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Abstract

Thioredoxin (TRX) protein is an antioxidant responsible for reducing other proteins by
exchanging cysteine thiol-disulfide and is also known for its anti-allergic and anti-aging
properties. On the other hand, epidermal growth factor (EGF) is an important material used
in the cosmetics industry and an essential protein necessary for dermal wound healing
facilitated by the proliferation and migration of keratinocytes. EGF also assists in the formation
of granulation tissues and stimulates the motility of fibroblasts. Hence, genetically modified
soybeans were developed to overexpress these industrially important proteins for mass
production. A single-dose oral-toxicity-based study was conducted to evaluate the potential
toxic effects of TRX and EGF proteins, as safety assessments are necessary for the commercial
use of seed-specific protein-expressing transgenic soybeans. To achieve this rationale,
TRX and EGF proteins were mass purified from recombinant E. coli. The single-dose oral-
toxicity tests of the TRX and EGF proteins were carried out in six-week old male and female
Institute of Cancer Research (ICR) mice. The initial evaluation of the single-dose TRF and EGF
treatments was based on monitoring the toxicity signatures and mortality rates among the
mice, and the resultant mortality rates did not show any specific clinical symptoms related to
the proteins. Furthermore, no significant differences were observed in the weights between
the treatment and control groups of male and female ICR mice. After 14 days of treatment, no
differences were observed in the autopsy reports between the various treatment and control
groups. These results suggest that the minimum lethal dose of TRX and EGF proteins is higher
than the allowed 2,000 mg-kg" limit.

Keywords: epidermal growth factor, genetically modified soybean, ICR (Institute of
Cancer Research) mice, single-dose toxicity study, thioredoxin
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Introduction

Thioredoxin (TRX) BHEl|2|of, A& B 552 E3toto] 2| 7dol| EAchs thafet &l EA6h= 12 kDa2] 2}
-2 il o] th(Yodoi et al., 2017). TRX= cysteine thiol-disulfide 1gto]] 2]5f T2 Tl A 50| 3k 228 ZZ5H=
F4tehE2 (antioxidant) = LA 1o, | Lol MlaETRe] Agtol| & Trofdtttal B 115 QI THNordberg and Amér
2001; Meng et al., 2010). Q1ZHollAl= TXNT TXN27} TRXE Th== f-4RER defA QL o] & f312HE &) Al
A 739 Y Z27TA|1R] g AHNR /S (gastrulation) o]l =7 Hol| A} vljob2 o] Y-S Bho} §ARA|7] 7] wiizol Z
& AR LA ATHMatsui et al., 1996). =3+ o] AL AT TRX O] 715 Aol A= TRX O] HRe-AU) apd
A Fert 27 S wR e, AR AS o5, A4 = wj RS oAl B A 9l T (Fukunaga et al,
2009; Ono et al.,, 2012). ]2} TeAste] L 27] F= 0] R RdojA= TRX7F L2|27] vkt 4S% A6k,
A=/ S5 RY 0heA REoMe f4% 07 TaE TRX7ZE 453 HE 249 ik dAlsk= A=
UFEFK(Tian etal., 2013), L 27] % e s} 2480 Ql= 2HE 47 2 TRX O] 7]-5-0] ZZ7HA] Hark]al Qi

Epidermal growth factor (EGF)+= epidermal growth factor receptor (EGFR)°l| Z2&oto] AM|22o] g4t Bat5 =
Z5h= ©F 6 kDa2] T o] thCarpenter and Cohen, 1990). EGF 122 keratinocyte migration, fibroblast 7|52t
granulation tissue2] F/Jol] T5]5h= 71 02 A& A St} SFFE AR ZM 2] EGF= epidermal cell2] 5-4]-& ZX15}

ol

T keratinocyte®] |53 F418 BT M TR 25 BN FQT S Bh ST Y A §
73ollX= EGF Tl o] 4] ol = T2 7HA1 AL Qlof dAlolli= EGFe] Mg Al A’ 7HE-S S-5ko] Tl
Q31517] 19 177} 119 0] chHardwicke et al, 2008).

$2) 54 U DU L 393%2 ol VAR 8 S BE 74 ek o] o] Bafol TRXS)
EGFE AME0]4 22 A7 | = FAAp 3o 7HE = et o A 7idd faab g 422] 7491993 2
H% OECD (Organization for Economic Cooperation and Development) 3-2] 2 1141 (Consensus documents)S 7| 2= Tk
S0 A 5573 7ol Wk A deE 1t sl g B7He 4-35tofoF Sk (Oh et al., 2020). = U 2] 73-9- 2008
1 1978 MO W& I FRAARIES sAME-SAE- A R ul S TAESIAR) Al 185 wet
A PG 7E AP E A A of sk M| RFE o2 R AES] de2r] BS54
171 floto] G2l Foq =54 A4 AR E AlEeh =S skl Aok

2 AtolMs TAFECIA TRX B EGF U §A2 R Foll =4 TRXQE EGF T dof| tfgh &3] 44150
=N AABITE o] & 9]5te] OECD E|AE 7}o] E2FQ1(OECD, 20024, 2002b)} A1 Z-0] ok okl 2] 1A] A

o e
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Materials and Methods

TRXQ EGF THiiE o] ap i n} R A

=
QAR Fo) 22 =QAE TRX (NP_003320)2F EGF (AAS833951) Tl 22 thgk HA|517] 95tk sl 7
Zzto]| Eo]FQl Zato|r Z2FH(Table 1)t FHAPHAY F O ZHE] 253} total genomic DNAS FF O 2 PCR
(polymerase chain reaction) ' 0 2 Z-Z5}QIt}, o] ZA| 3FH TRXS} EGF HY A= pET-26b (+) B E](Merch,
St. Louis, MO, USA)°ll Ndel2} Xhol DNA AH[SFEAE- o]-8-5t, C-Lkoll 6712 hitidineE-2 883 TRXSF EGF ©
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Hl 219 Wb A| AB)(pET26-TRX_H6, pET26-EGF_H6)S A| 251 th TRXQ} EGF Thil & Whel-S- Q]5}o] BhHEoi
pET26-TRX_H6Y} pET26-EGF_H6= Z}Z}E. coli BL21 (DE3)°ll =451t} ZH2e] ehgd A Aso] =

U%E %= 50 uL-mL" kanamycin®] 23 0.8 L LB brothol] B35t 0D, 44el 0.6011 23S Wl IPTG (isopropyl
B- d-1-thiogalactopyranoside) S Bl 2|5 5 =7} | mMO| & =E X 2|$+ 5 44|75t 37°Coll A 200 pm -2 HHF
SHITh 7L & v A2 4,000 pm = A4 2|5ho] HHH MEE 3]45int o FA| AR M| E+= French press
£ o]-8-5to] mafgt 15,000 pm 22 YA E2] 5o /4523 Ni-NTA-agarose (Cat# 30210, Qiagen, Hilden, Germany)
< o|-&sto] T A5 FokelTh. TRX T o] 49 48/ Tl ol ARSE] = W& 435131 9™ EGF
9] 7% ureaE 0|85t £-8/d TN A S whet Tl S A5 o] R A| fof Xl Tl A2 SDS-PAGE
(sodium dodecyl sulphate—polyacrylamide gel electrophoresis)2} anti-His tag antibodyS- ©]-8-5F Western blot 452 59

seIsiolet
Table 1. Primers used in this study.
Target gene  Primer name Primer sequence
TRX Ndel TRX F 5’-TATACATATGGTGAAGCAGATC-3’
TRX_H6T_Xhol R 5’-TATACTCGAGTTAGTGGTGGTGGTGGTGGTGAACCAGCTCGTTGAT-3’
EGF Ndel EGF_F 5’-TATACATATGAACTCCGATTCT-3’

EGF_H6T Xhol R 5"-TATACTCGAGTTAGTGGTGGTGGTGGTGGTGCCTAAGCTCCCACCA-3’
TRX, thioredoxin; EGF, epidermal growth factor.

T Eoj=Afo] ™ast 2 g o]Ake] TRXE} EGF Tl AS 7] 9)5) -g-71HA vl Yifed-batch culture)S 5335+t
TRX YHA| AR S QA= 5 L FZol| 2 L Bl Y-S 43451111 EGF A AR] vl FZ 2J5 A= 500
L v =0l 300 L thF FAIE X3Y51ATE o|FA| BiFE ME= 4,000 rpm YA 225 F5+0] &AL lysis
buffer (50 mM Tris HCI [pH 8.0], 5 mM EDTA, 0.5% Triton X-100)°1] 2J3}| 3]4]et & microfluidizerS: ©]-&5to] whafist
S AR S 53519 inclusion body S $]4>5}F3I T o] A D013 inclusion body+= EBA (expanded bed adsorption) %
-5 FPLC (fast protein liquid chromatography)©l| His-tag 23} Z % (HisTrap FF 5 mL, GE Healthcare)= -5-31 ~345} 3Tt
Hl A 27| 52 binding buffer (20 mM sodium phosphate, 500 mM NaCl, 20 mM imidazole, 8 M Urea)2} elution buffer (20
mM sodium phosphate, 500 mM NaCl, 500 mM imidazole, 8 M Urea)”} 0] =] 01 Z]FZ 0 2 smIA] E2d 22
2 3]4=5}9ic} o2 A PojX Tl AL SPS.PAGE B4 Eal Tl E o] Baleks 3olsylal ulA|et i o g

T3] Rl 502 215+0] D.W. (deionized sterile water)= dialysisS 4~ o111 5271 25k0o] TRXS} EGF 2| TS

[¢]

A% = Eof] Foldh= TRXT EGFEH 2 A3 A|ZM of] ZAFA]-&(CP323S, Sartorius, Gottingen, Germany) 2 =
0]-&3}0] F4%5 =200 mgmL")E A 25Tk

o] e EAE| 0] FEA] od%ﬂﬁ Aol JOH 5= O*E}(TRX {;Odﬂdg- 160726; EGF éﬂﬂdg- 180618). EGFQJ-
TRX T&]Fo] 54 B o)) 242 ARS-H nke-20] F3t AlF-2 Crljori:CD1 (ICR)X} SPFo|H 553252 =7 120t2] e}
AA 1271 E (F) 28] N EH}O] 2 (Seongnam, Korea) B =5 5t0] | AL A A5 575 AAISHIcE 12,3
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A7 PSS TR 37 ool k. e | Fol mi Y RkSd-2 dHEslal nix|ehdof et A Sl 7t
7R b4 ZF 10mke] & s ARt 522 7 o B AlS ol e sk s FARIE e 2 2w, 2 sHE =
T2 Efsinh A7 ER AR 0 &2 AH|QIZIA FYARSAH(100 cm [W] X 200 cm [D] X 130 em [H])°ll A
SR G 2B FRE 2817 Zols ket AL EIQLT BEYIZE EOHE kel AR oIt ALR 2ot &
E520.7-23.7°C,48.1 - 59.4%, 12|31 2] Sl 4= AIRE G 10 - 158] T BAF71= 124X @7 741 E 297
Al 2R& 2 150 - 300 LuxZ SFRA2H, ARS/gAL B Fol7]= 279 18], 42 79 18] w@sioie). 28]
AR 2= I PALE (Teklad Certified Irradiated Global 18% Protein Rodent Diet 2918C, Envigo RMS Inc., Indianapolis, USA)
£ 252 oA A A AR

% 2 74 9 50

TRXS} EGF THje] ©8) Z7-50l 54 718 91510l a7)le] 202 Lol [a5}3ict. TRXS} EGF 42l
222 G2 G4 = U3l o B AR 21 2] 9k TRXQFEGF] w2 G223 G3w- 2. 2 275ttt ZF
T2 T 22 7R R 651 FA sutElek A suke F 10nkE = /g E )l U:l GI;L ] G47HA] Z- 40mt
2} 5o 18 ’%“:‘é“ﬂdi% RolalSiTkTuble ). A 28] Folelere Foleel WA & ukeA AF | kg T 10mL

2 51laL Feloll B2 1 mL FAP]E o830 fjuiell 23 T3] A TO%OPO“E} REFES 5 A4
FER] 2242714 X“4/‘]5’1 SE AR AH AR £l 872 OECDS] B3] Fo S/d A 2] 318 21
£ 2,000 mg (10 mL-kg"y' 22 AZT 7 10| Hof] Fojshe AHEHS *1636}0“2‘?*; AAFES] A
&7} 2ol x| gfo} 2 A Fo A = £ 83 5 L5HA| AASIATHOECD, 2002). tho] F-F A =

A 2] glolle B 55 Y

Table 2. Experimental design.

Test substance Group Dose Inj. volume No. of animals (number)
(mg-kg™") (mL-kg™") Male Female
TRX G1 Control 0 15 5(T1101 - T1105) 5(T2101 - T2105)
G2 TRX treatment 2,000 15 5(T1201 - T1205) 5(T2201 - T2205)
EGF G3 Control 0 15 5 (E1101 - E1105) 5 (E2101 - E2105)
G2 EGF treatment 2,000 15 5(E1201 - E1205) 5 (E2201 - E2205)

TRX, thioredoxin; EGF, epidermal growth factor.

B2 22 T YRR ZALE Sote] Folgelolis Fof 05,1,2,47} 6412, e} Fo] T 145
o 1514 SHYF FF, BAN D HHAY] ART 5 YYFY BEL SYsioich B 2E 4o
Holdh $2EY AF 242 FolAHat Fof F1,3,7 2 1420 22100 Fof 5 14dAfe] 2ol BE
520] CO, 7kAE EYA7]3 Hheh 5ol A WBAIA QkiAL 511 710 thet S9MANE Bl WH ARE
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Xtz A2

=45 273 FoiFo] 2|5 HIH= SAS (version 9.3, SAS Institute Inc., Cary, NC, USA)E- ©]
= , Folded-F A& 0] &3t0] SEAMI S §ol4= 0.052 BA5HL SEAR] 72 Student
t-testS 351 0 SE/F0] 7|ZFE]TH Aspin-Welch t-testS- A Aot & SA1A 7949 &RIsIthR-2l4

Results and Discussion
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o S FARFA Gol]
7Ho= (His)ﬁ-tagﬁ -l =9 é Tl Z o] Aate] = HAXARS Olﬂo}"*dr TRX & ﬂ 2o 4% Z 1117
o] ofn|i=Aiko 2 S E] o] )T) ProtParam O 2 S| SH TRX S| EAFFS 12.56 kDaC| ™ plgh- 5.742 EAI = Qlct
(Wilkins et al., 1999). EGF T &2 F 607]2] ofn|licito = J1AJE] 01 o Bk} pIZh2 7.2 kDat} 6.00.2 &
ol lct. ZHzke] TRX @} EGF Tl & ] A AB(pET26-TRX H6, pET26-EGF _H6)2 Z}2} E. coli BL21 (DE3)0ll &=
Jsto] IPTGE: inducer= oto] THE A|Zct. o|FA| 2HAH M2E ohafist & TRXSF EGF2] C-getoll x|t
(His)-tag?} 23S 7}A]+= Ni-NTA-agarose resing- ©|-8510] ZFzko] thal 2l HA5li et o] ZA| w507 thal
Zo] TRX2} EGFRIA] &915}7]9I5k0] SDS-PAGE 2492 E35t0] EAFS 2015} anti-(His)-tag antibody S ©]-&
510 Westom blotting 12412 Al A 510] TRX 2} EGF THli 2l o] ZgA)| =] itk S 2151 thFig. 1A and 1B).

T3] ol 5 BA9] 58 A 2,000 mg (10 mL-kg')'S] A& SEE 9J5to] TRXSH EGF Tl o] 7}
Fof2g A=t HQd 20 & o Fk|o] o] & L5k ti At HH & 7HdstUch TRXSH EGFE 1HE&l ok Al
£ iz A719fsh 2 L (TRX)2H 300 L (EGF) B -& o]-8-5to] 7714 HlleF& =35ttt oA dojxl Al
£ 1h2fi$t & EBA (Kennedy, 2005) ' 2} Ni-NTA-agarose resins ©]-86F0] Zz}+o] Tl A8 4|59 thFig 1C and
1D). o] ZA] A E THHElA-2 Ni-NTA-agarose resings ©|-851 AA|H B2 & 5 TRX+= 1HEH 108 285 18
I EGFE I'HRE 138 227k 2o} D.W.2 FA(dialysis) ¥ & 5271 E510] FAIE S45H $ 80°Col Hatsta
A B2 ARESIIT

(!}

loﬂJ

N

Il

H

)

TRX ¥ EGF X2|z22} = Zte] QAHS A 8l X|AZ H|12

QAT HALE 9Itel TRXS} EGF Bj 22 247} B8l 47 et F Folg ol 05, 1,2, 476 A1t % 5
3] 1)1 ke RE APFRYR 4YHA S 151 ST AR T 5 HUAS A4S B

}_

o =271 [e) bl =

2 Am A AR A o) gzlo] ol ehgtthTable 3). EGHTRXS} EGF T 42 518 Sl 8o 2
#)2) Foll 2|AFg-S 81 Aol th2el G129} GIZ vk ohujz}, 2] 29 G2t Gaoll A = AP At} 2
Z0%)2] 3kThTable 4). kAl o] AT M = AIFB 2] TRXSHEGFS] 24 Ak minimal lethal dose)2: 518
78320 2000 mgkg! Bk 2 20 2 Bels|gick
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Fig. 1. Purification of thioredoxin (TRX) (A) and epidermal growth factor (EGF) (B) proteins from flask cultures,
and fractions of TRX (C) and EGF (D) proteins purified by expanded bed adsorption from fed-batch culture. M,
CBB, WB and S indicate protein molecular weight marker, Coomassie brilliant blue stain, western blot, and
loaded sample, respectively. Arrow head indicates TRX (C) and EGF (D) bands in the gel.
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Table 3. Clinical signs of ICR mice treated with TRX or EGF on single-dose toxicity test.

Group/dose No. of . Days after dosing
Test subst S _— Clinical
€57 SUDSHAEe  5ex (mg'kg!)  animals IS5 1 2 4 6 7 8 9 10 11 12 13 14
TRX Male C(})l 5  NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
G2
2,000 5  NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
Female C(})l 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
G2
2,000 5  NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
EGF Male G03 5  NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
G4
2,000 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
Female %3 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
G4
2,000 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5
ICR, Institute of Cancer Research; TRX, thioredoxin; EGF, epidermal growth factor; NOA, no observable abnormality.
Table 4. Mortality of ICR mice treated with TRX or EGF on single-dose toxicity test.
Group/d Days after dosi
Test substance Sex U f)lse N.O -of e . Mortality
(mg'kg') animals 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TRX Male (f)] 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
G2 5 00 00 0O 0OO O 0O 0 0 0 0 0 0 0 0/5
2,000
Female (f)l 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
G2 5 00 00 00O OO 0 0 0 0 0 0 0 0 0/5
2,000
EGF Male %3 5 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0/5
G4 5 00 00 0OOO 0 0 0 0 0 0 0 0 0 0/5
2,000
Female C(’)3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
G4 5 00 00 0O OO 0 0 0 0 0 0 0 0 0 0/5
2,000
ICR, Institute of Cancer Research; TRX, thioredoxin; EGF, epidermal growth factor.
HIE Het o SO BAHAA
TRXQ} EGF TH A S A1 Ths]| Eof st -5(G22t G4yt B AT 2 25t F5(G1T G3)2] ST} 71 2+
o] Aof| thet Fof A 0 2 Fof 51,3, 7Y, E 14Y0]| 4|5 WSS &Rl A3} B & F-Fol|A] Algto] =
ol ujebr] H|Zo] AIA o 2 Zrfete AHEFS Bl om TRXS} EGF B0l 2% B&A|qt xj2)st oy =3t
H| WSk A3} slig Al E2 o] npeAl] XSSt BAZ 02 Fo|st HStE R oA=& Ao &2 eRIE )
CH(Table 5; Fig. 2).
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=3 TRX S} EGFS] ZTE0] AR E] 1424 She o] Aol AL H 4712 2E 920 thsto] R7E A
Al8tiet 1 A3 FofH (G2t G429t tHRTH(G1T} G3) FollA] 87F0 2 ER171Hs §F o] 4712 e %] ¢k
tom, Foja}t o277k A4 0] fo|d S AT 4= gl o]H o] f-& 1Al AW e|sHY HA=
AN et

Table 5. Body weight of ICR mice treated with TRX or EGF on single-dose toxicity test.

Male (g) Female (g)
Group/dose - ; : - : :

Test substance (mg'ke’) Animal Days after dosing Gain Animal Days after dosing Gain

D 0 1 3 7 14 0-14 D 0 1 3 7 14  0-14

TRX Gl T1101 283 304 320 341 363 8.0 T2101 213 223 224 242 260 4

0 TI1102 281 288 298 327 367 8.6 T2102 213 227 240 250 258 45
TI03 295 312 326 346 375 8.0 T2103 230 244 258 260 297 6.7
TII04 297 316 335 358 402 105 T2104 247 259 260 282 287 40
TI105 285 304 314 332 352 6.7 T2105 240 245 253 263 29.1 5.1
Mean 288 305 319 341 372 84 Mean 229 240 247 259 279 5.0
SD. 07 11 14 12 19 14 SD. 15 15 15 15 18 1.0
N 5 5 5 5 5 5 N 5 5 5 5 5 5
G2 TI201 291 305 313 349 375 84 T2201 239 254 264 287 280 4.1
2,000 T1202 288 301 316 345 368 8.0 T2202 233 247 248 267 279 4.6
TI203 283 294 304 327 346 63 T2203 234 242 245 283 288 54
TI204 264 283 288 319 338 74 T2204 234 236 236 247 263 29
TI205 289 298 315 345 374 85 T2205 205 216 225 236 250 45
Mean 283 296 307 337 360 7.7 Mean 229 239 244 264 272 43
SD. 11 08 12 13 17 0.9 SD. 14 14 15 22 15 0.9
N 5 5 5 5 5 5 N 5 5 5 5 5 5
EGF G3 El110l 273 280 283 302 315 42 E2101 244 246 253 265 294 5.0
0 EI102 292 298 302 318 327 35 E2102 244 259 260 273 29.1 47

E1103 302 320 324 340 357 55 E2103 265 266 270 287 317 52
E1104 308 325 344 352 362 54 E2104 253 267 267 278 307 54
E1105 286 294 299 311 326 40 E2105 237 242 250 253 275 3.8
Mean 292 303 310 325 337 4.5 Mean 249 256 260 271 297 4.8

S.D. 14 19 24 21 21 0.9 S.D. 11 11 09 13 16 0.6
N 5 5 5 5 5 5 N 5 5 5 5 5 5
G4 E1201 289 289 303 322 336 4.7 E2201 256 258 259 275 309 53

2,000 E1202 306 320 326 351 358 52 E2202 253 257 261 269 303 50
E1203 287 291 293 30. 316 29 E2203 234 250 265 279 297 63

EI204 309 323 324 330 353 44 E2204 242 254 262 276 288 4.6

EI205 296 309 321 341 370 74 E2205 246 258 258 273 302 56

Mean 297 306 313 329 347 49 Mean 246 255 261 274 300 54

SD. 10 16 15 19 21 1.6 SD. 09 03 03 04 08 0.6

N 5 5 5 5 5 5 N 5 5 5 5 5 5

ICR, Institute of Cancer Research; TRX, thioredoxin; EGF, epidermal growth factor.

Mean, S.D. and N denote the average weight of 5 individual mice, the standard deviation and the number of mice used in each group, respectively.
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A B
45 TRX, Male 3 TRX, Female
40
30
> W/ === T = M
2 — = 25
E A= z
'g 25 -g 20
5 12: —s— G1: 0 mgkg' = 15 —=— G1: 0 mgkg!
@ 10 — + — G2 2,000 mg-kg" @ 10 — = — G2: 2,000 mg-kg
5 5
0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days after dosing (day) Days after dosing (day)
Cc D
40 EGF, Male 35 EGF, Female
" = N M
5 WAt 5 %
% 25 -QE',’ 20
20
z —s— G3: 0 mgkg" Z 15 —=— G3: 0 mg-kg"
= 15 3 e :
:‘3 10 — & = (34: 2,000 mg-kg' [g 10 — & = (34; 2,000 mgkg”’
5 5
0 0
0 2 4 6 8 10 12 14 0 2 4 ] 8 10 12 14
Days after dosing (day) Days after dosing (day)

Fig. 2. Increase in body weight of male (A and C) and female (B and D) Institute of Cancer Research (ICR) mice
treated with thioredoxin (TRX) (A and B), and epidermal growth factor (EGF) (C and D) based on single dose toxicity
test.
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