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Lifetime Topical Application of Tretinoin to Hairless Mice
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The discovery that topical tretinoin can reverse some of the
effects of photodamage may lead to its chronic application.
Examination of long-term effects was of interest. Three groups
of hairless mice (age 6-8 weeks) were treated dorsally with 1)

tretinoin (0.025%), 2) cream vehicle, 3) sham treatment. Appli-
cations were 3 times weekly and continued for up to 2 years
until all mice were sacrificed or had died. Biweekly exam-
inations showed no sign of retinoid toxicity, with growth and
longevity similar in all groups. Tretinoin-treated skin was
smooth and pink, resembling that of younger mice. Controls
had yellowed, irregularly thickened skin. Histologically, treti-
nointreated skin had a hyperplastic epidermis consisting of
plump, cytologically normal cells. Control skin had 34 com-
pressed cell layers. Foci of new normally staining collagen were
present in the subepidermal dermis of tretinoin-treated skin;
fibroblasts were large and abundant in these areas. These foci
were absent in controls. Mice treated with tretinoin also ap-
peared to have incresed amounts of elastic fibers and glycosa-
minoglycans. Key Words: Retinoic acid; Aging; Skin.
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Clinical evidence (1-6) and experimental animal studies (7-13)
show that topical tretinoin (all-trans retinoic acid) is capable of
reversing and retarding many of the visible and histologic
changes caused by chronic exposure to sunlight (photodam-
age). Among the effects of tretinoin therapy is the partial
effacement of fine lines and wrinkles in the skin of humans
(2-5) and animals (9-11). In both species, it has been demon-
strated that there is deposition of new, normal types I and III
collagen in the upper demis (3, 7-9, 11, 12) and a restoration
of the type VII collagen anchoring fibrils at the dermal-epider-
mal junction in humans (4, 14, 15).

To achieve these effects and to maintain them as the skin
continues to age, chronic administration of tretinoin may be
required. It is, therefore, important to consider the long-term
safety of topical tretinoin. One means of assessing this is to use
the skin of a responsive animal species. The thin-skinned,
ultraviolet radiation-sensitive, albino hairless mouse has
served as the classical model in which to demonstrate the
effects of tretinoin on photoaging (7-13). The similarity of the
photoaging responses to those in man recommend the hairless
mouse as a model for its long-term use in humans. Accord-
ingly, this animal was chosen to examine the effects of life-
time application of 0.025 % tretinoin cream to normal, unirra-
diated skin.
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MATERIALS AND METHODS

Three groups of 12 Skh-hairless-1 female albino mice (Temple Uni-
versity Health Sciences Center, Philadelphia, PA), age 6-8 weeks,
were treated topically, 3 times weekly, on the dorsal trunk as follows:
1) 0.025 % tretinoin in a cream vehicle; 2) vehicle; 3) sham-treated.
Half of the mice in each group were entered into the experiment 3
months after the first half. Nevertheless, all were 6-8 weeks at the
start and all were treated until sacrifice or spontaneous death. Room
lighting (12 hr on/off cycle) in the animal housing facility was with
General Electric F40 GO gold fluorescent tubes. which emit no UV
radiation.

Biweekly examinations assessed general health, weight and skin
condition. Mice were sacrificed at various times, but none earlier than
after 63 weeks of treatment. Skin biopsies were processed for light
microscopy. Sections were stained with hematoxylin and eosin (H &
E) for general histology, Luna’s aldehyde fuchsin (16) for elastic
fibers, Van Gieson’s for collagen and Mowry’s colloidal iron for glyco-
saminoglycans (GAGs).

RESULTS
Clinical observations

Longevity was unaffected by topical tretinoin treatment. The
average age at spontaneous death was 90-95 weeks in the
three treatment groups. All mice gained weight in a normal
fashion, reaching an average of 31 grams from the initial 25
grams. One vehicle-treated mouse developed a tumor, which
at biopsy (age 72 weeks), was a well-differentiated squamous
cell carcinoma. None of the mice developed obvious bone
fractures nor other evidence of systemic toxicity characteristic
of hypervitaminosis A.

The vehicle or sham-treated mice had thickened yellowed
skin. In contrast, the pink, smooth skin of even older treti-
noin-treated mice resembled that of much younger mice
(Fig. 1.)

Epidermis and basement membrane region

At an advanced age, most mice in the vehicle- and sham-
treated groups, developed pale-staining deposits at the der-
mal-epidermal (D-E) junction. Spike-like downgrowths from
the thin epidermis penetrated these deposits (Fig. 2A). Only a
few mice in these two groups had a normal-appearing epider-
mis (Fig. 2B).

Most tretinoin-treated mice had the typical retinoid-induced
epidermal hyperplasia with a prominent granular layer and
plump. cytologically normal cells with abundant cytoplasm
(Fig. 2C). In the few mice that developed pale-staining depos-
its at the D-E junction, the epidermal downgrowths more
closely resembled the broad rete ridges of human skin (Fig.
2D).
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Fig. 1. Clinical appearance. Skin of the vehicle- (V) or sham-treated (S) mice at age 63 weeks is yellowed and irregularly thickened.
Tretinoin-treated (T) skin in a 77-week-old mouse is pink and smooth.

Fig. 2. Epidermis and basement membrane region (* 80 weeks). (H & E: x 360). A. Sham-treated: the epidermis extends spike-like downgrowths
into pale staining material at the D-E junction.B. Sham-treated: a normal-appearing epidermis of 3—4 cell layers containing small. condensed cells
and no D-E junction deposits. C. Tretinoin-treated: typically, the epidermis is hyperplastic (8-9 cell layers) with an increased cytoplasm/nucleus
ratio and a strong granular layer. Collagen appears normal and vascularity is increased (—). D. Tretinoin-treated: a few specimens had rete-like
ridges extending into pale staining deposits at the D-E junction as opposed to the spike-like downgrowths in the other groups.
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Fig. 3. Collagen and Elastic Fibers (" 80 weeks). (Luna’s Stain). A. Vehicke treated: no “repair zones” are present and elastic fibers are sparse. B.
Tretinoin treated: “repair zone” of new collagen in the sub-epidermal dermis (*). Elastic fibers (—) previously present in that region are
conpressed downward (x 180).

Fig. 4. Glycosaminoglycans (~ 80 weeks) (Mowry’s stain). A. Sham treated: flocculent blue staining deposits of GAGs (—) occupy the same D-E
junction region as the pale deposits seen in figures 2A and D. (X 360). B. Tretinoin treated: stippled blue staining GAGs are present in the “repair
zones” of new collagen (—) (% 180). C. Tretinoin treated. Epidermal intercellular GAGs (—) are increased (X 565).
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Collagen and elastic fibers

Vehicle and control specimens revealed no evidence for depo-
sition of new collagen in the subepidermal dermis (Fig. 3A).

Focal arcas of new collagen were present in tretinoin-treated
mice (Fig. 3B). These areas, demarcated at the lower border
by compressed elastic fibers, resembled the “repair zones”
seen in photodamaged mouse skin after 10 weeks of tretinoin
treatment. With Van Gieson’s stain, the collagen within these
areas appeared mature, normal and had crisp bundle outlines.
The dermis contained large fibroblasts with abundant cyto-
plasm. The quantity of elastic fibers appeared increased in
comparison to the two control groups.

Ground substance

The pale flocculent deposits seen at the D-E junction in most
control specimens with H & E stain (Fig. 2A and D) were
revealed, by Mowry’s stain, to be GAGs (Fig. 4A).

In tretinoin-treated skin, increased levels of GAGs ap-
peared in the focal “repair zones™ as finely stippled blue mate-
rial rather than the abnormal flocculent deposits of aged mice
(Fig. 4B). Tretinoin treatment also increased epidermal in-
tercellular GAGs (Fig. 4C).

DISCUSSION

The permeability of hairless mouse skin has been shown to be
at least threefold greater than that of the far thicker human
skin (17). Therefore, the absence of adverse effects during
lifetime application of tretinoin to almost half the body surface
of this highly permeable thin skin bodes well for long-term
treatment of human skin. Other long-term tretinoin treatment
of the hairless mouse has been performed on unirradiated
control groups in carcinogenesis studies (18, 19) for up to 18
months, without significant effects other than epidermal hy-
perplasia. These studies corroborate our observations that
application of tretinoin for extended periods of time produces
no obvious evidence for systemic toxicity. In addition, they
support our findings that tretinoin, by itself, is not carcino-
genic. Since the aim of these studies was to monitor carcinoge-
nesis. unlike our study. dermal histology was not performed.
Nor was comparative longevity assessed.

These early carcinogenesis studies have resulted in contro-
versy. Some have reported that tretinoin enhances ultraviolet-
induced tumorigenesis (18, 20), whereas others show either no
effect or inhibition (19, 21, 22). Kligman has reviewed the
issue (23) and pointed out that either result can be obtained,
depending on the scheduling of ultraviolet exposures and top-
ical treatments. In general, the hairless mouse is a valuable
model for many photobiologic studies. However, like any
model. it cannot be relevant for all human conditions. Striking
divergence from humans is evident in such features as albinism
and the presence, in the mice, of a number of endemic viruses
(24, 25). In several instances, these viruses have shown to
interfere with interpretation of research because of effects on
immune function (26, 28). Modulation of the immune system,
coupled with the known effects of ultraviolet radiation (29)
and retinoids (30) on murine immune status may make the
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hairless mouse a poor model for evaluating the photocarcino-
genicity of retinoids. This notion is strongly supported by the
lack of concordance with the human experience.

Topical tretinoin is not a new therapeutic agent. It has been
used, without undue side effects, for almost 25 years, mainly
on the sun-exposed facial skin for the treatment of acne. More
recently, photodamaged patients have received topical treti-
noin in controlled clinical studies for more than 22 months.
Ellis et al. (4) reported that aside from some early and tran-
sient localized scaling and redness, there were no long-term
adverse effects, even with 0.1 % tretinoin. In noncontrolled
clinical studies (no vehicle-treated group) that included before
and after treatment biopsies, Kligman & Graham (31) applied
tretinoin (0.05 %) for 5 to 7 years to the faces of severely
photodamaged males. Not only were there no adverse effects,
but the improvements were similar to those noted by others (2,
4-6) but were of a greater magnitude. Histologically, this
included a distinct band of new sub-epidermal collagen and
partial resorption of elastic masses. Contrary to the photocar-
cinogenicity reported in hairless mice, therapeutic and chemo-
preventive value in sunlight-related tumors of humans has
been attributed to tretinoin (32-37).

The multiple effects of tretinoin treatment of photodamaged
skin have become increasingly apparent with new clinical and
experimental animal studies. The absence of toxicity in the
present study and the improvement noted support the safety of
long-term use of topical tretinoin.
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