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Fig. S1. Polystyrene (PS) exposure promotes cell proliferation. 14 

(A) Representative microscopy images showing accumulation of fluorescent green-labeled 15 

microplastic (MP) polystyrene (PS) in gastric tissues (magnification, 20×; scale bar, 100 µm). 16 

BALB/c nude mice were exposed to fluorescent green PS (1.72 × 104 particles /mL) daily for 4 17 

weeks. The accumulation of fluorescent green-PS was identified via confocal microscopy of the 18 

harvested gastric tissues. We found that fluorescent green-PS was deposited in gastric tissues 19 

(magnification, 20×; scale bar, 100 µm). 20 

(B-C) Microscopy images of AGS, MKN1, MKN45, and KATOIII cells with/without PS exposure 21 

and proliferation. PS exposure induced increased proliferation in AGS, MKN1, MKN45, and 22 

KATOIII cells compared with the control (mean ± standard deviation [SD], * P < 0.05, 23 

magnification, 20×; scale bar, 100 µm). 24 
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 26 

Fig. S2. PS exposure increased N-cadherin and decreased E-cadherin expression. 27 

(A) In vitro migration and invasion assays. Bar graphs represent the average number of cells on 28 

the underside of the membrane, normalized to the control condition. PS promoted invasion and 29 

migration in every gastric cancer cell line (Magnification, 20×; mean ± standard deviation [SD], 30 



*P < 0.05, ** P < 0.005, n.s., not significant. Student’s t-test). 31 

(B) Immunocytochemistry images showing gastric cancer cells stained for E-cadherin and N-32 

cadherin. PS exposure (10 µm diameter, 8.61 × 105 PS particles/mL, 4 weeks) decreased E-33 

cadherin levels in AGS and KATOIII cells and increased N-cadherin level in AGS and KATOIII 34 

cells (magnification, 40×; scale bar, 20 μm). 35 

(C) Flow cytometry histograms of N-cadherin expression in gastric cancer cell lines with PS 36 

exposure. PS exposure upregulated N-cadherin expression in gastric cancer cells. 37 

(D) Quantitative polymerase chain reaction (qPCR) analysis of N-cadherin mRNA expression. 38 

mRNA expression of N-cadherin increased after PS exposure (*P < 0.05, ** P < 0.005). 39 

(E) Western blot analysis of N-cadherin and E-cadherin expressions with PS exposure. 40 
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 43 

Fig. S3. PS exposure promoted upregulation of CD44 expression. 44 

(A) Immunocytochemistry staining showing CD44 expression in gastric cancer cells 45 

(magnification, 40×; scale bar, 20 μm). 46 

(B) Flow cytometry analysis of CD44 expression in gastric cancer cell lines. PS exposure for 4 47 

weeks increased CD44 expression. 48 

(C) Quantitative polymerase chain reaction (qPCR) analysis of CD44 mRNA expression (*P < 49 



0.05, **P < 0.005, n.s., not significant). 50 

(D) Western blot analysis of CD44 expression in cells. 51 
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Fig. S4. PS exposure increased N-cadherin and CD44 expression in a PS concentration-54 

dependent manner. 55 

(A) Immunocytochemistry images showing gastric cancer cells stained for E-cadherin and N-56 

cadherin. PS exposure (10 µm diameter, 8.6 × 104 to 8.61 × 105 particles/mL, daily for 4 weeks) 57 

increased N-cadherin expression in NCI-N87 (magnification, 20×; scale bar, 20 μm). 58 

(B) The analysis of mean fluorescent intensity (MFI) of E-cadherin and N-cadherin. (mean ± SD, 59 

n.s; not significant, **P < 0.005, Student’s t-test). 60 

(C) qPCR analysis of N-cadherin mRNA expression in PS-exposed (mean ± SEM, n.s; not 61 

significant, *P < 0.05, **P < 0.005, Student’s t-test). 62 

(D) Immunocytochemistry images showing gastric cancer cells stained for CD44. PS exposure 63 

(10 µm diameter, 8.6 × 104 to 8.61 × 105 particles/mL, daily for 4 weeks) increased CD44 64 

expression in NCI-N87 (magnification, 20×; scale bar, 20 μm). 65 

(E) The analysis of mean fluorescent intensity (MFI) of CD44. (mean ± SD, n.s; not significant, 66 

**P < 0.005, Student’s t-test). 67 

(F) qPCR analysis of CD44 mRNA expression in PS-exposed cells (mean ± SEM, n.s; not 68 

significant, *P < 0.05, **P < 0.005, Student’s t-test). 69 
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 71 

Fig. S5. PS exposure promoted drug resistance in gastric cancer cell line.  72 

(A) Dose-response curve to chemotherapy drugs upon PS exposure in NCI-N87 cells. (10 µm 73 

diameter, 8.61 × 105 particles/mL, daily for 4 weeks). All data presented are significant, 74 

determined using a Student's t-test, except those marked with “n.s.” 75 

(B) IC50 values. PS exposure considerably increased the IC50 values in NCI-N87 cells. 76 

(C) CD44-induced drug resistance following PS exposure (10 µm diameter, 8.61 × 105 77 

particles/mL, daily for 4 weeks) in AGS, MKN1, MKN45, and KATOIII cells. The cytotoxicity of 78 

bortezomib, cisplatin, paclitaxel, gefitinib, lapatinib, and sorafenib was measured as follows: 79 

Δcytotoxicity = cytotoxicity with PS - cytotoxicity without PS.  80 



Each value is represented as a percentage of drug vehicle control (dimethyl sulfoxide [DMSO] 81 

or phosphate-buffered saline [PBS]). (* P < 0.05, ** P < 0.005). 82 
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 84 

Fig. S6. Polystyrene (PS) exposure promoted upregulation of PD-L1 expression. 85 

(A) Immunocytochemistry staining of PD-L1 in gastric cancer cells with/without PS 86 

(Magnification, 40×; Scale bar, 20 μm). 87 

(B) Flow cytometry histograms of PD-L1 expression in gastric cancer cell lines. PS exposure for 88 

4 weeks dramatically increased PD-L1 expression. 89 

(C) qPCR analysis of PD-L1 mRNA expression. (*P < 0.05, **P < 0.005). 90 
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 92 

Fig. S7. PS accelerated tumor growth.  93 

Individual tumor size for PS-exposed NCI-N87 xenograft mouse models. 94 
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 96 

Fig. S8. PS promoted gene expression change in gastric tissue. 97 

(A) Schematic of isoform switch analysis. The ratio of the sum of FPKMs of gene isoforms (for 98 

genes with isoforms) was calculated using the switch method (* P < 0.05). Finally, 1162 genes 99 

with 1529 events were identified (see also Table S3). 100 

(B) The distribution of ΔFR change for individual gene 101 

(C) Representative genes showing changes in ΔFR > 0.8 and ΔFR < −0.8 102 

(D) qPCR analysis of ASGR2 mRNA expression in PS-exposed AGS, MKN1, MKN45, and 103 

KATOIII. (**P < 0.005) 104 

 105 
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Fig. S9. Knockdown of ASGR2 by siRNA in AGS, MKN1, MKN45, and KATOIII  108 

(A) Knockdown of ASGR2 by siRNA in AGS, MKN1, MKN45, and KATOIII (* P < 0.05, ** P < 109 

0.005). 110 

(B) qPCR analysis of N-cadherin, CD44, and PD-L1 mRNA expression in PS-exposed cell-line 111 

with knockdown of ASGR (*P < 0.05, **P < 0.005). 112 

(C) Knockdown of ASGR2 in AGS, MKN1, MKN45, and KATOIII proliferation. 113 

(D) In vitro migration and invasion assays. Bar graphs represent the average number of cells on 114 

the underside of the membrane, normalized to the control condition. siASGR suppressed the 115 

migration and Invasion of AGS, MKN1, MKN45, and KATOIII cells (magnification, 20×; * P < 116 

0.05, ** P < 0.005, n.s., not significant). 117 

  118 



 119 

Fig. S10. Western blotting of Her2 expression in gastric cancer cells. 120 

(A) The expression of Her2 in gastric cancer cell-line. 121 

(B) Western blotting of Her2 expression after exposure to PS (10 µm diameter, 8.61 × 105 122 

particles/mL, daily for 4 weeks).  123 

 124 
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 126 

Fig. S11. Polyethylene (PE) exposure did not affect cancer hallmarks. 127 

(A-C) Immunocytochemistry images showing NCI-N87 cells stained for E-cadherin, N-cadherin, 128 

CD44, and PD-L1. PE exposure (10-20 µm diameter, 8.61 × 105 particles / mL, 4 weeks) did not 129 

change (A) E/N-cadherin, (B) CD44, and (C) PD-L1 expression in NCI-N87 cells (Magnification, 130 

40×; scale bar, 20 μm). 131 

(D) qPCR analysis of N-cadherin, CD44, and PD-L1 expression (n.s; not significant). 132 

(E) Western blotting of N-cadherin, E-cadherin, and CD44 expression with/without PE. N-133 

cadherin, CD44, and PD-L1 did not change after PE exposure.   134 
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