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Abstract
This study investigated and compared the effects and mechanisms of two kinds of Erythronium
sibiricum (Fisch. & C. A. Mey.) Krylov (E. sibiricum) bulb polysaccharides (E1P and ESBP) on asthma,
which was based on helper T (Th) 1/Th2 and Th17/regulatory T cell (Treg) balances. E1P and ESBP
improved pulmonary pathological states, reduced the recruitments of lung in�ammatory cells and serum
IgE in asthmatic mice. E1P and ESBP also suppressed Th2 and Th17 cytokine hypersecretion while
enhancing Th1 and Treg cytokine secretion. The changes in related gene and protein expressions of
Th1/Th2 and Th17/Treg balances induced by ovalbumin were reversed after the intervention of E1P and
ESBP. Additionally, E1P lacked signi�cant effects on IFNγ and IL-10 cytokines, RORγt mRNA and T bet
protein compared with ESBP. E. sibiricum bulb polysaccharides ameliorated asthma by
modulatingTh1/Th2 and Th17/Treg balances, and ESBP might exhibit a more comprehensive therapeutic
action on asthma than E1P.

Introduction
As a major noncommunicable disease, asthma has affected about 262 million people and led to 461,000
deaths in 2019 around the world according to the World Health Organisation 1. Asthma only could be
controlled by medicines but cannot be cured due to its complex pathogenesis. The balances of helper T
(Th) 1/Th2 and Th17/regulatory T (Tregs) cells play essential roles in asthma. As in�ammatory
mediators, Th2 and Th17 cells could drive the exacerbation of asthma by secreting cytokines and
chemokines 2. Th1 and Treg T cells have antagonistic effects on Th2 and Th17 cells, respectively, and
potentially suppressive effects on asthma 3. With the primary function of secreting cytokines, Th cells
secrete cytokines to impact asthma. The overproduction of Th2 cytokines (such as interleukin(IL)-4, IL-5
or IL-13) and Th17 cytokine (IL-17) induced asthma, while increased Th1 cytokines (like IL-2 or Interferon
(IFN)γ) and Treg T cytokines (such as IL-10 or transforming growth factor (TGF)β) alleviated airway
damage in asthma 4–5. Upstream regulators decide on the differentiation of Th cells. T-box expressed in T
cells (T bet) and Gata-binding protein 3 (Gata3) are the typical molecular markers of Th1 and Th2,
respectively. Fork-head box p3 (Foxp3), an indispensable pivotal regulator of Treg T cells, can suppress
retinoic acid-related orphan receptor γt (RORγt) to block the increase in the number of Th17 cells 6. In
addition, Th17 and Treg T cells need a mutual TGFβ signal for differentiation 7, and TGFβ is mostly
produced by bronchial epithelial cells or eosinophils 8. Therefore, T bet, Gata3, TGFβ, RORγt and Foxp3
can balance Th1/Th2 and Th17/ Treg states.

Over the last decades, multiple pharmacological actions, such as immunomodulation, anti-in�ammatory,
antioxidant activity and anti-tumour activity of polysaccharides have been widely studied 9–10.
Considering that immunologic dissonance and in�ammatory reaction are critical mechanisms of the
asthma, many scholars have reported that polysaccharides could treat asthma through different
mechanisms 11–14. Erythronium sibiricum (Fisch. & C. A. Mey.) Krylov (E. sibiricum) bulb is a typical
functional food that has been used as a folk medicine for centuries in Xin Jiang, China 15. Following the
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Kazakh ethnic medical text 16, E. sibiricum bulb is utilised to enhance energy and treat waist and knee
soreness and lung-related ailments of patients. Our previous research proved that E. sibiricum bulb
polysaccharides exhibited bioactivities, such as anti-in�ammatory 17 and immunomodulatory 18, which
may partly explain the basis of using it as functional food or folk medicine. What is more, Ji-hye Seo et
al. studied the asthma-inhibiting effect of Erythronium japonicum 19.

E. sibiricum bulb crude polysaccharides can be extracted by two methods. The polysaccharide extracted
by hot water decoction is named ESBP, while the other extracted by enzyme-assisted method is named
E1P. The primary physiochemical identi�cation indicated that the contents of uronic acid and protein in
E1P were 5.32% ±0.16% and 0.18% ± 0.04%, and that of ESBP were 5.75% ± 0.39% and 0.33% ± 0.01%,
respectively. Both E1P and ESBP were mainly composed of glucose and contained a small quantity of
galactose and arabinose. However, the purity of E1P (89.53%) was higher than ESBP (58.5%), which may
result from the less starch content of E1P than ESBP. In vitro studies indicated that E1P and ESBP could
activate macrophages, and E1P exhibited better immunocompetence. However, the anti-asthmatic
activities of E1P and ESBP have not been explored. In the present study, E1P and ESBP were used to
explore their effects and mechanisms on asthma. We discussed and compared the anti-asthmatic effects
of E1P and ESBP based on the balances of Th1/Th2 and Th17/Treg. This work provides insights into the
development and utilisation of E. sibiricum bulb polysaccharides as functional food.

Methods And Materials

Reagents and kits
After getting the picking permission from Regional Natural Resources Bureau in Altay, dried E. sibiricum
bulbs were purchased from Altay Regional Hospital of Traditional Chinese Medicine and identi�ed by
Prof. Palida Abulizi (College of Pharmacy, Xinjiang Medical University, Xinjiang, China). The Voucher
specimens and licence (No.202100026) of E. sibiricum could obtain in the College of Pharmacy, Xinjiang
Medical University. Experimental research and feld studies on the plants, including the collection of plant
material complied with relevant institutional, national, and international guidelines and legislation.
Ovalbumin (OVA) (SLCB8249) and aluminium hydroxide powder (WXBB1151V) were obtained from
Sigma–Aldrich (MO, USA). Rabbit antibodies of Gata3 (AF6233), tbx21 (DF7759) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (AF7021) were acquired from A�nity Biosciences (Changzhou,
Jiangsu, China). Rabbit anti-RORγt (bs-23110R), rabbit anti-TGF β(bs-0086R) and rabbit anti-Foxp3 (bs-
10211R) were supplied by Beijing Biosynthesis Biotechnology Co., Ltd. (Tongzhou, Beijing, China). Radio
Immunoprecipitation Assay (RIPA) buffer was provided by Solarbio Life Sciences (Beijing, China).
Enzyme linked immunosorbent assay (ELISA) kits (immunoglobulin E (IgE), IFNγ, IL-4, IL-13, IL-10 and IL-
17) were bought from Shanghai Enzyme-linked Biotechnology Co., Ltd. (Shanghai, China). Kits of Prime
Script® RT reagent and SYBR® Premix Ex Tap™ II were purchased from Takara Bio, Inc. (Otsu, Japan).
Kits of ECL chemiluminescence and bicinchoninic acid (BCA) protein concentration assay were obtained
from Lanjieke Technology Co., Ltd. (Beijing, China).
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Preparations of E1P and ESBP
According to our previous experiments 17–20, hot water extraction and enzyme-assisted extraction were
performed in scale-up methods to obtain ESBP and E1P, respectively. The yields of ESBP and E1P were
determined by the phenol sulphuric acid method 21 and the water solubility were measured through the
method used by Guo Lei 22.

Animals and study design
All animal investigational processes were performed under the guidelines provided by the Chinese
Council on Animal Care, including any relevant details, and all experiments were permitted by the Animal
Studies Committee of Xinjiang Medical University (registered number SYXK 2018-0003). The ethics
approval number was IACUC20191101-07. This study was carried out in accordance with the ARRIVE
guidelines23. BALB/c mice (female, 6–8 weeks old, 18-22g) were obtained from the Animal Centre of
Xinjiang Medical University. Mice were maintained under constant temperature and humidity in pathogen
free conditions at a 12:12 h (L:D) photoperiod with unlimited access to food and water. According to the
dosage (30g/day) of Erythronium sibiricum bulb 16, the yield of polysaccharide and the body surface area
conversion method 24, the dose of ESBP and E1P was designed. Mice were randomly and equally divided
into nine groups (n = 12 each) as follows: control group, OVA-challenged group (untreated asthma group),
dexamethasone (0.005 g/kg) + OVA group, ESBP (at doses of 0.9, 1.8 and 3.6 g/kg, respectively) + OVA
groups and E1P (at doses of 1.5, 3 and 6 g/kg, respectively) + OVA groups. Murine chronic asthma model
was induced and established by OVA 25–26. Sensitisation liquid was prepared using 100 µg of OVA and 1
mg of aluminium hydroxide powder in 200 µL of saline. Mice in the non-control group were sensitised on
days 1, 7 and 14 with 200 µL of the sensitisation liquid by intraperitoneal injection. The control group
underwent the same way of injection with saline. From day 18, an ultrasonic nebuliser (402A, Jiangsu
Yuyue Medical Equipment & Supply Co., Ltd.) was used to challenge mice with 5% OVA for 30 min three
times each week for 8 weeks. Mice in the control group were challenged with saline. All the drugs were
given by lavage administration each day during the 8 weeks.

Pulmonary sampling
After sacri�cing all the mice, six mice in each group were used to collect bronchoalveolar lavage �uid
(BALF) with the following method: 0.8 mL of sterilised saline water was introduced into the lung,
withdrawn twice and collected, and this process was repeated three times. BALF was centrifuged to
separate the supernatant, and cell pellets were then resuspended in 200 µL of saline water to complete
the differential count of in�ammatory cells. The six remaining mice were adopted for the collection of
lung tissue. The left lung tissue of mice was used for pulmonary histopathological analysis, and the right
lung tissue was stored at -80 ℃ to obtain protein and RNA.

Pulmonary histopathological analysis
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The left lung was made into para�n blocks with 4-micron thickness and used to carry out haematoxylin-
eosin (HE) staining or Periodate acid-Schiff (PAS) analysis. An inverted light microscope (Nikon, Tokyo,
Japan) was used to acquire images. Histopathological scores were classi�ed and determined by four
grades 14 as follows: grade 0, no in�ammation; grade 1, very few in�ammatory cells; grade 2, bronchi or
vessels were surrounded by a thin 1-2-cell layers; grade 3, bronchi or vessels were surrounded by a 3-5-cell
moderate layers; grade 4, bronchi or vessels were surrounded by a thick over 5-cell layers of in�ammatory
cells. The average optical density (AOD) represents the average response intensity of all selected objects
(such as positive staining results) in the �eld of vision. PAS-positive cells were analysed as follows 27:
PAS images (200×) from each mouse were measured by Image Pro-plus6.0 for three times, and the mean
AOD of each image was calculated and used to compare the statistics.

Analysis of BALF and serum
An automated whole blood analyser is recommended because of its advantage of higher accuracy than
using a microscope or a counting chamber 28. In the present study, an automatic blood analyser (Mingray,
Shenzhen, China) was used for counting in�ammatory cells in BALF. The BALF supernatant was
analysed for IL-4, IL-10, IL-13, IL-17 and IFN-γ contents, while serum was used to analyse IgE levels by
ELISA under the manufacturer’s guidelines.

Preparation of RNA and real-time PCR (RT-PCR)
RNA was obtained in the portion of the right lung lobe by Trizol reagent (Waltham, MA, USA). Prime
Script® RT reagent kit was used to synthesise cDNA samples by strictly following the manufacturer’s
instructions. RT-PCR was performed on the cDNA samples by SYBR® Premix Ex Tap™ II. GAPDH served
as endogenous control, and the sequences of primer pairs are shown in Table 1. The reaction conditions
of RT-PCR followed the manufacturer’s instructions: 95°C for 30 s of pre-denaturation, followed by 40
cycles of denaturation at 95°C for 5 s and extension at 56°C for 34 s. Data were analysed in the Quant
Studio 6 Flex detection system of Applied Biosystems Co. (Foster City, CA, USA). The abundance of target
mRNA was indicated by the value of 2−ΔΔCT.

Table 1
The sequence of primers

Gene Forward Prime (5’-3’) Reverse Prime (5’-3’) Product (bp)

GAPDH CCAATGTGTCCGTCGTGGATC GTTGAAGTCGCAGGAGACAA 149

Gata3 CCCCATTACCACCTATCCGC CCTCGACTTACATCCGAACCC 106

T bet GTTGGTCTGACACCTGTGTT TTCAAACCCTTCCTCTGCAC 154

Foxp3 TCTTGCCCATCTCTGTCTCA TACGGGAATAGGAGGAGCAG 104

Ror(c) GACCCACACCTCACAAATTGA AGTAGGCCACATTACACTGCT 137

Tgfb1 CTTCAATACGTCAGACATTCGGG GTAACGCCAGGAATTGTTGCTA 142
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Western blot analysis
Lung tissues were lysed by RIPA for 45 min on ice and centrifuged at 14,000 rpm and 4 ℃ for 5 min to
separate soluble protein. BCA kit was employed to measure the concentration of proteins. Proteins were
separated by SDS-PAGE 29. After the protein was transferred to a membrane, the membranes were treated
with primary antibodies including GAPDH, Gata3, T bet, RORγt, TGFβ and Foxp3 at 4°C overnight. After
incubation with a secondary antibody for 2 h, ECL kit was utilised to visualise the immunoreactive bands.
Finally, the protein expression levels (band intensities) were quanti�ed by Image J software.

Statistical analysis
Data are presented as mean ± standard error of the mean. One-way ANOVA was used in statistical
analysis, and p < 0.05 suggested statistical signi�cance. Data were analysed by SPSS 23.0, and
statistical charts were drawn using Origin 2018.

Results

Comparison of yield and solubility between E1P and ESBP
The granules and gelatinisation of starch in crude polysaccharides contribute to lower yield and purity 30.
Amylase was used in the present study to eliminate starch and obtain higher yield. As predicted, the yield
of E1P (52.5%) was remarkably higher than that of ESBP (33.7%), while the water solubility levels of E1P
and ESBP were 22.93 ± 0.26 and 14.04 ± 0.05 mg/mL, respectively. These results suggested that
amylase-assisted extraction improved the yield and water solubility of E. sibiricum bulb polysaccharides,
consistent with previous reports 31–32.

E1P and ESBP improved the pulmonary pathological states
Tissue staining using H&E and PAS was performed to determine the effects of E1P and ESBP on the
pulmonary pathological states of asthmatic mice (Fig. 1). As shown in Fig. 1A, the lung tissues of mice in
the control group exhibited a healthy state with typical airway and alveoli. Compared with the control
group, the lung of asthmatic mice in the OVA-challenged group suffered characteristic pathologic
features of asthma-like disorganised alveoli and increasing proportions of in�ammatory cells in�ltrating
around the bronchioles and vessels. Narrower tracheal lumen and thicker smooth muscle were observed,
which con�rmed the occurrence of airway remodelling in the OVA-challenged group. The improvements
of pulmonary pathological states were detected in all medical intervention groups, and the curative
effects of the two polysaccharides were found to be dose dependent (Fig. 1C). Figure 1B shows the
representative PAS images, which were used to re�ect the extent of mucus secretion and the state of
goblet cells in the airway of mice in all groups 33. Compared with mice in the control group, mice in the
OVA-challenged group accumulated many mucus secretions in the airways, which became constricted.
Goblet cell hyperplasia also developed in the bronchi. ESBP and E1P signi�cantly reduced the mucus
production and the number of goblet cells in the airway epithelium. In addition, the AOD of PAS-positive
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cells was calculated for accurate evaluation (Fig. 1D). A signi�cant increase in the AOD of PAS was
observed after being challenged by OVA (p < 0.001), while the AOD was signi�cantly decreased by the
polysaccharides (p < 0.001) in a dose-dependent manner. E1P and ESBP could improve the pulmonary
pathological states by reducing in�ammatory in�ltration, mucus secretions and hyperplasia of goblet
cells in asthmatic mice.

E1P and ESBP alleviated the OVA-induced recruitment of in�ammatory cells in the lung and reduced the
serum IgE

A whole blood analyser was used to calculate the cells of BALF to classify and quantify the in�ltrated
in�ammatory cells (Fig. 2). Compared with those in the control group, the number of total in�ammatory
cells and the recruitment of eosinophils and monocytes were signi�cantly increased in the asthmatic
model group (p < 0.001, p < 0.001 and p < 0.05, respectively). The total number of in�ammatory cells was
signi�cantly decreased by treatment with E1P and ESBP in high-dose groups (p < 0.01 and p < 0.05,
respectively). The recruitment of eosinophils also decreased in the high-dose group of E1P as well as
mid- and high-dose groups of ESBP (p < 0.01). These results con�rmed that E. sibiricum bulb
polysaccharides could treat asthma by alleviating in�ammatory in�ltration of the lung. The indicator for
allergy, IgE, in serum was detected to verify the capacity of the polysaccharides to treat asthma. Figure 3A
suggests that IgE in the serum was elevated in the asthmatic model group (p < 0.001). Compared with the
OVA-challenge group, all treated groups of the polysaccharides signi�cantly reversed the levels of serum
IgE (p < 0.001). The results suggested the potential of E1P and ESBP to treat asthma by reducing the
serum IgE level.

E1P and ESBP balanced Th1/Th2 and Th17/Treg by
effecting the cytokine levels
In�ammatory cytokine levels including typical Th1 cytokine IFNγ and Th2 cytokines IL-4 and IL-13 in
BALF were detected by ELISA. As shown in Fig. 3B, the level of IFNγ was down-regulated by the OVA
challenge (p < 0.01) compared with the control group. Based on the IFNγ level in the OVA-challenged
group, the groups of polysaccharides showed up-regulated levels in a dose-dependent manner. Only those
treated with high-dose ESBP showed increased IFNγ level with a statistical signi�cance (P < 0.01).
Changes in IL-4 and IL-13 cytokines levels are shown in Fig. 3C and D, respectively. Th2 cytokines
including IL-4 and IL-13 were signi�cantly increased after the OVA challenge (p < 0.05 and p < 0.001,
respectively) and then signi�cantly decreased by the intervention of ESBP and E1P in a dose-dependent
manner (p < 0.05 and p < 0.01, respectively). Hence, ESBP could inhibit the development of asthma by
increasing the cytokine level of Th1 and decreasing the cytokine level of Th2, while E1P only reduced the
cytokine level of Th2.

Typical cytokines of Th17/Treg balance, including IL-17 and IL-10, were measured. As shown in Fig. 3E,
the level of IL-10 was signi�cantly decreased by the OVA challenge (P < 0.001). ESBP boosted the level of
IL-10 after the OVA challenge in a dose-dependent manner and with a statistical signi�cance in the high-
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dose group (P < 0.001). The level of cytokine IL-17 was elevated after the OVA challenge (P < 0.05) and
then decreased by E1P and ESBP in the mid-dose groups (P < 0.05 and P < 0.05, respectively) and high-
dose groups (p < 0.05 and p < 0.01, respectively) (Fig. 3F). Therefore, the data related to Th17/Treg
balance in cytokine levels indicated that E1P and ESBP could suppress Th17 cytokine, while only ESBP
could promote the status of Treg cytokine.

E1P and ESBP effected the expression levels of T bet and
Gata3
As T bet and Gata3 have been considered as vital transcription factors of Th1 and Th2 cells in the
upstream signal pathway, the pulmonary mRNA levels of T bet and Gata3 were analysed. As predicted,
the level of crucial Th2 transcription factors Gata3 increased (p < 0.05), and that of Th1 transcription
factors T bet decreased (p < 0.01) after the OVA challenge compared with those in the control group
(Fig. 4A and B). The administration of E1P and ESBP signi�cantly suppressed the Gata3 level (p < 0.05).
The decrease in the T-bet of the OVA-challenged group was also attenuated by the polysaccharide
treatments, but only the effects in the high-dose group reached statistical signi�cance (p < 0.01). These
results con�rmed that E. sibiricum bulb polysaccharides can balance the Th1/Th2 by the reversing levels
of transcription factors of T bet and Gata3 in asthma. To determine whether the same result can be
observed in protein expression, the present work applied Western blot to quantify T bet and Gata3 protein
in lung tissue (Fig. 5). The Western blot results proved that ESBP signi�cantly reversed the protein
expressions of T bet and Gata3 (p < 0.05 and p < 0.05, respectively, Fig. 5B and C), that induced by the
OVA challenge. E1P reduced the protein expression of Gata3 with a statistical signi�cance (p < 0.01) and
slightly increased the protein expression of T bet without statistical signi�cance. All these data suggested
that E1P and ESBP could treat asthma by balancing the Th1/Th2 in asthma, and E1P lacked the
promoting effects on the protein expression of T bet compared with ESBP.

E1P and ESBP in�uenced the expression levels of TGFβ,
RORγt and Foxp3
RT-PCR was conducted to determine the expression levels of TGFβ, RORγt and Foxp3 in lung tissue,
which are the key transcription factors of Th17 and Treg upstream. Figure 4C, D and E show the levels of
the transcription factors TGFβ, RORγt and Foxp3, respectively. In accordance with other papers 34–35, the
mRNA abundance of TGFβ and RORγt were up-regulated by the OVA challenge (p < 0.001 and p < 0.05,
respectively). ESBP and E1P in the high-dose group decreased the mRNA level of TGFβ (p < 0.001 and p < 
0.001, respectively), and only ESBP reduced the mRNA level of RORγt with a statistical signi�cance (p < 
0.01) compared with the OVA-challenged group. Foxp3, as an important transcription factor of Treg, was
reduced after the OVA challenge (p < 0.05), and the effect was reversed by ESBP and E1P in the mid-dose
and high-dose groups (p < 0.05 and p < 0.001, respectively). Meanwhile, the expression trends of TGFβ,
RORγt and Foxp3 in the Western blot analysis were the same as those in RT-PCR (Fig. 6). The quantised
data of RORγt protein level indicated that E1P also signi�cantly decreased the expression of RORγt in the
high-dose group (p < 0.01). Therefore, E1P and ESBP regulated the OVA-induced Th17/Treg imbalance by
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reducing the overexpression of TGFβ and RORγt while promoting the expression of Foxp3. Compared
with ESBP, E1P had a weaker inhibitory effect on RORγt mRNA.

Discussion
In recent years, increasing attention is being paid to asthma treatments due to the increasing incidence of
asthma. Various polysaccharides are now considered as functional food or potential medicines to affect
the development of asthma 36–37. Our experiment �rstly found that E. sibiricum bulb polysaccharides
(E1P and ESBP) could improved the pulmonary pathological states, decreased the in�ltration of
in�ammatory of lung cells and prevented airway remodelling in asthmatic mice. The action mechanisms
of E1P and ESBP were also explored based on the Th1/Th2 and Th17/Treg balances.

Based on evidence, asthma is a kind of chronic disease with typical symptoms of airway in�ammation,
hyper-responsiveness and airway remodelling 38. Airway in�ammation involves multitudinous activated
cells, such as eosinophils, neutrophils, monocytes and basophils, and eosinophils have been implicated
in eosinophilic asthma with the exacerbation of illness 39. For this reason, many therapeutics that aim to
limit the numbers of eosinophils or deplete them are currently widely used to treat asthma. Pathologic
mucus is challenging to clear due to its high viscosity and elasticity, thereby e�ciently contributing to
airway blockage 40–41. As a biomarker of Th2-induced in�ammation, elevated serum IgE has been
considered to induce the exacerbation of asthma 42. In the present study, the results of counting
in�ammatory cells and HE staining suggested that E1P and ESBP could reduce pulmonary in�ammation
in asthma. The data of PAS and HE indicated that the accumulation of mucus and airway remodelling in
asthmatic mice were prevented by the two polysaccharides. The decreased serum IgE level of asthmatic
mice recon�rmed the anti-asthmatic effect of E. sibiricum bulb polysaccharides.

The Th1/Th2 balance is critical for developing asthma. Asthma presents with an increase in Th2
cytokines and a decrease in Th1 cytokines. As the essential Th2 cytokines, IL-4 and IL-13 participate in
the pathogenesis of asthma. An increase in IL-4 level can facilitate allergic sensitisation, switching to IgE
and eosinophilia 43. IL-13 also in�uences IgE production and eosinophil chemotaxis, and participates in
smooth muscle contractility and goblet cell hyperplasia in different ways from IL-4 44. The Th1 cytokine
IFNγ has the effects of suppressing �broblast activity and antagonising the functions of Th2 cytokines
45. Given that the differentiation of Th1 and Th2 cells was achieved by speci�c transcription factors, the
abundance of related transcription factors could affect the balance between Th1 and Th2 cells. Gata3 is
crucial to the differentiation of Th cells into Th2, and T bet is a master determinant of Th1 cells because
the de�ciency of T bet leads to the lack of Th1 immune responses 46. Mutual restrain also exists between
T bet and Gata3. Therefore, the imbalance between T bet and Gata3 changes the Th1/Th2 balance 47.
We also examined the mRNA abundance and the levels of protein expression of T bet and Gata3 in the
lung. Our experimental data indicated that, in cytokines level, the imbalance of Th1/Th2 caused by
asthma was reversed by ESBP and E1P. The difference was that ESBP increased the Th1 cytokine IFNγ
and simultaneously decreased the Th2 cytokines IL-4 and IL-13, but E1P only reduced Th2 cytokines in
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asthma. Meanwhile, ESBP and E1P could reduce the elevated quantity of Gata3 mRNA in the OVA-
challenged group, and raised the transcription level of T bet that reduced by the OVA challenge. The
experimental data of protein expression levels were consistent with the RT-PCR �ndings, con�rming that
ESBP and E1P can regulate the Th1/Th2 balance by simultaneously reducing Gata3 and increasing T bet
expression in asthmatic reactions. Therefore, E. sibiricum bulb polysaccharides treated asthma by
balancing Th1/Th2.

Along with the development of mechanism research of asthma, the Th17/Treg balance gradually came
into prominence. In the cytokine level, the decreased cytokine production of Treg cells on asthma and the
overproduction of Th17 cytokine exacerbate asthma 48. As a typical cytokine of Th17 cells, IL-17 could
promote neutrophilia in the lungs and mucus accumulation, thereby contributing to goblet cell
hyperplasia and airway remodelling 49. IL-10, a representative cytokine of Treg cells, affects asthma by
diverse mechanisms in different situations because IL-10 could suppress Th2 and Th17 immune
responses 50. At the protein transcriptional level, TGFβ not only affects the differentiation of Th17 and
Treg cells but also airway epithelia into myo�broblasts 7, thereby con�rming that TGFβ is pivotal to
airway remodelling and in�ammation of asthma. Th17 cells are believed to help induce the in�ammation
of asthma, and their crucial molecule RORγt implicates the differentiation and maturation of Th17 cells
51. Conversely, the functions of Foxp3 include inhibition of Th17 differentiation and driving Treg
differentiation 52. In the present study, ESBP reversed the cytokine levels of Treg and Th17 cells induced
by OVA challenge while E1P only decreased the level of IL-17. The treatment of E1P and ESBP
suppressed TGFβ and RORγt expression but signi�cantly increased Foxp3 expression in the lung tissue.
These �nding suggested the effects of E. sibiricum bulb polysaccharides on suppression of Th17 cells’
function and the enhancement of Treg cells.

The improvement of polysaccharides solubility is bene�cial to enhance absorption and bioavailability in
vivo, which can confer polysaccharides with more diversi�ed functions and wider application 53.
Therefore, from the perspective of solubility, E1P might have further development potential over ESBP.
However, regard to the differences in pharmacological action between E1P and ESBP, the result differs
from the reports suggesting that enzyme-assisted extraction could enhance the bioactivity of
polysaccharides 54–56. Compared with ESBP, E1P extracted with enzyme assistance was de�cient in the
effects of increasing IFNγ and IL-10 cytokines, RORγt mRNA and T bet protein. Different structures and
physicochemical properties of polysaccharides contribute to changes in their bioactivities 57. The
amylase used to extract E1P might destroy the 1, 4-glycosidic bonds of polysaccharides, and more
amylopectin or pectic polysaccharides can be released 58. Thus, the structure and composition of E1P
might be changed and different from ESBP. The structural differences and structure–effect relationship
between E1P and ESBP deserve further study.

Conclusion
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This study suggested that treatment with E. sibiricum bulb polysaccharides is a novel and selective
method to improve asthma symptoms by balancing the Th1/Th2 and Th17/Treg. Therefore, E. sibiricum
bulbs polysaccharides can be used as functional foods or adjuvant medicines for asthma sufferers. E1P
and ESBP have their advantages. E1P has higher yield and solvency than ESBP, while ESBP exhibit more
complete activities than E1P. The kind of E. sibiricum bulb polysaccharides that deserves further
development should be determined by conducting more comparisons and evaluations.
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Figures

Figure 1
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Effects of E1P and ESBP on pulmonary pathological states. A, representative images of HE. B,
representative images of PAS. C, histopathological scores of lung tissues. D, mean of optical density in
PAS. Data are expressed as mean ±SEM (n=6) “###” P <0.001 vs Control group. “*” P <0.05 vs OVA-
challenged group. “**” P <0.01 vs OVA-challenged group. “***” P <0.001 vs OVA-challenged group. 

Figure 2

Effects of E1P and ESBP on recruitment of in�ammatory cells in BALF. Data are expressed as mean
±SEM (n=5). “###” P <0.001 vs Control group. “*” P <0.05 vs OVA-challenged group. “**” P <0.01 vs OVA-
challenged group. 
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Figure 3

Effects of ESBP and E1P on in�ammatory cytokine levels in BALF or serum of asthmatic mice. A, IgE
levels in serum. B, INFγ levels in BALF. C, IL-13 levels in BALF. D, IL-4 levels in BALF. E, IL-10 levels in BALF.
F, IL-17 levels in BALF. Data are expressed as mean ±SEM (n=5) “#” P<0.05 vs Control group. “##” P<0.01
vs Control group. “###” P <0.001 vs Control group. “*” P <0.05 vs OVA-challenged group. “**” P <0.01 vs
OVA-challenged group. “***” P <0.001 vs OVA-challenged group. 
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Figure 4

Effects of ESBP and E1P on mRNA levels of Gata3, T bet, TGFβ, RORγt and Foxp3. A, mRNA levels of
Gata3 detected by RT-PCR. B, mRNA levels of T bet detected by RT-PCR. C, mRNA levels of TGFβ detected
by RT-PCR. D, mRNA levels of RORγt detected by RT-PCR. E, mRNA levels of Foxp3 detected by RT-PCR.
Data are expressed as mean ±SEM (n=5) “#” P <0.05vs Control group. “##” P <0.01 vs Control group. “*”
P <0.05 vs OVA-challenged group. “**” P <0.01 vs OVA-challenged group. “***” P <0.001 vs OVA-
challenged group.
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Figure 5

Effects of ESBP and E1P on levels of Th1/Th2 balance related protein. A, representative images of
western blot of Gata3 and T bet. B, expression of Gata3 detected by western blot. C, expression of T bet
detected by western blot. Data are expressed as mean ±SEM (n=6) “###” P <0.001 vs Control group. “*” P
<0.05 vs OVA-challenged group. “**” P <0.01 vs OVA-challenged group. “***” P <0.001 vs OVA-challenged
group.
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Figure 6

Effects of ESBP and E1P on levels of Th17/Treg balance related protein. A, representative images of
western blot of TGFβ, RORγt and Foxp3. B, expression of TGFβ detected by western blot. C, expression of
Foxp3 detected by western blot. D, expression of RORγt detected by western blot. Data are expressed as
mean ±SEM (n=6). “#” P <0.05vs Control group. “##” P <0.01 vs Control group. “###” P <0.001 vs Control
group. “*” P <0.05 vs OVA-challenged group. “**” P <0.01 vs OVA-challenged group. “***” P <0.001 vs OVA-
challenged group. 


