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Abstract
BACKGROUND
Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1
(PREX1) was reported to be overexpressed in some cancers and involved in
cancer development, but its expression and significance in gastric cancer remain
unclear.

AIM
To evaluate the expression of PREX1 in gastric cancer and its significance in the
development of gastric cancer, especially to evaluate the potential mechanism of
PREX1 in gastric cancer.

METHODS
Bioinformatic analysis was performed in order to examine the expression of
PREX1 in gastric cancer. The relationship between the survival rate of gastric
cancer patients and PREX1 expression was assessed by Kaplan Meier portal. The
Gene Set Enrichment Analysis and the correlation between PREX1 and
transforming growth factor (TGF) β1 pathway-related mediators were evaluated
by cBioPortal for Cancer Genomics. Western blotting and reverse transcriptase
polymerase chain reaction assay were used to test the role of TGFβ1 on the
expression of PREX1. Western blotting and dual-luciferase reporter system was
used to evaluate the effect of PREX1 on the activation of TGFβ1 pathway. Wound
healing and Transwell assay were used to assess the effect of PREX1 on the
metastasis activity of gastric cancer cells.

RESULTS
PREX1 was overexpressed in the gastric tumors, and the expression levels were
positively associated with the development of gastric cancer. Also, the high
expression of PREX1 revealed poor prognosis, especially for those advanced and
specific intestinal gastric cancer patients. PREX1 was closely involved in the
positive regulation of cell adhesion and positively correlated with TGFβ1-related
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mediators. Furthermore, TGFβ1 could induce the expression of PREX1 at both the
protein and mRNA level. Also, PREX1 could activate the TGFβ1 pathway. The
induced PREX1 could increase the migration and invasion activity of gastric
cancer cells.

CONCLUSION
PREX1 is overexpressed in gastric cancer, and the high level of PREX1 predicts
poor prognosis. PREX1 is closely associated with TGFβ signaling and promotes
the metastasis of gastric cancer cells.

Key words: Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1;
Gastric cancer; High expression; Poor prognosis; Metastasis; Transforming growth factor
β1 pathway
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Core tip: In this study, we fully identified the overexpression of phosphatidylinositol-
3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1) in gastric cancer and its
positive correlation with the gastric cancer progression. High PREX1 expression predicts
poor prognosis in the specific intestinal-type gastric cancer patients. PREX1 is closely
involved with cell adhesion, and PREX1 has a positive feedback loop regulation with
transforming growth factor β1 pathway to promote the metastasis of gastric cancer cells.
PREX1 may be a novel target for the drug development of gastric cancer, and PREX1
acts as a predictor for prognosis of intestinal-specific gastric cancer.

Citation: Shao Q, Chen ZM. Feedback regulation between phosphatidylinositol-3,4,5-
trisphosphate dependent Rac exchange factor 1 and transforming growth factor β1 and
prognostic value in gastric cancer. World J Gastroenterol 2020; 26(1): 21-34
URL: https://www.wjgnet.com/1007-9327/full/v26/i1/21.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i1.21

INTRODUCTION
Gastric  cancer  is  one  of  the  most  common  digestive  tract  tumors.  It  has  the
characteristics of high malignancy and high metastasis[1]. In recent years, the incidence
of gastric cancer continues to increase, which is closely related to food safety, poison
exposure, and bad living habits[2], such as environmental toxins, malnutrition, etc. At
present clinical practice, the curative treatment of gastric cancer is relatively rare.
Furthermore, due to the poor early diagnosis of gastric cancer, most patients with
gastric cancer are diagnosed at the advanced stage, so the efficiency of treatment is
not satisfactory[3-5]. The clinical summary represents that the 5-year survival rate is
relatively low, and due to the tumor type, the patient's quality of life is significantly
reduced[6].  Therefore,  exploring  novel  mediators  of  gastric  cancer  is  of  great
significance in the therapy of gastric cancer.

Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1)
was identified as an activator of Rac[7,8]. A previous publication showed that PREX1
interacts with a G protein-coupled receptor and activates a downstream signaling
pathway[9,10].  PREX1  is  an  indispensable  factor  in  the  regulation  of  neutrophil
function[11,12].  Welch  et  al[13]  reported  that  PREX1  was  an  important  regulator  in
neutrophil  functions  such  as  the  induction  of  reactive  oxygen  species  and  the
inflammation response.  Moreover,  PREX1 has  the  ability  to  regulate  neutrophil
chemotaxis. A detailed molecular mechanism study showed that PREX1 can activate
Rac1/2, thus regulating neutrophil migration[14,15]. In addition, PREX1 mediates the
signaling regulation between the T-cell antigen receptor and CXCR4[16,17]. Therefore,
PREX1 may be a prospective target for immune disease.

Many reports of PREX1 also focus on the study of cancer. PREX1 was shown to be
overexpressed in breast tumor tissues and to be positively correlated with the clinical-
pathological feature, which could predict the prognosis for breast cancer patients[18-20].
Other studies also reported the overexpression of PREX1 in some cancers, including
prostate cancer, kidney cancer, ovarian cancer, glioblastoma and thyroid cancer, and
that this overexpression was involved in the proliferation and migration of cancer
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cells[21-24]. Notably, the latest study found abnormal methylation of PREX1 in gastric
cancer. Liu et al[25]  reported that hypermethylation of PREX1 represented a higher
survival rate. However, the expression of PREX1 and its significance in gastric cancer
remain unclear. In this study, we identified the expression of PREX1 in different types
of gastric cancer. This study also revealed the association between PREX1 expression
with the development of  gastric  cancer.  Furthermore,  the clinical  significance of
PREX1 was assessed using survival analysis. We firstly report that PREX1 expression
is a specific prognosis biomarker for intestinal-type gastric cancer. Notably, we also
evaluated the potential mechanism regulation in gastric cancer. Interestingly, we
report for the first time that PREX1 has a positive feedback loop with the transforming
growth factor (TGF) β1 signaling pathway and participates in the process of gastric
cancer metastasis. This study further demonstrates the expression of PREX1 in gastric
cancer and evaluates its significance in the clinical finding. Furthermore, the feedback
loop regulation between TGFβ1 and PREX1 has been firstly addressed, and PREX1
might be a novel target for the treatment of gastric cancer.

MATERIALS AND METHODS

Reagents
SGC-7901, BGC-823 cells, and HEK293T cells were obtained from the American Type
Culture Collection (ATCC, Rockville, MD, United States). The recombinant human
TGFβ1 protein (240-B-002) was purchased from R&D Systems (Minneapolis,  MN,
United States). Anti-TGF-β 1 antibody (ab92486) and anti-PREX1 antibody (ab124231)
were purchased from Abcam (Cambridge,  MA, United States).  Anti-β  actin  was
provided from Santa Cruz Biotechnology (Dallas, TX, United States). Lipofectamine
2000 transfection reagent, Dulbecco's modified eagle's medium, fetal bovine serum
(FBS),  antibiotic  reagent,  and RMPI 1640 medium were purchased from Thermo
Fisher (Waltham, MA, United States). Dual-luciferase reporter kit and crystal violet
staining were obtained from Beyotime (Wuhan, China). Protease inhibitor cocktail
was purchased from APExBio (Houston, TX, United States). Lentivirus concentration
solution, radioimmunoprecipitation assay lysis buffer,  bicinchoninic acid protein
concentration  kit,  total  RNA  isolation  reagent,  first-strand  cDNA  synthesis  kit,
enhanced  chemiluminescence  system,  and  SYBR quantitative  polymerase  chain
reaction (PCR) kit were obtained from Yeasen Biotechnology (Shanghai, China).

Oncomine analysis
The Cancer Genome Atlas  (TCGA) analysis  of  gastric  cancer was achieved by

Oncomine  portal.  The  relative  gene  expression of  PREX1 was  expressed as  copy
number  units.  The  different  histology  of  gastric  cancer  included diffuse  gastric
adenocarcinoma,  gastric  tubular  adenocarcinoma,  gastric  intestinal-type
adenocarcinoma,  mucinous  gastric  adenocarcinoma,  and  gastric  mixed
adenocarcinoma. The 236 cases of blood sample from gastric cancer patients were also
included in this study. The detailed analysis condition was as follows: P value < 1E-4,
fold change > 2, the gene ranks was top 10%. The patient’s information was obtained
from sample filters with clinical outcome, and the expression of PREX1 in gastric
cancer patients with different stage and tumor grade and with lymph node metastasis
or not were assessed in this study. Datasets included in the survival analysis are
shown in Table 1[26-31].

Survival analysis with Kaplan Meier plotter
The overall survival (OS) and post-progression survival (PPS) rate were conducted in
Kaplan  Meier  plotter.  The  classification  of  high  expression  patients  and  low
expression patients was split by median expression value. The biased arrays were
excluded in the survival analysis. In total, 631 patients were included to compare OS
between PREX1 high expression and low expression patients, and 384 patients were
included in the PPS analysis.  The restrict analysis to the subtype was the Lauren
classification method. In the OS analysis, 269 samples with intestinal gastric cancer
and 240 samples with diffuse gastric cancer were included. The statistical analysis was
performed using the logrank test and Cox regression analysis.

Co-expression network analysis of PREX1 in gastric cancer
The co-expression analysis of PREX1 in gastric cancer was performed in the cBioPortal
for Cancer Genomics.  P  value less than 0.01 was set  as a filter for significant co-
expression network analysis. The co-expression gene list was subjected to the Gene
Set Enrichment Analysis (GSEA) with a biological process. The enrichment score and
ranked list  metric  were  included in  the  GSEA analysis.  The correlation analysis
between PREX1 and TGFβ1, TGFβ2, intercellular adhesion molecule-1, integrin alpha
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Table 1  Datasets included in the survival analysis

GEO accession Sample number Platform Ref.

GSE14210 146 GPL571
[26]

GSE15459 200 GPL570
[27]

GSE22377 43 GPL570
[28]

GSE29272 268 GPL96
[29]

GSE51105 94 GPL570
[30]

GSE62254 300 GPL570
[31]

GEO: Gene Expression Omnibus.

(ITGA) 4, and ITGA5 of TCGA gastric cancer were conducted with cBioPortal for
Cancer Genomics. The correlation level analysis was assessed by the Pearson method.

Cell culture and transfection
Human embryonic kidney HEK293T cells were cultured in the Dulbecco's modified
eagle's  medium  with  10%  FBS.  SGC-7901  and  BGC-823  cells  were  cultured  in
RMPI1640 medium and supplemented with 10% FBS, 200 mg/mL streptomycin, and
200  U/mL  penicillin.  Lipofectamine  2000  was  applied  in  the  cell  transfection.
HEK293T cells were plated in the 10 cm cell dish, and when the cell density was about
80%, the cells were subjected to the transfection. The full length of human PREX1 or
control vector plasmid was transfected combined with pCMV-dR8.91 and pCMV-
VSVG plasmids into HEK293T cells.  The detailed procedure was as  follows:  the
overexpression or vector plasmid, pCMV-dR8.91 plasmid, and pCMV-VSVG plasmid
were diluted in the Opti-MEM medium, the ratio between the three plasmids was
5:3:2. Lipofectamine 2000 reagent was diluted in the Opti-MEM medium, and the
concentration was confirmed according to the manufacturer’s protocol. After further
culture for  48 h,  the supernatant  was collected for  lentivirus concentration with
solution kit.  The viral  particle of  PREX1 overexpression and vector control  were
supplemented  in  the  culture  medium  with  5  μg/mL  polybrene.  With  the
incorporation  of  polybrene,  the  effect  of  overexpression  transfection  could  be
enhanced.

PREX1 transcripts’ construction
The human full length of PREX1 is 4980 bp. The full length of PREX1 was cloned into
pCDH-CMV-MCS-EF1-Puro lentivirus system. The primer for PREX1 transcript was
as  follows:  forward  primer,  5’-GCTCTAGAATGGAGGCGCCCAGCGGCAG-3’;
reverse primer, 5’-CGGAATTCTCAGAGGTCCCCATCCAC-3’. The PREX1 transcript
amplification was constructed with PrimeStar DNA polymerase. Due to the high
content  of  GC in  the  forward  primer,  the  PCR reaction  solution  contained  10%
dimethylsulfoxide. Furthermore, considering the big Tm value difference between
forward and reverse primer, the two-step PCR method was applied. The restriction
enzymes XbaI and EcoRI were used to insert PREX1 full length into a pCDH-CMV-
MCS-EF1-Puro vector.

Western blotting assay
The cells were washed with cold phosphate-buffered saline (PBS) buffer twice, and
the cells were lysed with radioimmunoprecipitation assay solution on ice for 30 min.
The lysis  buffer  was  supplemented with  protease  inhibitor  cocktail  at  the  work
concentration. The cell lysis buffer was collected and centrifuged at 12000 g/min for
15 min, and the supernatant was collected and subjected to the bicinchoninic acid
protein concentration assay. The equivalent protein was subjected to sodium dodecyl
sulfate  polyacrylamide  gel  electrophoresis  and  transferred  to  polyvinylidene
difluoride  membrane.  The  membrane  was  blocked with  non-fatty  milk  at  room
temperature for 1 h, and then the membrane was washed with Tris buffered saline
with tween buffer. The membranes were incubated with indicated primary antibody
(1:1000) at 4 °C overnight. The membranes were washed with Tris buffered saline
with tween three times and incubated with the indicated second antibody at room
temperature for 1 h. Enhanced chemiluminescence system was used to detect the
protein expression.

Real-time quantitative polymerase chain reaction
The cells were collected and washed with cold PBS buffer twice, and the cells were
lysed  with  total  RNA  isolation  reagent  at  room  temperature  for  10  min.
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Trichloromethane was added, and the sample was vortexed for 1 min and centrifuged
at 12000 g for 10 min. The supernatant was collected in a new tube and supplemented
with cold isopropanol. The solution was mixed and centrifuged at 12000 g for 10 min.
The white sediment was the total RNA and washed with 75% ethanol twice for RNA
purification.  The  first-strand  cDNA  synthesis  was  conducted  according  to  the
manufacturer’s  protocol.  Relative mRNA levels  of  the indicated target  gene was
evaluated with SYBR green assay, and the 2-CT method was used to display the mRNA
levels. The primer for real-time quantitative polymerase chain reaction as followed:
PREX1 (forward  primer:  5’-GGCATTCCTGCATCGCATC-3’,  reverse  primer:  5’-
CGGGTGTAAACAATACTCCAAGG-3’,  amplicon size:  151 bp),  β-actin (forward
primer:  5’-CATGTACGTTGCTATCCAGGC-3’,  reverse  primer:  5’-CTCCTT
AATGTCACGCACGAT-3’, amplicon size: 250 bp).

Dual-luciferase reporter assay
HEK293T cells were seeded in a 24-well plate, and the cell density was approximately
80%.  The  cells  were  transfected  with  Smad3  reporter  plasmid  pGL3.PT3  and
housekeeping  Rellina  plasmid.  Simultaneously,  the  culture  medium  was
supplemented with lentivirus particle of PREX1 overexpression and vector control.
Twenty-four h later, the cells were treated with recombinant human TGFβ1 protein at
the density of 20 ng/mL. The cells were washed with cold PBS buffer and lysed with
reporter lysis on ice for 15 min, and the lysis was collected and centrifuged at 12000 g
at 4 °C. The supernatant was collected into a white 96-well  plate,  and the firefly
luciferin substrate was added into the supernatant and immediately mixed for 10 s,
and the fluorescence value was measured using Rellina luciferase substrate.

Wound healing assay
The  cells  were  seeded  into  6-well  plates  and  cultured  for  24  h.  When  the  cell
confluence was about 100%, a yellow tip was used to develop a scratch, and the cells
were washed with PBS three times. The lentivirus for PREX1 overexpression and
vector control were supplemented, and the cells were cultured for another 48 h. Cell
images were acquired by Zeiss microscope.

Transwell invasion assay
The Transwell unit was pretreated with matrigel and stored at 37 °C for 6 h, and the
cells were seeded into the Transwell unit for culture. After 48 h culture, the matrigel
was removed from the Transwell and stained with crystal violet. The invasive cells
were numbered by Zeiss microscope.

Statistical analysis
The gene levels are expressed as log2 (copy number units) in Oncomine analysis, and
the difference between two groups was analyzed by Student’s t-test. The survival rate
analysis was conducted with the Kaplan Meier method, and logrank P  value was
conducted  to  evaluate  the  statistical  significance.  The  correlation  analysis  was
achieved by the Pearson method.

RESULTS

Overexpression of PREX1 on gastric cancer
Previous studies demonstrated that PREX1 was overexpressed in some cancers[15,18,23],
but its expression in gastric cancer remains unclear. To understand fully the value of
PREX1 in gastric  cancer,  we firstly examined the expression of  PREX1 in gastric
cancer. As shown in Figure 1A, the analysis of TCGA gastric cancer revealed that
PREX1 was highly expressed in different histology types of gastric tumor tissues. To
confirm the overexpression of PREX1 in gastric tumor tissues, Deng gastric RNA-
sequencing  analysis  was  conducted  and  demonstrated  that  PREX1  was  highly
expressed in different histology of gastric cancer (Figure 1B), suggesting that PREX1
was a general mediator in gastric cancer[32].

PREX1 expression is positively correlated with the development of gastric cancer
In  this  study,  we identified that  PREX1 was overexpressed in  the  gastric  tumor
tissues.  Considering  the  significance  of  PREX1  in  the  function  regulation  of
neutrophils and macrophage[10,12], we examined the expression of PREX1 in the blood
of 236 gastric cancer patients. The results showed that the level of PREX1 in gastric
cancer patient’s blood was not significantly that than in normal gastric cancer. To
understand the expression of PREX1 in the development of gastric cancer, the level of
PREX1 in the different stages of gastric cancer patients was assessed. As shown in
Figure 2B, the level of PREX1 in patients with stage I was not remarkably different
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Figure 1

Figure 1  The expression of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 was evaluated in the Oncomine portal. A: The
expression of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 in the cancer genome atlas gastric cancer database was conducted; B:
Deng’s gastric tissues from Oncomine portal[32] were selected to evaluate the phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 mRNA levels
in different histology types of gastric cancer, the data was evaluated by high-resolution single nucleotide polymorphism arrays. Statistical significance is expressed as
eP < 0.001 vs normal gastric tissue. PREX1: Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1; TCGA: The Cancer Genome Atlas.

than in normal gastric tissues. However, the expression of PREX1 was significantly
enhanced in the advanced stage. A similar result was also observed in the PREX1
expression analysis of different tumor grades. There was no significant difference
between patients with tumor grade I and normal gastric tissues, and PREX1 level was
remarkably  elevated  in  the  higher  tumor  grade  (Figure  2C).  Furthermore,  the
expression of PREX1 in gastric cancer patients with lymph node metastasis or not was
evaluated, and the result showed that the level of PREX1 was significantly increased
in patients with gastric cancer tumor with lymph node metastasis compared to those
without  lymph  node  metastasis  (Figure  2D).  Based  on  these  findings,  we
hypothesized that PREX1 expression might be a marker for advanced-stage gastric
cancer.

Overexpression of PREX1 predicts poor prognosis for specific intestinal gastric
cancer patients
As mentioned previously,  PREX1 expression was  varied in  gastric  cancers  with
different histology, PREX1 expression was elevated in the advanced stage of gastric
cancer patients, and PREX1 might serve as a marker for the diagnosis of advanced
gastric cancer patients.  Thus,  we hypothesized that PREX1 might be a prognosis
marker  for  gastric  cancer  patients.  To confirm the hypothesis,  we evaluated the
relationship between PREX1 expression and the OS and PPS rates of gastric cancer
patients. As shown in Figure 3A, the gastric cancer patients with high expression of
PREX1 represented a lower OS rate [logrank P = 0.006, hazard ratio = 1.46 (1.17-1.81)].
In detail,  the median survival of the high expression cohort was 35.9 mo, but the
median survival of the low expression cohort was 78.6 mo. PREX1 expression was
elevated in  the  advanced gastric  cancer  patients  compared with  the  early-stage
patients. Regarding PPS, patients with high PREX1 expression displayed a lower
survival rate [Figure 3B, logrank P = 6.6E-07, hazard ratio = 1.986 (1.5-2.6)]. Combined
with higher expression in the advanced gastric cancer patients, PREX1 might be a
significant biomarker as a prognosis predictor of gastric cancer patients, especially for
those patients with advanced stage. In clinical practice, gastric cancer has two main
histology types,  diffuse gastric  cancer  and intestinal  gastric  cancer[33].  In  further
evaluation, we examined if PREX1 expression affected the survival rate in different
histology types of gastric cancer patients. Interestingly, as shown in Figure 3C and D,
high PREX1 expression patients display a lower survival rate in specific intestinal
gastric cancer patients. However, the survival rate of high PREX1 expression and low
expression patients was not significantly different in diffuse gastric cancer patients.
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Figure 2

Figure 2  The association between phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 expression and clinical features. A: The
expression of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1) in blood samples of gastric cancer patients, normal gastric tissues,
and gastric tumor tissues; B: The expression of PREX1 was examined in gastric cancer patients with the different patient stage; C: The level of PREX1 was assessed
in gastric cancer patients with different tumor grade; D: The level of PREX1 was examined in those gastric cancer patients with lymph node metastasis or not.
Statistical significance is expressed as aP < 0.05, bP < 0.01, eP < 0.001. TPM: Transcript per million; PREX1: Phosphatidylinositol-3,4,5-trisphosphate dependent Rac
exchange factor 1; TCGA: The Cancer Genome Atlas.

So, PREX1 expression was a novel prognosis biomarker for gastric cancer patients,
especially for advanced patients and intestinal gastric cancer patients.

PREX1 expression is involved in the positive regulation of cell adhesion
PREX1 was overexpressed in the gastric tumor tissues, and the expression of PREX1
could serve as a prognosis predictor for gastric cancer patients, especially for those
patients with advanced-stage and intestinal histology. These results demonstrated
that PREX1 might be an important mediator in the development of gastric cancer.
Thus, we evaluated the potential mechanism regulation involved in the function of
PREX1 in gastric cancer. Firstly, the co-expression network of PREX1 was conducted,
and the GSEA was applied to study the potential effect of PREX1 on the biological
process. As shown in Figure 4A, PREX1 expression was closely associated with the
positive regulation of cell adhesion, with the higher enrichment score (normalized
enrichment score = 1.56, false discovery rate = 0.003). To confirm further this result,
the correlation between PREX1 and other important mediators were conducted. TGFβ
signaling pathway is an important mediator in cancer development and is was closely
involved in the migration and invasion of cancer cells[34]. As PREX1 expression was
positively associated with cell adhesion, we evaluated the correlation between PREX1
and TGFβ signaling pathway. PREX1 was positively correlated with TGFβ1 (Figure
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Figure 3

Figure 3  The survival analysis between high and low phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 expression cohorts. A:
The overall survival rate was conducted in the high and low phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1) expression gastric
cancer patients; B: The post-progression survival analysis was conducted in the high and low PREX1 expression gastric cancer patients; C: In the intestinal gastric
cancer patients; D: diffuse gastric cancer patients, the overall survival was assessed in the high and low PREX1 expression patients. OS: Overall survival; PPS: Post-
progression survival; HR: Hazard ratio.

4B), and there was no significant correlation between PREX1 and TGFβ2 (Figure 4C).
In  further  analysis  downstream  of  TGFβ  pathway,  a  similar  phenomenon  was
observed in the correlation analysis of intercellular adhesion molecule-1 (intercellular
adhesion molecule-1, R = 0.44, Figure 4D), ITGA4 (ITGA4, R = 0.76, Figure 4E), and
ITGA5 (ITGA5, R = 0.18, Figure 4F). These data revealed that PREX1 was positively
associated  with  the  cell  adhesion  and  migration  process,  which  are  important
stimulus factors in the development of some cancers.

Positive feedback loop regulation of PREX1 and TGFβ1 in gastric cancer
PREX1 was closely involved in the TGFβ1 signaling pathway, as described above. In
this study, we further confirm the interaction between PREX1 and TGFβ1. As shown
in Figure 5A and B,  recombinant  human TGFβ1 protein treatment  could induce
PREX1 mRNA levels in SGC-7901 and BGC-823 cell lines. The protein expression was
evaluated by western blotting, and the result showed recombinant human TGFβ1
protein could remarkably increase PREX1 protein expression (Figure 5C). Feedback
regulation is an essential pattern in the signaling transduction. As TGFβ1 can induce
PREX1 expression, we hypothesized that PREX1 might affect the TGFβ1 pathway. To
confirm  the  hypothesis,  SGC-7901  and  BGC-823  cells  were  overexpressed  with
PREX1,  and  we  found  that  overexpression  of  PREX1  could  activate  the  TGFβ1
pathway (Figure 5D and E). Furthermore, a Smad3-luciferase reporter (Luc-PT3) was
utilized to study the effect of PREX1 on the TGFβ downstream signaling pathway. As
shown in Figure 5F, overexpression of PREX1 could enhance TGFβ1-induced Smad3
luciferase activity. Hence, PREX1 has a feedback loop with TGFβ1 pathway.

Overexpression of PREX1 could promote migration and invasion of gastric cancer
cells
PREX1 was  overexpressed in  gastric  cancer,  PREX1 was  closely  involved in  the
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Figure 4

Figure 4  Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 was closely associated with the regulation of cell adhesion. A: The
Gene Set Enrichment Analysis analysis of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1) and co-expression network in gastric
cancer; B: The correlation between PREX1 and transforming growth factor β1 were conducted in gastric cancer; C: The correlation between PREX1 and transforming
growth factor β2 were conducted in gastric cancer; D: The correlation between PREX1 and intercellular adhesion molecule-1 were conducted in gastric cancer; E: The
correlation between PREX1 and integrin alpha 4 were conducted in gastric cancer; F: The correlation between PREX1 and integrin alpha 5 were conducted in gastric
cancer. TPM: Transcript per million; FDR: False discovery rate; NES: Normalized enrichment score; TGFβ1: Transforming growth factor β1; TGFβ2: Transforming
growth factor β2; ICAM1: Intercellular adhesion molecule-1; ITGA4: Integrin alpha 4; ITGA5: Integrin alpha 5; PREX1: Phosphatidylinositol-3,4,5-trisphosphate
dependent Rac exchange factor 1.

biological process of cell adhesion, and a mechanism study revealed that PREX1 has a
feedback  loop  with  the  TGFβ1  pathway,  which  has  been  widely  reported  as  a
promoter in cancer metastasis[34]. Therefore, we examined the effect of PREX1 in the
migration and invasion of gastric cancer cells.  As Figure 6A and 6B show, when
PREX1 is overexpressed with lentivirus particle in SGC-7901 cells, the migration rate
was increased compared with lentivirus vector control. Furthermore, the Transwell
assay assessed that overexpression of PREX1 enhances invasion in SGC-7901 cells.
Taken together, these results revealed that PREX1 was closely associated with TGFβ1
and regulated the metastasis process of gastric cancer cells.

DISCUSSION
The incidence and mortality of gastric cancer continue to rise in recent years, and the
current clinical treatment of gastric cancer mainly depends on surgery, chemotherapy,
and targeted  therapy[35].  As  targeted  therapy can  be  directly  applied  to  tumors,
compared  with  surgery,  radiotherapy,  and  chemotherapy,  its  side  effects  are
relatively small[35,36].  Targeted therapeutic therapies for gastric cancer are mainly
targeted to epidermal growth factor receptor and vascular endothelial growth factor
receptor (VEGFR)[37]. However, more and more studies have confirmed the presence
of epidermal growth factor receptor and vascular endothelial growth factor receptor
mutations in gastric cancer patients, resulting in the failure of targeted therapy[38].
Therefore, the development of new targets is of great significance for the treatment of
gastric cancer.

PREX1 has been reported to be overexpressed in some cancers, including breast,
prostate, ovarian, and thyroid cancer, and PREX1 expression is closely associated with
cancer development[18,39]. Furthermore, some studies about the mechanism regulation
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Figure 5

Figure 5  Feedback regulation between phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 and transforming growth factor β1 in
gastric cancer cells. A and B: SGC-7901 cells and BGC-823 cells were treated with recombinant human transforming growth factor (TGF) β1 protein at the
concentration of 20 ng/mL for 12 h, the mRNA level was assessed by reverse transcriptase quantitative polymerase chain reaction; C: SGC-7901 and BGC-823 cells
were treated with recombinant human TGFβ1 protein at the concentration of 20 ng/mL for 12 h, the phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange
factor 1 (PREX1) protein was examined by western blotting; D and E: SGC-7901 and BGC-823 cells were cultured with lentivirus of PREX1 overexpressing particle in
dose concentration and control for 24 h, the cells were subjected to western blotting to evaluate the activation of TGFβ1; F: HEK293T cells were transfected with Luc-
PT3 and Rellina plasmids, the culture medium was supplemented with lentivirus particle of PREX1 overexpression and vector control. For another 24 h culture, the
cells were treated with recombinant TGFβ1 (20 ng/mL) for 6 h, then the cells were subjected to dual-luciferase reporter assay. Statistical significance is expressed as
aP < 0.05, bP < 0.01, eP < 0.001. PREX1: Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1; TGFβ1: Transforming growth factor β1.

of PREX1 revealed that PREX1 could activate phosphatidylinositol 3-kinase signaling
pathway, a cancer facilitating factor[18]. However, the study of PREX1 in gastric cancer
remains unclear and needs further elaboration. In this study, we firstly identified that
PREX1 is highly expressed in different types of gastric cancer (Figure 1) and that
PREX1 expression is positively correlated with progression of gastric cancer (Figure
2), suggesting that PREX1 is a potential target for gastric cancer. To understand fully
the significance of PREX1 in the development of gastric cancer, the effect of PREX1 on
the survival analysis was conducted, and high PREX1 expression in patients predicted
poor prognosis (Figure 3A and B). Interestingly, the OS analysis in intestinal-type
gastric cancer revealed PREX1 is a significant biomarker for the prediction of poor
prognosis, but it is not applicable to diffuse-type gastric cancer (Figure 3C and D). As
PREX1 was overexpressed in both diffuse-type and intestinal-type gastric cancer
(Figure 1), PREX1 might be a specific molecule in the heterogeneity of gastric cancer.
Based on these data, we believe that PREX1 may be a novel target for gastric cancer
therapy, especially in the intestinal-type gastric cancer.

PREX1 was reportedly involved in the regulation of some signaling pathways[39].
For  example,  PREX1  could  activate  phosphatidylinositol  3-kinase/AKT  and
MEK/ERK pathways to promote the development of breast cancer[18],  and PREX1
could also interact with protein kinase A and cooperate with platelet-derived growth
factor receptor β in the regulation of cell migration[14,40]. As PREX1 is an important
regulator in the development of gastric cancer, the mechanism study of PREX1 in
gastric cancer showed that PREX1 is closely involved with regulation of cell adhesion
(Figure 4). Further evaluation represents that PREX1 has a positive feedback loop
with TGFβ pathway (Figure 5), which is an essential factor in the development of
some cancers,  especially  in  the  promotion  of  metastasis.  Indeed,  the  metastasis
promoting activity of PREX1 was also confirmed in the wound healing and Transwell
assay (Figure 6). In summary, this study fully evaluated the overexpression of PREX1
in  gastric  cancer  and  demonstrated  that  PREX1  expression  could  act  as  a  poor
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Figure 6

Figure 6  Overexpression of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 could promote the metastasis of gastric cancer
cells. A: SGC-7901 cells were subjected to wound healing assay, and the cells were treated with phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange
factor 1 overexpressing lentivirus and vector control lentivirus particles for 24 h; B: The relative migration index was calculated by the width of the wound scratch of
panel A; C: Transwell assay was used to examine the effect of phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 in the invasion of SGC-7901
cells; D: The relative invasion index was calculated by the number of invasive cells in three different fields. eP < 0.001 vs pCDH. PREX1: Phosphatidylinositol-3,4,5-
trisphosphate dependent Rac exchange factor 1.

prognosis  predictor  for  the  specific  intestinal-type  gastric  cancer.  PREX1  is  a
prompting factor in the metastasis of gastric cancer cells, and PREX1 might be a novel
drug target and a valuable prognostic biomarker for gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Phosphatidylinositol-3,4,5-trisphosphate dependent Rac exchange factor 1 (PREX1) is considered
a  pro-oncogene  is  some cancer  types  and is  involved in  some common cancer-promoting
pathways, such as phosphatidylinositol 3-kinase/AKT and MEK/ERK. However, its expression
and clinical value in gastric cancer has not been reported. Gastric cancer is a common high
mortality disease, and identifying a novel therapeutic target could be valuable.

Research motivation
The goal was to confirm the expression of PREX1 in gastric cancer tissues and to correlate PREX1
level  and  disease  development.  The  potential  mechanism  of  PREX1  in  the  regulation  of
transforming growth factor (TGF) β pathway was also examined.

Research objectives
To evaluate the level and clinical value of PREX1 in the gastric cancer and to determine the
potential mechanism in the regulation of gastric cancer metastasis.
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Research methods
The Cancer Genome Atlas and Oncomine portal were used to test the level of PREX1 in gastric
cancer tissues. The Kaplan Meier was utilized to evaluate the survival rate in high and low
PREX1 expressing patient groups, including the examination of overall survival (OS) and post-
progression  survival  (PPS).  The  Gene  Set  Enrichment  Analysis  was  applied  to  screen  the
potential PREX1-mediated pathways. The correlation analysis was achieved in the cBioPortal for
Cancer  Genomics.  The  mRNA  level  of  PREX1  was  examined  by  reverse  transcription
quantitative polymerase chain reaction, and the protein level was evaluated by western blotting
assay. The dual luciferase reporter assay was applied to test the activation of the TGFβ pathway.
The effect of PREX1 in the regulation of metastasis in gastric cancer was assessed by wound
healing and Transwell assays.

Research results
PREX1 was highly expressed in gastric cancer tissues, and the expression level of PREX1 was
positively correlated with patient stage, tumor grade, and lymph node metastasis. Furthermore,
the high PREX1 level patients showed lower survival rate in OS and PPS, and the difference in
OS was only discovered in the intestinal-specific gastric cancer patients. PREX1 expression was
also closely linked with the cell adhesion and TGF-β related regulators. TGF-β1 could induce
PREX1 expression, and PREX1 could activate TGF-β pathway. Overexpression of PREX1 could
enhance the migration and invasion activity in vitro.

Research conclusions
PREX1 is overexpressed in gastric cancer tissues and is involved in the development of gastric
cancer. PREX1 could serve as a value prognostic biomarker in the prediction of OS and PPS. The
mechanism study showed PREX1 is closely involved with the regulation of the cell adhesion
process and TGF-β pathway in gastric cancer. PREX1 has a feedback regulation relationship with
TGF-β and acts an enhancer in the regulation of metastasis in gastric cancer.

Research perspectives
In this study, we firstly identified that PREX1 was overexpressed in gastric cancer and involved
in the  development  of  disease.  PREX1 could act  as  a  valuable  prognostic  marker,  and the
feedback regulation between PREX1 and TGF-β signaling pathway might contribute to the
metastasis of gastric cancer cells. In future work, the detailed regulation between TGF-β and
PREX1 should be studied as well as whether PREX1 could directly interact with TGF-β.
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