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Abstract:

One of the well-known phenomenons that cause castgpoxia (Hxa), which has two forms:
HFI1la and HFI2. It is well known that both forms have high honmpfoln particular, Hi
stimulates glycolytic GE in both types of cellsatlg showing for the Hd and H2 (or H1 and

H2) have singular aims; however, growipgof distinguishes between both molecules in terms
of transcriptional targets and effect on differphysiological pathways and tumorigenesis.
Moreover, more interest has been paid in ordentterstand the real effect of B2n order to
control/regulate different sides of digestive-tusjoncluding angiogenesis, proliferation and
apoptosis, metastasis, metabolism and resistarateetnotherapy. This makes ddglays an
essential and crucial role as regulator of the gnalint phenotype. In the present study, one shows
the importance role played by both H1 and 2 thrawghor growth.
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Introduction

The hypoxia-inducible factor containing the wellekim three proteins HIFLl(H1), HIFZy (H2)
and HIF3 (H3) is the second organ of the (HIF) fgnirhe amino-acid sequence of HIk B
compatible with HIF1 to about 48% [1-8]. In additjahe super family of transcription factors

bHLH-PAS with HIF 2x and HIF P are the roots of H2and HPB. We will denote them in this

study as H1 and H2. HRactivates and relates transcription factors bHIASPIt is, also,



known as endothelial PAS domain protein-1 (EPAS1)12]. PHDs introduce hydroxyl groups
in order to yield two 2-proline residues: Pro 406 03 through H&. This occurs by the aid of
the cofactors O2, Fe amdketoglutarate. Decreasing the biochemical-actigitfPHD, H2x get

in the nucleus and hetero-dimerized with HIE- Thereafter, H& joins to a conserved DNA
sequence referred as HRE "the Hxa-response elentieti'it Trans-activates a variety of HRGs
"Hxa-responsive genes" [13- 16]. Even thoughaH3hows stability at high O2-pressure
compared with Hd (in vitro), it has never been revealed under nacnoonditions in various
organs [17- 19]. H& is highly induced with hypoxia (Hxa), in all studi®rgans such as lung,
liver, pancreas, brain, heart and intestine [17- W®st cancer growth reveals Hxa as common
event. Most of tumors and their corresponding niatses contain either ld2or Hla, or they
can be present both [20-27].

In addition, bHLH-PAS is involved another protem Garrying out Hxa response [28- 32]. In
addition, from structure point of view, about 48%tlbe amino acid prints in Hil, H2a are
similar with 83% similarities in their bHLH domainf$3- 16] and they have certain symmetric
level in their O2 dependent degradation domainsreldeer, the fifty amino acids groups
situated "C" ends of Hi, H2a are strongly protected and show signs to imprbeemiechanism

for O2 regulation interactions with transcriptioriaimily p300 [33- 38]

2. Materials and Methods

2.1. Cell culture

Under the Uniform Biological Materials Transfer Agment (UBMTA), Addgene, Suite 550A,
Cambridge, MA 02139, USA, have provided 786-O raaatinoma cells. The cells infected
with free nucleic acid (pcDNA3-hygromycin vector T¥8V)). In addition, due to the presence
of free nucleic acid (pcDNA3-HA-VHL (RCC-4T 3-14))ke choose RCC-4 renal carcinoma

RCC-4 (renal carcinoma cells) infected in our stulyis presence of HepG2-cells, with



HEK293, and Hep3B-cells helped culturing-processeer 1.5% oxygen in the presence of 1%
fetal calf serum with 4.5 g of glucose/ml, 25 mNEPES, for example for 21% oxygen for
normoxia experiments or hypoxia-(Hxa). Human miagcular endothelial cells (ENs) lung
were provided from Clonetics (Walkersville, Md., A)S The provider suggested growing

conditions in EGM-2MV Bulletkit purchaised from Loa Walkersville, Inc, USA.

2.2. Preparation, detection and quantification N2R

Following Streit et al [39], with the presence dRlZol reagent, the Northern blot studies have
been carried out conforming to standard protoc#®.[With the aid of using accession number
from GenBank, different nucleotide (nt) have asseéshe human DNA fragments. We carried
out this with using retroviruses-“reverse transtoip-PCR” and cloned into p-CRII-topo vector
which represents standard and control material.

Hxa-responses

2.3. Arranging of complementary DNA-RNA and DNA moarray

We cultivated the above mentioned 786-O WT-8 @11% O2 for one day; then triplicate RNA-
groups were arranged in order to initiate the DNifoarray analyses. From total RNA with
the Super- script Choice system (Gibco BRL Oiexzhnologies) and T7-(dT)24 primers, one
generates cDNA. In addition, biotin-labeled riboleatides were synthesized. In order to
examine the fragmented complementary RNA for gualte carried out two tests: The premier
one, when examining an array; while the secondwest using H-genome U95A arrays to mix
atomic orbitals with 12,000 known mRNA. Gene-chypression detailed examination software
was used to get complete analysis of data. Cestimples were experimentally investigated for
average differentiation and total call. After th#te gene expression (GE) levels from two
samples (Nox and Hxa) were subjected to comparatiedysis for all three sets of data.

In the presence of proteinase inhibitors, we us¥tiM deferoxamine (DFX) to prepare nuclear



extracts.

Structure of Plasmid

Full-length murine H1 or H2 cDNAs were generated reyerse transcription-PCR and by
inserting into a pcDNAS3 expression vector. This geped by using primers incorporated with

restriction sites.

For H1 5-ATAggatccBamHI)  ATGGAGGGCGCCGGCGGCGGA AC-3 (sense

5-CGCctcgacXhol) TCAGTTAACTTGATCCAAAGCTCT C-3(antisense

For H2 5-CATggtaccKpnl)CGGC GACAATGACAGCTGACAAGGAG-3 (sense

5-CATtctagaxXbal) TCA GGTGGCCTGGTCCAGAGCTCTGA-3 (antisenst

For H1 and H2: the start codon (ATG) and stop cod@@A) are underlined letters.
By using “Pfu-PCR-based” technique, a 10-amino-&eidyc tag was getting in at the C-end of
the two HIF-complementary DNAs. Similarly, the safi?fu-PCR-based” technique was carried

out to alter proline residues to alanines, oneveaie:

For H1 P402A, 5-GCTGCCGGCGACACCATCATCTCTC-3

5-g g9cCAGCCAGCAGAGTGAGAGCATCAGGC-

For H2 P530A, 5-gcc-TAC ATCCCTATGGACGGCGAGG-3

5-TGCCAAGGTCTCCAAATCCAG TTC-3

When using certain primer pairs, one amplified-fefigth-complementary DNA (H1 mycDPA-
double prolines to alanines) or H2 mycDPA in pcDN#.addition, it was installed into a TET

response element (TRE) vector (pTRE2hyg; Clontegh)

For H1 5- ACCAacgcgtMIul)CCGCCATGGAGGGCGCCGGCGGCGAGAA-3

5- ACCAgcggccgcNot) TCACAGATCCTCTTCTGAGATGAG-3

For H2 5- ACCAgcggccgcNot) TCACAGATCCTCTTCTGAGATGACG-3




5-ACCAacgcgtMIul)CCGCCATGACAGCTGACAAGGAGAAAAAAAG G-3

HEK293 TET-on HIF-DPA clones were constructed nsfection of HEK293 TET-on cells
(Clontech) with pTRE2hygH1 DPA or pTRE2hygH2 DPAaddition to pTet-tTS vector in the
presence of 50 g of hygromycin/ml and 100 g of G413

One used Fugene 6 (Roche according to manufadunstructions) to carry out transfection of
HEK293 cells with reporter and HIF- expression piab vectors. Antonioli et al [43] have
reported the wild-type HRE-luciferase reporter aallvas a mutant HRE-luciferase reporter.
Using 200 ng of reporter, 200 ng of expressionmldsand 100 ng of reference plasmid murine
sarcoma virus-galactosidase, one could transfégfied 60% confluent HEK293 cells in 6-well
plates. One transfected them for 40 hours trarisfgcand collect them in buffer (Promega).
Then, depending on HIF- and -galactosidase actiwtg accurately determined them for

luciferase activity.

Glucose assay and VEGF enzyme-linked immunosoidmssay

For glucose concentration and VEGF protein searedgsays, the same number of HEK293
TET-on H1 DPA or HEK293 TET-on H2 DPA orEK293 TET-on parental cells were
grown in high-glucose Dulbecco’s modified Eagle’sdium (4.5 g/ml) with (1 g/ml) or without
doxycycline. A total of 400 | of the medium wasllected for the glucose and VEGF assay at
indicated times. The amount of glucose was qudettavith Sigma Diagnostics glucose
reagents. VEGF quantitation was performed withuar@Kine human VEGF immunoassay kit

(R&D Systems).

RESULTS

Some authors revealed that H1 and H2 are involvedia reactions [27] with unknown relative




contributions to hypoxic gene. This is becausentagor part of O2-regulated genes known in
cells, which express H1 and H2. lliopoulos et &][delected a line 7860 WT-8 that researchers
have extensively studied it, to evaluate HIF2. Moer, the origin of cells of that line withdrawn
from patients-under-treatment (PUT) with renal amlcinoma and exhibited mutated VHL.
From figure (1), one can notice that lanes 1 toetedt no H1 mRNA, lliopoulos et al [46]
confirmed this data.

Figure (1) shows that H1 and H2 are involved in Rigavith unknown relative contributions to
hypoxic gene. This is because the major part ofré@Hated genes known in cells, which

express H1 and H2. Lane 7860 WT-8 that researdimre extensively studied it, to evaluate

HIF2.
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Figure (1): HIF-2a is, only, expressed by 786-O cellsand HIF-1a isnot expressed

From lanes 1 and 2 (figure 1), it is important atice that no H1-protein was present even in the
VHL-defective 786-O PRC-3 cells (786PCRs). Thedks eeere acting with their VHL position:
786PCRs cultured at 1.5%-oxygen showed same s@sdaH?2. Lanes 5 and 6 (figure 1) show
VHL-incomplete renal-carcinoma cell line, RCC-4pgled the two-proteins: H1 and H2. Lanes

7 and 8 (figure 1) show that soft and fixed traosén of pcDNA3-HA-tagged VHL (RCC-4T 3-



14) lowers normoxic values of H1 and H2-proteinnsétuting Hxa inducibility. 786-O WT-8
cells, cultured under Nox (21% oxygen-for 16 hourssed for making triplicate-samples of
RNA- from 786-O WT-8 cells. Total RNA marked witlugerscript Choice System (Gibco BRL
Life Technologies) and T7-(dT) 24 primers genediiable strand cDNA. Afterwards, T7 DNA
polymerase formed antisense biotin-labeled RNAng/$iuman genome-U95A arrays including
about 12k known mRNA transcripts (Affymetrix), tRNA probe was chipped and hybridized.
Moreover, novel Hxa- inducible genes for examplesth for ADRP, chemokine growth-
regulated oncogene2 (GRO-2), baculoviral inhibitbapoptosis (IAP) repeat-containing protein
3 (BIRC-3; also called clAP-2), and known HIF targenes encoding VEGF and ADM in 786-
O cells are induced genes. Nevertheless, plateletetl growth factor, B chain (PDGF-B), is
not on the human genome U95A arrays. In additioe, @an found ADRP protein at the surface
of lipid droplet that stimulates lipid droplet foation and lipid accumulation [47- 50].

There is a phenomenon created when a sufficienuatrad lipid droplets in some cells removed
during sample preparation for microscopy may exglahe overexpression in VHL- defective
renal clear cell carcinoma. DNA microarray assagshtified some of this Hxa-IG and one used
Northern blot analysis in triplicate RNA samplesntore investigate and confirmed these Hxa-
IG. Because the expression pattern of these geasssimilar and identical in all three sets of
RNA samples, therefore we showed only one set oftidon blotting data.

Predisposed to be H2 targets, containing a Hxaeibtkigene, the ADRP gene and three known
Hxa-IG, NDRG-1 (2.0-fold), ADM (1.8-fold), an&/EGF (1.8-fold) genes, figure 2 A lane 4
versus lane 3 illustrates there data. In order riattached Hxa effects from HIF-dependent
transcription stimulation, like for example Hxa-uted mRNA stability [51- 54] or Hxa-induced
AP-1 (4, 5) was characterized in otherwise genbyiadentical VHL-defective 786PCRs. Figure
2A, lanes 1 and 2 versus lane 3 shows high stasddrGE in 786-O PRC cells, independent of

02 tension. In particular, the target GE (Fig. Z%pongly related to H2 protein standards as



shown in figure 1. Considering H2 stimulates theresgsion of these genes no other Hxa-
stimulated transcription factors such as AP-1 aReB\can do that. In addition, figure 1 lanes 5
to 8 shows that ADM (2.9-fold), VEGF (2.4-fold) ADR(induction, 2.5-fold), and NDRG-1
(2.7-fold) are similarly activated by hypoxic tresnt of RCC-4T 3-14. Nerveless, one cannot
be sure if HIF-subunit affects the activation of ®@ gene or not? Figure 2B lane 4 versus lane
3 shows that the expression of GADD153 and GADD4®Wuction, 1.9-fold) are induced by
less than average O2. In addition, expression oDBtnd GADD45A become clear to be far
dependent on HIF-/VHL pathway. This is because k&gin standards not related to their
expression H2 protein standards.

One can summarize the analysis, which was creageDNA microarray and Northern blot
analysis in VHL-defective cells by Northern blotadysis in VHL-defective cells and DNA
microarray and in cells with functional VHL showttht H2 is engaged in 786-0 cells.
Moreover, several authors have reported that Hiaukdtes, expresses and activates genes
involved in glucose metabolism [55- 58]. Glycolytienes induce in Hxa-treated wild-type
murine ES cells using similar DNA microarray analyshowever, even all the glycolytic genes
are present on the human genome U95A DNA microaoag did not observe glycolytic gene
induction.

We used Northern blot analysis to test the expoessi 13 glycolytic genes and we confirm that
the DNA microarray data were present. Figure 2@e |4 versus lane 3 illustrates that Hxa in
786-O WT-eight cells was not involved affecting tirese genes. This figure illustrates the
strong Hxa-responsive genes that related toPGKedl sliows PGM-1 and PKM which have
moderate response. In addition, figure 2C (lane®uws 3) shows no response to Hxa treatment
in 786-O WT-8 cells and there are no responsiveresgion of the four-genes. Strong Hxa-
treatment (0.1% O2) did not affect this responsxpression as figure 2C (lane 5 versus 3)

shows. Nevertheless, on the contradictory, figukglane 5 versus 3) shows for NDRG-1 (6.6-



fold), VEGF (3.1-fold), ADM (3.7-fold), and ADRP (3-fold), exhibit high induction at 0.1%
02. One should note from figure 2C, lane 1 versme Ishows that, in 786-O WT-8 cells, the
standards of the normoxic level due to glycolytengs was able to be likened to that in VHL
786PCRs. This shows that H2 is without any impacthir expression. Figure 2C, lanes 6 to 9
show that hypoxic induction of PKM (1.5-fold), LDH£8.0 old), PGK (2.5-fold), and PGM-1
(1.6-fold) GE were observed from their origin RCT-314 cells; this was carried out in parallel
experiments. Figure 2C, lanes 6-9 illustrate thi id a target of HIF, sinc€HL status affects

the expression level of each gene.
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Figure 2. Northern blot analyses and DNA microarray:

[a] Hxa (1.5% O2 for 16 h)-[H] activates expression of VEGF, ADM, ADRP and NDRG-1 in cells-786-O
(WT-8) and cellsRCC-4 (T3-14) [b] CHOP and GADDA45A are Hxa-responsive genes but they are not
correlated to HIF stimulation. [c] PKM mRNAs, LDHA,PGK-1, and PGM-1 that encodes four glycolytic

enzymes.

The standards of HIF-mRNA under Hxa were lowerethwespect to that under Nox. This

indicates that transcription of H1 and H2 is nased by Hxa. Figure 3B shows that “Hxa



mimetic’-agents raised the standards of H1- andpHi2eins in all five-cell types. One found a
good accord with H1 mRNA standards and all (but HRG/L) the 5-cell lines showed same
levels of H1-protein. The much lower level of Hbin in HMVEC-L cells (primary cells from
lung) is consistent with several studies [59- 63ken in mind the mMRNA standards, the two
endothelial-cells showed elevated standards of id&m than 293. In the contradictory, Hep3B
cells showed the highest standards of H2 proteiraddition, we noticed, in various cell lines,
several standards of hypoxic gene induction. MogeoiHepG2 showed elevated standards of
glycolytic gene induction. It is worth noting thidepG2 is consistent with Hep3B cells (PGK,
4.5-fold; LDHA, 3.5-fold), PGK, 7.5-fold; LDHA, 44old and, feeble standards of induction
were exhibited by HUVEC (PGK, 1.5-fold; LDHA, 1.8ifl), HEK293 cells (PGK, 2.5-fold;

LDHA, 2.4-fold) and HMVEC-L (PGK, 1.5-fold; LDHA, 2-fold).
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Figure 3: Duetothe effect of HIF1, glycolytic genes express hypoxic induction

Nevertheless, the poor value of induction did netirdication to specific glycolytic genes.
Similarly, H2 1G: HMVEC-Ls (NDRG-1, 2.4-fold; VEGR,.4-fold), HUVECs (NDRG-1, 1.4-
fold; VEGF, 1.6-fold), and HEK293s (NDRG-1, 2.8doNMVEGF, 2.5-fold) showed poor levels.
Cell type rather than the amount of HIF- may deteenthe level of hypoxic gene induction,
since low levels of induction were observed in HWGB/E cells expressing high levels of both

H1 and H2. Importantly, all five H1-expressing sedixhibited glycolytic gene induction under



low O2 levels, consistent with a role for H1 in wéging glycolytic enzyme expression (Fig.
3C).

Conclusions

1- We characterized various HI&2inducible genes,

2- These genes are adjusted by HIF1

3- Several endothelial well-known Tie-2&Flk-1 show tidF2a controls the processes,

4

HIF2a does not need to be controlled by endogenous lgljcogene induction in

293cells&7860
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