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Abstract

Purpose
Tubby-like protein 3 (TULP3), a member of the tubby family, has been related to the development of
nervous system by gene knockout researches. Nevertheless, the regulatory mechanism and role of TULP3
in the gastric cancer are not clear. Current research is the �rst probe into the regulatory effect of TULP3 in
the gastric cancer.

Methods
Western blotting together with real time polymerase chain reaction (PCR) were employed for the
quantitative detection of TULP3 expression in the gastric cancer and consecutive non-cancerous tissues,
and gastric cancer cells. Kaplan-Meier method along with Log-rank test was exploited for the
determination of the disease-free survival rate and overall survival time of patient containing with
different expression of TULP3 in tumors. The roles of TULP3 in invasion, migration as well as
proliferation of the gastric cancer cell in vivo and in vitro through utilizing colony formation test, MTT
test, wound-healing test, transwell test and mouse xenograft model. Western blotting assay was
implemented in order to clarify the potential molecular mechanisms. Furthermore, electron microscopy
and western blot were evaluated TULP3 expression in gastric cancer patient extracted serum exosomes.

Results
TULP3 expression levels were remarkably up-regulated in the gastric cancer tissues and cells.
Subsequent functional assays demonstrated that TULP3 downregulation suppressed invasion, migration
as well as the proliferation of the gastric cancer cell. Mechanism assays depicted that the
PTEN/Akt/Snail signaling pathway can inhibit invasion, migration as well as the proliferation of the
gastric cancer cell via TULP3 silencing. Finally, we found that the expression of TULP3 could be
determined in the extracted serum exons. The expression of TULP3 in gastric cancer group was higher in
comparison with normal group.

Conclusion
Our outcomes reveal that TULP3 probably play a role in the diagnosis together with the prognostic
biomarkers of gastric cancer.

Introduction
Gastric cancer is a kind of prevalent malignant tumor in the world and the third major cause of death in
relation with cancer [1, 2]. Due to the mild symptoms and insidious onset, exceed 80 percent of patients
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are in an advanced stage at the time of diagnosis, so the prognosis is usually poor [3, 4]. Delayed
diagnosis has become the largest obstacle affecting the treatment and prognosis of gastric cancer [5, 6].
Hence, it is necessary to search for effective targets for screening and diagnosing gastric cancer as early
as possible, thus improving the prognosis. Nevertheless, the latent molecular mechanism that regulates
the invasive phenotype of the gastric cancer still is not clear [7]. As a result, it is signi�cant to understand
the gastric cancer molecular mechanism.

TULP3 belongs to a family of Tubby. There is a Tubby domain at the C-terminal with conservative nuclear
loci, which can play a role as the transcription factor [8, 9]. Recent study of mammalian development
showed that TULP3 gene plays an important role because its expression is widespread throughout the
development of embryonic mice, TULP3 silencing results in embryonic lethality and the defects of neural
tube [10, 11]. Some researches have exhibited the signi�cant effect of TULP3 in the development of
embryo. Nevertheless, few researches have explored its latent effect in carcinogenesis [12, 13, 14]. In
recent, Qian et al. utilised radiogenomic test to determine the genes related to the glioblastoma
multiforme risk prediction, in which TULP3 is also involved [15]. In another research, through utilizing
electronic methods, up-regulated expression of TULP3 gene was related to poor prognosis in the patients
with PDAC, but these outcomes have not been con�rmed in the clinical samples [16]. Nonetheless, there
exist no information on whether TULP3 is related to the invasion, migration and proliferation of the
gastric cancer cells. In view of the essential effect of TULP3 in the regulation of cell process, it is
momentous to explore the role and detail mechanism of TULP3 in invasion, migration as well as
proliferation of the gastric cancer cells.

PTEN/Akt signaling pathway is one of the three major signalling pathways that have been identi�ed as
important in cancer [17]. Phosphatase and tensin homology (PTEN) that deleted on the chromosome 10
is a signi�cant tumor inhibitor. After phosphatidylinositol-3,4,5-trisphosphate converted to the
phosphatidylinositol-4,5-bisphosphate, it can antagonize the phosphatidylinositol-3-kinase (PI3K) effect
and ultimately inhibits the activation of Akt [18]. In addition, PTEN was observed to be reduced in the
gastric cancer, and its excessive expression can inhibit the gastric cancer cell lines growth through the Akt
pathway inactivation [19]. The excessive expression of Akt can make gastric cancer cells enter a highly
invasive and proliferative state [20]. PTEN regulates the bio-processes of cell through Akt (the target
molecule) [21, 22]. Snail is a type of zinc �nger transcription factor that can trigger EMT through
suppressing the tight junction proteins expression, containing claudin-1, E-cadherin, ZO-1 together with
occludin [23, 24, 25]. Snail is a principal mediator of the EMT and is related to the invasive gastric cancer
phenotype [26].

In this paper, we revealed that the levels of TULP3 expression were markedly up-regulated in the gastric
cancer tissues and cells. Subsequent functional assays demonstrated that TULP3 downregulation
suppressed invasion, migration as well as proliferation of the gastric cancer cell. Mechanism assays
depicted that the PTEN/Akt/Snail signaling pathway can inhibit the invasion, migration as well as
proliferation of the gastric cancer cell by TULP3 silencing. Finally, we found that the expression of TULP3
could be determined in the extracted serum exons. The expression of TULP3 in gastric cancer group was
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higher in contrast to normal group. As a result, TULP3 probably is a therapeutic target together with
prognostic biomarker for the gastric cancer.

Materials And Methods
Human tissue samples

Sixty pairs of the gastric cancer samples as well as the adjacent non-neoplastic tissues were acquired
from the Department of Gastrointestinal Surgery of The First Affiliated Hospital, Wannan Medical College
(Wuhu, Anhui, PR China) from March 2019 to October 2020. In accordance with the guidelines of World
Health Organization (WHO), all of the specimens were assessed by two pathologists. All the tissues were
given at the time of surgery, which were stored directly in a liquid nitrogen. No systemic or local treatment
was implemented to the patients prior to operation. The experiments and investigation have been agreed
by patients and authoritied by the Ethic Committee for Clinical Research of the First A�liated Hospital of
Wannan Medical College (No. 2020-52). The study was conducted in accordance with the Declaration of
Helsinki (https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/). We did not provide
any data that could help identify patients.

Cell line and cell culture

The cell lines of gastric cancer (BGC-823, AGS together with SGC-7901) and GES-1, the normal gastric
mucosal epithelial cells were offered through the Chinese Academy of Sciences Cell Bank (Shanghai,
China). Cell viability, DNA �ngerprinting, Mycoplasma as well as isozyme were detected to characterize
cell lines. The last identi�cation of cell was implemented on September 2017. Five cell lines were
cultivated in Dulbecco’s Modi�ed Eagle medium with high glucose (DMEM; Invitrogen, Carlsbad,
California, USA) containing antibiotics (penicillin (100 units/mL) and streptomycin (100 mg/mL))
together with fetal bovine serum (10%, FBS; Gibco, Bethesda, MD, USA). All of the cells were cultivated
with 5% CO2 under a temperature of 37 °C.

Cell transfection

The lentivirus establishing the TULP3 gene knockout was offered by genepharma (Shanghai, China). The
cell lines of gastric cancer were inoculated in plates (6 wells) at 50 percent of con�uence, which were
then respectively infected by scramble control (called shCtrl) or TULP3 knockout lentivirus (called
shTULP3) in BGC-823 and AGS cells. The stable transduction pools were produced via selecting with
4µg/ml puromycin for two weeks. The above cell transfection protocol shall comply with the instructions
of manufacturer. After transfection, the cells were cultivated and gathered to conduct the subsequent
studies.

Quantitative real-time polymerase chain reaction(qRT-PCR)
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Trizol reagent (Sigma, Cat.No.T9424-100m) was utilized for the extraction of total RNA from the samples.
qPCR (+gDNA wiper) (Vazyme, Cat. No. R123-01) was reverse transcribed through utilizing Hiscript QRT
Supermix. In a VII7 Real-Time PCR System (Applied Biosystems, Weiterstadt, Germany), the products of
cDNA could be ampli�ed and then quanti�ed through applying AceQ qPCR SYBR Green master mix
(Vazyme, Cat. No. Q111-02). The TULP3 mRNA primers are composed of forward primer 5′-
TTGAGGTGGAGTCTCGCTCTGTC-3′ and reverse primer 5′-GAGGCAGGAGAATGGCGTGAAC-3′. The
forward primer 5′-AGC CAC ATC GCT CAG ACA-3′ together with reverse primer 5′-TGG ACT CCA CGA CGT
ACT-3′were employed for the internal control of mRNA. The mRNA level was determined by the
comparative Ct method (ΔΔCt).

Western blot

RIPA (Thermo Fisher, MA, USA) lysis buffer involving phosphatase suppressor (1%), PMSF (1%) and
protease suppressor (0.1%) was utilized to dissolve cells BCA Protein Assay Kit (Cat. # 23225, Thermo
Fisher Scienti�c, MA, USA) was exploited for the assessment of total protein, and the same amount of
proteins were transferred to PVDF membranes by SDS-PAGE Protein electrophoresis apparatus (Cat. #
VE-180, TIANGEN, Shanghai, China). The membrane was blocked by skimmed milk (5%) in a Tris
buffered saline involving Tween 20 (0.1%) for two hours and cultured overnight with the below primary
antibodies under a temperature of 4 °C. The above primary antibodies contains: TULP3 (1:1000,
ab254692, Abcam, Cambridge, MA, USA), PTEN(1:1000, #9188, Cell Signaling Technology, Danvers, MA,
USA), p-PTEN(1:1000, #9554, Cell Signaling Technology, Danvers, MA, USA), Akt(1:1000, #2920, Cell
Signaling Technology, Danvers, MA, USA), p-Akt(1:1000, #4060, Cell Signaling Technology, Danvers, MA,
USA), Snail(1:1000, #3879, Cell Signaling Technology, Danvers, MA, USA), Alix(1:1000, #2171, Cell
Signaling Technology, Danvers, MA, USA), HSP70(1:1000, #4876, Cell Signaling Technology, Danvers, MA,
USA), GM130(1:1000, #553612480, Cell Signaling Technology, Danvers, MA, USA), Flotillin-1(1:1000,
#18634, Cell Signaling Technology, Danvers, MA, USA), EpCAM(1:1000, #5532626, Cell Signaling
Technology, Danvers, MA, USA), and β-Actin (1:3000, A1978, Sigma, Victoria, BC, Canada). The membrane
was cleaned 3 times with TBST (0.1%) for �ve minutes each time, then cultured for two hours by anti-
rabbit or anti-mouse secondary antibody combined with the horseradish peroxidase (Cell Signaling
Technology, Danvers, MA, USA), and cleaned 3 times with TBST (0.1%) for �ve minutes each time. The
reaction products were visualized with chemiluminescent ECL Plus reagents (Pierce, USA). And Tanon
5200 (Tanon, Shanghai, PR China) was employed to scan the membrane. Quantity One Software(Tanon,
Shanghai, PR China) was applied for the measurement of band strength via densitometry. The levels of β-
actin and protein were standardized. All of the experiments were conducted three times and re�ected
representative outcomes.

MTT assay

The shTULP3 and shCtrl cells were inoculated into the plates (96-well) (Cat. # 3599, Cornning, NY, USA)
overnight at 2×103 cells/well density. Before adding DMSO (150 μl, Sigma-Aldrich), each well was added
with the MTT (20 μl, 5 mg/mL, Genview Inc., Santa Clara, California, U.S.), and then cultured for four
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hours, after which Microplate Reader was conducted to determine the optical density (Cat. # M2009PR,
Tecan in�nite, Shanghai, China) at 490 nm. All of the studies were implemented for three times.

Colony formation assay

The transfected BGC-823 together with AGS cells were added to the plates (6 well) and kept in the
medium under a standard condition. After incubation for 2 weeks under a temperature of 37 ℃, rinse the
above plates through using ice-cold phosphate buffer saline (PBS; Sigma-Aldrich, St. Louis, MO, USA).
Next, the colony cells were �xed with paraformaldehyde (4%, Sigma-Aldrich, St. Louis, MO, USA) for
�fteen minutes, subsequently stained by 0.1 precent crystal violet (0.1%, Sigma-Aldrich, St. Louis, MO,
USA) at RT. The optical microscope (Nikon, Japan) was used for imaging and calculating the colony cells
number.

Transwell assay

Transwell chambers (BD Biosciences, USA) were used for the invasion and migration of cell. After two
days of related treatment, in each group, BGC-823 along with AGS cells were cultured into upper
Transwell chamber at 4×104 cells each well density (100μL medium involving 5 percent fetal bovine
serum). In addition, the culture plate (24 well) in lower chamber was added with 100μL medium involving
10 precent of fetal bovine serum. After one day of the conventional culture, take out the chamber and
wipe the cells on the upper microporous membrane layer through exploiting the cotton swab. Then, the
cells were �xed in 4% solution of paraformaldehyde for ten minutes at RT and stained by crystal violet
solution for �fteen minutes (0.5%, Sigma-Aldrich; Merck KGaA). In the end, �ve visual �elds could be
randomly chose and under the optical microscope (Nikon, Japan), they were subsequently observed to
calculate the cells number invading the chamber microporous membrane sublayer.

Wound healing assay

Wound healing experiment was implemented for the observation of the cell migration. In short, when the
BGC-823 and AGS cells after transfection remained in the 6-well plate and reached a con�uence from 90
to 95%, the tip of a micropipette was utilized to create scratches. After scratching, X71 inverted
microscope (Olympus, Tokyo, Japan) was applied for the observation of wound state at 0 and 24 hours.

Exosome isolation

In accordance with the instructions of manufacturer, ExoQuick precipitation solution (System
Biosciences, Mountain View, CA, USA) was applied for acquiring exosomes from serum. Shortly, it will be
ExoQuick solution (63μL) and serum (250μL) was mixed and incubated under a temperature of 4 °C
overnight. After centrifugation for half an hour at 1500×g, suspending the pellets in PBS (50μL) and
�ltrated by 0.22μm of �lter (EMD Millipore, Billerica, MA, USA). The separated ectoplasts were maintained
under a temperature of −80 °C prior to use.

Transmission electron microscopy
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A pipette was used to transfer 20 μL of produced exosomes onto the copper grid coated with Formvar
carbon, allow it to adsorb for ten minutes, and then discharge the excess liquid. The exosomes after
absorbed were subsequently negatively stained by 2% (w/v) phospphotungstic acid (with a pH of 6.8) for
�ve minutes, and electric incandescent lamp was subsequently employed to dry them, and transmission
electron microscope (Fei TECNAI 12, Philips) was exploited to analyze them, bar = 200 nm.

Size analyses of exosomes

The separated exosomes were diluted in the PBS, NanoSight LM 10-HSBFT 14 Instrument (NanoSight,
Malvern, UK) was employed for analyzing them based on the protocol. The exosomes size were
subsequently analyzed studied with the software of Nanoparticle Tracking Analysis 2.0 (NTA 2.0).

Statistical analysis

All data were produced from three separated studies and they were described as mean ± standard
deviation. GraphPad Prism 8.0.1 for Windows (Graphpad Software Inc., La Jolla, California USA,
www.graphpad.com) was utilized to conduct the statistical calculations. Between the two groups, the
difference was calculated via proper unpaired Chi-square test or using Student’s t-test, and there exist a
statistical signi�cance when P < 0.05.

Results
TULP3 is up-regulated in gastric cancer and has clinical value in gastric cancer

It can be found that the levels of TULP3 were remarkably enhanced in 156 patients with gastric cancer in
comparison with �ve normal gastric tissues utilizing Cancer Genome Atlas (TCGA) database (Fig. 1a).
qRT-PCR was implemented for the detection of the TULP3 expression in sixty paired normal tissues and
gastric cancer tissues. Our outcomes exhibited that TULP3 was evidently enhanced in the gastric cancer
tissues (Fig. 1b). In addition, in order to con�rm the protein and the mRNA expression levels of TULP3 in
different gastric cancer stages, the western blot together with real-time PCR was implemented for high-
grade (WHO / ) and low-grade (WHO / ) gastric cancer groups. The results showed higher levels of
TULP3 expression in high-grade (WHO / ) gastric cancers in comparison with the low-grade gastric
cancers (Fig. 1c, d). Log-rank test and the Kaplan-Meier method indicated that the disease-free survival
and total survival time of patients having high expression of TULP3 in tumors were obviously shorter
than the patients containing low expression of TULP3 in gastric cancer (Fig. 1e, f).

High expression of TULP3 in gastric cancer cell lines and human gastric cancer tissues

Subsequently, the TULP3 expression levels in GES-1 and three cell lines of gastric cancer (namely, BGC-
823, AGS as well as SGC-7901) were evaluated by Western blot detection and the real-time PCR.
According to Figures 2A and 2B, the TULP3 expression in these three cell lines of the gastric cancer was
higher than the expression in GES-1, and the level of expression was higher in the BGC-823 and AGS cells
cells; Therefore, these lines are employed for the further studies of biological mechanisms and functions
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(Fig. 2a, b). In addition, comparative research exhibited that the TULP3 expression level in four pairs of
the human gastric cancer tissues was higher than the level in matched adjacent non-cancer tissues
(Fig. 2c, d). In conclusion, these outcomes re�ected that the expression of TULP3 is in relation with the
clinical progression of the gastric cancer and may be a valuable gastric cancer prognostic marker.

Silencing of TULP3 expression in gastric cancer cells inhibits cell proliferation, migration and invasion in
vitro

Afterwards, with the aim of clarifying the bio-function of TULP3 in the gastric cancer, we reduced the
expression of TULP3 in BGC-823 and AGS cell lines through two speci�c lentiviral shRNAs of TULP3
(namely, shTULP3 #1 together with shTULP3 #2). Western blot detection together with real-time PCR was
applied to observe the TULP3 expression was down-regulated approximately 85% after treating through
shTULP3 #1 targeting TULP3 in comparison with negative control (Fig. 3a-d). Therefore, shTULP3#1 was
selected to carry out the following experiments and the exploration of mechanism. With the aim of
clarifying the effect of TULP3 in the gastric cancers, a sequence of in vitro experiments were performed.
MTT assay demonstrated that tumor proliferation was remarkably suppressed in shTULP3 group in
contrast to shCtrl group (Fig. 3e, f, Supplemental �gures 1a, b). In AGS knockdown cells, the number of
cell clones was deceased in shTULP3 group in contrast to shCtrl group. The same was true in BGC-823
cells (Fig. 3g). Transwell assay revealed that the invasion of BGC-823 together with AGS cells invasion
was remarkably down-regulated after decrease of TULP3 (Fig. 3h). Eventually, the migration of cells were
assessed through wound-healing assay, and reduced TULP3 expression evidently suppressed the BGC-
823 and AGS cells migration (Fig. 3i, j). Taken together, the abovementioned datas indicated that in vitro,
knockout of TULP3 can suppress the invasion, migration as well as proliferation of the gastric cancer
cells.

Knockdown of TULP3 inhibits the tumorigenicity of gastric cells in vivo

A mouse xenotransplantation model was constructed to explore whether TULP3 could in�uence the
occurrence of tumors in vivo. The nude mice was injected with shRNA or TULP3 shRNA AGS cells from
the �ank. The tumor volume and weight in TULP3 knockout group were reduced to about one-fourth and
one-�fth of those in control group, respectively (Fig. 4a-c). As the result, TULP3 is very signi�cant in the
promotion of gastric carcinogenesis.

TULP3 regulates gastric cancer cell proliferation, migration and invasion via the PTEN/Akt/Snail
signaling pathways

With the aim of comprehensively clarifying the mechanisms of TULP3 in regulating the invasion,
migration as well as proliferation of the gastric cancer cell, we transfected with TULP3 shRNA in the cell
lines of BGC-823 and AGS, and signaling pathways participated in tumor invasion, migration and
proliferation, which might be activated through TULP3 were analyzed by examining the expression of
snail and the phosphorylation forms of the PTEN/Akt through applying western blot detection. The
outcomes exhibited that the expression of Snail was decreased, the phosphorylation of PTEN was up-
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regulated and which of the AKT was remarkably decreased following TULP3 shRNA treatment compared
to negative control (Fig. 5a, b). Together, these datas indicated that TULP3 silencing attenuates the
invasion, migration as well as proliferation of the gastric cancer cell through the PTEN/Akt/Snail
signaling pathways.

Serum exosomal TULP3 level is upregulated in gastric cancer patients

Eventually, in our work, exosomes could be extracted from sixty serum samples of normal people and
patients with gastric cancer. First of all, these vesicles were characterized through a variety of methods,
like western blotting and electron microscopy (Fig. 6a, b). The presence of exome markers GM130,
HSP70, Alix, EpCAM and Flotillin-1 demonstrated the purity of gastric cancer secretory exons isolated
from serum. Our outcomes revealed that the expression of TULP3 could be determined in the serum
exons after extraction, and the expression in gastric cancer group was higher than the expression in
normal group (Fig. 6c). In conclusion, these outcomes suggest that in serum, the exosomal TULP3 is
stable, which can be utilized as the latent biomarker in patients with gastric cancer.

Discussion
Gastric cancer is a malignant tumor with high mortality rate and incidence rate [27, 28]. Despite gastric
cancer has been deeply investigated, its latent molecular mechanism has not been completely clari�ed
[29]. In addition, there exist no effective prevention and the methods to treat gastric cancer [30]. As a
result, there is an urgent demand to determine effective the predictors together with treatments.

The main result of this experiment is that TULP3 is markedly related to the gastric cancer progression.
The invasion, migration as well as proliferation of the gastric cancer cells can be reduced by TULP3
silencing. We found that the deletion of TULP3 decreased the invasion, migration as well as proliferation
of the gastric cancer cells through Snail, Akt and PTEN signaling pathway. This research gives strong
evidence and novel insights for TULP3 to possess an essential effect in the gastric cancer tumorigenicity
and its progression.

A bipartite transcription factor in tubby gene family was encoded by TULP3. The members of the above
family have been found in invertebrates, vertebrates, and plants that share phosphatidylinositol-
phosphate binding area and a conserved C-terminal DNA and a conserved N-terminal transcriptional
activation area [31, 32, 33]. In plasma membrane, the phosphatidylinositol was bound with encoded
protein through its C-terminal area and may utilize as the membrane-bound transcriptional regulator, for
example, transporting it to nucleus through G-protein-coupled receptor signal-induced hydrolysis of
phosphatidylinositol [13, 34, 35, 36]. It has an essential effect in the function and development of
neurons. There are two transcriptional variants of this gene that encode different isoforms. The protein of
TULP3 regulates negatively the Hedgehog pathway without a ligand of Sonic Hedgehog (Shh) in the
primary cilia of mouse embryos, an extension of microtubule basement membrane employs as a sensory
signal chamber [11]. TULP3 is also associated with vesicle transport because PIP2 (a component of the
cell membrane) binds with the tubby domain binds [34]. Mukhopadhyay et al. emphasized the effects of
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intra�agellar transport complex A (IFT-A) and TULP3 in the transport of G protein-coupled receptors
(GPCRs) subsets to cilia in the mouse embryos [13]. In addition, Santagata et al. believe that TULP3 may
play an effect in regulating gene expression and GPCR signal transduction of Neuro-2A cell [14].

In this experiment, the clinical signi�cance and level of TULP3 expression in the gastric cancer was
assessed through a relatively large number of clinical tissue samples. Western blot and real-time PCR
were employed for detection the protein and mRNA expression levels of TULP3 in sixty gastric cancer
tissue samples. These outcomes suggest that abnormally high expression of TULP3 may be related to
poor gastric cancer prognosis. With the aim of clarifying the bio-behavior of TULP3 in the gastric cancer,
the expression of TULP3 in three cell lines of gastric cancer was determined, established TULP3 lentiviral
vector to statically knock out the TULP3, and utilized this vector to statically transducate BGC-823
together with AGS cell lines. Our outcomes suggest that the knockdown of TULP3 inhibits the invasion,
migration, and proliferation of BGC-823 and AGS in vitro. Nevertheless, the TULP3 mechanism in the
invasion, migration, as well as proliferation of gastric cancer cells has not been studied yet. In our work,
we provided evidence that the knockdown of TULP3 could suppressed the Akt and PTEN
phosphorylation, whereas the total of PTEN and Akt were no change. Aberrations in a variety of cellular
signaling pathways help to regulate growth, the development of tumor, cell metabolism, cytoskeleton
reorganization, metastasis and proliferation [37, 38]. The signaling pathway of PTEN/Akt is the basic
cellular signaling cascade participated in the above processes. It is a key and deeply investigated
intracellular signaling pathway in tumorigenesis process [39, 40]. A variety of activating mutations of
oncogenes and the tumor inhibitor genes inactivation have been found in various malignant tumors of
nearly all pathway members [41]. The signaling pathway of PTEN/Akt acts as a target for treating the
cancer [42]. Recently, by the horizontal transfer of a variety of bioactive molecules for instance mRNAs
and proteins, exons are becoming mediators of systemic and local intercellular carcinogenic information
and possesses an essential effect in the progression of cancer [43]. Exosomes are secreted through many
kinds of cells and involve in the intercellular communication through transmitting the intracellular goods
[44]. Proteins can prevent degradation through exons in circulation, transfer between various cancer cells,
and transmit phenotypes and signals through exons [45]. Nevertheless, the exosomal proteins effect
come from the gastric cancer cells is unclear. Fascinatingly, it can be found that the expression of TULP3
could be determined in the serum exons after extraction, and the expression of TULP3 in gastric cancer
group was higher than the expression in normal group.

To sum up, the present research exhibited that TULP3 is highly increased in cell lines and samples of
gastric cancer patient, and the expression of TULP3 is positively associated with the poor gastric cancer
clinical prognosis. TULP3 deletion suppresses the proliferation of gastric cancer cells through
PTEN/Akt/Snail signaling pathway. What’s more, TULP3 was determined in exosomes and the gastric
cancer tissues, suggesting its latent application as biomarker and therapeutic target for the gastric
cancer.
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Figures

Figure 1

TULP3 is up-regulated in gastric cancer and has clinical value in gastric cancer. a Relative expression of
TULP3 mRNA in the gastric cancer specimens (n=156) and normal gastric specimens (n=5) acquired
from TCGA. The data in bar graph are expressed with mean ± SEM; *, P value is less than 0.05. b Real-
time PCR was employed for determining the relative expression of TULP3 mRNA in sixty paired normal
tissues and gastric cancer tissues. The data in bar graph are expressed with mean ± SEM; *, P value is
less than 0.05. c Real-time PCR was employed for measuring the relative expression of TULP3 mRNA in



Page 15/20

the gastric cancer specimens in high clinical stages together with low clinical stages. The data in bar
graph are described with mean ± SEM; *, P value is less than 0.05. d The western blot detection of
expression of TULP3 in the gastric cancer specimens in high and low clinical stages. Utilizing β-actin as a
loading control. e Kaplan-Meier univariate analyses (log-rank) survival curves of the overall survival for
gastric cancer patients with high m-expression (n=151) and low TULP3 expression (n=227). The log-rank
detection was employed for the comparison of differences between the two groups (P is equal to 0.0282).
f Kaplan-Meier univariate analyses survival curves of the disease-free survival for gastric cancer patients
with with high m-expression (n=192) and low TULP3 expression (n=192) tumors. The log-rank detection
was employed for the comparison of differences between the two groups (P is equal to 0.019).

Figure 2

High expression of TULP3 in gastric cancer cell lines and human gastric cancer tissues. a Relative
expression of TULP3 mRNA in GES-1 and and in cell lines of the gastric cancer (namely, BGC-823, AGS
together with SGC-7901) detected through real-time PCR. The data in bar graph are expressed with mean
± SEM; *, P value is less than 0.05. b The western blot detection of TULP3 expression in GES-1 and and in
the cell lines of gastric cancer (that is, BGC-823, AGS as well as SGC-7901). Utilizing β-actin as the
loading control. c Real-time PCR was conducted for detecting the relative expression of TULP3 mRNA in
the matched primary gastric cancer tissues (T) together with the adjacent noncancerous tissues (ANT).
The data in bar graph are described with mean ± SEM; *, P value is less than 0.05. d Western blot assay
for the expression of TULP3 in T together with ANT. Utilizing β-actin as the loading control.
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Figure 3

Silencing of TULP3 expression in gastric cancer cells inhibits cell proliferation, migration and invasion in
vitro. a The relative expression of TULP3 mRNA in TULP3 shRNA expressed AGS cells was measured with
real-time PCR. b The western blot detection for the expression of TULP3 in AGS cells silenced by TULP3.
Utilizing β-actin as the loading control. The data in bar graph are described with mean ± SEM; *, P value is
less than 0.05. c Real-time PCR was applied for testing the relative expression of TULP3 mRNA in TULP3
shRNA expressed BGC-823 cells. d The western blot assay for the expression of TULP3 in AGS cells
silenced by TULP3. Utilizing β-actin as the loading control. The data in bar graph are described with mean
± SEM; *, P value is less than 0.05. e MTT tests were employed for investigating the proliferation rates in
AGS cells silenced by TULP3. The representative images are exhibited at the bottom of panel. The data in
bar graph are described with mean ± SEM; *, P value is less than 0.05. f MTT tests were employed to
explore the proliferation rates in BGC-823 cells silenced by TULP3. The representative images are
illustrated at the bottom of panel. The data in bar graph are expressed with mean ± SEM*, P value is less
than 0.05. g The proliferation capacities of the BGC-823 and AGS cells silenced by TULP3 were explored
by colony formation assay. The representative images are displayed on the left, and the colonies number
was calculated on the right. The data in bar graph are expressed with mean ± SEM; *, P value is less than
0.05. h The invasion capacities of the BGC-823 and AGS cells silenced by TULP3 were investigated by
transwell test. The representative images are re�ected on the left, and the metastasis number was
calculated on the right. The data in bar graph are expressed with mean ± SEM; *, P value is less than 0.05.
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i The migration capacities of the AGS cells silenced by TULP3 was detected by wound healing test. The
representative images are displayed on the left, and the width of wound was detected on the right. The
data in bar graph are expressed with mean ± SEM; *, P value is less than 0.05. j The migration capacities
of the BGC-823 cells silenced by TULP3 was measured through wound healing test. The representative
images are displayed on the left, and the width of wound was detected on the right. The data in bar graph
are expressed with mean ± SEM; *, P value is less than 0.05.

Figure 4

Knockdown of TULP3 inhibits the tumorigenicity of gastric cells in vivo. a Macroscopic view of tumor
harvested of two indicates treatment groups (n=4). b Comparison of the tumor volume of two indicated
treatment groups at the end-point (n=4). Bar graph data are presented as mean ± SEM; *, P value is less
than 0.05. c Comparison of the tumor weight of two indicates treatment groups at the end-point (n=4).
Bar graph data are presented as mean ± SEM; *, P value is less than 0.05.
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Figure 5

TULP3 regulates gastric cancer cell proliferation, migration and invasion via the PTEN/Akt/Snail
signaling pathways. a Western blot assay for response gene protein expression downstream of Snail, Akt
and PTEN signaling pathway in AGS cells silenced by TULP3. Utilizing β-actin as the loading control. b
Western blot assay of response gene protein expression downstream of Snail, Akt and PTEN signaling
pathway in BGC-823 cells silenced by TULP3. Utilizing β-actin as the loading control.
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Figure 6

Serum exosomal TULP3 level is upregulated in gastric cancer patients. a The representative pictures of
exosomes (black arrow) from serum of patients with gastric cancer examined by electron microscopy. b
Western blot assay for the puri�ed serum exosome markers from exosome-depleted supernatant (EDS)
and exosome e. c Real-time PCR was applied for testing the relative expression of TULP3 mRNA in the
serum exosomes of normal groups and patients with gastric cancer. The data in bar graph are described
with mean ± SEM;*, P value is less than 0.05.
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