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Exosomes are the extracellular vesicles secreted by various cells. Exosomes mediate intercellular
communication by delivering a variety of molecules between cells. Cancer cell derived exosomes seem to
be related with tumor progression and metastasis. Tumor microenvironment is thought to be acidic and
this low pH controls exosome physiology, leading to tumor progression. Despite the importance of

Keywords: microenvironmental pH on exosome, most of exosome studies have been performed without regard to pH.
E)l;osome Therefore, the difference of exosome stability and yield of isolation by different pH need to be studied. In
p

this research, we investigated the yield of total exosomal protein and RNA after incubation in acidic, neutral
and alkaline conditioned medium. Representative exosome markers were investigated by western blot
after incubation of exosomes in different pH. As a result, the concentrations of exosomal protein and
nucleic acid were significantly increased after incubation in the acidic medium compared with neutral
medium. The higher levels of exosome markers including CD9, CD63 and HSP70 were observed after in-
cubation in an acidic environment. On the other hand, no exosomal protein, exosomal RNA and exosome
markers have been detected after incubation in an alkaline condition. In summary, our results indicate that

Acidic microenvironment

the acidic condition is the favorable environment for existence and isolation of exosomes.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Exosomes are small extracellular vesicles with 30—100 nm
diameter that originate from many type of cells [1]. Exosomes are
formed as part of the multivesicular body pathway in which
intraluminal vesicles progressively accumulate during endosome
maturation. Exosomes are formed by inward budding and scission
of vesicles from the limiting endosomal membranes and released
from the MVB lumen into the extracellular environment during
exocytosis [1,2]. Secreted exosomes can be isolated and character-
ized in blood [3,4], urine [5], saliva [6] in vivo and conditioned
medium [2] in vitro. They include various molecular constituents of
their cell origin, including proteins, mRNA, and microRNA [7—9].
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Because of their importance in normal physiology and disease
progression, exosomes have been widely studied as a therapeutic
agent [10—13], biomarker [3,6] and drug delivery vehicle [14].

Extracellular pH is various dependent on the tissues microen-
vironment and pathologic conditions, affecting the amount and
characteristic of exosome. For example, the pH of gastric juice is
severely low and there are RNAs in the stomach's acidic condition.
These gastric juice-derived RNAs might be associated with gastric
juice exosomes [15]. Abnormally proliferated cancer cells change
their microenvironmental pH into acidic, resulting in cancer pro-
gression and metastasis [16—18]. Recent research of cancer exo-
somes revealed that acidic microenvironment promotes exosome
traffic and uptake of cancer cells, contributing tumor favorable
environment [16,19,20]. Exosomes seem to have a crucial role in
propagation of Prion protein in Creutzfeldt—Jakob disease and low
pH triggers Prion protein misfolding [21,22]. Considering these
studies of exosome and pH on diseases, it is plausible that pH have
some crucial role in exosome physiology.

Despite of this importance of pH condition in exosome and
related diseases, most in vitro experiments of exosome isolation
and characterization have been performed without regard to this
situation. Thus, the effects of pH on the exosome isolation and
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characterization should be thoroughly studied for future exosome
researches. In this study, we isolated the exosomes after incubation
in various pH conditions and investigated the yield of exosomes by
measuring exosomal total protein and RNA concentration. Repre-
sentative exosome markers were also investigated to confirm the
yield of exosome isolation.

2. Materials and methods
2.1. HEK 293 cell culture

To deplete bovine exosomes in the culture medium, Dulbecco's
modified eagle's medium (DMEM; Gibco, Carlsbad, CA, USA) con-
taining 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA)and 1%
penicillin-streptomycin was centrifuged at 100,000 g for 15 h at 4 °C
and supernatant was used for cell culture. HEK 293 cells were seeded
atadensity of 1 x 10° cells in 15 ml of exosome free medium into T-75
culture flask and cultured for 5 days at 37 °C in a 5% CO, incubator.

2.2. Adjustment of pH in conditioned medium

Cells and cellular debris were eliminated from conditioned
medium (CM) by centrifugation at 3000 g for 10 min at room
temperature. pH in CM was adjusted with 1 M hydrogen chloride
(HCl) or 1 M sodium hydroxide (NaOH) solution and measured by a
pH meter (Thermo Fisher Scientific, MA, USA) for making pH4, 7
and 11 CM. Exosomes were isolated from pH4, 7 or 11 CM after
incubating for 30 min at room temperature.

2.3. Exosomes isolation

Exosome isolation using Exo-quick exosome precipitation kit
(System Biosciences, CA, USA) was performed according to manu-
facturer's specifications. Briefly, the 3 ml CM was mixed thoroughly
with 0.6 ml of Exo-Quick exosome precipitation solution and
incubated for 24 h at 4 °C. CM complex were centrifuged at 1500 g
for 30 min, and then the supernatant was removed and centrifuged
at 1500 g for 5 min again. The remaining exosome pellet was used
for protein or RNA isolation.

2.4. Protein isolation and western blot

Proteins in exosomes were extracted by 100 ul of Radio Immuno
Precipitation Assay buffer (Pierce, IL, USA) with freshly added
protease inhibitor (Roche, USA) and exosomal proteins were
measured by BCA protein assay kit (Pierce, IL, USA). Proteins were
loaded on sodium dodecyl sulfateopolyacrylamide gel and elec-
trotransferred to a polyvinylidene fluoride membrane (Millipore,
MA, USA). The blots were probed with primary antibodies: CD9
(1:200; Santa Cruz, CA, USA), CD63 (1:200; Santa Cruz, CA, USA),
HSP70 (1:200; Santa Cruz, CA, USA), followed by horseradish
peroxidase conjugated secondary anti-mouse or rabbit antibody
(1:3000; GE Healthcare, USA). The relative protein levels were
analyzed by Image] software.

2.5. RNA isolation

[solation of RNA from exosomes was carried out by the mirVana
isolation kit (Ambion, TX, USA) according to the manufacturer's
protocol. Briefly, exosomes pellet was lysed with lysis buffer and
exosomal RNA was extracted by miRNA homogenate solution and
chloroform. The exosomal RNA was suspended with 100 pl of DEPC
water after purifying by the filter cartridge and the concentration of
RNA was quantified using the Nano Drop ND-1000 Spectropho-
tometer (Nano-Drop Technologies, DE, USA).

2.6. Statistical analysis

All values shown in the figures are presented as
mean + standard error. Western blot results were analyzed by
student's t-test. A 2-tailed probability value below 0.05 was
considered statistically significant. Data were analyzed using SPSS

version 17.0 (SPSS Inc., USA).
3. Results
3.1. Exosomes isolation and characterization

HEK 293 cells were cultured for 3 days and exosomes were
isolated by Exoquick isolation kit. After isolation, proteins were
extracted by protein extraction buffer and western blot was per-
formed. As a result, representative exosome markers including CD9,
CD63 and HSP70 were examined in the conditioned medium
derived exosomal protein (Fig. 1A). Exosome-free media was
examined as a negative control and didn't show any exosome
markers. The result of this experiment indicates that our exosome-
free media and isolation method is suitable for cell line-derived
exosome research.

3.2. Effect of pH on the representative exosome markers

To investigate the level of representative exosome markers in
exosomes of CM in different pH conditions, the pH of CM was
adjusted to pH4, 7 and 11 by HCl or NaOH, and exosomal proteins of
pH4, pH7 or pH11 CM were immunoblotted with CD9, CD63 and
HSP70 antibodies. As a result, pH4 CM shows higher level of exo-
some markers than pH7 CM. On the contrary, the sample which had
been incubated in pH11 showed no exosomal markers (Fig. 1B). The
effect of pH on exosomal HSP70 level was measured in a range from
ph3 to 10, and result also showed inverse correlation of pH and
protein level (S2 Fig.).

3.3. Effect of pH on the exosomal protein and RNA concentration

To investigate exosomal protein and RNA concentration in
different pH conditions, proteins and total RNA were extracted by
protein extraction buffer and total RNA isolation kit respectively
after isolating exosomes from each pH4, pH7 or pH11 CM. As a
result, total exosomal protein concentration in pH4 CM is fivefold
higher than that of pH7 CM (Fig. 2A) and RNA concentration of pH4
CM also showed five times increased level compared to pH7 CM
(Fig. 2B). Two representative methods for exosome isolation are
serial ultracentrifugation and Exoquick reagent. We identified
increased yield of exosomal protein by low pH using ultracentri-
fugation method (S1 Fig.). These results suggest that the yield of
isolation of representative exosome components, such as proteins
and nucleic acids, could be increased by acidic environment.

4. Discussion

In this study, we demonstrated that acidic pH could increase the
stability of exosomes in vitro, resulting in higher yield of exosome
isolation. Incubation in acidic medium showed increased exosomal
protein and RNA concentration. Immunoblot of representative
exosome markers also showed increased isolation of intact exo-
somes by acidic condition. On the contrary, exosome isolation failed
after incubation in an alkaline medium.

Cancer cell derived exosomes seem to induce cancer favorable
microenvironment and tumor core is relatively acidic [16—18].
Recent study shows that precipitation of exosomes from tumor
cells has improved after treatment of acetate [23]. Parolini et al.
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Fig. 1. Western blot analysis with exosome markers. Exosome isolated from exosome-free media or conditioned media were immunoblotted with CD9, CD63 and HSP70 (A).
Exosomes were incubated with pH4, pH7 or pH11 medium and tested with western blot for analyzing the level of CD9, CD63 and HSP70 (B).
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Fig. 2. Measurement of exosomal protein and RNA concentration. Exosomal protein and RNA were extracted from each exosomes incubated with pH4, pH7 or pH11 and protein
concentration was measured by BCA protein quantification (A) and Nano Drop for RNA concentration (B). *p < 0.01.

found that intercellular acidic pH could increase cancer exosome
secretion and uptake, leading to tumor progression and metastasis
[19]. Prion is propagated by extracellular exosomes in Creutz-
feldt—Jakob disease and misfolding of Prion protein is related with
low pH [21,22]. Based on these exosome researches, it is plausible
that pH could affect stability of exosomes. Our study showed that
acidic condition could increase the amount of isolation of cell-
derived exosomes, which enables to extract exosomal proteins
and nucleic acids from the small amount of the specimen. Proteins
and nucleic acids in exosomes are protected against low pH con-
dition of gastric fluid by showing that they are present in high
concentration in gastric fluid while there are almost no exosomes
after incubation in alkaline condition.

Exosome mediates genesis and progression of diseases
including cancer, Creutzfeldt—Jakob disease and Alzhermer's dis-
ease [20,21,24]. Despite of their promising potential in medical
field, the exact mechanism of biogenesis, secretion and uptake of
exosome is still unknown. In addition to this, clear protocol for
handling, storage and isolation method for exosome experiment
need to be established. In summary, our results show that low pH
increases the yield of exosome isolation and high pH degrades the
exosome, suggesting that environmental pH of exosome needs to
be carefully considered for exosome researches.
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