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Letter to the Editor 
HAIR GROWTH IN VITRO FROM HISTOCULTURED SKIN 

Dear Editor: 
The highly-regulated muhicellular system supporting hair growth 

has been the subject of many investigations. As with other biological 
phenomena the study of many aspects of hair growth in controlled 
systems requires in vitro model systems. In recent decades many 
attempts to establish in vitro systems of hair growth were under- 
taken (e.g..Strangeways, 1931; Murray, 1935; Hardy, 1951; 
Frater and Whitmore, 1931; Philpott et at., 1989; and others). 
Successful hair growth in isolated human hair follicles free-floating 
in culture medium was reported by Philpott et al. (1990). In the 
present report we describe a new in vitro system of hair growth 
utilizing sponge-gel supported histocuhures of intact mouse skin 
based originally on the early work of Leighton (1951) and on more 
recent work of Hoffman and his co-workers (Freeman and Hoff- 
man, 1986; Vesico et al., 1987, 1990a,b; Li et al., 1991; Hoff- 
man, 1991a-c,  Baibakov et at., 1991; Guadagni et al., 1991; 
Furukawa et al., 1992; Guadagni et al., 1992). This histoculture 
system enables us to maintain histologically-intact specimens of 
human skin supported on collagen sponge gels for many days. Be- 
low we describe the growth of hair from specimens of mouse skin 
maintained in histoculture for up to 10 days. 

Pieces of shaved outbred white-mouse skin (approx~ 2 × 5 × 2 
mm) were obtained under a dissecting microscope. The methods of 
culturing, [3H]thymidine labelling, sectioning and preparing autora- 
diograms of skin were described earlier (Li et al., 1991). 

Three types of sponge-gels for culture support were used: colla- 
gen-containing sponges, cellulose sponges or a combination of 
them. The viability of the cells in the specimens was deter- 
mined by staining with the dyes bis-carboxyethylcarboxyfluorescein 
(BCECF) and propidium iodide (PI) that report live and dead cells 
respectively, The specimens were analyzed with a BioRad MRC- 
600 confocal scanning-laser microscope and Nikon fluorescence 
microscope as described by us earlier (Li et al., 1991). 

Intensive hair growth was observed in the pieces of shaved mouse 
skin histocuhured on the sponge-gel support. As seen in the Fig, 1 
(A-C) the length of the hairs increased with days of incubation. This 
is summarized in the graph of Fig. 1 D, based on serial measure- 
ments of the length of hairs from two specimens in three sets of 
experiments. As Fig. 1 D demonstrates, the hair growth pattern in 
skin histocultures was similar to that in vivo. In some specimens hair 
growth was observed even on day 10, although as seen from Fig, 1 
D growth is slowed down after the first 2 days in culture. Pieces of 
cultured skin either gave rise to at least 5 hairs or do not produce 
hair at all. Since all histocuhures were treated similarly and in many 
cases different histocuhures were maintained in the same medium, 
we attribute the failure to produce hair in some pieces of mouse skin 
to injury during the operation procedure. 

The viability of the individual cells in the hair follicles was deter- 

mined by the relative fluorescence of ceils stained by the combina- 
tion of BCECF and PI visualized by confocal microscopy. In this 
determination, the living cells are stained green by BCECF, while 
the dead cells are stained red by PI. As shown in Fig. 1 E even at 
Day-8 when hair growth is slowed there are only a few dead cells, 
while the rest remain alive as judged by the fluorescent dyes, The 
cells in the hair follicles are not only viable but also demonstrate an 
intensive DNA synthesis (Fig. 1 F) as determined by histological 
autoradiography of paraffin sections of specimens previously incu- 
bated with [3H]thymidine. 

To determine whether the hair-producing skin histocultures re- 
spond to chemotherapeutic drugs in a way similar to skin in vivo we 
have applied doxorubicin to the histocuhures. This widely-used che- 
motherapeutic drug causes alopecia in patients. Doxorubicin at a 
concentration of 29 ng/ml completely prevents hair growth in one- 
day old cultures when applied for the next three days. The control 
cultures demonstrated the normal rate of hair growth. The average 
length of the hairs on day 4 in doxorubicin-treated cultures was 
.0 _+ .0 versus 0.9 mm -4- 0.16 in the control. 

Thus the sponge-gel-supported histocultures of intact skin de- 
scribed above can be used to study the regulation of hair growth and 
can serve as an assay system for hair stimulators and inhibitors. 
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FIG. 1. A. Shaved-mouse skin histocultured on gelfoam-coated cellulose sponge at time of explantation. Note the absence of hair. 
Dissection microscopy. Magnification ×5.25.  B. Same specimen as A after histoculturing on gelfoam-coated cellulose sponge for two 
days. Note the hair growing out from the skin. Dissection microscopy. Magnification ×5.25.  C. Same specimen as A after histoculturing 
on gelfoam-coated cellulose sponge for 6 days. Note further hair growth. Dissection microscopy. Magnification ×5.25.  D. Comparison of 
the pattern of hair growth in vitro and in vivo versus time. Hair growth in vitro has high correlation with in vivo hair growth. E. Hair 
follicles of mouse skin histocultured for 8 days and double-stained by BCECF-AM (green, living) and PI (red, dead). Note that most 
follicle cells are viable. Confocal scanning-laser microscopy. Magnification )<350. F. Autoradiography of paraffin section of shaved 
mouse skin histocuhured for 6 days and labeled with [SH]thymidine for 4 days. Note the high labeling of follicle cells (bright green 
grains). Polarlzed-fight and bright-field microscopy. Magnification X500. 
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