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= Abstract =
DNAse 1 Hypersensitive Sites of Lung Specific Transcription Factor Gene

Yong Chul Lee, M.D

Department of Internal Medicine, Research Institute of Clinical Medicine,
Chonbuk National University, Medical School, Chonju, Korea

Background : Thyroid Transcription Factor-1(TTF-1) acts as a tissue specific transcription factor in the reg-
ulation of lung specific gene expression and as morphogenic protein during lung organogenesis. Currently, there
is very little information on the cis-acting sequences and transcription factors that direct the TTF-1 gene ex-
pression. DNAse 1 hypersensitive (DH) sites represent a marker for active or potentially active chromatin and
are likely to be especially important in gene regulation, being associated with many DNA sequences that regu-
late gene expression. It is clear that DH regions correlate with genetic regulatory loci and binding for sequence-
specific DNA-binding proteins.

Methods : We have used DH site assays to identify putative distal regulatory elements in H441 lung
adenocarcinoma cells, which express the TTF-1 gene and Hela cells.

Results : There are four DH sites 5 of the TTF~1 gene. These sites are located at base pair approximately +
150, -450, -800, and -1500 from the start of transcription.

Conclusion : These data suggest that there may be at least one intragenic site and regulatory region 5 prime
to the promotor region. { Tuberculosis and Respiratory Diseases 2000, 48 : 879-886)
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71#o25E HXo ol2x HANAEE F3e
gl "ol FFHel FUY ¢o=9 outpo-
ckectingoll eJajA fEE}H-% o] AujMEe] WA
7 ¥3hs ASE A o8] 7 388 715E A
F3he B S B3l AE e g43e kAL
o} FASAEA ohld (surfactant protein) A,B,
Cs} clara Al¥ £v] g3 (Clara cell secretory
protein, CCSP)& ol A|¥e] BEg A,
ol frize] BHE 2 M FoF 2MA
A} 1A= Hepatocyte Nuclear Factor-3 (HNF
-3)¢} Thyroid Transcription Factor-1(TTF-1)
ojg*7, o] F TTF-1& EWEANEZ Tzdz)
clara A|¥ £u] @¥d {4 F88 AL 84
xRl o} WA X PoF BFolgh= Aol @
A E£F TTF-1 #3471 299 Ae A43
o] #4o] Fy =HA gon, Az IR Hdx
A% Pag Lo,

PA7A] F o] Hold f-axle] B¥ e 24sh= A
ARRizLES DNA9] ZHez}e] cis-acting sequenc-
eso] BaME oFF A9 wEHAA gl TTF-1
FAzE vl viAde AZlaxMEe A28 o
EAEANAN ==Y o] fAxbe] A} -l gk
77} do] FolH fH% FHE WL &
o, olo] ARk %ol BANIA B8] TTF-1 44
2}e] proximal promotervpgZe] HARIAE 43
] DNAse 1 Hypersensitive(DH) ZHALE o]}
o] 478 Algaiint.

CHA 2 uhy
1. 75 BB gol

Novel bacterial artificial vectorgl pCYPAC-2¢}
¢IZk genomic libraryE& polymerase chain reac-
tion(PCR)®4& B84 81sach. PCRe A%
A= 5-GGC ATG AAC ATG AGC GGC AT-3
2} 5°-CTG TTG CTT GAA GCG TCC CT-3' o9

302%¢t 95Co]A] denaturation, 56°CdlA] an-
nealing, 72°Cl|*lextensiong] ZA&IA 30 cy-
cles& ¥H23}3 1.6% agarose gelo|A] electropho-
resis A1A 8115193}, cloning DNAE #1187 ¢
8} Southern blot analysisA|3§&}t}. Izt TTF-1
FAE 25l A pCYPAC-2 plasmid DNA
& Not-1, Sal~1, Mlu-1, Xho-1, BamH 1, Kpn 1,
Nco 1, Ecol471, Pvu 1, Not 13} Sal 1, z228ja
Mhu 13 Not 152 H4z AU F 0.8%
agarose geld] A719% A7l & Hybond o o}
Azl & PCR AHE-2 probe& ThEo] 65CoA 4t
A W ZAEAY 3 2x SSCe} 1% SDS=E 65°C ol
A washing® -80C oA Kodak XAR9 x=ZAIR
t}.

2. MIZ sl

Uzrel A HFF AEFQU ATCCoA EFEL
NCI H441 X x 39} L88 M X F+= RPMI 1640 me-
dium (Life Technologies)o} 10% fetal calf
serum® HUAA(100 U/ml), AEHEnojil
(100 pg/ml)3} L-glutamine& 7o) W& F 377,
5% CO.0A wigstglch. ARbe] ATAR epi-
theloid ¢5¢] Hel.a A& Dulbecco’s modified .
Eagle Mediumdj A} §-48t5dct.

3. & MZ RNAS] =&

2M sodium acetate®} isopropanolg ©]&-dl=
PromegaA}e] Total RNA Isolation system#o]]
23t F ME RNAE &89t

4. Reverse Transcriptioni} PCR

5 pg9] RNA sample2 25 d¢] RNase-free
microcentrifuge tubed] ¥ £ 65T 10& &
G EE I F 28 T Y29dA AR F
PharmaciaAl?] First-Strand Reaction Mix Bea-
dso] & F primer& Fof ¥ o 12 54 9] A
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1 F 608 5t 37°ClA wjFsldtt. primerg)
sequences 5'-CGG CGA CTG CTG CTG AGC-
3olct. 33 ,42] reverse-iranscription productZ
74X PCR& AJ33lgdct. 20pmole] primers&
Wil 95°C oA denaturation, 60°C 94 annealing
23 72°CHA extensiond 302F<H 303 A3
&t olu] ARLER= sequence:= 5-CGC TTC
CCC GCC ATC TCC-3's# 5'-TGC TGC TGC
GGG CAC CCG GT-3'¢Jt}. PCR products 1.6
% agarose gelolA] A714% Az

5. DNAse 1 hypersensitive site assay

oF 1x 10%2] NCI H4419} HelLa A £ & 1400 g,
4T, 1289 zA3NA F4lEE Al 3 4ml ice

cold RSB& resuspensionA]7]iL ©|&-& glass Do-

unce homogenizer fitted with Pestle Boj] Y& %
1 ml 0.5% IGEPAL CA-630(Sigma)& €& %

10-20'8 B¢t HH3) strokedtxt, 1% crystal vio-

leto2 A& FAF 10u]2] RSB 3L 544
713 1800 rpm, 5%, 4°C9] X734 AL

HelLa

1500
1000

750

AF)3 F2de el F 1ml RSBE resuspension
A1Zth. DNAse 1 digestion2 DNAse 1& 0.2mg
/miz M2 F Fro DNAse 12 0% 10 4
742 Fodslar 100 {4 #H& DNAse 1 o] wlg] £o
Q= tubeol] W& E 37TCA 487 water bath
A ¢xA17] F 100 4 2x stop £48 Fo3}1,
10 mg/ml proteinase K& 10 @4 Fof F A Wiy
A7 & 2 phenol/chloroform o 2 extrac-
tionA]7)aL e-& 2 AT £ 0.6% agarose gel
oA digestion=Z U} F A 54 Xho 12
37°ColA A W) vikAlZ) & Southern blotting
& Al

6. Southern Blot Analysis

Xho 1548 AYs £ 0.8% agarose gel & £
A7) 9%A171 & Hybond(Amersham)¢] transfer
A7) & 5-TCT TGT TGC TTT AGC GCT TA~
3’9} 5-CTA CCA AGT GCC TGT TCT TG-3’
& primers AME 9HE PCR product® AAE
% o] DNAE probe A3} 65°C oA AW

H441 188 +vc M

1500
1000

750

Fig. 1. Reverse transcription and PCR ; HeLa, NCI H441, L88 cell, positive control( +ve).
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Fig. 2. DN Ase I hypersensityve sites assay of the TTF-1 Gene.
Nuclei from H441 cells were treated with increasing amounts of DNAse I1(0-4000U/mi)(A).
Chromosomal DNA was digested with Xho I and sujected to Southern-blot analysis(B). The
DNA was hybridized with probe 0.8kb. M ; marker, P ; positive control

hybridizationA]Z1% 2x SSC9} 1% SDS=Z 65T
A} washing$ -804 Kodak XARe =27}
o}

d =

1. Jlis 282 sl

Novel bacterial artificial vectorg! pCYPAC-29]
Q17+ genomic library& PCR W& F3A &
Adsldet. Cloning DNAE Ayl 94
Southern blot analysisA} 83} 9ic}. Q17 TTF-18
AAE x¥sta & pCYPAC-2 plasmid DNA
€ Not-1, Sal-1, Mlu-1, Xho-1, BamH 1, Kpn 1,
Nco 1, Ecol471, Pvu 1, Not 13 Sal 1,228]3
Miu 13} Not 159 £42 Ha9x R9& &4
&tk

2. NCI H441, L88 MIZF2} Hela MIZF0IM Izt
TTF-17Exe] 2H

Reverse transcriptioni PCR-& £aj4] NCI H441
9} L88 AXEFoA ¢zt TTF-1H-Axe] d3sh=
930 basesdllA] bandE HoJi} HeLa MEFME
#42 # 4 gA(Fig. 1).

3. DNAse 1 hypersensitive sites 2| 8¢

1x10%¢] NCI H4419} Hela A %A H& 32§
% DNAse 128 A& ¥ 0.6% agarose gelo]A]
digestionZ=E &<l F(Fig. 2A), AlF &4
Xho 12 37TCelA A W viFAIZl F(Fig. 2B)
Southern blotting & A|&al4] NCI H441 A E30]
A Izt TTF-1 #38xe] AAAFRARE +150
Kb, -460 Kb, -800 Kb, 28]2 -1500 Kbe] 439}
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PO0O12456 810

<-1500

< -800
< -450
< +150

Fig. 3. Southern blot analysis of TTF-1 gene.
The DNA was hybridized with probe o.
8kb. DNAse I concentrations : 1; 200U/
ml, 2; 400U/ml], 4; 1200U/ml, 5; 1600U
/ml, 6; 2000U/ml, 8; 3200U/ml, 10;
400U/ml. P; positive control.

o DH sites7} 188 o 4 21%tH(Fig. 3, 4).

|
%3

2 d7old s5e] WAEd §4 TTF-149
2] proximal promoterollA] HolA 9|3 AR
/g DH sites £4g Ba14 L% 9 + ok
TTF-12 Nkx 2 82x4149] homeodomain-con-
taining AL B HRIE A-Goll& A Solgh
AL Aatell Fad FAARA ¥zl 38KDa
A golchor. He) AuAEe] fHA EHo

TTF-19] ¥&& TTF-10] ¢17k¢] surfactant pro-

tein B(SPB) #2218 £43 A7tk Yans 2ol

TTF-1 Gene

L probes

Xho 1

L I ] DH
4 321 sites

Fig. 4. Mapping DNAse I hypersensitive sites
(DH) of the TTF-1 Gene.
There are four sites(+ 150, -450, -800
and -1500 from the start of transcrip-
tion).

B ofsfjA 2o Heimth. TTF-12 SPB #
A} kel Al F-2AE -80914 -100 base
pairsol| $1x|3F 270e] TTF-1 DNA AR Y] 2
iy ol= uwjolddd= F@E}. A G il
JozHE M ES outpouchingol] oA A

=t go}9] #Hl+= branching morphogenesis2} Al
¥i3te] 3L Sl A de] B3 Hadnie
548 Y4UY DU FRe veZ, B9 SP
A, Be} C 18]z CCSPo} 9] Aa] A¥o 2la)A
Aoz gdo| HE F83% dulzloln}, ¥HEA
B4 djde RABYERS] PP fA T8
3 9&-g 31 alveolar phospholipid 9] spreading
& 28710 Type I ASMIEA o EVEAT
49 Fgot ALee 2AH¥. lkedaFT'2 SP B
9} C ¥t ohje} CCSP{-%=ke] promoter ele-
ment7} TTF-1e <jsj4 48ks)n TTF-10] 9
o 4EAE SR HHol BT e, TTF
1 faApt AR e AQdel WAl WY 4
eyom it ohje} A YR HRgo] e 3
Hg ¢ o7it}t. DevriendtS-29] gene targeting A+
= TTF-12 #H¢} 717dAde] 24 B¢ E7HEe o
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& 3t TTF-184x7F 299 He Hddo] ¢
A3| g7l W&ol FolA goldt). wleld TTF-1
TR Holl AYH fuxte] K@ 2| A=
2] ol AARIRE #g-3laL #le] HAJo] ey &
Wao g A3t 2} dArta] o] TTF-14
Aol AARIAL tigk A Ae wlulsict. ) A
79} nonciliated bronchiclar®} alveolar type II
cellsoll Al TTF-1 #-3zte] Juigt &2 o] Hax}
o] FAARIA e gt A7t H o] fHxte] FHo|
8T FEE ATE F AL Aolgke AL 23
k=N

BAEA Hellgt BolgiA #Hashe fHxte] B¢
& ZAs= FARIA = DNA 23 QA gig
Yae Al givk. 53] Hoj7r S8 Alxe] §39)
FAA} BHol BEHoln E4E cis-active ele-
ments$} transacting factordl] oJdjA] ZAE &R
o}z BEslx] ot ¥ Aw MES alveolar type
11 A 3¥$} nonciliated bronchiolar A ¥oj SP Bg}
T Aol REE of faA digh Aa}
ZANF A7 wd 2 SolahA FE3he FHAe)
BEEE ¢ F Ue T8 9ME AFY F Adde
Rg FAR. olF H9x HAMEe] Foldk DHe)
predominant domain¥} 3§ #A7F A de] &
AL AAY # A Ef T BolsiAl 2E-3= nucle-
ar DNA 2% v ds 43 44-& vt

A= 4] distal regulatory elements & %
& 7] Y8iM TTF-1& 8= AXFE AM3)
DH site assay 2 A|88l9ch. 94 2zt TTF-1 &
o] WHEe wsly] 98] Reverse transcription
# PCR& 53 7te] At A EF<] NCI-H441
9} L88, nejn Hel.a MXEFE ol&3cl. NCI
H441¢} L88 Al¥FE Izt TTF-148A}) #lis}
£ 930 bases|4] band& Kol} HeLa HEFo]jA
T ¥ ¥ 7 vk ojE& o183 Alae DH
site assay+ enhancers, silencers ¥+ locus con-
trol regions(LCRs) 3 & ZHARRIAET DH sites
b= gA8l9 DH regionse f-321e] 24 99}

sequence-specific DNA Z3gde] 2y 24
T BA} slvks B3 2AE U ARl 2ee
33 FAA ) e FeF FAxloly FAAE =
dsh= B& DNA sequencess} AL Atke AL
gk ARolL), o] BNl ¥-9e wEHEol gl
Eoldt YA 2= DNA 9] HEg Jehliy v|w2
& Fxe 2E e 98 A 21 AZ
AT b FAke] AlEg g 4 Qick. weEk
A o] we o]43] obZ uncharacterised cis-
acting elements& W3 ¥ § Ui FARIAF B9
T ue oJsiM FAEAY A=t AA e
QAE & 4 9on $34¢] coordinate expres-
siono] Beldl= LCRs3 7L 3% 24 QA4S
%o} 3 4= ¢itt. DH site assay= DNA 9} o3}
E93 2o 3§ DNase 19} 91758 &4sH=y|
7188 E=v G242 DNase 13} A3 548
g % gd3A 3= s HEdd HAE
o]43) Southern blotting ¥P3& o438 ZaE
£ Aolth. fAzte] AAHQ AgEE FHAARYE
DEA AjEA BHe] A4 FUF A= wet
drh e AlekRet she =g dEdel oA
&R oA}, g AFhaso] oM E5et Hd
B} 3% & FHelA T3 vEhvtn tE
ol Al DNase 1o ojsiA] g2dd F-9471 3¢
BA2A vehdl 4382 djollA] AEao] fsiA
Agd 98 & & 7] wfiol] #Rl 9o A=
parent band2%-Ee AHel& FAYoRRH & F
¢ich. DNase 19 tigh vizt®r} 915l ROJE Kol
Roje o I fAxe] F-9o vle] 108 e
I u&EAe DNA visise 1008 o =7
vehdth, metd sl ele S} ol e
ZFoAgt Uehdc} gl Ree faxke] 2w
YA BAZL Qb ol F UiF-Ee] fAAY &
endd| $x8 glen AALE =H3h=d Fasivi
o#% DNA sequenced] A-88h= Al &4},

A= 2329 distal regulatory elements& 8
3 y7] gl TTF-18 83k <izke] Xy Al

o)

i
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¥391 NCI-H441& A28 DH site assay & o]&
3t TTF-1 fAzlolE AAle) ARRSGA +
150, -450. ~800, 22} ~1500 base pairi-gjo] 4
®2] DH sites7} &8 & 4= lo] AAL 24897}
TTF-1/-2} vo] 28l1 § prime¥-9Yo) 1Xg&
2% 4 Ak olg9] 71FA) ATe s
s A 84 W82} cell culture systemol| A
Algjo] E g s},

2 o

HTEHY

HEo] HAlzdE H34<¢ Thyroid Transcription
Factor-1(TTF-1)#-2A= #o] A2l -2x)9)
HEo| 240 2% BARIALE A48l o] 2y
oA morphogenic protein®. 84 Zggct. e}
BAZAA o] TTF-1H232te) AAIIA) the A
£ A9 vinjsjit}t. DNase 1 hypersensitive(DH)
regionsS EE Q0 G4 i F23 FAo)
B} $AAE ZA3= & DNA sequences9t 23
& AL AUt

-

A 2<l distal regulatory elements& 818 7]
AAA TTF-1& Hdshs Q7ke] AAY AxFQ
NCI-H441& A}8-8] DNase 1 hypersensitive site
assay & o|-4-3}3t.

=

TTF-1 f3xidle AR AjgH9olA +150, -
450. -800, g3 -1500 base pairf-$jo] 43-¢]
DH sites7} 9188 & 4 9o},

g2 8.

oldel Atz Al 2AR9I7E TTF-1 {34} ol
283 5 primeF-9lof] XFE FHYL & At

0%

#
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