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Abstract: Microcystins-LR (MC-LR) produced by cyanobacteria is responsible for toxicity in humans and animals. 
To study the effect of MC-LR on the expression of inflammatory cytokines in human bronchial epithelial cells 
(HBE), we detected the levels of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-8 (IL-8) in 
culture supernatant of HBE cells exposed to 20 μg / ml MC-LR solution at 0 h, 6 h, 12 h, 24 h, 36 h and 48 h by 
ELISA kits. The results showed that the levels of TNF-α, IL-6 and IL-8 in the supernatant of HBE cells increased 
with the prolongation of MC-LR exposure (��p < 0.05 vs Control group). Therefore, we deduced that direct expose 
to MC-LR could induce inflammation in HBE cells and lead to higher generation and release of inflammatory 
cytokines like TNF-α, IL-6 and IL-8.  
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1. Introduction 

The frequency occurrence of red tide and 
cyanobacteria bloom increased as Chinese water 
eutrophication gradually intensified. 80% of 
cyanobacteria bloom can be detected secondary 
metabolites, microcystins (MCs), which has become a 
worldwide concern because of its harm to water 
environment and human health. 

MCs, the most widely distributed hepatotoxin, 
are a class of biologically active cyclic heptapeptides, 
which are mainly produced by algae microcystis 
aeruginosa in freshwater ecosystems [1]. They possess 
considerable stability for their ring structures and 
spacer double bonds. MCs are cyclic heptapeptides 
with two variable amino acids, of which more than 
100 kinds of different structural variants have been 
identified. The most toxic MC is microcystin-LR 
(MC-LR), which is considered to be the most 
commonly occurring, distributed and abundant [2-5]. 
Recent studies have suggested that Adda region plays 
an important role in the toxicity of MC-LR [6, 7]. Many 
people died every year after drinking water from lakes 
or eating seafood contaminated by MC-LR, therefore, 
the World Health Organization (WHO) has stipulated 
that the provisional safety guideline for MC-LR in 
drinking water was 1.0 µg/L [5]. 

Cyanobacterial toxins, released from the 
ruptured algae cells into the water, can be taken 
through different ways such as oral, pulmonary 
respiration, skin contact and so on, posing a threat to 
human health [1]. Tang baolian et al. demonstrated that 
cyanobacteria toxins may enter the body via the lungs 
due to water bubbles and the spray during 
entertainment, which would induce respiratory 
diseases [8]. 

Respiratory diseases like airway inflammation 
and airway remodeling have a common 
pathophysiological characteristic of a variety of lung 
diseases such as chronic obstructive pulmonary 
disease, bronchial asthma and so on, which are caused 
by the interaction between a variety of inflammatory 
cells and cytokines [9]. Macrophages play a crucial 
role in the pathophysiology processes, which can 
produce and release a variety of cytokines including 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), 
interleukin-8 (IL-8) and interleukin-1(IL-1). These 
cytokines are released from the macrophages when 
they are stimulated by irritants such as bacteria, 
smoke and other harmful components like 
formaldehyde, NO2 and other oxidation products. In 
turn, these cytokines released from macrophages can 
promote neutrophils, T cells, eosinophils to migrate to 
lung tissues. These cells and inflammatory cytokines 
are the important factors of chronic airway 
inflammation and airway serious damage [9, 10]. 
Previous studies have shown that MC-LR can 
stimulate the release of inflammatory cytokines from 
alveolar macrophages, destruct mouse lung 
parenchyma, and cause interstitial pulmonary edema 
and inflammatory cells aggregation, bringing about 
damage to respiratory system, but the specific 
mechanism is unclear. In this study, we detect the 
levels of IL-8, IL-6 and TNF-α in the supernatant of 
the HBE cells treated with MC-LR to investigated the 
effects of MC-LR on HBE cells. 
 
2. Materials and Methods 
Cell source and reagents 

HBE cells were donated by Professor Xiuli An 

(New York Blood Center). MC-LR (purity ≥95%, 
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Beijing Yip Reese Technology Co., Ltd.). Fetal 
bovine serum (Hangzhou Sijiqing Biological 
Engineering Co., Ltd.). RPMI-1640 culture solution 
(Beijing Solaibao Technology Co., Ltd.). Preparation 
of MC-LR solution: MC-LR was accurately weighed 
and then dissolved in serum-free RPMI-1640 medium 
to prepare 20μg/mL MC-LR stock solution stored at -
20 °C. 
Cell culture 

HBE cells are cultured in RPMI 1640 medium 
containing 10% fetal bovine serum (FBS), when the 
cells are approximately more than 80%, adjusting the 
cells at a density of 1 x 105 cells/ ml, and inoculate 
into 12-well cell culture plates, in CO2 incubator at 
37 °C for 24h. 
Determination of cytokines 

HBE cells were cultured with of 20 µg/mL of 
MC-LR for 0 h, 6 h, 12 h, 24 h, 36 h and 48 h 
respectively. Then the culture supernatants were 
collected to detect the levels of TNF-α, IL-6 and IL-8 
respectively following the ELISA kit instructions. 
Statistical analysis 

SPSS 21.0 software was used for statistical 
analysis and the results were expressed as mean ± 
stand error (SE). All groups were compared with 
control group. Statistical significance was determined 
by Student’s t-test. P<0.05 was regarded as 
statistically significant differences. 

 
3. Results 
Effects of MC-LR on TNF-α in HBE Cells 

HEB cells were incubated with MC-LR for 0h, 
6h, 12h, 24h, 36h, 48h respectively, then the contents 
of TNF-α in the culture supernatant were measured by 
ELISA kits according to the manufacturer’s 
instructions. As shown in table 1 and Fig.1, TNF-α 
was gradually increased with the prolongation of MC-
LR exposure, and the difference was statistically 
significant at 36h and 48h (P<0.05). 
 
Table 1. Levels of TNF-a in the supernatant of 
HBE cells (pg / ml) 

Exposure 
time (h) 

Number of 
samples(n) 

OD value 
TNF-α 
concentration
（pg/ml） 

0 3 0.0870.008 7.0201.303 

6 3 0.0940.006 7.9891.262 

12 3 0.1070.005 10.6371.040 

24 3 0.1160.007 12.6281.502 

36 3 0.1330.009* 16.2571.989* 

48 3 0.1740.013* 25.4152.432* 

 
Effects of MC-LR on IL-6 production in HBE cells 

IL-6 in the culture supernatant was measured 
using ELISA kits according to the manufacturer’s 
instructions. As shown in table2 and Fig.2, the 

concentration of IL-6 increased from 11.530 ± 0.038 
pg / ml to 16.401 ± 0.939 pg / ml, and the difference 
was statistically significant at 24 h, 36 h and 48 h (P 
<0.05). 

 
Fig.1 Contents of TNF-α in supernatant of HBE 
cells treated with 20μg/ml MC-LR for different 
time point. Asterisk (*) indicates that compared 
with the control group, the difference was 
statistically significant (P <0.05). 

 
Table 2. Levels of IL-6 in the supernatant of HBE 
cells (pg/ ml) 

Exposure 
time(h) 

Number of 
samples(n) 

OD value 
IL-6 
concentration(pg/ml) 

0 3 0.0780.001 11.5300.038 

6 3 0.0800.002 11.7060.153 

12 3 0.8970.002 12.3320.142 

24 3 0.1050.002* 13.4010.123* 

36 3 0.1260.012* 15.0030.881* 

48 3 0.1440.012* 16.4010.939* 

 

 
Fig. 2 Levels of IL-6 in the supernatant of HBE 
cells (pg / ml). Asterisk (*) indicates that compared 
with the control group, the difference was 
statistically significant (P <0.05). 
 
Effects of MC-LR on IL-8 in HBE Cells 

After incubating with MC-LR for 0h, 6h, 12h, 
24h, 36h and 48h, the contents of IL-8 in culture 
supernatant of HBE cells were measured using ELISA 
kits. As shown in table 3 and Fig.3, we observed that 
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the levels of IL-8 was 3.92 times higher than that of 
control group at 48h after exposure to 20 μg/mL MC-
LR, and the difference was significant at 12h, 24h, 
36h and 48h (P <0.05). 

 
Table 3. Levels of IL-8 in the supernatant of HBE 
cells (pg / ml) 

Exposure 
time(h) 

Number of 
samples(n) 

OD value 
IL-8 
concentration 
(pg/ml） 

0 3 0.3680.006 67.7931.917 

6 3 0.3880.006 74.9732.101 

12 3 0.4720.010* 108.5434.348* 

24 3 0.5340.009* 137.7244.243* 

36 3 0.6440.002* 197.7451.035* 

48 3 0.7490.024* 265.79716.782* 

 
Fig.3 The levels of IL-8 in the supernatant of HBE 
cells (pg / ml). Asterisk (*) indicates that compared 
with the control group, the difference was 
statistically significant, P <0.05 

 
4. Discussion 

The incidence of respiratory diseases has 
increased year by year with the increasingly serious 
environmental pollution. The airway injury is not only 
related to the proliferation of smooth muscle cells and 
the infiltration of inflammatory cells, but also to the 
damage of airway epithelium cells, which is one of the 
important factors of airway injury [11]. Therefore, this 
study aims to investigate the effect of MC-LR on the 
expression of inflammatory cytokines in human 
bronchial epithelial cells (HBE) to provide a scientific 
basis for the prevention and control of respiratory 
diseases. 

TNF-α, one of the major inflammatory cytokines 
after various stimuli, is mainly secreted by 
macrophages and can induce the activation of 
pulmonary endothelial cells, migration of leukocyte, 
degranulation of granulocyte and the leakage of 
capillary, which can reflect the body's inflammatory 
state and determine the degree of severity of lung 
injury [12, 13]. The accumulation of edema fluid further 
blocked the alveolar cell perfusion and oxygen 
exchange, which led to the acute lung injury [14]. In 
this experiment, TNF-α was increased in the culture 

supernatant of HBE cells with the prolongation of 
MC-LR exposure, suggesting that the damage of 
airway epithelial gradually increased. 

The inflammatory mediators IL-6 is a multi-
functional inflammatory cytokine who acts as a 
cytoprotective and anti-inflammatory agent in 
bacterial endotoxin-induced experimental lung injury 
by inhibiting production of IL-1 and TNF in 
macrophagethe [15]. In inflammatory response, IL-6 
can also work together with other cytokines to 
stimulate fibroblast proliferation, promote collagen 
deposition, inhibit extracellular matrix decomposition 
and involve in the remodel of the chronic obstructive 
pulmonary disease airway [16]. IL-6 also has context-
dependent anti- and pro-inflammatory effects and too 
much of it can cause tissue damage. In our research, 
IL-6 was gradually increased with the prolongation of 
MC-LR exposure, causing the occurrence of 
inflammation and leading to lung injury. 

IL-8 belongs to the family of chemokines which 
is mainly produced by macrophages and other cell 
types like epithelial cells, airway smooth muscle cells 
and endothelial cells. Previous study found that IL-8 
levels were closely related to the occurrence and 
progression chronic obstructive pulmonary disease 
[17]. Some study has pointed out that the main 
pathophysiological basis of chronic obstructive 
pulmonary disease is pulmonary vascular, pulmonary 
parenchyma and the inflammatory response in the 
course of the airway disease, therefore the number of 
neutrophils, T lymphocytes and alveolar macrophages 
in different locations in the lungs increased, which led 
to the acute exacerbation of chronic obstructive 
pulmonary disease due to the coexist of non-specific 
inflammation and acute inflammation caused by 
pulmonary infection. This led to the activation of 
inflammatory cells and the release of a variety of 
media such as interleukin IL-8 and so on [18]. IL-8 is 
implemented by the activation and chemotaxis of 
neutrophils being the main endogenous chemokines in 
the body [18]. Therefore, IL-8 can promote neutrophil-
associated inflammation, so that a large number of T 
lymphocytes and neutronphils infiltrate, proliferate 

and aggregate in patient，s respiratory tract mucous 
membrane. [19]. In present study, IL-8 increased with 
the increase of exposure time to MC-LR in HBE cells, 
indicating that MC-LR may cause lung disease via 
inducing the cytokine IL-8 production. 

In this study, the levels of TNF-α, IL-8 and IL-6 
in supernatants of HBE cells increased with the 
increase of exposure time to MC-LR(20 µg/ml), 
suggesting that MC-LR have a time-dependent effect 
on the cytokines production in HBE cells. The 
contents of TNF-α, IL-8 and IL-6 increased coupling 
with the increase of secretion in airway inflammatory 
substances, which could result in airway obstruction 
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[13]. Therefore, MC-LR stimulation is one of the 
important factors to the respiratory disease. In 
conclusion, MC-LR can induce the production of 
inflammatory cytokines in HBE cells such as TNF-α, 
IL-6 and IL-8, causing respiratory diseases. 
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