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A b s t r a c t . T h e s m o o t h muscle cell (SMC) cultures were prepared from t h e a o r t a of male 
and female 8-week-old r a t s and used at passage 5-7 or 40 45 O n day 1, low-passaged cells 
of both sex groups adhered to growth suppor t s at similar numbers while after repeated 
passaging t h e adherence of female-derived cells was higher These cells h a d also higher 
total protein content and contained more of t h e SMC specific a-actin, v iment in and av 

m t e g n n s C o m p a r e d t o t h e male type of cultures, the high passaged cells of female origin 
cycled at a slower r a t e a n d were undergoing massive polyploidization Male-derived cells 
remained of t h e same morphology, ploidy and t h e differentiation s tatus at all passages 
Their passage response consisted mainly m faster cycling a n d growth to higher popula
tion densities T h e d a t a could be of impor tance for explanat ion of different incidence of 
hyperplastic vascular diseases m males and females 
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Hyperplasia of the smooth muscle cell (SMC) population accompanies formation of 
atherosclerotic plaques, hypertension-caused vessel wall thickening and origin of restenosis 
after vascular surgery Moreover, these changes occur more often in male organisms It 
was found earlier that migration and proliferation potential of vascular SMCs in cultures 
prepared from male donor rats was higher than in those from female donors Moreover, 
the growth curves measured in cultures prepared from both sex-donors suggested that 
this difference was more pronounced in repeatedly passaged population (Bačáková et 
al 1997) In this study we compare passage-dependent differences in cell kinetics and 
chemodifferentiation m male- and female-derived SMC populations 

The SMC cultures were prepared from the thoracic aorta of male and female Wistar 
SPF 8-week-old rats The cells m passage 5 to 7 or 40 to 45 were seeded in 5 ml of Dulbecco 
Minimum Essential Medium (15,000 cells/cm2) with fetal calf serum (10%) and gentamicin 
(40 ^ig/ml) Their growth was assessed by counting of cells m Burker haemocytometer 
after trypsinization and by flow cytometry of BrdU incorporation and propidium iodide 
stained DNA content (Pellicciari et al 1996, Bačáková et al 1997) The volume of cells 
was calculated from the diameters measured by an ocular microscale m living suspensions 
of cells prepared by mild trypsinization (0 1 % trypsin, 5 to 10 mm) The number of 
chromosomes was determined in the cells blocked in mitosis by Colcemid (Ciba, 5 /ug/ml, 
120 min) The content of a-actin, vimentin and a v integrms was determined by ELISA 
and the total content of protein by the colorimetric Lowry's method (Lowry et al 1951) 

The number of cells that adhered to growth supports at 24 h post-seeding interval was 
m the low-passaged cultures (5-7) similar in both male and female-derived populations 
At passage 40-45, the number of adhered cells was significantly higher in female-derived 
cultures (12,500 ± 1500 vs 8500 ± 1200 cells/cm2, p < 0 05) In addition, the high-
passaged female-derived cells were more flat and polygonal, whereas the male SMCs were 
spindle-shaped and bulging After reaching confluence (days 4 to 7), the volume of the 
low-passaged female-derived SMCs was 1 5 times higher than in the male-type cultures 
(2480 ± 3 vs 1640 ± 2 /xm3, p < 0 001) This difference has further increased at higher 
passages The total protein content per cell was similar m low-passaged cultures from both 
sex donors, while at high passages it became higher in the female-derived cultures (0 23 
± 0 01 vs 0 16 ± 0 01 mg/106 cells, p < 0 02) As shown by ELISA, the total content 
of a-actin per cell, a marker of vascular SMC differentiation, was m the female derived 
cultures higher by 7% and 27% in the low- and high- passaged populations, respectively 

Table 1 Content of cytoskeletal and adhesion molecules m cultured male and female aortic SMCs 
measured by ELISA1 

Molecule 

cc-actin per cell 
per mg protein 

vimentin per cell 
per mg protein 

a v integrins per cell 
per mg protein 

males 

100% 
100% 

100% 
100% 

100% 
100% 

Passage 5 

p < 0 05 
n s 

p < 0 05 
n s 

p < 0 05 
n s 

-7 
females 

107 ± 3% 
92 ± 4% 

105 ± 2% 
98 ± 8% 

122 ± 11% 
92 ± 3% 

males 

100% 
100% 

100% 
100% 

100% 
100% 

Passage 40 

p < 0 001 
n s 

p < 0 05 
n s 

n s 
n s 

45 
females 

127 ± 4% 
105 ± 4% 

113 ± 6% 
111 ± 7% 

116 ± 17% 
103 ± 3% 

'Absorbances of female derived samples m % of values obtained in male derived cells Means ± 
S E M Measured in 7 day old cultures 
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(Table 1, p < 0 05 and p < 0 001, resp ) Similar differences were observed in the content 
of vimentin As revealed by immunofluorescence, the Q-actm containing microfilaments 
m male-derived SMCs formed longitudinal parallel bundles, whereas in female-originated 
cells, they were arranged in a mesh-like network Expression of a v integrins was signifi
cantly higher in the female derived cultures at lower passages (+22%, p < 0 05) The flow 
cytometry revealed that low-passaged cells of both sex-donors were mainly diploid At 
higher passages, more than 70% cells of the female-derived population contained 4C DNA 
(Fig 1) In 30% of mitoses of female-type cells treated by Colcemid we found tetraploid 
chromosome numbers The proliferation capacity of SMCs of both sex donors was similar 
at lower passages while m high passage cultures, the male-derived SMCs had a signifi
cantly shorter doubling time (12 2 ± 0 8 v s 17 1 ± 1 8 h m female-derived specimens, p 
< 0 05), higher S-phase fraction (15-18% vs 5-6%) and a higher population density on 
day 3 after seeding (131,400 ± 7200 vs 87,700 ± 6200 cells/cm2, p < 0 001) 

The study showed that the response of SMCs of male and female origin to repeated 
passaging was qualitatively different At higher passages the cells of female origin were 
binding to the extracellular matrix molecules more firmly and the cells were reaching 
higher degree of chemodifferentiation Better adhesion of female-derived SMCs could be 
partly due to a higher expression of a v integrins i e receptors for vitronectin adsorbed on 
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Figure 1. DNA histogram of male and female SMCs at passage 5-7 and 40-45 Abscissa DNA 
content in a u Ordinate Number of cells 2C, 4C Diploid and tetraploid content of DNA, re
spectively 
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t h e culture dishes from t h e cul ture m e d i u m W i t h t h e increased n u m b e r of passages, t h e 
cells of female origin became more prone to develop of a block in cyto- a n d kaxyokinesis 
resulting in a massive formation of tetraploid cells In contrast, t h e cells of male origin 
remained diploid and cycling a t a higher ra te A small number of 4C D N A cells is present 
also in t h e vascular wall in situ u n d e r physiological conditions and it increases wi th age 
a n d during hypertension (Rosen et al 1985, Owens et al 1988) Earlier s tudies performed 
m vitro showed t h a t endomitosis followed by formation of 4C D N A cells occur m cultures 
of SMCs t r e a t e d with angiotensin, arginin-vasopressin, catecholamines a n d T G F - b e t a in 
absence or very low concentrat ions of serum-provided mitogens (Yamori et al 1987, Owens 
et al 1988) In our study, repeated passaging could therefore induce different sensitivity of 
t h e male and female SMCs to t h e molecules responsible for t h e completion of karyokinesis 
resulting in a different number of 4C D N A cells in b o t h sex-derived populat ions 
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A b s t r a c t . T h e early response of t h e nuclear envelope of C6-glioma cells (í < 24 h ) , 
t r e a t e d with a cytostat ic dose of c isplatm in cul ture (5 /xg/ml) included formation of slim 
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