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Spleen aminopeptides (FUKETUO) elevate the therapeutic effect 
of house dust mite desensitization on allergic asthma by inducing 
interleukin-10 positive regulatory T cells (IL-10+ Tregs) expression
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Background: As a novel immunomodulator, spleen aminopeptides (FUKETUO) can correct the imbalance 
of immune cells and elevate their functions. Spleen aminopeptides have been used in the treatment of 
respiratory diseases. However, the regulatory mechanism of it on allergic asthma and desensitization has not 
been reported, further study is critically needed. This study aimed to investigate the effect and mechanism 
of spleen aminopeptides on allergic asthma and desensitization. We established an allergic asthma model by 
house dust mite (HDM) with/without desensitization treatment.
Methods: The allergic asthma mouse model was established with HDM and treated with desensitization 
and increasing dose of spleen aminopeptides according to different immune phases. Pathological markers 
such as airway hyper-responsiveness, and cell composition were monitored to determine the effectiveness of 
treatment.
Results: Spleen aminopeptides can promote the proportion of interleukin-10 positive (IL10+) allergen-
specific regulatory T cells (Tregs), and further promote interleukin-10 (IL-10) expression in desensitization. 
They alleviated the allergic symptoms and elevated desensitization, decreased airway hyper-reaction and lung 
tissue injury, reduced specific immunoglobulin E (IgE) in serum, eosinophil number and interleukin-4 (IL-4) 
expression in bronchoalveolar lavage fluid (BALF), therefore, being able to control allergic asthma.
Conclusions: Our results suggested that spleen aminopeptides (FUKETUO) could elevate the expression 
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Introduction

Asthma is a heterogeneous disease characterized by chronic 
inflammation of the respiratory tract, which is influenced 
by the interaction between genetic and environmental 
factors (1). Clinically, asthma can be primarily divided into 
allergic asthma and non-allergic asthma (2,3). Allergic 
asthma is caused by an allergic reaction which is a chronic 
inflammatory disease mediated by immunoglobulin E (IgE) 
and is characterized by pulmonary eosinophil infiltration and 
airway hyperresponsiveness (AHR). It is the most common 
chronic disease in children, with the morbidity rate of 5% to 

20% (4). Inhalation allergens [allergens of house dust mites 
(HDMs), animal dander, fungi and pollen] are the main 
causes of allergic asthma (2); HDMs are the most common 
allergens in allergic asthma. Despite the regional differences, 
50% to 85% of asthmatic patients are sensitive to HDM (5,6). 
Therefore, how to effectively control allergic asthma has 
become a major challenge for public health, clinical research 
and global economy.

CD4+ T cells play a central role in the immune system (7).  
Naive CD4+ T (Th0) cells can differentiate into T helper 
cell 1 (Th1) and T helper cell 2 (Th2). Specifically, Th1 
cells are involved in delayed-type hypersensitivity and 
regulate phagocyte-mediated host defence primarily 
through interferon-γ (IFN-γ) expression (8,9). On the 
contrary, Th2 cells are the main triggering cells that 
participate in the pathology of allergic disease and regulate 
allergic reactions by producing interleukin-4 (IL-4), IL-5, 
IL-13 and other cytokines (10-12). The T cell receptor on 
the surface of naive T cells can specifically recognize the 
allergen fragment complex and then differentiate into Th2 
cells, which produce and release IL-4 or IL-13 and interact 
with the receptor on B cells. IL-4 or IL-13 causes class 
switching of immunoglobulin (Ig) from IgM to IgE and 
then these immunoglobulins are secreted by B cells (13,14). 
In addition, mast cells and basophils have high-affinity IgE 
receptors (FcεRI) on the surface. When the body contacts 
allergens again, allergens combine with IgE and FcεRI to 
form complexes, leading to the degranulation of mast cells 
and basophils. During this stage, many soluble mediators, 
such as histamine, cytokines, chemokines and leukotrienes 
are released (15), rapidly generating and aggravating the 
symptoms of allergic reaction.

The development of allergic reactions may also be 
linked to the reduction or impaired function of allergen-
specific regulatory T cells (Tregs) in genetically susceptible 
individuals, which promotes allergic airway inflammation 
in asthma (16). Tregs mainly express Foxp3 (except in Tr1 
cells) and secret anti-inflammatory cytokines interleukin-10 
(IL-10) and transforming growth factor-β (TGF-β) (17,18). 
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In recent years, Tregs have been extensively studied in 
relation to the pathogenesis of allergic diseases. They play a 
key role in the treatment of allergies by inhibiting Th2 cells 
and the activation of mast cells and basophils (19).

At present, patients with allergic asthma typically 
use antihistamine therapy, glucocorticoid therapy and 
bronchodilator in their clinical treatment. However, 
the therapeutic effects of these therapies are still not 
ideal, it is hard to achieve the goal of complete control, 
and the symptoms are likely to relapse once the drug is 
discontinued. It is worth mentioning that glucocorticoids 
are widely used in the clinical treatment of asthma, which 
reduces host defence in asthma patients and increases the 
risk of infection, thus aggravating the difficulty of asthma 
treatment (20). The occurrence of allergic asthma is related 
to an imbalance of autoimmune regulation (3). Spleen 
aminopeptides (FUKETUO) are novel oral bidirectional 
immunomodulators consisting of peptides and nucleotides 
extracted from fresh pig spleens (Figure S1). The main 
functions of spleen aminopeptides are correcting the 
imbalance of immune cells and improving the function 
of immune system (21). Previous studies support the 
effectiveness of spleen aminopeptides in the treatment 
of infectious pneumonia, bronchial asthma and other 
respiratory diseases and inflammatory diseases (22,23). 
Studies also show that the spleen aminopeptides can 
correct children’s dysfunctional immune function 
by regulating the levels of various T cell subsets. In 
addition, the spleen aminopeptides can also enhance 
antiviral  immunity by inhibiting the secretion of 
IL-4 by Th2 cells, thus alleviating the inhibition of 

IL-4 on lymphocyte and macrophage phagocytosis 
(24,25). However, the regulation mechanism of spleen 
aminopeptides on allergic asthma has not been reported 
so far. Further studies are necessary to determine its 
therapeutic effect, to provide more evidence and find 
a new direction for the treatment of allergic diseases. 
We present this article in accordance with the ARRIVE 
reporting checklist (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-24-398/rc).

Methods

Asthma mouse model

Healthy female BALB/C mice, aged 4 to 6 weeks, were 
purchased from Guangdong Provincial Animal Centers and 
kept in specific-pathogen free (SPF) animal centers, with 
access to food and water ad libitum. The asthma model was 
constructed with HDM and treated with desensitization and 
spleen aminopeptides (FUKETUO, Zhejiang Feng’an Bio-
Pharmaceutical Co., Ltd., Taizhou, China). This model was 
established according to the existing experimental model 
(Figure 1) (26). The animal experiments were approved 
by the Animal Care and Use Committees of Shenzhen 
University, China (No. A20230063), granted by institutional 
ethics committee of Shenzhen University, in compliance 
with Regulations on the Administration of Laboratory 
Animals in China 1999 national guidelines for the care and 
use of animals. The experimental protocol was prepared 
before the experiment according to the existing protocol on 
Bio-protocol Journal: https://bio-protocol.org/cn (27). 

Figure 1 Experimental procedure of spleen aminopeptides in the treatment of dust mite allergic asthma mice. Mice are separated by their 
treatment: normal saline control group (NC group), asthma model group, desensitization group, spleen aminopeptides group alone, and 
desensitization and spleen aminopeptides combined group. Six mice per group, 30 mice in total. The whole experiments repeated three 
times. HDM, house dust mite; i.p., intraperitoneal injections; FUKETUO, a trade name of spleen aminopeptides; i.g., intragastric injection; 
s.c., subcutaneous injections; NC, negative control.

HDM 50 μg s.c.

Stimulate by 100 μg HDM i.p. +/–  
low dose FUKETUO treatment (0.025 mg) i.g.  

every other day

Stimulate by 100 μg HDM i.p. +/–  
medium dose FUKETUO treatment (0.05 mg) i.g.  

every other day

0                                          7                                 14                                    21                             28 Time (days)

Intranasal inspire 
once a day 80 μg/day

Cull mice 
analysis results
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AHR measurement

The mice were tested for AHR 24 hours after the 
last stimulation. Mice in each group were placed in a 
small animal test container and then inhaled a gradient 
concentration of acetylcholine solution (0, 3.125, 6.25, 12.5, 
25, 50 mg/mL) by the way of atomization excitation. The 
Penh values (expiratory interval, enhanced expiratory pause) 
were recorded. A change curve of the ratio of Penh values 
to the control was plotted to reflect the lung function levels 
of the mice.

Detection of serum specific IgE, IgG1 and IgG2a levels

Mice were placed in a CO2 chamber and culled following 
ethical procedures. Blood was collected, centrifuged and the 
supernatant was isolated for further analysis. HDM was coated 
as antigen, and the serum-specific IgE, IgG1, and IgG2a 
levels were detected by enzyme-linked immunosorbent assay 
(ELISA). Secondary antibodies (goat anti-mouse IGE-hrp, 
goat anti-mouse IGG1-hrp and goat anti-mouse IGG2A-HRP, 
BD, CA, USA) were used for detection. After incubation, 
absorbance was measured at 450 nm on a microplate reader 
(Multskan Go, Thermo Scientific, Waltham, USA), readings 
for each group were recorded and analyzed.

ELISA

Mice IL-4, IL-10 and IFN-γ in serum, bronchoalveolar 
lavage fluid (BALF) and splenocyte supernatants were 
quantified using DuoSet ELISA Development Kits 
(R&D systems, Minnoeapolis, USA) according to the 
manufacturer’s instructions. The mouse IL-4 ELISA 
kit has a detection range of 20–1,000 pg/mL, while the 
mouse IL-10 and IFN-γ kits have a detection range of 
10–2,000 pg/mL.

Mice BALF cell measurement

After sacrificing the mice, lung BALF was collected by 
washing with phosphate buffered saline (PBS). A similar 
volume of precipitated cells was resuspended and further 
separated by cytocentrifuge (Cytopro, ELITechGroup, 
USA). After centrifugation, cells were fixed on the glass 
slide for Wright-Giemsa staining (Solarbio, Beijing, China). 
The numbers of different types of immune cells (eosinophils, 
neutrophils, lymphocytes and mononuclear cells) were 

counted using a microscope.

Preparation and culture of mouse splenocyte suspension

After the mice were sacrificed, the spleen was removed and 
grounded into a single-cell suspension. The supernatant 
was removed by centrifugation, and red blood cell lysate 
was added. The cells were resuspended and washed with 
sterile PBS. The cells were resuspended in complete 
Roswell Park Memorial Institute (RPMI) medium, and the 
cell concentration was adjusted to 1×106/mL in 24-well cell 
culture plates. 
	Flow cytometry: the splenocytes were stimulated by 

adding 50 ng phorbol 12-myristate 13-acetate (PMA), 
1 μg ionomycin and 40 μg HDM per mL for 12 h. On 
the second day, 1 μL of brefeldin A (BFA) was added 
to each well and incubate for 6 h. The cell suspension 
was collected in a flow tube for flow analysis.

	ELISA detection of splenocyte supernatant: add 40 μg 
HDM per mL of 1640 complete culture medium 
to prepare culture medium for resuspended splenic 
cells (without adding blank wells), incubate for 48 h. 
Collect cell suspension, centrifuge at 1,200 rpm for 5 min. 
The supernatant was used for ELISA.

Flow cytometry

After sacrificing the mice, lung BALF or splenocytes were 
collected by washing with PBS. The precipitated cells were 
resuspended after centrifugation, and the types of cells and 
their number in BALF were determined by flow cytometry 
(Cytoflex, Beckman Coulter, Miami, USA): these cells 
were cultured with an Fc receptor blocker and then stained 
with fluorescent-dye conjugated antibodies fluorescein 
isothiocyanate (FITC) anti-mouse CD4 and APC anti-mouse 
CD25 (BD), along with their appropriate isotype-matched 
antibody controls. Gating of cell types is shown in Figure S2. 
The detection of intracellular IL-4, IFN-γ, IL-10, TGF-β, 
and Foxp3 expression in these cells was performed with 
antibodies [APC anti-mouse IL-4, PE anti-mouse IFN-γ, 
PE anti-mouse IL-10 and PerCP/Cy5.5 anti-mouse LAP 
(TGF-β1) and PE anti-mouse Foxp3, or isotype control] 
according to the manufacturer’s instructions (BD Bioscience). 
All samples were pre-incubated with mice IgG (Sigma, 
St. Louis, USA) for 30 min to block FcγR. The cells were 
analyzed by flow cytometry (Cytoflex, Beckman Coulter). All 
data analysed by the software Flowjo.

https://cdn.amegroups.cn/static/public/JTD-24-398-Supplementary.pdf
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Hematoxylin-eosin (H&E) and periodic acid-schiff (PAS) 
staining

H&E staining: after the mice were sacrificed, the middle 
lobe of the right lung was isolated and soaked in 4% 
paraformaldehyde for 24 h. The lung tissue was taken 
out and embedded in paraffin for fixation. After complete 
coagulation, the lung tissue was sectioned and stained with 
H&E after dewaxing. Slices were covered and sealed with 
neutral gum, the morphology of tissue was observed using 
microscope.

PAS staining: Schiff’s reagent and hematoxylin were used 
for staining. Slices were dry at room temperature and sealed 
with neutral gum. Tissue morphology was observed by 
microscope.

Western blot

After the mice were sacrificed, the left lung was removed, and 
100 mg of lung tissue was added to radio immunoprecipitation 
assay (RIPA) lysate to obtain a lung tissue homogenate. The 
supernatant was collected after centrifugation. The protein 
concentration was determined using the bicinchoninic 
acid (BCA) protein assay. After denaturing the protein, 
Western blot was used to detect the expression of IL-4 and  
IL-10 in lung tissue protein. Enhanced chemiluminescence 
(ECL) luminance solution was used and exposed in a 
chemiluminescence imager and photographed for preservation. 
The images were analyzed in grayscale by ImageJ, β-actin was 
used as the internal reference.

Statistical analysis

The experimental data were statistically analyzed by 
GraphPad Prism 7 software, and the values were expressed 
as mean ± standard error of the mean (SEM). The t-test was 
used to analyze the significance between two samples and 
non-parametric Kruskal-Wallis test for group comparison; 
the P value was used to reflect the significant difference 
between the data. ****, P<0.0001; ***, P<0.001; **, P<0.01; *, 
P<0.05; ns means no significant difference between groups.

Results

Spleen aminopeptides combined with desensitization 
therapy can significantly alleviate symptoms in the allergic 
asthma mice

To analyze the effect of these treatments, several disease 

factors that can directly reflect asthma severity were 
measured after treatments. The following were assessed: 
mice AHR, BALF cell number and subtype count; lung 
tissue staining and antibodies level measurements. These 
analyses were conducted to explore the function of spleen 
aminopeptides (FUKETUO) in allergic asthma.

AHR of mice was tested 24 hours after the last challenge. 
The mice inhaled a gradient concentration of acetylcholine 
solution, from low to high, using atomization excitation. 
The Penh value was observed and recorded at each 
concentration to evaluate the severity of allergic asthma. 
Compared with the normal group, the AHR of the dust 
mite protein sensitized asthma model group increased 
with the increasing concentration of methacholine, which 
was significantly higher than that of the control group; 
compared with the asthma model group, the AHR of mice 
was reduced after the desensitization treatment with HDM 
and desensitization combined with spleen amino peptide. 
Moreover, compare with the asthma model group, the AHR 
of the spleen aminopeptides alone group also shown a slightly 
decrease. Results indicating that the desensitization treatment 
of HDM combined with spleen aminopeptides can effectively 
inhibit the AHR of mice with asthma (Figure 2A).

The levels of HDM-specific IgE, IgG1, and IgG2a 
in mouse serum were detected by ELISA. As shown in  
Figure 2B, serum HDM specific IgE and IgG1 expressions 
in asthma model group were significantly higher than 
those in the normal group (P<0.0001). Moreover, after 
three immunotherapy treatments, HDM-specific IgE 
levels were lower than that in asthma group (P<0.01), the 
spleen aminopeptides combined with desensitization group 
has the most significant decrease in IgE levels (P<0.001). 
There was no significant difference in HDM-specific 
IgG1 expression among all the treatment groups and the 
asthma model group. In addition, serum IgG2a levels 
were significantly increased after three treatments, and the 
desensitization treatment was the most significant increase 
group (P<0.0001). These results suggest that the spleen 
aminopeptides may have the effect of inhibiting specific 
IgE, which is an efficient antibody causes allergic reaction. 
Furthermore, the spleen aminopeptides also promote the 
production of IgG2a, which works as a blocking antibody 
to allergic reaction. The therapeutic effect of spleen 
aminopeptides is more obvious when it is combined with 
dust mite desensitization treatment.

To observe the inflammatory condition in mouse lung 
tissues, lung tissues of test mice were stained with H&E 
and PAS, as shown in Figure 2C,2D. There was obvious 
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Figure 2 Spleen aminopeptides combined with desensitization therapy in allergic mice model. Several disease factors were measured to 
check the function of spleen aminopeptides in allergic asthma mice model. (A) The AHR measurement. (B) The expression of HDM specific 
IgE, IgG1 and IgG2a in mouse serum detected by ELISA. (C) H&E and (D) PAS staining of mouse lung tissues. Pictures were displayed in 
×100. (E) The number of cells in mouse BALFs (×104). Data are representative of three independent experiments (n=6). *, P<0.05; **, P<0.01; 
***, P<0.001; ****, P<0.0001. HDM, house dust mite; FUKETUO, a trade name of spleen aminopeptides; sIgE, specific immunoglobulin 
E; OD, optical density; H&E, hematoxylin-eosin; PAS, periodic acid-schiff; AHR, airway hyperresponsiveness; ELISA, enzyme-linked 
immunosorbent assay; BALF, bronchoalveolar lavage fluid.
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bronchial inflammatory cells infiltration, alveolar structure 
damage, thickening of the alveolar septa and vascular walls, 
marked mucus hypersecretion and goblet cell proliferation 
in asthma group. All symptoms were alleviated in the 
desensitization group, spleen aminopeptides group and 
desensitization combined with the spleen aminopeptides 
group compared with the asthma group. The results of 
H&E and PAS showed that spleen aminopeptides could 
reduce the lung inflammation of allergic asthma.

A typical feature of allergic asthma is the recruitment 
and infiltration of lung eosinophils and lymphocytes, and a 
large number of eosinophils gathering in BALFs. Wright-
Giemsa staining was used to identify the cell types in 
BALFs from the allergic asthma mouse model (Figure S2), 
with results shown in Figure 2E. Compared to the control 
group, the total number of cells in asthma model group 
increased (P<0.01), especially eosinophils (P<0.0001). 
Further compared to the asthma model group, the total 
number of inflammatory cells in BALF was significantly 
decreased after spleen aminopeptides treatment and after 
spleen aminopeptides combined desensitization treatment, 
especially the eosinophils (P<0.001). However, dust mite 
desensitization treatment had no significant inhibitory effect 
on inflammatory cell differentiation in BALF.

Spleen aminopeptides combined with desensitization 
therapy reduce inflammation in the lung of allergic 
asthma mice

The protein levels of IL-4 and IL-10 in mouse lung 
tissue were detected by Western blot, results are shown 
in Figure 3A. The level of IL-4 in the asthma group was 
significantly higher than in the control group (P<0.0001). 
Due to negative feedback regulation, the IL-10 protein level 
was also elevated. Compared to the asthma group, IL-4 
levels in HDM desensitization treatment group (P<0.001), 
spleen aminopeptides group (P<0.001) and desensitization 
combined with spleen aminopeptides group (P<0.0001) were 
decreased, especially in the combined group. Moreover, 
the level of IL-10 in the desensitization treatment group 
was slightly lower than that in the asthma model group, 
while the levels of IL-10 in spleen aminopeptides group and 
combined group was significantly higher (P<0.01). 

Furthermore, the levels of IL-4, IFN-γ, and IL-10 level 
in the BALFs were detected by ELISA (Figure 3B). Similar 
to the Western blot result, IL-4 levels in the asthma group 
significantly increased compared to the control group 
(P<0.001). Additionally, IFN-γ (P<0.0001) and IL-10 

(P<0.01) also increased due to negative feedback regulation. 
However, IL-4 levels in desensitization group decreased 
significantly (P<0.001), and IFN-γ levels also decreased 
(P<0.05), while IL-10 increased (P<0.01). In the spleen 
aminopeptides group IL-4 was also decreased (P<0.01), the 
expression of IL-10 was higher than asthma group (P<0.01). 
In desensitization combined with the spleen aminopeptides 
group, IL-4 levels decreased (P<0.01), the IFN-γ levels 
decreased (P<0.05), and IL-10 increased significantly 
(P<0.001). We also provide the Facs data for BALF, but the 
cell number is limited (Figure 3C). These results indicate 
that spleen aminopeptides can promote the secretion 
of IL-10 to inhibit allergic inflammation, especially 
in combination with HDM desensitization treatment, 
which can promote the secretion of IL-10 better, thereby 
inhibiting allergic Th2 inflammatory reaction for the long 
term. 

Spleen aminopeptides combined with desensitization 
therapy reduce inflammation in the spleen of allergic 
asthma mice

IL-4 and IFN-γ levels in mouse spleen cells were detected 
by flow cytometry, and the results are shown in Figure 4A. 
IL-4 in the asthma group increased significantly (P<0.0001) 
compared with the control group, and IFN-γ also increased 
(due to the negative feedback regulation). The levels of 
IL-4 and IFN-γ in the desensitization group were decreased 
compare with the asthma group (P<0.001). Moreover, 
the IL-4 and IFN-γ levels in the spleen aminopeptides 
group were also decreased (P<0.05). In the group with 
desensitization combined with spleen aminopeptides, IL-4 
and INF-γ levels were much lower than in the asthma group 
(P<0.01). These results suggest that spleen aminopeptides 
can reduce Th2 type cytokine (IL-4) levels and down-
regulate the negative feedback regulation of IFN-γ.

The IL-4, IFN-γ, and IL-10 protein levels in the spleen 
were further detected by ELISA, with results shown in 
Figure 4B. IL-4 in asthma group increased significantly 
(P<0.0001), while IFN-γ (P<0.0001) and IL-10 (P<0.01) 
also increased compared with the control group. Compared 
with the asthma group, IL-4 in desensitization group 
decreased significantly (P<0.001), and IFN-γ also decreased 
(P<0.01), while IL-10 increased (P<0.01); the levels of 
IL-4 and IFN-γ in the spleen aminopeptides group and the 
desensitization combined with spleen aminopeptides group 
were decreased compared with the control group, but the 
IL-10 level was significantly increased (P<0.001). These 

https://cdn.amegroups.cn/static/public/JTD-24-398-Supplementary.pdf
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Figure 3 Inflammation related protein expression in lung and BALF. (A) The protein levels of IL-4 and IL-10 in mouse lung tissue Western 
blot (pg/mL). β-actin was used as an internal control protein. (B) IL-4, IFN-γ and IL-10 expression in mouse BALFs. (C) The expression 
of IL-10 and TGF-β in mouse BALFs. ImageJ was used to calculate the gray value, and the result displayed by the ratio of the gray 
results of target protein and β-actin. Data are representative of three independent experiments (n=3). *, P<0.05; **, P<0.01; ***, P<0.001; 
****, P<0.0001. IL, interleukin; con., concentration; HDM, house dust mite; FUKETUO, a trade name of spleen aminopeptides; IFN-γ, 
interferon-γ; TGF-β, transforming growth factor-β; BALF, bronchoalveolar lavage fluid.

60

40

20

0

300

200

100

0

80

60

40

20

0

2.0

1.5

1.0

0.5

0.0

2.0

1.5

1.0

0.5

0.0

Control	 Model	 HDM	 FUKETUO	 HDM + FUKETUO

Control                                        Model                                           HDM                                       FUKETUO                            HDM + FUKETUO

CD4+TGF-β+ 
7.22

CD4+IL-10+ 
7.06

CD4+IL-10+ 
12.6

CD4+TGF-β+ 
12.5

CD4+IL-10+ 
18.0

CD4+TGF-β+ 
13.5

CD4+IL-10+ 
19.0

CD4+TGF-β+ 
16.9

CD4+IL-10+ 
27.8

CD4+TGF-β+ 
19.1

IL-10

TGF-β

IL-4

IL-10

β-actin

CD4

Con
tro

l

Con
tro

l

Con
tro

l

Con
tro

l

Con
tro

l

M
od

el

M
od

el

M
od

el

M
od

el

M
od

el
HDM

HDM
HDM

HDM
HDM

FU
KETU

O

FU
KETU

O

FU
KETU

O

FU
KETU

O

FU
KETU

O

HDM
 +

 FU
KETU

O

HDM
 +

 F
UKETU

O

HDM
 +

 F
UKETU

O

HDM
 +

 FU
KETU

O

HDM
 +

 FU
KETU

O

IF
N

-γ
 c

on
., 

pg
/m

L

IL
-1

0 
co

n.
, p

g/
m

L

IL
-4

 c
on

., 
pg

/m
L

IL
-4

/β
-a

ct
in

IL
-1

0/
β -

ac
tin

****

***

****

****
**

* *

**

***
**

***
***

**
**

**

*******
*

A

B

C



Journal of Thoracic Disease, Vol 16, No 9 September 2024 5989

© AME Publishing Company. J Thorac Dis 2024;16(9):5981-5994 | https://dx.doi.org/10.21037/jtd-24-398

Figure 4 The cytokine expression in allergic asthma mice spleen. (A) The expression of IL-4 and IFN-γ in mouse spleen cells. IL-4 and 
IFN-γ in spleen cells were detected by flow cytometry. Using CD4+ and IL-4+/IFN-γ+ to set gating to analyse the proportion of CD4+ 
IL4+ and CD4+IFN-γ+ (shown as histograms). (B) The expression of IL-4, IFN-γ and IL-10 in mouse spleen cell supernatant (pg/mL). 
Data are representative of three independent experiments (n=4). *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. IL, interleukin; IFN-γ, 
interferon-γ; HDM, house dust mite; FUKETUO, a trade name of spleen aminopeptides; con., concentration.
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results further suggest that the spleen aminopeptides, either 
alone or combined with desensitization can increase IL-10 
expression and thus inhibit allergic inflammation.

Spleen aminopeptides combined with desensitization 
therapy enhance the expressions of IL-10+ Treg levels in 
allergic asthma mice

The expression of mouse immunomodulatory-relate 
molecules was detected by flow cytometry, as shown 
in Figure 5. In the asthma group, the proportion of 
CD4+CD25+IL10+ cells (P<0.01), CD4+CD25+TGF-β+ 
cells (P<0.001) and CD4+CD25+Foxp3+ cells (P<0.01) 
in the spleen increased due to feedback regulation. 
Compared with the asthma group, the proportion of 
CD4+CD25+IL10+ cells in the desensitization group 
(P<0.001), the spleen aminopeptides treatment group 
(P<0.01) and the desensitization combined with spleen 
aminopeptides treatment group (P<0.0001) all increased. 
Among them, the increase in the desensitization combined 
with spleen aminopeptides treatment group is more 
obvious. 

Compared with the asthma model group, the proportion 
of CD4+CD25+TGF-β+ cells increased in the desensitization 
group (P<0.05), and slightly decreased in the spleen 
aminopeptides treatment group (P<0.05), however, no 
significant difference observed between the desensitization 
combined with spleen aminopeptides treatment group and 
the asthma model group. 

Moreover, the percentage of CD4+CD25+Foxp3+ cells 
in the desensitization group was significantly lower than 
in the asthma model group (P<0.01) and was almost 
the same level as in the control group. In addition, the 
proportion of CD4+CD25+Foxp3+ cells in the spleen 
aminopeptides treatment group was slightly decreased, 
but there was no significant difference compared 
with the asthma model group. The proportion of 
CD4+CD25+Foxp3+ cells in the desensitization combined 
spleen aminopeptides treatment was also decreased 
(P<0.05). Therefore, the spleen aminopeptides can 
promote the differentiation and proliferation of Treg 
secreting IL-10, especially when it is immunized with 
desensitization therapy. The proportion of IL-10+ Treg 
increased, thus inhibiting TH2 cell polarization, further 
inhibiting the occurrence and development of allergic 
asthma.

Discussion

Allergic asthma is a chronic inflammatory disease of the 
heterogeneous respiratory tract, characterized by AHR, 
eosinophilic airway inflammation, increased specific IgE 
levels, increased mucus production, and reversible airway 
obstruction and remodeling (2). Spleen aminopeptides 
(FUKETUO) are a new class of oral bidirectional 
immunomodulators, which are peptides and nucleotides 
complex extracted from the spleens of healthy pigs. The 
average molecular weight of spleen aminopeptides is 3500 
Dalton, and they contain more than 10 essential trace 
elements along with a variety of immune regulatory factors. 
A study has shown that spleen aminopeptides can correct 
the dysregulated immune function of children by regulating 
the levels of various T cell subsets (21).

Bronchial AHR is a classic manifestation of allergic 
asthma, presenting with chest tightness, wheezing, and 
coughing. The degree of AHR is related to the severity of 
asthma and is associated with chronic inflammation of the 
respiratory system (22), making AHR a useful measurement 
for evaluating the severity of allergic asthma. AHR can be 
detected through the bronchial provocation test, which uses 
methacholine to stimulate airway smooth muscle to observe 
the changes in airway hyper-responsiveness. In all spleen 
aminopeptides groups, the AHR levels were lower than 
those in the asthma positive group, indicating that spleen 
aminopeptides (FUKETUO) may reduce the AHR levels in 
allergic asthma.

In allergic asthma, Th2 cells produce IL-4, which 
induces B cells to produce allergen-specific IgE and IgG1 
antibodies, which are markers of allergic symptoms. Th1 
cells produce IFN-γ, which further promote the production 
of allergen-specific IgG2a antibodies to antagonize IgE 
and IgG1 (11). IgE binds to FcɛR1α on mast cells and 
basophils. When contacting with allergen again, they are 
activated, releasing a large number of cytokines to produce 
allergic symptoms. Spleen aminopeptides (FUKETUO) 
can decrease the level of antigen-specific IgE and IgG1 in 
allergic asthma. Moreover, the lung structure change was 
checked by H&E and PAS staining. Results suggest that 
spleen aminopeptides (FUKETUO) help to maintain the 
alveolar structure and avoid tissue remodeling in the allergic 
asthma mouse model. Spleen aminopeptides therapy 
significantly reduced the level of AHR in allergic asthma, 
and alleviated the symptoms of airway wall thickening, 
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mucus hypersecretion, and the eosinophil ratio induced by 
HDM. In the combined treatment of desensitization and 
spleen aminopeptides (FUKETUO), spleen aminopeptides 
(FUKETUO) can significantly relieve the symptoms of 
increased eosinophil proportion caused by allergic asthma.

Furthermore, another important factor in allergic asthma 
is the inflammatory response. In allergic asthma, aberrant 

inflammation is often attributed to an imbalance between 
Th1 and Th2. Specifically, Th2 cells initiate the allergic 
immune response and produce cytokines that promote 
allergic responses, such as IgE class switching (IL-4) in B 
cells, and Th1 cells secreting IFN-γ to antagonize Th2 
inflammatory damage, Treg cells also secrete IL-10 to inhibit 
Th2 cell function. The imbalance will lead to mass antibody 

Figure 5 CD4+CD25+ cells expression in mouse spleen. The expressions of IL-10, TGF-β and Foxp3 in mouse spleen cells were detected 
by flow cytometry. CD4+ cells were gated by CD4 and FSH, and then CD25+ and IL-10+/TGF-β+/Foxp3+ cells were isolated from CD4+cells 
to analyse the proportion of IL10+ Tregs, TGF-β+ Tregs and Foxp3+ Tregs cells in splenocytes. Data are representative of three independent 
experiments (n=4). *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. IL, interleukin; TGF-β, transforming growth factor-β; HDM, house 
dust mite; FUKETUO, a trade name of spleen aminopeptides; FSH, forward scatter-height; Tregs, regulatory T cells. 
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production and tissue damage. To alleviate allergic airway 
inflammation and lymphocyte infiltration, Tregs regulate the 
immune response to allergens by maintaining tolerance (16).  
In a mouse model of allergic asthma treated with spleen 
aminopeptides, the Th2 cytokine IL-4 in BALF and 
splenocyte supernatant were decreased, while IL-10 levels 
were significantly up-regulated. In particular, the expression 
of IL-4 and IL-10 in the combined therapy group was more 
obvious. The abnormal activation of Th2 cells in allergic 
reaction may be caused by Treg injury mediated by antigen 
specific T cells, which can reduce eosinophilia and mucus 
secretion in the airway. In the allergic asthmatic mouse 
model treated with spleen aminopeptides, the production 
and function of IL-10+ Tregs were promoted by spleen 
aminopeptides due to the significant up-regulation of  
IL-10+ Tregs.

Conclusions

In summary, spleen aminopeptide combined with 
desensitization therapy can further reduce the level of AHR 
and the eosinophil ratio, thereby enhancing the overall 
effect of desensitization therapy. The spleen aminopeptide 
may serve as a novel immunomodulator in the future, in 
combination with allergen vaccines or other anti-allergic 
drugs to treat allergic diseases such as allergic asthma. The 
use of spleen aminopeptide also provides new approach for 
clinical treatment of allergic diseases.

Acknowledgments

Funding: The study was supported by the National 
Natural Science Foundation (Nos. 82341060, 82073950, 
82060007, 22106108), Science and Technology Planning 
Project of Guangdong Province (Nos. 2020B1212030006, 
2023A1515012245, 20221175, 2022B1515120055), 
Science and Technology Program of Shenzhen (Nos. 
JCYJ20200109143435556, JCYJ20220818102005011, 
SGDX20201103095609027, JCYJ20220531102217038, 
JCYJ20230807151202005), State Key Laboratory of 
Respiratory Disease (No. SKLRD-Z-202216), State Key 
Laboratory of Dampness Syndrome of Chinese Medicine 
(No. SZ2021ZZ42), Software Science Research Program 
of Shenzhen Luohu (No. LX20200408), Double First-
Class and High-Level University Discipline Collaborative 
Innovation Team Project of Guangzhou University 
of Chinese Medicine (No. 2021XK27), Science and 
Technology Department of Hunan Province (Nos. 

2023JJ30321, 132015-128), and Futian Healthcare Research 
Project (No. FTWS2021055).

Footnote

Reporting Checklist: The authors have completed the 
ARRIVE reporting checklist. Available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-398/rc

Data Sharing Statement: Available at https://jtd.amegroups.
com/article/view/10.21037/jtd-24-398/dss

Peer Review File: Available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-398/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-24-398/coif). C.L. is an 
employee of Institute of Biotechnology, Zhejiang Feng’an 
Bio-pharmaceutical Co., Ltd., Taizhou, China. X.X. reports 
funding from the National Natural Science Foundation 
(Nos. 82341060, 82073950, 82060007, 22106108), 
Science and Technology Planning Project of Guangdong 
Province (Nos. 2020B1212030006, 2023A1515012245, 
20221175, 2022B1515120055), Science and Technology 
Program of Shenzhen (Nos. JCYJ20200109143435556, 
JCYJ20220818102005011, SGDX20201103095609027, 
JCYJ20220531102217038, JCYJ20230807151202005), 
State Key Laboratory of Respiratory Disease (No. 
SKLRD-Z-202216), State Key Laboratory of Dampness 
Syndrome of Chinese Medicine (No. SZ2021ZZ42), 
Software Science Research Program of Shenzhen Luohu 
(No. LX20200408), Double First-Class and High-Level 
University Discipline Collaborative Innovation Team 
Project of Guangzhou University of Chinese Medicine (No. 
2021XK27), Science and Technology Department of Hunan 
Province (Nos. 2023JJ30321, 132015-128). The other 
authors have no conflicts of interest to declare. 

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. Experiments were 
performed under a project license (No. A20230063), granted 
by institutional ethics committee of Shenzhen University, 
in compliance with Regulations on the Administration of 
Laboratory Animals in China 1999 national guidelines for 
the care and use of animals.

https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/dss
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/dss
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-24-398/coif


Journal of Thoracic Disease, Vol 16, No 9 September 2024 5993

© AME Publishing Company. J Thorac Dis 2024;16(9):5981-5994 | https://dx.doi.org/10.21037/jtd-24-398

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Hernandez-Pacheco N, Kere M, Melén E. Gene-
environment interactions in childhood asthma revisited; 
expanding the interaction concept. Pediatr Allergy 
Immunol 2022;33:e13780.

2.	 Bousquet J. Global initiative for asthma (GINA) and its 
objectives. Clin Exp Allergy 2000;30 Suppl 1:2-5.

3.	 Brusselle GG, Kraft M. Trustworthy guidelines on 
severe asthma thanks to the ERS and ATS. Eur Respir J 
2014;43:315-8.

4.	 Landgraf-Rauf K, Anselm B, Schaub B. The puzzle of 
immune phenotypes of childhood asthma. Mol Cell 
Pediatr 2016;3:27.

5.	 Nelson RP Jr, DiNicolo R, Fernández-Caldas E, et al. 
Allergen-specific IgE levels and mite allergen exposure 
in children with acute asthma first seen in an emergency 
department and in nonasthmatic control subjects. J Allergy 
Clin Immunol 1996;98:258-63.

6.	 Fahlbusch B, Koch A, Douwes J, et al. The effect of 
storage on allergen and microbial agent levels in frozen 
house dust. Allergy 2003;58:150-3.

7.	 Zhu J, Yamane H, Paul WE. Differentiation of effector 
CD4 T cell populations (*). Annu Rev Immunol 
2010;28:445-89.

8.	 Mosmann TR, Coffman RL. Two types of mouse helper 
T-cell clone Implications for immune regulation. Immunol 
Today 1987;8:223-7.

9.	 Colavita AM, Reinach AJ, Peters SP. Contributing factors 
to the pathobiology of asthma. The Th1/Th2 paradigm. 
Clin Chest Med 2000;21:263-77, viii.

10.	 Luo W, Hu J, Xu W, et al. Distinct spatial and temporal 
roles for Th1, Th2, and Th17 cells in asthma. Front 
Immunol 2022;13:974066.

11.	 Maggi E, Parronchi P, Manetti R, et al. Reciprocal 
regulatory effects of IFN-gamma and IL-4 on the in vitro 
development of human Th1 and Th2 clones. J Immunol 
1992;148:2142-7.

12.	 Bowen H, Kelly A, Lee T, et al. Control of cytokine gene 
transcription in Th1 and Th2 cells. Clin Exp Allergy 
2008;38:1422-31.

13.	 Germain RN. MHC-dependent antigen processing and 
peptide presentation: providing ligands for T lymphocyte 
activation. Cell 1994;76:287-99.

14.	 Altin J, Shen C, Liston A. Understanding the genetic 
regulation of IgE production. Blood Rev 2010;24:163-9.

15.	 Howarth PH, Salagean M, Dokic D. Allergic rhinitis: not 
purely a histamine-related disease. Allergy 2000;55 Suppl 
64:7-16.

16.	 Zhao ST, Wang CZ. Regulatory T cells and asthma. J 
Zhejiang Univ Sci B 2018;19:663-73.

17.	 Raedler D, Ballenberger N, Klucker E, et al. 
Identification of novel immune phenotypes for allergic 
and nonallergic childhood asthma. J Allergy Clin 
Immunol 2015;135:81-91.

18.	 Zhang H, Kong H, Zeng X, et al. Subsets of regulatory T 
cells and their roles in allergy. J Transl Med 2014;12:125.

19.	 Benamar M, Chen Q, Martinez-Blanco M, et al. 
Regulatory T cells in allergic inflammation. Semin 
Immunol 2023;70:101847.

20.	 Ora J, Calzetta L, Matera MG, et al. Advances with 
glucocorticoids in the treatment of asthma: state of the art. 
Expert Opin Pharmacother 2020;21:2305-16.

21.	 Shen XF, Zhou A, Huang Q. An analysis of spleen 
aminopeptide oral lyophilized powder in the treatment 
of children after tonsillectomy. Journal of Clinical 
Otorhinolaryngology, Head, and Neck Surgery 
2017;31:1690-2.

22.	 Yue Y, Liang Q, Shi L, et al. Effect of comprehensive 
nursing intervention on the efficacy of spleen aminopeptide 
combined with aerosol inhalation in the treatment of 
pediatric pneumonia. Pak J Med Sci 2023;39:1086-90.

23.	 Wang J, Ma X, Shang K, et al. Safety and efficacy of spleen 
aminopeptide oral lyophilized powder for improving 
quality of life and immune response in patients with 
advanced breast cancer: a multicenter, randomized, 
double-blind, placebo-controlled clinical trial. Anticancer 
Drugs 2021;32:1067-75.

24.	 Wu Y, Dong X, Wu R, et al. Efficacy and safety of spleen 
aminopeptide oral lyophilized powder in ameliorating liver 
injury in infants and children with human cytomegalovirus 
infection: a single-center study in China. Transl Pediatr 
2021;10:136-45.

25.	 Qing PP, Liu RQ, Lv D. Curative effect of spleen 
aminopeptide oral lyophilized powder combined with 
recombinant human interferon α-2b ointment on verruca 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Ji et al. FUKETUO elevate HDM desensitization on allergic asthma by enhancing IL-10+ Treg5994

© AME Publishing Company. J Thorac Dis 2024;16(9):5981-5994 | https://dx.doi.org/10.21037/jtd-24-398

plana and its influence on T-lymphocyte subsets, IL-2, IL-
4, INF-γ in adolescent patients. Pi Fu Xing Bing Xue Za 
Zhi 2016;38:1-4.

26.	 Chen X, Zhang YY, Ye D, et al. House Dust Mite Specific 
Antibodies induce Neutrophilic Inflammation in the 

Heart. Theranostics 2020;10:8807-17.
27.	 Tibbitt C, Coquet M. House Dust Mite Extract and 

Cytokine Instillation of Mouse Airways and Subsequent 
Cellular Analysis. Bio-protocol 2016;6:e1875.

Cite this article as: Ji Y, Fan L, Wu G, Ding N, Liu C, Wu L,  
Wang L, Huang D, Xu D, Xiao X, Lin L, Liu X. Spleen 
aminopeptides (FUKETUO) elevate the therapeutic effect of 
house dust mite desensitization on allergic asthma by inducing 
interleukin-10 positive regulatory T cells (IL-10+ Tregs) 
expression. J Thorac Dis 2024;16(9):5981-5994. doi: 10.21037/
jtd-24-398


