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miR-15a-5p targets PHLPP2 in gastric cancer cells to modulate platinum 
resistance and is a suitable serum biomarker for oxaliplatin resistance 
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MicroRNAs can bind with target genes thus inhibiting their expression levels to regulate cell survival, hence serve as 
serum biomarkers for a variety of purposes. Our aim was to explore the role of miR-15a-5p in the cisplatin/oxaliplatin 
resistance of gastric cancer. In this study, the growth and apoptosis of gastric cancer cell lines were measured with cell 
viability assay and flow cytometry, respectively. Dual-luciferase assay was applied for miRNA target validation. Expression 
of PHLPP2 and miR-15a-5p were measured by quantitative polymerase chain reaction and western blot, respectively. Serum 
miR-15a-5p level of 82 gastric cancer patients was examined by qPCR. Our results indicated that miR-15a-5p overexpres-
sion increased cisplatin resistance of gastric cancer cells, whereas miR-15a-5p downregulation decreased the resistance. 
miR-15a-5p directly targets and inhibits PHLPP2 in gastric cancer cells, enhancing downstream Akt phosphorylation. 
Moreover, overexpression of miR-15a-5p could attenuate the decrease in cisplatin resistance induced by PHLPP2 overex-
pression. Additionally, we observed that lower serum miR-15a-5p level was significantly correlated with better response to 
oxaliplatin-based chemotherapy as well as better 3-year survival. In conclusion, miR-15a-5p was recognized as a biomarker 
for platinum resistance and prognosis in gastric cancer, interference of which may be a promising strategy for sensitizing 
gastric cancer to platinum drugs.
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Gastric cancer is the third lethal cancer amongst all 
types of cancers considering its high mortality rate [1], 
for which surgery in combination with chemotherapy is a 
major solution. Platinum drugs (mainly cisplatin and oxali-
platin) are among the therapeutic drugs most widely used in 
chemotherapy against gastric cancer. It binds with DNA and 
renders cross-links, consequently inducing cell apoptosis [2]. 
Regarding patients with gastric cancer in the advanced stage, 
multi-drug combinational chemotherapies that include 
platinum could extend survival time and increase response 
rates [3, 4]. However, even though initial responses are often 
expectable, acquired chemoresistance often leads to the final 
failure of treatment.

MicroRNAs (miRNAs) are small non-coding RNAs 
that consist of 20 or so nucleotides. They function mainly 
through downregulating the expression of their target genes 
[5]. miRNAs complementarily bind to target sequences 
of the 3’-untranslated regions of their downstream genes, 
prompting the formation of RNA-induced silencing complex 
(RISC), subsequently causing mRNA degradation and 
inhibition of the translation of corresponding proteins [6]. 

Like other non-coding RNAs, miRNAs are mostly expressed 
in cells. However, a trace amount of miRNAs can also be 
detected in the extracellular environment that is almost all 
body fluid, including serum. Cellular miRNAs, once enter 
the extracellular environment, degrade within seconds 
[7], whereas extracellular miRNAs, or specifically serum 
miRNAs, are remarkably stable despite the varying tempera-
ture, pH, and extended times of freeze-thaw cycles. For this 
interesting property, numerous studies have focused on the 
potential of serum miRNAs as biomarkers for the diagnosis 
and prognosis of malignant tumors in recent years.

In our previous works, we identified several differen-
tially expressed miRNAs between a gastric cancer cell line 
and its cisplatin-resistant cell line by sequencing, of which 
miR-15a-5p turned out to be among the most significant one. 
Since miRNAs function mainly by inhibiting the expression 
of its target genes, in this study, we revealed that PHLPP2 was 
a novel target of miR-15a-5p in the regulation of platinum 
resistance of gastric cancer.

PHLPP2 is characterized as a member of the PHLPP 
family that suppresses the progression of the cell cycle, as 
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well as enhances apoptosis among assorted types of carci-
noma, and it is proven to have a suppressive effect on the 
PI3K/AKT pathway [8]. In this research, we found that 
miR-15a-5p overexpression significantly decreases the sensi-
tivity of MGC803 cells to cisplatin by enhancing the viability 
of cells and reducing apoptosis through interacting with 
PHLPP2 and subsequent phosphorylation of AKT. Moreover, 
the significant correlation between serum miR-15a-5p level 
and the response toward oxaliplatin-based chemotherapy 
of gastric cancer patients made us believe that miR-15a-5p 
might serve as a biomarker for platinum resistance and 
prognosis in gastric cancer.

Materials and methods

Culture of cell lines. MGC803 cell line was purchased 
from the National Infrastructure of Cell Line Resource of 
China. The cisplatin-resistant cell line of MGC803 (MGC803/
DDP) was established in our laboratory. For creating a cispl-
atin-resistant cell line, MGC803 was exposed to gradient 
concentration of cisplatin (Merck, Darmstadt, Germany) 
till the concentration reached 1 μg/ml, followed by inter-
mittent culture of cisplatin at this concentration for 1 year. 
DMEM culturing medium (Gibco, NY, USA) with 10% fetal 
bovine serum (Gibco), penicillin and streptomycin (Solarbio, 
Beijing, China) were used in the culture of both cell lines. 
Cells were cultured in a 37 °C, 5% CO2 incubator (Thermo 
Fisher, Waltham, USA).

Cell growth and cytotoxicity assay. For cell growth assay, 
MGC803 and MGC803/DDP cells in the logarithmic phase 
were seeded to 96-well plates with a density of 2000 cells 
per well in triplicate. Cell Counting Kit 8 (CCK-8) (Thermo 
Fisher) solution was added into each well at 24, 48, 72, and 
96 h of culture. After incubation in a CO2 incubator at 37 °C 
for 1h, the values of absorbance in each well were read at 450 
nm on an enzyme-labeled instrument (Thermo Fisher). For 
cytotoxicity assay, 96-well plates were used for cell seeding 
and 5000 cells were seeded in each well. After 24 h incuba-
tion, cisplatin (Sigma, St. Louis, USA) with different concen-
trations at 0, 2, 4, 8, 16, and 32 μg/ml was added. Then after 
48 h incubation, cell viabilities were assessed with the CCK-8 
assay as mentioned above.

Flow cytometry analysis of apoptosis. An eBiosci-
ence™ Annexin V-FITC Apoptosis Detection Kit (Invit-
rogen, Carlsbad, USA) is employed for cell apoptosis assay. 
Apoptosis analysis was conducted with a flow cytometer (BD 
Biosciences, Franklin Lakes, USA). FlowJo (vX.0.7) software 
was applied in the data processing.

cDNA synthesis and quantitative PCR. Trizol (Invit-
rogen, Carlsbad, USA) was applied in total RNA extraction; 
Reverse transcription was conducted with M-MLV Reverse 
Transcription system (Takara, Dalian, China). miRNA from 
cells was extracted with EasyPure miRNA Kit (Transgen, 
Beijing, China). miRNeasy Serum/Plasma Kit (Qiagen, 
Düsseldorf, Germany) was utilized in serum miRNA extrac-

tion; Mir-X™ miRNA First-Strand Synthesis Kit (Takara, 
Dalian, China) was applied in cDNA synthesis. Quantita-
tive real-time PCR was conducted with 7500 FAST real-
time PCR System (Applied Biosystems, Foster City, USA). 
Internal controls for total RNA and miRNA from cells were 
GAPDH and U6 respectively. Cel-miR-39 was used as an 
external control for miRNA from serum. Source of primers: 
miR-15a-5p and U6 (Takara, Dalian, China), GAPDH and 
PHLPP2 (Sangon, Shanghai, China), cel-miR-39 (Ribobio, 
Guangzhou, China).

Plasmid and miRNA negative control (NC)/precursor/
inhibitor transfection. MGC803 and MGC803/DDP cells 
were seeded into 60 mm dishes and transfected with 50 nM 
Pre-miR™ miRNA Precursor Negative Control #1 (miR-NC), 
Pre-miR™ miRNA Precursor of miR-15a-5p (miR-15a-5p 
precursor), or Anti-miR™ miRNA Inhibitor of miR-15a-5p 
(miR-15a-5p inhibitor) (Thermo Fisher) in triplicates via 
reverse transfection. As with plasmid, PHLPP2 sequence 
(Invitrogen, Carlsbad, USA) was cloned onto pcDNA3.0 
vectors (Invitrogen, Carlsbad, USA). Lipofectamine 3000 
transfection system (Invitrogen, Carlsbad, USA) was used 
for the transfection.

Western blotting. Cell harvest was conducted with Cell 
Lysis Buffer (CST, Danvers, USA). Protein separation was 
performed with 8% SDS/polyacrylamide gels before trans-
ferring onto nitrocellulose membranes (CST, Danvers, 
USA), which was subsequently blocked for 1 h using 5% 
non-fat dried milk dissolved with TBST. After blocking, the 
membranes were incubated in 4 °C overnight with primary 
antibodies: anti-PHLPP2 (1:3000, ab71973, Abcam), 
anti-Akt (1:1000, 4691S, CST), anti-pAkt (1:2000, 4060S, 
CST), and anti-GAPDH (1:1000, 5174S, CST). The next 
morning, membranes were washed in TBST before being 
incubated with secondary antibodies (CST). An Odyssey 
infrared imaging system (LI-COR Biosciences, Lincoln, 
USA) was employed in immunoreactive bands visualization. 
The analysis was conducted with ImageJ software (version 
1.52).

Target prediction and luciferase reporter assay. Target 
gene of miR-15a-5p was predicted with TargetScan (www.
targetscan.org). For establishing luciferase reporter of 
3’-untranslated region (UTR) of human PHLPP2, 3’-UTR 
of PHLPP2 was entirely inserted into pmiR-RB-REPORT™ 
vector (Ribobio, Guangzhou, China), downstream to renilla 
luciferase’s coding sequence. PHLPP2 3’-UTR sequence 
was generated through PCR, primers were: h-PHLPP2-f 
(SgfI) AATGCGATCGCACCACCTGCCATTAACCCTT, 
h-PHLPP2-r (NotI) 662 AATGCGGCCGCCTGTCTGC-
CAATTCCTCCAC, h-PHLPP2-MUT-f TTACTAGTAC-
GACGAGATGGATCTCTGTGACAG, h-PHLPP2-MUT-r 
GATCCATCTCGTCGTACTAGTAAAGAGAATCAA. 
Lipofectamine 3000 was applied in the transfection proce-
dure. MGC803/DDP cells were transfected with vectors 
bearing mutant or wild-type PHLPP2 3’-UTR, together 
with 50 nM precursor of miR-15a-5p (Ribobio, Guangzhou, 
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China). Assays were undertaken at 48 h post-transfection, 
in which Dual-Glo® Luciferase Assay System (Promega, 
Madison, USA) was applied. Renilla luciferase activity was 
used as a normalizer.

Inclusion and exclusion criteria of patients. Inclu-
sion criteria: patients diagnosed with gastric cancer at first 
reception; scheduled to undergo palliative or neoadjuvant 
chemotherapy with oxaliplatin; tumor not removed during 
the treatment; with CT baseline assessment (before the first 
dose of treatment); with CT re-assessment after the final dose 
of treatment (for patients receiving neoadjuvant therapy), 
or with regular CT re-assessment (for patients receiving 
palliative therapy); with adequate follow-up data. Exclusion 
criteria: chemotherapy plan changed half-way; case files not 
complete; follow-up interrupted; CT assessment not avail-
able; patients’ rejection of inclusion.

Ethics and sample collection. Ethical approval (No: 
P2-162-01) was granted by the Ethics Committee of Beijing 
Friendship Hospital. Patients were recruited at Beijing 
Friendship Hospital prospectively from 1/2014 to 12/2017, 
with written informed consent. Blood samples were taken 
from patients on the morning of and before their first dose of 
chemotherapy. Plasma was prepared within 0.5 h after blood 
extraction. After centrifugation (10 min; 2000×g), the super-
natant was retained and stored at –80 °C. Clinical data were 
collected from patients’ files.

Statistical analysis. All data were displayed as mean ± SD, 
shown as representative of three independent experiments 

with each experiment comprising of triple replicates. Statis-
tical analysis was conducted by a two-tailed paired Student’s 
t-test (data analysis represented by Figure 6 is otherwise 
specified in its caption). A p-value <0.05 was considered as 
significant.

Results

The expression of miR-15a-p is higher in MGC803/DDP 
than in MGC803 cells. As shown in Figure 1A, the growth 
of MGC803 was significantly faster than that of MGC803/
DDP cells. Meanwhile, under the treatment of different 
concentrations of cisplatin, cell proliferation of MGC803 
was inhibited to a much larger extent than that of MGC803/
DPP cells (Figure 1B). The IC50 of MGC803 and MGC803/
DDP was calculated to be 2.0 and 26.4 μg/ml, respectively, 
revealing a Resistance Index (calculated as IC50 (MGC803/
DPP)/IC50 (MGC803)) as 13.2. Consistently, upon the 
treatment with cisplatin (2.0 μg/ml), the apoptosis rate of 
MGC803 was significantly higher than that of MGC803/DDP 
(Figure 1C). Moreover, the expression level of miR-15a-5p in 
both MGC803 and MGC803/DDP cell lines was examined. 
Compared to MGC803 cells, miR-15a-5p was significantly 
upregulated in MGC803/DDP cells (Figure 1D).

miR-15a-5p enhances cisplatin-resistance of gastric 
cancer cells. For constructing miR-15a-5p overexpression 
or knockdown cell lines, we evaluated the expression of 
miR-15a-5p in MGC803 and MGC803/DDP cells transfected 

Figure 1. The expression of miR-15a-p is higher in MGC803/DDP than that in MGC803 cells. A) In the absence of cisplatin, cell proliferation of 
MGC803/DDP and MGC803 cells was assessed with CCK-8 assay. B) Survival of MGC803/DDP and MGC803 after 24 h treatment of increasing con-
centrations of cisplatin was quantified by CCK-8 assay. C) After treatment with 2 μg/ml cisplatin for 24 h, the apoptosis of MGC803/DDP and MGC803 
cells was measured via flow cytometry. D) qPCR detection of miR-15a-5p in MGC803/DDP and MGC803, *p<0.05, **p<0.01, ****p<0.0001
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with miR-15a-5p precursor or inhibitor, demonstrating that 
miR-15a-5p expression was significantly upregulated or 
downregulated upon transfection of miR-15a-5p precursor 
or inhibitor (Figures 2A, 2B). Subsequently, we analyzed 
the apoptosis of the transfected cells under 2 μg/ml cispl-
atin with flow cytometry. Compared with cells transfected 
with miR-NC, miR-15a-5p overexpression significantly 
decreased cell apoptosis, whereas miR-15a-5p knockdown 
significantly increased cell apoptosis (Figure 2C). Afterward, 
we transfected another batch of MGC803/DDP cells and 
conducted CCK-8 assay, revealing that miR-15a-5p overex-
pression significantly increased cell resistance to cisplatin 
of MGC803/DDP cells, whereas miR-15a-5p knockdown 
induced opposite effects (Figure 2D).

miR-15a-5p directly targets and inhibits PHLPP2. 
Targetscan database was used to predict the target genes 
of miR-15a-5p. PHLPP2 was selected from all the putative 
targets predicted by Targetscan for the significant role 
played by it in the proliferation and metastasis of tumor 
cells [9, 10]. The predicted binding site of miR-15a-5p and 
PHLPP2 is shown in Figure 3A, the lower part of which 
displays the artificially mutated bases for subsequent dual-
luciferase assay. As the results of dual-luciferase assay 
demonstrated, compared with negative control (NC), trans-
fection of miR-15a-5p mimic downregulated the luciferase 
activity of the h-PHLPP2-WT vectors. After mutating the 
predicted target site, the luciferase activity of the vector 

Figure 2. miR-15a-5p enhances the cisplatin-resistance of gastric cancer cells. A, B) Validation of transfection efficiency of miRNA precursor and 
inhibitor in MGC803/DDP and MGC803 cells by quantitative PCR. Quantification was conducted 24 h after transfection. U6 as an internal control. 
C) After treatment with 2 μg/ml cisplatin for 24 h, the apoptosis rate of MGC803/DDP cells after transfection of miR-NC, miR-15a-5p precursor and 
inhibitor were measured by flow cytometry. D) Under the treatment of increasing concentration of cisplatin for 24 h, the survival of MGC803/DDP 
cells after transfection of miR-NC, miR-15a-5p precursor, and inhibitor was measured by CCK-8 assay. *p<0.05, ***p<0.001 indicates significant dif-
ference compared to miR-NC group.

Figure 3. miR-15a-5p directly targets and inhibits PHLPP2. A) Tar-
getscan-predicted binding site of miR-15a-5p and PHLPP2, and artificial 
mutated bases. B) Luciferase reporter assay was performed in MGC803/
DDP cells to detect the relative luciferase activities of WT and mutated 
PHLPP2 reporters. Renilla luciferase vector was used as an internal con-
trol. *p<0.05, **p<0.01
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h-PHLPP2-MUT has a significant reversion (Figure 3B). 
These outcomes indicated that miR-15a-5p may directly 
interact and regulate the expression of PHLPP2 through the 
predicted binding site.

Further validation of PHLPP2 as a target of miR-15a-5p 
via qPCR and western blot. To further validate the regula-
tion of miR-15a-5p on PHLPP2, we firstly measured the 
expression of PHLPP2 on mRNA level in both MGC803/
DDP and MGC803 cells and found that PHLPP2 showed 
significantly lower expression in MGC803/DDP cells 
(Figure  4A), in which miR-15a-5p is highly expressed as 
previously demonstrated in Figure 1D. Consistently, the 
downregulated protein level of PHLPP2 in MGC803/DPP 
cells was also observed by western blotting (Figure 4B). In 
addition, it was further demonstrated that overexpression or 
knockdown of miR-15a-5p could decrease or increase the 
expression of PHLPP2 in both MGC803/DDP and MGC803 
cells (Figures 4C, 4D). Considering the ability of PHLPP2 
to regulate AKT pathway, phosphorylation of AKT, as well 
as activity of the AKT pathway was evaluated by western 

blotting. The results showed that phosphorylation of AKT 
was promoted in MGC803/DPP cells relative to MGC803 
cells, and in miR-15a-5p overexpressed cells relative to 
NC cells, while inhibited in miR-15a-5p knockdown cells 
(Figures 4B, 4D). Collectively, the expression of miR-15a-5p 
was negatively related to PHLPP2 expression and positively 
related to AKT activity.

PHLPP2 overexpression decreases resistance to cispl-
atin while miR-15a-5p overexpression partially reverses 
the change. We transfected MGC803/DDP cells in three 
manners: 1) with empty vectors + miR-NC; 2) with vectors 
overexpressing PHLPP2 + miR-NC; 3) with vectors overex-
pressing PHLPP2 + miR-15a-5p precursor. Flow cytometry 
was conducted to assess the apoptosis of the three batches 
of differently transfected cells under 2 μg/ml of cisplatin. 
The results demonstrated that overexpressing PHLPP2 
significantly increased cell apoptosis while the transfection 
of miR-15a-5p precursor partially restored the alteration 
(Figure 5A). Also, we conducted CCK-8 assay to measure the 
survival of transfected cells under different concentrations 

Figure 4. Further validation of PHLPP2 as a target of miR-15a-5p via qPCR and western blot. A) qPCR quantification of PHLPP2 in MGC803/DDP 
and MGC803 on the mRNA level. B) Profiles of PHLPP2 and phosphorylation of Akt in MGC803 and MGC803/DDP cells on the protein level. GAPDH 
as an internal control. C) Quantification of mRNA of PHLPP2 in MGC803/DDP and MGC803 cells, 24 h after transfection of miR-NC, miR-15a-5p 
precursor, and inhibitor, by quantitative PCR. GAPDH as an internal control. D) Western blot assessment of PHLPP2 and phosphorylation of Akt in 
MGC803/DDP cells, 24 h after transfection of miR-NC, miR-15a-5p precursor and inhibitor. GAPDH as an internal control. *p<0.05, **p<0.01
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of cisplatin and found that overexpressing PHLPP2 signifi-
cantly decreased cisplatin resistance while transfection of 
miR-15a-5p precursor partially restored the alteration as well 
(Figure 5B).

Serum miR-15a-5p level is significantly correlated to 
patients’ response to chemotherapy and survival. Given 
the functions of miR-15a-5p revealed by in vitro study, serum 
miR-15a-5p level of a total of 82 patients was quantified via 

qPCR. The resulting quantities of patients’ serum miR-15a-5p 
level were labeled low or high with the median as a cut-off 
line. Then patients were categorized into two groups (CR/PR 
group and SD/PD group) according to their chemotherapy 
response status (assessed by CT scan, according to RECIST 
1.1 criteria [11]). We found that patients with better response 
to oxaliplatin (the CR/PR group) have significantly lower 
serum miR-15a-5p level (Figure 6A). Then a survival analysis 
with a log-rank test was conducted with patients’ follow-up 
data. The results indicated that lower serum miR-15a-5p 
level is significantly correlated with better survival (p<0.05, 
Figure 6B).

Discussion

miR-15a-5p participates in the regulation of cell prolif-
eration and apoptosis in several pathways. Previous research 
suggested that miR-15a-5p is frequently downregulated 
in various types of carcinoma [12–16]. miR-15a-5p is also 
significantly underexpressed in primary multiple myeloma 
and participated in its tumorigenesis with VEGF-A as a target 
molecule [17]. Additionally, it was reported that decreased 
miR-15-5p in cancer-associated fibroblasts (CAFs) promotes 
growth and invasiveness of tumors by reducing its inhibition 
of Fgf2 and Fgfr1 [13]. On the other hand, there is another 
study suggesting that miR-15a overexpression inhibits cell 
growth, suppresses migration, and arrests cell cycle at G1 yet 
does not enhance apoptosis of breast cancer [18]. However, 
the relation between cell cycle arrest and chemoresistance is 
too complicated to elaborate in this article.

Akt regulates cell survival directly through suppressing 
various pro-apoptotic signals. PHLPP2 is a phosphatase that 
is capable of dephosphorylating pAkt [19]. Reduced PHLPP2 
expression will result in a prolonged Akt phosphorylation, 
which in turn will activate assorted downstream targets, 
promoting the growth and survival of cells. In other words, 
as a member of the PHLPP family, PHLPP2 suppresses PI3K/
AKT pathway, thus enhancing apoptosis in various cancer 
types [20]. In prostate cancer, previous studies showed that 
the frequency of PHLPP2 depletion is even rivaling that of 
PTEN [19]. In this research, our findings suggested that in 
gastric cancer cell line MGC803, PHLPP2 is a direct target of 

Figure 5. PHLPP2 overexpression decreases resistance to cisplatin while 
miR-15a-5p overexpression partially reverses the change. A) After treat-
ment with 2 μg/ml cisplatin for 24 h, the apoptosis of MGC803/DDP cells 
after transfection of: 1) empty vectors + miR-NC; 2) vectors overexpress-
ing PHLPP2 + miR-NC; 3) vectors overexpressing PHLPP2 + miR-15a-5p 
precursor were measured by flow cytometry. B) Under 24 h treatment 
of increasing concentrations of cisplatin, the survival of MGC803/DDP 
cells after transfection in the same manner as above was measured by 
CCK-8 assay. *p<0.05, **p<0.01, ***p<0.001 indicates significant differ-
ence compared to vector + miR-NC group; #p<0.05 indicates significant 
difference compared to PHLPP2 + miR-NC group.

Figure 6. Serum miR-15a-5p level is signifi-
cantly correlated to patients’ responses to che-
motherapy and long-term survival. A) Absolute 
quantification of serum miR-15a-5p levels in 82 
gastric cancer patients, all of whom underwent 
neo-adjuvant or salvage oxaliplatin-based che-
motherapy. Blood was extracted before the first 
dose of chemotherapy. CT evaluation for change 
of tumor volume was conducted according to 
RECIST1.1 criteria. B) Survival analysis of se-
rum miR-15a-5p in the same 82 gastric cancer 
patients. Total time of follow-up: 36 months. 
**p<0.01
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miR-15a-5p. Even with the presence of cisplatin, overexpres-
sion of miR-15a-5p significantly antagonizes the inhibitory 
effects of PHLPP2 on cell survival.

In this study, we demonstrated that miR-15a-5p regulates 
MGC803 cells’ sensitivity to cisplatin by targeting PHLPP2. 
Also, we experimented with patients’ serum and found that 
patients with higher serum miR-15a-5p levels generally have 
a significantly worse response to oxaliplatin-based chemo-
therapy and worse 3-year survival. Since cells with higher 
miR-15a-5p level are more resistant to cisplatin, can we take 
it for granted that higher serum level of miR-15a-5p is corre-
lated with worse response to oxaliplatin-based chemotherapy 
as well? In other words, does a higher intracellular level of a 
certain miRNA dictate a higher extracellular level of itself? 
Regarding how extracellular miRNAs, or specifically serum 
miRNAs, come to be in the first place and stay remarkably 
stable, there are currently five major hypotheses: 1) through 
exosomes; 2) through microvesicles other than exosomes, 
namely ectosomes and microparticles; 3) through apoptotic 
bodies; 4) through high density lipoprotein; 5) through 
protein complex [7]. So the question becomes: on the same 
patient, does the circulating level of a certain miRNA reflect 
its level in the tumor? There’re two opposite opinions in the 
field: one suggests that tumor cells shed miRNAs passively 
into circulation when they die [21]; the other suggests that 
in breast cancer cells at least, tumor cells actively and selec-
tively secret miRNAs into circulation [22]. Moreover, there 
is also a direct answer to the question above: the research of 
Cookson et al. suggested that for some miRNAs, their circu-
lating level directly reflects their level in the tumor; but for 
other miRNAs, their circulating level does not [23].

In conclusion, miR-15a-5p was observed to be higher 
expressed in the cisplatin-resistant MGC803/DDP cell line, 
which could affect the cisplatin sensitivity of gastric cancer 
cells by promoting cell survival and reducing apoptosis. It 
functions by directly binding and inhibiting PHLPP2. This 
study provides solid evidence that miR-15a-5p could serve 
as a potential target in the treatment of gastric cancer, and 
that serum miR-15a-5p level could serve as a promising 
biomarker to predict patients’ response to oxaliplatin-based 
chemotherapy.
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