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Introduction

Abstract

Aim: To explore the mechanism of differentiated embryo-chondrocyte expressed
gene 1 (DEC1I) in thelung adenocarcinomaA549 cdll lineand itsrel ationship with
hypoxia-induciblefactor 1o (HIF-1c). Methods: DEC1 and HIF-1o protein levels
were detected in lung adenocarcinoma tissues by i mmunohi stochemistry. A549
cdlswerecultured at hypoxia. MTT assay was used to determine the effect of cdl
viability. The apoptatic analysiswas determined by flow cytometry. RT-PCR and
immunocytochemistry were carried out to observe the DEC1 and HIF-1a. mRNA
and protein expression. HIF-1o. mRNA and protein level s were detected in the
stably transfected pcDNA-DEC1+/— A549 cedlls by RT-PCR and Western blotting.
DEC1 mRNA and protein levelswere detected in the stably transfected pcDNA-
DEC1+/— A549 cellswith or without HI F-1c antisense oligonucleotide treatment
by RT-PCR and Western blotting. Results: DEC1 was specifically located in 40
(48.8%) lung adenocarcinomatissues. The results of the MTT test showed the
growth of the stably transfected pcDNA-DEC+ A549 cells was higher than those
of A549 cdlls and the stably transfected pcDNA-DEC—-A549 cells. Hypoxiaalso
induced the apoptosis of A549 cells and the stably transfected pcDNA-DEC+/—
A549 cells. Hypoxiaincreased the mRNA and protein levesof DEC1 and HIF-1c.
Both HIF-1ae mRNA and protein levelsdecreased in the stably transfected pcDNA-
DEC+ cdls, but HIF-1a antisense oligonucl eotide had no effect on DEC1 in the
stably transfected pcDNA-DEC+/— A549 cells. Conclusion: DEC1 isamarker of
tumor hypoxia. DEC1 downregul atesthe HIF-10; at both mRNA and protein levels
at hypoxiain lung adenocarcinomaA549 cells.

are hydroxylated by prolyl hydroxylases and dioxygen as a
co-substrate®. However, in hypoxia, as frequently occurs

Hypoxia is common in solid tumors and is associated
with an aggressive phenotype, and isresistant to therapy!”.
Hypoxic regions are also common features within rapidly
growing malignant tumors, such as non-small cell lung can-
cer (NSCLC)™@. Cancer cells undergo genetic and adaptive
changes that allow them to survive and even proliferate in
the hypoxic environment™. Thetranscriptional complex hy-
poxiainducible factor (HIF) has emerged asa key regulator
mediating many cellular responses necessary to adapt to
changes in the hypoxic environment®. In normoxia, the
HIF-1o units are unstable since 2 prolyl residueswithin the
oxygen-dependent degradation domains of HIF-1o subunits
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within tumors, thereisinsufficient oxygen to alow this pro-
cess resulting in HIF-1o stabilization and trand ocation to
the nucleus, where it isableto bind HIF-1o.. The complex
then recruits co-activators that bind to specific DNA hy-
poxiaresponse d ements (HRE), resulting in increased mRNA
transcription”. Overexpression of HIF-1c, a“master” gene
in hypoxia, isafrequent occurrencein many tumors, includ-
ing NSCLC™®. However, the pathwaysthat regul atethe HIF-
1o expression are unclear today.

Reports have shown several pathways are regulated by
hypoxia and many of the known oncogenic signaling path-
ways overlap with hypoxia-induced pathways. One of the
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most consistently hypoxia-inducible genes has been identi-
fied as embryo-chondrocyte expressed gene 1 (DEC1).

DEC1™, also called the enhancer of split and hairy
related protein-2™ or stimulated with retinoic acid-13"2, has
been identified independently by 3 research |aboratories,
each thoroughly studied on a different sysem of mammalian
differentiation, which islocated at chromosome 3p25.3-26M.
Although the role of DEC1 in human physiology is not thor-
oughly clear, it has been reported to haverolesin prolifera-
tion™, gpoptosis™ and cell differentiation™!. Recent stud-
ies’®1 have also supposed there might be a possible rela-
tionship between DEC1 and HIF-1o. expression by immuno-
histochemistal detection of the 2 proteins in many solid
tumors, such as breast cancer and non-small lung cancer.
Thus, DEC1, which might associatewith HIF-1o and its ex-
pression in human tumors, might beadirect marker of tumor
hypoxia.

DEC1 expression in normal and tumor lung tissues and
cancer cells hasrarey been reported. The potential role of
DEC1inA549 cdlsand whether DEC1islinked toHIF-1o.are
unclear. Therefore, in order to further characterizethesig-
nificance of DEC1 in normal and neoplastic lung tissues and
A549 cdlls, we investigated the expression of DEC1 and its
mechanism in lung adenocarcinoma.

Materials and methods

Patientsand resour ces Ethical approval was obtained
for thisstudy from theLocal TrialsCommittee. Paraffin wax-
embedded material lung adenocarcinomasamples(n=82) and
normal lung specimens (n=15) were obtained from Renmin
Hospital of Wuhan University (Wuhan, China) between year
2002 and 2004 and were studied by using serial sections of 4
pm thickness. The patients’ agesranged from 35to 72 years.

Immunohistochemistal detection of DEC1 and HIF-1a
DEC1 protein was detected using therabbit polyclonal antise-
rum CW271"9, CW27 antibody was a gift from Dr SB FOX!
(Nuffield Department of Clinical Laboratory Sciences, John
Radcliffe Hospital, Headley Way, UK). The CW27 and HIF-

Table 1. Primers used for RT-PCR.

1o antibodies (Boster, Wuhan, China) were applied to the
sections at dilution of 1:1000 and 1:200, respectively. The
primary antibody was applied for 1 h at 37 °C. The sections
were incubated with a secondary mouse anti-rabhbit antibody
(SantaCruz Biotechnology, SantaCruz, CA, USA) for 15min
at 37 °C. Then the sections were performed by the 3,3'-
diaminobenzidine (DAB) method. All positivecontrols dis-
played an extensive and intensi ve positive combined nucl ear
and cytoplasmic staining in morethan 80% of cdls. All nega
tivecontrolslacked cdlsdisplaying an immunereaction. The
immunohistochemical results for the protein were classfied
asfollows. —, no staining; +/++, nuclear stainingin 1%-50%
of cellsand/or with weak cytoplasmic staining; +++, nuclear
staining in more than 50% of cells and/or with strong cyto-
plasmicstaining.

Céll culture Thehuman lung adenocarcinomaA549 cdll
line, obtained from Wuhan University Cell Collection
(Wuhan, China), was cultured in RPMI-1640 medium suppl e-
mented with 10%fetal calf serum (FCS) (Gibco, Grand Idand,
USA) and was passaged at 80%—90% confluence with PBS
containing 0.25%trypsin and 1% EDTA. Thecdl wasmain-
tained at 37 °C in ahumidified atmospherewith 21% O,, 74%
N,, and 5% CO,. For the hypoxic condition, cell culturedishes
weretransferred toa Galaxy R CO, incubator (RS Biotech Co,
Ayrshire, Scotland, England), which was cultured with 1%
0,, 5% CO,, and 94% N, for 12 h, 24 h, and 48 h.

Plasmid construction A cDNA fragment coding for the
full open reading frame of human DEC1 was cloned by RT-
PCR from A549 cells a hypoxiafor 48 h. Two specific prim-
ers for DEC1 were extended to include appropriate endonu-
clease sites to facilitate cloning (Table 1). The sense and
antissnse DEC1 cDNA wererespectively ligated into theplas-
mid pcDNA3.1 (Invitrogen, Carlsbad, California, USA) to
congtruct the pcDNA-DEC1+ and pcDNA-DEC1~- plasmids
through the T4 DNA ligase (TaKaRa, Dalian, China). The
resulting constructs were subjected to sequencing analyses.

Stabletrandation A549 cells(1x10° cells/L) wereseeded
into 24-well cell culture plates. The cellswere transfected
with 1 g DNA per well using Lipofectamine2000 (Invitrogen,

Specificity Forward primer (5-3") Reverse primer (5-3) PCR product
(bp)
Sense DEC1 CCGGAATTCATCCAGACGCTCGCTAGTG CTGCTCTAGAGCAGGAAGTAGCGAGGA AGG 1238
Antisense DEC1  CTGCTICTAGATGAAGCATGTGAAAGCACTAAC CCGGAATTCCTTCTCCGATTCTCCTC ATAG 452
HIF-1o CAAAACACACAGCGAAGC TCAACCCAGACATATCCACC 473
B-actin GTGGACATCCGCAAAGACCT CGAAAGCAATGCTATCACCTC 647
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Carlsbad, California, USA) in serum-free Opti-M EMI medium
(Invitrogen, Carlsbad, California, USA), according to the
manufacturer’s protocol. Selection for stably transfected
cdlswith 0.8 g/L G418 started 2 d after transfection. After 4
weeks of screening, these polyclonal, stably transfected cels
weretrypsinized. Monod oneswere picked into a6-well plate
and cultured in RPMI-1640 medium with 10% FCS.

HIF-1a antisense oligonuclectide (AS-ODN) tr eatment
The effect of HIF-1o in epithdlial cellswasaccomplished by
antisense oligonucdl ectide loading as described previously™,
using phosphorothi oatederivatives of antisense (5-GCC GGC
GCC CTC CAT-3) or control sense (5-ATG GAG GGC GCC
GGC-3) oligonucleotides. The stably transfected pcDNA-
DEC+/— A549 cells were relatively washed in serum-free
medium. Then phosphorothioate control or antisense oligo-
nucleotides (10 umol/L) were transfected into the cells.
After 4 h incubation at 37 °C, the transfected cells were
exposed to hypoxiafor 24 h.

MTT assays A549 cells and the stably transfected
pcDNA-DEC+/—A549 cdlsintheexponentia phaseof growth
were relatively plated into 96-well platesat 1x10* cells per
well. After normoxiaand hypoxiafor 12 h, 24 h, and48 h, The
cdll viability was determined by MTT assay™.

Flow cytometric detection of apoptotic cells After the
A549 cdlsand thestably transfected pcDNA-DEC+/—A549
cellswereincubated with hypoxiafor Oh, 12 h, 24 h, and 48 h,
the cells were analyzed by flow cytometry using a FACScan
(Beckman Coulter, Chaska, MN, USA).

RT-PCR detection of DEC1 and HIF-1o. Reversetran-
scription of total RNA was performed usng M-MLV reverse
transcriptase (Promega, San LuisObispo, CA), and each PCR
reaction was performed with a TakaRa Tag™ hot start ver-
sion (TaKaRa). The specific primers of HIF-1a, anti-sense
DEC1, and B-actin synthesized by Sangon Co (Shanghai,
China) areshown in Table 1. RT-PCR detection of the HIF-
1o transcript was performed using 2 ug cDNA at 94 °C for
the 5 min initial denaturation step, followed by 32 cycles at
94 °Cfor 50, 57.6°Cfor50s,and 72 °Cfor 50s. The
antisense DECL reaction condition of PCR was as follows:
94 °C for the 5 min initial denaturation step, followed by 30
cyclesat 94 °Cfor 50, 57.2°Cfor 50s, and 72°Cfor50s. As
acontral for the equal amount of template, the 3-actin gene
was amplified using 2 pg cDNA as atemplate in 32 PCR
cyclesat 59.5 °C annealing temperature. Each band was
anayzed on GDSB8000imageanaysissystem (American UVP
Co, Upland, USA). B-actin staining served astheinternal
standard.

Wegter n blotting detection of HIF-1o.and DEC1 West-
ern blotting was performed as previously described with

somemodifications®. Thecdl pdletswere homogenizedin
extraction buffer (50 mmol/L Tris-HCI, pH6.8,0.1% SDS, 150
pmol/L NaCl, 100 mg/L phenylmethylsulfonyl fluoride, 1 mg/L
aprotinin, 1% NP-40 and 0.5% sodium orthovanadate), and
incubated at 4 °C for 30 min, and centrifuged 20 min at 12000
g/min. Thetotal proteininthe cell lysate was measured with
the Bio-Rad colorimetric kit (Bio-Rad, Hercules, CA, USA).
For Western blotting, 50 pg protein lysate was separated in
10% SDS-PAGE and transferred onto nitrocellul ose mem-
branes (0.45 um, Millipore, Billerica, MA, USA) The mem-
branes were incubated for 24 h at 4 °C with the antibody
CW?27 and anti-HIF-10. (Santa Cruz Biotechnology, USA),
respectively. The CW27 and HIF-1o antibodies were used
at the concentration of 1: 500 and 1:450. Detection of mono-
clonal and polyclonal antibodies was performed using horse-
radish peroxidase-conjugated goat anti-rabbit immunoglo-
bulinsfor 1 h at room temperature, respectively. Signals
were detected with an enhanced chemiluminescence kit
(Amersham Pharmacia, Buckinghamshire, UK). -actin stain-
ing served astheinternal standard for all membranes.

Immunocytochemistal detection of DEC1 and HIF-1a.
A549 cdls (1x10°callg/L) were seeded into 6-well cell culture
platesin 2 mL RPMI-1640 medium with 10% FCSto attain
70%-80% confluence. These cdlsweredividedinto 4 groups
treated for: O h, 12 h, 24 h, and 48 h group at hypoxia, respec-
tively. Thesecelswererespectively fixed in 4% paraformal -
dehydefor 10 min, and stained for immunocytochemistry by
following the procedures used for immunohistochemistry.
The primary CW27 and HIF-10. antibodies were applied to
sections at dilutions of 1:1000 and 1:150, respectively.

Statistical analysis Resultswere shown as mean+SD of
the number of experimentsindicated in thefigure legends.
Statistical analysiswas done by Student’ st-tests, ANOVA,
and Tukey's post-hoc tests. Statistical significance was set
at alevel of P<0.05.

Results

Expresson of DEC1 and HIF-1a in normal and tumor
lung tissue DEC1 wasweakly expressed in the norma lung
tissues and specifically located in the nuclei and cytoplasm
in 48.8% lung adenocarcinoma. HIF-1o was expressedin 3
(20%) normal human lung tissues, and was evaluated in 43
(52.4%) lung adenocarcinomas (Figurel). Therewasada-
tigtically significant correlation between the expression of
HIF-1c.and DEC1 (Table2, P<0.05).

Inhibitory effect of hypoxia on thegrowth of A549 cells
and the stably transfected pcDNA-DEC+/—A549 cellsNo
changes of the growth of A549 cells were observed in the
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Figure 1. DEC1 and HIF-1o expression in lung adenocarcinoma by immunohistochemistry (x100). (A) DEC1 expression; (B) HIF-1a

expression.

normoxic groups. However, the prolioferation of A549 cdls
at hypoxiawas strongly inhibited in a time-dependent man-
ner (Figure2, Table 3, P<0.05). Moreover, the growth of the
stably transfected pcDNA-DEC+ A549 cd | swas higher than
those of A549 cells at the same time point at hypoxia. The

0O Normoxia (0 h)
05 B Hypoxia

04 F

03 F
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=
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12 24 48
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Figure 2. Inhibitory effect of hypoxia on A549 cellsby MTT test.
PP<0.05 vs Normoxia.

growth of the stably transfected pcDNA-DEC— A549 cells
was lower than those of A549 cells at the same time point at
hypoxia(P<0.05).

Hypoxiainduced apoptosisin A549 cellsand the stably
transfected pcDNA-DEC+/— A549 cells When exposed to
hypoxemicenvironment for 0h, 12 h, 24 h, and 48 h, apoptotic
A549 cdls were detected by flow cytometry. Compared to
the normoxic groups, these apoptosis ratiosin A549 cells
obviously increased in a time-dependent manner (Figures
3-5, Table 4, P<0.05). Moreover, thelower apoptosisratio of
the gtably transfected pcDNA-DEC+ A549 cdIsandthe higher
apoptosisratio of the stably transfected pcDNA-DEC—-A549
cells were detected at the same time point at hypoxia (P<
0.05).

Hypoxiaincreased DEC1 and HIF-1a gene transcrip-
tion in A549 cells The gene transcription levels of both
DEC1land HIF-1a at hypoxiawere higher than those under
normoxiaconditions (Figure 6, P<0.01). Through thelinear
correlation analysis about the aboved-mentioned results,
DEC1 mRNA probably strongly related with HIF-1oe mMRNA
for 24 h at hypoxia (r=0.822, P<0.01).

Table 2. Relationship between expression of HIF-1o. and DECL1 in lung adenocarcinoma by immunohistochemistry.

Characteristics DEC1 (-) DECL1 (+/++) DEC1 (+++) n P
HIF-1a (-) 27 6 6 39 <0.05
HIF-1ow (+/++) 9 7 7 23

HIF-1o (+++) 6 6 8 20

n 42 19 21 82
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Table 3. Growth of A549 cells and the stably transfected pcDNA-DEC+/— A549 cells at hypoxia by MTT test. n=3. Mean+SD. °P<0.05 vs

normoxia (0 h), ®P<0.05 vs hypoxia.

Group

Normoxia
Oh

12 h

Hypoxia
24 h

48 h

A549 cells group

pcDNA-DEC+ group

0.456+0.0137
0.461+0.0135

0.351+0.0108°
0.422+0.012%

0.291+0.0108°
0.378+0.0104%

0.228+0.0105°
0.297+0.0115%

pcDNA-DEC- group 0.451+0.012 0.323+0.0104% 0.262+0.012% 0.199+0.0096"
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270 270
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180 150 Figure 3. Induction of apoptosisin
the A549 cell at hypoxia by flow
cytometry. (A) Cells cultured at
9 % normoxia (0 h); (B) Cells cultured at
J ) hypoxia for 12 h; (C) Cells cultured
%061 128 192 256 320 384 448 512 U0 64 128 192 256 320 384 448 512 at hypoxia for 24 h; (D) Cells cul-
_ tured at hypoxia for 48 h.
DNA content

Table 4. Apoptosis (%) in A549 cells and the stably transfected pcDNA-DEC+/— A549 cells by flow cytometry. n=5. Mean+SD. °P<0.05 vs

normoxia (0 h), ®P<0.05 vs hypoxia.

Group

Normoxia
Oh

12 h

Hypoxia
24 h

48 h

A549 cells group
pcDNA-DEC+ group
pcDNA-DEC- group

0.85+0.142%
0.79+0.112%"°
0.91+0.118%"°

9.13+0.173%"
8.17+0.164%"
10.43+0.129%"®

11.51+0.146%"
10.48+0.157%"
13.06+0.167%"

20.84+0.156%"
13.58+0.122%"®
30.47+0.134%"

Hypoxiaincreased DEClandHIF-1loexpressoninA549
cell line Under a normoxic environment, DEC1 expression

was detected at alow level, while HIF-1o was expressed in
thenuclel and cytoplasm of A549 cells. And both DEC1 and
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the stably transfected pcDNA-DEC+
A549 cells at hypoxia by flow cyto-
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(0 h); (B) Cells cultured at hypoxia for
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Figure 5. Induction of apoptosisin
180 180 the stably transfected pcDNA-DEC-
A549 cell at hypoxia by flow cyto-
90 90 metry. (A) cultured at normoxia (0
h); (B) cultured at hypoxia for 12 h;
%0 61 128 192 256 330 384 448 s12 " 64 128 192 256 320 384 448 512 (C) cultured at hypoxia for 24 b;
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Oh 12h 24h 48 h

B-actin
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B-actin

HIF-1¢t

Figure 6. DEC1 and HIF-1oo mRNA of A549 cells at hypoxia for
0 h, 12 h, 24 h, and 48 h by RT-PCR.

HIF-1o expression were induced by hypoxiain A549 cellsin
atime-dependent manner (Figure 7, 8). Thestaining inten-
Sity was stronger in the 48 h group than that of the 12 h and
24 hgroup (P <0.05).

HIF-1amRNA and protein expressoninthestablytrans
fected pcDNA-DEC+/—A549 cells There was no obvious
difference of HIF-1o express on between the non-transfected
and empty plasmid transfected groups. However, HIF-1a
showed low gene transcription level in the pcDNA-DEC+
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group (Figure 9, P<0.05), and high genetranscription level
of HIF-1o was detected in the pcDNA-DEC- group com-
pared to the non-transfected group (P<0.05). After normal-
ization with -actin, the HIF-1o. protein significantly de-
creased in the cellstransfected with plasmid pcDNA-DEC+
(Figure 10, P<0.05). On the contrary, HIF-1a protein in-
creased in the cdlstransfected with plasmid pcDNA-DEC—-
(P<0.05). Theseresultswerein accordancewith the mRNA
expression.

DEC1mRNA and protein expressioninthestably trans-
fected pcDNA-DEC+/—A549 cellswith or without HIF-1c
AS-ODN treatment Thisdensitometric analysis revealed
therewasno obviousdifferent in theintensity of DEC1 mRNA
and protein levels with or without HIF-1o0 AS-ODN in the
stably transfected pcDNA-DEC+ A549 cdlls (Figure 11, 12,
P>0.05). The similar resultswere also found in the stably
transfected pcDNA-DEC-A549 cdlls.

Discussion
In this study, the HIF-1a protein was strongly expressed
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Figure 7. DECL1 protein in A549 cells at hypoxia by immunocytochemistry (x100). (A) Cells cultured at normoxia (0 h); (B) Cells cultured
at hypoxia for 12 h; (C) Cells cultured at hypoxia for 24 h; (D) Cells cultured at hypoxia for 48 h.
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Figure 8. HIF-1a protein in A549 cells at hypoxia by immunocytochemistry (x100). (A) cultured at normoxia (0 h); (B) cultured at hypoxia
for 12 h; (C) cultured at hypoxia for 24 h; (D) cultured at hypoxia for 48 h.

f-actin

HIF-1ec

Figure 9. Transcription of HIF-1ao mRNA in A549 cells treated by
plasmid transfection at hypoxia for 24 h by RT-PCR. M:DNA marker.
Lane 1: A549 cells were cultured without transfection; lane 2: A549
cells were cultured transfected empty plasmid; lane 3: pcDNA-
DEC+A549 cells were cultured, lane 4: pcDNA-DEC- A549 cells
were cultured.

in the lung adenocarcinomaand A549 cells. The growth of
A549 cdllswasinhibited at hypoxiain atime-dependent man-
ner through the MTT test. Moreover, hypoxia could obvi-
ously induce A549 cells apoptosis. We also found themRNA
and protein levelsof the HIF-1o increased at hypoxia. These
results reveal that HIF-1o plays an important role in the
growth of A549 cellsat hypoxia.

Wealso studied a new factor, DEC1. DEClisanew and
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Figure 10. HIF-1o protein of A549 cells transfected with different
plasmid at hypoxia for 24 h by Western blotting. M:DNA marker.
Lane 1: A549 cells were cultured without transfection; lane 2: A549
cells were transfected empty plasmid; lane 3: pcDNA-DEC+ A549
cells, lane 4: pcDNA-DEC—- A549 cells.

structurally different class of the helix-loop-helix (HLH)
protein. We examined theexpression of the DEC1 and HIF-
1o protein, which were both induced by hypoxia. These
resultswere accorded with the previous study'®!. The DEC1
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P-actin

DEC1

Figure 11. Transcription of DEC1 in A549 cells treated with or
without HIF-1oo AS-ODN at hypoxia for 24 h by RT-PCR. Lane 1:
A549 cells; lane 2: A549 cells treated with HIF-1ae AS-ODN; lane 3:
pcDNA-DEC+A549 cells; lane 4: pcDNA-DEC+A549 cells treated
with HIF-1o. AS-ODN; lane 5: pcDNA-DEC- A549 cells; lane 6:
pcDNA-DEC- A549 cells treated with HIF-1o. AS-ODN.

1 2 3 4 5 6
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Figure 12. DEC1 protein in A549 cells treated with or without HIF-
1o AS-ODN at hypoxia for 24 h by Western blotting. Lane 1: A549
cells; lane 2: A549 cells treated with HIF-1o AS-ODN; lane 3: pcDNA-
DEC+A549 cdlls; lane 4: pcDNA-DEC+A549 cdlls treated with HIF-1o.
AS-ODN; lane 5: pcDNA-DEC- A549 cells; lane 6: pcDNA-DEC-
A549 cells treated with HIF-1o0 AS-ODN.

protein was variably expressed in lung adenocarcinomas.
DEC1 was weakly expressed in the normal lung tissues.
Previous study using immunohistochemical methods have
reported avariable positivity of DECL, ranging from 0to 70%
in the non-small cell lung cancer™. The dataindicate that
DECL play an important rolein the process of lung adeno-
carcinoma progression. The data alsoreveals DEC1 in the
lung adenocarcinoma directly links to HIF-1o, providing
strong evidence that DEC1 isindeed another marker of tu-
mor hypoxia.

Our results show that hypoxia significantly increasesthe
MRNA and protein levels of DEC1 and HIF-1a.in the lung
adenocarcinomaA549 cellsin atime-dependent manner. We
observed the strong protein expression of DEC1 until 48 h at
hypoxia, and the HIF-1o protein was strongly expressed from
12 h at hypoxia. Theupregulation of DEC1 and HIF-1a re-
vealsthat DEC1 and HIF-1c; probably act asthe key media-
tors of the hypoxia-regulated process. Moreover, we found
DEC1 mRNA wassignificantly associated with HIF-1oc mMRNA
at hypoxiafor 24 h. Thisdata further indicate that DEC1
regulates HIF-1o or that HIF-10, has an effect on DECL1 at
hypoxia.

We constructed the pcDNA-DEC+ and pcDNA-DEC-
plasmids and selected the stably transfected pcDNA-DEC+

and pcDNA-DEC-A549 cedlslines. TheMTT test showed
hypoxia could inhibit the growth of the stably transfected
pcDNA-DEC+ and pcDNA-DEC-A549 cdlsin thetime-de-
pendent manner. Moreover, the growth of the stably trans-
fected pcDNA-DEC+ A549 cdlswas faster than those of
A549 cdlls. On the contrary, the growth of the stably trans-
fected pcDNA-DEC- A549 cells was lower than those of
A549 cells. We also found hypoxia could induce the
apoptosis of the stably transfected pcDNA-DEC+ and
pcDNA-DEC-A549 cdlsin atime-dependent manner. Com-
pared to the A549 cells, the stably transfected pcDNA-DEC+
A549 cells showed a lower percentage of apoptosis while
the stably transfected pcDNA-DEC—A549 cells showed a
higher percentage of apoptosis.

To investigate the interaction between DEC1 and HIF-
1o, we carried out RT-PCR and Western blotting to detect
themRNA and protein levelsof HIF-1o.. HIF-1oshowed low
expresson level inthepcDNA-DEC+ group, but a high level
of HIF-10. was detected in the pcDNA-DEC-group. Thus, it
suggeststhat DEC1 might be thetarget gene of HIF-1c, and
negative feedback exists between DEC1 and HIF-1c.

To confirm this conclusion, we designed the antisense
and control sense oligonucleotides of HIF-1o. At mMRNA
and protein levels, there was no obvious different intensity
of DEC1 with or without HIF-1o AS-ODN in the pcDNA-
DEC+ or pcDNA-DEC-groups. Through thetreatment with
theHIF-10.AS-ODN, wefound that HIF-10. AS-ODN had no
effect on DEClexpression in the stably transfected pcDNA-
DEC+/—A549 cdls. Soweidentified that DEC1 may down-
regulate HIF-1o at both mRNA and protein levelsat hypoxia
in A549 cells. However, more research on thereationship
between DEC1 and HIF-1ois till required in the future.

In conclusion, our resultsreveal that DEC1 has signifi-
cant rales in the process of lung adenocarcinoma progres-
sion and isanother marker of tumor hypoxia associated with
HIF-1o.. DEC1 downregulates HIF-1o. at both mRNA and
protein levels at hypoxiain the lung adenocarcinomaA549
cdls.
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