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Evaluation of the transferability of in vivo Pig-a gene mutation assay across three laboratories
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ABSTRACT. In order to establish a pig-a gene mutation assay as a regulatory test for evaluating in vivo
genotoxicity in Korea, the transferability study as a stage II validation was performed using the test substance,
N-ethyl-N-nitrosourea (ENU) across three laboratories. The lead laboratory (KIT) standardized the protocol using
Rat MutaFlow® Kit and transferred the methodology to two participating laboratories (Hoseo University and
Biotoxtech Co. Ltd.). Sprague Dawley rats were treated with vehicle or three dose levels of ENU (10, 20,
40mg/kg) by oral gavages on the 3 consecutive days. On the day 15 after the first treatment, bloods were
collected and analyzed to estimate the percentage of reticulocytes (%RETs), mutant type of RETs and
erythrocytes (RBC) using flowcytometer. In results, the exposure of ENU induced the dose-dependent increases
in the mutant frequencies of RBC®™®" and RET“®*”, while %RETs were not affected. Data comparisons among
three participating laboratories indicated the good transferability with the high correlation coefficients (0.97-0.99)
between the lead and participating laboratories. In conclusion, the pig-a gene mutation assay may be the
effective test for the estimation of in vivo gene mutation and the validation studies may be needed using more

test substances in Korea.
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A|3Ed; 8O 2 =25 0] surface marker&9| 7§;}'E1' Ea
)= anchorE A3t} (Kinoshita et al,, 2008). Pig—a
TR ARl 7 FLEH  anchorZb —n—é }03]
surface marker5(CD24, CD55, CD59 5)o| Adts}A]
B3Lo 2 OlIRBCY} 7]5-S & FrkHu et al., 2009).
A S AHESFo] RBC -+ RETY] surface markerS H7}
SrO 2 A pig—a gene FHWo| 54 £ o &sl= AA
W faxEdRo] Al *éxlvoﬂfﬂ 7sto] Haish
A THBryce et al,, 2008; Miura et al,, 2008; Dertinger
et al,, 2010),

In vitro SRAERAETS AHdZATNE in vivo AE
A Al z&s}m} @), QRO e B
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£ o] &3t AMA|Y(Mammalian erythrocyte micronucleus
test, OECD TG484)& 43st=d|, adMAFLE &4
AEAHo] Hrh= GAA o1 & (clastogen) &
Bt 4 e Al e, OECDe] A H 3
Mg Az F(“Transgenic Rodent Somatic and
Germ Cell Gene Mutation Assays”, OECD TG488)
2 A8alol SUAEQHOIE AT & er) ulg
WoA7Hel Ewels MsEs Aol opyd.
“Hypoxanthine phosphoribosyl transferase (Hprt)
lymphocyte assay”’(Aidoo et al, 1997)& A}83}o]
in vivo GAAEAHE AT = o A&
AgS 9ls Aguel Aok Bask Aol thICH,
1995, 1996). wetA|, in vivo §FHA EHWHO|E ¥
7Vt 4~ 9= pig—a gene mutation assayol A|A A
ol Aol HEx1 Qth(Miura, 2014; Gollapudi et
al., 2015).

Pig—a gene mutation assay= 2412 3t A
ANag Tz FHS L5l &7 AMESER SES
SN ZIA] o= Aol Slal, REEEAAY & o
£ FASEAEGn vivo AFAF  Es
assay) o1} St U FEAA HIITFo 2N
AEsE 5 Y ¢ deug T2 &Y ARt
Aoz HrlElal QJth(Dobrovolsky et al, 2010),
Pig—a 1AA= @71A Gl dojA F1toll mif- HE
Holng AdsE 4a9 QA d5go] =i, 43
F B ohe deE 2 AAAE Tx FA AR
A Pig—a gene mutation assay’} 7}53% Ao 2
7}=E]x1 QJth(Horibata et al,, 2016; Cao et al.,
2016). Pig—a +AA7E AR X-FAA o $14]
1 9lo] 8A-R =dHo|2 218k RBC/RET mutant
& W=7t 3 (Dobrovolsky et al. 2010), HHE
ool tfstol hgol FRIEE wH QRS WA
4> QJtH(Shi et al., 2011; Stankowski et al, 2011).
FlowcytometerS A&3}o] wild & mutant type<
we7F w23 gt EAo] Al Agte] 4A
o1 background A7} wl& PF3(¢ 5 x107° A|E),
ol e =4 it whgo] AA AnpE o] &
0]&}cH(Gollapudi et al., 2015),

olgst AAER <Q3l9, pig—a gene mutation
assay A|gHo] 200839 A& HIiEH(Bryce et al,
2008) o2 W-=A| Stage 11 & T A[FRIQ] We]o] A
o] AY=| I (Dertinger et al, 201la,c; Cammerer
et al, 2011; Lynch et al/, 2011, Bhalli et al,
2011), immunomagnetic separation2 A}-&35}o] A]E
He MATeEN A, 424, AdY 55 =

ol

o

]

ChH(Dertinger et al,, 2011b), nj=+ ¥ §HS ZA10
2 pig-a assay? Jjury} dEE FAlo=a PIGRET
A& (Kimoto et al,, 20012, 2013) 7fjgto] Z3§ =
oft},

Pig—a gene mutation assay+— Lympholyte®—Mammal
& Agoto] BololH HEFE SUsla PE-EA
CD59 A Akl D59 WA AREo] Yt
wild type RBC/RET (RBC"*/RET®*)¢} &) A3t
o] ¢J= CD59 A% mutant type (RBC™®/RETP")
2 flowcytometerES ARES}o] H 715k} (Bryce et al.,
2008)., T3k, SYTO®132 SALS AMlsto 2y RBC
¢} RETE EAstth(Dertinger et al, 2010).
PIGRET AL CD71 342 AF83te] RBC9} RET
£ wdstal 7}z HIS499F CD59 PFAE ARHE-SH
wild typed} mutant type?] erythrocytesES HA35}
o] FrlstcH(Kimoto et al., 2012, 2013), AAL XA
£ RBC/RET®] E4¥lo] A|Z471 1x10° A Z 3 574
ol5t= ZAStEZ 1x10° o]Are] RBC/RET A|ZE B
A35t7] 98l immunomagnetic separationS -89
o] RBC/RET &%Wo] A28 F5cte & =4
sto] A2y 9 AHde sk itk (Dertinger et
al., 2011b).

Pig—a gene mutation assay 7¥E {3t A&
e TSR EL obE EE AT B4
FANHoR A Sl Ao|vi(Gollapudi et
al., 2015), OECD Aoz FAst7] 93t A&
|- pig—a assayE T4 24 £+ o9 23
o Hgstol TN A wokstug st wo
2 o]ojX 1l Itk (Dertinger et al, 2012; Bhalli et
al,, 2013; Labash et al, 2016; Muto et al,
2016). wbA, FAE 2 AR HSATTH
Ak ZoR AlREY &2 A4S #Y5HA =

H e ZA|F O FE JEF=EQ] pig—a gene mutation
assays wUolAE grgstal HEshr] 918 Al 7],
A H7FAFAKIT), TS Fggeta =4

-

SIITLA(HOBT), vho] @ BAE(BTT)O] Zhofste] A
A Welgold 2aA A (Stage 1) H4AMEA Bt
ARe <A 2 YAES HAsHe AL BEE
stich, B A7E Fotol Feld A3 B A
W ERAYAYAGOPE AR on et 22
2 ALgE AW WolYold stage 1T TA AHS
AW 5 e Ao wHEn
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Materials and Methods
1. NEEE 2 ME

AR ARE AH
N Gt HHE
&3
759-73-9, 59%)2 Sigma Chemical Co, (St, Louis,
MO, USA)O|lA T79l8t91, Ca & Mg free PBS (pH
7.2)= Gibco (Gaithersburg, MD, USA)oJA 43}
At Pig-a Al9F 2 Anti-CD59-PE
solution, Anti—CD61-PE solution, Nucleic Acid
Dye solution SYTO® 13)&  Rat
MutaFlow® Kit (Litron laboratories,
NY, USA)©. 2 A83}97, Lympholyte®~Mammal-&
CedarLane (Burlington, NC, USA)o|A|, Anti—PE
LS columns and Quadro— MACS™
separato== Mitenyi Biotec (Bergisch, Gladbach,
Germany)©o|| 4], CountBright™ Absolute count bead
~ Invitrogen (Carlsbad, CA, USA)o|A U35t}
FBS&= 7 7|¢ol| A F-5te] ARE-SHATH

2AT Aok GRE 3 /T
5 7)) o] $UF AL A

N—ethyl-N—nitrosourea (Cas no,

assay

(contains

Rochester,

MicroBeads,

Ape Ao ofdt Al 7|38 A& Table 19]
7175kt 2] =](KIT) o A N—ethyl-N—nitrosourea
ENUE AdEdE ARt AHE, AdW 9 2
59] ZAE E3 pig—a assay *]ﬁ‘ﬂg 2435k

Yasrre £33 & Zo]7|W(HOBT & BTT)o AlE
= Agsiglon, Ad¥S e o7
ENUE ARgsto] Zh2te] 7|3k A pig—a assay A%
Skl Al 7188 AdatE Bkt

115%

mlo

AR BAROINH that Al AU ATk B - 21

NSTH

w
off
MHo

f

ceddS st fist 7 7| FEAE
291 3lof Al TACUC 7]&e] w2 AIFA A A
HAE we AFABA ZLO(KIT, 1603-0095;

HOBT, HTRC-16-21; BTT, 160539)& HMo 3 A3

ZTEL F1Y%t9t}l. Sprague—Dawley rats (7~8%F
%, male, SPF)L A9 FUAHe} origind

Table 1o] A|AISFATE AR 242 HYF7] 08:00~
20:00 ZWA2A7F HE/ 1247 A%), L% 22+3
0, 4% 55120 %, 87]3]% 10~20 3]/A|7F, ZRE
150~300 Lux2 973ttt AFEE Fo|L Zg
zadd P4 ARSI Akmel B2 AR Fl
AR, 5~747F 237 & - 6ntey 47(RY
Al 15k, A& ENU £of 3302 Zsh3ith,

oX E
== T

4. N

o

2

L A

gt

>~

|¥d=4 ENUE PBS (pH 6.0)05 AREsto]l Fo
T AREA 2ASEAAL, FalEde wet 3 F
10, 20, 40 mg/kge ARSI S (Dertinger et
al., 2011c) S4HNEL(FFAT)2 PBS (pH 6.0)&
ARSI AR A Fefsiin. A Tl de
daylo@ 3} 2447k 0= 33 Eolstch A
Eo] T 15Y9] AEL ¢5to] ratsE warminig
cabinet = AL ZAM|E AFEEle] TS I
A w7 TSR, FEIAR DY
25G needlex ] Ao At z=2&=
300ul (7~949-2)E K,EDTA tubeo] 424 3}%:}

(

_>.io
ek -

9. Pig-a assay

Pig—a assay= Dertingero] 23] 7I&E A=A
2 AME-stg S (Dertinger et al,, 2010, 2011b) AF
A e et 2o 8ol ABEE B
ol 7} E316}0] Lympholyte®Mammal 2o ArZof

)

Table 1. Animals and flowcytometers in participating laboratories

Laboratory Rat Origin Flowcytometer model;
(abbreviation) Role for study Distributor software
Korea Institute of Toxicology Crl:SD BD FACS Calibur;
(KIT) Lead laboratory OrientBio Cell Quest Pro
Hoseo University .

. - Hsd:SD®™ BD AccuriCé;
Department of Biotechnology Participant KOATECH AccuriCé pro
(HOBT)
Biotoxtech Co., Ltd. e Crl:SD Beckman Coulter, Cytomics FC50;
(BTT) PafEipont OrientBio AK39260 ver. CXP
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Table 2. The effects of ENU exposure on body weights during experimental period in each participating

laboratories
. Dose levels Body weight (g) Body weight change (g)
Laboratories (mg/kg/day) day 1 day 15 (percentage of control)
KIT 0 223+6.4 322+15.0 100+10.8 (100)
10 226+6.1 316+18.8 91+£15.8 (91)
20 224%9.1 315£19.8 90+13.2 (91)
40 222+6.1 304+21.1 81£16.3 (81)
HOBT 0 201+4.1 294+16.5 93+12.7 (100)
10 201+7.4 282+11.8 81+ 5.7 (87)
20 201+7.5 284+ 6.5 83+ 1.5 (89)
40 201+4.5 277%13.5 76x10.2 (82) *
BTT 0 264+8.2 377+ 7.7 113+ 9.8 (100)
10 264+7 .4 362+12.4 98+12.2 (87)
20 263+7.2 373£18.2 110£12..9 (97)
40 264%6.9 353+12.5% 88.9+ 8.6 (78) **
* Significant difference from the vehicle confrol group (p<0.05)
** Significant difference from the vehicle control group (p<0.01)
ST A4 (2000rpm)3to] AFFH ] lymphocytes 6. 31 M=
g AAstn WAES butterd] fafalel U

flowcytometerS calibration &F7] $JgF ICS (instrument
calibration standard) A|=o| mimic mutant A|E2E A}
231991 AHELE working antibody 8N (PE—conjugated
anti—CD592} PE—conjugated anti—CD61)3} HRS-A]AH
anti—-CD59=2  wild type
anti—CD612 Zto] plateletsE FA] 3}C}). Anti—CD59
2} anti—-CD612 HXA] H A|EE anti—PE conjugated
beads (100 ul)@} HFA|AH AE A|EE= pre—column
A|EE wild type RBCQ} RET EAlo| AME3I1, o
2L magnetic fieldo|A] LS columnS EIA|A
post—column A]EE mutant type RBC2} RET EA
of AgSFSITE Pre—¢F post—column Al® Z}ZhE
flowcytometer H42 2435}7] A SYTO® 139} vl
AlA RETES A3} Countbright beadsE Z7}s}o]
magnetic separationo] 23t FF H|& AtE] &&
stelct,

Mimic mutant®} wild type erythrocytesES &3%}d}
o] ICSE A x5} floweytometer?] calibrationo]
AE-35}9ith. PMT voltage®} compensation2 Z A3}
of 4F8WE YN, y-FS FITC FFupid
(SYTO® 13)©. 2 RET®} RBCE Hielsly x-%S PE
& 3Iu}AH(anti—-CD59-PE) 2 2 mutant RET2} RBCE
ottt kA, 48He] HASPTOZREH A[A
H6EO 2 mutant RET, wild type RET, wild type
RBC, mutant RBCE A|43}%it}t. Flowcytometer
A& &otol 47bA] FRF A2 4+ % Countbright
beads®] & AFstglal, A4S AHESEo] %RET
2 1x10° A|Z % mutant RET?} mutant RBCO] =&
AbEsto] R EdRo]l - RS Hrhskai

erythrocytesS A5}

A%, %RET, RBC & RETY mutant frequency
data®] FAAEE $I5+0] Levene’s testE AH§3to]
TS B4 R4 B, one-way
analysis of variance (ANOVA) testE AIA]s}% T
F927F 891 =W Dunnett’s t—test?] ThHEHAS
Fegste] SAUET diH] AlFEE Fold9 A4 &
o]% ztol(at p<0.05 or at p<0.01)E + s
Aol 7174 E = S, Steel’s testE AMESFITH
(at p<0.05 or at p<0.01).

SAAE = SPSS ver, 17.0& ARg-sto] 4819t}

H4E ke ekl A=W F golsve] 2
A dAEE gkt A2 concordance
correlation coefficient (CC) ¥ Pearson correlation
coefficientS A}Mg3d}o] H7}s}9al, Wilcoxon rank
sum testE AFESte] = =W/ ZF 7| 7t
Bt YAEE BT,

A

iz
9‘L
e
o

Results
1. QHIZA BA U NF HI

ENU 5o 1943 & Al(day 15), ratso] A
AF HSE Table 20| AA[StTh HE Al A
Al 718 B St vl aske] a-gakatol 4
o Aol BAHYL BITS A BAH fol4
T2 E QI Hh(p0.05). ARA7IZF ¢ AlF S7H=E 1§
Szold B4 fedez e Zoz BrAHY
(HOBT at p<0.05; BTT at p<0.01),

== o\ ofy
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Figure 1. Flowcytometric calibration using ICS including mutant-mimic and wild type erythrocytes in three
participating laboratories; (A) KIT, (B) HOBT, and (C) BTT. X-axis and Y-axis are FITC-H and PE-H, respectively.
Upper-left quadrant is for mutant RET, upper-right for wild type RET, lower-eft for mutant RBC, and lower-right
wild type RBC.

2. ENU =E°f <fgt {8A SAHO| (R) % RET
10

Pig—a assay 21} 24L& QJslo] 2+ 71319] flowcytometer £ 8
FZFBHcalibration) S {5t ICSE AF&-8}o] calibration ® 6
SeslelaL, ATHE Figure 10] ANSIAT. Al 7% i
o 4% 2418 s o7] il 24viele] Hol %ﬂﬂ
ARE 19 W4 BB 1 F 2447 Yol Al B wouT -
Ao]E9] pig—a mutant TAF EAL AAFGC :IENIJO BENU10 DENU20 OENU 40
™, Z} Ato]Zuitt ICSE F£H|5HY] calibrationg 4=
sty (B) Mutant-RET

450 . L

Al 713¢] ENUOJ| tfgt Pig—a assay 235 %RET 400 o
2 1x10° A|EZ % mutant RETS} mutant RBCO| A

% 42 YeRfola Figure 20] AXaIch Al 7)w

Avg. RET® x 10
8

o)A %RET A7} 3 ENU Soi 2hol $01231 4} =l ! H
ol7F fUon, HEHEKITI T ol7]F HOBT, © [ %ﬂ 7]
BTTol|A| 47] A Hogh2 242 3.7~4.1%, 4.7~ KT HOBT BT
5.3%, 4.7~5.4% Hol2 Zol7|wa} v|wate] 2=y [ menvo menu10 mENU20 DENU4O |
A FAHOZ(EO.0) WYL HolAl Bl § (g S

oAl Apo|7} HWEEA] YSkTh Al 7]ToA HEF .

mutant RET ¢+ mutant RBCO] #AIM =X ENU % Y . T .
ofo] ofafo] SAT HES] BE lEH F712 WY ¥ o]

T, 20, 40 mg/kg Fol ol BAX felo] T g }

= h(p<0.01). 3 ENU HE FEolA4 mutant @ | Q

RBCO] HMAIEI % W T} mutant RET] BHAIHIE 7} 3~4 =L A _7

vl A o =9tk SAY R4 mutant RET= HOBT e

Al 7], KIT, HOBT, BTTo|A Z+zZ+ 0,4+0.3,

EENUO DENUI10 DENU 20 DOENU 40

3.4%+15, 1.3+118 H7}= %1 mutant RBC+= 212t Figure 2. End points profiles of the pig-a assay in

+ + + A= = -6 comparison among participating laboratories; (A)
0.83+0.1, 1.4£0.4, 1.240.5% L_}ﬁ_ﬂq ET 5x10 the percentage of reticulocytes (%RET), (B)
Hop A7) g 2ol Zh 7]dolA 3T 2 AR B mutant phenofype of reficulocytes (RET®) and
o) o ZEqch (C) mutant phenotype of erythrocytes (RBC<P*).
o] H o AN .

*, ** Significant difference from the vehicle
control group (p<0.05, p<0.01, respectively).
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3. Pig-a assay?q M4 TsY ¥t AE

eEd Folslwe A4k AE B Skl
g =y Z Zoj7|# 7+ mutant RETQ} mutant
RBC Zre] AMMAlS Figure 3o YEFY STt Pearson
correlation coefficients= 0,970]AF© 2 (p<0.05) 1
2] concordance correlation coefficients= 0,99%
(p<0.05) B=qia} 2t Zhol7] o] 71| Aol &4
et ENU s g=giat 72 7|3 F43ko
AXE=E Wilcoxon rank sum test® ZAst A}
mutant RBCE RE FZofA p)0.05 $1.21 mutant
RETs+= 20mg/kgol| A9t p<0.052 %H7}=]o] mutant
RET & RBC A¥} 719 dA =7t & Ao #AY
k.

Discussion
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3

A

o

2 ol
oft o
o

e, o
fo

ol Ob

o
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alkylating 3}t 24 FHxHo] fi=
SAHOR pig-a ATY A5 B2 9 A

AT glo] A S BE A
2 &2 dAFogA AdEdE ARESHY
(Cammerer et al., 2011; Dertinger et al., 2011b,c;
Dobo et al,, 2011; Labash et al, 2016), &HojA]
Z RBC tJH] RETY H|&(%RET)L 757 ratso] &
AzEd Fof A 102 A=olH, A Fof $ dayld
of wrolA 3 2990] © obdA A&Echn B
St (Dertinger et al, 2011c), o|¥3t A= Wzxd
oo 43 8 RET H4 A% BREL Ane A

©
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Figure 3. Correlation plots in the mutant frequencies
of RET (A) and RBC (B) induced with ENU and

vehicle between lead (x-axis) and participant
laboratories (y-axis)

A=Y s BAVL glon aged wWE Ha
2 H1EQtHDobo et al, 2011; Dertinger et al.,
2012). opek, 29 AP EHoA = daylso] AlFdEE
skol| o PRET 9 Az ko] WG, day29
of AldEE i FEoA FAHCRE FolA7|= §)
StH(Bhalli et al, 2013), 2 A3 A= FH Fo
¥ dayl5ele] WONE BHZHE 4RETO] 3lolA
Al 7138 25 AdEdo] 93t §94 Aol Wz
A QSKEL, WA KITY| %RET ol we A
flowcytometry 419 AHE® Fo] QlojA FITC
WY ghy-axis) FES UL B AW oz
ENU& %RET ol 932 F4 &2 Aoz 37tH
AUk Al 7139 %RET ko] AldEd sko] J3F=
W e AT /|29 pig-a assay AT Hio}
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AAe= Ao B Aol Heas Az
AR,

H Ao A mutant RET WAYHIE7} mutant RBC
MUE B A BEE AS ENUZL 249 49
F A I G4 SRS B VA
g2l RETO| E=A™Mol7F WA Uyt RET7E A
<> RBC7} E®HA mutant RBC7} 76l Aoz A
g 4 gloen olggt An= ENUE AMES thE
Hio|AE FUstA ZRlErt, ENU A2 Al mutant
RETE day 15 E+= 290 Filo] =@ste] A% {4
HAY, tha fgashe A¥e Hol7|® SiGith 1
U, mutant RET7} AAe =2 JEEL= Hiu= 99
1, mutant RBCE= day 155E] Z7}sto] AL Z7ts)
= Aoz HEQtHDobo et al, 2011; Phonethepswath
et al, 2010), T2 A|dE29 ALZ mutant RET
& RBC Z7} patterno] -§AF5}e] mutant RET7}
pig—a gene Z@Wo]o]| WIS, mutant RBC= ¢F
RHel 2718 Mol B b 23AE nE A8t

Aoz

fr

ol

A& A8t Qlch(Gollapudi et al, 2015), E3E,
ENUE 73 Sdwojdiolng 2 oA day 15
of @ole AAstel HAsHOL, oR WolAKa
AL day 299 2A3}= AL ¢ FABIHGollapudi
et al., 2015),

S7ke] 147) Aol AW AEE AFA AT
Be WA et
coefficient (CC) %S H7}5t9)1 mutant RET=
0.91 oJAte] AFAS 181 mutant RBCE 0,87 9]
Aol ArHAS H a1l th(Dertinger et al,, 201lc).
AYPEELo Sprague—Daney, Wistar, Fishcer 344
rats ALESHAT B ATAL P T o
A 4210 s B Gisl o g B
391 data®] 47} ZAo] Pearson correlation
coefficientE &7 v|WstP O™ pig—a assay?] A4
TtsAo]l o Aoz HriEoct 7)F 7F FFgke
AAE BHOANE A #A0l Yol AHET S

0% Ueht AesksA, MR 3 el e
Aom AR B Apodl wE %
Sprague—Dawley rats2 AF8-8}% 21 flowcytometer
= A2 o brands ARG RS Aol
Al BDAFQ] flowcytometerE A}Rslgon, o=
brandE AHER A= BAT7E AFo® thgE A
ZAL9] floweytometer2 e calibrationg F3f &3t
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