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Abstract

AIM: To study the effect of 5-Aza-2'-deoxycytidine
(5-Aza-CdR) on heat shock protein 70 (HSP70), human
leucocyte antigen- 1 (HLA-1) and NY-ESO-1 proteins
in exosomes produced by hepatoma cells, HepG2 and
Hep3B.

METHODS: Exosomes derived from HepG:2 and Hep3B
cells treated with or without 5-aza-CdR were isolated
and purified by ultrafiltration centrifugation and sucrose
gradient ultracentrifugation. The number of exosomes
was counted under electron microscope. Concentration
of proteins in exosomes was measured by bicinchoninic
acid protein assay. Expression of HSP70, HLA- I and
NY-ESO-1 proteins in exosomes was detected by West-
ern blotting and immunoelectron microscopy. mRNA ex-
pression of p53 gene was detected by reverse transcrip-
tion polymerase chain reaction.
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RESULTS: The mRNA expression of p53 gene was
increased in both hepatoma cell lines after treatment
with 5-Aza-CdR. The number of exosomes and the
concentration of total proteins in exosomes were in-
creased significantly after treatment with 5-aza-CdR (P
< 0.05). After treatment with 5-Aza-CdR, immunoelec-
tron microscopy and Western blotting showed that the
HSP70, HLA- I and NY-ESO-1 proteins were increased
in exosomes produced by both hepatoma cell lines.

CONCLUSION: 5-aza-CdR, an inhibitor of DNA methyl-
transferase, can increase exosomes produced by hepa-
toma cells and immune-associated protein component
of exosomes, which may be mediated by p53 gene up-
regulation and 5-Aza-CdR demethylation.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Human hepatocellular carcinoma (HCC) is one of the
most common malignancies worldwide, with an annual in-
cidence of over half a million. Despite the improvements
in surveillance, imaging technology, surgical techniques,
and perioperative care, its mortality rate still increases, ac-
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counting for 53% of all liver cancer deaths worldwide in
China'. The most effective treatment modalities available
for HCC to date are surgical resection, liver transplanta-
tion, and ablative therapy[z"ﬂ. However, they are not in-
dicated for patients who have relapse or are at advanced
stage of the disease!”. Moreover, the most commonly used
treatment methods for various cancers, such as radiother-
apy and chemotherapy, are often excluded in treatment of
HCC due to their intolerable toxicity and insensitivity”. Tt
is therefore necessary to develop a novel strategy against
the progression and recurrence of HCC.

Exosomes secreted by tumor cells have become a re-
cent hot spot in research of tumor immunology, raising
intriguing attention to their immune-stimulating func-
tion 7z vitro and tumor model experimentsm’ﬂ. However,
acquiring a sufficient number of exosomes with a high
quality for more powerful immune-stimulating effects has
remained a great challenge for tumor immunotherapy™"”.
Apart from the p53-dependent pathway, the mechanisms
by which tumors secrete exosomes have not been well un-
derstood",

5-Aza-2’-deoxycytidine (5-Aza-CdR), a DNA meth-
yltransferase inhibitor and a demethylation promoter
in CpG regions of many genes, including the p53 gene,
can significantly restore or increase their expressionm’m,
including the expression of p53 by damaging DNA™. 1t
has been shown that 5-Aza-CdR can significantly increase
the expression of immune molecules necessary for anti-
tumor cellular immunity by demethylating DNA, such as
human leucocyte antigen (HLA)- I, and HLA-II, and
significantly enhance the therapeutic effect of anti-tumor
immunity 7z vitro and in animal experimentsﬂs’m. However,
few reports are available on the effects of 5-Aza-CdR on
the secretion of exosomes and the protein level in exo-
somes. This study was to explore the effect of 5-Aza-CdR
on the secretion of exosomes, tumor-associated antigens
and immune molecules in exosomes, and its mechanisms
by which hepatocellular carcinoma cell lines secrete exo-
somes, in an attempt to provide preliminary experimental
evidence for 5-Aza-CdR-modified exosomes-based anti-
hepatoma immunotherapy.

MATERIALS AND METHODS

Materials

HepG2 cell line was generously provided by Professor
You-Yong Lu, Beijing Cancer Institute. Hep3B cell line
was purchased from Shanghai Institute of Cell Biology,
Chinese Academy of Sciences (CAS).

Drugs and reagents

5-Aza-CdR, heavy water, cane sugar (analytically pure) and
protein A colloidal gold (SPA) were purchased from Sigma
Company (Santa Clara, CA, USA). FBS and DMEM cul-
ture media were purchased from GIBCo Company (Catls-
bad, CA, USA). Western blotting reagents used in this study
included rabbit anti-human heat shock protein 70 (HSP70)
polyclonal antibody from Abcam (Cambridge, UK), mouse
anti-human HLLA- [ monoclonal antibody from Chemicon
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(Los Angeles, CA, USA), mouse anti-human NY-ESO-1
monoclonal antibody from ZyMed (San Diego Diego,
South CA, USA). Western blotting kit was obtained from
Pierce (Rockford, I, USA), and BCA protein assay kit was
from Puli Lai Gene Technology Co., Ltd (Beijing, China).

Instruments

Instruments used in this study included a Himac-CP70G
low-temperature ultra-high speed centrifuge and a Hitachi
TEM H-7500 transmission electron microscope (Hitachi
Corporation, Tokyo, Japan). Electrophoresis devices used
in this study included an electrophoresis tank and a trans-
membrane tank (Beijing 61 Instrument Factory, China), a
GelDoc2000 gel imager (Bio-Rad Corporation, Chicago,
IL, USA), a 100 ku MWCO Centriplus centrifugal ultrafil-
tration tube and a 100 ku MWCO Millipore Amicon high
recovery-high-flow tangential flow ultrafiltration centri-

fuge tube Millipore Corporation, Bedford, MA, USA).

Cell culture

Human hepatoma cell lines, HepG2 and Hep3B, were
maintained at 37°C in 10% DMEM containing 10% FCS
(Gibco Cotporation, Catlsbad, CA, USA), 100 U/mL pen-
icillin, and 100 pg/mL streptomycin (Sigma Corporation,
Santa Clara, CA, USA). HepG2 and Hep3B cells were
divided into 3 control groups and 3 experimental groups,
respectively, for regular culture. Cell viability was 95% as
determined by trypan blue exclusion. Twenty-four hours
after inoculation, cells in experimental groups were treated
with 5-aza-CdR at a concentration of 1 X 10° mol/L
and 150 mL of culture supernatant was collected 72 h
later from each group, while cells in control groups were
cultured without any drug and 150 mL of culture supet-
natant was collected from each group as controls.

Isolation and purification of exosomes

Exosomes were isolated as previously described". In
brief, 150 mL of a medium from confluent cultures (5-7 d)
was harvested and centrifuged twice (2000 g and 10000 g
to remove cells and debris. Clarified supernatant was then
ultrafiltrated using 100 ku MWCO Centriplus centrifugal
ultrafiltration tubes to remove big-molecule compounds
and reduce the volume of samples before ultracentrifuga-
tion on a 30% sucrose/D20 cushion, which was collected
and diluted in PBS. Ultrafiltration was then performed
using a 100 ku MWCO Millipore Amicon high recovery-
high-flow tangential flow ultrafiltration centrifuge tube.
Finally, 5 mL of exosomes was obtained and stored at 4°C
for no more than 48 h before use.

Reverse transcription polymerase chain reaction

Total RNA was extracted from HepG2 and Hep3B cells
using a Promega’s total RNA extraction kit 72 h before
and after 5-Aza-Cdr treatment. The sequences of p53
upstream and downstream primers used in this study are
5'-ACCCAGGTCCAGATGAAG-3' and 5'-CACTCG-
GATAAGATGCTGA-3', respectively. The length of
amplified fragments was 422 bp. The sequences of
B-actin upstream and downstream primers used in this
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study ate 5-CGGGAAATCGTGCGTGACATT-3" and
5'-GGAGTTGAAGGTAGTTTCGTGG-3', respec-
tively. The length of amplified fragments was 150 bp.
RT reaction system contained 2 pg total RNA, 150.5 pg
oligo (dT), 5 X PCR buffer, 1 mmol/L dNTP, 20U RNa-
sin, 200 U M-MLV reverse transcriptase. PCR system
contained 2 plL reverse transcriptase reaction products,
500 pmol/L of each upstream and downstream primer,
200 umol/L of each dNTP, 1 U Taq DNA synthesis
enzyme, and 10 X PCR buffer. The total reaction vol-
ume was 20 pL. Thirty cycles of PCR amplification
were performed under the following conditions: pre-
denaturation at 94°C for 5 min, denaturation at 94°C for
30 s, annealing at 55°C for 30 s, extension at 72°C for 30 s,
and a final extension at 72°C for 5 min. Finally, 6 ulL of
PCR products was electrophoresed on 1.5% agarose gel.
The results were recorded using a gel imaging system for
semi-quantitative analysis by grey ratio of target gene
to B-actin. Reverse transcription polymerase chain reac-
tion (RT-PCR) reagents were purchased from Promega
Company (San Luis Obispo, CA, USA) and primers were
synthesized in Beijing Bioko Biotech Co., Ltd (Beijing,
China).

Marking and counting exosomes under colloidal gold
immunoelectron microscope

An antigen-antibody complex was prepared. In brief, 10 pL
of exosomes was obtained and mixed with an equal vol-
ume of rabbit anti-human HSP70 monoclonal antibody
(1:50 dilution), mouse anti-human HLA- I monoclonal
antibody (1:100 dilution) or mouse anti-human NY-
ESO-1 monoclonal antibody (1:50 dilution), respectively.
These samples were dropped onto a copper mesh surface
and incubated for 1 h at room temperature. Twenty ul. of
SPA diluted at 1:15 was dropped onto the hydrophobic
membrane to form liquid beads. The copper mesh was
floated in SPA droplets with its membrane surface faced
down at room temperature for 30 min. Then, 15 pl. of
uranyl acetate drops was put onto the copper mesh sut-
face and stained at room temperature for 30 s. A SPA-
coated copper mesh was taken as a control. Exosomes
with black colloidal gold particles on the capsular mem-
brane and cavity were marked as positive under transmis-
sion electron microscope.

Quantification of exosome immune molecules under
electron microscope

Exosomes and their labeled colloidal gold particles were
counted under each camera view of exosome samples.
Each protein was represented by the number of colloidal
gold particles in 100 exosomes. The data were expressed
as mean * SD for further statistical analysis.

Exosome counting under electron microscope

The area under each photographic view was 1000 nm X
700 nm. The number of exosomes under each field of
vision was counted. The average number of exosomes
under each camera view was calculated in 10 randomly
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selected horizons. The number of exosomes in each mL
supernatant of the cells was figured out by copper mesh
diameter (2.5 mm) and area (1.25 mm X 1.25 mm X 3.14).
The cells in each of experimental and control groups were
counted three times and averaged for statistical analysis.

Western blotting

Forty microgramme of exosomes was taken and 10%
SDS-PAGE electrophoresis was performed at a constant
electric power. After electrophoresis, the gels were trans-
ferred to NC membrane, incubated with HSP70, HLLA- 1

and NY-ESO-1 antibodies diluted at 1:500 overnight at
4°C. Then, horseradish peroxidase-tagged antibody was
added and incubated at room temperature for 2 h. Pho-
tography was performed with a Kodak X-OMAT film
(Eastman Kodak, Rochester, NY). The light absorption
value A of target bands and B-actin was determined using
the imaging analysis system. The results were indicated by
the absorption ratio of target bands and -actin, and aver-
aged from three independent experiments.

Determination of protein concentration in exosomes
Exosomes in two cell lines of experimental and control
groups were taken to determine the protein concentra-
tion with a bicinchoninic acid (BCA) protein assay kit
following its manufacturer’s instructions.

Statistical analysis

The data were expressed as mean * SD. Statistical analy-
sis was performed using the SPSS13.0 statistical soft-
ware. P <0.05 was considered statistically significant.

RESULTS

Exosomes and their related immune molecules
identified by immunoelectron microscopy
Immunoelectron microscopy showed that exosomes, se-
creted from HepG2 and Hep3B cells, had the membra-
nous structure of microcapsules, 30-80 nm in diameter.
They were round or oval and their cavities were full of
components with a low electron density. After colloidal
gold immunoelectron marking, dotted, granular colloidal
gold markers could be observed in the capsular mem-
branes and cavities. Each kind of immune molecules had
no more than two gold-labeled particles in the control
groups. However, after treatment with 5-Aza-CdR, 5,
4, and 3 gold-labeled HSP70, HLA- I and NY-ESO-1
molecules were observed in exosomes, respectively. The
number of gold-labeled particles in each immune mol-
ecule was significantly greater in experiment groups than

in control groups (P < 0.05, Figure 1, Table 1).

Tumor antigen and immune molecules in exosomes de-
tected by Western blotting

In the supernatant of exosomes from two cell lines, a clear
specific protein band could be detected by Western blot-
ting at the molecular weights of 73, 40 and 18 kDa. After
treatment with 5-Aza-CdR, the HLA- I and NY-ESO-1
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Figure 1 Immunoelectron microscopy showing colloidal gold HSP70 labeled HepG2 exosomes in control group (A) and in experiment group (B), colloidal
gold HLA- I labeled HepG2 exosomes in control group (C) and experiment group (D), colloidal gold NY-ESO-1 labeled HepG2 exosomes in control group (E)
and experiment group (F), colloidal gold HSP70 labeled Hep3B exosomes in control group (G) and experiment group (H), colloidal gold HLA- I labeled Hep3B
exosomes in control group (I) and experiment group (J), colloidal gold NY-ESO-1 labeled Hep3B exosomes in control group (K) and experiment group (L) (%

140000).

Table 1 Immune-related molecules of exosomes in control and experimental groups (mean + SD)

n HepG2

Control group Experiment group

P Hep3B P

Control group Experiment group

HSP70 3 74231 99.8+5.2 <0.01 70251 99.9+3.8 <0.01

HLA- I 3 53325 79.6£6.1 <0.01 40.6+2.7 86.7 £3.6 <0.01

NY-ESO-1 3 382142 582143 <0.01 321+4.6 703 £2.9 <0.01
expression level was significantly higher in experimental DISCUSSION

groups than in control groups (P < 0.05), while the HSP70
expression did not increase significantly (Figure 2).

Exosomes and protein in exosomes under electron mi-
croscope

The number of exosomes secreted from both cell lines
and the total protein in exosomes were significantly higher
after treatment with 5-Aza-CdR than before treatment
with 5-Aza-CdR (P < 0.05, Table 2).

Change of wild-type P53 gene expression in HepG2 and
Hep3B cells after 5-Aza-CdR treatment

The p53 gene was moderately expressed in HepG2 cells
but not in Hep3B cells before 5-Aza-CdR treatment.
However, the p53 gene mRINA was significantly expressed
in two cell lines after 5-Aza-CdR treatment (Figure 3).

(49
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5-Aza-CdR can recover some genes with CpG islands in
their promoter regions, or significantly increase the ex-
pression of these genes by directly inhibiting the DNA
methyltransferase activity"”. It has been shown that DNA
methylation can regulate cancer/testis antigen (CTA),
MHC I, MHC I, and a variety of immune adhesion
molecules”". 5-Aza-CdR can significantly increase their
expression in tumor cells and improve anti-tumor immune
response capacity .

Exosomes, originating as vesicles in some late endo-
somes, would release when these mature endosomes or
multivesicular bodies (MVBs) are fused with cell mem-
branes. Exosomes carry a variety of specific proteins, such
as antigen-presenting-associated protein, T cell activation-
associated protein, and some tumor antigens and antigen
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Subject n HepG2 con HepG2 exp P Hep3B con Hep3B exp P
Exo No 3 3.56 x 10° £2.6 x 107 453 x10° £ 3.7 x10° 0.010 312 x 10° £ 6.2 x 107 413 x10° £ 3.7 x 10° 0.021
Exo Pro B 0.92 + 0.13 mg 1.31 + 0.16 mg 0.012 0.89 £0.10 mg 1.52 + 0.16 mg 0.011
Exo: Exosome; con: Control group; exp: Experiment group.
A KDa A HepG2 Hep3B
73 —f— ' bp C E C E
0 — . L 2000
18 e — e \Y-ES0-1 1000
) 500
B ———— {10 250 p53
100
1.0 T
- B 09 H Control [ Experiment
0.8 0.8 r
0.7 +
0.6
06
04 05 ~
0.4 ~
0.2
03 +
0.0 0.2 +
1 2 3 4
0.1 +
Figure 2 Immune molecules Western blotting results (A), semi-quantities 0.0
HepG2 Hep3B

results of Western blotting (B). 1: HepG2 control; 2: HepG2 experiment; 3:
Hep3B control; 4: Hep3B experiment.

chaperones'”. Exosomes themselves offer an antigen de-
livery system and can transfer tumor antigens to antigen-
presenting cells, causing anti-tumor responsesl22J

For these reasons, use of exosomes in immunotherapy
and research requires high-quality exosomes. However,
the mechanism underlying exosome secretion has not
been well elucidated. Yu e a/'"' found that activation of
wild-type p53 increases exosome production by upregulat-
ing a transmembrane protein, TSAP6, which selectively
transports proteins to exosomes and adjusts exosome
formation. 5-Aza-CdR can increase p53 gene expression
by damaging or methylating DNA"*". In addition, it has
been reported that 5-Aza-CdR increases the expression
of CTA, HLA-1, and HLA-II through demethylation,
thus improving anti-tumor specific immune response and
decreasing the size of transplanted tumors in mice"™",
Therefore, this study investigated whether 5-Aza-CdR can
increase the number of exosomes and the immune mole-
cule level in exosomes secreted by hepatoma cells through
53 gene activation and DNA demethylation pathways.

Immunoelectron microscopy and Western blotting in
this study showed that exosomes derived from HepG2
and Hep3B cells were rich in HSP70 protein both before
and after 5-Aza-CdR treatment. However, after 5-Aza-
CdR treatment, electron microscopy showed that the
tagged HSP70 proteins in exosomes were increased, while
Western blotting showed that they did not, possibly due
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Figure 3 RT-PCR results of p53 gene expression (A), semi-quantities results
of RT-PCR (B). M: Marker; C: Control group; E: Experiment group.

to the fact that HSP70 gene expression is not regulated by
DNA methylation. Motreover, HLA- T and NY-ESO-1
molecules were cleatly regulated by DNA methylation, the
expression of these molecules especially that of HLA- |

in Hep3B cells, was relatively low in control groups. After
5-Aza-CdR treatment, these molecules were significantly
increased in both cell lines. The number of exosomes
secreted by treated and untreated hepatoma cells was cal-
culated and changes of protein in exosome stock solutions
treated and untreated with BCA were observed under
electron microscope, showing that after 5-Aza-CdR treat-
ment, the number of exosomes secreted by hepatoma cells
and the protein in exosomes are significantly increased (P
< 0.05). Furthermore, immune electron microscopy and
Western blotting revealed that the number of exosomes
was increased by almost an order of magnitude. Although
there was a difference in p53 mRNA expression between
the two hepatoma cell lines before treatment with 5-Aza-
CdR, the p53 expression was significantly increased in both
cell lines, especially in Hep3B cell line after 5-Aza-CdR
treatment,. The number of exosomes and the expression
of HSP70 protein were slightly higher in Hep3B cells than
in HepG2 cells. However, the expression of HLA- 1 and
NY-ESO-1 molecules was significantly higher in Hep3B
cells than in HepG2 cells, indicating that exosomes secret-
ed by hepatoma cells are regulated by the p53 gene, while
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HLA-T and NY-ESO-1 proteins in exosomes are mainly
regulated by DNA methylation. As a “molecular chaper-
one”, HSP70 can actively deliver antigens through recep-
tors on antigen-presenting cell membranes, thus increasing
the efficiency of antigen presentation by 104-folds of pure
pinocytosis or phagocytosis. Tumor-specific antigens are
released from HSP within cells and presented to cytotoxic
T cells, which are activated to execute immune responses
to different tumors™. NY-ESO-1, belonging to the CTA
family, is expressed in a variety of tumor tissues. Anti-NY-
ESO-1 specific antibodies and sensitized lymphocytes can
be found in serum of hepatoma patientsm’m. Thus, NY-
ESO-1 is currently thought to be a tumor-specific antigen
with the strongest antigen immunogenicityl%]. However,
NY-ESO-1 re-expression in tumor cells is not homoge-
neous and its low expression level is insufficient to stimu-
late cell-mediated immunity. To enhance tumor-specific
immunity, sufficient tumor-specific antigens or immune-
associated molecules are needed.

In conclusion, hepatoma cells secrete more exosomes
after 5-Aza-CdR treatment. Moreover, the expression of
tumor-specific antigen, NY-ESO-1, and tumor-specific
immune stimulating molecule, HLA- T, increase signifi-
cantly. While 5-Aza-CdR up-regulates p53 gene expression,
it may play a more important role in DNA demethylation.
Exosomes secreted from hepatoma cells after 5-Aza-CdR
treatment are more able to stimulate anti-tumor-specific
immune response, which may be useful for the preparation
of a new cancer therapeutic vaccine for hepatoma.

COMMENTS

Background

Human hepatocellular carcinoma (HCC) is one of the most common malignancies
worldwide. However, no effective curative therapy for it is currently available. It
is therefore necessary to develop a novel strategy against HCC. Tumor-derived
exosomes, containing tumor-associated antigens and chaperones, are membrane
nanoparticles, which make them stable, easy to maintain and susceptible to uptake
by immune cells. However, cancer/testis antigens (CTAs) with a strong immunity
and immune-associated molecules with adjuvant anti-cancer effects are heteroge-
neous and insufficient in cancer cells to emit specific immune reactions. Therefore,
getting enough quantity and quality of exosomes for a sufficient immune effect
remains a great challenge for tumor immunotherapy. 5-Aza-CdR, an inhibitor of
DNA methyltransferase, can restore or increase CTAs and HLA- 1 /I expression
in cancer cells by demethylation and induce p53 gene expression by damaging
DNA, while p53 can increase exosome production. The authors hope to get more
exosomes with a large number of CTAs and immune-associated molecules by
modifying hepatoma cells with 5-Aza-CdR.

Research frontiers

Exosomes secreted by tumor or dendritic cells are a recent hot spot in tumor
immunology research. However, insufficient tumor-associated antigens and
tumor-derived immune stimulated molecules are still a problem in such a
research. Various methods, such as IL-2 gene transfection and curcumin-
modified exosomes, have been used to improve exosome immune stimulation.
In this study, hepatoma was treated with 5-Aza-CdR, and more powerful exo-
somes were produced.

Innovations and breakthroughs

5-Aza-CdR, a DNA methyltransferase inhibitor and a demethylation promoter of
CpG in many genes including the p53 gene, can significantly restore or increase
their expression. It has been shown that 5-Aza-CdR can significantly increase
the expression of molecules necessary for anti-tumor cellular immunity such as
HLA- T and HLA-TI, and the therapeutic effect of anti-tumor immunity in vitro
and in animal experiments. However, no report is available on the effect of 5-Aza-
CdR on the number of exosomes in cancer cells. This study showed that 5-Aza-
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CdR could increase exosomes in hepatoma cells and immune-related molecules
of exosomes. Although its mechanism remains unclear, it may be related to
demethylation and the p53-induction effect of 5-Aza-CdR. These findings suggest
that 5-Aza-CdR can modify exosomes, thus offering an interesting possibility for
developing a cancer vaccine.

Applications

This study has confirmed that 5-Aza-CdR-modified exosomes from hepatoma
cells contain more CTAs, chaperones and immune-stimulating molecules,
which may be used in preparation of a new cancer therapeutic vaccine in vitro
for hepatoma.

Terminology

Exosomes, secreted by many kinds of cells including blood and tumor cells,
have a membrane structure, 30-100 nm in size, consisting of proteins and RNA,
and function as a vehicle for messages from cell to cell.

Peer review

The authors studied the effect of 5-Aza-CdR on the number of exosomes and
immune-associated proteins in them produced by hepatoma cell lines, HepG2
and Hep3B, showing that exosomes function as a vehicle for messages from
cell to cell, which may be used in preparation of a new cancer therapeutic vac-
cine for hepatoma.
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