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the proliferation and invasion of pituitary
adenoma cells by regulating POU1F1 expression
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Abstract

Invasiveness of pituitary adenoma is the main cause of its poor prognosis, mechanism of which remains largely
unknown. In this study, the differential proteins between invasive and non-invasive pituitary tumors (IPA and NIPA)
were identified by TMT labeled quantitative proteomics. The differential metabolites in venous bloods from patients
with IPA and NIPA were analyzed by untargeted metabolomics. Proteomic data showed that the top five up-regulated
proteins were AD021, C2orf15, PLCXD3, HIST3H2BB and POU1F1, and the top five down-regulated proteins were
AIPL1, CALB2, GLUD2, SLC4A10 and GTF2I. Metabolomic data showed that phosphatidylinositol (Pl) was most remark-
ably up-regulated and melibiose was most obviously down-regulated. Further investigation demonstrated that P!
stimulation increased the expression of PITPNM1, POU1F1, C2orf15 and LDHA as well as the phosphorylation of AKT
and ERK, and promoted the proliferation, migration and invasion of GH3 cells, which were blocked by PITPNM1knock-
down. Inhibiting AKT phosphorylation reduced the expression of POUTF1, C20rf15 and LDHA in Pl-stimulated cells
while activating AKT increased their expression in PITPNM1-silencing cells, which was similar to the function of ERK.
POU1F1 silence suppressed the expression of LDHA and C2orf15. Luciferase report assay and ChIP assay demon-
strated that POUTF1 positively regulated the transcription of LDHA and C20rf15. In addition, Pl propelled the metas-
tasis of GH3 cells in vivo, and elevated the expression of PITPNM1, POU1F1, C20orf15 and LDHA. These results sug-
gested that elevated serum Pl might contribute to the proliferation and invasion of pituitary adenoma by regulating
the expression of PITPNM1/AKT/ERK/POUTF1 axis.
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Introduction
Pituitary adenoma (PA) is one of the most common pri-
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Untargeted metabolomics could provide a rapid and
wide identification of differential metabolites among dif-
ferent pathological conditions. Metabolic disorder has
recently been associated with tumor progression. Pitui-
tary adenoma cells have been demonstrated to undergo
remarkable metabolic reprogramming for aberrant hor-
mone secretion [4], which might be reflected by serum
metabolome. However, the serum metabolic difference
between IPA and non-invasive pituitary tumor (NIPA)
remains largely unknown.

The difference in serum metabolomics is attributed to
the metabolic reprogramming of tumors, which in turn
acts on the tumor cells to support cell proliferation,
migration and invasion [5]. For instance, vigorous glyco-
lysis provides energy for rapid growth of tumors [6].The
elevated lipid metabolism is implicated in tumor prolif-
eration, metastasis and chemoresistance [7, 8]. Thus, the
serum metabolic changes should be closely correlated to
the difference of tumor proteomics.

In this study, we examined the metabonomic and
proteomic differences between IPA and NIPA. The
metabonomic results showed that the levels of phos-
phatidylinositol were significantly increased in the
serums from patients with invasive pituitary tumors.

Sample 1 2

Non-Invasive

Invasive

ﬂ'ﬂrqu
Ly o F [
.,,WW \M mn"lm]lllwl’l[l |

LT |
S —Grou s-
e 2 1 0 :

1G] 1 B

o
“ g il -

Page 2 of 14

Combined with proteomic results, increased phosphati-
dylinositol was associated with the up-regulation of
PITPNM1, IRS4, HLA-DPA1 and down-regulation of
ACTG]1, PEN1, PGAP1, ATG3, CAMK2G, ARHGEF12.
Exposure of GH3 cells to phosphatidylinositol notably
promoted cell invasion and the expression of PITPNM1,
POUIF1 and C2orf15. Further investigation confirmed
that the expression of PITPNM1, POU1F1 and C2orfl5
were remarkably higher in IPA than that in NIPA. These
results suggested that the elevated serum phosphatidylin-
ositol might promote pituitary adenoma cells invasion
by increasing the expression of PITPNM1, POU1F1 and
C2orfl5.

Results

Proteomic analysis of NIPA and IPA tissues

Based on the preoperative imaging, intraoperative find-
ings and postoperative pathological diagnosis, 5 patients
with IPA and 5 patients with NIPA were selected accord-
ing to Hardy-Wilson and Knosp classification (Fig. 1A).
Invasive pituitary tumor(IPA) and non-invasive pituitary
tumor(NIPA) TMT labeled proteomics data were quali-
fied and quantified using Maxquant software. Differ-
ential expression over 1.2-fold change and p value less
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Fig. 1 Proteomic analysis of NIPA and IPA tissues. A The preoperative imagingof IPA and NIPA. B Cluster analysis of differential proteins between|PA
and NIPAtissues. C Volcanic map of differential proteins between IPA and NIPA tissues
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than 0.05 were considered as significant difference. The
results showed that, compared with NIPA group, there
were 948 differential proteins in IPA group, including 504
up-regulated proteins and 444 down-regulated proteins.
Cluster analysis of these differentiated proteins was per-
formed, and the results were shown in Fig. 1B. Volcano
Plot was drawn using fold change of protein and p value
by t-test, the results were shown in Fig. 1C, suggesting
significant difference between the data from NIPA and
IPA samples. The differentiated proteins were classified
according to their genetic properties annotated by Gene
ontology (GO) (Fig. 1s-A), including biological process
(Fig. 1s-B), cell component (Fig. 1s-C) and molecular
function (Fig. 1s-D). The KEGG enrichment analysis
showed that these differentiated proteins were mainly
involved in metabolic pathways (Fig. 2s). The top five
up-regulated proteins were ADO021, C2orfl5, PLCXD3,
HIST3H2BB and POU1F], and the top five down-regu-
lated proteins were AIPL1, CALB2, GLUD2, SLC4A10
and GTF2I (Fig. 2A). Among these proteins, POU1F1
regulates growth hormone synthesis, secretion and
action (Fig. 2B), which is associated with PA progression.

Metabonomic analysis of venous blood from patients

with NIPA and IPA

A total of 22 different metabolites were identified
between serum from NIPA and IPA. The ion peak data
of tested samples and QC samples were handled using
unit variance scaling and analyzed by PCA, and the
results were shown in Fig. 3A. The data of QC samples
are closely clustered, indicating that the repeatability
of metabonomic analysis is favorable and differences
of metabolic spectra can reflect the biological variation
among samples. The relationship between metabolite
level and sample type was analyzed by PLS-DA, and
the results were shown in Fig. 3B. The values of R2 and
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Q2 were 0.999 and 0.711, respectively, which suggested
that the model was stable and reliable. In order to evalu-
ate the rationality of candidate metabolites, and display
the relationship between samples and the differences
of metabolites levels, hierarchical clustering was per-
formed using the levels of differential metabolites and
sample types, and the results were shown in Fig. 3C,
suggesting that the level of phosphatidylinositol was
notably higher in serum from patients with IPA than
that in NIPA patients. The volcano plot generated by
fold change and p value was shown in Fig. 3D. Figure 3E
illustrated the fold change of differentiated metabolites
in IPA serum compared with NIPA serum. Among these
metabolites, phosphatidylinositol was most remark-
ably up-regulated and melibiose was most obviously
down-regulated (Fig. 3E). These metabolites were mainly
involved in phosphatidylinositol signaling system, gly-
cosylphosphatidylinositol ~and  phosphatidylinositol
transport (Fig. 3F). These results indicated that phos-
phatidylinositol mediated signaling might play a key role
in the PA invasion.

Conjoint analysis of proteome and metabolomics

We further performed conjoint analysis of proteome and
metabolomics. The results showed 17 common genes
between proteome and metabolomics (Fig. 4A). Com-
mon KEGG signaling pathway contained phosphati-
dylinositol transport (Fig. 4B). Phosphatidylinositol was
closely associated with the up-regulation of HLA-DPAI,
IRS4, and PITPNMI1. Phosphatidylinositol was also cor-
related to the down-regulation of CAMK2G, ARHGEF12,
PEN1, ACTG1, PGAP1 and ATG3 (Fig. 4C). Considering
that PITPNM1 controls phosphatidylinositol transport,
we speculated that elevated PITPNM1 expression in IPA
tissue contributed to intracellular transport of phosphati-
dylinositol, which triggered intracellular signaling.
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Fig. 2 Interaction network of the top five up-regulated and down-regulated proteins. A The fold changes of top five up-regulated
and down-regulated proteins. *, p < 0.05 vs NIPA; **, p <0.01 vs NIPA; ***, p <0.0001 vs NIPA. B Interaction network of POU1F1, AIPLT, HIST3H2BB,
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Fig. 3 Metabonomic analysis of venous blood from patients with NIPA and IPA. A PCA score of IPA compared to NIPA. B PLS-DA of IPA compared
to NIPA. C Hierarchical clustering results of metabolites with significant differences. D Volcanic map of metabolites with significant differences. E
The fold changes of significantly differential metabolites. *, p <0.05 vs NIPA; **, p<0.01 vs NIPA; ***, p <0.0001 vs NIPA. F KEGG enrichment analysis

of metabolic pathway implicated significantly differential metabolites

Proteomic analysis of phosphatidylinositol stimulated GH3
cells

We next analyzed the differential proteins expression of
GH3 cells in presence or absence of phosphatidylinosi-
tol (PI). The results were shown in Fig. 5A. Volcano Plot

based on fold change of protein and p value was shown
in Fig. 5B. The venn diagram was drawn by comparing
the differential proteins from tissue and cell proteome
(Fig. 5C). There were 20 common differential proteins,
including PITPNM1, POU1F1 and C2orfl5 (Fig. 5C).
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Fig. 4 Conjoint analysis of proteome and metabolomics. A Venn diagram of differential proteins involved in proteomics and metabolomics. B The
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These results suggested that PI might promote IPA cells
invasion by regulating the expression of PITPNMI,
POUI1F1 and C2orf15.

Phosphatidylinositol promoted pituitary adenoma cell
proliferation, migration and invasion
Immunohistochemical analysis illustrated that the
expression of PITPNMI1, POUI1F1 and C2orfl5 in
IPA tissues were notably higher than that in NIPA tis-
sues (Fig. 6A). These results suggested that PI indeed
promoted IPA cells invasion by elevating PITPNMI,
POUI1F1 and C2orfl5. We further examined the effect of
phosphatidylinositol (PI) on pituitary adenoma cell pro-
liferation and invasion. The results suggested that, expo-
sure of GH3 cells and primary pituitary adenoma cells
(PPAC) to PI significantly promoted cell proliferation in
a dose- and time-dependent manner, reaching to a peak
at the dose of 100 pg/ml (Fig. 6B and C). Transwell assay
demonstrated that PI increased the invasion and migra-
tion of GH3 cells and PPAC (Fig. 6D and E). Further

investigation showed that PI induced the expression of
PITPNM1, POU1F1, C2orfl5 and LDHA as well as the
phosphorylation of AKT and ERK (Fig. 6F).

PITPNM1 was required for Pl-induced POU1F1 expression
by regulating the phosphorylation of AKT and ERK

To test the role of PITPNM1 in Pl-induced signaling
transduction, the knockdown of PITPNM1 was per-
formed. The results showed that PITPNM1 knock-
down blocked Pl-induced expression of POUIFI,
C2o0rfl5 and LDHA as well as the phosphorylation
of AKT and ERK (Fig. 7A). As expected, PITPNM1
knockdown suppressed the invasion and migration of
GH3 cells exposed to PI (Fig. 7B and C). Overexpres-
sion of PITPNMI1 in PITPNM1-depleting cells recov-
ered the expression of POU1F1, C20rf15 and LDHA as
well as the phosphorylation of AKT and ERK (Fig. 7D).
Meantime, PITPNM1 overexpression accelerated the
invasion and migration of GH3 cells (Fig. 7E and F).
MK?2206, an inhibitor targeted AKT phosphorylation,
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Fig.5 Proteomic analysis of phosphatidylinositol stimulated GH3 cells. A Cluster analysis of differential proteins betweenGH3 cellsandGH3
cells-treated with phosphatidylinositol. B Volcanic map of differential proteins betweenGH3 cellsandGH3 cells-treated with phosphatidylinositol. C
Venn diagram of differential proteins from IPA tissues and GH3 cells-treated with phosphatidylinositol

remarkably reduced PI-induced the expression of
POU1F1 and C2orfl5, and slightly inhibited PI-
induced LDHA expression (Fig. 7G), whereas SC79
( an activator of AKT) notably increased the expres-
sion of POU1F1 and C2orfl5 in PITPNMI1-silencing
cells (Fig. 7G), which were similar to ERK inhibition by

U0126 and activation by TBHQ, respectively (Fig. 7H).
Intriguingly, whatever activation and inhibition of AKT
or ERK did not affect the expression of PITPNMI.
These results suggested that PITPNM1 was required
for PI-induced POUIF1 expression by regulating the
phosphorylation of AKT and ERK.
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Fig. 6 The effect of phosphatidylinositol on the proliferation of invasion of pituitary adenoma cells cells and expression of PITPNM1, POUTF1

and C2orf15. A The expression of PITPNM1, POUTF1, C20rf15 and LDHA in IPA and NIPA tissues. B The primary pituitary adenoma cells (PPAC)

and GH3 cells were exposed to the different concentration of phosphatidylinositol for 72 h. CCK8 assay was performed to determine the cell
viability. € GH3 cells and PPAC were treated with 100 pg/ml phosphatidylinositol for indicated time. CCK8 assay was performed to determine

the cell viability. D Scratch assay was performed to determine the effect of phosphatidylinositol on cell migration. E Transwell assay was performed
to determine the effect of phosphatidylinositol on cell invasion. F After treatment with phosphatidylinositol, western blot analysis was performed
to determine the expression of PITPNM1, POUTF1, C2orf15 and LDHA. ***, p <0.001

POU1F1 positively regulated the transcription of C20rf15
and LDHA

We next examined the role of POU1F1 on the expression
of C2orfl5 and LDHA. The results showed that POU1F1
knockdown restrained the expression of C2orfl5 and
LDHA (Fig. 8A), and reduced the invasive capability of
GH3 cells (Fig. 8B). However, C2orfl5 knockdown did
not affect the expression of POU1F1 and LDHA (Fig. 8C),
but attenuated the invasion of GH3 cells (Fig. 8D). Simi-
larly, LDHA knockdown did not affect the expression of
POUIF1 and C2orfl5 (Fig. 8E), but also decreased the

GH3 cells invasion (Fig. 8F). ChIP assay demonstrated that
POUI1F1 positively regulated the transcription of LDHA,
which did not affect by PI treatment, consistent with the
results from luciferase reporter assay (Fig. 8G and H). ChIP
assay also confirmed that POU1F1 could bind to the sitel
and site2 of C2o0rf15 promoter, which were enhanced by PI
treatment (Fig. 8I), consistent with the results from lucif-
erase reporter assay (Fig. 8]). These results suggested that
POUIF1positively regulated the transcription of C2orf15
and LDHA, especially, PI treatment notably enhanced the
transcriptional activity of POU1F1 in C2orf15.
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Western blot analysis was used to determine the protein expression. B The effect of PITPNM1 knockdown on Pl-induced migration of GH3 cells.
CThe effect of PITPNM1 knockdown on Pl-induced invasion of GH3 cells. D The effect of PITPNM1 overexpression in the PITPNM1-depleting cells
on the expression of PITPNM1, POU1F1, C20rf15 and LDHA as well as the phosphorylation of AKT and ERK. E The effect of PITPNM1 overexpression
in the PITPNM1-depleting cells on the cell migration. F The effect of PITPNM1 overexpression in the PITPNM1-depleting cells on the cell invasion.
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Pl accelerated the lung metastasis of PA cells in vivo accelerated the lung metastasis of GH3 cells (Fig. 9A).
We finally investigated the effect of PI on the migra- Furthermore, PI treatment increased the expression of
tion and invasion of PA cells in vivo. Tissue fluo- PITPNM1, POU1F1 and C2orfl5, while had no obvi-
rescence imaging demonstrated that PI treatment ous effect on LDHA expression (Fig. 9B and C).
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Fig. 8 POU1F1 positively regulated the transcription of C2orf15 and LDHA. A The effect of POU1F1 knockdown on the expression of C2orf15
and LDHA. B The effect of POU1F1 knockdown on the invasion of GH3 cells. C The effect of C20rf15 knockdown on the expression of POUTF1
and LDHA. D The effect of C20rf15 knockdown on the invasion of GH3 cells. E The effect of LDHA knockdown on the expression of POUTF1
and C2orf15. F The effect of LDHA knockdown on the invasion of GH3 cells. G Chromatin immunoprecipitation (ChlP) assay was performed
to determine the bind of POU1F1 to the promoter of LDHA. H Luciferase reporter assay was performed to determine the activity of POU1F1
on LDHA transcription. | ChIP assay was performed to determine the bind of POU1F1 to the promoter of C20rf15. J Luciferase reporter assay
was performed to determine the activity of POUTF1 on C20rf15 transcription.*, p < 0.05; ***, p <0.001.**, p < 0.01; ***, p <0.001

Discussion

In this study, the peripheral blood of patients with inva-
sive and non-invasive pituitary tumors were collected,
and metabonomic analysis was performed. The results
showed that the serum phosphatidylinositol (PI) level of
patients with invasive pituitary tumors was significantly
elevated. PI is an important phospholipid component in
cell membrane, and the phosphorylation of its inositol

group directly regulates intracellular signal transduction.
PI is first phosphorylated to PI(4)P by phosphatidylino-
sitol 4-kinase PI4K, and PI(4)P is converted to PI(4, 5)P2
by phosphatidylinositol 5-kinase. PI(4, 5)P2 regulates a
variety of cell events, including cytoskeletal reassembly,
cell migration, and integrin-mediated cell adhesion [9—
11]. Sustainable supplementation of PI could maintain
cell order.
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Fig.9 Placcelerated lung metastasis of GH3 cells in vivo. A Nude mice were inoculated GH3 cells via tail vein, and were feed with normal diet

or normal diet with oral administration of PI (120 mg/kg) for nine weeks, respectively. The tissues including lung, brain, liver, heart and kidney were
detected using in vivo imaging system. B The expression of PITPNM1, POUTF1, C20rf15 and LDHA were determined by the immunohistochemical
analysis. C The expression of PITPNM1, POU1TF1, C20rf15 and LDHA were determined using western blot. *, p<0.05

The transport of PI is regulated by phosphatidylinosi-
tol transporters (PITPs). A large number of studies have
confirmed that PITPs play key roles in PI turnover and
mediate PI signaling pathway [12-14], which has been
implicated in tumor cells proliferation, invasion and
metastasis [15]. PITPNM]1, as a Class II PITDPs, regulates
the phosphorylation of protein kinases PKB, AKT and
ERK in different types of tumor cells, and participates
in their invasion and metastasis [16]. PITPNM1 was sig-
nificantly up-regulated during invasion and metastasis of
breast epithelial carcinoma, and inhibition of PITPNM1
significantly reduced lung metastasis of breast cancer
[17]. Furthermore, PITPNMI1 expression was also signifi-
cantly up-regulated in human breast cancer samples [17].
Our results demonstrated that PITPNM1 knockdown
blocked PI-induced the expression of POU1F1, C2o0rfl5
and LDHA as well as the phosphorylation of AKT and
ERK. These results suggest that accumulated PI should be
transported to cell membrane by PITPNM], supporting
the cascade amplification of intracellular signals.

Following the metabonomic analysis, we analyzed pro-
teomic differences between IPA and NIPA tissues. The
results showed that PITPNMI1 expression was signifi-
cantly up-regulated in IPA tissues. Thus, we speculated
that elevated serum PI induced PITPNM1 expression in
pituitary tumor cells, which further increase the accumu-
lation of PI on cell membrane. The phosphorylation of

PI promoted the generation of intracellular second mes-
senger PIP2 and PIP3, enhancing the intracellular signals,
which accelerated the invasion of pituitary tumor cells
[18]. PI3K controls phosphorylation of PIP2 to PIP3, and
has been well-known in tumor proliferation and metas-
tasis [19]. ERK is another important protein kinase inde-
pendent of PI3K-AKT. As a PI transporter, PITPNM1
up-regulation promotes epithelial-mesenchymal trans-
formation (EMT) by activating PI3K-AKT and ERK sign-
aling pathways, and knockdown of PITPNM1linhibits
breast cancer invasion and lung metastasis in vivo [15].
Our results confirmed that PI promoted the migration
and invasion of pituitary tumor cells in vitro, and acceler-
ated the lung metastasis of pituitary tumor cells in vivo.
In addition, PI triggered the phosphorylation of AKT and
ERK. These results suggest that PI should be involved in
invasion and metastasis of pituitary tumors by regulating
PI3K-AKT and ERK signaling pathways.

We further analyzed the effects of PI on GH3 pro-
teome. The results showed that PI not only induced up-
regulation of PITPNM], but also significantly promoted
the expression of POU1F1 and C2orfl5. Combined with
the proteomics analysis of pituitary tumors, PITPNMI,
POU1F1 and C2orfl5 were significantly upregulated in
invasive pituitary tumor tissue and PI-stimulated GH3
cells, suggesting that PI might induce the expression of
POUIF1 and C2orfl5 by regulating PITPNM1. In deed,
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exposure of GH3 cells to PI increased the expression of
POU1F1 and C2orfl5, which were blocked by PITPNM1
knockdown.

POULF1 is pituitary specific positive transcription fac-
tor 1, also known as PIT-1, which plays a key role in the
differentiation of anterior pituitary cells in mammals and
is a transcriptional activator of pituitary gene expres-
sion [20]. POUILF1 is up-regulated in human tumori-
genic breast cells [21, 22]. Knockout or overexpression of
POUI1F1 in human breast cancer cell lines induces sig-
nificant phenotypic changes and regulates the expression
of Snail [23]. In nude mice, POU1F1 overexpression pro-
motes tumor growth and lung metastasis [23]. In patients
with invasive ductal carcinoma of breast, POU1F1 was
significantly correlated with Snail expression [23]. In
addition, the up-regulation of POU1F1 expression was
significantly independently correlated with the occur-
rence of distant metastasis [24, 25]. These results suggest
that the up-regulation of POUI1F1 expression is closely
related to tumor invasion and metastasis.

Studies have shown that FGFR2 regulates Mrell
expression and DNA double-strand damage repair
through MEK-ERK-POU1F1 pathway [26], and EGF
regulates POU1F1 expression through PKCe-ERK path-
way [27], indicating that ERK activation might increase
POUIF1 expression. Considering that PI is involved in
the activation of ERK, it is likely that PI promotes the
POUL1F1 expression and drives the invasion and metasta-
sis of pituitary tumor cells by activating ERK. Our results
verified that activation of ERK elevated the expression of
POUI1F1 in despite of PITPNM1 knockdown while ERK
inhibition remarkably reduced POU1F1 expression in the
presence of PI. These results indicated that ERK activa-
tion was key for PI-induced POU1F1 expression.

POUI1F], as a transcription factor, has a specific rec-
ognition site of 5’-TAAAT-3’, which activates the
transcription of growth hormone and prolactin genes
[28]. Furthermore, POUI1F1 activates the expression of
lactate dehydrogenase (LDHA), induces breast cancer
metabolic reprogramming and promotes breast cancer
progression [29]. Our results also confirmed that serum
level of lactate in IPA patients was elevated, suggesting
that PI-induced POUI1F1 expression might be respon-
sible for increasing serum lactate. Further investigation
revealed that POU1F1 positively regulated the transcrip-
tion of LDHA.

In summary, our results suggested that the increased
serum PI in patients with IPA promoted PITPNM1
expression, which in turn increased the accumulation
and intracellular transport of PI, activating AKT and
ERK. The phosphorylation of AKT and ERK promoted
POUIF1 expression. POULF1 positively regulated the
transcription of LDHA and C2orfl5, elevating serum
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level of lactate, which should be responsible for invasion
and metastasis of pituitary tumor (Fig. 10).

Materials and methods

Materials

Anti-PITPNM1 for IHC was purchased from Bioss (Bei-
jing, China); anti-POU1F1 and anti-C2orfl5 were pur-
chased from Bioss (Beijing, China); anti-GAPDH was
purchased from Proteintech (Proteintech group Inc,
Rosement, US). RIPA lysis buffer was purchased from
Solarbio. DMEM medium and fetal bovine serum were
purchased from Gibco Life Technologies (Grand Island,
NY,USA). All experiments were performed with myco-
plasma-free cells.

Preparation of specimens and ethics approval

The patients with pituitary adenoma were recruited
from Shandong Provincial Hospital Affiliated to Shan-
dong First medical University. Based on the preopera-
tive imaging, intraoperative findings and postoperative
pathological diagnosis, 5 patients with IPA and 5 patients
with NIPA were selected according to Hardy-Wilson
and Knosp classification. Venous bloods and pituitary
adenoma tissues were collected for metabonomic and
proteomic analysis, respectively. This study has been
approved by the Ethics Committee of Shandong Provin-
cial Hospital Affiliated to Shandong First medical Uni-
versity, and written informed consent was obtained from
every participant.

Metabolite extraction

100 pl of venous blood was mixed with 100 ul of pre-
cold water and 800 pl of pre-cold methanol/acetonitrile
(1:1, v/v) after thawing at 4 °C, followed by ultrasound in
ice bath for 60 min, and incubation at —20 oC for 1 h to
precipitate protein. After centrifugation at 16000 g for
20 min at 4 oC, the supernatant is dried in a high speed
vacuum centrifuge. 100ulof acetonitrile—water solution
(1:1, v/v) was added for redissolution, and underwent
centrifugation at 14000 g for 15 min at 4 oC. The super-
natant was collected for Mass Spectrometry analysis.

LC-MS analysis

The samples were detected by Agilent 1290 Infinity
LC ULTRA high performance liquid chromatography
(UHPLC). The metabolites were separated by HILIC
column, the injection volume was 5 pl, and the column
temperature was set as 25 °C. and the flow rate was
0.3 mL/min. The mobile phase A was water containing
25 mM ammonium acetate and 25 mM ammonia water.
The mobile phase B was acetonitrile. The gradient elu-
tion procedure was as follows: 95% of B was maintained
at 0 to 0.5 min, and then B was linearly changed from
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Fig. 10 The putative mechanism of phosphatidylinositol-mediated in pituitary tumor cells invasion

95 to 65% at 0.5 to 7 min; At 7 to 9 min, B was linearly
changed from 65 to 40%, and 40% of B was remained at
9 to 10 min; At 10 to 11.1 min, B was linearly changed
from 40 to 95%, and 95% of B was maintained at 11.1 to
16 min. QC samples were detected to evaluate the sta-
bility of the system and the reliability of experimental
data. After being separated by UHPLC, the samples were
analyzed by Triple TOF 5600 mass spectrometer (AB
SCIEX).

Proteomic analysis

Pituitary adenoma tissues were ground in liquid nitro-
gen, and were mixed with 600 ul SDT, followed by boiling
water bath for 5 min, ultrasound for 2 min, and boiling
water bath for 5 min. After centrifugation at 15,000 g for
20 min at 4 °C, the supernatants were collected and pro-
tein concentration was quantified by BCA method. Enzy-
matic hydrolysis of protein (300 pg) from every sample
was performed by Trypsin (0.15 pg/pl in TEAB buffer)
and formed peptides were desalted by C18 cartridge.
100 pg of peptides were labeled using TMT labeling kit
according to the manufacturer’s instructions (Thermo
Fisher). Equal amount of labeled peptides in each group
were mixed and dried, followed fractionation by High
pH reversed-phase chromatography. The samples were
collected and combined into 10 groups, and were dried
and redissolved in 0.1% FA for LC—MS analysis. Peptides
were separated using Easy-nLC 1200 chromatography
system (Thermo Scientific) and analyzed by Q-Exactive
HF-X mass spectrometer (Thermo Scientific).

CCK8 assay

The primary pituitary adenoma cells were prepared
according to the previous description [30]. The rat GH3
pituitary adenoma cell line was obtained from the Ameri-
can Type Culture Collection (Manassas, VA). Cells were
cultured in DMEM medium supplemented with 15%
horse serum and 5% FBS, 100 U/mL penicillin, 100 U/
mL streptomycin and 0.03% L-glutamine at 37 °C in 5%
CO,. GH3 cells were seeded at a density of 1x10* cell/
well in 96-well plate and cultured overnight, and then
were treated with different concentration of phosphati-
dylinositol for 72 h or 100 pg/ml phosphatidylinositol for
indicated time. CCK8 assay was performed to determine
the cell viability.

Scratch assay

The GH3 cells were grown to the monolayer in 6-well
plates, and a scratch was created using a pipette tip. After
washed with PBS, the cells were cultured in complete
medium containing 100 pg/ml phosphatidylinositol for
72 h. Images were captured using the olympus micro-
scope (IX53).

Invasion assay

The GH3 1cells were seeded in DMEM medium in the
upper chambers coated with matrigel coating (BD Bio-
sciences, USA). DMEM medium containing 15% horse
serum, 5% FBS and 100 pg/ml phosphatidylinositol was
added into the lower chambers. After incubation for 48 h,
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the cells invaded to the bottom membrane surface were
visualized by DAPI staining.

Western blot analysis

The total protein was obtained using RIPA lysis buffer,
and the concentration was measured using BCA method.
Equal amount of protein was subjected to 10% SDS-
PAGE electrophoresis, and was transferred to PVDF
membrane. After blocking for 1 h with 5% nonfat milk
at room temperature, the membrane was incubated in
the antibodies of PITPNM1 (1:2000), POU1F1 (1:2000),
C20rfl5 (1:1000), pAKT (1:1000), pERK (1:1000) and
Actin (1:2000) at 4 °C overnight, followed by incubation
with HRP-coupled secondary antibodies at room tem-
perature for 1 h. The protein bands were analyzed using
the enhanced chemiluminescence method.

Immunohistochemistry

The tissues were fixed with paraformaldehyde overnight,
followed by rehydration, paraffin embedding, section and
dewaxing at room temperature. After antigen retrieval
in EDTA solution using microwave treatment, the sec-
tions were incubated in 3% hydrogen peroxide, and were
blocked using 10% rabbit serum. After incubating with
primary antibodies and the HRP-labeled secondary anti-
bodies, the sections were incubated in the fresh DAB
solution and were counterstained using the hematoxylin.
The images were visualized using an olympus microscope
(IX53).

Chromatin Immunoprecipitation
The pituitary adenoma (PA) tissues were rinsed using the
sterile PBS, and were then cut into small pieces with a
size of 1 mm? in serum-free DMEM medium. The tissue
block was subjected to trypsinization for 30 min at 37 °C.
After centrifugation at 1500 rpm for 5 min, the PA cells
were collected and resuspended in DMEM medium con-
taining 20% FBS in polylysine-coated 6-well plates.
Chromatin immunoprecipitation (ChIP) assay was per-
formed using ChIP kit (Abcam, AB500) according to the
instruction of manufacturer. The PA cells were harvested
and resuspended in 1.1% formaldehyde for 10 min, fol-
lowed by blocking using glycine. After lysis and ultrasound,
the supernatant was obtained for DNA samples. The DNA
samples were incubated with the indicated antibodies and
microbeads for immunoprecipitation overnight. The DNA
was purified and used as templates to amplify the target
fragments (LDHA: Sitel F, 5-TGGCTCCTTCCTGAG
GCTAT-3’; Sitel R,5-CCAAAATTTCCTGAATTTTCT
GAT-3! C2o0rfl5: Sitel F, 5- TGCGAGCAACAATAAAGA
T-3; Sitel R, 5-GCTTTCCCTGCCTTTACTGT-3’; Site2
E 5-TCATTTCTGAGCCTCTTTCT-3'), followed byanal-
ysis using agarose gel electrophoresis.
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Luciferase reporter assay

The sequence containing POU1F1 binding sites, includ-
ing site 1 of LDHA or site 1 and 2 of C20rf15, were ampli-
fied and linked into pGL3-Basic vector to construct
pGL3-LDHA, pGL3-C2o0rfl5-1 and pGL3-C2o0rfl5-2,
respectively. The open reading frame of POU1F1 was
amplified and cloned into pcDNA3.1 plasmid to con-
struct pcDNA3.1-POU1F1. 293 T cells were inocu-
lated in 24-well plates at a density of 7x10* cells/well
and cultured overnight. The cells were co-transfected
with 250 ng pcDNA3.1-POU1F1, 250 ng pGL3-LDHA
or pGL3-C2o0rfl5, and pRL-TK plasmid using Lipo-
fectamine 3000 (Roche).After 24 h of incubation, cellular
lysates were harvestedto detect luciferase activity using
the Dual Luciferase assay system (Promega).

In vivo PA model

Six-week-old male BALB/c nude mice were used for
in vivo PA model (Beijing Vital River Animal Center, Bei-
jing, China), and were maintained under specific patho-
gen-free conditions. All procedures had been approved by
laboratory Animal Ethics Committee of Shandong Provin-
cial Hospital Affiliated to Shandong First Medical Univer-
sity. A total of 10 nude mice were inoculated 1x10’GH3
cells in 100 pl sterile PBS via tail vein, which were ran-
domly divided into two groups feed with normal diet or
normal diet with oral administration of PI (120 mg/kg),
respectively. After inoculation for nine weeks, mice were
sacrificed and the tissues including lung, brain, liver, heart
and kidney were detected using in vivo imaging system.
The lung tissues were embedded in paraffin for HE and
immunohistochemistry staining analysis.

Statistical analysis

All data were represented the mean + standard deviation
from at least three independent experiments. The Dif-
ferences between two groups were evaluated by t-test.
The differences among multiple groups were evaluated
by two-way ANOVA. The enrichment analysis of Gene
ontology and KEGG were performed using Fisher’s Exact
Test. P<0.05 was considered statistically significant.
Statistical analysis was performed by GraphPad Prism
8.0.1software package.
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