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Ventilator‑induced lung injury (VILI) results from injury 
to the barrier dysfunction and inflammatory reaction 

Role of Glutamine in the Mediation of E‑cadherin, 
p120‑catenin and Inflammation in Ventilator‑induced Lung 

Injury
Jian‑Lei Qiu1,2, Bai‑Ling Song3, Yu‑Juan Wang4, Fu‑Tao Zhang5, Yue‑Lan Wang1

1Department of Anesthesiology, Shandong Provincial Qianfoshan Hospital, Shandong University, Jinan, Shandong 250014, China
2Department of Anesthesiology, Dezhou People’s Hospital, Dezhou, Shandong 253014, China

3Department of Surgery, Rizhao People’s Hospital, Rizhao, Shandong 276826, China
4Department of Anesthesiology, Rizhao People’s Hospital, Rizhao, Shandong 276826, China

5Department of Emergency, Dezhou People’s Hospital, Dezhou, Shandong 253014, China

Background: Ventilator‑induced lung injury (VILI) is commonly associated with barrier dysfunction and inflammation reaction. 
Glutamine could ameliorate VILI, but its role has not been fully elucidated. This study examined the relationship between inflammatory 
cytokines (interleukin [IL]‑6, tumor necrosis factor [TNF]‑α, and IL‑10) and adherens junctions (E‑cadherin, p120‑catenin), which were 
ameliorated by glutamine in VILI, both in vitro and in vivo.
Methods: For the in vivo study, 30 healthy C57BL/6 mice weighing 25–30 g were randomly divided into five groups with random 
number table (n = 6 in each group): control (Group C); low tidal volume (Group L); low tidal volume + glutamine (Group L + G); high 
tidal volume (Group H); and high tidal volume + glutamine (Group H + G). Mice in all groups, except Group C, underwent mechanical 
ventilation for 4 h. For the in vitro study, mouse lung epithelial 12 (MLE‑12) cells pretreated with glutamine underwent cyclic stretching 
at 20% for 4 h. Cell lysate and lung tissue were obtained to detect the junction proteins, inflammatory cytokines, and lung pathological 
changes by the Western blotting, cytokine assay, hematoxylin and eosin staining, and immunofluorescence.
Results: In vivo, compared with Group C, total cell counts (t = −28.182, P < 0.01), the percentage of neutrophils (t = −28.095, P < 0.01), 
IL‑6 (t = −28.296, P < 0.01), and TNF‑α (t = −19.812, P < 0.01) in bronchoalveolar lavage (BAL) fluid, lung injury scores (t = −6.708, P < 
0.01), and the wet‑to‑dry ratio (t = −15.595, P < 0.01) were increased in Group H; IL‑10 in BAL fluid (t = 9.093, P < 0.01) and the expression 
of E‑cadherin (t = 10.044, P < 0.01) and p120‑catenin (t = 13.218, P < 0.01) were decreased in Group H. Compared with Group H, total 
cell counts (t = 14.844, P < 0.01), the percentage of neutrophils (t = 18.077, P < 0.01), IL‑6 (t = 18.007, P < 0.01), and TNF‑α (t = 10.171, 
P < 0.01) in BAL fluid were decreased in Group H + G; IL‑10 in BAL fluid (t = −7.531, P < 0.01) and the expression of E‑cadherin (t = 
−14.814, P < 0.01) and p120‑catenin (t = −9.114, P < 0.01) were increased in Group H + G. In vitro, compared with the nonstretching group, 
the levels of IL‑6 (t = −21.111, P < 0.01) and TNF‑α (t = −15.270, P < 0.01) were increased in the 20% cyclic stretching group; the levels of 
IL‑10 (t = 5.450, P < 0.01) and the expression of E‑cadherin (t = 17.736, P < 0.01) and p120‑catenin (t = 16.136, P < 0.01) were decreased 
in the 20% cyclic stretching group. Compared with the stretching group, the levels of IL‑6 (t = 11.818, P < 0.01) and TNF‑α (t = 8.631, 
P < 0.01) decreased in the glutamine group; the levels of IL‑10 (t = −3.203, P < 0.05) and the expression of E‑cadherin (t = −13.567, P < 
0.01) and p120‑catenin (t = −10.013, P < 0.01) were increased in the glutamine group.
Conclusions: High tidal volume mechanical ventilation and 20% cyclic stretching could cause VILI. Glutamine regulates VILI by 
improving cytokines and increasing the adherens junctions, protein E‑cadherin and p120‑catenin, to enhance the epithelial barrier function.
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caused by mechanical ventilation irregularly in general 
anesthesia and intensive care units.[1‑3] It is characterized 
by increased alveolar permeability and pulmonary edema. 
Major underlying mechanisms have indicated that the 
injury includes volutrauma due to alveolar overdistension, 
atelectrauma due to ventilation at low lung volumes, and 
biotrauma with the release of mediators in the lung.[4] 
However, there are limited methods to prevent VILI, protect 
the lung issue, and avoid the damage.

Glutamine is a conditional essential amino acid and plays an 
important role in energy source for cell proliferation.[5] Recent 
studies showed that glutamine possessed immunomodulatory 
function, which could attenuate the release of tumor 
necrosis factor (TNF‑α), interleukin‑1β (IL‑1β), IL‑6, and 
IL‑8 caused by oxidative stress and prevent lung injury in 
acute respiratory distress syndrome (ARDS).[6‑8] Glutamine 
could ameliorate a loss of epithelial barrier function and 
epithelial proliferation caused by total parenteral nutrition 
by upregulating E‑cadherin and β‑catenin expression.[9] 
Pretreatment of glutamine could be useful for VILI, but the 
exact mechanism remains unknown.

In this study, we used models of VILI in vivo and in vitro 
to explore the protective effect mechanisms of glutamine 
in VILI, which could be a novel manner of prevention and 
treatment in VILI.

Methods

Cell culture, treatment with glutamine, and cyclic 
stretching
Mouse alveolar epithelial (MLE‑12) cells were purchased 
from the American Type Culture Collection (Manassas, 
VA, USA). MLE‑12 cells were plated at a density of 
5 × 105 cells/ml on culture dishes or collagen I‑coated flexible 
bottom BioFlex plates (Flexcell International, McKeesport, 
PA, USA) in Dulbecco’s Modified Eagle Medium: Nutrient 
Mixture F‑12 (DMEM/F12) (Gibco, Grand Island, NY, 
USA) with 10% fetal bovine sera (Gibco) and 100 U/ml 
penicillin and 100 µg/ml streptomycin, maintained at 37°C 
in an atmosphere of 5% CO2 in air, and pH 7.4 for 48 h. 
MLE‑12 monolayers were serum‑deprived for 2 h before 
experiments. For the study, glutamine (Cayman Chemical, 
Michigan, USA) (4 mmol/L) was added to the plate of 
confluent MLE‑12 cells 60 min before cyclic stretching.[10,11]

MLE‑12 cells on collagen‑coated flexible bottom BioFlex 
plates were exposed to cyclic stretching using a FX‑5000T 
Flexercell Tension Plus system (Flexcell International) 
equipped with a 25‑mm BioFlex loading station. After a 48 h 
culture, cell monolayers were mounted onto the Flexercell 
system with a cyclic stretching pattern of a frequency 0.5 Hz 
for 30 cycles/min and a stretch‑to‑relaxation relation of 
1:1.[10,11] Cyclic stretching was conducted at 20% of the 
change in the basement membrane surface area applied in 
a cyclic manner. These surface area changes correspond to 
80% of total lung capacity.[12,13] The cyclic stretching time 
was 4 h at 37°C in a humidified incubator containing 5% 

CO2. A computer controlled all processes. Nonstretched cells 
were used as controls.

Animals and grouping
Thirty healthy C57BL/6 mice weighing 25–30 g were 
purchased from the Laboratory Animal Center of Shandong 
University. All animal procedures were reviewed and 
approved by the Laboratory Animal Ethics Committee of 
Shandong University. Mice, which were housed in a specific 
pathogen‑free conditions and used in experiments at 8–9 weeks 
of age, were randomly divided into five groups (n = 6 in each 
group): control (Group C); low tidal volume (Group L); 
low tidal volume + glutamine (Group L + G); high tidal 
volume (Group H); and high tidal volume + glutamine 
(Group H + G).

Experimental protocol
Mice in Group C were not treated with anything. Mice in the 
other four groups were treated with mechanical ventilation 
for 4 h using an ALC‑V8 animal ventilator (Shanghai Alcott 
Biotech Co., Shanghai, China). Mice were treated with a 
tidal volume of 7 ml/kg, a respiratory rate of 120 times/min, 
and positive end‑expiratory pressure (PEEP) of 5 cm 
H2O in Group L and Group L + G, and a tidal volume of 
20 ml/kg, a respiratory rate of 40 times/min, and PEEP 
of 0 cm H2O in Group H and Group H + G. The common 
ventilation parameters were set as follows: I/E ratio of 
1:2, and a fraction of inspired oxygen of 21%. Mice in 
Group L + G and Group H + G were pretreated with 
glutamine (0.75 g/kg at an intravenous (IV) bolus) for 
30 min before anesthesia.

Animals were anesthetized by intraperitoneal injection of 
pentobarbital sodium (60 mg/kg) and ketamine (80 mg/kg). 
Anesthesia was maintained by infusion of pentobarbital at 
15 mg/kg every 30 min through the tail vein. Muscle relaxation 
was maintained with pancuronium (2 mg·kg−1·h−1).[14] Vital 
signs of mice were monitored with Mouse Ox pulse oximetry 
system (Starr Life Sciences Inc., USA).

Tissue processing
After 4 h of mechanical ventilation, mice were sacrificed, and 
the lung injury score was recorded. Acute lung injury (ALI) 
was scored according to the following four items: alveolar 
congestion, hemorrhage, infiltration or aggregation of 
neutrophils in the airspace or the vessel wall, and thickness 
of the alveolar wall/hyaline membrane formation. Each item 
was graded according to a 5‑point scale: (0) minimal (little) 
damage; (1) mild damage; (2) moderate damage; (3) severe 
damage; and (4) maximal damage.[15] Total score was the 
four items summed. The lungs were removed; the right lung 
upper lobe was quickly frozen in liquid nitrogen, which was 
used for the western blotting, and the remnant right lung 
tissue was fixed in 4% paraformaldehyde for 48–72 h for 
hematoxylin and eosin (H and E) staining. The left lung was 
lavaged to collect the bronchoalveolar lavage (BAL) fluid 
for the cytokine detection, and then used to calculate the 
pulmonary wet‑to‑dry (W/D) ratio to quantify the magnitude 
of pulmonary edema. After measuring the wet lung weight, 
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tissues were incubated in a 70°C incubator for 72 h to gain 
the dry weight.

Bronchoalveolar lavage fluid
The neck and chest of the mice were dissected, the trachea 
and right lung lobe were ligated. The lungs were washed with 
phosphate buffer saline (PBS) (0.3 ml) three times through 
the puncture needle, which was inserted into the upper of 
the trachea. The recovered lavage fluid was centrifuged at 
1500 ×g for 10 min at 4°C. The liquid supernatant was used 
for the detection of cytokines.

Immunofluorescence and histological analysis
For the in vitro study, after cyclic stretching, the plates with 
the cyclic stretching cells were washed with cold PBS, 
and the cells were fixed in 4% formaldehyde (10 min) and 
incubated in 1% bovine serum albumin (Solarbio, Beijing, 
China) for 1 h. The cells were then incubated with rabbit 
anti‑E‑cadherin polyclonal antibody overnight at 4°C. After 
washing with cold PBS, the cells were incubated for 1 h at 
37°C with the secondary antibody (green) goat anti‑rabbit 
IgG (H + L). 4’,6‑diamidino‑2‑phenylindole (Solarbio) was 
used to stain cell nuclei (blue) for 3 min. Then, fluorescence 
microscopy was used to observe the protein changes due to 
cyclic stretching.

For the in vivo study, lung tissues blocked by embedding 
in paraffin were sectioned (5 mm thick) and stained 
with H and E according to the protocol, which was well 
established. Hematoxylin was applied for 5 min, and eosin 
was applied for 2 min. Then, the lung histology changes 
were observed through light microscopy.

Cytokine assays
In vivo, levels of TNF‑α, IL‑6, and IL‑10 in BAL fluid 
samples (n = 6/group) were detected using enzyme‑linked 
immunosorbent assay (ELISA) kits (Dakewe, Beijing, China) 
according to the manufacturer’s instructions. In vitro, after the 
experiments, cell culture media were collected and centrifuged 
at 1000 ×g for 3 min, and the liquid supernatant was frozen 
at −80°C. The cytokines were quantified using the ELISA 
kits. The mRNA level of cytokines was measured using 
real‑time polymerase chain reaction (PCR) according to the 
manufacturer’s instructions. Each sample was tested in triplicate. 
Total RNA was isolated with TRIzol (Invitrogen, Paisley, UK). 
cDNA was synthesized with TaKaRa PrimeScript™ reagent 
kit (TAKARA, Kusatsu, Japan). PCR reactions were performed 
with SYBR Premix Ex Tap II (Tli RNaseH Plus) (TAKARA). 
The threshold amplification cycle number was determined for 
each reaction within the linear phase of the amplification plot, 
and relative gene expression was determined using the 2−ΔΔCt 
method. The values were normalized against the housekeeping 
gene GAPDH.

Western blotting
For the in vivo study, tissue fragments were lysed in 
radioimmunoprecipitation assay buffer supplemented with 
a cocktail of protease inhibitors. For the in vitro study, for 
the preparation of total cell extracts, monolayer cultures 

were washed in cold PBS and lysed in the appropriate 
amount of radioimmunoprecipitation assay (Beyotime, 
Shanghai, China) buffer supplemented with the protease 
inhibitor phenylmethylsulfonylfluoride (Beyotime). The 
lysate was collected, and the protein concentration was 
determined using a bicinchoninic acid protein assay kit. 
Equal amounts of protein were denatured and separated on 
10% SDS‑PAGE gels and then transferred to polyvinylidene 
difluoride membranes (Bio‑Rad, Hercules, CA, USA) 
for electrophoresis at 100 V for 1 h. After blocking with 
skim milk (5%), the appropriate primary antibodies 
(Abcam, Cambridge, MA, USA) were added and incubated 
overnight at 4°C. The horseradish peroxidase‑conjugated 
secondary antibody (Abcam) was added to the 37°C shaking 
incubator for 1 h. After sequential washing of membranes in 
T‑PBS to remove excess secondary antibody, signals were 
detected by chemiluminescence using the ECL system. 
Relative band densities of the various proteins were measured 
from scanned films using ImageJ Software (National Institutes 
of Health, Bethesda, MD, USA).[16]

Statistical analysis
Representative experiments from at least three independent 
experiments are shown. Statistical analysis was performed 
using the SPSS 19.0 statistics package (IBM, Armonk, 
NY, USA). All data are expressed as the mean ± standard 
deviation. Statistical differences were assessed using the 
Student’s t‑test. P < 0.05 was considered statistically significant.

results

Acute lung injury caused by high tidal volume 
mechanical ventilation in mice
Mice treated with high tidal volume mechanical ventilation 
for 4 h could lead to ALI. Compared with Group C, total 
cell counts [Figure 1a] and the percentage of neutrophils 
[Figure 1b] in BAL fluid were higher in Group H (total cell 
counts, t = −28.182, P < 0.01; percentage of neutrophils, 
t = −28.095, P < 0.01) and were not significantly changed in 
Group L (total cell counts, t = −2.175, P = 0.055; percentage of 
neutrophils, t = −1.927, P = 0.083). After treatments, compared 
with Group C, lung injury scores and the W/D ratio [Table 1] 
were measured using the procedures mentioned above, were 
increased in Group H (lung injury scores, t = −6.708, P < 
0.01; ratio of wet/dry, t = −15.595, P < 0.01), and were not 
significantly changed in Group L (lung injury scores, t = −1.746, 
P = 0.111; ratio of wet/dry, t = −1.678, P = 0.124). Compared 
with Group C and Group L, H and E staining  showed that 
alveolar congestion, infiltration or aggregation of neutrophils 
in the airspace or the vessel wall, and thickening of the alveolar 
wall were caused in Group H, and H and E staining in Group L 
was not significantly changed [Figure 2].

Cytokines and adherens junctions, E‑cadherin and 
p120‑catenin, change caused by high tidal volume 
mechanical ventilation in mice
After mechanical ventilation, level of cytokines in BAL 
fluid was measured using ELISA. Compared with Group C, 
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the level of IL‑6 [Figure 3a] and TNF‑α [Figure 3b] in BAL 
fluid was increased in Group H (IL‑6, t = −28.296, P < 0.01; 
TNF‑α, t = −19.812, P < 0.01) and was not significantly 

changed in Group L (IL‑6, t = −1.910, P = 0.085; TNF‑α, t 
= −2.027, P = 0.070). While the level of IL‑10 [Figure 3c] 
in BAL fluid was reduced in Group H (t = 9.093, P < 0.01), 
it was not significantly changed in Group L (t = 1.509, 
P = 0.162). The barrier function proteins also changed 
after the mechanical ventilation in mice. Compared with 
Group C [Figure 4], the expression of E‑cadherin and 
p120‑catenin was decreased in Group H (E‑cadherin, 
t = 10.044, P < 0.01; p120‑catenin, t = 13.218, P < 0.01) 
and was not significantly changed in Group L (E‑cadherin, 
t = 1.156, P = 0.312; p120‑catenin, t = 1.298, P = 0.264).

Glutamine can alleviate inflammatory and barrier 
function caused by high tidal volume mechanical 
ventilation in mice
Glutamine (0.75 g/kg at an intravenous bolus) was pretreated 
for 30 min before mechanical ventilation in Group L + G and 
Group H + G. We found that glutamine could alleviate the lung 
injury caused by high tidal volume mechanical ventilation. 
Compared with Group H, total cell counts [Figure 1a], 
the percentage of neutrophils [Figure 1b], and the levels 
of IL‑6 [Figure 3a] and TNF‑α [Figure 3b] in BAL fluid 
decreased in Group H + G (total cell counts, t = 14.844, 

Table 1: Lung injury scores and ratio of wet/dry weight 
in all groups in vivo (n = 6 in each group)

Group Lung injury scores Ratio of wet/dry
Group C 0.67 ± 0.82 4.11 ± 0.19
Group L 1.50 ± 0.84 4.27 ± 0.13
Group L + G 1.33 ± 1.03 4.24 ± 0.11
Group H 4.67 ± 1.21*‡ 5.79 ± 0.18*‡

Group H + G 2.83 ± 0.75† 4.84 ± 0.14†

Data are presented as mean ± SD. *P<0.01 versus Group C (lung injury 
scores, t = −6.708, P < 0.01; ratio of wet/dry, t = −15.595, P < 0.01); 
†P<0.05 versus Group H (lung injury scores, t = 3.149, P < 0.05; ratio 
of wet/dry, t = 10.017, P < 0.01); ‡P < 0.01 versus Group L (lung injury 
scores, t = −5.270, P < 0.01; ratio of wet/dry, t = −16.869, P < 0.01). 
Data are representative of 6 independent experiments. Lung injury was 
scored in each sample according to the following four items: Alveolar 
congestion, hemorrhage, infiltration or aggregation of neutrophils in 
airspace or the vessel wall, and thickness of the alveolar wall/hyaline 
membrane formation. Each item was graded according to a 5‑point 
scale ‑ 0: Minimal (little) damage; 1: Mild damage; 2: Moderate damage; 
3: Severe damage; 4: Maximal damage. SD: Standard deviation.

d

cba
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Figure 2: Histological observation of lung injury in Group C, Group L, Group L + G, Group H and Group H + G. Lung tissue sections were 
stained with hematoxylin and eosin (original magnification ×200). One representative image of lung microscopic photograph in (a) Group C, (b) 
Group L, (c) Group L + G, (d) Group H, (e) Group H + G, in three independent experiments is shown.

Figure 1: Total cells account and neutrophils (%) in BAL fluid after mechanical ventilation. Mice were treated with glutamine before 4 h’s mechanical 
ventilation. (a) Total cells account in BAL fluid; (b) neutrophils (%) in BAL fluid. *P < 0.05, compared with Group C; †P < 0.05, compared with 
Group L; ‡P < 0.05, compared with Group H. Data are representative of 6 independent experiments. BAL: Bronchoalveolar lavage.
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P < 0.01; percentage of neutrophils, t = 18.077, P < 0.01; 
IL‑6, t = 18.007, P < 0.01; TNF‑α, t = 10.171, P < 0.01). 
Compared with Group H, the level of IL‑10 [Figure 3c] 
in BAL fluid increased in Group H + G (t = −7.531, P < 
0.01). From the H and E staining results, compared with 
Group H [Figure 2], the degree of lung injury was alleviated 
in Group H + G. At the same time, glutamine could enhance 
the barrier function by regulating the expression of adherens 
junctions E‑cadherin and p120‑catenin. Compared with 
Group H [Figure 4], the expression of E‑cadherin and 
p120‑catenin increased in Group H + G (E‑cadherin, 
t = −14.814, P < 0.01; p120‑catenin, t = −9.114, P < 0.01).

Twenty percent cyclic stretching mediated the 
downregulation of E‑cadherin and p120‑catenin and 
the level of interleukin‑6, tumor necrosis factor‑α and 
upregulation of interleukin‑10
MLE‑12 cells were randomly divided into three groups as 
follows: a sham group, with nonstretching; a stretching group, 
with 20% cyclic stretching for 4 h; and a glutamine group, 
pretreated with glutamine for 60 min before 20% cyclic 
stretching. The protein level of cytokines was detected by 
ELISA, the mRNA level by real‑time PCR, and E‑cadherin 
and p120‑catenin levels by the western blotting. Compared 
with the nonstretching group, the levels of IL‑6 [Figure 5a and 
5b] and TNF‑α [Figure 5c and 5d] were increased in the 20% 
cyclic stretching group (IL‑6, t = −21.111, P < 0.01; TNF‑α, t 
= −15.270, P < 0.01). Compared with the nonstretching group, 
the levels of IL‑10 [Figure 5e and 5f] and the expression of 
E‑cadherin and p120‑catenin [Figure 6] were decreased in 

the 20% cyclic stretching group (IL‑10, t = 5.450, P < 0.01; 
E‑cadherin, t = 17.736, P < 0.01; p120‑catenin, t = 16.136, 
P < 0.01). With immunofluorescence, we observed that the 
distribution of E‑cadherin was more limited under microscope 
in the stretching groups than that in the nonstretching 
group [Figure 7].

Glutamine can rescue the changing of cytokines and 
loss of E‑cadherin and p120‑catenin caused by 20% 
cyclic stretching
Glutamine (4 mmol/L) was pretreated for 60 min before 20% 
cyclic stretching. Compared with the stretching group, the 
levels of IL‑6 [Figure 5a and 5b] and TNF‑α [Figure 5c and 5d] 
decreased in the glutamine group (IL‑6, t = 11.818, P < 
0.01; TNF‑α, t = 8.631, P < 0.01). Compared with the 
stretching group, the levels of IL‑10 [Figure 5e and 5f] and 
the expression of E‑cadherin and p120‑catenin [Figure 6] 
were increased in the glutamine group (IL‑10, t = −3.203, 
P < 0.05; E‑cadherin, t = −13.567, P < 0.01; p120‑catenin, t 
= −10.013, P < 0.01). From immunofluorescence, we found 
that the distribution of E‑cadherin was better in the glutamine 
group than that in the stretching group [Figure 7].

dIscussIon

In this study, we have shown that high tidal volume mechanical 
ventilation and 20% pathological cyclic mechanical stretch 
could cause VILI in mice and MLE‑12 cells. We have also 
found that glutamine pretreatment could alleviate the injury 
degree of VILI by upregulating the expression of E‑cadherin 

Figure 3: Levels of cytokines (IL‑6, TNF‑α, IL‑10) in BAL fluid after mechanical ventilation in mice. Mice were treated with different tidal volume 
and glutamine. Levels of cytokines (IL‑6, TNF‑α, IL‑10) in BAL fluid were measured by ELISA kits. (a) Level of IL‑6 in BAL fluid; (b) level of TNF‑α 
in BAL fluid; (c) level of IL‑10 in BAL fluid. *P < 0.05, compared with Group C; †P < 0.05, compared with Group L; ‡P < 0.05, compared with 
Group H. Data are representative of 6 independent experiments. IL: Interleukin; TNF‑α: Tumor necrosis factor‑α; BAL: Bronchoalveolar lavage; 
ELISA: Enzyme‑linked immunosorbent assay.

cba

Figure 4: E‑cadhrein and p120‑catenin expression in mice treated with different tidal volume mechanical ventilation and glutamine. E‑cadhrein 
and p120‑catenin expressions were determined by Western blotting analysis in mice. (a) Representative Western blotting of E‑cadherin and 
p120‑catenin expressions; (b) E‑cadhrein and p120‑catenin relative intensity in mice were normalized to GAPDH expression. *P < 0.05, compared 
with Group C; †P < 0.05, compared with Group L; ‡P < 0.05, compared with Group H. Data are representative of 3 independent experiments.
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and p120‑catenin, the level of IL‑10, and downregulating 
levels of IL‑6 and TNF‑α in mice and MLE‑12 cells.

Mechanical ventilation is an essential respiratory support 
in intensive care units and clinical anesthesia; if not 

used correctly, it can cause serious lung injury, including 
increasing permeability, barrier dysfunction, and pulmonary 
edema.[17‑20] The worsened damage could lead to ARDS.[21] 
In this study, we simulated VILI as the reference indicated 

Figure 6: Expressions of E‑cadherin and p120‑catenin in MLE‑12 cells exposing 20% cyclic stretching. E‑cadhrein and p120‑catenin 
expressions were determined by the Western blotting analysis in MLE‑12 cells. (a) Representative Western blotting of E‑cadherin and 
p120‑catenin expressions; (b) E‑cadhrein and p120‑catenin relative intensity in mice were normalized to GAPDH expression. *P < 0.05, 
compared with group sham; †P < 0.05, compared with group CS+G. ‡P < 0.05, compared with group CS. Data are representative of 3 
independent experiments.

ba

Figure 5: Levels of cytokines (IL‑6, TNF‑α, IL‑10) in MLE‑12 cells exposed to the cyclic stretching. MLE‑12 cells treated with glutamine were 
exposed to 20% cyclic stretching for 4 h. Levels of cytokines were measured by ELISA and real‑time PCR. (a, c and e) Level of IL‑6 or TNF‑α 
or IL‑10 measured with ELISA; (b, d and f) Expression of IL‑6 or TNF‑α or IL‑10 mRNA detected by real‑time PCR. *P < 0.05, compared with 
group sham; †P < 0.05, compared with group CS. Data are representative of 3 independent experiments. IL: Interleukin; TNF‑α: Tumor necrosis 
factor‑α; ELISA: Enzyme‑linked immunosorbent assay; PCR: Polymerase chain reaction.
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in vivo and in vitro.[22,23] Taken together, we found that high 
tidal volume mechanical ventilation could cause serious 
lung injury by lung injury scores measurement and HE 
staining.

The mechanisms of VILI are intricate, and studies have 
shown that they are related to inflammation and barrier 
function.[24,25] There are limited ways to prevent and 
treat VILI; glutamine pretreatment may be a novel way 
to alleviate the degree of VILI, but it requires further 
study. Glutamine is an essential amino acid that could 
attenuate ALI caused by acid aspiration by regulating 
the cytokines IL‑1β, IL‑6, IL‑10, and TNF‑α.[26] The 
inflammation mechanisms of glutamine might be 
attenuation of inflammatory cell infiltration into the lung 
and the biotrauma reduced from the cytokine responses. 
TNF‑α might play an important role leading to pulmonary 
inflammation mediated by neutrophil recruitment.[27] 
Studies showed that the level of TNF‑α was associated 
with the incidence and severity of ARDS.[28] Similarly, 
we found that the level of TNF‑α increased following 
VILI, and glutamine could attenuate the level to reduce 
the neutrophil infiltration.

Glutamine could regulate the immune function and reduce 
the inflammation reaction by regulating cytokines.[7] The 
cytokine IL‑6 is an important pro‑inflammatory factor 
and was found to be involved in ALI together with 
other cytokines, TNF‑α and IL‑1β, in the innate 
immune response.[29,30] The level of IL‑6 could increase 
in VILI.[31] Consistently, we found that mechanical 
ventilation could increase the level of IL‑6. The cytokine 
IL‑10 is an anti‑inflammatory factor that could inhibit 
proinflammatory cytokines, such as IL‑1β, IL‑6, and 
TNF‑α.[32] Anti‑inflammatory factors and pro‑inflammatory 
factors are dynamically balanced in our body.[33] When the 
body confronts injury and infection, the dynamic balance is 
destroyed, and the anti‑inflammatory factors decrease as 
the other factors increase. In our study, we found that 
mechanical ventilation could destroy the dynamic immune 
balance to decrease the level of IL‑10 and increase the 
levels of IL‑6 and TNF‑α. Glutamine pretreatment could 
restore the balance by upregulating the level of IL‑10 and 
downregulating the levels of IL‑6 and TNF‑α.

VILI could cause barrier dysfunction to regulate the 
adherens junctions and tight junctions.[10,11,22,34] We previously 
reported that high tidal volume mechanical ventilation could 
destroy the barrier function by activating c‑Src kinase to 
downregulate the tight junction occludin.[22] There are not 
many studies on whether adherens junctions take part in VILI, 
and thus, this requires further study. In this study, we assumed 
E‑cadherin and p120‑catenin participated in VILI and found 
that glutamine could attenuate the VILI through upregulating 
the adherens junctions of E‑cadherin and p120‑catenin.

In vivo, we used whole lung tissue to study the VILI, while 
in vitro, we used mouse lung epithelial (MLE‑12) cells. Both 
epithelial and endothelial cells were important in the lung 
tissue; the mechanisms of endothelial cells in VILI have 
been thoroughly studied, but the mechanisms of epithelial 
cells are not well known. We previously reported that the 
epithelial cells might take part in VILI and be important to 
protect the function barrier.[22] Epithelial cells are known to 
be involved in alveolar barrier function, and the excessive 
expansion and collapse of cells could damage the integrity 
of the alveolar membrane.[25] In this study, we focused on 
the role epithelial cells play in barrier function in vitro. The 
current method of stretching alveolar epithelial cells using a 
stretch machine to simulate lung expansion and contraction 
is well‑recognized.[35] Frequency and maximum amplitude 
of stretching has been reported to change cell permeability 
and barrier function.[36] Experiments have confirmed that a 
stretch area expanded by more than 20–30% is defined as 
pathological stretch stimulation.[11] In this study, we used 
20% cyclic stretching to simulate VILI.

E‑cadherin plays an important role in maintaining the 
integrity of epithelial cells.[37] p120‑catenin, which regulated 
the cell‑cell adhesion by interaction of E‑cadherin and 
p120‑catenin, could not only increase the E‑cadherin 
internalization from the cell surface but also decrease 
its recycling back to the cell surface.[38] p120‑catenin 
binding E‑cadherin could prevent the endocytosis and 
degradation of E‑cadherin.[11] The loss of p120‑catenin 
and E‑cadherin may weaken the adhesive forces between 
cells and barrier dysfunction. In our study, we found 
that E‑cadherin and p120‑catenin expression decreased 
following both 20% cyclic stretching and high tidal volume 

Figure 7: Distribution of E‑cadherin in MLE‑12 cells exposed to 20% cyclic stretching. At the end of cyclic stretching, cells were fixed, 
blocked and then incubated with E‑cadherin primary antibody, performed overnight at 4°C. FITC‑Goat Anti‑Rabbit IgG (green) was used as 
the secondary antibody. Nuclei were counterstained with DAPI (blue). One representative image for each group in fluorescence microscope. 
DAPI: 4’,6‑Diamidino‑2‑phenylindole.
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mechanical ventilation. Glutamine has been proven to 
improve the barrier function resulting in a redistribution of 
intracellular β‑catenin and the loss of E‑cadherin.[9] In this 
study, glutamine had beneficial effect to alleviate VILI by 
increasing the expression of E‑cadherin and p120‑catenin 
to enhance the barrier function.

The current in vivo and in vitro studies using high mechanical 
ventilation and cyclic stretching showed that glutamine 
could alleviate the degree of VILI by regulating the 
inflammatory factors together with barrier function proteins. 
Immunofluorescence examination showed that glutamine 
improved the distribution of E‑cadherin with cyclic stretching. 
Results from HE staining, lung injury score and W/D ratio 
in mice showed that glutamine could ameliorate pulmonary 
edema and alleviate alveolar hemorrhage, inflammatory cell 
infiltration and destroy pulmonary architecture.

In conclusions, this study provides evidence for the novel 
way of glutamine to protect against VILI. Glutamine 
ameliorated VILI by improving the cytokines and increasing 
the adherens junction protein E‑cadherin and p120‑catenin 
to enhance the epithelial barrier. The exact mechanisms of 
glutamine in VILI require further study and the protective 
effects of glutamine pretreatment for lung injury also require 
further clinical studies. This approach would be a novel 
manner to prevent and treat with VILI.
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摘要

背景：机械通气相关肺损伤与屏障功能障碍和炎症反应有关，谷氨酰胺能够改善机械通气造成的肺损伤，但是其作用机制尚
不十分清楚。本研究通过体内实验和体外实验两方面，探讨谷氨酰胺改善机械通气造成肺损伤的机制。
方法：30只体重为25~30g的健康C57BL/6小鼠，利用随机数字表法随机分为5组，每组6只小鼠：对照组（C组）、小潮气量组
（L组）、小潮气量+谷氨酰胺组（L+G组）、大潮气量组（H组）、大潮气量+谷氨酰胺组（H+G组）。C组小鼠自主呼吸，
其余四组小鼠进行机械通气4小时。肺泡上皮细胞（MLE‑12）和谷氨酰胺预处理过的MLE‑12细胞均以20%的牵张幅度进行
机械牵张4小时。收集细胞和肺组织，用免疫印迹法、细胞因子测定、苏木精‑伊红（HE）染色和免疫荧光来检测黏连蛋白
（E‑cadherin、p120‑catenin）、炎症细胞因子（IL‑6、TNF‑α、IL‑10）和肺病理变化。
结果：体内实验，与C组比较，H组肺泡灌洗液中的细胞总数（t= ‑28.182，P<0.01）、中性粒细胞（t= –28.095，P<0.01）、IL‑6
（t= –28.296，P<0.01）、TNF‑α（t= –19.812，P<0.01）、肺损伤评分（t= –6.708，P<0.01）和湿干比（t= –15.595， P<0.01
）均增加，肺泡灌洗液中IL‑10（t=9.093，P<0.01）、E‑cadherin（t=10.044，P<0.01）和p120‑catenin（t=13.218，P<0.01）表
达均下降。与H组比较，H+G组的肺泡灌洗液中的细胞总数（t=14.844，P<0.01）、中性粒细胞（t=18.077， P<0.01）、肺泡
灌洗液中IL‑6（t=18.007，P<0.01）和TNF‑α（t=10.171，P<0.01）表达均降低，而肺泡灌洗液中IL‑10（t= –7.531，P<0.01）
、E‑cadherin（t= –14.814，P<0.01）、p120‑catenin（t= –9.114，P<0.01）表达均增加。体外实验，与对照组比较，机械牵张
组IL‑6（t= –21.111，P<0.01）和TNF‑α（t= –15.270，P<0.01）表达增加，IL‑10（t=5.450，P<0.01）和E‑cadherin（t=17.736
，P<0.01）、p120‑catenin（t=16.136，P<0.01）表达下降。与机械牵张组比较，谷氨酰胺预处理组的IL‑6（t=11.818，P<0.01
）、TNF‑α（t=8.631，P<0.01）表达下降，IL‑10（t= –3.203，P<0.05）、E‑cadhrein（t= –13.567，P<0.01）、p120‑catenin（t= 
–10.013，P<0.01）表达增加。

结论：大潮气量机械通气和幅度为20%的机械牵张可能导致机械通气相关肺损伤。谷氨酰胺通过改善细胞因子和
增加黏附连接蛋白E‑cadherin和p120‑catenin来改善机械通气肺损伤，增强屏障功能。

谷氨酰胺在机械通气肺损伤中调节E-钙黏素、p120连环
蛋白及炎症的作用


