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Table 1 PCR primer sequences

SE A TR

=ikl

ek 2l

Danio rerio f-actin

5-GTGACCGTCCAGAAATGCTT-3'

TNF-a 5'-CAAAACATTCTTCGGGGTGT-3'
IFN-y 5'-CTTCAGACAACCAGCGCATA-3'
IL-6 5-TCTGCCACACCTGAAGACAG-3'
IL-8 5'-CTACCGAGACGTGGGTGATT-3'

Homo sapiens GAPDH

5'-GAAGGTGAAGGTCGGAGTC-3’

5'-CACCAGGACCACTCCCTAAA-3'
5-ACTCTCACTGCATCGGCTTT-3’
5'-CAGCATTCCTTCAAGCAACA-3'
5-GAAGCCGAGTTAGGACGATG-3'
5'-CGTGTTGTGAGGAGGGAAGT-3'
5'-GAAGATGGTGATGGGATTTC-3'

TNF-a 5'-CCCTCACACTCACAAACCAC-3’ 5'-ACAAGGTACAACCCATCGGC-3'

IFN-y 5'-GCGCCAAGCATTCAATGAGC-3' 5'-ATCTCTTCCCCACCCCGAAT-3'
IL-6 5'-CCTTCGGTCCAGTTGCCTTCTCCCT-3' 5'-GGGCTGAGATGCCGTCGAGGATGTA-3'
IL-8 5'-CCACCGGAAGGAACCATCTC-3' 5-TTCCTTGGGGTCCAGACAGA-3'
IL-18 5'-ACCACTACAGCAAGGGCTTCAGGCA-3’ 5-TCCTGTCCCTGGAGGTGGAGAGCTT-3'

B 1 (RLSOEAEE T BES f) th h EER . SR EATOEIOR N R LR EBRMRL. (a)~(c) IEROBIRAS ()~ IRIEHP 518 nmitf )

FEEIE A (a), (d) WHELL; (b), () 0.5 pmEERI; (0), () 5 umid BRI

Figure 1 PS-MPs distribution in zebrafish by stereoscopic fluorescence microscope. The green fluorescent particles are PS-MP particles. (a)—(c)
Normal photos; (d)—(f) fluorescence photos with the maximum emission wavelength of 518 nm. (a), (d) Control group; (b), (¢) 0.5 pm MP group; (c),

(f) 5 um MP group
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BaP55 um i ¥R K & 22 B8 4 AL - 63 R ) 23k 3
i TFBaPHA B R4, $2/RBaPAI0.5 um Rl A 5

i DpRa AR Aih) S e R (A

2.4 PSRRI HBEZNATHBSMCANlE
FEI

WMEAFTR, R 0.5 um R EBR B A
I3 ARAE PR BT rh KA S nm AR URE AR 1
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0.01, ***P<<0.001

Bl 3 BaP S RHG A 2 8 X BT L £ B o A8 M A DX D AR X 3Rk 1
Figure 3 Effects of co-exposure with PS-MPs and BaP on relative expression of inflammatory factors in zebrafish gills. *P<<0.05, ****P<0.0001
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Figure 2  Effects of PS-MPs exposure with different particle sizes on relative expression of inflammatory factors in zebrafish gill. *P<<0.05, **P<<
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Bl 4 HotItRE BN HOBR/EHBEAI I AMHBSMCAI A B - M0, B PSR LL (O R 0. ROR CIRRIBRLY R 2% (0 5 TR
(a) HBEAIAE0.5 umBIEEMH; (b) HBSMCAIAEO0.5 umIERH; (c) HBEANAES pmi @k ; (d) HBSMCAIAS pmfd ki

Figure 4 The distribution of PS-MPs in HBE and HBSMC cells by laser confocal microscopy. The cytoplasm is red. The nucleus is blue. PS-MP are green
fluorescent particles under laser confocal microscopy. (a) 0.5 pm MP in HBE; (b) 0.5 um MP in HBSMC; (¢) 5 pm MP in HBE; (d) 5 pm MP in HBSMC
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Figure 5 Effects of PS-MPs exposure with different particle sizes on relative expression of inflammatory factors in HBE cells. *P<<0.05, **P<<0.01,

***P<0.001, ****P<70.0001
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Figure 6 Effects of PS-MPs exposure with different particle sizes on relative expression of inflammatory factors in HBSMC cells. **P<<0.01, ***P<<
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Figure 7 Effects of co-exposure with PS-MPs and BaP on relative expression of inflammatory factors in HBE cells. *P<<0.05, **P<<0.01, ***P<
0.001
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Co-exposure to different sized polystyrene microplastics and
benzo[a]pyrene affected inflammation in zebrafish and
bronchial-associated cells
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Department of Health Inspection and Quarantine, School of Public Health, Nanjing Medical University, Nanjing 211166, China
* Corresponding author, E-mail: wuqian@njmu.edu.cn

In recent years, emerging research has revealed that microplastics (MPs) can pollute the air. Cellulose and plastic fibers
have been found in the lungs of patients with lung cancer, indicating that MPs can “travel” through the atmosphere into the
respiratory tract. Due to the hydrophobicity and relatively large surface area of MPs, the biotoxicity of MPs is greatly
enhanced by their adsorption and enrichment in persistent organic pollutants (POPs). With the rapid development of the
economy, emissions from coal burning and automobile exhaust have made polycyclic aromatic hydrocarbon (PAHs) one of
the key pollutants in urban air that cannot be ignored. Epidemiological studies have shown that PAH exposure is associated
with the development of respiratory diseases, such as bronchitis and asthma, in children. The aim of this study was to
investigate the inflammatory effects of co-exposure to different size polystyrene MPs (PS-MPs) and benzo[a]pyrene (BaP)
on adult zebrafish gills and bronchial-related cells to provide basic information for assessment of the potential health risks
of combined exposure to the human respiratory system. PS-MPs (with size of 0.5 and 5 um) and BaP were co-administered
to embryos for 7 d, adult zebrafish for 14 d, and HBE cells and HBMSCs for 48 h. The relative expression levels of
inflammatory cytokine genes in the different exposure groups were determined by real-time polymerase chain reaction
(PCR). The ingestion of microplastics into fish bodies and cells was observed by stereoscope and confocal microscopy,
respectively. Result shows that microplastics of two sizes could be ingested by zebrafish embryos. When exposed only to
0.5-um PS-MPs, relative expression of the TNF-a, IL-6, and IL-8 genes was significantly increased compared with that in
the control; relative expression of the /FN-y gene was largely increased in the gills of zebrafish in 5-pm PS-MP-exposed
group. Moreover, relative expression of the /FN-y, IL-6 and IL-8 genes in the group co-exposed to BaP and 0.5-um PS-MPs
was higher than that in BaP group. In addition, 0.5-um PS-MPs could be ingested by both cell lines. Upon exposure to 0.5-
um PS-MPs alone, relative expression of genes TNF-a, IL-6, and IL-8 was considerably increased compared with that in the
control HBE cells. In HBSMCs, upon exposure to 0.5-pum PS-MPs alone, relative expression of the TNF-a, IL-8, and IL-15
genes was substantially increased compared with that in the control group. Compared with that following exposure to BaP
alone, relative expression of the /FFN-y and IL-6 genes in HBSMCs in 0.5-um PS-MPs and BaP co-exposure group was
remarkably increased, indicating a possible combined effect; however, co-exposure of 5-um PS-MPs and BaP weakened
the proinflammatory function of BaP and especially influenced relative expression of the 7NF-a and /L-8 genes. In
addition, none of the co-exposure groups of HBE cells showed obvious combined effects. The corollary is that particle size
may affect the ingestion of PS-MPs in cells. In addition, the size-dependent effects of PS-MPs influence the accumulation
of organic pollutants and their biotoxicity.
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