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SHOBYERORIEZERIC, HESHYOREMUAEEICE > TETWD, 2021 FITHA
<y b 7= P&k b REI NP HMIR, KT 14.65 5%, Tl 15.66 5% T, Thb D4
i, e MiciE T3 L, RTH 767, TR T9MICHY T2 (5), 2D X ) AEHLITHE,
b b EFERIC, tEEEY T b EEEREORER S X OISR EIC X 2 TEEML T 5
X, TAYVAARETIE, FH 400 FHEU O RBEEERER EZTE T3 (155), &
BETOWE I b oD, KRIRICKE T 2 KOEEFREICET 2058 T, MHEEREAERN
1.5% & LTlEINTWS (90), T Hick b EFBRIC, Kix & OHEEIICE T, SR
BICIFEIN b Db %, ZOMRNEBEEDHIELEEIN VL, LEDRE2L, D
A LT REECHEIHYICE N TH, HERREBIEERREL LT, EHEEE SIS
moTETWwW3 (10, 48, 68, 82, 88, 161, 202),

W OB SEEE I L w7 8 e LCTER I A Tw 2, —fkivic, e b ol
BHIREOMRICERL, T oA v bt 32 (28, 35, 109, 110, 111, 147, 205),
INLDTF > HECEL N R e F OEEICINTT 2 720 1 13k & RRESFET 5 (141),
Fothfz iz Lo & LERBY <k, (LEMEORGREICXY, e BB EAFFAT
fech st (52, 81, 115), T oL DEEIFRINLEETHY, REAN=XLOBLH» L
HARAELZES L BT LR —2d 0Tl AV, 61, TFolBHI/NETH L7720, %
FBEICEAY) Yy P55 b 00, EEOEERKRE R EIX, F o IR L 2 BEiRREEE
DBRETH o720, LR B EE LRI LRI CTIT ) C L BRBERE 5032k E, 20
PRI 2NELD 2 DRI S D78 T, SO EBRBINICH L T, BERISTR & 3 2 HEEEYIC
FETDIEEE, b P LARORBICH 2BMICAARET 20 THY, MAT, EFEDOHEHE

i3 2 BRERR L IR ICE AL L, CT % MRI 7t & O BRI AR, BURFRIGEEEE 2 &1,



PRI EF & iR L C bt e b o A &, BRI 2> & o RIS ER oo i e 1ERfE 2
DRNRR TR BEE D AJREE 7o TE T 5, T b D2l - IGFEE IXEEIH O b O 235
HEInzZengnicw, b oEEEREL AFOREDFRETHY, “EOHLKIES TS
3, Thoofhb, HMEEYIE, EBREYE Loz ohCEF AL L CHEKRESEW
CEHEBEHINOOH 2 (15, 49, 57, 112, 133, 137), L2 LZDO—4 T, tHE@P & v + Tig,
FUEas TH > CORET G OMIEIT R 2 2 2235 5, 21F, HLE C BT 25T,
b P TIREPACKIESA R ED EREEERS VW, RefiTik, BRAPKERARED 1
BMEIES D b oD, ) v oSlEIZENS > (12, 41, 62, 179, 182), Zofkic, F4ET 2
fEEOMES R 5 21X, TET/AVEYE LCOEIEAY 5 20[pEELH 5720, JKHEOEY
BT B IEEORAERIULERICHIE S W2 0 E 2855, LarL, e PTEBEVEHIRELA
VIEE, bW R EPBAMEHEBY TN S T 2L b b Y, v ORI BAERNET S

AT, XWwEFTALLARD IS, ZOHlE LT, RICEHHRTIMEAMEL, virTlInctd?

NS Y%

boo, EEoECMERECETLE LTHIONATWS (27, 80, 105, 174),

LI Eokkic, b rDEEZERICHRTEZETATHYIEIRZVONEIRTH 2 b DD, KRS
e L CHEAI NS T olEoMIc, B0 T L8P E LT, KEEDIHEHY
BF-HEEHG LT 3b DL EZLNE,

Mg s iIcBb 3N & LT, BUHRSH 2 OEWE, AL ARE, Hakhbop
Mmon<Tws (123, 132, 145, 204), #D—> & L CiEMEEFEME (Reactive oxygen species, Ll
T ROS) 25EHEINTEY, b b OkA 5o R4 CitfT, B ~0BEERARBIN TS
(25, 36, 42, 58, 157, 194), ROS [FEF /T ICHk T 5, MIGHEDOE LAY ORIFTH Y,
WL AKE (LUF HO2) BLXURR—=AN—=FFL FT7 =4V IVhN, eIV 70, —&
HgEEREETNS (23), ROS 1F, I Pav P TICET 2R A (L FE, AR IC X

T, WICIEELMENICEEL TV, FALFF v Z2IE LD & T 2R e X 2



v ChEDHIBIWEIC X > T, AENREEICEEZNT S (54, 162), LB LHEED ROS
i3, BAx g v s BoURITTRER IS 2 2 & ©, ZoltEsE s e, MizoEEED
M c S LCcw3 (17, 40, 71, 77, 156, 160, 193), L2>L, ROS ZSIE#H 7R 28 2 C
MiENICER T % &, DNA ORECIRE 0liEl, & v s B0 REE5l &L, fifldo
BEEE TS T7 AP —> 2% 58S 5 (116, 146, 159, 177, 178, 183), ~A A F L L FF v
(Peroxiredoxin, ELF PRDX) ¥, ROS ®—fET&» % H,0, Z/KICEICT 5 1% E %48 5 HiR{LEE
#7733V —0—2T, FRAREMASREI N TS (124), WFLED PRDX 1213, 5F6 2
DT AV 74 —24 (PRDX1~6) IfETEL, ZNb i, H,O, D#EICICBAG 35 & 27 4 v iR (UL
T Cys) O friE, H.0, DiEmikiick »C, 513 20% 744 7 (PRDX1~4, 17 2-
Cys %1 ; PRDX5, FE#UH 2-Cys 1 ; PRDX6, 1-Cys ) ic43 & n 3 (127), 2-Cys  PRDX I3,
2200972y PTHEKEINRTEY, &4 7=y FoMiigic, B{LA Cys (Peroxidatic Cys,
LAUF Cp) &iETTH! Cys (Resolving Cys, LAF Cr) ZZNZNH L T3, #HA 2-Cys 1 PRDX
X, 22003722y bRFET2 CBIU GIFITYALT 4 FHiAEZIEKT 52 LT, HO;
DIRTTHEIT o —J7, AL 2-Cys BIcd, FEMAI 2-Cys B PRDX (3, FAD Y 72 = v b Ol

ICHET 5 Cp & CrDEITY AN T 4 FiEGZIZ L, H0, &It T %, £72, 1-Cys & PRDX

TH % PRDX6 (%, fthoM L IMENICEZRY, 37 2=y PORLHICENZN Cp & CrDA%E
HLTw3, PRDX6 1%, CpflloF+—n# (-SH) %#M{tse, 2Lr7 =g (R-SOH) %
32 & T H O, DBILEIT S, 72, PRDX6 13, A7 LIFKRIFEIEFR R F Y N —1 A2 1%
PERLITNETF ARV F X —EEEEHEL T I ERHL 2> TEY (7, 101, 192),
PRDX 28 HyO, OUREFEI D 4275 53, Z OBALEITREIC X b, Ak x v 37 BH oItk
REAFEL, SO Y 7V FAGERKICESE L TWw3 t vwotz, ERNTD HO0, DEICLID
BREICOWTHIEHI LT 5,

L Fy 7 ZIENE, EEANORRILETTREBICIG U T, & v 37 BORR(LETTKEZ HEHI§ 2



Licky, HAoRBELHLE T 2 HERFIEEMECH 5 (61, 73, 95, 117, 172, 196), L

v 7 Al ZZ T B 2 v EO—D 8 LT, KIERFAER T (Hypoxia-inducible factor, LAF
HIF) -la 26N Tw3 (103), HIF-1a i3, MENAMEEEREICEZI LS Ll an s
RERFC, EFRRRERE TR, ZRFIBRAMIEEO —HETHs7u) e Funds 7 —
YickoTe FrFofbahn, HffcEr»nd LT, ZoiEERIMH sz, —7, M
RN 2MEEERARAEICHE 2 &, HIF-1 o 133G AL & 4, 8 N EAIAEIESEK T (Vascular endothelial
growth factor, AT VEGF) V) 2uRITF v, Fra—RkikR o x v 7805 %
e L, MR LR 7 & R R 2, FICREERRIC X - CiEtE{ks % HIF-1a T
H 225, ficd ROS ORIFIC L > THiGHELT 2 2 LIS T2, HIF-1a Z0RICHES
270 YrebFafxe7—¥2ROSICE s THba NG &, ZOBREAK T L, HIF-1a D5 f#
KIGAME T3 %, ZOfR, HIF-1a 0#E2 EF L, &4 -CHSETRAEES NS, 2D
HIF-1a ofilofkic, ROS DM & & v o8 7 H O LETTIRAE I FE B ICB#E L <k Y, ROS DI
HIRED O O@IIC X T, fixDy 7 FREICED 3 £ v 7 E ol UETTIRESEL L,

M B ORECENICHE T2 L ARBINT WS (29, 91, 170, 171, 198), Z D7z ®

RN O ROS BE ORI AIEF ICEETH Y, ZOHENICED > T2 PRDX OFBEFEIC X
2T, HRALEREPIHET S,

b MicHWTiE, PRDX OFRBlORE &, MEORECZ OB, BEHoT R -2
DI & v o 2 EEEER 2 H (2, 14, 21, 192) °, HE QR AECET, BELOMH & v
o 7 BEEANEIY 72258 (60, 176, 184) 2EHINTWw3, PRDX OT AV 74 —LDHFTH,
PRDX1 I, figsA S FHEEMRA, BEAA, BRMELR &CTEBBEL THY (20, 72, 102, 143),
Bl Z IXHAETIE, PRDX1 25, 2V v/ ALA=v 2 v X2E8*F—% B (LT Akt) 3L O
mammalian target of rapamycin (LA F mTOR) @V vE{b %2 L, Akt/mTOR > 27 F A% %

JUES 5 2 & T, HREOFRALHWEMEOHEIE, EREESRESNS 2 LARRIATY



% (20), %7z, PRDX2 %, BERVEEgECEBA, KA, IBNHRPER 2 A 7 & C s
HLTwadZ Mo Tw3 (26, 39, 175, 197), Wi F g <lz, PRDX2 725, Wnt/ S
-catenin & X O Akt RIS ZIEML X ¢ 2 2 b T, RPELEEORELEL, X o IclEEH
oI bay FYTIREFET R = 2EMHELT1 2 (39, 2D X i, £ DifffEic X - T,
b+ DEZICEH T 5 PRDX 0FBlL, ZDEGEEE~OHEGAHHINTE TS, —J7, K%
GO AHMEEYICE W TIE, PRDX ORBIORT LEGOHREICEAT 2HEIL, e tDobD L
BLTHmD TR, MROMRY <lk, KolEREICE T 5 PRDX6 DFH L gz 7
R = ZA~OEDORERHZD0HTHY (6), EEMREDRENEML, THick MDA
YifESOET AL b R Y13 HHEEY) O IC 51 2 PRDX ORFOMBITAE T NG,

AWFFE TR, RICHARE L ZBEE MR L L, ¥ 13 Cld, Kotk 2illi#kics1F % PRDX1
B IV 2 OB ARFBIRIUCB T 216 E BT 5720, ROBA 2B L EHHEKCE
\7 %2 PRDX1 ¥ X U 2 ORI % G I RE Lz, S 56 2 Boid, I8 N TEREE I
DWTC, ZORBHOBEREMNTT 2720, FEM 2 BB WM 35 X ORI PR R R SR A bk

o 72 gt & FEh L 72,



H
gl

ROEHM#ME X UOCHRREES I CB T2 LA F L EFFL V1B 20

SRR L~ E IR SR



[.1ZC®IT

bt oL RIEFEHARICE T2 PRDX 0FEA L E Tl SN T3, PRDX1I~6 D& T A
V7 & — 0%, Ml BRI X o T ORBIOMEIIRE VA TH D (31), IEH M - AR
T®D PRDX ORBIDE IO W, HBT 2ot & OBFEIRBRIN T2 b 0D, 7
Micxmet s hTniv, Lo L, SVESRHIEA & AR SO T, BHEISEERETD &
WiE, BERDIEAME L, #ICKEEFRIRAEICIRE X W 2 M D TP7E L, BRILm ) v IB{LIIG & fifhE %
DHHDECNHTFRING, Fric, B YBRILSOGIE, ROS DRE LREFRD—DOTH 57
0, ALY v EALSICORRE L, MO TEIERNICEE S 2 iethsd 2, L IcHiflgN o
H O D Zftick b, 2h s PRDX OFRBATUEL 72 13K T4 2 &, HOEOFHfHi& v )
PRDX OARKOEE ZMZ T, A& vV BOBLETTIREEZZ S ¢, v 7 F M AREREE
DIEMEAL £ 72 3ATEMEL % 5583 2 02 H 2, PRDX ORI OZEAIL, & v 87 B o LR
TUkEE 2L s e T, REREHE T2 CcH 2L Fy 7 2H#EICBAG L, v b OEE
LBV TE, ZoFRECEE, EHFER, HEEMO 7K -2 255 ok, 23 Ao
M 7n L OMSEIEICH S L Cn B E I T3 (38, 59, 92, 164), L4 L, Bl
ICB VT, PRDX DOFBLCBT 2 HMIIEFICZ L woABIRTH 5, ROEEICE VT,
PRDX DEE~DOBED X 71 = X L% RS 2 720113, ROMEEHAME L CEFER#cE T2
PRDX DFHICB S 2 AR G ABETH 5,

% ZTARETIE, WM 2-Cys MIPRDX DT AV 7+ —LTHY, TRETRICEF BT -2
FRINTWARW PRDXL 3L U2 1220 T, ROMSMMKICE T 2210 0RKM %, il
{LEINCRTR L 72 % 72, BB & RN & 172 R D JEIEEEE o IE # Ak I 31T b, PRDX1

BLO20RBEZMRKRL, b LT ok LotoBY)IC s T 2 BBlOMmE & KL 7=,



II. MEE X Ok

1. RoNEEAAM & 5 AR

ARBICH W b N7 R OB IREAMRAR L, 2012 4E2> 5 2022 FEDRIT, I ELK 27 ER B R B
WFgeE UL &, RS AR (A (R BB IR 1 X o CRIEARRRE I ICBIT & iz, IR 7o Ak
LT, T DEEME LI o R FEO SO 5 b, WEFENICIER &b D% H
iz, BEEHHARIR R 2 BRHL L 7 Koo S, ARG, PERN, 7o, FES o FEAE AL AHAR AL AR o 1 i
iZ, Tablel-1 %5 Table 1-10 ICFL#RL 7z, F 7z, IEHEMBKE L CORE L 2R, KE, FUIR
U vontli, N, BN KRS X OB T o 7

LT ORI, FHEEC I 10% P ERE -~ v~ ) Y CREEL, ERICHEoToYT 7 4
vicE@H L, A=) VEEST 7 4 v @ (Formalin-fixed paraffin-embedded, LAF FFPE)
Ty 2 &EE Lz, FFPE 7oy 7% 3781 b —24 (KA TERA AW, BE) i<y
L, 4um OYIF 2R 72, YR, oS 9 7 4 v B X ORI % e L 725, ~~< bt Fo ) v -
T4V v (H&E) Ytk Efii L 72, FIAMEIIEZHIE, Tumors in domestic animals (30, 43,
44, 55, 85, 108, 114, 118, 173) 3 X U Surgical pathology of tumors of domestic animals Vol.
1-3 (45, 150, 151, 200, 201) iZfE - 7=, FEMRRAOZE OB IC, HEICE U T, SOk

Rtad 5 REEEOEZITC, BEBHZTT- 7,

2. FTUNREF YT LK) T2 IAT I P vERKE) (SDS-PAGE) Bk Uv 2% v
7uy bMEicksfie b PRDX1 53X U0 2 v FFRY 70 —FAfiffo ROV v 7 r~0R
VD

SDS-PAGE 5k vz x&v7uy bikEHWT, REECHEML 2Pt b PRDX1 & 2 ik

29 FRY 780 —FAPURD, ROER~DER AN % FHI L 72, PRDX1 I X O 2 ORI



INTWw3 HeLafliflatkz #B 5=y bu—a e LTEAL (56, 79), KoH v 7L LTk
DN O 1M PIER K T % 5 Rel2 Mifatk% Fv72(119), SDS-PAGE XUV T2 &y 70y
Mk, LT oMY ICEiL 72 (47), BEOWME K, Fillldz 77 2Fy 7 v v —1 (EE
9cm, Cell Culture Dish, SPLLIFE SCIENCES, K#R[E) 1 70% a2 v 7Ly FiZkh % % TH
BL-0ob, &iildx 7e 77—+ 4 v e x— (AEBSF - HCl 100 mM, Aprotinin 80 uM,

Bestatin 5 mM, E-641.5mM, EDTA0.5M, Leupeptin2mM, Pepstatin A1 mM, Halt Protease
Inhibitor Single-Use Cocktail (100X), 24X 100 pl microtubes, Thermo Fisher Scientific, ~ ¥ F
a—+ky VM, TAVAERE) %7 Lysis buffer (Tris - HCl 25 mM, pH 7.6, NaCl 150
mM, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, Pierce RIPA Buffer, Thermo Fisher
Scientific) ICCTZNENDOMILZIEMEL, X v SV EREFRL 72, Z0%, XV X7 EEO X
VNIZEOBEE R, FIiE T L7 2 v (Albumin Standard, Thermo Fisher Scientific) 7% &t b
L T, LowryiEicH-2D\w7z DCProtein Assay (BioRad, # UV 7 v =T, 7 AV AERE)
THE L7z 1 VxBTS pg DRV ANIEREULEY v T V%, 4-20%PAGE 7 v (Mini-
PROTEIN TGX Gels, Bio Rad) # i\, EXRKENIC LY oL 728&ic, 7 v{bF)e=YFv
Ay 7Ly (PVDF 2 v 7Ly, Cytiva, i) ICHEF L 7=, % D%, JERFENLPUEDRE G %8t
i} % 7-%, PVDF X v 7L viZ ECL Prime Blocking agent (Cytiva) ##{4 T, EE T 1K[E 7
my ¥y L7tk $ir b PRDXI v¥FKY 7 v—Fafifk (1:5,000, ab228780, Abcam,
FvTIV I AFY)R)BH DL 0iEPie P PRDX2 v XK Y 7 v —F ik (1:5,000, ab109367,
Abcam) fifkZ #, =i (20~25°C) T1KRHKIEI €7z, v =T 4 v 7avbr—1 L LT,

fie b B-actin V¥ ¥KY 7w —F ik (1:1,000, #4967, Cell Signaling Technology, ~ ¥
Fa—ky VM, TAYHERE) ZHVZ,PVDF A v 7L v % b Y R EEAFAEEAK(pH7.4)

THEH L 72tk PV P et o X —+ (HRP) HH Y ¥ ¥ [gG Y ¥R Y 7 v —F A4k

(1:2,000, #7074, CellSignaling Technology) % ZifC 1 Kffi|)G & ¢ 72#, PVDF X v 7L



v ko & v %78 % Immobilon® Forte Western HRP Substrate (Merck Millipore, ~#F 2 —+t
M, T AV AERE) clbEFRIC XYL 72, ¥ 7 Fid C-Digit Blot Scanner (LI-

COR, #7 7 2AM, TXVAHERE) ZHWTHREBL 7=,

3. MRk (IHO)

A Eo> PRDX1 XU 2 02 v 7 BoRB BT 2720, KOMEEMBIEAZ H
T, PRDX1 & XU 2 123 2 gl rdeta 2 i L 72, JESHHK D FFPE 7o v 755 4
pm OFEYIYIR 2RI L 7= YR, ¥ 7 7 4 v 3 X OB % fiEi U 72 8, JURIRIG L o 72 2,
AL T 27T 47 (pH6.0) (MR TEERA A, KB WRiEL, A— 2L —7% M
MENL 72 (121°C, 30 49). FERTHMITHAL 728, WRESRALF F 2 X - DOREL D20,
0.3%H20,/ A £ 7 — VEIRIC, FiRT 20 DERE L 2. Z DOk, IEREN GHUAORE 25 < 7-
%, YIH I Protein Block Serum-Free Reagent (Dako, # YV 74+ A =T, 7 XV HERE) %
HH, FR T30 oMKz, XYk LT, YR, et PRDX1 9 FRY 7 —F
AFifE (1:500, ab228780, Abcam) 35 X U9t F PRDX2 74 ¥ H# Y 7 m—F fifk (1:1,000,
ab109367, Abcam) ¥ifk%Z ZnZ nfi¢, 4°CT 12 RIS T ¢ 72, U v Wikl 4 B ik <ot
WL 721, k¥R L LT, $T PRDX1 XU 2 Hifk% G X 2 7248412 13 Histofine® Simple
Stain MAX PO (R) (=F L A4 FHF 4 v R, HE) %iE#HL, EIT 30 oG X 47,
F¢t 1%, Liquid DAB + Substrate Chromogen System (Dako) # > CTfr\vy, ~=F* 2 U v (3
7277 AvTy 7 Ve RS, WD RO E R R L 72,

TR OERICOWTIE, BEOHREICH Y, FemimE (Staining intensity) & Ye@E| &
(Staining ratio) W xa 7V v 7% FEiEL 7= (102), FEimEEi, BEay bu—1olf
Rk Yttt % 0 (&tE), PRDX1 ofgtka v ta—a e LTT7 K2 ) Vit kiR, ~2n

77—, BHEFEoRE e, PRDX2 ofBtkay v e —n e LTTE2Z Y Vit g,

10



RMERO Gttt % 2 (i) & L, UTORRICEHE L 72 2 0, F&tE s 1, 55/ 2, Bk 3, il
Btk fivC, RIS, 400 (5EEFOEMILON, Rt hTwafifldoH &I Ly, TF
DRI L 72 1, <25% 3 2, 25~50% ; 3, 50~75% ; 4, >75%, {REFD 4T DEEMiEs
HERTEHAR, ROEEGOZXaTIZ0 L L, 2TOERICENT, @FE (400 f5) TYMH
MEB LOREEGZHELC, Zhor2BHU0Gbe8lzR L, & 3 SO FIoE % &k
{172 ITHC 227 & L7z,

¥ 7z, EHEMERICE T2 PRDX1 5L U2 oI, fiR L 2ilEhoBta vy to—r et
LT, Rty d o ziEbtk, ARED S o %Gk, Ratkofvd o255k, i

nhwndborkatke L, THEMICIHEL 72,

4. AEEHFRIENT

JESAHFIEA IC 515 %2 PRDX1 53X 02 @ IHC 22 7 2 iHlid 5 729, #0920 L
720 T— 213, VHEHEHERFE (SD) TE L 72, 2 B o Hikic i3 Wilcoxon DIEMAIBIE %,
3HEUL Lo iR 13 Steel-Dwass #0E % iV 72, 22 C D 7 — X LB L, JMP Pro 16 (SAS Institute,
J—=2Am 74 FM, TAYAGRE) EHVCERL 2, pfl<0.05 07— X%, HatiIcHE

LA LT,

11



II. 55

1. it P PRDX1 5L U2 v HFKRY 7 v —F Ao RDOS v T ricxtd 3 %M

SDS-PAGE 5k Uy xzx&xv7my MEXDY, fiie F PRDXI BXU2KY 7 v —F A ¥ifk%x
72455, HeLa fAEFMR CIZBAB R HE— v F230H &, FIEEIC Rel2 fIEIC 30T b IR 7
BNy P23 I N, b0y Fid, o7& 22,000 OfiE I &7 (Figure1-1), %
7z, HeLa gtk s & O Rel2 fifatks S L7z & v o3 7 & Iicxt L <ot B -actin ik % v 72 4
B, iy 72 44,000 OALEICHHBR BN R S iz, b 0fR 25, RiFgEcH
Ww7zfie F PRDX1 BX U2 v FFY 7 v —Fafifkit, Rics»Td PRDX1 BX U2 %

HCx 7,

2. A ROIEEMM R, IR, U v o<, K, B, Frlfs X OBEbt) 1k % PRDX1

B2 R

2-1. K&

BFIc BT, REFEEE B X OHBEO RV LM O IZ, PRDX1 & X O 2 15t % R
L, MIRE 355 E R L7z —, £EEREO R ERMIEIZ, PRDX1 X2 cEtkcdh -
7z (Figure 1-2 A, 1-4A), EWICH VT, NEREE L O ERBOKIZ, PRDX1 5L U211
tEroEtEe L, BAEO DT »alassEttz R L7 (Figure 1-2 B, KA, 1-4B, &
HD o BAGHRCTIIRRAA L 7z BERERR bR RT3 X OF, BERRRRARE o JE BRI A TE 3 2 AR 7 70 At e
TH BHHBMIEIZ, Wb PRDX1 B X 2 icil5E % n L7 (Figure 1-2 B, KU, 1-4 B,
K)o, THRZ Y VIFRICE VT, i FEAMALIE PRDX1 5% R L7228, i BRI LRz

M<H o7z (Figure 1-2 C), FERICT K2 U Vit bR MALI: PRDX2 iICq5ikE % R L 7=

12



28, i bR AAE B & 7 1355 & R L 72 (Figure 1-4 C),

~z7u 77 —YIET, PRDX1 ZFICHIAE ICFEB L CTw7223, PRDX2 (F[2E0 & 55051
TH o7 (Figure1-2D, 1-4D), FLE K T MO EMIME 7 & o MEIC BT, NEMBOK
B X OHIAE X, PRDX1 X U2 icfgt:% R L7 (Figure 1-2E, 1-4E), X5, #HEEFMAQ
I3 PRDX1 [t & 51t %, PRDX2 icfates 55tk % R L7 (Figure 1-2 F, 1-4 F), KT

DR () 1E, PRDX1 X2 ickatEz R L7 (Figure 1-2G, 1-4G),

2-2. FLBR

ROFUAIRIC BT, PRDX1 5 X O 2 OB 2 BIEE L 72, IKILIA D FLERIRPE & e b Bt e
\Z, PRDX1 255512 551 %, PRDX2 icfztk%n L7 (Figure 1-2 H, 1-4 H), B M
DO AR IE, PRDX1 X2 ickEt:%/R L7z (Figure 1-2H, &M, 1-4H, &KH)., E&F7%
MR 26 3 2 G L L 725 Ic v ¢, B LG ld PRDX1 i 2> & @51 %, PRDX2
ikt xR L7 (Figure 1-21, 1-41), &AL L 72 B8 o i B RAAEIE, (RIEIT o/ bRz i & [

fkic, PRDX1 X2 icfatt%#/R L7 (Figure 1-21, &HI, 1-41, %&HD),

2-3. U vorfii

Y v oRfiTlE, REREEOY vosERO Y v oBRIGMACE 23 PRDX1 Bt %R L 72 (Figure 1-
3A), Vv osiEldo e Ui R DRI IC R L C, v v P LR IR IS T T Y
v SERD J7 53 PRDX1 O Fett i 13582 - 7= (Figure 1-3B),— /7, B4 & IR D Y v »¥BkIZ, PRDX1
et cd - 72 (Figure 1-3 C), Zofthic, V v AN~ v 77— OMIlRE, —E &
PRDX1 Gt % 2 L (Figure 1-3D, %&H1), 7RIfEkIc & PRDX1 25 MEZ R H D280 b7z,
¥ 72, BEOMRICED S - EMIEIX, PRDX1 25 %27~ L7 (Figure 1-3 D, &K¥H),

PRDX2 icBL Tix, V v o BRizEM %2R L7 (Figure 1-5A, B, C), V v EfEN, HEE
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7 &, T < Ao PRDX2 [GiEMAE 23815 & 117z (Figure 1-5 C, &HI), T b @ PRDX2
FHPEMe i, Vv siElai i, BEAPoK e i & E o afiilE 63 2Mildc, Vv
ANERAIE L 1257k 2 TERE %R L, PRDX 2 DGR IIKICED b, &7, IG5 BE
TR A 65 PRDX2 BGHEMIRLIE, #itEE 0% & A8 0§58 2> & Bk O ME 2 4 3 % ilfia
T, BB IOMIREREGEEZ 2L T\ (Figure 1-5 B, &M, BB OBIRICED b= EHM
fidix, PRDX1 & [Fffic PRDX2 b 2%~ L7 (Figure 1-5D, &KH), & CHil R L0 Y v
i % BT H 3 5 NG I, &3 X OHIfE 22 PRDX2 ic 5551 %7~ L 72 (Figure 1-5D, &

), w27 8a 77—y Tk PRDX2 iZfatEr o551 ch - 72,

2-4. o

i IC BT, PR B X O (X, PRDX1 B X O 2 icfatk%#/R L7 (Figure 1-3 E,
1-5E), Vv Nl ) v osikes X ORFRZ & R IMERCR ML X, PRDX1 cEEx2mR L 7=
(Figure 1-3F, G), ¥7=, V v-%Ekix PRDX2 icfa: %, SRIMBRZANE MR s 2R L
7z (Figure 1-5 F, G), WPURPEAMIEIZ, PRDX1 ICfetEs & 5354, PRDX2 IcatE% R L7

(Figure 1-3H, 1-5H),

2 -5. B

BiIC BT, SRR X ORI E o LM, PRDX1 X2 icfztt%/n L7 (Figure
1-31, BRHI, 1-51, BEMH), EARME OB FEAMIIC BT, %I PRDX1 X U2 ick
M2 &5 A R L —07, MIRE 3% R L7z (Figure 1-31, FRHL 1-51, FKHD, &7
PRI DF%1x PRDX1 & X U 2 etz R L, MildE Il PRDX1 icBtk%, PRDX2 55051 % 7w
L7 (Figure 1-31, B8, 1-51, HKHH), £AHE Of%I: PRDX1 IcfzthE%, PRDX2 iz

by Z R L, #ilWE X PRDX1 i 555 1E2 & 5%, PRDX2 iIcf5E: %R L 7z (Figure 1-31,



FIkBH, 1-51, FI%EH),

2-6. JFh

JFliEic BT, FFflild 0% 3 PRDX1 icfattr o 5550 %2, Ml Btk o gtk 2R L
7zo —J7, KFHIAEIE PRDX2 ici3fett%# R L7z (Figure 1-3 ], 1-5]), % 7=, FUFMEAMALI,
PRDX1 s X Of 2 icf&: %/~ L 72 (Figure 1-3], H&H, 1-5], BRHAD, £/, 7 v =i,
oD~ 7 v 77— L FEEkIC PRDX1 icftk %, PRDX2 i ka2t %R L 72 (Figure 1-3],
FI&E, 1-5], AR, A ® 2 W IZIFAMEE FEZIC BT, #%I12 PRDX1 212 & 5551 %,
MR X3 % 75 L 72 (Figure 1-3 K), ¥ 72, % PRDX2 ICkat:2 & 55Matt%, AHE 135915

H%/R L7 (Figure 1-5 K),

2-7. IRt

BEREIC 5T, BT MO PRDX1 ICBtEs & i@t % 5~ L, PRDX2 Icfatkz iR L
7z ¥7-, MINEIX, PRDXI ici@f5tk%, PRDX2 ic§3ftk %R L7 (Figure 1-3L, 1-5L), ki
RREGTE, RN AR AR o ARAE 2 A 1 fth D idies & [RIER 1, PRDX1 ekt & Bt %, PRDX2 ic
Btk & 555 %2 8 L 72, A58 o i ix, PRDX1 13s X OHIIEE 23851k %k L (Figure
1-3M), PRDX2 i3t%# & OHlaE e, B2tk 559512 R L7z (Figure 1-5 M), fifgH o4
FAicl, MRETHIIEO S X OHIIEE 12 PRDX1 & X O 2 HicssfBtk 2R L7225 (Figure 1-3
N, 1-5 N), ZofttoiREiNoMIiZkEME» 555 %2 R L7, ##%iZ PRDX1 & X0 2 Hic

Bt %~ L7 (Figure 1-3 0, 1-50),

3. R4 RlEEICE T %5 PRDX1 X2 oFH

FROHREZZ T T, EEH#ILD PRDX1 & X O 2 OFEH D Rl AT ic s v»T, WIE
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Havie—t LT, BEELE-UVRFNOUTOMEEZNERE Lz, IEH AfHEFMEs L0~
su77—Y% PRDX1 Oy b u—n & LT, IEEMEPNRMIECREE, RERDH,

Bk CREEa Yy e LCBIEE L, $72, TR 2D VTP RIFERE PRDX2 O
Pea v bm— e LT, IEFIME NSO, Vv oSBk, FhERka R Eay br—

& LCBIE L7, #iEEICE T % PRDX1 X102 D IHC A2 7% Table 1-11 ICRE#E L 7z,

3-1. EapEiEE

EHEICHE T, EEMEOME X CHIIRE 13, PRDX1 25514, PRDX2 ick&Ets &5kl
PaoR L7, IEEMIEOMIEE 12, PRDX1 5l %, PRDX2 Ic555E%2 R~ L7 (Figure 1-6
A, B), BHffIcH T35 PRDX1 ® IHC %= 7 D F#{HiZ 10.0 (SD*1.24), PRDX2 O F-#fi
1 8.60 (SD£2.94) TH o7z,

Eo LEEICE T, BEMloks X OCHiinE 1, PRDXL ick2iEd o551 %, PRDX2 I
5551 p & i % R L 72 (Figure 1-6 C, D), E£C EKEICH T 5 PRDX1 © IHC 227 O

¥E X 3.03 (SD£1.84), PRDX2 O F-#)ff% 8.84 (SD£2.52) TH > 7=,

3-2. JRV B
B bR T BT, IR 0% 12, PRDX1 X 082 icfatkr o555 2R L, filey
13 PRDX1 25552 & (51 %, PRDX2 iIcBaiEd bkt % R L7z (Figure 1-7A, B), Kk
R EIC B 5 PRDX1 3 X082 o [HC 227 0 F4ffIZ, ZhF43.56 (SD*+1.96), 5.28
(SD£3.86) TH -7,
CHPE R b BE 12 35 T, IR 0 &% 12 PRDX1 I % 7R L, MR 13 51 %2 7R L 72 (Figure
1-70C), 7, HEEMATOZIZ PRDX2 icfett%z, MISEIZ55EE%R L7z (Figure 1-7 D), [

e F g ic 513 3 PRDX1 5L 082 o THC 22 7 0 fEIE, 2 F 7.95 (SD+3.49),
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2.81 (SD*1.90) TH - 7=,
e R o S AN, PRDX1 X002 @ IHC 2a 7 %tk L 72 (Figure1-6E, F), %
DAER, KR ERERE L i L <, DpEiEgc, PRDX1 © IHC 2a 7 B3EEICE,P -7 (p

<0.05),

3-3. FLIBEE
JEHEC 7 W IEH A LR IC 510 2 PRDX1 X 00 IHC a7 o FHfHIz, ZhZh 8.58
(SD£1.67), 1.74 (SD£1.76) TH - 7=, FURHEMBEIC 5T, FUR LR HRIEEHIE Ot B
X UHIREE 1, PRDX1 ICi@F51E %~ L 7= (Figure 1-8A), & 512, #%(3 PRDX2 IC[f&En & 5515
TE%, MIRE 35551 %R L7z (Figure 1-9 A), FUIR B2 BRIESMAC I 510 2 PRDX1 @ THC
2 a7 OV 6.90 (SD+2.40), PRDX2 ® [HC % =2 7 O F-#HfHiZ 5.13 (SD£2.56) TH >
720
FUBRH I 1< 5 T, FUR ERHCRIES M 0% 132 PRDX1 & X icssatE2n L, MilRE X
st % R L7z (Figure 1-8 B, 1-9 B), FUI LR diskiEEAMlidic 517 2 PRDX1 © IHC 227
DFHEIX 5.27 (SD£2.71), PRDX2 @ ITHC 2 2 7 O FHff 1% 8.98 (SD*2.37) TH - 7=,
FLUIRE AR IC 5 C, FUIR B HCRIES M o 5 X OHIlIaE 1X, PRDX1 (G %,
PRDX2 12t % 7R L 7= (Figure 1-8 C, HRHI, 1-9C, HKRH), FUMR LR HRIESHI < 31
% PRDX1 @ THC =z =7 o F#{iF 4.93 (SD*1.05), PRDX2 @ IHC %= 7 O F-¥fE L 5.60
(SD£1.58) TH o7, E7=, FUIREAEIC 3T 5 M kS o s X e i3,
PRDX1 ¥ X 08 2 iciif5tE %R L7z (Figure 1-8 C, H&HI, 1-9C, H&M), 5 bR ks
fic B 1F % PRDX1 @ [HC Z =2 7 O iF 4.90 (SDE1.98), PRDX2 & IHC & 2 7 O V-¥fi
1 7.30 (SD+2.04) TH o7

FRE A IC B VT, FUR B ACkIEEME O s X OHlilaE 1, PRDX1 <G %, PRDX2
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It SR E R L7z (Figure 1-8 D, B&H], 1-9D, H&KHD, FUIR Rt skIESHIILIC B
7 2 PRDX1 @ [HC % = 7 OFH{#iF 5.77 (SD*=1.51), PRDX2 ® [HC % = 7 O 6.80
(SD£2.77) THo7-, £72, IEAEICH T 2/ L dkESEMEOKE X CHIEE 1L,
PRDX1 # L 08 2 icq@f5 %~ L 7= (Figure 1-8D, FI%&H], 1-9D, F%HD), i bR ks
faic 313 3 PRDX1 ® IHC 2 27 O F#fEIF 4.53 (SD+1.68), PRDX2 @ IHC 2 2 7 @ F-¥{#

1% 6.07 (SD£3.07) TH o7z,

FUR RIERAIEE IC B\ C, FUR B SRS 3 X O BB ok IS 1%, Aifd o FLAR
HANRNE & kD PRDX1 3 X0 2 oQutath 2R L7z, FLHR bR RIEE T IC 3517 2 PRDX1
® IHC 2 2 7 O F#fEIL 7.33 (SD*1.39), PRDX2 @ IHC 2 2 7 P fEIL 8.67 (SD+2.52)
TdH o720 F 72, {5 L R EEMALIC 3510 3 PRDX1 @ IHC 2 2 7 @ P11 6.80(SD £ 2.35),
PRDX2 @ THC 2 2 7 O F¥itilx 11.2 (SDE1.17) TH > 7=, MBI IC B X 0 7= 80E
ICBWT, WEMROKE X OCHIINE X, PRDX1 X2 1ciErSBE%Z R L7 (Figure 1-8
E, 1-9E),

FAEMER A IS BT, FUIR LR RS AR 35 X OV LB Bk A 1%, R o> FLAR
e L kD PRDX1 B X U2 Rttt 2R L7z, FUIR LR kiR iz ic 51 2 PRDX1 @
[HC = 27 ®¥#{EIZ 7.93 (SD+2.23), PRDX2 @ [HC 2 2 7 OF#Elx 7.57 (SD£2.45) <
B ot 72, W LR RIESMIIEIC B % PRDX1 @ [HC 2 27 O FE#Elx 7.30 (SD£2.56),
PRDX2 @ IHC 2 = 7 O 1% 9.23 (SD£4.01) TH > 7=, MEEMHRNICEHE X 72105 M
ICBWT, HEHEOKE X OCHIIRE 1, PRDXI X002 1cEtr5BE%ZR L7 (Figure 1-8
F, 1-9F),

TEH 7 FUIRARAR I 35 0 2 FUIR B R ARG & & FLARAE S, < BL58 & 4 7z FUAR b B2 b R B S5 Al i o
PRDX1 5 X 02 ® THC R 2 7 Z Il L 7z, IEH 7 U B RHING & Fel U <, i, 156 M,

HAEICBWTHM LK @ PRDX1 @ THC 22 7 B3HEIC{K2 - 7= (Figure 1-8 G), %7z,
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PRDX2 (22T & [AIBR DT 2 Fhi L 72 IEH 72 UM L RCHIAG & Hei L <, &2 C oD JEE I

BULTIIR By PRDX2 @ IHC 2 2 7 23HEICE 2 7= (Figure 1-9 G),

3-4. BiT LR E 2 DR Y — T B X OEE

BRAE LR ER Y — 7B T, RilEE 9 BT ER 1 PRDX1 i1 % 7~ L (Figure 1-10 A,
%), PRDX2 ic(3f&tt:% /" L7 (Figure 1-10 B, *), KU —7HoIEFIicEB T, WML
PRDX1 &2 & 35851 27~ L (Figure 1-10 A, HCHT), PRDX2 ic 3@ %/~ L 7= (Figure 1-
10B, BEHA, 7=, B4 L 728/ Z, PRDX1 3 X O 2 icfaEd & 5951 % 7R L 72 (Figure
1-10 A, H&HI, 1-10 B, HXKHD, #HEERERY —71cs1F% PRDXL 5L U2 @ [HC =2
7 OFHfEIE, FNhZFN 6.00 (SD*2.83), 0.00 (SD*0.00) TH - 7=,

AT ERFLEENR IC 35\ C, RSN 0% 12 PRDXL CfatEd o B2 oR L, MFE X %R
L7 (Figure 1-10 C), 7=, JEEMIEo%IZ PRDX2 icfatkzpm L, MIE 353 E2R L 7=

(Figure 1-10 D), 47 LA ICH 1T 32 PRDX1 3 X082 @ IHC 2 2 7 0 FHfHIZ, # %
N 5.67 (SD+1.41), 0.665 (SD£0.940) TH - 7=,

BAT LR Ic BT, JEEMEO I PRDXL 5 X0 2 icketkz R L, MIEE X PRDX1 i3
Btk %, PRDX2 Ic55/5Mn 5Bt %~ L 7= (Figure 1-10E, F), #17 LR Ic 1) 3 PRDX1 &
L2 0 HC 2 a7 oFEfEiE, ZnZn6.76 (SDE£2.57), 4.73 (SD*3.20) TH - 7=,

o OffkicE T2 PRDX1 3 X W20 THC 22 7 2 H# L 72, PRDX1 3 X U 21c BT,
BTz NL D IHC 2 a T ICHBEREIZALNRD > 77,

AT LR IS B\ ClE, 2 OFETIE co ik E FEE L 72, Bl (Bd) (n=1) (Figure1-11
A, B), K% (n=1) (Figure1-11C, D), Fht (n=25) (Figure1-11E, F), i (n=1) (Figure
1-8G, H), Hizit (n=3) (Figure1-81, J), HEIEAN (n=1) (Figure1-8K, L) IF4 L 72#1T

FEEAHGC, ZOPRDX1 BLXU2DIHC 2a 72 L7, L L, BT ERREORES
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fizffic, PRDX1 XU 20 THC a7 icHEAEIFAbNALh -7 (Figure 1-11 M, N),

3-5. U v )l

REFFEICH T2 ) v O G R & 2 02 o fERIRI, BMIAaEE Y v < 14 6, T A
PED vosfE 13 CTd - 7z,

B #ifiatE v v oSl B, EEMAo S X OHIIEE X, PRDX1 55 ME% R L 7= (Figure
1-12A), ¥7-, EEMACIX, PRDX2 icfzM:% /R L7z (Figure 1-12B), B fifiaft V) v Nfific 17
%, PRDX1 @ THC % 27 O F-¥{H i 4.45 (SD*2.19), PRDX2 @ V¥t ix 0.0714 (SD£0.267)
Th o7z,

THIAETEY v~ IC BT, EEMEOKE X OMIlEE iX, PRDX1 iM%~ L (Figure 1-12
C), PRDX2 icfat:%R L7 (Figure 1-12D), B #lifidt: ) v ¥fEick1J 5, PRDX1 XU 2 D
IHC 2 27 oFfEIz, #nFh 3.64 (SD£2.48), 0.0513 (SD+0.185) TH - 7=,

¥ 72, EEOGERBAOENICX 2 PRDX1 X U2 0 [HC 22 7O L 7225, H

BEaERESNRd o7 (Figure 1-12E, F),

3-6. 5 )i A i A e e
KD 7 BRI IEE 1L, Patnaik & O (135) 1§t > T Grade I (n=16), Gradell (n=18),

Gradelll (n=18) ¥ X U* Kiupel & D5 (86) IZfit o T, Low grade (n=18), High grade (n=34)

Grade I DA IC B W C, 3B X OHIIEE 12 PRDX1 XU 2 KB SBEE R L
7- (Figure 1-13 A, B), Grade I O filifi#lifiufEic 313 2 PRDX1 X 182 @ IHC Z 2 7 OFH)fH
X, #hZNn 4.79 (SD£2.47), 3.71 (SD*1.80) TH > 7z, Gradell DEGEHIALEIC B\ T, il

ST Z PRDX1 IC555 1%~k L7z (Figure 1-13C), ¥ 7=, MEHME D% (2 PRDX2 i 5551 %
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kL 7z (Figure 1-13 D), Grade Il ® iE#IAEMEIC 3510 %2 PRDX1 3 X U2 @ [HC 2 2 7 O
flilx, #Hn%Fh 4.30 (SD*£2.57), 3.17 (SD+1.77) TH - 7=, Gradelll DI AIILIEIC B\ T,
HEEML O 5 X OCMIFEE (X, PRDX1 IC555 %~ L7z (Figure 1-13E), 7z, MEEMITO
I3 PRDX2 icf2i: %R L7223, MBI 13550512 & B % R L7z (Figure 1-13 F), Gradelll®
eI 317 %2 PRDX1 X0 2 @ [HC 2 a7 O¥¥H(HiZ, ZhFn 3.72 (SD£2.54),
5.98 (SD*3.95) TH o7,

Low grade o IEiSHAEEIC 5> C, 3B X CHIKIE 23 PRDX1 3 X O 2 ic 5Btk o Btk % R
L7 (Figure 1-13 A-D), ¥ 7=, Low grade Dl ic 517 2 PRDX1 3 X 82 @ IHC = =
7 OYHMEIR, FhEFN 453 (SD*2.50), 3.42 (SD£1.78) TH -7, £7-, Highgrade DI
IR IC 3T, B X IR 28 PRDX1 & X O 2 1IC55B5 12 & 1% 7~ L 7= (Figure 1-13
E, F), %7-, Highgrade ®tfifaiE Ic 517 % PRDX1 5L 02 o IHC 22 7 0FHEfHIZ, *
NFN3.72 (SD£2.54), 5.98 (SD+3.95) TH -7z,

ZNZhoMFr 7L — FaEco s L — FE<T, PRDXI X020 HC 2 a7 %L
72, PRDX1 @ THC Za7ickWwT, 7L — FIETHEREIS O N p o7 (Figure 1-13 G,
). L#L, PRDX2 @ IHC 22 7icHWwT, Gradell Ol IC 3513 2 PRDX2 @ IHC <
a7 LKL T, Gradell® IHC 22 7 3 HEICE > 72 (p <0.05) (Figure 1-13 H), %7z,
Low grade @ Ei#lfE/EIC 3513 3 PRDX2 @ IHC 2 2 7 & Hi#k LT, High grade ® IHC 227

BHEICE D272 (p<0.05) (Figure 1-13]),

3-7 KEEMAohE
B ST MOiE < 1x, JEEM o 12 PRDX1 a2 55551 %, PRDX2 icketE% L,
H'E 12 PRDX1 & X O 2 i 55510 & Bt % 7" L 72 (Figure 1-14 A, B), Ko R E M wfE i

F1F75 PRDX1 X102 0 [HC 2 a7 0 ViE, ZnZ i 3.00 (SD*2.28), 0.203 (SD£0.472)
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ThHot,

3-8. KRB JEMHARER N
K SEAHARERE < 1, BSOS X OCHIlRE X, PRDX1 55 ME%n L7 (Figure 1-15
A). %7z, FEEAALIZ PRDX2 Itk %R L 7= (Figure 1-15B), K% R§HHARERE I 351 3 PRDX1

BXU 20 HC Z2a7oFEHfEIX, Tz 4.67 (SDE1.27), 2.65 (SD£2.23) TH -7z,

3-9. AP
FAMERIEIC 5 C, JESHIIEOf% 13 PRDX1 izt & 5585 1E %, PRDX2 K% R L7, #
fE 1%, PRDX1 XU 2 o595 %~ L7 (Figurel-16 A, B), ffEANEIC 31 2 PRDX1 ©

[HC %27 OFHflix 3.18 (SD+1.14), PRDX2 0 ‘FHftilz 4.15 (SD£2.34) TH - 7=,

3-10. & PN R PSS
MEN MRS & U<, RUEECH 2HHRINERE (n=26) 3L O0EEEECTH 2
MEANE (n=65) ICBWT, PRDX1 BX U2 OXHABEL 72, ifllicowCl, 2=l

~N7z,
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V. &%

PRDX 1, 3¢ AL LTOEMEYINAE T 2VIRILIFERTH Y, Ao T I/ BRSO

Wiz, WABOR LT, HOWIEBAEMICE T, EFICEEIREIATHS (124), *
D7-%, PRDX (¥, HEEMICH T, LDERREEEZRZL w2 eE2b60% (127),
LLRf, F4x oW =1L, KoMEREICE T2 PRDX6 O@EIFIAA, EEMIICH L7 R b
— 3 2 RHEEM 2R T 2 L 2 L7 (6), PRDX6 13, PRDX O hCO AT 4 Y 7 4+ — 4
T, G FoA—viEtkofticd, ey LIEKFEESF AR Y =% A2 IEEEF LTV
(13), BER DR Y TiE, PRDX6 & RO OHEIZ D 1HloHTH Y, X bicflio PRDX 7
AV 7 =Bl T, ROEZICETZERIIRCOBIIRTD 3,

b FEEDHAMEICE T, PRDXL 3 X207 2/ BEEYIE, JEF IS &R Z 2R3 (96),
oI, PRDX1 5 X0 2 ORI A EEEZER T 2 &, FHMICE T 2200 O[T,
FHECHEL T3 EZLNE, LAL, ~VRA, 7y FhEDEREYIL L CT—BIITH
LN TV AIHAEZIRVT, b P eBYOELMKICE T2 PRDX]1 3 X0 2 0RBOF/EL
WL 72WF9E1E 7w (33, 67, 70, 84, 87, 93, 106, 113, 130, 190, 199, 203), Z D7, &K
W CTIEZPRDX DT A Y 7 —LDHTh, #H 2-Cys RlIC /I 5 PRDX1 53X U2 1200
THENT U 7o SRR AR IR 3 2 BRI, PUk R RME:, Frichiliofie b o rhiikz Hwv
B DRDN T L DR AN DMERLUETH 5720, RYIC, VT 2%y 7ay MEZHWT,
fiie &t PRDX1 5 XU 2 §itfkD, ROMYT 20 F~DGERICHEZ R L 72, $le & PRDX1
B 2PikEACEZY TR Z Y 7 uy FETIE, RoMEAEHEOMIIR Rel2 2 5 i L
72 & v oX 7R &, HeLa flifakk2 & o L 7284 L Rk O 4> TR ONE I, A AR#—0 Ny
FoMi I, 2o h b, KifFEcHw74ie b PRDX1 5 XU 2 HifkiL, RicsnwTd,

t F® PRDX1 53X U2 4T 30 T2mtida2encEdeELOLNE, 22T, &kt
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%, 2o ofie F PRDX1 3 X O 2 fifk % v T, ROMMBEEA % e sk L2 i L 72,
2RI, PRDX1 X002 1%, JAL EEMAICHEL v 2 A2 S o 72, MEROMALE, k2
DL DL OBED S DETHATH 72, ROKFICHEWT, PRDX1 X213, RESPEQ
DV LML T R 2 U IFR oM R EEMIE R et R R L, S DfERIX, T
y FOEEICE T BHE E TS (93), THRZ Y ViTlRom iR, —E LT PRDXI X
O 2B GEZR R Lo =T, TR 2V VITRBRIRIL L 72T & % FLIR ERGHIE 12, PRDX1
DEEGECH o7z b DD, PRDX2 icidfztE%z/n L7, Z OFLME EEAMIIED PRDX1 o g taft g,
b b OFLHR LM OWRE & —BL T/ (31), FLBR LRI o Rttt ix, wFIHoEMAL L 72
IRFED 2V IZRIEAD RIEHEALIRFE T d o 2 2 e b, FAEV R EDFEEFE 2L
$, FEETBZNUMOENESRBI N T2 uEEERDH O, ERENHEEZ LN,
b7y kR, 2y —flldxEatb~ru Ty -V ofiltEix, —HLTPRDXI
B x R L, RIMERIZ PRDX2 cBE%2 R L7 (83, 106, 113, 130), PRDXI ¥, &tEEIED
B, =om 77—V %BEA ML ADLRET LT THL, =70 77—V 2bDTaRRT
FvY v D2BIXVE2DEAREL, RIEHI AT — FOETICHFLE LTV (69), £/, <
r w7y —VIcFEB+ % PRDX1 (%, p38 mitogen-activated protein kinase (MAPK) #%i%% %
Mlic ko cilficn, ~27v 7y —YOMEERRELZIREL, Mycobacterium JEW 7z & Dl
W EME O~ 27 17 7 — N TOEFEEZIGEIT 2 2 & 23RE T 5 (186), fE - T, PRDX1
X, BEEBEICES T s~ u Ty —YicBnT, FRHSEZBRILA L AL LHEET DAL
53, W OPDREREMHEA A =X LOFHEZH > CTnE I EBRBINT WD, £z, HRIMEK
ICF1F 5 PRDX2 OFHIZ, Ho051C X 2L A b L 20 HRMERZRFHE L, % DETAREDHER: IC
ZFHLTw3 (121, 131), & 5ic, PRDX2 IF, JRIMERDOME % v 78 O fEHEMEDMER % H o,
FRIMERDEZACL ZIHI L T3 (104), =7 ZicHWTSH, PRDX2 2HRIMERD % v < 2 & Dlg{t %

FEIL, BIMZEZHATWS, LREINTHE (94), 2B EL S, PRDX2 12, Kokl

24



HRicswTd, L2 L2 o#ICNA, *oEFEEOHECELOBEICESES L TWw3
AMREMEDS i E 2 b B,
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Table 1-11. IHC scores of PRDX1 and 2 in canine spontaneous tumors.

Tumor (n) PRDX1 PRDX2
IHC score SD IHC score SD
Follicular tumor
Trichoblastoma (10) 10.0 1.24 8.60 2.94
Trichoepithelioma (10) 3.03 1.84 8.84 2.52
Squamous cell carcinoma
Skin (12) 3.56 1.96 5.28 3.86
Oral cavity (7) 7.95 3.49 2.81 1.90
Mammary gland
Non-neoplastic mammary gland (19) 8.58 1.67 1.74 1.76
Simple adenoma (20) 6.90 2.40 5.13 2.56
Simple carcinoma (20) 5.27 2.71 8.98 2.37
Complex adenoma (10)
Neoplastic luminal epithelial cell 4.93 1.05 5.60 1.58
Neoplastic myepithelial cell 4.90 1.98 7.30 2.04
Complex carcinoma (10)
Neoplastic luminal epithelial cell 5.77 1.51 6.80 2.77
Neoplastic myepithelial cell 4.53 1.68 6.07 3.07
Benign mixed tumor (10)
Neoplastic luminal epithelial cell 7.33 1.39 8.67 2.52
Neoplastic myepithelial cell 6.80 2.35 11.2 1.17
Malignant mixed tumor (10)
Neoplastic luminal epithelial cell 7.93 2.23 7.57 2.45
Neoplastic myepithelial cell 7.30 2.56 9.23 4.01
Transitional cell tumor
Fibroepithelial polyp (2) 6.00 2.83 0.00 0.00
Transitional cell papilloma (2) 5.67 1.41 0.665 0.940
Transitional cell carcinoma (32) 6.76 2.57 4.73 3.20
Kidney (1) 4.67 - 1.33 -
Ureter (1) 8.00 - 2.67 -
Bladder (25) 6.89 2.61 5.01 3.52
Urethra (1) 9.67 - 4.67 -
Prostate (3) 5.00 2.89 4.00 0.00
Abdominal cavity (1) 6.67 - 5.33 -
Lymphoma (27) 4.06 2.33 0.0617 0.227
B-cell lymphoma (14) 4.45 2.19 0.0714 0.267
T-cell lymphoma (13) 3.64 2.48 0.0513 0.185
Cutaneous mast cell tumor
Patnaik grading system
Grade | (16) 4.79 2.47 3.71 1.80
Grade Il (18) 4.30 2.57 3.17 1.77
Gradelll (18) 3.72 2.54 5.98 3.95
Kiupel grading system
Low grade (34) 4.53 2.50 3.42 1.78
High grade (18) 3.72 2.54 5.98 3.95
Cutaneous plasmacytoma (18) 3.00 2.28 0.203 0.472
Canine cutaneous histiocytoma (20) 4.67 1.27 2.65 2.23
Fibrosarcoma (20) 3.18 1.14 4.15 2.34
Vascular tumor
Cavernous hemangioma (26) 3.32 341 1.04 1.48
Hemangiosarcoma (65) 7.52 3.34 7.72 4.01
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Hel.a Rel?2 Molecular

weight

PRDXT S 22,000

PRDX2 W 2 000

B-actin 45,000

Figure 1-1. The images of western blotting of PRDX1, PRDX2 and f -actin. Distinct single bands
were detected in lysate from HelLa or Rel2 by western blotting using anti-human PRDX1 or 2
antibodies. Molecular weight of the bands was approximately 22,000. f8 -actin as a loading control

was detected at approximately 45,000 in both HeLLa and Rel2.
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Figure 1-2. Immunohistochemistry of PRDX1 in normal tissues. (A) Squamous cells in the
epidermis. The nuclei of squamous cells located in the basal and spinous layers were strongly
positive for PRDX1 and the cytoplasm was weakly positive. However, squamous cells in the granular
layer were negative for PRDX1. Bar, 20 um. (B) Squamous cells of hair follicles (arrows) and
sebaceous glands (arrowhead). The nuclei of squamous cells were positive for PRDX1 and the
cytoplasm was weakly positive. Almost all sebaceous gland cells were strongly positive for PRDX1.
Bar, 50 um. (C) Apocrine sweat glands. Glandular epithelial cells were strongly positive for PRDXI1,
but myoepithelial cells surrounding the glands were negative. Bar, 20 um. (D) Macrophages in the
dermis. The nucleus and cytoplasm of macrophages were labeled with PRDX1 (arrow). Bar, 20 pum.
(E) Blood vessels in the subcutaneous tissue. Almost all the endothelial cells in the blood vessels

were negative for PRDX1. Bar, 20 ym. (F) Fibroblasts in the dermis. Fibroblasts were negative to
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positive for PRDX1. Bar, 20 um. (G) Striated cutaneous muscle. The nucleus and cytoplasm of
striated muscle were negative for PRDX1. Bar, 50 pm. (H) Mammary gland tissues in resting period.
The nuclei of inactive luminal epithelial cells in resting period were negative to weakly positive for
PRDX1 and the cytoplasm was weakly positive to positive. Myoepithelial cells were negative for
PRDXI1 (arrows). Bar, 20 pm. (I) Mammary gland tissues in lactation period. The nuclei of active
luminal epithelial cells in activated stage were positive to strongly positive for PRDX1 and cytoplasm

was positive. Myoepithelial cells were negative for PRDX1 (arrows). Bar, 20 pm.
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Figure 1-3. Immunohistochemistry of PRDX1 in normal tissues. (A) Normal lymph node. In the
lymphoid follicle, the germinal center was weakly positive for PRDX1 (GC), whereas the marginal

zone and mantle zone was strongly positive (MZ). The paracortex was negative for PRDX1 (*).
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Bar, 200 um. (B) Lymphoid follicles in normal lymph node. Lymphocytes in the germinal center
were negative to weakly positive for PRDX1 (GC), whereas those in the mantle zone were positive
to strongly positive (MZ). Bar, 50 pm. (C) Lymphocytes in the paracortex were negative for
PRDXI1. Bar, 50 pm. (D) The medullary cord in the medulla. The nucleus of macrophages was
negative to positive for PRDX1 and the cytoplasm was positive to strongly positive (arrow). The
plasmacytes were negative for PRDX1 (arrowheads). Bar, 20 um. (E) Neutrophil in the spleen.
Both of the nucleus and cytoplasm of neutrophils were negative for PRDX1 (arrow). Bar, 20 um.
(F) Lymphocytes in the lymphoid follicles of the spleen. The cytoplasm of the lymphocytes was
positive for PRDX1. Bar, 20 pm. (G) Erythroblasts in the spleen. Erythroblasts were positive for
PRDXI1 expression. Bar, 20 um. (H) Endothelial cells of the splenic sinusoids. The nuclei of the
endothelial cells of the splenic sinusoid were negative to weakly positive for PRDX1. Bar, 20 pm.
(I) Kidney. Epithelial cells of the glomerulus and glomerular capsule were negative for PRDX1
(black arrow). Nuclei of epithelial cells in the proximal tubules were negative to weakly positive for
PRDX1, whereas the cytoplasm was positive (white arrows). Nuclei of the distal tubules were
negative for PRDX1, whereas the cytoplasm was positive (black arrowheads). The nucleus in the
collecting ducts was negative, but the cytoplasm was weakly positive to positive for PRDX1 (white
arrowhead). Bar, 50 pm. (J) Liver. Nuclei of hepatocytes were negative to weakly positive for
PRDX1, whereas the cytoplasm was positive to strongly positive. Sinusoidal endothelial cells were
negative for PRDX1 (black arrow). Kupffer cells were positive for PRDX1 (white arrow). Bar, 20
pm. (K) Bile duct observed in liver. The nucleus of epithelial cells in the intrahepatic bile duct was
negative to weakly positive for PRDX1, whereas the cytoplasm was positive for PRDX1. Bar, 20
pm. (L) Transitional cells in the urinary bladder. The nuclei of transitional cells were positive to

strongly positive. The cytoplasm of transitional cells in the urinary bladder was strongly positive
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for PRDX1. Bar, 20 um. (M) Smooth muscles in the muscle layer of the bladder. The nuclei and
cytoplasm of smooth muscle cells were positive for PRDX1. Bar, 50 pm. (N) The ganglion in the
bladder. The nuclei and cytoplasm of ganglion cells were strongly positive for PRDX1. Gliocytes
(satellite cells) were negative for PRDX1. Bar, 50 pm. (O) Nerve fibers in the bladder. Axons were

positive for PRDX1 but Schwann cells were negative. Bar, 20 pm.
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Figure 1-4. Immunohistochemistry of PRDX2 in normal tissues. (A) Squamous cells in the
epidermis. The nuclei of squamous cells located in the basal and spinous layers were strongly
positive for PRDX2 and the cytoplasm was weakly positive; however, squamous cells in the granular
layer were negative for PRDX2. Bar, 20 pm. (B) Squamous cells of hair follicles and sebaceous
glands. Nuclei of squamous cells were negative to positive for PRDX2 and the cytoplasm was weakly
positive (arrow). Immature and mature sebaceous gland cells were strongly positive for PRDX2
(arrowheads). Bar, 50 pm. (C) Apocrine sweat glands. The glandular epithelial cells were strongly
positive for PRDX2. Myoepithelial cells surrounding the glands were negative to weakly positive for
PRDX2 expression. Bar, 20 pm. (D) Macrophages in the dermis. Macrophages were negative to
weakly positive for PRDX2 (arrow). Bar, 20 pm. (E) Microvessels in the dermis. Almost all

endothelial cells in microvessels were negative for PRDX2. Bar, 20 pm. (F) Fibroblasts in the dermis.
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Fibroblasts were negative to weakly positive for PRDX2 although some erythrocytes were strongly
positive for PRDX2. Bar, 20 um. (G) Striated cutaneous muscle. The nucleus and cytoplasm of
striated muscles were negative for PRDX2. Bar, 50 pm. (H) Mammary gland tissues in resting
period. The nuclei and cytoplasm of inactive luminal epithelial cells in resting period were negative
for PRDX2. Myoepithelial cells were negative for PRDX2 (arrows). Bar, 20 pm. (I) Mammary gland
tissues in lactation period. The nuclei and cytoplasm of active luminal epithelial cells in activated

stage were negative for PRDX2. Myoepithelial cells were negative for PRDX2 (arrow). Bar, 20 pum.
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Figure 1-5. Immunohistochemistry of PRDX2 in normal tissues. (A) Normal lymph node. In the
lymphoid follicle, the germinal center (GC) and the marginal zone and mantle zone were negative

for PRDX2 (MZ). The paracortex was negative for PRDX1 (*). Bar, 200 pm. (B) Lymphoid follicles
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in normal lymph node. The nucleus of reticular cells was positive for PRDX2 (arrows). However,
lymphocytes in the germinal center (GC), the marginal zone and mantle zone (MZ) were negative
for PRDX2. Bar, 50 um. (C) The lymphocytes in the paracortex were negative for PRDX2. The
nuclei of the cells which have round nucleus and abundant cytoplasm were positive for PRDX2
(arrows). Bar, 50 um. (D) The medullary cord in the medulla. The endothelial cells of lymphatic
sinus were weakly positive for PRDX2 (arrows). The plasmacytes were negative for PRDX2
(arrowheads). Bar, 20 pm. (E) Neutrophil in the spleen. The nucleus and cytoplasm of neutrophils
were negative for PRDX2 (arrow). Bar, 20 pm. (F) Lymphocytes in lymphoid follicles of the spleen.
Almost all lymphocytes were negative for PRDX2. Bar, 20 pm. (G) Erythroblasts in the spleen. The
cytoplasm of these cells was found to be strongly positive for PRDX2. Bar, 20 pm. (H) Endothelial
cells of the splenic sinusoids. Endothelial cells of the splenic sinusoid were negative for PRDX2
(arrows). Bar, 20 pm. (I) Kidney. Epithelial cells of the glomerulus and glomerular capsule were
negative for PRDX2 (black arrow). Nuclei of epithelial cells in the proximal tubules were negative
to weakly positive for PRDX2, and the cytoplasm was positive (white arrows). Nuclei of the distal
tubules were negative for PRDX2, whereas the cytoplasm was weakly positive (black arrowheads).
In the collecting ducts, the nucleus was negative to weakly positive, but the cytoplasm was positive
for PRDX2 (white arrowhead). Bar, 50 um. (J) Liver. The nuclei and cytoplasm of hepatocytes were
negative for PRDX2. Sinusoidal endothelial cells were negative for PRDX2 (black arrow). Kupffer
cells were negative for PRDX2 (white arrows). Bar, 20 pm. (K) Bile duct in the liver. The nuclei of
the bile duct epithelial cells were negative to weakly positive for PRDX2, whereas the cytoplasm was
weakly positive for PRDX2. Bar, 20 pm. (L) Transitional cells in the urinary bladder. The nuclei of
transitional cells were negative for PRDX2. The cytoplasm in the lower layer were negative for

PRDX2, whereas those in upper layer were negative to weakly positive. Bar, 20 um. (M) Smooth
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muscles in the muscle layer of the bladder. Smooth muscle cells were negative to weakly positive for
PRDX2. Bar, 50 ym. (N) The ganglion in the bladder. The nuclei and cytoplasm of ganglion cells
were strongly positive for PRDX2. The nuclei of gliocytes (satellite cells) were negative for PRDX2
and the cytoplasm was negative to weakly positive. Bar, 50 pm. (O) Nerve fibers in the bladder.

Axons were positive for PRDX2 but Schwann cells were negative. Bar, 20 pm.
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Figure 1-6. Immunohistochemistry of PRDX1 and 2 in follicular tumors. (A) Trichoblastoma. The
neoplastic cells were strongly positive for PRDX1. The IHC score of PRDX1 in this sample was 9.33.
Bar, 50 um. (B) Trichoblastoma. The nuclei of neoplastic cells were strongly positive for PRDX2
and cytoplasm was weakly positive to positive. The IHC score of PRDX2 in this sample was 8.00.
Bar, 50 pm. (C) Trichoepithelioma. The neoplastic cells were negative to weakly positive for PRDX1.
The THC score of PRDX1 in this sample was 5.00. Bar, 50 um. (D) Trichoepithelioma. The
neoplastic cells were weakly positive to strongly positive for PRDX2. The IHC score of PRDX2 in

this sample was 7.67. Bar, 50 um.
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Figure 1-7. Immunohistochemistry of PRDX1 and 2 in squamous cell carcinoma. (A) Cutaneous
squamous cell carcinoma. The nuclei of squamous cell carcinoma were negative to weakly positive
for PRDX1 and cytoplasm was weakly positive to positive. The ITHC score of this sample was 3.33.
Bar, 50 pm. (B) Cutaneous squamous cell carcinoma. The nuclei of neoplastic cells were negative

to weakly positive for PRDX2. The cytoplasm was positive to strongly positive. The IHC score of
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this sample was 4.67. Bar, 50 pm. (C) Oral squamous cell carcinoma. The nuclei of neoplastic cells
were weakly positive to strongly positive for PRDX1 and cytoplasm was positive. The IHC score of
this sample was 9.67. Bar, 50 pm. (D) Oral squamous cell carcinoma. The nuclei of neoplastic cells
were negative for PRDX2 and cytoplasm was weakly positive. The IHC score of this sample was 2.33.
Bar, 50 pm. (E) The box-and-whisker plot of PRDX1 IHC scores of squamous cell carcinomas
between the skin and oral cavity. There was significant difference of IHC score of PRDX1 between
cutaneous and oral squamous cell carcinomas (p <0.05). (F) The box-and-whisker plot of PRDX2
IHC scores of squamous cell carcinomas between the skin and oral cavity. There was no significant

difference of IHC score of PRDX2 between cutaneous and oral squamous cell carcinomas.
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Figure 1-8. Immunohistochemistry of PRDX1 in mammary gland tumors. (A) Mammary simple
adenoma. The nuclei and cytoplasm of neoplastic luminal epithelial cells were strongly positive for
PRDX1. The THC score of PRDX1 in this sample was 12.00. Bar, 20 um. (B) Mammary simple
carcinoma. The nuclei of neoplastic luminal epithelial cells ware weakly positive for PRDX1 and
cytoplasm was strongly positive. The IHC score of PRDXI1 in this sample was 4.00. Bar, 20 um. (C)
Mammary complex adenoma. The nuclei and cytoplasm of neoplastic luminal epithelial cells were
strongly positive for PRDX1 (black arrows). The PRDX1 IHC score of neoplastic luminal epithelial
cells in this sample was 6.00. Neoplastic myoepithelial cells embedded into myxoid matrix were
strongly positive for PRDX1 (white arrow). The PRDX1 IHC score of neoplastic myoepithelial cells
in this sample was 5.00. Bar, 50 uym. (D) Mammary complex carcinoma. Neoplastic luminal
epithelial cells were positive for PRDX1 (black arrows). The PRDX1 IHC score of neoplastic luminal
epithelial cells in this sample was 5.33. Neoplastic myoepithelial cells were strongly positive for
PRDX1 (white arrow). The PRDX1 IHC score of neoplastic myoepithelial cells in this sample was
5.00. Bar, 50 pm. (E) Cartilaginous component in mammary benign mixed tumor. The nuclei and
cytoplasm of chondrocytes were negative to positive for PRDX1. Bar, 20 um. (F) Cartilaginous
component in mammary malignant mixed tumor. Malignant chondrocytes were negative to positive
for PRDX1. Bar, 20 pm. (G) The box-and-whisker plot of PRDX1 IHC scores of luminal epithelial
cells in normal mammary gland and mammary gland tumors. There was significance of IHC scores
of PRDX1 in luminal epithelial cells between normal mammary and simple carcinoma (p <0.05),

complex adenoma (p <0.001), and complex carcinoma (p <0.05).
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Figure 1-9. Immunohistochemistry of PRDX2 in mammary gland tumor. (A) Mammary simple
adenoma. The nuclei of neoplastic luminal epithelial cells were negative to weakly positive for
PRDX2. The cytoplasm was weakly positive. The IHC score of this sample was 5.33. Bar, 50 um.
(B) Mammary simple carcinoma. The nuclei of neoplastic luminal epithelial cells were weakly
positive for PRDX2 and cytoplasm was strongly positive. The THC score of this sample was 9.33.
Bar, 50 ym. (C) Mammary complex adenoma. The nuclei and cytoplasm of neoplastic luminal
epithelial cells were positive for PRDX2 (black arrow). The PRDX2 IHC score of luminal epithelial
cells in this sample was 6.00. Neoplastic myoepithelial cells were strongly positive for PRDX2 (white
arrow). The PRDX2 THC score of neoplastic myoepithelial cells embedded into myxoid matrix in
this sample was 10.67. Bar, 50 ym. (D) Mammary complex carcinoma. The nuclei of neoplastic
luminal epithelial cells were negative to weakly positive for PRDX2 and cytoplasm was positive
(black arrow). The PRDX2 IHC score of luminal epithelial cells in this sample was 6.00. Neoplastic
myoepithelial cells were strongly positive for PRDX2 (white arrow). The PRDX2 THC score of
neoplastic myoepithelial cells embedded into myxoid matrix in this sample was 11.00. Bar, 50 pm.
(E) Cartilaginous component in mammary benign mixed tumor. The nuclei and cytoplasm of
chondrocytes were negative to positive for PRDX2. Bar, 50 pm. (F) Cartilaginous component in
mammary malignant mixed tumor. Malignant chondrocytes were negative to positive for PRDX2.
Bar, 50 pm. (G) The box-and-whisker plot of PRDX2 IHC scores of luminal epithelial cells in normal
mammary gland and mammary gland tumors. There was significance of IHC scores of PRDX2 in
luminal epithelial cells between normal mammary and simple adenoma (p < 0.01), simple
carcinoma (p <0.001), complex adenoma (p <0.01), complex carcinoma (p <0.01), benign

mixed tumor (p <0.001) and malignant mixed tumor (p <0.001).
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Figure 1-10. Immunohistochemistry of PRDX1 and 2 in transitional cell tumors. (A) Fibroepithelial
polyp. The nuclei and cytoplasm of transitional cells covering polyp were strongly positive for
PRDXI1 (*). The PRDX1 IHC score of these transitional cells in this sample was 8.00. The nuclei of
endothelial cells were negative to weakly positive for PRDX1 (black arrow). In fibroblasts, the nuclei
were negative for PRDX1, whereas the cytoplasm was weakly positive to positive (white arrows).
Bar, 50 pm. (B) Fibroepithelial polyp. The nuclei and cytoplasm of transitional cells covering polyp
were negative for PRDX2 (*). The PRDX2 THC score of these transitional cells in this sample was
0.00. Endothelial cells in these tissues were negative for PRDX2 (black arrows). The nuclei and
cytoplasm of fibroblasts were negative to weakly positive for PRDX2 (white arrows). Bar, 50 pm.
(C) Transitional cell papilloma. The nuclei of neoplastic cells were negative to positive for PRDX1
and cytoplasm was positive. The IHC score of PRDXI1 in this sample was 6.67. Bar, 50 um. (D)
Transitional cell papilloma. The nuclei of neoplastic cells were negative for PRDX2 and cytoplasm
was weakly positive. The IHC score of PRDX2 in this sample was 1.33. Bar, 50 pm. (E) Transitional
cell carcinoma in the bladder. The nuclei of neoplastic cells were negative for PRDX1, whereas the
cytoplasm was strongly positive. The IHC score of PRDX1 in this sample was 8.00. Bar, 50 pm. (F)
Transitional cell carcinoma in the bladder. The nuclei of neoplastic cells were negative for PRDX2
and cytoplasm was weakly positive to positive. The average of IHC score of PRDX2 in transitional
cell carcinoma was 5.33. Bar, 50 pm. (G) The box-and-whisker plot of IHC scores of PRDX1 among
fibroepithelial polyp, transitional cell papilloma and transitional cell carcinoma. There was no
significant difference of IHC score of PRDX1 among histological diagnoses. (H) The box-and-
whisker plot of IHC scores of PRDX2 among fibroepithelial polyp, transitional cell papilloma and
transitional cell carcinoma. There was significant difference of IHC score of PRDX2 between

fibroepithelial polyp and transitional cell carcinoma (p <0.05).
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Figure 1-11. Immunohistochemistry of PRDX1 and 2 in transitional cell carcinoma. (A) Transitional
cell carcinoma in the renal pelvic. The nuclei of neoplastic cells were negative for PRDX1 and
cytoplasm was weakly positive. The THC score of PRDX1 in this sample was 4.67. Bar, 50 pm. (B)
Transitional cell carcinoma in the renal pelvic. Some of erythrocytes showed positive for PRDX2
(arrows). The nuclei of neoplastic cells were negative for PRDX2 and cytoplasm was weakly positive.
The IHC score of PRDX2 in this sample was 1.33. Bar, 50 pm. (C) Transitional cell carcinoma in
the ureter. The nuclei of neoplastic cells were negative for PRDX1 whereas the cytoplasm was

positive to strongly positive. The THC score of PRDX1 in this sample was 8.00. Bar, 50 pm. (D)
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Transitional cell carcinoma in the bladder. The nuclei of neoplastic cells were negative for PRDX1
and the cytoplasm was negative to weakly positive for PRDX2. The THC score of PRDX2 in this
sample was 2.67. Bar, 50 um. (E) Transitional cell carcinoma in the bladder. The nuclei of neoplastic
cells were negative to weakly positive for PRDX1. The cytoplasm was positive to strongly positive
for PRDX1. The IHC score of PRDX1 in this sample was 6.67. Bar, 50 um. (F) Transitional cell
carcinoma in the bladder. The nuclei and cytoplasm of neoplastic cells were weakly positive for
PRDX2. The THC score of PRDX2 in this sample was 5.33. Bar, 50 um. (G) Transitional cell
carcinoma in the urethra. The nuclei and cytoplasm of neoplastic cells were positive to strongly
positive for PRDX1. The IHC score of PRDX1 in this sample was 9.67. Bar, 50 pm. (H) Transitional
cell carcinoma in the urethra. The nuclei of neoplastic cells were negative for PRDX2 and cytoplasm
was weakly positive. The IHC score of PRDX2 in this sample was 4.67. Bar, 50 pm. (I) Transitional
cell carcinoma in the prostate. The neoplastic cells showed positive to strongly positive for PRDXI.
The THC score of PRDX1 in this sample was 8.33. Bar, 50 um. (J) Transitional cell carcinoma in the
prostate. The neoplastic cells were weakly positive for PRDX2. The IHC score of PRDX2 in this
sample was 4.00. Bar, 50 pm. (K) Transitional cell carcinoma in the abdominal cavity. The nuclei of
neoplastic cells were negative for PRDX1, whereas cytoplasm was weakly positive to positive. The
THC score of PRDX1 in this sample was 6.67. Bar, 50 pm. (L) Transitional cell carcinoma in the
abdominal cavity. The neoplastic cells were weakly positive for PRDX2. The IHC score of PRDX2
in this sample was 5.33. Bar, 50 um. (M) The box-and-whisker plot of IHC scores of PRDX1 among
primary sites of transitional cell carcinoma. There was no significant difference of IHC score of
PRDX1 among primary sites. (N) The box-and-whisker plot of ITHC scores of PRDX2 among
primary sites of transitional cell carcinoma. There was no significant difference of IHC score of

PRDX2 among primary sites.
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Figure 1-12. Immunohistochemistry of PRDX1 and 2 in lymphomas. (A) B-cell lymphoma in the
lymph node. Lymphoma cells were weakly positive for PRDX1. The IHC score of PRDX1 in this
sample was 4.33. Bar, 50 pm. (B) B-cell lymphoma in lymph node. The nuclei of reticular cells in
the lymph node showed weakly positive for PRDX2 (arrow). Neoplastic cells were negative for

PRDX2. The IHC score of PRDX2 in this sample was 0.00. Bar, 50 um. (C) T-cell lymphoma in the
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lymph node. The nuclei and cytoplasm of neoplastic cells were positive for PRDX1. The THC score
of PRDX1 in this sample was 5.33. Bar, 50 pm. (D) T-cell lymphoma in the lymph node. The nuclei
of reticular cells showed weakly positive for PRDX2 (arrow). Neoplastic cells were negative for
PRDX2. The THC score of PRDX2 in this sample was 0.00. Bar, 50 um. (E) The box-and-whisker
plot of IHC scores of PRDX1 in B-cell and T-cell lymphomas. There was no significant difference
of THC scores of PRDX1 and 2 between B-cell and T-cell lymphomas. (F) The box-and-whisker plot
of IHC scores of PRDX2 in B-cell and T-cell lymphomas. There was no significant difference of

IHC scores of PRDX1 and 2 between B-cell and T-cell lymphomas.
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Figure 1-13. Immunohistochemistry of PRDX1 and 2 in cutaneous mast cell tumor. (A) Mast cell
tumor (Grade I /Low grade, n=16). The nuclei and cytoplasm of neoplastic cells were weakly
positive to positive for PRDX1. The IHC score of PRDX1 in this sample was 5.33. Bar, 50 pm. (B)
Mast cell tumor (Grade I /Low grade). The cytoplasm of neoplastic cells was weakly positive for
PRDX2. The IHC score of PRDX2 in this sample was 4.00. Bar, 50 pm. (C) Mast cell tumor (Grade
II /Low grade, n=18). The neoplastic cells showed weakly positive for PRDX1. The THC score of
PRDX1 in this sample was 4.00. Bar, 50 um. (D) Mast cell tumor (Grade Il /Low grade). The nuclei
of neoplastic cells were weakly positive for PRDX2. The IHC score of PRDX2 in this sample was
3.67. Bar, 50 um. (E) Mast cell tumor (Gradelll/High grade, n=18). The nuclei and cytoplasm of
neoplastic cells were weakly positive for PRDX1. The IHC score of PRDX1 in this sample was 3.67.
Bar, 50 pm. (F) Mast cell tumor (Gradelll/High grade). The cytoplasm of neoplastic cells was
weakly positive to positive for PRDX2. The IHC score of PRDX2 in this sample was 6.67. Bar, 50
pm. (G) The box-and-whisker plot of IHC sores of PRDX1 in mast cell tumors. There was no
significant difference of IHC scores of PRDX1 among histological grade of mast cell tumors. (H)
The box-and-whisker plot of [HC scores of PRDX2 in mast cell tumors. IHC score in Gradelll mast
cell tumor was significantly higher than that in Grade Il mast cell tumor (p <0.05). (I) The box-
and-whisker plot of IHC scores of PRDX1 in mast cell tumors. There was no significant difference
of IHC scores of PRDX1 between low and high grade of mast cell tumors. (J) The box-and-whisker
plot of IHC scores of PRDX2 in mast cell tumors. IHC score in High grade mast cell tumor was

significantly higher than that in Low grade mast cell tumor (p <0.05).
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Figure 1-14. Immunohistochemistry of PRDX1 and 2 in cutaneous plasmacytoma. (A) Cutaneous
plasmacytoma. The nuclei of neoplastic cells were negative to weakly positive for PRDX1 and
cytoplasm was weakly positive to positive. The IHC score of PRDXI1 in this sample was 5.00. Bar,
50 um. (B) Cutaneous plasmacytoma. Some of spindle cells showed positive for PRDX2 (arrows).
However, neoplastic plasmacytes showed negative to weakly positive for PRDX2. The THC score of

PRDX2 in this sample was 2.67. Bar, 50 um.

71



Figure 1-15. Immunohistochemistry of PRDX1 and 2 in canine cutaneous histiocytoma. (A) Canine
cutaneous histiocytoma. Neoplastic histiocytes were weakly positive for PRDX1. The IHC score of
PRDXI1 in this sample was 2.33. Bar, 50 pm. (B) Canine cutaneous histiocytoma. Epidermal
squamous cells were positive for PRDX2 (*), however neoplastic histiocytes were negative for

PRDX2. The THC score of PRDX2 in this sample was 0.00. Bar, 50 um.
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Figure 1-16. Immunohistochemistry of PRDX1 and 2 in fibrosarcoma. (A) Fibrosarcoma. The

nuclei of neoplastic cells were negative to weakly positive for PRDX1 and cytoplasm was weakly
positive. The IHC score of PRDXI1 in this sample was 4.00. Bar, 50 um. (B) Fibrosarcoma. The

nuclei and cytoplasm showed weakly positive to positive for PRDX2. The IHC score of PRDX2 in

this sample was 8.00. Bar, 50 pm.
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T—80°CTRIEL 72, SRIMENEMIEE 2 S L& v 0 BHEF Yy TLELT, F1ED
MElEs L U5k 2 L HEkIC, SDS-PAGE 5L Uy =2 &% v 7wy FEIck% PRDX1 XU 2D
&y BB L 72, %72, C-Digit Blot Scanner (LI-COR) & 7 Fic X v, #Hi L 72 PVDF
JEED Y FORED S 2 v 7 BB Z KD 72, PRDX1 X U2 DV FOHEER, FLY

V7N ®D Bactin DNV FOREEICE VHIEI D DEH W,
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6. small interfering RNA (siRNA) % F\»7- PRDX1 ¥ +# (PRDX1 / v 7 X v V)

K WEM Rz, 77 2F v 27>y —1 (B 9 cm, Cell Culture Dish, SPL LIFE
SCIENCES) i€ 70% 2y 7Ar Ty FICkh 3 ETRELLE, 6 VLT IRAF v 7vr—L

(NUNC MULTIDISH 6, Thermo Fisher Scientific) 12, &M% 2.0x10* /well @ J2JE CiEfH
L, 37°C, 5%CO, DA T T 12 Bl L 72, % 0, #{a T8 AR & L T Lipofectamine™
RNAIMAX Transfection Reagent (Thermo Fisher Scientific) %>, LT D% siRNA # i
ICE A L7z, PRDXImRNA 143" % siRNA 35 X OF siRNA o5l 2l ada 2, FpEo 2 v 78
v o Xy LmwEEa v o —n RNA (scramble) RNA (BAF scRNA) (Stealth RNAI™
siRNA, Thermo Fisher Scientific) %, Stealth RNAi siRNA # Z % 2V — ) (Thermo Fisher
Scientific) # vy, K PRDX1 &1 DE] (GenBank Accession No.: NM_001252165) # % &
WAESLL 72, 22 nofiddlix siRNA-PRDX1, 5-CAA CUG UCA AGU GAU UGG UGC UUC
U-3’, 5-A GAA GCA CCA AUC ACU UGA CAG UUG-3'# & TF scRNA-PRDX1, 5-CAA UGA
CGA GUU AGU UGCGUU CUCU-3’, 5-AGAGAACGCAACUAACUCGUCAUUG-3 T,
W% 20nM I 2R CEA L, 37°C, 5%CO, DT T 60 KifEHEE L 72, % Dk, Rk
Jiik & AR, NucleoSpin RNA Plus (£ 7 7 84 AHRA &) # TR RNA i L, qRT-
PCRICX > T, RNA T#:icH17 2% PRDX1 X102 D mRNA ¥HEZ A ACtEICTHEEL 72,
¥/, TusrT7—¥A4 e x—%Mz7 Lysis buffer ZFH TR Z v X7 &2 L, Ao
SDS-PAGE 3 XUV T2 &x v 7 my FEICX>T, RNA TH#%D PRDXI 5L U2 DX vy

H2HE L7z,

7. Cell viability assay

KINE R EZ, 77 2F v 27y v —1 (EfE 9 cm, Cell Culture Dish, SPL LIFE
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SCIENCES) I 70% a2 v 7A T v bPiCh b ETREELZE, 96 VLT 7RAF v 7 v —1
(NUNC MULTIDISH 96, Thermo Fisher Scientific) i, #flild% 1.5x10° /well D2 Cf&fE
L, 37°C, 5%CO, D&M T T 12 KRG E L7z, 2 0%, B FEARIE & L T Lipofectamine™
RNAiIMAX Transfection Reagent (Thermo Fisher Scientific) % >, siRNA-PRDX1 & % \»(Z
scRNA-PRDX1 %, @2 20nM 172 2 IRETEHAL, 37°C, 5%CO, D5 T T 60 Rk L
7z siRNA-PRDX1 & % 1% scRNA-PRDX1 Z M2 720 d D (2 v Fwu—) b[H USRS
L7zo Z Dtk (AHZEBEMEE FClllEoE 285 L, Kl T& Y =i, Premix WST-1 Cell
Proliferation Assay System (&% 71 7 34 AR &%) 2#FmML, 37°C, 5%CO, DT 30 4
& L 72, 30 rfElofnEk, ~4 7 v 7L —F ) — & — (iMark Microplate Reader, Bio Rad)
T, 450 nm DR T, POLEEZBEIE L7z, ZNENDOEMET, 4 7 2 L ORNEEFHL,
siRNA-PRDX1 & % >3 scRNA-PRDX1 O WefE%, 22 b v — v DWRSELE TR L 72{i % relative

cell viability & L7z, EBRIZ3MHEVIRL, Z 0 VFHEEZ &AM THEL 72,

ETDT — &1L, FHEE T EHERFZE (SD) T L7z, 2 BEE 7% O ik i 13 Wilcoxon D ERA]
WOE %, 3 HELL Eoic i Steel-Dwass #E # 7z, &2 TO 7 — 2 WL, JMP Pro 16 (SAS

Institute) ZFHWTEML 72, pfE<0.05 DF—2 %, HWcHEE L ALz,
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II. 55

1. ROWIFEHBOFEMNE IC31F 2 PRDX1 3 X2 0FEH

WEAARRIC B T, I T A -CRRAE SRR 75 & oD A I B 23 RE 2% 7 REERIC 35 0 T, ASHII 2 if
B RS 2 HiE S o MM O B X OHIIEE 12 51T PRDX1 & X O 2 1358 < Btk 2 7R
L7 (Figure2-1A, B), —77, T O OISR nsilsuc e L, BIERHEOR AN EE
75 X 0 REA L 72 EFRIRRIC 3 0 2 A L 2 S o IS NI < I, PRDX1 XU 2 3fatE%
L7 (Figure 2-1C, D), %7z, PIZFHMF o4 ERIE, PRDX1 B X U 2 icfzter & 5551 %,

~7u 7y —YiEEEMEE R L, SRS IR o2 R L 72,

2. IMEWNEWIEEICEIT 5 PRDX1 X U2 X

MERRRIMAE E 1< 35 ¢, TSI Ot 3 X OHliieE 12, PRDX1 & X O 2 icfatt %2 7R~ L 7z (Figure
2-2A, B), MR NEIC 317 5 PRDX1 @ IHC 2 27 @ FHfEI: 3.32 (SD£3.41), PRDX2
DFHEIZ 1.04 (SD£1.48) TH o7,

MEAREICE T, BEEMEOKE X OCHIFE X, PRDX1 3 X 082 ici@BtE %/~ L7z (Figure
2-2C, D), MEWMEIC BT % PRDX1 © IHC % 27 O F#{Ei 7.52 (SD+3.34), PRDX2 O
¥iE1x 7.72 (SD£4.01) TH o7,

HERIMEE S X CMERED PRDX1L X 2 © THC a7 %X NZ L 7245 R,
PRDX1, 2 DWEFhTd, #PRIMEED [HC 227 X MEAED HC 22 7 3HEICEH»

-7 (Figure 2-2 E, F),

3. RolEAEOMMBERco PRDX] 5 X U8 2 ORI D H#g
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M AE O MUK ¢, PRDX1 X2 ® IHC 227 % i L 72 (Figure 2-3), PRDX1 @
IHC =z a2 7 0¥ fEx X ohyefifilx, 2% 3, Conventional T 7.73(SD£3.30) 5 X 1* 8.17,
Kaposiform B¢ 7.42 (SD*4.27) ¥ X 18 9.33, Epithelioid B¢ 7.10 (SD+2.87) 5 X 11 7.33 T
% o 7= (Figure 2-3 A), ¥7:, PRDX2 @ IHC 2= 7 0 F¥fls X SR, ZhZEh,
Conventional ¢ 7.49 (SD£4.21) & X 1 9.50, Kaposiform < 8.79 (SD+3.38) 3 X U} 10.67,
Epithelioid #4-¢ 7.54 (SD£4.03) ¥ X 189.50 TH -7 (Figure 2-3 B), Z i 6 DI REDH

¢, PRDX1 53X 02D IHC RaTICHERZEII 2> 7,

4. Kol AEDFA AT D PRDX1 3 X U8 2 O FH o ik

M AIE o S84 306 ¢, PRDX1 X 02 @ [HC 2= 7 % ik L 7= (Figure 2-4), PRDX1 @
IHC 2 27 o VFHfEs X OHRfiix, zhnzn, PlEc 8.48 (SD£3.04) XU 9.33, KfET
6.89 (SD£3.38) 3 X 1% 8.00, ElE< 5.83 (SD£5.82) HX U 6.17, JFlii<c 8.83 (SD*2.59)
F X 1°8.83, 833 (SD+0.00) 3 X 188.33, HIET4.67 (SDE0.00) ¥ X 18 4.67, MHRlE
< 7.00 (SD+0.00) 3 X T8 7.00, IEJFET 4.67 (SD+0.00) 35 X 1 4.67 TH - 7= (Figure 2-4A),
¥7:, PRDX2 ® THC 227 O Fifls X OhRfiEl:, Znzh, MlE<c7.47 (SD£4.14) B &
£9.00, FZJEC7.72 (SD+3.97) 3 X 18 10.00, Bfiic9.25 (SD+3.59) 3 X 8 10.50, fFlE<
5.67 (SD£6.13) HXU5.67, BT 6.83 (SD£0.00) & X Uf6.83, EIET8.00 (SD£0.00) &
X 108.00, M- 10.00 (SD+0.00) 3 X U8 10.00, fEFET 12.00 (SD£0.00) 3 X U 12.00 T
» 7= (Figure 2-4 B), Zh b olMEREOFAETIRE <, PRDX1 5L U020 IHC 2aT7IchH

BREZ R o7,

5. KIMEAEHSEMIEMIC B 5 PRDX1 X 12 ® mRNA O FH]
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& PREMIRERR IC 3510 2 PRDX1 ¥ X UF 2 ® mRNA o #2327z (Figure 2-5 A, C),
PRDX1 ® mRNA O FH O FfEE, Ude filutkcid m< 6.36 (SD*2.04) <, JuB4 Atk
T bK< 2.92 (SD+1.60) TH -7, —J5, PRDX2 ® mRNA OFIHDFfHIZ, JuB4 < 1.34

(SD*0.0375) &b E <, JuAl IcB W TIE 0.320 (SD+0.198) T b K2 > 7z,

6. RIMEWIEHRMIERICE 1T 2 PRDX1 X U2 & v X7 E DB
WENOMIfERRICEVTH, PRDX1 3 X U2 D& v 2 EDFBDE® & 117z (Figure 2-5 B,
D), B-actin ® X v X 7 B & CHIIE L 72 PRDX1 ® % v < 78 04 l%, JuAl % JuB2, Ud2, Ud6
T <, JuB4 Tid Ko7 (Figure 2-5 B), —J7, PRDX2 @ % v o8 7 DFHIL, JuAl ®
JuB2, JuB4, Rel2, Re21 T <, Ud6 T b kA > 7z (Figure 2-5D), 2 hZhoffiido PRDX1

BIXUR202 v 7H0REIE, mRNA OFRE L BB rl—L T\,

7. siRNA-PRDX1 % > 7= K IMAE P B kAT R 1€ 35 1) 2 PRDX1 FEBL T2

PRDX1 o 2 v 7 EORHE X HEEL, KHOE» -7z Ud6 &, FKIHDED - 72 JuB4 O
fakk %, il FEERICH W2, MEREMRE (JuB4, Ud6) 12 \WwT PRDXL 2/ v 7 X v v
L, PRDX1 ® mRNA 5 XU v 7 HOFBZ MR L 72, scRNA-PRDX1 ZE A L 7-#fifid & H
2 LT, siRNA-PRDX1 %3 A L 72#iid ¢ i, PRDX1 ® mRNA OFH I3 H = D L 7= (Figure
2-6A) (p <0.05), siRNA-PRDX1 %3 A L 7- JuB4 IC ¥} 3 PRDX1 ® mRNA DR D F
1% 0.0272 (SD+£0.0330), Ud6 ix 0.0371 (SD+0.0579) TH -7, £7-, PRDX1 DX v 82 'H
ICBILTh, ZoFRBUIMA L7z (Figure2-6 B), —J5, PRDX2 @ % v/ % 7 H ORI AT 72

- 7= (Figure 2-6 B),

8. siRNA-PRDXI1 % v 7= K Al ki lakk iIc 3517 2 PRDX1 T2 O cell viability
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M WEMAEE (JuB4, Ud6) 1IcHWT PRDX1 %/ v 7 &y v L4 ONMHAEEME F T
MR DIZRE % Figure 2-7 1278 L 7z, siRNA-PRDX1 ##0l1% L 7z JuB4 3 X 1f Ud6 (Figure 2-7 A,
C) DO#ifigix, scRNA-PRDX1 b (Figure 2-7B, D) ¢ HBL < h o7z, LaoL, #HilE
ROTEREIGE W IZ R ST, L T 3 5LEMIE O BU: SIS 2 e X R o e d o 7z,

¥72, PRDX1 %/ v 7 Xy v L7%ko, MEREMIAKD relative cell viability ZHH L 72

(Figure 2-8) ,siRNA-PRDX1 & X U scRNA-PRDX1 Z #0I L 7z JuB4 @ relative cell viability (%,
ZN%# 0.539 (SD£0.0338) H XU 0.893 (SD*0.0443) TH »>7-, 7=, siRNA-PRDX1 &
X U8 scRNA-PRDX1 %I L 72 Ud6 @ relative cell viability (X, Z#1%210.355 (SD=*0.00746)
FX100.836 (SD*0.0298) TH -7z, scRNA-PRDX1 #EA L 7z#lfakk D relative cell viability
&g L, siRNA-PRDX1 #E A L 72 #ifE#E D relative cell viability %, AEICEK T LT (p

<0.05),
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V. &%

PRDX1 i%, 13 A ERTOEMICHKIAL T2 BLEETH Y, HLEYD PRDX O T 3
JBEEESIE, SR EZ AL Cwb, 207z, PRDX IF, FFICEEEYICE VT, LR
RiEE#H->Twa e Ez2ZLNE (127), 2hET, BicsnTid, ROMEREICE TS
PRDX6 O@FIFEHL &, JEEMITD 7 F b — > 2icu 3 2 i ERICowToRERDH 3 (6),
ft— 1-Cys #1 PRDX ‘¢ % PRDX6 1%, PRDX D7 A ¥V 7 + — L DT TH T, <At F
vEA—X L LCOEE OB LT, BlEAL LY LIFKEES AR Y N—¥ A2 IEEEH T 5%
E, BRI W THENAEE ZHS e300 o T s (7)), NEERIc, # 2-Cys /4
I35 PRDX1 XU 2 ICBILCiE, 20 boRB L RS & DRAfRIZIz L A LIHEI T
iz, AiffFETld PRDX1 5 X U082 O RDIEEICE T 2 FI & HEICHER L 72,

RETIF, MENEEESCOWT, RETH 2 EMRMEE L BEEcd 2 MEANE, <51
MERWETIX, % oMM Es X ORI <o PRDX1 X U2 OoFB A KL 72, & A
©®» PRDX1 ¥ X O 2 oFHE, ROWIERRIC I T 2 HiEME oI Nl co PRDX1 &
LU 2 ORB L g - BRI,

RORIEHFIC BT, MEFAFER CHE S 2 MENEMIETIE, 2os X CHifoE T,
PRDX1 & X U 2 OBWF RSB I N, —J7, IRIETEEOIME N EMINEIZ, PRDX1 & X UF2
Rt L Tt S BB ER R Lz, C ORIEFE O INE o & N EMfd o Jetattix, EH72RD
FLRZ 0 BT AHAR CRBIZ T 2 A U 72 1B N BCHIE & ARk o Fe it ©, I8 N EGHfiid © @ PRDX1
BLO20RBUL, WIEHMN COMGEIRIE L BED B 2 FIREMEA RS & iz, Pk & L
7z ROS i, IMEMNEMALIC PRDX 0RBAZFET 2 2 LB b Tw2 (166), WK
DIMEF EWICE, FhEke~rm 7 7 =Y 7% Lo REMIEOREZRHZE X 1, ROS DFEADEE

AiCTroTnb eEZLbND, XD, MEHEYICE T 2 IMEPNEMIEE, SiRED ROS I
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L BWALA P LA S Y E{R#ET 5720, HiME{LEFRETH 2 PRDX ORH % JTE L T\ 2 ATRE
Yrd 2, & 51T, FRc KAECIHSMMKIC 351 2 PRDX1 & X 08 2 1%, VEGF % HIF-1 7 & Ok 4
v 7 FVRF LT, MENEMIEOFAECHEICRE T 2 ER axE 2z R-3 e rAohn
Tw3 (75, 97, 148), ¥7z, b OIENEMIZICIH VT, PRDX2 1%, BEILEZMEY 274 v
W% 49 % VEGF receptor (VEGFR) -2 A iEHLZHIEL T3 (75), X 5ic, KRORH
FHR D Fr A A N ML I 35 1F 3 VEGF % Basic fibroblast growth factor 3 X N2 h & DA
DRBICOVTOWEDH B (191), N EREE 2 2 &, MENKMALICH T 5 PRDX ORH
IZ, ROSIC X 2L A P L 250 DIRF#EZ T T4 {, VEGF % & Tk 4 7 BUR R T 0 S8 % il {H]
Tz e, MEFHECHEBL VW AREMENEDH S, T 5, VEGF & Z2oZAEMKIE, Kol
HEAEMIE coRBbERI N TE Y (191), PWIFEMOFAENE & Rk, RoOMEAREICE
I} 3 VEGF & X ' VEGFR & PRDX & OB# b R X5,

B & RS AE CIZ, IEH MR e ik L <, PRDX OFBAZLL THY, Zhiz PRDX D%
HOZALD, 5O FE S X OIS O EfF R, ShREE 2 & o BRI EL 52
VB AREE R RE LT3 (127), 34, H0, 2 &% ROS 28, KA 7o s 27/ F MEERRIKIC B0
T, 2V 7 BORLBITTREZHIET 2L Ny 7 2filffloeh v KAy ey Yy —2 LT, &
TakElzR-LTwa e MbNTwS (13, 127), & 5ic, PRDX oRHoZ{Liz, L F
v 7 Al X o T, HSHdOEFCHIHICE L CEEAKRE 2 RZ L w3, KifEci, #
FRIRIMAZE & Heiz L€, RoMERWEICHE T, PRDX1 X U2 0fFEAEFHI/BE SN,
ZORERIE, b b OEESA IR A, WA, BERT EEEICEIT 5 PRDX1I X020
FEHOWE & —H LT3 (26, 39, 78, 167, 169), b DFF%Ic X v, PRDX1 & X182 I3,
b b OEMAES IR L, EEoENEREL T Y, ROMEREICEWTIX, % oMk

R FEEEAIC B D & 5, IO BISHIAZICIE CRBL Twa 2 LARRI NS,
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Cell viability assay IC 35T, PRDX1 @/ v 7 £ v ¢, I RIEMAEED relative cell viability
FHEEICET L7z, WST-1i%ic X % Cell viability assay (22Efifathd 3 F 2 v ¥ Y 7 Bik#ERE#R
DIEMEIC X W A2 ER S 2 5ETH Y, SRIOMTE TR, HZBEME T ¢ PRDX1 %/
v 7 Xy v LMlakc, SEEMiEoEinEAohikr o/l b %EET 5L, PRDXI D/ v 2
Z7 X 5T, MIBEHEA G & - WS E 2 bz, v b OFUIRIEEAIRER & v 72 K
BicswT, PRDX1 @/ v 27 2y ic XY, EEHIEETO GO/G1 #ifF 235558 X 7z #eds 23
»H3 (11), SREIOWZEICE T 5 relative cell viability DT %, b F OFIRIEE COREICH 3
feic, MEEANIEMROMBEAM A EIE L 2 s E 2 o b,

B S X O EEMAg o B, BE, b, TR b -y 2% EIcBb afilgN e 2 iR
FEPE & L CRRA e b OB O N T W 528, HFE, b PO DG ICE W TROBHEICENHL T
VB HEHD—> & LT, phosphatidylinositol-3 kinase (LAF PI3K) /Akt/ mTOR #2513 H & h
Tw3 (3, 32, 34, 76, 189, 195), Z off#klE, MIEIMEIAR T2 EE KRR FZEKZE LD
JEEERZ R F vy v ¥ F—XIiE T 5 2 & TR I (134, 185), PI3K 287k i %,
Z DIEHAL L 72 PI3K 23, Akt ZiGtE L&, TROZ v X7 H o2 ) v AL A=V DY Vg
LEEHEST 2 2 & T, B4 7ay 7 F MRERE 2 1L § %, PRDX1 1%, £ @ PI3K/Akt/mTOR
R ZIEET 2 2 e BAONTE Y, b OMMEPIIECTIE, FEEHIL D R hH-C = R A i &
n3 (20), RoOMEEICHE LTI, MERIECTZ ORKOITERHRE XN TH Y, MEAIEHED
BhESeilEE, VEGF OEEA R LICBG LT3, Elid s nTw 5 (120, 142), SRIOHIRE T,
PRDX1 @ /7 v 7 X7 viC X o T, KINE PAEM IO MR MK T L 72, 4 Bl o 1 P
fakk D HGER DK T 23, PRDXI1 i X % PI3K/Akt/mTOR $&EE D iEMALICKIE L 72D D D13
O 2> TR0, ZD—20EHE LT, S%oSbhafsEsifians, &M, &
FCT& D o7 PRDX2 2 Dfthd PRDX 74V 74 —LD 7 v 27 X7 /IC X5 cell viability ~

DRSS JERICHER S 725, PRDX 74 VY 74— 413 KEL 3 2i1c58E &, PRDX1 & 2
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A U AL 2-Cys BUCHFEI NS DT, BEREMICEWATEEM 2 D 5, L7228-> T, PRDX1 il
%, PRDX2 ORI D 7 v 7 27 v %17 214, cell viability DK T3 X Y BEEF IC 2 2 W[REMEDS D B,
AFFE D PR EERTld, PRDX2 OFBEZERNIC ) v 7 X7 v TE % siRNA BMERICE o

723, 5l&HZ PRDX2 D/ v 7 X0 v ZBEET L TV & 2,
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V. /&

RETIE, RoMENKEREES S X KO NI cBlg S n 2 #ikEics 1) % PRDX1 &
KU 2 0RBUCO VT, R AR MR & T 2 M L 72, Fggtic, RO REFHMIC
FWT, PRDX1 3 X021, kMo mENEMALIZRREE R L2203, MR o PN B
BV, BOBERABIER I N, $72, REOEE ©H 2 RN E L ik L <, B4
DIMEAREICES T, PRDX1 5L UV 20BEZa T2, AREICEP -2, EHIC, KOIMENR
JEicB T, oM s X ORERMMETO PRDX1 X U0 2 OBHER a 7 ICHERZEIZ R D
o7, TUHDFERE S, RoMEREOEEOMARIC PRDX1 5L U2 OBG2E 2 b7z,
¥ 72, MEFEROIMENEMEICE TS PRDX1 3L U2 OBWHATRBALN-CZ &b,
I8 P o S A I & BB b I A P R AT 3 3l 23 B v, I PRI o 4 4 1 Bl b B K]
T OREDB DN,

T HICARETIE, KoMERED S B X h-filatkz HvC, PRDX1#EZTD/ v 7 XY
vEREZEMRL, EEMIEKD cell viability Z#iZK L7z & 25, PRDX1#E{Ef%2/ v 7 Xy v
35 L, cell viability 13K T 3% 23, HCAHZEBAMEE T <, #ildoBELIzIzEAERL, 5
FHlEd a vt - e R L 2B WIR N o7z, UEoZ & Xbh, PRDXI D/ v 7 X

7 VI Ko T, MEEEETE 2R T X 2T 3 AR RR T e,
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Table 2-2. Hi logical subtype and i

information of dogs with hemangiosarcoma.

Histopathological subtype No. Breed Age Sex Primary site
year month
1 Bernese Mountain Dog 9 7 Unknown Skin, thigh
2 Flat-Coated Retriever 6 0 Female Abdominal cavity
3 French Bulldog 1 3 Female, spayed Skin
4 French Bulldog 13 2 Female Skin, neck
5 French Bulldog 13 8 Male Spleen
6 French Bulldog 13 8 Male, castrated Spleen
7 German Shepherd Dog 6 0 Female Spleen
8 Golden Retriever 9 10 Male, castrated Spleen
9 Golden Retriever 12 6 Male, castrated Spleen
10 Golden Retriever 15 3 Female, spayed Skin
11 Labrador Retriever 9 10 Female, spayed Skin, lower abdomen
12 Labrador Retriever 10 0 Male, castrated Bone
13 Labrador Retriever 12 0 Male Spleen
14 Miniature Dachshund 10 0 Female, spayed Spleen
15 Miniature Dachshund 12 0 Female, spayed Spleen
16 Miniature Dachshund 13 0 Male Skin
17 Miniature Dachshund 14 3 Male, castrated Spleen
18 Miniature Dachshund 17 0 Male Skin
. 19 Pembroke Welsh Corgi 12 5 Male, castrated Skin, lower abdomen
Conventional
20 Pembroke Welsh Corgi 12 6 Female Kidney
21 Pug 7 6 Male Skin, abdomen
22 Shetland Sheepdog 10 2 Male, castrated Spleen
23 Shiba Inu 14 7 Male Skin, neck
24 Shih Tzu 9 0 Unknown Skin, forelimb
25 Toy Poodle 8 7 Male, castrated Spleen
26 Toy Poodle 11 10 Male Kidney
27 Toy Poodle 12 0 Male, castrated Spleen
28 Toy Poodle 13 0 Male, castrated Spleen
29 Toy Poodle 15 1 Female, spayed Spleen
30 Whippet 9 0 Male, castrated Skin, crus
31 Yorkshire Terrier 13 9 Female Skin, neck
32 Mix 9 10 Male, castrated Adrenal gland
33 Mix 11 7 Male Spleen
34 Mix 11 10 Male, castrated Bone
35 Mix 12 7 Male, castrated Skin
36 Unknown 9 1 Male Liver
37 Unknown 12 0 Male Spleen
38 Unknown 12 11 Male Skin
1 Border Collie 10 10 Male, castrated Spleen
2 Border Collie 12 0 Female, spayed Spleen
3 Chihuahua 13 6 Male Spleen
4 Golden Retriever 9 4 Female, spayed Spleen
5 Golden Retriever 11 0 Male Spleen
Kaposiform 6 Miniature Dachshund 13 0 Female, spayed Spleen
7 Miniature Dachshund 13 0 Male, castrated Kidney
8 Miniature Dachshund 13 1 Female Kidney
9 Miniature Dachshund 13 2 Unknown Skin, neck
10 Miniature Schnauzer 11 3 Female, spayed Spleen
11 Wire Fox Terrier 10 0 Female Skin
1 French Bulldog 9 0 Female, spayed Skin, mammary gland
2 Italian Greyhound 13 5 Female, spayed Skin, neck
3 Jack Russell Terrier 9 11 Male Mesentery
4 Jack Russell Terrier 10 1 Male Skin, lower abdomen
5 Japanese Dog Breed 14 11 Unknown Skin
6 Labrador Retriever 9 0 Male, castrated Spleen
7 Labrador Retriever 11 8 Female, spayed Skin, neck and abdomen
Epithelioid 8 La.bfador Retriever 12 7 Male, castrated Li‘{er
9 Miniature Dachshund 8 0 Female, spayed Skin
10 Miniature Dachshund 1 2 Female, spayed Spleen
11 Miniature Dachshund 14 3 Female, spayed Spleen
12 Miniature Dachshund 14 3 Male Skin, anus
13 Papillon 13 5 Unknown Skin, neck
14 Pembroke Welsh Corgi 13 0 Female, spayed Spleen
15 Toy Poodle 9 0 Male, castrated Skin
16 Toy Poodle 13 4 Female Skin, hindlimb
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Figure 2-1. Immunohistochemistry of PRDX1 and 2 in the newly formed blood vessels of canine
granulation tissues. (A) The nucleus and cytoplasm of endothelial cells in angiogenic region were
positive for PRDX1 (arrows). Bar, 50 ym. (B) The nucleus and cytoplasm of endothelial cells in
angiogenic region were positive for PRDX2 (arrows). Bar, 50 pm. (C) The nucleus and cytoplasm
of endothelial cells in resting region were negative for PRDX1 (arrows). Bar, 50 pm. (D) The
nucleus and cytoplasm of endothelial cells in resting region were negative for PRDX2 (arrows). Bar,

50 pm.
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Figure 2-2. Immunohistochemistry of PRDX1 and 2 in canine hemangioma (HA) and
hemangiosarcoma (HSA) tissues. (A) Immunohistochemical (IHC) staining image for PRDX1
expression in canine HA. Macrophages in HA tissues were positive for PRDX1 (arrow). HA cells
were negative for PRDX1. IHC score of this sample is 0.00. Bar, 50 ym. (B) IHC staining image for

PRDX2 in canine HA. Some erythrocytes were positive for PRDX2 (arrows). HA cells were negative
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for PRDX2. THC score of this sample is 0.00. Bar, 50 pm. (C) IHC staining image for PRDX1 in
canine HSA. Macrophages (arrow) and neutrophils (arrowhead) were observed as positive and
negative control for PRDX1, respectively. HSA cells were positive for PRDX1. IHC score of this
sample is 12.00. Bar, 50 um. (D) IHC staining image for PRDX2 in canine HSA. Some erythrocytes
stained positively (arrow) and neutrophils (arrowheads) were used as positive and negative control
for PRDX2, respectively. HSA cells were positive for PRDX2. IHC score of this sample is 12.00. Bar,
50 pm. (E) The box-and-whisker plot of IHC sores of PRDX1 in canine HA and HSA. THC score of
PRDX1 in HSA was significantly higher than that in HA. Bar crossing the box-and-whisker plot
expresses the sample average (p <0.05). (F) The box-and-whisker plot of IHC sores of PRDX2 in
canine HA and HSA. THC score of PRDX2 in HSA was significantly higher than that in HA. Bar

crossing the box-and-whisker plot expresses the sample average (p <0.05).
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Figure 2-3. The comparison of [HC scores of PRDX1 and 2 in histopathological subtypes of canine
hemangiosarcoma (HSA). (A) The box-and-whisker plot of the immunohistochemical (IHC) scores
of PRDX1 in each histopathological subtypes of canine HSA. There were no significant differences
in the expressions of PRDX1 among three subtypes of HSA. (B) The box-and whisker plot of IHC
scores of PRDX2 in each histopathological subtypes of canine HSA. There were no significant
differences in the expressions of PRDX2 among three subtypes. Bar crossing the box-and-whisker

plot expresses the sample average.
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Figure 2-4. The comparison of IHC scores of PRDX1 and 2 of canine hemangiosarcoma (HSA)
among spleen (n=27), skin (n=27), kidney (n=4) liver (n=2), bone (n=2), adrenal gland (n=1),
mesentery (n=1), and abdominal cavity (n=1). (A) The box-and-whisker plot of
immunohistochemical (IHC) scores of PRDX1 of canine HSA in each primary site. There were no
significant differences in the expressions of PRDX1 among primary sites. (B) The box-and-whisker
plot of IHC scores of PRDX2 of canine HSA in each primary site. There were no significant
differences in the expressions of PRDX2 among primary sites. Bar crossing the box-and-whisker

plot expresses the sample average.
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Figure 2-5. Analysis of PRDX1 and 2 expressions by real time reverse transcriptase-PCR and
western blotting with the canine hemangiosarcoma cells (JuAl, JuB2 JuB4, Rel2, Re21, Ud2 and
Ud6). (A) The relative expression of PRDX1 mRNA in the hemangiosarcoma cells. (B) The protein
expression of PRDX1 and J -actin in the hemangiosarcoma cells. (C) The relative expression of
PRDX2 mRNA in the hemangiosarcoma cells. (D) The protein expression of PRDX2 in the

hemangiosarcoma cells.
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Figure 2-6. Analysis of PRDX1 and 2 expressions by real time reverse transcriptase-PCR and
western blotting in PRDX1-knockdown experiment with the hemangiosarcoma cells (JuB4 and
Ud6) added siRNA-PRDX1 (20 nM) or scRNA-PRDX1 (control) (20 nM). (A) The relative

expression of PRDX1 mRNA in JuB4 and Ud6 cell lines added siRNA-PRDX1 or scRNA-PRDX1.
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The expression level of PRDX1 mRNA in the hemangiosarcoma cell lines added siRNA-PRDX1 was
lower than those in the cell lines added scRNA-PRDX1 (p <0.05). (B) The protein expression of
PRDX1, PRDX2 and f -actin proteins in JuB4 and Ud6 cell lines added siRNA-PRDX1 or scRNA-
PRDXI1. The protein expression of PRDX1 in hemangiosarcoma cell lines added siRNA-PRDX1
was decrease in comparison to that in cell lines added scRNA-PRDX1. However, there was no

change of the PRDX2 protein expression in cell lines added siRNA-PRDX1 and scRNA-PRDX1.

100



Figure 2-7. Caine hemangiosarcoma cells (JuB4 and Ud6) added siRNA-PRDX1 or scRNA-PRDXI.

(A) JuB4 cell added siRNA-PRDX1. Bar, 50 um. (B) JuB4 cell added scRNA-PRDX1. Bar, 50 um.

(C) Ud6 cell added siRNA-PRDX1. Bar, 50 pm. (D) Ud6 cell added scRNA-PRDX1. Bar, 50 pm.
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Figure 2-8. The cell viability of canine hemangiosarcoma cell lines (JuB4 and Ud6) added siRNA-
PRDX1 or scRNA-PRDX1. The absorbances of samples added each RNA-PRDX1 were normalized
by the absorbance of sample added medium instead of RNA-PRDX1 (No-RNA). The relative cell
viability of siRNA-PRDX1 (JuB4) and scRNA-PRDX1 (JuB4) were 0.539 (SD+0.0338) and 0.893
(SD+0.0443). The relative cell viability of siRNA-PRDX1 (Ud6) and scRNA-PRDX1 (Ud6) were
0.355 (SD*0.00746) and 0.836 (SD*0.0298). The cell viability of siRNA-PRDX1 cell lines was

lower than that of scRNA-PRDX1 cell lines (p <0.05).

102



b

AWFFETIE, ROMA RIEE#MS X CIEEMABKIC BT, i tEERo—#Td 2 PRDXI
BLO20RBEZHLMIC L, TNET, L9, YVR, 7y FAaEOEBRIVICEHEIT 2
PRDX O FBUCBIT 2RI L 72 d 0D, REEGDIEEEY O IER B X OSB3
PRDX OFEHICBE T 2 0i5tdliE & v o Dld, R IcZLvworiiiktcd o7, Z0—JT, et
DIEE XD b DA, FLAHINLO0H 2 EEEY OISO FE S, HIRIRE 7k & OB E) O 2
N=RLERYT 2720, vt OREoTEYICENTY, JEEEE X EEHICE T 2
PRDX OHBIEMOEEHNLE TN TS,

F1FETIE, TFINTTHEDN Lo ROIEFHMKICEHE T2 PRDX1 3 X002 Rl %,
G IICRR L 72, ROEFEMBICE T, BEORT LT, KR 7+
27 ) TR & o AT PRDX1 3 X U082 2858 < ST 2HMICH 72, THRZ Y VTR
LT R Y VITFIROZAL L 723U TlE, W RO PRDX1 5 X U2 DIGHEGRARER 2 & w5t
BARoN, DWYIOBNEDOMENREX N, BIORME LK C, £ 7-iFiEci3iFmiEs
X OB ER©, PRDX1 3 X002 2351 % /R L7228, BB 1T LR 1Z PRDX1 i< < Btk %,
PRDX2 ICIZfEEA R L 72, %A PRDX1 138k % 7 I CREERT AR Oz d oo,
PRDX2 Z[EMED S Db H o 7o, HELP L Ml bk 4 ki o3 5 ME © IR,
Wb R R L7z, MliETIE, PRDX1 13D v SE8ke, RIFERZ & DARIMERR M,
PRDX2 i3 ARIMBKAMALICHKILL Tz THET, FRv TR, T FaEoFEREYO—
TR IEHF AL IC 51 2 PRDX ORHOERITV L 2GS N TEY, b2 aflistizd 2D
DD, LRORDIEFHMKICE T2 PRDX1 X U2 oREMIZ, zhboifithesshh—K
LTz, WFLIEHICEH T 52 PRDX 07 I Y| ORI W2 &, PRDX1 5LV 2 O

ERe b~V R, 7y FREDOBTHEBENEFINTWE L2 EET S L, PRDX1 XU

103



203, WHFLHEAAREEL, &AM - HERT, FROBEEZ B L Cw RS FrIcE L o
2o Zlli, 2TORMBRICECTRENTERDP 572D T, SHRLBICEL TE 5 3 REL L
BeEzobhi,

T, RoREW R ARRAENEEICH T 5 PRDXL F X U8 2 OFEBIC O W CREMBLER
ISR L7z, BORIEECRT LR, LSS, &) —7%&0BT LR & o FE%
MRk DR IC B TiE, PRDX1 3 X002 oW GiAt Aok s niz, cofbc, REE
B TIE, —MRAVICRTIE, BB L, TRIE VL I ARV LEIED T2, KR
bR L CBER a T A E o2, 2D b, MR EKREICEH T 5 PRDX1 ©
FITTHER, BB E L T 3 EEEAE 2 bz, U v oS lE K IR IEE, e
AR, AR R AHARERAE 72 & o BKRARAE O S 1%, PRDX1 i i3I EZ R L 72—
PRDX2 ICIZ[EHEEZRT D D% h o7z, 7272, KIGMHIAEECIX, Grade 235E\ b DT,
PRDX2 DGR a7 2 EEEZ R L7722 & h 6, EHEL~D PRDX2 0BG 25 b7, &5
iC, IEHZRY voiffiicsnec, THIEERTH 3 o ckatt & 72 5 PRDX1 28, T #ifat:
Uy ANECRBMERRT I EBH S A E Y, PRDX 1IZEE & @K 28N 2 <~ — 5 —Dfk
WL 72 B ATREMEDSRIE X 7z, MRHMERIEIC 3 Cld, PRDX1 3 X U2 oRBE 20 7228, 1EH
IR MRHETAIE & K22 IR o i h o 72,

4 S Ic BT, PRDXL 5 X U2 GG BiE s, REDb D L EMD b @, IEH
LIEBECTHERENRVD DL DR Aoz, RFLEEETI: PRDXL 25, BERHIACE <X
PRDX2 28, o b0lg e, AREICEHER a7 AE» 728000, EEOEHIC X > T
PRDX 28V ICBIG 3 2 AIREME AR & I, JEGIBCEZ B2 L, ERRAT R F&HE L fadb
72 X O EE RS LIE L E 2 bz,

ROFHEZICEH T % PRDX1 5L U2 0%, v roffiEomte kil ze 25, RFEL

BT EORRIC, b P TOWEE BT AEGD Rildhiz, Lo L, FURMESCHRMEAE

104



E, e MBI EIME L RBERIEELTFAL, b b ROEEICEHE VT, PRDXI X2
R 2B A N =X LEH L T2 AREERE S Wiz, Sk, SEOME T b & OMHED
HZoNEEEIZO B AA, b P CTORENDRVAEZL E DIEFIR AP L, ROMEEICHIT 2
PRDX OFBUEME L HICREL T L AHERELEX LN D,

28 TIX, PRDXI X U2 0%BlE, MENKMROBGRERS 2 ICT 2720, RoOME
WRMEIEE 3517 2 PRDX1 35 X O 2 0 B & S L ARICBIZ L 72, $£7, BT ZRw
PFAEMEICE T 2200 ORBNGEHRES 2 720, MEFEDOKA ZAZFEMRICH T, PRDX1
BLU20R¥Z, AU REHBARICHRR L, MENKMIEICE T 5 PRDX OFEHICO W
TER LTz, ZOE, R0 PN EEEE©» 2 iR E & ik U<, B o miE Al
ICHWT, PRDX1 53X U2 DGR 2 7 ARBEEICE W EBHL I Ro72, I oic, IEA
JEICHE VT, Z oM S X OCRAIMET, 2o 0B RIcEERZIZ%R {, PRDX1 ¥
X2 1%, HUERR A TR 3,  EE o fnE PI R MRS I B A IS B tE 2 R LT v B &
RO o7z, ROMEREICES T 5 PRDX R OEE 2 8ic, FEREICHITT 5 7
»iT, RoIMERIED SBHL S hzfilatk % A<, PRDX1®/ v 7 Xy v EEEFEfEL 72 &
25, IEEMIED cell viability 28 EICE T L7228, MIEOFREZIZBE I NS, SLHEMIEO
Wb AoNmdo7z, TNHLDOI EHL, ROMENWMEICEWTHEEMEEZ 7R =255
fRi# 3 2 PRDX6 & 357 v, PRDX1 IZMifasdlig D e & % 2 S rlRetE s st b L7z,

AWgE T, RoJEEES X EEMKICE T 2 PRDX1 5L U2 0RBICOWTCOERYE
BEL, X HIcmENRERESICE T 32 o&kElo—iE@EHL 72, 5%k, PRDX OFH & EE

DR HEICOWT, ZOHMAEA A= XL %S I T A ICHIREL 720,

105



AT

AiRERZBICHY, AL, TiRE, JHifEv/72%, JElEzHo 7, RERE

JEFH AP RE A ER 3 [ ER R ~ PR P B A B0 D PR e 2 70 & DNIC BRI 0 TR E B D AR 52

pli3

Jerf, MUK AR At (R ER S 2 RHER S B A B o AR N e s R &R 2 L £ 57

7, ARERICBAL T, BERIIEE, JBHE2BHY L7, WRRACHAEYRAT LR

puf

B [25 22 R LR I 5 B 2 B o0 T FHBE RSB 2R 70 & ONT BRI 2 TR RE2E B D A B RSE Se 4R 1 8 < ket
weLEd,
ZLTC, RfREKZDICHY, TYE, e wkiE, ErdXATlEIvnELL
% BERRMEBIRZ DK IR T4, TREERSWIE O %k & 7 2 ek, Biffifiteo ALTF&TK, &
Ewh K, makRfki, HIciHEZEA ZBERHEANREOAED AR T A7 b ITARIE
ICBD 5> T2 W 2T 2 ITEH 72 L3,

RIS, 4B ORFERHAEEZ LA TS Nl ic, L2 o #wZLET,

106



1)

2)

3)

4)

5)

6)

7)

8)

9)

S5 3CHk

Abdelmegeed, S. M. and Mohammed, S. 2018. Canine mammary tumors as a model for human
disease (Review). Oncol Lett 15: 8195-8205.

Aihaiti, Y., Tuerhong, X., Zheng, H., Cai, Y. S., Yang, M. and Xu, P. 2022. Peroxiredoxin 4
regulates tumor-cell-like characteristics of fibroblast-like synoviocytes in rheumatoid arthritis
through PI3k/Akt signaling pathway. / Clin Immunol 237: 108964.

Alzahrani, A. S. 2019. PI3K/Akt/mTOR inhibitors in cancer: At the bench and bedside. Semin
Cancer Biol59: 125-132.

Amadeo, B., Penel, N., Coindre, J. M., Coquard, L. R., Ligier, K., Delafosse, P., Bouvier, A. M.,
Plouvier, S., Gallet, J., Lacourt, A., Coureau, G., Monnereau, A., Pélissier, S. M. and Desandes,
E. 2020. Incidence and time trends of sarcoma (2000-2013): Results from the French network
of cancer registries (FRANCIM). BMC Cancer 20: 190-200.

American Veterinary Medical Association. https://www.avma.org/resources-tools/pet-
owners/petcare/senior-pets [accessed on 2022/10/17].

Anwar, S., Yanai, T. and Sakai, H. 2016. Overexpression of Peroxiredoxin 6 protects neoplastic
cells against apoptosis in canine haemangiosarcoma. / Comp Pathol 155: 29-39.

Arevalo, J. A. and Vdzquez, M. ]J. P. 2018. The role of peroxiredoxin 6 in cell signaling.
Antioxidants 7: 172-183.

Arner, E. S. J. and Holmgren, A. 2000. Physiological functions of thioredoxin and thioredoxin
reductase. Eur J Biochem 267: 6102-6109.

Attaran, S., Skoko, J. J., Hopkins, B. L., Wright, M. K., Wood, L. E., Asan, A., Woo, H. A,,

Feinberg, A. and Neumann, C. A. 2021. Peroxiredoxin-1 Tyr194 phosphorylation regulates

107



LOX-dependent extracellular matrix remodelling in breast cancer. Br/J Cancer125: 1146-1157.

10) Avallone, G., Rasotto, R., Chambers, J. K., Miller, A. D., Kelly, E. B., Monti, P., Berlato, D.,
Valenti, P. and Roccabianca, P. 2021. Review of histological grading systems in veterinary
medicine. Vet Pathol58: 809-828.

11) Bajor, M., Zych, A. O., Jarzynka, A. G., Muchowicz, A., Firczuk, M., Trzeciak, L., Gaj, P.,
Domagala, A., Siernicka, M., Zagozdzon, A., Siedlecki, P., Kniotek, M., O’Leary, P. C., Golab,
J. and Zagozdzon, R. 2018. Targeting peroxiredoxin 1 impairs growth of breast cancer cells and
potently sensitises these cells to prooxidant agents. Mol Cell Bio/119: 873-884.

12) Balakrishnan, M., George, R., Sharma, A. and Graham, D. Y. 2017. Changing trends in stomach
cancer throughout the world. Curr Gastroenterol Rep 19: 36-45.

13) Barata, A. G. and Dick, T. P. 2020. A role for peroxiredoxins in H,O,- and MEKK-dependent
activation of the p38 signaling pathway. Redox Biol28: 101340.

14) Basu, B., Banerjee, H., Rojas, H., Martinez, S. R., Roy, S, Jia, Z., Lilly, M. B., Leon, M. D. and
Casiano, C. A. 2011. Differential expression of peroxiredoxins in prostate cancer: Consistent
upregulation of PRDX3 and PRDX4. Prostate 71: 755-765.

15) Beck, J., Ren, L., Huang, S., Berger, E., Bardales, K., Mannheimer, J., Mazcko, C. and LeBlanc,
A. 2022. Canine and murine models of osteosarcoma. Vet Pathol59: 399-414.

16) Bergholtz, H., Lien, T., Lingaas, F. and Sorlie, T. 2022. Comparative analysis of the molecular
subtype landscape in canine and human mammary gland tumors. / Mammary Gland Biol
Neoplasia27: 171-183.

17) Bertelli, S., Zuccolini, P., Gavazzo, P. and Pusch, M. 2022. Molecular determinants underlying
volume-regulated anion channel subunit-dependent oxidation sensitivity. J Physiol 17: 3965—

3982.

108



18) Brandao, Y. O., Toledo, M. B., Chequin, A., Cristo, T. G., Sousa, R. S., Ramos, E. A. S. and
Klassen, G. 2018. DNA methylation status of the estrogen receptor a gene in canine mammary
tumors. Vet Pathol55: 510-516.

19) Bray, J. P., Polton, G. A., McSporran, K. D. and Whitbread, T. M. 2014. Canine soft tissue
sarcoma managed in first opinion practice: Outcome in 350 cases. Ver Surg43: 774-782.

20) Cai, A. L., Zeng, W., Cai, W. L., Liu, J. L., Zheng, X. W,, Liu, Y., Yang, X. C., Long, Y. and Li,
J. 2018. Peroxiredoxin-1 promotes cell proliferation and metastasis through enhancing
Akt/mTOR in human osteosarcoma cells. Oncotarget9: 8290-8302.

21) Cao, X., Chen, X. M., Xiao, W. Z., Li, B., Zhang, B., Wu, Q. and Xue, Q. 2021. ROS-mediated
hypomethylation of PRDX5 promotes STAT3 binding and activates the Nrf2 signaling pathway
in NSCLC. Int ] Mol Med 47: 573-582.

22) Cha, M. K., Suh, K. H. and Kim, I. H. 2009. Overexpression of peroxiredoxin I and thioredoxin1
in human breast carcinoma. / Exp Clin Cancer Res 28: 93—-104.

23) Checa, J. and Aran, J. M. 2020. Reactive oxygen species: drivers of physiological and pathological
processes. J Inflamm Res 13: 1057-1073.

24) Chen, C., Wang, S., Yu, L., Mueller, J., Fortunato, F., Rausch, V. and Mueller, S. 2021. H,O-
mediated autophagy during ethanol metabolism. Redox Biol/46: 102081.

25) Chen, J., Wang, Y., Zhang, W., Zhao, D., Zhang, L., Fan, J., Li, J. and Zhan, Q. 2020.
Membranous NOX5-derived ROS oxidizes and activates local Src to promote malignancy of
tumor cells. Signal Transduct Target Ther5: 139-150.

26) Chen, Y., Yang, S., Zhou, H. and Su, D. 2020. PRDX2 promotes the proliferation and metastasis
of non-small cell lung cancer in vitro and in vivo. BioMed Res Int 2020: 8359860.

27) Conic, R. R. Z., Damiani, G., Frigerio, A., Tsai, S., Bragazzi, N. L., Chu, T. W., Mesinkovska,

109



N. A., Koyfman, S. A., Joshi, N. P, Budd, G. T., Vidimos, A. and Gastman, B. R. 2019. Incidence
and outcomes of cutaneous angiosarcoma: A SEER population-based study. / Am Acad
Dermatol 83: 809-816.

28) Crespo, J. J. A., Armifidn, A., Charbonnier, D., Deladriere, C., Schitzlein, M. P., Domingo, R.
L., Forteza, J., Lucena, A. P. and Vicent, M. J. 2019. Characterization of triple-negative breast
cancer preclinical models provides functional evidence of metastatic progression. /nt J Cancer
145: 2267-2281.

29) Cross, L. W., Resta, T. C. and Jernigan, N. L. 2019. Redox regulation of ion channels and
receptors in pulmonary hypertension. Antioxid Redox Signal 31: 898-915.

30) Cullen, J. M. 2016. Tumors of the Liver and Gallbladder. In:(Meuten, D. J. ed.) Tumors in
Domestic Animals, 5 ed. pp. 602-631. Willey &Sons.

31) Dammeyer, P. and Arnér, E. S. J. 2011. Human protein atlas of redox systems — What can be
learnt? Biochim Biophys Acta 1810: 111-138.

32) DeBerardinis, R. J., Lum, J. J., Hatzivassiliou, G. and Thompson, C. B. 2007. The biology of
cancer: Metabolic reprogramming fuels cell growth and proliferation. Cell Metab 7: 11-20.

33) Demasi, A. P. D., Ceratti, D., Furuse, C., Cury, P., Junqueira, J. L. C. and Aratjo, V. C. 2007.
Expression of peroxiredoxin I in plasma cells of oral inflammatory diseases. Eur J Oral Sci115:
334-337.

34) Dobbin, Z. C. and Landen, C. N. 2013. The importance of the PI3K/AKT/MTOR pathway in
the progression of ovarian cancer. Int J/ Mol Sci14: 8213-8227.

35) Doria, J. R., Stevens, C., Maddage, C., Lasky, K. and Koblish, H. K. 2020. Characterization of
human cancer xenografts in humanized mice. / Immunother Cancer 8: e000416.

36) Echizen, K., Horiuchi, K., Aoki, Y., Yamada, Y., Minamoto, T., Oshima, H. and Oshima, M.

110



2019. NF- « B-induced NOX1 activation promotes gastric tumorigenesis through the expansion
of SOX2-positive epithelial cells. Oncogene 38: 4250-4263.

37) Eirin, A., Lerman, A. and Lerman, L. O. 2017. The emerging role of mitochondrial targeting in
kidney disease. Handb Exp Pharmacol 240: 229-250.

38) Elko, E. A., Cunniff, B., Seward, D. J., Chia, S. B., Aboushousha, R., Wetering, C., Velden, J.,
Manuel, A., Shukla, A., Heintz, N. H., Anathy, V., Vliet, A. and Heininger, Y. M. W. J. 2019.
Peroxiredoxins and beyond; Redox systems regulating lung physiology and disease. Antioxid
Redox Signal31: 1070-1091.

39) Feng, A. L., Han, X., Meng, X., Chen, Z., Li, Q., Shu, W., Dai, H., Zhu, J. and Yang, Z. 2020.
PRDX2 plays an oncogenic role in esophageal squamous cell carcinoma via Wnt/ 8 -catenin and
AKT pathways. Clin Transl Oncol22: 1838-1848.

40) Feng, P., Yang, Q., Luo, L., Sun, Y., Lv, W., Wan, S., Guan, Z., Xiao, Z., Liu, F., Li, Z., Dong,
Z.and Yang, M. 2021. The kinase PDK1 regulates regulatory T cell survival via controlling redox
homeostasis. Theranostics 11: 9503-9518.

41) Frank, J. D., Reimer, S. B., Kass, P. H. and Kiupel, M. 2007. Clinical outcomes of 30 cases (1997-
2004) of canine gastrointestinal lymphoma. / Am Anim Hosp Assoc 43: 313-321.

42) Frank, W., Robert, H., William, W. W., Samuel, W., Joy, J., Marcos, L., Balaraman, K., Gékhan,
M. M., Scott, B. and Navdeep, S. C. 2010. Mitochondrial metabolism and ROS generation are
essential for Kras-mediated tumorigenicity. PNAS 107: 8788-8793.

43) Goldschmidt, M. H. and Goldschmidt, K. H. 2016. Epithelial and Melanocytic Tumors of the
Skin. In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed. pp. 88-141. Willey & Sons.

44) Goldschmidt, M. H., Munday, J. S., Scruggs, J. L., Klopfleisch, R. and Kiupel, M. 2018. Tumors

of the Epidermis. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of Domestic Animals.

111



Volume 1: Epithelial Tumors of the Skin. pp. 25-80. the Davis-Thompson DVM Foundation.

45) Goldschmidt, M. H., Munday, J. S., Scruggs, J. L., Klopfleisch, R. and Kiupel, M. 2018. Tumors
with Adnexal Differentiation. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of Domestic
Animals. Volume 1: Epithelial Tumors of the Skin. pp. 81-188. the Davis-Thompson DVM
Foundation.

46) Gong, F., Hou, G., Liu, H. and Zhang, M. 2015. Peroxiredoxin 1 promotes tumorigenesis
through regulating the activity of mTOR/p70S6K pathway in esophageal squamous cell
carcinoma. Med Oncol 32: 25-33.

47) Goto, M., Owaki, K., Hirata, A., Yanai, T. and Sakai, H. 2019. Tumour necrosis factor-related
apoptosis-inducing ligand induces apoptosis in canine hemangiosarcoma cells in vitro. Vet
Comp Oncol 17: 285-297.

48) Griffin, M. A., Culp. W. T. N. and Rebhun, R. B. 2021. Canine and feline haemangiosarcoma.
Vet Rec 2021: e585.

49) Gustafson, D. L., Duval, D. L., Regan, D. P. and Thamm, D. H. 2018. Canine sarcomas as a
surrogate for the human disease. Pharmacol Ther 188: 80-96.

50) Gyuraszova, M., Gurecka, R., Babickova, J. and Tothova, L. 2020. Oxidative stress in the
pathophysiology of kidney disease: Implications for noninvasive monitoring and identification
of biomarkers. Oxid Med Cell Longev2020: 5478708.

51) Hamanaka, R. B., Glasauer, A., Hoover, P., Yang, S., Blatt, H., Mullen, A. R., Getsios, S.,
Gottardi, C. J., DeBerardinis, R. J., Lavker, R. M. and Chandel, N. S. 2014. Mitochondrial
reactive oxygen species promote epidermal differentiation and hair follicle development. Scr
Signal 6: ra8.

52) Han, Y. H., Zhang, Y. Q., Jin, M. H,, Jin, Y. H., Qiu, M. Y., Li, W. L., He, C., Yu, L.Y., Hyun, J.

112



W., Lee, J., Yoon, D. Y., Sun, H. N. and Kwon, T. 2020. Peroxiredoxin I deficiency increases
keratinocyte apoptosis in a skin tumor model via the ROS-p38 MAPK pathway. Biochem
Biophys Res Commun 529: 635-641.

53) Haslam, I. S., Jadkauskaite, L., Szabo, I. L., Staege, S., Brinckmann, J. H., Jenkins, G., Bhogal,
R. K., Lim, F. L., Farjo, N, Farjo, B., Biro, T., Schafer, M. and Paus, R. 2017. Oxidative damage
control in a human (mini-) organ: Nrf2 activation protects against oxidative stress-induced hair
growth inhibition. / Investig Dermatol137: 295-304.

54) He, L., He, T., Farrar, S., Ji, L., Liu, T. and Ma, X. 2017. Antioxidants maintain cellular redox
homeostasis by elimination of reactive oxygen species. Cell Physiol Biochem 44: 532-553.

55) Hendrick, M. J. 2016. Mesenchymal Tumors of the Skin and Soft Tissues. In:(Meuten, D. J. ed.)
Tumors in Domestic Animals, 5 ed. pp. 142-175. Willey & Sons.

56) He, T., Hatem, E., Vernis, L., Lei, M. and Huang, M. E. 2015. PRX1 knockdown potentiates
vitamin K3 toxicity in cancer cells: A potential new therapeutic perspective for an old drug. /
Exp Clin Cancer Res 34: 152-164.

57) Hicks, J., Platt, S., Kent, M. and Haley, A. 2015. Canine brain tumours: A model for the human
disease? Vet Comp Oncol15: 252-272.

58) Hojo, T., Maishi, N., Towfik, A. M., Akiyama, K., Ohga, N., Shindoh, M., Hida, Y., Minowa, K.,
Fujisawa, T. and Hida, K. 2017. ROS enhance angiogenic properties via regulation of NRF2 in
tumor endothelial cells. Oncotarget 8: 45484-45495.

59) Hopkins, B. L., Nadler, M., Skoko, J. J., Bertomeu, T., Pelosi, A., Shafaei, P. M., Levine, K.,
Schempf, A., Pennarun, B., Yang, B., Datta, D., Bucur, O., Ndebele, K., Oesterreich, S., Yang,
D., Rizzo, M. G., Far, R. K. and Neumann, C. A. 2018. A peroxidase Peroxiredoxin 1-specific

redox regulation of the novel FOXO3 microRNA target let-7. Antioxid Redox Signal 28: 62-77.

113



60) Hoshino, 1., Matsubara, H., Akutsu, Y., Nishimori, T., Yoneyama, Y., Murakami, K., Sakata, H.,
Matsushita, K. and Ochiai, T., 2007. Tumor suppressor Prdx1l is a prognostic factor in
esophageal squamous cell carcinoma patients. Oncol Rep 18: 867-871.

61) Huang, J. H., Co, H. K. C., Lee, Y. C., Wu, C. C. and Chen, S. 2021. Multistability maintains
redox homeostasis in human cells. Mo/ Syst Biol/17: e10480.

62) Hugen, S., Thomas, R. E., German, A. J., Burgener, I. A. and Mandigers, P. J. J. 2016. Gastric
carcinoma in canines and humans, a review. Ver Comp Oncol15: 692-705.

63) Hung, G. Y., Horng, J. L., Chen, P. C. H,, Lin, L. Y., Chen, J. Y., Chuang, P. H., Chao, T. C.
and Yen, C. C. 2019. Incidence of soft tissue sarcoma in Taiwan: A nationwide population-based
study (2007-2013). Cancer Epidemiol 60: 185-192.

64) Hu, X., Lu, E., Pan, C., Xu, Y. and Zhu, X. 2020. Overexpression and biological function of
PRDX6 in human cervical cancer. / Cancer11: 2390-2400.

65) Hyun, J., Han, J., Lee, C., Yoon, M. and Jung, Y. 2021. Pathophysiological aspects of alcohol
metabolism in the liver. /nt J/ Mol Sci22: 5717.

66) Icht, O., Lewin, R., Yosef, L., Fichman, S., Silverman, B. and Zer, A. 2021. Sarcoma incidence
and subtype distribution in Israel — A population-based study. Cancer Epidemiol70: 101876.

67) Immenschuh, S., Baumgart-Vogt, E., Tan, M., Iwahara, S., Ramadori, G. and Fahimi, H. D.
2003. Differential cellular and subcellular localization of heme-binding protein
23/peroxiredoxin I and heme oxygenase-1 in rat liver. / Histochem Cytochem 51: 1621-1631.

68) Isaza, D., Robinson, N. A., Pizzirani, S. and Pumphrey, S. A. 2020. Evaluation of cytology and
histopathology for the diagnosis of feline orbital neoplasia: 81 cases (2004-2019) and review of
the literature. Ver Ophthalmol23: 682—689.

69) Ishii, T. 2015. Close teamwork between Nrf2 and peroxiredoxins 1 and 6 for the regulation of

114



prostaglandin D2 and E2 production in macrophages in acute inflammation. Free Radic Biol
Med 88: 189-198.

70) Ishii, T., Itoh, K., Akasaka, J., Yanagawa, T., Takahashi, S., Yoshida, H., Bannai, S. and
Yamamoto, M. 2000. Induction of murine intestinal and hepatic peroxiredoxin MSP23 by
dietary butylated hydroxyanisole. Carcinogenesis21: 1013-1016.

71) Ivan, B. and Barbara, A. N. 2014. Redox regulation of ion channels. Antioxid Redox Signal 21:
859-862.

72) Jiang, H., Wu, L., Mishra, M., Chawsheen, H. A. and Wei, Q. 2014. Expression of peroxiredoxin
1 and 4 promotes human lung cancer malignancy. Am J Cancer Res 4: 445-460.

73) Jones, A. R. IV, Meshulam, T., Oliveira, M. F., Burritt, N. and Corkey, B. E. 2016. Extracellular
redox regulation of intracellular reactive oxygen generation, mitochondrial function and lipid
turnover in cultured human adipocytes. PLOS ONE11: e0164011.

74) Joo, H. K., Paul, N. B, Sun, H. B., Nithya, R., Ping, L., Hak, R. K., Chris, A. and Young, M. P.
2008. Up-regulation of peroxiredoxin 1 in lung cancer and its implication as a prognostic and
therapeutic target. Clin Cancer Res 14: 2326-2333.

75) Kang, D. H., Lee, D.]., Lee, K. W., Park, Y. S., Lee, J. Y., Lee, S. H., Koh, Y. J., Koh, G. Y., Choi,
C.,Yu,D. Y, Kim, J. and Kang, S. W. 2011. Peroxiredoxin II is an essential antioxidant enzyme
that prevents the oxidative inactivation of VEGF receptor-2 in vascular endothelial cells. Mo/
Cell 44: 545-558.

76) Karami, M. F., Ebrahimi, M., Nourbakhsh, E., Hazara, A. Z., Mirzaei, A., Shafieyari, S., Salehi,
A., Hoseinzadeh, M., Payandeh, Z. and Barati, G. 2022. PI3K/Akt/mTOR signaling pathway in
cancer stem cells. Pathol Res Pract237: 154010.

77) Khacho, M., Clark, A., Svoboda, D. S., Azzi, J., MacLaurin, J. G., Meghaizel, C., Sesaki, H.,

115



Lagace, D. C., Germain, M., Harper, M. E., Park, D. S. and Slack, R. S. 2016. Mitochondrial
dynamics impacts stem cell identity and fate decisions by regulating a nuclear transcriptional
program. Cell Stem Cel[19: 232-247.

78) Kim, J. H., Bogner, P. N., Baek, S. H., Ramnath, N., Liang, P., Kim, H. R., Andrews, C. and
Park, Y. M. 2008. Up-regulation of peroxiredoxin 1 in lung cancer and its implication as a
prognostic and therapeutic target. Clin Cancer Res 14: 2326-2333.

79) Kim, J. H., Graef, A. J., Dickerson, E. B. and Modiano, J. F. 2015. Pathobiology of
hemangiosarcoma in dogs: Research advances and future perspectives. Ver Sci2: 388-405.

80) Kim, J. H., Megquier, K., Thomas, R., Sarver, A. L., Song, J. M., Kim, Y. T., Cheng, N., Schulte,
A.]., Linden, M. A., Murugan, P., Oseth, L., Forster, C. L., Elvers, L., Swofford, R., Maier, J. T.,
Karlsson, E. K., Breen, M., Toh, K. L. and Modiano, J. F. 2021. Genomically complex human
angiosarcoma and canine hemangiosarcoma establish convergent angiogenic transcriptional
programs driven by novel gene fusions. Mo/ Cancer Res 19: 847-861.

81) Kim, W., Chu, T. H., Nienhiiser, H., Jiang, Z., Portillo, A. D., Remotti, H. E., White, R. A,,
Hayakawa, Y., Tomita, H., Fox, ]J. G., Drake, C. G. and Wang, T. C. 2021. PD-1 signaling
promotes tumor-infiltrating myeloid-derived suppressor cells and gastric tumorigenesis in mice.
Gastroenterology 160: 781-796.

82) Kim, W. S., Vinayak, A. and Powers, B. 2021. Comparative review of malignant melanoma and
histologically well-differentiated melanocytic neoplasm in the oral cavity of dogs. Ver Sci8: 261-
271.

83) Kinnula, V. L., Lehtonen, S., Kaarteenaho-Wiik, R., Lakari, E., Paikko, P., Kang, S. W., Rhee,
S. G. and Soini, Y. 2002. Cell specific expression of peroxiredoxins in human lung and

pulmonary sarcoidosis. 7horax57: 157-164.

116



84) Kinnula, V. L., Lehtonen, S., Sormunen, R., Kaarteenaho-Wiik, R., Kang, S. W., Rhee, S. G. and
Soini, Y. 2002. Overexpression of peroxiredoxins I, I1, ITI, V, and VI in malignant mesothelioma.
J Pathol196: 316-323.

85) Kiupel, M. 2016. Mast Cell Tumors. In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed.
pp- 176-202. Willey & Sons.

86) Kiupel, M., Webster, J. D., Bailey, K. L., Best, S., DelLay, J., Detrisac, C. J., Fitzgerald, S. D.,
Gamble, D., Ginn, P. E., Goldschmidt, M. H., Hendrick, M. J., Howerth, E. W., Janovitz, E. B.,
Langohr, 1., Lenz, S. D., Lipscomb, T. P., Miller, M., A., Misdorp, W., Moroff, S., Mullaney, T.
P., Neyens, 1., O'Toole, D., Vara, J. R., Scase, T. J., Schulman, F. Y., Sledge, D., Smedley, R. C.,
Smith, K., Snyder, P. W., Southorn, E., Stedman, N. L., Steficek, B. A., Stromberg, P. C., Vallj,
V. E., Weisbrode, S. E., Yager, J., Heller, J. and Miller, R. 2011. Proposal of a 2-tier histologic
grading system for canine cutaneous mast cell tumors to more accurately predict biological
behavior. Vet Pathol1: 147-155.

87) Kinnula, V. L., Lehtonen, S., Kaarteenaho-Wiik, R., Lakari, E., P4ikko, P., Kang, S. W., Rhee,
S. G. and Soini, Y. 2002. Cell specific expression of peroxiredoxins in human lung and
pulmonary sarcoidosis. 7horax57: 157-164.

88) Kok, M. K., Chambers, J. K., Tsuboi, M., Nishimura, R., Tsujimoto, H., Uchida, K. and
Nakayama, H. 2019. Retrospective study of canine cutaneous tumors in Japan, 2008-2017. J Vet
Med Scr81: 1133-1143.

89) Kolldr, A., Rothermundt, C., Klenke, F., Bode, B., Baumhoer, D., Arndt, V. and Feller, A. 2019.
Incidence, mortality, and survival trends of soft tissue and bone sarcoma in Switzerland between
1996 and 2015. Cancer Epidemiol 63: 101596.

90) BRI, SEHES, WA, GRERSIL, JIFRSESR, A BRRRSE, RS AUBSEN. 2016, PR

117



25 MEJEI R RIES & 8% 7 — 21 X 2 RER O JEGFARI. HESEE 69, 395~400.

91) Korac, B., Kalezic, A., Vaughan, V. P., Korac, A. and Jankovic, A. 2021. Redox changes in obesity,
metabolic syndrome, and diabetes. Redox Bio/42: 101887.

92) Kwon, T., Bak, Y., Park, Y. H., Jang, G. B., Nam, J. S., Yoo, J. E., Park, Y. N,, Bak, L. S., Kim, J.
M., Yoon, D. Y. and Yu, D. Y. 2016. Peroxiredoxin II is essential for maintaining stemness by
redox regulation in liver cancer cells. Stem Cells 34: 1188-1197.

93) Lee, S. C., Chae, H. Z., Lee, J. E., Kwon, B. D., Lee, J. B., Won, Y. H., Ahn, K. Y. and Kim, Y.
P. 2000. Peroxiredoxin is ubiquitously expressed in rat skin: isotype-specific expression in the
epidermis and hair follicle. / Invest Dermato/115: 1108-1114.

94) Lee, T. H., Kim, S. U., Yu, S. L., Kim, S. H., Park, D. S., Moon, H. B., Dho, S. H., Kwon, K. S.,
Kwon, H. J., Han, Y. H,, Jeong, S., Kang, S. W., Shin, H. S., Lee, K. K., Rhee, S. G. and Yu, D.
Y. 2003. Peroxiredoxin II is essential for sustaining life span of erythrocytes in mice. Blood101:
5033-5038.

95) Lennicke, C. and Cocheme, H. M. 2021. Redox metabolism: ROS as specific molecular
regulators of cell signaling and function. Mo/ Cell81: 3691-3707.

96) Leyens, G., Donnay, I. and Knoops, B. 2003. Cloning of bovine peroxiredoxins—gene
expression in bovine tissues and amino acid sequence comparison with rat, mouse and primate
peroxiredoxins. Comp Biochem Physiol B136: 943-955.

97) Li, H. X,, Sun, X. Y., Yang, S. M., Wang, Q. and Wang, Z. Y. 2018. Peroxiredoxin 1 promoted
tumor metastasis and angiogenesis in colorectal cancer. Pathol Res Pract214: 655-660.

98) Liu, D., Xiong, H., Ellis, A. E., Northrup, N. C., Rodriguez, C. O. Jr., O'Regan, R. M., Dalton,
S. and Zhao, S. 2014. Molecular homology and difference between spontaneous canine

mammary cancer and human breast cancer. Cancer Res 74: 5045-5056.

118



99) Liu, M,, Liu, X., Wang, Y., Sui, Y., Liu, F., Liu, Z., Zou, F., Zuo, K., Wang, Z., Sun, W., Xu, Q.,
Liu, D. and Liu, J. 2022. Intrinsic ROS drive hair follicle cycle progression by modulating DNA
damage and repair and subsequently hair follicle apoptosis and macrophage polarization. Oxid
Med Cell Longev2022: 8279269.

100) Locatelli, F., Canaud, B., Eckardt, K. U., Stenvinkel, P., Wanner, C. and Zoccali, C. 2003.
Oxidative stress in end-stage renal disease: an emerging threat to patient outcome. Nephrol Dial
Transplant 18: 1272-1280.

101) Lu, B., Chen, X,, Hong, Y., Zhu, H., He, Q., Yang, B., Ying, M. and Cao, J. 2019.
Identification of PRDXG6 as a regulator of ferroptosis. Acta Pharmacol Sin 40: 1334-1342.

102) Lu, E., Hu, X, Pan, C., Chen, J., Xu, Y. and Zhu, X. 2020. Up-regulation of peroxiredoxin-
1 promotes cell proliferation and metastasis and inhibits apoptosis in cervical cancer. / Cancer
11: 1170-1181.

103) Manuelli, V., Pecorari, C., Filomeni, G. and Zito, E. 2022. Regulation of redox signaling in
HIF-1-dependent tumor angiogenesis. FEBS J289: 5413-5425.

104) Matté, A., Pantaleo, A., Ferru, E., Turrini, F., Bertoldi, M., Lupo, F., Siciliano, A., Zoon,
C. H. and Franceschi, L. D. 2014. The novel role of peroxiredoxin-2 in red cell membrane
protein homeostasis and senescence. Free Radic Biol Med76: 80-88.

105) Megquier, K., Maier, J. T., Swofford, R., Kim, J. H., Sarver, A. L., Wang, C., Sakthikumar,
S., Johnson, J., Koltookian, M., Lewellen, M., Scott, M. C., Schulte, A. J., Borst, L., Tonomura,
N., Alfoldi, J., Painter, C., Thomas, R., Karlsson, E. K., Breen, M., Modiano, J. F., Elvers, I. and
Toh, K. L. 2019. Comparative genomics reveals shared mutational landscape in canine
hemangiosarcoma and human angiosarcoma. Mol Cancer Res 17: 2410-2421.

106) Mei, W., Peng, Z., Lu, M., Liu, C., Deng, Z., Xiao, Y., Liu, J., He, Y., Yuan, Q., Yuan, X,,

119



Tang, D., Yang, H. and Tao, L. 2015. Peroxiredoxin 1 inhibits the oxidative stress induced

apoptosis in renal tubulointerstitial fibrosis. Nephrology (Carlton) 20: 832-842.

107) Merry, T. L., Tran, M., Dodd, G. T., Mangiafico, S. P., Wiede, F., Kaur, S., McLean, C. L.,

Andrikopoulos, S. and Tiganis, T. 2016. Hepatocyte glutathione peroxidase-1 deficiency

improves hepatic glucose metabolism and decreases steatohepatitis in mice. Diabetologia 59:

2632-2644.

108) Meuten, D. J. and Meuten, T. L. K. 2016. Tumors of the Urinary System. In:(Meuten, D.

J. ed.) Tumors in Domestic Animals, 5 ed. pp. 632-688. Willey & Sons.

109) Miao, J. X., Wang, J. Y., Li, H. Z., Guo, H. R., Dunmall, L. S. C., Zhang, Z. X., Cheng, Z

G., Gao, D. L., Dong, J. Z., Wang, Z. D. and Wang, Y. H. 2020. Promising xenograft animal

model recapitulating the features of human pancreatic cancer. World ] Gastroenterol 26: 4802—

4816.

110) Mittal, V. K., Bhullar, J. S. and Jayant, K. 2015. Animal models of human colorectal cancer:

Current status, uses and limitations. World | Gastroentero/21: 11854-11861.

111) Miwa, T., Kanda, M., Umeda, S., Tanaka, H., Shimizu, D., Tanaka, C., Kobayashi, D.,

Hayashi, M., Yamada, S., Nakayama, G., Koike, M. and Kodera, Y. 2019. Establishment of

peritoneal and hepatic metastasis mouse xenograft models using gastric cancer cell lines. /n Vivo

33: 1785-1792.

112)

Mizuno, T. 2021. Spontaneously occurring canine cancer as a relevant animal model for

developing novel treatments for human cancers. 7ranslat Regulat Sci 3: 51-59.

113) Mizusawa, H., Ishii, T. and Bannai, S. 2000. Peroxiredoxin I (macrophage 23 kDa stress

protein) is highly and widely expressed in the rat nervous system. Neurosci Lett 283: 57-60.

114) Moore, P. F. 2016. Canine and Feline Histiocytic Diseases. In:(Meuten, D. J. ed.) Tumors

120



in Domestic Animals, 5 ed. pp. 322-336. Willey & Sons.

115) Moreira, E. L. T., Camargo, J. L. V., Rodrigues, M. A. M., Barbisan, L. F. and Salvadori,
D. M. F. 2000. Dose- and sex-related carcinogenesis by N-Bis(2-hydroxypropyl)nitrosamine in
Wistar rats. Jpn J Cancer Res91: 368-374.

116) Moris, D., Spartalis, M., Tzatzaki, E., Spartalis, E., Karachaliou, G. S., Triantafyllis, A. S.,
Karaolanis, G. 1., Tsilimigras, D. I. and Theocharis, S. 2017. The role of reactive oxygen species
in myocardial redox signaling and regulation. Ann Trans/ Med5: 324-331.

117) Morris, G., Gevezova, M., Sarafian, V. and Maes, M. 2022. Redox regulation of the immune
response. Mol Immunol/19: 1079-1101.

118) Munday, J. S., Léhr, C. V. and Kiupel, M. 2016. Tumors of the Alimentary Tract.
In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed. pp. 499-601. Willey & Sons.

119) Murai, A., Asa, S. A., Kodama, A., Hirata, A., Yanai, T. and Sakai, H. 2012. Constitutive
phosphorylation of the mTORC2/Akt/4E-BP1 pathway in newly derived canine
hemangiosarcoma cell lines. BMC Vet Res 8: 128.

120) Murai, A., Asa, S. A., Kodama, A., Sakai, H., Hirata, A. and Yanai, T. 2012.
Immunohistochemical analysis of the Akt/mTOR/4E-BP1 signalling pathway in canine
haemangiomas and haemangiosarcomas. / Comp Pathol147: 430-440.

121) Nagababu, E., Mohanty, J. G., Friedman, J. S. and Rifkind, J. M. 2013. Role of
peroxiredoxin-2 in protecting RBCs from hydrogen peroxide-induced oxidative stress. Free
Radic Res47: 164-171.

122) Nagamine, E., Hirayama, K., Matsuda, K., Okamoto, M., Ohmachi, T., Uchida, K,
Kadosawa, T. and Taniyama, H. 2017. Invasive front grading and epithelial-mesenchymal

transition in canine oral and cutaneous squamous cell carcinomas. Vet Pathol/54: 783-791.

121



123) Nakamura, N. 2020. A hypothesis: Radiation carcinogenesis may result from tissue injuries
and subsequent recovery processes which can act as tumor promoters and lead to an earlier onset
of cancer. BrJ Radiol93: 20190843.

124) Nelson, K. J., Knutson, S. T., Soito, L., Klomsiri, C., Poole, L. B. and Fetrow, J. S. 2010.
Analysis of the peroxiredoxin family: Using active-site structure and sequence information for
global classification and residue analysis. Proteins 79: 947-964.

125) Netto, L. E. S. and Antunes, F. 2016. The roles of peroxiredoxin and thioredoxin in
hydrogen peroxide sensing and in signal transduction. Mol Cells 39: 65-71.

126) Newton, A., Predina, J., Mison, M., Runge, J., Bradley, C., Stefanovski, D., Singhal, S. and
Holt, D. 2020. Intraoperative near-infrared imaging can identify canine mammary tumors, a
spontaneously occurring, large animal model of human breast cancer. PLOS ONE15: e0234791.

127) Nicolussi, A., D’Inzeo, S., Capalbo, C., Giannini, G. and Coppa, A. 2017. The role of
peroxiredoxins in cancer. Mol Clin Oncol 6: 139-153.

128) Nicolussi, A., D'Inzeo, S., Mincione, G., Buffone, A., Marcantonio, M. C. D., Cotellese, R.,
Cichella, A., Capalbo, C., Gioia, C. D., Nardi, F., Giannini, G. and Coppa, A. 2014. PRDX1 and
PRDX6 are repressed in papillary thyroid carcinomas via BRAF V600E-dependent and -
independent mechanisms. /nt J Oncol44: 548-556.

129) Niu, W., Zhang, M., Chen, H., Wang, C., Shi, N., Jing, X., Ge, L., Chen, T. and Tang, X.
2016. Peroxiredoxin 1 promotes invasion and migration by regulating epithelial-to-
mesenchymal transition during oral carcinogenesis. Oncotarget 7: 47042-47051.

130) Oberley, T. D., Verwiebe, E., Zhong, W., Kang, S. W. and Rhee, S. G. 2001. Localization
of the thioredoxin system in normal rat kidney. Free Radic Biol Med 30: 412-424.

131) Ogasawara, Y., Ohminato, T., Nakamura, Y. and Ishii, K. 2012. Structural and functional

122



analysis of native peroxiredoxin 2 in human red blood cells. /nt¢ J Biochem Cell Biol 44: 1072—
1077.

132) Oliveira, P. A., Colaco, A., Chaves, R., Pinto, H. G., Cruz, L. P. and Lopes, C. 2007.
Chemical carcinogenesis. An Acad Bras Cienc 79: 593-616.

133) Palma, S. D., McConnell, A., Verganti, S. and Starkey, M. 2021. Review on canine oral
melanoma: An undervalued authentic genetic model of human oral melanoma? Ver Pathol 58:
881-889.

134) Papadimitrakopoulou, V. 2012. Development of PI3K/AKT/mTOR pathway inhibitors
and their application in personalized therapy for non—small-cell lung cancer. / Thorac Oncol 7:
1315-1326.

135) Patnaik, A. K., Ehler, W. J. and MacEwen, E. G. 1984. Canine cutaneous mast cell tumor:
morphologic grading and survival time in 83 dogs. Ver Pathol/21: 469-474.

136) Patruno, R., Arpaia, N., Gadaleta, C. D., Passantino, L., Zizzo, N., Misino, A., Lucarell,
N. M., Catino, A., Valerio, P., Ribatti, D. and Ranieri, G. 2009. VEGF concentration from
plasma-activated platelets rich correlates with microvascular density and grading in canine mast
cell tumour spontaneous model. / Cell Mol Med 13: 555-561.

137) Paulin, M. V., Couronné, L., Beguin, J., Poder, S. L., Delverdier, M., Semin, M. O.,
Bruneau, J., Bensussan, N. C., Malamut, G., Cellier, C., Benchekroun, G., Tiret, L., German, A.
J., Hermine, O. and Freiche, V. 2018. Feline low-grade alimentary lymphoma: An emerging
entity and a potential animal model for human disease. BMC Ver Res 14: 306.

138) Paulusma, C. C., Lamers, W. H., Broer, S. and Graaf, S. F. J. 2022. Amino acid metabolism,
transport and signalling in the liver revisited. Biochem Pharmacol/201: 115074.

139) Peng, L. L., Wang, R., Shang, J. K., Xiong, Y. F. and Fu, Z. Z. 2017. Peroxiredoxin 2 is

123



associated with colorectal cancer progression and poor survival of patients. Oncotarget 8:
15057-15070.

140) Peroja, P., Haapasaari, K. M., Mannisto, S., Miinalainen, ., Koivunen, P., Leppi, S.,
Lindsberg, M. L. K., Kuusisto, M. E. L., Hujanen, T. T., Kuittinen, O. and Karihtala, P. 2016.
Total peroxiredoxin expression is associated with survival in patients with follicular lymphoma.
Virchows Arch 468: 623-630.

141) Pijuan, J., Barceld, C., Moreno, D. F., Maiques, O., Sis6, P., Marti, R. M., Macia, A. and
Panosa, A. 2019. In vitro cell migration, invasion, and adhesion assays: From cell imaging to
data analysis. Front Cell Dev Biol7: 107-122.

142) Pyuen, A. A., Meuten, T., Rose, B. J. and Thamm, D. H. 2018. In vitro effects of
PI3K/mTOR inhibition in canine hemangiosarcoma. PLOS ONE 13: e0200634.

143) Quan, C., Cha, E. J,, Lee, H. L., Han, K. H., Lee, K. M. and Kim, W. J. 2006. Enhanced
expression of peroxiredoxin I and VI correlates with development, recurrence and progression
of human bladder cancer. / Uro/175: 1512-1516.

144) Queiroga, F. L., Raposo, T., Carvalho, M. 1., Prada, J. and Pires, I. 2011. Canine mammary
tumours as a model to study human breast cancer: Most recent findings. /n Vivo 25: 455-466.

145) Rakoczy, K., Szlasa, W., Sauer, N., Saczko, J. and Kulbacka, J. 2022. Molecular relation
between biological stress and carcinogenesis. Mo/ Biol Rep 49: 9929-9945.

146) Rani, V., Deep, G., Singh, R. K., Palle, K. and Yadav, U. C. S. 2016. Oxidative stress and
metabolic disorders: Pathogenesis and therapeutic strategies. Life Sc1148: 183-193.

147) Regua, A. T., Arrigo, A., Doheny, D., Wong, G. L. and Lo, H. W. 2021. Transgenic mouse
models of breast cancer. Cancer Lett516: 73-83.

148) Riddell, J. R., Maier, P., Sass, S. N., Moser, M. T., Foster, B. A. and Gollnick, S. O. 2012.

124



Peroxiredoxin 1 stimulates endothelial cell expression of VEGF via TLR4 dependent activation
of HIF-1 a. PLOS ONE7: ¢50394.

149) Roberts, E. A. and Sarkar, B. 2008. Liver as a key organ in the supply, storage, and excretion
of copper. Am J Clin Nutr88: 8515-8548.

150) Roccabianca, P., Schulman, F. Y., Avallone, G., Foster, R. A., Scruggs, J. L., Dittmer, K.
and Kiupel, M. 2018. Fibrous Tumors. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of
Domestic Animals. Volume 3: Tumors of Soft Tissue. pp. 80-123. the Davis-Thompson DVM
Foundation.

151) Roccabianca, P., Schulman, F. Y., Avallone, G., Foster, R. A., Scruggs, J. L., Dittmer, K.
and Kiupel, M. 2018. Vascular tumors. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of
Domestic Animals. Volume 3: Tumors of Soft Tissue. pp. 149-201. the Davis-Thompson DVM
Foundation.

152) Rui, L. 2014. Energy metabolism in the liver. Compr Physiol4: 177-197.

153) Saad, E. S., Milley, K. M., Al-Khan, A. A., Nimmo, J. S., Bacci, B., Tayebix, M., Day, M. ],
Richardson, S. J. and Danks, J. A. 2017. Canine mixed mammary tumour as a model for human
breast cancer with osseous metaplasia. / Comp Path 156: 352-365.

154) Sénchez, M. 1. C., Martos, S. F., Montoya, J. J. and Espada, J. 2019. Intrinsic activation of
cell growth and differentiation in ex vivo cultured human hair follicles by a transient endogenous
production of ROS. Sci Rep 9: 4509-4518.

155) Schiffman, J. D. and Breen, M. 2015. Comparative oncology: What dogs and other species
can teach us about humans with cancer. Philos Trans R Soc B370: 20140231.

156) Shadel, G. S. and Horvath, T. L. 2015. Mitochondrial ROS signaling in organismal

homeostasis. Cel/163: 560-569.

125



157) Sharma, L. K., Fang, H., Liu, J., Vartak, R., Deng, J. and Bai, Y. 2011. Mitochondrial
respiratory complex I dysfunction promotes tumorigenesis through ROS alteration and AKT
activation. Hum Mol Genet 20: 4605-4616.

158) Shen, Y., Xu, H,, Li, L., Lu, Y., Zhang, M., Huang, X. and Tang, X. 2021. Assessment of
potential prognostic value of peroxiredoxin 1 in oral squamous cell carcinoma. Cancer Manag
Res 13: 5725-5737.

159) Shi, T., Soest, D. M. K., Polderman, P. E., Burgering, B. M. T. and Dansen, T. B. 2021.
DNA damage and oxidant stress activate p53 through differential upstream signaling pathways.
Free Radic Biol Med172: 298-311.

160) Sies, H. and Jones, D. P. 2020. Reactive oxygen species (ROS) as pleiotropic physiological
signalling agents. Mol Cell Biol21: 363-383.

161) Simpson, S., Dunning, M. D., Brot, S., Roma, L. G., Mongan, N. P. and Rutland, C. S.
2017. Comparative review of human and canine osteosarcoma: morphology, epidemiology,
prognosis, treatment and genetics. Acta Vet Scand 59: 71-81.

162) Snezhkina, A. V., Kudryavtseva, A. V., Kardymon, O. L., Savvateeva, M. V., Melnikova, N.
V., Krasnov, G. S. and Dmitriev, A. A. 2019. ROS generation and antioxidant defense systems
in normal and malignant cells. Oxid Med Cell Longev2019: 6175804.

163) Son, A., Nakamura, H., Kondo, N., Matsuo, Y., Liu, W., Oka, S., Ishii, Y. and Yodoi, J.
2006. Redox regulation of mast cell histamine release in thioredoxin-1 (TRX) transgenic mice.
Cell Res 16: 230-239.

164) Song, 1. S., Jeong, Y. ]., Jung, Y., Park, Y. H., Shim, S., Kim, S. J., Eom, D. W., Hong, S.
M., Lee, P. C. W., Kim, S. U. and Jang, S. W. 2021. The sulfiredoxin-peroxiredoxin redox system

regulates the stemness and survival of colon cancer stem cells. Redox Bio/48: 102190.

126



165) Song, Y., Liu, H., Cui, C., Peng, X., Wang, C., Tian, X. and Li, W. 2019. Silencing of
peroxiredoxin 1 inhibits the proliferation of esophageal cancer cells and promotes apoptosis by
inhibiting the activity of the PI3K/AKT pathway. Cancer Manag Res 11: 10883-10890.

166) Stacey, M. M., Vissers, M. C. and Winterbourn, C. C. 2012. Oxidation of 2-cys
peroxiredoxins in human endothelial cells by hydrogen peroxide, hypochlorous acid, and
chloramines. Antioxid Redox Signal 17: 411-421.

167) Sun, Y. L., Cai, J. Q., Liu, F., Bi, X. Y., Zhou, L. P. and Zhao, X. H. 2015. Aberrant
expression of peroxiredoxin 1 and its clinical implications in liver cancer. World ] Gastroenterol
21: 10840-10852.

168) Tang, Y., Luo, B., Deng, Z., Wang, B., Liu, F., Li, J., Shi, W., Xie, H., Hu, X. and Lj, J.
2016. Mitochondrial aerobic respiration is activated during hair follicle stem cell differentiation,
and its dysfunction retards hair regeneration. Peer/4: e1821.

169) Taniuchi, K., Furihata, M., Hanazaki, K., Iwasaki, S., Tanaka, K., Shimizu, T., Saito, M.
and Saibara, T. 2015. Peroxiredoxin 1 promotes pancreatic cancer cell invasion by modulating
p38 MAPK activity. Pancreas 44: 331-340.

170) Tasdogan, A., Ubellacker, J. M. and Morrison, S. J. 2021. Redox regulation in cancer cells
during metastasis. Cancer Discov11: 2682-2692.

171) Tsuchiya, M., Ichiseki, T., Ueda, S., Ueda, Y., Shimazaki, M., Kaneuji, M. and Kawahara,
N. 2018. Mitochondrial stress and redox failure in steroid-associated osteonecrosis. /nt | Med
Scr15: 205-2009.

172) Valentin, N. S., Drzewicka, K., Kénig, C., Schiebel, E. and Melchior, F. 2016. Redox
regulation of SUMO enzymes is required for ATM activity and survival in oxidative stress.

EMBO J35: 1312-1329.

127



173) Valli, V. E., Bienzle, D., Meuten, D. J. and Linder, K. E. 2016. Tumors of the
Hemolymphatic System. In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed. pp. 203—
321. Willey &Sons.

174) Wang, G., Wu, M., Durham, A. C., Radaelli, E., Mason, N. J., Xu, X. W. and Roth, D. B.
2020. Molecular subtypes in canine hemangiosarcoma reveal similarities with human
angiosarcoma. PLOS ONE 15: e0229728.

175) Wang, W., Wei, J., Zhang, H., Zheng, X., Zhou, H., Luo, Y., Yang, J., Deng, Q., Huang, S.
and Fu, Z. 2021. PRDX2 promotes the proliferation of colorectal cancer cells by increasing the
ubiquitinated degradation of p53. Cell Death Dis 12: 605.

176) Wang, Y., Liu, M., Yang, P. and Peng, H. 2018. Peroxiredoxin 1 (PRDX1) suppresses
progressions and metastasis of osteosarcoma and fibrosarcoma of bone. Med Sci Monit 24:
4113-4120.

177) Wen, C., Wang, H., Wu, X,, He, L., Zhou, Q., Wang, F., Chen, S., Huang, L., Chen, ]J.,
Wang, H., Ye, W., Li, W,, Yang, X,, Liu, H. and Peng, J. 2019. ROS-mediated inactivation of
the PI3K/AKT pathway is involved in the antigastric cancer effects of thioredoxin reductase-1
inhibitor chaetocin. Cell Death Dis 10: 809-824.

178) Wiernicki, B., Dubois, H., Tyurina, Y. Y., Hassannia, B., Bayir, H., Kagan, V. E.,
Vandenabeele, P., Wullaert, A. and Berghe, T. V. 2020. Excessive phospholipid peroxidation
distinguishes ferroptosis from other cell death modes including pyroptosis. Cell Death Dis 11:
922-932.

179) Willard, M. D. 2012. Alimentary neoplasia in geriatric dogs and cats. Vet Clin North Am
Small Anim Pract42: 693-706.

180) Willcox, J. L., Marks, S. L., Ueda, Y. and Skorupski, K. A. 2018. Clinical features and

128



outcome of dermal squamous cell carcinoma in 193 dogs (1987-2017). Vet Comp Oncol 17:
130-138.

181) Willmann, M., Hadzijusufovic, E., Hermine, O., Dacasto, M., Marconato, L., Bauer, K.,
Peter, B., Gamperl, S., Eisenwort, G., Jarolim, E. J., Mdller, M., Arock, M., Vail, D. M. and
Valent, P. 2018. Comparative oncology: The paradigmatic example of canine and human mast
cell neoplasms. Vet Comp Oncol17: 1-10.

182) Wong, M. C. S., Huang, J., Lok, V., Wang, J., Fung, F., Ding, H. and Zheng, Z. J. 2021.
Differences in incidence and mortality trends of colorectal cancer worldwide based on sex, age,
and anatomic location. Clin Gastroenterol Hepatol/19: 955-966.

183) Wu, T., Liang, X., Liu, X., Li, Y., Wang, Y., Kong, L. and Tang, M. 2020. Induction of
ferroptosis in response to graphene quantum dots through mitochondrial oxidative stress in
microglia. Part Fibre Toxicol 17: 30-48.

184) Xiao, H., Yang, T., Yan, L., Feng, J., Huang, B. and Jiang, Y. 2020. PRDX1 is a tumor
suppressor for nasopharyngeal carcinoma by inhibiting PI3K/AKT/TRAF1 signaling.
OncoTargets Ther13: 9123-9133.

185) Xu, F., Na, L., Li, Y. and Chen, L. 2020. Roles of the PI3K/AKT/mTOR signalling
pathways in neurodegenerative diseases and tumours. Cell Biosci 10: 54—65.

186) Yabaji, S. M., Mishra, A. K., Chatterjee, A., Dubey, R. K., Srivastava, K. and Srivastava, K.
K. 2017. Peroxiredoxin-1 of macrophage is critical for mycobacterial infection and is controlled
by early secretory antigenic target protein through the activation of p38 MAPK. Biochem
Biophys Res Commun 494: 433-439.

187) Yanagawa, T., Ishikawa, T., Ishii, T., Tabuchi, K., Iwasa, S., Bannai, S., Omura, K., Suzuki,

H. and Yoshida, H. 1999. Peroxiredoxin I expression in human thyroid tumors. Cancer Lett145:

129



127-132.

188) Yanagawa, T., Omura, K., Harada, H., Ishii, T., Uwayama, J., Nakaso, K., Iwasa, S.,
Koyama, Y., Onizawa, K., Yusa, H. and Yoshida, H. 2005. Peroxiredoxin I expression in tongue
squamous cell carcinomas as involved in tumor recurrence. /nt J Oral Maxillofac Surg 34: 915—
920.

189)  Yanga, J., Pia, C. and Wang, G. 2018. Inhibition of PI3K/Akt/mTOR pathway by apigenin
induces apoptosis and autophagy in hepatocellular carcinoma cells. Biomed Pharmacother 103:
699-707.

190) Yonglitthipagon, P., Pairojkul, C., Chamgramol, Y., Loukas, A., Mulvenna, J., Bethony, J.,
Bhudhisawasdi, V. and Sripa, B. 2012. Prognostic significance of peroxiredoxin 1 and ezrin-
radixin-moesin-binding phosphoprotein 50 in cholangiocarcinoma. Hum Pathol43: 1719-1730.

191) Yonemaru, K., Sakai, H., Murakami, M., Yanai, T. and Masegi, T. 2006. Expression of
vascular endothelial growth factor, basic fibroblast growth factor, and their receptors (flt-1, flk-
1, and flg-1) in canine vascular tumors. Ver Pathol43: 971-980.

192) Yun, H., Park, K., Lee, H. P., Lee, D. H., Jo, M., Shin, D. H., Yoon, D., Han, S. B. and
Hong, J. T. 2014. PRDX6 promotes lung tumor progression via its GPx and iPLA2 activities.
Free Radic Biol Med 69: 367-376.

193) Zarkovic, N. 2020. Roles and functions of ROS and RNS in cellular physiology and
pathology. Cells9: 767-771.

194) Zhang, J., Lia, H., Wua, Q., Chena, Y., Denga, Y., Yanga, Z., Zhang, L. and Liu, B. 2019.
Tumoral NOX4 recruits M2 tumor-associated macrophages via ROS/PI3K signaling-dependent
various cytokine production to promote NSCLC growth. Redox Biol22: 101116.

195) Zhang, K., Wu, S., Wu, H., Liu, L. and Zhou, J. 2021. Effect of the Notch1-mediated PI3K-

130



Akt-mTOR pathway in human osteosarcoma. Aging 13: 21090-21101.

196) Zhang, L., Wang, X., Cueto, R., Effi, C., Zhang, Y., Tan, H., Qin, X., Ji, Y., Yang, X. and
Wang, H. 2019. Biochemical basis and metabolic interplay of redox regulation. Redox Biol 26:
101284.

197) Zhang, S., He, J., Tang, M. and Sun, H. 2020. Prdx2 upregulation promotes the growth
and survival of gastric cancer cells. Pathol Oncol Res26: 1869-1877.

198) Zhang, Y., Park, J., Han, S. J., Yang, S. Y., Yoon, H. J., Park, 1., Woo, H. A. and Lee, S. R.
2020. Redox regulation of tumor suppressor PTEN in cell signaling. Redox Biol34: 101553.
199) Zhao, S., Su, G., Yang, W., Yue, P., Bai, B., Lin, Y., Zhang, J., Ba, Y., Luo, Z., Liu, X., Zhao,
L., Xie, Y., Xu, Y., Li, S., Meng, W., Xie, X. and Li, X. 2017. Identification and comparison of
differentiation-related proteins in hepatocellular carcinoma tissues by proteomics. 7echnol

Cancer Res Treat16: 1092-1101.

200) Zappulli, V., Pena, L., Rasotto, R., Goldschmidt, M. H., Gama, A., Scruggs, J. L. and Kiupel,
M. 2018. Benign Epithelial Neoplasms. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of
Domestic Animals. Volume 2: Mammary Tumors. pp. 72-92. the Davis-Thompson DVM
Foundation.

201) Zappulli, V., Pena, L., Rasotto, R., Goldschmidt, M. H., Gama, A., Scruggs, J. L. and Kiupel,
M. 2018. Malignant Epithelial Neoplasms. In:(Kiupel, M. ed.) Surgical Pathology of Tumors of
Domestic Animals. Volume 2: Mammary Tumors. pp. 95-123. the Davis-Thompson DVM
Foundation.

202) Zheng, H., Du, C., Tang, X., Zhang, Y., Huang, R., Yu, C. and Xie, G. 2022. The
development of molecular typing in canine mammary carcinomas. Mol Biol Rep 49: 8943-8951.

203) Zhu, H., Tao, X., Zhou, L., Sheng, B., Zhu, X. and Zhu, X. 2019. Expression of thioredoxin

131



1 and peroxiredoxins in squamous cervical carcinoma and its predictive role in NACT. BMC
Cancer19: 865-873

204) Zhu, Y. and Costa, M. 2020. Metals and molecular carcinogenesis. Carcinogenesis 41:
1161-1172.

205) Zou, S., Ye, M., Zhang, J., Ji, H., Chen, Y. and Zhu, X. 2022. Establishment and genetically
characterization of patient-derived xenograft models of cervical cancer. BMC Med Genomics

15: 191-201.

132



HIXCEE

Peroxiredoxin (PRDX) ¥ 6 2D 7 4 ¥ 7 +—24 (PRDX1-6) %A 2 iMsLBEERTH 5,
PRDX @ F 7 bkfe (3, HHEREHEDO > TH 5 H202 DK~DIRITTH 525, ZOHWRED H 7% b
T, BRA 2 v OB LETTIREZ AT 5 2 LT, v /P REREERE (LY 2R
HlfH) 2z edbAMoNTEHY, b Ok %zEE T PRDX oRfHHORFE2 R 54, PRDX @
FEOZEIC L DL ¥y 7 Ao 85 & SR A LB R &L OBERHL AL R YO0 dH
5, —7i, ROWEEICHT 5 PRDX OFRBICBE T 20781XI3 L A &7, I oICIEHE aMfkicE
7% PRDX OFBICB T 21RO IEHICZ LV OBBIRTH 5, £ 2 TRIFETIX, ROBEEIC
¥} 5 PRDX OFBORBENIERZ 1G5 7201c, RO IEH ML oML IC s %2 PRDX1
XU 2 OB & GBI LR ICRE L 72, X510, ROMEAEICE VLTI, Sty
BRI AT, Kol AEMIEEZHvC, PRDX1 0RHOERERE L 72,

B 1ECTH, ®UIC, ROIEFEMEE BRRAEMEICEH T 5 PRDX1 5 XU 2 0 R % i
AL ICRE L7z, ERARECE, REORTFLEMIESEN, KERSXOTHEZ Y VT
fR7z & o FRAIAE T, PRDX1 & X U2 2855k 2R L 7z, FURR T, &ML D 2 widikiEiREE I
b b, LM PRDX1 B2 > PRDX2 [EETH - 72, Bl CIIIRIE 15 23,
F 72 i < I RE 3 X ONIRAE B Rz AR 2 PRDX1 5 X O 2 Il 2R L7223, BEmerssT B R
fii, PRDX1 2838/, PRDX2 13[&MECTH - 72, PRDX1 1384 7 LM CRtE < H - 7228,
PRDX2 iZfztE0 b 0 b A b7z, FEEEMATIC ST, MEMNEMEIZ PRDX1 35X 2 Dw

nIC b kT, MIEIC BT, PRDXL 3V v SERCRIFER % & O R IMER R MIE <R,
PRDX2 3/RMEKAMALD A CHIEZ R L 72, S EIORDOIEFMMKICE T 25 PRDX1 3L 02 ©
FHEL, chETor LT oWBEOIEFEMMICE T 2 PRDX 0B O L s h—HL

Tz, HFIETIE PRDX o7 I 7 BRI OMFEIE2 & ™ 2 &2, PRDX1 5 X U 2 o fRfEtEss
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I FLAER CHEB A L T\ 3 2 & 2 F T % &, PRDX1 & X 082 1%, WP I3 ARk O AR
HEL W EEZLNT,

T, RoREW R ARFAIEEICH T 5 PRDXI & X 08 2 0FRBIC O W T RyE kL
ISR L 7z, BEMIEE-Cm T LR, FUMRMESS, AT LR & o b EMiAE B sk o S < 1,
fEEAMAE A PRDX1 5 X O 2 iIClGtE 2 m L7z, RV LEgE T, L3 < PR 9
JRF DR EEJEIC BT, KEEFEDR FEE L L T PRDX1 OBER 2 7 3HEICH
Dot & kY, OWYRFLEEICE T2 PRDX1 oRBUEIR, 2o EEMEICES L Tw3
AIREMERE 2 bz, $72, U vosiE, IEGSHAaNE, B EMIaE 5 X OVR B AHARERIE © 1%,
PRDX1 ic [5G4 %, PRDX2 ICIZf2HEA R T D DA% 0> 5 72, 2o T, THfEHE Y v <fE iz PRDX1
DB CTH o7z, LorL, IEH &Y vo5Hio T Hild A 854 7% 65 5B i < 1k PRDX1 232 <5
2722 b, PRDX1 Dtz ) v o Hio s EHEEO@EZ L U v o sEof#EhlicH T
»HAREER R I Nz, X o MAEE 1k, Grade 28 d O T PRDX2 OG22 7 23
@<, EHEE~D PRDX2 OG5 b7z, UEXY, A2 RDOMEEICHE T PRDX1 & X
U2 OGRS bh7-25, PRDX1 X PRDX2 13, #hFnmFEEe T Mty v
o3 B X ORI A AE o B EEAL 2 L ICBE G- L C v B ATREME 2SR S L7,

2 E T, RO ME MK EIEE S % PRDX1 5 X N2 DR % oS L IR L 7=,
Z OfEE, RYEOHMRMENREE ik L <, BEEomEREICE T, PRDX1 XU 2 oG
AT ARBEFICE W ERPAL IR o, 51T, MEREICE LT, Z OB L OF4 5
firflc, 2N o oBHEATRICHE 127 <, PRDXL 3 X U213, HHEI T B i &3
M PEICEERICHEEEZ R LT 2 EBHL 2L o7z, HiT, KROIMEARMEICE T2
PRDX1 D& E| % 4 2 720, RoIMEWIED &z & - filgkkZ <, PRDX1 ©/ v 2
Ry vERERERLZ L A, MERBHIED cell viability 24K F L7z, LA L, flgofigizz

fees, FERMIORMD Aok o7z, XoT, PRDXI D/ v 2 &y v ic XY, Mildiio
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WBIE A3 U 72 ATREME 23R8 X 41, PRDX1 13K o I PAREATAE o Al BB 6 o T 1 B 59 2 Al fE
HrnHEz b,

DEXY, RIFFEICE T, ZhE THMED A2 - = RO IEFEME X ClEEICE 1 %2 PRDX1
FLU 2 0RBUCO W T OREHMANFIEZAL I L7, S oICIMEAEZIZCD E L,

W O HDIEE T, I IC B 1T 5 PRDX DR TED, MELC B L~ DG 2 RR T hiz,
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Peroxiredoxin (PRDX) is a group of antioxidant enzymes with 6 isoforms (PRDX1-6). The main
function of PRDX is to reduce H202, one of the reactive oxygen species, to water. In addition to
this function, it is also known to regulate signaling pathways by modulating the redox state of various
proteins. In various human neoplasms, the abnormal expressions of PRDX have been observed, and
it has been elucidated the association of the aberration of the redox regulations due to the changes
of the PRDX expressions with the development and progression of neoplasms. On the other hand,
there are few studies on the expressions of PRDX in canine neoplasms, and the information on the
expressions of PRDX in canine normal tissues is also very scarce. Therefore, in the present study,
the expressions of PRDX1 and 2 in canine normal and various neoplastic tissues were detected
immunohistochemically to obtain the basic information about their expressions in canine neoplasms.
Furthermore, in canine hemangiosarcoma, in addition to the immunohistochemical examination on
PRDX1 and 2, the significance of the PRDX1 expression was investigated using canine
hemangiosarcoma cell lines.

In Chapter 1, first, the expressions of PRDX1 and 2 in canine normal tissues and spontaneous
neoplasms were investigated immunohistochemically. In the normal skin, the epithelial cells such as
squamous cells in the epidermis, hair follicles, sebaceous glands and apocrine sweat glands showed
strongly positive for PRDX1 and 2. In the mammary gland, the luminal epithelial cells showed
positive for PRDX1 and negative for PRDX2, independent of their lactating activity. Tubular
epithelial cells in the kidney, and hepatocytes and epithelial cells of the bile duct in the liver showed
positive for PRDX1 and 2, but transitional cells in the bladder were strongly positive for PRDX1,

but negative for PRDX2. Various epithelial cells were positive for PRDX1, however some were
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negative for PRDX2. In non-epithelial cells, endothelial cells of the blood vessels were negative for
PRDX1 and 2. In the spleen, lymphocytes and erythroid cells including erythroblasts were positive
for PRDX1, and only erythroid cells were positive for PRDX2. The PRDX1 and 2 expression profile
in canine normal tissues of the present study were mostly consistent with the previous reports on
the PRDX expressions in normal tissues of humans and experimental rodents. Considering that the
amino acid sequence of PRDX1 or 2 is highly homologous and their localizations are common among
mammals, PRDX1 and 2 are thought to exert similar functions in mammals.

Next, the PRDX1 and 2 expressions in canine representative spontaneous tumors were
investigated immunohistochemically. In the neoplasms derived from epithelial cells such as hair
follicular tumors, squamous cell carcinomas, mammary gland tumors and transitional cell
carcinomas, neoplastic cells were strongly positive for PRDX1 and 2. In squamous cell carcinomas,
the positive score of PRDX1 was significantly higher in oral squamous cell carcinomas, which is
more likely to metastasize and have a worse prognosis, than in cutaneous squamous cell carcinomas,
suggesting that the increased expression of PRDX1 in oral squamous cell carcinomas may be related
to their malignant behavior. In addition, lymphomas, mast cell tumors, cutaneous plasmacytomas
and canine cutaneous histiocytomas showed positive for PRDX1 and negative for PRDX2. T-cell
lymphomas were positive for PRDX1. However, in the normal lymph node, PRDX1 was negative in
the paracortex, which is T-cell-dominant area, suggesting that the immunostaining for PRDX1 may
be useful in the differentiation of lymphoma from hyperplasia in the paracortex of the lymph node.
Furthermore, in mast cell tumors, those with higher grades showed the higher positive scores for
PRDX2, suggesting the involvement of PRDX2 in their malignancy. According to the above results,
it was suggested that PRDX1 and PRDX2 may be involved in tumorigenesis and malignant

transformation of squamous cell carcinoma and T-cell lymphoma, and mast cell tumor, respectively.
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In Chapter 2, the expressions of PRDX1 and 2 in canine vascular endothelial neoplasms were
detected immunohistochemically. As a result, it was revealed that the positive scores of PRDX1 and
2 in canine hemangiosarcoma, which is the malignant endothelial neoplasm, were significantly
higher than those in hemangioma, which is the benign endothelial neoplasm. Furthermore, in canine
hemangiosarcoma, there were no significant difference in the PRDX1 and 2 positive findings among
the histological subtypes or primary sites, indicating that PRDX1 and 2 are universally expressed in
canine hemangiosarcoma, independent of their histological subtypes and primary sites.
Subsequently, the PRDX1 knockdown was performed using cell lines derived from canine
hemangiosarcoma to analyze the role of PRDX1 in canine hemangiosarcoma. As a result, the cell
viability of canine hemangiosarcoma cells was decreased. However, there was no morphological
changes of the cells, and there was no increase in dead cells. Therefore, it is suggested that PRDX1
knockdown may cause the retardation of cell proliferation, and PRDX1 may be involved in the
enhancement of cell proliferation of canine hemangiosarcoma cells.

In conclusion, in the present study, immunohistochemical profiles of the PRDX1 and 2
expressions in canine normal tissues and tumors, which have not been reported previously, were
revealed. Furthermore, in some canine neoplasms, such as hemangiosarcoma, it was suggested that
the increased expression of PRDXs in neoplasms can be involved in tumorigenesis or malignant

transformation.
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