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Comparative morphological and growth kinetics studies 
of human hair bulb papilla cells and root sheath fibroblasts in vitro 
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Summary. Dermal papillae isolated from anagen hair 
bulbs obtained from biopsy specimens from five subjects 
with normal hair pattern, and fibroblasts derived from 
the mesenchymal root sheaths (RSF) of the same hair 
follicles were separately grown in culture and the cell- 
cycle distribution pattern on different days was analysed 
by applying DNA flow cytometry (FCM). Papilla cells 
(PC) exhibited distinctive morphological features by 
forming cell aggregates differing from RSF with respect 
to cell shape and growth pattern. They also proliferated 
remarkably more slowly than RSF. DNA-FCM analy- 
sis showed that both PC and RSF demonstrated 
synchronous fluctuations in the percentage of cells in 
G1/o, S and G2 + M phases during the period of sub- 
culture. 
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Introduction 

The vascularized hair bulb papilla is known to be 
important  in both  the induction of  follicular develop- 
ment  and the maintenance of  hair growth, for 
supporting the metabolism of  the rapidly proliferating 
matrix epithelium [3, 6, 7, 10-13] .  Jahoda  and Oliver 
[6] succeeded in establishing cell cultures of  dermal 
papillae obtained f rom rat  vibrissa follicles. Sub- 
sequently, they described the morphology of  these cells 
in vitro, showing that  rat papilla cells (PC), unlike 
dermal fibroblasts, exhibit a peculiar tendency to form 
aggregates [7]. 

Messenger [9] elaborated a method for the isola- 
tion of  dermal papilla f rom the human  anagen hair 
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follicle and described some morphologic features of  
human  PC in culture. However, no further studies 
have been devoted to human  PC growth until quite 
recently (see Addendum).  Last  year we reported a 
study of  the proliferation of  cultured human  PC 
performed using D N A  flow cytometry ( D N A - F C M )  
[8]. The present study was designed to elucidate the 
morphologic  and proliferative behavior of  human PC 
in vitro, compared  with hair root  sheath fibroblasts 
(RSF) of  identical follicles in the same subjects. In 
addition, D N A - F C M  investigation of  subcultured PC 
and RSF was performed. 

Material and methods 

Isolation of  dermal papillae 

Scalp biopsy specimens (5 x 20 mm) were obtained, with in- 
formed consent, from five patients (three females and two males 
aged 20-50 years, mean 37 years) undergoing surgery for in- 
tracranial aneurysms or neoplasms at the Department of 
Neurosurgery, University of Erlangen-Niirnberg 1. Biopsies were 
uniformly taken from the occipital scalp region of patients 
suffering from neither male-pattern alopecia, nor from diseases 
affecting the hair and scalp. The biopsies were immediately 
placed in Dulbecco's modified Eagle Medium (DME; Gibco, 
Karlsruhe, FRG). The anagen hairs were meticulously dissected 
under a binocular microscope (Zeiss, Wetzlar, FRG; magnifica- 
tion x 16), transected 0.4-0.6 nun above the base, and trans- 
ferred to a Petri dish containing the culture medium. 
Approximately 50 anagen hair bulbs were obtained from each 
biopsy specimen. 

Isolation of the papillae was performed stereomicro- 
scopically (magnification x 30) using two 20 G needles, each 
attached to a l-ml syringe. The hair epithelium was separated 
from the surrounding reticular dermis and the dermal papilla 
gently extruded from the bulb with the tip of one needle while 
the other one was holding the bulb. After extrusion, the dermal 
papilla was transferred to the culture dish. Microscopic examina- 
tion showed no residual epithelium left on the isolated papilla. 

1 Dr. M. Buchfelder is gratefully acknowledged for providing 
the scalp biopsies 
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Fig. 1. a Dermal papilla isolated 
from a human anagen hair bulb 
(phase contrast), • 160. 
b Dermal papilla cells (PC) 
in culture after 10 days, 
showing spoke-like outgrowth 
of fibroblast-like cells 
(phase contrast) x 120 

Cell culture establishment and maintenance 

Papilla cells (PC). Seven dishes per proband (three explants 
each) containing 2 ml DME supplemented with penicillin 
(100 U/ml, streptomycin (100 gg/ml), I.-glutamine (0.584 mg/ 
ml), and 20% inactivated fetal calf serum (all purchased from 
Gibco, Karlsruhe, FRG) were prepared in a humidified atmo- 
sphere (5% CO~ at 37~ The explants were left unobserved 
for the first 5 days, following which the medium was changed 
every 3rd day. 

Root sheath fibroblasts (RSF). Fibroblasts were stereo- 
microscopically dissected from the hair follicle enveloping the 
mesenchymal sheath of the same scalp biopsy specimen. Small 
pieces were placed in 35-mm Petri dishes under coverslips and 
were cultured in the same manner as the hair bulb papillae. After 
7 days the coverslips were removed and the medium was changed 
every 3rd day. The growing cells were maintained under these 
conditions for 4 weeks. 

Subculture of PC and RSF. Having become confluent in primary 
culture after approximately 4 weeks, both PC and RSF were 
subcultured, using 0.25% trypsin and 0.02% EDTA solution 
(Gibco, Karlsruhe, FRG) to achieve single-cell suspensions. Pet- 
ri dishes (35 mm in diameter) were seeded with 3 x 104 cells each; 
28 dishes were prepared, 14 for each cell type. Subcultures were 
maintained in DME containing 10% inactivated fetal calf serum 
that was added to the medium. 

After 24 h, two dishes were harvested from each source. The 
cells were counted using a hemocytometer, and submitted to 
flow cytometric DNA analysis. This procedure was repeated 
every 48 h using another two dishes from PC and RSF, for 
15 days. 

DNA flow eytometry (DNA-FCM) 

After preparation of a single-cell suspension, nuclear DNA ana- 
lysis of subcultured PC and RSF was performed as described 
previously [I, 4]. Briefly, the nuclear DNA was stoichiometrically 
stained with ethidium bromide and mithramycin [16] and 
quantitatively measured in a flow cytometer (ICP-22, Molter, 
Heidelberg, FRG). Cell-cycle-stage distribution analysis (i.e., 

calculation of the percentages of cells in the Gt/o, S, and 
Gz + M phases of the cell cycle) was carried out using the method 
of Baisch et al. [2]. 

Resul t s  

Isolation and primary culture o f  hair bulb papillae 

The  dermal  papi l lae  could  clearly be dis t inguished and  
isolated f rom the adjacent  mat r ix  epi thel ium (Fig. I a). 
Af ter  5 -  6 days  in culture,  the papi l la  explants  became  
a t t ached  to the b o t t o m  o f  the dish and  a few cells were 
seen sou r round ing  the explant  in a spoke- l ike  pa t t e rn  
(Fig. l b). The  cells resembled  f ibroblasts ,  with a 
f lat tened, i r regular ly out l ined spindle shape,  and  of ten 
with faint  s t r iat ion in the cy toplasm.  They  con t inued  
to spread,  but  were a r ranged  in r o u n d  colonies af ter  
3 weeks, fo rming  m o n o l a y e r s  at  the periphery,  and  
double  or  triple layers in the center. Af te r  4 weeks,  
approx imate ly ,  5 • 104 cells were coun ted  per  papi l la  
explant .  

Subculture o f  PC and R S F  

Morphology. In  subculture,  PC  and  R S F  showed dis- 
t inct morpho log ica l  differences (Figs. 2 a - c, 3 a -  c). 
PC were larger, f lat tened,  and  exhibi ted mul t ip le  shor t  
cy top lasmic  processes (Fig. 2a).  R S F  were spindle- 
shaped  with fewer, but  longer, project ions  o f  the cell 
borders  (Fig. 3a).  Af ter  3 - 4  days  P C  showed a fur-  
ther  tendency to aggregate ,  fo rming  c lumps  with large 
f ibroblas t - l ike  cells a t  the per iphery  (Fig. 2b).  In  
con t ras t  to this, R S F  grew in paral lel  a l ignment  
(Fig. 3b). This  difference in g rowth  pa t t e rn  was 
ma in ta ined  for  each dish t h r o u g h o u t  the dura t ion  o f  
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Fig. 2 a -  e. Morphology and growth pattern of papilla cells (PC) 
in subculture (phase contrast), x 120. a Large and flattened cells 
with multiple moderately long cytoplasmic processes after 2 
days. h Tendency to form clumps after 8 days. e Clumps of 
rounded cells irregularly arranged in multiple layers after 14 
days 

Fig. 3a -e .  Morphology and growth pattern of root sheath 
fibroblasts (RSF) in subculture (phase contrast), x120. a 
Typical spindle-shaped cells with long cytoplasmic projections 
after 2 days. b Parallel alignment after 8 days. e Storiform pattern 
after 14 days 

culture. After 14 days, most  o f  the PC were rounded, 
flattened, and arranged in irregular multiple layers 
(Fig. 2c). RSF continued to grow in parallel strands, 
sometimes forming a storiform pattern (Fig. 3 c). 

Cellpopulation growth. Growth  curves typical of  each 
cell type are shown in Fig. 4. At the onset of  the 
experiments there were approximately equal numbers  
of  cells (2 x 10 4) f rom each source. Subsequently, PC 
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Table 1. DNA flow-cytometry (FCM) determined Gl/o, S, and Gz + M data (%) of papilla cells (PC) and root sheath fibroblasts 
(RSF) in subculture (mean values of five probands investigated) 

Days 1 3 5 7 9 l l  13 15 

PC Gl/o 94.5 _+ 0.6 73.0 + 2.4 86.8 _ 1.3 83.9 _+ 2.1 85.4 _+ 1.2 87.6 + 1.1 89.9 _+ 1.4 82.8 _+ 1.2 
S 2.1_+0.2 11.3_+1.6 3 .1_+0 .3  3.4_+0.2 5 .9_+0.3  5 .6_+1 .3  3 .1_+0 .3  6.2_+0.8 
Gz+M 3 . 5 _ + 0 . 3  15.8_+1.8 10.2+1.7 12.7-+1.3 8.8_+1.5 6.6_+0.7 7 .1_+1.3 11.0_+1.3 

RSF Gl/0 93.4 _+ 0.4 66.9 _+ 2.7 89.3 _+ 1.1 86.7 _+ 1.3 87.6 _+ 0.9 82.2 _+ 1.9 95.3 _+ 1.3 93.4 _+ 1.5 
S 3.0_+0.3 15.7_+1.9 3.1_+0.2 5.4_+0.4 6.9_+0.5 13.0+2.1 1.8-+0.2 2.7-+0.5 
Gz+M 3.4-+0.2 17.3_+2.0 7 .5_+0.9  7 .9_+0 .8  5 .5_+0.8  4.8_+0.5 2.9+0.9 3.9_+0.9 
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Fig. 4. Growth curves of PC (O) and RSF ( I )  in subculture. 
Petri dishes were initially seeded with 3 x 104 cells of either cell 
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Fig. 5. DNA flow-cytometry (FCM) derived S-phase percentages 
of papilla cells (PC) ( ) and root sheath fibroblasts (RSF) 
( - - - - )  in subculture. Synchronized fluctuations of S-phase 
values for both cell populations are shown 

proliferated markedly slower than RSF,  so that  after 
15 days the numbers  of  the latter were almost  double 
those of  PC. 

DNA-FCM-der ived  proliferative data for both  cell 
populations,  as determined f rom five probands  are 
shown in Table 1. PC and RSF displayed similar cell 
kinetics properties. For  example, there were marked  
fluctuations in the percentages of  cells in Gl/o, S, and 
G2 + M phases during the period of  observation in 
both cell types. Maximal  S and Ga-I-M phase activity 
was noticed on day 3 for both  cell types, with minimal 
Gl/o phase activity also occurring at the same time in 

both. The percentages of  S phase activity for either 
cell type f rom one of  the probands  are shown in Fig. 5. 

D i s c u s s i o n  

H u m a n  hair bulb papilla cells (PC) show distinct 
morphologic  characteristics when grown in vitro 
devoid of  the influence of  hair matrix epithelium [8]. I t  
is their marked  tendency to aggregate into cell clusters 
that  is quite different f rom ordinary fibroblasts '  
growth pattern. The results of  the present study con- 
ducted with human  PC and RSF obtained f rom the 
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same scalp biopsy specimens are in good agreement 
with previous results for cultured rat vibrissa papillae 
[3, 6, 71. 

It is tempting to conclude that the striking ag- 
gregative behavior of  cultured PC reflects the role of  
these cells in the hair cycle in vivo, in providing a 
conformative structure for repeated reconstruction of  
the lower hair follicle. Thus, at the telogen arrest of  
hair growth with the supporting papilla no longer 
encapsulated by the matrix epithelium, intrinsic 
"constringent" behavior of the PC may prevent them 
from spreading into the surrounding mesenchymal 
tissue, thus preserving a stable histological structure 
for the renewal of  the anagen hair [4]. This 
histoarchitectural stability may be due to a still-hypo- 
thetical intrapapillary cellular factor, since PC grew in 
clusters without concomitant induction by epithelium 
cells. Thus, our growth study yields evidence for the 
opinion submitted by Van Scott et al. [14] that papilla 
cells are more likely to induce than to retard increases 
in the proliferative capacity or volume of  the matrix 
epithelium. 

Some proliferative similarities of  both cell types 
may be due to synchronization of  cellular growth 
under the in vitro conditions prevailing at the onset 
of  the subculture experiments. The synchronously 
high S-phase percentages determined by D N A - F C M  
on Days 3 and 11 support this hypothesis. However, 
the decrease as early as Day 11 indicates desynchro- 
nization. 

It should be emphasized that the discovery of  a 
higher percentage of  cells in S phase, determined using 
either FCM or autoradiography, does not directly 
imply rapid tissue proliferation by itself, but also 
depends upon the duration of  the different cell-cycle 
phases. Consequently, even in rapidly growing tissues 
low S-phase percentages can be obtained when the 
length of  the S phase is short. Besides the morphologic 
differences of  growth pattern in vitro, the divergent 
rates of  proliferation of  the two cell types was striking, 
since the numbers of  RSF were nearly doubled those 
of PC after 15 days. Recently, differences in both 
the speed of  proliferation and the collagen synthesis in 
vitro between fibroblasts of  the papillary and reticular 
dermis have been reported [5, 15]. Papillary layer- 
derived fibroblasts showed faster growth in vitro than 
did reticular ones [5]. In our  study, however, only 
fibroblasts adjacent to epithelium were investigated: 
hair papilla fibroblasts surrounded in situ by hair 
matrix cells and dermal fibroblasts derived from the 
mesenchymal root  sheath. The divergent growth 
velocities of  either cell population observed under in 
vitro conditions clearly indicate differences in the pro- 
liferative behavior of  hair bulb PC and root  sheath- 
derived fibroblasts. 

Our study yields evidence that hair bulb PC, 
mainly consisting of  fibroblasts and endothelial cells, 
represents a peculiar population of  cells in the human 
skin, differing in their proliferative pattern from 
fibroblasts of  the hair-follicle-enveloping connective 
tissue. It can be assumed that the distinct growth 
attributes of PC in vitro correspond to in vivo proper- 
ties of  the hair bulb papilla specialized for the support 
of  both the development and maintenance of  anagen 
hair production. 

Addendum 

Most recently, Messenger et al. reported some in vitro properties 
of dermal papilla cell lines established from human hair follicles 
(Br J Dermatol [1986] 114, pp 425). In their study, papilla cells 
(PC) were compared with fibroblasts of papillary dermis in 
culture. In our study, fibroblasts derived from the mesenchymal 
root sheath of hair follicles (RSFs) were used for comparison 
with PC, since RSF are in intimate proximity to epithelial hair 
follicle cells resembling the relationship between PC and matrix 
epithelium. Our results confirm those obtained by Messenger et 
al. with regard to the morphology and gross proliferative 
behavior of PC in subculture. Interestingly, RSF and papillary 
dermis fibroblasts showed similar growth rates. 

Acknowledgement. Miss I. Schatz is gratefully acknowledged for 
skilled technical assistance. 

References 

1. Arnold T, Deinlein E (1985) Prinzip der DNS-Cytometrie 
zur Bestimmung des nucle/iren DNS-Gehaltes von gell- 
kernsuspensionen. Anwendungsmrglichkeiten mittels Ethi- 
diumbromid/Mithramycin-Fluorochromierung. Zentralbl 
Haut- u Geschlechtskrankh 150: 727- 741 

2. Baisch H, Grhde W, Linden WA (1975) Analysis of PCP 
data to determine the fraction of cells in the various phases 
of the cell cycle. Radiat Environ Biophys 12: 31 - 39 

3. Cohen J (1961) The transplantation of individual rat and 
guinea-pig whisker papillae. J Embryol Exp Morphol 9: 
117-127 

4. Deinlein E, Schell H, Winter M, Hornstein OP, Katsuoka 
K (1985) DNA flow cytometry: A new technique for rapid 
analysis of cell-cycle kinetics in human anagen hairs. Arch 
Dermatol Res 277: 337- 339 

5. Harper RA, Grove G (1979) Human skin fibroblasts derived 
from papillary and reticular dermis: Differences in growth 
potential in vitro. Science 204: 526- 527 

6. Jahoda C, Oliver RF (1981) The growth of vibrissa dermal 
papilla ceils in vitro. Br J Dermatol 105:623- 627 

7. Jahoda C, Oliver RF (1984) Vibrissa dermal cell aggregative 
behaviour in vivo and in vitro. J Embryol Exp Morphol 
79: 211 - 224 

8. Katsuoka K, Hornstein OP, ScheU H, Deinlein E (1985) 
Proliferative kinetics in cultured dermal papilla cells from 
human hair follicles. Br J Dermatol 113: 629 (Letter) 

9. Messenger AG (1984) The culture of dermal papilla cells 
from human hair follicles. Br J Dermatol 110:685- 689 

10. Oliver RF (1966) Whisker growth after removal of the 
dermal papilla and length of the follicle in the hooded rat. 
J Embryol Exp Morphol 15: 331 -- 347 



K. Katsuoka et al.: In vitro growth of hair papilla cells 25 

11. Oliver RF (1966) Histological studies of whisker regener- 
ation in the hooded rat. J Embryol Exp Morphol 16:231- 
244 

12. Oliver RF (1967) The experimental induction of whisker 
growth in the hooded rat by implantation of dermal papillae. 
J Embryol Exp Morphol 18 : 43 - 51 

13, Oliver RF (1970) The induction of follicle formation in the 
adult hooded rat by vibrissa dermal papillae. J Embryol Exp 
Morphol 23, 219-236 

14. Van Scott E J, Ekel TM, Auerbach R (1963) Determinants 
of rate and kinetics of cell division in scalp hair. J Invest 
Dermatol 41:269-273 

15. Weber L, Kirsch E, Mfiller P, Krieg Th (1984) Collagen type 
distribution and macromolecular organization of connective 
tissue in different layers of human skin. J Invest Dermatol 
82:156-160 

16. Zante J, Schumann J, Barlogie B, Grhde W, Biichner T 
(1976) New staining and preparation procedure for specific 
and rapid analysis of DNA distribution. In: Grhde W, 
Schumann J, Bfichner R (eds) 2nd International Symposium 
on Pulse Cytophotometry. European Press Medikon, 
Ghent, pp 97-106 

Received March 24, 1986 


