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Abstract
Obligate sensitization to apoptosis provides a safeguard
mechanism against the oncogenic potential of Myc. Omomyc
is a mutant bHLHZip domain that sequesters Myc in
complexes that are unable to bind to the E box recognition
element and activate transcription but remain competent for
transcriptional repression. Omomyc has the peculiar proper-
ties of reverting Myc-induced transformation of tissue culture
cells and enhancing Myc proapoptotic function. Thus,
Omomyc has the potential to act as a potent suppressor of
Myc-induced oncogenesis. To validate the therapeutic
potential of Omomyc in vivo, we targeted its expression to
the adult suprabasal epidermis of Inv-c-MycERTAM transgenic
mice which express a switchable form of the Myc protein in
suprabasal cells. Activation of Myc induces rapid epidermal
hyperplasia and papillomatosis. We show that Omomyc
inhibits such Myc-induced papillomatosis, potentiating Myc-
dependent apoptosis in a tissue in which it is usually strongly
suppressed. Furthermore, Omomyc expression restores the
normal keratinocyte differentiation program and skin archi-
tecture, both of which are otherwise disrupted by Myc
activation. These findings indicate that it is possible to
selectively enhance the intrinsic apoptotic pathway mediated
by Myc and so quell its oncogenic action.
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Introduction

The proto-oncogene c-myc encodes the Myc basic helix–
loop–helix leucine zipper (bHLHZip) transcription factor
which, upon dimerization with its partner Max, binds the
E-box DNA sequence CACGTG.1 Deregulated and elevated
myc expression, arising through translocation, amplification,
mutation or sustained signaling by upstream activating path-
ways is widespread in cancer cells of many types, including

lymphoma, neuroblastoma, small cell lung carcinoma, breast
and colon cancer.2 In normal cells, Myc plays a pivotal role in
mediating G1 progression and the G1–S phase transition and
in its absence cells are impaired in proliferation.3 Consistent
with this, c-myc haploinsufficiency results in reduced body
size while targeted ablation of the c-myc gene in mice causes
embryonic lethality with failure of multiple proliferating cell
lineages.4 Paradoxically, however, Myc can also induce cell
death,5,6 most markedly in the absence of survival factors or in
combination with various cellular stresses.

Omomyc is a c-Myc-derived mutant bHLHZip domain
generated by substituting four amino acids within the c-Myc
leucine zipper that confer altered dimerization specificity and
allow Omomyc to form homodimers and heterodimerize with
wild-type Myc. We have recently shown that Omomyc
potentiates Myc-dependent apoptosis in a manner dependent
on Myc expression levels. Overexpressed Omomyc com-
petes with Max for Myc and thereby prevents Myc from
binding to the E-box and activating transcription.7 In contrast,
Myc-dependent trans-repression, which does not involve
binding to the E-box, is unaffected, or even enhanced, by
Omomyc.8 The strong proapoptotic activity of Omomyc
mutant protein may spring from its ability to differentially
influence activated and repressed Myc transcriptional targets.

To determine how Omomyc potentiates apoptosis, we have
investigated its effects on known effector pathways thought to
be important in determining Myc-dependent apoptosis, in
particular the ARF–p53 pathway and the mitochondrial
program regulated by Bcl-2/Bax proteins that leads to
holocytochrome c release.9,10 We show that Omomyc can
override some, but not all, factors that inhibit Myc-induced
apoptosis.

Since Omomyc inhibits Myc-induced proliferation while
potentiating Myc-dependent apoptosis, it has the intriguing
potential to suppress or reverse Myc-induced tumorigenesis.
We decided to test this using our previously described
model of skin tumorigenesis in which activation of the
4-hydroxytamoxifen (4-OHT)-dependent switchable form of
Myc (MycERTAM) in suprabasal epidermis induces the rapid
onset of keratinocyte proliferation.11 Myc-induced apoptosis is
innately suppressed in intact skin, so activation of Myc rapidly
leads to profound hyperplasia and dramatic papilloma
formation. We therefore chose this model to assess the ability
of Omomyc in vivo to potentiate Myc-induced apoptosis and
antagonize Myc-induced papillomatosis.

Results

Omomyc overcomes inhibition of Myc-induced
apoptosis by Bcl-xL

Overexpression of Bcl-2 or Bcl-xL blocks Myc-induced
release of mitochondrial holocytochrome c and consequent
apoptosis.9,12 To determine the susceptibility of Omomyc-
potentiated apoptosis to suppression by Bcl-2/Bcl-xL, Bcl-xL
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overexpressing Rat-1 cells were infected with the MycERTAM

retroviruses and selected with puromycin. Then, a second
round of transient infection was performed with a retrovirus
directing expression of Omomyc together with the fluorescent
marker protein GFP driven from an IRES.13 Immediately after
this second infection, cells were serum-deprived for 24 h, in
the presence of either 4-OHT (to activate MycERTAM) or
control EtOH carrier. Flow cytometry was used to evaluate the
extent of apoptosis in GFPþ cells. Rat-1MycERTAM cells
showed 30% apoptosis in low serum even in the absence
of 4-OHT, similar to wild-type Rat-1 cells (data not shown).
Myc activation caused a significant increase in apoptosis
which was strongly enhanced by Omomyc, as expected.8

Although Bcl-xL overexpression significantly impaired Myc-
induced apoptosis, it had negligible effect on apoptosis
induced by coexpression of both Myc and Omomyc (Figure 1).

Omomyc-induced apoptosis is p53 dependent but
ARF independent

The ARF–Mdm2–p53 pathway is considered important for the
efficient induction of apoptosis in many cell types, including
fibroblasts.14 To determine whether ARF and p53 are obligate
mediators of Omomyc-dependent proapoptotic activity, wild
type, ARF�/�, and p53�/� MEFs were infected with retrovirus
directing expression of MycERTAM and then transiently
infected with Omomyc/IRES-GFP retrovirus. After 24 h of

serum deprivation, either with or without 4-OHT, apoptosis
was assessed by flow cytometry. Apoptosis induced by Myc
alone was significantly reduced in the absence of either ARF
or p53. In contrast, although Omomyc/Myc-induced apoptosis
was also impaired by the absence of p53, it was not inhibited in
ARF-deficient cells (Figure 2). Thus, potentiation of Myc-
induced apoptosis by Omomyc is dependent on p53 but
independent of ARF.

Generation and characterization of Inv-Omomyc
transgenic mice

We next asked whether Omomyc is able to potentiate Myc-
induced apoptosis in vivo. We chose skin epidermis since this
is a tissue in which Myc efficiently drives cell proliferation but
where Myc-induced apoptosis is innately suppressed. Con-
sequently, Myc activation is sufficient to induce profound
hyperplasia and tumorigenesis.11

Figure 1 Omomyc overcomes Bcl-xL-mediated suppression of apoptosis.
Control (top panel) or Bcl-xL overexpressing (bottom panel) Rat-1/MycERTAM

fibroblasts were treated with either EtOH or 4-OHT for 24 h and then serum-
deprived for a further 24 h. The percentage of apoptotic nuclei in the culture was
then determined by Annexin V staining and flow cytometric analysis. Ctr, cells
treated with EtOH; þOHT, cells treated with 4-hydroxytamoxifen; Omomyc,
cells treated with EtOH and infected with the Omomyc retroviral vector; þOHT
þOmomyc: cells treated with 4-hydroxytamoxifen and infected with the
Omomyc retroviral vector

Figure 2 Omomyc-induced apoptosis is ARF independent and p53 dependent.
Wild type (top panel), ARF�/� (middle panel) or p53�/� (bottom panel) MEFs
expressing MycERTAM, treated with either EtOH or 4-OHT, were serum-deprived
for 24 h and apoptotic nuclei then scored by Annexin V staining and flow
cytometric analysis. Comparison of the top and middle panels shows that
absence of ARF greatly reduces Myc-dependent apoptosis, but not apoptosis
induced by Omomyc and Myc together. In contrast, absence of p53 significantly
impairs both Myc- and Myc/Omomyc-induced apoptosis
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Expression of Omomyc was targeted to suprabasal
keratinocytes using the human involucrin promoter
(Figure 3A)11,15 and expression of Omomyc protein in skin
in vivo assessed immunohistochemically using a rabbit anti-
Omomyc antibody raised against the leucine zipper mutated
region. This antibody exhibited no significant binding to
epidermis of single transgenic inv-c-MycERTAM mice, indicat-
ing lack of cross-reaction with Myc-ERTAM. In contrast,
antibody reactivity in inv-Omomyc transgenic epidermis was
evident in the great majority of suprabasal interfollicular
keratinocytes and in the inner root sheath (IRS) of hair follicles
(Figure 3B), correlating well with the established distribution of
involucrin staining (data not shown). Binding by the anti-
Omomyc antibody was efficiently blocked by preincubation
with the original Omomyc peptide immunogen, confirming the
antigen specificity of the antibody. Despite widespread
suprabasal expression of Omomyc, however, the skin of
Inv-Omomyc transgenic mice appeared completely normal,
indicating that Omomyc exerts no ostensible effect on its own.
This is consistent with our previously published data showing
that Omomyc displays biological activity only in presence of
high levels of Myc.8

Omomyc expression suppresses c-Myc-induced
papillomatosis

To explore the effects of Omomyc expression on Myc
oncogenesis, Inv-Omomyc transgenic mice were outbred to
establish independent founders. Two separate lines, each
with similar Omomyc expression level, were identified and
crossed with involucrin-c-MycERTAM expressing mice11 to
generate inv-Omomyc X inv-c-MycERTAM double transgenic
animals. Subsequent experiments were each conducted in
triplicate, using three individual mice of each genotype and for
each condition. We observed insignificant variation between
individuals in each group.

Neither control single transgenic inv-c-MycERTAM mice
treated with ethanol carrier nor inv-Omomyc single transgenic
mice treated with either 4OHT of ethanol carrier exhibited any
evident phenotype (Figure 4A). However, as observed
previously, sustained activation of suprabasal c-MycERTAM

by daily topical application of 4OHT to shaved dorsal skin of
inv-c-MycERTAM single transgenic mice for 21 days induced
progressive epidermal hyperplasia and, in many cases,
dysplasia. Histological analysis showed significant skin
thickening with flaking cornified epidermis, scabby dry lesions
and papillomatosis associated with hyperkeratosis and
hypergranulosis, especially in the perifollicular area. In striking
contrast, the skin of inv-c-MycERTAM/Omomyc double trans-
genic mice treated for 21 days with 4-OHT remained perfectly
normal (Figure 4B).

To exclude the trivial possibility that Omomyc somehow
suppresses c-MycERTAM expression, dorsal skin sections
from inv-c-MycERTAM/Omomyc double transgenic mice
were stained with anti-ERTAM antibody. This showed
that the double transgenic mice clearly overexpress
c-MycERTAM in their suprabasal epidermis (Figure 5). Thus,
Omomyc suppresses c-MycERTAM induced keratinocyte
hyperplasia and papillomatous despite sustained expression
of c-MycERTAM.

Omomyc expression restores normal suprabasal
keratinocyte differentiation that is otherwise
disrupted by c-Myc activation

Expression of Myc inhibits the normal differentiation program
of suprabasal keratinocytes, leading to retention of early
suprabasal markers, failure of the terminal enucleation
characteristic of mature squames and accumulation of less-
differentiated granular keratinocytes. To address whether
Omomyc interferes with this Myc-dependent inhibition of
keratinocyte differentiation, we used immunohistochemistry

Figure 3 Generation of inv-Omomyc transgenic mice. (a)Transgene construction. The DNA encoding Omomyc was cloned downstream of the Involucrin promoter. (b)
Transgene protein expression. Paraffin-embedded skin sections from Inv-Omomyc and Inv-c-MycERTAM transgenic mice were stained with Omomyc antibody. Omomyc
expression is present in the Inv-Omomyc epidermis (first panel). Omomyc staining is specifically blocked by preincubation of the antibody with its immunogenic peptide
(second panel). No Omomyc staining is detectable in stained sections of Inv-c-MycERTAM skin (third panel)
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to localize expression of two major differentiation-specific
keratins, the suprabasal marker Keratin 1 (K1) and Keratin 14
(K14) which is normally restricted to basal keratinocytes.16,17

K1 staining was generally weak in the hyperplastic
suprabasal areas induced by sustained activation of
MycERTAM for 3 weeks in inv-c-MycERTAM single transgenic
mice. In contrast, K1 expression remained high in the spinous
and granular suprabasal cells of 3 week-4-OHT-treated skin
of inv-MycERTAM/Omomyc double transgenic mice, as it did in
control mice and in inv-Omomyc single transgenic animals
(Figure 6A). After 3 weeks of sustained c-MycERTAM

activation in inv-c-MycERTAM single transgenic mice, K14

expression extends well into the hyperplastic suprabasal
compartment. In contrast, inv-c-MycERTAM/Omomyc double
transgenics, treated for 21 days with 4-OHT, exhibited the
same basally restricted distribution of K14 staining as did
control mice or inv-Omomyc single transgenic animals
(Figure 6B). Thus, expression of Omomyc preserves the
normal epidermal keratinocyte differentiation program despite
the sustained presence of activated Myc.

Omomyc promotes apoptosis in Myc
overexpressing epidermis in vivo and in vitro

Expression of Omomyc potentiates c-Myc-induced apoptosis
in tissue culture cells.8 We used TUNEL staining to determine
whether the ability of Omomyc to suppress Myc-induced skin
papillomatosis might be due to potentiation of Myc-induced
apoptosis in intact skin epidermis in vivo.

Very little apoptosis is evident in normal interfollicular skin
or in skin from untreated inv-MycERTAM mice. Likewise, we

Figure 4 Omomyc expression suppresses Myc-induced papillomatosis in vivo.
(A) Three each of Inv-c-MycERTAM, Inv-Omomyc single transgenic, and Inv-c-
MycERTAM/Omomyc double transgenic mice were treated with either ethanol or
4-OHT daily for 21 days, as described in Materials and Methods. Ethanol-treated
Inv-c-MycERTAM mice (a) and 4-OHT-treated Inv-Omomyc single transgenics (b)
display normal skin, while Inv-c-MycERTAM transgenic mice treated with 4-OHT
exhibit papillomas and appear scabby and sick (c). 4-OHT-treated Inv-c-
MycERTAM/Omomyc double transgenic mice are indistinguishable from control
mice (d). (B) H & E staining of dorsal skin sections from mice. Tissue sections
from ethanol-treated control Inv-c-MycERTAM mice (e) or Inv-Omomyc single
transgenic animals (f) display normal skin architecture, whereas sections from
inv-MycERTAM transgenic mice treated with 4-OHT show thickened skin with
several suprabasal layers (g). Tissue sections from Inv-c-MycERTAM/Omomyc
double transgenics resemble those derived from control mice (h). The Figure
shows representative sections of skin

Figure 5 MycERTAM protein expression in Inv-MycERTAM/Omomyc double
transgenic mice. Tissue sections from Inv-Omomyc transgenic mice (top panel)
and Inv-c-MycERTAM/Omomyc double transgenic mice (bottom panel) were
stained with estrogen receptor antibody to identify MycERTAM. MycERTAM

expression is present in the double transgenic mice but not in Omomyc single
transgenics
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saw no evidence of apoptosis in suprabasal skin of 4-OHT-
treated inv-MycERTAM mice, as previously reported,11 most
probably because of the presence of abundant endogenous
survival signals.11 However, widespread apoptosis was
evident in the suprabasal layer of 4-OHT-treated inv-c-
MycERTAM/Omomyc double transgenic mice (Figure 7A).
Thus, the combination of active Myc and Omomyc is a
profound promoter of apoptosis in skin epidermis.

The short half-life of apoptotic cells in intact skin tissue in
vivo makes accurate quantitation of apoptosis by techniques
like TUNEL very difficult.18 For this reason, we confirmed the
potentiation of Myc-induced keratinocyte apoptosis by Omo-
myc in vitro, where apoptotic cells persist and can be more
easily quantitated, and where the availability of exogenous
survival factors can be precisely controlled. Keratinocytes
from the various normal and transgenic mice were isolated
and cultured in 1% serum, in either the presence or absence of
4-OHT to regulate MycERTAM activity. Flow cytometric
analysis was then used to quantitate apoptotic sub-G1
populations in each case. Even though Myc is unable to
induce apoptosis in keratinocytes in intact epidermis in vivo,
as previously reported,11 it retains the ability to do so in vitro
when survival factors are depleted, as in low serum. Such

Figure 6 Omomyc restores normal keratinocyte differentiation. (A) Dorsal skin
sections from inv-MycERTAM and inv-Omomyc single transgenic, and from Inv-c-
MycERTAM/Omomyc double transgenic mice all stained for the suprabasal
marker Keratin 1. In papillomas from Inv-c-MycERTAM mice treated with 4-OHT
for 21 days, Keratin 1 staining is weak but distributed throughout the hyperplastic
suprabasal layer (c). In contrast, the distribution of Keratin 1 in Inv-c-MycERTAM/
Omomyc double transgenic skin (d) is identical to that in control skin and in skin of
ethanol-treated control Inv-c-MycERTAM transgenic mice (a) and inv-Omomyc
single transgenics (b). (B) Skin sections from the same mice as in (a) stained for
the basal marker Keratin 14. In papillomatous skin from Inv-c-MycERTAM mice
treated with 4OHT for 21 days, Keratin 14 staining extends well into the
hyperplastic suprabasal layers (g). In ethanol-treated control Inv-c-MycERTAM

transgenic mice (e) and Inv-Omomyc single transgenics (f), Keratin 14 staining is
confined to the basal layer, as it is in control skin. In inv-MycERTAM/Omomyc
double transgenics Keratin 14 distribution resembles that of normal skin (h). su,
suprabasal layer; ba, basal layer

Figure 7 Omomyc potentiates Myc-induced apoptosis both in vitro and in vivo.
(A) Omomyc potentiate Myc-dependent apoptosis of keratinocytes in vivo.
Paraffin-embedded sections from Inv-c-MycERTAM, Inv-Omomyc single trans-
genic and Inv-c-MycERTAM/Omomyc double transgenic mice were stained for
apoptosis by TUNEL. In skin of control Inv-c-MycERTAM transgenic mice treated
with ethanol (a) and in Inv-Omomyc single transgenics (b) practically no TUNEL-
positive cells can be detected. In MycERTAM-induced papillomas, after 21 days of
treatment with 4OHT, a very small percentage of TUNEL-positive cells is
detectable but restricted to the inner root sheath (c). In Inv-c-MycERTAM/Omomyc
double transgenic mouse skin, extensive apoptotic staining is evident throughout
the epidermis (d). (B) Omomyc potentiate Myc-dependent apoptosis of
keratinocytes in vitro. Keratinocytes isolated from the same mice as in (A)
above were cultured in 1% FBS, either in the presence or absence of 4-OHT.
Keratinocytes from all genetic backgrounds cultured in ethanol display little
apoptosis, as do Omomyc-expressing keratinocytes cultured in presence of 4-
OHT (Omomycþ 4-OHT). In contrast, activation of MycERTAM in Inv-c-
MycERTAM keratinocytes results in significant apoptosis (Mycþ 4-OHT) which is
further exacerbated in inv-MycERTAM/Omomyc double transgenic keratinocytes
treated with 4-OHT (Myc/Omomycþ 4-OHT). hf, hair follicle; apo, apoptotic cell
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Myc-induced apoptosis is evident as a subdiploid population
in MycERTAM expressing keratinocytes in vitro following
treament with 4-OHT. The extent of this Myc-dependent
apoptosis was significantly enhanced in inv-c-MycERTAM/
Omomyc expressing keratinocytes treated with 4-OHT
(Figure 4B). These results demonstrate that Omomyc does
indeed promote c-Myc-dependent apoptosis in keratinocytes
both in vitro and in vivo and, most significantly, in a tissue in
which apoptosis is normally suppressed.11

Omomyc restores the homeostatic balance
between proliferation and apoptosis in skin,
suppressing the oncogenic action of c-Myc

Activated Myc is a potent inducer of keratinocyte proliferation.
To assess the proliferative status of keratinocytes in skin of
the various transgenic mice, we stained the tissues with
antibodies to Ki67, which is expressed in all phases of the
proliferating cell cycle.19 In normal skin, the proliferative
compartment is typically confined to the basal layer. Likewise,
suprabasal Ki67 staining was completely absent in the
epidermis of untreated inv-c-MycERTAM or inv-Omomyc
single transgenic mice. In sharp contrast, however, Ki67
staining extended well into the hyperplasias and papillomas
induced by sustained MycERTAM activation in Inv-c-MycER-
TAM mice (Figure 8). Interestingly, the epidermis of inv-c-
MycERTAM/Omomyc double transgenic mice treated with
4-OHT exhibited not only an increased number of suprabasal
apoptotic cells but also a significant increase in Ki67-positive
cells in the basal compartment.

Discussion

The obligate dual proliferative and apoptotic pathways elicited
by Myc are thought to represent an intrinsic safeguard against
neoplasia. However, the molecular basis underlying the
apoptotic pathway that Myc implements is not well under-
stood. Recently, we showed that the Myc bHLHZip mutant
Omomyc can potentiate Myc-induced apoptosis even though
it inhibits Myc-binding to the E-box.8 Given this peculiar
property, we decided to investigate which putative Myc
effector pathways might mediate such apoptotic activity. Our
data indicate that Omomyc-induced apoptosis can annul
protection conferred by overexpression of Bcl-xL, even though
this is sufficient to block apoptosis induced by Myc alone.
Thus, Omomyc can bypass or overwhelm the controls that
trigger the mitochondrial apoptotic mechanism. Moreover,
unlike apoptosis induced by Myc alone, which requires both
ARF and p53, Omomyc-dependent apoptosis does not
require ARF, although p53 remains necessary. This observa-
tion is particularly interesting from a therapeutic stance, since
known Myc-dependent tumors such as Burkitt lymphomas
typically harbor defects in the p14ARF–MDM2–p53 pathway as
well as alterations in components of the basic apoptotic
mitochondrial machinery such as loss of Bax or elevated
expression of Bcl-2.20,21 Since Omomyc inhibits Myc binding
to its E-box consensus DNA binding site, we surmise that its
proapoptotic action is most likely related to Myc trans-
repression functions.8 However, we cannot exclude the
possibility that Omomyc has additional properties. In any
case, it will be important to identify the molecular targets of
Myc-Omomyc heterodimers since they clearly play important
roles in determining cell fates.

Significant evidence indicates that suppression of Myc-
induced apoptosis is mandatory for the tumorigenic potential
of Myc to become manifest (reviewed in Evan and
Vousden22). Indeed, in some tissues, such as pancreatic b
cells, activation of Myc triggers rapid apoptotic involution of
the entire tissue and suppression of Myc-induced apoptosis is
sufficient to foster rapid cell expansion and malignant
progression.23 In other tissues, such as skin epidermis,
activation of Myc (and, by implication other oncoproteins)
implements a transcriptional program for apoptosis but
execution of cell death is then suppressed by endogenous
survival factors.11 In all instances, however, restoration or
reinforcement of Myc-induced apoptosis offers the potential of
a powerful therapeutic strategy that would, moreover, be
tumor specific since it relies on the presence of the underlying
tumorigenic Myc lesion. We have now validated this ther-
apeutic concept by demonstrating that coexpression of
Omomyc together with Myc in suprabasal skin, a tissue in
which Myc-induced apoptosis is innately suppressed, pro-
foundly tips the balance between proliferation and apoptosis
towards cell death, thereby thwarting the oncogenic action of
Myc in this tissue. This remarkable attribute of Omomyc
remains completely dependent on the presence of a
deregulated Myc, however, since constitutive expression of
Omomyc alone in normal skin epidermis has no detectable
effect. The end result is restoration of an apparently normal
balance between cell gain and loss, presumably orchestrated
by the basal cells which are able to maintain the requisite

Figure 8 Omomyc restores the balance between proliferation and apoptosis
disrupted by Myc activation. Immunohistochemical staining of dorsal skin
sections with Ki67 antibody. Proliferation is confined to basal keratinocytes in
both ethanol-treated Inv-MycERTAM mice (a) and 4-OHT-treated inv-Omomyc
single transgenics (b). Hyperplastic skin (c) from inv-MycERTAM mice treated for
21 days with daily 4-OHT exhibits Ki67-positive cells well out into the hyperplastic
suprabasal layers. In contrast, proliferating cells in 21 day 4-OHT-treated inv-
MycERTAM/Omomyc double transgenic skin remains confined to the basal layer,
although their number is increased relative to that in control mouse skin (d). su,
suprabasal layer; ba, basal layer
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proliferative rate necessary to compensate for loss of the
outer epidermal layers. The dramatic reprogramming induced
by Omomyc is sufficient to prevent both papilloma develop-
ment and all other phenotypic changes associated with
precancerous epithelial lesions caused by Myc, including
dysplasia and angiogenesis. This striking result underscores
the extraordinary capacity of skin to maintain its architecture in
spite of a highly variable degree of cellular turnover. It may be
that such increased cell turnover is not compatible with the
maintenance of tissue integrity and homeostasis in all other
tissues. However, our data indicate that any proapoptotic
effect of Omomyc will be limited only to cells harboring
activated Myc, so any effect of Omomyc is likely to be
restricted only to tumor cells. Such studies clearly demon-
strate the potential of using the innate tumor-suppressive
attributes of existing oncogenic effector molecules, such as
Myc, to redirect or reprogram their functions for therapeutic
purposes.

Materials and Methods

Expression vectors and cell lines

All cell lines were grown in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% FCS. Normal Rat-1 or Rat-1/Bcl-xL, and normal,
ARF�/� and p53�/� MEFs were retrovirally infected with pBabePur-
oMycERTAM, then selected with 2.5 mg/ml puromycin. The MycERTAM

construct was activated with 100 nM of 4-hydroxytamoxifen (4-OHT), 24 h
before serum deprivation. Omomyc DNA was cloned into the pBMN-IRES-
GFP retroviral vector.

Flow cytometric analysis of apoptosis and cell
sorting

Flow cytometric analysis and sorting of pBMNOmomyc-IRES-GFP cells
were performed according to published protocols.13

Transgene construction

Omomyc DNA, carrying an ATG start codon,7,8 was amplified from the
pBPOmomyc construct by PCR primed using oligonucleotides containing
the NotI restriction site. The resulting Omomyc sequence was fused to the
Involucrin promoter, into the NotI site of the Involucrin expression
cassette.11 The inv-Omomyc transgene was excised from its parent
plasmid as a SalI fragment, isolated and then purified for microinjection.

Generation of transgenic mice

inv-Omomyc transgene DNA was injected into the male pronucleus of day
1-fertilized (CBA X C57BL/6)F1 embryos. Injected embryos were
transferred into day 1-plugged pseudopregnant foster mice, and litters
were screened for the presence of the transgene by PCR using primers
matching the Involucrin promoter and Omomyc sequences.

Antibodies

Rabbit polyclonal anti-Omomyc antibody was raised against a synthetic
peptide comprising amino acids 66–78 of the Omomyc polypeptide and
including the signature 4 amino-acid substitutions that characterize
Omomyc. The specificity of this antibody (Omomyc1) was confirmed by

ELISA on specific versus several irrelevant peptides. The antibody was
unable to recognize Myc in Western blots of cell extracts derived from Myc
overexpressing cells. Other primary antibodies used were: ER-P2 (raised
against the carboxy terminal 20 amino acids of the murine estrogen
receptor), mouse keratins 1 (K1) and 14 (K14) (Covance), and Ki67
(Immunotech).

Histology and immunohistochemical staining of
mouse skin

Skin samples were obtained from transgenic or wild-type mice matched
according to age and body site, and tissues were fixed overnight in neutral-
buffered formalin, embedded in paraffin, sectioned (5 mm), and stained
with hematoxylin and eosin. For antigen retrieval, sections were
microwaved in 0.01 M citrate buffer (pH 6.0). For all antibody staining,
an ABC Vectastain Elite kit (Vector Laboratories) was used according to
the manufacturer’s instructions. Sections were counterstained in
hematoxylin for 1 min. Immunological specificity of staining with anti-
Omomyc was confirmed by preincubating the antibody with its cognate
immunogenic peptide (100 nM) for 30 min at RT prior to use, which
abrogated all measurable binding to sections of Omomyc-expressing
tissue. Apoptosis was assessed in tissue sections by TUNEL staining
using the ApopTag kit (Intergen) according to the manufacturer’s
instructions, after which the sections were counterstained with methylene
blue.

Isolation and culture of mouse keratinocytes

Mouse keratinocytes were isolated as described.24 Keratinocytes were
cultured in EMEM containing 0.05 mM CaCl2 and supplemented with 10%
or 1% FBS, 0.5 mg/ml hydrocortisone, 5 mg/ml insulin, and 0.1mg/ml
gentamycin.

Administration of 4-hydroxytamoxifen (4-OHT)

MycERTAM was activated in the skin of adult transgenic mice by topical
application of 1 mg 4-OHT (Sigma) dissolved in ethanol (0.2 ml) to a
shaved area of dorsal skin. Control mice were treated with ethanol alone.
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