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The Relation between Cell Proliferation and Apoptosis According to the
Histologic Types in Chemically Induced Rat Mammary Tumorigenesis
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Department of Pathology, Dongguk University College of Medicine, Kyungju 780-714, Korea
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Balancing the rates of cell proliferation and cell death is important in maintaining normal tissue homeostasis. The relationship
among apoptosis, cell proliferation and factors influencing apoptosis according to the histologic types in chemically induced
mammary tumaorigenesis appears important in understanding the pathogenesis of breast carcinoma. In this study, we investigated
alierations in the kinetics of cell proliferation and apoptosis during rat mammary tumorigenesis induced by 7, 12-dimethyl-
benzanthracene (DMBA) and we related these changes to the expressions of bel-2, p53, and TGF-3. Seven-week-old female
Sprague-Dawley rats were divided into an experimental group (20 mg/ml DMBA by oral intubation) and a conrol group.
The results were as follows. 1. In the experimental group, breast tumors occurred in twenty two of fifty nine rats(37.3%,
22/39) and the total number of wmors was 100 (4.5+2.0frat). The histological classification was infiltrating ductal carcinomas
(n=3), ductal carcinomas with focal invasion (n=10), intraductal carcinomas (n=36), adenomas accompanied with intraductal
proliferation (n=35), intraductal proliferation (n=9), and adenomas (n=5); 2. The differentiation of terminal end bud into alveolar
bud (AB) in the experimental group was significantly lower than that of the control group (p</0.05); 3. BrdU labeled wumor
cells were mainly located at the peripheral portion of tumor cell nests. BrdU labeling indices were highest in ductal carcinomas,
less pronounced in intraductal proliferation, and lowest in adenomas, whereas apoptosis levels were highest in adenomas, less
pronounced in intraductal proliferation, and lowest in ductal carcinomas (p<0.05); 4. p53 protein was not expressed in any
breast tumors. Although the expression of bel-2 protein was highest in infilirating and focal infiltrative ductal carcinomas
(58.3%), compared with adenomas, intraductal proliferation, and intraductal carcinomas (p< 0.05), the extent of ils expression
was less than 1% of all tumor cells; 5. TGF-§ was mainly expressed in the central portion of tumor cell nests rather than
inperipheral portion, and TGF-# immunoreactive tumor cells displayed good differentiation and did not reveal BrdU
immunoreactivity, TGF-§ labeling index of infiltrating and focal infiltrative ductal carcinomas was significantly higher than
that of intraductal carcinomas, intraductal proliferation, and adenomas (p < 0.05). Based on these results, it is thought that high
cell proliteration and the suppression of apoptosis are closely associated with DMBA-induced rat mammary carcinogenesis,
However the suppression of apoptosis is not related to p53  mutation, bel-2, and TGF-3. TGF-§ seems to be reversely related
1o tumor cell proliferation burt closely associated with the progression of the twmor, especially an invasion of breast carcinomas,
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Fig. 1. Hisotologic findings of terminal end bud, terminal duct, and alveolar bud. A: Terminal end bud is composed of 36 layers
of epithelial cells, B: Terminal duct has a smaller diameter than that of terminal end bud and is covered by a single layer of cuboidal
epithelium and an external layer of myoepithlial cells. C: Alveclar bud appears as clusters of 3~5 tubules, each with a centrally
located lumen surrounded by an inner layer of cuboidal epithelial cells and an outer layer of myoepithelial cells,
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Table 1. Histologic types of the mammary tumors of rats

Histologic type Number
Adenoma 5
Intraductal proliferation 9
Adenoma with intraductal proliferation 35
Ductal carcinoma in situ 22
Ductal carcinoma in situ with 4
intraductal proliferation
Ductal carcinoma in site and adenoma 10
with intraductal proliferation
Focal mtiltrative ductal carcinoma 10
Infiltrating ductal carcinoma 5

Total 100
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Fig. 2. Histologic types of the mammary tumors of rats. A: Infiltrating ductal carcinoma show stromal invasion. B: Ductal carcinoma
in situ of cribriform pattern is shown, C: Intraductal proliferation shows epithelial proliferation within the duct, filling the dilated

lumen. D: Adenoma is composed of well differentiated alveolar structures, each of which is composed of a single layer of epithelial
cells,
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Table 2. Number of terminal end bud, termunal duct and alveolar bud in the expenmental and contol group ol s
Experimeni Cumirol
Grouep
TEB' D" AB* No, TEB’ D AB* No.
4 wk (.30 -E 70 197 LN J15E1.49 44 0.38E0.60 LB =0.65 469197 26
T owk 009+ L35 132+ (L83 3351145 45 0.0 100 176 1 1.96 3150260 13
10wk (L0100 1754124 428+ 1,46 28 0.0+00 LT3+045 591x187 12

frp=l U5 when compared between cxpenimental and comtrol proups !, e 05 when compared in experimantal and confenl groups,
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cor bud, TIF wrmimal doct, AB; alveolst buod

Fig. L Immunohistochemical staming of Brdl in the mammary

tumors of rats. Bedll labeling indices are the lowes) i adenomas
(A, less pronounced o intraductol prolilestion (BY and the
highest in ductal carcimomas {inhlirating, focal infillrative and
in =it C, D) Brdl) labeling tomor cellz are mainly locatad a1
the perphersl pomion of mmor cell nears (13, O

Frulas 05 003, A1=50 007005 (Fig 3A), 4] 4
CE AR D13 1003 (Figo 3B), adjeREE 028
006 (Fig. 3C), A F4 e 039700010 (g, 3D1e
by A ERFAE wAgH AL peluE

A sl ol (po0.05)(Table 31 41% 0 2] A4 gal g

-

T
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P03 when compared belween 4 week and 10 week groups Noo number of the bressts ohsarved, TER: ferminal

Table X Brdli labeling indices of the mammary fumors and
hormal breasts of rats
: . BrdU
Histologe fype Numnber labeling index
Mormal 42 D03 =003
Aclemoma 17 0.07 =0.05
Intraductal proliferation i (13 03
Ducial carcinoama o situ 15 028 =008
Focal infiltrative ductal carci a
o ative ductal carcinom 1 047 010

& milimtmg ductal carcinoma

AR ER N wliein -.'.:mn]'.ﬁln:ﬂ,] HTIITLE the TIl:l'I'!TI!-ﬂJ s e, umild carol-
notny (ductal arcinoms in situ, (ocal inddliratve ductal carcine-
ma, and infiltrating ductal carcmema) Number: number of the
bircaasts

Bedl! 34 =] d=50]] 009 +0.03,
10=57F 0031003 258 457 7l Sakaul S A 83
a2l slgdk T SRR 457 0072004
TEZ 004002 2 477 ] Zolaul TgEE 5
A4 wern E Ses] At diEa Ale]dd
NigAgt e e {o|sh Ha]s Ko|z] gt

gk} (Tahble 4).
4. Apoptosis 22

Apoplesis FHHIFEEE FYAHL 4 54 H4
off Halw 2] s YogfHalAl chepskel Apotprosis o
o Y Skl nhdxlA o 44 Sl on
+ 43, A0 462+2.57 (Fig 4A), Ao 2alsn
236+1.72 |:l-1g. 4By, FhjerEe 1531 107, "Wad i
QY 175 LOBE (Fiy. 40) 9 5 Zokg obEa] rhab uof
b (per005)Table ). A4 2] A2 4301 0,20
+0.22, 757} 04086, 10F7F 410020 o|H 2 o

7557 004 - 0.03,

272 AQpnle 4570 0.13=0.18, 7=sE 0.05+0.00
S5 gt sleld] EAlEE e {23l Aol gigle
| FE e A dEzy el B4 e
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Fig. 4. Apoptosis of the mummary tumors of rats, Apeplosls is
observed the highest m adenoinas (A), less pronounced i itin-
ductal proliteration (B), and the lowest in ductal carcinemas {in-
filtrating, tocal mbiltrative and 1 sitw, C).

Fig. 5. Immunohistochemicsl staining of TGES? in the wwmor
stroma. Strong immunureactive reaction of TG 5 observed
the mumor stoma n the penpheral portion of ductal careinomis,
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Fig, 6. Comparison ol TGPF-E expression and DrdU labeling of
the tumor cells in two serial sections. A TGF-3 i mainly ex-
pressed in the cental pondon of the tunor cell nests rather than
in the peripheral porion, B TGF-G immumereactive wmor cells
display good difllerentiation atd do not revenl BrdU immunore-
activity.

= 83k Aol giald] (Table 4),
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SRR

€ FANEE wah bl Gl gab g

T SAleld S b vk ek
dlA = B 1% kel ekl b ok 4wk el
Gl Foke] mAnhy fulel] w T kd g Ayl
FHAL FAF] 87% (2/23), THAHFo] T1% (1/14)
Hid w vl Hebde] s8a% gnn= A
depFeld b 2 FAFE Wt paons), L8
2 FzA BYUFoNA hel2 glafe] alAdel Fokalaii=
wE FE AR Rulen ol@]dh Fbal e Brdy
of wialed F4 ek TGFAE H4 0 =32 e
AlE, A A AR, g ul A ahg)n) g e
WE e eds Fo] FabellA s Sl A4 2ubs Fof

g



el 2] 20 o A A fabelkfel| djgk HlESAS G Apoprosisg) THA| 181

Table 4. BrdU labeling mdices and ap-c:-;at-:‘-tl-: counits of the normal breasts of rats

Group BrdU labeling index Number Apoptotic counts Number
Experiment*

4 week 0.09+0.03 0.20+0.22

7 week 0.04 £0.03 0.74 +0.86

10 week 0.05=0.03 0.10=0.20
Control*

4 week 0,07 =0.04 013018 f

T week 0.04 =002 0.05 =0.09 4

* p>005 when compared between the expenmental and control groups Number: number of the breasts observed

Table 5. Apoptotic counts of the mammary tumors and normal

breasts of rats
Histologic type Number Apoptotic
connt
Mormal 44 0.31+043
Adenoma 17 4.62+257
Intraductal proliferation 19 256+1.72
Ductal carcinoma in situ 13 1.53+1.17
Focal infiltrative ductal carcinoma
12 1.75+0.88

& infiltrating ductal carcinoma

—

p<0.05 when compared among the normal, adenoma, intraduc-
tal proliferation and carcinoma Number: number of the breasts
observed

A4 e FA s 21E AEd 9 ga
aabA wE s} (Fig 5) o]l 94 A& fsks
of 4] o] FAsiglch FokA £ = ﬂ.mi 7% 2|
sl=tale Ml Fediglell wel “;i&]&mr} (Fig. 6A).
= TGFwE'aI bE 5 = Fekd| = BrdUe| ofsle] 24
o]l F2 FHE el (FIE 6B). TGF-22]
A AT AR AL 45 A5 0061014 (23), B
LH*%‘H‘-L- 0.10£020 (16), A4 o v &4 0dF
+ 0411035 (12)22 oD ThlehFel vzl
A-FA Dol ZAgH LR FoshA U4l (p<
0.05) (Table 6).

i &

uhekAl elbdlae42] 2Ee] DMBAYE cytochrome P450s
(P450)%} epoxide hydrolaseel] 2}al] o) 4bx|o] 34-diol-1, 2-
epoxide”} =31 o] Zlo] DNASE H3lslo] DNAS] Eal
ol & el et ER Agghch” #3]9) fulFeke
DMBAZE 2.5 mg~20 mgS Sojsln] §~212e] 22y
T A4 100% s Aoz keiA glck” fu

Table 6. TGF-f labeling indices of the mammary tumors of rats

TGF-3

Histologic type Number labeling index

Adenoma with/or

intraductal proliferation

Dwctal carcinoma in situ 16 010019
Focal infiltrative ductal carcinoma

& mfiltrating ductal carcinoma

23 0.06+0.14

12 0.41+0.35

p<0.05 when compared among the adenoma withjor intraductal
proliferation, ductal carcinoma in situ, and ductal carcinoma
(focal mfiltrative and infiltrating) Number: number of the breasts
observed

Zooko] = A G ANy wlluT g .;.}h]
2 F42 drEs Fo %Eﬂ* DMBA 5o 4] 1}o],
A TREe Ay e|a ol upe) cheg e %
Eood el 4] fubEcke] 22 ulwzl zle g gy
Rogers & Lee"'7} KHagl 257 2] w9 I.-H-Dﬂ ) & uk 7
2 Bekg Folgh HugginsE''9) 749 ¥} whach X
Aol FUe) AN} VINT FE AL 1B
717ro] BY A A¥ 279 X AE WPl 2
2.2 Azhslv, A Feke] AN S 510924 b
oA Tefl 4] HEEE 25% ~94%° 2] MWl lAuF v]a
A uhot=dl olfgt w2 BT Ze] BT FHo}
DMBA FofA) 7|7} A S6U-l= vl =97 w§
A Row 4zheivk efelnl fupete] wball i TD
o} ABMr} HEFA o] HEsl ¥ TEBY A7)
o A17]1dl DMBA Fol & wb2 #Fell4 o 2 A
= eld olw, TEBe| A4l A% 2120 b4
1 F 60UrtAl FHs] ghasle] YA (estrus
cyele)7} Al 25| & 354290 J RE] ABL} Ao s Fa)
£ AFB R AF 5592 J|Fes Fopol
7t Apolus] wol e

£z o] Mol w2 HANT} TEBe|| 4] 7)¥sh 4
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AE ZA4Fo]ehs Fabo] k™ B od a4 HAN
2 DMBA 5o & 75 o 8T liwlalelld] 1277}
FHElel A g Fokat "ol A fubza oA b
HxEle] Fokat 23 o= = 47} gle ez Kol
HANo| Zql#widl 74542 #Hrh. Sz}belle TEBol A
715 A AE FAFe] FHeiwelgly dejAm
gk’ B isfolla) TEBE ojzF wl AdFel4 el
A &l whel it a Adree) 2Tl o
2] Fhaslelch TDE A TellA veld wel F7lsl
g B9l db =z vl HEE B
AB= tlzy | Aggell A vol|7} Fel| ule} F7}s)
gichk, A% 2] TEB2} TD2| Ak = Kol ga
AEE HGla ABT di2Feld FBAEHer fos
Al o wgkel. o@f g A il= DMBA7} %o 5| TEB7}
ABZ FitE = #de] H3olAa TDE Hils:= 7
o] gl 2o g Azts|gch o]z dt #4H2 Russo o
Russo™2] 23} Edulelch

Boadqtofl A ksl bR JE 54 4
As sHA ARekE Jebdle E3sie] ditRow
van Zwicten' 2| T2} =dsteick # 3] DMBA 5
of A] G| E FAF W ThigkE aeja HE4 et
Fo TEB, TDel|A] 7|1R1abd o, HE2 AB 1 490
A dbasbcl o eteda] glo)’ weba] 2 ool THE] 4 £
abuffel] shebdE, AF el JalA i F45e] £3y
Wo] FEalsl= 712 TEBS} ABel] DMBA7} E-4] e
Aagk AatE AztEqdch 5 B 9l 4 DMBAE
Foldt A3 562Uelli= TEBe|4] 2315 AB7} EAllsln
ke AE 2n)ghe.

BrdUs= AlAI 5914 2 thymidine} %] 5] o 2 BrdU
off thgt ©EFE shAlE ol f3lo] Wzt og
BrdU ZA|MEE J43le] MEFHF FHol o] &5
aglom AEFEI) F 87 AES FAZET B AT
2] BrdU ERAMEE A HE F453 IighEed A
FoFAE 2] fgR{deld 2 HA=EY T F4
2 g da=s MEr bsle JEE Bl
b TGF-v FRAlE 48] 2193 Ko Foby
Qell4] o] =gl F TGR-67} WEls = Fok4)
E BrdUe| dizle] S-4delgla & 235 vehigd
ch. ol2|3t HA-E TGF-gi0] p27°'a} p1s™ g gh4ls)
A7 o]e] 7} cyelin®} cyelin dependent kinase®| 4]
& oallsled Rb ghale] zhelaba}l A s whelsla ul
eh4] c-mycTt B-myb HALE] HAL ozl 7| 2HE
FulA 2leled Z1M9 MEze] AEZF7)E G G wHA|
ol4 AAAF|E 7]|H ez A= = gicls AzEc ¥
Mammary tumor virus promoter2t TGF-37} transgenc =
3] ell DMBA F-of 4] Fofe] &) A= H4E
TGF-32] A|EA7 o|dists Fuala gvk” 53
HFelld wfsls FEFE dUAE SHSE 5
vhsbmE A §E Aaks sta LA AR A E 0
aule 5 JldRe] AEE 846 g 5w el

o] A ok o ohguiw & sl Ao F& o3-Sl
¥ dqtollA] BrdU 32| 2|57} kA wiwlol] vlalo] e
Wefoll4] 52 A4 % Wol BrdU =d4lo] DMBA 5o &
e flEoke] ok ul ok & 7l &
wo] & Aeg A7Hglc BdU ZA 4| EyE Fake)
A Al ek Agler ul dlmgte] AAgdella] 4
of 7ha Fohed olg]st At TDg} ABNC} 4 E2
A o] Eobw okl A TEB 7} 432 of 712} w0 &
ael7] offel Aoz AzbE gt

AEe] S Ad Fhells =2l Hije] FA)E
Akt ol K11l o)l MEe] F4 o] FlE A
Ade] Frazgbd HEe] =7} Zobele] Fokg wAw
ook’ B T AE AEZA S obEelA b
U s AHAE FAF aeln 45 A4
o] 7hab uhakch. Apoptosise A Fell A 7pak Eqks o}
Fo AudE FAF aga ¢Erog il
ob Foke] dbAle]] 9lo] MEQ Z43) A Aol ¢
S4A7E W56 5 5 9

bel-2 AL GARE s 7] Hol e o aal] A9
ol ps3e] Frelshiz Zle g FejA vl op4y psis
bel-2 FHANe] 435 oAdels v bar FH2AE
AN whebd weld psi o]a]d 7)5E 5
tlala] Falm g DNAYE S&4E9rels ps3 ez}
A AL A= apoptosisz} Lolrta] @ech B AT
off 4 ps3 ghef P HE FubEakeld wEE ] ekolc)
DMBA+= #9734 22 adenined} guanineol] #F wh-S-3)lx
% DMBAE §25 3 f{ulgtEe] 75 Ha-ras2] 61
W Az 2 A o 7ol A adenine—thymine o] 7}
A dolih= Ao oejx] gl ps3e] A4S B,
Kito5"& DMBAZ 5% 4079] 23 Sulels 259
of| 4 128 FH 5w e] 2] of 7|l 4] guanine—adenine
Hol & FHasteln, Jemy 52 DMBAZ {415 BALBY
¢ Az 2] 134 Fuiehs e s wied = #2 et o] MG
Al #E3F ZAa} ps3 wbel 2 she dEE R ekgiola )
o Ruggernis 2 DMBAZ SulEl Sencar 413 2]
i) Bol 30%el| 4 p532] guanine—thymine Ho]F a3}
drh olelgh AaSa B oelyte] Aatg Hol ps3e)
Hel Fielu 2% F92] F5d wela] oz
A 7R gl s DMBAR ksl 3l o] fulqh g4
p332] wo|7} hojalz] shon] okdl wiwd] Hlsle] g}
Foll 4 apoprosis7} H A oluki= 712 p53e] Holsh=
ik AE o 5 Qe ey Agke) fukgt
ol 4= ps3e] wlo|7} 20~50%ell 4 AR gla L
A 7lel] Fall e fehe] 7)ol ublsle] gfEe] A
3t Helz} deolils o7 FAg = Rt &
uhghe] wh7el] whallgiols Abe Bosg) glek® af
wpa] Aghe] foubeke] #gfe] al2 ps3o] we|E ol
sl=u] DMBAR {5l 3132 fulote] sele 23}
a2 obrlar A7hE|e]v)

Apoptosis & ¢ Alsle] MEpHE dali)as Heg
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i Z bel-2 AR Aghe] fFulgheld olAEZA
FEaol o Ests FAA oM bel2 ghefe] why
& e oFAR deiA ok 2 ATl bel-2
chu 2 A4 G4 Fa Lo 6 FHellA =t
Al v Fokell A ol S o g okslA| b
A9k AFat GElAE F4F o ThiighEE 3
4 8 v LR BYFdlA 583% (12)2 7H E
2 ok ES Bt olelgt Adlts Hay LTl
a5l apoptosis2] Hl =7} AF o FajdE F4 Tl
¥} A2 fojsial FHLe 28 Aug 5 glvd
At Az % 9lel At bel-2 T g] Wio] Fokell Y
F AEE o}F ofala FAFH o gut wiHE Alog B
o} apoprosis2] HAlels & 7lolE ¥ 5 gleka 42

= Aol &8 7 el DMBAR §ub¥l Gulolie
A bel-2 ghae] b g P ohE =EEe] gleld
Moot AzbE vla 2EY 7 glalch ofuk SVAOT.s
o] wansgene £ AF A A7 FHghRellA A LT
53 apoptosis§ W3 HapE Pl HEFAFE G
Foll4 7bab Eoka ohSew nlAdgy duAE S
Z zela Aol 73 deken] apoprosise EE
ohi= v AEA A AE FAFHA 1 fe] Yolkka
apoptosis®] 7] Hefl p53 W bel-2 SRRl Bl
Aztel fabsisdch”

TGFA+ w248 sel 2 72] BE AlEe4] Ful
= latent complex7} @ojA uprbd 2435 Helr}
i Egaroll s TGFA, By, fase] glat A 27k 75%
o] $HAE Fsl2 Uch” TGFp2] 7152 AlZE9
Aabal of ), g Ee] 719 ¥4, MEe] 73 AE
g 2, uigsg 4 =l WA fakge] e ALeR
orefA] qleh” M B el el FakAliEs) opdd AE
52| TGF-32] e & Foke S48 Hoe S99 4
A gbe] A Fel Qe AREAE, glE=4 g HJ
W] A ESol] ez ert o ks o weten] oy
g A g4 AgkEeld o Al o g
Hil= 7|39 ofd] 7pA] HEGe] TGFAE F4HH
HE2] 7|22 AT AP o HdodHA AAE
Holo] Feke| Al Sefiichs S A2 4
7haledch, Dalal’5s "% Hul¥ TGF-iE= F5 Fok2| ¢
g e] HEe] 7] Hd Fekslo] Feke] Hedt A
2 ofgfo] girtzm et E dtelA FAAES
TGF-32] wdle] HF4 DeFFeld FhlstEell vldle]
H %2 AAE TGFfo| F42 Aot el 3ol
goldichs e shisle Aoz 4zEc TGFA
o] apoptosise} alwle] glebE HumEe] gadt
Hoodytell ] g4 FhghEoe] obAlWunt ghighEel
vsted TGF-p2] whdle] Fou} obdwlal Bl apoptosis
Ml E7} we Hil apopiosis® Al2gl TGF-fo] & sl
AE2] 127 A2 ofE H2 DMBAZR /1% 2159
FubetEel| A= FokAiEe] TGF-37} apoptosis®t
e Al ez Aok

W oolF Fele] DMBAR fribdl o] F44 o
o4 =2 Y EZ423) 2 apoptosis7} FbekEe]
b llel] Qo)A F2#o] apoptosise}l I E Qlals F
pS3, bel-2, TGF-H2] WHH2- apoptosis?} 53 1H2 o]
ali= S ok 5 glglch wheld DMBAR GutEl Sub
el WAl A g2 apoprosisE AT ohE 7
Zhel] didb ¢l T ol E S APO-1fas, TGF-8 82|
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bel-X 5ol T A5yt abF FlAsw Feoke] AT
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E —

FuletEo] AE = T4 apoptosis, H|EF5AF
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gt wWwiell A ZokalEe] F4]3} apoprosisE THhe]
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FHY BAE FEE, K oapoptosisE H A A7) = A
08 oA bel2 ghil gl Wold ps3 chule] ubsz)
uled 7lgle] AEe] Z415 dAlsla apoptosisE =
Aste Aoz o2 TGEfe] w58 o 2234
das A FEele] o 5T T2 AuE ddrh

1) DMBAE S-oiuh d&lo] o=l szl TEB
ol ABE 2] E3lvl FATH e 22]9)A Heich

2) BrdU ¢4 Fd e AEAx 45 S
FTolld FE FokAE TR f|=aA el HaAEen
FARE ZF Qs AEgTl gadls FJeE
28t AEFAS Aee FE4 JGE IhigkE
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ol glAl ERA apoposis?] HIEE HESAF A
o Al Bl

3) p53 bl 2 SE FofollA A gHE A e
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o},

4) TGF-A% FFANE T3le 2|53y Hr} 45
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TligkEel w3 FAIEH o2 FefslA Fekch

ol4be] Hubw Weol DMBAZ fbsl fiehde]
A}Holl e w2 AEFYS ¥ 2 apoptosis7} T
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