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FEELIT LI LIEESR S O BN & 722 Dlilds Td 0 | ST RBE OEFERSRE~D ) A 7 )
BREREMEILEIEMBEPIEOER L 720 5 5, FRITREE & 2 OME D bR ST
B | REE 1TER % 22 BERE O RS RGOl & 2 & 2 e L b U HIRED D 72 D8 A
WEFIERR DY & LTHIEL TV D, £/, MEIZIZZ A 7 ¢ v el ofE « Oflifa 217
TEL, 7Y RaFrEADS Lo TnD, T OREME & MEITE 2 D5 WHE 1T
THWIEELHV, FTERECHE TN OO ALE L ORIFE 2T T D, —IC, K
Brgthid, EIEAL P T S 4 5 IEEIR 22 MR O b TR AR PRI E T 5 2 &
2k - T, ZOIENEALZHHENRET 2 Z L HETH S (Creasy 1997; Mangelsdorf
ctal. 2003), L72>L. FEEOME & BREOEMES 6 FFERIR L 2RIV S 28
W ORBEAB IR A DB % b o TEMER BT 2 & st 22 m i r iR E 2 B 6 98Z
T5Z L IFHBHEETH D,

~A 71T LA RNA-sequencing 72 ED 7/ I 7 AFMOMERIZ L L7220, Z O
TERGOBFEFMICBONCTHIEA SN, by ay ) I 7 AEMEND DEICRE L
(Nuwaysir et al. 1999), {L-ENEFEH: ORI 31T 5 MEARER 2B 5T F BB
FE 7 MR BLUC AT XUTIEAT L CEB T 290 1A X b 2@ fENITHRIE T 2 E &1
NI A= —ThH | BERBUCEGT 201 A D = XL FENICHEET 2 ECEER
FH 0 L 72 % (Orphanides 2003),

3R 5 ORFFEBTE I F 1T D MR AEAR TR BT OTE e LT A A~ —H—&
5t % W TPt 23 381 5015 (Kiyosawa et al. 2009a), (LAY 18R SE 7212
B U 7= Mg n F R A 7 — 213, < OEM TR NAT = A (R R L RISE,
TARLF R, MSERIE 7 &) OFEAERD G A U DM EAR TRBEABNRIE L
TBY., ZOWRBRT =200 lx DFANY FEeBETHZ LT LY, 22T, %

EDEMEFEHI T RARA > b EEREICBEE S D8 aFORBRLE 2 A A~—T—L L,



%2 Doy FA N OB EBRT HEOIIEL TOFEPHNOND, i & 72D 31
F~v—h =BTy NERET D FEOOE DL LT, #ERBAISH T A B =X L0
FTFFE S LTV D B E 2 AWV T BERO BT KA A > b & RBBEE 2RSS
Ha Ty NEMET 2 HERD S, I IEEEO SR TIX, VX T4 R L-
buthionine (S, R)-sulfoximine Z#5-L 727 v Mgz AT, b 72540 & &
mRNA L& N WAHET 582 80T 5 2 & T, T 72 F 4 keI B
T DS A~ —h — G E T RE STV D (Kiyosawa et al. 2004; Kiyosawa et al.
2007), HFEMEICBEL T DX S S F~—T—NEEKFEE SN TEY (Kiyosawa et
al. 2009a) . EHMEMILEWONFELE T2 7 74 ) L IR EWMA 7 ) —= 2 TITIRL
FIFHEhTWD, —J5, REBMEICE T 2 MRS R 7R BRI O G TFEMEIC I LT
ROENATIEY ., E7mMERIZE A FTRER A A~ — T — T DN TOHIE S+ TR,

ZOXIREEDOY & AP TITRE REMEHEIC A A & T, MERRNEE BT
DF RO THRE 1T o7, ETHE—BEROE 8 T, BRI EEBT 58
T EFHAA A~ — I —EREE T & UCGRBI L, 2 0F ARG 2 B TR R ERE
EFTNT v MERAWT, Z0OFEMET Y RRA V hOEAL & FHH AL A~ — D —DOZE O
B &M L7z, %3 ClE, 1,3-dinitrobenzene (DNB) #FRFEH#MEET LT v b &R
U CH B E 2 0T 5 & & bIC, FIRO~A 7 a7 LA b7 % 320 U TR R
FAEAS - DR BIAE) & OB AT Lz, ST BTl FREMIaR ayRa 7o
NAF~—=—& LTORMAMEEZ S HITHREET 5720, DNB & I3HE 7 DGR EMEF B
FF23 A 5415 ethylene glycol monomethyl ether (EGME) #E38tEHREMEET LT v FEHW
THRO~A 707 VA RIT 21TV, AN A~ — 0 — BB T ORBEE) & R fukEE &
OBIEZRF Uiz, £, R RERE T ORBEBCHT L7 A AT r VDR
BEREIT 5720, 7 Far o Glil#ERILERITH 5 ketoconazole  (KET) ##5- L7z
TARATRUART T v b & B OB R RS B2 008 AR 7 O FE BB 2 [RIER 12374 L 72,
= TlX, DNB ¥ REBEMEET VT v PORKRITH LTy A 7T LA & =i
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FREAIEAR T IEBUARAT 2 F2h L . = O IR BT & B 25 BAR F R BIABNC >V TR
L7z, SBMUETIZ EGME #FRREEFBIEET VT v MIxE L CHIFRAE S I BURT & 52
fi L. ZOFMEFEEETICEET 5 ZC OV THET S & & B2, EGME & KET 12 &
HT A RATOMET AN =X LDENNCOWNWTELE L, BERETIL. B TOHiE 2R
B9 % Tektin 7 7 X U = FDOEDTHDLHT v b Tektind (IZEH L, ZDOFRBT w7 7
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B—E MRFBRERNELCTEY MK ORERENRM : DNB FREBRENET L
7 v M AW RE

E—F IF
FEEIL, FEx OFEEBEONS AR CEAEME, SR, MR FMiE, & OvH

FR-HIfa) 1oz, w4 b URIRERC T A 7 1 v B M7 L REZ AR 72 MR ANRLE T 5 ik
WTHD, £, FERAER— M LAIH L7z RNA (T34 ORIl fik3 5 &
B RBEBERPEEND Z & L R0 BISFRBUMNTIC X B~ A 7
HTEEFELY, 29 LIEREA~OXEDO O E DL LT, BRI @O BIs 1%
FE L, AR ER LT, £ ORBEE 2T 25 2 & I3A i il fetE & 72 5 w]
REMER B D, JEATIFZEICE N T, 7 v MEROEREME 2 7 — UM f5 O R 7o & =
THRBT — 2 BN S (Johnston et al. 2008), = DJEATHFZETIL, FEHIEND 4 oD
M2 A 77 (v b U MlE, RS -+ WIS R, AR, M OB FHla) &
E O BB A AV THBE L 2 oMia s 4 7 EIcEE Lo~ A 7 a7 LA
T PRHRESINTWD, £ 2 TARIFETIE, RESNTCBEFRIT —F %6 LICAM
a2 A 7 CREEAICE BB T 2 Bin F 2 Mo R8s 2y b & LR L, FEERENE
FHI DT D DT 7034 F~—T1— L 72 DD RET LTz,

AETITEMEET VEW E LT DNB #F¥EREEET VT v F2/EH L TREHZIHW
7. Dinitrobenzene [TYuB}F AL I SN D = M FH/BRILEW TH Y . £ DHEM:
KT 2 DNB IIHGERFEEZ R TZ LM 55 (Blackburnetal. 1988), DNB % 7 & RMC
KB 592 LRERZER R D B, WEMRFEE L & U QA om0
SR, BRI, K OZER b 83 5105 (Cody etal. 1981; Irimura et al. 2000) , &
7=, DNB 127 v MIHEEG$25 Z LIk > CHEM ClifE I REE 2 BT 2 &
INT& % (Blackburn et al. 1988; Hess et al. 1988; Strandgaard and Miller 1998), DNB ¥ %45
RatElc BT 2RI E L UM TH L Z b5 &L BT (Blackbumn et al.
1988) . /v U MHIEbEE 2 L7z ki B e U ORI O BasENE T D 2 &
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LA S D Z LD (Blackburn et al. 1988; Hess etal. 1988) . &/ b U MllfuRr B A)E {5 1
ORI R SRS+ DR BIEB) & M4 2 10 L 7oK T v EHIfF ST,
AREETIL, MR R Ty SOFBAL A~ —H— L L TORREEAZ G 258
—#x & LT, DNB #FRMEREFEET VT v M E2EH L ORI FIIMER O~ A 7 1
T LA RN A I L A S TR N &R AR 7 v b ORBIEE O BEIC

DNWTHEELT-,
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RETENE LB FERIIT R CE - RSB ERHGHEFEZBRIC LV K
HEINTZHLOTHY, BOEHE R OVEEICEET 5158, KOE— XSt osy E
BRIZBE 9 2 AR MERE IR (CHEIL L TYTh Tz,

ARFEBRITI 9 W OREM: F344,/DuCrlCrlj 7 > b (HAF ¥ —/L & « U A=At
Rz, BMIEIRE 2442 °C, W 40%-70%. FREA 12 KB OB I T H HEE
K OVE MRS T CRE L, 8% (4 618 12 10, 25, %O 50 mg/kg @ DNB (Sigma-
Aldrich) XIF¥EHE (PEG 600, FOEHISE T MRS 20y 7 Ick vign&k s L,
DNB O f #1Z8E4 (Blackburn et al. 1988; Hess et al. 1988) % Z:%&(2t /L b U #lfRREE L O
KRR S 2 BT 2 RS L THRE L, By 4 30T 24 Refitgic 1 v

TIVT CRREE T TRIES BT, R L ORI L O LR 2 86 L7,

I3 AR i

FEW (f£) % formalin-sucrose—acetic acid i C, fFH FI& (Z2) % 10%(v/v)HPEREE A L
~ U U TENEIEE Lz, BE LI L ONEE HIRZ FYEICE > TN T 7 ¢ el
U OB AR ZERL L, ~~ b2 U v o VU CYea LT, RSO FERFLRE
MR IE, BEHR (Takahashiand Matsui 1993) & [RIERIZ, &M% & Stagel 7> VI, VII »»
5 VI IX 72056 XI, ROVXII 26 XIV D 4 D248 L CEHMEi L7 (Figure 1), £7-. %l
LI NTAAMMRARIFT RICHOW TR, FEEN S SRS OFEPH 2 LI, score 1 (%
0 1 20% FE T, score2 (BREE) : 20-40%. score3 (HFEEE) : 40-60%. scored (FHFE) : 1%
FT T, ELTRaT b L, FHREKRICOWTIE, B8 S lazkE oM % L iE

12, score 1 (#%f%) Xl score2 () L TCAaT7{kLT=,



RNA i
W ) ZRARERETEHR L, B rRBUENTICHEH 325 £ T-80°CTRAT LT, 1

B 7 UL TRIzol®iRZEE (Life Technologies Inc.) THRET A AL, fE#¥ET 1 ha—/L

IZHE > T Total RNA % HiEfE L7,

~A 7T LA YT
fHH L 72 RNA {22 T, GeneChip® IVT Express kit (Affymetrix Inc.) Z V>, EE#ET 1

k= —/LITHE > T tcDNA OE AL, FR, ©4F 1% cDNA O & a T o7, B4 F
ik L72 cRNA fERJH 7L (K] 10g) & Z41E 4 GeneChip® Rat Genome 230 2.0 Array
(Affymetrix Inc.) (2 45°C T 16 Wi A 7V X A4 X &4, Z D% Fluidics Station 400

(Affymetrix Inc.) ZHHALCARN LT AT EY T 43zl B T - Yo L7z,

A ¥ ENTEE % GCOS software (Affymetrix, Inc.) % VT MASS 7/ X AT
fiERT LTz, 3 _XTOT — %X global normalization (2 &L W 27—V 7 LTz, i, ~A 7

07 LA RN IIEAIER FRRE, I ONC DNB 25 K& T8 50 mg/kg BEIZ % L C3HE L 7=,

FAE RSB E T2 > B
JeATHF5% (Johnston et al. 2008) T ST FEHIE N D 4 SOMKaRE (B4 b Y Al,
FEALAEAE + R HTRE R, R, K O /i) o~A /n7 LA T —2&b L
(2 ORI EE L i LT < &b 4 fELL EORB L LB AT HBIA 7 v M A

LT, s RiE8 sty PERELT (Tables14), FNFNO@EETFEY hoF
—7HE B b Y AR R AE R T C 56, K ALIIIE + AR R IE C 2 R REIIE T 41,

MK -/l T 269 Tdh - 7=,

Al A RABEs & v FORBEH DR 3Tk

Ml A RAE s v FORBIZH)IL, BEH (Kiyosawa et al. 2009b)
7
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TEHREHTHZ L TAaT b LIz, DNB BEDO WL 7 Al & R REED > 7 F Ul T
95 Z &£12 8> T signal logratio (SLR,base2) %, DNB #f & %} FEAED ] )7 D Presence Call
D WEE OB ORI TERT 5 Z L 12 L > T presenceratio (PR) ZHH L7-, BEx 1t
v hXWNifHOTa—T7% v b (x1,X2,X3, ..., X1, Xi) DO SIS L&, R S72 SLR
% (SLRy, SLRy, SLRs, ..., SLRi;, SLR;) & L. PR % (PRy, PRy, PRy, ..., PRy, PR) & L 72,
F 72, (SLR; xPRy, SLR; XPRy, SLR3 PR, ..., SLR;.; XPR;.1, SLR; xPR)) DFi% i TFRL7ZH

DEBInFEY P XOBIGFO [Ta—T%y b T L ORBEB ORI 2 A ZRT
FEHE . ([SLR1 xPRi1]% [SLR2 XPR2]?, [SLRs XPRs]?, ..., [SLRi«1 XPRi-1]% [SLRi xPR{]2) DOF% i
THRLELOEZBEEFEY b X OBETO [Ta—Tk%y b 2L ORALEO K72
FREE ) 2R dHEIR L Lic, D-2a7d, 2b 2 ODEEORIZAr— ) 77 7 7 82—

ELTI100 &3 CCHRE L,



B=Hh AR

DNB #FF R R #IEET VT~ FOEH

TREEALRR A MRS % Table 512, FEHUCA U- 2B E O F B % Figure 2 1R
L7, #5 4 B TiL, stage I 725 VI ORI TRV b UMD ZEfa i 2 5
T3, BRI AT A B R0 T, $ 5 24 F§fE1#% TlE. DNB 25 mg/kg LA ETH
FEAAE O BLIIRZEA xS 40, 50 mg/kg TITHEME L7z, AT AT stage XII 2> 5 XIV OFEHM
ORI CHE ThH 7=, 7o, 25mgkg UL ET stage I 7> 5 VI OAGHIE IZB 72 &
U N VMR OZER LN B BTz, R ER T, &5 24 FEf#% O 25 O 50 mg/kg THE
SEAMM DM FEIE OBEINAS I 72, 10 mg/kg TILkEHL K OFE B BRI & R HLE

e FHIZALIT A DR o Tz,

s ROEE Ty FORBALESH T 774 ) 7

AR RABR T v P OFRBETH ORI L FREIZOWT D Xa7 2 H
WTEHT LTz (Figure3), %54 FFfl# TlX, FEa &> FO D X a7 ICHEFERE(LIX
I BRI T, #5224 2 TIX R R IR AV B (s » O D 2 2713 25 mg/kg
U ETHEDEMZE b72> TIRT L7, £72, B4 MY Mk RaEs 2y ho D X
2 71E 50 mgkg THOTNTEIM L7z, SN + FIHTRS R RS 2O EAR . R O
R TR A S 7O D A a TIIXEB R A b2 o 7z,

T, AR R BRI OV TE OB FRAEL# 2t — b~y P TRLTEZ
(Figure 4), D A= 7 O F23% b vz R Rl R AR 1 CIk, &5 24 KO
25 mg/kg UL ETIRIET R TOBEFTHRBUK F2AA L (Figure 4C), — %, /LR
FAE R BB S T CiE, BBUEMEZ R LICBEIE 5 Th 0 | BRI RNERE 1 C

FHHNTE LD IRk BB XA D/~ 7- (Figure 4A),
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AREETIE, KRG E ] FTRE R HTR A A~ — W — BB FERRT DL 2 AR
(. BRI B IL O R MO BLS TR AR RAVEIR FE v P& L. DNB IR
FIEET VT v N CTORBILE) 2 g8 L=, DNB H[E$ 5. 24 R OB R R A
TiX, 25 LU 50 mg/kg THRERHMIAL O BRGNS J O L B U IO ZE b2 Bls S iz,
NS ORI, SEATHIE T S U7 DNB O BRI GC X 5 kS BRI O B AR 200
K L —%L7= (Blackburnetal. 1988; Hessetal. 1988), Z OF5HRENET v FET L ZH W
THERRF AR 71~ D ORBIEE 2 MENT U755 R R I s B 008 AR 1130 RER e
FEEOEIZ L > THEICRIUK T L, 202 £, BRHIIARRAELE T O%
BUK T IR RS 2 )ik L= CTH D Z E DR STz,

DNB #5FE B a2 O e 9 OREfIIE 'L M Uil CH 5 2 L3 Hav (Blackburn et
al. 1988) . AMFFEIZ IV T bW ELERR PR A T b UMila D2k A biviz, 20
Z &b, DNB BgEITEL R UMK LT B 00@mEEEE 52T LB b5,
—J7, 'V b U R AR TSI E OB T & PRV CBEE 2R B BLAEN XA B e )
ST, FIEAHATH D8, KRB TR LN L ) R0 b Y lakEE I, 'L
kU AR BAE R T D% IR BEH L2 EARB I N7, F70. FHLmE -+ 8
H R R JL A TRAR - M OV TR B s AR 7 DR B L ~VIEAREE FTIZE A
ERE Lo Tc, ZHUT SIS ERREENE Lo 7c /2D Th 2 FIREMENE 2
biviz,

AWFFRDORIF L LT, FRROMAITH—OWEFEEET VT v P TORRF SN b D
ThD I ENFT LD, FRAIAREE T 2SR E L BT 288 4~
— A — ML 720 5 %7 DNB L3RR DT ORBNMaEEET VT v hE VTS
SICHRET B Z ENEETHD, £, B b UMK RAEGET . RN -+ oIS R
HUEARE SBEIS . RO TR -/ s LAY IEAR 723 . RS RIS S AUE A 1 & [AAR I

10



AR OFEEICER U CRRAEB 2 R T 0B &2 et 5 72 012id, 2N oR N %
EEICEETORBERETT AT v FEAWERERLE L E X bivl,

VIE, REOMIETIL, MR RAE R T OFBUR T &S REER RS 0 B A R
S AV, R Ry B HOE S A IR R S 2 B 3 D 72D OFRIAA A~ — T — L7 Y

2 HATREME NV R ST,
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Figure 1: Classification of rat seminiferous epithelium stages for histopathological examination.
The stages of seminiferous tubule were classified into four groups as stages I-VI, VII-VIII, IX-XI
and XII-XIV. A: type A spermatogonia, In: intermediate type spermatogonia, B: type B
spermatogonia, Pl: preleptotene spermatocytes, L: leptotene spermatocytes, Z: zygotene
spermatocytes, P: pachytene spermatocytes, D: diplotene spermatocytes, I1: secondary

spermatocytes, 1—19: spermatids (steps 1-19). Modified from (Takahashi and Matsui 1993).
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Figure 2. Representative light micrograph of histopathologic findings in the testis observed
24h after a single oral administration of vehicle or DNB at 50 mg/kg. (A) Vehicle,
seminiferous tubule of stage I-III. (B) Vehicle, seminiferous tubule of stage IX. (C) Vehicle,
seminiferous tubule of stage XIII-XIV. (D) DNB, seminiferous tubule of stage I-III. (E)
DNB, seminiferous tubule of stage IX. (F) DNB, seminiferous tubule of stage XIII-XIV.
Single cell death of spermatocytes (arrow) and vacuolation of Sertoli cells (arrowhead).
The bar in the figure is 50 um and all figures are shown at the same magnification. H&E-

stained sections.
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Figure. 3. D-score for the expression change of the cell type specific gene sets in testis at 4

or 24h after a single oral administration of DNB.
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Figure 4. Gene expression profile of cell type-specific genes in the testis of rats treated with DNB. Heat

maps of A) Sertoli cell, B) spermatogonia + early spermatocyte, C) spermatocyte, and D) round spermatid

specific genes.

change is shown in white.
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Increased and decreased expressions are shown in red and green, respectively, while no

All analysis was based on the mean of fold change value for each group.



Table 1. Sertoli cell specific gene set

ID Symbol Entrez Gene Name

1367794 at A2M alpha-2-macroglobulin

1371696 _at ADGRG1 adhesion G protein-coupled receptor G1

1367985 _at ALAS2 5'-aminolevulinate synthase 2

1368243 _at AMHR?2 anti-Mullerian hormone receptor type 2

1382387 _at ANO1 anoctamin 1

1389651 _at APLN apelin

1389107_at CGNL1 cingulin like 1

1392948 at CLIC6 chloride intracellular channel 6

1385763_at CSTIL cystatin 9 like

1369947 _at CTSK cathepsin K

1370097_a_at CXCR4 C-X-C motif chemokine receptor 4

1373661_a_at CXCR4 C-X-C motif chemokine receptor 4

1389244 x_at CXCR4 C-X-C motif chemokine receptor 4

1374966_at DCX doublecortin

1371049 _at DPYSL4 dihydropyrimidinase like 4

1372306_at ETHE1 ETHEL persulfide dioxygenase

1373266_at FAM107A family with sequence similarity 107
member A

1379440 _at FSTL3 follistatin like 3

1370248 _at FXYD6 FXYD domain containing ion transport
regulator 6

1371803 _at GM2A ganglioside GM2 activator

1392888_at GPC4 glypican 4

1371209 _at HLA-A major histocompatibility complex, class I,
A

1388255 x_at HLA-A major histocompatibility complex, class I,
A

1384035_at ILDR2 immunoglobulin like domain containing
receptor 2

1387061 _at JUP junction plakoglobin

1388433 _at KRT19 keratin 19

1387011 _at LCN2 lipocalin 2

1371875_at MANBA mannosidase beta
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Table 1. Sertoli cell specific gene set (continued)

ID Symbol Entrez Gene Name

1373363 _at MAP1B microtubule associated protein 1B
1374933 at MCAM melanoma cell adhesion molecule
1381575 at NEB nebulin

1375216 _at NECTIN2 nectin cell adhesion molecule 2
1393719 _at OSBPL3  oxysterol binding protein like 3
1369474 a_at P2RX2 purinergic receptor P2X 2

1387578 _a_at P2RX2 purinergic receptor P2X 2

1369475 x_at P2RX2 purinergic receptor P2X 2
1368940_at P2RY?2 purinergic receptor P2Y2

1387675 _at PLAU plasminogen activator, urokinase
1377994 at Pmaipl phorbol-12-myristate-13-acetate-induced protein 1
1384924 at PRND prion like protein doppel

1367851 _at PTGDS prostaglandin D2 synthase

1367939 _at RBP1 retinol binding protein 1
1373886_at REEP1 receptor accessory protein 1
1374892 _at SAT2 spermidine/spermine NZ1-acetyltransferase family member 2
1382613 at SHC4 SHC adaptor protein 4

1398660_at Slc35f2 solute carrier family 35, member F2
1376709_at SLC39A8 solute carrier family 39 member 8
1371568_at SNCB synuclein beta

1372626_at TPD52L1 TPD52 like 1

1385899 at TRIM16 tripartite motif containing 16
1386162 _at TXK TXK tyrosine kinase

1371210 _s_at

1398600_at

1394862_at

1380206_at

1386185_at

17



Table 2. spermatogonia plus early spermatocytes specific gene set

ID Symbol Entrez Gene Name

1382351 at GEM GTP binding protein
overexpressed in skeletal muscle

1383708 _at ITGBL1 integrin subunit beta like 1
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Table 3. Spermatocytes specific gene set

ID Symbol Entrez Gene Name

1376167_at ASB1 ankyrin repeat and SOCS box
containing 1

1374002_at ATXN7L3B ataxin 7 like 3B

1395600 _at CCDC117 coiled-coil domain containing 117

1393842_at CCDCT77 coiled-coil domain containing 77

1375910_at CDCA42EP3 CDCA42 effector protein 3

1387956 _s_at CKLF chemokine like factor

1379226 _at CRYBG2 crystallin beta-gamma domain
containing 2

1385139 at FAM221A family with sequence similarity 221
member A

1370037_at FBN2 fibrillin 2

1395370 _at GMCL1 germ cell-less 1, spermatogenesis
associated

1378002_at HSPA4L heat shock protein family A (Hsp70)
member 4 like

1396274 _at IQCC 1Q motif containing C

1383785_at LEF1 lymphoid enhancer binding factor 1

1392779 _at LOC102548848 uncharacterized LOC102548848

1391181_at LOC102554879 uncharacterized LOC102554879

1383790 _at LOC102555217 zinc finger protein 120-like

1373038 _at MLLT10 MLLT10 histone lysine
methyltransferase DOTL1L cofactor

1383512_at MLLT10 MLLT10 histone lysine
methyltransferase DOTL1L cofactor

1380446 _at MLLT10 MLLT10 histone lysine
methyltransferase DOTL1L cofactor

1394723 at MLLT10 MLLT10 histone lysine
methyltransferase DOTL1L cofactor

1379376_at MREG melanoregulin

1391985 at NRIP3 nuclear receptor interacting protein 3

1376704_a_at NSMCE3 NSE3 homolog, SMC5-SMC6
complex component

1368654 at NUP50 nucleoporin 50
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Table 3. Spermatocytes specific gene set (continued)

ID Symbol Entrez Gene Name

1397341 at PBK PDZ binding kinase

1387373 at PDE4DIP phosphodiesterase 4D interacting protein
1389370 _at PHF1 PHD finger protein 1

1390103 _at PHF2 PHD finger protein 2

1369622_at PROK?2 prokineticin 2

1370476_at STAMBP STAM binding protein

1392889 _at SUGP2 SURP and G-patch domain containing 2
1372664 _at TRAF2 TNF receptor associated factor 2
1382099 _at VPS26A VPS26 retromer complex component A
1395596_at - -

1380350_at - -

1389266_at - -

1380838_at - -

1394468_at - -

1377082_at - -

1391118 _at - -

1379610_at - -
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Table 4. Round spermatid specific gene set

ID Symbol Entrez Gene Name

1384918_at 1700013D24Rik  RIKEN cDNA 1700013D24 gene

1396951 _at 4930407110Rik RIKEN cDNA 4930407110 gene

1379854 at ABHD5 abhydrolase domain containing 5, lysophosphatidic acid
acyltransferase

1370094 _at ACRV1 acrosomal vesicle protein 1

1386926 _at ACSL5 acyl-CoA synthetase long chain family member 5

1385244 at Adam4/Gm4787  predicted gene 4787

1371067_at Adam6 ADAM metallopeptidase domain 6A

1381311 at ADGRE1 adhesion G protein-coupled receptor E1

1377145 _at ADGRV1 adhesion G protein-coupled receptor V1

1376296 _at ADIG adipogenin

1379326 _at ADTRP androgen dependent TFPI regulating protein

1381574 _at AGMO alkylglycerol monooxygenase

1368558 s at AlF1 allograft inflammatory factor 1

1389185 _at AK1 adenylate kinase 1

1370011 _at AK1 adenylate kinase 1

1369470_at AKAP14 A-kinase anchoring protein 14

1381783 _at AKAP3 A-kinase anchoring protein 3

1383176_at AKIP1 A-kinase interacting protein 1

1383390 _at AMER?2 APC membrane recruitment protein 2

1382488 _at ANKEF1 ankyrin repeat and EF-hand domain containing 1

1380166_at Ankrd53 ankyrin repeat domain 53

1390253 _at ANKRD9 ankyrin repeat domain 9

1376900 _at APTX aprataxin

1398408 _at ARMC3 armadillo repeat containing 3

1385361 _at ATP10A ATPase phospholipid transporting 10A (putative)

1385549 at BC048671 cDNA sequence BC048671

1381630 _at Cllorfol chromosome 11 open reading frame 91

1372598 _at Cl6orf74 chromosome 16 open reading frame 74

1381391 at C170rf80 chromosome 17 open reading frame 80

1398650_at Clorf185 chromosome 1 open reading frame 185

1377885 _at C20rf88 chromosome 2 open reading frame 88

1395391 at C3orf84 chromosome 3 open reading frame 84
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name

1396499 at C7h120rf54 similar to human chromosome 12 open reading frame 54
1371922 at CA12 carbonic anhydrase 12

1398431 at CA8 carbonic anhydrase 8

1390358_at CACNA2D3 calcium voltage-gated channel auxiliary subunit alpha2delta 3
1369752_a_at CAMK4 calcium/calmodulin dependent protein kinase IV
1368893 _at CAP2 cyclase associated actin cytoskeleton regulatory protein 2
1369869_at CAPZA3 capping actin protein of muscle Z-line subunit alpha 3
1396180_at CARMIL1 capping protein regulator and myosin 1 linker 1
1369754 a at CAST calpastatin

1377537 _at Ccdc179 coiled-coil domain containing 179

1383200 _at CCDcs1 coiled-coil domain containing 81

1386755 _at CCDC91 coiled-coil domain containing 91

1382265 _at CCSER2 coiled-coil serine rich protein 2

1387610 _at CD46 CD46 molecule

1376474 _at CDRT4 CMT1A duplicated region transcript 4

1384365_at CDYL chromodomain Y like

1370352_at Cesif carboxylesterase 1F

1397919 at CFAP100 cilia and flagella associated protein 100

1396705_at CFAP107 cilia and flagella associated protein 107

1373798 at CFAP276 cilia and flagella associated protein 276

1375992_at CFAPT7 cilia and flagella associated protein 77

1376166_at CFAP90 cilia and flagella associated protein 90

1368675 _at Chn2 chimerin 2

1385769 _at CIMAP1A ciliary microtubule associated protein 1A

1391893 at CLP1 cleavage factor polyribonucleotide kinase subunit 1
1373747 _at CNIH2 cornichon family AMPA receptor auxiliary protein 2
1368767 _at CST8 cystatin 8

1375001 _at CYTL1 cytokine like 1

1391045 at DGAT2 diacylglycerol O-acyltransferase 2

1395572_at DNAJA4 DnaJ heat shock protein family (Hsp40) member A4
1385735_at DNAJB7 DnaJ heat shock protein family (Hsp40) member B7
1371982 _at DPY30 dpy-30 histone methyltransferase complex regulatory subunit
1388101_at DPYSL3 dihydropyrimidinase like 3

22



Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name
1381578 at Dusp13b dual specificity phosphatase 13B
1393137 _at DYNLT5 dynein light chain Tctex-type family member 5
1382356 _at EFHC2 EF-hand domain containing 2
1396450_at ENAH ENAH actin regulator
1379970 _at EPHA4 EPH receptor A4
1369096 _at EPHA7 EPH receptor A7
1376155_at FAM151B family with sequence similarity 151 member B
1398662_at FAM167A family with sequence similarity 167 member A
1395493 at FAM209B family with sequence similarity 209 member B
1397287 _at FANCD20S FANCD?2 opposite strand
1377129 at FBX039 F-box protein 39
1396729 at FER1L5 fer-1 like family member 5
1372086_at FHDC1 FH2 domain containing 1
1387386_at FOXJ1 forkhead box J1
1385421 at FREY1 Frey regulator of sperm-oocyte fusion 1
1383657_at FSCN3 fascin actin-bundling protein 3
1384753 at GARIN4 golgi associated RAB2 interactor family member 4
1393818 s_at GARIN5SA golgi associated RAB2 interactor 5A
1385302_at GDPD1 glycerophosphodiester phosphodiesterase domain containing 1
1380411 at GOT1L1 glutamic-oxaloacetic transaminase 1 like 1
1387670 at GPD2 glycerol-3-phosphate dehydrogenase 2
1382062 _at GSTCD glutathione S-transferase C-terminal domain containing
1384625 _at GTSF1L gametocyte specific factor 1 like
1368974 _at GUCY1A2 guanylate cyclase 1 soluble subunit alpha 2
1371959 at H2AC18/H2AC19  H2A clustered histone 18
1390988 _at H2al2a (includes H2A histone family member L2A

others)
1385477 _at H2ap H2A.P histone
1381168 _at HIPK4 homeodomain interacting protein kinase 4
1393986_at HMGB4 high mobility group box 4
1377824 a_at I1GF2BP3 insulin like growth factor 2 mRNA binding protein 3
1388277_at lglcl immunoglobulin lambda constant 1
1391806_at Itih2 inter-alpha-trypsin inhibitor heavy chain 2
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name
1387291 at ITIH3 inter-alpha-trypsin inhibitor heavy chain 3
1391618 at KIFAP3 kinesin associated protein 3
1388068 _at KLC3 kinesin light chain 3
1368363 _at KLF5 KLF transcription factor 5
1391022_at LAMB3 laminin subunit beta 3
1371094 _at LHX2 LIM homeobox 2
1398021 at LOC100363883 similar to hypothetical protein 4930474N05
(includes others)
1386370_at LOC100911251 disks large homolog 5-like
(includes others)
1380538_at LOC100911489 uncharacterized LOC100911489
1381505_at LOC100911574 uncharacterized LOC100911574
1395755_at LOC100912617 uncharacterized LOC100912617
1382362 _at LOC102547287 zinc finger protein 728-like
1373177_x_at LOC102547811 uncharacterized LOC120098581

(includes others)

1393884 _at LOC102548489 uncharacterized LOC102548489
1377460 _at LOC102552398 uncharacterized LOC102552398
1381405 at LOC102553131 uncharacterized LOC102553131
1376453 at LOC102555451 uncharacterized LOC102555451
1397537_at LOC103690742 Spetex-2H protein
(includes others)
1377324 at LOC689600 hypothetical protein LOC689600
1385168 at LRIF1 ligand dependent nuclear receptor interacting factor 1
1381789 _at LYZL6 lysozyme like 6
1387324 _at MAK male germ cell associated kinase
1368411 a at MAP2 microtubule associated protein 2
1396381 _at MATCAP1 microtubule associated tyrosine carboxypeptidase 1
1384696_at MGC116197 similar to RIKEN cDNA 1700001E04
(includes others)
1384210 _at MICAL?2 microtubule associated monooxygenase, calponin and LIM
domain containing 2
1384748 at MMEL1 membrane metalloendopeptidase like 1
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name

1387368 _at MRAS muscle RAS oncogene homolog

1373797 _at NAASO N-alpha-acetyltransferase 80, NatH catalytic subunit

1384734 at NCAM2 neural cell adhesion molecule 2

1393614 _at NECAB3 N-terminal EF-hand calcium binding protein 3

1369404 a at NRXN1 neurexin 1

1393753 _at NUDCD1 NudC domain containing 1

1398093 _at Nup62cl nucleoporin 62 C-terminal like

1368091_at OPLAH 5-oxoprolinase, ATP-hydrolysing

1390923 a_at OSBPL1A oxysterol binding protein like 1A

1370336_at OSGIN1 oxidative stress induced growth inhibitor 1

1385154 at oTuB2 OTU deubiquitinase, ubiquitin aldehyde binding 2

1397207 _at OTUD4 OTU deubiquitinase 4

1379190 _at Oxct2a 3-oxoacid CoA transferase 2A

1377566_at P3r3urf Pik3r3 upstream reading frame

1382569 at PAQR9 progestin and adipoQ receptor family member 9

1368209 _at PDZK1IP1 PDZKJ1 interacting protein 1

1370833 _at PEX5L peroxisomal biogenesis factor 5 like

1393307 _at PHACTR3 phosphatase and actin regulator 3

1368262_at PHLPP1 PH domain and leucine rich repeat protein phosphatase 1

1372640 _at P116 peptidase inhibitor 16

1385602_at PIERCE1 piercer of microtubule wall 1

1385629 at PIERCE1 piercer of microtubule wall 1

1387065 _at PLCD4 phospholipase C delta 4

1391845 _at PLEKHH2 pleckstrin homology, MyTH4 and FERM domain containing
H2

1385678 _at POLK DNA polymerase kappa

1371059 _at PRKAR2A protein kinase CAMP-dependent type 1l regulatory subunit
alpha

1370039 _at PRM2 protamine 2

1385207_at Prr27 proline rich 27

1398684 s_at PRSS37 serine protease 37

1368090_at PRX periaxin

1389800_at PWWP2B PWWP domain containing 2B
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name

1384653 at Pwwp4 PWWP domain containing 4

1387147 _at RAB3C RAB3C, member RAS oncogene family
1369024 at RABEP2 rabaptin, RAB GTPase binding effector protein 2
1384528 at RAI14 retinoic acid induced 14

1384324 _at RBM4 RNA binding motif protein 4

1375870_a_at RBMS1 RNA binding motif single stranded interacting protein 1
1377152_at RFX1 regulatory factor X1

1385498 _at RHBDD1 rhomboid domain containing 1

1376701 a_at Rhnol RAD9-HUS1-RADL1 interacting nuclear orphan 1
1389777 _at RIBC1 RIB43A domain with coiled-coils 1

1391865 _at RNF151 ring finger protein 151

1383454 a_at RPS6KC1 ribosomal protein S6 kinase C1

1375073 _at SAMD11 sterile alpha motif domain containing 11
1368663 _at Samd13 sterile alpha motif domain containing 13
1385746 _at Samt3 spermatogenesis associated multipass transmembrane protein 3
1370486_a_at SAXO4 stabilizer of axonemal microtubules 4
1385447_at SCP2D1 SCP2 sterol binding domain containing 1
1387671_at SCTR secretin receptor

1372847 _at Sdhaf3 succinate dehydrogenase complex assembly factor 3
1370116_at SEPTIN3 septin 3

1389448 at Septin4 septin 4

1392714 at SERPINB11 serpin family B member 11

1385511 at SEZ6L seizure related 6 homolog like

1393919 at SGMS2 sphingomyelin synthase 2

1385351 _at SH3D21 SH3 domain containing 21

1370419 a at SH3KBP1 SH3 domain containing kinase binding protein 1
1384231 _at SHCBP1 SHC binding and spindle associated 1

1370609 _a_at SLC16A7 solute carrier family 16 member 7

1386274 _at SLC17A2 solute carrier family 17 member 2

1379805_at SLC41A2 solute carrier family 41 member 2

1368778_at SLC6A6 solute carrier family 6 member 6

1393892_at SMIM23 small integral membrane protein 23

1386705_at Smkrl small lysine-rich protein 1
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name
1385036 _at SNCAIP synuclein alpha interacting protein
1393376 _at SOX6 SRY-hox transcription factor 6
1384843 at SPACA3 sperm acrosome associated 3
1393489 at SPACA9 sperm acrosome associated 9
1368620_at SPAG4 sperm associated antigen 4
1387326_at Spaml sperm adhesion molecule 1
1368640_at SPATAL9 spermatogenesis associated 19
1381446_at SPATA31A6 SPATA31 subfamily A member 6
(includes others)
1377567_at SPATA46 spermatogenesis associated 46
1374168 _at SPHKAP SPHK1 interactor, AKAP domain containing
1380536_at Spmipll sperm microtubule inner protein 11
1389142 _at SQOR sulfide quinone oxidoreductase
1372770 _at SRI sorcin
1397953 _at STAMBPL1 STAM binding protein like 1
1385042 _at SUFU SUFU negative regulator of hedgehog signaling
1396339_at Tafal TAFA chemokine like family member 1
1380936_at TBATA thymus, brain and testes associated
1385494 at TBC1D23 TBC1 domain family member 23
1394309_at TEKT5 tektin 5
1368748_at TESK2 testis associated actin remodelling kinase 2
1392419 at TEX46 testis expressed 46
1385179 at TEX56P testis expressed 56, pseudogene
1392944 at TLN2 talin 2
1391115 at TMEMS81 transmembrane protein 81
1396365 _at TMEM89 transmembrane protein 89
1387370 _at TMOD1 tropomodulin 1
1371354 _at TNNC1 troponin C1, slow skeletal and cardiac type
1393981 at TOGARAML1 TOG array regulator of axonemal microtubules 1
1397568_at TP53INP2 tumor protein p53 inducible nuclear protein 2
1378617_at TRERF1 transcriptional regulating factor 1
1387576_at TRIM17 tripartite motif containing 17
1377291 at TRIM66 tripartite motif containing 66
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name

1382315 at TSC22D4 TSC22 domain family member 4

1376668 _at Ttc39a tetratricopeptide repeat domain 39A
1377420 _at TTLL3 tubulin tyrosine ligase like 3

1385623 _at TULP2 TUB like protein 2

1395360 _at USP30 ubiquitin specific peptidase 30

1385527_at USP7 ubiquitin specific peptidase 7

1394393 at USP7 ubiquitin specific peptidase 7

1398426 at VASH2 vasohibin 2

1374776_at VASH2 vasohibin 2

1374589 at VEZT vezatin, adherens junctions transmembrane protein
1385449 s at VPS37B VPS37B subunit of ESCRT-I

1394935 _at Wasf2 WASP family member 2

1376256 _at Widfyl WD repeat and FYVE domain containing 1
1373263 _at WDR74 WD repeat domain 74

1395268 _at WWP1 WW domain containing E3 ubiquitin protein ligase 1
1396322_at ZC2HC1B zinc finger C2HC-type containing 1B
1395169 _at Zcchce8 zinc finger CCHC-type containing 8
1384881 _at ZDHHC19 zinc finger DHHC-type palmitoyltransferase 19
1376432_at ZFAND3 zinc finger AN1-type containing 3
1386793_at Zfp61 zinc finger protein 61

1398663_at Zfp61 zinc finger protein 61

1396325 _at Zfp819 zinc finger protein 819

1378571 _at ZNF385B zinc finger protein 385B

1393944 at ZNF521 zinc finger protein 521

1391188_at - -

1375761 _at - -

1390580_at - -

1396522_at - -

1393469 _at - -

1378651 _at - -

1373985_at - -

1396211 _at - -

1394206_s_at
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Table 4. Round spermatid specific gene set (continued)

ID Symbol Entrez Gene Name

1391296_at - -

1379038 _at - -

1392776_at - -

1396210_at - -

1390680_at - -

1389637_at - -

1395196 _at - -

1392395 _at - -

1384605_at - -

1386416_at - -

1385726_at - -

1396006_at - -

1379135_at - -

1395806_at - -

1393311 _at - -

1392193_at - -
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Table 5  Histopathological findings in the rats following a single dose of DNB

10

Number of animals

Histopathological grade

NA

NA

Testis
Stage 1-VI
Single cell death, spermatocyte
Giant cell formation
Vacuolation, Sertoli cell
Stage VII-VIII
Single cell death, spermatocyte
Vacuolation, Sertoli cell
Stage IX—XI
Single cell death, spermatocyte
Vacuolation, Sertoli cell
Stage XII-XI1V
Single cell death, spermatocyte
Giant cell formation
Vacuolation, Sertoli cell
Epididymis

Increased debris, spermatogenic cell

NA: Not available, — or 0: within normal limit, 1: minimal, 2: mild, 3: moderate

a: Number of animals showing the findings with each grade
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BUKTARABID Z ENEETH D, T2 CARAETIT., WHRMRARNER OB
MR & LT, EGME BB REMEET VT v & Wz, EGME 1%, BERC/KMEEG
B EOTHERAIE L UL A END—FH T, EGME KOZDORHEM TH D methoxy
aceticacid (MAA) X, 7 A (Naganoetal. 1979). 7 » I (Chapin et al. 1984; Foster et al.
1983), 7 (Milleretal. 1983), # /L (Sakuraietal.2015), & O'E k (Ratcliffe etal. 1989;
Veulemans et al. 1993; Welch et al. 1988) 2R\ TREH Bt 2 &L+ 25, DNB 23t/ b Ul
fel~DAE 24 L T ZIRANITHE R IaPEE 2 4556 9% (Blackburn et al. 1988) DI1Zxf L,
EGME | ZHE REA G 2 BRI &35 2 L35 TH Y (Chapin et al. 1984; Foster et
al. 1983) . DNB & 3572 2 m R IWE T2 A DR REUEME TH 5, AFETIE. EGME
DOHEEE G X0 R EET T VT > 2B U, R RIS & R R o Ry R A0 1
(BT ORBEBOREIZ OV TELE LT,

R REA RS BB T DA A~ —h— & L COBEREMEZ RG22 D12, £ 03
WD &R R PR O AT & D AZHKE IR F A ES D ATREMEZ BER T D2 MED D D,
DNB K& O EGME #FRERBEEET VT v R TlE, BERIUICHT 2 FESEIAHTHL B
DD, TA AT AXFRNEESN TS (Ludwig et al. 2012; Reader et al. 1991)

AT v T VRIS TR BB e & HI 2 R LTk Y (Sharpe 1994), /L K
U HIRIZ BT 2 2 < OB RBLOSIE %2 8 U O TR AT O A TR I BT 5
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(Petrusz et al. 2005; Sadate-Ngatchou et al. 2004), £7=, 7> Ko7 o 7 F /L OflE,
WEY R TOR K A2 (De Gendt et al. 2004) . AEFEAIIL DK LRz & D Bk

(O'Donnell etal. 1996) . MLIEAEHEIF DFEFE  (McCabe etal. 2010; Meng et al. 2011) 72 D
BREERE 2SI, ZNOOMAEZMET DL, T A M AT v AR TR O®E
BRI EL 52 DARENRE 2 b d, £ 2 CARETIE, BIENRZHKERE 7L LT
TARATRUEEL, ZORBRRHT L0, Ty Ra i AR ERTH 5
KET ZHEHET5 2 LICXVAMDOT XA N AT u AR FEF AT v F&fEH L, KR

7 2 b AT v OZE) &R R SR AR S DI B B) O B 2 BT L7,
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B

RETENE LB FERIIT R CE - RSB ERHGHEFEZBRIC LV K
HEINTZHLOTHY, BOEHE R OVEEICEET 5158, KOE— XSt osy E
BRIZPBE 9 D IR MEREFIEE IS HEIL L T b7,

ARFEBRITI 9 W OREM: F344,/DuCrlCrlj 7 > b (HAF ¥ —/L & « U A=At
Rz, BRI 2442 °C, RS 40%-70%. FREA 12 KB OB I T H HEE
K OVE BHEOKSEM: FCfE Lz, B 4518 12200, 600, & 2000 mgkg © EGME
(Sigma-Aldrich Inc) . i 30 } O} 300 mg/kg @ KET (LKT Laboratories Inc) Z#& 1> >
CTHRIEOBEE U, $o, B ERE S LT 0.5% A F /&L m— A (EGME) & Tr0.25N
il (KET) Z[FAkRIC#EE L7z, EGME O & (2000 mg/kg) (X5E1THF%E (Fukushima

et al. 2011; Fukushima et al. 2005) &5 CFEREEZEET HIHEE LT E L7z, KET

S

A& (300 mg/kg) 1XAETTHFZE (Heckman et al. 1992; Wang et al. 1992) % £&(27 A
AT R T2 ERITHEE UTRE Lz, BidEs 24 Ff%IcA Y 7 L5 v

BRI TGS & 4T IR L CRE A2 b L,

95 PR A S AR A

FEE (/£) % formalin—sucrose—acetic acid #i& CREE L, ®iEIZIES T/XT 7 ¢ @l L
TR PR ZERI L, ~~ bR U v e =D Th @ LT, B TR A
%, JeiTHF%E (Takahashi and Matsui 1993) & [FIERIZ, FEHIE % Stage [ 725 VI, VII 225

VI, X726 XI, ZOVXI 226 XIV D 4 D124 FE L TR L 7=,

M EGEHIC & 20 R E o & Bk

KRB E DT, JefTaF%E (Matsui et al. 1995) O HEZZEICERL L, &
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stage 77 ¥ADH 72 0§ 5 B OIS 2 B/EA 1RO, B 7 RIa% (unaffected) . 281X
XA B U 7S REIEL (affected) . M OVEV R UMl ZFHIL, Zh oz HAnTE
v b VS 72 0 OFEE Z2 52 T TR R (affected) M ORFEREMIEEL (unaffected +
affected) Z R U7z, FEEZ 52T 7ok MBSO ORS R4, SAS System Release

8.2 (SAS Institute) % VT Dunnett #iE % 320t L. A E/KHEIL 0.05 Kl & L7,

T 2 s 27 1 HE

FEHT 2 b 27 0 E T EIZEESR (Fijaketal. 2011) 2 Z& (2 L1z, BB (F) (3
M E BICHIRZE SR TR L, £ T-80°CTHRIFE Lz, FHHEO—H (£0.3-0.7 g)
TFREKPCTHREY T A AL, BEWANHE L2142 850X g T 15 /i Loyt L7z, Eig
T A N AT 1 YR % . DELFIAVR Testosterone regents (PerkinElmer Inc.) % F V>l
E LT, WET XXV 7 NVEETHIE LT, 7 A A7 1 filE, SAS System Release

8.2 Z JAVNT Dunnett ¥ 2 Fhi L. A B /KT 0.05 K & L7,

RNA ffiH
RNeasy Mini kit (Qiagen Inc.) ZHWT, B fF) 70— (1032 b,
AT 1 b 2 —/LZ9E > T total RNA 24 L7z, RNA fE 1%, Agilent 2100 Bioanalyzer
(Agilent Technologies Inc.) % FH\ T RNA integrity number 73 9 LLETH D Z L A HEad L

7':»
—o

~A 7 a7 LA AT KOS R R s 1~ b OfEHT

HHH L72 RNA IZOWT, BB _HICRBOTIETA 7 a7 LA L, /560

727 — % & W CR RBIRSF R AE (s & ~ b O 2 5206 L 7=,

34



B=Hh AR

EGME #HFERMabEEET LT v hOVEH

FE L OJR PR F AR A OFE R & Table 6 (2, 4= U= 2Bk E DN F4 % Figure 5 12
7~ L72. EGME @ 600 mg/kg LA b Tl stage VII 2> 5 XIV DR (kS RERIIL O 280 X
BN B LI, £, REETITEL N MROZERIGATFEIC A BNz, —J7, KET
FHHETIE 300 mg/kg F OB AR 2K A DAL D o T, R R & 12D T
TEBANCHIRNT U 7ol e A8 M SO0 % 5 U 72 RS REAIIR 21T 600 mg/kg LA B CHENN L 7243,
Z ORI A EMABEMEILA DT, FFIC stage VII 725 VI OFGHIE 2\ TIE
600 mg/kg |2kt L C 2000 mg/kg TIFMEIT/ NE 0 o7, —F ., FEHRORMRE DL
{b1E 600 mg/kg £ TH BT, 2000 mgkg D stage VII 7> 5 VIII OFEHIE T DI JBD 3

b,

FET A b 27 a UHIE

BRT A MAT e ORERKFEE Table 7 XY 8 IZ777, EGME 57 » b Tl
200 mg/kg L ETHEOEIMIZE b5 THET A MATr U OIRTFRA LT, 70,
KET #5457 v b Tl 30 mgkg LLETHEOHEMZ E b7~ RT A F AT 0 KT
HoNTe, TNENOFREICH T ORBET A MAT v O THEIT, EGME ©
2000 mg/kg C 79%., KET @ 300 mg/kg T 97% CéH ¥, EGME %457 » Mkt LT KET #

57y b TRVBRERKT 27 LT

R RE Ry S AR AR 7 O R B B AT
s R B s - D FE BRSNS 12OV T Figure 6 (R, SR EHEAL AR A T
REAAE O ZS M S TEESEA 72 5 1172 EGME @ 600 K OF 2000 mg/kg Tl XXX TORER:

M AF BB T ICBAE R R BUR T A b vz, —77, JWBEAR AL 2 H 1L 72 )
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72 EGME @ 200 mg/kg & QY KET @ 30 K& O 300 mg/kg Tl b RHIaR: B0 #E s 12— &
Ol LT BIR FRBNY — A 6T, BEREBORE /NS0 o7 (Figure 6A),

D A a7 & RAWTHricB VT, EGME @ 600 & T 2000 mg/kg #5-8F CHEOB NI
EH72 ) AT OIKFRABIz—)  EGME ® 200 mg/kg & X KET @ 30 } OF 300 mg/kg

TIXA a7 OEENIA B2 D> 72 (Figure 6B)
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I B8

ARETIX, EGME #FF R FEIEE T V7 » b &R L, R Rk & B3 2 5
REMI 45 B AR T DR BD 23 B LD DS it L2, EGME % 7 > hMCHER S L
TIR PR FH AT L= & 2 A, stage VII 2> 5 XIV OFSHE TR RERIIO O Z8 M 1388
ENRAH LT E L b, ZOFRESIHEOHINCE b THELL, 25 L1%k
B SA 2R FF IS  THFSE  (Chapin et al. 1984; Creasy et al. 1985; Foster et al. 1983) &
—H L7, 7236, B PRI A O & BRUMNTIC I T A UTEESE U 7o RS REAR S
DN stage VII 7> 5 VIII ORI 12T 600 mg/kg (22T 2000 mg/kg THEEE TH
ofc, [FFEHIE stage TlE 2000 mgkg CTHRMERHHIAEOWBD B A LN Z L 2 BERT 5
& . 2000 mg/kg THROEE 2 2 U 72K REIN O — 58 2N KSR 45 E~ Y% ST L - Y Hii
~NEBINTHE LR LR L, SR & U CR RO M SUTBESE D K bR TR
b otz EHEI S T=, 29 L= EGME S REMIEREE 7 » Mokt L CRliass
BHRIE T ORBEB Z M LR R, 205 OBE TR RIS OEEIZ L bl o
THERBBUR T2 2L, M ORI RE SNV, FRIaES OFREBLA I = X L) 5
72 % DNB }¢ O EGME O340 T & R REMII R RAEAR T DR B D R A bl 2 & 2 1)
RT 5 &R RHIR AR T ORB AN TR T A B = X 2 LB I RER
PR DFRLEE % SO 2 IREME DS IR S Tz,

AMFFETIL, EGME KO KET OHEOHINZ & b 72> TRERFT 2 M AT 1 RED
RTF2H B0, Je 7128 (Reader et al. 1991; Wang et al. 1992) & —#+ 258 TH - 7=,
BT A R A7 AKX FIX EGME (2 LT KET #5727 v FTEVBEE TH 7203,
KET #5-7 v N CILREREIIG 0O R Y 72 b8 00 R A B85 1 DO FEBUB A 1374 &
nieinolz, LichoT, 22 &bl 24 R4 £ TICA L5 BRI O RS 7 2
AT v AR FIX, EGME #5548 REMIAMES O mMEF B L TG, BRI

Fr SRR T DI BIEEN B 2 5 2 2 ZHEIKF T RWZ L avRIe S vz,
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VL E. DNB & 387 2 I BIMST 2380 HavDH EGME FREHREEET LT v MIB
WT b, RIS DML & b 72 O KRR RABIR F ORBUR TR A b, £
72. KET # HHWBMEDT A M AT a ARTET VT v b Tk R Rs A s D
REUETIEA 50T, EHHOT 2 S 27 0 AR FIE IS BB T OREAT T HE L

W EDRENT,
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Figure 5. Representative light micrograph of histopathologic findings in the testis observed
24h after a single oral administration of vehicle, EGME, or KET. Histological sections of rat
testis, stained with H&E, for vehicle control (A), 600 mg/kg of EGME (B), 2000 mg/kg of EGME
(C), and 300 mg/kg of KET (D). Degeneration and necrosis of spermatocytes (arrow) and

vacuolation of Sertoli cells (arrowhead) were observed at 600 mg/kg or more of EGME (B and C).
All micrographs show the seminiferous tubules at stages VII-VIII. The scale bar in the figure is

50 um and all figures are shown at the same magnification.
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Figure 6. Gene expression profile of spermatocyte-specific genes in the testis of rats treated with EGME
or KET. Heat maps of 41 spermatocyte-specific genes (A). Clustering is shown for the differentially
expressed gene expression profile of 600 and 2000 mg/kg of EGME groups compared to that of
200 mg/kg of EGME group and 30 and 300 mg/kg of KET groups. Increased and decreased expressions
are shown in red and green, respectively, while no change is shown in white. D-scores of the expression
change of the spermatocyte-specific genes in rats treated with EGME or KET (B). All analysis was

based on the mean value from 4 animals.

40



Table 6. Number of spermatocytes in seminiferous tubules at various stages of rats treated with EGME.

EGME (mg/kg)

0 200 600 2000
Stage I-VI
affected spermatocytes
mean 0.0 NA NA NA
S.D. 0.0 NA NA NA
total spermatocytes
mean 7.9 NA NA NA
S.D. 1.9 NA NA NA
Stage VII-VIII
affected spermatocytes
mean 0.0 0.0 51 ** 28 **
S.D. 0.0 0.0 0.7 0.8
total spermatocytes
mean 13.3 12.1 10.7 79 *
S.D. 3.7 25 0.7 15
Stage IX-XI
affected spermatocytes
mean 0.0 0.0 6.8 ** 73 **
S.D. 0.0 0.0 11 0.5
total spermatocytes
mean 13.6 11.9 121 13.2
S.D. 25 1.6 1.6 1.2
Stage XI1-XIV
affected spermatocytes
mean 0.0 0.0 53 ** 54 **
S.D. 0.0 0.0 0.6 0.5
total spermatocytes
mean 10.7 10.5 12.0 11.2
S.D. 1.8 04 1.2 0.8

The numbers of normal spermatocytes (unaffected), degenerated/necrotic spermatocytes (affected), and
Sertoli cells in 5 seminiferous tubules of each rat were counted and were expressed as the number of affected
or total (affected and unaffected) spermatocytes per Sertoli cell. Data represents the mean and standard
deviation (S.D.) of 4 animals. *P<0.05, **P<0.01: Significantly different from the control group by

Dunnett's test. NA: not available due to no spermatocyte injury
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Table 7. Testicular testosterone levels in rats treated with EGME

EGME
0 200 600 2000
(ng/qg tissue)
mean 238.3 107.4* 97.5* 48.9**
S.D. 112.48 57.83 49.82 7.84
(% of control) (100) (45) (41) (21)

Data represents the mean and standard deviation (S.D.) of 4 animals.

*P<0.05, **P<0.01: Significantly different from the control group by Dunnett's test
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Table 8. Testicular testosterone levels in rats treated with KET

KET
0 30 300
(ng/qg tissue)
mean 107.3 43.0*%* 2.7+
S.D. 31.66 6.42 5.06
(% of control) (100) (40) ?3)

Data represents the mean and standard deviation (S.D.) of 4 animals.

*P<0.05, **P<0.01: Significantly different from the control group by Dunnett's test
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BoE BEBEUHRBICEET 2BEFRALEORE : DNB BRERENETT
VT b ERWT-ENT

E—F IF
— BN OV CECIE, BEEOREEOB AN ORE LTSNS T~ — I — BT

Ty MTOWTHEIUENT 21TV SIS T 2 B 2 ST 5 N2 DD TG L7z,
TV CARRE CIE, RREERBUCTF ST 2L R T4 XV AT L~V THRIITE S
DENTEREZ H T RREEDE OB G2 L > TAE L 286 FREVEENIZ OV THERED
(AT LT,

DNB MEEEIZEE L ORI CTA L 280 FE MRS E LTE, ' b Y MRS & AFEA
FaDT R b — A8 S TW%  (Blackburn et al. 1988; Hess et al. 1988; Strandgaard and
Miller 1998), DNB #% %k BB D R0 2o RBIAL & L CATEMIAO £V - U IR 5 B
WHEL D Z &7 invivo KT in vitro TR S4L TV 5 (Foster et al. 1987; Hess et al. 1988)
L b U IO 22 X AT O TERE LRI ZE L ORTICAE U5 2 & SEBpE E as 1c
FoTHBIRINIZZ L) D, DNB B EBEEOIEMIIE L N UM TH Y |, AEhE
MREBEE XL R MREZEORREE LT RNIZELD LD EEXLN TN D
(Blackburn et al. 1988), F7-, DNB Z##E S 7o fEME CTI1LI b2 MU 7 OHiEz{LkE
PMETF9 2528, DNB O= FHETICE DA M L ATREEERIICTELE T2 &
DRIE XU TU % (Jacobson and Miller 1998; Reeve and Miller 2002), JNZX T, 74 h—
ABBEBIZ T2 OV T RT-PCR % W TREBUAENIRAT 2 F2hi L 725 . DNB A FEHFIHE
BHETAHADNAAHEO TR b— AT hary RUTREZANLTEREIND Z &
DRI E T %  (Muguruma et al. 2005) ,

ARFETIE, DNB A#RERFEET VT v NOER~A 70T LA T —% & AV Tl
HIE S FRBUT 2 FE L, Bt A ML A TR b= A AfEfilaot/r b U il S

DO L Vo T-m T RARA  MZOWTERE L~UL TR TE 2 0iar Lz,
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BE ML Tk

~A 7 aT LAT—H5HO DNB 52 L 5 Bs T3 BAE O
REDFITIITE - E TG L~ A 707 LA T —F &2 M-, BRI RO
DNB 25 (850 mglkg #ED~ A 727 LA T —HITDW T, 1) &7 1 —7 D detection call
23 4 5 3 BIILL T Presence call THh D Z & 2) ¥ 7T VIR O EEEI BEAARTHLEEC
HLTIS LY ENL 0.67 L VIRNZ &, 3) BBROHRI P CAE THD Z
&L D3 MR- TH D% DNB #8512 K VR SN B REIAH) (differentially

expressed genes, DEG) & EF L7,

Ingenuity Pathway Analysis (IPA) Z X % upstream regulator f#tT

PEFfENT Y 7 v =7 IPA (Ingenuity Systems; www.ingenuity.com) % F\>"C upstream

regulator T A 17 > 7=, upstream regulator fi#tT1Z, 7 —% & v h OB FRELE) 2 7
L 9 % upstream regulator GE=IBAENIEEL 5.2 50T, BBER . ¥ 37'F

B LG E2ETe) ZatFICTT 26D TH D, TR0 T =41y FO
Bn 3 HAEE O SFAME & . upstream regulator 23 % — /7 v ME s FDIBEENICH 2 5
BoHMME Gasciimas b &I LeBEmT —4) 75 activation Z-score % it L CIE AL
RRE GEMEILSUEPRE) &2 Pl L7, upstream regulator ODEMALARRED FHIIZREHRIZFE S
VNTTATY), activation Z-score 73 2 DL . D35E % upstream regulator O7E AL, -2 LL N DGE

% upstream regulator OFHF & L7z (Kramer et al. 2014) .

Gene ontology (GO) fi##T
DAVID6.7 ( The Database for Annotation, Visualization and Integrated Discovery;

https:/david.nciferf.gov/) % VT, DNB %512 X % DEG @ GO fg#r %417 - 7=, DAVID %

7= GO f##T1E Enrichment fEAT O —FETH Y . DEG IZ E D X 5 2B OB {n D JEfE
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http://www.ingenuity.com/
https://david.ncifcrf.gov/

ENTWDNEMITT 525D THD (Huang et al. 2009), GO T T /) 7 —a BT
= U —|Zi%. biological process ® L~/ 3 (GO term BP 3) % H\ 7=, #Eatfi#HTi% DAVID

A7 I b C modified Fisher Exact #iE% AW THEE L., AEKEEIL 0.05 K & Lz,

U T v B A IGEf RT-PCR f#AT

Testin (Entrez Gene ID: 286916) & UX cadherin 2 (Cdh2, Entrez Gene ID: 83501) D71 —
7 kN7 Z A ~—{% Tagman Gene Expression Assays (Cdh2 : Rn00580099 ml, Testin :
Rn00597568 m1) Z v 72, 55 B4 i Tl L 72 Total RNA (Z%f L 10mM dithiothreitol |
0.5mM deoxyribonucleoside triphosphates, } T* 40 U RNase inhibitor (B PE#iRASH) %
W LTSy 7 7 —HT DNase | (#1751 Ak 4h) AFE U721, SuperScript™ I1
Reverse Transcriptase (Thermo Fisher Scientific Inc) #H W THEHET o a2 — LiZfiE-> T
cDNA &k %#1T>7-, PCR |% gPCR Mastermix Plus (Eurogentee) % F\>, 50°CC 2 4y,
95°CT 10 43fH. 95°CT 15 BfH. 60°CT 1 Z3[#] D 40 ¥ 7 /L THM LIz, W= ke

—/L{Z1% Rodent GAPDH control kit (Applied Biosystems Inc) % H\ 7=,

R FEHORHT
~A 70T LAEM KRN TV Z A LER RT-PCR AT Tlx. FHUEIC X 0 &5 MED
RIEZITV, FHHOEE L Student t FRE L, I/ DG AT Aspin-Welch t 2 E #1T

ST, T RT O LRI O A B /KT 0.05 i & L7,
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B=Hh AR

DNB #:5-12 & % DEG

DNB # 5:-12 & % DEG #(#% Figure 7 12~ 9, &5 4 FFf##2. 25 mg/kg FETIE 29 BI5 1
DIEBIHENN M Y 41 1\ AB T OB A3, 50 mg/kg BTl 149 s - OFRIBUEM L O 71 18
LA OFBUR DN BT, 5 24 FE[E% TIX. 25 mg/kg BT 262 BAR T O R BN
337 BB DIF B M3, 50 mg/kg BETI 1541 BAs ORI & 1414 En 1 DORE
B BRHBIT, ABFZE T, SRERNEILIZENT S A7z DNB S5 & B DO
WIB(R TR BIAE 2 R 97200, 5 — B OB Z (LA A b T 5 24 Bt o
25 KON 50 mg/kg BECHEE L CRIBINMN (186 s 1) ITFIRLD (304 Efx¥) L&

ot % O TLABE O 21T > 72,

LA b L ABE KON R b — o A BHE R T
DNB #¢5- 24 FEf# 0 25 KON 50 mg/kg BECHGE L CRALH LB O NS, R
LA N LA L ONT AR b — v ABEGER 7 2 i L7z (Figure 8), LA b L A JRE
(Hmox1 O Pon2) . BR{b A N L AITkT D ANIRGE (Gstpl. Akr7a3 KON Akrlb8) . W

27 R b= R (Gadd45g, Ddit4 O Nos3) (ZBS# 3 585 DR BHIMMB 2 BT,

Upstream regulator fi##r
P 5. 24 BERI# 0 25 K OY 50 mg/kg B0 DEG % H\ T upstream regulator f##T % 2 L 7=
&2 A, %< @ upstream regulator DOVEMEAL XIFPREFE N FHIES L7, &5 24 FER%Z O
50 mg/kg #£ T activation-z score (ffixtfi) Z FLHEIZ A7 30 {# o upstream regulator 2 fifiH
L7-& A, IEMIE2 T W & 7= upstream regulator & L T & JE 7 % N +
(lipopolysaccharide) . ¥+ K% > (IL1b, IFNG, TNF, Interferonalpha, IL1A, IL6) .

¥ —+E (PI3K, P38MAPK) . hydrogen peroxide }2 DMiZ 5[ 7~ (NFKB) A Hivlz, %
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7o B AT X A7z upstream regulator & L C 5 J— B FHLEAI (SB203580 K OF PD98059)

ENL L (Table9) .

GO fifttfr

GO ffHT 24T o 7=t . DNB #¢ 5 24 ReE#2 (S BN U 72845 7 Cldmiassss 58k,
K OSRasGIZ B S 28 s 033 bavle— . FBEA L7 5+ Tid DNB #F58 R B
FRBA N =X LG EST DT /7= a7 3V —iZhbiieno7z (Table 10

KON1),

A B2 A5 BRSO FEBURMT

GO it DOFEF. DNB #2524 B IZFEBIEIN U 728 s 1 IS5 B s s 723 %
<EENTZ LD R COMIaEEREES - (Mruk and Cheng 2004) & L C, Cdh2,
catenin alpha (Ctnnal), vinculin (Vcl), zyxin (Zyx). integrin beta 1 (Itghl). Testin, laminin
gamma 3 (Lamc3), poliovirus receptor-related 2 (Pvri2) . K TF gelsolin (Gsn)Z3&RI L, ZH b
BARF ORBURNT 21T o7z, T ORER, 25 OBRFIFVT i1 d DNB 512 LV 5B
BN LU 7= (Table 12), & 512, Testin &Y Cdh2 BAx1- ORBIEEML, V 7 /L4 A A RT-PCR

fiEHT CH AR S 7= (Figure 9),
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I B8

DNB 25 & TX50 mg/kg & B [EFE A5 L7727 v S OREHRTIL, 5 24 % O R EHE
FRFAORRA (2B WD ORI O BHIIRSE . O v b U S o 22k 23 2 S4u7=  (Figure 1
KN Table 5) , Z DK, 25 K TN50 mg/kg #EIZI60E L 728 s 848 & LT, 186 Eix
T DOFEELINN M O 304 FAR T-DFBUR A A DAL, T H1Z1E DNB FFRE R B &
BIENRWBIR FRALH NG END LB b,

DNB #% 7 HE Bt ¢l Bk A kL A (Jacobson and Miller 1998; Reeve and Miller 2002)

KO by KU TREZN L7ZT AR b—3 A (Mugurumaetal. 2005) N4 L 5 EoRIB X

NTW5b, ARIFETIE, BbA b L RAREICEET 5 Hmoxl & Ut Pon2  (Devarajan et al.

2011; Guoetal. 2001), AFONTERIL A b L A %9 D IR#EMIK 1 TH 5 Gstpl, Acr7a3 Y

Acrlb8 (Ahmed et al. 2011; Ikeda et al. 2004; Jin and Penning 2007) D¥ETAHEINMA Fx 5 17=
(Figure 8) , F7=. upstream regulator fi##7 TlX hydrogen peroxide DifPE(LA il X 7z,
ZALD DAL FIEHAE)N T DNB IREEIC LV AE UMb A b L RSB LB b e B2 6
iz, Fiz. R TIET AR b— R EBEH OB DNA HEINEEE T Gadddsg &Y
Ddit4 (Linschooten et al. 2011; Miyake et al. 2007) DOFEHIHEIN, AN NO PEEIZ LD TR
b= ZAFHE & OBE RV Nos3  (Taneli etal. 2005) OFEBUHMA ATz, ZhbHD
AT IEBIZLE L DNB BRE T4 U 5 A Mia 0 7 A b — 3 2 2/RRd 5 8 in 1 I B )
THLHARMEDN DD, YLEZBRT 5L, KETHLNIZEA B L ABE KT R b
—V ARE DB T EALEIT. DNB BREDOWHINISE LTEL LML FL L, &

MUK TR P = 22 G2 KT 5D L EX BT,

DNB 25 } U 50 mg/kg #EIZ H L CH BN L 7= 186 BB 7122\ T GO fiffT 217 - 7=
FER. BB IR E ICBEET 5 b ONRL EEND T ERB I, £z,
R Tl (2 BE S 2 B F 2 NI~ T & 2 A% < OB F OIBIEGMA 7 &
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A, Cdh2 & Of Testin \Z2WTIX U 7/V4 A 2 RT-PCR fif#HT T & 3 BLEM D iR S 7z,
Cdh2 % N-cadherin & LCHa b, &/ b UMM AL OV b Y — A5l H OH5%
IZJRTET % (Johnson and Boekelheide 2002) , A& H Cdh2 OEAR 7B MNIX, di-(2-
ethylhexyl) phthalate #5-12 X 2 ZAE5HIIA OV b U IS O LY (Sobarzo etal. 2006)
& D NTREE SR AF-2364 % 512 K BBV b U —AFEMAE A 0 adherens junction DFEE % &
b 72 0 KA R E (Leeetal. 2003) IZBWTHBIE SN TN D, LR ->T, KRB TH
b7z Cdh2 OFBUENNZ, &V b U — ARG OREEFE 2R L TV D AR & 5,
Testin Xt/ ~ U -AFEARE @ apical ectoplasmic specialization D& /v ~ U fiFAIZ RTET
D3R X Td D (Chengetal. 1989; Grimaetal. 1998) , Testin O3B INIL &L
YU —AGEARO A R ORIE L 70 D Z LA SN TE Y 'L MY — A
ERE A G| S TR e = & X TR Testin OB INA A TS (Grima and
Cheng 2000; Grima et al. 1997) ., —f&i. &L b U — ARG RHERS S 34 U % & /5l
I OKE ER2 B OB N A 535 (Richburg and Boekelheide 1997) , ASHFSE o 5 ERAH Ak
FHIMRAEIZIB VTS, DNB 5 24 FFI% ORI R TARIIOKER A 5N TEY

(Table5) | /v b U —AJEAMIAMBSE ICHEENECTZEBZZX 6N D, AT, FATH%E
IZF T % DNB 2% in vivo & OV in vitro TASEMIfA D&V b U Hifa b Ok 2 k3 5
ZEMNRENTWS (Foster et al. 1987; Hess etal. 1988) . LA LV . AW CHIZZ ST
Cdh2 &% O Testin Z & Teffifatie s BEEAR 1- O 5B LA (X, DNBIZ K /0~ U — A5l
N EEAE S TR T DISE 2 T 2 b D L E R BT,

Cdh2 <° Testin @ & 5 Zp il #2745 BB AR 7 OFBL L F- (X, DNB & HHEIOMT THE S
D MM B AT 2 BEONA A~ — =127 0 2 b LB S iz, EBIT, v A
7 a7 LA MEITICEIT % Cdh2 & Testin OREEHARICAT R /R FEBIH NI, i BRAHRE A2
ERBIRE SN WS 4 FFZICBWThbRH Sz, 2O ORBZHIDT N TH
V. VT NEA L RT-PCRIGHT CIIRER CTE D272 b DD, A 7 w7 LA fifhr Tt
SN2 b ORBEEL DNB (2L 50 b Y — A FHARAE M O M2 25 55 O 1) B
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R LI Rt 2 R T 5 LB R b,

2O LB b A R L AISE, TR =3 A ROV b Y — A5 a i oMo g 52
(X, DNB BRERIC X DK BIEORBICHFLETHLEAONL D FAN P THY, K&
DFERITZ D LT RFBMET  FARA  MCEPR L EMEEE L~V THRIBFATRETH 5
ZLETRETD, Thbb, ZTALOBIR FREAENIT. FKEEEEEOET ZHEE L.
G L Tk e RN T 27O DR RN A~ — A — L RO RN D L5
Z Bz,

#5524 FERE#% O 50 mg/kg BED upstream regulator M Tld. E 2R 5 2L AN EAT
Z 0Tz, fRICTIEIFIREA b LA LEHEICET 5 2 LM B TR Y (Biswas 2016) |
B ZNTRIENEY A b T A > DIEBUCE LRI GRF NF-KB (3B LA b LRI K> TEE
fb&i % (Anderson et al. 1994; Wardyn et al. 2015) , L7=23-> T, ARHFFETH HNT-RIE
ZARET 5 I DNB IZ L » TA LB LA b L A3 T 2 IR KE & & 2 b,
— 5T, RIEITHEFERICHEZ 5 2 5 /e RIB S TE Y (Dutta et al. 2021; Theas
2018) . AHIFSETHE U7o RAESUEDS DNB #EFEAFHFEMEI S L TRl RIS & 2D i %
B2 J-ATREMEII S E TE U,

fiiim & LC. DNB ZHE &G L7127 v FORKRICBN T~ 787 LAIZL 5
FERBR T RBLIENT 2 TR L& 2 A, LA P L RISE, TR F—3 X, KOEIL
U —ASEM G OMfa s B A R LT & B 2 O H B FIHBEEN A LT,
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4h Total: 174 Total: 99

25 145 28 58

25 mg/kg 50 mg/kg 25 mg/kg 50 mg/kg
Up-regulated Down-regulated
24h  Total: 1617 Total: 1447
76 1355 33 1110
25 mg/kg 50 mg/kg 25 mg/kg 50 mg/kg
Up-regulated Down-regulated

Figure 7. The number of differentially regulated gene probe sets following DNB treatment
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Oxidative stress-responsive
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Oxidative stress-protective
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Figure 8. Oxidative stress- and apoptosis-related genes in the differentially regulated genes after
DNB treatment.

*P<0.05, **P< 0.01: Significantly different from the control group by student’s t-test.
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1301 Testin

100

50

Relative expression (/GAPDH)

4h 24h

- Cdn2

. ¥

Relative expression (/GAPDH)
S
>

4h 24h
[ Jvehicte [ ] DNB 25 mg/ke [ ] DNB 50 mg/ke
Figure 9. Testicular gene expression changes of Testin and Cdh2 by real-time quantitative
RT-PCR at 4 or 24 h after a single oral administration of DNB. Data show the mean + SD
of 4 animals. =" P < 0.01: significantly different from the concurrent control group by

Student’s #-test.
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Table 9. Top 30 upstream regulators predicted to be activated or inhibited in the testis of rats

treated with DNB

Upstream Regulators

Molecule Type

Activation z-score

25 50 (mg/kg)

lipopolysaccharide chemical drug 2.66 7.91
poly rl:rC-RNA biologic drug 1.96 6.68
IL1B cytokine 1.78 6.63
TGFBI growth factor 2.08 6.43
IFNG cytokine 2.52 6.34
TNF cytokine 2.54 6.24
NFKB (complex) complex 1.01 6.24
tetradecanoylphorbol chemical drug 3.40 6.20
acetate

TP53 transcription regulator 2.12 5.89
PRL cytokine 1.31 5.74
doxorubicin chemical drug 1.73 5.68
KLF6 transcription regulator 1.89 5.62
AGT growth factor 1.22 5.59
BHLHE40 transcription regulator 2.18 5.53
forskolin chemical toxicant 3.06 5.44
IgE complex 2.53 5.40
Interferon alpha group 2.10 5.31
PDGF-BB complex 2.93 5.25
PI3K (complex) complex 2.75 5.22
P38 MAPK group 1.94 5.20
IL1A cytokine 2.19 5.15
hydrogen peroxide chemical - endogenous 1.02 5.14

mammalian

IL6 cytokine 1.37 5.09
CG complex 2.56 5.08
SB203580 chemical drug -2.76 =5.25
TSC2 other —1.67 —5.09
PD98059 chemical - kinase inhibitor —2.57 —4.91
STAT3 transcription regulator 1.72 4.94
hexachlorobenzene chemical toxicant 1.34 4.81
decitabine chemical drug 2.04 4.79

The list was ordered by the absolute values of activation z-score for the 50 mg/kg group.
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IL1B: interleukin 1 beta, TGFB1: transforming groth factor beta 1, IFNG: interferon gamma, TNF:
tumour necrosis factor, NFkB: nuclear factor of kappa light polypeptide gene enhancer in B-cells,
TP53: tumour protein p53, PRL.: prolactin, KLF6: KLF transcription factor 6, AGT: angiotensinogen,
IgE: Immunoglobulin E, PDGF-BB: platelet derived growth factor subunit B dimer, PI3K:
phosphoinositide 3-kinase, P38 MAPK: p38 mitogen-activated protein, IL1A: interleukin 1 alpha,
IL6: interleukin 6, CG: choriogonadotropin, TSC2: TSC complex subunit 2, STAT3: signal

transducer and activator of transcription 3
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Table 10 Functional annotation of the up-regulated genes in DNB treated rats

GO ID GO term P-value

G0:0031589  cell-substrate adhesion 4.98E-04
GO0:0048513  organ development 9.86E-04
G0:0048731  system development 1.01E-03
G0:0030154  cell differentiation 2.60E-03
G0:0051239  regulation of multicellular organismal process 3.03E-03
GO0:0006793  phosphorus metabolic process 3.82E-03
G0:0032879 regulation of localization 1.05E-02
GO:0050794  regulation of cellular process 1.47E-02
GO:0009725  response to hormone stimulus 1.65E-02
GO0:0045785  positive regulation of cell adhesion 1.75E-02
GO0:0009653  anatomical structure morphogenesis 1.76E-02
GO0:0048583  regulation of response to stimulus 1.84E-02
GO0:0010033  response to organic substance 1.89E-02
GO0:0030155  regulation of cell adhesion 2.30E-02
GO0:0048518  positive regulation of biological process 2.44E-02
G0:0044057 regulation of system process 2.50E-02
G0:0042493 response to drug 2.82E-02
GO0:0048646  anatomical structure formation involved in morphogenesis 2.86E-02
GO0:0001666  response to hypoxia 2.91E-02
GO:0010035  response to inorganic substance 3.40E-02
G0:0046483  heterocycle metabolic process 3.52E-02
G0:0070482 response to oxygen levels 3.64E-02
GO0:0009611 response to wounding 3.74E-02
GO0:0051051 negative regulation of transport 3.76E-02
GO:0050778  positive regulation of immune response 3.84E-02
GO:0050793  regulation of developmental process 4.56E-02
G0:0016337  cell-cell adhesion 4.77E-02
GO0:0048002  antigen processing and presentation of peptide antigen 4.80E-02
GO:0050776  regulation of immune response 4.85E-02

P-values were calculated using a modified Fisher Exact test in DAVID annotation system.
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Table 11 Functional annotation of the down-regulated genes in DNB treated rats

GO ID GO term P-value

GO0:0007626  locomotory behavior 7.79E-03
GO0:0050794  regulation of cellular process 1.08E-02
GO0:0048523  negative regulation of cellular process 1.52E-02
GO:0051171  regulation of nitrogen compound metabolic process 2.47E-02
GO:0042330 taxis 3.19E-02
GO:0006935  chemotaxis 3.19E-02
GO:0051172  negative regulation of nitrogen compound metabolic process 3.71E-02
GO0:0030595 leukocyte chemotaxis 3.79E-02
GO0:0048519 negative regulation of biological process 3.83E-02
G0:0021549  cerebellum development 3.98E-02
GO0:0008284  positive regulation of cell proliferation 4.31E-02
GO:0060326  cell chemotaxis 4.37E-02
GO0:0022037 metencephalon development 4.98E-02

P-values were calculated using a modified Fisher Exact test in DAVID annotation system.
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Table 12. Cell adhesion related genes in DNB treated rats

gene expression (/control)

Probe ID l 24n Gene Title Gene Symbol
25 50 25 50

mpk mpk mpk mpk
1368642_at 1.01 1.32 1.70 2.88 cadherin 2 Cdh2
1387259 _at 1.06 1.15 1.58 3.73 cadherin 2 Cdh2
1371921 _at 0.96 0.96 141 1.72 catenin (cadherin associated protein), alpha 1 Ctnnal
1372905_at 0.96 0.90 1.23 1.75 vinculin Vel
1375538_at 1.08 1.07 1.28 1.95 vinculin Vel
1398476_at 0.91 0.85 1.09 1.77 vinculin Vel
1388130_at 1.08 1.09 1.32 1.76 zyxin Zyx
1368819 at 0.98 1.05 1.48 2.11 integrin beta 1 (fibronectin receptor beta) Itgbl
1387346_at 0.99 0.99 1.36 2.08 integrin beta 1 (fibronectin receptor beta) Itgbl
1370457 _at 1.25 142 2.22 5.47 testin gene Testin
1393896_at 0.97 1.03 1.22 1.45 laminin gamma 3 Lamc3
1375216 _at 1.01 1.07 1.55 1.60 poliovirus receptor-related 2 Pvrl2
1371414 at 0.84 0.89 1.15 1.37 gelsolin Gsn

Bold indicates statistically significant changes (Student's t test, P<0.05).
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HNE BREREHERFICEET 2BETRELBORS : EGME BXEREZET
TINT v b ERAWENT

w8

B ClX. DNB SR REMETT VT v MO 2 @S s iiric Lo R
HBHEFHBUCF G T D20 D005 1A Xy M EBE L~V TR L, AETIE, K
PEIZH3 2 MFERIE AR AT O S 672 5% & LT, DNB & I3#E R 5 mMRBET 4 H
+ % EGME #RERET LT v b & VDTG LT,

EGME 338K B E O e A OFEROA I RS RERIIR T h 5 = L B ST 5 (Chapin
etal. 1984; Fosteretal. 1983), $£72, ZTOHEMRIUCHFET LA D=L L LT, BLA I
Z (Rao and Shaha 2002) , 7’11 7 1 > % F—¥ &ML (Jindo et al. 2001; Wang et al. 2000) |
flavoprotein dehydrogenase L5 (Takei et al. 2010), &'t 2 k> 7 F /L4t (Wade et al.
2008) DOBENRIRSNTND, AETIE, 95 LIRS B 3B s BB
LUV TRRE T E 2005 5720 EGME 3 BEHEMEET LT v b OREEZ AV THE

AR AR T FE BURAT % FEhE L 72,

ICARBETIX, T A ATV ISEICE B LB T RELTINT bR L=, 7 A
h AT 0 NI RRICEE R E A2 B 7= LT Y (Sharpe 1994), T A h AT 1 R
OAR FIZEBEEREIEY A7 2R 5, AR REHIIC B W T hip 7T 2 k2
T AR, T — I — L LTIV B S 0Y (Sasaki et al. 2011) . £ D
—HTT A NAT B REK T ORI A T = X WO T, 85 OIERR M REAL < 52
S D I AR RO A O AL E R A ORE R O HERIT 2 Z L3 LV, £ 2 TARET
X, FHRFT A h 2T AR F 2R T EGME KO KET %57 v FOfER~A7a7 1A
T =5 & AW THEENBRE BB 2 EE L, 7 X N A7 1 VR TFICEE T 585 75
BEBH 0 77 AN ERHLNTT D E L BT, AWML DB FRBEE 07 7 A

ILDBNRLT A N AT B MR T OMFEIZHOWNWTELE LT,
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BE ML Tk

EGME X/ KET 512 X 2815 BB Ofh

REOMITIIZE BTG LIz~ 7T LA TF— 22 H\ iz, ~(7u7 LA F—
HIZOWNWT, 1) %7 1 —7 @ detection call 28 4 5|4 3 FLL T Presencecall TH5H = &
2) V7 FIVERE OSEIE AR BRI EE LT LS L 0 s T 067 15 L DRV 2 L
3) MEHFHBIT CHE CHDL Z &, @ 3 KA D% EGME XiX KET #4512 &
D RBEE N FHI S BEF (DEG) &EE Lo, MEHFRIMITIZ. FREICE Y %S
BEOREEITV, SO A1 Student t BUE A, FES B DA% Aspin-Welch t £

EEATo T2, TN T O FRINT O EKRAEX 0.05 i & L7,

GO fi#HT

o = & [ARRD 71T GO il & Fehi L 7=,

Ingenuity Pathway Analysis  (IPA) (Z X % upstream regulator f##T
EGME XiX KET # #5125 % DEG &7 —# &> b & L CH =& L [AkkD 71k THEi

L7,

7 v Ru A R B EE L F DR BT
KT Ru o ARBEERLA O~ 70T LA T —X &t L7 (Figure 10) ., 7233,
Hsb17b3 (ID: 1369553 at) {22\ Tl detection call 73445 C absence call T& - 727 Dfif

Hrxtge e Liginoie,
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B=Hh AR

EGME # 512 & % DEG

EGME #¢5-12 & % DEG Dl 217 - 7o ff . JEBLH N L 72 DEG 13 EGME @ 200, 600
KX 2000 mglkg TENEH 379, 2152 K Of 2523 i fn -, FEHIE L7= DEG I3
36, 1748 L1\ 2614 EinTh V. HEOHIZ & b 72> T DEG FOMMMA B4,
FE B TR BEARAR A2 . RS RGO ZEME SO TESE, NV - U Mo ZEfafk) 25
PR E 4172 600 & TF 2000 mglkg (CAEH T4 L, WiREICHET 5 DEG (L5 BN T 1707 &

{51, FEBURA T 1637 Bz Th V. WED DEG D%  (FHEME L7 (Figure 11) .

EGME #:5:12 & % DEG % 7= GO figthlr

R ELLAR A0 2 L 23 2 B 472 600 K2 U8 2000 mg/kg B T 4@ L C I BN (1707 & /5F)
ITFEHIRD (1637 #fn ) L7z DEG &\ T GO it 21T > 1o fiih, < 07 /) 7 —
Ya AT A —REEIFRIICHERICRE SN, B30 oY ) T —va T A
—Z i U7 k5 R EGME F3E REAREE O IR BIA I = X W8S 27T /) 7 —

vary AT AV = FZHELNIR o7 (Table 13 TN 14),

EGME # 5.1 X 5 DEG % F\v 7= upstream regulator 4T

EGME #5412 X %5 DEG % F\ > C upstream regulator fighr % 3EhE L7~ & = A, EGME O
600 K& TX 2000 mg/kg T% < @ upstream regulator OFEMAL U EN FHI & 7=, EGME
2000 mg/kg T activation-z score (ffixffE) % FHEIZ A7 30 fi#l @ upstream regulator % fifif
L7z & 2 A IEMEILA T X L7z upstream regulator & LCH - 71 > (IL1b, TNF, IL5,
ILla, IFNa, IFNc, IL4 XOVIL2) | RIEFHFEIKF (lipopolysaccharide) | & F—EiEME(k
[K-+ (phorbol myristate acetate) . M OMEEKF (NFKB) ENA LTz, £/o, HENT

J X417 upstream regulator & L C¥F—ERHEA| (SB203580 % Uf PD98059) %434 5 4L
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7= (Table 15) .

fEN T, B> EGME #FFFEREMIafEE I B A 7 = X LMZFEH L TRES 5 upstream
regulator O fEMT 2 SEHE L 7=, 6 BRALAR A0 R RO R bR = S fE R S e 600 KON
2000 mg/kg TlE, LA K L ABJH @ upstream regulator & L T hydrogen peroxide & O
NFE2L2 (Nrf2) oML, L UHRL'E T & 5 N-acetyl-L-cystein DRHES THI S 72,
Fo, FBETIEF T —BIZEET S 0L LTHFF—EBDOIEMHEI (SRC LT PKC) LT
X —REROME (LY294002, wortmannin K (" bisindolylmaleimide 1) 7%, & A k>
T2 FBICBET D H @ & L C histone deacetylase (Hdac) ®BHE & Y Hdac BH Al

(trichostatin A X OF butyric acid) DiEMEALS T HIZ 417 (Table 16) .

EGME 52X 5 & A b 7B F ACICEIT 2 B INfEAT
b A~ T2 FACDTESEAC 2 S % A F~ — T — 85 T& 5 histone H1 zero
(h1f0)  (Chabanas et al. 1985; Hochhuth and Doenecke 1992; Kypreou et al. 2004; Wade et al.
2008) ® MRNA BELL )L EZFH~_7-L Z A, EGME & GHECHEDOHNMZ & 727275

BN A 607z (Figure 12)

EGME XX KET #5657 v MZBIT 27 v Ka b oA pl BB G 1 O R BT
Ty Rur BRIl 2 BIs T ORBEALE 2 EGME MU KET &GRETHR L7
(Table 17) , EGME $¢5-TiX Hsd17b2 O3EBLHENN, Cyplla K& X Cypl7al DFEBLk 75 7
HALTZ, Hsd3b2 (222 kid A biZe o7, —J7. KET &5/ Tlid Cyplla & Uf Cypl7al

WZBACIE A B AL o 72203, Hsd3b2 KO Hsd17b2 (238 BRI A 25 A B AL 7=,

EGME XIZ KET #%5-7 v MIBIFT DT A b AT 1 VI B 2 & n+ O IR EMHT
W T EGME XX KET #5-1C L W % BIA®) L7z DEG 2 HWCi#fr 217> 72, KET %
Bz X FEEBIN L 7= DEG 1%, 30 }0* 300 mg/lkg TEALEI 41 J 1) 68 s+, FEFRIE
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DU DEGIZZENZENT L2220 En - Th o7z, ZiLH DEG % F VT upstream regulator
fENT 2 FEhE L7 A N AT 1 VIR BEEd 2% upstream regulator (22T EGME K TN KET
DFERZL LTz & 2 A, KET $45- Tl dihydrotestosterone & UF androgen receptor (AR)
DORAEN TR SN 7=DIZxt L, EGME $¢5-Tix Z 4 5 upstream regulator OIEME(L 23Tl X
L7z (Table 16) .

EGME @ 2000 mg/kg & KET @ 300 mg/kg O ik CHm L CHIILH) L7~ DEG 245 H
5 &, WRETHRBAEM L DEG 13 24 #isv-, FEHBD L7 DEG 13 40 BI5FThH -
7o FEEUHINEAR 11213 Cend2 23, JEHE B s 71213 1gfl, Cxcll2, Topbpl. Zfp318,

K ONPde8a & FL TN,
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I B8

MRS TR BT & T 272D EGME 57 v MIxtL T~ A7 n 7 LA &5
it L DEG % [Al%E L7z, EGME @ 600 mg/kg LA_ETid, EREMAR O M TS 2 s &
L 7- 8B B OB & & 72> THEE L7223 KRB O 13 & 1S 729
P B2 L7 2000 mg/kg (23T stage VI 205 VI OFEHIE IZIRD L ThIniciH bR
RETH Y, BEAKROMIHEROZLITREN TH -7 (Table6) , L7z2>T, &
WF7e ClRIE L7z L3t DEG 1% Z 9 L7z cellularity D28k & B9~ % & D Tid/e < . EGME
ARG RN & BENTRVEB FRELENE END LB X DI,

EGME #¢ 512 X %5 DEG #7 —# & » k& LT upstream regulator f##T % 32kt L 7245 5.
b A b L RAISEOTLHE, WONZ SRC L NPKC #F L7 BT A X —EBOIEME(LE R
29 5 BIn BT R & 7o, EGME BRER I3 A b L XA &2 4 L (Syed and Hecht
1998) . HiFefbHl N-7TEF N AT A U x2FERRE LT v T, EGME DG T
&% MAAIZ X - THEJE S 2 A JRMIa I (340H] S 41%  (Rao and Shaha 2002) . F7-.
MAA B35 |35 REM R 75 (T B L C SRC XU PKC ZiEMAb S 2 (Jindo et al. 2001)
ffb A b L AL SRC ¥+ —Y Z&iEM L L (Abe et al. 1997; Sanguinetti et al. 2003) . 2,3, 7,
8-tetrachlorodibenzo-p-dioxin <°7% NI U A DL A b L A & 5| &l Z L E TG R
TO SRC ¥ 7 FniEzwiEM L4 5 (El-Sabeawy et al. 1998; Wong et al. 2004) , & 5I|Z
SRC FAFEANLZ v b @ EGME # A Rk 5 4 #ifil 32 (Wang et al. 2000) , Zi1H
ZWNET D & ARWFIED upstream regulator fi#HT N bR S22 kiX. EGME #%6 K B
PEORBUCEE 2B A N LV ATLEE ZNUCHi a7 A o F F—BiEHE L2 Red 5
Lz, F£7-. upstreamregulator it Tt 2 F T2 FIALDTLHEIRIB I LD & &
HIZ.EXA R DT B TFIACD AL F~—7— T % h1f0 mRNA OFEBUEMA 7~ H ATz,
B A b OT v FAETTEIL, BEEA RO RO T R b= R FHETH &N

XN TEY (Fenicetal. 2008; Fenic et al. 2004; Webster et al. 2005) . AWfFE TRIZ X 1L
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2 A b TR FIALOTLHEIL EGME BRFRIC & - THEE S 1L 5K REMubE® o B 7
PERBUEF CThH L LB LN, 1B, LA RV AT A M T B FMICHET S 2
&M STV DA (Kreuz and Fischle 2016) . SRCiEMEk & B 2 R o7& F L kDB
RIFARATH 5, LhE, EGME FHFFERFEMDOEBUTEE 2B A b L ATTHE, 7 m T A
xR —BIEMAL, KO R T F b E R S 28030k B O R B s I B
Prick o THRIEFTRETH D Z LRSS,

WERT 2 M27 0 VR TICHET 28I FRIALH L LT, EGME &5 T
dihydrotestosterone % T8 AR DiEM:ALAY upstream regulator & LTl &4, EGME 12X 5
AR ¥ 7 F AR DTEMAL S R S 7=, EGME ORI TH D MAA 1X, AR IZEHEE
My e&nm<FunrrdF =87 fEEEr LT AR OBRGIEMLEZIEET 5
hormone sensitizer T 5 & #HE AT % (Bagehi et al. 2009; Jansen et al. 2004) , %7z,
AAF5E D upstream regulator fEHTTlX, EGME (Z & % phosphoinositide 3-kinase (PI3K) @
TEMEAL (PIBK FHEAITH % LY294002 J O wortmannin OFHE) H3EE Siviz, AR DERE
TEVEIL PIBK B &2 L CIEME(L T 5 2 &5 (Bagehietal. 2009) | AHFSE T/RIB X L7z
PI3K {f"E{Li% EGME (2 X % AR TEMEEZ BT D b D & F X ble, £7-, EGME #&5
TIE Cyplla K 0% Cypl7al DREUD N4 BN TEY . 7 A kAT 1 AR O % 5k
LIeZbEEZaonlc, UbzBRERT5E, AUETHLN EGME (L5 7 A AT
1 AR, EGME (2 K D iEM b Sz AR BRSO 28D 7 ¢ — R8Ny 7 DM 7o
R TAPAT 0 AR S U ATREVED URIR ST, RIREYIC, KET 5Tl
dihydrotestosterone }2 T8 AR DFHENHETE S 4172, KET 1% Cypl7a{EMEEIC LY 7 A &
T Ak EREST S Z EE (Heckman et al. 1992) | KET 12X % AR 7 /L&D
MR TIE, BRT 2 AT 0 LLVOETICERT 2 L B2 b, £, KET &5
TH BV Hsd3b2 ORBBNMEITT A b AT 1 U SRAHE Sz 2 L ioxtd 5 E
HI7e I CTd B ATREMENN B 2 HiLTz, BLED L 51, BEFHRBEEE 707 7 A L OEWN
MHWHEEMIC L DT A AT B AT OFOEVIRIR S Lz, 2B, ARIFEIZRE N
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C.EGME & KET Oii#E THil 4 2 8 s T BIAE) & L T, Cend2 OFEELIEINT N 1gfl,

Cxcl12, Topbpl, Zfp318, KU Pde8a DIEHLD 237 H 417z, Cend2 DIEHLIEINIL, ethane
dimethane sulfonat 512XV 7 A AT B VR TEZR LT v MERIZBWTHEBIRS
NTuW2 (Tanetal.2005) , F7=, Igfl XTUCxcl12 /X, 7 A PAT 2L AR ZIT L
TRIWEMT 5 Z ENMBN TS (Wuetal 2007; Yuetal. 2013) , Az T, Topbpl iL
AR o 7 F LR L OBJEAS (Lietal. 2014) . Zfp318 M Of Pde8a I£7 & k A7 1 LAk &
DRFE A (Shimizu-Albergine etal. 2012; Taoetal. 2006) Z LA S TW5D, L7=MR
- T, EGME KU KET Tl L7z Zh b OB FRILT T, HHRT A P AT r LA
IR TITINE L2 TH L RN E 2 b7,

72 5. EGME £ 5- upstream regulator f#HT 123\ T & RIE 2 "B 5 2k BAL % 5 o
oo BIRDEY | FIETBALA b LA LEEEICEET 2 2 LAMBbNTEY | EGME &5
(K> THBNTRIEZ RS 22T A b L AT 2 ZIRINZRRIG E B B
7

LI, EGME FFIERBFIEET VT v MIxT 588 s I BURT 2 FEh L 7245
R, mERIUCEERIR(EA b L ASEITE, a7 A xS —BiEE L, KO A b
T2 F UL DTIEE AT LB AR Lz, E72. EGME XN KET TIE7 A AT 1
METFICEE T DB FRALEH 7 0 7 7 A JUEWR LI, T{EEMIZ L DT X F A

Tr VR TOMFOENEZRIET LD EEZ BT,
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Figure 10. Androgen synthesis pathway and metabolizing enzymes.
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Figure 11. The number of differentially regulated gene probe sets following EGME

treatment.
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Figure 12. Histone H1 zero (H1f0) expression in the testis of rats treated with EGME. Data show the

mean =+ standard deviation of 4 animals. **P< 0.01: Significantly different from the control group by

student’s t-test.
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Table 13 Top 30 functional annotations of the up-regulated genes in EGME treated rats

GO ID GO term P-value

GO:0006810 Transport 1.55E-22
GO0:0032879  regulation of localization 3.31E-18
G0:0023051 regulation of signaling 9.80E-16
GO0:0007275 multicellular organism development 2.18E-15
GO:0051049  regulation of transport 2.31E-15
GO0:0048522  positive regulation of cellular process 4.00E-15
GO0:0048731 system development 5.02E-15
GO:0010646  regulation of cell communication 6.78E-15
GO:0048518  positive regulation of biological process 1.29E-14
GO0:0009966  regulation of signal transduction 2.04E-14
G0:0010033 response to organic substance 4.38E-14
G0:0044802 single-organism membrane organization 4.69E-14
GO:0008219  cell death 1.28E-13
G0:0009653 anatomical structure morphogenesis 1.32E-13
GO:1901700  response to oxygen-containing compound 2.31E-13
G0:0048869 cellular developmental process 3.03E-13
GO:0061024  membrane organization 1.59E-12
GO:0051128 regulation of cellular component organization 2.66E-12
GO0:0010941 regulation of cell death 2.84E-12
G0:0048583 regulation of response to stimulus 3.19E-12
G0:0048523 negative regulation of cellular process 3.57E-12
GO:0051186 cofactor metabolic process 4.19E-12
GO0:0070727  cellular macromolecule localization 4.26E-12
G0:0044281 small molecule metabolic process 9.23E-12
G0:0006793 phosphorus metabolic process 1.11E-11
GO:0016477 cell migration 1.26E-11
G0:0048468 cell development 1.46E-11
G0:0006928 movement of cell or subcellular component 1.67E-11
G0:0010256 endomembrane system organization 2.42E-11
GO:0009611 response to wounding 2.76E-11

P-values were calculated using a modified Fisher Exact test in DAVID annotation system. The list

was ordered by the p-value.
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Table 14 Top 30 functional annotations of the down-regulated genes in EGME treated rats

GO ID GO term P-value

GO:0006139  nucleobase-containing compound metabolic process 4.29E-35
GO0:0044260  cellular macromolecule metabolic process 1.91E-33
G0:0046483 heterocycle metabolic process 3.40E-33
GO:0006996  organelle organization 1.56E-32
GO:0006725 cellular aromatic compound metabolic process 2.13E-32
GO:1901360  organic cyclic compound metabolic process 1.97E-30
GO:0043170  macromolecule metabolic process 1.30E-28
GO0:0034641 cellular nitrogen compound metabolic process 7.76E-24
GO0:0006325 chromatin organization 6.12E-22
G0:0007049 cell cycle 7.18E-22
G0:0060255 regulation of macromolecule metabolic process 4.22E-18
GO:0080090  regulation of primary metabolic process 2.18E-16
GO0:0007059 chromosome segregation 4.68E-16
G0:0019222 regulation of metabolic process 5.61E-16
GO:0051171 regulation of nitrogen compound metabolic process 1.17E-15
G0:0031323 regulation of cellular metabolic process 4.65E-15
GO:0051726  regulation of cell cycle 1.09E-14
GO0:0098813 nuclear chromosome segregation 4.55E-14
GO:1903047 mitotic cell cycle process 9.16E-13
G0:0033554 cellular response to stress 4.08E-12
GO:0070727  cellular macromolecule localization 1.10E-11
GO:0006403  RNA localization 1.27E-11
GO:0051236  establishment of RNA localization 2.23E-11
GO:1903046  meiotic cell cycle process 3.76E-11
GO0:0010605 negative regulation of macromolecule metabolic process 4.08E-11
G0:0009892 negative regulation of metabolic process 1.02E-10
GO:0051321 meiotic cell cycle 1.15E-10
GO:0007126  meiotic nuclear division 2.77E-10
GO0:2001022  positive regulation of response to DNA damage stimulus 3.98E-10
G0O:0008104 protein localization 7.56E-10

P-values were calculated using a modified Fisher Exact test in DAVID annotation system. The list

was ordered by the p-value.
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Table 15. Top 30 upstream regulators predicted to be activated or inhibited in the testis of rats treated

with EGME
Upstream Regulators Molecule Type Activation z-score

200 600 2000 (mag/kg)
lipopolysaccharide chemical drug - 6.82 7.16
IL1B cytokine - 6.23 6.25
phorbol myristate acetate chemical drug - 6.77 5.98
TNF cytokine 2.54 6.52 5.92
doxorubicin chemical drug 0.45 5.90 5.75
F2 peptidase 3.04 5.91 5.68
SB203580 chemical - kinase inhibitor 0.13 —5.98 —-5.59
TGFB1 growth factor -0.62 5.59 5.56
NFKB (complex) complex - 5.26 5.48
TP53 transcription regulator 0.41 5.47 5.36
tretinoin chemical - endogenous - 531 5.33
hydrogen peroxide chemical - endogenous 0.88 5.07 5.30
P38 MAPK group 2.09 5.47 5.25
forskolin chemical toxicant - 6.65 5.01
RELA transcription regulator - 471 4.75
RABLG6 other - -3.87 —4.69
ILS cytokine 2.36 4.97 4.52
IL1A cytokine 1.21 5.12 4.48
IFNA group - 3.47 4.44
decitabine chemical drug 1.59 4.83 4.40
19G complex - —2.75 —4.38
PD98059 chemical - kinase inhibitor —2.37 —4.53 —4.31
IKBKB kinase - 4.27 4.30
IFNG cytokine 0.28 3.37 4.29
IL4 cytokine - 4.82 4.27
FGF2 growth factor 1.13 3.77 4.23
PGR nuclear receptor 2.34 3.66 4.22
PLG peptidase - 3.77 4.20
IL2 cytokine - 3.78 4.20
phenylbutazone chemical drug 1.98 4.20 4.17

The list was ordered by the absolute values of activation z-score for the 2000 mg/kg group.

-: no change, IL1B: interleukin 1 beta, TNF: tumor necrosis factor, F2: coagulation factor Il

thrombin, TGFB1: transforming growth factor beta 1, NFkB: nuclear factor of kappa light
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polypeptide gene enhancer in B-cells, TP53: tumor protein p53, P38 MAPK: p38 mitogen-activated
protein, RELA: v-rel avian reticuloendotheliosis viral oncogene homolog A, RABL6: member
RAS oncogene family-like 6, IL5: interleukin 5, [IL1A: interleukin 1 alpha, [IFNA: interferon
alpha, 1gG: immunoglobulin G, IKBKB: inhibitor of kappa light polypeptide gene enhancer in B-
cells, kinase beta, IFNG: interferon gamma, IL4: interleukin 4, FGF2: fibroblast growth factor 2,
PGR: progesterone receptor, PLG: plasminogen, IL2: interleukin 2
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Table 16. Upstream regulator analysis using differentially expressed genes in the testis of rats treated
with EGME or KET

Upstream Regulators Activation Z-score
EGME KET
200 600 2000 30 300

Oxidative stress

hydrogen peroxide 0.88 5.07 5.30 - -1.65
NFE2L2 - 2.75 2.99 - —2.33
N-acetyl-L-cysteine - -3.52 —-3.26 - —-0.06
Kinases

SRC -0.33 2.52 2.96 - —-0.28
Pkc(s) 1.25 3.28 2.77 - -1.41
Kinase inhibitors

LY294002 —2.94 -4.39 -3.57 - 1.12
wortmannin - —2.89 —2.97 - 0.68
bisindolylmaleimide | - -3.11 -2.37 - 0.07
Histone acetylation

Hdac - —2.18 —2.14 - -
Hdac inhibitors

trichostatin A —0.62 3.40 4.01 - —0.94
butyric acid - 1.54 2.04 - 0.22

Androgen signaling
dihydrotestosterone - 2.06 1.49 - —2.68
androgen receptor - 3.02 2.83 - —2.40

-: no change, NFE2L2: nuclear factor erythroid 2 like 2, SRC: Proto-oncogene tyrosine-protein
kinase Src, Pkc: protein kinase ¢, Hdc: Histone deacetyl transferase

75



Table 17. Androgen synthesis-related gene expression in the testis of rats treated with EGME or
KET.

Affmetrix Gene Fold change
probe ID symbol EGME KET

200 600 2000 30 300
1368468 _at Cyplla 0.83 0.62** 0.18** 0.94 0.85
1387123 _at Cypl7al 0.94 0.66* 0.09** 0.78 1.51
1387988 _at Hsd3b2 1.17 1.12 1.09 1.31 1.38*
1387156_at Hsd17b2 1.06 2.24** 1.85* 1.39* 1.49

Data in bold indicate up- or down-regulated expression (the criteria are shown in section 4.2 materials and
methods)

**P<(.01, *P<0.05: significantly different from the control group by Student's t-test
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BHE BREREMET VT v MIBIT % Tektind BioFREALE N

B8 I F
Ko TEAIE., FEE B ORI K & L CHMEEE~RE SN ETO—HD

WFETd 5, FRICTIRE /IR B R 123 5 BeE1E spermiogenesis & FEIX AU, A% D HEEHE
SRIERL, X b oy KU THOEE, HEOR K., MIVE DK &5 o BN R
AL ZZT Do FEFIAICIT, < OB FRIALE DAL LTV £ ORISR
B AR DS B LS A S AL T MR S TR Y S 5-9 5 (Matzuk and Lamb 2008;
Rabbani et al. 2022; Shima et al. 2004), = 9 L7-#E T RBIEE(R 7121, LA PIREIC

D ZDOREEIELZ T HLOLEEND Z ENZ X DL, FBREEHRTHOTZD DN
AF~——, DA REMERD 5,

WIS ST 28R FHOVE DL LT, BTlE2HRT 2 EERRNTFTHD
Tektin 7 7 X U —723% 5, Tektin |3#kE, HIE. A/ OHL/AIMEDHUNE ORERL 7
PRI THD T ERIMBIL KT OB L ERICEREREEZRI-TEEZXLNTY
% (Larsson et al. 2000; Norrander et al. 1998; Roy et al. 2007; Tanaka et al. 2004; Zuccarello et al
2008), 7 b Tektind %, I THEEOH FTIZ/RHET % Spetex-1 (Tida et al. 2006a; Tida et al.
2004; Kaneko etal. 2010) & Z > /37 ERIHAAEM T 2 ARttt H 5K+ L L TREHS AT
(Matsuyama et al. 2005) , Tektind / v 7 7 U h~ 7 A TiX, 1 OFREICH] D)7 BE T
HHNIRN—T, FETOBEWEICENA LGNS EHE SN TS (Roy et al. 2007)
7o, T O v T A — L G, 7t MIBW TS Tektind & A IEEIRED
BEE 23R S FU TV % (Shen et al. 2013; Thepparat et al. 2012),

ZOEIREROL E, RETITET T v b Tektindg mRNA OFEBURFHIOFBUIHRE,
Jaz~2% L &b, Tektind ¥ L XT7EDT v MEFHTOREEZHA LN LT, i
C. 7 b Tektind PEHFIEFHH O 12703 A~ —H—L 720 5 205T 5720

(LEWBRIERBEETT VT v MBI D Tekind Oig{n 3B 2 i LT~ FEHE
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PET IALEM E LCinvivo T+ OESIMEICE L 52 5 Z & B3E 5415 DNB (Linder
et al. 1988; Linder et al. 1990; Peiris and Moore 2001) % N EGME (Chapin et al. 1985; Stermer
et al. 2019) ZHWTHFZ1To7, 7o, B TFOESIMEICEENENZ LG IND

KET (Heckman et al. 1992) 122D\ T b [AEEICHET LT,
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BE ML Tk

ARFECHEN L /=8 IR I1X 79X T Guide for Care and Use of Laboratory Animals (National

Research Council) (29> T3 L7z,

RNA fifiH}

8 WirD> Wistar 7 v b (AARZ LT RAGEHE) 2=—T7 VHEE T TRESESE, KR,
FEHE BRI, B, NGB, HL IR, mP. M. GO, R OB A B Le, Iz T
1725 78D Wistar 7 v bz =—7 VR T TLEIE S, RRZEM Lz, B LIz
Khgas X, &R/ 7 7 — (25mM sodium citrate [pH 7.0], 4M guanidine thiocyanate, 0.5% N-
lauroylsarcosine, 0.7% 2-mercaptoethanol) HCTAHRE A X L7214IT 5,000Xg T 10 47
mLoHEL 72, BG4 0.IM EDTA (pH 7.4) H1 5.7M CsCl IZE g L 7212 12,000 X g T

16 FiflE.0» L. total RNA Z i S H7-,

RT-PCR
First-strand synthesis kit (Amersham Pharmacia Biotech Ltd.) % VT total RNA X ¥ c¢cDNA
& L7z, PCR IZi% LA Taq DNA polymerase (¥ 51 7 /31 A4, 7T A ~—
(forward: 5"-ATG GCA CAA GCC GAA GTG CTC CTG-3’, reverse: 5'-TCA CTG GTA GCC
AGC CAG CTG GAG-3") ZHHwWiz, £7z, W= hre—/L & LT glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) (Z2W T 77 A ~— (forward: 5'-TGA AGG TCG GTG
TCAACG GAT TTG GC-3’, reverse: 5'-CAT GTA GGC CAT GAG GTC CAC CAC-3") =MW

CTEFEIZ PCR #3FEfiE L7=, PCR EWIZHOWTT Hua— A7)V & AW CEKIKE LT,

In Situ Hybridization

Z v b Tekting mRNA OB 28 ET 5720, 7 v PERICHT D in situ
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hybridization Z 5 L7z, 7 v MEROWFELIF IINA TV XA EB—2 a0y T 57—

(20mM Tris-HCI [pH 8.0]. 0.3M NaCl, 2mM EDTA, 50% formamide, 1mg/mlBSA. 0.02%
Ficoll, 0.02% polyvinylpyrolidone, 1mg/mlherring sperm DNA) % FV>"T 42°CC 30 43[#] 7
LA vFax—rarli, TOK, DIG MLy AIT > FE A RNA T u—T7%
BNATIEA = a Ny Ty —HT, 42°CT 5 KINA T Y XA EB—Ta L
oo NATVEALB— 3 %, YT 50%formamide 778 @ 2x SSC /Ny 7 7 — % H
T 42°CC 1 Kfffed L. RNase A (20 mg/ml) % /% T 37°CT 30 oMo »F=2~X— KL
72 #EA L7z cRNA [IHL DIG 740 VKA T 7 X —BHE#HA (1:500 7R, Roche
Molecular Biochemicals Inc.) THEHi L. nitro blue tetrazolium-5-bromocresyl-3indolylphosphate

(NTB-BCIP, Roche Molecular Biochemicals Inc.) Tr kL 7=,

#L Tekting HLIADERL

Tektind FfEAELS T & 5 BIKVEFEIR DA i~ 7'F K (GLATAGFRTAK) % keyhole limpet
hemocyanin (KLH, Pierce Biotechnology Inc.) (Z#&& & 72, KLH IZH/ES L7z~~7F K (Gt
Img) % 1ml OEHEBHEKICERIE, Iml o7 A2 hEET Vay hTHAL LT

%, VY XOWEICE TG Lz, PUiigid 3 [al A &5-4% 2 BELPICEIR L7z,

G PR L

B (Doiguchi et al. 2002; Tida et al. 1999) (ZHE U, Wistar 7 v k OFEH BA L 0 ERE L
Tk A —a— VB E AR EIC L DR L, R L2 20T 4% /37 L
LT VT B REgEie PBS H1IZT 48°CT 4 If[EE L. 50mM NH4Cl Z&de PBS H1T 20
DA ¥ a_X— KL, D%, PBS THHFLTRY-L-VY P a— LA TA KT
T AT ST, K% 0.1% Triton X-100 % & ¢ PBS T 5 2y[¥Ed4 L. Hlo tubulin £
/7 v —F V5K (Amersham Pharmacia Biotech Ltd.) & $T Tektind HiiK T ~BEAEHK L 7-1%.
BTV % FITC ifakit~ v A 1gG & Cy3 t&ak$nt ¥ ¥ IgG (Amersham Pharmacia Biotech
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Ltd.) TA »F =2— k L7=, HT Tektind Hiik &€ 7 7 o —F/L$la tubulin HURIZ T 2 v F
IRy 77 —T 1100 IR LTz, iR E L C—RbuURZ S pinyg CE# L=, =D
%, 7% PBS TR L, HES L —F—BEMEE (Olympus LSM-GB 200) % F\ T

B LT-,

DNB. EGME K ONKET #5128 % T v MER T Tektind DR IxF-HBIAH)
ILEWFHRIERBEEET VT v N TOBFRIEEN L5 720, Tektind (Affymetrix
ID:1384789_at) D~ A /a7 LA T —H & Lic, v~ 4 7 a7 LA T =2 IZI3FHE—-FEK
WFE _EBECTRELELOERW, ~4 707 LA T —ZDOEHOIKEREL, 1) Tu—7
? detection call 25 4 7 3 FILL_ET Presence call TH D Z & 2) ¥ 7 F /LR D HEMHE
DNEAASHLEEICEE LT LS 5 L Wm0 UT 0.67 f2 L 0KV Z & 3) MM TR &
ThHDHIZEDOTRTEMIT I & & Ui, MEFHERMENTIX F EIC L0 E0HIEORTE %
1TV, FBO%EIE Student t HEZ . FFFES O EIE Aspin-Welch t BiE 21T > 72,

BT 0.05 K& LT,
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B=H MR

Z v b Tektind mRNA O FE BT

1726 8EERD T » MEFEIZXT LT RT-PCR % i L 7255 . 4 W Mn AR Tektind mRNA
DIBNFH BT (Figure 13A), £7-. 8BED T v F O2H 5l 2% L CREEIZ RT-
PCR % 3 L7265, R CoOmFBEH N A L7z (Figure 13B), & B2, 7 v MEFRITH
L insitu hybridization % 32 L 7= f& 5, Tektingd mRNA O HIZFE -HIfE~D JRTEN A ST

(Figure 14),

Z v b Tektind % > /X7 & OIEBURNT

7 v hOKETIZBIT D Tektind & VX TE DA TR D128, B Tektind Hiik & Hio-
tubulin HfA T B L CIE R L — P —BAMEEBIE 21T o 7o, ZORER. KR LR
F VR UK TlE, Tektind O JRTEIIRG 1-SHE ) bR £ TOMERAEK TH LT

— )5, KSFEEENCIEZ A B Lo 7= (Figure 15),

DNB., EGME X% KET 57 v NI DA Tektind D& fn 13 B H

DNB (25 £ U* 50 mg/kg) . EGME (200, 600, X U 2000 mg/kg) X 13 KET (30 A U 300 mg/kg)
Ty MCHEERR OGS L, %5 4 X% 24 BRI 2 826 L T Tektind mRNA D&%
FRELFANTZL A, WTHNOREICIH W T HBEEOLREEAE AN - T2 bIL A B v
- 7= (Figure 16), 723%, DNB @ 25 mg/kg UL X TN EGME @ 600 mg/kg LA ETliE, #4524
P2 (2 Tektind mRNA OFERHERNIAT ZITHEINN - B2 € DAL ORI (1.5

) Lvb/hEnoi,
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I B8

ARETIH, ETIHDIC, T v b Tektind OELE T~ N TORBT 1 7 7 A VT 51T
ST, TOFER. T v b Tektindg mRNA [TMIEARIC I L TR CREFEELL ., TORBUIE
% 4 BERLIRIC A BTz, F7-. Tektind mRNA (XN T-HIfE CHRBL L, Tektind & /%
B THERICRET 22 EB8WLNERoTe, TRDDORERNG, Tektind 1345 7
FBDOTRAHEREIZ T 53 D ATREMEDVRIR S 1Tz, SEATATSEN G| Tektind I3~ D 2, 7,
KOt MZIBWTHFEEIRE & OBTENRE STV % (Roy et al. 2007; Shen et al. 2013;
Thepparat et al. 2012) , ABFSE TR 7= Tektind % > /X7 E DT v M THEE TORTET
7 v MZBW T HMEMWRE & [FERIC Tektind 235451 OIEEHMEIZ % 5972 FTREM: 2 "9 5
HLDOLEEZ B,

DNB X% EGME Z## 5 L7 7 v MEHRICEBW T, BEEDOETIEEZ - S 20\ DD
LRI B 7R Tekting mRNA OHIMMA BTz, ZALORREITEEMR TIEH 525, £ D
ZACEIT A RO & b 72> THEIMER 27577 2 L LB EITER L7 A8) T
bHoHZENTEEND, —F, KET 57 v Tl Tektind mRNA (22 B 727025
7o DNB XU EGME %57 » b T3 OEEME~OZER M S, KET %57 » T
X DORENRHLNRNWT L2 MRS D5 & KR Tektind mRNA OFREBEE) &AW
I Lo TR SN DK FIEBRE DR T SO BLEN & 2 FREMEN & 5,

Tektind mRNA X FZRE F/ifd CHRELT 5 Z & 225, DNB XX EGME D5 TH L7
Tektin4g mRNA OREEFNX TR TR CE U b o L HEII SN D, ARBFIEO BRI
SRR A TIEMTEAS I LARE O ARSI A RIT A DI TR N Z L | B
FHIIETIZZ N SEAMOBRTEIC L - TEENZELE & bbbl WMl SO E(E 7278
ERET, EE XY 55 T RBAB O i & LT Tektind mRNA OBAME[AAAE T
2 ENTRBREND, JEATHFZEICE VT, DNB 5.0 X B K5 HATRE O£ 028

SOEFRER N IXEERS 16 BRURBICEIZ I, TALHENZIEA NN &b, 2
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O OFMEITRE R LIARTRS 1~ DNB OE#/EH Tid7e < . DNB &5 EZICA U7k
O AR~ DT D B A T 7= b O L HER ST\ 5 (Linder etal. 1988) . [RIEEIC
EGME (T X - TiJE SO LA F O REIZHOWTH, EGME DA D wEARRY
AR TH D ST A 7 VORGE R T Ok & 18 7 5 (RS B B IR -0 2
WELTHME LD EELZIIN TS (Chapinetal. 1985), L7=3-> T, AF%EICE
W T DNB O EGME O# 5 24 ¢4 (213K 1-Hf & DO TERETE RO 12 B o 2 18R
REtEE R OATMIIZA T b D B2 6ND, —J. 29 LICIBER s M
TEAE AN BT DB In PRI S D B NTBRF R TR TH Y | Tektind mRNA
FBIEE) L AL YR L DN EEBMER T & OBBREF LN E T DI E B R 55
nngEEEbihd,

LIk, T v b Tektind DFRILT 11 7 7 A VKT AT > T2 R . Tektind mRNA [ TEHE
MR THBLL | Tektind & > RV BT FHIRIDRHIET 2 Z LB Eniz, oI, FHEE
Tektind mRNA (X, ¥ EBREZ K F &5 DNB X EGME #1457 » b CHRBUIEIM{E M
DRB SN — 7T, FFEERRICHE L 2 KET 57 > N CIIRBLEE N A 57
Mmoo, Tektind D7 v METFICIHIT DHERELEWVRETEIEIR T 5 Tektind mRNA F B
BOBRIZOVWTILI LR LIFENLETH DM, ARBFIEORERIT Tektind mRNA FEELIZE
ML A YIRS X D IBIER 7S TEBRE DR T 23l T& 534 A~ — I —GEdf & 72
LAREMEE R T 5 b 0 L b,
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Figure 13. Expression analysis of Tektin4 mRNA. A: RT-PCR analysis was carried out to examine
the expression levels of Tektin4 mRNA in testes of 1 to 8-week-old rats. A PCR product of 1,344
bp was first detected at 4weeks of postnatal development and continued to be detected up to 8
weeks. The expression of G3PDH is displayed as a control for PCR amplification. B: RT-PCR
analysis of the expression of Tektin4 mRNA in various organs of adult rats. The gene was highly
expressed in testis (an arrow), weekly in epididymis, brain, and lung, but undetectable in other

organs examined. The expression of G3PDH is displayed as a control for PCR amplification.



Figure 14. In situ localization of Tektin4 mRNA in the adult rat testis. Frozen sections were
hybridized either with a DIG-labeled cRNA probe (A and B) or with a sense probe (C). Reaction
product indicating the presence of Tektin4 mRNA was observed in round spermatids in the
seminiferous epithelium (A and B). Hybridization with a sense probe gave no specific signal (C).
Spermatogonia, spermatocytes, elongating spermatids as well as Sertoli cell were negative.

Interstitial cells were also devoid of signal. Bars: 50 mm (A), 25 mm (B and C).
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rat

- Tubulin Tektind merged

Figure 15 Double immunolabeling of rat spermatozoa. Spermatozoa were double immunostained
with the anti-alpha tubulin monoclonal antibody and the anti-Tektin4 antibody. Confocal images
produced by superposition of tubulin (left panel) and Tektin4 (center panel) are shown in right
panel. M, P, and E indicate the middle piece, the principal piece, and the end piece of spermatozoa,

respectively.
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Figure 16. Testicular Tektin4 mRNA expression in rats treated with DNB, EGME or KET. Data
show the mean =+ standard deviation of 4 animals. **P<0.01: Significantly different from the control

group by student’s t-test.
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WEEE

ARBFFE T IR EAR R BUIRHT 2 IO RS BRI SV TR L. LU T O R A
Boii,

EPH T CIE, RERFMEREE O 72 OFH A A~ — I — AR - & LT B
N DFFEMEITHE B UIoMlafr Ra08 i1 > M2y Ulc, Mlfr 28R 12y hoX
BIAH) & KRB0 ORE L OBIMREZMREFTT 5720, DNB i RFEET VT v M &
TR L R B i A e O dr RAIB5 » h DR BUE BT 2 i L 7=, £ D
fER. DNB #5-7 v FORERTIL, FEREMIOREE OB & b 7e o ORI A R A8
G DORERBUL T N4 b (Matsuyama et al. 2011), 20 Z &5, KRB RAES
- DFEBLA B AR REAB B B 75 2 SO~ 2 T BN A A~ — T — (54l & 72 2 FTRBIE D3RI &
Mz, FeuN T BT, MR RAEIS O BUR T LS RRRES & OBk A =
HIZF~5 72, DNB & (3570 5 m 5 B 23 5 5 % EGME sk T T L T
v MR U CRIB FHREILB & T Uiz, £ OfSR, EGME SR HEEEET LT v b
2BV T b REREMIEREE OBHEIC & b 7 5 R R R AR T ORBUK TR A b v
(Matsuyama et al. 2018), %72, DNB & () EGME i RIS HBIEETT VT v F TV
HIERT A FAT B ORTFAHE SN TWEZ 06 ERT X M AT 1 AR I ERE
MR RAEISF ORBIEEC 2 DB at Lz, KET %7 XA AT VKTE
TIT v N EEH U OB R R B R T O R BIEB & iR L7 R, KET 57 >
N TR R AR T ORBUR FIXA LT T A FATr VKT BB T
DFRBLEN B L2202 E2VRIB & 7= (Matsuyama et al. 2018), LU EOFERNS | #
RIS LA EAR T OB BUK T I LGP O BIERBL A B = X MRIFET, R R
DRELZRMT DA F~—T1— L2 D RetE N R S u7c (Matsuyama et al. 2011;
Matsuyama et al. 2018)

F=ETIX. DNB BB EMET LT v MO L TR IR R I8 BURHT 2 FEf L
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DNB #5102 £ 2 BB IR L~ L TR S 2 e LTz, £ OfER. DNB #4524
FE[H1% TiX. DNB @3 RHRBIEORKBUCHET DL EX ONLMLA L AGE, TR
P =3 A ROV N U — AR O Mg 2 2 S 5 &b D B s B
3 A 547 (Matsuyama et al. 2011) ., #EV\ CHIUE CTlL EGME B3 mamttEt 7 v 7
v M 5 RERRIER S 1 I BUENT A 520 L. EGME M#EE 1 X ek A b L AJRATUHE,
TurA rxF—EEEl, KO A N T F bR R T 58 AR LT
(Matsuyamaetal. 2018) , Z 9 L7c#ZH L~V OEEIL, K051 X MR+ 580
AT~ —T1—L72 02D bDEFEZ 0N, MAT, 7TAMNATRVINEIZER LICE
LT RBEBEN 2 E L, 7 A b AT VRBICEE T 2 8E T RRESH 7o 7 7 (L
DEND S EGME KON KET ICX DT A RMAT O UK T A D= A LDENEHETE LT
(Matsuyama et al. 2018),

BRI TR T OB AR ICE ST 2B 5 F 3 R EEANA A~ — 7 — BT
TR D DN ERETTHHMT, 7 v b Tektind ICEH L CEREIT-7-, 7 v MEHRIC
BT mRNA [ FHERE M THRE L, 2 7B FlRBICRIELZZ &b,
Tektind (345 T #E & DO TE RO RE IS B 53 5 AIREME 2N B 2 HAv7z (lida et al. 2006b;
Matsuyama et al. 2005), & 52, FEEREOK T 2ER T 5 Z L3545 DNB X
EGME #RFERBIEET VT v MTBWT, FEHEY Tekting mRNA OB /L S 4L
72, Tektind O 7 v MEFIZIIT DHERECHEIEIEE T VT v h TORERA Tektindg mRNA
FREEHHDOERIZOWTIIARHTH D05, AWFFEOR R Tektind mRNA FEBLEE 738 1-
DHFETE A IEEREER ISR T DR R 2 KT S ATRetE 2 7~ 5 6 o & b
72

VI EORER AW E 2 AGHEIERHM I 1 2 MR B R T I BT O A FIPEIZ SV T
BHNCELRT D,
ABFFEDRE R, A REMAS R AE IS O FEBAEB DK RS 2 4% A A~ —
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H—Lipd AR U, RRBEE L, BRI~ LE W OEEER LS D A 9
SALTHRSBESNLIFEETHY, BN MRS (Blackbum et al. 1988;
Boekelheide 1988), 7 A N A7 B /KZ (Bakalskaetal. 2004) . SR FHB- F HAR-PEIR
il OFEEEREE  (Sinha Hikim et al. 1997) (X0 R Z V55, Iz T, 9Mbo Lk
(2 & DREHANI T DEE N ECTHE b BT A 7 nitiie 2 LI2L - T, fb
RO & LTl E N5 (Matsui et al. 1995; Russell and Russell 1991;
Watanabe etal. 2000) . L72735 T, FMEREL A B = X L2 K & F IR R0 & 4
B A= —IF, B IR TEER A = X A ORISR L Clg)A < A TEE e
P — 720 9 b b D,

TR R RIS T8 v b 2T 208 % OBAR T ORBETICE BT 5 & EREH
b 23 2 & 4172 DNB X% EGME O H & Tl 1ZIE4 T OR Rl R BB S 7 TR 8
B IRH G Te—T7 T, BT LR o7 (Figure4 X1V 6), L7eh-> T, IG5kt
FARAE L AE R T ORSREIRIC 31 2 A BRI A TH 2 b O D, 2 b BB 136
FEMARREEICBE L CRBUBAD T 2MEA LB L THL TV D R s b, 29 LI
[, BEMERE A A = X L IRAF ARG RIS 5 2 g~ 2 3o A~ — 1 — & L CHRE
LZ2LaIRTHLDEEZOND, £l KR THWZD 2R a7 3NA A ~—h—E&
Gfty NEHBRT 2B EETORIEBO S ERELZMKL TAa 7T 5HDT
oL EMETSH L (Kiyosawa et al. 2009b) . KRR E 125 L C—RRIC 3B &
TRTRE R B AE AT Tl D-A 3 7 L 5 il RS b L 22 5 = L I S
Do

FEG R 22 VERRBR O — A0 A RS BETR MR 12 35\ T S RERII 55 5 B AR 2 A R S
2 & o TREM S 42 038, ARBIFZE THMi L7z K 9 7o 8 Bl 20 BEALRR 2 ROMRAT & FEhi 9 2 12
XM 22BN A TR & FM 223 5, £z, EEZZT AT e - Y
JEDERECRME EE~ORBEC LV 2EITEKTHZE0NH Y (Creasy 1997), FEED
FRPE 2RI B BRI 2 Z LI L WA R B D, — 7, Rk AR 72 FV
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To il Tl BEFRBAE 2 2 a7 (k32 2 &2 K o THEAMEE BN E &
IREHmAFIRE L 72 %, T 0 LICHFEIT. IS MIlaEE 2t 2 M A ~—h— &7
L7200 TiEia < R DOEE AL AW TR RENIIOFE S OFLEE 2 LT 2 B0, o

TERINIRNT A —5 — (CEYREC L2 E 2R &) LA R RS & AR BIfRAT %
FEi S DY A TG AT RE ARl FEAR (2 722 2 L WIFF S L D,

Al BRAEA B U 'V b —AEREa e Bs R e T A oF =D
WAL, B R R 7B F LD TTHE &\ o To iy FAf R b OB & ERRR AR T IS BUARAT
(&> TRHMBATRETH D 2 L RIR ST, 29 LI+ N MIKREERIUCTE S
T2 ERMBNTEY  ERFHIBA I = XL EHEET DA AR HBREIC 72 5
EBbND, FIAITRRIZMIEA P LA LT Th 5 2 Lmbi, £ < ORHE
PEMVBEIIIE A LA ZAE T D 2 &b, LA b L AT LA WIREE T & 2k B atEge
BUCHEAET D0 1A X hE&FE X545 (Conte da Frota et al. 2006; 1lbey et al. 2009; Peltola
et al. 1994; Siu et al. 2009; Song et al. 2011; Urriola-Mufioz et al. 2014) . A% TlX. DNB X
I3 EGME #FRAGHREIEOMEIC L > T, BRIEA b L A SEBEERR T DR RAT O
upstream regulator fEAT T BE38 upstream regulator @ activation z-score DO ZF THEE L T
D FERNTRAELIZIEAR b VA ZRHET DBRO A RN, A~ = =127 % LHifF S
N5, F7=. DEG % fv 7= upstream regulator fi##7iZ &> T, EGME %57 v N CT7 & k
AT TP IVOIEMALA, KET %57 v F TEFRY 7TV OMfl B ELC TS Z &
DR E AL, 29 LIcFRA S LI2T7 A F AT 1 AR TICKT D lib&9 O E T O
WEHEE LT, 2D X512, BEFDO NS F~— 0 —BIn 1 ORBEE & EHNZ T2 2
ETMZ T, DEG ORBAE 7 107 7 A /L2 T GO fi##r<> upstream regulator fi#4T 72
EDFiEz N G RAEMZFMERIT 5 2 L3 FEDFMET > RARA > FOERIZ
b D RBRT 2 HET DBRICA MR TFELE AN D,

LD X1, AR TIIRRFEET VT v MCBIT 2R RuES, B b1 X
B, BV N Y — AR MBS R T e T A R —BIE A, E X N T T
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MEDTIEIZ B 2 8 n F R BIAE 2 /A Lic, 72, BRT X P27 v AXTOMEM
FEF75 EGME & KET THZR L5 Z & 2B FRALH 7 n 7 7 A VinbHEE LTz, 2oL
ToRFFERRIE, MR BMERBUCHFET 2 26 0FMEFH T RRA Vv FRERE L~ T
BT 2 FREEZ /RT & &I BRICE T 2 BEORIHSCERMERILA I = X A OHEE
[CBS U CREfR B A RBMIT PA R FIETH L 2L 2R THDOTH D,
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