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Solid tumors include hypoxic areas due to excessive cell proliferation. Adaptation to low oxygen levels is 
mediat ed by the hypoxia-inducible factor (HIF) pathway promoting invasion, metastasis, metabolic alter- 
ations, chemo-resistance and angiogenesis.

The transcription factor HIF-1, the major player within this pathway consists of HIF-1 a and HIF-1 b. The 
alpha subunit is continuously degraded under normoxia and becomes stabilized under reduced oxygen 
supply. In contrast, HIF-1 b is generally regarded as constitutively expressed and being present in excess 
within the cell. However, there is evidence that the expression of this subunit is more complex.

The aim of this study was to investigate the role of HIF-1 b in human melanoma cells. Among a panel of 
five different cell lines, in 518A2 cells exposed to the hypoxia-mimetic cobalt chloride HIF-1 b was rapidly 
elevated on protein level. Knockdown experiments performe d under cobalt chloride-exposure and 
hypoxia revealed that this effect was mediated by HIF-1 a. The non-canonical relation ship between these 
subunits was further confirmed by pharmacologic inhibition of HIF-1 a and by expression of a dominant- 
negat ive HIF mutant. Overexpressi on of HIF-1 a showed a time delay in HIF-1 b induction, thus arguing for 
HIF-1b de nov o synthesis rather than protein stabilizatio n by heterodimerization. A Hen’s egg test-cho- 
rioalla ntoic membra ne model of angiogenesis and invasion indicated a local expression of HIF-1 b and
implies a biological relevance of these findings.

In summary, this study demonstrates the HIF-1 a-dependent regulation of HIF-1 b under hypoxic con- 
dition s for the first time. The results indicate a novel cell specific mechanism which might prevent 
HIF-1b to become a limiting factor.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction 

The hypoxia-induc ible factor (HIF) pathway mediates cellular 
adaptation to reduced oxygen supply, a consequence of excessive 
proliferation in solid tumors. HIF activity contributes to invasion,
metastasis, metabolic alterations, chemo-resistance and enables 
the induction of angiogenesis [1–3]. Constitutive HIF activity was 
found in malignant melanoma [4] which represent an aggressive 
and heterogenous disease [5,6]. Therefore inhibition of the HIF 
pathway provides a treatment strategy in cancer therapy [7,8].
The HIF pathway consists of alpha and beta subunits of transcrip- 
tion factors belonging to the Per-ARNT-Sim (PAS) family. Under 
normoxic condition s HIF-1 a (as well as HIF-2 a) is hydroxylate d
on two conserved proline residues mediating its recognition by 
ll rights reserved.

uclear translocator (HIF-1b);
egative HIF; Het-CAM, Hen’s 
ucible factor.

ndl).
the von Hippel–Lindau tumor suppressor protein and its subse- 
quent degradation via the proteasome. Hypoxia prevents the 
hydroxylati on of HIF-1 a leading to the accumulation of the sub- 
unit. Subsequentl y HIF-1 a transloca tes into the nucleus where it 
dimerize s with HIF-1 b (also known as aryl hydrocarbo n receptor 
nuclear translocator , ARNT) via interaction of PAS domains fol- 
lowed by initiation of target gene transcrip tion (e.g. vascular endo- 
thelial growth factor, VEGF) [1,9,10].

In addition to hypoxic conditions, HIF-1 a protein level is ele- 
vated by growth factors via phosphatidy linositol 3-kinase (PI3K)/
Akt signaling mediating increased HIF-1 a mRNA translation 
[11,12]. Blocking of PI3K with the classical inhibitor LY294002 
therefore inhibits HIF-1 a and the expression of its target genes 
[7,13]. Another approach for experime ntal HIF inhibition is the 
forced expression of a deletion-m utant of HIF-1 a (or HIF-2 a) con- 
taining a PAS domain which mediates binding to other PAS pro- 
teins and acts as a dominan t-negative form (dnHIF) [14–17].
Inhibitio n of the pathway is therefore achieved by disturbing the 
formatio n of functiona l HIF complexes [14]. In contrast to the oxy- 
gen-sens itive subunit HIF-1 a, HIF-1 b is generally regarded as con- 

http://dx.doi.org/10.1016/j.bbrc.2013.03.051
mailto:mmandl@mail.austria.com
http://dx.doi.org/10.1016/j.bbrc.2013.03.051
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc


M. Mandl et al. / Biochemical and Biophysical Research Communications 434 (2013) 166–172 167
stitutively expressed, meaning an oxygen-indep endent regulation 
[10,12]. Further this subunit is considered to be present in excess 
within the cell [3]. However, there is evidence that HIF-1 b is in- 
creased on mRNA as well as on protein level when cells are ex- 
posed to hypoxia or treated with the hypoxia-mimeti c cobalt 
chloride (CoCl2) [18,19].

The aim of this study was to investigate the role of HIF-1 b in hu- 
man melanom a cells. Among a panel of five different cell lines, in 
518A2 cells exposed to the hypoxia-mim etic cobalt chloride HIF- 
1b was rapidly elevated at protein level. Further experime nts per- 
formed under hypoxia or CoCl 2 exposure revealed that this effect 
was mediated by HIF-1 a. The results indicate a novel cell specific
mechanism by which HIF-1 a regulates the expression of HIF-1 b
under hypoxic conditions. This might prevent HIF-1 b from being 
a limiting factor.
2. Materials and methods 

2.1. Materials 

Cobalt chloride (CoCl2) and LY294002 were purchased from Sig- 
ma–Aldrich� (Steinheim, Germany). The anti-HIF-1 a antibody
(clone mgc3) was obtained from Thermo Scientific (Pierce Biotech- 
nology, Rockford, USA), anti-HIF-2 a (clone ep190b) as well as anti- 
HIF-1b (clone 2B10) antibodies were purchased from abcam �

(Cambridge, UK). The anti- b-actin antibody (clone AC-15) was 
bought from Sigma–Aldrich � (Steinheim, Germany). siRNA Trans- 
fection Reagent and Medium as well as all siRNA’s (HIF-1a:
sc-35561, HIF-2 a: sc-35316, Arnt1: sc-29733, FITC-conj ugated 
control: sc-36869) were purchased from Santa Cruz Biotechnology �

(Szabo-Scandic Handelsg mbH, Vienna, Austria). The HIF-1 a expres-
sion plasmid was obtained from OriGene (Rockville, USA). The 
eGFP-encodi ng plasmids pGFP-N3 and pEGFP-C1 were kindly 
provided by Dr. Grusch (Medical University of Vienna, Vienna,
Austria).

2.2. Cell culture 

Human melanoma cell lines 518A2, A375, SK-MEL-28 and MEL- 
JUSO were kindly provided by the Department for Dermatology 
(Medical University of Vienna, Vienna, Austria). 607B cells were a
gift from Dr. Wacheck (Medical University of Vienna, Vienna, Aus- 
tria). All cells were maintain ed in DMEM high glucose with L-glu-
tamine (Sigma–Aldrich �, Steinheim, Germany) supplemented 
with 10% FCS (PAA, Linz, Austria) and 1% Penicillin /Streptomycin 
(Gibco�, Auckland, New Zealand). Cells were grown at +37 �C in a
humidified atmosphere containing 5% CO 2. For hypoxic exposure,
cells were incubated at 1% O2 and 5% CO 2.

2.3. Cobalt chloride-induced chemical hypoxia 

Cells were seeded at a density of 1.2 � 105 cells/well on 12-well 
plates and allowed to adhere overnight. Next day, the medium was 
removed and chemical hypoxia was induced by treatment with 
100 lM CoCl 2. After defined time points (0, 2, 4, 8 and 24 h) super- 
natant was discarded and cells were washed twice with PBS. Cells 
were lysed by the use of 50 ll 2� sample buffer [125 mM Tris (pH
6.8), 4% SDS, 10% b-mercaptoethano l, 20% glycerol, bromophenol- 
blue] per well and proteins were subjected to Western Blot 
analysis.

2.4. Knockdown of HIF subunits 

Cells were seeded on 6-well plates at a density of 2 � 105 cells/
well in antibiotic-free DMEM supplem ented with 10% FCS. Cells 
were grown overnight before transfection with siRNA (Santa Cruz 
Biotechn ology �) accordin g to the manufactur er’s protocol. Briefly,
for each reaction 4 ll siRNA were diluted in 100 ll siRNA Transfec- 
tion Medium and mixed with 6 ll siRNA Transfection Reagent di- 
luted in 100 ll siRNA Transfecti on Medium. For knockdown of 
two subunits, 4 ll of each appropriate siRNA were used. After 
transfecti on, cells were stimulated with 100 lM CoCl 2 for 24 h.
For exposure to hypoxia (1% O2, 5% CO 2, 6 h), knockdown proce- 
dures were up-scaled and performed in 12.5 cm 2 flasks. Thereafter 
supernat ants were collected and stored at �80 �C for ELISA. Cells 
were washed with PBS and lysed by using 100 ll 2� sample buffer 
to gain proteins for Western Blotting.

2.5. Constructi on of a dominant -negative form of HIF-1 a (dnHIF)

The HIF-1 a deletion-m utant acting as dominant-negati ve form 
was constructed as described in literature [14]. Briefly, the appro- 
priate sequence was obtained by PCR using cDNA from HEK293 
cells as template and the following primer pair: for 50-TTTGGATC-
CACCATGCG AAGTAAAGA ATCTG-3 0; rev 50-TTTGGATC CTTAAGCGTA 
ATCTGGAACA TCGTATGGGTATT TGTCAAA GAGGCTACT-3 0 Subse-
quently the PCR product was cloned into the vector pEGFP-C1. Fi- 
nally, sequencing of the resulting eGFP–dnHIF fusion gene 
confirmed the presence of a PAS domain.

2.6. Plasmid transfection procedure 

Cells were seeded on a 12-well plate at a density of 1.2 � 105

cells/well and allowed to adhere overnight. Cells were transfected 
either with the HIF-1 a expression plasmid or pGFP-N3 which 
served as control (1 lg/well). Transfection was performed using 
Exgen500 (Fermentas, St. Leon-Rot, Germany) accordin g to the 
supplier’s instructions. After 24 h, successful transfecti on was ver- 
ified by eGFP expression of control cells using fluorescence micros- 
copy. Stable transfection of cells was achieved by selection with 
400 lg/ml G418 (Calbiochem�, Merck, Darmstad t, Germany).
Chemical hypoxia was induced as described above and cell lysates 
containing proteins were subjected to Western Blotting.

2.7. Reverse transcription (RT)-PCR of stable transfected cells 

RNA was isolated using GenElute ™ Mammalian Total RNA Kit 
(Sigma–Aldrich �, Steinheim, Germany ) according to the supplier’s 
guidelines . cDNA synthesis was performed using High Capacity 
cDNA Reverse Transcriptio n Kit (Applied Biosystem s�, Darmstadt,
Germany ) as described in the manufactur er’s instructions. Trans- 
gene expression was determined using the following primer:
dnHIF: for 50-TCTGGG TTGAAACTCAA GCAACTGTC-3 0, rev 50-AAGC
GTAATCTGG AACATCGTA TGGG-3 0; eGFP: for 50-GCCATGCC CGAAG 
GCTACG-30; rev 50-GCCCTTCAGCTCG ATGCGG -3 0. PCR was per- 
formed accordin g to the supplier 0s guidelines using GoTaq � PCR re- 
agents (Promega, Madison, USA). PCR products were dissolved on a
2% agarose gel containing ethidiumbrom ide and visualized using 
the GeneFlash gel documentat ion system (Syngene, Cambridge,
UK).

2.8. Western Blot analysis 

Cell lysates were heated for 10 min at + 95 �C and dissolved on 
10% poly-acryl amide gels. Western Blotting was performed using 
polyviny lidene difluoride (PVDF) membranes (Immobilion™, Milli- 
pore, Billerica, USA) for 1 h at 300 mA followed by blocking with 5%
non-fat dry milk in 0.1% TBST for 1 h.

Anti-HIF- 1a and anti-HIF-2 a antibodie s were diluted 1:2000 
and 1:1000, respectively . Anti-HIF-1 b and anti- b-actin antibodie s
were used 1:2500 and 1:200,000. PVDF membranes were incu- 
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Fig. 1. Effects of cobalt chloride-induced chemical hypoxia on HIF-1 b in human melanoma cells. 518A2, 607B, A375, SK-MEL-28 and MEL-JUSO cells were treated with 
100 lM cobalt chloride (CoCl2) as indicated or left untreated (t = 0 h). Subsequently cell lysates were subjected to Western Blot analysis. HIF-1 b/b-actin ratios were calculated 
and normalized to untreated control cells (t = 0; dotted line; right panel).
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bated with primary antibodies overnight at +4 �C. The secondar y
polyclonal goat anti-mouse immunoglobul ins-HRP antibody 
(DAKO, Glostrup, Denmark) was diluted 1:5000 in 5% non-fat dry 
milk/TBST and incubate d for 1 h at room temperat ure. Blots were 
developed using the ECL reagent [200 lM p-Couma ric acid,
1.25 lM luminol, 0.1 M Tris–HCl, pH 8.8; 3 ll 3% H2O2/ml added 
freshly] or the Amersham™ ECL Plus Western Blotting Detection 
System (GE Healthcare, Buckinghams hire, UK). Finally chemolum- 
iniscence was recorded and quantified digitally using the Chemi- 
Doc™ XRS + system (BioRad, Munich, Germany).
2.9. Hen’s egg test-chorioallan toic membrane (Het-CAM) assay 

Fertilized specific-pathogen-free eggs (White leghorn ) were 
kindly provided by BAXTER Bioscienc es (Vienna, Austria) at embry- 
onic day 5 (E5) and prepared for the assay as described previously 
[20]. At E6, 2 � 106 518A2 human melanoma cells were mixed 
with 20 ll Matrigel™ supplemented with human collagen IV (final
100 lg/ml, both Sigma–Aldrich �, Steinheim, Germany) to enhance 
polymerisati on and grafted onto the chorioallantoic membrane 
(CAM). Cellular prolifera tion was observed using a stereo micro- 
scope (Nikon SMZ1000). At E11, CAM’s were fixed with 4% parafor- 
maldehyde/PB S overnight at +4 �C. Finally, CAM’s were excised,
dehydrated and embedded into paraffin for histological analysis.
2.10. Immunohist ochemistry 

10 lm thick CAM sections were deparaffinised with xylene and 
rehydrated through a graded alcohol series. All following steps 
were carried out at room temperature and slides were washed 
with 0.05% PBST. Antigen retrieval was performed with 0.1% pepsin 
for 10 min followed by application of 3% H2O2 for 10 min. Perme- 
abilisatio n was carried out with 0.1% Triton/PBST for 10 min fol- 
lowed by blocking of unspecific binding sites with 10% goat 
serum for 20 min. Anti-HIF antibodies were applied 1:50 overnight 
at +4 �C. Alexa488-co njugated goat anti-mouse antibody (DAKO,
Glostrup, Denmark) was diluted 1:500 and incubated for 1 h.
CAM sections were counterstained with DAPI and mounted in fluo-
rescence mounting medium (DAKO, Glostrup, Denmark). Images 
were acquired using a BX60 fluorescence microscope (Olympus,
Tokyo, Japan) equipped with a Nuance™ Multispectral Imaging 
System (Intas, Göttingen, Germany).
2.11. Enzyme linked immunosorben t assay (ELISA)

Vascular endothelial growth factor (VEGF) within cell culture 
supernat ants was measured using the Human VEGF Mini Develop- 
ment Kit from PeproTech � (Rocky Hill, USA) as described in the 
manufac turer’s instructions . The ABTS substrate was purchase d
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from Sigma–Aldrich � (Steinheim, Germany). All samples were 
measured in triplicate s.

2.12. Statistical analysis 

ELISA values are presented as mean ± SEM. Statistical compari- 
son between groups was performed using unpaired t test. P < 0.05 
was considered as statistically significant. Calculations were done 
using GraphPad Prism � 4 software (GraphPad Software, La Jolla,
USA).
37 kDa
β-actin

B 400
***

300

/m
l]

200

F 
[p

g

100VE
G

0
NT NT ctrl 1

100µM CoCl2

siRNA: NT NT ctrl 1α 2α 1β 1α2α 1α1β 2α1β

C 1% O2

siRNA: ctrl ctrl 1α 2α 1β

HIF-1α 150 kDa

-

100 kDa

150 kDa
HIF 2α

100 kDa

HIF-1β

50 kDa

100 kDa

75 kDa

β-actin
37 kDa

100 M CoClD

150 kDa

µ 2

LY294002: 0           0        0,6      1,2       2,5        5      10        20µM

100 kDa
HIF-1α

100 kDa

75 kDa
HIF-1β

50 kDa

β-actin
37 kDa

Fig. 2. Inhibition of the HIF pathway by siRNA and LY294002. (A) siRNA mediated 
knockdown of either one or two HIF subunits was performed and subsequently cells 
were stimulated with 100 lM cobalt chloride (CoCl2) for 24 h followed by Western 
Blot analysis. (B) VEGF secretion of knockdown cells (corresponding to (A)) was 
measured by ELISA. Values are presented as mean ± SEM. P-values <0.05 were 
considered as significant. (C) Silencing of HIF subunits followed by exposure to 1%
O2 for 6 h. Protein levels of HIF subunits were assayed by Western Blotting. NT: not 
transfected (white bars); ctrl: control, scrambled siRNA transfected; VEGF: vascular 
endothelial growth factor; (D) 518A2 cells were exposed to 100 lM CoCl 2 for 24 h
in the presence or absence of various concentrations of LY294002. Controls (no
LY294002) were treated with an appropriate amount of DMSO as vehicle control.
Subsequently HIF-1 a and HIF-1 b protein levels were determined by Western 
Blotting.
3. Results 

3.1. Effects of cobalt chloride-induced hypoxia on HIF-1 b

HIF-1b (also known as aryl hydrocarbon receptor nuclear trans- 
locator, ARNT) is considered as constitutively expresse d [10,12]
which means that mRNA and protein are maintain ed at constant 
levels independen t of oxygen availability [21]. However, there is 
evidence that HIF-1 b is upregulated within cells after treatment 
with the hypoxia-mim etic cobalt chloride (CoCl2) or exposure to 
hypoxia on both RNA and protein levels [18,19].

To determine the inducibil ity of HIF-1 b in human melanom a
cells five different cell lines were exposed to 100 lM CoCl 2 for 0,
2, 4, 6, 8 and 24 h, respectively followed by Western Blot analysis.
As shown in Fig. 1, HIF-1 b was rapidly elevated in 518A2 cells and 
peaked after 24 h. In A375 cells HIF-1 b protein level was increased 
only 24 h after stimulation. Within all other tested cell lines, HIF- 
1b levels compared to appropriate controls remained unchanged 
after 24 h. The short term induction of HIF-1 b in 518A2 cells ap- 
peared to be a unique attribute of this cell type. Therefore 518A2 
cells were selected for further experiments .

3.2. Knockdown of HIF-1 a depletes HIF-1 b on protein level in 518A2 
cells

Cellular treatment with CoCl 2 or exposure to hypoxia elevates 
HIF-1a and HIF-2 a protein levels due to prevention of degradation 
[1,10]. Therefore the upregulatio n of HIF-1 b might be mediated by 
one of these subunits. To test this hypothesis, knockdow n experi- 
ments in 518A2 cells were performed followed by stimulation with 
100 lM CoCl 2 for 24 h. Subsequentl y, supernatants and cell lysates 
were collected and subjected to ELISA and Western Blot analysis 
respectively . As shown in Fig. 2A, silencing of HIF-1 a depleted
HIF-1b on protein level. The secretion of VEGF, a prominent HIF 
target gene, was significantly impaired when HIF-1 a was knocked 
down (Fig. 2B). This finding highlights the predomin ant role of HIF- 
1a among other subunits in 518A2 cells. A similar correlation be- 
tween the protein level of HIF-1 a and HIF-1 b was found when cells 
were exposed to 1% O2 for 6 h (Fig. 2C).

These data indicates that HIF-1 b is regulated in a HIF-1 a-depen-
dent manner in 518A2 human melanoma cells under hypoxic 
conditions.

3.3. Inhibition of PI3K/Akt signaling by LY294002 decreases HIF-1 a
and HIF-1 b on protein level 

HIF-1a protein levels can be elevated via PI3K/Akt signaling.
Therefore blocking this pathway with the PI3K inhibitor 
LY294002 inhibits HIF-1 a as well as the expression of its down- 
stream targets and angiogenesis [13,22,23]. Further it was demon- 
strated that inhibition of HIF-1 a via LY294002 has no effect on HIF- 
1b [23]. Thus treatment of 518A2 with this compound should de- 
crease HIF-1 a as well as HIF-1 b and thereby confirm the observed 
non-canonic al relationship between both subunits.
To test this hypothes is, 518A2 cells were stimulated with 
100 lM CoCl 2 for 24 h in the presence or absence of different con- 
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centrations of LY294002. Subsequently HIF-1 a and HIF-1 b protein
levels were assayed by Western Blotting (Fig. 2D). As expected,
treatment of 518A2 cells with LY294002 decrease d the expression 
of both HIF subunits in a dose-depend ent manner. This finding
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HIF-1b within this cell type.
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Fig. 3. Overexpression of dnHIF and HIF-1 a. (A) RT-PCR analysis of stable vector- 
transfected 518A2 control cells (ctrl) expressing eGFP and cells stable transfected 
with the dominant-negative form of HIF-1 a (dnHIF). Arrow heads indicate the 
expression of the dominant-negative form of HIF-1 a fused to eGFP in dnHIF 
transfected cells. M: size marker; NTC: no-template control; (B) stable-transfected 
cells were exposed to 100 lM CoCl 2 as indicated or left untreated (t = 0 h). HIF-1 a
and HIF-1 b protein levels were determined by Western Blotting. (C) 518A2 
wildtype and stable-transfected cells expressing either the empty vector (ctrl) or 
dnHIF were exposed to 1% oxygen for 6 h or maintained under normoxic conditions.
Afterwards Western Blotting was conducted to assay protein levels of HIF-1 a and 
HIF-1 b. N: normoxia; H: hypoxia; (D) cells were transfected with the HIF-1 a
expression plasmid or with an eGFP-encoding vector (control, ctrl). Thereafter cells 
were stimulated with 100 lM CoCl 2 as indicated or left untreated (t = 0) and 
3.4. Ectopic expression of a dominant-nega tive form (dnHIF) inhibits 
HIF-1a and HIF-1 b in 518A2 human melanoma cells 

Another approach to inhibit the HIF pathway is the ectopic 
expression of a HIF-1 a (or HIF-2 a) deletion mutant acting in a
dominant-n egative manner [14,15,17,24] by inhibition of func- 
tional HIF complex formation [14]. Therefore the dominant-nega- 
tive HIF (dnHIF) construct was generate d similar as described 
previously [14] and cloned into the expression vector pEGFP-C1 
leading to a transgene encoding an eGFP–dnHIF fusion protein.

To prevent the HIF pathway in 518A2 cells by forced expression 
of an inhibitor, cells were stable transfected either with the domi- 
nant-negati ve construct or with the eGFP-encodi ng vector serving 
as control. RT-PCR analysis revealed the expression of the appro- 
priate transgene in transfected cells (Fig. 3A).

Inhibition of the HIF pathway in 518A2 cells by a dominant- 
negative form should therefore reduce the expression level of 
HIF-1b under hypoxic conditions and thus confirm previous re- 
sults. To test this hypothesis stable transfected cells were stimu- 
lated with 100 lM cobalt chloride for 4, 8 and 24 h or left 
untreated (t = 0 h). Subsequentl y the protein level of HIF-1 a and
HIF-1b was determined by Western Blotting. As shown in Fig. 3B,
HIF-1a accumulate d in vector-trans fected control cells in a time- 
dependent manner due to cobalt chloride-induc ed hypoxia. Sur- 
prisingly the stabilization of this subunit was delayed and less pro- 
nounced in cells expressing the dominant-negati ve form. HIF-1 b
increased on protein level over time in vector-transfected control 
cells. In contrast, HIF-1 b expression was inhibited in 518A2 cells 
transfected with dnHIF compared to cells containing the empty 
vector.

This finding demonstrat es that HIF-1 b expression depends on 
the HIF pathway itself and is in agreement with previous results.

To test the inducibility of HIF-1 b in transfectant s under hypoxia,
cells were exposed to 1% oxygen for 6 h or maintain ed under norm- 
oxic condition s. Protein levels of HIF-1 a and HIF-1 b were subse- 
quently assayed by Western Blotting and compared to 
untransfect ed hypoxic and normoxic 518A2 cells. HIF-1 a and
HIF-1b levels were elevated in untransfected 518A2 cells when ex- 
posed to hypoxia compared to normoxic condition s (Fig. 3C). In 
vector-trans fected cells both subunits were induced due to hypox- 
ia. In contrast, in dnHIF-exp ressing cells HIF-1 a stabilizati on was 
impaired compare d to the vector-trans fected control. HIF-1 b was
inducible as well in dnHIF-transfec ted cells under hypoxia and 
the protein level of this subunit was equal compared to hypoxic 
vector-trans fected control cells.

This result demonstrates the oxygen-depend ent regulation of 
HIF-1b in 518A2 wildtype and transfected cells. In addition it indi- 
cates that the HIF pathway inhibition by a dominant-negati ve form 
can be overcome to restore HIF-1 b levels under hypoxia.
subjected to Western Blotting.
3.5. Overexpressi on of HIF-1 a in 518A2 cells excludes 
heterodimer ization per se as the major cause of HIF-1 a-dependent
inducibility of HIF-1 b

HIF-1b might be elevated on protein level due to dimerizatio n
with HIF-1 a and will be protected thereby against a putative deg- 
radation. Overexpression of HIF-1 a should therefore result in a
similar expression pattern of both subunits.
To test this assumpti on HIF-1 a was transient overexpressed in 
518A2 cells followed by stimulation with 100 lM CoCl 2 for 2, 4
and 8 h, respectively or left untreated (t = 0 h). HIF-1 a and HIF-1 b
levels were subsequent ly determined by Western Blotting. In HIF- 
1a-overexpres sing cells the expression of this subunit peaked after 
2 h whereas HIF-1 b reaches its maximum after 8 h (Fig. 3D). Thus 
heterodime rization of both subunits could be excluded to be per 
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se the major cause of HIF-1 a-dependent upregulation of HIF-1 b. Fur- 
ther the observed time delay in HIF-1 b induction argues for de novo 
synthesis of this subunit under cobalt chloride-induc ed hypoxia.

In another set of HIF-1 a-knockdown experiments, treatment of 
518A2 cells with the proteasome inhibitor MG-132 could not pro- 
tect the beta subunit from a putative degradat ion and reverse the 
non-canonic al relationship between HIF-1 a and HIF-1 b (data not 
shown).

Taken together, these results indicate that heterodimerizati on 
of both subunits is not sufficient to upregulate HIF-1 b under cobalt 
chloride-induc ed hypoxia.

3.6. HIF-1 b is locally expressed in 518A2 cells in a Het-CAM model of 
angiogenesis and invasion 

To evaluate the inducibility of HIF-1 b in a cancer-relat ed model 
Het-CAM assays were performed . Oxygen-depend ent regulation of 
HIF-1b as indicated by previous results would lead to augmented 
expression in hypoxic areas of the cell mass whereas a homoge- 
nous expression pattern would suggest a constituti ve regulation.

To test this assumpti on 518A2 cells were mixed with Matri- 
gel™, seeded onto the chorioallant oic membrane (CAM) and incu- 
bated for 5 days. As shown in Fig. 4. 518A2 human melanoma cells 
were able to invade the CAM. Further, the expression of HIF-1 a,
HIF-2a as well as HIF-1 b was locally detected within the cell mass 
indicating an oxygen-depend ent regulatio n. These finding demon- 
strates that HIF-1 b inducibility is a biologica l relevant effect during 
cellular adaptation processes to the microenvironmen t.

4. Discussion 

This study demonstrates that HIF-1 b is upregulated in a HIF-1 a-
dependent manner under hypoxic condition s for the first time. In 
general, HIF-1 b is considered as constitutively expressed and not 
influenced by hypoxia [10,12]. However, Wang et al. described 
the inducibility of this subunit on RNA as well as on protein levels 
due to hypoxic stress or cobalt chloride exposure [19]. Another 
study conducted by Chilov et al. provides evidence for the upregu- 
lation of HIF-1 b under hypoxia in some cell lines [18]. In contrast,
Huang et al. reported that HIF-1 b protein levels remained constant 
regardles s of pO 2 [25].

The results presented in this study are in line with the reports 
mentioned above supporting the concept that HIF-1 b is obviously 
a hypoxia-resp onsive protein only in a limited number of cell 
types/lin es. This is of great importance when HIF-1 b is considered 
as loading control. In addition, the data raises the question how 
HIF-1a can regulate HIF-1 b. It is known that HIF-1 a can initiate 
the expression of hypoxia-induc ible genes either directly or indi- 
rectly (e.g. via forced expression of other transcriptio n factors).
Further, it was demonst rated that HIF-1 a exerts co-activator activ- 
ities independen t of HIF-1 b [12]. However, the exact mode how 
HIF-1b is controlled by HIF-1 a remains to be elucidated.

In conclusion, the results indicate a novel HIF-1 a-dependent
mechanis m regulating HIF-1 b. This might prevent HIF-1 b to be- 
come a limiting factor under hypoxic conditions and highlight s
new challenges in HIF biology.
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