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Hypoxia promotes proliferation of pituitary
adenomas by HIF-1a/ALKBHS5 signaling in vitro
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Abstract: Hypoxia is a common phenomenon in pituitary adenomas (PAs). The role and mechanism of hypoxia in the
PAs remains elusive. This work aimed to explore the effect of hypoxia on PAs in vitro. PA cells GT1-1 were cultured
and treated under hypoxic condition. Cell proliferation assay showed the proliferation of PA cells was increased
significantly by hypoxia treatment, with a peak at 12 hours. gPCR and western blot indicated that the expression of
HIF-1a, ALKBH5, and Nanog were elevated by hypoxia stimuli. In conclusion, our funding demonstrated that hypoxia
could increase Nanog expression through HIF-1a/ALKBH5 signaling, thereby promoting the proliferation of PA cells.
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Introduction

Pituitary adenoma (PA) is one of the most com-
mon intracranial benign tumors [1]. Unlike other
neoplasms, most PAs are hypovascular, with a
lower oxygen supply compared to adjacent nor-
mal tissues [2]. Studies have demonstrated the
growth and invasion of PAs were related to
hypoxia [3-6].

As the central transcriptional regulator for
hypoxic response, hypoxia inducible factors 1
(HIF-1a) is involved in almost all biochemical
and metabolic regulation for adapting to an
oxygen-deficient environment [7]. HIF-1a is
reportedly concerned with the growth and inva-
sion of PAs [3-6].

N6-methyladenosine (m6A) modification of
MRNA plays critical effect in the initiation and
progression of various cancers [8]. AlkB homo-
log 5 (ALKBH5), a demethylating catalyzer in
m6A, was confirmed to be the direct target of
HIF-1a [9]. Recently, research reported it could

promote the progression of breast cancer in a
HIF-1a dependent manner [10].

However, the role of HIF-1a and ALKBH5 in PAs
is unclear. Therefore, the current study explores
the effect of hypoxia on proliferation as well as
the expression of HIF-1a, ALKBH5, and Nanog
in PA cells GT1-1 in vitro.

Material and methods
Cell culture

Mouse GT1-1 cells (Shanghai Institute of Bio-
chemistry and Cell Biology, Chinese Academy of
Sciences) were cultured in Dulbecco’s modified
Eagle’s medium/High Glucose (DMEM/High
Glucose, Hyclone) containing 10% fetal bovine
serum (FBS, Biological Industries, 04-001-1A),
at 37°C, 5% CO,. For hypoxic culture, cells in
the logarithmic growth phase were cultured in a
hypoxic incubator with condition of 37°C 94%
N,, 5% CO, and 1% O,
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Figure 1. Effect of hypoxia on the proliferation of
GT1-1 cells in vitro. *P<0.05, ***P<0.001.

Cell proliferation assay

The effect of hypoxia on cell proliferation was
detected by Counting Kit-8 (CCK-8, Beyotime,
C00037). After hypoxia treatment for different
periods, CCK-8 reagent was added according to
manufacturer’s instructions, and incubation
continued for another 1.5 hours. The absor-
bance (OD value) was read at 450 nm by
enzyme labeling instrument (Spectra Max M5).
After collecting data, cell proliferation rate was
counted by following formula:

ODhypoxia - ODbIank

Cell proliferation rate =

ODontror = ODpjank
Quantitative real-time polymerase chain reac-
tion (g-PCR)

g-PCR was carried out to explore the mecha-
nism of hypoxia treatment on PA cells. Total
RNA was extracted with Trizol RNA extraction
kit (TRNzol-A*, TIANGEN, China). Q-PCR was
performed according to the kit instructions with
following cycling conditions: 60 sec at 95°C, fol-
lowed by 40 cycles of 15 sec at 95°C and 15
sec at 60°C. The expression levels of HIF-a/
Alkbh5/Nanog were normalized to GAPDH.

The primers were as below: HIF-1a F 5-TAG-
ATTTGGAGATGCTGGCTCC-3" R 5-AACTGTGCT-
CATACTTGGAGGG-3’" Alkbh5 F 5-ATCGTGTCCG-
TGTCTTTCTTCA-3° R 5-TTTCATCAGCAGCATAC-
CCACT-3’ Nanog F 5-AACCAAAGGATGAAGTGC-
AAGC-3° R 5-TCCAGATGCGTTCACCAGATAG-3’
GAPDH F 5-AGTGTGACGTTGACATCCGT-3' R 5-
GCAGCTCAGTAACAGTCCCC-3..
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Western blot

The expression of HIF-a, ALKBHh5, and Nanog
protein were investigated by western blot. Cells
were collected and total proteins were extract-
ed in RIPA lysis buffer (Meilunbio MAOOO1).
After quantification by BCA protein assay kit
(POO01 Beytotime), proteins were separated by
10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (PAGE), then transferred
onto polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Bedford, MA). Next, mem-
branes were sealed, labeled with primary anti-
bodies (overnight at 4°C), and then correspond-
ing secondary antibodies (90 min at room tem-
perature). Finally, proteins were detected under
gel imaging system by ECL kit (Amersham
Pharmacia Biotech, Piscataway, NJ) and quanti-
fied using Image J software.

Primary antibodies included: anti-HIF-1a (1:
2000, Abcam), anti-Alkbh5 (1:2000, Abcam),
anti-Nanog (1:2000, Abcam) and anti-B-actin
(1:6000, Santa Cruz).

Statistical analysis

All data were verified by at least three indepen-
dent trials, and analyzed with SPSS 18.0
(Chicago, IL). Quantative data was expressed
as means + SD. Statistical analysis was per-
formed using one-way ANOVA. The threshold
value for the statistical significance was set at
P<0.05.

Results
Hypoxia promotes the proliferation of PA cells

The proliferation of GT1-1 cells increased sig-
nificantly in hypoxic circumstance as a function
of time, and reached peak at 12 hours, as
shown by a cell proliferation assay. It should be
noted that the proliferation of GT1-1 cells
decreased after hypoxic treatment more than
16 hours (P<0.05, Figure 1).

Effects of hypoxia on the expression of HIF-1q,
Alkbh5, and Nanog in PA cells

As evidenced by g-PCR and western blot, the
expression of HIF-1a, Alkbh5, and Nonag were
increased significantly by hypoxic treatment
less than 12 hours both at mRNA and protein
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Figure 2. Effects of hypoxia on the expression of HIF-1a, ALKBH5, and Nanog mRNA in GT1-1 cells. *P<0.05,

**%*p<0.001.
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Figure 3. Effects of hypoxia on the expression of HIF-1a&, ALKBH5, and Nanog

protein in GT1-1 cells. *P<0.05, ***P<0.001.

levels, with a trend similar to the cell prolifera-
tion (P<0.05, Figures 2, 3).

Discussion

Hypoxia is a common phenomenon in solid
tumors. Under hypoxic microenvironment, tu-
mor cells undergo a variety of complex meta-
bolic regulations, thereby promoting cells to
adapt to hypoxia, survival, or even progression
[11]. Evidence demonstrated that the response
to hypoxia by cells is mainly exerted through
hypoxia inducible factors (HIF). Three isoforms
of HIF have been identified: HIF-1, HIF-2 and
HIF-3. HIF-1, the most well-known, is a heterodi-
mer that consists of two subunits: o subunit
and B subunit. HIF-1B is located within the
nucleus, while HIF-1x is present in the cyto-
plasm and regulated by oxygen. Under hypoxic
stimuli, HIF-1a is activated and translocated to
the nucleus, then combined with the [ subunit
leading to activation of genes involved in cell
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and invasion [7, 12]. It was
evidenced that the elevation
of HIF-1a expression was cor-
related closely with the prolif-
eration and invasion of tumors
in cancers of breast [13],
colorectal [14], pancreatic
[15], ovarian [16], prostate
[47], as well as PAs [3-6].

12h 16h

As a most common modifica-
tion of RNA, N6-methylade-
nosine (mM6A) plays critical
roles in cancerous pathologic
processes, such as cell motili-
12h  16h ty, and immune response.
m6As act in a dynamic and
reversible manner, and are
controlled by proteins known
as mO6A “writers” and “eras-
ers” [18]. Interestingly, it is confirmed that the
AIkB homolog 5 (ALKBH5), a m6A “eraser”, is
the direct target of HIF-1a [9]. In addition, a
recent study showed ALKBH5 could promote
the progression of breast cancer in a HIF-1a
dependent manner [10]. However, the relation-
ship between m6As and PAs remains unclear.

Nanog is an essential transcription factor regu-
lating the pluripotency maintenance of embry-
onic stem cells (ESC) [19]. Recent researche
demonstrated that elevated Nanog is associat-
ed with initiation, progression, and invasion of
various cancers, including breast [20], ovarian
[24], gastric [22], colorectal [23], hepatocellu-
lar [24], and lung carcinomas [25]. The role of
Nanog in PAs, however, still needed to be
illuminated.

In this work, we found hypoxic conditions could

promote the proliferation of PA cells in vitro. In
addition, we confirmed that expressions of HIF-
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1a, ALKBH5, and Nanog were elevated by
hypoxic stimuli. Therefore, we speculated that
hypoxia could increase Nanog expression by
HIF-1a/ALKBH5 signaling, thereby promoting
the progression of PAs.

In conclusion, we demonstrated that hypoxia
could promote the proliferation of PAs, which
might result from the elevation of HIF-1q,
ALKBH5, and Naog expression induced by
hypoxic environment. Further research should
be carried out to clarify their exact roles in PAs.
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