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Abstract

Angiogenesis is an essential process during follicular development and corpora lutea (CL) formation. Recent studies have shown
that vascular endothelial growth factor (VEGF) is an essential regulator of ovarian angiogenesis. Several lines of evidence have
indicated that the production of VEGF is regulated by hypoxia inducible factor-1a (HIF-1e), especially under hypoxic condi-
tions, but the expression of HIF-1a has not been well characterized in the porcine ovary. The present study examined the expres-
sion of HIF-1a mRNA and its localization in porcine ovaries at different stages of the estrous cycle. Northern blot analyses of
total CL RNA indicated hybridization of the porcine HIF-1a probe to transcripts of approximately 3.8 kb. The mRNA expression
of HIF-1a was highest in CL during the early luteal phase, followed by a decrease during the mid- and late-luteal phases. Using
in situ hybridization, abundant HIF-1a mRNA was evident in follicles and CL. Within non-atretic follicles, HIF-1la« mRNA was
highly expressed in the granulosa cell layer, while weaker labeling was evident in the theca interna. These results suggest that
HIF-1a may play a role in the regulation of cellular metabolism and blood supply during follicular growth and CL formation.

Résumé

L'angiogénese est un processus essentiel durant le développement folliculaire et la formation du corpora lutea (CL). Des études récentes
ont démontré que le facteur de croissance de I'endothélium vasculaire (VEGF) est un régulateur essentiel de I'angiogénése ovarienne. Plusieurs
évidences démontrent que la production de VEGF est régulée par le facteur 1-o inductible par I'hypoxie (HIF-1at), surtout lors de conditions
hypoxiques, mais I'expression de HIF-1a par I'ovaire porcin n’est pas été bien caractérisée. L'expression de I'mRNA de HIF-1o et sa
localisation dans des ovaires porcins a différents stades du cycle cestral a été examinée. Une analyse de Northern de I’ARN total du CL
montrait une hybridation de la sonde pour HIF-1o @ un transcrit d’environ 3,8 kb. L'expression du mRNA de HIF-1« était a son plus haut
dans le CL durant la période initiale de la phase lutéale, suivie par une diminution durant les périodes médiane et tardive. Par hybridation
in situ, une grande quantité d’ ARNm de HIF-1a était détectée dans les follicules et le CL. A I'intérieur des follicules n'étant pas en atrésie,
I"ARNm de HIF-1o était fortement exprimé dans la couche de cellules de la granulosa, alors qu’un marquage plus faible était noté dans la
théque interne. Ces résultats suggérent que HIF-1a peut jouer un role dans la réqulation du métabolisme cellulaire et de I'apport sanguin
lors de la croissance folliculaire et de la formation du CL.

(Traduit par Docteur Serge Messier)

ments after ovulation also decreases capillary contact with granulosa

Introduction

Angiogenesis is a physiological component of follicle growth and
formation of corpora lutea (CL) in the ovary during the reproductive
cycle (1,2). Although several angiogenic factors were described for
the ovary (3), vascular endothelial growth factor (VEGF) plays a
critical role in follicle and CL angiogenesis. In pigs, VEGF mRNA
and protein were evident in the periovulatory follicle, decreased
after the LH surge, then increased during the forming of the CL (4).
Gonadotropin-induced expression of VEGF in follicular (4) and luteal
tissues was reported (5); however, a hypoxic environment likely is
involved in angiogenesis during follicular development, selection,
and ovulation (6). The theca compartment has greater vascularity
than the granulosa compartment of the follicle, thereby predisposing
granulosa cells to diminished local oxygen concentrations (7).
Furthermore, partial separation of the theca and granulosa compart-

cells (8). Thus, hypoxic conditions presumably are involved in ovar-
ian angiogenesis.

It was reported that hypoxia inducible factors (HIFs) mediate
adaptive responses, such as angiogenesis, to low oxygen availability.
Both 5" and 3’ untranslated regions of the VEGF gene contain a
hypoxia-sensing region, named the hypoxia responsive element
(HRE) (9). The HIFs bind HRE and play an important role in the
transcriptional regulation of VEGF by hypoxia (10). Hypoxia induc-
ible factor-1 is a heterodimer, consisting of a- and B-subunits.
Previous studies indicated that expression of HIF-1aw and HIF-13
(aryl hydrocarbon receptor nuclear translocator [ARNT]) mRNA was
almost ubiquitous (11), whereas HIF-2a, HIF-3a, ARNT2, and
ARNTS3 expression was shown to be restricted to specific cell types
(12,13). The regulatory role of HIFs in VEGF expression and angio-
genesis was demonstrated in several tumor tissues (14). However,
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a recent study showed that expression of HIF-1a and HIF-1f3 pro-
teins did not correlate with VEGF protein expression in the normal
mouse uterus (15). It is generally accepted that HIF-1{ is constitu-
tively expressed whereas HIF-1a is continuously synthesized and
degraded by the ubiquitin-proteasome (16). Thus, HIF-1a is present
only in hypoxic cells and regulation of HIF-1 activity is primarily
determined by hypoxia-induced stabilization of the HIF-1a pro-
tein (16).

Control of steady-state protein levels is involved in HIF-1a activ-
ity under hypoxia; however, the regulation of HIF-1aw expression
and activity in vivo occurs at multiple levels, particularly mRNA
expression (17,18). In the ovary, expression of the HIF-1a gene, as
well as its association with VEGF expression and angiogenesis, was
reported to occur in ovarian cancer cells (19). In contrast, few data
exist on the expression of HIF-1ae mRNA and its localization in the
normal adult ovary. Therefore, the aims of the present study were
to investigate the expression of HIF-1ae mRNA in the porcine CL at
different stages of the estrous cycle, to demonstrate the localization
of HIF-lae mRNA, and to determine the distribution of VEGF and
HIF-1oe mRNA in the porcine ovary. The hypothesis was that HIF-Taw
mRNA expression would be similar to VEGF mRNA expression and
reflect hypoxic conditions in the porcine ovary.

Materials and methods

Animals and tissue preparation

The experimental protocol was approved by the North Carolina
State University Institutional Care and Use Committee whose guide-
lines are in accordance with the Canadian Council on Animal Care.
Ovaries were collected from 15 pubertal gilts using previously
described procedures (34). Briefly, 20 gilts (170 to 180 d of age) were
treated with a combination of equine chorionic gonadotropin and
human chorionic gonadotropin (PG600; Intervet, Millsboro,
Deleware, USA), and subsequently checked daily for estrous with a
mature boar. The 1st d of standing estrus was designated as day 0.
Five animals were discarded from the study for failure to demon-
strate estrus after the PG600 treatment.

Fifteen animals (1 = 3 per day) were euthanized on days 4, 7, 10,
13, or 15 of the estrous cycle. Animals were euthanized by intra-
venous injections of 58.5 mg pentobarbital sodium and 7.5 mg
phenytoin sodium/kg body weight (Beuthanasia-D Special;
Schering-Plough Animal Health Corporation, Kenilworth,
New Jersey, USA). The ovaries were collected immediately after
euthanasia and 3 to 4 CL were dissected from the ovaries, snap-
frozen in liquid nitrogen, and stored at —80°C for Northern blot
analysis. Ovarian pieces containing follicles and CL were embedded
in optimal cutting temperature (OCT) media on dry ice, and sub-
sequently sectioned (8 pm) using a cryostat, mounted on slides, and
stored at —80°C for in situ hybridization studies.

Cloning and synthesis of porcine HIF-1a cDNA and
cRNA probes

The primer pairs for HIF-1la were based on human cDNA
sequences available from Gen Bank (National Center for
Biotechnology Information [NCBI], US National Library of Medicine,

Bethesda, Maryland, USA). The primer sequences were 5'-AGG CTT
ACC ATC AGC TAT TTG CG-3’ (sense) and 5'-TTC ATT CTG AGA
AAA AAG CTT CGC-3’ (antisense), corresponding to nucleotides
(nt) 180 to 202 and 491 to 514 of the human HIF-1a cDNA (GenBank
accession no. XM_007373). Using previously described procedures
(20), a polymerase chain reaction (PCR) of pig CL cDNA was used
to generate a 335 base pair (bp) porcine HIF-1a: DNA. The amplified
products were isolated, cloned into a vector (pGEM-T Easy vector;
Promega, Madison, Wisconsin, USA), and sequenced at the Iowa
State University DNA Sequencing and Synthesis Facility (Iowa State
University, Ames, Iowa, USA). After verification that the insert was
correct, the cDNA clone was subsequently used as a template for
radiolabeled probe synthesis. Based on comparisons of complete
genomes (UniGene, NCBI) there is greater than 95% homology
between bovine, human, and porcine sequences for HIF-1a.

The cDNA fragments used for the synthesis of probes for Northern
blot analysis were a 355 bp EcoRI (restriction endonuclease; Promega)
fragment of HIF-1a, 435 bp EcoRI fragment of VEGF (164 amino
acid isoform), and a 689 kb EcoRI-NotI fragment of 18S (21). These
cDNA fragments were randomly labeled with ¥*P-deoxycytidine
5'-triphosphate using the primer DNA labeling system (Random
primer DNA labeling system; Gibco-BRL Life Technologies, Grand
Island, New York, USA).

For in situ hybridization, 3S-labeled cRNA antisense and sense
probes were prepared using an RNA transcription kit (MAXIscript
SP6/T7 Kit; Ambion, Austin, Texas, USA), as previously described
(22). Each cDNA template was linearized with PstI (restriction
endonuclease; Promega) for T7 generation of the sense probe and
with Ncol (restriction endonuclease; Promega) for SP6 generation
of antisense probe of porcine HIF-1aw and VEGE. The VEGF probe
was previously developed and assessed (22). Each ¥*S-UTP labeled
cRNA probe was filtered with sephadex spin columns (Sephadex
G5-Quick Spin Columns; Roche, Indianapolis, Indiana, USA) to
remove unincorporated nucleotides. All procedures were performed
according to manufacturer’s recommendations.

RNA preparation and Northern blot analysis

RNA extraction and Northern blot hybridization were conducted
as previously described (34). Briefly, total RNA was isolated from
frozen CL using guanidine thiocyanate and phenol/chloroform
extraction (Tri-Reagent; Molecular Research Center, Cincinnati, Ohio,
USA). Samples of total CL RNA (20 g of each sample) were dena-
tured and separated in denaturing agarose gels (1% agarose and
6.6% [v/v] formaldehyde).

The gels were stained with ethidium bromide after electrophore-
sis and the ribosomal RNA bands were visualized under ultraviolet
illumination to ensure the integrity of the RNA samples. The size of
the mRNA transcripts was calculated based on molecular size mark-
ers run on the same gel after visualization by ethidium bromide
staining.

Fractionated RNA were transferred to nylon membranes overnight
using a transfer system (Turboblotter Rapid Downward Transfer
System; Schleicher & Schuell, Keene, New Hampshire, USA). The
blotted membrane was rinsed and dried at 80°C for 60 min.
Afterward, the membranes were prehybridized at 65°C in prehy-
bridization solution for 30 min, the section was then replaced with
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new prehybridization solution with denatured ¥*P-labeled HIF-1a
cDNA probe (2 X 10° cpm/mL; total volume 5 mL) and the hybrid-
ization continued overnight. The membranes were then washed
twice with 0.1X SSC, containing 0.1% sodium docedy]l sulfate (SDS)
and 1 mM ethylenediamine tertraacetic acid (EDTA), pH 8.0, at room
temperature for 30 min, and twice with 20 mM NaHPO,, 1% SDS
1 mM EDTA, pH 8.0, at 65°C for 15 min. After a final wash, the
membrane was covered with plastic wrap (Saran Wrap) and exposed
to a phosphorimaging screen (Molecular Dynamics, Sunnyvale,
California, USA) at room temperature for 10 h. Hybridization signals
were scanned and quantified (ImageQuant software; Molecular
Dynamics). Subsequently, the blots were stripped in a shaking
chamber containing a boiling solution of 0.1X SSC and 0.5% SDS for
15 min and then boiling water for 15 min. The membrane was pre-
hybridized as before and then hybridized with the 32P-labeled por-
cine 185 cDNA probe. The blot was washed and exposed to a
phosphorimaging screen for 15 min. Quantification of hybridization
signals was obtained by phosphorimage analysis using the same
software. A pool of RNA was made by combining purified RNA
extracted from days 4 to 15 CL. The pooled RNA was used as an
internal control between each blot. The intensity for HIF-1a was
adjusted according to the difference between the signals of the
pooled RNA samples among blots. Therefore, the HIF-1a signals
were adjusted before determining the RNA:18S ratios. A 3?P-labeled
probe for porcine 185 cDNA fragment was used as a control to assess
sample loading. Values are reported as arbitrary units above back-
ground and normalized to the signal levels of 185 cDNA in each lane
by expressing each value as a ratio to the 18S signal. Northern blot
analysis on each CL stage (day 4 to 15) was performed from 3 dif-
ferent animals.

In situ hybridization

After the slides were removed from the —80°C, they were fixed
in 4% paraformadehyde/phosphate buffered saline solution (PBSS),
rinsed in PBSS, dehydrated gradually, and allowed to air-dry at room
temperature. Acetylation and hybridization of the tissues were
performed essentially as described previously (20). Briefly, sections
were covered with prehybridization buffer and incubated in a moist
chamber at room temperature for 2 h. After the prehybridization
buffer was removed, the sections were covered with hybridization
buffer with sense or antisense radiolabeled cRNA probe of HIF-1a
and incubated at 55°C overnight for 18 h in a moist chamber. After
hybridization, slides were washed under high stringency conditions
and treated with ribonuclease A in order to remove unhybridized
probe. The slides were then dipped in liquid emulsion (Kodak NTB2;
Eastman Kodak, Rochester, New York, USA) and exposed for 3 wk
at 4°C. The emulsion-coated slides were developed (Kodak-D19
developer; Eastman Kodak) and counterstained with hematoxylin
and eosin or periodic acid Schiff stain before viewing and photog-
raphy. In order to compare mRNA distribution within the same
ovarian structures, consecutive sections of porcine ovaries were
sequentially hybridized with either VEGF or HIF-1a cRNA probes.

Blood samples and hormone assays

Blood samples were collected by venipuncture of the jugular vein
of each animal before administration of PG600 and before they were
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Figure 1. Expression of hypoxia inducible factor (HIF)-1a« mRNA in pig
corpora lutea (CL) obtained at days 4, 7, 10, 13, and 15 after the onset of
estrous. (a) Representative autoradiograph of Northern blot analysis for
HIF-1« (top) and 18s rRNA (bottom). The pooled RNA (Pool) was used as
an internal control. Marker XIV (Roche Diagnostics, Indianapolis, Indiana,
USA). (b) Relative amounts of HIF-1a mRNA to 18s rRNA (arbitary units +
s, n = 3 animals day~1) in pig CL differed between days.

ab values with different letters differ; P < 0.05.

euthanized to determine serum progesterone concentrations.
Progesterone was quantified using a described radioimmunoassay
(20). The intra-assay coefficients of variation for both high (18 ng/mL)
and low (0.3 ng/mL) progesterone reference sera were less than 5%.
All samples were analyzed in 1 assay.

Statistical analysis

Northern blot data were expressed as the ratio of the signal inten-
sity for HIF-1a probe to 185 rRNA and are shown as the mean
arbitrary units + standard error of means (s,). The mean for a specific
day represents luteal mRNA expression from 3 animals. The data
were initially analyzed for heterogeneity of variance using a uni-
variate procedure (23). Since the data were homogeneous, the general
linear model procedure was used for the analysis of variance
(ANOVA) (23). Differences in means were compared by using
Duncan’s multiple range tests.
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Figure 2. Sections of pig ovary at day 4 of the estrous cycle. (a) and (b) are brightfield and darkfield images, respectively, of hybridization in the ovary using
a sense hypoxia inducible factor (HIF)-1a RNA probe. (c) and (d) are brightfield and darkfield views, respectively, of adjacent sections hybridized with an
antisense HIF-1a RNA probe. High amounts of hybridization signals for HIF-1a mRNA predominantly were observed in granulosa-derived luteal tissues.
CL — corpus luteum; S — luteal stroma; A — antrum. Scale bars represent 100 pum.

Serum progesterone concentrations

Prior to the administration of PG600, serum progesterone con-
centrations were less than 0.2 ng/mL in all animals. Serum pro-
gesterone concentrations were 10.4, 22.6, 39.9, 86, and 46.9 ng/mL
(s, = 6.3) for days 4, 7, 10, 13, and 15, respectively. There were
13.4 CL/animal. The substantial progesterone concentrations in
pigs at day 15 indicated that the CL were functionally active on
this day.

Northern blot analysis

Northern blot analysis of mRNA showed a strong positive band
of about 3.8 kb in porcine CL collected from different stages of the
estrous cycle (Figure 1a). Expression of pig HIF-1a transcript in the
corpora lutea was found at all stages of the cycle, with greater
expression during the early luteal phase than in later stages

(Figure 1a). The HIF-1ao mRNA levels decreased with CL age (day 4
versus days 10 to 15) when normalized for 18S RNA (Figure 1b,
P < 0.05); however, expression at days 7, 10, 13, and 15 did not
differ.

In situ hybridization

In order to characterize localization of HIF-1a in ovarian tissues,
in situ hybridization with a HIF-1at RNA probe was performed. As
shown in Figures 2 to 4, prominent expression of the HIF-la mRNA
was evident in luteal tissues from CL on days 4 and 7 of the estrous
cycle. Expression of the HIF-la. mRNA also was observed in mor-
phologically non-atretic follicles with apparently greater intensity
in the granulosa compartment than in the theca compartment
(Figures 3a, 3b, 3e, 3f, and 4c). Localization of HIF-1a (Figures 3a,
3b, and 4c) and VEGF mRNA (Figures 3c and 3d) appeared in simi-
lar locations of the ovarian CL and particularly in the granulosa cell
layer of non-atretic follicles. The HIF-1a and VEGF were not evident
in atretic follicles.
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Figure 3. Sections of pig ovary at days 7 (a to d) and day 15 (e and f) of the estrous cycle. Left and right panels are brightfield and

darkfield images, respectively, of hybridization in the ovary using an antisense hypoxia inducible factor (HIF)-1« probe (a,b and e,f) or
a vascular endothelial growth factor (VEGF) RNA probe (c,d). Hybridization signals for HIF-La« mRNA are seen predominantly in the
corpora lutea (CL) and granulosa compartment, and to a lesser extent in the theca compartment of morphologically non-atretic follicles
(a,b and e,f). Hybridization signals for VEGF mRNA (c,d) are seen in similar areas as the HIF-1« signals.

F — follicle; F(a) — atretic follicle; G — granulosa compartment; S — stroma; T — theca compartment. Scale bars represent 100 pm.

The results of the present study demonstrated the presence of
mRNA for HIF-1a in the porcine ovary. The expression of HIF-1a
was described for bovine ovarian follicles and it was suggested that
hypoxia may be encountered during follicular growth (24). In addi-
tion, strong expression of HIF-1a in tumor cells adjacent to areas of

necrosis indicated that HIF-1 presumably contributes to VEGF
expression and angiogenesis in human epithelial ovarian tumors
(25). Our results provide additional evidence for the role of HIF-1
in development and angiogenesis during follicular growth and
CL formation.

With in situ hybridization, mRNA of HIF-1a was expressed pre-
dominantly in non-atretic follicles and CL. In preovulatory follicles,
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Figure 4. Photomicrographs of brightfield images of sections of pig corpus
luteum at day 7 (a and b; scale bars represent 25 um) and follicle at day
15 (c; scale bar represents 100 jum) of the estrous cycle. An antisense
hypoxia inducible factor (HIF)-1a RNA probe was used for hybridization in
the ovary. Slides were stained with hematoxylin-eosin (a,b) or periodic acid
Schiff stain (c). (a) Hybridization signals, seen as silver grains (black dots),
are present in most luteal cells. (b) Hybridization signals were dispersed
in the thecal (T) and luteal (L) tissue interface. (c) The intense hybridization
signals obscured the granulosa cells (G) and were evident in the thecal
layers (T) of a follicle at day 15.

expression of HIF-1la. mRNA subjectively appeared to be more evi-
dent in the granulosa compartment than the theca compartment,
suggesting different degrees of transcript regulation (Figures 3
and 4). Previous immunohistochemical studies demonstrated that
the granulosa area of the Graffian follicle was avascular until the
lutenizing hormone (LH) surge subsided (26). These observations
concur with a subsequent study that reported a morphological anal-
ogy between the ovarian follicle and a solid tumor. Thus, it was
speculated that hypoxic stress in the inner part of avascular multi-
cellular structures induces angiogenesis through the VEGF system
(6). Despite the expression of HIF-1la and VEGF mRNA in the
granulosa cells, it is difficult to elucidate the relative lack of vascu-
lature. Evidently, the LH surge triggers additional events that pro-
mote vascularization of the early CL (26).

The HIF-1 was identified as a transcription factor capable of
mediating hypoxic adaptation at the cellular level. The HIF-13
protein is constitutively expressed in all cells, whereas HIF-1a pro-
tein primarily is present under hypoxic conditions, suggesting that
transcriptional activity of the HIF-1 is tightly regulated by HIF-1aw
protein (27,28). Some reports indicated that hypoxia increases
HIF-1a protein levels by inhibiting degradation, rather than acting
on HIF-1a transcription (29,30). However, the induction of HIF-1
expression by hypoxia also was demonstrated in many cells and
organs (18,19). Prominent expression of HIF-1la mRNA in the inner
granulosa cell layers of the preovulatory follicle, as shown in the
present study, may contribute to the modulation of oxygen homeo-
stasis and physiological processes during follicular development.
As HIF-1 activates genes encoding glycolytic enzymes like phospho-
fructokinase or enolase (31), HIF-1a transcripts may increase trans-
port of glucose required for the metabolic adaptation in the avascu-
lar granulosa zone of the preovulatory follicle.

The present study showed that HIF-1a mRNA and VEGF mRNA
were expressed in similar areas of non-atretic follicles and CL.
Although the roles of hypoxic stress on the production of VEGF by
follicles and CL remain controversial, Graffian follicles and early CL
exist in a relatively hypoxic environment (8). Low O, levels increased
VEGEF production in vitro in human granulosa cells (32). In contrast,
VEGF production by macaque granulosa cells did not depend on
hypoxia (33). Recently, it was shown that insulin-like growth factors
(IGFs) and LH stimulated VEGF production in granulosa cells of the
mature follicle of macaques (33), and previous studies demonstrated
that production of VEGF by hypoxia or IGFs primarily is mediated
by HIF-1 (34). The current study provides evidence of HIF-1a and
VEGF transcripts in the same ovarian structure, suggesting that
hypoxic stress may contribute to the production of ovarian VEGFE.

As assessed by Northern blot analysis, HIF-1ae mRNA expression
was greater in luteal tissues collected early in the estrous cycle than
in CL at days 10, 13, and 15. Based on our previous studies of VEGF
(22), the present results indicate that an association does not exist
between the expression patterns of VEGF and HIF-1ae mRNA. While
HIF-1a mRNA expression decreased with age of CL, expression of
VEGF mRNA was consistent throughout the estrous cycle (22). If
mRNA expression is indicative of protein quantity, these findings
suggest that HIF-1a is sufficient for VEGF induction at all stages of
the estrous cycle or additional factors are involved in the regulation
of VEGF expression in the porcine CL.
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Our results indicate that HIF-1o. mRNA levels change in the por-
cine CL during the estrous cycle; however, it remains to be deter-
mined whether this reflects similar changes in HIF-1a protein. While
incomplete, emerging data support the understanding that after
ovulation, luteal tissue is avascular with low levels of oxygen or
other essential nutrients, and so HIF-1a is highly expressed in an
attempt to respond to the avascular conditions. In contrast, luteal
tissue is highly vascular after neovascularization of the CL. After
neovascularization in the early phases of the estrous cycle, the
abundant vascular supply may be required to prevent cellular dam-
age associated with hypoxia. Consequently, expression of HIF-1a is
somewhat limited in CL in the later phases of the cycle.

A surge of LH and various growth factors may contribute to ovar-
ian HIF-la expression during the periovulatory period and early
luteal phase. Indeed, the expression of IGF-1, IGF-2, and IGF-binding
proteins was described for bovine preovulatory follicle and CL (35).
Recent evidence suggested that IGF-1 and IGF-2 synergize with LH
to promote VEGF secretion by monkey granulosa cells from preovu-
latory follicles (33), and HIF-1 protein mediates VEGF induction by
insulin and IGF-1 (34). As the full transcriptional induction of VEGF
gene expression by hypoxia requires activator protein (AP)-1 bind-
ing (36), factors such as FSH and LH, which up-regulate the Fos-Jun
heterodimer, a AP-1 transcription factor (37), may contribute to
ovarian VEGF gene expression in response to HIF-1 stimulation.
Thus, a variety of factors including oxygen tension, gonadotropins
and growth factors may regulate the HIF-1-modulated VEGF tran-
scription and subsequent angiogenesis.

In conclusion, this study showed that HIF-lao mRNA is highly
expressed in porcine ovarian follicles and CL, providing promising
evidence for molecular mechanisms of metabolic adaptation and
angiogenesis in these tissues. However, further studies are needed
to determine whether HIF-1ao mRNA levels correlate with protein
levels and to establish the role of HIF-1 on VEGF production in the
porcine ovary.
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