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ABSTRACT: Lactogenesis in mammary gland is under the control of various lactogenic hormones including hypophysial growth
hormone and profactin. Recent studies reported that such pituitary lactogenic hormones are also expressed in mammary cells as well
as in pituitary. For the purpose to analyze the role of these non-pituitary hormones in mammary cells, 5-lactoglobulin (BLG) gene
promoter was selected as a model system. The growth hormone suppressed BLG promoter activity when it was applied alone on cultured
mammary HCI1 cells. Along with lactogenic hormones such as insulin, prolactin and glucocorticoid, however, it significantly enhanced
expression of BLG promoter activity in a dosage- dependent manner. Exogenous expression of the growth hormone gene in cultured
mammary cells also strongly promoted cell proliferation and BLG promoter activity. Bovine growth hormone promoter, on the contrary,
did not revealed any notable activity. Above results suggest that endogenous expression of the pituitary hormone genes in mammary

cells is not a regulation leakage but a physiological control. Moreover, artificial overproduction of the growth hormone in mammary
gland may help increase milk production.

Key words: /A -Lactoglobulin promoter, Mammary gland, Growth hormone.
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ceptor tyrosine kinase (JAK2)7} &A1 81577 o] @ 4o 2| Al
AZ o2 HAEY tyrosineo] A4S HE ALE BY
=1t} (Rillema & Rowady, 1996; Ferrag et al., 1996; Sidis &
Horseman, 1994). o] #Ao|A AL A% Ag 4 843 <
A} (STAT factors)Q] Stats 1, 3, 5 Eo] &A1 3}5 7 (Le Stunff
et al, 1996; Tourkine et al., 1995) c-fos mRNA7} 5718tk
(Rillema & Rowady, 1996). 7 23} 7449, W&} @ri—”‘i%
959 4 5o ZEHESe BAHHT 2 YAl &
Ao} g8 AL SRS F Dz AL &x]‘cﬂ-
Bk opigt £ *ﬂE—J apoptosisgE AA TN & £
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Bruha et al., 1997; van Garderen, 1997) 8J#} 3229 &5
el e YR 2d $ERY FL4E FHTOEHN
R HATH (Liu et al,, 1997). A SEEE 47 &
Eii’)r I ZZEl2 autocrine/paracrine 7] 2] A 1 71%
& Vel Aoz 2237 ok (Liu et al, 1997). 3443
SEZY WA Y wE2 ol A4, dA § oy
Z3A #AFHT Jed (Kanzaki & Morris, 1998;
Untergasser et al.,, 1996) |5 ZF o S22 7152 A
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{(Gordon & Kalan, 1974). ¢} BLGE %3S 2 /i, 54, &
59 7153 539 59 4F THERY A= 28
A A B AR Fe A YEA 9 Beaz 1
7152 HEEA (retinoic acid) 59} &t BHEE ] 1S
Ao 2 FALY A& w34 dAE &) (Ali & Clark,
1988). BLG 3zt FAAAM dalFold % 717+ Fof
ghowte g R 23 FolxoE IEdEY (Gaye et al,
1986). ©] - A}e] AA} (transcription)+= glucocorticoid (Gaye
et al., 1986)2} prolactin (Lesueur et al., 1990; Lesueur et al.,
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A HE (Kim et al, 1995) 22 59 47 HF oA £4
Eold g4 24 v/lsl= 9 (Kim et al, 1997b; Kim
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1) #8MZ S0| %!.3_4 B2l H=

ZE¥ (Beta-Lactoglobulin: BLG) §4
Zte] =2 B EE chloramphenicol acetyltransferase (CAT)S} &
$Hate] pBLG cat U@ WEE WEX o|AE ZEREY 5
EEGAN QRO T AAAA pl692cat, p740cat, p470cat,
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CGCTGTAGCCTGAGCGTTGGAGGGAAGTGTCCTGGGAGAG
3 Qg drojA WER HYS S GATCTAGGCAGCTC-
GAAGAGAGATGAGCGTGTGGAGGGAAGAGAGAGAGGA-
GAG-3'¢} o] 971 X @3t g9He] XA E TE
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2) ¥4% 223 Wi 4E H=X

429 4% 3229 Ax FHAAE fg}s}g pSVCAW?2
(from R. Woychik) @& W e 2 2H 43kb & A% 32 &
AZRE % g8 ojRg 2AEEY 27 (22kb EcoRI-
BamHI)3} 7% 82 %7} (2.1kb, BamHI-EcoRI)0.2 F1-
a3th

olF ZAHRY 27+& chloramphenicol acetyltransferase
(CAT) B3 fAAEZ 714 peat HE1 S multicloning site
MCS)ell A3t pbGH2.1cat W E]-E THESA T} peat W E| o)
T U2 neo HFAAE AYUstE FAAG AXE HEE o
FH02 LY 4 A A o] AZY FHAY 23
HAE 5 oA 3802 HAAA 5 -deletion mutant
vector seriesegs THE AT A SEEE AJ4tsles 2 E WE
T ¥ #Fo] 24 7153 pRetro-On (Clontech) ®/E] ¢} MCS
of At Atge] ARAZTEE 12 FARANE 445t BEA
AP HRBZE PREAAE pOH (BB THATA,
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2. NIZHiQY
1) HC11 RMMEZS| HiY

Ao §4 AgAEQ HCll AETE 10% fetal bovine
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Roles of Endogenous Hormones in Mammary Cells 223

7+ E¢t wjoFst gt CAT 49 %2 S & il g
¥3g CAT 24 F CAT ELISA Kit (Boehringer-Mannheim)
& M3k 2oz AAEGT

P AgE ANTZE EYANOE Healo ged MX
£ ¥ ohs wFeidl s4ste] 6well v FE7)
o )4tk ojw) ATUEE & welld 0~270¢] 22
7b BAHES 2P @MALAM E2UE FRO
FEE F QA HE & A 22U FHE wellE AE3
o 6 well Wl FE7]e) o] s}k

3. WY RUMZNM GH Z2RE B4 FA

1) A& ME 322 Z20F9 HIIMYE AH

29 4% £229 A% FANE ¥ zuny 27
(2.2kb, EcoRI-BamHI)2 )3}l pBluescriptSK(+) (Strata-
gene)S!] GFEEYFY MCSel Adstdth Ayd 27

E}/\l BstXIS. 2 W 3}e] EcoRI-BstX], BstXI-BamHI %2z}t

e WHE TET o AL A Zeholu] o duty

Zefoln olg el HNES AT 2ALH @
ANRE $AAOE YN FENY A ZE o) g3
249 91499¢ AZsAa 91999 2297 dy
AT $ = Web signal scan service (BioPortal)E Al&-38ted 7
Hatgich

2) & YWEE 0|88 HC11 FMAZS g

HCII M ZE gz o 2 § XE A8 A)717] Siste] 2y
E & CaPO, transfection ¥g o2 ATule] =314t} 20
pg S8 WES IXHBS % 2 M iJ 3 s VAB 2

A
A

do og

Hol FAHEF &t o7 e AE widey I T7}6}°4 W
A wfFstih 18A17k0] AR ok Wi g A A
15% A Eo] E3+d PBSZ 387+ 43 a‘a}%i\:}. a

5 AR kAo 48A17F Zob ujeraty 200 1 g/mle]
G418 (GIBCO)= E?&M 34 v gl A 10~159 S &
Aste] WA TZUSE AHST. olgA AL o 100~
RS STUEE Dol 9A B8 AZFEE DEUT

d

3) CAT &M; Chloramphenicol Acetyltransferase (CAT)
Assay

HEE PBSE & A AT A EE sl FHA A Foly)
B O3, 500 219} 0.25 M Tris-HCI (pH 7.5)0] E-AFA]AA



224 $92 - RAAA .

—0Ce 37CAA 3~53] BA-ES

230k AE FEYE 65CoA 1087 €428 v 94
Badte 1 ASdS vl A2 (Ausubell et al., 1987b)o]
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Fig. 1. Localization of the hormone responsive region on the BLG
promoter. The mammary HCI1 cells were stably transfected with
indicated expression vectors and induced by lactogenic hormones;
insulin, prolactin and dexametasone as described in materials and
methods. The hatched box indicates locations of corresponding
sequence for synthetic oligomer. Mutant oligomer is indicated as boxes
filled with vertical lines. Data shown are representative result.
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Fig. 3. Effect of growth hormone treatment on cultured mammary
cells. The HCI1 monoclone, 1~8 clone was subjected to hormonal
induction by growth hormone alone (GH only) or along with lactogenic
hormones (IDP induced). Human growth hormone (a) and bovine
growth hormone (b) was treated in the indicated concentrations.
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Fig. 4. Effect of growth hormone expressed ectopically in mammary cells. The HC11 1~8 clone was transformed with growth hormone
expression vector, pRetro-hGH-On and induced by doxycycline in the indicated concentrations(a). Effect of growth hormone on CAT
expression in mammary cells was assayed with confluent cells treated with lactogenic hormones(b). Data shown are representative result.
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Current Strand; (-) = Opposite Strand
GRATTCCAGTGGAGCTATTTCAAATCCTGARAGATGATGCTTTARAGTGC
(=)y-IRE (-}y-IRE
TAGAARAGGTCAGTTCTCATTICCAATICCTAAAGAAAGACAATGTCAAAGA
(+)CBP
TGCTCAARATTCTCCAAGCCAGGCTTCAACAGTACGTGARCCATGAACTT
(+)Yy~IRE (+)Yy-IRE
TGCCAACATCTGTTGGATAATAGAAARAGCAAGAGAGTTCCAGAARAACA
(-)Y~IRE
TTGACAARTTGTCAARARTTCTTARAGAGATGGARATACCAGACTACCTT

CAGACATGGAACARCCGACTGGTTCCARATTAGGGAARGGAGTACGTCCA
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TGCACTCAATATACCAGCABATTTGGAAAACTCAGCAGTGGCCACAGGAL

ATGTTCAAACTACTGCACAATTGCACTCGTCTCACACGCTTGCAAAGTAA

{-}y-IRE (-)Ap-1 (=)y-IRE
GCAGATGTTCAAGGTGGATTTAGAAAAGGCAGAGGAACCAGRAGATCAGAT
(+)GR

GCTACTTCTTTTTATTGACTATACCARAGCCTTTGACTGTCGARAAGCCT

ACCTGACTACTGAGAAATCTGTATGCAGGTCARGAAGCACCAGTTAGARC
{-)y-IRE{-~) y-IRE(-) y-IRE
GGGCTGGTATATTGTCACCCCTGCTTAATTTAACTTGTATGCAGAGTACA

(=)y-IRE

TCGTGTARAATGACAGGCTGGATGAAGCACAAGCTGGAATCAAGATTTCT
(+)y-IRE (-)Y-IRE

CAGAAAGTGAAGAAGAACTAAAAGTGAAAGTGAARGAGGAGAGCTAARAA

GGGAGGAATATCAATAACCTCAGATATGCAGATGACACCACCCCTTACGG

GTTGGCTTAAAGCTCAACATTCAAARRACGAAGATAATGGTATCTGGTCC
{=)7-IRE (-)y-IRE
CATCACTTCATGGCAAGTAGATGGGGAAGCAATGGAARCAGTGAGAGACT TTATTTGGGGGACTCCARRATCACTGCTGATGGTGACTGARGCCATGARA
(-)y-IRE (+)y-IRE (+)y-IRE
TTAARAGATGCTTTCTTCTTGGAAGARAAGCTACGACCARCCTAGACAGC ATACTAAAAAGTAGAGACATTACTTTGCCARCAARGGTCCATGTAGTCAR
{+)y-IRE
GGCTATGGTTTTTCCAGTAGTCATGTATGGATGTGAGAGTTAGTTGAACT ATTARGAAAGCTGAGTGCTGAAGTTCARAAGAGACACCTTTGAACTGTGG
(+)Y~IRE
TGTTGGAGRAGGCTCTTGGACTGCAAGGAGATCCANCCARTICCATCTTAR AGGAARTCAGTCCIGARTATTCATTIGGARGGACTGATGT TGARGCTGARA
(+)CBP (+)Pit-1 (-)CBP (~)y-IRE
{+} PRL_conserved
CTCCAGTACTTTGGCCACCTGATGTGAAGRACTAACTCRTTGGAAARGAC CCTGATGCTGGGARAGATTGAGGGTGGCAGAAGGGGACGACAAAGGGTAA
(+)y-IRE (-)1CBR
GATGGTTGGATGGCATCACTGACTCAATGARCATGAATTTGAGCABATTC TAGGAGTTGGTGATGGACAGGGAGGCCTGGCATGCTATATTCCTGGGGTC
(+)AP-1 (+)y-IRE
GCGAGGAATCGGACACGACTGAGCAACTGAACTGAAATGARCTGAGACTG TTGACCACCAGGCTCCCCEGTCCHTGGGATTTTCTAGACAAGAATACTGG
(+)GR (=)Y-IRE
GGTGGGTTGCCTTTCTCTTCTCCAGGGGATTTATCTGACCCAGGGATTGA ACCTGAGTCTCCTGCATTTGCAGCTAGATTCTTTACGGCTAAGCCACCTT
(-)Y-IRE
GGAAGCCCATTCGCTTCTGCTGCTGCTGCTGCTGCTAAGTTGCTTCAGTC GTGTCCGACTCTGTGCGACGCCATAGACAGCAGCCCACCAGGLCTCCLCCG

TCCCTGGGATTCTCCAGGE GTGGGTTGCCATTTCCTTC TCCAATIGCATGARAGTGARRAGTGAAAGTGRAGTCACTCAGTTGTGTCCG
(-YGR (-)CBP {+)CBE
ACCCTCAGCGACCCCATGGACTGCAGCCTTCCAGARTGGGGTGCCATTGE CTTCTCCTCGCTTCTGCTACCTCCCCTTTARAAAGARARCCTATGGGGTG

GGCTCTCARGCTGAGACCCTGTGTGCACAGCCCTCTGGCTGGTGGCAGTG GAGACGGGATGATGACAAGCCTGGGGGACATGACCCCAGAGAAGGAACGG
(+)y-IRE
GAACAGGATGAGTGAGAGEQGGTTCTAEKTTATCCAﬂTAGCACAGGCTGC CAGTGGTCCTTGCATAAATGTATAGAGCACACAGGTGGGGGGAAAGGGAG
(+)AP-1 (+)Pit-1 +1
AGAGRGAAGAAGCCAGGGTATARRAATIGGCCCAGCAGGGACCART (TCCAG
(+) (TFIID/TBF) (+)y-IE (+)CAP-site

Fig. 5. Signal scan of the 5'-regulatory sequence of bovine growth hormone gene. The 2.1 kb §-regulatory region of bovine growth hormone
gene was sequenced and analysed with binding sites scanning program. The putative binding sites indicated are as follows; GR;glucocorticoid receptor,
CBP; cAMP binding protein, 7 -IRE; gamma interferon responsive element, AP-1; activation protein-1, Pit-1; Pituitary factor-1, TFHD; transcription

factor 1ID, CAP-site; capping site.
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a) b)

Fig. 6. Promoter activities of the bovine growth hormone gene in
the pituiatry and mammary cells. The GH3 cells (a), derived from
pituitary and HCI1 cells(b), derived from mammary gland were
transfected with expression vectors indicated and analysed for
expression of CAT reporter gene. pCMVcat was used as positive con-
trol vector. 1;pCMVcat, 2;pbOcat, 3;pb300cat, 4;pb700cat, 5;pb1200cat,
6,pb2150cat. The numbers in vector name indicate 5-end of the pro-
moter sequences,
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