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Polyploidy induction by spherical size standard
polystyrene particles in a Chinese hamster cell line CHL

Atsuko Matsuoka®, Agneta Onfelt™!, Yoshie Matsuda™?,
Kazuo Isama, Hideyuki Sakoda, Reiko Kato, Keiko Sakai** Shingo Niimi

To investigate relationships between particle (as a model of aggregates) size in a nanomaterial test
suspension and its cytotoxicity, a series of eleven sizes of polystyrene (PS) particles were tested in the
cytotoxicity test and the chromosome aberration test by using a Chinese hamster cell line CHL. The PS
particles were spheres with defined diameters ranging from 0.1 to 9.2 um. A series of eight sizes of
particles with diameters ranging from 0.92 to 445 um showed stronger cytotoxicity than the others.
There was a marked difference in cytotoxicity between the 4.45- and 5.26-um particles. The 0.92- to
4.45-um particles did not induce structural chromosome aberrations but induced a high frequency of
polyploidy in the chromosome aberration test. The 5.26-um particles showed very weak induction of
polyploidy. The incorporation of the 4.45-um particles into CHL cells was observed by scanning electron
microscopy (SEM). Some cells incorporated more than 10 particles. The semi-quantitative
measurement of incorporation of particles into cells was performed by flow cytometry with a parameter
of side scattered light (SSC) intensity. It showed that CHL cells preferably incorporated the 4.45-um
particles to the 5.26-um particles. These findings suggest that CHL cells may have a kind of size-
recognition ability and incorporate a particular size of particles. The particles may prevent a normal
cytokinesis resulting in polyploidy induction. Nanomaterials also may show size-dependent toxicity.
Data on particle (or aggregate) size distribution in the test suspension should be provided to evaluate

properly the results of toxicity tests of nanomaterials.

Keywords: polystyrene particle, phagocytosis, polyploidy induction, CHL cell, size-dependent toxicity
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3. 1 PSKT ol
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ug/mlTH b VM HYEZ /R L7225, 445 umDPSH,
FARMED S B meMfaErEE R L7z (Fig 1). 8
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Fig. 1. Cytotoxicity of eight size-different PS particles
in CHL cells

The colony formation assay was performed. Cells were
seeded at 50 cells per well in 24-well plates. After 24-h
incubation, a suspension of PS particles was added to the
culture and incubated for further six days. The colonies
formed were fixed with methanol and stained with Giemsa
solution. The number of colonies on each well was counted,
and the survival (%) was calculated as the ratio of the
number of colonies in the test group to that in control.

3. 2 PSHITORIEFENT K O otk

M RBR O RS H, 445 um 2526 umDPSHE T[]
THINEEEICRE X vy v 2RO 5Nz, wIhok
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Fig. 2. FT-IR/ATR spectra of the 4.45- and 5.26-um PS particles (a) and the capillary electropherograms of the

dispersion vehicles of them (b)

Both particles showed the same FT-IR/ATR spectra pattern including the peaks for carbonyl and ether bond. The dispersion
vehicle contained sodium ion at the similar concentration of around 70 ug/ml to each other.

RS &) IT, MEEREIEHEE SN T BRI T
TEE W) R o 72, WUBRE e O RN FE L
5, 445 um PSKADJ AW & ICIRERAFEL H 1,
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DAHDHAEARERRZ ER L 72, 1T X TOHF A X
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Table 1. Chromosome aberrations induced by the
4.45-um PS particles in CHL cells

Treat-  Mass Poly- Frequency of cells with structural ab. (%)*
ment conc. ploidy
Time (h) (ug/ml) (%) ctg ctb cte csb cse total

24 0 5
50 7

100 12**

200 14**

300 16%**

400 14**

o

48 0 1
50 12**
100 15%*
200 36%*
300 37%*
400 23%*

N - =00 OO 20 =
N DO OOO [=NeNelolNoll V)
O OO OoOOoOOo OO OoOOoOoOoN

[eNe Yo No) oOoOoOooo
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PO 2NOO OO -_20-=5h

N
o

* The structural aberrations were classified as follows; ctg,
chromatid and chromosome gaps; ctb, chromatid breaks;
cte, chromatid exchanges; csb, chromosome breaks; cse,
chromosome exchanges. **The frequency indicates a positive
response.

2EN% D 57201 um& 0.2 umdDPSK 11X, 2000 ug/
mlF CBEER L 7. 2o ok, iz
HBUEPROONLIET THREZER L. fHLTw
% CHLMIRE O Bt B C O R BRI BB RE X, “FI ik
1%, WAME4% THHZ 5, 10%LL EEHEME e HE
LCTWw5. 092445 um®DPSK.T-1&, FEMi L 728D
S RTTHEROFRICBTHEEREEZR L. £
OMDY A XORT1E, 526 umDFL T % BT, 1000
ug/miXEZF NP EORETHRBEHAELFRLL Lh o
7z

3. 4 PSK{OMBEANNDOEY AHL
CNETIT, HOGEPSK T (B2 um) OHMIEAN

Table 2. Chromosome aberrations induced by the
5.26-um PS particles in CHL cells

Treat-  Mass Poly- Frequency of cells with structural ab. (%)*
ment conc. ploidy
Time (h) (ug/ml) (%) ctg ctb cte csb cse total
24 0 4
200

400

600

800

1000

OO W
~o0o0o0O0 =
S~ oo0co0coN
~oococo

48 0
200

400

600

800

1000

w O oo w-=-
O =2 =a200O0
OO0 -~~0O0
[eoNeoloNoNoNe] [N elNeNolNoll V]
NOOOOoOOo [eNelNoNolNo o]
OO -~ -0O0 [cNeNoNelNolNe]
A a2N-OO

* ok

-

*

and **: See legends to Tablel.
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Fig. 3. Polyploidy induction by PS particles after 48-h treatment in CHL cells

Frequency of polyploidy cells in % is indicated to the mass concentrations of the 0.10- to 9.2-um PS particles. Mass

concentrations indicate their range tested. Details are as follows:
0, 1500, 1750, and 2000 wg/ml for the 0.10- and 0.20 wm particles

0, 400, 600, 800, 1000, and 1200 ug/ml for the 0.51- and 9.2 um particles
0, 300, 400, 500, 600, 700, and 800 wg/ml for the 0.92- and 1.09 wm particles

0, 100, 200, 300, 400, 500, and 600 wg/ml for the 2.07 wm particles

0, 200, 300, 400, 500, and 600 ug/ml for the 3.17 um particles
0, 100, 200, 300, and 400 wg/ml for the 4.45 um particles

0, 400, 600, 800, and 1000 wg/ml for the 5.26 um particles

0, 600, 800, 1000, 1200, and 1400 wg/ml for the 6.8 um particles

SEM (X1000)
Fig. 4. SEM images of CHL cells with the 4.45-ym particles incorporated

SEM (X3000)

In the right photo with a higher magnification, it is clear that PS particles are covered by the cell membrane like balls
covered by a cloth. In the left photo, particles remained not incorporated in a cell (white arrows) can be distinguished from

those incorporated.
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4.45-um PS particles

400 pg/ml
f.i 9. <

5.26-um PS particles
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Fig. 5. Phase contrast microscopic images of CHL cells treated with the 4.45- or 5.26-uym PS particles

Cells were treated with PS particles for 48 h and then rinsed twice with the culture medium. They were observed through a
phase contrast microscope (Leica DM IL LED) and then collected for the FACS analysis (Fig. 6). The number of particles
incorporated in a cell increases with the mass concentration for the both sizes of particles.
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Fig. 6. FSC-SSC dot plot of cells treated with the 4.45- or 5.26-um PS particles

20,000 cells were analyzed for each mass concentration by flow cytometry and the data are plotted in two-dimensional, the
side scattered light (SSC) intensity to the forward scattered light (FSC) intensity, dot plots for the 4.45- (upper) and 5.26-um
(lower) PS particles. The control data are identical. As the change in the FSC intensity is less clear than that in the SSC

intensity, the latter is used for the further analysis (Fig. 7) .

4.45 um 5.26 um
1000
] nControI E Control oo
— [B[200 ::;:: - (B 500 wg/mi
o 80 B
©
o
.,.6 600 —| 7
O 400 H 5|
200 pg/ml
§ ] / 1000 pg/ml
200 N 400 pg/ml b 1500 ug/ml
0 ﬂ’ Ry 2 T T T ki T ! !
100 10‘1 102 103 10 101 102 103
SSC SSC

Fig. 7. Semi-quantitative measurement of cells with particles incorporated by flow cytometry

The number of cells is plotted to their SSC intensity. The control data are identical. The SSC intensity of cells increases
with the mass concentration for the 4.45-um particles. On the other hand, that seems to reach the plateau at 1000 ug/ml for
the 5.26-um particles, although the SSC intensity is lower than that for the 4.45-um particles.
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THUREES DY, EREZET .
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5. AFZETIE, —H L THEBERETERT - 25l

LTwa 2, BIZIE, Fig 77Cm L72445 yum&5.26 pm
DI W DR FECCIT 9 L3 huE, 445 umbif- 0200
ug/ml TORFE1%, 526 umbi T Tix328 ug/mlTo
Ry ER ETHA. Fig 5i21E, 526 um PSk 10328
ug/mlTOMIMNE O FE IR S LTV 2w, 500
ug/ml £ HHLPDHVT LEERELTBY, ML
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