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ABSTRACT

Lactadherin (formerly known as BA46), a major glycoprotein of the human milk fat globule
membrane, is abundant in human breast milk and breast carcinomas and may prevent symptomatic
rotavirus infections. In this study, under the control of tissue specific and hormonal inducible mouse
whey acidic protein (WAP) promoter, the expression pattern of lactadherin (Ltd) in lactogenic hormone
- dependent mouse mammary epithelial cell line HC11 were tested. pLNWLtd construct containing 2.4
kilobases of the WAP promoter and 1.5 kilobases of human lactadherin gene was stably transfered into
HC11 cells using retroviral vector system. Integration and expression level of the transgene was
estimated using PCR and RT-PCR, respectively. Prominent induction of Ltd gene under the WAP
promoter was accomplished in the presence of insulin, hydrocortisone and prolactin. Compared to the
control (cells cultured with insulin alone), however we observed that the WAP promoter was leaky.

These data indicate that futher studies are needed in finding an appropriate promoter other than WAP
promoter because of its leakiness.
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Sl A - F& 39S AAISL gltiJanne
5, 1998). 22 Hsd AFojA I & 98
Y, FAAG H9 fAdA tissue plasminogen
activator (tPA)7}F A4t 1.2 W(Gordon 5, 1987),
human protein C (Subramanian 5, 1996)9} A4 =3
human fibrinogen (Prunkard &, 1996)% AJAFE A
o} ¥ olu]gl J4 oA & human tissue plasmi-
nogen activator (tPA)7} 418 58] BEoiz o
(Ebert =, 1994), <9 HXoA= human al-
antitrypsin®] ¥HE-o] R I (Carver &, 1993), A9
£-410 2 HE]= human protein C&] £18]7} H15
2ltiVan Cott 5, 1996). 0|83 HAL E3 &
HisE GRASE A gloiA wfg &olan
HAZ AAE ¥ A (post-translational  modi-
fication)o] o) FoiX B2 M2 &A] EZ e HAk 4
gdo g dg A7 JrHClark, 1998).

3l BA462+7 E-#] A lactadherin (Ltd)% eIz
o] §AF Q7he] fuet AEAME FHHH
(Taylor S, 1997) Ef9 fauizdo O}L}o
mucin? AFF o} FujHe Fede] sz £

Zpeko| 46 kdol ¥, 37878 ] o}u| Ak vl g 3 1.2kb
9] ¢DNA sequence”} a4 o} o] EAL Lo}
59 FA AHALE §9A 7]+ rotavirusd] TEES
AAsE RoZ IHA e, ALY d+Z2H
(Newburg 5, 1998)9] oj3hel 24 AR ZolA
lactadhering rotavirus7t TF& 229} Agsle 5
g3 49AS FSAAA I vlole 29 WMAS
AA 5= Ao 2 w3 AT Lactadhering pH 40)
a9 kel A WAHRA e ASEy EAJoR
olsl I A7} 7ZledoE s s tE
GZ S gl UF A T olfAoly Bl

st 21EEA B4 F dvke EE A
Uz gk olef £ Ao AE lactadherinol S
IENANANE HA @ AE in vivodl A Ak

N
!:0[1

1 913F A A ZA, retrovirus vectorE o] &3k
22l gene transfer systemS in vitroo| A ¥ 3}
22 gk RetrovirusE o]-&3hE WS OE
PHA mdiale] v fFHHoR HALS
Ve ™(Temin, 1989), $@5-4AA71 genomeol]
2919 o euchromatin region W2 AdAo g ©
dE F Ao, A AU HEHA de @
A FAzbe} Aol HA kgt THY AR
st FRY JHFHAAE B S
4 4 Jdde A-dE 7HK 1 2 t{Rohdewohld 5,
1986). wido] o] WbHL =T 9] virus stockg
Fgst= d oM ZAA At Y el v
e, B dore oledt FARE 4t
7] 93kad VSV-G glycoproteing envelope .2 3}
= retrovirus vector system (Kim %, 2001)& A&
Stk o] systemol] 23] AAEE virusE Z2GA
B2 FEAAM ZAEE 1,000 v o} 7}
AN F 9lom E3 pantropico] 7] W&o olFE
zgsle Ao BE FEAELE AIANZE F e
AL 747 YrHLin 5, 1994).

o] systeme Y3}y Y5t siAs o & M
283 FAHE F e FAAS FEA 3o
A 9 gl N&HQ WO R Qg A
ol falAE oJ9A FE3tke Uk ojn] F

l-m
o
uf
> 2

p

el s} o), 42 B AT G
A% WHE fae) 7%l oMY 1

S =g = cﬂE}(Houde-
bine 5, 2000).  dtelxe ol d7]A X
3 B85 A7) Y8t dnkHo g Hol
A}E-E = Peactin promoter$} CMV  (cytomegalo-
virus) promoter THAlol FZ| & o] o|n, hormone
o 23ty =A<l ¥AE 7HA& promoterd]
whey acidic protein (WAP) promoterZ ©]-4-3}%1
ok WA,
LacZ gene3}+ A 238k retroviral vector system-&
o] 23 4 lactogenic hormoneol] ¥-3-3l= F 2] &
HFAu) A £ 9] HCI1 (Kannius-Janson &, 1998)9l
=93k F  lactogenic hormoneS A 2|3le] o]
hormone?] S0 23t LacZ gened] L A
3ttt 899 hormonal inducible system< ©] £

o) promoterE marker gene?)l E. coli
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B AYo|A FFelel a2} 3= Lid gene?]
B8-S 938t E coli LacZ gened} 93 3}
Z Ltd gened HC11o] E9l8le] HEE <l
3t} 3l9 T} E. coli LacZ gene} Ltd gene?] Al
3 genome 2 2 ¢ 912 PCRE o] &35t &2l
3l o™, lactogenic hormone$l insulin, hydro-
cortisone, 1Z]Z prolacting A ste HEH
synergistic effectol] &3 @3] A= RT-PCRE
o] &3ty ZA43% ).

o X &

oxt Hi

I. Mz 3 4y

1.9 94

Plasmid DNAE A A3t Aodls HFolz2
"p"E ARG o m(dE o] pLNBZ), virus pro-
ducmg celle] A1 A28 virusE B 3te Ao =
"p"E AME-SHAl A UTHIE Eo1 LNBZ). Helper
cello] plasmid DNAE transfection3} ALY virus&
infectiond}e] F+=3 virus producing cell®] B2
Aze] A9o] 9oiAE helper celle] HA Foj
AAsHI(AE EW PT67-pLNp
7), 32 o] Lo celle] BA Hell virus AL
AYANAHAE S 293mGPHy-LNpZ).

plasmid 3

2. MIEHY

B AZA AFE-E PT67 (Clontech, USA)#
293mGPHy (Kim 5, 2001) packaging cell line<-
10%2] FBS (fetal bovine serum; HyClone)%}t
penicillin (100 U/ml) - streptomycin (100 ug/ml)
(Pen/Strep; GibcoBRL)¢] 7} Dulbecco's Modified
Eagle Medium (DMEM, 4.5 g/ # glucose, GibcoBRL
12800-017)-& AHZ3l] 37TC, 5% CO, ZFA
incubatorel] 4] il %F3}94 t}. Mouse mammary epithelial
cell line9]l HC11& 10%2] FBS9} penicillin (100
U/ml) - streptomycin (100 pg/ml), insulin (5 ug/ml),
18] 3 EGF (10 ng/ml)7} A 7+E RPMI-1640 Me-
dium (GibcoBRL 31800-022)-8 AR&3}ed 377, 5%
CO, 79 incubatorol A ®j) %F3FH T

3. Retrovirus Vector?| 715

phEPO-WAP (7373l %3] BA7L Al g)ol Al
2.4 Kb®] WAP promoterE EcoR [ #+ Hind[[ 2 &
@3k &, pLNCXE BamH [ 2 Hind[[ 2 2] 8}«
AAHD CMV promotere] $9]xjo]| cloning3d}o]
pLNWXE &34tk E coli LacZ genes marker
gene 0.2 AME-3}7] $j5le] pLNPZS] LacZ fragment
= Hindll ¢} Sal I &2 Addt & o] & pLNWXE]
HindM ¢} ClaT ¢4 cloningdted pLNWZZ A
Z3stg el pLNBLdE pGEM-Ltd9] 1.5 Kb Ltd
fragmentE Hind ¢} Sal T &= Zehlle] pLNpBZ
9 E coli LacZ gene Al XA A A3
Ltd fragmentE pLNWXe WAP promoterg]
downstreamoll £+ Hind I 9} ClaI-‘HX;]Oﬂ
cloningdted pLNWLtdS &3t gthFig. 1). A&
A 23 recombinant vectorE< Qiagen maxiprep
Kitg ol gl Ui Hel F og Aol AL

stk

4, Retrovirus Vector2| At
Retrovirus vector?l pLNBZ, pLNWZ, pLNBLtd,

PLNWX (8.2 kb)

[ LTR H Neo ] WAP H LTR l
BamH |/EC|OH t Hindlll lal
pLNBZ (9.3 kb)
[—
I LTR H Neo l B-actin l LacZ H LTR l
I i
Hindtl 8all
pLNWZ (11.4 Kb)
——
[cr ™ weo ] WAP [ LacZ H e}
Hindli S|E| 1/Cla t
pLNBLtd (7.6 kb)
—
[t H{  weo [ Beactn | 11 H LTR |
Hinldlll SlaH
pLNWLtd (9.7 Kb)
—
LTR Neo l WAP l Ltd H LTR l
Hindil Cla I/Sal |

Fig. 1. Structures of retrovirus vectors. LTR,
repeat; Neo, G418
resistant gene; P-actin, rat P-actin
promoter; WAP, mouse whey acidic
protein promoter; LacZ, E. coli LacZ

long terminal

gene; Ltd, human lactadherin gene.
Length of each sequence is not drawn to
scale.
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185 pLNWLdE thg3 2 Aoz Zhzhe
virusE AAFE . 7} retroviral vector: PT67¢
calcium phosphate ¥}*H 2. 2 transfectiond}e] G418
(500 pg/mlyo] H7td AP LHOo = 257+ A3}
gom HA%E Neo® (G418 resistant) PT67 cell2)
poolS DMEM/EBS (10%)0] A 48A17F wjokat 3
virus stocks F&3IETE o] virusE B A F A
A %3k packaging cell line¢! 293 mGPHy (Kim
5, 2001)0 ZFEAIAH G418 (600 pg/ml)o] H7HE
Adygdoz 2370 Awsigith. H¥E Neo'
(G418 resistant) 293 mGPHy-LNBZ cell] calcium
phosphate B} 0 2 20 1g] pHCMV-GE transfec-
tiondte] 37°C, 5% CO; A 8AIZF wiY ¥
A W o R ZrolERith 48417k A ¥
retrovirus7} E3E W] gAL FH3HTH

5. WAP Promoter0l| 2|8t LacZ FHXIS| =&
S0/" i 9E

4835 LNBZ9F LNWZ virus stock-2 Z}z} 0.45
Um pore-size®] cellulose acetate filterS ]85}
g &, 1 mlg A 60 mm dishol 1x10°C.2
FulE HCLL M Zol] ZEAZIH. 24A12 43 +
M EEZ splitshe] G418 (500 pg/ml)o] H7Fe A9
Sdoz 237 AEsty. Ade] 2t AE F
HC11-LNWZ<+ lactogenic hormone®l] &3t E. coli
LacZ gene®] =4 Hd 9 A& $3tH 10%9]
heat-inactivated FBS$} penicillin (100 U/ml) -
streptomycin (100 pg/ml)o] #H7}E RPMI-1640
mediumol] insulin (5 pg/ml)3} EGF (10 ng/mhE
A7kt 37T, 5% CO, Z7 9] incubatoro] A 2
ZFgstgaen, o] Fole FYg mediumdl
prolactin (5 gg/mi)3 hydrocortisone (5 pg/ml)&
F7hete] 24doll 1A wEsHAA 4952t w3t
st

Wkl M EE IxtrypsinEDTAE A )3}
PBSell 2)E53F & DNASI RNAE Z}Z QlAamp
DNA mini kit (Qiagen, Germany)2} RNA Mini Kit
(Qiagen, Germany)& AFE3hed Be)skach. 2
3 DNAE PCR9 template® ARE&ow 50
pmole2] Z} primer, 50 uM dNTP, 1.5 mM MgCl,,

25 U Taq polymerase (Promega), 10x Taq
polymerase buffer (Promega)$} £33 3 94T
A SEZF WA &, 94C oA 303 (denaturation), 50
CollA 30%(annealing), 72°Co A 30z 7K extension)
WH3-3ke cycles 353 wha A Alstich wh-gof A}
4%} primer<] sequences= + strand primer sequence
2 SAAATGGCTTTCGCTACCTGGA 3'#} -strand
primer sequence® S'GGTAGTTCAGGCAGTITCA
ATC 3'g AHEBIATE ¥hSo] B F 72°ColA 5
B2 w8k & 2% agarose gel S o] &3l A 7Y
& AAsA

£213 RNAE 50 pmole] primer, 0.2 mM
dNTP, 1 mM MgSOs, 5 U AMV Reverse 'fran-
scriptase (Promega), 5 U TIfIDNA Polymerase
(Promega), AMV/Tfl 5xReaction Buffer (Pronnega)
2 9E reaction mixture$} £ 3} RT-PCR-& —’F—
Aeleth QA DNAE F4sh] Hstel 48T
o A 455-7F uk-3-3k E}%, AMV Reverse Transcri-
ptase2] EA13}9} RNA/cDNA/primer®] denaturation
& 98] 4T 2827 MSAAT 24 DNA
47 PCR TF& st 94TAIA 30%, 50T
oA 30%, 72TColA 3027+ ¥-28H= cycled 25
3] wbg AAR &, HF A HE 72TAA S
} 9F2) 813t Primer= PCRE] 739} U3
S AFE-EH 01, 2% agarose gel-S- ©)-&3le] A

e AAsdth

NS Hr
o N

of

6. WAP Promoter®l| 2|3t Lid FHXI2| =%
S0/X & grot U of =l

483 LNPLtd9} LNWLtd virus stocks ©]-& 3}
of YoM AFT ARFH FUSA Lid genes
target cell] genome WZE A A H T Lid gened]
T oR= PCRE o83t gQlstgon, Wy
o3& RT-PCR $9< ol gatslth. 7 Bh3olA
AFE-3L primer®] sequence= + strand primer
sequence = 5'AGTAAGATCTTC CCTGGCAAC3
7} - strand primer sequenceZ 5S'GAAAACAGGAC
AGTGAGGACT3'S A3ttt &9 E coli LacZ
gened 0|89 A48T FAY 242 WAL A}

L3590 PCRES 94TCoA 303(denaturation),
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48°Cell 4 30Z(annealing), 72°Col A 303 7Hexten-
sion) ¥H3le= cycleS 353 WHEAAFI T
RT-PCRE 48Tl A 458-7F uk-g-8t thg 94Tl
A 28 7F 9HeAlF Tk 233 cDNA9] 433 PCR
ZZ 9 93led 94T oA 30=%, 48Tl A 30%, 72
Tl A 3027 ¥h-3-8h= cycles 253 whg A A%
I 72°CoA SEZF A 8Ak Primer= PCRE)
7399 TYs sequenced: Ao, 2%
agarose gele o]-&-3ted H7)GF<= AASAh

m. A3 3 0

1. Lactogenic Hormonel| 2|8t =X 50|
7}+=6t Gene Transfer System9-| =

Transfectiono]\} virusE o] &3} S x4
EE o Hojd oY fHxY FEA
Woll Ao &l w2 1 A9 Aeld +F
< A7 AR FREE Jeplie B
Byo] glrk(Vize &, 1988). olz{d A4S
g Ast7] Yot B A7 AN A de] AL
522 4 P-actin promotertt CMV promoter T 41
o tissue specific promotert} inducible promoterS
AF8-3} retrovirus vector system$ 13133} 3%
%I98R 44 ZH0|H Soldow 2y
HE WAP #4129 promoterE o] £-3fe] Zo|H
FAzY BHE 2HE F QT systemS Y3}
Atk Cloning3l promoter®] 4 SR Z FF<ls}
7] 9135 marker gene .2 E. coli LacZ gened &
Y3ty on, WAP promoter®] tfZ+° 2 B-actin
promoterE AH-&3}9th

Virus producing cell®l PT67-pLNBZS} PT67-
pLNWZ, 12| target cell¢l HCI11-LNBZ <9} HC11
-LNWZel A 223t DNAE templateZ 3} LacZ
primer® PCRE F33 Az} BE cell linedA
525 bpo] band & #1T & gl o)ejd Ax
£ LacZ gene®] XS]] AFHLE o]Foi7 A&
g = YATHFig. 2).

LacZ gene®] WAP promoterel] €3 23 z4d
OFAFS 891517 $18ke lactogenic hormoned 3

Fig. 2. PCR analyses of the E. coli LacZ gene
integration in transformed cells. Each
columnal number indicates the source of
DNA. M: 100 bp ladder (Promega,

USA), 1: no DNA, 2: plasmid pLNBZ, 3:
cell line PT67-pLNBZ, 4: cell line
HC11-LNBZ, 5: plasmid pLNWZ, 6: cell
line PT67-LNWZ, 7: cell line HC11-
LNWZ.

pa— " L ¢ 525 bp

Fig. 3. Determination of hormonal induction of
the E. coli LacZ gene in lactogenic
hormone-dependent mouse mammary
epithelial cell line HC11 using RT-PCR.
M: 100 bp ladder, 1: no DNA, 2 and 3:
cell line HC1i1l, 4 and 5: cell line
HC11-LNWZ, 6: cell line HC11-LNBZ.
The cells were fed with the media
supplemented with either insulin only
(for 2, 4 and 6) or insulin, prolactin and
hydrocortisone (for 3 and 5).

3t T 7} A 7oA RNAE H2]3le] RT- PCR
stk 1 A3 insulin, prolactin, hydrocor-
tisone S FAlol A g AEo] insuling TEO
2 Ag g Fol ws) RT-PCRE band7} densito-
meter2 A3k A, 289 s depytct
(Fig. 3). ole1gh A 2E 9| lactogenic horm-

ilo ™



one?] synergistic effecto] o3t 9G4} Wy
S YehliE= oy, A& 02 turn on FHo] 9
+ P-actin promoter®}= ©i&], WAP promoter+
lactogenic hormone ) #}+= inducerel] ¢])sf promoter
o] turn on/off7t ZHEC2H ol FHAte 2

BE fiste Ao 7tedes BYFes A=

A, o] system> &2l Az A& TE o
o FAASE AA A BEAFAA 2
= A ZAES 2T e FHOEA
o] 7t S AAg

2. Lactadherin Gene2| Lactogenic Hormone0i]
ot SN wH

Lactadherin2 7}50]ut AH&¢] rotavirus 7Hd &
H(]-x]—g i n;d_r;r__ ol—g:]x;] olou:] E\:—(ﬂ. ou]_op x]g;_}
olu} MIAMIHAX| Tl o] &4 4 9JrHPeterson
=, 1995; Couto =, 1996). o] Z2#5 EQiE 3}
of, B AFAME Lid geneS o] §-MolA fal
H M ¥ HCL1d A drdA]7]7] ¢85t Z3AEo

Z o] 3 hormoneo] 93 HFEZQ 3o 7l
system= 238322 WAP promoterE =35
=3

pLNPLtd®] Ltd gene P-actin promoter?] X| <5
HQ o g Qlste] o] WHo] A%HZ o
2 o]FoA & Fxo|N, o] HF pLNWLtd=
WAP promoter®] %2 Eo]Z o] hormoneo] 2
3l turn on/offe] Z&Fo| 7153} systemo 2 7} &
Wzl o] wao] KA 07 o]RojzTh A FE3
pLNBLtdS} pLNWLtdZ pLNBZS} pLNWZ] 7
o Fd3 PO R PT67d =3tderd, o] &
o AF AAHLE Y SHME AYsiATh. PT6T
SL} HCl190 M 9] Ltd gened] =Y PCRE F3 A

Q18+ A3} Ltd genedl] 33t 377 bp band7}
z} cell lineol| A YebythFig. 4).

@3, RT-PCRe| ZAdEs s nigp zhol,
WAP/Ltd geneo] F&z7} ZHol® HCIIA
insulin, prolactin Z12] 37 hydrocortisone©] £2j 3}+=
ZANA Lid gene?] 93 &do] densitometer
2 543 A%, 14 &2 VelgtthFig 5). ZLeEu
NZTE AME-SE insulin ©5 X3 Bastad

Gty

Fig. 4. PCR analyses of the Ltd gene integration
in transformed cells. Each columnal
number indicates the source of DNA. M:
100 bp ladder (Promega, USA), 1: no
DNA, 2: plasmid pLNBLtd, 3: cell line
PT67-pLNBLtd, 4: cell line HC11-LNB
Ltd, 5: plasmid pLNWLtd, 6: cell line
PT67-LNWLtd, 7: cell line HC11-LNW-

Ltd.

..M €377bp

Fig. 5. Determination of hormonal induction of
the Ltd gene in lactogenic hormone-
dependent mouse mammary epithelial
cell line HC11 using RT-PCR. M: 100 bp
ladder, 1: no DNA, 2 and 3: cell line
HCI11, 4 and 5: cell line HC11-LNWLtd,
6: cell line HC11-LNBLtd. The cells were
fed with the media supplemented with
either insulin only (for 2, 4 and 6) or
insulin, prolactin and hydrocortisone (for
3 and 5).

S o) WAP promoter7} “leaky” 3} th= A& Hate
4 3tk o]g 3 WAP promoter] leakiness=
02 BRIAMAME g F Ao H(Pitius 7,
1988), 7 Y212 2= inducerZ ZHE-3l= hormone
& A4 © BAste 2E Q4 APl A
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2% WAP promoter Aol EA]61A] %A HHenn-
ighausen &, 1991), position effectuf -0 2}3 7+
3= A% YrkBurdon E, 1991; Paleyanda &,
1994). wabA, in vivod] & &0 A3t o o
W2 o] ghel W Alojol] g "] o] FoiX]
7] Y&l A= WAP promoter2] leakiness& A AE
Qe AE 2HR 49 H7be 54 inducerd]]
o4 fFEr7t 7hed B4Rl factorgol

77 Aolor @ ol

2

%
2
2

ol o ¥

re

ok
21

FO

Iv.

B A= VSV-G glycoproteing envelope &2
3l pseudotyped retrovirus vector system< ©]-&
sl #He R EAEQl HCllelA  human
Lactadherin &#Ax}o] w&& solst a4 3}
Aol AHEE vectors AWl e o {2
o] N&AQ dyel g AEHA AL Ha
glal7] 93t FxZ, ZAFo|#o|n lactogenic
hormonedl] 9Ja] =A< A& 7= ALE
&4 d WAP promoter®] £ &tol] =512 3}
T Y fFAAE AAEEE vk WAP
promoter®] WZFO 2 A &A 4 Vet =
B-actin promoter& AME-3low, o] Z}z+e] pro-
moter9} marker gene ©. 2 E. coli LacZ gene-& A%
&3k & retrovirus vector system-2 ©]-8-3e] HCI1
of £945tath ME 9 genome W29 AR}
Aoz PCRE %38 &3t 3, RT-PCRY 43
22 fAAe B8 Felsl¥rl Lactadherin &
AAE o] &3 APE YT FHE FYol3
O, RT-PCRO] HAaofa] HCI1 A EolA
Lactadherin -84} 9alo] insuling ©EO =
223k ol v)3] insulin, hydrocortisone, prolactin
= A A g oA Y8 Yehvs Ao
2 FA8ch 2 insulin 95 Aol AM &
Ape] welo) habA UehibE AoE Bl
WAP promoter®] leakinessol] theh 7] HAA

o] 83Utk
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