Journal of Police Medicine

Winter 2015; Vol. 3, No. 4: 211-220

Original Article

Effect of aflatoxin B1 on BRCA1 and BRCA2 genes expres-
sion under in vitro cultured cell line of normal Human Mam-
mary Epithelial Cells (HMEC)

Received: 5 July 2014

Revised: 2 November 2014 Accepted: 9 November 2014

ABSTRACT

Saeedeh Moradi'
Hamzeh Azari'

Iraj Jafari Anarkooli®
Babak Qasemi- Panahi’
Somayeh Elhami*

Ali Forouharmehr”

'MSc, Animal physiology,
Department of Animal sci-
ence, University of Zanjan,
Zanjan, Iran.

ZAssistant Professor, Anatom-
ical Sciences, Department of
Anatomy, Zanjan university
of Medical Sciences, Zanjan,
Iran.

3Assistant Professor of Ani-
mal Reproduction, Depart-
ment of Animal Science, Uni-
versity of Tabriz, Tabriz, Iran.

*MSc, Animal Genetics, De-
partment of Animal Science,
University of Zanjan, Zanjan,
Iran.

Ph.D Candidate, Animal Ge-
netics, Department of Animal

Science, Ferdowsi University
of Mashhad, Mashhad, Iran.

“Corresponding Author:
Ali Forouharmehr
Tel: (+98)9165648473

Background: Aflatoxins are carcinogenic compounds that are pro-
duced by Aspergillus flvaus and A. parasiticus fungi growing on
foods. Among variety of known aflatoxins, aflatoxin B1 has been
reported as the most carcinogenic compounds. This toxin can enter
human body through contaminated food. The mammary tissue is one
of the body tissues that aflatoxin Bl can penetrate. The BRCA1 and
BRCA2 genes are two major effective genes mammary gland tumor
suppression, so expression of these genes can be affected by aflatox-
in B1.

Materials and Methods: In order to evaluate the effects of aflatoxin
B1 on BRCA1 and BRCAZ2 genes expression, normal Human Mam-
mary Epithelial Cells (HMEC) were cultured as monolayer. After 10
days, monolayer cells culture reached suitable amount and was pas-
saged for treatment to 16 flasks 25cm? (four treatments with four rep-
licates for each one). After proper cells growth, three treatments, 15,
25 and 35 pl of aflatoxin B1 were added to the flasks and then, cells
were separated for extraction of RNA, cDNA and Real time PCR
performance after 24 hours. MTT assay was performed to measure
cell viability.

Results: The results showed that all three concentrations decreased
the expression of BRCA1 and BRCA2 genes (P<0.0001). In addi-
tion, the results of MTT assay showed that cell viability was reduced
with increasing concentration of toxin and duration of exposure.

Conclusion: According to the results, it seems that aflatoxin B1 can
increase the risk of breast cancer by reducing expression of BRCA1
and BRCA2 genes.

Keywords: aflatoxin B1, BRCA1 protein, BRCA2 protein, real-time
polymerase chain reaction

e-mail: ali.forouharmehr@stu.um.ac.ir

YY)




YTV oo —F o)lad = ¥ 095 —VYAY s

ot b dloxe

S bl i 99 BRCA2 g BRCAT gy j ool 39 BT cowwS giMOT s

(HMEC) ilud! &9 (sl Jubid! Jlo 3 F b 08 5 G lRialo 3T

WAY (63 Ve 1 gy R yU WAy 3 el & ,U

A. 5 Aspergillus flvaus lag B buwg a8 sizwn 1job o 5L 5 s M] tdoslo
Bl S sl 150 pos oddaid s (glayyonS MBI Lo 55 .95 0 L5 parasiticus
5 bl s 3y olié dlge 53,5 0391 b Sl e ol bl ooy T plis ) i
BRCA2 3 BRCAT (glag)j cpliny 3 y9095 055y 3 S50 (5 93 298 Gling €l coleg

355 8 50 ot B (o 536 Lasgs Wlgic o oy ool ol o sl

BRCA2 5 BRCAI (slop)j ol 2 BI oS Y1 155 1 pglaion; W g g Dlgo
joy Ve odl cuiS AY S5 jg0a (HMEC) Gladl 95 iy JUbial Jloy (Jobo o3,
Vo La)lens Jlesl jolatos o Jolo cculio Joho dlas 0 (a9 Y G oS )
A0 las dw da ok 13, ] an 0 0313 Lol (1S5 e Py Jlasi Jlez) YO om’ KM
Laylos Jlosl jl oo ceslo YF 10035 adlis] laeSaoMs 4 BT S M1 (61l ,S0 Y0 4 YO
lis swMs jl Real time PCR bl g cDNA & a5 RNA zlscil jslaieds b sk
18,5 Oygo s MTT b Jobo (sloods; )15 (g pslaiods 55

Ol Ll s o (555,500 Y0 9 YO VO clale dw yo oy )l dalllae () ol a8l
35 L 55 s MTT gl iz P < +/+++1) 395 0 BRCA2 s BRCAI ¢l
Wb oo il o b wlod lojcuse g puo cdale (il L b ol (Sleiy ¢ yad

dLm u) ul—*—’ w_:albel way)&si M)@)bwwb@bdubyl;:dﬂsw
a3 aal5dl |y ey by & Ml jlad wils5 s BRCA2 s BRCAI

real-time Polymerase BRCA2 555, BRCAIL (1555, Bl S M3l o jlg aulS

chain reaction.

2SS

-

‘Lgb"o LR VE oY)
PRI
"I9S ,U1 e 5]
T ply ool SO
" solad! dyows

" ooy, e

pole 09,5 o> (Siglpied iyl olis )"
Ol el (ol ol s

polle olSsls (005 pole 09,5 bkl
Rl el ol (Sbi

«55ysliS 81l ey oKl eylalil
Olrl s ol pole 095

(ol oSl el K5 syl pulis 8"
Ol b o pole 09,5

Pl S s 158 (gmaisly”
(ol pole 09,5 e (gwga )b olSisly
Ol edgadio

2 guno Dt g3
Ry B e
(FAARNEOSFAFYY - jals

Ali.Forouharmehr@stu.um.ac.ir

&S wted ow OlS b S Ml a5 ete
o b @B dhsy 4 4l b cdple le «
&9y M5, JWs 4 A. parasiticus ¢ Aspergillus flvaus
oy Jolss plysa Sl 5 ool Wgd o Wy (2138 X

Wb ool e 018 G g 15 adlsd] a8l tee

doddo

dge (sl oiiS 02l w55,k 5l (Ko plgie 4 1 S Sl
Sl o dlaill 5 olie Cual ( ogas cublige a7 Slie
1030 )l b o |y dnng Jl)> (slajpaS ohiga laygs
oy T o oS 35Sl oo 1 6565 (o0 )8 (g5

VY




Journal of Police Medicine
Winter 2015; Vol. 3, No. 4: 211-220

b g 3190

gk cuiS

g9 Ol Julio) Jloy (o 03 Bais cul plodl jglate
e S gyl s GIBCO ¢S,s ;1 (HMEC) ° Ll
A Cogby liee 9C02 o3 B jaas YV %€ slod jd Lo Jolos
1o M FBS aop Ve ol Jlog cuiS Lages b do
V g cylogiy il ko iy Sigm 5l 1oys V {DMEM f12
3dy90 Joko olas5 &y sy sl B s isiol )8 05 00>
CublS Sl an [A] 605 45S3] o) Ve e & byjlass Jlasl (5
Sy polaieds cuslio Joho olass @ (pdums) g gl S 51 g, N
CuBISl b a3l Lol YO om’ KM V8 4 by Jobus ¢ ok
e Jolo b S S (05 oy 9 Jol Loy 1 59y N+
oz 50 plaS e B S Ml (6 ,2dg,Sie Y0 5 YO N0 clale
Blal cuts’ sl S 4 (1S5 F L plS el ¥) 1SS
Wb 4)S IS )3 S8 0g)S (e o S Y S
IMTT cus

sl Johs o 505 5 BI S $T b o pelaion,
@ 85 pbnl cus MTT Gldl g9 by Jloyp Jlkiyl
G Fe o Gl ya glila Jolo Hliam Veree slaay jglate pad
e a8 eob cudS Y S Gjpoa glal FA ol S
A 95 Y0 5 VO A0 chals dw ey iS4 b Joho (e
) ws Blsl bSals 4 S5 ¥ 43 S yn Bl S oM
(43 a3 e > e Jlasl g Jy5S 055 plsis e 56 Sals
O chale oYY °C glod b glsSSl o VY o FA OF G 4
5 b 00l gt PBS b b Joho s 205 43551 CO2 wis
S 9)5ee 00 olyem 4y 0l cutS Lo i) 9)Sue VO+ (ljee
9 43,5 ablsl Saly o 4 (PBS 3 Y mg/pL) MTT G jae
doyd B cble 5 YV °C gl b pleSSl pn cele ¥ e o
2B Ld i lasme casls ¥ cusiS j)um )5 51,8 CO,
2 5,500 V0 olyon 2 DMSO 2 5)80a Yoo ljue 5 03,5
4 (Y+/6 PH NaCl +/\ M 505 +/\ M) (ygui s 5l
o sl dids Yo te 4 by Joho colesys g i adlol als
OV zgedgb UV anil Gl pslaieds lilaygd S 7 05
e olegyd Ll 460l CO, 70 (lie 9 YV °C )5 jiogil

YVY

0l a3 ld S M) Calisee 95 VA e 5l [V-0] g oo
Sledl e il by G2 G1 B2 Bl gl S M
ol Jelse A ogS 3 (TARC) (loje 555 3w
Bl S 5301 ol 5 oo o (ol o o e 51,3
Mo S5 ol [V g Pl oad ()15 1503 elgil 5y
4 lSis 5 ol opga ogll lalie 5 ) Llg e o
sbcdl ) g ol G 5l Coledy 9098 Jite plas
Otastete (Al S g jods by 8l ol oy il
5 BRCAL iy ooy jop 5l 5355l » S50 slo s
4wy 4 BRCA2 , BRCAI (a5 sl "BRCA2
5 35,0 JL3 oLl W @ Y=Y o WY QYT pgieessS (5o,
03 9 ol anle Jlad 4 s gy pyye Sl 2
Jalse 51 o6 DNA (ol ol maoyp )3 (5550 sl (i85
Sionl g (Obd hole asil 5 posw glgil) 55555
S S oy 5 JUb o3emS Elgl njgi ogslineld)
ol cllas [A 9 V]S (o 53k 1) Soien mand 9 (ol
JS bas 3 et s iis BRCA2 3 BRCAT s o
D ] S By Caids 8 o 5 ise Bl b g pgs
e 3 45 IS BB L 05 93 ol w300 & iy 5> DNA
wlog s b JE oS L wly o ws (HR) (Sojlon
Sizlos DNA 013 sl (s paoy & plil Wl (5 pmls
I stza > i > by 05 90 ol Gl ol S ek
st oy 9 oosi3 it (5Ll je 4 e Wl e gl
5,Slos j3 et &S aad o it Sladllas [VV-VF] 20,5 4l p
2 uab g Jlo Ve oYL olLdl asyd A oMl s BRCAL
Jlo Ve oY oLl i Zae Loys oMl > BRCA2 5 Sl
b dg oo Cubby pin b aiS Cllae 4 dagi b sl S50
Sl oo 23 )15 b s 1y 05 95 cal ol st &S Jbele
T ol ansly Gl Gloju 4 Mol jlad (2131 )5 (5550 id
o 55 ol s byl & adllae pl 5> jslaie (e 4y 10
Real (JsSse (b9) L Bl oS 3l b oo o5 o2

Cawl sadasly y time PCR

" International Agency for Research on Cancer, * Breast Cancer Susceptibility Genel, * Breast Cancer Susceptibility Gene 2,

4 Homologs Recombinant, 3 Normal Human Mammary Epithelial Cells, % Fetal Bovine Serum, 7 Dulbecco's Modified Eagle's
Medium, ¥ 3-(4,5-Dimethylthiazol-2-y1) - 2,5diphenyltetrazolium bromide, ** Dimethyl sulfoxide



BRCA2 9 BRCAIl sy ol g Bl WS}»MBT

ot b dloxe

Lo yosl s plos sl (mjste 218 clale 5 byl clale Joli)
sl o5 S5 Gy Sl by cES L8 bl 25
dw Joli 9 s Real time PCR 3o, 5 ookl b jlaisjge
gl il (L ywly Gl Jol Al pe sl cunl Ojle oS Al je
Vo @i 4 Taq DNA polymerase o3l oos Jud cax
ol uiSS gly S X0 pgd alyo )3 920 %C (slod ;5 dibs
°C celo b loyaslyy Ll A0 °C (slod b (gl 4 ol 4l 10
3 9 4idd S e 4 (0A °C slos BRCA2 yoily (oly) OV
wlod b dids & Jlasl A0 °C (slod b agli VO (g3l 4 pulg
lg 4:\‘;[) VO us.} 9 0 °c Lg‘.n.) L Ml) VO d)lw w)wls &+ %
L5 % 40 °C jl b Lials as e opl jd 03,5 plosl £+ %C
aaBy Yo dgds g b pldl 4l p o5 il dnpd +/+Y Casyu
sl o5 wly golaBl (oSl b aslsl b 4
)l py 5l edlazsl L GAPDH 4 BRCA2 BRCALI
55T wdos g célo s >l (0 awws) Premier Primer
() Jgio) €855 g0 (g 08 pigh €858 g

o])_a.m 4 u_:l.m\w Gygrody L(bduw 9 AT LSL&’(_J) dl).»
Sals 45 el 3 lojan o (NTC) oSl g LiSly S5
s 3 03 o sl (C) sl sloss o 5Sike § <85 plovl
s BRCA2 BRCAI (o o i85 doxe A5 4B
() JS8) sl 43,5 90 (3L SS g (o

sl 39 pie 5 wolad] Gldad W 5l luebl sl

YIW=YY e Glrio =¥ ojlads =Y 090 —VWAY Lt

b isbeo b Jobo aile 0355 ) (5)line o5 A1 2 ()55 >
] 435 ¢ yegl OV« zge Jsb > ELISA reader o5y
[V#

OF Ol o S b9y 9 Sl

RNA gl coS Joallygiwd wlol 5 RNA zlyscl
CutsS g CuaS i Jos .S &)yao Invitrogen s s
Comsd (£9) 5! %:l))y’b olKiwd 3l enlawl L b&ic‘%‘ RNA
ChS 4l 035 i ogls YA & ol Y5+ e Jsb
IB rpdyge 5 dep S 581 U5 i, » RNA
A %C slod > gdm Jolye sy ol el RNA .cé38
Clo g pugSan 5y pasens alsyo plonil (sl 03,5 ()l
ya BiONEER(Korea) cuS Jodljgws &b cDNA
55 b 2295ds) 7 3,5en ) oyen 4RNA 5l 5 9,5n
A0 °C g 4dbdd Fe Sido 4y £+ 7C ddBd gy Sdo 4 e %C led
A5 0Ll A8 gy e &

Sy bawgi 05 ol oS o3lul sl idyge sl )] S
dbwg & Real time PCR i cusS fus 85
Sy il e uiloysls qints GRIE 65 ol
[IV] €é)5 @ yge ABIL VO« + oy 5l osliml b ' )5yl
9550 YO ol o2 ,» Real time PCR usly 4lsl )
s 9sSee WWID 1 Jels 4o joboay wlge slos clale
S o 5 5 5,See S ohan & (BIONEER) (55 L
o S Dye sl 5580 10 5 Vgo (oo Vv e b Lol
S 9,5 VY oo 4 nuclease-free water luwg Jolxo
2 ol aidlw CDNA )‘ ).A.J 9)5\».9 dw LQ(J‘ N9 .\wu.o OJJL»)

GAPDH 9 BRCA2 BRCAI sy o.\.ﬁ@l,\o u.oLa‘.‘&l sl posly ) JQA?

20 O S 0 lens

o3l an ) Jladl gled <,

L5 eb il Iy .
05 S S (bp) (31,8 Sl oSS Sy
Forward :ATGGATTTATCTGCTCTTCGCG
BRCAl NM 007294.3 YWY ING a9
- reverse: GGTCACACTTTGTGGAGACAGG
f: GGATCCAAAGAGAGGCCAAC
BRCA2 NM 000059.3 \YA OA a5
- r: GGTTCAGAATTATAGGGTGGAGC
f: GAAGGTGAAGGTCGGAGTCA
GAPDH NM 002046.5 WY ING Voo
- r:GTAGTTGAGGTCAATGAAGGGG

! SYBR Green, % No Template Control



Journal of Police Medicine

Winter 2015; Vol. 3, No. 4: 211-220

Dl

0800

Delta Rn ve Cycle

0000

0.400

1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2

aazdl

»»BRCA2 s BRCAT (clay ol ol Sl syt o gl
YO g V0 N lacdale LB S Ml saiSedl ) (ol lo
) cuils o) e iRl JyuS 09)S b dwglie ) i 5)See
oS T Clale a8l b by il oyl a5 (P < /et
(Vg0 9 ¥ Jgi2) 251 pSesiz B

2 -

18 4

1.6
14 4
1.2

1

EBRCAl

0.8 A

0.6 | OBRCA2

0.4
0.2 ;
)
0
1 2 3 4
BRCAl 1.93 123 0.45 0.11

BRCA2 1.89 1.17 0.32 0.09

clile Jal53 LBRCA2 s BRCAL o g3 ol 2al5 3) 15905
Dg1 i B e Ml

22 23 24 25 26 27 28 29 30 31 32 33 34 35 3% I I8 39 40

Cycle Number

BRCAI 5 eV guame iS5 gonia 1) S

4 5355 SNy plosl 5l s 0B gesy g st time PCR
sosls Relative Quantitative Real-time PCR s,
L Ct Jdotsd o0 5 s gl ysciwl ol 51 Ct &jgnds pb
&y iz b 5061 SDS ABI 7500 i3l e 5 51 oslizl
MRl ey 5l ainyge b of ole il g Rl 5l el
L odly (gylel Julowiganjos 3,5 oolizwl REST 2009
N33le sy Sl oygeil 51 oslil b sl WolS )b 31 salisl
W dd)S ey 3P <o fed (o)l dae pdaw 9 A/ a5ws SAS
Ol 65 oIl pizmen a3 ()15 Sluje (ke Sl
plosly 31 oolizal b [VA] JBliy oo, 51 iinyge cslo o3 ol
Oloily i8S )13 (o) 1390 codD gl ST STy 2
by polaidl jbar b Sl 5l o pa iS5 (Sl LK
5,8 oolatwls 9o doles ;5 g dusle LinReg ljéle 5 5l esliu!
o) oy & GAPDH (o jl adlas (pl 3 (pizpen 085
A odlaiwl x> 5o

LBT S e 1) jlas 5,ls ()l sime M) ciloddonls )lis coglie g yn b a5 (oaluel iy pon 55 3,55kl (gl 4, S5ke SEM Y Jguia
PRl g, byl o sy o5 ol polio Y0 UL clale L BT S gl & Jlos 5 Y0 pL clilé L BT cpuuS 8l ¥ Jlo 00 pL cdale

o 085 gl Jloys (Y+-Y)

ialosl g Lo Wy
P-Value SEM ey S
Y ke Yol Y les Sl
< ofeney R e - /¥o° V/YYP y/ar? BRCAL1
< ofeeey o1-¥ ./+a° oJ¥Y© VY VAR BRCA2




BRCA2 9 BRCAIl sy ol g Bl WS}»MBT

sUls & WS o Sy el g b gy cole aub
cos b Jslo e DNA 5)b 1) ond dodo DNA uoy
Sl oS g Gomliseld) Sijpnl Jolge 0 oyl
(I oS5 lgil 5 (3dn (alygle andl) S59351 5 (008 5 J1b
slawd,y 93 DNA Cawl o b il cpl a8 [YV] 3l 13
Jskes (sl 25155 0 Wasl () (el pis &yp0 1 45 W9 0
Syl sk 005 552)4ab s (50 53 L s g A5l ST Lo
Oy g alrals glgl adls Jud 5l (egi909)5 (sloslxinl
b1y s ol 5] gyl B sk b s )5 [YY] S0
o5 9 & HR 5 'NHEJ _Sojglon yowe 95 j ooliul
L5 A e i S i ol ,» BRCA2 4 BRCAL

Jolis 395 o0 031> s BRCA2 o &5 JlacuJlad [A] 05 o
5 «o8log)S GV S (ousis) 9 DNA (gilusilon oo
ol a8l [YV] Wil o FSshw g poioysle b plp
iy BRCAL say o lis a5 )b dgng (gl oauSaclise
S5 sl o Boyb ol g VY] 0515 ore )5 259, 55 (55 s
Ol am o (i Sliing &S (5 ygboy Db e Lygegi L)
S9bie s by (il g gl <l el BRCAT o5 ol
rlo > g ol oy jop » BRCAL (b ole
9 o6 V0 9 VP o) il laess Gy alexjl ooy
Yo s Loy BRCAT b ole 53,8 (3,55 Vo0 o Sen
slogloyw 5l 2oy Ve g (5SSl la oy I 2o
s VeV hlKen 5 Jagle [YV] cl srdsdalin liess
1S5 oyl 3 BRCAT 13 ol s & 565,8 JolsS
Ol 5 gme Sbols)) g Wil (o Sl Jlop C8l 4 s
S s )b 32y e a3y 5 BRCAL o ol gdaw
VY] canl 039 basye yg095 23y Gl L 0F ol ole 20
ol &8 o)y dg3g 0 0 s al o lialis oL sl
Py s e gl ooy ;> BRCAT (5 ply aed o0
Sl e 0 [YAY] cul o0 yao 4 K03 dlse (S
S olyieds DNA s ol el BI (oS 5l aing,
183 o s Sligiog [TV o VY] sl 005 3135 35051 Lole
ol s wlgs o DNA L b5 ;5 Bl S il
5 exSsls el g 03,5 cailos jheds RNA Ly DNA

ot b dloxe

YIN-YY+ loxiao —F 0o ¥ 0,93 ~IYAY e

MTT s

050l Caw Bl S gM] o s b5 s MTT gl
il b Lials ) oS 0 o Jobo o) 08 5 (gl ine
M Gl Gl e oy > GBS S Ge g e clale

(Y 9e0)

100 -

920 +

80 -

70 -
60
@24h
@48 h
Q72h

50 A
40 A

gl Sl saij o

30 A
20 ~

ANEANANANANANANRNRN

10

0 15 25 35
S WS it Al

ARy u.:La) b)'lg dw 0 B1 WSyMBT o d).uj 9)$.c Yo 9 YO N
el VY 5 FA

& 5 4 g Sy
dgo g9y sgllae JiS cnug Jops (slaypiS 53 &S ol
o301 (18] 393 o Jloel o S sSole 352 )l
2 e Ol Sl o b S gl 4 olie blge (0l
boge M clodils 51 gy 5 ) 5 Slo )l s
Lo ool bl (Slygs dlge ;503 5 ol ol juw
Spae Jll oplple wdl o Ll peSesSile
ol g [+] 5 355 o] S1EE g5 0 55 o anS il
aw <o Job 5 )T (BIOMIN) (poguls 8y 4 i
wehie Gladgr il Aiges WA g9y 2 VeVe Luylo b aygly 5lolo
S Ml 4 03] s diges doyd YV 0l sl Lis JS o
dgo 5B 3l S plgie 4 Bl S Ml s 3))55
15 oo souw sl S5 ol [V 5 V] 09 o a3 lis il j
) caleins 5 395 Jia gl o 4 oogf Slalié o
Oty 8L ol y Blizee s cdl 4 5 Ol Bob
Sor M xSole 3 oo o cnpessaislis jIL[A] LS dods
sy s gl 4 sl BRCA2 § BRCAT bty ol o

YVF

' Non-Homologous End-Joining



Journal of Police Medicine

Winter 2015; Vol. 3, No. 4: 211-220
Ao &y 5 b 25k Bl uuS 581 jpo 51 30 o Joho
Jpa> oy o Sl 4 gind ol 5l ol s g e aus
Slgi o o 4 ol 2959 Caledyd 9 (28 dlse )3 B S 5]
loml opizmen g 908 oS la o glo pialS L
Ao pgigesyS b atss 5 cllesl b olo (gylxial

el & g b K Sk jlaes (Ll gl 4 M
@ s Jobo Sloos; ©yud gals apl g cas MTT 5l Jols
b Jgbe oadigiyaskyy Sye p Al o (l Ay LS
S laingd |y oy 4 Ml s )b ol ) g a3k 35,56

S g A
S oaSimgly by GUyj el 38 1 dwy
Meg i pole mg by yolis oiagh (59leSSsm
Real olSiyloj] Jsius olgclis dla il g Lyl oalSails
Sblel 3,8 ealp cas waingy o] time PCR

g o 10)08 5 S (S5 g 5 sladog 5 el
&l

1. Gao SS, Chen XY, Zhu RZ, Choi BM, Kim SJ,
Kim BR. Dual effects of phloretin on aflatoxin B1
metabolism: activation and detoxification of afla-
toxin B1. Biofactors 2012;38: 34-43.

2. Hanioka N, Nonaka Y, Saito K, Negishi T, Okamo-
to K, Kataoka H, et al. Effect of aflatoxin B1 on
UDP-glucuronosyltransferase mRNA expression in
HepG2 cells. Chemosphere 2012; 89: 526-9.

3. Jeannot E, Boorman GA, Kosyk O, Bradford BU,
Shymoniak S, Tumurbaatar B, et al. Increased inci-
dence of aflatoxin B1-induced liver tumors in hepa-
titis virus C transgenic mice. Int J Cancer 2012;

130: 1347-56.

4. Josse R, Dumont J, Fautrel A, Robin MA, Guillouzo
A. Identification of early target genes of aflatoxin
B1 in human hepatocytes, inter-individual variabil-
ity and comparison with other genotoxic com-
pounds. Toxicol Appl Pharmacol 2012; 258: 176-
87.

5. Kabak B, Ozbey F. Aflatoxin M 1 in UHT milk con-
sumed in Turkey and first assessment of its bioac-
cessibility using an in vitro digestion model. Food
Control 2012; 28: 338-44.

YV

' Ames

2 Cpioed [YV] 058 pBep cale colesyy s MRNA i
5 oS M potane B L (68 o Jghor 59y 2 sladllae
DNA L Jlite Sl oSy jiiwsn ) (ials dins 55el58)90
[YF]us ssalio RNA iw Liall g DNA w3l (guSsl>
& sl 038 pasie el Cus  Jobs mls tren
o Gl b S G ol & Cuws Bl S gl
VOV oSan g popmps [YO-YV] ail o ol e culld
Wl o S5enl Jole o lyisa B S Yl ol L
el 3 Gty Jlzl slagbo 25 )3 S50 05 ol 2 U L
op) 4 a0l L b )] wiocen A5L awily 58 Gl ol yw
Sy g oo Sloossy @308 ey 586 L Sl5 o o
J sl awsls Gads iy ol bl > (Jobo 0ad 5524l
Foaoh plool VeV ohKen 5 (sl &5 Ladss o A 5 YA
oY N Y ekl b cwp 4 A S @Sl 5l e
Fobe Y 9y ) e p e e VIO 9 VY /7
cdale 5l a8 053 ssaline g 3ll8 )y 5,90 BME-UV1
Ol 9 30300 &) Jsbo Syo Y & il o o) e /7
U288 68 [¥A] Wb e il38) 35 DNA 0 dsladaslad
B2 Bl o S $M] g050) S Ml s clale o>
b awslio o |, ppm 5 +/0 /N /40 iy 4 (G2 G
930 )13 (yn 390 ) JUlinl ool 59y 32 S5 09,5
Alie 9 oo Sye lie e clale (LIENL 55 osalia
B orpes [Tl ale Rl DNA (0 adabaddas
ol e oy b b ige 0,8 4iis & i oualite ik
Sl s g, YV (b BL S il 5SS’ 1 25 Lo 0
S Gl ol Gl Sy g e booler Slbyw dae
Sl ol 3 1) Bl S gl ol ol oo liio
Fouald g Ggese olbriw (ge (alpme (hge (ale dle]]
5 olb s 5l (6l o imgly ol o 45 2000yl tlojl 290
Oy & Glgiee o] aloxl o 15 sanliio b (gloygos8
g 9 yumeld (alpmo (hge lxiw (ple (Shge ) A5
Ol sy 13 (19lgS” Gl (ge 3 4S5 (y9lsS (b
Oy g ale by lyinl peSilo 5 2l e (o9 53 4,
Sl ety o0 Jlas 4 &S [FV] 05 o)l ygene 55 ]SS



BRCA2 9 BRCAIl sy ol g Bl WS}»MBT

6. Kabak B. Aflatoxin M 1 and ochratoxin A in baby
formulae in Turkey: Occurrence and safety evalua-
tion. Food Control 2012; 26: 182-7.

7. Bianco G, Russo R, Marzocco S, Velotto S, Autore
G, Severino L. Modulation of macrophage activity
by aflatoxins B1 and B2 and their metabolites afla-
toxins M1 and M2. Toxicon 2012; 59: 644-50.

8. Forouharmehr A, Harkinezhad T, Qasemi-Panahi B.
Effect of Aflatoxin B1 on Growth of Bovine Mam-
mary Epithelial Cells in 3D and Monolayer Culture
System. Adv Pharm Bull 2013; 3: 143-6.

9. Khanna KK, Jackson SP. DNA double-strand
breaks: signaling, repair and the cancer connection.
Nat Genet 2001; 27: 247-54.

10.0hnishi T, Mori E, Takahashi A. DNA double-
strand breaks: their production, recognition, and
repair in eukaryotes. Mutat Res 2009; 669: 8-12

11.Tirkkonen M, Johannsson O, Agnarsson BA, Ols-
son H, Ingvarsson S, Karhu R, et al. Distinct somat-
ic genetic changes associated with tumor progres-
sion in carriers of BRCA1 and BRCA2 germ-line
mutations. Cancer Res 1997; 57: 1222-7.

12.Patel KJ, Yu VP, Lee H, Corcoran A, Thistlethwaite
FC, Evans MJ, et al. Involvement of Brca2 in DNA
repair. Mol cell 1998; 1: 347-57.

13.Gretarsdottir S, Thorlacius S, Valgardsdottir R,
Gudlaugsdottir S, Sigurdsson S, Steinarsdottir M, et
al. BRCA2 and p53 mutations in primary breast
cancer in relation to genetic instability. Cancer res
1998; 58: 859-62.

14.Xu X, Weaver Z, Linke SP, Li C, Gotay J, Wang
XW, et al. Centrosome amplification and a defective
G2-M cell cycle checkpoint induce genetic instabil-
ity in BRCALI exon 11 isoform-deficient cells. Mol
cell 1999; 3: 389-95.

15.0'Donovan PJ, Livingston DM. BRCA1l and
BRCA2: breast/ovarian cancer susceptibility gene
products and participants in DNA double-strand
break repair. Carcinogenesis 2010; 31: 961-7.

16.Caruso M, Mariotti A, Zizzadoro C, Zaghini A,
Ormas P, Altafini A, et al. A clonal cell line (BME-
UV1) as a possible model to study bovine mammary
epithelial metabolism: metabolism and cytotoxicity
of aflatoxin B1. Toxicon 2009; 53: 400-8.

17. Vandesompele J, De Paepe A, Speleman F.
Elimination of primer-dimer artifacts and genomic
coamplification using a two-step SYBR green I real-
time RT-PCR. Anal Biochem 2002; 303: 95-8.

ot b dloxe

YIW=YY e Glrio =¥ ojlads =Y 090 —VWAY Lt

18. Pfaffl MW. A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic Acids
Res 2001; 29: e45.

19. Strosnider H, Azziz-Baumgartner E, Banziger M,
Bhat RV, Breiman R, Brune MN, et al. Workgroup
report: public health strategies for reducing aflatox-
in exposure in developing countries. Environ Health
Perspect 2006; 114: 1898-903.

20. Binder EM. Managing the risk of mycotoxins in
modern feed production. Anim Feed Sci Tech 2007;
133: 149-66.

21.Khanna KK, Jackson SP. DNA double-strand
breaks: signaling, repair and the cancer connection.
Nat Genet 2001; 27: 247-54.

22.Jackson SP, Bartek J. The DNA-damage response
in human biology and disease. Nature 2009; 461:
1071-8.

23. Margeli M, Cirauqui B, Castella E, Tapia G, Costa
C, Gimenez-Capitan A, et al. The prognostic value
of BRCA1 mRNA expression levels following neo-
adjuvant chemotherapy in breast cancer. PLoS One
2010; 5: €9499.

24. Gudmundsdottir K, Ashworth A. The roles of
BRCA1 and BRCA?2 and associated proteins in the
maintenance of genomic stability. Oncogene 2006;
25: 5864-74.

25. Yarden RI, Papa MZ. BRCALI at the crossroad of
multiple cellular pathways: approaches for thera-
peutic interventions. Molecular cancer therapeutics
2006; 5: 1396-404.

26. Thompson ME, Jensen RA, Obermiller PS, Page
DL, Holt JT. Decreased expression of BRCA1 ac-
celerates growth and is often present during sporad-
ic breast cancer progression. Nat Genet 1995; 9:
444-50.

27.Qian XP, Liu BR, Jiang M, Hu J, Yu LX, Wang
LF, et al. [Relationship between BRCA1 mRNA
expression in tumor cells from malignant effusions
and chemosensitivity to cisplatin in patients with
metastatic malignant effusions]. Zhonghua zhong
liu za zhi [Chinese journal of oncology] 2011; 33:
457-60. (Chinese)

28. Jacquemier J, Eisinger F, Birnbaum D, Sobol H.
Histoprognostic grade in BRCA1-associated breast
cancer. Lancet 1995; 345: 1503.

29. Lakhani SR, Gusterson BA, Jacquemier J, Sloane
JP, Anderson TJ, van de Vijver MJ, et al. The pa-
thology of familial breast cancer: histological fea-

YA




Journal of Police Medicine
Winter 2015; Vol. 3, No. 4: 211-220

tures of cancers in families not attributable to muta-
tions in BRCA1 or BRCA2. Clin Cancer Res 2000;
6: 782-9.

30. Wilson CA, Ramos L, Villasenor MR, Anders KH,
Press MF, Clarke K, et al. Localization of human
BRCALI and its loss in high-grade, non-inherited
breast carcinomas. Nat Genet 1999; 21: 236-40.

31.Hartlerode AJ, Scully R. Mechanisms of double-
strand break repair in somatic mammalian cells.
Biochem J 2009; 423: 157-68.

32.Partanen HA, El-Nezami HS, Leppanen JM, Myl-
lynen PK, Woodhouse HJ, Vahakangas KH. Afla-
toxin B1 transfer and metabolism in human placen-
ta. Toxicol Sci 2010; 113: 216-25.

33.Bbosa GS, Lubega A, Kyegombe DB, Kitya D,
Ogwal-Okeng J, Anokbonggo WW. Review of the
Biological and Health Effects of Aflatoxins on Body
Organs and Body Systems. In: Aflatoxins - Recent
Advances and Future Prospects. Translated by Raz-
zaghi-Abyaneh M. 1% ed. InTech 2013; 242-5.

34 Liu R, Jin Q, Huang J, Liu Y, Wang X, Zhou X, et
al. In vitro toxicity of aflatoxin B1 and its photodeg-
radation products in HepG2 cells. J Appl Toxicol
2012; 32: 276-81.

35.Mortelmans K, Zeiger E. The Ames Salmonella/

AR

microsome mutagenicity assay. Mutat Res 2000;
455:29-60.

36.Rustom IY. Aflatoxin in food and feed: occurrence,
legislation and inactivation by physical methods.
Food chemistry 1997; 59: 57-67.

37 Richard J, Payne G, eds, Desjardins A, Maragos C,
Norred W, Pestka J. Mycotoxins: risks in plant,
animal and human systems. CAST Task Force Re-
port 2003; 139: 101-3.

38 .Forouharmehr A, Harkinezhad T, Qasemi-Panahi
B. Evaluation of STATSA Gene Expression in Af-
latoxin B1 Treated Bovine Mammary Epithelial
Cells. Adv Pharm Bull 2013; 3: 461-4.

39.Baldi A, Losio MN, Cheli F, Rebucci R, Sangalli
L, Fusi E, et al. Evaluation of the protective effects
of alpha-tocopherol and retinol against ochratoxin
A cytotoxicity. Br J Nutr 2004; 91: 507-12.

40.Legator M. Biological effects of aflatoxin in cell
culture. Bacteriol Rev 1966; 30: 471.

41.Bbosa GS, Lubega A, Kyegombe DB, Kitya D,
Ogwal-Okeng J, Anokbonggo WW. Review of the
Biological and Health Effects of Aflatoxins on
Body Organs and Body Systems. In: Aflatoxins -
Recent Advances and Future Prospects. Translated
by Razzaghi-Abyaneh M. 1* ed. InTech 2013, 246-
7.



BRCA2 4 BRCAI1 «¢la; W s B1 - M3
9 SO U9 uf-‘“‘gﬁ’ @w‘“ﬂb l’

YIW=YY e Glrio =¥ ojlads =Y 090 —VWAY Lt

YY-




