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The effect of topical application of FK506 on the
normal hair cycle of C57BL/6] mice was investigated.
When telogen mice (7 weeks of age) were treated
topically with 1 pmol FK506 on days 0 and 3, 50% of
the tested mice entered anagen by day 9 and 100% by
day 16. With 0.1 pmol of FK506, 50% of the tested
mice entered anagen by day 13 and 80% by day 19,
indicating that the effect of FK506 is dose dependent.
In control mice, a spontaneous shift from telogen to
anagen started on day 14, and 30% of the control
animals were in anagen at day 19. Histologic studies
revealed that FK506 markedly stimulated the skin
and thickened it. The depth and size of hair follicles

K506, a macrolide antibiotic, is a T-cell-specific immu-

nosuppressant [1,2]. Topical application of FK506 stim-

ulates hair growth in several species of animals, includ-

ing mice [3]. In contrast, oral administration of FK506

at a dose that induces marked immunosuppression did
not stimulate significant hair growth [3], consistent with the fact
that FK506 does not induce hypertrichosis in clinical trials [4-7].
The hair-growth—stimulating effect of FK506 is due at least in part
to its direct stimulation of hair follicles and may be essentially
unrelated to its immunosuppressive effect [3]. Although at present
the precise mechanism of this hair-growth—stimulating effect is not
clear, it seems important to examine the effect of FK506 on the
normal hair cycle. Therefore, we investigated whether FK506
induces anagen hair growth in telogen mouse skin.

MATERIALS AND METHODS

FK506 was supplied by Fujisawa Pharmaceutical Co. (Osaka, Japan).
Female C57BL/6] mice were purchased from Japan Clea Co. (Tokyo.,
Japan). Mice were housed in an air-conditioned room (22-23°C) with a
light period from 6 AM to 6 M. Food and water were available ad libitun:.
The dorsal hair of each mouse was shaved with clippers at least 2 d before
use. All of the experiments were started at 7 weeks of age, when all the mice
used were in telogen phase. FK506 (0.1 or 1 pmol) was applied topically
once each on days 0 and 3. FK506 was dissolved in acetone and applied to
the shaved area in a volume of 0.2 ml using a micropipet. The control
animals were treated topically with 0.2 ml of acetone alone. The area of
dorsal skin treated with FK506 was approximately 3 cm?.

The anagen induction assay was performed as described by Paus ef al [8].
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were also markedly increased in FK506-treated skin
compared to control skin. The data on hair growth
also support the contention that FK506 induces early
onset of anagen and stimulates hair growth. The hair
growth stimulated by FK506 looked normal and the
hairs were of normal length. The hair growth was
restricted to the site of application. These results
clearly demonstrate that topical application of FK506
induces anagen hair growth in telogen mouse skin
and indicate that the hair-growth-stimulating effect
of FK506 is due at least in part to its promoting effect
on the hair cycle. Key words: hair growthlhair folliclel
C57BL/6J mouse. J Invest Dermatol 104:523-525, 1995

In brief, the back skin of each mouse was observed once daily during the
experiment. The number of animals in telogen or anagen, as judged by their
skin color, i.e., bright pink in telogen and gray to black in anagen, was
counted and expressed as the percentage of animals in anagen. Each group
consisted of 10 animals. Histologic examination also was conducted to
confirm anagen induction. The skin was stretched and fixed in 10%
formalin, embedded in paraffin, and stained with hematoxylin and cosin.
Thickness of the skin and depth of the hair follicles were measured
microscopically. The length of dorsal hairs also was measured. All of the
experiments were repeated twice on different occasions using animals from
different litters. The mice used were chosen randomly from 50—100 animals
in each experiment.

All experimental protocols were approved by The Experimental Animals
Committee of Keio University School of Medicine.

Statistical analysis was done by Student t test.

RESULTS AND DISCUSSION

At the age of 7 weeks, C57BL/6] mice had pink skin, indicating
telogen (resting) hair follicles. When the mice entered anagen, hair
regrowth began just as described previously [8], as detected by
increasing skin pigmentation, i.e., gray to black. After the mice
were treated topically with 1 wmol FK506 on days 0 and 3, 50% of
the tested animals entered anagen by day 9 and 100% by day 16
(Fig 1). With 0.1 pmol of FK506, 50% of the tested mice entered
anagen by day 13 and 80% by day 19 (Fig 1), indicating that the
effect of FK506 was dose dependent. In the control animals, a
spontaneous shift from telogen to anagen started on day 14, and
30% were in anagen phase at day 19 (Fig 1). These results indicate
the induction of anagen by FK506.

Figure 2 and Table I show the histology and the quantitative
morphometric data, respectively, for the control and FK506-treated
mouse skin. As is clearly shown, FK506 treatment markedly
stimulated the skin and thickened it, without inducing an inflammatory
reaction. The depth and size of hair follicles were also markedly
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Figure 1. Induction of anagen in telogen mice by topical applica-
tion of FK506. FK506, 0.1 pwmol (open circles) or 1 pmol (closed circles), or
vehicle (acetone; triangles) was applied topically to the dorsal skin of telogen
C57BL/6] mice (7 weeks of age) once each on days 0 and 3. The number
of animals in telogen or anagen, as judged by their skin color, i.e., bright
pink in telogen and gray to black in anagen, was counted and expressed as
percentage of animals in anagen. Each group consisted of 10 animals. All the
experiments were repeated twice, and the results were reproducible.

increased in FK506-treated skin compared to control skin (Fig 2;
Table I). It has been reported that skin thickness increases from a thin
telogen skin to a thickened anagen skin [8,9] and that the size and
depth of follicles are markedly increased in anagen phase [9,10].
Changes in the hair length after FK506 treatment were also seen (Fig
3). FK506 markedly stimulated hair growth, consistent with our

Figure 2. Histology of FK506-treated mouse skin. Vehicle (acetone)
(A) or FK506 (1 pwmol) (B) was applied topically to telogen C57BL/6] mice
(7 weeks of age) once each on days 0 and 3. At day 15, skin was taken for
histologic examination. Each section was stained with hematoxylin and
cosin. Magnification X 25.
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Table I. Comparison of Total Dermal Thickness and
Hair Follicle Depth Between Control (Acetone-Treated)
and FK506-Treated Mouse Skin"

Total Dermal Hair Follicle

Thickness” Depth”
Day Treatment () ()
0 None 388 =9 172 %8
8 Acetone 382 * 4° 164 = 7°
8 FK506, 0.1 umol 490 *+ 16" 311 + 207
15 Acetone 398 = 15° 167 + 8°
15  FK506, 0.1 pmol 719 + 22¢ 548 + 22
15 FK506, 1 pumol 662 *+ 19 535 + 174

“ FK506 was applied topically to the dorsal skin of C57BL/6J mice (7 weeks of age)
on days 0 and 3.

" Values are expressed as mean * SEM (n = 15-22) from three mice.

 Not significantly different versus none (day 0).

“p < 0.01 versus corresponding control (acetone).

previous observations [3]. The hair produced looked normal, and the
hairs were of normal length (Fig 3). Moreover, the hair growth was
restricted to the site of application (Fig 4). All of these results clearly
demonstrate that topical application of FK506 induces anagen hair
growth in telogen mouse skin.

As reported previously, topical application of FK506 markedly
stimulates hair growth in mice, rats, and hamsters [3]. In vitro
studies have revealed that FK506 stimulates [*H]thymidine and
[*H]glycine uptake in the hair follicles [3]. Our present results
indicate that the hair-growth—stimulating effect of FK506 is due at
least in part to its promoting effect on the hair cycle.

Another T-cell-specific immunosuppressant, cyclosporin A
(CsA), also stimulates hair growth both in laboratory animals
[8,11-13] and in humans [14-18]. Hypertrichosis is a well-known
side effect of CsA [14—18]. Moreover, CsA also induces anagen in
telogen mouse skin [8]. Because of these findings, one can speculate
that the immunosuppressive effect of FK506 is related to its
stimulation of hair growth. However, the hair-growth—stimulating
effect of FK506 does not occur after oral administration of an
immunosuppressive dose of this drug [3]. Furthermore, FK506
stimulates hair growth even in SCID mice, which lack both B- and
T-cell immunity [3]. Therefore, it seems unlikely that the hair
growth-stimulating effect of FK506 is related to its immunosup-
pressive effect [3].
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Figure 3. Changes in hair length after topical application of FK506
in telogen mice. The dorsal hair of C57BL/6] mice (7 weeks of age) was
shaved with clippers 2 d before day 0. FK506 (1 pmol; open circles) or vehicle
(acetone; closed circles) was applied topically on days 0 and 3. Triangles
indicate non-shaved control mice (without treatment). Values are expressed
as mean = SEM of 35 hairs from four mice.
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Figure 4. Hair growth is restricted to the site of topical application
in FK506-treated C57BL/6] mice. FK506 (0.1 umol) or vehicle (ace-
tone) was applied topically only to the longitudinal center of the shaved area
on days 0 and 3. The macrophotograph was taken 3 weeks after the
application.

Both FK506 and CsA exert their immunosuppressive effects
through inhibition of T-cell activation, interfering with the pro-
duction of interleukin-2 by inhibiting interleukin-2 gene expression
[1,2,19,20]. FK506 and CsA initially bind to intracellular binding
proteins, i.e., FK506-binding protein and cyclophilin, respectively
[21-24]. Both FK506-binding protein and cyclophilin, also called
immunophilins, are identical to peptidyl-prolyl isomerase
[21,22,25,2()], i.e., rotamase, an enzyme that catalyzes the inter-
conversion of the cis- and frans-rotamers of the peptidyl amide bond
of peptides. Rotamase activity is inhibited by these immunosup-
pressants [21,25,26]; however, this inhibition is essentially unre-
lated to the immunosuppressive activities of these drugs [27,28].
Both FK506/FK506-binding protein and CsA/cyclophilin com-
plexes bind to Ca' - and calmodulin-dependent serine/threonine
phosphatase calcineurin, resulting in inhibition of the phosphatase
activity [29]. Inhibition of calcineurin by FK506 and CsA sup-
presses the assembly of the T-cell-specific transcription factor of
the interleukin-2 gene, i.c., NF-AT, leading to the inhibition of
interleukin-2 gene expression [30].

At present, the precise mechanism of the hair-growth—-stimulat-
ing effect of FK506 is unknown. Moreover, it is also unclear
whether FK506 and CsA stimulate hair growth through a common
mechanism. Because cyclophilin, FK506-binding protein, and cal-
cineurin are abundant and ubiquitous proteins, it should be con-
sidered that immunophilin-related or immunophilin/calcineurin-
related mechanisms are involved in the hair-growth—stimulating
effects of FK506 and CsA. Further studies are now under way in our
laboratory to elucidate the precise mechanism.
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