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The mechanism by which ductal hypercornification occurs
in acne is uncertain. We investigated proliferation in normal
and acne follicles and in the interfollicular epidermis using
the monoclonal antibody Ki-67, which reacts with a nuclear
antigen expressed by cells in the G,, S, M, and G, phases of
the cell cycle.

Cryostat sections of biopsies from the interscapular region
from acne patients and from normal volunteers were stained
with Ki-67 antibody and counterstained with 2% methyl
green. The number of Ki-67-positive nuclei in the basal
layer were counted and expressed as a percentage of the total
number of basal nuclei in the ductal or interfollicular epithe-
lia. The data was expressed as mean percent & SD. In normal
follicles from acne-affected sites 17.40% =+ 1.86% (n = 8) of
the nuclei were Ki-67 positive. This was significantly higher

< 0.01) than follicles from an area of skin unaffected by
acne (11.01% = 6.16%, n = 8). In the follicular epithelia of

non-inflamed lesions, the percentage of Ki-67 positive nuclei
was 23.44% * 8.36% (n = 15). It was impossible to count
the nuclei of follicular epithelium of inflamed lesions because
little of this remained intact.

In normal interfollicular epidermis, Ki-67 - positive nuclei
represented 5.33% = 3.36% (n = 8) of the total. This value
was not significantly different from the value obtained
for interfollicular epidermis near non-inflamed lesions
(10.46% =+ 4.45%, n = 15). However, the number of Ki-
67 - positive nuclei in the interfollicular epidermis near in-
flamed lesions was significantly higher than either of these
two values: 25.26% =+ 6.83%, n = 13, p < 0.05.

Our results with Ki-67 confirm that ductal hyperprolifer-
ation occurs in acne and shows that normal follicles from
acne skin may be “acne-prone.” Key words: duct/follicular/
keratinocyte/immunohistochemistry. | Invest Dermatol 102:
89-92,1994

cne vulgaris is a disease affecting the pilosebaceous

unit. Although the aetiology of acne is unknown, four

factors are known to contribute towards its pathogen-

esis: increased sebum excretion, hypercornification of

the pilosebaceous duct, abnormal microbial action,
and inflammation [1].

Ductal hypercornification is thought to result from hyperproli-
feration of basal keratinocytes and the subsequent retention of cor-
neocytes within the follicular lumen [2,3]. This process contributes
towards comedone formation, which represents one of the earliest
clinical signs of acne. Comedones both those which are clinically
evident and microcomedones, can develop into inflamed lesions. T
Drugs that counteract hyperproliferation may therefore offer a
therapeutic approach not just to comedonal acne but also to inflam-
matory lesions.

Evidence for the role of ductal hyperproliferation in acne was
established in the early 1970s [2]. Tritiated thymidine incorporation
into normal follicles and comedones revealed a higher labeling rate
in comedones compared with normal follicles.

Recently questions have been raised concerning the validity of
the earlier tritiated thymidine incorporation data. Keratinocytes are
capable of catabolising thymidine [4-6], thus the radioactivity ob-
served in dividing cells might result from thymidine catabolism
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rather than DNA synthesis. Also, addition of exogenous thymidine
may stimulate DNA synthesis; for example, media designed for the
optimal growth of keratinocytes contain substantial amounts of
thymidine [7,8]. Moreover, exogenous thymidine only measures
the amount of thymidine incorporated into DNA via the salvage
pathway [9] and keratinocytes vary in their capacity to use this
pathway [10]. Under some circumstances DNA synthesis may occur
entirely de novo from free bases, sugars, and phosphate without pass-
ing through a step involving thymidine. Monoclonal antibodies
have recently proved useful in studying the cellular events occur-
ring in comedogenesis. The keratin profile of ductal keratinocytes
in acne has been investigated by using antisera to a panel of keratins.
The follicular epithelium was found to express the hyperprolifera-
tive keratins 6 and 16 rather than the differentiating keratins 1 and
10 throughout the suprabasal layers of the comedone wall. This
further supports the idea that hyperproliferation is at least in part
responsible for hypercornification.f However, levels of other major
proteins such as involucrin appear to remain unchanged whereas
involucrin is diminished in some conditions involving hyperproli-
feration [11].

Therefore, we decided to re-evaluate the rate of cellular prolifer-
ation in acne using the monoclonal antibody Ki-67. The monoclo-
nal antibody Ki-67 reacts with a nuclear antigen expressed by cells
in the late Gy, S, M, and G, phases of the cell cycle [12-14]. The
exact nature of the nuclear binding site of Ki-67 is unknown, al-
though immunoblots have shown that Ki-67 binds to a large pro-
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tein doublet of Mr 345 and 395 kDa. This protein is thought to
interact with chromatin during the cell cycle. The use of this anti-
body allows actively dividing cells to be distinguished from quies-
cent cells. In practical terms Ki-67 has several advantages compared
with tritiated thymidine. It offers a non-radioactive and more rapid
method for quantifying epidermal proliferation. Furthermore, all
actively cycling cells are labeled, not just those engaged in DNA
synthesis, and there are no problems with catabolism of the label.

MATERIALS AND METHODS

Patients and Samples After informed consent, punch biopsies (3 mm
wide, 4 mm deep) of follicles of normal-looking skin of acne subjects, non-
inflamed lesions, and inflamed lesions were taken under local anesthetic
from the interscapular region of acne patients with mild to moderate acne
(total acne grades between 0.25 to 4 as assessed using the Leeds technique
[15]). The patients had not received any treatment for their acne for a
minimum of 6 weeks prior to taking the samples. The patients were between
16 and 33 years of age (the average age was 22 years). In total, eight normal
acne follicles, eight open comedones, seven closed comedones and 13 in-
flamed lesions (six pustules, seven papules) were studied. Bach follicle or
lesion was obtained from a separate patient. Therefore, a total of 36 patients
were studied. The biopsies were immediately snap-frozen and stored in
liquid nitrogen until used. Strips of chest skin from non-acne patients under-
going open heart surgery were obtained, cut into biopsy sized pieces, and
snap-frozen as described above. Chest skin was used to provide control
follicles. Eight chest skin follicles were examined. These were obtained from
different patients aged between 35 and 50 years (the average age was 41
cars).

d Serial sections were cut to a thickness of 6 um on a cryostat (Anglia
Scientific, Cambridge, UK) and thaw-mounted onto slides. The sections
were air-dried for 4 - 24 hours, fixed for 10 min in acetone, and left until the
acetone had evaporated.

Immunohistochemistry The staining method used is based upon the
technique described by French et al [16]. Briefly, the sections were rehy-
drated in phosphate-buffered saline (PBS) and overlaid with the Ki-67 anti-
body (DAKO, Denmark), diluted 1:60 in PBS. Following incubation in a
moist chamber for 45 min at room temperature, the slides were washed three
times with PBS and incubated with rabbit anti-mouse horseradish-
peroxidase —conjugated secondary immunoglobulin (DAKO, Denmark)
(1:25 dilution in 1:20 human AB serum) for 35 min at room temperature
and then washed. After staining with 3,3 diaminobenzidine tetrahydroch-
loride, the slides were washed well with water and counterstained with 2%
methyl green. Negative controls were set up omitting the primary antibody.
Sections of human ronsil obtained at tonsillectomy were used as positive
controls. Tonsil contains over 40% positive nuclei for this antibody [17].
Stained sections were viewed using a light microscope (Leitz). Photographs
were taken using Kodak professional black and white film.

The results were quantitated by projecting the slides using a projecting
microscope onto a white screen and counting Ki-67 —positive nuclei (mag-
nification X 500). Growth fractions were obtained by expressing the number
of Ki-67 - positive nuclei as a percentage of the total number of basal cell
nuclei counterstained with methyl green. Several microscopic anatomical
sites were counted: at least three areas of the epidermis, two areas remote
from the follicle and one perifollicular area, and the entire duct of the normal
follicle or non-inflamed lesion. The follicular epithelium was divided into
the acroinfundibulum (the upper fifth of the duct) and the infrainfundibu-
lum (the lower four-fifths of the duct). These areas were counted separately.
All of the sites counted consisted of at least 200 cells. The data was expressed
as mean percentage & SD and analysed using the Mann-Whitney U test.

RESULTS

The monoclonal antibody Ki-67 stained a proportion of the basal
nuclei of keratinocytes in interfollicular and intrafollicular epithe-
lia. It was therefore possible to count the number of positive nuclei
and express them as a percentage of the total number of basal nuclei,
for a given length of skin.

The results for Ki-67 staining of interfollicular epidermis are
shown in Fig 1. Ki-67-positive nuclei represented 5.33% %
3.36% of the total normal interfollicular epidermis. This value was
not significantly different from that associated with interfollicular
epidermis from acne patients, 6.50% =+ 3.00% (Fig 2a). In the in-
terfollicular epidermis associated with non-inflamed lesions, the

+ Mean &£ SD.
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Figure 1. Growth fractions for different types of interfollicular epidermis
stained with Ki-67 as described in Materials and Methods. Values represent the
number of basal nuclei positive for Ki-67 expressed as a percentage of the
total number of basal nuclei counterstained with methyl green. Values were
calculated as mean percentage = SD. TE, thoracic epidermis from a control
patient; IE, interscapular epidermis from an acne patient; ENIL, interscapu-
lar epidermis around a non-inflamed lesion; EIL, interscapular epidermis
around an inflamed lesion.

growth fraction for basal keratinocytes was 10.46% =+ 4.45%. This
value was significantly different, p < 0.02, from that for normal
epidermis. On these sections, two distinct regions with different
labeling patterns could be identified depending on their distance
from the follicular pore: the perifollicular area (i.e., the epidermis
adjacent to the follicular orifice) and an area remote from the follic-
ular orifice. When counted separately, these regions were found to
have significantly different proportions of cycling cells, 17.49% =
5.09%and 8.09% =+ 5.31%, respectively (p < 0.01). The growth
fraction for the perifollicular area was also significantly different
from that for the normal epidermis, p < 0.01, but the growth frac-
tion for the area distal to the follicle was not. No differences were
found between the interfollicular epidermis of open and closed co-
medones.

Epidermis surrounding inflamed lesions showed a strikingly
greater percentage of Ki-67-positive nuclei. This value,
25.26% =+ 6.83%, was significantly higher than all other values
obtained for the interfollicular epidermis (Fig 2b). Growth fractions
for intrafollicular epidermis are shown in Fig 3. Ki-67 labeling of
epithelium lining normal follicles from chest skin was 11.01% =
6.16%, which was significantly different compared with the value
obtained for normal epidermis (5.33% =+ 4.20%), p <0.05. When
the areas of the infundibulum were counted separately, the value
obtained for the acroinfundibulum of normal ducts was lower,
5.48% =+ 4.20%, compared with the value for the infrainfundibu-
lum, 11.24% = 7.26%, but these values were not significantly dif-
ferent from each other. In the ductal epithelium lining normal
follicles from acne patients 15.48% = 2.93% of the basal keratino-
cytes were Ki-67 positive (Fig 4a). This value was significantly
higher, p < 0.01, compared with follicles from patients with no
acne. The value for the Ki-67 growth fraction for the acroinfundi-
bulum of the duct was 8.80% == 2.36% and for the infrainfundibu-
lum the growth fraction was 17.40% = 1.86%. These values were
significantly different from each other, p < 0.01.

In non-inflamed lesions the percentage of Ki-67 - positive nuclei
was 23.44% =+ 8.36% (Fig 4b). This value was significantly differ-
ent from that obtained for normal follicles from acne skin, p < 0.01.
The growth fractions obtained for open and closed comedones were
24.46% = 7.50% and 23.53% % 10.37%, respectively. In contrast
to normal follicles, there was little difference between the number
of cycling cells labeled in the ductal keratinocytes in the acroin-
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fundibulum, 25.01% % 9.92%, and in the infrainfundibulum,
19.47% £ 7.61%.

It was not possible to obtain a value for ducts in inflamed lesions
because little of the follicular epithelium remained intact.

Overall, no correlation was found between the growth fraction of
the pilosebaceous ducts in the normal acne follicles and non-in-
flamed lesions with age, sex, or acne grade of the interscapular
region of the acne patients studied (n = 36).

DISCUSSION

The monoclonal antibody Ki-67 offers a quick and convenient
method for estimating the number of cells in the G4, S, M, and G,
phases of the cell cycle. Our results obtained for normal epidermal
turnover using Ki-67 show that at any given moment 5-7% of the
basal cells are proliferating. These results are comparable with

revious findings for epidermis obtained using tritiated thymidine

18,19] and would indicate that either Ki-67 or tritiated thymidine
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Figure 3. Growth fractions for intrafollicular epidermis stained with Ki-67
as described in Materials and Methods. Values represent mean percentage =+
SD. CF, control follicle; NAF, follicle from the back of an acne patient; NIL,
non-inflamed lesion from an acne patient; OC, open comedone; CC, closed
comedone.
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Figure 4. a) A normal follicle from the back of an acne patient stained with
Ki-67. Bar, 100 um. b) A non-inflamed lesion from the back of an acne
patient stained with Ki-67. More keratinocytes are labeled with Ki-67 in the
non-inflamed lesion compared with the normal follicle (a). Bar, 50 um.

can be used to obtain a valid measure of cell turnover in epidermis.
Good correlation between the value obtained for the growth frac-
tion using the monoclonal antibody Ki-67 and tritiated thymidine
labeling indices has previously been reported [17,20].

The results show the existence of a large population of non-cy-
cling cells in normal epidermis. This is in agreement with the
present theory that more than 90% of basal epidermal cells are in the
G, phase of the cell cycle [21,22]. Prior to these observations it was
generally believed that the majority of basal cells in epidermis were
actively cycling [23,24]. The results presented here also reveal that a
large quiescent population of basal keratinocytes exists in normal
pilosebaceous ducts. Thus, in response to epidermal damage the
follicles can become a major source of proliferating keratinocytes by
recruiting the resting basal cells into the cell cycle. This supports the
observation made by Eisen et al [25].

An unexpected finding was the increased proportion of Ki-67 -
positive basal nuclei in the interfollicular epidermis contiguous to
acne lesions compared with normal epidermis. Keratin 6 and 16,
markers for hyperproliferation have also been shown to be ex-
pressed adjacent to non-inflamed lesions (personal observation).
Because the ductal epithelium has many features in common with
the interfollicular epidermis [3], the perifollicular hyperprolifera-
tion associated with comedones may simply represent a response of
the keratinocytes at this site to the same factors stimulating come-
done formation. The dramatic Ki-67 labeling in the epidermis in
inflamed lesions is likely to be due to inflammatory mediators. The
inflammatory infiltrate in the dermis may liberate mitogenic sub-
stances that could diffuse away from the lesion and be responsible
for stimulating hyperproliferation of keratinocytes in the epidermis
distal to the lesion. Keratinocyte hyperproliferation of the epider-
mis around inflamed lesions in acne may be to aid the repair of the
duct after rupture during inflammation. Hyperproliferation of the
interfollicular epidermis may explain the reported change in the
antigenicity of the cornified envelopes surrounding non-inflamed
lesions in acne [26].

Only one report to date has attempted to quantify the cellular
dynamics occurring in acne vulgaris [2]. Plewig et al used tritiated
thymidine in contrast to Ki-67 used in this study. In addition, Ple-
wig et al was only able to obtain samples from male prisoners with
acne who ranged in age from 21 years to 42 years. The samples used
in the study reported here were obtained from acne patients attend-
ing the out-patient clinic at Leeds General Infirmary and possibly
provide a broader representative sample of typical acne sufferers as
regards grade, age, and sex.

Our results show that the growth fraction of normal follicular
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epithelia from thoracic skin is greater than that for the epidermis of
thoracic skin, indicating that normal ductal epithelium is in a hy-
perproliferative state. This finding differs from Plewig’s observa-
tion that there was no difference between the turnover of interfolli-
cular and intrafollicular epidermis. Clinically normal follicles from
acne-affected sites were found in this study to have a higher Ki-67
growth fraction compared with normal follicles obtained from tho-
racic skin. Possible explanations are that interscapular follicles have
a higher turnover rate than thoracic follicles or that follicles from
individuals with acne have a higher turnover rate and may be acne-
prone. It is difficult to distinguish between these possibilities from
the present data. However, the latter suggestion seems to be the
most likely because there is an increase in size and number of micro-
comedones obtained from the normal-looking skin of acne patients
[27] compared with follicles from skin unaffected by acne. Little is
known about the mechanisms controlling proliferation in intrafol-
licular epithelium. The higher flux of sebum in acne may contribute
to the sloughing off of corneocytes, thus stimulating turnover of the
follicular epithelium. This idea is hypothetical but could be analo-
gous to the effect of sellotape stripping stimulating epidermopoiesis
[28]. Alternatively, the concentration of linoleic acid may be diluted
in follicles with a high sebum flow and the follicular epithelia
subjected to a localized linoleate deficiency. This may stimulate
hyperproliferation in follicles from acne patients [29]. Evidence
supports the fact that a deficiency of linoleic acid exists in acne [30].
There was a wide range in growth fractions for normal follicles
from acne patients. It can be argued that follicles with the highest
growth fractions may be in the early stages of comedogenesis and
may evolve into acne lesions. At the present time, there are no ways
of identifying and therefore of sampling follicles in the early stages
of comedogenesis to test if these follicles do indeed have a high
number of Ki-67 - positive nuclei.

The values for the growth fractions of the acroinfundibulum and
the infrainfundibulum of clinically normal follicles were signifi-
cantly different from each other suggesting that cellular turnover in
the infrainfundibulum may be somewhat higher than that in the
acroinfundibulum. The higher number of cycling cells in the in-
frainfundibulum may help to explain why comedogenesis com-
mences in this area in acne vulgaris [3]. Furthermore, hyperprolifer-
ative keratin 16 staining in this area in normal ducts but not in the
acroinfundibulum has been reported by Hughes.t The growth frac-
tion in non-inflamed lesions was higher than the growth fraction of
clinically normal sebaceous follicles from areas affected by acne.

The basal cells of both the acroinfundibulum and infrainfundibu-
lum were found to be in a state of hyperproliferation. This agreed
with the results of Hughes showing that the suprabasal cells of
comedones expressed keratins 6 and 16 throughout the follicular
epithelium lining the comedone. As Plewig et al [2] stated, once
comedones have become clinically visible there is continual recruit-
ment of quiescent basal cells into the cell cycle despite the increasing
pressure from the accumulating material in the lumen of the folli-
cle. The additional keratinocytes produced presumably contribute
further to the formation of comedones. It is possible that the me-
chanical pressure may also contribute to the increased turnover seen
with lesional epithelia. Our results do not reveal any differences in
cellular turnover between the epidermis of open and closed come-
dones, whereas previously reported data for comedones had indi-
cated that open comedones have a lower labeling index compared
with closed comedones. The reason for hyperproliferation in acne is
uncertain. Attention has focused on a linoleate deficiency in sebum
[29], androgen control of ductal proliferation [31],§ and cytokines
produced by ductal corneocytes [32].

Using Ki-67, the growth fractions of the interfollicular and in-
trafollicular epidermis of acne have been quantitated and this con-
firms and extends our present understanding of ductal hyperproli-
feration, a characteristic feature of acne. The results clearly

§ Knaggs HE: Studies on the biochemistry and physiology of the pilose-
baceous duct in health and disease. PhD thesis, University of Leeds, 1992, pp
137-160.
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demonstrate that in intrafollicular and interfollicular epidermis of
acne individuals there is an increase in actively dividing cells com-
pared with skin from non-acne patients. Thus acne is a hyperproli-
ferative disorder of the follicle that also directly or indirectly affects
the interfollicular areas of the epidermis.

This work was supported by The Leeds Foundation for Dermatological Research.

REFERENCES

1. Cunliffe W]J: Acne. Martin Dunitz, London, 1989
2. Plewig G, Fulton JE, Kligman AM: Cellular dynamics of comedo formation in
acne vulgaris. Arch Dermatol Forsch 242:12-29, 1971
3. Kligman AM: An overview of acne. ] Invest Dermatol 117:268 -287, 1974
4. Schwartz PM, Milstone LM: Thymidine phosphorylase in human keratinocytes.
Biochem Pharmacol 37:353-355, 1988
5. Davison P, Liu S, Karasck M: Limitations in the use of *H-thymidine incorpora-
tion into DNA as an indicator of epidermal keratinocytes proliferation in vitro.
Cell Tissue Kinet 12:605-614, 1979
6. Schwartz PM, Kugelman LC, Coifman Y, Hough LM, Milstone LM: Human
keratinocytes catabolise thymidine. J Invest Dermatol 90:8—-12, 1988
7. Schaer J-C, Maurer U, Schindler R: Determination of thymidine in serum used
for cell culture media. Exp Cell Biol 46:1-10, 1978
8. Pechl DM, Ham RG: Clonal growth of human keratinocytes with small amounts
of dialyzed serum. In Vitro 16:526-538, 1980
9. Kornberg A: Biosynthesis of DNA precursors. In: Kornberg A (ed.). DNA replica-
tion. WH Freeman and Company, New York, 1980, pp 39-85
10. Schwartz PM, Barnett SK, Reuveni H: Thymidine salvage changes with differen-
tiation in human keratinocytes in vitro, J Invest Dermatol 97:1057 - 1060, 1991
11. Watt FM, Boukamp P, Hormung J, Fusenig NE: Effect of growth environment
on spatial expression of involucrin by human epidermal keratinocytes. Arch
Dermatol Res 279:335-340, 1987
12. Gerdes J, Schwab U, Lemke H, Stein H: Production of a mouse monoclonal
antibody reactive with a human nuclear antigen associated with cell prolifera-
tion. Int | Cancer 6 31:13-20, 1983
13.  Gerdes J, Lemke H, Baisch H, Wacker H, Schwab U, Stein H: Cell cycle analysis
of a cell proliferation-associated human nuclear antigen defined by the mono-
clonal antibody Ki-67. J Immunol 133:1710-1715, 1984
14. Gerdes J: Growth fractions in breast cancer determined in situ with monoclonal
antibody Ki-67. ] Clin Pathol 39:977-980, 1986
15. Burke BM, Cunliffe WJ: The assessment of acne vulgaris — the Leeds technique.
Br ] Dermatol 111:83-92, 1984
16. French RG, Roundhill J, Hughes D, Holgate C, Jackson P, Loney D, Wyatt S:
Histochemistry Laboratory Manual. University of Leeds, 1983
17. Franklin WA, McDonald GB, Stein HO, Gatter KC, Jewell DP, Clarke LC,
Mason DY: Immunohistologic demonstration of abnormal colonic crypt cell
kinetics in ulcerative colitis. Hum Pathol 16:1129-1132, 1985
18. Epstein WL, Maibach HI: Cell renewal in human epidermis. Arch Dermatol
92:462-468, 1965
19. Shahrad P, Marks R: Hair follicle kinetics in psoriasis. Br | Dermatol 94:7-12,
1976
20. Soyer HP, Smolle ], Smolle-Jucttner FM, Kerl H: Proliferation antigens in cuta-
neous melanocytic tumours—an immunohistochemical study comparing the
transferrin receptor and the Ki-67 antigen. Dermatologica 179:3-9, 1989
21. Gelfant S: The cell cycle in psoriasis: a reappraisal. Br ] Dermatol 95:577 -590,
1976
22. Rijzewik JJ, Van Erp PE], Bauer FW: Two binding sites for Ki-67 related to
quiescent and cycling cells in human epidermis. Acta Dermatol Venereol (Stockh)
69:512-515, 1989
23.  Weinstein GD, McCullough JL: Cytokinetics in diseases of epidermal hyperpla-
sia. Annu Rey Med 24:345-352, 1973
24. Allegra F, De Panfilis G: An in vivo method of studying the kinetics of cell
proliferation in normal human epidermis. Acta Dermatol Venereol (Stockh)
54:87-90, 1974
25. Eisen AZ, Holyoke JB, Lobitx WC: Responses of the superficial portion of the
human pilosebaceous apparatus to controlled injury. J Invest Dermatol 25:145 -~
156, 1955
26. Rupniak HT, Turner DM, Cunliffe W], Dhuna R, West MR: Cell envelope
production in acne. In: Marks R, Plewig G (cds.). Acne and Related Disorders.
Martin Dunitz, London, pp 87-93, 1989
27. Holmes RL, Williams M, Cunliffe W]: Pilosebaccous duct obstruction and acne.
Br ] Dermatol 87:327-332, 1972
28. Schellander F, Marks R: The epidermal response to subepidermal inflammation,
Br ] Dermatol 88:363-397, 1973
29. Downing DT, Stewart ME, Wertz PW, Strauss JS: Essential fatty acids and acne,
J Am Acad Dermatol 14:221-225, 1986
30. Morello AM, Downing DT, Strauss JS: Octadecadienoic acids in the skin surface
lipids of acne patients and normal subjects. J Invest Dermatol 66:319-323, 1976
31. Choudry R, Hodgins MB, Van der Kwast TH, Brinkmann AO, Boersma WJA:
Localisation of androgen receptors in human skin by immunohistochemistry:
implications for the hormonal regulation of hair growth, sebaceous glands and
sweat glands. ] Endocrinol 133:467-475, 1992
32. Eady EA, Ingham E, Walters CE, Cove JH, Cunliffe W]: Modulation of come-
donal IL-1 levels in acne patients treated with tetracycline. J Invest Dermatol
101:86-91, 1993





