUKEI. 30 V EE/ET Invitrolon PVDF (Invitrogen) (ZHEE-L7-, A7
3 5% skim milk IZRVEIR T 60 7 my ¥ 7k, —IRFUAZ IR, 60 73 TRISSHE,
TRPURZEIRT 30 RS S T, —IRPUAB IO IREUADO AT TBST H/zidy
7 FVHEFEA] HIKARI (nacalai tesque) % VN CTo7, Table 8 (2 L 7-Hiik %19, A
712 ECLTM Western blotting detection reagents (GE Healthcare) %7213 ECL select (GE
Healthcare) - /7 jis &€ . LAS-4000 (GE Healthcare) T&E HE A L=, EHEE &I
Bradford #2017 -7 %,

4) PCR (Z&% mRNA & let-7b Of5 H

RNA O X, B D7 mha— L IZHEW a5 RNeasy® Mini Kit (QIAGEN)% H W
TiTo7=, D%, #iitHL7= RNA Z RQ1 RNase-Free DNase (Promega) %>, fH@Eon~’
1 ha—)UIZfE->T DNA Z 43 fiRL 72, DNA %53 fi#L7-1% . Amicon Ultra-0.5 Centrifugal Filter
Unit with Ultracel-5 membrane (Millipore)z fHV T RNA Z#&H 1L 7=, 1st strand buffer (40 ul)
H1lZ RNA 3.5 ug. 50 pg/mL Oligo (dT)18 primer, 10 mM DTT, 50 puM dNTPs }& TR
SuperScript® 11 Reverse Transcriptase (Thermo Fisher Scientific) Z¥#sNL 42 °C. 50 43 [H i
1THZ& T cDNA Z 5k L7z, Ak L7z cDNA 2858 L THV Y, Blend Tag® (TOYOBO)IZ 4
Y PCR [ &%4T -T2, PCR IZHW= T FA4~—% Table 9 |2/~ 7, /N ROE &L Image J

imaging software (ZX01T7-7-,
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let-7b D EEIZHVD RNA IX miRNeasy Mini Kit (Qiagen) # M\, ffED7vha—v
IZHE> THH L7z, 572 miRNA 725 Mir-XTM miRNA First-Strand  synthesis kit
(Takara Bio) &\, fHEDO 7 vha— it~ TR T T =1k, cDNA DA REIT-T,
real-time RT-RCR 35417 cDNA Z#%X1 T, SYBR Advantage gPCR Premix (Takara
Bio) W, fHE@D 7 aha— L IHt->TiTo7, PCRIZHW7ZA4~—% Table 9127”7,
FeBLEIT 2RI EFEAE L,

5) 7 ZAIR DR

NIH3T3 i LD EERDO T EICHEV RNA ZflitH L7z, £ 1%, Super Script®vilo Wfiiis 5 1
F2HWT RNA 2 ug 225 42°C, 60 /3 RISSEHZET cDNA ZH LTz, ARz
CDNAZ#FRILL, PCR S %1T9ZE T EXTL (2270 bp). EXT2 (336 bp). EXTL3 (2790 bp)
DIEAGTFFSNEHE L T=, 7 I~ —1% EXT1 OEEBEIZ P3 & P4 % EXT2 DOHIEIZ P1 & P2
% EXTL3 OEIEIZ P5 & P6 22N AV -, pEXT2-EGFP, pEXT2-EGFP 28 1A
PCDNA3.1/EXT1-myc-His, pcDNA3.1/EXTL3-myc-His OERZ VW=7 T4~ —1% Table
9 TR, #lEL7- EXT2 {57 (5°-UTR 212 bp. N K73 /o —RElk 104 bp) & Y
PEGFP-N1 (Clonetech) % EcoRI 0" BamHIl TUIWrL7-, EXT1 EI5 1% BamHI & O
EcoRI TUIWrL, EXTL3 /5 713 Kpnl &Y Xhol THIWTL ., [RICHIPREEZE VAR C
pcDNA3.1-myc-His A (Thermo Fisher Scientific)zZ UK L7=, 74 a— 27 A2 L2555 B O
(HERLATT -T2 1%  FEBLL7- PCR FEMEB L7 —% DNA ligation kit (TaKaRa) %
WTTIAH —arSET-, pEXT2 (AUGG)-EGFP, pEXT2 (AUGA)-EGFP, pEXT2
(AUGC)-EGFP, pEXT2 (CCAUGU)-EGFP, pEXT2 (CCAUGG)-EGFP, pEXT2
(GCCACCAUGU)-EGFP. pEXT2 (A-204-169)-EGFP, pEXT2 (A-167-9)-EGFP, pEXT2
(A-204-9)-EGFP, pEXT2 (NC-167-162)-EGFP, pEXT2 (NC-16-9)-EGFP, pEXT2
(NC-37-29)-EGFP, pEXT2 (A5-22)-EGFP. pEXT2 (A28-87)-EGFP. pEXT2 (A25-51)-EGFP,
pEXT2 (A40-66)-EGFP, pEXT2 (A57-86)-EGFP, pEXT2 (Mut61-82)-EGFP, pEXT2
(Mut67-71)-EGFP, pEXT2 (Mut63-79)-EGFP D 1EHL|L pEXT2-EGFP Z #5811, Table 9 |C
RUTZT T A~ —% VT PCR Z17HZ & TIERIL 72, pEXT2 (SD-20)-EGFP, pEXT2
(SD-10)-EGFP {Z pEXT2 (NC-37-29)-EGFP pEXT2-EGFP % #5714 L, Table 9 (TR L7I=7FA
~—% MWW T PCR #1792 TR 7=, 1561777 AIR1X DNA ligation kit (Takara)% H
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W, I — a7 o77, TIAIND/a—= 713 KIBE DH504 VY, QIAGEN 7>
S A L7- QIAGEN plasmid kit 2 452 T/ I AIRBHERL 7=, (ERL =77 AIRIT
DNA ¥ —7x A% —E2 (Eurofins Genomics) (20 EEAISZ MR L 72, mRNA D=
Ea—X—|Zk5ar 74 A—2arOFlE Zuker HO T HEICHEST-

6) 7" 7AIN, miRNA BHEAI DAL ~DTEEEA

EXT2-EGFP 7'7AIR DAI~DOIEE AL Fukumoto 50 J7 I HE-7= %, NIH3T3
fiel (1.2x10° cells)% 12 FE#EG#E L, DFMO A2 EEAY 5 mM L7an JOBSHCIRINL 7=, 12 K
%, 5ug/uL OHRVTF LA (Polysciences)l.2 uL, 1 pg/ pb D7 ZAIR 1 uL %4
ZH LBS (20 mM %L, 150 mM NaCl, pH4.0) 50 pL (SIS 72, WY TF L AR
ETTAIRRIR ARG L, R, 20 /3 MEHE L7=# . Opti-MEMI % 500 uL Iz 7=, Bz s
L, DFMO Z 73 5 mM E72 B JORFHIIIRINL 714 ORI =F LU AU T TA
RN¥A#R % 600 pL B HUZIRINL 72, 8 FFfHl#%, HrHiZZZ#il ., DFMO ZREEA 5 mM 7%
FORTHUCHINL T2, 16 REfEIRG &%, MfnZ BN L7,

let-7b {22 P E AL C miRCURY LNA Inhibitor let-7b
(ACCACACAACCTACTACCTC), AT 47 = +a—ELT miRCURY LNA Inhibitor
Control Negative control A (TAACACGTCTATACGCCCA) (EXIQON) % v 7z, NIH3T3
I ~DIFEE AZiE Lipofectamine 2000 (Thermo Fisher Scientific) % AWy, £fJ@D 7 ak

a— U HE> T To T,

7) Ago HiiAZ IV 7= miIRNA/MRNA/Ago #A& RO Tk

miIRNA/MRNA/Ago & RD5 LT miRNA Target IP kit (Active Motif) Z U, £F
DT aha— LI E>T{To7=, Protein G &R E—X (25 pL)& 100 pb @ BSA ¥R
10 IRA LRI, im0 Bfc e — X &R LT, 25 ug @ Ago FiiAE7-IX 19G
PiRE & e/ Ny 7 7—50 b b —X% 30 SRRAT524T Ago HLiRDFEELIZ
Protein G L& — A &L 72, NIH3T3 #fifdiX 5 mM DFMO OF #T 3 H 5L
720 ML (1 x 107)% 150 uL o lysis buffer |[ZIAfiESH, -80 C THMHSE DL THINU AL
W77, 15,000 x g TrE L4 BEEEATV, 70 pl @ _Ei5% Ago HLIAE7-13 19G FLik fE A& LI-
e — X% & T immunoprecipitation buffer 450 uL (ZA1%., 4 °C. 16 B CRE LA T
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Sfc, B RE ey 77— T LIz, 55 C. 30 07 m7 A —F KEMGSEDHD
& T RNA Z[EXL7=, cDNA DA kL real-time RT-RCR X _EFLERIEED J5{ETIT-o7=, 19G
PURICE R B 2T o T B 2 X T T 47 2 hr— L U THVYE,
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Table 8. List of antibodies.

Antibody Supplier Species Dillution
EXT1 ABGENT Rabbit Polyclonal 1:2000
EXT2 Santa Cruz Biotechnology Goat Polyclonal 1:2000
EXTL2 Abcam Rabbit Polyclonal 1:2000
EXTL3 Abcam Rabbit Polyclonal 1:2000
B-actin Abcam Mouse Monoclonal |1:4000
elF5a Our group Rabbit Polyclonal  [1:2000
Biochem J 385, 779-785, doi:10.1042/BJ20041477 (2005)
Hypusinated elF5a |0 - G- Mirmira Rabbit Polyclonal ~ [1:2000
Springerplus 2, 421, doi:10.1186/2193-1801-2-421 (2013)
EGFP Takara Bio Rabbit Polyclonal 1:2000
GAPDH GeneTex Rabbit Polyclonal 1:2000
C4ST1 AVIVA SYSTEMS BIOLOGY Rabbit Polyclonal 1:2000
C4ST2 ATLAS ANTIBODIES Rabbit Polyclonal 1:2000
GalNAc4S-6ST LifeSpan BioSciences Rabbit Polyclonal 1:2000
CHSY1 Abcam Rabbit Polyclonal 1:2000
CHSY2 Abcam Rabbit Polyclonal 1:2000
CHSY3 MyBioSource Rabbit Polyclonal 1:2000
CHPF MyBioSource Rabbit Polyclonal 1:2000
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Table 9.

List of primers.

No.

| Primer used

Nucreotide sequence

Semi-quantitative RT-PCR

P#1 5-EXT1 5-TCCTGGAGGATTGTTCGTC-3

P#2 3-EXT1 5-TAGCAGCTCCTGTCAACAC-3

P#3 5-EXT2 5-GCTGTGAAGTGGGCTAGTGTGAGC-3'
P#4 3-EXT2 5-ATACTTCCACTTGTTCATCTCGTG-3
P#5 5-EXTL3 5- CTGCGGCCTGCCGACCTTGAAA-3
P#6 3'-EXTL3 5- CAGAGACTCGATCTTCTCGCCCT-3
P#7 5'-mouse-B-actin 5-AGGTGACAGCATTGCTTCTG-3'

P#8 3'-mouse-B-actin 5-GCTGCCTCAACACCTCAAC-3'

P#9 5-EGFP 5-ACGTAAACGGCCACAAGTTC-3

P#10 3-EGFP 5-AAGTCGTGCTGCTTCATGTG-3'

P#11 5'-C4ST1 5-AAGTATGTTGCACCCAGTCATGC-3
P#12 3'-C4ST1 5-TTCAAGCGGTGGTTGATTTCTGG-3
P#13 5'-C4ST2 5-GTGTCCTTCGCCAACTTCAT-3'

P#14 3'-C4ST2 5-TTCCCCACGAAGTCGTAGTC-3

P#15 5'-C6ST1 5-GACTTTGTGCACAGCCTGAA-3

P#16 3'-C6ST1 5-AGAGCTTGGGGAATCTGCTT-3

P#17 5'-C6ST2 5-GGGGCAATCTGTCACACTCT-3

P#18 3'-C6ST2 5-AGGATGCCTTGTTGAAATGG-3

P#19 5'-CHSY1 5-AGTGTGTCTGGTCTTATGAGATGCA-3’
P#20 3'-CHSY1 5-AGCTGTGGAGCCTGTACTGGTAG-3
P#21 5'-human-B-actin 5-CACTCTTCCAGCCTTCCTTCCTG-3
P#22 3'-human-B-actin 5-TAGTCCGCCTAGAAGCATTTGCG-3
Real-Time quantitative RT-PCR

P#23 5'-let-7b 5- TGAGGTAGTAGGTTGTGTGGTT-3
P#24 mRQ 3' Primer Mir-X miNA First-Strand Synthesis Kit (Takara Bio Inc.)
P#25 5-EXT2 5-CGGCTTCAACCCAAAGAACA-3

P#26 3-EXT2 5- GTCAATGGAGGGGACGAACA-3’

P#7 5'-B-actin 5-AGGTGACAGCATTGCTTCTG-3

P#8 3'-B-actin 5-GCTGCCTCAACACCTCAAC-3

P#27 5'-GAPDH 5- AGCCACATCGCTCAGACAC-3

P#28 3'-GAPDH 5- GCCCAATACGACCAAATCC-3

P#29 U6 Forward Primer Mir-X miNA First-Strand Synthesis Kit (Takara Bio Inc.)
P#30 U6 Reverse Primer Mir-X miNA First-Strand Synthesis Kit (Takara Bio Inc.)

EXT2-EGFP fusion plasmids

P1 5-EXT2 5-CAGAATTCAGTGCGCGCCGTGTCAGCCG-3

P2 3-EXT2 5-GCTATGGGATCCAGGAGGACGATGGAG-3'

P7 5'-EXT2 (A-204-169) 5-ATTCAGTGCGCGCTTCCCCGCTGGCTCCAGGGTAC-3'
P8 3'-EXT2 (A-204-169) 5-CCAGCGGGGAAGCGCGCACTGAATTCGAAGCTTGAG-3
P9 5'-EXT2 (A-167-9) 5-GCCGGCGCAGGCGTTTCATTATGTGTGCGTCAGTC-3'
P10 3'-EXT2 (A-167-9) 5-ACATAATGAAACGCCTGCGCCGGCCTCCAGTTCCC-3
P11 5'-EXT2 (A-204-9) 5-ATTCAGTGCGCGGTTTCATTATGTGTGCGTCAGTC-3'
P12 3'-EXT2 (A-204-9) 5-ACATAATGAAACCGCGCACTGAATTCGAAGCTTGAG-3'
P13 5-EXT2 (AUGG) 5-TTCATTATGGGTGCGTCAGTCAAGTCCAAC-3'

P14 3'-EXT2 (AUGG) 5-ACTGACGCACCCATAATGAAACAGGTGTCC-3'

P15 5'-EXT2 (AUGA) 5-TTCATTATGAGTGCGTCAGTCAAGTCCAAC-3'

P16 3'-EXT2 (AUGA) 5-ACTGACGCACTCATAATGAAACAGGTGTCC-3'

P17 5'-EXT2 (AUGC) 5-TTCATTATGCGTGCGTCAGTCAAGTCCAAC-3'

P18 3-EXT2 (AUGC) 5-ACTGACGCACGCATAATGAAACAGGTGTCC-3'

P19 5-EXT2 (CCAUGU) 5-TTCACCATGTGTGCGTCAGTCAAGTCCAAC-3'
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Table 9. Continued.

P20 3'-EXT2 (CCAUGU) 5'-ACTGACGCACACATGGTGAAACAGGTGTCC -3'

P21 5-EXT2 (CCAUGG) 5-TTCACCATGGGTGCGTCAGTCAAGTCCAAC-3'

P22 3-EXT2 (CCAUGG) 5'-ACTGACGCACCCATGGTGAAACAGGTGTCC-3'

P23 5'-EXT2 (GCCACCAUGU) 5'-GCCACCATGTGTGCGTCAGTCAAGTCCAAC-3'

P24 3'-EXT2 (GCCACCAUGU) 5-TGACGCACACATGGTGGCACAGGTGTCCTC-3'

P25 5'-EXT2 (NC-167-162) 5'-AGGCCGGCGCAGGCAAGACTGCTGGCTCCAGGGTAC-3'
P26 3'-EXT2 (NC-167-162) 5'-CTGGAGCCAGCAGTCTTGCCTGCGCCGGCCTCCAGTTC-3'
P27 5-EXT2 (NC-16-9) 5'-TGTGAGGACGAAGACTCCCGTTTCATTATGTGTGCGTC-3'
P28 3'-EXT2 (NC-16-9) 5'-CATAATGAAACGGGAGTCTTCGTCCTCACACACCTC-3'

P29 5'-EXT2 (NC-37-29) 5-GCGGCCGGTAGGCTACAGTGTGAGGACGAGGACACCTG-3'
P30 3'-EXT2 (NC-37-29) 5'-GTCCTCACACTGTAGCCTACCGGCCGCTTCCCGCTCGGC -3'
P31 5'-EXT2 (SD-20) 5'-GGCTACAGTGTTCCGAGGTGGACACCTGTTTCATTATG-3'
P32 3'-EXT2 (SD-20) 5'-ACAGGTGTCCACCTCGGAACACTGTAGCCTACCGGCCGC-3'
P33 5'-EXT2 (SD-10) 5-TGAGGACGAGTTCCGAGGTTTCATTATGTGTGCGTCAG-3'
P34 3'-EXT2 (SD-10) 5'-ACATAATGAAACCTCGGAACTCGTCCTCACACTGTAGC-3'
P35 5'-EXT2 (A5-22) 5-GTTTCATTATGTACATCCGGGGTCCCGCCCTCATC-3'

P36 3'-EXT2 (A5-22) 5'-GACCCCGGATGTACATAATGAAACAGGTGTCCTCG-3'

P37 5'-EXT2 (A28-87) 5'-AAGTCCAACATCTTCTCCATCGTCCTCCTGGATCC-3'

P38 3'-EXT2 (A28-87) 5'-GACGATGGAGAAGATGTTGGACTTGACTGACGCAC-3'

P39 5-EXT2 (A25-51) 5'-GTCAAGTCCAACATGAAGACCAAGCACCGAATCTAC-3'
P40 3'-EXT2 (A25-51) 5'-CTTGGTCTTCATGTTGGACTTGACTGACGCACAC-3'

P41 5'-EXT2 (A40-66) 5'-CGGGGTCCCGCCCGAATCTACTACGTCACCCTGTTC-3'
P42 3'-EXT2 (A40-66) 5-TAGTAGATTCGGGCGGGACCCCGGATGTTGGACTTG -3'
P43 5'-EXT2 (A57-86) 5'-CCCAAGGATGAAGTTCTCCATCGTCCTCCTGGATCC-3'
P44 3'-EXT2 (A57-86) 5'-CGATGGAGAACTTCATCCTTGGGATGAGGGCGGGAC-3'
P45 5'-EXT2 (Mut61-82) 5'-CAGAAGCGTCTGACATCCGCAACCCTGTTCTCCATCG-3'
P46 3'-EXT2 (Mut61-82) 5-TTGCGGATGTCAGACGCTTCTGGGTCTTCATCCTTGGG-3'
P47 5-EXT2 (Mut67-71) 5'-AGACCAAGCACACAACCTACTACGTCACCCTGTTCTCC-3'
P48 3'-EXT2 (Mut67-71) 5-GGTGACGTAGTAGGTTGTGTGCTTGGTCTTCATCCTTG-3'
P49 5'-EXT2 (Mut63-79) 5'-AGACCAACCACACAACCTACTACCTCACCCTGTTCTCC-3'
P50 3'-EXT2 (Mut63-79) 5-GGTGAGGTAGTAGGTTGTGTGGTTGGTCTTCATCCTTG-3'

pcDNAS.1/EXT1-myc-His fusion plasmid

P3

5-EXT1

5'-CTCGGATCCCAGGCAGGACACATGCAGGCC-3'

P4

3-EXT1

5'-CGGATGAATTCAAGTCGCTCAATGTCTCGG-3'

pcDNAS.1/EXTL3-myc-His fusion plasmid

P5

5-EXTL3

5-GGGGGTACCCTGCAGAGGACTCATGACAGGC-3'

P6

3'-EXTL3

5'-CGCTGCTCGAGGATGAACTTGAAGCACTTG-3'
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3-2fER

HIRINARY 7 B 1285 HS FEHLEDOZEAL

AR BV TR T RO EAEA HS RIS EE 52 5 E 50 i~ 5H7- | Al
WARVT I BEARDSETZBR D HS JFEBL&E, Mgt/ 2 —r D2 LA ~7, DFMO 3/
VT AEAEE# ODC ORLERITHY, DFMO 23U -5 i Ciling 3 A &5
ETT AL ANV B HFH LB S (Table 10), A THEHE 22—/ |Z
AT 30%ITIAD S EHTENTED, FTTHERD HS FBLE, iRt ¥ — 2R oMl
15 ffi% DFMO 171E F XUTIEAFAE FCTHEEL , HS @ A T &1 T-7- (Table 11), %

DRGSR, Wil b SF—ANEAITRD BIVIR STy, R T I mOBAIZLY HS &EHE
HLTCW= (Fig. 9a,b; Table 11), &5H12, 20 HS & E NIH3T3 M2l HS FH
BRSO CIVIAE CThHAHZ LD L2 ~7- (Fig. 10b; Table 11),

HS & kiR OR BT DRV T I D%

AN T I EmDOWBAIZIY HS EORD BRI Z L0, HS G AR DB
RVTINCEVREZ2Z I HZENEZLNT, HS AAHGRRICE T M ERMFELLT
EXT1, EXT2, EXTL2 KUY EXTL3 RAIESH TS 24, 22T RUTIL O T 4

EAEORRENEALTDH1EID%E Western-blotting HEICEDRFILTZ, ZOREF.
MEITSTZIZIEETOMIET DFMO IRINIZEY EXT2 OB EN WA LT (Fig.

11a,12¢,d), —J5. NIH3T3 #lifiiz v C DFMO OA 2L EXT2 mRNA E0ZE{b%
RT-PCR JEICEVMRRILIZEZ A, R TIOAMET EXT2 mRNA ORIZEITRD DR
N7z (Fig. 11c), EXTL2 1% 7 FEOMIIL CRELD MR IN/223, DFMO OFHET EXTL2 D
R EIIEL L) o7 (Fig. 11a,12e,f), EXTL3 i% EXTL3 Z @RI HLSH7= NIH3T3 i
Jo CIERE AR T HZENTEN (Fig. 11b), SRR AT 72/ TIT EXTL3 %
B2 ENTE A -7 (Fig. 129), £/ EXT1L OFEBEFHETH, ~ 7 AHCE BTN
JdTéHDH ATDCS MDA TR MRS (Fig. 11b,12a,b), ATDC5 #ifdix NIH3T3
Jalb~£<D EXT1I mRNA 235 ELL TV /= (Fig. 11c), 52, ATDCS #iifld Tl DFMO
FINCEY EXT1 OZEHEMNBA L T2 (Fig. 11b,12a,b), EXT1 mRNA ORI
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{LIFRRH LN >T2 (Fig. 11c), LA EOFER LD EXTL, EXT2 (IR 7 IACKOFIRRL X
IVCEBUREL 2 T HZ DB L7257,

ZLOMIBFE TR TINZLD EXT2 GREENRD DN EMND (Fig. 11a,12c,d).
EXT2 [ZOWTELRDME A T olc, £F ., MlaNARY 7 EAEIES TR EXT2 3
BENENT20E NI ~Te, DFMO ZIRIUEF R LTI AL IV AT 52
ETHIRINARY 7 A RSS2 A AUT IV EOEIRIZIE EXT2 FEELEDEIEL

TV (Fig. 11d), & AEARKRBAEIN T elF5a [ZA LIV HSEDANA T A X B E
BT TRY., MIMEICE 5L T05 S 207w, elF5a 2RI TIACED EXT2 ARk
HEIZE G LTV AD TRV EE 2| elFsa D AAT T ABBRERITHD GC; & VT,
elF5a DA TR ~To, ZTOFER, GCr IZEW AT LS elF5a DOFBLEITRA LT
3, EXT2 O3B EICZELIZRRO B -T= (Fig. 11e), YL EORERLD EXT2 1ZARY 72

B A LR 2 QOB ZEAVRIR ST,

AT IAZED EXT2 B ARAEHEIZ (9% 57 -UTR D 2%

EXT2 D3RV T IAZEOFHERL ~L TE AR EL 3 1T T2l 6 EXT2 mRNA _EITR
U7 DEFARE S IA L2 D IR S FAE T HDIEN B Z B, ZZ T, EGFP LaR—

— IR Z EXT2 5 FERAR S M O/ Ee o — R et oo N R 104 HE BT /R R KT
2 RAE N LUT- EXT2-EGFP Rt & B s T2 ERL (Fig. 11f), RUT I LD EXT2 G RE
R T2, 1ERIL7. EXT2-EGFP @l &8s 713 2 0 EXT2 HkBin=R L 1
S0 EGFP HKBHIAaR A4 1L T D, NIH3T3 Hiflc EXT2-EGFP flAEis T2 HE
] L. Western-blotting #1240 EGFP R B &M+ 5& 3 FEO FH R/ U Rt L7z
(Fig. 119), 32 KDa, 30 KDa, 27 KDa O/ U RIZZ £ EXT2 1st AUG, EXT2 2nd AUG,
EGFP AUG /B E STV TEY, FFIZ EXT2 1st AUG DA RS-/ E & H'E X DFMO
WM XD R B BN T2 MR L= (Fig. 11g). —J7. EXT2-EGFP mRNA &t
DFMO OF T LD 7= (Fig. 11h), L EDOFE RN RV TIZLD EXT2 DERK
(R TFHIRBA B B S CRLZ A Z VRIS LTz,

ERAYOE B EOFREGII G2 N IO Kozak BANIZIOHIEISNDZEAHD
NTN5 %258 B D Kozak Fi%1iZ GCC (G/IA) CCAUGG THY ., -3 (i DI HER 7Y
HWITHY, +AIG THIENHE THHEEZ LIV TN D, LNLRNH, EXT2D 1st AUG,
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2nd AUG (ZZDREFIE—EL TRHT, 43S BltaHTE S 472 Kozak Aldlé—Ed % EGFP
AUG Z IR L WD ATREMEN S 2 57- (Fig. 13a), 0 43S BALARITEAIRIZED
Kozak ECAIDOFEFRNRITIANCLD EXT2 & e ICEHE Tl e 2 EXT2-EGFP
ViR — 2 —BIn - IC R A8 AL EXT2 1st AUG ITfEDESI%Z Kozak BLA NS 52
& T Kozak Bl O EMEAFHG L= (Fig. 133), Z DR, +4 (O H% G (AUGG)IZZ 2
HZLTEXT2 1st AUG 23HD R FAE OB BIFHIINL T, BRU T kD EXT2-EGFP
DA AT BN RO Hh 7= (Fig. 13b),

WIZ, AT IANZED EXT2 B REEICx$ 5 5-UTR O EAETL 72, EXT2 mRNA
? 5-UTR 212 ¥R 2 RIEIE T REAT 7225, 3 DDOATE UGN 5°-UTR _EIcf7
TETHIENTRRENT- (Fig. 14), ZZT, ~TEY | (-204 iZ~-169 fif), ~TE> 11 & 1l
(-167 fL~-9 fir), ~T > 1 25 NI(-204 fi~-9 fif) % R AL &H7- EXT2-EGFP LR —4 —i#&
faF-Z1ERIL (Fig. 13c). R TI12LD EXT2-EGFP A ettt 92 B A~/ <

OFER, MRNA EIZZGITFRD LN -T223(Fig. 18), 5°-UTR O RES&#HLTHIZ o &
HEOAMREVSHEIML, RV T I NCLLEARED 1.9 5026 1.4 fFICEE5 L7 (Fig.
13d),

FLEEDIFZE T NV —T TIIARY T IAZLOFRL ~L THBAREE D 1T 55 7L LT Cet2
Je O} eEF1A Z[FEL TS 2% Cet2 mRNA @ 5°-UTR AAF =17 ShHERIC, 18S
rRNA LFRHHBIRESNEFF O T A A 7B LT T 0 AL D AT bV — T 1%
RO DT ¥ T A T BRI T IATTVRESNDZEARBIN TS 2, INZ T,
eEF1A BfaaR L nbfidL7z 18S rRNA LARAHENZ2ES] (CR BLF)3ARY 712K % eEF1A
BRAREICHEE THAZENHL RS> TND X, ZZTARIFRICB N THY vy T4,
CR BlFIDARY T INCED EXT2 A RRAEHEIC K T2 BEMRFIL 720, NI T7II2LD
EXT2-EGFP O A BAREI TR B RO HIah -7 (Fig. 15).

YL EDFERDG RV T IS EXT2 GRREICIE 5°-UTR OELFITIEe<, 5°-UTR D
REIVEBETHLIENRIBINTZ,

RUTINZED EXT2 B AEHEIZXT 925 miRNA let-7Th D52 %

EXT2 mRNA O7 2 /figa—RaEIEO N Kuiff] 104 I 2 A& T RIZITo72825., 2
DDAT LV—THEEPFET HIENRBE NI (Fig. 17), 2T, ZNHAT LL—TF D
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FeAZ R ISEHZET, T/ —REEO N RO ERL 3R 7112 8D EXT2
B RARE K U B2 5- 2 27 E 90 imat Lz (Fig. 16), N Rimfll o7/ f=— R e iA
RESHETNDT2H, EXT2 1st AUG b E Sl & B R E D5 &N LT
(Fig. 16a), 2L C, N K¥ifill 5 F& HD 22 F H QM A% K RS TH EXT2 1st AUG
MOHE RSV E FE ORBLEICEEIIFRO DR ->T-03, 28 F B D 87 % B DX HLAL
Fla K REEHE EXT2-EGFP @G B HEOFRBIEN LA L, RVT7ACLD EXT2-EGFP
LA B OB BIEES T LT (Fig. 16b), 2T, N KM 28F B2 87FHEH D
HAERANOBRTRITINZED EXT2 OEREEIZEE LD EERRLIZEZA N R
gl 57 FHD 86 F H DIEARSIA K ESEDHE EXT2-EGFP il e & HE OFBLED
FHL ARVTINTELD EXT2-EGFP @l & B EO G B ENSHAL T (Fig. 16b), LL
EORERID RVTINTED EXT2 DG FARHEIZIET /M= — R N Kinfl] 57 % H
25 86 & H DML FSNNEE CTHHZ LN RIBINT,

ZORIELI-AFIEAEA TS miRNA % miRBase (http://www.mirbase.org) % FV N TERZRL
72&Z A let-Th 23N R 617 H 25 863 H O IEELSNTE AT D2 LA VRS iz >,

micro RNA (miRNA) 135 22 #iko /oa—F 427 RNA THY, EH) mRNA O
3-UTR &fEAT5ZET mMRNA O3, & VB ORRRILEZITHZENMb TG %,
miRNA % Argonaute (Ago) protein <° GW182 %D E AL LM AENEMA 292524 T
RNA-induced silencing complex (RISC) Z kL & HEORERILE T2 E0EBILTND
D, ZOFERIZEHEI XA O E ST %, £, miRNA 2872/ fga— R ik Ot 8|
FENEUE AEOMRAIET 2L ESN TIN5 %,

let-7b NARUTINTED EXT2 B RARIEIZ R A 52 D0 E 00 AT ~D720 | let-Th L3k
FERHAOIZ 7258910 EXT2-EGFP LA —4 —8 {5 FICZZ S A AL (Fig. 16c), EXT2-EGFP
A EHEORBLE, N7 INCELA BIEEL TR LTZ, pEXT2 (Mut61-82)-EGFP %l
Rl AL . EXT2-EGFP fil G B E ORBLA T ~T-F5H. 1st AUG 2 BA RSz
EXT2-EGFP @&\ AE OB &N AL, RUTIUICLD EXT2-EGFP @& & HE D
B RARENE KL T\ e (Fig. 16d), — 75, let-7b LIVREIZHEEZ K TEHLEIZ
EXT2-EGFP L7 —4% —i&{5 11T HAE AL (Fig. 16c), EXT2-EGFP @& HE DR B
&, N T IR A IREA TR L 2L 2A, A ERE ORI &AL, RI7IUICE
% EXT2-EGFP f& & AE DA AEENHEIL T (Fig. 16e), BLEDORE RN G, EXT2
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PAG=a R OFFRIT let-7b IZKVHIBISITIRY, RUTIUNL let-Th DHREZFHE 3524 T
EXT2 DA AR T DI LN RSN,

EBIZ, let-7b DFLERITHLT T A let-Th 2 NIH3T3 ML EE AL, EXT2 ©
FBLEA AT, ZOFRER, ToFBUA let-7Th OIREBE ALY EXT2 OFBLEDEEINL
7= (Fig. 19a), —J5 . AT IAAZK DB AARHEITIEIL TRV, RUTIU 1L let-7Th DOF&HE
PHE 228 T EXT2 DG MAIREL TOD LN TET,

RYTIN2ED MIRNA/EXT2 mRNA A RO I E

DFMO #IMZEDAENARY T I BOAL e, elF5al/l2 & /v 72D SEHTLEITLY
pre-miRNA /50 let-7b FEAEZPHLE TS Lin28 ORIMBBA L, let-7 77V —D 1 FETH
% let-7i ORBFEDINTHIEBHESHTND B 22T RUTIA let-Tb OFEHE
PR 2882 O E 35720 MIEN O let-7h FBLEIZEHL, ML DFMO N
LT-BED let-Th DR BLEAFH~7= (Fig. 19b), LA L7es s, NIH3T3 flifiiz DFMO DA T
FER L, let-7Th OFRBIEALEIL/-E R, let-7Th ORBLEICELITFRD DT (Fig.
19b), Heo 5% let-7 RiBEAH O/ —7HEEITFET H GGAG FLAIAY Lin28 DifikiZ &
FECTHDHEREL TS, —TJ5, let-7b BiBRIAH DL —TfEEICE ENDHESNIEL GAAG T
HY ., Lin28 12&% let-7Th OFEFIIMD let-7 77V —LHA_RGFHNZENFHEIND, SHIZ,
GC, & HWZFRINORY T INCED EXT2 A RAREEIC elF5a 135088 % 52 72\ 2 &2 AN
FTIZHLMNEL TWADT=D (Fig. 11e). RUT I let-7Th DT E I EAE 5. 2 70 EE 2
7

BT, ARUT I miRNA HHEH) mRNA OFE A ICEEE 525080 E el
miRNA {1 Ago protein 2\ <O D& HEEMANERAZT524T RISC 2T 572 P,
Ago%Egz:ﬁ#éﬁ%%ﬁﬁb\fcﬁﬁmﬁc:w\ RISCIZAE A LT-AZH) mRNA DOfE & &%

BT AHIENTED, £2T, EXT2MRNA L let-7Tb OFE AT 2RI 7 (RAULIP)

DN R IE TR EIECLOMFTL -, DFMO DA BETE#E L 7=/l ik IC Ago HLikZ TR
L., [EUR L7 EXT2 mRNA &% real-time PCR (ZX0WHIE L=, ZDOfEHE% Fig. 19¢ (2=
¥, DFMO O T Lo filasifl ik &2 E U El L7z EXT2 mRNA &IHIZIEFT
Tdh-7= (Fig. 19¢; columns 1 and 3), ZOJFEK L Car ha— L LN ORY 78

lysis buffer & immunoprecipitation buffer [C XV AR sz ticdhH b L& 2,
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immunoprecipitation buffer (ZA~ LIV U EIRINL , EHRDIRFNEAT T2, EOFEFR, AL
IUUTRINZEY RISC D EXT2 mRNA &3/ LT (Fig. 19c; column 2), —J7,

DFMO ZIRINLARY 7 Iy @A ST B R L 7o fu sl i Cld, Avss
I TH EXT2 mRNA 138/ L7 -7 (Fig. 19¢; column 2), ZDJFKEL T, mRNA
EASRV U DFEALIEERL T mMRNA & miRNA OFEANIVIEETHLZ LN E 2T,
Ago LiEA LT RNA SHE) RNA OfEA Tl ESIE 0.2 nM ThHY ®, 2 FHEH RNA /3L
VT UMEEREE T DA NIV OFEETRBEERIL 0.4 mM ThHLHLHRESNTND %,

ZD1= ARV T 3D LB T miRNA & EXT2 mRNA (3R EICHE AL TRY, A
AULIVUETRIL TS mIRNA/EXT2 mMRNA #HERE R ELESEHIEN TERD-TE
Bz, L EORERID, RYT 1L miIRNA/EXT2 mRNA #E A KO R ZELIZBE DD
TR A RO E BHEILE T 52 LA VRS,

F7-. GAPDH & B-actin ®F 17 3-UTR ITHEE T % mMiR-644 [ZXVFHEISN DI LA
SN TWDHT o EXT2 L[AEIERIC, mIRNA LfEA LT % GAPDH, B-actin mRNA 8% 5075
EEEICEVT AT, TORER . ALV RINZEY miRNA EfEA LTV 5D B-actin
MRNA &30 TP THZENHLNEZ2 572 (Fig. 19d), RV T O A BT
GAPDH, B-actin D3 B EIZE(LL TR o72 (Fig. 19e), ZDOZENE, RU T2 LD
EXT2 OAFMREECIT 3-UTR TId7a<, 7/ a—RERoO N KAl TO let-7Th/EXT2
MRNA AR DU EETHHZ LD RIBSINT,
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Figure 10. Levels and disaccharide compositions of heparan sulfate in normal and DFMO
treated cells. (a) Chromatogram and disaccharide compositions of HS in NIH3T3 cells cultured
with or without DFMO. HS purified from 1 x 10’ cells was treated with 1 mIU of heparinase I,
I1'and 111, and then submitted to HPLC. Note that the level of HS but not its disaccharide
composition clearly changed in DFMO-treated cells. ADi-0Sys is
deoxy-a-L-threo-hex-4-enopyranosyluronic acid (AUA) (1—4) N-acetylglucosamine (GICNAcC),
ADI-NS is AUA (1—4) GIcNS, ADi-6Sys is AUA (1—4) GICNAC6S, ADi-NS6S is AUA (1—4)
GIcNS6S, ADi-NSUAZ2S is AUA2S (1—4) GIcNS, and ADi-TriSys is AUA2S (1—4) GICNS6S.
(b) Levels of HS in 15 cell types of untreated (control) and DFMO-treated cells. Data are
expressed as the mean + s.e.m. (n=3). Detailed expression level and disaccharide composition

of HS in 15 types of control and DFMO-treated cells are shown in Table 11.

42



(b)

NIH3T3
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S 4O O~ RNe)
ATDC5 NIH3T3 ATDC5 NIH3T3 00&0?\“\0‘?“\ 00‘\‘6%) {(\5601
EXT1 EXT1 EXT2 EXTL3 B-actin p-actin EXT2 EXT2 [ ww o |
DFMO - + - + -+ — + = + - + Relative 400 49 217 elFsA  [mm—
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f h
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Figure 11. EXT1 and EXT2 synthesis are enhanced by polyamines at the level of
translation. (a) Effect of polyamine depletion on the expression level of EXT proteins in
NIH3T3 cells. For Western blotting of EXT proteins and B-actin, 30 pug (EXT1), 20 ug
(EXT2), 20 ng (EXTL2), 60 ug (EXTL3) or 5 ug (B-actin) of protein of whole cell lysate,
prepared from cells cultured with or without DFMO, was used. (b) Effect of polyamine
depletion on the expression of EXT1 and EXTL3 in ATDCS5 cells. For Western blotting, 30
ug (EXT1) or 60 ug (EXTL3) of protein was used. OE: over expressed. (c) Effect of polyamine
depletion on the expression level of mMRNAs of EXT gene family in NIH3T3 and ATDCS5 cells.
(d) Effects of 5 mM DFMO and/or 25 uM spermidine (SPD) on the expression level of EXT2 in
NIH3T3 cells. To avoid the degradation of SPD, 1 mM aminoguanidine, an inhibitor of serum
amine oxidase, was added together with SPD in culture medium for 3 days. (e) Effect of GC,
an efficient inhibitor of deoxyhypusin synthase, on the expression of EXT2 protein in NIH3T3
cells. GC; (20 uM) was added to culture medium for 3 days to inhibit the hypusination for
elF5A. Note that the EXT2 expression was maintained despite an inhibition of hypusination of
elF5A by the GC; treatment.  For detection of the elF5A protein, 10 ug of protein was used. (f)
Structure of EXT2-EGFP fusion genes. Two kinds of fusion proteins (32 kDa and 30 kDa) and
EGFP protein (27 kDa) can be produced by individual AUG triplets in EXT2-EGFP fusion gene.
(9) Effect of polyamine depletion on the expression level of EXT2-EGFP fusion proteins. For
detection of the EXT2-EGFP fusion protein, 30 pg of protein was used. (h) Effect of polyamine
depletion on the expression level of EXT2-EGFP mRNA. Experiments were repeated in

triplicate with reproducible results.
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Figure 12. Effect of polyamine depletion on the expression level of EXT1 (a,b), EXT2 (c,d),
EXTL2 (e,f), EXTL3 (g) and B-actin (h) in several kinds of cells. For Western blotting of
EXT proteins and B-actin, 30 ug (EXT1), 20 ug (EXT2), 20 ug (EXTLZ2), 60 pug (EXTL3) or 5
ug (B-actin) of protein of whole cell lysate prepared from cells cultured with or without DFMO

was used.
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Figure 13. Effect of AUG codon context and 5’-UTR on the polyamine stimulation of
EXT2 synthesis. (a) Structures of mutated AUG codon context in EXT2-EGFP fusion genes.
The modified nucleotides in first AUG context are shown in red and underlined. (b) Effect of
mutated first AUG codon context in EXT2 gene on the expression level of the first AUG
product of the EXT2-fusion protein was examined. (c) Structures of 5’-UTR deletion mutants of
EXT2-EGFP fusion genes. (d) Effect of 5’-UTR on the expression level of first AUG product of
EXT2-fusion protein was examined. In the case of the 5’-UTR deletion mutants, exposure time
of ECL detection was shortened compared to the WT because of a significant increase in the
expression of EGFP-protein. Transfection and DFMO treatment were carried out as described
under “Methods” and 30 pg of protein was used to detect the EGFP fusion protein. Experiments

were repeated in triplicate with reproducible results.
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Figure 14. Possible secondary structure of 5’-untranslated region in EXT2 mRNA.
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Figure 15. Relationship between polyamine stimulation and complementary sequences to
18S rRNA.(a) The possible secondary structure of the 5’-UTR of EXT2 and complementary
putative contact sequence in 18S rRNA (shown in blue) are shown. The EXT2-EGFP genes
whose sequences (-167 to -162, -37 to -29 or -16 to-9) were converted to non-complementary
sequence to 18S rRNA were termed as NC-167-162, NC-37-29 and NC-16-9, respectively. (b)
The expression levels of EXT2-EGFP synthesized from NC-167-162 and NC-16-9 were
examined by Western blotting. (c) Nucleotide sequences of mutants at the region of CR
sequence of EXT2-EGFP genes are shown. The EXT2-EGFP genes in which the position of
CR sequence shifted were termed as SD-20 and SD-10, respectively. CR sequence is shown in
red. (d) The expression levels of EXT2-EGFP synthesized from NC-37-29, SD-20 and SD-10

were examined by Western blotting.
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FEE e e e e
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Figure 16. Effect of let-7b binding site in N-terminal amino acid coding sequence on
polyamine stimulation of EXT2 synthesis. (a) Structures of deletion mutants of N-terminal
CDS in EXT2-EGFP fusion genes. Based on the possible secondary structure of EXT2 mRNA
obtained by Mfold (http://unafold.rna.albany.edu/), specified region of CDS was deleted (See
Fig. 12). Note that sizes of first AUG products in deletion mutants were smaller than that of WT.
(b) Effect of N-terminal CDS on the expression levels of first AUG products (*) of EXT2-EGFP
fusion proteins. (c) Sequence of let-7b binding site in EXT2-EGFP fusion gene. (d,e) Effects of
mutations of let-7b binding site on the expression level of the first AUG products of the
EXT2-EGFP fusion proteins. Molecular weight of the first AUG product from A57-86 mutant is
30.2 kDa. For detection of the EGFP fusion protein, 30 ug of protein was used. Experiments

were repeated in triplicate with reproducible results.
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Let-7b binding site

AG = -25.5 kcal/mol

Figure 17. Possible secondary structure of N-terminal amino acid coding sequence in

EXT2 mRNA.
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WT  A-204-169 A-167-9 A-204-169
DFMO - + - + -— + - +

A5-22 A28-87 A25-51 A40-66 A57-86 Mut61-82 Mut67-71 Mut 63-79

DFMO - + - + - + - + - + - + - + - +

Figure 18. Effect of polyamine depletion on the expression level of MRNAs in EXT2-EGFP

mutants. Mutated EXT2-EGFP genes were transfected to NIH3T3 cells and then cultured in
medium with or without 5 mM DFMO. Preparation of first stranded cDNA and

semi-quantitative RT-PCR were performed as described under “Methods”.

51



(@)

Scrambled Anti-let-7b

DFMO - + - +

exT2 [ = 4 00 PO
Relative amount 100 49 246 195
Ratio (DFMO —/+) 2.0 1.3

B-actin |e— —— ——— |

Relative amount 100 94 110 83
Ratio (DFMO —/+) 1.0 1.3
( ) NIH3T3
15 ¢ NS 2
[— @
£ [
: & 15
K To -
£8 17 52
e 3
@« O 0Zg
o< o c
2 £05 t+ 2=
& 2 05
& &
0 0
DFMO - + DFMO
0.4mM SPD + - 0.4mM SPD

(b)

—
(¢]
~—

NIH3T3 NIH3T3
NS
2 r 15
35 s 2
Z 815 | P
23 oo |
) o222
Tg 1| wE3
o N .‘12’42% *okk
5E BEE05
2eo° T £ 8
0 0
Control DFMO DFMO - + +
04mM SPD — - +
e
HCT116 ( )
r NS
[ —
NIH3T3 HCT116 Hela
B-actin  GAPDH  B-actin  GAPDH
L DFMO - + -+ -+ -+
Relative amount 100 89 100 105 100 107 100 112
Ratio (DFMO —-/+) 1.1 1.0 0.9 0.9
- +
+ _

52



Figure 19. Direct inhibition of let-7b binding by spermidine to its target sequence. (a)
Effect of anti-let-7b on the expression of EXT2 protein in NIH3T3 cells. The microRNA
inhibitor for let-7b or negative control A (scrambled) were transfected to NIH3T3 cells for 72h
in the presence or absence of 5 mM DFMO. (b) Effect of polyamine depletion on the expression
level of let-7b in NIH3T3 cells was examined by qRT-PCR. The level of let-7b expression in
control cells was defined as 1.0. NS, not significant, two-tailed unpaired Student’s t-tests. (c,d)
Immunoprecipitation (IP) of miIRNA/EXT2 mRNA (c), B-actin or GAPDH mRNAs (d)
complexes associated with Argonate proteins (Agol, Ago2 or Ago3) from NIH3T3 or HCT116
cell extract. Precipitated miRNA/mMRNA complexes were treated with proteinase K, and
resulting free mRNAs were converted to cDNA and quantified by qRT-PCR. The results
obtained with Ago-IP were normalized by mouse IgG-IP as a negative control. (c) In this
pull-down assay system, since precipitated let-7b by Ago-IP was also detectable, EXT2 mRNA
was further normalized to let-7b. Data are expressed as the mean £ s.e.m. of three independent
experiments and data was by one-way ANOVA with Tukey-Kramer post-test using GraphPad
Prism® Software (GraphPad Software). P*+<0.005. (d) In case of values of B-actin and
GAPDH, both of which are obtained from three independent experiments are expressed as the
mean *s.e.m. Data were evaluated by two-tailed unpaired Student’s t-tests, however no
significant difference was observed. (e) Effect of polyamine depletion on the expression of

B-actin and GAPDH.
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Table 10. Determination of polyamine contents in cells cultured with or without DFMO.
Experiments are expressed as the mean of three independent experiments.

Cell Polyamines (nmol/mg protein)
DFMO PUT SPD SPM
NIH3T3 - 1.9 28.7 14.9
5 mM’ 0.1 04 12.3
- - 2.9 11.4
ATDC5 ND
5 mMm’ ND™ 04 8.8
- 04 11.0 16.6
CHO-K1
5 mM’ ND™ 0.3 17.9
- 0.6 5.2 15.3
CCF-STTGH1
5mM’ ND™ 0.5 191
- 1.0 5.9 15.0
HelLa - —
0.5 mM ND 0.5 12.2
- 0.5 3.7 151
U208 5mM° | ND” 0.2 16.5
- 0.9 4.8 9.8
HepG2
°p 5 mM’ ND 0.1 7.9
- 14 10.0 121
HCT116
5mM’ ND™ 0.1 9.6
- 04 3.3 11.4
C2C12
0.5 mM* ND™ 04 13.0
- . A .
A549 - 0 3 6 5.0
5mM ND 0.3 55
HEK293 - : N[l 2.9 16.1
0.5 mM ND 0.1 13.9
c o - 0.1 3.0 10.9
aco- 5mM | ND” 0.2 8.1
MCF7 - : 03 5.1 54
5mM ND 0.2 6.1
PANC-1 - : 02 3.5 7.9
0.2 mM ND 0.7 5.8
Neuro-2a - 1.1 19.1 18.4
5mM’ ND™ 1.2 14 1
" Concentration of DFMO for the decrease of cell numbers to 30% of control cells on
3 days.

" ND, not detected.

“"To decrease the intracellular polyamines, 1 uM of ethylglyoxal
bis(guanylhydrazone) (EGBG), an inhibitor of S-adenosylmethionine decarboxylase
was also used.
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Table 11. Level and composition of unsaturated disaccharides in HS of control and DFMO treated

cells. Experiments are expressed as the mean of three independent experiments.

Cel DEMO Unsaturated disaccharide (%) Total amount
e
ADI-0Sys | ADI-NS | ADi-6Syg | ADi-NS6S | ADi-NSUA2S | ADI-TriSys | ng/mg protein
NIH3T3 - 57.2 23.3 1.7 15 6.7 9.5 2024.0
+ 51.8 26.4 14 1.5 9.5 9.5 1060.5
ATDC5 - 39.7 32.7 6.8 4.4 9.8 6.7 842.6
+ 34.0 38.9 5.9 3.1 12.3 5.8 192.9
CHO-K1 - 63.3 20.3 1.7 0.9 9.5 4.3 678.2
+ 67.2 18.0 2.6 0.0 8.7 3.6 420.9
CCE-STTGA - 37.8 30.6 11.6 4.8 9.6 55 338.9
+ 37.8 35.0 8.9 3.7 10.2 4.3 98.4
Hela - 49.7 28.9 8.6 46 3.3 49 462.2
+ 471 25.2 8.5 5.3 6.8 7.1 402.4
- 78. 13. 4 ) 4 1. 4211
U-20S 8.9 3.3 3 ND 3 0
+ 70.4 15.9 7.7 ND* 46 14 386.9
- 50.9 30.2 1.2 0.8 12.5 4.3 396.6
HepG2
+ 474 30.1 0.7 0.5 18.0 3.2 304.3
HCT116 - 41.6 18.0 13.1 9.2 7.7 104 136.8
+ 445 18.6 8.9 5.5 11.3 11.2 140.5
C2C12 - 55.8 26.5 ND ND 17.7 ND 162.2
+ 50.8 294 ND ND* 19.9 ND* 39.5
A549 - 30.2 41.0 11.5 2.8 6.6 7.8 107.4
+ 52.4 31.2 3.9 0.9 8.1 3.5 98.5
HEK293 - 32.8 18.7 19.5 13.8 8.3 7.0 98.3
+ 31.7 19.6 16.5 124 11.3 8.5 118.8
- 50.9 16.7 11.0 12.1 3.9 55 77.7
Caco-2
+ 54.8 18.1 6.8 12.4 4.6 34 55.2
MCE7 - 40.6 18.2 13.8 14.4 8.3 4.7 109.5
+ 40.8 19.8 10.7 1.7 13.0 4.1 113.7
PANC-1 - 80.4 19.6 ND ND ND ND 23.3
+ 76.1 23.9 ND" ND* ND” ND* 24.7
- 88.8 11.2 ND" ND* ND* ND* 2.6
Neuro-2a
+ 87.5 125 ND" ND* ND" ND* 4.0

"ND, not detected.
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3-3. 55

ARFETIT HS ERVT I ORRMEICE REZ Y T, BEMIEZ AW TRITIIZES HS
B RRAIEEERE ORI 21T o7, £, MRNRY T BRI SEIZEEO HS LR, il
b= DI Z T, T ORGSR, e MRk E FERIC, MR 7 B 2D
HS L E N LT = (Fig. 10a,b; Table 11), &512, 20> HS B 13 NIH3T3 Hlfia
780D HS BB NS\ I CLOIEE ChHZ ENBIHA L7257 (Fig. 10b; Table 11), RV
TITMIEAIZIBWVTEIZ RNA EREALTIEL TRY, fFREEAE DG RETRL -~
JVTREEL TWVD, FLEEITARY T IUCIVFIRRL ~ L TR R EE 1T D8R - HEERY 7
VEVanr EERL RITIVED an B RE T HIETRI T IO EER I ZEL TE T
B8 RUT ULV BRI A5 D HS A REER AR L7224, EXTL, EXT2 23RY 7

[ZEDEIRRL N~ CARMEEE 21T TEBY (Fig. 1la-c,12a-d), FHRI T EY 20T
HHZEDAGINEIR ST,

AR BT 5 EXT2 BA MR~ ZA HS FBLED VD72, DFMO I2X% HS
S BEADOBEIN/NSOHIEIZBW T EXT2 ORBENPHERTE RITI &R 1LY
EXT2 O3B L= (Fig. 10b,12¢,d), AR R BLL TWD HS BiX HS Akl
FI2T TR HS SRS ThDH~ T T =BV Y — M I DRI L > TREISh T
W5 B0 HS OARGHIEERIZ DWW T, IR TH RS- BICHIER HIZEIZN 7z HS @
T 2.5 h THY, FFINITIEIET D HS O3 6.2 h THHZER %, MilanR; %
FHIZED HS RS LT DN MESIL TS T, 2072 HS FHLEN D724
DFMO (245 HS FELE~OEEDN/NSOHIIEIZIBW T, HS ORI LD B2 s
T TWDATEEMENE 2 DT, AT, EXTL3 O%ELE, HS B EERYTIUICED HS &
AR C R B A 2 CWAZ LN E 2 HILD, EXTL3 14 664 bp DEV 5°-UTR #HL TW\5
TeOER G N RO FHIRB R DMENZ LB TEEND, AWFFETIE EXTL3 2 RIR BT
NIH3T3 #IAL CIX BB E MR T LN TELN (Fig. 11b), Z DO OMAIC I VT
EXTL3 i 422N TERD 7= (Fig. 120), EXTL3 2NRU 7 A E0E R 2521
TWDHAMREMENZ X HNDHT8  EXTL3 IZOW I BN M ELEE 2 D,

RITINCED EXT2 AR EREZfFI 35720 | EXT2-EGFP LR —X#—E{nf% Ak
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B RIVTINTED EXT2 & RARER P ARG L7, £ OfE R, EXT2 BlAG= R O8aki L
let-70 [Z LD HIHISITRY, RUTIUTL let-Th DHEFEAFLET252LT EXT2 DA AL
T HIENHSNE 7= (Fig. 16,19a), M2 T, R T I DBAGHTE A RIC XD EXT2 Bt
AR ORWAHIEL . EXT2 OGMEMRET D702 5°-UTR ORIVEHEE ThH-7-
(Fig. 13c,d), BIFAT R OFFRICIT elF1 NEETHHZENHSHN TS 2 mIRISC {2k
LEAEOFREIEIC elFl B H TV MEITBIE L TIFEELRD, LOLARNE,
DEAD-hox ~UH—¥ T2 elFdall 73 miRISC (258 FHEOBIFRHIEICR S5+ 52 e
Meijer HIZE>THESN TS 2 ST, ZOWMETIZ mIRISC 12855 FVE O FHER Hil4H
(ZIE elF4all SRR mRNA @ 5°-UTR NEE LD EN RS, RBFEIZHENTH, R
TINNCED EXT2 OEBARHEC 5-UTR ORENEE TH o280, elFdall 23KRU 7
AZED EXT2 A AREEIZB G- L TWD ATREME S B 2 BT,

RUTIH mIRNA R mMRNA OfEGIZEE 5 2 503890 E Rl . AU 71
let-7Tb/EXT2 MRNA A IKDOI A PLET 22 L3 bE7e 572 (Fig. 19¢), LinL2asis,
miR-644a/B-actin, miR-644a/GAPDH & RO KR 7 IAZLDHE SV ER R IR
EARHOEETHD, RTINS let-Th/EXT2 mRNA A RIE RO A2 E T HH B EL T,
let-7b/EXT2 mRNA # & &1% 3°-UTR Tid7e<, 7/ —RHE N Rl TSNS Z
& EEEDIERD EXT2 mRNA O 3 IRTTAFIE D BEZ T TNHIE, 20D 2 SDDOFR%E
let-7h/EXT2 MRNA EAENFL T2 LB X B/, EXT2 mRNA @ let-7b fi& &
RLE TS = — R N ORI O 2T 2L —FH5E FICIEEL TV (Fig. 17), ZOAT A
=T HEEDRISN O —ER (+25 NE~+51 fir, +40 (L~+66 N\[)& RKIKSHEHIET, RITI
LD G BRI RITRO B> 73, B BB ORBLEITHINL THY, let-7b 12L5
FHARFELE 23885 L T = (Fig. 16a,b), 9725, miRNA &S 5L A2 & TEER) mRNA @ 3
RICHEIEDZALA MIRNA/EXT2 mMRNA A KD 2 52 D2 L RS,
LI EOKFE% 1et-Th/EXT2 mRNA B EIERAL THDHT29, let-Th/EXT2 mRNA # & 14T
FROBHDBRY)T IAZTVHFEINTNDHEB 2 HNDH, RITIIZLD mIRNA/MRNA #
RO L E DWW TIIE RO FE NN EEEE 2 D,

57



4.CS EE I T DRI TIVDFHE

CS X D-Z L rr i (GIcA) & N-7EFL-D-HF/h3 (GalNAC) 38 FICHEA LT
THEOR K UAEEE ARG M LT DEMEHOBEIEZE Th D, CS DA RUIHEIE L fEK
For—R HITIh—RA HFIR—R I Arar @) GaNAC ZHRINT22lmbitgs 2
CS A GO H% Fig. 20 1R, Kl T, 2 RrAF A% 1 (CHSY1), CHSY2,
CHSY3 KO arRuAfFrEALIAF (CHPF) M5 2 FEDEE#EN CS $HAMEL, 2K
0AF L 4-O-TilR IS (CAST) (2XD GalNAc D CANLD/KERFL il FE 2 N4
LiarRuaAF Ly 4 DA RS N-T B F AT 4 Hilg 6-O-IilsiLinfB i
(GaINAC4S-6ST) IZkh=vRuAfF o 4, 6 i1 A lShd, Fio, avRafF L 6-0-hilk
L EESE (C6ST) 12X GalNAC D C6 MEDKBEIEIHIBAIE I Dear RusF
6 WA A ALSAL, VR /YL 2-O-Tilg SisB IR (UST) ICkharFafF 2, 6 hilg)s
BRSNS 3, CS DEACHRIR L 5 — AT AEWRECHLIRIC L B2 ™ s IZ V. CS B
WAl 5 — L VAL T B ZE N E S TG P,

CEETIEHS EARVT IO BRI R Y THRNTZAT o723, RFETIL CSIZIEAL,
CS A GBI T AR T I DN RA R~ T,

CHSY1-3/CHPF Linkage region

%m pmfes QQQ*

GalNAc N GicA GalNAc GIcA GalNAc GIcA Gal Gal

casT / Wiﬂ

Wﬁ mm CHSY: Chondroitin synthase
H O- O— HO- O
H NHAc OH NHAc

CHPF: Chondroitin polymerizing factor
GalNAc CA4ST: Chondroitin 4- O-sulfotransferase
4S-6ST uUsT C6ST: Chondroitin 6- O-sulfotransferase
GalNAc4S-6ST: A-acetylgalactosamine 4-sulfate 6-O -sulfotransferase

0805 0 OH  0SOy

et B

Figure 20. Conventional scheme for CS biosynthetic machineries

UST: Uronyl 2-sulfotransferase
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4-1.FEBR 5k

1) CS MR 4T
TEEFRIEEO FIE T AZRL  —FE LR JF1ET CS HE R TR 1T o7,

2) Western Blotting
TEEFBROFIECEAE AR LT, Table 8 IZfE HL7-Hifka =7,

3) PCR (245 mRNA D

T FELEIRED JFETHIES mRNA 2RI L. PCR 2#1T7-o7-, Table 9 I L7=7F 1~
—%&RT,
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4-2 FER

RN 7 & 1285 CS Wilig{b ¥ — D24k

HS LRIERIC CS A G USRI DR T I OFBEARTT 27280 | Bre Dl AR Ol 15
filC DFMO ZHNL ., MINANY 7 B i STtk CS FEBLE K Ol b 5 —2
EMANT, TORER, CS BICZITRO LRI DO (Fig. 21a; Table 12), GaNAc

D 4 SRR AL X317 GIcA-GalNAc4S & Y GalNAc @ 6 fr23kifefb 7=
GIcA-GalNAC6S Z A5/ 12 fEdHh 8 fET, RUTI ' ITED CS @ 4S/6S t
DWW RBDH T (Fig. 21b; Table 12),

RY 7 2 ATK UCURE A R 2 N oA F RS OB ST DTSR

CS DA/ — AR T IV N EE R T ZENPGNE IRl cd A RufF
Wil IR B R e N RaA F U G R DRV T I LA B A 52 1 ThD 2 em
FEALNT, CS AGHIBFEICIIT O ERFHEEL T CHSYL, CHSY2, CHSY3, CHPF 73,

GalNAc D 4 (L& il {b 9 Bl L LT CASTL, CAST2, GalNAC4AS-6ST nZ LA ESh
TN53R, 22T, DFMOZ AW TRI TV O i CHRIILZ B3 LT-BR O K BESR O R HL %
Western-blotting ¥5ICEWRETL7= (Fig. 22a), = DfER, CS fiKEs#£ETHD CHSYL & CS
TR {LEE R ThD CAST2 2 FRDIEBLEDS, MR 7 I B2 L0 L Cuiz (Fig.
22a), |2, ZNZENOREFE D mRNA FEBlfE% RT-PCR IEICKVRERELI=LZ A, CAST2
MRNA DOFHL BT LT =23, CHSY1L mRNA &EIZE(LITZ A bn7en-7- (Fig. 22b),
LILEDFRERID RVT7IAZED CHSYL [FFIERL LT, CAST2 (FHR G L~ TH R tE
ZSTHZEMHBINER ST,

VT, DFMO IRINC &S CHSY1 DFELERAD DRI T I DA HAS b DO~
D728 MNARY TV EEEIE ST TFRIC CHSYL BELENELTH0E2E i~z
(Fig. 22¢), DFMO s EE# LT- I AL I U AR 528 TR T IV B aliE s
HfE R, RV T7I BEORIE I CHSYL BB EMNEIEL TV (Fig. 22¢),
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Figure 21. Levels and disaccharide compositions of chondroitin sulfate in normal and
DFMO treated cells. (a) Chromatogram and disaccharide compositions of CS in HCT116 cells
cultured with or without DFMO. CS purified from 1x 10" cells was treated with 50 mIU of
Chase and then submitted to HPLC. Note that disaccharide composition of CS changed in
DFMO-treated cells. ADi-0S is AUA (1—3) N-acetylgalactosamine (GalNAc), ADi-4S is AUA
(1—3) GalNAc4S, where S is sulfo, ADi-6S is AUA (1—3) GalNAc6S, ADi-UA2S is AUA2S
(1-3) GalNAc, ADi-diS is AUA (1-3) GalNAc4S6S, ADi-diSg is AUA2S (1-3) GalNAc4S,
ADI-diSp is AUA2S (1—3) GalNAc6S, and ADI-TriS is AUA2S (1—3) GalNAc4S6S (b)
Determination of the 4-sulfation/6-sulfation ratios (4S/6S ratios) of CS in 15 kinds of cells.
4S/6S ratios of CS are shown as percent of control (DFMO non-treated cells). N.D: not detected.
Data are expressed as the mean+s.e.m. (n=3). Detailed expression level and disaccharide

composition of CS in 15 types of control and DFMO-treated cells are shown in Table 12.
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(@) C4ST1 C4ST2  GalNAc4S-6ST  B-actin (b) C48T1 C4S8T2 CHSY1
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Figure 22. CHSY1 and C4ST2 synthesis are enhanced by polyamines (a) Effect of
polyamine depletion on the expression level of Chondroitin 4-Sulfotransferase and Chondroitin
Sulfate Synthase proteins in HCT116 cells. For Western blotting of C4ST, CHSY and B-actin,
20 ug (C4ST1,2, GalNAc4S-6ST, CHSY1-3,CHPF) or 5 ug (B-actin) of protein of whole cell
lysate, prepared from cells cultured with or without DFMO, was used. (b) Effect of polyamine
depletion on the expression level of mRNAs of CHSY1 and Chondroitin Sulfotransferase in
HCT116 cells. (c) Effects of 5 mM DFMO and/or 25 uM spermidine (SPD) on the expression
level of CHSY1 in HCT116 cells. To avoid the degradation of SPD, 1 mM aminoguaniding,
an inhibitor of serum amine oxidase, was added together with SPD in culture medium for 3

days.
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Table 12. Level and composition of unsaturated disaccharides in CS of control and DFMO treated

cells. Experiments are expressed as the mean of three independent experiments.

Cell DEMO Unsaturated disaccharide (%) Total amount | 4S/6S
el
ADi-0S | ADi-4S | ADi-6S | ADi-UA2S| ADi-diS¢ | ADi-diSg | ADi-diSp | ADi-triS | ng/mg protein ratio
NIH3T3 - 135 83.8 ND ND ND 2.7 ND ND 3921 ND*
+ 17.7 80.0 ND* ND* ND* 23 ND* ND* 305.4
ATDC5 - 5.9 90.8 1.1 ND 21 ND ND ND 968.6 81.0
+ 14.8 81.2 1.5 ND* 25 ND* ND* ND* 577.6 55.7
CHOXK1 - 5.2 88.8 ND ND ND 6.0 ND ND 372.3 ND*
+ 5.7 88.8 ND* ND* ND* 55 ND* ND* 581.8
CCE-STTGH - 19.9 61.0 15.7 ND 22 0.6 0.4 ND 2659.6 3.9
+ 10.7 68.3 17.2 ND* 25 0.6 0.6 ND* 3443.4 4.0
Hela - 5.9 69.0 18.4 ND* 14 3.0 1.1 ND* 1041.9 3.9
+ 5.3 65.6 23.1 ND* 0.9 29 2.3 ND* 1099.3 2.8
U-20S - 59.0 19.8 20.2 ND* ND* ND* 0.5 ND* 680.2 0.9
+ 44.6 25.1 284 ND* ND* ND* 1.9 ND* 987.2 0.9
- 3.9 83.0 74 ND* 5.6 ND* ND* ND* 199.0 11.2
HepG2
+ 4.0 741 19.3 ND* 2.6 ND* ND* ND* 258.1 3.8
HCT116 - 94 48.7 33.3 ND 7.0 ND 1.0 ND 123.8 1.5
+ 10.0 36.9 46.4 ND* 4.9 ND* 1.8 ND* 93.8 0.8
C2612 - 77.6 20.0 1.8 ND* 0.6 ND* ND* ND* 592.5 11.1
+ 85.9 1.3 24 ND* 0.3 ND* ND* ND* 300.0 4.7
A549 - 54 791 10.0 ND* 5.0 ND* 0.5 ND* 687.3 7.9
+ 14.9 70.2 10.5 ND* 3.9 ND* 0.6 ND* 566.3 6.7
HEK293 - 5.7 83.9 3.8 ND 20 3.8 0.7 ND 103.0 23.0
+ 8.7 74.8 8.7 ND* 14 47 1.7 ND* 96.5 8.8
- 12.1 12.0 75.9 ND* ND* ND* ND* ND* 7.2 0.2
Caco-2
+ 10.9 7.5 81.6 ND* ND* ND* ND* ND* 10.7 0.1
MCE7 - 11.3 66.2 1.6 ND* 20.9 ND* ND* ND* 106.7 4.7
+ 125 66.2 2.7 ND* 18.6 ND* ND* ND* 133.0 24.8
PANG-A - 75.0 104 129 ND 1.7 ND ND ND 178.9 0.8
+ 71.2 8.4 18.8 ND* 1.7 ND* ND* ND* 148.0 0.4
- 423 57.7 ND* ND* ND* ND* ND* ND* 1.8
Neuro-2a ND*
+ 46.1 53.9 ND* ND* ND* ND* ND* ND* 4.0

*ND, not detected
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ARFETIL CS EARVT I OBIRMEICHE 2 Y T & MIaz VT CS A/IR15
RIT I O FAET AT, T, MBANRI T I B2 SETZEED CS FHBLE, ftfk{b
B = DFEALEF T (Fig. 19; Tablel2), ZOf55% ., HS LiXF7e) CS B EITRKEL
FAL L2703 (Fig. 19a; Tablel2), ARUT I &HAZED CS @ 4S/6S v LT
V= (Fig. 19b; Table12), #i T, RUTUATED B ME 22175 CS AR EZIERL
7e&Z A, CHSYL [ IHHERL~ULC, CAST2 1R EL ~ L TR T I I & e 25 1)
LZENRHBNEI 5T (Fig. 20a,b), LU EOFERNG  IEsIZ BV CS filR{l 2 — 2 23
{EF DA =R LD — %R THIENTEIEEZTWD, — 5T, HIBEANARY T I B
DIFIC CHPF O3 BLEIININERO BT (Fig. 20a), ZOZE TR 7 B i
£% CHSY1 BB EDHAD IO REHE CTHLLBE X HNL03, FEMIIMREF T Th D,

MIFFEE DO LA BIZEVBAS FOFRBUTKT L TIHIFIZ/EA 7% G-quadruplex i )3
CHSY1 mMRNA EIZAFfETHIEMNHBIESI, BIFEITRY TV 28 CHSYL #Efs 1 ki
{F1E4 5 G-quadruplex #§&% ML C CHSY1 O&REREITDENI A=K LERFIL
TV (R, £z, RV TI12LD CAST2 DA MEENIZEL ~ )L TRIHZE
M, CAST2 DFREZ BT ARG K - AR 7 DAL DR BRI % 21 QOB T REEN S
AN, £ T, UHFREOB AL CAST2 ORI LERE N DR 71K
DI B A 2 DGR T ARIR L Te 22 A GCFC2 3R T I E DR B A1 5
ZEER AU (B RERT), 5%, LLEORY 7LD CHSYL, CAST2 LM A
H=RALEFETHZET, CS ERUT IV DEMREZHSNEL THEZNEEZ TG,
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1 ARUT IV0E EXTL, EXT2 OEMEFIRR L~V CHIES 2 2 & T HS IR Z
HILTWDLZERHLNERST,

2. EXT2 OFERBAMGIZT X/ Bk = — Rl N Rl T miRNA O—>TH % let-7b
WCEDAICHIBE SN TEY ., AU T 0% let-7b OFIEIZfEERT 5 Z & T EXT2
DAERENEET LD ENHLNE T,

3. AU T I 0% CHSYL DA EFIRR L~V T, C4ST2 DA K2 G L ~ULCHIlEId
52 LT CSHDOMAMIEES D Z LAvRIR ST,
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