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Introduction
The tumor initiation, growth, invasion, and 
metastasis are an outcome of a complex 
process between the host and cancer 
cells. In addition to immune cells and 
cells of the vasculature, fibroblast cells 
have a significant role in different steps 
in cancer development. The recent studies 
show that fibroblasts receive and provide 
pro‑tumoral paracrine signaling. Therefore, 
these cells are involved in tumor initiation, 
early progression, and various steps of the 
metastatic process.[1‑3]

Hyaluronan  (or hyaluronic acid, HA) 
as a component of the extracellular 
matrix is an un‑sulfated anionic linear 
glycosaminoglycan polymer. It is 
composed of repeating glucuronic acid 
and N‑acetyl‑glucosamine disaccharide 

Address for correspondence: 
Dr. Shaghayegh Haghjooy 
Javanmard, 
Physiology Department, Faculty 
of Medicine and Applied 
Physiology Research Center, 
Isfahan University of Medical 
Sciences, HezarJerib Avenue, 
Isfahan, Iran.  
E‑mail: sh_haghjoo@med.mui.
ac.ir

Abstract
Background: Previous studies show that aberrant synthesis of Hyaluronan accelerates tumor 
growth, angiogenesis, and metastasis. The fibroblasts are probably responsible for most of the 
hyaluronic acid  (HA) accumulation in tumor microenvironment after radiotherapy. Our goal is to 
investigate and compare radiation and lactate effects on HA levels in supernatant and exosome 
isolated from supernatant of primary mouse fibroblast cell culture.  Methods: Fibroblast cells 
were prepared from skin of C57BL6 mouse. These cells were divided into three groups  (no 
treatment, cells treated with 10 mM ammonium lactate, and irradiated cells). Then supernatant 
was harvested from FBS‑free culture media after 48  h. Exosomes were purified by differential 
centrifugation  (300 × g for 10 min, 2000 × g for 30 min, 16500 g for 30 min) and were pelleted 
by ultracentrifugation  (150,000  ×  g for 180  min). Size of exosomes was determined using 
a Zetasizer. HA concentration measured using a HA ELISA Kit. Data were analyzed using 
one‑way ANOVA. Results: There was a significant increase in HA‑coated exosomes isolated 
from supernatants of irradiated cells compared to untreated cell and cells treated with 10 mM 
ammonium lactate  (P  <  0.001). As well, there was a significant increase in the HA concentration 
in the supernatants of cells treated with 10 mM ammonium lactate relative to untreated cells and 
irradiated cells  (P  <  0.05). Conclusions: It seems that routine radiation therapy leads to massive 
shedding of HA‑coated exosomes by normal fibroblast cells and thus exosomes‑HA may contribute 
to tumor promotion and induce of the premetastatic niche.
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units.[4] Multiple physiological roles 
have been suggested for HA, including 
embryogenesis, tissue remodeling, 
and wound healing.[5] As well, HA is 
involved in tumorigenesis promotion and 
progression. Hence, this polysaccharide 
allows  cancer cell proliferation, malignant 
transformation, migration, angiogenesis, 
invasion, and metastasis.[6‑9] High 
expression of HA is a predictive marker of 
tumors malignancy. The stromal fibroblasts 
are the main producers of HA at tumor 
microenvironment.[10]

The cell‑derived microvesicles are 
phospholipid bilayer‑enclosed vesicles 
that are secreted into biological fluids 
by different cell types.[11,12] Exosomes, 
nanovesicles of 30–100  nm in diameter, 
are released by exocytosis of multivesicular 
bodies by direct budding of the plasma 
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membrane. EVs participate in intercellular communication 
by carrying different membrane and cytosolic molecules, 
such as proteins, lipids and genetic material  (RNA, DNA, 
miRNA).[13,14] The elevated EVs counts are associated with 
metastasis, thrombosis and angiogenesis. The exosomes 
implicate as serious messengers in tumor progression and 
metastasis.[15] Exosomes have recently served as novel 
delivery vehicles for targeted transferring various molecules 
to tumor cells. Therefore, identification of cancer markers, 
for example CD44 ligand, HA, can be used for targeted 
therapeutic strategies.[16,17]

Some studies report that cancer cells produce lactate 
by anaerobic metabolism and the lactate induces HA 
expression by tumor stroma.[16,18,19] On the other word, most 
common cancer types can be treated by radiation therapy 
to control cancer cell growth. However, ionizing radiation 
influences both normal and cancerous cells.[17,20] Although it 
seems that radiation delay tumor progression, its effects on 
tumor stromal cells are not clear yet. In current study, we 
evaluated and compared radiation and lactate effects on HA 
levels as a pro‑cancerous factor in culture supernatant of 
primary mouse fibroblast cells and exosome isolated from 
culture supernatant of primary mouse fibroblast cells.

Methods
Cell preparation and culture

Fresh animal skin specimens were obtained from C57BL6 
mouse aged from 6 to 8  weeks. Mouse were killed and 
placed on 70% alcohol for 15  min. The specimens were 
washed with sterile phosphate‑buffered saline  (PBS), and 
the subcutaneous tissues were carefully removed. Then 
the skins were cut into small pieces  (1–2 mm3). The skin 
specimens were digested with 0.1% Dispase  (Sigma, 
United States) at 4°C overnight, the epidermal layers 
were removed and the remaining dermal parts were 
further digested with 0.1% collagenase I  (Sigma, United 
States) at 37°C for another 4 h. The digested tissues were 
centrifuged and suspended in high‑glucose DMEM  (Bio 
Idea, Tehran, Iran). Tissue fragments were cultured in 
DMEM supplemented with 10% FBS  (Bio Idea, Tehran, 
Iran), 300 µg/m1 L‑glutamine, 100 U/ml penicillin and 
100 µg/ml streptomycin  (Bio Idea, Tehran, Iran) for about 
7  days until Fibroblasts grew out of the tissue. Then, 
cells were removed and cultured in T25 flask at 37°C in 
a humidified atmosphere with5% CO2. When cultured cells 
reached more than 90% of confluence, the culture medium 
were removed and replaced with FBS free medium. These 
cells were divided into three groups: group  1  (control, no 
treatment), group  2  (cells treated with 10 mM ammonium 
lactate for 48  h) and group  3  (irradiated cells). The cell 
culture supernatant was collected from each group after 
48 h.

Irradiation procedure

Irradiation was done using a 6 MV linear accelerator 
Siemens by a clinically calibrated irradiation field of 
20  ×  20  cm. The irradiation dose was 6  Gy. For plating 
after irradiation, cell culture flasks were filled with FBS free 
medium and irradiated horizontally in an upright position. 
For plating before irradiation, the plates were placed 
horizontally.[21] After radiation, cell culture supernatant was 
harvested after 48 h.

Exosome purification

The supernatant was cleared of cells, debris 
and non‑exosome vesicles by some sequential 
centrifugations  (300  ×  g for 10  min, 2000  ×  g for 
30  min, 16500  ×  g for 30  min). Exosomes were pelleted 
by ultracentrifugation  (Beckman Coulter, Ti90 rotor) at 
150,000 × g for 180 min. The exosome pellet was washed 
once in a large volume of PBS by ultracentrifugation at 
150,000 × g for 180 min and resuspended in 200 µl PBS.

Size determination

Exosomes were diluted 1:50 in PBS and then poured into 
the 4‑sided clear cuvette to determine size of exosomes 
using a Zetasizer  (Malvern Zen 3600 Instruments, 
UK, Figure 1).

Measurement of HA by ELISA

The HA concentration in supernatant and exosomes isolated 
from supernatant of each group was measured using a 
HA ELISA Kit  (R&D Systems, USA). The ELISA was 
performed according to the manufacturer’s instructions.

Statistics

Experimental results were expressed as the mean ± standard 
deviation  (SD). Statistical analyses were performed using 
one‑way ANOVA  (P  <  0.05) to determine statistically 
significant differences among groups. IBM SPSS Statistics 
version 21 was used for data analysis.

Results
Confirmation of plasma‑derived exosomes

The exosomes isolated from cell culture supernatant, as 
illustrated in Figure  1, were evaluated by Zetasizer. The 

Figure  1: The size of particles in the pellets was determined using a 
Zetasizer. The z‑averageparticlesize was 37.62 nm in diameter
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accumulation in the tumor–stroma of breast cancer predict 
progression and metastasis of the tumor.[31,32]

We observed increased concentration of HA in mouse 
fibroblast cells treated with 10 mM ammonium lactate. 
Similarly, some studies demonstrate that HA and CD44 
expression are regulated by lactate levels in fibroblasts.[16] 
As well, tumor cells can provide a lactate‑rich environment 
that stimulates HA production by the surrounding 
fibroblasts. Therefore, lactate as a well‑known stimulus of 
HA expression could promote malignant progression.[16,33]

There were some limitations in the current study. It is 
necessary to treat C57B16 mouse with ammonium lactate 
and gamma radiation and then investigate HA‑coated 
exosomes. In addition, a study should be done for better 
evaluation of effect of HA‑coated exosomes secreted 
from normal C57B16 mouse fibroblasts on tumor growth 
and metastasis in  vitro. As well, we could use HA‑coated 
exosomes as a vehicle for delivery of anti‑tumor agent.

Conclusions
Despite critical role of radiation at cancer therapy, routine 
radiation therapy may contribute to shedding of massive 

Zetasizer demonstrated the z‑average of peak size of 
exosomes was 37.62 nm in diameter.

The effects of radiation and ammonium lactate on HA 
concentration

HA levels in the cell culture supernatants and exosomes 
isolated from cell culture supernatants were determined by 
ELISA in each group. HA levels were evaluated after 48 h 
in the FBS‑free media. There was a significant difference in 
HA concentration in cell culture supernatants and exosomes 
isolated from cell culture supernatants  (P  =  0.048 and 
P = 0.0001, one‑way ANOVA). The significant increase was 
observed in HA‑coated exosomes isolated from supernatants 
of irradiated cells compared to untreated cell and cells 
treated with 10 mM ammonium lactate  (P  =  0.0001, LSD 
Post‑Hoc). As well, there was a significant increase in the 
HA concentration in the supernatants of cells treated with 
10 mM ammonium lactate compared to untreated cells and 
irradiated cells (P = 0.026 and P = 0.037, LSD Post‑Hoc).

Furthermore, the HA‑coated exosomes isolated from 
supernatants was less than the cell culture supernatants in 
untreated cell and cells treated with 10 mM ammonium 
lactate  (P  =  0.0001 and P  =  0.007). However, the 
HA‑coated exosomes isolated from supernatants was 
more than the cell culture supernatants in the irradiated 
cell (P = 0.015). Data are shown in Figure 2.

Discussion
In current study, we observed an increase in HA‑coated 
exosomes isolated from cell culture supernatant after 
radiation of mouse fibroblast cell. A review study indicates 
that radiation‑derived exosomes promote tumor, reduce 
survival, and lead to radio‑resistance. Furthermore, radiation 
can change the contents of exosomes.[22] Therefore, release 
of HA‑coated exosomes from mouse fibroblast cell after 
radiation may promote tumor and reduce survival.

As it was mentioned many tumors increase HA content and 
release of EVs. HA–EVs indicate the missing link between 
HA and cancer. Previous findings demonstrate that HA is 
present in the stroma and around tumor cells in many epithelial 
cancer types like breast, ovarian, and prostate cancers.[23‑25] 
Some studies show the apoptotic efficiency of chemotherapy 
drugs is decreased by tumor‑associated HA.[26,27] The massive 
shedding EVs by tumor cells could explain that the induction 
of the premetastatic niche is depend on the HA accumulation 
and the subsequent attachment to CD44‑positive adjacent 
stroma, or tissues at more distant sites.[28,29] Therefore, 
increased HA‑coated exosomes by irradiated fibroblast cells 
might be responsible for HA accumulation and preparation of 
the premetastatic niche.

Some studies show that cancer cells in malignant tumors 
like breast cancer depend on high‑glucose uptake and the 
elevated intracellular glucose level lead to the increased 
production of HA.[18,30] Thus, high blood glucoseand HA 
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Figure 2: Effect of radiation and ammonium lactate on the HA concentration. 
After 48 h, the media were harvested and HA concentration was measured by 
ELISA. Statistical relationships were shown in cells treated with ammonium 
lactate and irradiated cells compared with untreated cells in exosomes 
isolated from supernatant (a) and supernatant (b). Results were expressed 
as the mean ± standard deviation (SD). ***P < 0.001 and *P < 0.05 showed 
significant differences

b
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exosomes coated with HA by normal fibroblast cells. These 
HA‑coated exosomes could influence tumor promotion and 
induce of the premetastatic niche. In addition, lactate could 
increase HA concentration in tumor microenvironment 
that it might be led to tumor progression. However, it is 
necessary to evaluate radiation effect on HA expression in 
tumor microenvironment in vivo.
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