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[CANCER RESEARCH 64, 4385–4389, July 1, 2004]

Advances in Brief

Topical Tazarotene Chemoprevention Reduces Basal Cell Carcinoma Number and
Size in Ptch1�/� Mice Exposed to Ultraviolet or Ionizing Radiation

Po-Lin So,1 Kenneth Lee,1 Jennifer Hebert,1 Patricia Walker,4 Ying Lu,2,3 Jimmy Hwang,3 Levy Kopelovich,6

Mohammed Athar,5 David Bickers,5 Michelle Aszterbaum,1 and Ervin H. Epstein, Jr.1,3

Departments of 1Dermatology and 2Radiology and 3Comprehensive Cancer Center, University of California, San Francisco, California; 4Allergan Inc., Irvine, California;
5Department of Dermatology, Columbia Presbyterian Medical Center, New York, New York; and 6Division of Cancer Prevention, National Cancer Institute, Bethesda, Maryland

Abstract

Oral retinoids can reduce basal cell carcinoma (BCC) incidence in
genetically susceptible patients, and one topical retinoid, tazarotene, has
been reported to cure some sporadic BCCs. Therefore, we have tested
whether this agent would affect BCCs in Ptch1�/� mice in a controlled
chemoprevention trial. We found that topical tazarotene dramatically
inhibits the formation of BCCs induced with either UV or ionizing radi-
ation. The ability of tazarotene to inhibit BCC formation in this mouse
model provides encouragement for the use of tazarotene in skin cancer
chemoprevention trials in humans.

Introduction

Retinoids have intriguing anticancer effects in many epithelia (1),
including the skin, where epidermal differentiation is aberrant both in
hyper- and hypo-vitaminosis A (2). At high doses, oral retinoids can
reduce markedly the growth of new tumors in patients genetically
susceptible to skin cancers: patients with the basal cell nevus syn-
drome or xeroderma pigmentosum (3). However, past trials of the
effects of topical retinoids on murine photocarcinogenesis have been
somewhat inconclusive; all-trans-retinoic acid has been shown in
some trials to augment photocarcinogenesis and in others to have a
mild protective effect (4–7). Tazarotene is an acetylenic retinoid with
binding specificity for retinoic acid receptors (RARs) � and � (8). It
is approved in the United States for topical treatment of acne, psori-
asis, and photoaging. Intriguingly, in one open-label study, 16 of 30
sporadic human basal cell carcinomas (BCCs) disappeared after 8
months of treatment with topical tazarotene (9). Therefore, we have
tested in vehicle-controlled trials the chemopreventive efficacy of
tazarotene in our patched heterozygote (Ptch1�/�) mouse against
UV radiation- or ionizing radiation (IR)-induced BCCs. We find that
tazarotene is impressively efficacious when given continually before
and during UV radiation treatment and also before and after one dose
of 137Cs IR exposure. UV-exposed Ptch1�/� mice also develop large
numbers of spindle cell tumors (10), and topical tazarotene treatment
reduces the development of these tumors as well.

Materials and Methods

Mice. Our Ptch1�/� mice are heterozygous for deletions in exons 1 and 2
of the Ptch1 gene and are carried in our laboratory on an approximately 50:50
mixed C57BL/6 and DBA/2J background (i.e., bred continuously to C57BL/
6.DBA/2 F1 mice; Ref. 10). Mice were housed four to a plastic cage with metal

lids and fed laboratory chow (5008; Purina, St. Louis, MO) and water ad
libitum. The mice were housed at 70°F–74°F, 50% humidity with 12 h of
fluorescent light from overhead 34-W bulbs. Hair was removed from the backs
of the mice with electric clippers when needed for the application of topical
agents or to allow exposure to the UV radiation.

Tazarotene Treatment. A 0.1% topical tazarotene cream (pharmaceutical
grade) or vehicle cream was applied topically 5 consecutive days/week to the
dorsal skin of mice at 2 mg/cm2 until animals were 16 months of age.

UV Exposure. UV irradiation was administered using a UVB irradiation
unit with UVB integrating dosimetry (Daavlin Corp., Bryan, OH) equipped
with full spectrum fluorescent bulbs. UV light was filtered through Kodacel
plastic sheeting (Eastman Kodak, Rochester, NY) to remove the �280 nm
(UVC) light. Mice were exposed to 515 mJ/cm2 UVB, 3� the determined
minimal erythema dose, 3 times/week.

IR Exposure. Five Gy of �-radiation were given once, when animals were
3 months of age, using the Best Industries (Springfield, VA) 137Cs radiation
device (half-value layer, 0.60 cm Pb; dose, 0.94 Gy/min).

Study Design. In the first UV chemopreventive study, 26 female and 24
male Ptch1�/� mice were randomized by sex and litter and treated topically
5 times weekly, beginning at approximately 46 days of age, with either 0.1%
tazarotene cream or vehicle control cream. When given on the same day,
tazarotene or vehicle cream was applied after irradiation. UVB irradiation was
started at 60 days of age. Skin biopsies were performed at 7 (n � 50), 9
(n � 44), and 11 (n � 30) months of age. In a second UV chemopreventive
study, 33 female and 10 male Ptch1�/� mice were treated as described for the
first UV study (described above), and a single biopsy was taken at 9 months
of age (n � 43). For the IR chemopreventive arm of the study, 17 female and
14 male Ptch1�/� mice were randomized, as described above, and treated
topically with 0.1% tazarotene or vehicle cream, 5 times weekly from 79 days
of age. IR was administered at 91 days of age, and a single skin biopsy was
performed at 10 months of age (n � 27).

Standardized Biopsies. Mice were anesthetized using a 1:1 solution of 20
mg/ml xylazine and 100 mg/ml ketamine. For the first UV study, 1-cm2

sections of skin were excised from standardized locations of the back. All
biopsy samples were sliced vertically into three even, full-thickness slivers.
For the IR and second UV study, 1.0 � 1.5 cm of skin was excised from a
standardized location of the back and cut vertically into five even, full-
thickness slivers.

�-Galactosidase Staining. LacZ-encoded bacterial �-galactosidase activ-
ity was detected by incubation of glutaraldehyde and formalin-fixed tissue with
5-bromo-4-chloro-3-indolyl-�-D-galactopyranoside and iron buffer solution
(Boehringer Mannheim, Indianapolis, IN) for 48 h.

Quantitation of Microscopic Tumors. For the first UV study, single
tissue sections of each of three slivers taken from the standard 1-cm2 biopsy
were analyzed for microscopic BCC number. Cross-sectional area was taken
by measuring the greatest perpendicular diameters through the tumor. For the
IR study and the second UV study, single tissue sections of each of the five
slivers from the 1 � 1.5-cm biopsy were analyzed for microscopic BCC
number and size. A single observer, blinded with regard to treatment group,
performed the histological evaluation of all skin sections for each of the UV
and IR studies. Tumor numbers were standardized for an area of 1-cm skin
surface length for comparison between the two UV studies and the single IR
study. For purposes of this quantitation, tumors with the appearance of BCCs
and of related tumor types (e.g., trichoblastomas, and so forth; Ref. 10) were
classified collectively as BCCs.
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Macroscopic Tumor Analysis. Visible tumors were initially examined by
gross examination to determine the tumor type. Mice with tumors exceeding
the animal welfare guidelines were euthanized, and tumors were sent for
histological preparation to confirm tumor identities.

Statistics. Graphs and statistical analyses were plotted using Microsoft
Excel. Kaplan-Meier graphs were plotted using the EcStat program linked to
Microsoft Excel.

Results

Consistent with our previous experience (10), all Ptch1�/� mice
treated with vehicle control cream and exposed to UV or IR developed
microscopic BCCs (Fig. 1). In the first UV study, Ptch1�/� mice
treated topically with 0.1% tazarotene had fewer microscopic BCCs
per centimeter of skin surface length than did those in the vehicle
control group after 5 months of UV radiation at 7 months of age (1.05
versus 3.9; P � 0.03); after 7 months of UV radiation at 9 months of
age (0.46 versus 3.48; P � 0.0001), and after 9 months of UV
radiation at 11 months of age (0.51 versus 3.79; P � 0.011; Fig. 1A).
The average cross-sectional BCC size in the mice treated with taz-
arotene was also smaller than that in control animals after 5 months of
UV radiation at 7 months of age (2.5 versus 9.1 �m2; P � 0.0001);
after 7 months of UV radiation at 9 months of age (2.4 versus 17 �m2;
P � 0.0001), and after 9 months of UV radiation at 11 months of age
(3.5 versus 54 �m2; P � 0.0023; Fig. 1B). In the second controlled
UV trial, tazarotene-treated mice after 7 months of UV radiation (age,
9 months) also had significantly fewer BCCs, compared with control
vehicle-treated mice (0.13 versus 4.62; P � 0.0001), as well as
smaller BCCs (0.49 versus 8.5 �m2; P � 0.0001; Fig. 1). In the IR
study, Ptch1�/� mice treated with 0.1% tazarotene developed fewer
microscopic BCCs at 10 months of age (7 months after a single dose
of IR at 3 months of age) compared with vehicle control-treated mice
treated with IR (0.29 versus 6.18; P � 0.0001; Fig. 2A). Furthermore,

the average cross-sectional BCC size in tazarotene-treated mice was
considerably smaller compared with that in control vehicle-treated
mice at 7 months after IR, although this difference was not statistically
significant (3.8 versus 14 �m2; P � 0.204; Fig. 2B). In both UV and
IR studies, BCCs expressed �-galactosidase, indicating activated
Hedgehog (Hh) signaling in these tumors (Fig. 3; Ref. 10). Also, in
many skin biopsies, topical tazarotene treatment resulted in a thicker

Fig. 1. Tazarotene treatment reduced the number and size of microscopic basal cell carcinomas (BCCs) in UV-treated Ptch1�/� mice. A, UV study 1, the average number of BCCs
in mice after 5 (n � 50), 7 (n � 44), and 9 (n � 30) months of UV exposure and treatment with topical tazarotene or control vehicle. Tazarotene-treated mice showed a significant
decrease in the number of microscopic BCCs at all biopsy time points. B, UV study 1, the average cross-sectional area of BCCs in the same tazarotene- or control vehicle-treated mice
after 5, 7, and 9 months of UV exposure. Mice treated with topical tazarotene showed a significant decrease in tumor size at all biopsy time points. C, UV study 2, the average number
of BCCs in mice treated with topical tazarotene or control vehicle after 7 months of UV exposure (n � 43). Similar to the first UV study, topical tazarotene treatment resulted in
significantly lower numbers of microscopic BCCs, compared with control vehicle treatment. D, UV study 2, the average cross-sectional BCC area after 7 months of UV exposure for
mice treated with topical tazarotene and control vehicle. Similar to the first UV study, topical tazarotene reduced the size of BCCs, compared with control vehicle.

Fig. 2. Tazarotene treatment reduced the number and size of microscopic basal cell
carcinomas (BCCs) in ionizing radiation-treated Ptch1�/� mice. A, average number of
microscopic BCCs in mice treated with topical tazarotene or control vehicle 7 months
after a single dose of ionizing radiation exposure (n � 27). Tazarotene-treated mice had
a significantly lower number of BCCs at 10 months of age than did control vehicle-treated
mice. B, average cross-sectional area of BCCs 7 months after a single dose of ionizing
radiation and treatment with topical tazarotene or control vehicle (n � 27). Mice treated
with topical tazarotene showed a reduction in BCC tumor size.
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epidermis, as compared with control vehicle-treated mice (Fig. 3).
Topical tazarotene treatment did not affect the normal weight gain of
the UV- or IR-treated mice (data not shown).

Previously, we have shown that Ptch1�/� mice exposed to UV
radiation (albeit using an alternative method of UV radiation delivery
to the one described here) displayed macroscopic (visible) skin tumors
comprising approximately 50% spindle cell tumors and 20% BCC or
BCC-like tumors, whereas all skin tumors arising in IR-exposed mice
were BCCs (10). The proportions of macroscopic BCC development
in UV- and IR-irradiated Ptch1�/� mice treated with vehicle control
in this study were in agreement with this (data not shown). Therefore,
to investigate the effect of topical tazarotene on the development of
macroscopic BCCs, we focused on mice from the IR study because all
tumors that develop in these mice are BCCs. The results were plotted
in a Kaplan-Meier graph to take into account those mice that did not
reach the end point of observation due to death or other causes.
Macroscopic tumors were first detectable in control vehicle-treated
mice (n � 9 at 10 months of age) at 11 months of age, and by 16
months of age, almost all of the remaining mice developed macro-
scopic BCCs (Fig. 4). In contrast, no tazarotene-treated mouse (n � 9
at 10 months of age) had a macroscopic BCC by 16 months of age
(Fig. 4; P � 0.003). Both male and female control vehicle-treated,
IR-exposed Ptch1�/� mice developed macroscopic BCCs; this is in
contrast to a recent report using mice carrying a different Ptch1
knockout allele showing that only IR-exposed Ptch1�/� males, but
not females, developed macroscopic BCCs (11).

Also consistent with our previous experience (10), the majority of
UV-induced macroscopic tumors were spindle cell tumors. We fo-
cused on the second UV study to analyze potential tazarotene efficacy
against macroscopic spindle cell tumor development. The proportions
of spindle cell tumor-free UV-treated control vehicle- or tazarotene-
treated mice are shown in a Kaplan-Meier graph (Fig. 5). These
tumors were first detectable in a small number of vehicle-treated mice
at approximately 10 months for age (8 months after initial UV
treatment; n � 26), and the proportion remaining spindle cell tumor
free decreased sharply in the following 4 months of observation. In

contrast, from 9 months (n � 28) to 14 months of age, the majority of
tazarotene-treated mice were macroscopic spindle cell tumor free
(Fig. 5; P � 0.00023).

Discussion

Our results show clearly that tazarotene has significant anti-BCC
efficacy in Ptch1�/� mice exposed to UV or IR, suggesting that the
anti-BCC efficacy of tazarotene is fundamental to BCCs irrespective
of the inciting environmental insult, and argue against the role of
tazarotene as a potential sunscreen, a role ascribed to retinoids in the
skin (12, 13). Human studies in which withdrawal of oral retinoids
generally resulted in a rapid recurrence of tumors are consistent with
an inhibitory effect on promotion and progression rather than on
initiation (14). Tazarotene inhibited the formation of the majority of
microscopic BCCs and reduced BCC size, suggesting that it is effi-

Fig. 3. Dorsal skin biopsies from control vehicle-treated Ptch1�/� mice exposed to UV radiation (A) or ionizing radiation (IR; C), compared with topical tazarotene-treated, mice
exposed to UV (B) or IR (D). Biopsies were taken at 9 months of age, and microscopic basal cell carcinomas that developed stained blue for �-galactosidase activity (A and C, arrows).
Almost all tazarotene-treated skin biopsies were microscopic basal cell carcinoma free (B and D). Also, tazarotene treatment resulted in some thickening of the epidermis in both UV-
and IR-irradiated mice. Magnification, �40.

Fig. 4. Kaplan-Meier graph showing the percentage of ionizing radiation-exposed,
control- or tazarotene-treated Ptch1�/� mice remaining macroscopic basal cell carci-
noma free from 10 to 16 months of age. Control vehicle-treated mice (n � 9) developed
macroscopic basal cell carcinomas from 11 months of age, and by 16 months, nearly all
of the remaining mice had developed at least one macroscopic tumor. Tazarotene-treated
mice (n � 12) did not develop any macroscopic tumors during the same observation
period. Solid line, control; dashed line, tazarotene.
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cacious against tumor promotion and progression. For both BCC
number and size, the SD values in our data reflected in part the
background genetic variation in this mouse population (i.e., mixed
C57BL/6 and DBA/2J strain). Supporting this, our recent studies
show that inbred Ptch1�/� mice exposed once to IR had significantly
less variation of BCC number and size than did mice of more variable
genetic background.7 Tazarotene was also highly efficacious against
spindle cell tumor development. Mouse dermal spindle cell tumors are
commonly referred to as “fibrosarcomas.” The tumors that arise in our
UV-irradiated Ptch1�/� mice indeed express vimentin;7 however,
whether they arise de novo from fibroblasts or derive from keratino-
cyte malignancies by epithelial to mesenchymal transition is unknown
(15–17). Irrespective, tazarotene appears to have a significant inhib-
itory effect on their growth, as well as on that of BCCs.

Patched protein is a receptor for the hedgehog protein and represses
the hedgehog signaling pathway (18, 19). PATCHED1 has emerged as
an important tumor suppressor gene, which is mutated in the germ line
of basal cell nevus syndrome patients who have a pronounced pre-
disposition to BCCs and also in many sporadic BCCs (20–22). Ptch1
wild-type mice develop papillomas and cancers of the squamous but
not basal cell lineage after treatment with UV radiation or chemical
carcinogens (23); Ptch1�/� mice appear to be the first practical
mouse model of BCC carcinogenesis (10). Current data do not explain
the apparently far stronger inhibitory effect of tazarotene against
BCCs in the Ptch1�/� mouse than of all-trans-retinoic acid on
squamous cell carcinoma (SCC) carcinogenesis in Ptch1 wild-type
mice (4–7). It is possible that the differences are agent specific
because tazarotene has relatively little RAR� binding activity,
whereas all-trans-retinoic acid binds to all three RARs. Nonetheless,
the predominant epidermal RAR is RAR�, and the binding of all-
trans-retinoic acid to RAR� and to RAR� is considerably stronger
than is that of tazarotene (24). It is also possible that the differences
are cancer-type specific because dysregulated hedgehog signaling is
specific to BCCs and is not known to be important in SCCs (25).
However, there is some evidence that aberrant signaling in both types
of tumors converges on the mitogen-activated protein kinase pathway
and on activator protein-1 activation (26, 27), inhibition of which is
one postulated mechanism for retinoid anticancer efficacy (1). One
possible site of retinoid action specific to BCCs is indicated by
retinoid inhibition of transactivation by the downstream hedgehog

transcription factor GLI (28). Of note, mice with loss of epidermal
retinoid X receptor �, which is the predominant retinoid X receptor
type in this tissue, not only have abnormal epidermal and hair differ-
entiation but also may develop BCCs (1, 29). This formation of BCCs
in keratinocytes lacking one of the major retinoid transactivators and
the marked inhibition of their formation by a retinoid expected to
enhance retinoid transactivation are parallel findings that, at least
initially, are mutually reinforcing. Of note, human BCCs have been
reported to express RAR� and RAR�, whereas expression of RAR�

and RAR� is down-regulated in human SCCs (30, 31).
In human epidermal keratinocytes, tazarotene induces expression of

the tazarotene-induced gene 3 (TIG3), which has significant homol-
ogy to the tumor suppressor gene H-rev: increased TIG3 expression is
correlated with decreased proliferation of human keratinocytes (32).
TIG3 is highly expressed in normal human epidermis, and its expres-
sion is reduced in SCCs and BCCs (33), paralleling the reduction in
retinoid receptor expression during skin carcinogenesis, at least in
SCCs (30). Thus, TIG3 up-regulation by tazarotene may be required
for the inhibition of BCC formation. In support of this, a recent study
correlated the efficacy of topical tazarotene against human BCCs with
induction of TIG3 expression (34). Also, tazarotene causes growth
suppression in retinoid-responsive breast cancer cell lines by up-
regulating TIG3 (32), whereas in prostate cancer, another tazarotene-
induced gene, TIG1 (induced also in keratinocytes), is deleted, and
transfection of TIG1 into prostate cancer cell lines reduces their
invasiveness in vitro and their growth in vivo (35, 36).

It is uncertain whether the ability of tazarotene to inhibit BCC
development resulted in inhibition of cell proliferation, cell differen-
tiation, and/or apoptosis in our model. Retinoids are believed to cause
tumor regression through induction of cell differentiation (as well as
inhibition of cell growth, proliferation, and induction of apoptosis;
Ref. 1); however, we did not note histological changes consistent with
basal cell differentiation (i.e., decreased nuclear to cytoplasmic ratio
or evidence of keratinization) in short-term exposure of previously
untreated mouse BCCs to topical tazarotene (data not shown). How-
ever, we cannot be sure that we examined tumors at the “snap-shot”
of time appropriate to the capture of any such pro-differentiating
effect. Whether tazarotene down-regulates Hh signaling in BCCs and
spindle cell tumors in our Ptch1�/� mice is unknown. If this were the
case, tazarotene could potentially be effective against other cancers
with dysregulated Hh signaling such as some pancreatic (37), lung
(38), and gastrointestinal (39) cancers.

The inhibitory effects of systemic retinoids on human BCCs are
rapid in onset, and various experimental models argue that retinoid
chemoprevention has a major effect against tumor promotion. There-
fore, it seems likely that an effective topical retinoid might be partic-
ularly useful in patients who already have sustained significant sun
damage and have experienced the discomfort and scarring of skin
cancer treatment. The relevance of our findings in the Ptch1�/�
mouse to possible benefits for PTCH1�/� humans (basal cell nevus
syndrome patients), let alone for PTCH1�/� humans, has yet to be
assessed. However, the development of the same tumors with the
same dysregulated signaling patterns in the same tissue after the same
environmental insults in man and mouse gives hope that the murine
findings will indeed closely reflect those in humans. Furthermore, the
Ptch1�/� mouse may well be an excellent model in which to eluci-
date further mechanisms of retinoid cancer chemoprevention. We
conclude that tazarotene is a promising agent for skin cancer preven-
tion in populations at risk for BCCs, such as patients with the basal
cell nevus syndrome, and that this approach is deserving of evaluation
in human clinical trials.7 E. H. Epstein, Jr., unpublished data.

Fig. 5. Kaplan-Meier graph showing the percentage of UV-exposed, control- or
tazarotene-treated Ptch1�/� mice remaining macroscopic spindle cell tumor free until 14
months of age. Control vehicle-treated mice (n � 26) developed macroscopic spindle cell
tumors from 10 months of age, and by 14 months, the majority of the remaining mice had
developed at least one macroscopic spindle cell tumor. The majority of tazarotene-treated
mice (n � 28) did not develop any macroscopic tumors by 14 months of age. Solid line,
control; dashed line, tazarotene.
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