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Fig. 1 Effect of exogenous formaldehyde on cell morphology and proliferation
Microscopic images of SH-SY5Y under the treatment of formaldehyde at indicated concentrations and time points are shown in panel (a). Changes in

cell viability under the same experimental conditions are shown in panel (b). Cells without the treatment of formaldehyde are used as control (n = 3;

x  s; *P < 0.05, **P < 0.01). : 1d; : 2d; : 3d.  ! ! " "
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Fig. 2 Effect of formaldehyde on cell cycle
of unsynchronized SH!SY5Y cells

SH-SY5Y cells were treated with different concentrations of

formaldehyde as indicated for 48 h. (a) Graph in bar charts shows

percentages of cells in S phase (white), G2/M phase (grey) and G0/G1

phase (black) examined by flow cytometry. : S; : G2/M; :

G0/G1. (b) The same data collected from graph in panel (a).

Phase
[FA]/(mmol)L-1)

0 0.05 0.1 0.15 0.2 0.3

G0/G1(%) 62.68 66.61 64.79 56.64 29.43 37.67

G2/M(%) 14.6 12.19 14.4 19.24 37.4 16.05

S(%) 22.71 21.19 20.82 24.12 33.17 46.28
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Fig. 3 Effects of formaldehyde on cell cycle of
synchronized SH!SY5Y cells

SH-SY5Y cells were treated with formaldehyde at indicated

concentrations for 48 h and then collected for flow cytometry. Bar charts

show percentages of cells in S phase (white), G2/M phase (grey) and

G0/G1phase (black). Cells were synchronized at G2/M phase (a) and S

phase (b) before the treatment of formaldehyde, respectively. : S; :

G2/M; : G0/G1.
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Fig. 5 Different concentrations of formaldehyde cause impairment of DNA in SH!SY5Y cells
Microscopic images under bright field show DNA fragments in SH-SY5Y cells detected by TUNEL assay. Concentrations of formaldehyde were as

indicated. Cells in the absence of formaldehyde and treated with DNase$ were used as negative and positive control, respectively.
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Fig. 4 Effects of formaldehyde on cell cycle
of SD rat primary neurons

SD rat primary neurons were treated with formaldehyde at indicated

concentrations for 48 h and then collected for flow cytometry. (a) Bar

charts show percentages of cells in S phase (white), G2/M phase (grey)

and G0/G1phase (black). : S; : G2/M; : G0/G1. (b) The same data

collected from graph in panel (a).

20

0
0

40

60

80

100
(a)

0.05 0.1 0.2 0.3
[FA]/(mmol)L-1)

645) )



:;<5=:;;>?@ Prog. Biochem. Biophys. 2013; 40 (7)

Fig. 7 Formaldehyde scavenger can rescue SH!SY5Y cells in the presence of formaldehyde
(a) Formaldehyde solution was incubated with EGCG(2), RES(3), GSH(4) and DMD(5) (final concentration was 0.01 mmol/L for each reagent) for

40 min, respectively, and then formaldehyde concentration was detected by HPLC. Formaldehyde (3 g/L) without any scavengers (1) was used as control

(n = 3; x  s; **P < 0.01). (b) Cell viability examined with CCK-8 assay. Cells were under the treatment with 0.2 mmol/L FA and EGCG, RES, GSH

and DMD (final concentration 0.01 mmol/L for each agent) for 24 h, respectively. 1: Cells without treatment of formaldehyde as a blank control; 2:

Cells only treated with 0.2 mmol/L formaldehyde as a negtive control ; 3: Cells treated with formaldehyde and EGCG; 4: Cells treated with

formaldehyde and RES; 5: Cells treated with formaldehyde and GSH; 6: Cells treated with formaldehyde and DMD. (n = 3; x  s; **P < 0.01).

Fig. 6 Excess formaldehyde promotes apoptosis and necrosis in SH!SY5Y cells
Representative cytograms of SH-SY5Y cells were detected by flow cytometry. Cells were treated with indicated concentrations of formaldehyde for 48 h

and then stained with annexin V-FITC and PI before detected. LL, viable cells; LR, cells with early apoptosis; UR, cells with late apoptosis and necrosis.

(a) Control, cells without the treatment of formaldehyde. (b) [FA]=0.01 mmol/L. (c) [FA]=0.05 mmol/L. (d) [FA]=0.1 mmol/L. (e) [FA]=0.2 mmol/L. (f)

[FA]=0.3 mmol/L.
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Fig. 8 Formaldehyde inhibits cell proliferation and induces cell apoptosis and necrosis via its effect on cell cycle
Excess formaldehyde induces hyperphosphorylation of Tau protein, resulting in disassembly of microtubule and damage of spindle apparatus, so that

cells are restricted in G2/M phase. Excess formaldehyde also has an aberrant impact on nuclear DNA. When 0.1 mmol/L  [FA]  0.2 mmol/L,

formaldehyde induces hypermethylation of DNA, while [FA]! 0.3 mmol/L, it causes crosslinking or damage of DNA, keeping cells staying at S phase

and restraining cells from entering G2/M phase. Since normal cell cycle is impaired and proliferation is inhibited, cells undergo apoptosis and even

necrosis as the concentration of formaldehyde increases.
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