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Background: Chemoresistance has become a major obstacle for cancer therapy in clinic.

Long noncoding RNAs (lncRNAs) have been reported to play critical roles in the develop-

ment of chemoresistance in various tumors, including gastric cancer (GC). However, the role

of HOXA transcript at the distal tip (HOTTIP) within extracellular vesicles (exosomes) in

cisplatin-resistant GC cells remains largely unknown.

Materials and methods: Cell proliferation, migration and invasion were detected using Cell

Counting Kit-8 (CCK-8) and transwell assays, respectively. Western blot assay was employed to

analyze the protein levels of E-cadherin, N-cadherin, Vimentin, CD63, CD83, GRP78, HMGA1,

and high-mobility group A1 (HMGA1). The expression levels of HOTTIP, microRNA-218 (miR-

218) and HMGA1were measured by quantitative real-time polymerase chain reaction (qRT-PCR).

The interaction between miR-218 and HOTTIP or HMGA1 was predicted by bioinformatics

software and confirmedby the dual-luciferase reporter andRNA immunoprecipitation (RIP) assays.

Results: Cell proliferation, migration, invasion, and epithelial-mesenchymal transition

(EMT) were promoted in cisplatin-resistant GC cells. HOTTIP level was upregulated in

cisplatin-resistant GC cells and its downregulation enhanced cisplatin sensitivity. Moreover,

extracellular HOTTIP could be incorporated into exosomes and transmitted to sensitive cells,

thus disseminating cisplatin resistance. Additionally, exosomal HOTTIP promoted cisplatin

resistance via activating HMGA1 in GC cells. Interestingly, HMGA1 was a target of miR-

218 and miR-218 could directly bind to HOTTIP. Clinically, high expression of exosomal

HOTTIP in serum was associated with poor response to cisplatin treatment in GC patients.

Conclusion: Exosomal HOTTIP contributed to cisplatin resistance in GC cells by regulat-

ing miR-218/HMGA1 axis, providing a novel avenue for the treatment of GC.
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Introduction
Gastric cancer is a frequent malignant tumor, ranking as the second leading cause of

cancer-related death worldwide.1 Although advances in therapeutic during past dec-

ades, the prognosis for patients with GC is still poor, and 5-year survival rate is less than

25%.2,3 Cisplatin (DDP)-based chemotherapy is still a primary strategy for GC treat-

ment; however, tumor recurrence commonly occurs after the development of cisplatin

resistance.4,5 Hence, it is especially important to further study molecular mechanisms

underlying of cisplatin resistance for improving GC treatment.

Exosomes are small membrane vesicles that originate from endosomal multi-

vesicular bodies, with diameters ranging from 40 nm to 100 nm.6 In recent years,
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exosomes have drawn great attention in the field of biomar-

ker discovery. Emerging evidence has demonstrated that

cancer-derived exosomes promote cancer progression and

metastasis in the tumor microenvironment.7 The emerging

evidence has shown that exosomes from chemosensitive or

resistant cells may potentially influence the therapeutic

response via transferring specific genes, including long non-

coding RNAs (lncRNAs).8,9 Thus, whether exosomes

derived from cisplatin-resistant GC cells can confer cisplatin

resistance to sensitive cells is worth further exploring.

LncRNAs, >200 nucleotides in length, lack protein-coding

capacity.10 LncRNAs have been proven to serve as crucial

regulators in the diverse biological processes through modu-

lating genes expression at the post-transcriptional level.11–13

The lncRNA HOXA transcript at the distal tip (HOTTIP) is

produced from the 5ʹ end of the HOXA cluster and its dysre-

gulation was tightly associated with the development of

human cancers.14 Moreover, HOTTIP is suggested to be

expressed at a high level in various cancers, such as pancreatic

cancer,15 lung cancer,16 hepatocellular carcinoma,17 colorectal

cancer,18 and GC.19 Besides, HOTTIP has been identified to

accelerate the development of cisplatin resistance in GC

cells.20 Nevertheless, the exact biological role and underlying

mechanism of exosomal HOTTIP from cisplatin-resistant GC

cells need to be further investigated.

High-mobility group A1 (HMGA1), a new transcrip-

tional regulator, is located at 6p21.31 and plays a key role

in tumor progression.21 Recently, HMGA1 has been found

to be expressed at a high level and acted as a tumor

promoter in different cancers, including GC.22,23 It is

well accepted that lncRNAs can serve as molecular

sponges for miRNAs to modulate related gene expression.

Bioinformatics analysis shows the potential binding sites

between miR-218 and HOTTIP or HMGA1. Thus, we

supposed that HOTTIP might influence cisplatin resistance

through sponging miR-218 to regulate HMGA1expression.

In our study, the effect of exosome-transmitted

HOTTIP on cisplatin resistance in GC cells was explored.

Moreover, we probed the HOTTIP/miR-218/HMGA1 reg-

ulatory network and also explored the involvement of

HOTTIP in the regulation of chemotherapeutic responses

through tumor cell extracellular exosomes in GC.

Materials and Methods
Clinical Samples
A total of 58 serum samples were enrolled from the

patients with GC who received cisplatin treatment at

The Fifth Affiliate Hospital of Sun Yat-Sen University.

The clinicopathological parameters of 58 patients are

presented in Table 1. Briefly, venous blood (5 mL) from

each patient was collected through venipuncture before

chemotherapy began. Serum was separated by centrifuga-

tion (1600× g, 10 min, room temperature) within 2 h after

collection. A new tube was used to transfer the super-

natant, followed by centrifugation (12,000 × g, 10 min,

4°C) to discard the residual cells debris. Next, the RNase-

free tubes were used to transfer the final supernatant,

which was kept in −80°C freezer until RNA extraction.

The patients with GC were divided into the response

(complete response + partial response, 30 patients)

group and non-response (stable disease + progressive

disease, 28 patients) group in accordance with the

Response Evaluation Criteria In Solid Tumors

(RECIST) (version 1.1).24 Written informed consents

have been acquired from all patients before blood collec-

tion. This research protocol was approved by Research

Ethics Committee of The Fifth Affiliate Hospital of Sun

Yat-Sen University.

Stability testing of exosomal HOTTIP in serum was

carried out via treating the serum to various conditions,

including incubation for different times (0 hr, 3 hrs, 6 hrs,

12 hrs and 24 hrs) at room temperature, RNase

A digestion, and low (pH =1.0, HCl) or high (pH = 13.0,

NaOH) pH solution for 3 h at room temperature, and

measured by qRT-PCR to assess the HOTTIP level.

Table 1 The Clinicopathological Parameters of 58 Patients Who

Accepted Cisplatin-Based Chemotherapy with Gastric Cancer

Variable Patients

Age,years 58

<60 31

≥60 27

Tumor size

<3 33

≥3 25

TNM stage

<III stage 21

≥III stage 37

Lymph node status

Yes 20

No 38

Cisplatin chemosensitivity

Sensitive 28

Resistant 30
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Cell Culture
Human GC cell lines (MGC-803 and MKN-45) were

brought from Bena Culture Collection (Beijing, China).

Both cell lines were maintained in RPMI 1640

(HyClone, Logan, UT, USA) with 10% (v/v) fetal bovine

serum (FBS; Thermo Fisher Scientific, Waltham, MA,

USA), penicillin (100 U/mL) and streptomycin (100 mg/

mL) (Invitrogen, Carlsbad, CA, USA). Continuous expo-

sure to stepwise-enhancing concentrations of cisplatin

(Sigma-Aldrich, St. Louis, MO, USA) was used to estab-

lish cisplatin-resistant MGC-803 and MKN-45 cells.

These cells were initially incubated in medium with

a relatively low concentration of cisplatin (1 µM) in med-

ium for 4 weeks. Subsequently, the surviving cells were

exposed to a middle concentration of cisplatin (2 µM) for

6 weeks. Lastly, MGC-803 and MKN-45 cells were incu-

bated in the culture medium containing a high concentra-

tion of cisplatin (5 µM). All cells were grown in a moist

atmosphere with 5% carbon dioxide incubator at 37°C.

Cell Treatment and Transfection
RNase A and Triton X100 were bought from Qiagen

(Waltham, MA, USA). RNase A (20 µg/mL, 1hr) was

used to determine the change in the expression of

HOTTIP. Triton X100 (0.1%, 30 min) was used to mea-

sure the existence of vesicles.

Small interfering RNA (siRNA) against HOTTIP (si-

HOTTIP #1, si-HOTTIP #2 and si-HOTTIP #3), siRNA

against HMGA1 (si-HMGA1), siRNA negative control (si-

NC), pcDNA-HOTTIP overexpression plasmid (HOTTIP),

empty pcDNA (pcDNA), miR-218 mimic (miR-218), and

miR-negative control (miR-NC) were provided by RiboBio

(Guangzhou, China). Transfection was performed with

Lipofectamine 3000 (Invitrogen).

Exosomes Isolation
ExoQuick precipitation kit (System Biosciences, Mountain

view, CA, USA)was used to extract exosomes fromGC cells

culture medium or serum samples. In brief, the culture med-

ium and serumwere unfrozen on ice, followed by centrifuga-

tion (3000 × g, 15 min) to discard the cell debris. Then, the

supernatant (250 µL) wasmixedwith the ExoQuick exosome

precipitation solution (63µL) and incubated at 4°Cfor 40

min. Next, the supernatant was carefully discarded by aspira-

tion following centrifugation (1500 × g, 15 min), followed by

another centrifugation (1500 × g, 5mins) to remove the

residual liquid. Subsequently, phosphate buffered saline

(PBS, 250 μL) was employed to resuspend the exosome

containing pellet. Finally, the pellets containing exosomes

were harvested for RNA isolations.

Subcellular Fractionation Location
Nuclear and cytosolic fractions were separated using the

PARIS Kit (Life Technologies Corp., Grand Island, NY,

USA). In brief, cells (MGC-803 and MKN-45) were

washed using the PBS and placed on ice. After that,

these cells were resuspended in fractionation buffer, fol-

lowed by centrifugation (500 × g, 5 min, 4°C). Then, the

cytoplasmic fraction was separated from the nuclear pellet

and then cell fractionation buffer was used to wash the

nuclear pellet. Subsequently, cell disruption buffer was

employed to wash the nuclear pellet. Next, the sample

was divided for RNA isolation. Finally, the expression of

U6, GAPDH and HOTTIP was analyzed using qRT-PCR

analysis. U6 was used as the nuclear control. And GAPDH

was used as the cytoplasmic control.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8; Sangon Biotech, Shanghai,

China) was applied to examine cell proliferation ability.

Briley, growing cells at an exponential rate were sowed in 96-

well plates (4000 cells/well). After treatment/transfection for

48 h, the culture medium was added with CCK-8 (10 μL)
solution, then incubated for an additional 3 hrs at 37°C.

Finally, the absorbance of test wells was read under

a microplate reader (Bio-Rad, Hercules, CA, USA) at 450 nm.

Transwell Assay
Transwell chamber (8 μm pore size, Corning Inc.,

Corning, NY, USA) was applied to evaluate cell migration

and invasion abilities. For migration assay, treated/trans-

fected cells were resuspended in serum-free medium

(RPMI 1640,100 μL) and placed in the upper chamber.

Besides, RPMI 1640 with 10% FBS (500 μL) would be

placed in the bottom chamber. Following incubation for 24

h, a cotton swab was applied to wipe the cells (located on

the upper surface), and migrated cells (located on the

bottom surface of the chamber) were fixed using 4%

paraformaldehyde and stained using 0.5% crystal violet,

and then counted by an inverted microscope (Olympus,

Tokyo, Japan). For invasion assay, cells were placed into

the upper chambers pre-coated with Matrigel (Becton

Dickinson, San Jose, CA, USA). The remaining steps

were employed in the like way as the migration assay.
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Western Blot Assay
RIPA lysis buffer (Thermo Fisher Scientific) containing phe-

nylmethanesulfonyl fluoride (PMSF; Beyotime, Shanghai,

China) was utilized to extract the total protein. Bicinchoninic

acid (BCA) protein assay kit (Beyotime Biotechnology) was

performed to determine the protein concentration. Then, the

total protein in equal concentration was separated using

10–12% SDS-PAGE. After that, the gels containing related

protein were transferred to a polyvinylidene fluoride (PVDF)

membrane (0.2μm, Beyotime). Next, the membranes would

be blocked using PBS containing 0.1% Tween-20 (PBST) and

5% non-fat dry milk, followed by incubation with specific

primary antibody (4°C, overnight) against E-cadherin (1:500,

ab15148, Abcam, Cambridge, UK), N-cadherin (1:500,

ab18203, Abcam), Vimentin (1:1000, ab1373218, Abcam),

CD63 (1:500, ab21630, Abcam), CD83 (1:1000, ab155760,

Abcam), GRP78 (1:1000, ab32618 Abcam), GM130 (1:1000,

ab32337, Abcam), HMGA1 (1:500, ab168260, Abcam), and

GAPDH (1:2000, ab37168, Abcam). Following three washes

with PBST, all membranes were incubated using secondary

antibody (1:4000, Sangon Biotech) for 2 h at room tempera-

ture. Finally, enhanced chemiluminescence (ECL) system

(Thermo Fisher Scientific) was performed to visualize the

protein bands, and ImageJ software was used to evaluate the

bands density. The protein levels were normalized by

GAPDH.

RNA Extraction and Quantitative

Real-Time Polymerase Chain Reaction

(qRT-PCR)
RNA extraction from the exosome pellets was carried out by

commercial miRNeasy Serum/Plasma kit (Qiagen). Total

RNA from cells was extracted using Trizol reagent

(Invitrogen). Reverse transcription reactions were conducted

with the miScript II RTKit (Qiagen). Subsequently, qRT-PCR

was carried out using SYBR green detection kit (Toyobo,

Tokyo, Japan) on ABI 7500 real-time PCR system (Applied

Biosystems). The sequences of primers were as follows:

HOTTIP (forward, 5ʹ-AAGGAGGAAACGCCTTCTCG-3ʹ;

Reverse, 5ʹ-CATCAAGCTAGGGTGGGGTG-3ʹ), miR-218

(Forward,5ʹ-GCGGCTTTGTGCTTGATCTAA-3ʹ; Reverse,

5ʹ-GTGCAGGGTCCGAGGT-3ʹ), HMGA1 (Forward, 5ʹ-AA

GGGGCAGACCCAAAAA-3ʹ; Reverse, 5ʹ-TCCAGTCCCA

GAAGGAAGC3ʹ), U6 (Forward,5ʹ-CTCGCTTCGGCAGC

ACA-3ʹ; Reverse, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ),

GAPDH (forward, 5ʹ-GACTCCACTCACGGCAAATTCA

-3ʹ; reverse, 5ʹ-TCGCTCCTGGAAGATGGTGAT-3ʹ). The

levels of HOTTIP, miR-218, and HMGA1 were assessed

using 2−ΔΔCt method. GAPDH and U6 levels were used for

normalization.

Transmission Electron Microscopy (TEM)
The exosome pellets were resuspended in PBS (50 μL) and
a drop of the suspension was placed on a sheet of parafilm.

A carbon-coated copper grid was floated on the drop for 5

min at room temperature. After that, the grid was removed

and excess liquid was drained via touching the grid edge

against a piece of clean filter paper. The grid was then

placed onto a drop of 2% phosphotungstic acid with pH

7.0 for approximately 5 s, and excess liquid was drained

off. The grid was allowed to dry for several minutes and

then examined through transmission electron microscopy.

Nanoparticle Tracking Analysis (NTA)
NTA was performed using a Nanosight LM10-HS

(NanoSight, Amesbury, UK) to determine the concentration,

size, and distribution of exosomes. Five recordings of 30

s each were captured, analyzed and the data from at least

5000 individual particle tracks were analyzed per sample.

Data analysis was performed using NTA 2.1 software

(NanoSight).

Dual-Luciferase Reporter Assay
Partial fragment of HOTTIP or 3ʹUTR of HMGA1 con-

taining the predicted binding sites of miR-218 or mutant

binding sites was amplified and cloned into the pmirGLO

luciferase vector (Promega, Madison WI, USA), namely

WT-HOTTIP, HMGA1 3ʹUTR-WT, MUT-HOTTIP, and

HMGA1 3ʹUTR-MUT. The miR-NC or miR-218 was co-

transfected with the reporter plasmid into MGC-803 and

MKN-45 cells. Luciferase activity was evaluated with

a dual-luciferase reporter assay system (Promega) follow-

ing relevant transfection for 48 h.

RNA Immunoprecipitation (RIP) Assay
Magna RIP Kit (Millipore, Billerica, MA, USA) was used

for RIP assay. In brief, cells (MGC-803 and MKN-45)

were collected and resuspended in RNA immunoprecipita-

tion lysis buffer with magnetic beads, and then incubated

with anti-argonaute 2 (anti-Ago2) or IgG antibodies. After

that, the protein was digested through proteinase K buffer,

followed by RNA purification. Subsequently, the enrich-

ment of HOTTIP, miR-218 and HMGA1 was determined

by qRT-PCR.
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Statistical Analysis
In this study, the data were displayed as the mean ± standard

deviation (SD) with at least three independent experiments.

The statistical differences between groups were assessed by

Student’s t-test using GraphPad Prism 7.0 (GraphPad

Software Inc., San Diego, CA, USA). Receiver operating

characteristic (ROC) curves and the area under the curve

(AUC) were performed using MedCalc version 11.4.2.0

software (MedCalc Software bvba, Ostend, Belgium) to

distinguish between GC patients who responded to cisplatin

and those who did not respond to cisplatin. The difference

was considered to be significant when P< 0.05.

Results
Cisplatin-Resistant GC Cells Exhibited

Migration, Invasion, and

Epithelial-Mesenchymal Transition (EMT)

and Upregulated Level of HOTTIP
To explore the underlying regulatory mechanism of cisplatin

resistance, we established cisplatin-resistant cell lines. To

obtain cisplatin-resistant cells, treatment of MGC-803 and

MKN-45 cells with gradually increasing doses of cisplatin in

successive passages. Firstly, we determined the cell viability in

cisplatin-resistant and cisplatin-sensitive cell lines (MGC-803

and MKN-45) exposed to different concentrations of cisplatin

for 48 h using CCK-8 assay. As presented in Figure 1A and B,

compared with the parental cells (MGC-803 and MKN-45),

cell viability and IC50 value were increased in resistant cells

(MGC-803/DDPandMKN-45/DDP), suggesting that resistant

cells respond less to cisplatin treatment. Next, we used the

transwell assay to assess cellmigration and invasion capacities.

As presented in Figure 1C and D, cell migration and invasion

abilities were dramatically increased in MGC-803/DDP and

MKN-45/DDP cells compared with that in MGC-803 and

MKN-45 cells. Chemoresistant cells undergo EMT processes.

Thus, EMT-related proteins were analyzed in cisplatin-

resistant and cisplatin-sensitive cell lines by Western blot ana-

lysis. As displayed in Figure 1E and F, the protein levels of

E-cadherin (an epithelial marker) were remarkably reduced

and the expression levels of N-cadherin and Vimentin

(mesenchymal markers) were increased in MGC-803/DDP

and MKN-45/DDP cells relative to MGC-803 and MKN-45

cells. To test the effect of cisplatin resistance on the expression

of HOTTIP, the HOTTIP expression was determined by qRT-

PCR. As displayed in Figure 1G and H, the level of HOTTIP

Figure 1 Effects of cisplatin-resistant GC cells on proliferation, migration, invasion, EMT, and HOTTIP expression. (A and B) Cell proliferation and IC50 value of cisplatin-

resistant and -sensitive GC cells after treatment with cisplatin were detected by CCK-8 assay. (C and D) Transwell assay was utilized to determine the migrated and invaded

abilities of cisplatin-resistant and -sensitive GC cells. (E and F) Western blot assay was employed to analyze the protein levels of E-cadherin, N-cadherin and Vimentin in

cisplatin-resistant and -sensitive GC cells. (G and H) The abundance of HOTTIP was determined in cisplatin-resistant and -sensitive GC cells by qRT-PCR. *P<0.05.
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wasmarkedly enhanced in resistant cells (MGC-803/DDP and

MKN-45/DDP) in contrast to sensitive cells (MGC-803 and

MKN-45). These results suggested that high expression of

HOTTIP might be linked to cisplatin resistance in GC cells.

HOTTIP Downregulation Enhanced

Cisplatin Sensitivity in Cisplatin-Resistant

GC Cells
Based on the abovefindings, the effect ofHOTTIP interference

on cisplatin resistance in GC cells was further probed. Our

results indicated that, compared within MGC-803/DDP and

MKN-45/DDP cells transfected with si-NC, the expression

level of HOTTIP was strikingly reduced in MGC-803/DDP

and MKN-45/DDP cells transfected with si-HOTTIP#1, si-

HOTTIP#2, and si-HOTTIP#3, especially in si-HOTTIP#1

group (Figure 2A and B). According to the knockdown effi-

ciency, si-HOTTIP#1 was chosen for subsequent experiments.

CCK-8 assay indicated that interference ofHOTTIP resulted in

significant inhibition of cell proliferation and decrease of IC50

values in MGC-803/DDP andMKN-45/DDP cells (Figure 2C

and D). Additionally, cell migration and invasion capacities

after silencing HOTTIP were analyzed using transwell assay.

As shown in Figure 2E and F, the depletion of HOTTIP

conspicuously inhibited migration and invasion abilities in

MGC-803/DDP and MKN-45/DDP cells. Besides, inhibition

ofHOTTIP led to the obvious promotion of E-cadherin expres-

sion and reduction of N-cadherin and Vimentin abundances in

MGC-803/DDP and MKN-45/DDP cells (Figure 2G and H).

Taken together, our data demonstrated that HOTTIP down-

regulation sensitizedMGC-803/DDP andMKN-45/DDP cells

to cisplatin.

HOTTIP Was Secreted Through

Incorporation into Exosomes in

Cisplatin-Resistant GC Cells
Exosomes act as a crucial mediator of intercellular commu-

nication. To confirm whether HOTTIP was secreted by packa-

ging into exosomes, the abundance change of extracellular

HOTTIP was measured following treatment with RNase or

RNase + Triton X100. As displayed in Figure 3A, HOTTIP

expression in culture medium was little affected through the

treatment of RNase alone but notably reduced when simulta-

neously treated with RNase and Triton X100, indicating that

extracellular HOTTIP was protected by membrane rather than

Figure 2 Knockdown of HOTTIP increased cisplatin sensitivity in cisplatin-resistant GC cells. (A and B) The expression of HOTTIP was evaluated in MGC-803/DDP and

MKN-45/DDP cells transfected with si-HOTTIP #1, si-HOTTIP #2, si-HOTTIP #3, or si-NC using the qRT-PCR analysis. (C-H) MGC-803/DDP and MKN-45/DDP cells

were transfected with si-HOTTIP #1 or si-NC. (C and D) Cell proliferation was assessed using the CCK-8 assay. (E and F) Cell migration and invasion were determined

using the transwell assay. (G and H) Western blot analysis was conducted to measure the protein levels (E-cadherin, N-cadherin and Vimentin). *P<0.05.
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directly secreted. Exosomes from culture medium were pur-

ified and extracted to validate the results. The morphology and

size of the exosomes were displayed in Figure 3B and C.

Western blot assay showed that the exosomal protein markers

(CD63 and CD81) were effectively expressed in exosomes

rather than in cell extracts, and the protein levels of GAPDH,

GRP78 (a major endoplasmic reticulum chaperone), GM130

(a cis-Golgi matrix protein) were mainly expressed in cell

extracts rather than in exosomes (Figure 3D), suggesting that

the extraction of exosomes was successful. Subsequently, we

explored whether HOTTIP was incorporated into exosomes.

ExoQuick purification kit (System Biosciences) was used to

isolate exosomes from culture medium, and the exosomes

were then subjected to qRT-PCR. As anticipated, HOTTIP

could be detected in exosomes, and the abundance of

HOTTIP was prominently increased in culture medium col-

lected from cisplatin-resistant cells compared with that in

culture medium from parental cells (Figure 3E), suggesting

that extracellular HOTTIP was secreted by incorporation into

exosomes in GC cells.

Exosome-Mediated Transfer of HOTTIP

Induced Cisplatin Resistance in GC Cells
To further validate that exosomal HOTTIP was involved in

cisplatin resistance, the MGC-803 and MKN-45 cells were

incubated with PBS, exosomes (from MGC-803/DDP or

MKN-45/DDP), exosomes + si-NC, or exosomes + si-

HOTTIP#1. The qRT-PCR analysis showed that exosome

treatment promoted HOTTIP expression in MGC-803 and

MKN-45 cells (Figure 4A and B). However, knockdown

of HOTTIP obviously reversed this effect. Thereby, we

determined that HOTTIP-contained exosomes could be

taken up by recipient cells. Next, we investigated whether

MGC-803 and MKN-45 cells with high exosomal

HOTTIP expression presented an increased resistance to

cisplatin relative to control cells. Results revealed that

both recipient cell lines showed a promoted cell prolifera-

tion ability following treatment of exosomes with respect

to control cells, while these effects were abated by trans-

fection with si-HOTTIP#1 (Figure 4C and D). Besides,

cell migration and invasion were promoted by treatment of

exosomes in MGC-803 and MKN-45 cells, whereas the

promotive effect was abolished by inhibiting HOTTIP

(Figure 4E and F). Moreover, the protein levels of

N-cadherin and Vimentin were increased and E-cadherin

level was reduced in MGC-803 and MKN-45 cells treated

with exosomes in comparison with the cells treated with

PBS. Similarly, these effects were reversed by knockdown

of HOTTIP (Figure 4G and H). Collectively, these findings

indicated that increased cisplatin-resistant potency was

induced after treatment with exosomal HOTTIP.

Exosomal HOTTIP Promoted

Cisplatin-Resistance by Activating HMGA1
HMGA1 has been confirmed to be involved in the pro-

gression of GC. After that, we probed whether the

Figure 3 Extracellular HOTTIP was packaged into exosomes in GC cells. (A) The expression level of HOTTIP was detected by qRT-PCR following treatment with RNase or

RNase + Triton X100. (B) TEM scanning showed the exosomes' images released by MGC-803/DDP and MKN-45/DDP cells. (C) Size distribution of exosomes was analyzed

by NTA analysis. (D) Exosomal protein markers (CD63 and CD81), GAPDH, GRP78, and GM130 were determined using the Western blot analysis. (E) The qRT-PCR

analysis was used to examine exosomal HOTTIP expression in cisplatin-resistant and -sensitive GC cells. *P<0.05.
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packaging of HOTTIP into exosomes was regulated by

specific HMGA1. As anticipated, qRT-PCR assay showed

that the protein abundance of HMGA1 was upregulated

after treatment with exosomes in MGC-803 and MKN-45

cells, which was attenuated by knockdown of HOTTIP

(Figure 5A and B). Besides, overexpression of HOTTIP

abated the suppressive effect of HMGA1 knockdown on

the expression of HMGA1 (Figure 5C and D). Moreover,

upregulation of HOTTIP partly reversed anti-

proliferation, anti-migration and anti-invasion effects

caused by HMGA1 knockdown in GC-803 and MKN-

45 cells (Figure 5E–H). In addition, HOTTIP overexpres-

sion abolished si-HMGA1-mediated promotion of

E-cadherin level and reduction of N-cadherin and

Vimentin expression in GC-803 and MKN-45 cells

(Figure 5I and J). Thus, our results suggested that

HMGA1 mediated the packaging of HOTTIP into

exosomes.

Exosomal HOTTIP-Mediated HMGA1

Expression Through Functioning as

a ceRNA for miR-218
It is well known that lncRNAsmay act as ceRNAs tomodulate

the target mRNAs of miRNAs. In order to verify this hypoth-

esis, we firstly examined the localization of HOTTIP abun-

dance in GC-803 and MKN-45 cells. The results proved that

most of the HOTTIP were located in the cytoplasm, indicating

that HOTTIP might regulate its targets at the post-

transcriptional levels (Figure 6A and B). Subsequently,

miRcode was employed to predict the potential target

miRNAs for HOTTIP. Results proved that, miR-218, a well-

studied tumor suppressor in several cancers, might be

a possible target of HOTTIP (Figure 6C). Interestingly, star-

base displayed that, HMGA1, awell-studied oncogene in some

tumors, was a potential target of miR-218 (Figure 6C).

Besides, results manifested that the abundance of miR-218

Figure 4 Exosome-mediated transfer of HOTTIP promoted cisplatin resistance in GC cells. MGC-803 and MKN-45 cells were incubated with PBS, exosomes (extracted

from MGC-803/DDP or MKN-45/DDP), exosomes + si-NC, or exosomes + si-HOTTIP#1. (A and B) The abundance of HOTTIP was analyzed by qRT-PCR. (C and D) Cell

proliferation was assessed using the CCK-8 assay. (E and F) Transwell assay was employed to assess cell migration and invasion abilities. (G and H) Western blot assay was

carried out to evaluate the protein abundances of E-cadherin, N-cadherin and Vimentin. *P<0.05.
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was obviously decreased in both cisplatin-resistant cells

(MGC-803/DDP and MKN-45/DDP) compared with that in

parental cells (MGC-803 and MKN-45) (Figure 6D). To cer-

tify the previous prediction, the data of dual-luciferase reports

confirmed that co-transfection of WT-HOTTIP vector or

HMGA13ʹUTR-WTwithmiR-218mimicmarkedly decreased

the activity of luciferase in MGC-803 and MKN-45 cells,

whereas the luciferase activity was not changed in the cells co-

transfectedwithMUT-HOTTIP or HMGA13ʹUTR-MUT vec-

tor and miR-218 mimic (Figure 6E–H). Moreover, RIP assay

revealed that the enrichment of HOTTIP, miR-218 and

HMGA1 immunoprecipitated with Ago2 was higher than the

respective IgG group in MGC-803 and MKN-45 cells

(Figure 6I and J). Besides, the protein expression of HMGA1

was enhanced in resistant cells (MGC-803/DDP andMKN-45/

DDP) compared with the parental cells (MGC-803 andMKN-

45) (Supplemental Figure 1A). Additionally, knockdown of

HOTTIP increased the expression of miR-218 and its over-

expression presented an opposite effect in MGC-803 and

MKN-45 cells (Supplemental Figure 1B and 1C), suggesting

that miR-218 was negatively by HOTTIP. Furthermore,

Western blot proved that the protein level of HMGA1 was

downregulated in MGC-803 and MKN-45 cells transfected

with miR-218, which was reversed by co-transfection with

Figure 5 Exosomal HOTTIP contributed to cisplatin resistance by upregulating HMGA1 in GC cells. (A and B) The protein level of HMGA1 was evaluated in MGC-803 and

MKN-45 cells were incubated with PBS, exosomes, exosomes + si-NC, or exosomes + si-HOTTIP#1 using Western blot analysis. (C-J) MGC-803 and MKN-45 cells were

transfected with si-NC, si-HMGA1, si-HMGA1 + pcDNA, si-HMGA1 +HOTTIP. (C and D) Western blot was performed to measure the protein level of HMGA1. (E and F)
CCK-8 assay was utilized to assess cell proliferation capacity. (G and H) Transwell was employed to examine migration and invasion capacities in transfected MGC-803 and

MKN-45 cells. (I and J) The protein abundances (E-cadherin, N-cadherin and Vimentin) were evaluated using the Western blot assay. *P<0.05.
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HOTTIP (Figure 6K and L). These results demonstrated that

HOTTIP acted as a sponge of miR-218 to regulate HMGA1

expression in GC cells.

Serum Exosomal HOTTIP Was

Associated with Cisplatin Resistance in

GC Patients
Next, we measured the abundance of exosomal lncRNA

HOTTIP in 58 serum samples from advanced patients

receiving cisplatin treatment. According to Response

Evaluation Criteria In Solid Tumors (RECIST) (version

1.1), the patients would be divided into the responding (30

patients) and non-responding (28 patients) groups. Results

disclosed that the serum exosomal HOTTIP abundance was

strongly upregulated in patients who did not respond to

treatment with cisplatin in contrast to those who responded

to cisplatin (Figure 7A). Since a better stability was a crucial

prerequisite for tumor markers, HOTTIP stability in serum

exosomes was then determined through exposing exosomes

to various conditions, including incubation for different

times (0 hr, 3 hrs, 6 hrs, 12 hrs and 24 hrs) at room

temperature, RNase A digestion, and low (pH = 1.0) or

high (pH = 13.0) pH solution at room temperature for 3

h. As shown in Figure 7B–D, the exosomal HOTTIP level

was not notably affected by any of the experimental condi-

tions, suggesting that exosomal HOTTIP was stable in serum

exosomes. Moreover, we explored the diagnostic potential of

HOTTIP by performing ROC analysis. The results showed

that, the AUC, diagnostic sensitivity and specificity reached

0.743 (95% confidence interval, 0.6149–0.8708) with the

established cut-offs (1.905) (Figure 7E). According to these

stratification criteria (1.905), patients were divided into the

low and high HOTTIP level groups, and the proportion of

patients who did not respond to chemotherapy was obviously

Figure 6 HOTTIP regulated HMGA1 through functioning as a ceRNA of miR-218 in GC cells. (A and B) The qRT-PCR analysis was performed to evaluate the subcellular

location of HOTTIP in GC cells. (C) Potential binding sites of miR-218 within HOTTIP or HMGA1 were predicted using the miRcode or starBase, respectively. (D) The qRT-

PCR assay was carried out to analyze the abundance of miR-218 in cisplatin-resistant and -sensitive GC cells. (E and F) Dual-luciferase reporter assay was conducted to

determine the luciferase activity in MGC-803 and MKN-45 cells co-transfected with miR-NC or miR-218 and WT-HOTTIP or MUT-HOTTIP. (G and H) The luciferase

activity was measured in MGC-803 and MKN-45 cells co-transfected with miR-NC or miR-218 and HMGA1 3ʹUTR-WTor HMGA1 3ʹUTR-MUT. (I and J) The enrichment

of HOTTIP, miR-218, and HMGA1 was measured by RIP assay in MGC-803 and MKN-45 cells incubated with Ago2 or IgG. (K and L) The protein level of HMGA1 was

detected in MGC-803 and MKN-45 cells transfected with miR-NC, miR-218, miR-218+ pcDNA, or miR-218+ HOTTIP using the Western blot analysis. *P<0.05.
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elevated in the high exosomal HOTTIP level group relative

to the low abundance group (Figure 7F). Therefore, our data

suggested that exosomal HOTTIP in serum might act as

a promising diagnostic biomarker for the patients with GC.

Discussion
In spite of cisplatin-based chemotherapy is particularly

effective in a large number of cancer cases, the development

of chemotherapy resistance has become a main obstacle for

the treatment of cancer patients.4,25 Increasing reports have

revealed the molecular and cellular mechanisms of drug

resistance in diverse tumors.26,27 Besides, exosomal

lncRNAs have been considered to play vital roles in the

chemoresistance of various cancers.28,29 In our research,

the effects and mechanism of exosomal HOTTIP in cisplatin

resistance were explored in GC cell. Our data suggested that

HOTTIP abundance was elevated in cisplatin-resistant GC

cells. Moreover, we found that exosomal HOTTIP might

contribute to cisplatin resistance in GC cells by regulating

HMGA1 expression via sponging miR-218.

It has been reported that abnormal expression of HOTTIP

was tightly associated with the development of chemoresis-

tance in different tumors. For instance, HOTTIP expression

was increased in lung adenocarcinoma and acted as an

oncogene to promote the drug resistance of lung adenocarci-

noma cells.30 Li et al proved that HOTTIP level was also

enhanced in osteosarcoma and its overexpression was tightly

associated with chemoresistance in osteosarcoma.31 Here,

we found that abundance of HOTTIP was increased in resis-

tant GC cells, and its knockdown elevated cisplatin sensitiv-

ity in cisplatin-resistant GC cells, suggesting that HOTTIP

was required for the retention of a cisplatin-resistant status in

GC cells.

Exosomes have been identified to be involved in cellular

communication and modulation of the chemosensitivity of

the recipient cells.32 More and more reports have proved

that RNAs (mRNAs, miRNAs and lncRNAs) are secreted

from cancer cells into body fluids by exosomes.33,34

Besides, growing evidence has emphasized exosomes can

protect lncRNAs from degradation in the circulation, and

cancers at an early stage may be determined by exosomal

lncRNAs.35,36 Previous study has shown that expression

level of exosomal HOTTIP was typically upregulated in

GC than in normal control and it might be a promising

biomarker for GC in diagnosis and prognosis.37 In our

research, we verified that lncRNA HOTTIP was incorpo-

rated into exosomes and could regulate cisplatin resistance.

The expression of HOTTIP was rarely affected by exposure

Figure 7 Serum exosomal HOTTIP was associated with cisplatin resistance in GC patients. (A) Serum exosome HOTTIP level was measured in patients responding or not

responding to cisplatin treatment by qRT-PCR. (B-D) Exosomal HOTTIP expression level was assessed using qRT-PCR analysis in the long exposure, RNase A digestion, and

low or high pH solution, respectively. (E) The diagnostic value of exosomal HOTTIP in GC patients receiving cisplatin treatment was analyzed by ROC curve. (F) The
proportion of patients not responding or responding to cisplatin was analyzed in patients with high or low HOTTIP level. *P<0.05.
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to RNase A alone in the culture medium, while its expres-

sion was greatly inhibited after treatment with RNase A and

Triton X100, indicating that HOTTIP was contained in

vesicles, including exosomes. In addition, we found that

exosomal protein markers (CD63 and CD81) were effec-

tively expressed in exosomes, and HOTTIP expression

from the extracted exosomes was enhanced in cisplatin-

resistant GC cells. Furthermore, we also demonstrated that

the parental cells treated with exosomes containing

HOTTIP could induce an elevated cisplatin resistance.

Therefore, these findings indicated that exosomal HOTTIP

promoted the development of cisplatin resistance in GC

cells.

HMGA1 dysregulation has been confirmed to be asso-

ciated with a drug-resistant phenotype.38,39 To explore

whether the packaging of HOTTIP into exosomes was

mediated by HMGA1, MGC-803 and MKN-45 cells

were exposed to exosomes or/and si-HOTTIP. And we

found that HMGA1 expression was upregulated after treat-

ment with exosomes, while the effect was reversed by

knockdown of HOTTIP. Besides, overexpression of

HOTTIP abated the enhanced effect of HMGA1 knock-

down on cisplatin sensitivity in GC cells. Numerous

reports have demonstrated that lncRNAs might function

as ceRNAs to modulate the target mRNAs of

miRNAs.40,41 We wondered whether HOTTIP acted as

ceRNAs to regulate cisplatin resistance in GC cells.

Firstly, HOTTIP expression was localized in GC cells.

Results revealed that HOTTIP was located in the cyto-

plasm, suggesting that HOTTIP might modulate its targets

at the post-transcriptional levels. Interestingly, bioinfor-

matics analysis predicted that putative binding sites

between miR-218 and HOTTIP or HMGA1, and the pre-

diction was confirmed through dual-luciferase reporter

assay and RIP assay. MiR-218 has been confirmed to

serve as a tumor suppressor in GC.42 Moreover, Western

blot disclosed that the protein abundance of HMGA1 was

decreased in GC cells transfected with miR-218, which

was reversed by co-transfection with HOTTIP. These data

suggested that HOTTIP regulated HMGA1 expression by

sponging miR-218.

According to the functional observations, the exosomal

HOTTIP abundance in serum samples of GC patients was

measured by qRT-RCR. In recent years, lncRNAs in serum

or plasma were often used as predictors in GC.43,44

However, these potential biomarkers are commonly

observed at relatively fewer levels and are easily degraded

through the complexity of bodily fluids. Previous studies

stated that lncRNAs were enriched and stable in circula-

tory exosome system and could avoid being degraded by

RNase.45,46 Most importantly, exosome proteins may

reflect their cellular origin, which may help us detect

cancers at an early stage.47 As expected, our results proved

that the exosomal HOTTIP abundance was enhanced in

cisplatin-resistant patients as well as stably expressed in

various conditions, and was involved in cisplatin response.

Thus, these data indicated that exosomal HOTTIP might

be used for clinical diagnosis or prognosis prediction

of GC.

In conclusion, these findings suggested that exosome-

mediated transfer of HOTTIP induced cisplatin resistance

by regulating miR-218/HMGA1 axis in GC cells, provid-

ing a promising exosome lncRNA-directed therapy for the

patient with GC and a vital theoretical basis for GC ther-

apy. Besides, HOTTIP/miR-218/HMGA1 axis might pro-

vide a possible new strategy for the treatment of other

cancers in the future. However, the biological function of

exosome HOTTIP in vivo remains unclear, which will be

the focus of our future research.
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