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Abstract. — OBJECTIVE: We aimed to evalu-
ate the effects of fulvestrant on the glycolysis of
prolactinoma GH3 cells, and reveal the potential
regulatory mechanisms.

MATERIALS AND METHODS: Prolactinoma
cell line GH3 was treated with different concen-
trations of fulvestrant (0, 0.12, 0.25, 0.5 and 1 ng/
ml) for 4 h. siRNAs XBP1s and XBP1u were con-
structed to treat GH3 cells. The expression lev-
els of XBP1s, XBP1u, IRE1, PKM2 and GRP78 of
GH3 cells were detected by Western blot. Mean-
while, the glycolytic activity of GH3 cells, includ-
ing the glucose uptake, ATP/ADP, and lactate
production were detected.

RESULTS: The expression levels of XBP1s
and XBP1u were significantly inhibited by ful-
vestrant in a dose-dependent manner. The glu-
cose uptake, ATP/ADP and lactate production
of GH3 cells were significantly inhibited by ful-
vestrant as well as siRNA XBP1s and XBP1u (p
< 0.05). Western blot analysis suggested that
the expression levels of IRE1, PKM2 and GRP78
were significantly decreased in GH3 cells treat-
ed by fulvestrant as well as siRNA XBP1s and
XBP1u, compared with those in normal control
(p < 0.05).

CONCLUSIONS: Fulvestrant could inhibit
the glycolysis of GH3 cells by downregulating
IRE1/XBP1 signaling pathway, and this process
was closely related with the downregulation of
PKM2.
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Introduction
Prolactinoma is a noncancerous tumor fre-

quently occurring in pituitary gland'. It is usually
accompanied with amenorrhea, galactorrhea and
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infertility in females, and sexual dysfunction
and sellar mass in males’. Bromocriptine is a
dopamine agonist, which is commonly used in
treating prolactinoma. It can effectively suppress
the prolactin secretion and reduce the tumor size®.
However, nearly 10% prolactinoma patients are
resistant to bromocriptine*. Therefore, searching
of novel molecular therapies for prolactinoma is
urgently needed.

As an important source of ATP, active gly-
colytic metabolism is a significant biochemical
feature of malignant tumors’. Tumor cells prefer
glycolysis especially under aerobic conditions®.
Therefore, inhibition of glycolysis has become
an effective strategy in the treatment of tumors.
It has been reported that methyl jasmonate can
induce necrosis and apoptosis of hepatocellular
carcinoma cells via the inhibition of glycoly-
sis”. The cell proliferation in colorectal cancer
is inhibited by miR-1 through the inhibition
of SMAD3-mediated glycolysis®. Extracellular
matrix protein Reelin promotes myeloma pro-
gression by facilitating tumor glycolysis’. These
results suggested that the inhibition of glycolysis
may exhibit great potential in the treatment of
prolactinoma. The antiestrogen agents exhibit
suppressive effects on prolactinomal!®. Fulves-
trant, an estrogen receptor (ER) antagonist, is
commonly used in the treatment of hormone re-
ceptor (HR)-positive metastatic breast cancer'’.
Meanwhile, the inhibitory role of fulvestrant on
prolactinoma has also been revealed by various
researches. For example, it has been reported
that fulvestrant can inhibit the proliferation and
prolactin secretion of prolactinoma MMQ and
GH3 cells in vitro'. The tumor proliferation and
prolactin secretion are inhibited by fulvestrant
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on F344 rat models of prolactinoma'’. However,
the inhibitory effects and mechanisms of fulves-
trant on glycolysis of prolactinoma cells have
not been revealed.

In this study, the effects of fulvestrant on the
glycolysis of prolactinoma GH3 cells were evalu-
ated. Meanwhile, siRNA XBP1s and XBP1lu were
constructed to analyze the potential action mech-
anisms of fulvestrant with XBP1. Our findings
might be useful to reveal the molecular mecha-
nisms involved in the inhibitory effects of fulves-
trant on the glycolysis of prolactinoma cells.

Materials and Methods

Cell Culture and Treatments

Prolactinoma cell line GH3 (purchased from
Sun Yat-Sen University, Guangzhou, Guangdong,
China) was maintained in Dulbecco’s Modified
Eagle Medium (DMEM, BD Pharmingen, San
Diego, CA, USA) containing 10% fetal bovine
serum (FBS) at 37°C with 5% CO,. GH3 cells
(1x10°/ml) were inoculated in 96-well plate, and
fulvestrant (No. 129453-61-8, Hangzhou Jihan
Chemical Co., Ltd., Zhejiang, China) at the con-
centrations of 0.12, 0.25, 0.5 and 1 ng/ml was
added into each well with three replicates for
each concentration. After 4 h of culturing at
37°C, cells were collected for Western blot and
glycolysis analysis. Cells without the treatment
of fulvestrant were considered as the control (0
ng/ml).

Vectors Construction and Transfection
Two siRNA vectors of XBPls and XBPlu
were constructed. Simply, special comple-
mentation fragments of XBPls and XBPlu
were amplified via PCR with specific primers
(XBPIs-F:  5>-GTTAGGATCCCGCCATGAC-
CCCGCAGCTTCTCCTGGCCC-3’, XBPls-R:
5’-ACCTCCACCTGAACCTCCACCAC-
CCGAACCACCTCCACCCTTG CCCAGGCT-
CATTGTGGC-3’; XBPlu-F: 5-GATAGGAAC-
CCGCCA TGACGGCGCAGCGTCTCCTGG-
CCG-3’, XBPlu-R: 5-GCCTCCACCTACCT-
GCACCACCCGTACCACCTCCACCCTTG-
CAAAGCTCATCCTGGC-3’) by using the cD-
NA library of human myeloid leukemia cell line
KG-I as template. PCR products were purified
by 1% agarose gel electrophoresis, and inserted
into the vector of pcDNA3.1(+) (conserved in our
laboratory) using T4 ligase (TaKaRa, Dalian,
China) (Restriction site: BamH I and Xbal).

After transformed into DH5a (conserved in our
laboratory), positive clones were identified by
sequencing (Invitrogen, Carlsbad, CA, USA).
Before transfection, a total of 2 x 10° GH3 cells
were seeded in 6-well plates and cultured for 24
h. Next, these cells were transfected with siRNA
XBPl1s and XBPlu by using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. GH3 cells trans-
fected with empty pcDNA3.1(+) were considered
as control.

Western Blot

The total proteins of GH3 cells in different
groups were extracted by lysis buffer. After 10
min of centrifugation (12000 rpm) at 4°C, the
proteins were separated by SDS-polyacrylamide
gel electrophoresis (PAGE) on 12% polyacryl-
amide gels, and transferred to a polyvinylidene-
fluoride membrane (PVDF, Millipore, Billerica,
MA, USA). The membrane was blocked with 5%
skim milk for 1 h, and special diluted primary
antibodies (anti-XBP1, 1:500, LSBio, Shanghai,
China; anti-IREI1, 1:1000, Novus, CT, USA; an-
ti-PKM2, 1:500, Abcam, Cambridge, MA, USA;
anti-GRP78, 1:500, Abcam, Cambridge, MA,
USA) were added and incubated overnight at
4°C. After washed with Tris-buffered saline with
1% and Tween-20 (TBST-20) for three times,
horseradish peroxidase (HRP)-conjugated goat
anti-rabbit antibody (1:5000, Hangzhou Huaan
Biotechnology Co., Ltd., Zhejiang, China) was
added and incubated for 1 h at 25°C. The samples
were finally washed with TBST for 3 times, and
the protein brands were colored by enhanced-
chemiluminescence (ECL) reagent (Hangzhou
Huaan Biotechnology Co., Ltd., Zhejiang, Chi-
na). The expression levels of proteins were quan-
tified by using a UV gel imager (FluorChem M,
Globalebio Co., Ltd., China).

Glucose Uptake Detection

A total of 2 x 10° GH3 cells were seeded
in 12-well plates, and cultured for 24 h in se-
rum-free DMEM at 37°C with 5% CO,. After
washed with phosphate-buffered saline (PBS),
cells were cultured for 2 h in DMEM containing
1% FBS. Then, these cells were incubated in 1 ml
PBS containing 200 nmol/l insulin for 30 min,
followed by 1 pCi/ml 2-deoxy-[3H]-D-glucose
for 5 min. Subsequently, 20 umol/l cytochalasin
B were immediately added into these cells to
avoid intracellular diffusion of glucose. After
washed with precooled PBS for 3 times, cells
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were lysed by 10 min of incubation with 400 pl
1% SDS. The cell lysate was gathered in a glass
fiber filter paper by cell harvester, and the dried
filter paper was put in a measuring bottle. Next,
after adding 4 ml scintillation solutions, the glu-
cose uptake of GH3 cells was determined by the
counts per minute (CPM) on a liquid scintillation
counter (LSC-7200, Hitachi, Tokyo, Japan).

ATP/ADP Detection

A total of 1 x 10° GH3 cells in different
groups were cultured for 24 h in Dulbecco’s
Modified Eagle Medium (DMEM) at 37°C with
5% CO,. After being centrifuged at 800 rpm
for 5 min and washed twice with PBS, cells
were collected and counted. The cell membrane
was broken by 10 min of incubation with 500 pl
perchloric acid (0.1 mmol/l). Then, 250 ul su-
pernatant were collected by 20 min of centrif-
ugation at 1500 rpm, followed by mixing with
50 pl Na,CO, (0.5 mmol/L) After 10 min of
centrifugation at 1500 rpm, 50 pl supernatant
were used for detection. The contents of ATP/
ADP were detected by HPLC with hypersil C18
(250 mmx4.6 mm, 5 pm). HPLC conditions
included 20 pl sample size, 25°C temperature,
0.1 mmol/l KH2PO4 (pH 6.0) mobile phase,
0.9 ml/min liquid flow and 254 nm detection
wavelength.

Lactate Production Detection

A total of 2x10° GH3 cells in different groups
were cultured for 48 h in DMEM at 37°C with 5%
CO,. After 10 min of centrifugation at 800 rpm,
50 pl supernatant were added into 96-well plates,
and then 50 pl reaction mixture (46 pl buffer, 2
ul substrate and 2 pl lactolase) were added into
each well. Followed by 30 min of incubation,
the optical density at 450 nm (OD450) of each
well was detected by using a Microplate Reader
(HBS-1096A, DeTie, Nanjing, China). The con-
centrations of lactate (C) produced by GH3 cells
were calculated as followed: C = La/Sv (nmol/ul)
where La represents the content of lactate calcu-
lated by a standard curve, and Sv represents the
sample volume.

Statistical Analysis

All data were expressed as mean * Stan-
dard Deviation (SD). Statistical analysis was per-
formed by SPSS version 17.0 (SPSS Inc., Chi-
cago, IL, USA). Comparison between different
groups was determined by #-test. p-value < 0.05
was considered to be significantly different.
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Results

The Expression Levels of XBPIs and
XBP1u were Inhibited by Fulvestrant
in GH3 Cells

The effects of fulvestrant on the expression
of XBPls and XBPlu were evaluated on GH3
cells. The expression levels of XBP1s and XBPlu
were significantly inhibited by fulvestrant in a
dose-dependent manner (p < 0.05) (Figure 1).
When the concentration of fulvestrant reached to
1 ng/ml, approximately 5 times of reduction was
observed on the expression levels of XBP1s and
XBP1u (Figure 1).

The Glycolytic Activity of GH3 Cells
was Inhibited by Fulvestrant through
Downregulating XBP1s and XBP1u

In order to reveal the relations between fulves-
trant and the expression of XBP1, siRNA XBPIs
and XBPlu were transformed into GH3 cells.
Western blot showed that the expression levels of
XBPI1s and XBP1lu in GH3 cells were significant-
ly reduced by siRNA XBPls and XBPlu (28%
and 37%, p < 0.05).
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Figure 1. The expression of XBPls and XBPlu on GH3
cells treated by different concentrations of fulvestrant (0,
0.12, 0.25, 0.5 and 1ng/ml) detected by Western blot (4 and
B). * and ** represented significantly different at p < 0.05
and 0.01 when compared with normal control (0 ng/ml). &
and && represented significantly different at p < 0.05 and
0.01 when compared with GH3 cells treated with 0.12 ng/ml
Fulvestrant. ## and " represented significantly different at
p < 0.05 when compared with GH3 cells treated with 0.25
and 0.5 ng/ml fulvestrant, respectively.
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After the treatment of fulvestrant, the glucose
uptake, ATP/ADP and lactate production of GH3
cells were significantly inhibited in a dose-depen-
dent manner (p < 0.05). At the concentration of 1
ng/ml, the glucose uptake, ATP/ADP and lactate
production were reduced by fulvestrant for about
40%, 45% and 40%, respectively, compared with
those in normal control (0 ng/ml) (Figure 2A). In
consistent with fulvestrant, significantly reduced
glucose uptake, ATP/ADP and lactate production
were also observed on GH3 cells treated by siR-
NA XBPls and XBPlu (p < 0.05). Meanwhile,
there was no significant difference on glucose
uptake, ATP/ADP and lactate production between
GH3 cells treated by siRNA XBP1s/XBPlu and
those treated with 1 ng/ml fulvestrant (Figure
2B). Since fulvestrant could inhibit the expres-

sion levels of XBPIls and XBPlu, these results
indicated that the inhibitory effect of fulvestrant
on the glycolytic activity of GH3 cells might be
related with the downregulation of XBPls and
XBP1u.

The Expression Levels of IRE1, PKM2
and GRP78 in GH3 were Inhibited by
Fulvestrant through Downregulating
XBPIs and XBP1u

In order to further investigate the regulatory
mechanisms of fulvestrant on GH3 cells, the
protein expression of IREl1, PKM2 and GRP78
was detected by Western blot. The expression
levels of IRE1, PKM2 and GRP78 were signifi-
cantly decreased by fulvestrant in GH3 cells in
a dose-dependent manner (p < 0.05) (Figure 3).
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Figure 2. The glucose uptake, ATP/ADP and lactate production of GH3 cells. 4) GH3 cells treated by different concentrations
of fulvestrant (0, 0.12, 0.25, 0.5 and Ing/ml). * and ** represented significantly different at p < 0.05 and 0.01 when compared
with normal control (0 ng/ml). &, # and ” represented significantly different at p < 0.05 when compared with GH3 cells
treated with 0.12, 0.25 and 0.5 ng/ml fulvestrant, respectively. B) GH3 cells treated by fulvestrant (1 ng/ml), siRNA XBPIs
and XBPlu. * represented significantly different at p < 0.05 when compared with GH3 cells treated with 1 ng/ml respectively.
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Figure 3. The expression of IRE1, PKM2 and GRP78 on GH3 cells treated by different concentrations of fulvestrant (0, 0.12,
0.25, 0.5 and Ing/ml) through Western blot (4 and B). * and ** represented significantly different at p < 0.05 and 0.01 when
compared with normal control (0 ng/ml). & and && represented significantly different at p < 0.05 and 0.01 when compared
with GH3 cells treated with 0.12 ng/ml fulvestrant. # and ## represented significantly different at p < 0.05 and 0.01 when
compared with GH3 cells treated with 0.25 ng/ml fulvestrant. *“Represented significantly different at p < 0.05 when compared
with GH3 cells treated with 0.5 ng/ml fulvestrant. The expression of IRE1, PKM2 and GRP78 on GH3 cells treated by
Fulvestrant, siRNA XBP1s and XBP1u through Western blot (C and D). *Represented significantly different at p <0.05 when

compared with normal control (0 ng/ml).

When the concentration of fulvestrant reached to
1 ng/ml, approximately 40%, 55% and 30% re-
duction was observed on the expression of IRE1,
PKM2 and GRP78, respectively. Meanwhile, the
expression levels of IRE1, PKM2 and GRP78
were also reduced in GH3 cells treated by siRNA
XBPl1s and XBPlu compared with those in nor-
mal control (p < 0.05). The expression of IREI,
PKM?2 and GRP78 of GH3 cells treated by 1 ng/
ml fulvestrant was similar with those treated by
siRNA XBPls and XBPlu. As fulvestrant could
inhibit the expression of XBP1s and XBP1u, these
phenomena indicated that the inhibitory effects
of fulvestrant on glycolysis of GH3 cells may
closely related with the downregulation of IRE1,
PKM2 and GRP78.
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Discussion

Prolactinoma constitutes the most prevalent
hormone-secreting pituitary adenomas'. As a
typical ERa antagonist, fulvestrant exhibits great
therapeutic potential on prolactinoma®. It has
been reported that fulvestrant can inhibit the cell
proliferation and prolactin secretion, and promote
the apoptosis of prolactinoma cells'®. Fulvestrant
inhibited the tumor proliferation and prolactin
secretion on F344 rat models of prolactinoma®.
In this study, the glucose uptake, ATP/ADP and
lactate production of GH3 cells were significant-
ly inhibited by the treatment of fulvestrant in a
dose-dependent manner. Our findings indicated
that fulvestrant could significantly inhibit the
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glycolysis of prolactinoma cells. Since most tu-
mors exhibited high glycolysis metabolism, the
inhibited glycolysis may directly contribute to the
apoptosis of prolactinoma cells.

The action mechanisms of fulvestrant on pro-
lactinoma are complex, which have been reported
to be associated with various factors, such as
WIF-15, matrix metalloproteinase-9 (MMP-9),
B cell leukemia/lymphoma-2 (BCL-2)", pituitary
tumor transforming gene (PTTG) and transform-
ing growth factor f1 (TGFB1)"®. In this study, we
found the expression levels of XBP1s and XBPlu
were significantly inhibited by fulvestrant in a
dose-dependent manner. Meanwhile, the glucose
uptake, ATP/ADP, and lactate production were al-
so found significantly reduced in GH3 cells treat-
ed by siRNA XBPls and XBPlu. These results
indicated that fulvestrant might inhibit glycolysis
of prolactinoma cells by downregulating XBPls
and XBPlu. XBPI, a transcription factor of the
unfolded protein, is important in the proper func-
tioning of the immune system and cellular stress
response”. Recently, scholars have shown that
XBP1 played an important role in tumor progres-
sion?%. It has been reported that loss of XBPI
severely inhibited the growth of human fibro-
sarcoma cells in a hypoxic microenvironment *'.
XBP1 overexpression was significantly correlated
with the tumor stage, lymph node metastasis and
poor outcome of esophageal squamous cell carci-
noma??. Low expression of XBP1 induced by ER}
was associated with decreased survival of breast
cancer cells®. Our findings suggested that the on-
cogene role of XBP1 on prolactinoma was closely
related with the inhibition of glycolysis. Mean-
while, fulvestrant might inhibit the glycolysis of
prolactinoma cells via downregulating XBP1.

IRE1/XBP1 pathway is a conserved unfolded
protein response pathway involved in endoplas-
mic reticulum stress*. Under non-stressed condi-
tions, IRE1 is associated with glucose GRP78 in
an inactive state. However, the activation of IRE1
can remove an intron from the XBP1 and then
recover the endoplasmic reticulum stress®*. Until
now, various researches have shown that IRE1/
XBP1 signaling pathway was important in tumor
progression®”#*2°_ In this study, the regulatory
mechanisms of fulvestrant on glycolysis of GH3
cells were further analyzed, and Western blot
showed that the expression of IREl and GRP78
was significantly reduced by siRNA XBPls and
XBPlu. It has been reported that the prolonged
unfolded protein response activation reduced
the glycolysis and mitochondrial metabolism via

IREI signaling?”. GRP78 was implicated in the
modulation of tumor aerobic glycolysis by pro-
moting autophagic degradation of IKKf*. Our
findings were consistent with these researches,
and further illustrated that the reduced glycolysis
induced by siRNA XBPls and XBPlu was related
with the IRE1/XBP1 pathway. Besides, PKM?2 is
a limiting glycolytic enzyme that catalyzes the
final step in glycolysis. PKM2 plays an important
role in tumor metabolism and growth. Besides,
it has been reported to be able to promote the
glycolysis and inhibit the oxidative phosphory-
lation in glioblastoma cells*. Meanwhile, PK M2
nuclear translocation induced by iNOS-derived
nitric oxide promoted the glycolysis in ovarian
cancer’. The antioxidant uncoupling protein 2
sensitized pancreas cancer cells to glycolysis
inhibition via stimulating PKM2 expression®.
In consistent with these findings, significantly
reduced expression of PKM2 was observed on
GH3 cells with low glycolysis (treated by siR-
NA XBPls and XBPlu). The low expression of
XBP1s and XBP1u might inhibit the glycolysis of
GH3 cells through downregulating PKM2.

Conclusions

We found that fulvestrant was able to inhibit the
glycolysis of GH3 cells by downregulating IRE1/
XBPI signaling pathway. Meanwhile, this process
was closely related with the downregulation of
PKM2. However, this study was still limited in cell
experiment, and further researches on the anti-gly-
colysis effects of fulvestrant and related regulatory
mechanisms on animal model were still needed.
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