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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 celis, 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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7i@o2RE HEd o2& JAFHAEs Al W
widol A ol FFel F4 ko9 outpo-
ckectingd]l oldiA fgcH-s o AuiMxe] LAY
7 B3 44 HdA o8 7 288 7158 A
Fehe B o B3bd AX gulo] ¥4 JHAL
t}. EEEAHEA o)d(surfactant protein) A,B,
Co} clara Al 2u] A (Clara cell secretory
protein, CCSP)& o|& M ¥o| Wt FAald],
ol e BEL AN M FLE 271
AA} 9xl= Hepatocyte Nuclear Factor-3 (HNF
-3)$} Thyroid Transcription Factor-1(TTF-1)
olp}*7, o] % TTF-1& XUEHER vid7
clara X 2y @A fHx] Fad WA A
Qlzjoln] o] WA & "aH FHolgks o] &
gAY BP9 TTF-1 4320} 299 & #4434
o] gAdo] A3 HA o, FHT YF HAE
A g dozidt

A7} we] Boldh faxte] ¥HE 2= A
ARIAVET DNA 9] 2429 cis-acting sequenc-
eso] BHAE ok As) BaAA WYTH. TTF-1
SRR HATe vl AZ|BAAEe A2y o
EAEAN RES = o] FAze] HAL 2 ¥
A7t dol BolAQ] fAx F¥EE Wad & 3
t}e. olo] Axks w5o] ArRIA &3] TTF-1 #2
zte] proximal promoterubgZe] HARIAE ¥3]
2 DNAse 1 Hypersensitive(DH) ZAE o]-&3l
o] A& A3t

chd S Uy
1. 7= #82 sl

Novel bacterial artificial vectorgl pCYPAC-22]
917} genomic library& polymerase chain reac-
tion(PCR) ¥4 & B34 S1skdch. PCRe| Al
A= 5-GGC ATG AAC ATG AGC GGC AT-3’
9} 5-CTG TTG CTT GAA GCG TCC CT-3'¢]H

3025t 95°TA denaturation, 56°ClA an-
nealing, 72°C9JAlextension?] F7slA 30 cy-
cles& ¥HEs}n 1.6% agarose gelollA] electropho-
resis AJA #<18}51t}. cloning DNAE #11517] 9
& Southern blot analysisA|83tgt}. 217+ TTF-1
£AE £§stn gl 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, z8lnn
Mlu 13 Not 159 FA2 AHdg ¥+ 08%
agarose gelo] A7|9% A7 ¥ Hybond o] o]
A7) ¥ PCR AHEE probeg uHEo] 65ColA
A W ZHEA & 2x SSC9} 1% SDS2 65°C ol
A} washing¥ -80°Coll4l Kodak XARe] x=2A%
t}.

2. M® sl

QAzte) ofy FHEY AIEFA ATCCAAM e
NCI H441 M| x39} 188 Aj¥3+= RPMI 1640 me-
dium (Life Technologies)el 10% fetal calf
serum3 HUAJ(100 U/ml), AEZEv}ojil
(100 zg/ml)#} L-glutamine & Zo] Y& ¥ 37C,
5% CO.0lA wjgsisict. Uzte] A3AH- epi-
theloid ¢+==91 HelLa A|¥% Dulbecco’s modified
Eagle Mediumoj|A] §=2]18}9t}.

3. & MZ RNAS| =&

9M sodium acetate®} isopropanold o]&3l=
PromegaAle] Total RNA Isolation system®Hell
oJsl] & A X RNAE &89}

4. Reverse TranscriptionZ} PCR

5 pmz9 RNA sampleg 25 9] RNase-free
microcentrifuge tubed] ¥& F 65CA 102 &
et de IS F 28 BRE desdA H¥ ¥
PharmaciaA}¢] First-Strand Reaction Mix Bea-
dsol] Y& ¥ primer& Fo ¥ oF 12 ¢ 944 Al
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A F 608 T4 37CAM I3}, primers]
sequence 5'-CGG CGA CTG CTG CTG AGC-
3'ojt}. 33 4o reverse-transcription product &
7xi PCR& A3k, 20pmole] primers&
W3 954 denaturation, 60°C oM annealing
TIBJ3 72ColA extension& 30XE<F 303 A%
8}%t}. ol Alg-3h= sequence: 5'-CGC TTC
CCC GCC ATC TCC-3'# 5-TGC TGC TGC
GGG CAC CCG GT-3'¢|t}. PCR product: 1.6
% agarose gelolA] HA7|YF AlFL}.

5. DNAse 1 hypersensitive site assay

e 1x10%9] NCI H4419} HeLa 4| X & 1400 g
4T, 1289 2SN QALY ALY F 4ml ice
cold RSB& resuspension A]7] 3 o]E-& glass Do-
unce homogenizer fitted with Pestle Be W %
1 ml 0.5% IGEPAL CA-630(Sigma)& Y& *
10-209 F<t B8 strokestw, 1% crystal vio-
letog g F4AAF 10802 RSB g 344]
712 1800 rpm, 5& , 4°C2] zAsk)A YA

HelLa

A7 e Wil & 1ml RSB&. resuspension
AlZct. DNAse 1 digestion® DNAse 18 0.2mg
/ml2 3420 % FHol DNAse 18 05 10 d
742 Fo8l3 100 4 ¥ DNAse 1 o] ulg] £of
A= tubed)] W 37°CoA 4837 water bath
olA $1X)A17) = 100 4 2x stop Log Eoln,
10 mg/ml proteinase K& 10 4 5o & YA WY
#1217 ¥ th&¢ phenol/chloroform o 2 extrac-
tionA)71 1 o ghg 2 YW % 0.6% agarose gel
oA digestion Y =& 8 £ A HA Xho 12
37°CollA A WU vjPA ¥ Southern blotting
& Al

6. Southern Blot Analysis

Xho 1542 HYE ¥ 0.8% agarose gel& &3
A7] YA % Hybond(Amersham)O}l transfer
AR % 5-TCT TGT TGC TTT AGC GCT TA-
3’9} 5'-CTA CCA AGT GCC TGT TCT TG-3’
€ primer2 AM-3] WHE PCR product® A%
¥ o] DNA& probe& AL8 65T AA By

H441 1.88 +vc M

1500
1000

750

Fig. 1. Reverse transcription and PCR ; Hel.a, NCI H441, L88 cell, positive control{ + ve).
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(B)

8654321 0PM

Fig. 2. DN Ase | hypersensityve sites assay of the TTF-1 Gene.

Nuclei from H441 cells were treated with increasing amounts of DNAse 1(0-4000U/ml)(A).
Chromosomal DN A was digested with Xho [ and sujected to Southern-blot analysis(B). The
DNA was hybridized with probe (0.8kb. M ; marker, P | positive control

hybridizationA]Z}¥ 2x SSCe} 1% SDS& 65°Col
A washing¥ -80°CollA Kodak XARd] =243
t}.

@ =
1. s @8 sl

Novel bacterial artificial vectordl pCYPAC-2¢]
Q17+ genomic library® PCR '1'd& 294 &
st Cloning DNAE Azl A8
Southern blot analysisA| 33ttt A3t TTF-1%
Axe ¥#sn Y& pCYPAC-2 plasmid DNA
£ Not-1, Sal-1, Mlu-1, Xho-1, BamH 1, Kpn 1,
Neco 1, Ecol471, Pvu 1, Not 13} Sal 1,28]3%
Mlu 13 Not 159 E42 VA ¥9& &<
st

2. NCI H441, L88 MEZFe} Hela MEFojM izt
TTF-19%xte| BEH

Reverse transcription®} PCR & B34A NCI H441
o} L88 MEFoM Ut TTF-1{AA ] H3ehe
930 baseso]] band® xolu} HeLa MEFAME
2 ¥ & Uck(Fig. 1).

3. DNAse 1 hypersensitive sites2| &2l

1x10%¢] NCI H4419} HeLa A LA g 3%
¥ DNAse 102 A& ¥ 0.6% agarose gelollA
digestiond=8 & F(Fig. 2A), A EAQ
Xho 12 37°ColA A il ¥iFA2! F(Fig. 2B)
Southern blotting& A&3iA NCI H441A4) 39
A Q7 TTF-1 §3ze] BAAARHFE +150
Kb, -460 Kb, -800 Kb, 18]3L ~1500 Kbe} 484
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PO12456 810
v / ..“

bp

<-1500
< -800
L <4 -450
< +150

Fig. 3. Southern blol 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} 2088 %  AUcH(Fig. 3, 4).
o

2 Aol A%o] AMEE f9al TTF-174
2}e] proximal promotero|A] "oz §]z§F HARR)
AHE DH sites #4& FalA] A7 uwd £ Uich
TTF-12 Nkx 2 §#24|9] homeodomain-con-
taining 124} BRI A gols 4] Holg
Fazte] Artell Fagh FAIARA #ER 38KDa
dghigojcher, siel guAEe] fHx ol
TTF-12] €982 TTF-19] ¢17k2] surfactant pro-
tein B(SPB) #7128 #43} Al{ths Yan%'ie|

TTF-1 Gene

B probes

' - : Xho 1

LI [-)H
4 321 siles

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

Bae) osfA HIZo| Wa At TTF-12 SPB #
Hap Ak AR R9j24E -80914 -100 base
pairsell 91215k 2702l TTF-1 DNA ZHgH-90) 2
gl ol wjolA el Y e AP bl
fozyE JuAEe] outpouchingell ojsfiA U4
%l=d) gle}e] #Hl= branching morphogenesis$} A
¥@sie] 24 g g Ax¥ e B39 sHdue
54E& 2489 ook Fiel @93, 83| 5P
A, Bel C z2|: CCSPol siie] Atu| Aatel] o)A
Hdejzoz Hie| He F8F el gAEA
7 dulde gagdEde] el fAd #a
g g2 3} alveolar phospholipid] spreading
& 3712 Type 1T FHM L 2@ HHIYE
de] Fot Ao 28, lkedas’S SP B
g} C gt opjet CCSPH-zzte] promoter ele-
ment?} TTF-1<] g]&|x #Adste]ln TTF-19] 4
o] AU E fHzte] gHell FRFT A¥sia, TTF
-1 38271 299 4= Adde] 84| 4 =7
o4ou] gk ohe} gt YN w4l A% W
g 2o 7t} Devriendt5*2] gene largeting?
o TTF-1& #jet de] el A E712% o
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g st TTF-148271 298 A: dddo ¢
A3 gl7) W&ol Fojx gloldch. wetx TTF-1
Az v AEAQ fARe] R 2o Az
7 EolAAlIALE Zgata He] PAo Hedd &
WAoo e gt a2y @47A o] TTF-14
Azte] AARRIA] WiE A= A9 vlujsith. o 4
gje] nonciliated bronchiolar$} alveolar type II
cellsol A TTF-1 §-dzte] Huid FHL o] {44
o] AARIA WE d77t ASol fdzke] BH
298 ARE ATY 5 U Rl A Y3
A FE.

A7tA| Aol BolaAl zg3he fAAe BH
& zAsk= AARIA £ DNA =3 Az A
BaE A9 gick. 53] slot S5 AE £
A4z E@o) TEHo|n E47F cis-active ele-
ments$} transacting factordl] ojsir ZA=EA
obd WEsiA eth. ¥ Ay MEe] alveolar type
11 M2} nonciliated bronchiolar Mo SP B
=il A=A E B o FAA] iE FA
ZAYF Q7E s 7 SoldtA g AR
HES ¢ F U= 288 HME AT F Yo
Ag AT} olE 291 AME Hold DHE
predominant domainz} WHE BA7 oz 4 &
At YA # AlElt BojslAl 283K nucle-
ar DNA 2% g¥jdst 43 348 8.

A= 2479 distal regulatory elements& ¥
& U7 98 TTF-1& B2¥sh= NEFE AR5
DH site assay& Alg3tsich. $4 Q7 TTF-1
Azpe] @& us]7] $18] Reverse transcription
3} PCR& 581 7t} sl M5 NCI-H441
o} L88, 18]l: HeLa AMEFE o]g3ch NCI
H4419} L88 M EFE I3t TTF-188x}o] #33}
= 930 basesolA] band& HoJu} HeLa AlEFo|A
= pE @ 4 g olEg o83 A¥% DH
site assay= enhancers, silencers £ locus con-
trol regions(LCRs)# #& ZARIZAES DH sites
oh= ax)atn] DH regionse f3zte] 24 799t

sequence-specific DNA Z3tdde] 2% UH
& A7} Utk Bad] 2AE 0 3l Fele
g G o) g 28F E4Ajoln §AXE =
Ask= §& DNA sequencesst AV} ke A2
gk ARdolt). o] #R B wEuHedo] gl
Eo|§ obbe 2= DNA S ¥E-& Jehiid vlw&
Ho& T2 24 vide] FuE 44 &1 AE
% 9)a mEhd BAlY AFg dod F Aok wEt
A o] uhgg olgs] o}F uncharacterised cis-
acting elements& 93 @ 4 AL AARIA £49]
e Wbyl gsiA FAEIE Azls AAd e
A8 & 4 glon f42e] coordinate expres-
siond] Bd3R= LCRs¥ #& 3% 3 848
oJo} d 4 9ir}. DH site assays DNA 2] ojujdt
=3% 2.9]o] g DNase 19} 9Z=§ FAsh=tl
718e = 94X & DNase 13} AJ# &L2 A
£ F 9314 3= fAA2RE PEd S4AE
o128 Southern blotting ¥ & o183 2A4E &
L+ Aot} #ARe] ANHQ WgEE FAREZREH
nlgo| AFEA 2ol &9 F7t A= m}
guj} e AR E7} sk AEE AP oA
250}, 22§ Adasol oA F4E A
By} & T B FsH e e ¥
8ol A= DNase 19 oj3iH dad F97t F3id
e Jepdeh §382 Hell A Algdaael ojsiA
Agd 298 & 4 U7l el 27 B9 A=
parent band2%-e9] AE FAYo2RH & ¥
9lch. DNase 10] ti@ RIztE7} 29l 291& Hole
Bo= Ole FuF FAxte] F9o) vjs) 108§ 128
1A Bl%%’ﬂ?l DNA9| vlgixes 1008 o4 =A
dehdc}. webd 32 3ee At o #ud
zZFJ A Jepdeh. 3 2 fAe 243
A @A e olE F ol fuAe] 5
endo] SIx& om HALE ZAsked Fasitx
aeld DNA sequencedl] 4331 $1X|oll SA#

AR 2434 distal regulatory elements& ¥
& 7] 98I TTF-18 E83he e s Al
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23R NCI-H4418 A18-8) DH site assay & o]&
3t TTF-1 #8A e AAbe] AJpRgloa +
150, -450. -800, 18] -1500 base pair-9joj 4
o] DH sites7} 2188 & 4 o] HA} =aR9Y}
TTF-1/22 Well Z22]x 5 primes$lo] 923
FAY F AU olEY 715A AYE Yola}y)
#sl #22k ¥A dYA} cell culture system o)A
Aljo] Y3},

2 o

Al -

HEo] dAkzd $HAQ Thyroid Transcription
Factor-1(TTF-1) § 31 ool He3Ql §ax}e]
EH9| 2 Fa% AARIAR A4 o) Wy
94 morphogenic proteino. g4 =zggc}. e}
A7A o] TTF-18-321e] AARIALS] gt A7
= A9} oot} DNase 1 hypersensitive(DH)
regions2 ¥FHQ G0 ¥ 2% FAR}o
o 42§ 288k ¥ DNA sequencess} 213
& BAL ek

oy

#7324 distal regulatory elements& ¥ uj7)
AA TTF-1€ B 1] st el
NCI-H441& AM-# DNase 1 hypersensitive site
assay & °]§-3}¢ic}.

2 3}

TTF-1 fAxele Ak Aol +150, -
450. -800, 28]3 -1500 base pair+.$joj 43t9]
DH sites7} 2188 ¥ 4 Qi)

4 &

olge Az WAL 2HRHZ} TTF-1 R34z} ol
T12]3 5 primeX-9lo] AL 2HY 4 AU

# 1 2 #
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