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EFFECTS OF SEX STEROIDS ON HUMAN SKIN 

IN ORGAN CUL TURE 

Raija Tammi 

Deporr111e111 of A1111romy. U11il'l!r.1iry oj T11rk11. Turl.11, Fin/ond 

Absrrucr. Hi�tomctric and autoradiogrnphic mcthods were 
applied 10 investigatc the .iction� of se.x hormones on the 
cultured cpidermi� of post-mcnopau�al women. Both 
testo�terone and proge,terone al the concentration of 
10 »_ 10-1 mol/I enhanced the keratiniLlllion ofthe epider
mal cells <luring the 7-day culture. The numbers of the 
granular cells were increased by both of the�e hormones 
and the transit time of the epidermal cells was �honened 
by progc�teronc. Progcsteronc (bu1 not tcstostcrone) 
in0uenced cell proliferation. too. as indicated by an in
crca�ed labelling of the epidermal cell� with ['H]thymi
dine. In a contra,t to other sex steroids. 17-{3-estradiol 
(10 7 and 10-• mol/I) appeared to be inefTective in shon
term organ cul!urc. 

Key word.1: Human epidermis; Organ culture; Estrogen: 
Testo�terone: Progesterone: Histometric 
analy�i� 

The age and sex related differences in the appear
ance and function of the human �kin suggest that 
it is influenced by se, steroids (7). It is generally 
accepted that the skin appcndagcs (hair follicles. 
scbaceou,- glands. apocrine sweat gland") arc a 
targct of these hormones (7), and it �eems that 
the epidermis i-, a sex steroid re�ponsive ti'>sue. 
too. although thc area has not yet been scttled. 

Thus. in both \exes the epidermis atrophie!> with 
age (24) coneomitant with lhe declining production 
of leroid hormones. This aging atrophy of the 

epidermis may be counteracted by estrogen (8. 11) 
and testosteronc (JO. 20. 32) trealments. A slightly 
stimulatory effect on the senile human skin has 
been proposed also for progcsterone (20). Further
morc, in women. ca!,lration is accompanied by an 
epidermal atrophy (21) which can be reversed by 
estrogen replaccment therap) (21 ). 

However. thc experimental work carried out on 
thi., subject ha-, given contradictory results. For 
example. long-term estrogen administration to 
intact rat., ( 13) and mice (2) v.as followed by epider

mal atrophy. As an cxplanation, it has been postu
lated that the high do-,e� of estrogen are antimitotic 

on the epidermal cell�. while the �maller. more 
physiological doses would be mitogenic (5). 

Whethcr the cited effects of the �ex steroid� on 
the epidermis arc direct or are mediated via other 
organ� is not known. �ince the majority of the 
studies have been carried out in vivo. The actions 
of te�tosterone on the epidermis and sebaccous 
glands may depend on the hypophysis (6). Further
more. an indirect route of action i!> ,ugge�ted by a 
finding that the epidermal atrophy by the high
dose estrogen administration might. at least part ly. 
be ctuc to the activation of thc adrenal glands (3). 
However. high eoncentrations of estrogen ( lo-• 
mol/I) inhibit the proliferation of thc epidermal cells 
also under organ culture conditions ( 18). 

The aim of thc present study wa!, to investigate 
the effect� of sex steroids ( 17-,8-cMradiol. proges
tcrone. and testosteronc) at small concentrations on 
the proliferation and differentiation of adult human 
epidermis. The reeent developmcnt of the l>kin 
organ culturc methods (27. 28) afforded a possibility 
10 investigate the direct skin effects of thcse hor
mone� in the absencc of the complex hormonal 
feedback mcchanism!, and the sy,temic effect'> of 
the steroids. which have complicated the inter
pretation of the results of earlier reports. 

MATERIAL AND METHODS 

Tislr11' c11/111r1• 

The �kin samples were obtained from 12 femalc patients 
undergoing mastectomy operations. The ages of the 
donor, ranged from 50 to 78 years. The ;,kin cuhures 
were prepared as described earlier (27). A Trowell-type 
organ cuhure wa\ uscd with Eagle·, MEl\.l in Earte·� 
balanced salt solution (Flow Laboratories Lid, lrvine. 
Scotland). buffered by 20 mmol/1 Hepcs and 25 mmol/1 
bicarbonate and containmg 600 mg/I L-glutamine. ·o 
,erum wa� added. The culture, were incuhatcd in air
tight pla,tic chambers under an atmO\phere containmg 
40% oxygcn, 55% nitrogen and 5<,q carbon dioxide at 
37°C. 
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Fi;:. I. Effects of sex steroids ( 10 'mol/I) on the numbers 
of the [3H]thymidine-labelled nuclei in the epidermis. 
The mean� and standard errors of 1he means (SEM)were calculated by pooling the data of live e,perimcnts.
The significant differences between 1he hormone-trcated 
and control culturcs on the indicated day after beginning 
of thc cuhures are shown as: •=p<0.05. ·•=p<0.01. •••"'p<0.001. •-•. Control: ■---■. I7-,8-estradiol: 
t:i--·D.. te,tosterone: •-·-•· progestcrone. 

17-,8-estradiol (I. 3. 5. (10) estratrien-3. 17-,8-diol d1ace
tate: Organon. Holland). 1es1osterone ( 17-J3-hydro,y-4-andro,ten-3one: Merck. West Gcrmanyl and progestcrone (4-pregnen-3.20-dione: Orion. Finland) wcre dissolvcd in 
propylcne glycol and added to the culture medium :!4 
hours after the stan and at each renewal of the culture 
medium (every ,econd day). The final concentration� of 
the hormoncs were I x 10 'and I x 10 ·• mol/I and 1ha1 of 
propylene glycol. 0.04 'K (v/v). The control culture, con
tained an equal concentration of propylcne glycol. 
Histo/ogical proce.,·Jing and l,istometry 
The ,kin �ample� were !hed in formalin. dehydrated in 
alcohol and embedded in paraffin wax. Serial section, 
(7 µ.m thick) were cut pcrpendicular to the epidermal 
surfoce and ,taincd "ilh hematox) lin and eosin. The 
parameters in Figs. 2-4 were rccorded according to the 
histometric method described in detail clse"here (28). In 
each experiment 6-8 explams were analysed from the 
control and hormone-trcated culture;, al thc beginning 
and on the 5th and 7th culture da)-,. Data from live exper
iments. each including ,ample, from one donor. werc 
pooled for the calculation, of the means and standard 
error, of I hc mean,. 
A11t,1rt1diostr11ph_1· 
Fi\i: c,penmen1- cach mcluding comrol, 17-,8-e.,tradiol. 
proge\teronc and tcstoMcrone 1rea1ed group� (all at 10 ' 
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Fi�. 2. Effecb of 17-/3-estradiol (10 ; mol/I) on the histo
metric parameters of the cultured epidermis. Means and 
SEM were calculatcd by pooling the data from live 
experirnent5. •-•. Control; 11---■. 17-{3-emadiol. 

mol/I final concentration) werc s1artcd as describcd 
abo,c. Si, c-.plant'\ from cach group on the 2nd. 3rd. 4th and 5th culture day, were 1ransferred for 2 hours
into a medium which contained 5 µ.Ci/ml of (3H)rhy
midine (6-(3H]thymidine. �pec. act. 28 Ci/mmol: The 
Radiochemical Centre. Amersham, U.K.). The explants 
were rhen washed with non-radioac1ive medium and 
proce%ed for histology as described above. Serial sec
tions (5 µm thick) were cul perpendicular ro the epider
mal surface and dipped with Kodak nuclear emulsion 
NTB 3 (Eastman Kodak Co .. Rochester. N.Y.). The au10-
radiograms were exposed for 14 days al - l5°C. developed 
in Kodak 0-19 developer for -l min and Mained with 
hematoxylin and eosin. In each explanl. the number of 
the labelled nuclei was coumed per I mm of epidermis 
from ,ix sections ar lea,,1 30 µm apart from each other. 
The combined data of live separate experiments were 
u,,ed for the calculations of means and standard error� of 
the mcans. 
\.le11wreme111 ofrhe fl'lllllit rime 
The explanb were incubated on the tirs1 culturc day in a 
medium containing 5 µCi/ml of (3H)thymidine for 4 
hour�. washcd with non-radioactive medium and trnns
ferred tu rhe original di,he,,. On the 6th day after the 
['H)th) midinc pube 5-6 explants were harvc,ted from 
1he cuhure,. fixed und processed for autoradiography as 
described above. The po,ition of the lahelled cells ,q1s 
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Fig. 3. Effects of progcsterone (10 : mol/I) on thc histo
metric parameters of the cuhured epidermis. Means and 
SEM were calculated by pooling the data from live 
experiments. The �ignificant differences are indicated as 
in Fig. I.•-•. Control; .t.-·-A, progcsteronc.

analysed by counting the numbers of the vital cell layers 
below and above the labelled cells. In each explant the 
positions of at lcast 15 labelled cells were mcasured. 
Data from three experiments were pooled and u�ed for 
the calculations of the means and Mandard error� of the 
means. 

Statistica/ merhods 

The his1ometric and autoradiographic data were subjected 
to a three-way analysi� of variance of the random effect 
of the patients. and the fixed efTects of the cuhure 
periods and hormone treatments (HYLPS program, 
Univac). The data from the transit time experiments 
were analysed using a two-way analysis of variance of the 
effect� of the patient� and hormone treatments. A simul
taneous confidence limit test procedure was applied to the 
di!Terent periods of the treatment to find out which of 
the mcans were �ignificantly different (Ncuman-Keuls 
test, 31 ). 

RESULTS 

Becau�c the light rnicroscopic structure of the 

human epidermis cultured in the present conditions 
wa<; de�cribed recently (27). only the rno<;t salient 

feature� are described here. o signs of degener

ation were evident in the epidermis before the end 
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Fig. 4. Effects of testosterone 00-7 mol/I) on the histo
metric parameter� of the cuhured epidermi�. Means and 
SEM were calculated by pooling the data from 
live experiments, The significant differences are indicated 
as in Fig. 1. •-•, Control; Å· - -.t., testo,tcrone. 

of the first wcek of the culture. Few cells were 

labelled with ['lH]thymidine on the I st and 2nd 

days in culture. but the numbers of the labelled 

cells increa ed thereafler and attained a maximum 

on the 4th day (26) (Fig. I). At 1he same time. the 

epidermis became thickcr and accumulated more 

vital cell layers (Figs. 2-4). The cornification con

tinued in the culture. but the numbers of the 

granular cells were greatly reduced and the newly 

formed stratum corneum was partly parakeratotic 

(Figs. 2-4). The propylene glycol concentration 

(0.04%) introduced into the medium had no sig

nificant effect on the proliferation rate or the 

structure of the epidermis. 

The addition of the sex steroids to the medium 

did not change the vitality or the overall structure 

of the epidermis. All the steroids sIUdied tended 

to stimulate the migration of the epidermal cells 

(10-40% increase in thc length of the epibolus), 
but this effect varied from onc experiment (skin 
donor) to another and did not reach tatistical sig

nificance. 

At'la Dermalo\'l,llt'r (StockholmJ 62 
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Fig. 5. Effec1s of sex steroid� on lhe transit rime of the 
epidermal cells in culture. Range b:irs indicate mean 
( + SEM) numbers of vital cell layer, above the labelled
cells 6 days after a ['H]thymidine pulse on thc fir�l 

culture day. The data were pooled from three experiments.
Significances a� in Fig. I.

17-/3-ewadiol ( I O 7 mol/I) cau,;ed no significant

alteration in the proliferation rate of the epidermis 

as indicated by the (·1H]thymidine labelling of thc
cells (Fig. I). or <lid the hormone influence any of 

the histometric parameters of the cultured skin 
(Fig. 2). Thus, ncither the thicknc�s of thc vital 
and cornified parts of the epidermis. the number 

of the granular cells, nor the quality of the newly 

formed stratum corneum (parakeratosis ratc) dif

fered from the same parameter, in the control 
culture�. The cornitication rate (tr,msit time) wa� 

not changed. eithcr, as was demonstrated by the 
disappearance of the vital cells from a layer above 

the keratinocytes labelled at the beginning of the 

culture (Fig. 5). The diminution of the hormone 

concentration to 10-9 mol/I gave the same results.

In contrast to I7-/3-est radio!, progesterone (I o-: 
mol/I) signiticantly stimulatcd the labelling of thc 

epidermal cell� with [3H]thymidine (Fig. I). The

stimulation of the proliferation rate was paralleled 

by an increase in the number of vital cell layers 

(Fig. 3) and the overall thickness of the vital epider
mis was �lightly increased. too (Fig. 3). The cor

nification rate of the epidcrmal cells wa& acceler

ated. a� there were on average fewer "ital cell 
layers above the label in the progesterone-treated 
cxplants than in controls on thc 7th culturc day 
(Fig. 5). By this time abo. the fiN labellcd celb 
reached the stratum corneum in the hormone

treated cultures. but not in control culture�. The 
amount and quality of the stratum corneum wai. 
not affected, but on the 7th day a thick. multi-
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layered stratum granulosum was observed in some 

of the progei.terone-trentcd cultures (Fig. 3). The 
histometric analysis wh1ch was done following thc 

treatment with a lower concentration of proges
terone ( 10-9 mol/I) revealed trends similar to the

cffects of the higher concentration. i.e. a slight 

thickening of thc vital cpidermi, and an accentu

ation of the stratum granulosum at day 7. 

Tec;tosterone ( lo-; mol/I) did not significantly 

influencc the epidermal proliferation ratc in the 

cultured female skin (Fig. I). However. a transient 

increase in the thickncss of vital epidermis and in 
the number of vital cell layers was observed on day 

5 (Fig. 4). The cornification rate of cpidermal 
cells was not affccted by tcstosterone, as indicated 
by the average position of the labelled cells 6 day'> 

after a [1H]th) midine pulse (Fig. 5). The transit

time. when expressed as the period to the appear
ance of the first (labelled) basal cells in thc stratum 

granulosum. was unchanged. too. Testosterone did 

not affect the amount or quality of the stratum 

corneum built in vitro but. instead. significantly 

increa�ed the number of the granular cells. both on 
the 5th and on the 7th day (Fig. 4). The results 
appearcd similar in two experiments whcre a con

centration of 10-" mol/I of testosterone was used in 
the cultures. 

DISCUSSION 

The present method of tissue culture in a defined 

medium. avoiding serum with its unknown biologic.11 
effectors. yet still providmg good skin vitality (27). 

appear� especially suitable for the studies on hor
mones. as excmplificd by the previou-, investi

gation-. concerning hydrocortbone (26. 29). The 

quantitative recordings of the structures were quite 
obligatory in order to detcct the hormonal changes 
in the epidermal ,1ructure. which were often �ubtle. 

In contrast 10 most of the earlier in 1'il'o studies 

on human skin (8. IL 20, 21) it wa-. found that I 7-(3-

estradiol exerted a negligible influence on the 
epidermal prolifcration and thickness (Fig-.. I. 2). 

Since the pre<;ent results reflect the isolated skin 

effects of 10 : and 10 " mol/I concentrations of 

I7-,B-e\tradiol. it is suggested that this hormone 
does not directly control the proliferntion of the 
human epidermi, in ,fro. An indirect route of the 
effect<;. e.g. via an enhanced dermal circulation 

( 18). is of course possible. 
In an earlier in 1-ii'o ,tudy it wa<; sugge,ted that 

proge,terone �lightly increases thc epidermal thick-



ness (20). The present results are in agreement 

with that finding (Fig. 3) and also indicate that the 

thickening of the epidermis is probably due to 

enhanced proliferation of epidermal cells (Fig. I). 
The treatment of the senile human skin i11 ,fro 

with pharmacological doses of testosterone induced 
an increase in the epidermal thickness in both sexes 

(JO. 20. 32). In ,·itro, this effect (induced by small 

hormone doses) was very small and transient 

(Fig. 4) and was not associated with <1ny significant 

stimulation of the proliferation rate (Fig. 1 ). It 

seems improbable that, in females, the epidermal 

renewal would be markedly regulated by the 

physiologic testosterone. since the epidermis 

atrophies with age despite the unchanged secretion 

of this hormone (19). 

Testosterone increased the number of the gran

ular cell layers both in i·itro (Fig. 4) and in ,·i,•o 

(10, 20). A similar effect was observed in some of 

the progesterone-treated cultures after the longer 
culture period (7 days) (Fig. 3). The precise role of 

the keratohyalin granules in the stratum granulosum 

is not known, but they characterize normal keratin

ization in human epidermis ( l), whereas their 

excessive accumulation in the infundibular epithe

lium is associated with the formation of comedones 

(15. 17). 

Because testosterone virtually lacked the stim

ulatory influence of progesterone on the epidermal 

proliferation, it appears improbable that the epider

mal effects of progesterone stem solely from its 
conversion lo androgenic metabolites, as suggcst

ed (20). 

It is not known if or to what extent the epider

mal effects of these steroid hormones depend on 

the dermal connective tissue in the present organ 

culture experiments. This possibility deserves 10 be 

elucidated. as thc dermal connective tissue may 

modulate the growth and differentiation of the 

epidermal cells (23) and the action of steroid hor

mones on the epithelium in certain other tissues 

seems to be mediated through the mesenchyme 

(4, 16). 

Whether the present results are relevant to the 

fertile female or male skin is still an open question. 

since all skin samples included in the present 
experiments were donated by postmenopausal 

women. It would seem. however, that the capacity 
of the cutaneous tissucs to bind an<l metabolize 

steroid hormones is not changed with advancing 

age (22). Funhermore, the site of the skin must 
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also be taken into account when generalizing the 

present results, since the metabolism of steroid 

hormones differs from onc skin site to another (9, 

12. 14. 25, 30).
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