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Abstract : We have a cultured method to grow rat mammary epithelial cells (RMEC) for | to 14 days
in 1:1 mixture of Dulbecco's Modified Eagle Medium: Nutrient and F-12 (DMEM/F-12) containing 10%
fetal bovine serum (FBS), human EGF, insulin, hydrocortisone, human transferrin and 17B-estradiol in vitro.
We were able to isolate and distinguish two cell types, luminal epithelial cells and myoepithelial cells, from
primary clutures of RMEC. Immunocytochemical stains were used to distingusih luminal epithelial cells
and myoepithelial cells. Peanut lectin (PNA) was stained in most alveolar epithelail cells and luminal
epithelial cells of rats, while Thy-1.1, a maker of potential rat mammary myoepithelial cells, was expressed
in myoepithelial cells in the rat. Also, we examined the expression patterns of three types of gap junction
proteins, connexin 26 (Cx26), connexins 32 (Cx32) and connexin 43 (Cx43) by immunocytochemistry and
western blot analysis. In the cell types, the results show that at the early stage of culture, luminal epithelial
cells were increased and these cells were surrounded by myoepithelial cells. At the late stage of culture,
luminal epithelial cells were decreased, in contrast myoepithelial cells were increased. In the expression
pattern of gap junction, Cx26 maintained it’s expression until day 3, but afterwards gradually decreased
in intensity. Expression of Cx32 remained until day 5, then decreased slightly. Cx43 gradually increased
untill the middle time of culture then decreased in intensity. These results suggest that connexins may be
important for the control of growth in rat mammary epithelial cell types.
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Gap junctiong & A E7he] wE-& MEe} HZA}
ole] AL 24 2 FA e 9L s, AE
A E3tol] 2R Aesh= Aoz duA 9l
ok [12, 10]. X3 gap junction®] ZH&-& kAE ] A3
2 ESFox FHo] e Aoz 284 A [2, 8.

Gap junction 28¢] olF W59 stz dlA}
E4E M M AHAA QAR o)Fsh= W4
S 7RItk o], 7, ofe|icil, Sk BlEN], $ER T
231 7 o] 22 BAEe] E2E(1 kDal ©J3he] &
o] M 72A BES 5 e AL vlE o] W
Aol ot o]F w&o|t} [11, 17). Gap junctione
hexamateric structure®. 7/ =o] Q1o M E7he) 27) 2]
W 722 o]F0]Z hemi-channel® FAIE T} [1].
Gap junction 2 4ol FF&1A A 8h=d)
] 715l Hodstohar b A5 717, A 7
Atolol] frA1e] e o] o7t} [5]. ©1W in vivo
AL F3A #H H4 2214 major connexin proteins
27l Cx26, Cx32 28] T Cx439] W& ks &
S Ayt deiA Aok [19]. XF7HR 9] Bag 53
S B, Abgolu vk A2 o] §4 Ay AlxEe] B
27} ¥ A far @ol A7rt o] oK ot (9],
s2iHe] Bee oHe o2 guA o wet
A ol Aol BAL Y- {4 Y AEE 2
ste] v Fsts WS Y3, luminal epithelial
cells®} myoepithelial cells& He] 3 Faoz EA4S
213k, gap junction?] WA WL AR Aolth

T A

Mz W gy

e |4 AT MESQ HiR
TELS 773 YANEA %22 4 Spague-Dawley

(SD) rats& AMEEITE FH= ether V13 & AS3EIEE
QrEAF AR en, AE)Ee] 4 ZF 2 ZRE lymph
nodesE A &Jet A& it o]%A HEH &
A 2ZFe daE 7RIS A AEY &l R
#3t serum-free medium (DMEM/F-12; Dulbecco's
Modified Eagle Medium: Nutrient Mixture F-12)°ll 50 ug/
m/ gentamicin (Sigma, St. Louis, MOy H7}st4dth. Al
8 F4 23L& collagenase (Type I, 2 mg/m/;
Worthington Biochemical, Freehold, NNE #] %] g}
shaking incubatorE: ©]-&-&ted 37°CefiA < 5AI7F 59
RA3F T Incubation ol 9F 350 g2 1027 4
2 E st F0 g AL, iRy F A4S
AAY L 33 wrEsnt. 948 F A7 pellete
complete hormone medium< %718} single cellZ v+
E-0J4] 100 mm tissue culture dish (Nunc, Rochester, NY)

2 o

2L Ao

EROL:

My

ol 37°C, 5% CO, incubatorll 4] ¥Wj<¥3ald T}, Complete
hormone medium-2 DMEM/F-12 medium®]| 50 ug/ml
gentamicing, 10ug/m/ human EGF (YEGF), 5 mg/ml
insulin, 0.5mg/m/ hydrocortisone, 2mg/m/ human
transferrin, 0.005 pg/m/ 17B-estradiol (Sigina, St. Louis,
MO) 55 37t =SStk Al vk 195 14
U7HA] v Fsiglom, A weF 1doT 10% FBSE
7}k complete hormone mediume ARS8l Y 1 &
B 10% FBSE #H7}81A] 24& complete hormone

mediums- A3}

Heoy B3 4

Luminal epithelial cells?} myoepithelial cells®] S-S
TE3] A W] dg 9L HAIEE RMEC
E wiret 195 E 3Y, 59 283 789l peanut lectin-
FITC (PNA-FITC; dilution 1:100; Vector Laboratories,
Burlingame, CA)E luminal epithelial cell maker® AR
3}5437, phycoerythrin-conjugated anti-Thy-1.1 monoclonal
antibody (Thy-1.1-PE; dilution 1:100; Bioproducts For
Science, Indianapolis, IN)= myoepithelial cell maker= A}
B3t Al EZE 95% MetOH 5% acetic acid -&98<
ARgst] 20°Col 10870 2 3FATh PBSE 23] A3
- 10% normal goat serum (NGS)E 2] X3+ PBSE 4
24 oF 2417F AE blockingS AAIEFATE 2 Fof|
7+ A E X b2 ¥F e A (Olympus Ix70,
Okaya, Japan)© = 2590t}

Gap junction proteins?] connexins®] &3] < 5-E &)
8}7] $1EIA Cx26, Cx32 28] Cxd3e] B &% o
-8 A3 T} Connexin 26 (Mouse anti-Connexin 26;
dilution 1:200; Zymed Laboratories, Inc)s} Connexin 32
(Mouse anti-connexin 32 monoclonal antibody; dilution
1:200; Chemicon International, Inc) ZZ#] 3% Connexin 43
(Mouse anti-connexin 43 monoclonal antibody; dilution
1:200; Chemicon International, Inc)E 13} A Z AR5}
ek A E= 95% MetOHel 5% acetic acid 828 A}
&3l -20°Ce) 1087 A &) PBS® 23] H|X &
5% skim milkE ¥k PBS §0 2 4204 of 24
7F A5 blockingS SHAT). 1 ol Z+ 12} A E 0.1%
BSA%} 0.5% tween-205 A x|k PBSel| ]A3|r] A&
oA o 2A17F A= A A 23 A& FITC-
conjugated anti-mouse IgG antibody(Zymed Laboratories,
Inc; dilution 1:2000)2 0.1% BSAE A3t PBSE 3|4
Bhod 2ol WS APet el R oF 212 A Wk
AZTh 2 Foll 1% BSA7E 3-8 PBSZ 33 A3t
% 4 v (Olympus Ix70, Okaya, Japan)® 2 33+
a3t
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Western blot analysis

Western blot analysiss= RMECS] 3% % #3}e]
2} Cx26, Cx32 283 Cxd32] W& Jel & F3How
H5}7] aiA AA 59tk RMECS] protein Al &
g 14, 24, 39, 5%, 7Y, 149 R FE3AC
Protein> 1 mM phenylmethylsulfonyl fluoride, 10 mM
iodoacetoamide, | mM leupeptin, | mM antipain, 0.1 mM
sodium orthovanadate 22|22 5 mM sodium fluorideE
F& 20% SDS 85 At FEeH. EX H=
F2 % protein sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (12.5% SDS-PAGE)E ©]&3le] £2]
ST} [4, 6). 32]¥ proteinS nitrocellulose membranes
o 100V, 350 mAR 1A17F 52t wansfer St 2 §

Phase Contrast Thy-1 .1-PE

o skim milkE AHg-ste] oF 2417k Tk o)A
blockings 3F1tt. 12} @A 2= Connexin 26, Connexin
32 2283 Connexin 43 (dilution 1:1000)S AHE-3FHL
o 23 &A= HRP-Goat anti-Mouse IgG (H+L)
conjugate (Zymed Laboratories, Inc; dilution 1:2000)S
AHg-stATE. BE A9 AR 7t Al EA] protocol
o] wste™ protein bands= ECL detection Kit
(Amersham, Piscataway, NNZE 338 A7}

2 =

e fM A M=ol 22| ¥ WY M HM
RMECS= priamry culture® 195-E] 144712 DMEM/

Peanut lectin-FITC Overlapping

Fig. 1. Immunostaining of RMEC in primary cluture in DMEM/F-12 for lday(A), 3day(B), 5day(C) and 7day(D) with

PNA-FITC and Thy-1.1-PE. (x100).
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F-12 wix]ol A w3l A EE organoid 25E
monolayer2 A ZslH o0, Wy #HF JAg S
RMECE luminal epithelial cells3} myoepithelial cellsZ
TE-sls

PNA-FITCA= luminal epithelial cellsollA] So]Ho g
W 5 3, Thy-1.1-PES myoepithelial cellsol]A] So]3
og WA E ). luminal epithelial cellsS A% #v|7
o2 #3343 small cuboidal3tT cobblestone & El
& 7HA A tight3HAl -4 organoid 2HE Mo| A48}
= ¥5E 2 7 2ok myoepithelial cellse Bl 3o
2 33 71 ele] MEE luminal epithelial cells®] ]
748 750 )7 epithelial conolyS Abelol|A] sHatat
= IAchFig. 1). AIE vk 195olM = Heldgoz
A8 ¥4 g4 A7) A% luminal epithelial cells?}
myoepithelial cells 7t Z A7} F361A) &8 & &
UAThFig. 1A). AE viYg 3LABEE 2t cell types
o] 53& xol7] Azl PNA+ M EE cuboidal

ekl

e

cobblestone HENS] BHS HAF, Thy-1.1+ AEE A
I A%3 2L 1) luminal epithelial cellsE colony
9] FA]FEA 7hrte] AABL dghtdt FEf S Bo]
i, 2 F91€ myoepihelial cells’t T HelE B
ChFig. 1B). o2&k ke AlX ok sUA7IR] =4
oz #FFL F ANKFg 10). 79 °|FFHE
luminal epithelial cells?} &} myoepithelial cells2 B}
£ RE & F AUk [14]. o1& PNA+ cells?] $1)7}
Thy-1.1+2] $1X19} 72 YA 312 PNA+ cellse]
Xko] Thy-1.1+ cellse} 7o) = AxsHA wdlsle
HA & = AUATHFig. 1D). Al E0¥ 7Y o] FRE 14
A7 = 7942 A2 v=d e Bk Az
1, 3¢, 59, 7459 Al Eujoka we g g
o2 JehlAckFig. 1).

g /M A1 MENAM Gap junction2] EX] &el
RMECSI*] gap junction protein®] F-5-5 &915}7]

Fig. 2. Immunostaining of RMEC in primary cluture in DMEM/F-12 for Cx26(A), Cx32(B) and Cx43(C) (x100).
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Fig. 3. Immunostaining of RMEC in primary cluture in DMEM/F-12 for Cx32(A) and Cx43(B) (x400).

A WY Hg FA-E A3 Rat mammary gland
ollA] major gap junction proteins® %A SlE Cx26,
Cx32, Cx439] 7} antibodyE ©]8-3t o|52] EAE &
Ql&kHthFig. 2-3). Cx439] A5, ME2} HEA]ofA
plaqueE EAl ko] M Eo| gap junctiono] WRYFO 2
B2 ¥ U ohFig. 2C, 3B). Cx32¢] A%, A E3
filamento] 733HA L& ste AL B + AU
(Fig. 2B, 3A). Cx269] 7%-+= U Cxs¥he de] ©
o dF JHE FoA Ex ARE Eldrlole o
2-&-°] AATH(Fig. 2A). L&} western blot analysis
E FalME Cx26, Cx32, Cx438] EA1E Flalal}
(Fig. 4).

Cx 26

L
Cx 32 h‘.m
- 0 B e v

Cx 43

BaCHN | e e o Sw— o
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Fig. 4. Western blot analysis of Cx26, Cx32 and Cx43
proteins in RMEC during culture in DMEM/F-12.

e fM o1 MES MEO| mE gap junction
o| g ok el

Gap junction proteins®] A5 81Q1E}% 2 &, RMEC
o] Aol wa} gap junction 3 WAle] wslE
51Tt Westem blot analysis= 534 Cx26, Cx32, Cx43
Zhzhe] b S Al 1Y, 29, 3, 59 7Y L
2oz 14 Aol Eelalieh Cx26& AlEujg X7l %
slA) wrE s okt Al EuF sYA R gzl ade] g
He Hoprt 78 ol EE gl 2@stAY A
WS oghet COx329] 7S, AlEujF Z7]6A F-E
o] EAjsiar Yl wdo] Frksitrt 7Y ol F5-H
© 72| Fe] Bdle A 5 At Cxa3E =
71%E LEaitrt Ak 2d A RE] Ss7] AlE
ste] 5dxfol Wdo] LAl o2, o5& HA} 7}
Zshe S HAtKFig. 4).
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W 432 RMECS] M sige] &) Al el
o] B @ E4 <9l 22X gap junction®] T ot
of Iyl ol oiaA Akl 53] RMECe] 7
$-+= ¢217 o2 2| mammary epithelial cclls®.t} &+
2 7F A 42 Wyt oz}, Ax fAoA el Al
ol gt sl Bo] o] FeiX|A] Fothe HollA o]
W AFe] FaAE I ok vA W dF
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& ¥314 RMECS] 54& opigte=d], RMECE
Juminal epithelial cells#} myoepithelial cells® &8 =
AU} [14]. 212 217t B e culture systemol] A
RMECE ¥ &std &latict.

RMEC:= primary culture 5314 dA| Het), ME=
organoid”} culture dishe] vF=ol] EolA 2 organoidol 41
23] Aev) Pejabgd oz RMECE 24 VHE
#ol At} Small cuboidald} = cobblestone B e ©]™ tight
817 54X organoid2 A34sh= AIX BHe] 31, °]
& wa) vlwHo AN 0 e MER A7s
A3 QALY epithelial conolyE Ato]ollA] ZHakeh 45 9
AE ggloZ 72 5 Yk APt 22 A2 B
luminal epithelial cells24] PNA-FITCell 2|84] &o]
Aoz A 5 AN, T} T A BHYS
myoepithelial cells2A] Thy-1.1-PEe]l 2J8jA] Bolxo=
G 4= 91T RMECE ¥l 1Rl Al X7l 5
23 7E-2 & = GIAARE W 3UAFE 595 Ale]
o= PNA+ Al Z &} Thy-1.1+ A EALe] 9] -Ko] F5i3]
Aok, 2 AE wjek 7d8E = PNA+ AlE7E At
Zo]5WA] Thy-1.1+ AEZ vl d48 AT +
AArh = 79 o|FREE= luminal epithelial cells7}
2} myoepithelial cellsZ ¥l = AL FAg + o
AT [14].

5k RMEC cultureol] 4] 9] A7+ gap junctions &
gt A E LB ol Gl In vivooll A v rat
mammary gland cell types®ll w} gap junction®] 3}
k4 pattern©] Eel=lo] It} [19]. Rat mammary gland
o|4] major gap junction proteins$] Cx26, Cx32 Z12]3L
Cx43Z A Cx263 Cx329 7%= FE luminal
epithelial cellsollA W@sh= Aoz deix] 213, Cx43
9] 72 myoepithelial celisoll Al Bo] Y@= AR
ot} 21tk [20]. Connexin proteins 5 Cx26, Cx329]
ASE A gA Aol g #Ee 4 okt

A 717k BEE #EY § e Aeg g A
. o)E¢] YA FYstha A den fF
Bulg 53] galFel] §419 4ol Fa3 98
e Aoz AzkEol it [13, 15]. Cx439] B9+ 9
A FHouh QA7 R WS BEek £ glovt Bt
Loy w3 go) F438A 7Hashal, phosphorylation
states”} - o2 vERdT Y defA glvh daldel
fAle] gl Cxd30] 83 FHAA T AZbE o]
Zt}, ole]dt gap junction proteins®] 2E pattern®] ¥
e A= §4 Ay Axe A 28 w1 ol
7 23w $83 98S sk Aoz dEA Aok
[15, 19]. o1¥ AFeIM = RMEC] Al v g el
M M g gaoz Cx26, Cx32, Cx 432 EAE &

d

o rr

12

o% fo

>

A4 - 019

A

Q1319 37, western blot analysisE 304 culture Y% ol
}E connexin proteins®] & Y-S FQl & thFig.
2-3).

Cx269) 749+ WY 43 JAuozs EXg st
7] FEQA|TE, western blot analysisoll A+ Eele 4= 9]
ATHFig. 2A, Fig. 4). Cx32¢] A$olle 2vj&2 2
3 Az} AE filament T2l FH4E R e AAE
AATHFig. 3A). Cx439] 79 wul&= Has Azt
gap junction protiens®] ¥ A mH<l Ao} A
Atol 2] Q1A% RRo) EXfshe 2 15U THFig.
3B).

Western blot analysisE 218t RMEC AlX wi 1
o, 29, 3¢, 59, 74, 149 Alelel 7} connexin proteins
o] My gAHS PEAF A Cx262 A EHIY 271
o 7}stA W= Tt Al el sUARE Hxp EE
o] Zradltirt 7Y ol FHEE ofstAl THsAY A
o) W kA ghkrh. Cx329) A= AlEug 2710
A EE @ile] EAsta FAF Fdol Frtsithrl 7¢
ol ZREE 79 TUdGe] HHS AFY F AUk
Cx43& 27158 ddsioprt AZzued 2847 &
7Vat7) AlAtsted 5Ll o] FHILXof o2 o]
22 YA Zadhe g BATFig 4. Cx263%
Cx329] gap junction & Y W3} pateme] 735+
luminal epithelial clellsel] ©]€o] Bo] Ex)srle 3
o & 423 2 o} luminal epithelial cells7} A ZH] %
Zdbo) Z7yslctr) 794 o] TRE]= A AL myoepithelial
cells2 B} = Ao wpabr] Cx262] gap junction ¥
F ool Zolte AHE B 4 AU Cx32¢] 4¢
£ RMEC AIX ujof d&ol] #AZle] a7 SAlshs
ZRoZ 2 w luminal epithelial cells ¥y} oz} <
A3t & myoepithelial cellsol= o] de A
oz FZ9t}. Myoepithealial cellsollA] Bol EA)gct
3 GEA e 0439 e Al 795 o] 7
Bl waoko] Zolmi A0 2 E uf |luminal epihtelial
cellso] &A1 8% Cx320] 7} myoepithelial cells=. | 3%
typeo] HBEHA Cx439) ge oiRlskes ZeE F
29 rhlFig. 4).

9o A2E F¥sl ¥ o, gap junction proteins<
RMEC Z} A% Eljle] A4} 23lol Fad 435 8
£ Aog gzigolzin). B3] Cx262 AlE wigF &y}
] luminal epithelial cells] 437l o] vt Yzt
%}o]A] 22, Cx32% luminal epithelial cells 33+ o2} A
X wjef Furo g Eo] myoepithelial cells® W
luminal epithelial cells*| %= & U= 2102 BAIth
Cx43S myoepithelial cells®] 3733 E3lol] &AHe] ¢
= Aoz AztE oAtk
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£ AgoMye A §4 49 MEe vide] Y
| 522 15157, RMEC Al EoA o}2] dhsx|#] gk
2 pap junction T ] WEH Y-S W34} &
v}, RMECE luminal epthelial celis$} myoepithelial cells
27 typel2 Ui F U&-2 ER15HA T gap junctional
intercellual communication®] &3 ¥ g& RMECoA 7}
AE2] ebdell Wb Cx26S M E v Fulel] Zof
B3, Cx32& wdo] A9 UH3IaL, Cx43S ME i
ZHHA] Bolutiyt o] 2 E HA Aiste AEE
HAh mebA gap junction RMEC 7} M XEFR]S] A4
A3 2l g FH, T 2 FhE HolBE
Sko 2 gap junctions} RMEC?| AF&aAlol tis] o] @
2 AR7} o|RoiF el & Ao R YZpE )
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