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Abstract

Background

Previous studies have shown that Echinococcus granulosus cystic fluid can alleviate Th2 allergic 

airway inflammatory responses by increasing the number of CD4+CD25+ Foxp3+T (regulatory T; 

Treg) cells. Parasite-derived extracellular vesicles (EV) are known to not only promote parasite 

infection by communicating between parasites but also regulate the inflammatory response by 

acting as an immunomodulatory agent in the host.

Methods

To evaluate the effect of EV extracted from the cystic fluid of E. granulosus on allergic airway 

inflammation, gene expression was investigated after administering EV to mouse lung epithelial 

cells (MLE-12) following 2 h of pretreatment with Aspergillus proteins. An allergic airway 

inflammation animal model was used to investigate the regulation of the inflammatory response 

by EV and induced with ovalbumin.

Results

EV treatment significantly reduced airway resistance and the number of eosinophils and other 

immune cells in the bronchoalveolar lavage fluid and Th2-and Th17-related cytokine levels. EV 

pretreatment decreased the number of IL-4+CD4+T cells and increased the number of Treg cells in 

the lung-draining lymph nodes and spleen.

Conclusions

E. granulosus cystic fluid derived EV ameliorated Th2 allergic airway inflammatory through Treg 

cells, similar to whole cystic fluid treatment. Thus, EV may be important immunomodulatory 

molecules in cystic fluid.
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1. Introduction

Echinococcus species (spp.) is a parasite of the Cestoda and belongs to the Platyhelminthes 

family 1. Echinococcosis, caused by infection with genus Echinococcus, is an animal-derived 

disease that occurs globally. Echinococcosis occurs in four forms, among which is hydatid 

disease caused by Echinococcus granulosus 2. This disease is a cystic echinococcosis known as 

haydatidosis. According to the WHO, the human incidence of cystic echinococcosis can reach 

more than 50 per 100,000 person-years, and prevalence levels as high as 5~10% may occur in 

parts of Argentina, Peru, East Africa, Central Asia and China. Adult E. granulosus mainly inhabit 

dogs, but hydatid cysts are found in a variety of mammals, including humans 3. 

The early stages of E. granulosus infection involve activation of cell-mediated immunity, 

including cellular inflammatory responses and pathological changes. Early infection with E. 

granulosus causes infiltration of neutrophils and macrophages and causes leukocytosis, resulting 

in an increase number of myeloid cells such as eosinophils, lymphocytes and macrophage 4. In 

chronic infection, cellular infiltration of eosinophils and fibrocytes as well as neutrophils and 

macrophage occurs, causing fibrosis/necrosis and obstruction of bile ducts and blood vessels 5. 

Also, early infection with E. granulosus does not induce an immune response. However, chronic 

infection with E. granulosus causes a Th2 response and increases IFN-γ, interleukin (IL)-4 and 

IL-10 6. Increased expression of IL-10 and IL-4 caused by E. granulosus regulates the host 

immune response, including T helper (Th)1 type cytokines 7. In addition, in patients with cystic 

echinococcosis, the levels of IL-10 and TGF-β and transcription factor (Foxp3) are significantly 

increased relative to the number of peripheral CD4+CD25+Foxp3+ T (regulatory T; Treg)-cells 

and the levels of IL-17 and IL-23 and RORγt, a transcription factor, decreased relative to the 

number of Th17 cells 8.

Parasite-derived substances have various mechanisms that interfere with the host response to 

ensure their own survival and to reduce the immune response and suppress allergic reactions to 

protect the host from excessive inflammation 9. Thus, parasite-derived substances can modulate 

host immune responses and have therapeutic effects on various immune diseases associated with 

allergies and inflammation 9 10. Infection with the parasitic nematode Heligmosomoides polygyrus 

has been shown to protect against allergic asthma, and EVs derived from this parasite have been 

shown to act like vaccines by regulating immune response 11 12. In several studies, infection with 

E. granulosus has been shown to alleviate the incidence of dextran sulfate sodium-induced colitis 
13. Hydatid cyst, a substance derived from E. granulosus, Th1 and Th2 cytokine secretion patterns A
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are stably induced 14. Th2 cell express IL-4, IL-5 and IL-6 and are related to disease susceptibility, 

and Th1 cells produce IL-2 and IFN-γ and act as protective immunity 15.

 Cell-to-cell communication occurs through direct contact or the delivery of secreted molecules. 

Extracellular vesicles (EV) play a role in cell-to-cell communication, including cell-to-cell 

migration 16. EV consist of several subtypes, and exosomes are small EV (< 150 nm) formed from 

multivesicular bodies in the endosome pathway. Vesicles also form EV in the 200–500 nm range 

that are called microvesicles or ectosomes. However, smaller vesicles (~100 nm) are also known 

to form in the plasma membrane and can be separated along with exosomes. In cancer cells, larger 

EV (1–10 μm), called large tumor bodies, can act as EV in the cell membrane17. Unlike the 

monolayer high-density and low-density lipoproteins found in body fluids, the EV membrane is 

composed of a lipid bilayer similar to the cellular plasma membrane. EV contain enzymes 

involved in lipid metabolism, including phospholipases D and A2, whose activity is triggered by 

the addition of GTP 18. In addition, EV can contribute to the apoptosis of recipient cells because 

cholesterol and sphingomyelin are present in a high ratio. EV carry a variety of cellular 

components, including proteins, DNA, and miRNA, a non-coding RNA class that is approximately 

22 nucleotides in length19. 

Parasite-derived EV derived can control infection via cell-to-cell communication between 

parasites. Coakley and Maizels found that microscopic vesicles migrate between red blood cells 

infected with Plasmodium falciparum and promote parasitic transmission to surrounding cells and 

that the genetic material of the parasite is also involved in this transmission of material 20. 

Furthermore, parasite-derived EV play a role in alleviating the inflammatory response by 

regulating the host immune response. Twu, de Miguel et al. found that EV derived from 

Trichomonas vaginalis induce regulation of IL-6 and IL-8 secretion, thereby regulating 

inflammation of the genitourinary tract 21. EV derived from Leishmania have been shown to cause 

overproduction of several pro-inflammatory cytokines and chemokines, including IL-8, an 

inflammatory cytokine that recruits other inflammatory immune cells such as neutrophils via 

signaling with the host 22. In addition, Schistosoma-derived EV decreases the levels of pro- 

inflammatory cytokines such as IL-17a, IFN-γ, IL-22, IL-12 and TNF-α, and increases the level of 

anti-inflammatory cytokine. It has been shown to be useful in attenuating and inhibiting the 

severity of mouse inflammatory bowel disease (IBD) 23. In recent studies, a recombinant protein 

modeled based on the parasite’s EV protein has been used to attenuate clinical symptoms of 

asthma 24. A
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In a previous study, hydatid cystic fluid collected from the lungs and liver of sheep infected with 

E. granulosus was demonstrated to change the balance of cytokines and immune cell activation in 

a mouse model of ovalbumin (OVA) allergic airway inflammation and played an important role in 

regulating the host immune system 25. We hypothesized that EV, extracted from cystic fluid, 

would also alleviate allergic airway inflammatory reactions by acting as an immunomodulator and 

prompting a host immune response. To clarify the role of EV extracted from E. granulosus cystic 

fluid, we evaluated the immunomodulatory effect in an allergic airway model. 

2. Materials and Methods

2.1. Isolation of EV

EV were extracted from hydatid cyst fluid collected surgically from E. granulosus infected sheep 

in Uzbekistan. The supernatant of cystic fluid was concentrated using a Quixsatand filter (GE 

Healthcare, Little Chalfont, UK) and filtered through a 0.22 μm filter. The filtrate was pelleted by 

ultracentrifugation in a 45Ti rotor (Beckman Coulter, Fullerton, CA, USA) at 100,000 g for 2 h at 

4 °C. The final pellets were resuspended in PBS and stored at – 80 ℃. EV were placed on 300-

mesh copper grids and stained with 2% uranyl acetate. The diameters of EVs were measured using 

a Zetasizer Nono ZS (Malvern Instrumnets Ltd., Worcestershire, UK) equipped with a 633-nm 

laser line at a scattering intensity of 10x30s 26. The EV was identified with Transmission electron 

microscopy (TEM). 

2.2. Cell culture

Mouse lung epithelial cells (MLE12) were obtained from ATCC (Manassas, VA, USA). MLE12 

were cultured in 24-well cell culture plates 4 103 cells /well in 1 mL DMEM-F12 (ATCC, 30-

2006) with 0.005 mg/mL insulin, 0.01 mg/mL transferrin, 30 nM sodium selenite, 10 mM 

hydrocortisone, 10 nM β-estradiol, and 2 mM L-glutamine. MLE12 cells were stimulated with EV 

(0.5, 1, and 2 μg/mL) for 2 h and Aspergillus protease antigen (ASP; 200 ng/mL) for 2 h. All 

conditions were performed for 24 h at 37 °C in 5% CO2. 

2.3. RNA extraction and cDNA synthesis

The MLE-12 culture medium was removed, and cells were treated with 1 mL of QIAzol (Qiagen 

science, USA) in each well. To extract RNA, 200 μL of chloroform was added and the mixture 

vortexed. The supernatant was obtained by centrifugation 12000 rpm for 15 min at 4 °C, and RNA A
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precipitation was induced by 500 μL isopropanol. After incubation for 10 min at room temperature 

(24 C), the samples were centrifuged for 10 min at 4 °C, and the supernatant was removed and 

dried. Extracted RNA was measured for concentration and diluted to 2 μg in diethyl 

pyrocarbonate. RNA was transcribed into cDNA using Moloney murine leukemia virus (M-MLV) 

reverse transcriptase (Promega, USA). RNA levels were determined via real-time PCR using the 

iCycler iQTM (Bio-Rad Laboratories, Inc., USA) real-time PCR machine. Primer sequences are 

listed in Table 1. PCR amplification was conducted in a 20 μL volume containing 2 μL cDNA, 0.2 

μM primers, and SYBR premix Ex TaqTM (Takara Bio Inc., Japan). Genes were amplified using 

the following conditions: 5 min hot start at 95 °C, followed by denaturation at 95 °C for 10 s, 

primer annealing at 55 °C for 20 s, and elongation at 72 °C for 30 s for 40 cycles. The relative 

expression was calculated as the ratio to a housekeeping gene (Gapdh) using the Gene-x program 

(Bio-Rad Laboratories, Inc., USA). 

2.4. Mice and experimental design for allergic airway inflammation

Six-week-old female C57BL/6 mice were purchased from Orient-bio Co. (Gyeonggi-do, Korea) 

and maintained in a specific pathogen-free facility at the Institute for Laboratory Animals of Pusan 

National University during experimentation (IRB Approval No. PNU-2019-2287). EV were orally 

administered to C57BL/6 mice seven times at a dose of 1 mg every other day. Then, EV were 

administered on days 14, 15, 21, and 22 through intraperitoneal injection with 75 μg of OVA 

(Sigma-Aldrich, St. Louis, MO, USA) adsorbed with 2 mg of aluminum hydroxide (Alum; Sigma-

Aldrich) in 200 μL of phosphate-buffered saline (PBS). Mice were administered 50 μg of OVA 

intra-nasally on days 28, 29, 35, and 36. Airway hyperresponsiveness (AHR) was assessed on day 

37, and mice were euthanized on day 38. Our experiment was divided into four mouse groups, and 

each group consisted of five mice. 

2.5. Measurement of AHR

AHR is a measure of bronchoconstriction, which was assessed in mice after administration with 

PBS and increasing doses of aerosolized methacholine (12.5, 50, and 50 mg/mL) for whole body 

plethysmography (Allmedicus, Anyang, Korea). Mice were exposed to methacholine in PBS for 

10 min using an ultrasonic nebulizer (Omron, Kyoto, Japan). The average PenH values were 

measured for 3 min.

2.6. Immune cell counting in bronchoalveolar lavage fluid (BALF)A
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The mice were anesthetized, and their trachea was isolated by dissection. As shown in the 

previous paper, a catheter was inserted into the lungs, which were washed twice with PBS (0.8 

mL). The BALF was centrifuged at 1500 g at 4 °C for 5 min. The supernatant was maintained at 

−20 °C until use for enzyme-linked immunosorbent assay (ELISA), and pellets were suspended in 

100 μL of cold PBS. BALF cells were smeared on a slide at 500 rpm for 5 min using a Cytospin 

apparatus (Hanil Co., Korea). The slides were stained with Diff-Quik solution (Sysmex Co., Kobe, 

Japan) to determine the number of different cells (300–500).

2.7. Lymphocyte isolation 

Spleen and lung draining lymph nodes (LLNs) were collected from euthanized mice. The spleen 

was treated with red blood cell lysis buffer to dissolve red blood cells and filtered through a 100 

μm mesh (Small Parts, Inc., Miramar, USA). Cells were plated in 24-well cell culture plates at 1 × 

106 cells/mL in RPMI 1640 with 10% fetal bovine serum and penicillin/streptomycin. For CD3 

stimulation, 0.5 μg/mL of CD3 antibody (BD bioscience, USA) was added for CD4+ T cell 

activation and incubated for 72 h at 37 °C in an atmosphere of 5% CO2. After incubation, the 

culture medium was harvested and stored at −20 °C for ELISA analysis. 

2.8. ELISA

Levels of cytokines, including IL-4, IL-5, IL-13, IL-17A, TGF-β, and IL-10, were measured in 

culture supernatants of splenocytes, lymphocytes, and BALF by ELISAs (eBiosciene, USA). The 

experimental design followed those described in a previous study 25.

2.9. Flow cytometry

 To determine the proportion of IL-4 secreting cells and regulatory T cells from the spleen and 

LLN of allergic airway inflammation-induced mice, were cultured on anti-CD3-coated plates for 6 

hours. Isolated cells from the spleen and LLN were stained with anti-CD4-FITC, anti-CD25-APC 

(eBiosciene, San Doego, CA, USA). After surface staining, the cells were permeabilizaed. After 

permeabilization, the cells were stained anti-IL-4-PE, anti-Foxp3-PE-Cy7 (eBiosciene). 

Fluorescence measurements were measured using a FACS Canto II cytometer (BD Biosciences) 

cytometer equipped with Canto software (BD biociences). 

2.10 Statistical analysis

 Statistical analysis was performed using GraphPad Prism software (version 5.0; GraphPad A
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Software Inc., La Jolla, CA, USA). All experiments were conducted in triplicate, with similar 

results. Data are expressed as mean ± SD (n = 3–5) from each experiment. Statistical significance 

is represented as follows: *p < 0.05, **p < 0.01, and ***p < 0.001.

3. Results

3.1. Characterization of EV

The cyst fluid of E. granulosus was collected from the lungs and liver of sheep at a sheep 

slaughterhouse in Uzbekistan. Cystic fluid was centrifuged at 500 xg to remoce protoscoleces for 

5 min at 4 ℃ and analyzed. Transmission electron microscopy (TEM) of EV obtained from 

concentrated pellets showed that EV derived from E. granulosus cystic fluid were spherical and 

had a lipid bilayer (Fig. 1A). The total protein concentration of EV by Bradford protein analysis 

was 608.46 μg/mL. The average size of EV measured using dynamic light scattering was 33.93 ± 

27.87 nm in diameter (Fig. 1B). 

3.2. Treatment of EV induced Th2 chemokine gene expression in mouse lung epithelial cells

 To determine whether EV can increase chemokine gene expression, EV extracted from cyst fluid 

after pretreatment with ASP were administered to MLE-12 cells (Fig. 2). ASP treatment 

significantly increased the expression of thymic stromal lymphopoietin (Tslp) and Il-25 genes in 

MLE-12 cells. The addition of 2 μg EV to ASP-treated cells significantly reduced the expression 

of Tslp and Il-25 genes. In addition, eotaxin (CCL11) gene expression was significantly increased 

when EV was treated with 0.5 μg compared with that in the group treated with ASP only. The 

expression of Il-4 mRNA, which encodes a cytokine related to Th2 cells, increased after 

pretreatment with ASP and decreased significantly with administration of 0.5 μg EV. The 

expression of Il-10 mRNA, which encodes a Treg cell-related cytokine, was significantly 

increased with ASP pretreatment and 1 μg EV treatment. Additionally, the expression of Il-35 

mRNA, which encodes an anti-inflammatory cytokine in the IL-12 family, was significantly 

higher with ASP pretreatment and with 0.5 μg EV than that in the group treated with ASP only. 

There was no significant difference in mRNA expression of Il-33, a member of the IL-1 family.

3.3. Treatment with EV to inhibit airway inflammation

In a previous study, we confirmed that E. granulosus cystic fluid can suppress airway 

inflammation in an OVA-alum induced model. Here, we conducted an experiment to determine A
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whether EV isolated from E. granulosus cyst fluid can also play the same role. After oral 

administration of EV to mice and OVA-alum induction, the airway inflammatory responses were 

investigated and histological changes were donfimed (S.1). The experimental design is shown in 

figure 3A. AHR for methacholine was evaluated after OVA induction (Fig. 3B). After inhalation 

of methacholine, PenH values were increased in mice challenged with OVA-alum compared with 

those in the control group. In contrast, PenH values in mice pretreated with EV were significantly 

lower than those in mice treated with OVA alone. After induction of allergic airway inflammation, 

immune cells, especially eosinophils, were recruited into the BLAF (Fig. 3C). However, the 

number of eosinophils in the lungs of mice pretreated with EV was significantly reduced, and the 

total number of cells was also decreased. 

3.4. Th2 and Treg-related cytokine changes in spleen, LLN, and BALF

When we examined E. granulosus cystic fluid to determine its effect on the systemic immune 

response, we found that the levels of Th2-related cytokines were decreased and that those of 

cytokines related to regulating T cells were significantly increased compared to the control. We 

measured cytokine production, including IL-4, IL-5, IL-13, IL-17A, TGF-β, and IL-10, by ELISA 

to determine whether EV derived from cystic fluid affect the immune response of systemic 

immunity in the spleen (Fig. 4A), LLN (Fig. 4B), and BALF (Fig. 4C). Levels of IL-4, IL-5, and 

IL-13, known as Th2-related cytokines, were increased in OVA-treated only mice compared to 

those in control mice; in addition, IL-17A levels were increased in OVA-treated mice only. 

However, cytokine expression levels in EV-treated mice were altered in the spleen (Fig. 4A), LLN 

(Fig. 4B), and BALF (Fig. 4C). The levels of IL-4, IL-5, IL-13, and IL-17A in EV-treated mice 

after OVA treatment decreased in the spleen, while those of IL-10 and TGF-β were increased 

compared with those in OVA-treated mice (Fig. 4A). The levels of IL-4, IL-5, and IL-17A were 

decreased in EV-treated mice compared control mice after OVA treatment in LLN, whereas the 

levels of IL-10 and TGF-β were increased compared with those in OVA-treated mice (Fig. 4B). In 

BALF, the levels of IL-5 and IL-13, but not those of IL-4 and IL-17A, were significantly reduced 

in EV-treated mice compared control mice after OVA treatment, and the levels of IL-10 and TGF-

β were increased compared with those in OVA-treated mice (Fig. 4C). Interestingly, when EV 

were used as the sole treatment, the levels of IL-10 were significantly increased in the spleen and 

BALF compared with those in the control group.A
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3.5. EV change the population of immune cells in the spleen and LLN

E. granulosus cyst fluid promoted changes in the immune cell populations in the spleen and 

LLN. We investigated whether EV extracted from E. granulosus cyst fluid using fluorescence-

activated cell sorting (FACS) altered the population of IL-4-secreting cells and Foxp3+ T cells. 

Lymphocytes were gated with forward scatter (FCS) versus side scatter (SSC), and live 

lymphocytes were gated with CD4; the number of CD4+IL-4+ T cells and CD4+CD25+Foxp3+ T 

cells were calculated through FACS analysis. As a result, as in cyst fluid, the number of IL-4-

secreting cells in the spleen (Fig. 5A) and LLN (Fig. 6A) decreased in EV-pretreated mice 

compared with that in OVA-treated mice. However, the population of CD4+CD25+Foxp3+ T cells 

in the spleen (Fig. 5B) and LLN (Fig. 6B) of EV-pretreated mice was significantly increased 

compared with that of OVA-only treated mice. Interestingly, the population of CD4+CD25+Foxp3+ 

T cells in mice treated only with EV was increased compared with their level in the control group, 

although the difference was not significant.

4. Discussion 

Previous studies have demonstrated that oral administration of E. granulosus cystic fluid 

improved allergic airway inflammation through pulmonary Treg cell activation and Th2 cell 

inhibition25. In this study, we investigated the mechanism by which EV extracted from E. 

granulosus cystic fluid also suppressed allergic airway inflammation. As a result, EV can serve as 

a useful therapeutic agent for treating immune disorders, including asthma. 

Allergic asthma exhibits AHR and plays an important role in eosinophil recruitment and IgE 

production due to the activation of Th2 cell-derived cytokines such as IL-4, IL-5, and IL-13 27. 

There has been considerable research on immunomodulators that treat allergic diseases and 

asthma. EV, such as exosomes, which are released outside the cell, are also known to act as 

immunomodulators. Various EV have been shown to play a role in alleviating inflammatory 

responses in lung diseases. Mesenchymal stem cell-derived extracellular vesicles (MSC-EV) have 

been shown to eliminate the inflammatory response by reducing the release of IL-10 and TGF-β 

and cytokines related to Th2 and Th17 28. Adipose tissue-derived-MSCs reduce eosinophilic 

infiltration into lung tissue and parenchymal collagen content in a mouse model of asthma 29. EV 

isolated from Pseudomonas aeruginosa led to increased Treg cells and an attenuated Th2 

response, along with reduced inflammation in the perivascular and peribronchial spaces in the 

allergic asthma model 30. A
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Parasitic infections play an important role in relieving allergic inflammation such as asthma. E. 

granulosus infection increases Th2 and Treg cell cytokine levels and downregulates the expression 

of IL-5 and IL-17A in OVA-induced asthmatic mice. This significantly reduced the severity of 

OVA-induced airway inflammation, including reduction of eosinophil cell infiltration and mucus 

production31. These immunological changes were confirmed to be caused by parasite-derived 

substances that occur during communication between the parasite and the host. Many studies have 

shown that parasite-derived substances play a role in alleviating asthma, an autoimmune disease. 

In several studies, soluble products derived from parasitic nematodes improved airway 

inflammatory responses by suppressing Th2 immune responses and activating Treg cells in OVA-

induced asthma mouse models 32. Research on EV, a representative material of parasite-derived 

substances, is also being conducted. EV isolated from E. granulosus induced an increase in the 

levels of CD86 and a decrease in levels of MHC class II in dendritic cells, thereby inducing 

dendritic cell differentiation and maturation 33. 

 We hypothesized that EV regulate airway inflammatory responses through the same mechanism 

as E. granulosus cystic fluid allergic airway inflammatory downregulation. After induction of an 

inflammatory reaction to ASP in MLE-12 cells, treatment with of 1 μg EV increased the secretion 

of IL-10 (Fig. 3). This also suggests that administration of E. granulosus EV can significantly 

reduce the severity of OVA-induced airway inflammation, including reduction of eosinophil cell 

infiltration and mucus production and improvement of AHR (Fig. 2). Wang, Li et al. demonstrated 

that increased levels of IL-10 and downregulated IL-5 and IL-17A expression reduced the severity 

of allergic airway inflammation in mice infected with E. granulosus 31. Our study also showed that 

the administration of EV to the spleen (Fig. 4A) and LLN (Fig. 4B) significantly lowered the 

concentration of IL-17A in OVA-induced asthmatic mice. Haniloo et al. demonstrated that 

antigens derived from Echinococcus stimulate Treg cells and regulatory B cells to produce 

immune regulatory cytokines such as TGF-β and IL-10, which block inflammation and protective 

immunity 34. Our study showed that the levels of TGF-β and IL-10 in BALF (Fig. 4C) were 

significantly higher after EV administration than in OVA-induced asthma mice. In addition, 

secretion of these cytokines was increased in the spleen (Fig. 4A) and LLN (Fig. 4B). 

Additionally, although the effect was not significant, this confirmed that EV-only administration 

increased the levels of these cytokines in not only BALF (Fig. 4C) but also in the spleen and LLN 

compared with those in the control group. In addition, the population of CD4+IL-4+T cells in the 

spleen (Fig. 5A) and LLN (Fig. 6A) significantly increased in the OVA-only treated group A
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compared with that in the control group but decreased in the EV pretreated group while the 

population of Treg cells was increased. This suggests that EV induce the production of 

immunomodulatory cytokines, thereby reducing airway inflammatory responses. Studies have 

shown that parasite-derived EV secrete immunomodulatory cytokines such as IL-10. EV from 

Leishmania amazonensis increase the expression of IL-6 and IL-10 by macrophages 35. In 

addition, EV generated during parasitic infection communicate through cell-cell interactions and 

act as immunomodulatory agents by altering the immune system of the host 36.

Our study confirmed that a therapeutic effect can be induced by altering the function of immune 

cells in the allergic airway inflammatory response using EV derived from E. granulosus cystic 

fluid. We found that EV, isolated from cystic fluid, induced the expression of immunomodulatory 

cytokines such as IL-10 and TGF-β, thereby altering the activation of immune cells. This suggests 

that EV may be useful in controlling the host immune system, similar to the immune system 

regulation by cystic fluid demonstrated in previous studies. This also means that the immune 

modulatory response in cystic fluid is likely to be influenced by EV. In this respect, EV will 

contribute to the development of new therapeutics for immune disorders. Exosome research 

including EV has emerged as an interesting research field, and exosomes have been found to have 

therapeutic effects in biological processes including human diseases such as antigen presentation, 

immune response, cancer metastasis, and inflammation treatment through cell-to-cell 

communication 37 38. Considering that EV carries not only RNA but also various proteins, lipids 

and cellular metabolites, further investigation is needed to determine which components of the 

component perform their functions. 
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Table 1. Primers Used Real-Time PCR 

 

 

*for; forward, 

#rev; reverse 

 

 

Primer Sequence 

GAPDH-for* 5’- TAC CCC CAA TGT GTC CGT C -3’ 

GAPDH-rev# 5’- AAG AGT GGG AGT TGC TGA AG -3’ 

IL10-for  5’-GCT ATG CTG CCT GGT CTT ACT G-3’ 

IL10-rev 5’-TCC AGC TGG TCC TTT GTT TG-3’ 

IL4-for 5’-CGT CTG TAG GGC TTC CAA GGT G-3’ 

IL4-rev 5’-GTG CAG CTT ATC GAT GAA TCC AGC-3’ 

Eotaxin-for 5’-GCG CTT CTA TTC CTG CTG CTC ACG G-3’ 

Eotaxin-rev 5’-GTG GCA TCC TGG ACC CAC TTC TTC-3’ 

TSLP-for 5’-GGA GAT TTG AAA GGG GCT AAG-3’ 

TSLP-rev 5’-TGG GCA GTG GTC ATT GAG-3’ 

IL25-for 5’-TGG CAA TGA TCG TGG GAA CC -3’ 

IL25-rev 5’-GAG AGA TGG CCC TGC TGT TGA-3’ 

IL33-for 5’-GTA GTA GCA CCT GGT CTT GCT CTT-3’ 

IL33-rev 5’-CCT CCC TGA GTA CAT ACA ATG ACC CTT-3’ 

IL35-for 5’-CCG GTC CAG CAT GTG TCA A-3’ 

IL35-rev 5’-CAG GTT TCG GGA CTG GCT AAG A-3’ 
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Figure legends 

 

Fig. 1. Morphological study of extracellular vesicles derived from E. granulosus cystic 

fluid. Transmission electron microscopy shows that EV are spherical and have a lipid bilayer 

(original magnification ×40,000) (A). The average diameter of the EV was 33.93 ± 27.87nm, 

and dynamic light scattering was used (B). 

 

Fig. 2. Chemokine gene expression in MLE-12 cells after EV treatment. After 

pretreatment with Aspergillus protease antigen at a concentration of 200 ng, MLE-12 cells 

were treated with EV at 0.5, 1, and 2 μg to evaluate the expression of Th2- and Treg cell-

related chemokine and cytokine genes by real-time PCR. All data analysis of real-time PCR 

was calculated through the Gene-x program (Bio-Rad laboratories, Inc., USA). (*p < 0.05 **; 

p < 0.01, ***; p < 0.001). 

 

Fig. 3. Effect of EV treatment on OVA-induced allergic airway inflammation. Schedule 

of allergic airway inflammation mouse model (A). EV (1 mg) or PBS was orally administered 

seven times, once every other day. Mice were sensitized by intraperitoneal injection of OVA-

alum or PBS on days 14, 15, 21, and 22, and challenged intra nasally with OVA on days 29, 

30, 36, and 37 (I.P; intraperitoneal, I.N; intra nasal). The value of PenH was evaluated at 

baseline and after treatment of aerosolized methacholine at increasing doses (0, 12.5, 25, and 

50 mg/mL) (B). The number of inflammatory cells in BALF was performed by Diff-Quik 

staining and counted. (Control group; PBS I.P and PBS I.N, OVA group; OVA and alum I.P 

and OVA I.N., EV + OVA group; seven times pretreatment of EV and OVA and alum I.P and 

OVA I.N., only EV group; seven times pretreatment of EV and PBS I.P and PBS I.N, **; p < 

0.01, ***; p < 0.001). 
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Fig. 4. Expression levels of cytokines in the spleen. Cytokine concentration was measured 

by CD3 stimulation in lymphocytes isolated from the spleen (A) and LLNs (B). And cytokine 

concentration was measured in the BALF (C) using the supernatant. To confirm the effect of 

EV administration on cytokine levels in the spleen, the levels of IL-4, IL-5, IL-13, IL-17A, 

IL-10, and TGF-β were measured using ELISA (*p < 0.05 **; p < 0.01, ***; p < 0.001). 

 

Fig. 5. Cell population of CD4+IL-4+T cells and CD4+CD25+Foxp3+ T cells in the spleen. 

The cell population of CD4+IL-4+T cells (A) and CD4+CD25+Foxp3+ T cells (B) was 

obtained through FACS analysis. Cells isolated from mouse spleens were fluorescently 

stained. The stained cells were analyzed for the ratio of IL-4 cells and CD25+Foxp3+ cells 

through gated CD4 cells. Experimental data was analyzed using V10 (FLOWJO). (*p < 0.05, 

***; p < 0.001). 

 

Fig. 6. Cell population of CD4+IL-4+T cells and CD4+CD25+Foxp3+ T cells in the LLN. 

The cell population of CD4+IL-4+T cells (A) and CD4+CD25+Foxp3+ T cells (B) was 

obtained through FACS analysis. Cells isolated from mouse LLNs were fluorescently stained. 

The stained cells were analyzed for the ratio of IL-4 cells and CD25+Foxp3+ cells through 

gated CD4 cells. Experimental data was analyzed using V10 (FLOWJO). (*p < 0.05, ***; p < 

0.001). 

 

S1 Fig. Histological changes in mouse lung 

 

This article is protected by copyright. All rights reserved



A 
B 

Figure 1 

pim_12872_f1-6.pptx

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



0

2

4

6

8

10

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2

*
*

R
e
la

ti
v
e
 I

L
-4

 g
e
n

e
 e

x
p

r
e
s
s
io

n

0

2

4

6

8

Control

ASP

ASP+EV0.5

AST+EV1

ASP+EV2

**
**

R
e
la

ti
v
e
 I

L
-2

5

 g
e
n

e
 e

x
p

r
e
s
s
io

n

0

1

2

3

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2

**

**

***

R
e
la

ti
v
e
 T

S
L

P

 g
e
n

e
 e

x
p

r
e
s
s
io

n

0

1

2

3

4

5

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2*

***

R
e
la

ti
v
e
 E

o
ta

x
in

 g
e
n

e
 e

x
p

r
e
s
s
io

n

0

1

2

3

4

5

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2

R
e
la

ti
v
e
 I

L
-3

3

 g
e
n

e
 e

x
p

r
e
s
s
io

n

0

10

20

30

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2
**

**

**

R
e
la

ti
v
e
 I

L
-3

5

 g
e
n

e
 e

x
p

r
e
s
s
io

n
0

1

2

3

4

5

Control

ASP

ASP+EV0.5

ASP+EV1

ASP+EV2*

*

*

R
e
la

ti
v
e
 I

L
-1

0

 g
e
n

e
 e

x
p

r
e
s
s
io

n

Figure 2 

A
cc

ep
te

d 
A

rt
ic

le



1 3 5 7 9 11 13 14 15 21 22 28 29 35 36 37 38 

7 times oral injection 

(EV or PBS) 75 μg Ova + 2 mg alum I.P. 50 μg Ova I.N. PenH 

Sacrifice 
(Days) 

0 12.5 25 50
0

2

4

6

8

10

12

14 Control

OVA

OVA+EV

EV

Dose of methacholine (mg/ml)

P
e
n

H

**

macrophage eosinophil neutrophil lymphocyte

0

500000

1000000

1500000

2000000

Control

OVA+EV

EV

OVA

******

*** **

A 

B C 

Figure 3 

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



spleen 

0

20

40

60

***

Control

OVA

OVA+EV

EV

IL
-4

 (
p

g
/m

l)

0

20

40

60

80

Control

OVA

OVA+EV

EV

*** **

IL
-5

 (
p

g
/m

l)

0

50

100

150

Control

OVA

OVA+EV

EV

** **

IL
-1

3
 (

p
g

/m
l)

0

50

100

150

200

Control

OVA

OVA+EV

EV

** **

IL
-1

7
A

 (
p

g
/m

l)

0

200

400

600

800

Control

OVA

OVA+EV

EV

**

TG
F-

β
 (p

g/
m

l)

0

200

400

600

800

1000

Control

OVA

OVA+EV

EV
**

*

**

IL
-1

0
 (

p
g

/m
l)

Figure 4 

A 

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



Figure 4 continued 
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Figure 4 continued 
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Figure 5 
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