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Different parts of the skin respond to ionizing radia-
tion with different sensitivities. To examine the mech-
anisms underlying these different responses, we in-
vestigated various cellular parameters in the skin
after exposure of mice to 5 Gy of ionizing radiation.
Epidermal cells responded to radiation by undergo-
ing growth arrest, whereas the cells in the matrix of
hair follicles underwent apoptosis but not growth
arrest. These distinct responses correlated with dif-
ferential increases in p53 and p21 proteins in these
two populations of cells; whereas an increase in p53
protein levels was observed in both epidermis and
hair follicular matrix, especially in the latter, the
induction of p21 was strong in the epidermis but
absent in the follicular matrical cells. Studies using
p53-null and p21-null mice demonstrated that the ra-
diation-induced apoptosis in the hair follicles was
fully dependent on p53, and growth arrest in the
epidermis was only partially dependent on p53 but
fully dependent on p21. These results indicate that
two epithelial cell types respond to radiation by dif-
ferent pathways that are governed in part by the dif-
ferential p53- and p21-dependent responses of these
cells; high-level induction of p53 in the absence of
p21 induction led to apoptosis, whereas intermediate
induction of both p53 and p21 led to growth arrest.
(Am J Pathol 1999, 155:1121–1127)

Radiation therapy is one of the major approaches to
cancer treatment. Although skin injury is reduced with the
use of high energy external beams which have “skin
sparing” effect, the radiation-induced damage to skin
and its appendages is still among the deleterious reac-
tions that limit the use of high dose radiation. The skin
reactions early in the course of treatment with radiation
include hair loss and epidermal erythema.1 Different
components of skin react to radiation with different sen-
sitivities; loss of hair occurs after treatment with relatively
low doses of radiation, indicating that the hair follicles are
highly sensitive to ionizing radiation.1–3 Despite intensive
investigations of radiation damage responses of skin in

the past, the molecular mechanisms for these responses
are still not well elucidated.

Earlier studies have demonstrated that DNA is the
target of ionizing radiation4 and that death of cells, de-
fined as loss of reproductive ability, is the ultimate con-
sequence of radiation exposure if the cells cannot repair
their damaged DNA. With few exceptions, radiosensitivity
of cells is influenced by the stage of cellular differentia-
tion and by cellular proliferating activity; less differenti-
ated cells are more radiosensitive than highly differenti-
ated cells and proliferating cells are more radiosensitive
than nonproliferating cells. This phenomenon is termed
the Law of Bergonie and Tribondeau.3 The radiosensitiv-
ity of cells is also determined by the phase of cell cycle
during which radiation is given; cells in G2/M phase are
most sensitive to irradiation.5,6 p53 plays a central role in
radiation responses, including cell growth arrest and ap-
optosis.7–10 The association of p53 with apoptosis is
clearly demonstrated, not only in cell culture experi-
ments, but also in animal studies. p53 is differentially
induced in radiosensitive tissues such as spleen and
thymus, and these tissues are highly susceptible to radi-
ation-induced apoptosis.11,12 p53 also regulates tran-
scription of multiple genes, including p21, a cyclin/CDK
inhibitor, which are believed to mediate p53-dependent
cell cycle arrest induced by DNA damage.13–15

In this study, we report that epidermal cells and hair
follicular cells respond to ionizing radiation by distinct
pathways. Following irradiation, epidermal cells under-
went growth arrest, whereas the follicular matrical cells
died through apoptosis. These different responses cor-
related with differential increases of p53 and p21 in these
two cell populations. Whereas p53 was increased in both
of the epidermis and hair follicular matrix, induction of
p21 was only seen in the epidermis and was absent in the
follicular matrix. In the absence of p53, apoptosis in the
hair follicles was completely abrogated, but the growth
arrest in the epidermis, where p21 was still induced, was
only partially abrogated. The growth arrest in the epider-
mis in response to radiation was dependent upon p21, as
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in the p21-null mice the growth arrest was completely
abrogated. However, radiation-induced apoptosis ap-
pears not to be affected by loss of function of p21; in the
irradiated epidermis of p21-null mice, there was no in-
creased induction in apoptosis following irradiation.
These findings indicate that the differential responses of
epidermal and hair matrix to radiation are governed at
least in part by p53 and p21.

Materials and Methods

Mice and Irradiation

All mice were bred and held in the AAALAC-approved
McArdle Laboratory Animal Care Facility. Except where
noted, experiments were carried out using the inbred
FVB/N mouse strain. FVB/N mice carrying the p53-knock-
out allele were obtained from Dr. Anne Griep (University
of Wisconsin). The mice with p53-knockout allele were
originally generated by Dr. Tyler Jacks.16 The p53-null
mice (homozygous for the p53-knockout allele or p532/2)
were produced by interbreeding p531/2 mice and geno-
typed by polymerase chain reaction (PCR). The p21-null
mice (129/Sv-B6) were also obtained from Dr. Tyler
Jacks.14

Irradiation was carried out on 8-day-old mice with g-ray
from a 137Cesium (137Cs) source at a dose rate of 3.1
Gray (Gy)/min. A single dose of 5 Gy was delivered to the
whole body of mice individually. The mice were then
sacrificed at 4, 24, or 48 hours after irradiation. Groups of
unirradiated mice were used as controls. One hour be-
fore sacrifice, mice were injected with 5-bromo-29-de-
oxyuridine (BrdU, Sigma, St. Louis, MO, Cat# B-5002) at
a dose of 100 mg/g body weight, to label the cells un-
dergoing DNA synthesis in vivo. Skin samples were ob-
tained from the dorsal area and fixed in 10% buffered
formalin. Skin sections of 5 mm in thickness were cut from
paraffin-embedded samples. For each time point, 3 to 5
mice were studied. For long term observation of radiation
effects on the skin, the mice were kept for 14 days after
irradiation and hair loss was monitored.

Immunohistochemistry for BrdU

The procedure for BrdU staining was described previ-
ously.17 Briefly, the skin sections were deparaffinized in
xylenes and rehydrated in graded alcohol and phosphate
buffered saline (PBS). Endogenous peroxidase was
quenched by treatment of skin sections with 3% hydro-
gen peroxide for 15 minutes. BrdU was detected using
the protocol provided with the BrdU staining kit (Cat#
HCS24, Oncogene Research Products, Calbiochem,
San Diego, CA). Tissue sections were digested with tryp-
sin and treated with a denaturing solution. After incuba-
tion with biotinylated mouse anti-BrdU antibody (3 hours),
and streptavidin-peroxidase, the slides were exposed to
the peroxidase substrate (DAB) mixture for 5 minutes and
counterstained with hematoxylin. In the epidermis, the
total numbers of cells and the number of BrdU-positive
cells per microscopic field were counted in 10 randomly

selected fields (4003 magnification) of each skin section,
and sections from 3 mice for each time point were exam-
ined. In the hair follicles, 10 vertically cut follicular bulbs
that showed both derma papilla and matrixes were ex-
amined and the number of BrdU-positive cells counted.

Immunohistochemistry for p53 and p21

The tissue slides were deparaffinized, rehydrated, and
quenched the same way as for BrdU staining. The slides
were heated in a boiling 0.01 mol/L citrate buffer, pH 6.0,
by a microwave oven for 20 minutes to unmask antigens.
Tissue sections were blocked with 5% nonfat dry milk/
PBS and 5% normal goat serum for 30 minutes. After
blocking, rabbit anti-mouse p53 antibody (CM5, Cat#
NCL-p53-CM5p, Novocastra Laboratories), diluted
1:500, or anti-mouse p21 antibody (M-19, Cat# sc-471,
Santa Cruz Biotechnology, Santa Cruz, CA), diluted to 1.5
mg/ml, was added and incubated for 3 hours at room
temperature in a humid chamber. After incubation with
secondary antibody (30 minutes), then with Vectastain
ABC reagents (30 minutes), the slides were exposed to
DAB substrate. p53- and p21-positive cells were exam-
ined, photographed, and counted.

TUNEL Assay

Apoptosis in the skin sections before and after irradiation
was analyzed by TUNEL assay. The protocol for this
assay was described previously.18 Briefly, paraffin-em-
bedded sections were also deparaffinized, and rehy-
drated, analyzed for the presence of DNA fragmentation
using an in situ apoptosis detection kit (Apoptag, Intergen
(Oncor), Purchase, NY, #S7110-KIT, fluorescein). The
procedure was carried out following the manufacturer’s
instructions except that the incubation of samples with
the fluorescein-conjugated anti-digoxigenin antibody
was increased to 1 hour. The slides were examined by
UV microscopy and photographed with Kodak Ekta-
chrome P1600 film.

Results

Ionizing Radiation Selectively Induces Growth
Arrest in Epidermis and Apoptosis in Hair
Follicular Matrixes

Hair loss or alopecia is one of the earliest responses
following exposure to ionizing irradiation and occurs with
low dose exposure. This observation suggests that hair
follicles are sensitive to radiation-induced damage. We
compared radiation responses, eg, cell growth arrest and
apoptosis, in the hair follicle and epidermis. We found
that cells in the epidermis and hair follicular matrix re-
spond differently to ionizing radiation. In the epidermis,
radiation induced significant growth arrest, as indicated
by the decrease in the number of cells positive for BrdU
(Figure 1, a and b, and Table 1). This growth arrest was
most severe 24 hours after 5 Gy of radiation, with the
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BrdU-positive cells reduced 10-fold. However, growth
arrest was not readily seen in the proliferating epithelial
compartment of the follicular matrix. Continued BrdU in-
corporation in these cells was still observed at 24 hours

after irradiation (Fig. 1, e and f, and Table 1). The follicular
matrical cells, however, were highly sensitive to radiation-
induced apoptosis. Four hours after irradiation with 5 Gy,
a large number of the cells in the matrix were undergoing

Figure 2. A: Comparison of apoptosis induced by 5 Gy of ionizing radiation in
the epidermis (a–d) and hair follicles (e–h) from unirradiated (a and e) and
irradiated (b and f) normal mice, irradiated p53-null mice (c and g) and
irradiated p21-null mice (d and h). These skin sections were tested with the
TUNEL assay using a fluorescein-conjugated antibody for detection. Sections
were counterstained with propidium iodide. Sections from unirradiated p53-
null and p21-null control mice are not included because they were not different
from sections of unirradiated normal mice. The epidermis is indicated by
arrowheads; apoptotic nuclei (stained green) in hair follicular matrix are
indicated by arrows. B: Alopecia at 14 days after irradiation (5 Gy) in p53-
sufficient mice but not in p53-null mice.

Figure 1. Comparison of levels of DNA synthesis in the epidermis and hair follicular matrix from normal FVB/N control, p53-null, and p21-null mice after treatment
with ionizing radiation (5 Gy). Shown are high power magnification (3400) images of epidermal sections (a–d) and hair follicle sections (e–h) from unirradiated
normal mice (a and e), irradiated normal mice (b and f), irradiated p53-null mice (c and g) and irradiated p21-null mice (d and h). The skin sections from these
mice were stained immunohistochemically for BrdU using peroxidase-based detection. Sections were counterstained with hematoxylin. Arrows indicate examples
of BrdU-positive (brown-stained nuclei) cells. Sections from unirradiated control mice for p53-null and p21-null are not included because the BrdU labeling was
similar to that of the unirradiated normal mouse quantified in Table 1.
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apoptosis, as evidenced by fluorescent staining in the
TUNEL assay (Figure 2, e and f). These apoptotic cells
also were readily seen with H&E staining based upon
their pyknotic properties and were in the same region
where cells were rapidly dividing (Figure 1f). By 24 and
48 hours, the follicular matrix appeared smaller and the
total number of cells per bulb were about 20 to 30% less
than untreated follicular bulbs (data not shown). In these
follicular matrical areas, the percentage of BrdU-positive
cells was equivalent to that of untreated control (Table 1).
The increase in apoptosis, however, was not detected in
the epidermis following irradiation (Figure 2, a and b).
These responses were also demonstrated in the skin
sections from mice treated with 3 or 10 Gy. From these
data we conclude that epidermal cells respond to radia-
tion by undergoing growth arrest while follicular matrical
cells undergo apoptosis.

Levels of p53 Are Increased in Both Epidermis
and Matrixes of Hair Follicles After Irradiation

To understand the role of p53 in response to radiation in
different compartment of skin, we stained skin sections
immunohistochemically for p53 protein. Following irradi-
ation, p53 protein levels were increased in both the hair
follicle and epidermis (Figure 3). The most significant
increase in p53 levels was seen in the matrical cells of
hair follicles (Figure 3, c and d). Increases in p53 protein
were not detected in the more differentiated cells of the
hair sheath above the follicular matrix. In the irradiated
epidermis, cells with increased levels of p53 were found

throughout the whole tissue, though more frequently in
the poorly differentiated stratum basale (Figure 3, a, b).
These results indicate that the p53 induction occurs in
both the epidermis and hair follicles in response to radi-
ation and is influenced by the differentiation stage of
cells. The increases in p53 proteins seen in both epithe-
lial cell types in response to radiation, although they
suggest that p53 may mediate radiation responses in
these cells, do not fully explain the difference in re-
sponses between them.

p21 Induction Is Dependent on Cell Type and
Differentiation State

To investigate whether there are differences in the induc-
tion of factors by p53 that might be related to the different
responses in the epidermis and follicular matrix, we mea-
sured the levels of p21 protein, a cell cycle regulator that
is often seen to be induced in response to radiation and

Figure 3. Detection and comparison of the increases in p53 protein in the
epidermis (a and b) and follicular matrix (c and d) from normal mice after
irradiation. Shown are micro-images of the skin sections from un-irradiated
mice (a and c) and mice sacrificed 4 hours after irradiation (c and d). These
sections were stained for p53 immunohistochemically using peroxidase-
based detection and counterstained with hematoxylin. p53-positive (brown)
nuclei are indicated by arrows. Images for epidermis and hair follicles for
each mouse (a and c, b and d) were taken from the same skin sections.

Figure 4. Detection of p21 protein induction in
epidermis (a–c) and hair follicles (d–f) from
normal (FVB/N) and p53-null mice. Shown are
skin sections from un-irradiated normal mice (a
and d), irradiated normal (b and e) and irradi-
ated p53-null (c and f) mice sacrificed at 24
hours that were stained immunohistochemically
for p21 using peroxidase-based detection and
counterstained with hematoxylin. p21-positive
(brown) nuclei are indicated by arrows. Non-
specific reaction of the secondary antibody with
the stratum cornea is occasionally seen. Sections
from unirradiated p53-null mice were not in-
cluded because they had a similar staining pat-
tern to the unirradiated p53-sufficient mice (a
and d), as in the unirradiated normal mice, very
few p21-positive cells were present.

Table 1. Inhibition of DNA Synthesis in the Epidermis and
Hair Follicles after Irradiation

Mouse strain Tissue

% BrdU-positive cells*

Unirradiated Irradiated†

Normal Epidermis 4.5 6 0.2 0.4 6 0.1
Normal Hair follicular matrix 43 6 2.2 41 6 3.9
p53-null Epidermis 4.5 6 0.4 2.9 6 0.6
p21-null Epidermis 4.4 6 0.3 4.7 6 0.5

*Average numbers 6 SE from skin sections of 3 mice.
†24 hours after irradiation (5 Gy).
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is known to be induced in its expression by p53. We
found a significant disparity in the induction of p21 in the
epidermis and follicular matrix. The number of p21 pos-
itive cells increased in the epidermis following irradiation
(Figure 4, a and b). These p21-positive cells were present
both in the basal layer where growth arrest is observed
and also in the suprabasal layers. In contrast, p21-posi-
tive cells were not detected in the matrix of hair follicles
(Figure 4, d and e) where apoptosis but not growth arrest
was induced in response to radiation. Given the strong
induction of p53, it was surprising that the matrical cells
were resistant to induction of p21 in response to radia-
tion. A few p21-positive cells were also observed in the
upper portion of the hair follicular bulb, a region that lies
outside of the proliferating compartment (Figure 4). Like-
wise, more p21-positive cells were also observed in the
differentiated or partially differentiated cells in the hair
sheath in the upper layer of the dermas (data not shown).
Interestingly, in these differentiating hair follicular cells
where p21 was induced by irradiation, p53 was not sig-
nificantly induced, indicating the induction of p53 and
p21 can be uncoupled in these cells.

Loss of p53 Leads to a Full Abrogation of
Radiation-Induced Apoptosis in Hair Follicles
but only Partial Abrogation of Growth Arrest in
the Epidermis

p53 is a crucial factor in both cell growth arrest and
apoptosis induced by DNA damage agents. To deter-
mine whether loss of p53 affects responses of skin to
radiation, experiments were performed on p53-null mice.
In the untreated p53-null mice, differentiation-related ap-
optotic-like events in the epidermis and hair follicles was
limited to cells within the terminally differentiated com-
partments (data not shown). The numbers of these apo-
ptotic cells were similar to those seen in the p53-sufficient
mice, indicating that loss of p53 does not affect differen-
tiation related apoptotic-like events. However, loss of p53
completely abrogated radiation-induced (5 Gy) apopto-
sis in the follicular matrix (Figure 2 a, g). Correlative to this
absence in radiation-induced apoptosis, alopecia that
occurs in p53-sufficient mice after irradiation did not oc-
cur in irradiated p53-null mice (Figure 2i).

In the p53-null epidermis, however, the radiation-in-
duced growth arrest was only partially abrogated (Figure
1c and Table 1). Although the reduction in the number of
BrdU positive cells was less than that seen in the p53-
sufficient epidermis, the reduction was still statistically
significant.17 Thus, both p53-dependent and p53-inde-
pendent responses govern growth arrest in the epidermis
after irradiation.

p53-Independent p21 Induction in the
Epidermis

As indicated above, growth arrest in response to radia-
tion in the epidermis was still evident in p53-null mice. We
examined, therefore, the levels of p21 protein in the p53-

null mice after irradiation. We found that, in the epidermal
cells, p21 levels were still increased in p53-null mice after
irradiation, although the levels of induction were lower
than that seen in p53-sufficient mice and the increase in
p21 appeared to be delayed (Figures 4C and 5). Thus
p21 induction in the skin by ionizing radiation can be
p53-independent as well as p53-dependent. As seen in
the p53-sufficient mice, there was no increase of p21 in
hair matrix cells in p53-null mice after irradiation, though
again there was sporadic induction in the upper portion
of the hair follicle.

Loss of p21 Completely Abrogates Growth
Arrest in the Epidermis but Does Not Affect
Apoptosis

Because induction of p21 in the epidermis correlates with
growth arrest and absence of p21 induction in the hair
follicular matrix correlates with apoptosis, we speculated
that p21 induction may lead cells away from the apopto-
sis pathway and towards the growth arrest pathway;
hence, induction of p21 may indirectly help cells to sur-
vive. To test this hypothesis, we performed irradiation
experiments on p21-null mice. Loss of p21 fully abro-
gated growth arrest in the epidermis (Figure 1D and
Table 1). However, apoptosis in the hair follicles and
epidermis appeared to be similar to that seen in wild-type
mice (Figure 2h) indicating that p21 does not prevent
cells from undergoing apoptosis, even though it mediates
growth arrest.

Discussion

In this study, we have shown that different cell popula-
tions of skin respond to radiation differently. Epidermal
cells react to radiation-induced DNA damage by under-
going growth arrest, whereas hair follicular matrical cells
respond to radiation by undergoing apoptosis. The apo-
ptosis correlated with increases in p53 protein levels in
the matrical cells, whereas cell growth arrest in the epi-

Figure 5. Time course of p21 induction in the epidermis of p53-sufficient
and p53-null mice. Data were generated from skin sections of three mice
at each time point, with 10 microscopic fields counted per section. Error
bars indicate SE.
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dermal cells correlated with the induction of both p53 and
p21. Interestingly, p21 could be induced at least partially
in the absence of p53 function in the epidermis. The
radiation-induced apoptosis in the hair follicles was com-
pletely dependent upon p53, whereas the radiation-in-
duced growth arrest in the epidermis was only partially
dependent upon p53 but wholly dependent upon p21.

Increase of p53 Levels and Skin Responses

Growth arrest and apoptosis both can be mediated by
p53. In this study, absence of p53 completely abrogated
radiation-induced apoptosis in the follicular matrical
cells, indicating that apoptosis induced by DNA damage
in this cell type is fully dependent on p53. Apoptosis can
occur through p53-independent pathways.19,20 In this
regard we noted that the apoptotic-like process associ-
ated with terminal differentiation of both the epithelial and
hair follicular cells was p53-independent (data not
shown). p53 also plays a crucial role in mediating growth
arrest in the epidermis, because loss of p53 function
severely compromised this response. This growth arrest,
however, was not completely p53-dependent, as some
growth arrest still occurred in p53-null epidermis after
irradiation. Thus, p53-independent mechanisms must
play a role in this process, at least in the epidermis.
Because p21 is still induced in the p53-null mice and
knockout of p21 led to the complete abrogation of growth
arrest, p53-independent induction of p21 must contribute
to the p53-independent growth arrest.

It has been argued that p53 levels determine which
pathway the cells will choose; low levels of p53 induce
growth arrest and high levels of p53 induce apoptosis.21

At a very low level, p53 induces neither apoptosis nor
growth arrest; instead, it induces cellular differentiation.22

The correlation between high p53 levels and induction of
apoptosis in the matrix is consistent with the aforemen-
tioned hypothesis that high levels of p53 induce apopto-
sis. Interestingly, however, in the same follicular matrical
cell population where there were increased p53 levels,
cells were still undergoing DNA synthesis, ie, there was a
failure to undergo growth arrest. This indicates that the
pathway downstream of p53 for growth arrest was not
intact or active in these cells.

Different Skin Responses to Radiation in
Relation with p21 Induction

p21 is a cyclin/CDK inhibitor that mediates growth arrest
downstream of p53. Levels of p21 in epidermis were
increased after treatment with 5 Gy of radiation, but no
induction of p21 was seen in the hair follicular matrix. This
result correlated with growth arrest in the epidermis and
the absence of growth arrest in the hair follicles. Coinci-
dentally, there was a reverse correlation between p21
induction and apoptosis. We initially speculated that p21
might be acting as a survival factor by directing cells
towards growth arrest, thereby circumventing induction
of an apoptotic response. This speculation was sup-
ported by previous reports that p21 deficiency made

cells more susceptible to cell death induced by DNA
damage.23,24 Recently, p21 was found to protect cells
from p53-mediated apoptosis in melanoma cells.25

Polyak et al26 proposed that p21 can inhibit apoptosis by
causing growth arrest. We did not see an increase in
apoptosis in the epidermis of p21-null mice irradiated
with 5 Gy ionizing radiation. One possible explanation for
the absence of apoptosis in the p21-null irradiated epi-
dermis is that other survival factors present in that tissue
effectively block the apoptosis pathway even in the ab-
sence of p21. In this regard, the basement membrane
has been found to suppress apoptosis.27,28 Another pos-
sibility is that the pro-apoptotic signals induced in some
cells in response to radiation, eg, bax, fail to be induced
in the epidermis.

Differentiation Stages, Differential Induction of
p53 and p21, and Radiosensitivity

It has long been observed that poorly differentiated/un-
differentiated cells are more sensitive than differentiated
cells to radiation. Our results may provide a model to
explain the different cellular sensitivities to radiation. Ra-
diation induced higher increases in p53 levels in the
matrical cells that underwent apoptosis than in the epi-
dermal cells that underwent growth arrest. Conversely,
p21 was not induced in the matrical cells but was strongly
induced in the epidermal cells. It has been argued that
the matrical cells in the hair follicles are less differentiated
than cells of the epidermis, including epidermal basal
cells, because the basal cells express the intermediate
filaments keratins 5 and 10 but follicular matrical cells do
not. The differential induction of p53 and p21 may there-
fore be related to the degree of cell differentiation. This
hypothesis is supported by similar observations made by
Potten and colleagues, who found in the murine intestinal
epithelia a similar relationship between the degree of cell
differentiation, levels of p53 and p21 induction, and cell
fate.29

In the context of this hypothesis, the differential induc-
tion of p21 is an intriguing factor. p21 induction was not
observed in the matrical cells despite very high levels of
p53. p21 expression is associated with cellular differen-
tiation; its level can be found to increase during cellular
differentiation.30 One explanation for the absence of p21
induction in the less differentiated cells is that factors
required for expression of p21 are absent in these cells,
thereby preventing its induction via either the p53-depen-
dent or the p53-independent radiation response path-
ways. Another explanation is that the p53 protein in
the less differentiated cells is not transcriptionally active.
Weinberg et al reported that, in terminally differentiating
keratinocytes, low p53 protein levels were associated with
significant transcriptional activities, whereas in the poorly
differentiated keratinocytes, higher levels of p53 were
present but the p53 was less active transcriptionally.31

In the less differentiated cells of hair follicular matrix,
apoptosis occurred through a p53-dependent pathway.
Bax is a pro-apoptotic regulator that can be induced by
p5332 and may be involved in the induction of apoptosis
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in the hair follicles.33 If p53 is not transcriptionally active
in this matrical cells, however, it is unlikely that Bax is
induced by p53. Using cells of testicular germ cell tu-
mors, Burger reported that bcl-2 family proteins including
bax were not induced by ionizing radiation, although p53
was induced in these cells, indicating that these proteins
may not be involved in radiation-induced apoptosis in
these poorly differentiated cells.34 Further investigation of
the p53-dependent induction of apoptosis in the matrical
cells is needed. The role of p21 in the apoptotic response
of hair follicles to radiation should also be further ex-
plored. We have shown that loss of p21 did not increase
the sensitivity of cells to apoptosis, consistent with other
studies with p21-deficient cells in which p21 was found
not to affect apoptosis.15 To test the role of p21 further,
overexpression of p21, instead of p21 deletion, should
be tested for its dominant effect on apoptotic responses in
the hair follicles, ie, whether it is a survival factor in a tissue
where apoptosis normally results from DNA damage.
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