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Abstract. The aim of the present study was to investigate 
the expression of microRNA (miR)‑146a in the pulmonary 
macrophages, peripheral blood mononuclear cells and serum 
of patients with lung injury caused by paraquat poisoning, 
as well as the underlying mechanism of its regulation in the 
disease. A total of 26 patients with lung injury caused by para-
quat poisoning were included in the present study. In addition, 
33 healthy subjects were included as the control group. The 
expression levels of interleukin (IL)‑6 mRNA and miR‑146a 
was determined by reverse transcription‑quantitative poly-
merase chain reaction (RT‑qPCR). Western blotting was used 
to measure IL‑6 protein expression, while enzyme‑linked 
immunosorbent assay was also performed to determine the 
secretion of IL‑6 protein. A dual‑luciferase reporter assay was 
conducted to examine whether IL‑6 mRNA is a direct target 
of miR‑146a. Patients with lung injury caused by paraquat 
poisoning exhibited higher IL‑6 mRNA and protein levels as 
compared with those in healthy subjects. In addition, miR‑146a 
expression in patients with paraquat poisoning‑induced lung 
injury was significantly reduced in comparison with that in 
healthy subjects. Notably, the overexpression of miR‑146a 
by mimic transfection downregulated the expression of IL‑6 
in pulmonary macrophages. The results of dual‑luciferase 
reporter assay demonstrated that IL‑6 mRNA was a direct 
target of miR‑146a. Therefore, the present study demonstrated 
that increased expression of IL‑6 in patients with lung injury 
caused by paraquat poisoning is associated with decreased 
expression of miR‑146a. Furthermore, miR‑146a may regulate 
the occurrence and immune response of lung injury caused by 

paraquat poisoning and this process is possibly achieved via 
IL‑6, an important cytokine that mediates inflammation.

Introduction

Paraquat is a type of bipyridine compound that damages the 
majority of internal organs following ingestion, particularly 
the heart, liver, lungs and kidney (1‑3). Due to its wide range 
of usage, it has become the herbicide with the highest acute 
poisoning mortality rate (4). The high mortality rates of para-
quat caused by incorrect intake or suicidal oral ingestion have 
been a huge challenge for health care workers.

In organs damaged by paraquat poisoning, the lungs 
present the most evident inflammatory characteristics at 
an early stage, including impaired alveolar epithelial cells, 
intra‑alveolar hemorrhage and edema, inflammatory cell infil-
tration, and irreversible fibrosis in the alveoli and pulmonary 
interstitium (5). Anti‑inflammatory treatments are involved 
in the majority of early treatment regimens for paraquat 
poisoning. In addition, certain key genes with large differ-
ences in expression during the occurrence and development of 
inflammation have become candidate targets for gene therapy.

Interleukin (IL)‑6, a type of lymphokine produced by 
activated monocytes and tissue macrophages, is an important 
factor in immune response. IL‑6 transforms B‑cell precur-
sors into cells that produce antibodies, promote the growth 
and differentiation of primary bone marrow‑derived cells, 
and enhance the lysis function of natural killer cells (6‑8). To 
date, studies investigating the role of mRNA and microRNA 
(miRNA or miR) molecules in the regulation mechanism of 
IL‑6 have achieved promising results. For instance, miR‑365 
was observed to negatively regulate IL‑6 expression in 293 
cells and HeLa cells (9). However, to the best of our knowl-
edge, studies on the regulation and upstream miRNA of 
IL‑6 in lung injury due to paraquat poisoning have not been 
conducted. miR‑146a is a member of the miR‑146 family, 
which is primarily involved in the regulation of inflamma-
tion and the innate immune system (10). To the best of our 
knowledge miR‑146a has not been previously investigated in 
association with paraquat poisoning and its association with 
IL‑6 has not been examined (11).

In the present study, the expression levels of IL‑6 mRNA 
and protein in the macrophages, peripheral blood mono-
nuclear cells (PBMCs) and serum of patients with paraquat 
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poisoning‑induced lung injury were determined, and the asso-
ciation between IL‑6 and miR‑146a was investigated.

Materials and methods

Patients. A total of 26 patients with lung injury caused by 
paraquat poisoning who received treatments at the Affiliated 
Hospital of Jining Medical University (Jining, China) between 
August 2013 and February 2017 were included in the present 
study. In addition, 33 healthy subjects who undertook physical 
examinations at this hospital in the same period were included 
into the control group. Blood and alveolar lavage fluid were 
collected from all patients and healthy subjects. Among the 
26 patients with lung injury caused by paraquat poisoning, 
16 were males and 10 were females (age range, 18‑56 years; 
median age, 39 years). In the control group, 18 individuals 
were males and 15 were females (age range, 20‑58; median 
age, 41 years). Patients with lung injury caused by paraquat 
poisoning did not present complications or infection in the 
heart, liver or kidney, and did not suffer from immune or 
immune‑associated diseases, such as diabetes and tumors. 
Subjects in the control group requested fiber bronchoscopy 
due to symptoms including foreign body sensation at pharynx 
or chest tightness. None of the healthy subjects in the control 
group exhibited abnormal results in the pulmonary function, 
chest X‑ray and fiber bronchoscopy, or were smokers. All 
procedures were approved by the Ethics Committee of Jining 
Medical University (Jining, China). Written informed consents 
were obtained from all patients or their families.

Samples. To collect pulmonary macrophages, alveolar lavage 
was initially performed 4‑6 times (20 ml each time) at the bron-
chial opening. A total of 40‑60% fluid was recollected, filtered 
(100 µm pore size) and centrifuged at 1,000 x g for 10 min 
at 4˚C. Next, the precipitates were subjected to cytological 
classification according to a previously published method (12) 
and the cell density was adjusted to 1‑3x106 cells/ml in PBS. 
Phthalocyanine blue (Guangzhou Chemical Reagent Factory, 
Guangzhou, China) staining was conducted at room tempera-
ture for 3 min, indicating that up to 90% cells were viable. 
All cells were seeded onto clean glass slides and cultured 
in Dulbecco's modified Eagle's medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) at 37˚C for 60 min. 
Subsequent to washing off any floating cells using 0.5 mol/l 
PBS, the remaining adherent cells were macrophages, which 
were stored at ‑20˚C. To examine whether miR‑146a expres-
sion altered the expression of IL‑6, pulmonary macrophages 
were transfected with either 100 nM agomiR‑negative control 
(NC; forward, 5'‑UAA​ACG​GGU​GAC​AGG​UUU​UAU​C‑3' 
and reverse, 5'‑GAU​AAA​UCC​UGU​CAC​CCG​UUU​A‑3') or 
100 nM agomiR‑146a (forward, 5'‑UGA​GAA​CUG​AAU​UCC​
AUG​GGU​U‑3' and reverse, 5'‑AAC​CCA​UGG​AAU​UCA​GUU​
CUC​A‑3'; Guangzhou RiboBio Co., Ltd., Guangzhou, China) 
using Lipofectamine® 2000 (Life Sciences; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Following 48 h the transfected cells were used for subsequent 
experiments.

Peripheral blood (10‑15  ml) was collected from all 
participants and stored at 4˚C for 1‑2 h. Next, the serum was 
separated by centrifugation at 400 x g at 4˚C for 10 min, and 

aliquots were added into Eppendorf tubes (100 µl in each tube) 
prior to storage at ‑70˚C.

In order to collect PBMCs, anticoagulant venous blood was 
mixed with an equal volume of serum‑free Iscove's modified 
Dulbecco's medium (Thermo Fisher Scientific, Inc.) and the 
mixture was added onto the surface of human lymphocyte 
separation solution (5 ml; Cedarlane, Burlington, ON, Canada). 
Following centrifugation at 400 x g for 30 min, the middle mist 
layer was gently aspirated into tubes, and mixed with 5 times 
of volumes of Hank's solution (Beijing Solarbio Science & 
Technology Co., Ltd., Beijing, China), followed by centrifuga-
tion at 300 x g for 10 min. Subsequent to washing twice with 
PBS, the cells were diluted into a density of 1x106/ml, and a 
total of 3x106 cells were seeded into culture dishes (bottom 
area, 9 cm2). After cultivation at 37˚C and under 5% CO2 for 
2 h, the cells that adhered at the bottom of the dishes were 
identified as PBMCs by microscopic evaluation. Non‑adhered 
cells were washed off with PBS and PBMCs were trypsinized 
and collected for further use.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from 100 µl liquid 
samples or 3x106 cells using TRIeasy™ reagent following 
the manufacturer's protocol (cat. no.  10606ES60; Yeasen 
Biotechnology Co., Ltd., Shanghai, China). The concentration 
and quality of RNA was measured using ultraviolet spectro-
photometry (Nanodrop ND2000; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Subsequently, cDNA was obtained 
by RT from 1 µg RNA and stored at ‑20˚C. The RT of mRNA 
was performed using the TIANScript II cDNA First Strand 
Synthesis kit (KR107; Tiangen Biotech Co., Ltd., Beijing, 
China), and RT of miRNA was conducted using the miRcute 
miRNA cDNA First Strand Synthesis kit (KR201; Tiangen 
Biotech Co., Ltd.).

In order to detect the mRNA expression of IL‑6, the 
SuperReal PreMix (SYBR Green) RT‑qPCR kit (FP204; 
Tiangen Biotech Co., Ltd.) was used, with GAPDH serving as 
an internal reference. The primer sequences were as follows: 
IL‑6, 5'‑GGC​ACT​GGC​AGA​AAA​CAA​CC‑3' (forward) and 
5'‑GCA​AGT​CTC​CTC​ATT​GAA​TCC‑3' (reverse); GAPDH, 
5'‑GGG​AAA​CTG​CG​GCG​TGA​T‑3' (forward) and 5'‑AAA​
GGT​GGA​GGA​GTG​GGT​‑3' (reverse). The reaction system 
(20 µl) was composed of 10 µl RT‑qPCR Mix, 0.5 µl upstream 
primer, 0.5 µl downstream primer, 2 µl cDNA and 7 µl ddH2O. 
The qPCR conditions involved an initial denaturation at 95˚C 
for 30  sec, followed by 45 cycles of denaturation at 95˚C 
for 5 sec and elongation at 57˚C for 30 sec (iQ5; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The 2‑ΔΔCq method (13) 
was used to calculate the relative expression of IL‑6 mRNA 
against GAPDH. Each sample was tested in triplicate.

The expression of miR‑146a was determined by miRcute 
miRNA RT‑PCR Kit (FP401; Tiangen Biotech Co., Ltd.), using 
U6 as an internal reference. The primer sequences used were 
as follows: miR‑146a, 5'‑CGG​CGG​TGA​GAA​CTG​AAT​TCC​
A‑3' (forward) and 5'‑GTG​CAG​GGT​CCG​AGG​T‑3' (reverse); 
U6, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' (forward) and 5'‑AAC​
GCT​TCA​CGA​ATT​TGC​GT‑3' (reverse). The reaction system 
(20 µl) consisted of 10 µl RT‑qPCR Mix, 0.5 µl upstream 
primer, 0.5  µl downstream universal primer, 2  µl cDNA 
and 7 µl ddH2O. The reaction protocol involved an initial 
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denaturation at 95˚C for 5 min, followed by 40 cycles of dena-
turation at 95˚C for 10 sec, annealing at 60˚C for 20 sec and 
elongation at 72˚C for 10 sec (iQ5; Bio‑Rad Laboratories, Inc.). 
The 2‑ΔΔCq method was used to calculate the relative expression 
of miR‑146a against U6. Each sample was tested in triplicate.

Western blotting. According to a previously published 
study  (14), precooled radioimmunoprecipitation assay 
lysis buffer [600 µl; containing 50 mM Tris, 1 mM EDTA, 
150 mM NaCl, 0.1% sodium dodecyl sulfate (SDS), 1% Triton 
X‑100 and 1% sodium deoxycholate; Beyotime Institute of 
Biotechnology, Shanghai, China] was used to lyse PBMCs for 
50 min on ice. Next, the mixture was centrifuged at 12,000 x g 
at 4˚C for 5 min. The protein concentration of the obtained 
supernatant was determined by a bicinchoninic acid protein 
concentration determination kit (RTP7102; Real‑Times 
Biotechnology Co., Ltd., Beijing, China). Protein samples 
(20 µg) were then mixed with SDS loading buffer, followed 
by denaturation in boiling water bath for 5 min, and were then 
subjected to 10% SDS‑polyacrylamide gel electrophoresis. 
The resolved proteins were transferred to polyvinylidene diflu-
oride membranes on ice for 2 h at 100 V and blocked with 5% 
skimmed milk for 1 h at room temperature. Subsequently, the 
membranes were incubated overnight at 4˚C with the following 
primary antibodies: Rabbit anti‑human polyclonal IL‑6 anti-
body (1:1,000; ab6672; Abcam, Cambridge, UK) and rabbit 
anti‑human β‑actin antibody (1:5,000; ab129348; Abcam). 
Following extensive washing with PBS with Tween 20 three 
times for 15 min each, the membranes were incubated with 
goat anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:3,000; ab6721; Abcam) at room temperature for 
1 h. The samples were further washed with PBS with Tween 
20 three times for 15 min each, and then the membrane was 
developed with an enhanced chemiluminescence detection kit 
(ab65623; Abcam). Image Lab version 3.0 software (Bio‑Rad 
Laboratories, Inc.) was used to acquire and analyze imaging 
signals. The relative content of IL‑6 protein was expressed in 
terms of the IL‑6/β‑actin ratio.

Enzyme‑linked immunosorbent assay (ELISA). According to 
a previously published study (12), the IL‑6 level in the serum 
obtained from patients and healthy controls was tested using 
the human IL‑6 ELISA kit (ab178013; Abcam, Cambridge, 
UK). Briefly, standards (50 µl), samples (10 µl sample liquid 
and 40 µl diluent) and blank were added to predefined wells 
in 96‑well microplates. In the standard and sample wells, 
horseradish peroxidase‑labelled conjugates (100  µl) were 
added prior to sealing the plates for incubation at 37˚C for 1 h. 
Subsequent to washing the plates five times with wash solution 
provided in the kit, substrates A (50 µl) and B (50 µl) were 
added into each well. After incubation at 37˚C for 15 min, stop 
solution (50 µl) was added into each well, and the absorbance 
of the wells was measured at 450 nm within 15 min using a 
Multiskan™ FC microplate reader (Thermo Fisher Scientific, 
Inc.).

Bioinformatics analysis and dual‑luciferase reporter assay. 
Bioinformatics prediction is a powerful tool for the inves-
tigation of the functions of miRNAs. Thus, to understand 
the regulatory mechanism of IL‑6, various databases were 

used to predict miRNA molecules that may regulate IL‑6, 
including miRanda (www.microrna.org/microrna/home.do), 
TargetScan (www.targetscan.org), PiTa (genie.weizmann.
ac.il/pubs/mir07/mir07_data.html), RNAhybrid (bibiserv.
techfak.uni‑bielefeld.de/rnahybrid) and PicTar (pictar.
mdc‑berlin.de/). It was identified that miR‑146a was able to 
potentially regulate IL‑6 (Fig. 1).

According to the bioinformatics results, wild‑type (WT) 
and mutant (MT) seed regions of miR‑146a in the 3'‑untrans-
lated region (UTR) of IL‑6 gene were chemically synthesized 
in vitro, the Spe‑1 and Hind III restriction sites were added, 
and then the regions were cloned into pMIR‑REPORT lucif-
erase reporter plasmids. According to a previously published 
study (13), plasmids (0.8 µg) with WT or MT 3'‑UTR DNA 
sequences were co‑transfected with 100 nM agomiR‑NC 
(forward, 5'‑UAA​ACG​GGU​GAC​AGG​UUU​UAU​C‑3' and 
reverse, 5'‑GAU​AAA​UCC​UGU​CAC​CCG​UUU​A‑3') or 
100 nM agomiR‑146a mimics (forward, 5'‑UGA​GAA​CUG​
AAU​UCC​AUG​GGU​U‑3' and reverse, 5'‑AAC​CCA​UGG​AAU​
UCA​GUU​CUC​A‑3'; Guangzhou RiboBio Co., Ltd.) into 293T 
cells (The Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences, Shanghai, China) using Lipofectamine 
2000® (Thermo Fisher Scientific, Inc.). After cultivation for 
48 h the cells were lysed using a dual‑luciferase reporter 
assay kit (Promega Corp., Fitchburg, WI, USA) according to 
the manufacturer's protocol, and the fluorescence intensity 
was measured using GloMax 20/20 luminometer (Promega 
Corp.). Using the Renilla fluorescence activity as an internal 
reference, the fluorescence values of each group of cells were 
measured.

Statistical analysis. The results were analyzed using SPSS 
version 18.0 statistical software (IBM Corp., Armonk, 
NY, USA). The data are expressed as the means ± standard 
deviation. Data were tested for normality, and multigroup 
measurement data were analyzed using one‑way analysis of 
variance. In the case of homogeneity of variance, the least 
significant difference and Student‑Newman‑Keuls methods 
were used. In the case of heterogeneity of variance, Tamhane's 
T2 or Dunnett's T3 method was used. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Patients with paraquat poisoning‑induced lung injury exhibit 
higher IL‑6 mRNA levels compared with healthy subjects. To 
measure the expression of IL‑6 mRNA in different samples, 
RT‑qPCR was conducted. The data revealed that the levels 
of IL‑6 mRNA in the pulmonary macrophages, PBMCs 
and serum of patients with lung injury caused by paraquat 
poisoning were all significantly higher when compared with 
those in the control group (P<0.05; Fig. 2A‑C).

IL‑6 protein expression in macrophages and PBMCs is 
upregulated in patients with lung injury caused by paraquat 
poisoning. To determine the expression of IL‑6 protein in 
macrophages and PBMCs, western blotting was performed. 
The data demonstrated that the IL‑6 protein expression levels 
in macrophages and PBMCs from patients with lung injury 
caused by paraquat poisoning were significantly elevated 
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compared with those obtained from healthy subjects (P<0.05; 
Fig. 3A and B).

Higher serum IL‑6 content in patients with lung injury caused 
by paraquat poisoning. To examine the secretion of IL‑6 in the 
blood, ELISA was performed. The data indicated that the IL‑6 
content in the serum of patients with lung injury caused by 
paraquat poisoning was significantly increased as compared 
with that in healthy subjects (P<0.05; Fig. 4).

Reduced miR‑146a levels in patients with lung injury caused 
by paraquat poisoning. To investigate the levels of miR‑146a 
in the cells and serum, RT‑qPCR was employed. The data 
demonstrated that the expression levels of miR‑146a in the 
macrophages, PBMCs and serum of patients with lung injury 
caused by paraquat poisoning were significantly decreased in 
comparison with those in healthy subjects (P<0.05; Fig. 5A‑C).

miR‑146a expression downregulates the expression of IL‑6 
in pulmonary macrophages. To examine whether miR‑146a 
expression affects the expression of IL‑6, pulmonary macro-
phages were transfected with agomiR‑146a and then subjected 
to RT‑qPCR and western blotting. The results revealed that the 
levels of miR‑146a in cells transfected with agomiR‑146a were 
significantly higher in comparison with those in the negative 
control group (P<0.05; Fig. 6A). In addition, the expression 
levels of IL‑6 mRNA and protein in cells transfected with 
agomiR‑146a were significantly lower as compared with those 
in the negative control group (both P<0.05; Fig. 6B and C). 
These results suggest that miR‑146a expression downregulates 
the expression of IL‑6 in pulmonary macrophages.

miR‑146a binds to the 3'‑UTR seed region of IL‑6 mRNA to 
regulate its expression. To identify the interaction between 
miR‑146a and the 3'‑UTR of IL‑6 mRNA, a dual‑luciferase 
reporter assay was performed. The fluorescence value of cells 
co‑transfected with miR‑146a mimics and pMIR‑REPORT‑WT 
luciferase reporter plasmids was significantly reduced when 
compared with that of cells transfected with miR‑NC (P<0.05). 
By contrast, the fluorescence value of cells co‑transfected with 
miR‑146a mimics and pMIR‑REPORT‑MT luciferase reporter 
plasmids was not significantly different from that of cells 
transfected with miR‑NC (P>0.05; Fig. 7). These results indi-
cate that miR‑146a is able to bind to the 3'‑UTR seed region of 
IL‑6 mRNA in order to regulate its expression.

Discussion

Paraquat has been registered as a type of herbicide since 
1962, and is widely used to date (15), and it is the second most 
used compound among all herbicides (16). However, paraquat 
poisoning has been reported to result in a high fatality rate (4), 
with no specific antidote currently known for this poisoning. 
One of the characteristics of early paraquat poisoning is a 
strong inflammatory reaction. IL‑6 is an inflammatory factor 
that has been extensively studied. It induces the production 
of C‑reactive proteins and fibrinogen in inflammation, and 
promotes thrombosis  (17). Increased levels of IL‑6 in the 
body may cause inflammatory diseases, including rheuma-
toid arthritis and Crohn's disease, due to binding to the IL‑6 
receptors (18). In rheumatoid arthritis, IL‑6 stimulates the 
secretion of inflammation mediators by T lymphocytes and B 
lymphocytes, facilitates the maturation and differentiation of 
B lymphocytes, and increases the effects of IL‑1β and tumor 
necrosis factor α (TNF‑α). In inflammation, IL‑6 presents 
chemotaxis to other inflammatory cells, such as neutrophilic 
lymphocytes and mononuclear macrophages  (19). These 
observations suggest that IL‑6 serves important roles in 
inflammation responses. In the present study, it was demon-
strated that the expression levels of IL‑6 mRNA and protein 

Figure 1. Direct interaction between miR‑146a and IL‑6 was detected by 
bioinformatics prediction. In order to examine the regulatory mechanism of 
IL‑6, the databases miRanda, TargetScan, PiTa, RNAhybrid and PicTar were 
used to predict miRNA molecules that may regulate IL‑6, and it was observed 
that miR‑146a was able to potentially regulate IL‑6. miR, microRNA; IL‑6, 
interleukin‑6.

Figure 2. Expression levels of IL‑6 mRNA in (A) pulmonary macrophages, 
(B) PBMCs and (C)  serum obtained from healthy control subjects and 
patients with lung injury caused by paraquat poisoning, as determined 
by reverse transcription‑quantitative polymerase chain reaction. **P<0.01 
vs. control group. IL‑6, interleukin‑6; PBMCs, peripheral blood mono-
nuclear cells.
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were upregulated in the pulmonary macrophages, PBMCs 
and serum of patients with lung injury caused by paraquat 
poisoning, consistent with the inflammatory characteristics of 
early lung injury.

miRNA widely participates in various pathophysiological 
processes, including the proliferation, invasion and migra-
tion of tumor cells, hypertension, diabetes mellitus and 
atherosclerosis (20,21). It has been reported that expression 
of miR‑146a is abnormal in autoimmune diseases, such as 
rheumatoid arthritis  (22,23). Clinical and animal models 
of osteoarthritis revealed that miR‑146a is associated with 
pain in osteoarthritis (24‑26). Furthermore, multiple nuclear 
factor‑κB (NF‑κB) binding sites exist in the promoter 
region of the miR‑146a gene, while lipopolysaccharide, 
IL‑1 and TNF‑α promote the expression of miR‑146a in 
an NF‑κB‑dependent manner (27‑30). In the present study, 
bioinformatics analysis demonstrated that miR‑146a and 
IL‑6, two genes that are closely involved in inflammation, 
may have a regulatory association, and that IL‑6 may be a 
direct target gene of miR‑146a. The results also demonstrated 

Figure 3. Expression of IL‑6 protein in (A) pulmonary macrophages and (B) PBMCs obtained from healthy control subjects and patients with lung injury 
caused by paraquat poisoning, examined by western blotting. *P<0.05 vs. control group. IL‑6, interleukin‑6; PBMCs, peripheral blood mononuclear cells.

Figure 4. Content of IL‑6 protein in the serum of healthy control subjects 
and patients with lung injury caused by paraquat poisoning, as determined 
by enzyme‑linked immunosorbent assay. **P<0.01 vs. control group. IL‑6, 
interleukin‑6.

Figure 5. Expression of miR‑146a in (A) pulmonary macrophages, (B) PBMCs 
and (C) serum obtained from healthy control subjects and patients with lung 
injury caused by paraquat poisoning, examined by reverse transcription‑quan-
titative polymerase chain reaction. *P<0.05 and **P<0.01 vs. control group. 
miR, microRNA; PBMCs, peripheral blood mononuclear cells.
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that miR‑146a was downregulated and IL‑6 was upregulated 
in pulmonary macrophages and PBMCs, suggesting that the 
immune system of the body negatively regulated the cleavage 
of IL‑6 by miR‑146a and promoted immune responses 
by enhancing the expression of IL‑6. In addition, reduced 
expression of miR‑146a and enhanced expression of IL‑6 

were detected in the serum, indicating that these serum levels 
may reflect the inflammation responses and tissue damages 
in lung injury caused by paraquat poisoning. Finally, a 
dual‑luciferase reporter assay demonstrated that IL‑6 was 
a direct target gene of miR‑146a, since overexpression of 
miR‑146a reduced the fluorescence intensity of the IL‑6 
luciferase reporter plasmid.

In conclusion, the present study demonstrated that 
the increased expression of IL‑6 in patients with lung 
injury caused by paraquat poisoning was associated with a 
decreased expression of miR‑146a. A limitation of the present 
study is the small sample size, which should be increased in 
future studies. In addition, additional experiments should be 
designed to test the effect of paraquat on other cell types or 
in an animal model. The present study provides a basis for 
the development of novel treatments for lung injury caused 
by paraquat poisoning.
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