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ABSTRACT : The organ culture model of the whole mammary gland has many advantages for the study of
branching morphogenesis and biological characteristics, including tumorigenesis. Prior to whole gland
organ culture, rats were treated with 7,12-dimethylbenz[ajanthracene (DMBA) or N-methyl-N-nitrosourea
(MNU) for one week. The transforming effect and the morphological changes were assessed by the whole
mount preparations and histopathological examination in terminal end buds (TEB), terminal ducts (TD),
alveolar buds (AB), alveolar lobules (AL) and hyperplastic alveolar nodules (HAN) of the mammary gland.
Gross findings of the mammary glands at dissection were higher branching morphogenesis and larger vol-
ume in carcinogen-treated groups than in carcinogen-non-treated groups. Results of the whole mount
method were coincided with those of the histopathological observations. Circular TEB, normally main-
tained AB, AL, and high cellular density were more frequently observed in carcinogen-treated groups than
in carcinogen-non-treated groups. Histopathologically, as a preneoplastic marker, HAN was maintained
only in mammary organ culture of the carcinogen-treated groups. These findings suggest that in vivo trans-
formation effects by carcinogens persisted during the mammary organ culture. These results were more
characteristic in DMBA than in MNU-treated group. Ducts and terminal ducts appeared to have lost mor-
phology during their growths in case of without diethyistilbestrol (DES). The fact that in vitro organ culture
without DES was resulted in abnormal ductular morphogenesis confirms that DES is a physiological regu-
lator of ductular epithelial cell growth.

Key Words : Mammary organ culture, Whole mount method, Hyperplastic alveolar nodules, Mammary
gland carcinogenesis, DMBA, MNU, DES
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mouse mammary tumor virus(MMTV)E o]&-&}l= uhy
(Bocchinfuso 5, 1999)0] R %W ¢lc}. Fukere o1
shed) 7P EeAoR o] fEHE FEREE A H
Aol sle WEEAS Foidhe sisbistelt. et
w20 o= MMTVE ¢38e TEsjof HEug,
MMTV 52582 AREsllof s 71ta2d 27e] 3l
o], BAH o2 Y=} v] Wo] AFo| o] &FH T gl =
g Yol AR HRAIAZ] kS St [E Y &
A 7Fs &2 Aol o ATl FAYE HEA)T
T dEAQ WEARE FASA U B3 7.12-
dimethylbenz{alanthracene(DMBA )=} N-methyl-N-nitro-
sourea(MNUY} o} o]-8-%t}. DMBA®} MNUE: 44
T A E2] DNAY 232 248l H2 F 4o #
ARsHAME, MNUE Ha-ras f31x19] 124 29| HolE,
DMBA: Haras9] 613 T=9] wWo]2 guhsicky R
o] SITHLu =, 1997).

AlFFEL] FAd-2 st Exsle] AR)7} foldlrhe
o] 17| wFell EANESH Qo= vhekst 3y
27 o&H Q. & A4S T3l JE AEA
(fat pad) == FANTH ZE FFot 0]Fe] o} 714
off el4lahe wWhd (Hwang 5, 1996), +49] 2% A&
3led in vitrodoll A wlokel= 23] wilokd (Banerjee %,
1973; Rivera 5, 1981; Barlow, 1997) 5] glc}. o]&]&t
S frAle] Al Al Qle] =) 2871
2 fAe] FAEA S weied w83t
Al o] st 53] 74 24 P 2282 3
|78t ofet e At EEAe] A8 9l
Agt vlel A Fo] n|R|= BA AESH 7| dT3)
=9 o 83 o853 glek(Prop, 1959; Banerjee
=, 1973). =3t f-A19] A 3def 2 (whole mount method,
Strum, 1979; Ball, 1998) -f419] o]xFd& el Fx9} 1)
Aok Aol M veh s ey wis gl vekst 322
I AREA] W3t whg-S oliyd {FE3M o8
3L Qi o] whyel ©)3led HEE AR S9PH R Hat
SpAG ARSI Roli B4 R9)2 Asle] AAban]
o2 3 FRgke AR 4 8o (Strum, 1979), 343
24715 ol ABHQ WY ARE AL 5 ol
= A o] glok(Ball, 1998; Jeong 5, 1998).
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3L polycarbonate #o}=]el] oJA1 wl2}¥ o] ejsiedct.
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plateol] 31},

3. /M9 =& uiY

23t F-A1-S Waymouth’s MB 752/1 ¥R 2 23] A3
&+ & penicillin-streptomycin(100 U/m! penicillin, 100 pg/
m! streptomycin), insulin(5 pg/ml), luteotropic hormone
(5 pg/ml), d-aldosterone(l pg/mi), hydrocortisone(1 pg/
ml), epidermal growth factor(60 ng/mi), 20 mM HEPES”}
718 Waymouth’s MB 752/1 ¥iX]ol] diethylstilbestrol
(DESYS 747} 1, 10, 100 ME vi=ol] H7}sled 927k wl
okslal 11947t El3}(regression) AlZTh. MNU Yol &3}
DMBA oI, FAA d&22E 47 1, 11, IIE2® A
At en] 24742 oA DES?| ko ule} o) 252
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UzF wiekstd. 24 wiokE AR F 1094 He
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Table 1. Experimental design for the mammary organ culture after
in vivo transformation by carcinogens

No. of Treatment
Group No. N f Examined
Ani. MG Carcinogens Organ culture”

I-1 7 28 IPAHE + DES 1 uM
I-2 7 28 MNU, 50 mg/kg, [PAHE +DES 10 uM
1-3 7 28 i.v,, single injection IPAHE + DES 100 uM
I-4 5 20 IPAHE

11-1 8 32 IPAHE + DES 1 uM
1I-2 8 32 DMBA, 50 mg/kg IPAHE + DES 10 uyM
II-3 8 32 i.g, single injection IPAHE + DES 100 uM
114 5 20 IPAHE

I-1 5 20 IPAHE + DES 1 uM
m2 5 20 IPAHE + DES 10 uM
m3 5 20 Control IPAHE + DES 100 uM
m4 5 20 IPAHE

“Mammary organ culture was lasted for 20 days including 11 days
regression in Waymouth’s MS 752/1 mdedium containing insulin
alone.

MNU; N-nitroso-N-methylurea, DMBA; 7,12-dimethylbenz{ajanth-
racene, I; insulin (5 ug/ml), P; luteotropic hormone (prolactin, 5 g/
mi), A; d-aldosterone (1 pg/mi), H; hydrocortisone (1 pg/ml), E;
epidermal growth factor (EGF, 60 ng/ ml), DES; diethylstilbestrol,
MG; mammary gland, d; days.
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veolar buds(AB), alveolar lobules(AL) % hyperplastic
alveolar nodules(HAN)2] S8 FollA] Yepge}, welE=l
T 22 vkt o] R wjeksl R} e
A W3}t FE8HA vebgAeh, DMBASE MNU ool
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Weh(Figs. 1 2 2). 40u02] Hoj7 wl-g3}ellA] ZEmoke]
TEB 47} 271532, 3112 terminal duct(TD)A 27)=2
FAEE A7l #F FHUE W +2 WA %
w2k 9 U39 TEB7} EA18lH, shie] TDeA 3~47)
o] Bx7} #AY W) 42 BAEIG oM, 2 TN
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Table 2. Morphological changes of the mammary gland organ cul-
ture after in vivo transformation by carcinogens

Group Treatments TEB TD AB AL HAN
1-1 MNU + DES 1 uM + - + 4+ +
1-2 MNU + DES 10 uM +++ - +  ++ -
13 MNU + DES 100 uM + o+ o+
1-4 MNU +++ 4+ 4+ ++ +
II-1 DMBA + DES 1 uM + - + o+

-2 DMBA + DES 10 uM 4+ +
I1-3 DMBA + DES 100 uM ++ 4+ o+ o+
1I-4 DMBA +++ -+ +

II-i  Non-treatment + DES 1 uM
II-2 Non-treatment + DES 10 uM
III-3 Non-treatment + DES 100 uM
-4 Non-treatment

TEB; terminal end buds, TD; terminal ducts, AB; alveolar buds, AL;
alveolar lobules, HAN; hyperplastic alveolar nodules.
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Fig. 1. Terminal end bud (TEB) in whole mount preparation of the
carcinogen non-treated group. The TEB shows club-shaped appear-
ance. Hematoxylin (X 125).

Fig. 2. Terminal end bud (TEB) in whole mount preparation of
DMBA and DES 1 UM treated group. The TEB shows circle-shaped
appearance. Hematoxylin (X 125).
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Fig. 3. Whole mount of mammary gland showing duct and terminal
duct. Hematoxylin (X 125).
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Fig. 4. Alveolar buds (AB) (arrow) and alveolar lobules (AL) of
mammary gland treated with DMBA and DES 10 pM in whole mount
preparation. Hematoxylin (X 80).
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Fig. 5. Hyperplastic alveolar nodule (HAN) (arrow) of mammary
gland treated with DMBA and DES [0 pM in whole mount pre-
paration. Hematoxylin (X 80).
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Fig. 6. Histological cross section of terminal end bud treated with
DMBA and DES 100 uM. Note the necrosis (arrow). H&E (X 125).
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Fig. 7. Histological longitudinal section of terminal end bud and duct
treated with DES 100 uM. Note the necrosis (arrow). H&E (X 125).
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< FAIS= AN A E (myoepithelial celly= ]2 ¥y
o wel oFzte] zpe|7} viehyith & DES Foddelr:=
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wo| A on, |- Rl ® T3 2jo]E H
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Fig. 8. Histologic section of the terminal end bud shown in Fig. 2.
H&E (X 125).
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Fig. 9. Histologic section of duct treated with DMBA and DES 1 uM.
Note the myoepithelial cells (arrow). H&E (X 400).
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3) Alveolar buds(AB) %! alveolar lobules(AL)2| £
2| =EEHE WMt
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Fig. 10. Histologic section of alveolar bud treated with DMBA and
DES 1 uM. H&E (X 400).

Fig. 11. Histologic section of alveoli containing milk (arrow) and fat
droplet (arrow head) with DES 10 uM alone. H&E (X 400).
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4) Hyperplastic alveolar nodules(HAN)2| ZH&h
RS Foldt 29 IZollA] HAN 737} 335

Fig. 12. Hyperplastic alveolar nodule (HAN) (arrow) in histologic
section treated with DMBA. H&E (X 125).
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AU dubde) WeEjzAE g B3l Frlsisidh
dubH ez FA-E EA o Fol= AEH BAe] dof
= FAFEAR (tubuloalveolar gland, Banerjee 5, 1973)
23 daEgAl, ZALEHES WRT oy 3229
zgol| oEsle] HelA, 7)5A W3l dekstAl veld
ot FAL 715 2 72 2y el ole} embryonic,
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9] 72 s 4 92 (Russo? Russo, 1996), =1 =
e A2 A9 HA), A te], aERa F7)
2 gA Fl det v oeksiel a2 iekEAle)
o] @7|zkell kel ARG A wffol AF7HA|
& AHEY = AAE At 97 ol Bol o]8E<
g}, =gk 322 o)EHql BA el oy 3=
FrAdell mAE odgkel Hgt ey F BAF e V)
Aol B2 AF-F 53l Wiz en, ojejat 54 wio
F ol = U213l £ (endocrine disruptors)] 745 $)
3t FAAT|BME FE-S 937 9 vk (Andersen 5, 1999).

frAgt FEEA R odeid 9l DMBAS] B4 sk
Hog AH FoAg AT NS FEAFIAG S8t F
43 74 FS FEAFI T (Yamamoto 5, 1995), HAF
off FUshd AAYS FEA ARIE Base] 9o
(Jimenez <5, 1999). 3+ MNUE AW Fo43 72 §4
S FEAFIA AR Tl 3OS 8
Al7]13(Narisawa 5, 1999) 72 T8 2% A4S
WAzt |A37t Buse] glok(Kobayashi 5, 1999;
Choe 5, 1999).

weba] fAste] Wb A7-F M FAYE
el o9l ARE CIRMEAS Fos F Aok
3l AT etk A S AT Ale], A A
S E] wieFr] T3t AV in vivo A3 B &
A AFANE AL 5 IS Aol

A ol AEZA] dEq]l DESE B SAISHEA
o]r (Robertson 5, 1996) L& FHA M= j&u]zlef
A2 FF3aL qloh. DESE 85 A3 289 progester-

oned] FEE HIAFE HOE d¥A ¢A(Zeng F,
1997), WAl o8] il fA9 s SRl
H1gle] Qlck(Inano &, 1997, 1999). B} 2 =oljr] Z4)
A DESel| x=&x]17]32, o]ejA] AF 5082 DMBAZ
Folshy, g Aede) SvERE 97 gle vt
well, 2A145E-IA DES HAZ Apdxoz2 wha)stA
v, A2 fiEE A o] dAlEs B
af olem Hak & S 15Y ot A AERA zho]
e FAEEAS B 713 Fodshd, b UshEAE
FEE A MEF) Jos GFE B aHe] ¢)
thH(Lamartiniere 5, 1995). %3+ 23} A Eo)] Wl x}o]=
o)1} FAEo|A DESE DMBAS Als Wit &alyl Bl
= v} gloh(Russo =, 1990).

B A6l 4= DMBASF MNUE 354 gl=9] Al %
o 15 Fofl 4 2AE AHEst] 23] wids 9o
I A Fod BAe] o] 114z HI} 7z 2§
3 209 zre] wioF 7|7hEst fAE ke AMLS A
Zhgolnt WeE|xAshe whg oz felg 4 il fA
< A8l TEB, TD, AB, AL ¥ HAN®| =7}, M= Y
Eo} FF Hlx 52 7k Ao g2 zpojr) 9leien o
2] W3t A Welzashy oA diA)
2 AAFR= AE RHof F9iv). 453 o) §AL of
2] v s g 2 A Aol 9l ZAe|e® HegrEA S
Foi5lA] & FAME At Bost 32 Re] Ex
k= wiAlel A 2AujekS s A&l AR Eat
dojdet. whebr] o] F2] A A A £33} Ao
Uelde 273 welEAlel ¢)3) o] (transformation)®)
oz e S 93l H3 A4S ARG Ut E
Aol o3 Wold #MEE ¥ 3} 7|7t Fo|= TEB, TD,
AB, AL ¥ HAN®| +Z27} fA|=7v A4 o 3k 7
22 AEEY

werEAl o] Fojof) o3t Foko] ublE o FEy] S22
Z3 ABol al2 Aol 1o}, B Alge)A= DMBA
7} MNUEYL M 28] F4] 9 F3ld = 5o We)x3g)
A A7de] o] FEle] eyt ool 2 AR 23]
wokS 3 Aol s DMBAS AHSel= AL 34
g 9lE AR 4R B AslaA 24 wjek Ao
HQFEAS Foidt aFoly d2FelM 5 24 wioF
Al DESE F7I2 F3ls 7% A SAHE
(myoepithelial cel)E FrAIAA F= Ao A=,
DES%] 35X FollA viephd Al Z9] Fil= DESY] ME
=4 wj o 7= TS dTe|M = DU14S, LNCaP
2} 7+-2 prostate cancer cell lineollA| 20~22 uM2] o]
A 50%2 AARES Zhe 702 ¥ 1E]o] 9Jtt (Robertson
=, 1996).
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