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Abstract

Lysophosphatidic acid receptor 5 (LPARS5) is involved in mediating thyroid cancer pro-
gression, but the underlying mechanism needs to be further revealed. In this study,
we confirmed that LPAR5 is upregulated in papillary thyroid carcinoma (PTC), espe-
cially in BRAF-like PTC, by analyzing The Cancer Genome Atlas (TCGA) database and
performing immunohistochemistry assay in human thyroid cancer tissues. LPAR5-
specific antagonist TC LPA5 4 treatment inhibited CGTH-W3, TPC-1, B-CPAP, and
BHT-101 cell proliferation, CGTH-W3 and TPC-1 cell migration significantly. In vivo,
TC LPA5 4 treatment could delay CGTH-W3 xenograft growth in nude mice. We
also found that LPAR5-specific antagonist TC LPA5 4, PI3K inhibitor wortmannin,
or mTOR inhibitor rapamycin pretreatment abrogated phosphorylation of Akt and
p70S6K1 stimulated by LPA in CGTH-W3 and TPC-1 cells. Stimulating CGTH-W3
cells transfected with pEGFPC1-Grp1-PH fusion protein with LPA resulted in the
generation of phosphatidylinositol (3,4,5)-triphosphate, which indicates that PI3K
was activated by LPA directly. The p110p-siRNA instead of p110a-siRNA transfec-
tion abrogated the increase of levels of phosphorylated Akt and S6K1 stimulated
by LPA. Furthermore, immunoprecipitation assay confirmed an interaction between
LPAR5 and p110p. Overall, we provide new insights that the downregulation of
LPARS5 decreased the proliferation and migration phenotype via the PI3K/Akt path-
way. Inhibition of LPAR5 or the PI3K/Akt signal may be a novel therapeutic strategy

for treating thyroid cancer.
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1 | INTRODUCTION

The incidence of thyroid cancer, the most common endocrine neo-
plasia, continues to rise, mostly as a result of increased use of imag-
ing modalities.™? Surgical resection together with radioactive iodine
(RAI) therapy and thyroid-stimulating hormone (TSH)-suppressive
therapy remains the foundation of treatment for thyroid cancer,’
and the overall 5-year survival for patients with papillary thyroid car-
cinomas (PTCs) is up to 95%. However, the incidence of recurrence
and metastasis is still as high as 20%-30%,* and the overall survival
in patients with locally recurrent PTC is decreased to 70%-85%.° In
addition, a certain proportion of advanced and local recurrent and/
or metastatic thyroid cancer is unresponsive to current therapeutics
and often not curable.®’” Therefore, the underlying mechanism of
thyroid cancer development and novel treatments have been eval-
uated. Here, we performed bioinformatics analysis of The Cancer
Genome Atlas (TCGA) database and found the differential mMRNA
expression gene lysophosphatidic acid receptor 5 (LPAR5) between
thyroid cancer tissue and adjacent normal thyroid tissue (see supple-
mentary.xIsx files).

Lysophosphatidic acid (LPA) and lysophosphatidic acid recep-
tor (LPAR) axis signaling plays important roles in the development
of cancer.®° LPAR5, the most recently found member of the LPAR
family, is overexpressed in various cancers and mediates cancer
survival, invasion and metastasis.'*? Recently, Wu et al and Gang
et al showed that high LPAR5 expression is associated with lymph
node metastasis of thyroid carcinoma, and when the expression of
LPARS is knocked down, the activation of Akt is also decreased.'®'®
Meanwhile, Plastira et al also showed that TC LPA5 4, which is a
selective antagonist targeting LPARS5, can attenuate the activity of
Akt in microglial cell lines.}* Although it has been reported that Akt
mediates LPARS5'’s function in thyroid cancer development, the pre-
cise mechanism underlying the activation of Akt by LPAR5 remains
elusive because there are various upstream molecules of Akt.

In the present study, we show that LPA activates the LPAR5 re-
ceptor and interacts with the p110p catalytic subunit, activating it
and its downstream signaling pathway, including the phosphoryla-
tion of Akt and p70S6K1. LPARS5 inhibitor TC LPA5 4 inhibits cell
proliferation and migration of thyroid cancer cells. We propose that
inhibitors targeting the LPAR5 pathway may be used for the therapy

of thyroid cancer.

2 | MATERIALS AND METHODS
2.1 | TCGA data

The thyroid cancer tissue samples and corresponding clinical param-
eters for these patients were downloaded from TCGA database. We
selected 501 PTC tissues and 58 adjacent normal tissue. For TCGA
data, the edgeR package was used for screening differentially ex-
pressed genes (DEGs), setting adj. P- value < 0.01, Iogz“:c‘ > 2 as the
cutoff line.

Cancer Science NI aa

2.2 | Protein-protein interaction (PPI) network
construction

We used the online tool Search Tool for the Retrieval of Interacting
Genes (STRING, http://string-db.org) to construct the functional
PPI analysis of the DEGs. The interaction score > 0.6 was used as
the cutoff criterion. Subsequently, the Cytoscape software (http://
www.cytoscape.org/) was used for constructing and visualizing a
PPI network of DEGs. The plugin cytoHubba was used to select the
top 10 hub genes from the PPl network according to the maximal
clique centrality (MCC) ranking. Meanwhile, the plugin MCODE was
used to analyze all DEGs to get the seed gene.

2.3 | Cell culture and reagents

CGTH-W3 and TPC-1 were obtained from Taizhou Central Hospital.
B-CPAP and BHT-101 were purchased from ATCC. Cells were main-
tained in an appropriate medium as protocol and incubated in a hu-
midified atmosphere of 95% air plus 5% CO, at 37°C. TC LPA5 4 was
purchased from Tocris Bioscience. Wortmannin was obtained from
MCE. Rapamycin was purchased from LC Laboratories. LPA (18:1)
was purchased from Avanti Polar-Lipids. pEGFP-C1-Grp1-PH was
obtained from Addgene.

2.4 | Immunohistochemistry (IHC)

Thyroid carcinoma samples were obtained from Taizhou Municipal
Hospital. Immunohistochemical study was performed according to
standard procedure. Briefly, after deparaffinization, rehydration, an-
tigen retrieval, neutralization of endogenous peroxidase, and blocking
with 10% normal serum, primary antibodies (LPAR5 antibodies, 1:200,
Thermo Fisher Scientific) were incubated with slices at -4°C over-
night, and then the slices were washed three times with PBS before
the secondary antibodies were added (anti-Rb IgG/HRP was obtained
from Proteintech; the dilution rate was 1:1000). After incubation at
room temperature for 1 hour, slices were washed three times with PBS
and then colored with 3,3’-diaminobenzidine. Finally, they were coun-
terstained with H&E at room temperature. Microscope and ImageJ
was used to analyze stained slices. Only brown color was considered

positive marking regardless of the color intensity.

2.5 | Immunofluorescence

Cells were seeded on sterile coverslips and cultured for 24 hours.
Cells were fixed with 4% paraformaldehyde for 15 minutes at
room temperature, followed by blocking with 3% BSA for 1 hour.
Immunofluorescence staining was performed with antibodies to
LPARS5 (1:200, LifeSpan BioSciences, Inc) diluted in the PBS and in-
cubated at 4°C overnight. The cells were washed with PBS and incu-
bated with goat anti-rabbit IgG-FITC (Absin BioSciences) secondary
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antibody. Nuclei were stained using DAPI, and plasma membranes
were stained using Dil perchlorate (Absin BioSciences). The cells
were visualized using FV-3000 laser scanning confocal microscopes.
Images were captured using a fluorescence microscope (Olympus IX-
83 FV3000).

2.6 | Cell proliferation

For the assessment of viability and proliferation rate of cells, we
used MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium
bromide) assay. The cells were seeded in a 96-well plate in a com-
plete culture medium (2 x 10° cells per well). After 24 hours incuba-
tion, the indicated drugs were added to achieve final concentrations
of 0 ~ 300 pM. The MTT reagent was used for 4 hours at 37°C.
The it was removed, and dimethyl sulfoxide (DMSO) was added.
Absorbance was measured at 520 nm.

2.7 | Migration assay

Migration assay was performed using an 8-mm-pore-size filter in the
insert chamber (Costar). A total of 2 x 10° cells were resuspended
in serum-free culture medium and then added to the upper cham-
bers of the transwell in the presence of TC LPA5 4 (5 uM), or in its
absence as control. For the lower wells, LPA (10 uM) and TC LPA5
4 were added into serum-free culture medium. The total cells were
incubated for 12 hours, after which migrating to the lower surface of
the membrane was fixed, followed by staining with 10% crystal vio-
let and washing with PBS. Cells were counted in five random fields

for each well under microscope.

2.8 | Animals and antitumor activity assay in vivo

BALB/C-nu/nu mice, aged 4-5 weeks, were obtained from Shanghai
SIPPR-BK LAB ANIMAL CO., LTD and housed in sterile cages under
laminar airflow hoods in a specific pathogen-free room with a 12-
hour light and 12-hour dark schedule. The mice were fed autoclaved
chow and water ad libitum. All experiments were done according
to institutional ethical guidelines on animal care. A total of 1 x 10’
cells were transplanted s.c. into the flank of the nude mice. When
the tumor volume reached ~100 mm?®, the mice were randomly as-
signed into control and treatment groups. Control groups were given
vehicle, and treatment groups received TC LPA5 4 administration
(10 mg/kg, i.p.) 5 days/week for 2 weeks. The sizes of the tumors

were measured twice per week.

2.9 | Transfection of siRNA

The synthetic siRNAs targeting p110 subunits LPAR5 and p85 were

obtained from Gene Pharma with sequences as follows: 5-GGUG

GACCACGAAGAGUUATT-3' (p110a); 5-GCUGUCAAUCAAGUGG
AAUAAACUU-3’  (p110pB); 5-GGAUCAAGUUGUCAAAGAATT-3’
(p85); 5'-CCGCUGGUGUACUACUUUATT-3'(LPARS5); 5-UUCUCCGA
ACGUGUCACGUTT-3". Scrambled siRNA was used as a nega-
tive control. Cells were transfected at 60%-70% confluence using
Lipofectamine 2000 (Invitrogen) with a final siRNA concentration of
100 nM.

2.10 | Immunoblot

Cells were lysed in RIPA buffer containing cocktail. Concentration of the
protein from cell extracts was determined by Pierce BCA protein assay
kit (Thermo Fisher Scientific). Equal amounts of proteins were denatured
by sample buffer, separated by SDS-PAGE (10%), and transferred to
polyvinylidene difluoride membranes (PVDF). Membranes were blocked
with 5% low-fat milk and incubated with the following primary antibod-
ies at 4°C overnight: S6K1, phosphorylated S6K1, Akt, phosphorylated
Akt473, and p110a (Cell Signaling Technology); p110p (ProteinTech
group) and GAPDH (Santa Cruz Biotechnology); LPAR5 antibodies were
obtained from LifeSpan Biosciences and Thermo Fisher Scientific. Then,
the membranes were further incubated with anti-rabbit 1:10 000 and
anti-mouse 1:10 000 secondary antibodies for 1 hour at room tempera-

ture. The immunoreactive bands were visualized using ECL system.

2.11 | Akt translocation assay

CGTH-W3 transfected with pEGFP-C1-Grp1-PH was seeded on
coverslips and further incubated in serum-free medium for 24 hours.
After addition of LPA (10 uM) for 10 minutes, one drop of DAPI was
used to seal the coverslips. The fluorescent images of the cells were

captured with confocal microscopy.

2.12 | Co-immunoprecipitation (Co-IP)

Cells were pretreated with cell lysis buffer for Western blot and Co-
IP, which contained cocktail. The supernatants were pretreated with
normal IgG and protein A + G agarose. Removing the beads, the su-
pernatants were collected and mixed with primary antibodies or nor-
mal rabbit IgG and protein A + G agarose overnight at 4°C. The beads
were collected by centrifugation at 1000 rpm for 3 minutes at 4°C
and washed three times with lysis buffer. Subsequently, the protein
bound to beads was denatured by boiling at 100°C for 10 minutes in
30 pL SDS-PAGE sample loading buffer. The proteins were separated
by 10% SDS-PAGE with subsequent immunoblotting analysis.

2.13 | Statistical analysis

Statistical significance was assessed by paired Student's t test.

The results were shown as mean + SD. Student's t tests were
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performed using Graphpad Prism software (Graphpad Software). A
P-value < 0.05 was considered significant.

3 | RESULTS
3.1 | Overexpression of LPARS5 in thyroid cancer
cells

We explored the expression profile of LPAR5 in thyroid cancer tis-
sues using TCGA dataset. There were 559 samples in the dataset,
including 501 thyroid cancer tissues and 58 normal thyroid tissues.
Through a comparison of the gene mRNA levels in cancer and normal
tissues, 1090 DEGs were screened out (false discovery rate < 0.01),
in which there were 842 genes with higher mRNA levels in cancer
tissues than in normal tissues, and 248 genes expressed lower levels
(Figure 1A).

Protein-protein interaction networks were constructed to ana-
lyze the interaction between DEGs based on STRING database and
visualized by Cytoscape. After removing the disconnected nodes in

Cancer Science NuIia e

the network, there were 749 nodes and 1622 edges. As shown in
Figure 1B, only LPARS5 is the seed of DEGs in the network according
to MCODE. LPARS5 also belongs to the top 10 hub genes identified
by cytoHubba, including PENK, LPARS5, NMU, HP, AHSG, ADCYS8,
NPY, FN1, APOA2, and SERPINA1 (Figure 1C). TCGA database anal-
ysis results indicate that LPARS5 is one of the key factors in mediating
thyroid cancer development (Figure 1D and 1F).

TCGA database analysis shows that RAS mutation rate is 10.70%
in PTC, while BRAF V600E mutation rate is 58.99%. As shown in
Figure 1D, LPAR5 mRNA expression level is higher in BRAFV6°E-ike
PTC.

To further confirm the differential expression of LPARS between
thyroid cancer tissues and normal thyroid tissues, we detected the
expression levels of LPARS protein in 10 pairs of thyroid cancer and
adjacent normal thyroid tissue samples using IHC assay. As shown in
Figure 2A, the IHC assay results also revealed that LPARS5 expression
was significantly upregulated in thyroid cancer tissues. In Figure 2B,
we can find that fluorescent foci of LPAR5 (green) colocalized with
cell membrane stain (red), indicating that LPARS5 is expressed on cel-
lular membrane.
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3.2 | Inhibition of LPARS5 restrained
proliferation and migration of thyroid cancer cells

To test the roles of LPARS5 thyroid cancer, the MTT assay and tran-
swell assay were utilized to detect proliferation and migration of
thyroid cancer cells in the presence of LPARS5 inhibitor TC LPAS 4.
TC LPA5 4 (CAS No0.1393814-38-4) is a diphenyl pyrazole carboxylic
acid as the small-molecule inhibitor for LPAS.

As shown in Figure 3A, LPARS5 antagonist TC LPA5 4 inhibited the
proliferation on thyroid cancer cells CGTH-W3, TPC-1, B-CAPAP, and
BHT101 significantly with IC50 at 103.0 uM, 84.9 uM, 55.9uM, and
57.17 uM. In addition, treatment of TC LPA5 4 at 5 pM for 24 hours
significantly inhibited LPA-stimulated migration of CGTH-W3 and
TPC-1 cells, with an inhibitory rate of ~ 30% (Figure 3B).

acidreceptor5 (LPAR5) expression
in thyroid cancer. A, Representative
immunohistochemistry assay images of
LPARS staining in thyroid cancer and
normal tissues. B, Subcellular localization
50pm of LPARS5 in thyroid cancer cell lines.
The immunostained LPARS5 protein is
shown as green color and the membrane
marker is red. Magnification x 1000. Data
shown are representative of at least three
independent experiments

50 um

We also analyzed the expression of thyroid-specific genes,
NIS and Tg, in thyroid cancer cells CGTH-W3, TPC-1, B-CAPAP,
and BHT101. As shown in Figure 3C, we did not find the asso-
ciated profiles between LPAR5 and NIS or Tg. However, LPAR5
expression significantly correlated with LPARS5 inhibitor TC LPA5
4 sensitivity in tumor cells. B-CPAP and BHT101 cells expressed
higher LPAR5 mRNA. TC LPA5 4 inhibited these two cell lines’
proliferations with IC50 at 55.9uM and 57.17 pM. CGTH-W3 and
TPC-1 cells expressed lower LPAR5 mRNA. TC LPAS5 4 displayed
differential antitumor activity with IC50 at 103.0 pM and 84.9 uM.
We computed the correlation of LPARS5 expression and TC LPAS5
4 antitumor activities in these cells and found that LPARS5 gene
expression is positively correlated with TC LPA5 4 activity (r =
-0.69; P < .05).
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FIGURE 3 Inhibition of lysophosphatidic acid receptor 5 (LPARS5) suppresses thyroid cancer cell proliferation and migration. A, Relative

cell viability was detected by MTT assay upon treatment with TC LPA5 4 at different concentrations for 72 h. B, The effect of TC LPA5 4 on
the migration abilities of thyroid cancer cells was detected by transwell assay (magnification x 4). **Compared with control group, P < .01.
C, Relative mRNA expression of thyroid-specific genes, such as NIS, TPO, and Tg in CGTH-W3, TPC-1, B-CAPAP, and BHT101 cells. D,

Inhibition of tumor growth by TC LPA5 4 against CGTH-W3 xenografts

To further detect the antitumor activity of the LPARS5 inhibitor in
vivo, we built a CGTH-W3 xenograft model in nude mice. Figure 3D
data showed that TC LPA5 4 significantly inhibits CGTH-W3 xeno-
graft growth with inhibitory rates of 46.7%.

These results indicated that compounds targeting the LPAR5S
protein inhibit the survival and motility of thyroid cancer cells medi-
ated by the LPA/LPARS5 axis.

3.3 | Activation of the PI3K/Akt/mTOR pathway
by LPA

It was reported that LPAR5 knockdown mediated by siRNA de-
creases the levels of phosphorylated Akt in thyroid cancer cells,
which indicates that LPAR5 may play a significant role in thyroid
cancer via the PI3K/Akt pathway.'%! We also knocked down LPAR5
by transfecting LPAR5-siRNA in TPC-1 and CGTH-W3 cells and

confirmed the decrease of phosphorylated Akt levels along with

LPAR5-knockdown (Figure 4A). However, the underlying mechanism
needs to be disclosed and confirmed further. Here, we test whether
LPA activates the PISK/Akt pathway in human thyroid carcinoma
cells. As shown in Figure 4A, phosphorylated Akt and phosphoryl-
ated p70S6K1 increased significantly 1 minute right after stimula-
tion with LPA in CGTH-W3 and TPC-1 cells, which lasted for at least
10 minutes. Moreover, pretreatment of LPARS5-specific antagonist
TC LPAS5 4, PI3K inhibitor wortmannin, or mTOR inhibitor rapamycin
blocked phosphorylation of Akt or p70S6K1 induced by LPA stimula-
tion (Figure 4B). These data demonstrated that LPA activated LPAR5
and then activated the PI3K/Akt/mTOR signaling cascade.

3.4 | LPARS interacting with p110p catalytic
isoform and activating PI3K signaling

To further identify that phosphorylation of Akt and p70S6K1 is due

to the activation of PI3K in thyroid cancer cells, the redistribution
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of the Grp1-PH domain after stimulation of LPA was detected in
CGTH-WS3 cells transfected with Grp1-PH domain fused to EGFP.
As shown in Figure 5A, the EGFP-Grpl-PH was distributed in the
cytoplasm and nucleus in serum-deprived cells, while it translocated
to the cellular membrane after LPA stimulation, which indicates that
LPA activates PI3K, results in the production of PtdIns3-5P3 on the
cellular membrane, and then recruits Akt.

PI3K catalytic enzymes comprise four classes by their struc-
ture and substrate specificity. We next investigated which catalytic
isoform would provide an access to the LPA/LPARS5 axis-activated
PI3K/Akt/mTOR signaling pathway. We further showed that LPAR5
coprecipitated with p110p in the immunoprecipitation assay in
CGTH-W3 cells (Figure 5B). Next, we examined the LPA-stimulated
PI3K/Akt/mTOR signaling pathway after knocking down p110«
or p110p by transfection of siRNA targeting p110a or p110p. As
shown in Figure 5C and 5D, the transfection of the isoform-specific
siRNA in CGTH-W3 and TPC-1 cells reduced the protein level of
p110«a or p110p, respectively. Compared with the p110a-specific
siRNA, the expression level of phosphorylation of Akt by blocking
the p110p-specific siRNA is significantly lower. Thus, these results
demonstrated that LPARS5 interacted with p110p and activated its
downstream signaling. In addition, we knocked down the p85 reg-
ulation subunit in both CGTH-W3 and TPC-1 cells. Without p85 in-
hibition, phosphorylated Akt was upregulated and LPA stimulation
induced stronger Akt phosphorylation (Figure 5E).

4 | DISCUSSION

Due to more aggressive behavior, including the development

of lymph-nodal and visceral metastasis, and decreased RAI

responsiveness, the recurrence rate of thyroid cancer in older pa-
tients is high, which is parallel to the mortality rates.>® Thus, de-
ciphering the molecular mechanisms underlying thyroid cancer
progression is essential for the individualized treatment of these
patients. TCGA is a public-funded project that aims to catalogue and
discover major cancer-causing genomic alterations to create a com-
prehensive "atlas" of cancer genomic profiles. Here, we performed a
TCGA database analysis and found the DEGs between thyroid can-
cer and adjacent normal thyroid tissue. LPAR5 was one of the DEGs
and was even supposed to be one of the most important protein by
PPI network analysis.

Previous studies have reported that LPAR5 overexpression in
papillary thyroid cancer and breast carcinoma is correlated with
lymph node metastasis.*>!¢ In this report, we also showed that
LPARS5-specific antagonist TC LPA5 4 could inhibit thyroid cancer
cell proliferation and migration, which confirms the important roles
of LPARS5 in thyroid cancer progression.

It has been reported that LPAR5 has an association with
Ga12/13 and Gag/11.2”%8 In addition, reversing the inhibitory effect
of LPARS on cell migration and proliferation by Akt activator SC79
reveals the interaction of LPAR5 and Akt. Meanwhile, the down-
regulation of LPAR5 mediated by siRNA also reduces the levels of
phosphorylated Akt.*>!* In our study, using phosphorylated Akt as
an indirect marker for the activation of PI3K, we showed that LPA
stimulation activated the PI3K/Akt/mTOR signaling cascade in thy-
roid cancer CGTH-W3 and TPC-1 cells, which is consistent with a
previous study.'” Moreover, the generation of PtdIns3-5P; and the
translocation of protein-containing PH domain to the cellular mem-
brane by the stimulation of LPA provide direct evidence that LPA
activates PI3K. To further substantiate the results, we revealed that
p110p is the main PI3K isoform coupled with LPARS5 signal in thyroid
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FIGURE 5 Lysophosphatidic acid receptor5 (LPARS5) activates
PI3K kinase through p110p catalytic isoform. A, Lysophosphatidic
acid(LPA) increased PIP3 generation. CGTH-W3 cells transfected
with pEGFP-C1-Grp1-PH were incubated in serum-free media

for 24 h. After addition of LPA (10 pM) for 5 min, the fluorescent
images of the cell were captured with confocal microscopy. B,
LPARS associates with p110p catalytic isoform in thyroid cancer
cells. In immunoprecipitation assay, the pulling antibody was
LPARS. Control immunoprecipitation was performed using rabbit
IgG. Protein samples from whole-cell lysates were used to point
at the position of the protein examined. IP, immunoprecipitated;
IB, immunoblot. C, D, E, The expression of phosphorylated Akt
and p70S6K induced by LPA is lower in the cells transfected

with p110p-siRNA. After transfection with the respective siRNA
for 24 h, CGTH-W3 and TPC-1 cells were maintained in FBS-

free medium and then stimulated with LPA (10 pM) for 10 min.
Phosphorylated Akt and p70S6K were analyzed by immunoblotting;
GAPDH was employed as loading control

cancer cell, whereas the way LPARS interacts with p110p needs to
be further studied. The PI3K/Akt signaling pathway plays an import-
antrole in a variety of tumors, including thyroid cancer, and is closely
related to metastasis, tumorigenesis, and proliferation2°'22.

In conclusion, we show that LPARS5 is upregulated in thyroid

cancer and plays important roles in thyroid cancer proliferation
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and migration through activating PI3K kinase directly. Inhibition of
LPARS or the PI3K/Akt pathway may be used for the therapy of met-

astatic and recurrent thyroid cancer expressing high levels of LPARS.
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