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Background: Umbilical cord blood mononuclear cells (UCMNCs) show broad immune-modulation 
effects, which may be helpful for treating asthma. Effects of UCMNCs on asthma were investigated with 
mouse model in present study.
Methods: Asthma was induced in BALB/c mice by ovalbumin (OVA) immunization and challenge. 
Asthmatic mice were then treated on days 7 and 20 with intravenous injections of UCMNCs in doses of 
4×105, 2×106, and 107 cells per mouse for the low-dose UCMNC (UCMNCL), medium-dose UCMNC 
(UCMNCM), and high-dose UCMNC (UCMNCH) groups, respectively. Fetal mouse blood mononuclear 
cells (FMMNCs) were administered to FMMNC group at a dose of 2×106 cells per mouse as approximate 
allograft control. Airway hyperresponsiveness (AHR), airway inflammation indexes, and CD4/CD8 T cell 
subsets were measured at day 25.
Results: Compared with the model group, AHR in the UCMNCL group, inflammation score of lung tissue 
in the UCMNCM group, interleukin (IL)-5 in bronchoalveolar lavage fluid (BALF) in UCMNCL group, 
IL-5 and IL-13 in BALF in UCMNCM group, and IL-17 in serum in UCMNCH group were significantly 
inhibited. Compared with the model group, CD4+CD8+ T cells were reduced in the UCMNCL group, while 
decrease of CD4−CD8− T cells and increase of CD4+CD8− T cells were further strengthened in UCMNCM 
group. FMMNC treatment significantly reduced the IL-13 and IL-17 in serum, decreased CD4−CD8− and 
CD4+CD8− T cells, and increased the CD4+CD8+ and CD4−CD8+ T cells in BALF.
Conclusions: UCMNCs can modulate AHR, T-helper (Th)2 inflammation, and airway injury in 

experimental asthma at appropriate dose.
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Introduction

Asthma is a chronic airway disease characterized by variable 
symptoms such as wheezing, coughing, and reversible 
airflow limitation (1). It was estimated that 262 million 
people were affected by asthma in 2019 (2), and the rate 
of incidence is increasing. Over 50% of asthma patients 
have high type 2 inflammation, which modulates immune 
mechanisms that are important in asthma and contributes 
to eosinophilic inflammation, airway hyperresponsiveness 
(AHR), and airway remodeling (3). Inhaled and systemic 
corticosteroids are the cornerstone treatments for asthma, 
but long-term use of corticosteroids may induce multiple 
complications (4). Thus, novel asthma treatments targeting 
inflammation are needed.

Mononuclear cell (MNC) populations in bone marrow 
and umbilical cord blood (UCB) contain high levels of 
progenitor cells such as mesenchymal stem cells (MSCs), 
hematopoietic cells, endothelial progenitor cells, immune 
cells, and various cytokines produced by these cells (5). 
MNCs can be easily separated from bone marrow and 
UCB and used in clinical routines without further in vitro 
manipulation. Compared with MNCs obtained from adult 
bone marrow MNCs (BMMNCs), umbilical cord blood 
MNCs (UCMNCs) have higher cell viability and lower 
reaction to cytotoxic T cells and T-helper (Th)1 cells (5). 
The therapeutic potential of UCMNCs has been reported 
in many animal models involving bronchopulmonary  
dysplasia (6), neonatal lung injury (7), and acute myocardial 
infarction (8), and in some clinical studies for diseases such 
as multiple system atrophy (9) and spastic cerebral palsy (10). 

The non-invasiveness, high accessibility, and few ethical 
constraints of UCMNCs make them a suitable alternative to 
BMMNCs. Some pre-clinical studies have demonstrated that 
systemic or intratracheal administration of BMMNCs has 
anti-asthma effects such as reducing eosinophil infiltration, 
alleviating airway remodeling, and decreasing the level of 
asthmatic inflammatory factors in mice with ovalbumin 
(OVA)-induced asthma (11,12). Various other studies have 
reported anti-asthmatic effects of UCMSCs (13,14).

Although it seems that UCMNCs could be an option for 
asthma treatment, there is little research on this use so far. 
Our study aimed to expand the knowledge by investigating 
the effects of human UCMNCs on AHR, inflammation, 
and tissue injury in an experimental asthma model of mice 
induced by OVA. We present this article in accordance with 
the ARRIVE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1669/rc).

Methods

Animals

The experiments were approved by the Institutional Animal 
Care and Use Committee at Guangdong Laboratory 
Animals Monitoring Institute (No. IACUC2019076), in 
compliance with institutional guidelines for the care and use 
of animals. Specific pathogen-free pregnant and 6-week-old 
male BALB/c mice (20–23 g) were provided by Vital River 
Laboratory Animal Technology Co., Ltd. (Beijing, China). 
Mice were kept under standard conditions (12-h light and 
12-h dark cycle, 23±3 ℃, humidity 40–70%, 4–6 mice per 
cage), and fed with sterilized water and food ad libitum. 
One hundred and forty male mice were randomly divided 
into 7 groups according body weight interval (n=20 per 
group): control group, model group (OVA-induced asthma 
+ saline treatment), dexamethasone group [DEX group: 
OVA-induced asthma + 1 mg/kg DEX (orally)], UCMNC 
treatment groups [low-dose UCMNC (UCMNCL), 
medium-dose UCMNC (UCMNCM), and high-dose 
UCMNC (UCMNCH) groups: OVA-induced asthma + 
UCMNCs (intravenous) at 4×105 cells per mouse, 2×106 
cells per mouse, and 107 cells per mouse, respectively], and 
a fetal mouse blood MNCs (FMMNCs) treatment group 
[FMMNC group: OVA-induced asthma + FMMNCs 
(intravenous) at 2×106 cells per mouse]. The dose gradient 
of UCMNCs was set based on preliminary experiments 
and literatures (12). Some animals died during modeling 
or tail vein injection operations, resulting in differences 
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in the number of animals in different groups at the end of 
experiment.

Human and fetal mouse MNCs

Human UCMNC preparation
The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The good manufacturing 
practice (GMP)-grade human UCMNCs were provided 
by Cedicine Bio-Tech Co., Ltd. (Guangzhou, China). 
Following neonatal delivery, UCB was collected with 
maternal informed consent using a blood collection bag 
containing anticoagulant (Baxter, Deerfield, IL, USA) (15). 
Within 24 hours after collection, the blood was tested for 
pathogens including human immunodeficiency virus (HIV), 
cytomegalovirus, hepatitis B and C, and Treponema pallidum, 
and then MNCs were separated from the UCB by Ficoll-
Paque PLUS (Amersham, Uppsala, Sweden). As assessed 
by flow cytometry, CD34+ and CD133+ cells both exceeded 
1% in the prepared human UCMNCs. Then, the human 
UCMNCs were washed twice in DMEM and cryopreserved 
in sterile cryovials with 10% dimethyl sulfoxide (DMSO) in 
a concentration of 3×107 cells/mL.

FMMNC preparation
The pregnancy of mice was confirmed by the presence of a 
vaginal plug. The pregnant BALB/c mice were euthanized 
by CO2 at the E18. Fetal mouse blood was harvested from 
jugular vein of 10 fetal mice as previously described (16) 
and mixed in a 50 mL centrifuge tube containing a citrate 
anticoagulant. Then, we used Ficoll-Paque PLUS solution 
(Amersham) to separate the MNCs from the blood. The 
FMMNCs of CD34+ and CD133+ cells both exceeded 1% 
of the total.

Cell counts and viability of human UCMNCs and the 
FMMNCs were assessed again with 0.4% trypan blue dye 
before use. The concentrations for intravenous injection 
were then adjusted as follows: 4×103 cells/µL for the 
UCMNCL group, 2×104 cells/µL for the UCMNCM group, 
105 cells/µL for the UCMNCH group, and 2×104 cells/µL 
for the FMMNC group.

OVA sensitization and challenge

Mice were intraperitoneally injected with 25 µg OVA per 
mouse with equal volumes of Imject Alum adjuvant (Thermo 
Fisher, Waltham, MA, USA) in 200 µL saline on days 1, 
7, and 14, and intranasally instilled with 50 µg OVA in  

10 µL saline per mouse during isoflurane anesthesia on days 
21, 22, 23, and 24. The control group was administered 
the same amount of normal saline for sensitization and 
challenge. As most of intravenously injected exogenous cells 
can be enriched at lung capillary network for up to several 
days (17), mice in the treatment groups were intravenously 
injected via tail vein in 30 s with 100 µL of cell suspension 
per mouse with low, medium, or high doses of MNCs on 
days 7 and 20, while the control group and model group 
were treated with normal saline at the same time. DEX was 
administered to the DEX group for 5 days, from days 20 to 24.

Airway responsiveness

The airway responsiveness of the mice was measured using 
Buxco small animal whole-body plethysmography (WBP) 
(DSI, New Brighton, MN, USA) 24 hours after the last 
intranasal provocation. Each animal was unrestrained and 
conscious in WBP for mice and challenged by nebulized 
methacholine (Sigma, St. Louis, MO, USA) in increasing 
concentrations of 0, 1.56, 3.125, 6.25, and 12.5 mg/mL 
for 30 s at each concentration. Enhanced pause (Penh) is a 
dimensionless index based on the expiratory wave shape in 
WBP system, which is correlated with airway resistance (18). 
Average of Penh during the 3 min after each methacholine 
challenge was calculated and the change of Penh was used 
to reflect the airway responsiveness (13).

Analysis of bronchoalveolar lavage fluid (BALF) and 
serum

The BALF and serum were collected from the mice not 
challenged by methacholine after CO2 euthanasia. In total, 
0.7 mL of saline per time for three times was used to lavage 
the lung. The lavage was then pooled and centrifuged at 
2,000 rpm for 10 min. The serum was obtained by cardiac 
puncture. We used Luminex liquid phase chip technology 
(R&D Systems, Minneapolis, MN, USA) to measure the 
interleukin (IL)-4, IL-5, IL-13, and IL-17 levels in the 
supernatant of centrifuged BALF and serum samples. 
Differential leukocyte counts of BALF were analyzed 
with the Sysmex animal hematology analyzer (XN-1000V, 
Sysmex Corporation, Kobe, Japan) (19,20). The cell pallets 
from the BALF were re-suspended with 100 µL of cold 
Hank’s balanced salt solution (HBSS) with 5% fetal bovine 
serum, and incubated with antibodies anti-mouse CD45-
APC-Cy7, anti-mouse CD3-FITC, anti-mouse CD4-
APC, and anti-mouse CD8-Percp-Cy5.5 (BD, Franklin 
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Lakes, NJ, USA) at the manufacturer’s recommended 
concentration at 4 ℃ for 30 min. Then the cells were 
washed with fluorescence-activated cell sorting (FACS) 
buffer and assayed by flow cytometry (FACS Canto2, BD) 
to measure CD4 and CD8 T cell subsets.

Histopathological analysis

Mice were euthanized by CO2 after measuring airway 
responsiveness, and the lung tissues were collected for 
histopathological examination. The left and right lungs 
were fixed with 10% each of neutral formalin and Carnoy’s 
solution. The largest longitudinal section of the lung lobes 
was stained using hematoxylin and eosin (HE). The airway 
inflammation was semi-scored from 0 (normal) to 4 (severe) 
based on inflammatory cell infiltration around the airway.

Statistical analysis

The mice acc identa l ly  d ied before  the endpoint 
measurements or failed in sampling were not included in 
the data analysis. Statistical analysis was performed using 
SPSS Statistics 22.0 (IBM, Armonk, NY, USA). One-way 
analysis of variance (ANOVA) was used for variance analysis 
followed by a post-hoc test for multiple comparisons. For 
the data failed Levene’s homogeneity of variance test, 

Kruskal-Wallis test and Mann-Whitney U test were used. A 
P value <0.05 was taken as significant.

Results

Airway responsiveness

Compared with the control group, airway responsiveness 
was significantly higher in the model group, which could 
be markedly suppressed by DEX administration (all had 
a P value <0.01 at 1.56–12.5 mg/mL of methacholine). 
Compared with the model group, only the UCMNCL 
group had a significant decrease in airway responsiveness 
to a challenge of 1.56–6.25 mg/mL methacholine, while 
the FMMNC group showed a somewhat but not significant 
decrease of airway responsiveness (Figure 1).

Leukocyte counts in BALF

Compared with control group, the counts of total leukocytes, 
as well as eosinophils, neutrophils, and lymphocytes in the 
BALF were significantly higher in the model group (P<0.05), 
while DEX administration showed marked inhibition on 
the total and differential leukocyte counts. A somewhat but 
not significant decrease of eosinophils was shown in the 
UCMNCM group and the FMMNC group (Figure 2).

Histopathological evaluation of airway inflammation

Histopathological examination and semi-scoring of sections 
stained with HE showed a significant increase of airway 
inflammatory infiltration in all mice with OVA-induced 
asthma. The inflammation scores were significantly 
decreased only in the DEX group and UCMNCM group 
(P<0.05) (Figure 3).

Cytokine levels in BALF and serum

Compared with the control group, levels of IL-4, IL-5, 
and IL-13 in BALF, and levels of IL-5, IL-13, and IL-17 in 
serum were significantly increased in the model group. The 
DEX group showed significant suppression of IL-4, IL-5, 
and IL-13 levels in BALF, and of IL-5 and IL-13 levels in 
serum. The UCMNCL group had significant inhibition of 
only IL-5 in BALF. In the UCMNCM group, IL-5 and IL-13  
were significantly reduced in BALF, and IL-5 and IL-13 
were somewhat but not significantly reduced in serum (both 
P<0.1). The UCMNCH had significant inhibition of only 
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Figure 1 Effect of UCMNCs on airway responsiveness in mice 
with OVA-induced asthma. Data are expressed as mean ± standard 
deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. 
model group; n=9 for DEX group and UCMNCH group, n=10 for 
other groups. UCMNCL, UCMNCM, and UCMNCH: intravenous 
injection of 4×105, 2×106, and 107 UCMNCs per mouse, 
respectively; FMMNC: intravenous injection of 2×106 FMMNCs 
per mouse. Penh, enhanced pause; Mch, methacholine; DEX, 
dexamethasone; UCMNC, umbilical cord blood mononuclear 
cell; UCMNCL, low-dose UCMNC; UCMNCM, medium-dose 
UCMNC; UCMNCH, high-dose UCMNC; FMMNC, fetal 
mouse blood mononuclear cell; OVA, ovalbumin.
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Figure 2 Effect of UCMNCs on leukocyte infiltration in BALF of mice with OVA-induced asthma. Data are expressed as mean ± standard 
deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. model group; n=6 for DEX group, n=8 for UCMNCH group, and n=10 for 
other groups. UCMNCL, UCMNCM, and UCMNCH: intravenous injection of 4×105, 2×106, and 107 UCMNCs per mouse, respectively; 
FMMNC: intravenous injection of 2×106 FMMNCs per mouse. DEX, dexamethasone; UCMNC, umbilical cord blood mononuclear cell; 
UCMNCL, low-dose UCMNC; UCMNCM, medium-dose UCMNC; UCMNCH, high-dose UCMNC; FMMNC, fetal mouse blood 
mononuclear cell; BALF, bronchoalveolar lavage fluid; OVA, ovalbumin.

IL-17 in the serum. The suppressive effects of UCMNCs 
on IL-5 in BALF and IL-13 in serum for the UCMNCH 
group were slight but not significant (both P<0.1). In 
the allograft control (FMMNC) group, a medium dose 
of treatment significantly reduced IL-13 and IL-17 in 
serum, with slight inhibition of IL-5 in BALF (P<0.1). 
These results were similar to the effects of a high dose of 
UCMNCs (Figures 4,5).

CD4 and CD8 T cell subsets

Compared with the control group, the CD4−CD8− T 
cells in BALF were increased and the CD4+CD8− T 

cells and CD4/CD8 ratio were decreased in the model 
group. Compared with the model group, DEX treatment 
significantly increased the CD4−CD8− T cells and decreased 
the CD4+CD8− T cells. UCMNC treatments dose-
dependently reduced the CD4−CD8− T cells and increased 
the CD4+CD8− T cells in BALF of the asthmatic mice, 
with statistically significant effects in the UCMNCH group. 
Additionally, CD4+CD8+ T cells were significantly reduced 
in the UCMNCL group. FMMNCs modulated T cell 
subsets of asthmatic mice airways in a pattern that differed 
from treatment with UCMNCs and DEX. The FMMNC 
group had markedly increased CD4+CD8+ and CD4−CD8+ 
T cells and decreased CD4−CD8− and CD4+CD8− T cells, 
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Figure 3 Effect of UCMNCs on airway inflammation in mice with OVA-induced asthma. The largest longitudinal section of the lung 
lobes was stained using HE. The airway inflammation was semi-scored from 0 (normal) to 4 (severe) based on inflammatory cell infiltration 
around the airway. Data are expressed as mean ± standard deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. model group; n=6 
for DEX group, n=8 for UCMNCH group, and n=10 for other groups. Bar =200 μm. UCMNCL, UCMNCM, and UCMNCH: intravenous 
injection of 4×105, 2×106, and 107 UCMNCs per mouse, respectively; FMMNC: intravenous injection of 2×106 FMMNCs per mouse. DEX, 
dexamethasone; UCMNC, umbilical cord blood mononuclear cell; UCMNCL, low-dose UCMNC; UCMNCM, medium-dose UCMNC; 
UCMNCH, high-dose UCMNC; FMMNC, fetal mouse blood mononuclear cell; OVA, ovalbumin; HE, hematoxylin and eosin.

and the CD4/CD8 ratio was reversed (Figure 6).

Discussion

Asthma is a chronic airway disease with symptoms including 
reversible airflow restriction and AHR. Allergy-induced 
Th1/Th2 immune imbalance and eosinophilic inflammation 
are the key pathological mechanisms. In present research, 
it was showed that UCMNCs could significantly reduce 
levels of IL-5, IL-13, and eosinophilic infiltration, and 
suppress AHR in airways of asthmatic mice. These suggest 
a potential use for UCMNCs in treating asthma.

Elevation of Th2-related cytokines IL-4, IL-5, and IL-13  
can induce expression of immunoglobulins in B cells, 
attraction and activation of eosinophils, metaplasia of 
epithelial goblet cells, and hyperplasia of smooth muscle, 

resulting in airway inflammation, mucus hypersecretion, 
and AHR (21). Several therapies targeting IL-4, IL-5, and 
IL-13 have shown encouraging results in clinical trials for 
severe asthma (22,23). In this study, intravenous injection 
of UCMNCs showed inhibitory effect on IL-5 in BALF 
of asthmatic mice, with the strongest inhibition produced 
in the UCMNCM group (2×106 UCMNCs per mouse). In 
addition, the same dose of UCMNCs also had a significant 
inhibitory effect on the IL-13 in BALF and showed an 
inhibitory trend (though not statistically significant) in 
the IL-5 and IL-13 in serum. One possible reason may be 
that the injected exogenous UCMNCs tend to be enriched 
in the capillary network of lung (24), which may alter the 
effect degrees of intravenously injected UCMNC on the 
inflammation cytokines in lung (BALF) and in peripheral 
blood (serum). However, this down-regulation in cytokines 
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Figure 4 Effect of UCMNCs on inflammatory cytokines in BALF of mice with OVA-induced asthma. Data are expressed as mean ± 
standard deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. model group; n=5. UCMNCL, UCMNCM, and UCMNCH: 
intravenous injection of 4×105, 2×106, and 107 UCMNCs per mouse, respectively; FMMNC: intravenous injection of 2×106 FMMNCs 
per mouse. IL, interleukin; BALF, bronchoalveolar lavage fluid; DEX, dexamethasone; UCMNC, umbilical cord blood mononuclear cell; 
UCMNCL, low-dose UCMNC; UCMNCM, medium-dose UCMNC; UCMNCH, high-dose UCMNC; FMMNC, fetal mouse blood 
mononuclear cell; OVA, ovalbumin.

Figure 5 Effect of UCMNCs on inflammatory cytokines in serum of mice with OVA-induced asthma. Data are expressed as mean ± 
standard deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. model group; n=5. UCMNCL, UCMNCM, and UCMNCH: 
intravenous injection of 4×105, 2×106, and 107 UCMNCs per mouse, respectively; FMMNC: intravenous injection of 2×106 FMMNCs 
per mouse. IL, interleukin; DEX, dexamethasone; UCMNC, umbilical cord blood mononuclear cell; UCMNCL, low-dose UCMNC; 
UCMNCM, medium-dose UCMNC; UCMNCH, high-dose UCMNC; FMMNC, fetal mouse blood mononuclear cell; OVA, ovalbumin.
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Figure 6 Effect of UCMNCs on CD4/CD8 lymphocyte subsets in BALF of mice with OVA-induced asthma. (A) CD4/CD8 lymphocyte 
cells were gating from CD3+CD45+ cells using flow cytometry. (B) Effect of UCMNCs on CD4/CD8 lymphocyte subsets in BALF. Data 
are expressed as mean ± standard deviation. ##, P<0.01 vs. control group; *, P<0.05, **, P<0.01 vs. model group; n=5. UCMNCL, UCMNCM, 
and UCMNCH: intravenous injection of 4×105, 2×106, and 107 UCMNCs per mouse, respectively; FMMNC: intravenous injection of 2×106 
FMMNCs per mouse. IL, interleukin; DEX, dexamethasone; UCMNC, umbilical cord blood mononuclear cell; UCMNCL, low-dose 
UCMNC; UCMNCM, medium-dose UCMNC; UCMNCH, high-dose UCMNC; FMMNC, fetal mouse blood mononuclear cell; BALF, 
bronchoalveolar lavage fluid; OVA, ovalbumin.
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is consistent with the suppression of airway inflammation 
revealed by histology and the eosinophil inflammation in 
cytology analysis in this study. Our results suggest that 
human UCMNC administration can reduce Th2-related 
cytokines such as IL-5 and IL-13 and inhibit asthmatic 
airway inflammation and injury. However, besides the Th2 
cells, IL-5 and IL-13 can be also produced by various cells 
such as type 2 innate lymphoid cells and mast cells. Thus, 
the target immune cells modulated by UCMNC in treating 
OVA-induced asthma in mouse model are still unclear in 
present study.

IL-17 is considered to be associated with neutrophilic 
inflammation and corticoid resistance in severe asthma (25). 
Although the OVA challenge does not always elevate airway 
IL-17 levels in mice, as shown in the present study and 
one other report (26), the significant increase in neutrophil 
infiltration in BALF and IL-17 level in serum suggests 
neutrophilic inflammation in the asthmatic mice. Both 
high-dose human UCMNCs and FMMNCs significantly 
reduced IL-17 levels in asthmatic mouse serum, but they 
did not decrease neutrophil infiltration in the mouse 
airways. Thus, the exact mechanism and effect of UCMNC 
on neutrophilic inflammation in asthma has not yet been 
determined. Asthma animal models using house dust mite 
or toluene diisocyanate, which have been reported to induce 
more typical airway neutrophilic inflammation (27,28), may 
be helpful in examining this.

AHR is one of the main physiological symptoms of 
asthma. Airway inflammation, airway remodeling, and 
dysfunction of peripheral nerve control are all involved in 
AHR (29,30). Interestingly, the inhibitory effect of human 
UCMNCs on airway responsiveness to methacholine 
occurred only in the UCMNCL group, while their 
inhibitory effect on type 2 inflammation and eosinophil 
infiltration appeared in higher doses. This suggests that 
the effect of UCMNCs on inhibiting AHR is independent 
of their anti-inflammatory effect. A relative dissociation 
between AHR and inflammatory infiltration has been 
reported in asthmatic patients, indicating that airway 
wall remodeling or autonomic nerve dysfunction may 
be more closely related to AHR (31). However, a low 
dose of UCMNCs did not significantly affect airway wall 
remodeling in our study. Thus, it is worth exploring the 
effect of UCMNCs on airway neurological dysfunction 
in asthma, which has been found as an important target 
in radio-frequency ablation therapy for severe asthma and 
chronic obstructive pulmonary disease (32,33).

It has been reported that xenograft and allograft can 

produce different effect on the immune functions of 
recipient (34). Our study used mice injected with FMMNCs 
as an approximate allogenic control to discover possible 
xenogeneic interference of human cell administration (35). 
We found some similarity between the FMMNC group 
and the human UCMNC groups in effects on AHR and 
inflammatory cytokines. However, effects of allograft MNC 
on the airway CD4/CD8 T cell subsets in mice were quite 
different from those of human UCMNC xenograft. Our 
results showed that high dose of UCMNCs significantly 
increased the airway CD4+CD8− Th cells in asthmatic 
mice, while FMMNCs significantly increased the CD4−

CD8+ T-killer cells and decreased the CD4+CD8− Th cells. 
In a study of mouse xenograft heart transplantation, it was 
found that the rejection of recipient mice to xenograft rat 
heart mainly depends on CD4 T cells, and the presentation 
of donor antigens by the mouse’s major histocompatibility 
complex (MHC) II is crucial in xenograft rejection (36). In 
present study, human UCMNC intravenously injected into 
mice was a xenograft and also caused a significant increase in 
CD4 T cells, which may also be related to the presentation 
of human UCMNC cell antigens by the MHC II of mouse 
antigen presentation cells. But it should be noted that the 
mechanism for rejection in one transplant model do not 
necessarily work for another transplant model. The details 
about the rejection of human UCMNC allograft in asthma 
patients should be accessed in future clinical research. This 
suggests that species difference should be considered when 
applying the pre-clinical findings from mice in our study to 
future asthma patients.

UCMNCs consist  of  hematopoietic stem cells , 
MSCs, and immune cells (5). MSCs have multiple 
immunomodulatory effects on Th2 cells, type 2 innate 
lymphoid cells, and regulatory T (Treg) cells, and anti-
asthmatic effects of cultured pure MSCs have been broadly 
reported in preclinical animal studies (37). Besides, CD11b+ 
cells (monocytes, macrophages, dendritic cells) in MNCs 
can also contribute to the anti-asthmatic effects possibly 
by promoting M2 macrophages and Treg cells (12). But in 
this study, the best effects of human MNC administration 
on airway inflammation and AHR did not occur at the 
highest dose, but instead at low or medium doses. This 
untypical dose-response relationship is not rare in studies 
of cell therapy (14,38). One possible reason is that a high 
dose of cell injection may cause pulmonary microvascular 
obstruction (39). Also, hematopoietic stem cells in MNC 
may be enriched in airways after intravenous injection 
and differentiate into eosinophils under the induction 
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of an allergic inflammatory microenvironment (40). These 
conditions may interfere the therapeutic effect of leukocytes 
and MSCs on asthmatic airway inflammation (12). Therefore, 
cell dose and risk-benefit balance might need to be carefully 
considered when using UCMNCs to treat asthma. It’s 
better to choose a relatively low dose in future preclinical 
or clinical researches and intratracheally instilling 
UCMNC might help reduce the risk and enhance the 
effect (14). Besides, the intervention protocol of UCMNC 
might be further optimized in the administration route, 
frequency, and treatment timing through specially designed 
experiments in future research.

Conclusions

The present study shows that intravenous administration of 
human UCMNC can inhibit AHR, Th2 inflammation, and 
airway injury in mice with OVA-induced asthma. UCMNCs 
at the appropriate dose may be a potential solution for 
treating asthma.
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