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Grpl-associated scaffold protein regulates skin homeostasis after
ultraviolet irradiation

Anand VenkataraTan1’2’§, Daniel J. Colemanl’z, Daniel J. Nevrivyl’z’ﬂ, Tulley Long”, Chrissa Kioussi'??,
Arup K. Indra"?**, and Mark Leid"**

Grpl-associated scaffold protein (Grasp), the product of a retinoic acid-induced gene in P19 embryonal
carcinoma cells, is expressed primarily in brain, heart, and lung of the mouse. We report herein that
Grasp transcripts are also found in mouse skin in which the Grasp gene is robustly induced following
acute ultraviolet-B (UVB) exposure. Grasp” mice were found to exhibit delayed epidermal proliferation
and a blunted apoptotic response after acute UVB exposure. Immunohistochemical analyses revealed that
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the nuclear residence time of the tumor suppressor protein p53 was reduced in Grasp™ mice after UVB
exposure. Taken together, our results suggest that a physiological role of Grasp may be to regulate skin
homeostasis after UVB exposure, potentially by influencing p53-mediated apoptotic responses in skin.

s in hippocampal neurogenesis after a electroconvulsive insult®,
Introduction and in dendritic outgrowth/arborization in rat neuronal culture’.

. o However the in vivo role of Grasp remains poorly characterized.
Expression of the Grasp gene is induced by treatment of P19

embryonal carcinoma cells with all-trans retinoic acid'. Grasp
was subsequently recloned and referred to as Tamalin’. Grasp

a

Skin is an excellent system to study proliferative paradigms in
s response to either chemical stressors, such as ATRA' 11

serves as a molecular scaffold for numerous proteins, including TPA/DMBA'2, or physical stressors, such as ultraviolet (UV)
kinases (syk)® and guanine nucleotide exchange factors (Grpl, radiation'>"”. Mouse skin is composed of three primary layers —
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» ARN:))) » and has beenhshownthoeregulageTﬂliZ]Erlzfﬂl’clglrﬁ of the outermost epidermis, the underlying dermis, and the

mem lrane rec}(:ptor;, ;uc asffmk. u ,fan br ’ Otfe innermost layer, the hypodermis. The epidermis is further

recently we s owe that traftic llnng mem ranc? receptors by stratified into the progressively external basal, spinous, granular,

Grasp was mediated through its interaction with Grpl and and cornified layers'®. In response to chemical or physical
d through the non-clathrin, Arf6-dependent trafficking i . . .

oceurre ? stressors a robust hyperproliferation of basal keratinocytes and

B 6 . . ~ . .
= pathway”. Grasp is expressed in post-natal brain, liver, and lung thickening of differentiated suprabasal (spinous and granular)

in the mouse'>. Mice lacking Grasp exhibit no gross S : .
. ; : . layers ensues, which is termed epidermal hyperplasia.
morphological or behavioral deficits, and mildly altered response

to morphine and cocaine’. Recent studies suggest a role of Grasp
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Two apoptotic pathways of physiologic importance have been

identified in skin. The first pathway is important during

keratinization and the homeostatic process of hair growth in
.19 o . .
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In this study, we report the generation of a Grasp knockout
mouse (Grasp’/’) and explore the in vivo role of Grasp in adult
mouse skin. Grasp transcripts were found in the epidermal layers
of mouse skin and robust induction of Grasp gene was noted in
both epidermal and dermal layers following acute UVB exposure.
Grasp” mice were found to exhibit delayed epithelial
proliferation and a blunted apoptotic response, and reduced
nuclear residence time of p53 after acute UVB exposure. Taken
together, our results suggest that Grasp is involved in p53-
mediated apoptotic signaling following UVB exposure in skin.

Material and Methods

Animals: Grasp” animals had been backcrossed with C57BL/6
strain of mice for at least 5 generations before being used in
experiments. Two to three month-old male Grasp™ (n = 15) and
littermate controls (n = 15) mice were fed a commercial diet and
provided with water ad libitum. Mice were maintained in a
temperature and humidity-controlled facility with a 12-hour
light/dark cycle. All procedures involving animals were carried
with prior approval by the Institutional Animal Care and Use
Committee at Oregon State University.

Antibodies: Antibodies and dilutions used: anti-p53 (Leica
Biosystems Novacastra #NCL-p53-CM5p, 1:500 for IHC;
Calbiochem #OP29, 5 pg/ml for immunoblots), anti-Grasp
(1:3000; previously described in Ref. [1]), anti-BrdU (1:100,
#1370030, AbD Serotec), and anti-B-actin (1:5000, #A5441,
Sigma-Aldrich). Antibodies for differentiation markers were
purchased from Covance: anti-K14 (1:500; #PRB-155P), anti-
K10 (1:500; #PRB-159P), anti-Filaggrin (1:250; #PRB-417P),
anti-Loricrin ~ (1:500; #PRB-145P). An anti-Ctip2/Bcll1b
antibody (#ab18465 Abcam; 1:2000) was used as a control.

UVB treatment and sample collection: The dorsal hair of mice
was shaved 24 hrs prior to UVB exposure to ensure
synchronization of the hair-growth cycle’*?* and to facilitate
maximum exposure to the UVB irradiation. Mice were placed on
a shelf 20 cm below the light source in standard cages. Mice were
irradiated with a single, acute dose of 7.5 kJ/m’ from a bank of
four UVB sunlamps (#TL-40W, Philips) as described
previously”. Sunlamp irradiance was measured with a model
L1400A radiometer/photometer with a SLO021/FQI detector
(International Light, Inc., Newburyport, MA). Mice were
cuthanized at 24 and 48 hrs after UV radiation. Biopsies (5 mmz)
from the dorsal skin from each group of mice were collected and
either immediately fixed in 4% buffered paraformaldehyde (PFA)
or stored in -80°C for future analyses. Control mice (n = 3),
which were not exposed to UV, were similarly processed.

Primary fibroblast culture: Primary skin fibroblasts were
cultured by removing dorsal and ventral skin from newborn
mouse pups and incubating in growth medium containing 5
mg/mL dispase at 4°C overnight with rocking. Skin was washed
in sterile PBS on the following day and the epidermis separated
and discarded. The dermis was incubated in TrypLE Express
(Life Technologies) for 30 min. at 37°C. The dermis was
shredded using forceps, suspended in growth medium (F-12
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nutrient mixture [Ham], 8% FBS and 1X antibiotic/antimycotic),
and vortexed for 2-3 minutes to disperse individual cells. The cell
suspension was centrifuged (300 x g, 3 min.) and the pellet was
resuspended in fresh growth medium and plated. Medium was
changed the day after plating, and cells were split at a 1:5 ratio
when confluency was reached. Cells were maintained for several
passages by culturing in aforementioned growth medium and
using a 1:5 split ratio. All cell culture was performed at 37°C and

s in 5% CO,.

UVB treatment of cells: Prior to UVB exposure, cells were
washed briefly with sterile PBS and then the PBS was removed
by aspiration. Culture dishes with lids removed were then
exposed to a single dose of 10 mJ/cm? of UVB light from a bank
of four Philips FS-40 UV sunlamps. The irradiance of the
sunlamps was measured with an IL-1400A radiometer with an
SEE240 UVB detector (International Light). Immediately after
UVR, fresh growth medium was added back and the cells were

s returned to the growth incubator.

Immunoblot analysis: Skin samples were homogenized and
lysed in a denaturing buffer (250 mM NaCl, 2 mM EDTA, 50
mM NaF, 5mM sodium pyrophosphate, SmM NEM, 0.1 mM
hemin chloride, a protease inhibitor cocktail [leupeptin,
aporotinin, bestatin], and 1% SDS), boiled for 5 min., sonicated,
and clarified by centrifugation.

Histological and immunohistochemical analysis: Skin samples

s were fixed in 4% PFA, cryopreserved in 30% sucrose, and frozen

in OCT. Cross-sections of 10 pm thickness were prepared and
rinsed with PBS three times, and then processed for histological
analyses by hematoxylin and eosin (H&E) staining as described
previously?. Immunohistochemical analyses were carried out as
described previously?”’. All fluorescence images (unless
mentioned otherwise) were captured using a ZEISS LSM 510
confocal microscope using a 40x Plan Apo objective and bright-
field images were captured using the Zeiss Imager.Z1 microscope
with a 20x objective. Images were processed using the Zeiss

s LSM image browser and Photoshop CS4 (Adobe Systems, Inc.).

Post-process scoring of BrdU' and p53" epidermal cells was
performed on 8-10 representative tissue sections from each
animal at each time point by blinded individuals.

TUNEL assay: The Promega Dead-end colorimetric kit
(#TB199) was used to visualize apoptotic cells in the tissue
samples using the manufacturer's protocol with minor
modifications: a fluorescent Cy3 flurophore conjugated to
streptavidin (SA) was used instead of the colorimetric SA-HRP-

s DAB visualization procedure.

In situ hybridization: A full-length, Grasp cRNA probe, labeled
with digoxigenin-dUTP, was generated using Roche’s DIG RNA
labeling kit (catalog number 11175025910). Tissue preparation
and hybridizations were conducted using common techniques.
Briefly, 10 um cryosections were collected on slides and
incubated in 4% PFA followed by an incubation with

This journal is © The Royal Society of Chemistry [2013]
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Fig. 1: Generation of mice harboring a germline disruption of the Grasp locus (Grasp™). (A) Schematic representation of the genomic organization of the
eight exons of the mouse Grasp locus. (B) The Grasp targeting vector indicating the upstream and downstream LoxP sites and the PGK-Neo cassette, the
latter of which was flanked by Frt sites. (C-D) Southern analysis of homologous recombination (HR) at the Grasp locus using long-template PCR (see
Table S1 for sequences of primers and probes). (C) The amplification product at the 5" end (primers A1/A2) was probed with P1 and P2 (inside and
outside respectively of the targeting vector) to identify the clones in which HR had occurred. (D) The 3" PCR product (primers A3/A4) was also probed
with P3 and P4 (inside and outside respectively, of the targeting vector to identify the HR" clones. The doublet observed in lanes 3 and 6 corresponds to
the absence (wt) and presence (L3) of the LoxP-Frt-PGK neo-Frt cassette. No such doublet was observed in lanes 3 and 6 of (C) because of the small size
of the insertion at the 5 loxP site. (E) Immunoblot analysis of whole brain extracts prepared from wt and Grasp” mice using anti-Grasp and anti-Bcl11b
(loading control) antibodies. The band corresponding to Grasp is denoted by an asterisk.

proteinase K (10 mg/ml) for 20 minutes at 25°C. The sections
were rinsed and briefly fixed again with 4% PFA. These sections
were acetylated in triethanolamine/acetic anhydride for 10 min,
and hybridized with the DIG-labelled probe (10 ng/ml) at 65°C.
DIG-labeled RNA was visualized using anti-DIG Fab fragments
conjugated to alkaline phosphatase (AP) (1:5000; Roche
#1093274150) and AP-substrate BM-purple (Roche #1442074).

Quantitative PCR (RT-qPCR) analyses: RNA extraction and
cDNA preparation were performed as described?. RT-qPCR was
performed on an ABI 7500 Real-Time PCR system using SYBR
green and analyzed as described®® 2. Two sets of Grasp primers
were used for qPCR, and both sets yielded similar results. Primer
sequences for amplification of Grasp were, Primer set 1: (F) 5'-

s AGCACTGGAGGACTATCAC, (R) 5'-CGAGATCCAGACA-

TATGGC; Primer set 2: (F) 5’ - CTCAGGATTCCGTTGGAAG
AA-3"; (R) S-TTCATGAACT-CGGCAGACGAA-3'".

Statistical analyses: A 2-tailed t-test was performed to determine
if the difference between means of two groups was statistically
significant. For comparison of three or more groups, values from
control and experimental groups were compared using a two-way
ANOVA followed by Bonferroni post-hoc analysis.

Results

. A
s Generation of Grasp”™ mice

A Grasp targeting vector was constructed using ~9 kb of the
Grasp genomic locus (Figs. 1A, B). After electroporation of the
Grasp targeting vector into ES cells derived from 129/Sv strain of
mice, two ES cell lines (out of 113) were verified to have

40 undergone homologous recombination (HR) as judged by

analyses using 5" and 3’ probes (Figs. 1C, D). Both clones were

Fig. 2: Grasp is induced in the epidermal and dermal layers of skin

45 following a single UVB exposure. (A-D) In situ hybridization of skin

5

3

samples using a Grasp cRNA probe. Skin samples were collected from
wild-type or Grasp” mice at indicated times after UVB exposure. (E) RT-
qPCR analysis of Grasp transcripts in skin samples prepared from wt
mice at indicated times after UVB exposure. (F) RT-qPCR analysis of
Grasp transcripts in cultured skin fibroblasts prepared from wt mice and
collected at indicated times after UVB exposure. Values in (E,F) and
represent the mean = S.E.M. of three independent mice and cell-culture
experiments respectively for each time point. Statistical significance is
indicated by * and *** symbols for p < 0.05 and p < 0.001, respectively.

This journal is © The Royal Society of Chemistry [2013]
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Fig. 3: Grasp” mice exhibit delayed epidermal thickening in response to
UVB exposure. (A-F) H&E-stained histological sections obtained at
indicated time intervals after UVB exposure from wild type (A-C) and
Grasp” mice (D-F). Scale bar, 50 uM. (G) Quantitation of epidermal
thickness at indicated times intervals following UVB exposure. Values in
(G) represent the mean = S.E.M. of three mice for each time point and
genotype. Statistical significance and is indicated by ** and *** symbols
for p<0.001 and p < 0.0001, respectively.

injected into blastocysts, which gave rise to three C57BL6/SV129
chimeric founder animals that were backcrossed C57BL/6 mice
for germ line transmission of the targeted L2F2 allele (Fig. S1).
We found no phenotypic difference between the three lines and
only one was maintained for further studies. Transgenic mice
expressing Flp recombinase under control of the CMV promoterzg
were crossed with Grasp L2F2 mice to excise the Frt-flanked
neomycin marker and generate the L2 (floxed) Grasp allele (Fig.
S1). Subsequently, mice harboring the L2 allele (LoxP-Exon 1-
LoxP) were crossed with transgenic mice expressing Cre
recombinase under the control of the protamine promoter™’, to
excise the floxed exon 1 of Grasp in spermatocytes (Fig. S1).
Offspring of these mice were bred to homozygosity (Grasp™™",
referred to as Grasp” hereafter). Immunoblot analysis from brain
extracts confirmed the loss of Grasp protein expression in
Grasp” mice (Fig. 1E, lower panel). Under basal conditions,
Grasp” mice showed no morphological, behavioral or sexual
defects (data not shown), as previously reported by others’.

An acute dose of UVB leads to induction of Grasp in skin

Unlike ATRA treatment of P19 embryonal carcinoma cells',
topical application of ATRA did not induce expression of Grasp
transcripts in mouse skin (unpublished data). Grasp expression
was predominantly restricted to the epidermal layers of skin,
including the hair shaft, under basal conditions (Fig. 2A).
However, a single UVB exposure resulted in a ~13-fold up-
regulation of Grasp transcripts in wt mouse skin (Fig. 2B, E). A
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Fig. 4: Grasp” mice exhibit a reduced proliferative response to UVB
exposure. (A-F) BrdU (red) and K14 (green) immunohistochemical
staining in skin samples obtained at indicated time intervals after UVB
exposure. Scale bar, 50 pM. (G) Quantitation of BrdU/K14" cells of the
epidermis at indicated time intervals following UVB exposure. Values in
(G) represent the mean + S.E.M. of three Grasp”™ mice and littermate
controls for each time point. Statistical significance is indicated by ***
for p <0.0001.

striking induction of Grasp transcripts was observed primarily in
the dermal layers of wt skin, and to a lesser extent in the
epidermis, following UVB exposure (compare Figs. 2A and 2B).
Grasp transcripts were not detected in tissues from Grasp” mice
(Figs. 2C, D). UVB-induced expression of Grasp was
recapitulated in primary dermal fibroblasts from wt mice (Fig.
2F), in which a single exposure to UVB irradiation resulted in a
~125 fold induction of Grasp expression within 6 hrs that was
still evident at 24 hrs after exposure (Fig. 2F). UVB-induced
expression of Grasp was not detected in cultured, primary
keratinocytes from wild-type mice (Fig. S2).

Delayed epidermal thickening in Grasp'/' mice following acute
exposure to UVB irradiation

Epidermal hyperplasia, the hallmark response of UVB exposure,
occurs within 24 hrs of exposure'®. To evaluate the role of Grasp
in UV-induced epidermal hyperplasia, wt and Grasp” mice were
subjected to acute UVB irradiation and analysed for
morphological changes, and alterations in cellular proliferation
and differentiation. Histological analysis by H&E staining
revealed a significant increase in the epidermal thickness of skin
in wt mice after 24 hrs (compare Figs. 3A and 3B). Epidermal
thickness returned to basal levels in wt mice 48 hrs after acute
UVB exposure (compare Figs. 3A and 3C). The rapid return of
the hyperplasia response to basal state within 48hours of UVB
exposure in the littermate controls contrasts with the persistent
hyperplasia response observed in purebred C57BL/6 mice®' ™.
This observation is indicative of the high UVB resistance of the
background strain of the Grasp™ littermate controls. In contrast,

This journal is © The Royal Society of Chemistry [2013]
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Fig. 5: Grasp” mice exhibit attenuated apoptotic response to UVB
exposure. (A-F) The TUNEL assay shown was performed in wt and
mutant skin at indicated time intervals after UVB exposure. Skin samples
were counterstained with the nuclear stain DAPI. Scale bars = 50 uM.
Sections from individual mice are shown in A-F. These mice are
representative of four to seven mice of each genotype that were analyzed
at each time point indicated

Grasp” mice exhibited no obvious change in epidermal thickness
24 hrs post-UV (compare Figs. 3D and 3E), but a delayed
epidermal hyperplasia was evident at 48 hrs after UVB exposure
in mutant skin (compare Figs. 3D and 3F). Although the
epidermal response to UVB exposure was delayed in Grasp”
mice, hyperplasia in the mutants was 2.4-fold greater than that of
wt mice at 48 hrs after a single UVB exposure (2-way ANOVA,
Interaction, F 74y = 17.58, p < 0.0001; effect of time, F5 174 =
21.07, p < 0.0001; effect of genotype, F(;,174=0.7741, p=0.3802;
Fig 3G). These results indicate an important role of Grasp in
maintaining epidermal homeostasis after an acute dose of UVB
irradiation. It is conceivable that enhanced proliferative capacity
or lack of induced apoptosis may underlie, at least in part,
epidermal thickening observed in Grasp” mice at 48 hrs
following UVB exposure.

5 Grasp'/' mice display altered proliferative response to UVB

treatment

We hypothesized that the delay in epidermal response after UVB
exposure was due to a delayed proliferative response in Grasp™
mice. We compared the proliferative index of Grasp” and wt
mice skin by ratioing BrdU" cells to DAPI" nuclei in the basal
(K14") cell layer of the epidermis before and after UVB
exposure. Under basal conditions, we observed no significant
difference in the percentages of BrdU" epidermal cells in Grasp™
mice and wt controls (compare Figs. 4A and B; see also Fig. 4G).

s Following UVB treatment, basal cells of the inter-follicular

epithelium are known to enter S-phase rapidly and proliferate®*
3 The majority of BrdU" cells in skin samples obtained at 24 hrs
post-UVB exposure corresponded to slow-cycling cells of the
intrafollicular epidermis in both mutant and wt mice (Fig. 4C, D,
and G). A significant increase in detectable levels of BrdU" cells
was observed in inter- and intra-follicular epidermis of both wt
and mutant mice after 48 hrs of UV exposure (Fig. 4E and F).
However, the number of BrdU" epidermal cells observed in
Grasp” mice was significantly lower compared to wt littermates

This journal is © The Royal Society of Chemistry [2013]
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Fig.6: Aberrant nuclear localization of p53 in Grasp” mice after UVB
exposure. (A-F) Immunohistochemical staining for p53 (red) in skin
samples obtained at indicated time intervals after UVB exposure. Samples
were counterstained with nuclear marker DAPI (blue). (G) Quantification
and comparison of the p53+ cells of the epidermal basal layer at indicated
times intervals following UVB exposure. Values in (G) represent the
mean = S.E.M. of three Grasp” mice and littermate controls for each time
point. Statistical significance is indicated by *** for p < 0.001. Scale bars,
50 pM.

at 48 hrs post-UV exposure (2-way ANOVA, Interaction, F 33
= 10.27, p < 0.0001; effect of time, F 135 = 44.72, p < 0.0001;
effect of genotype, F(i 135 = 11.52, p < 0.0001; Fig 4G). When
compared to wt, anti-K 14 immunoreactivity was lower in Grasp™
skin at 24 hrs post-UVB exposure (compare panels C and D of
Fig. 4 and panels B and D of Fig. S3). However, expression of
other markers of epidermal differentiation, including keratin K10,
loricrin, and filaggrin were unaffected in Grasp” mice as
compared to wt skin (see Fig. S3).These results suggest that

s Grasp”™ mice exhibit a reduced proliferative response to UVB

exposure.

Dysregulated apoptotic responses are observed in Grasp™
mice following UVB exposure.

Our data suggest that Grasp may regulate UVB-induced apoptosis
in skin and a dysregulated apoptotic response may underlie the
observed phenotype of Grasp” mice following UVB exposure. A
robust apoptotic signal, detected by TUNEL staining, was
observed in wt skin at 24 and 48 hrs after UVB treatment (Figs.

s 5C and SE, respectively). However, the apoptotic signal was

almost completely absent in Grasp” skin examined at 48 hrs
post-UV treatment (compare Figs. SE and 5F). Taken together
our results suggest an important role of Grasp in mediating
apoptotic responses in skin after UVB exposure
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Reduced nuclear accumulation of p53 in epidermal cells of
Grasp'/ " mice after UVB treatment

Altered proliferative and apoptotic responses in Grasp” mice
may be due to dysregulation at one or more levels of the p53
signaling pathway. We carried out RT-qPCR analysis to assess
P53 transcript levels in wt and Grasp™ mice skin. In accordance
with published reports (25), we found that UVB exposure did not
alter p53 transcript levels in wt mice, and this finding generalized
to Grasp’/’ mice (Fig. S4A). However, wt and Grasp’/’ littermates
exhibited a robust and sustained increase in the levels of p53
protein at 24 and 48 hrs post-UV treatments (Fig. S4B).

Standard immunohistochemical analyses were performed on skin
samples using the CM5-p53 antibody, in order to determine if
sub-cellular localization of p53 was altered in Grasp” mice in
response to UVB treatment. Nuclear localization of the p53 was
validated by co-localization with the nuclear counterstain DAPI
and the transcription factor Ctip2/Bclllb, which is highly
expressed in basal layers of the skin®’ (Fig. 4 and data not
shown). We observed a robust increase in nuclear localization of
p53 after 24 hrs of UVB treatment in wt (30.3 + 2.9% of the
epidermal cells, compare Figs. 4A and 4C) and the proportion of
cells exhibiting p53 staining in the nucleus was maintained to at
least 48 hrs post-UVB exposure (25.1 £ 2.1% of the epidermal

s cells; compare Figs. 4A and 4E). Although we observed a similar

increase in nuclear p53 staining after UVB exposure in Grasp”
mice, the relative levels of nuclear p53 were significantly lower
in Grasp” mice as compared to wt mice (2-way ANOVA,
Interaction, F ;37 = 10.36, p < 0.0001; effect of time, F 137 =
111.2, p < 0.0001; effect of genotype, F(; 37 = 24.63, p <
0.0001). At 24hrs post-UV, post-hoc test reveal that the reduced
levels of p53" epidermal cells in Grasp’/’ mice tended towards
statistical significance (Bonferroni's multiple comparisons test. p
=0.0622, wt = 29.7 £ 3.3%, Grasp” = 24.6 + 1.1% of epidermal

s cells) and became more pronounced after 48 hrs post-UV

exposure (Bonferroni's multiple comparisons test. p < 0.0001, wt
=25.1 + 2.1%, Grasp” = 9.0 + 1.8% of epidermal cells). Taken
together, our results confirm that Grasp” mice exhibit only a
transient increase in nuclear localization of p53 protein in
response to UVB treatment, suggesting a potential role of Grasp
in post-translational modification and/or sub-cellular localization
of the tumor suppressor protein p53.

Discussion

In the present study we report the generation of Grasp™ mice with

s a germline disruption of the Grasp gene. Lack of Grasp

expression clearly impacted the response of the skin to a single
dose of UVB irradiation, resulting in delayed proliferative and
dampened apoptotic responses. These findings suggest that Grasp
may play a role in the skin's response to acute UVB exposure,
which is causally implicated in melanoma and non-melanocytic
skin cancer’®®. Grasp is abundantly expressed in neuronal
tissue' and functions in protein trafficking® *®, neuroplasticity®,
and perhaps in behavioural responses to cocaine and morphine’.
However, understanding the in vivo role of Grasp has been
hindered by the relative inaccessibility and complexity of nervous
tissue as a model system.
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Skin provides an excellent alternative with its accessibility and
simplicity, and a well-characterized, robust response to physical
and chemical insults'®™’. Unlike ATRA treatment in P19
embryonal carcinoma cells', topical application of ATRA did not
induce Grasp transcripts in mouse skin (unpublished data).
Expression of Grasp was robustly induced after a single dose of
UVB, and this induction was particularly noteworthy in the

s dermal compartment of skin (see Fig. 2). Our understanding of

dermal responses to UVB exposure has largely been limited to:
(i) a hyper-vascularization response accompanied with a large
increase in infiltrating macrophages, neutrophils, and Langerhans
cells, and a cascade of events that lead to suppression of the
innate immunity of skin®* *"*, and (ii) a poorly understood
signaling cascade in dermal fibroblasts that causes major
alterations in the dermal extracellular matrix owing to activation
of metalloproteinases*’*°. As Grasp is poorly expressed in the
immune system (our unpublished data), our data suggest that

s Grasp may play a role in the latter process. Future efforts will

investigate the status of dermal elastin and collagen following
UVB exposure in Grasp” mice, which could provide new
insights relevant to photo-damage and aging. UVB-induced
expression of Grasp was not evident in cultured, primary
keratinocytes, which indicates that regulation of Grasp expression
by UVB may be a cell-type specific event, require a non-cell
autonomous factor(s), and/or be dependent on the complex, three-
dimensional microenvironment of intact skin.

observations in the present study indicate reduced
proliferative and apoptotic responses to UVB exposure in skin of
mice lacking Grasp. Although not reaching statistical
significance, Grasp” mice displayed a thicker epidermis (30%
thicker; p > 0.05) relative to wt littermates, even under basal
conditions (Fig. 3G; 1.05 £ 0.05 mm and 1.37 £ 0.05 mm for wt
and mutant epidermis, respectively). This increase in epidermal
thickness was observed despite the fact that the proliferative
index of Grasp” epidermis was lower than that of wt mice both
before and after UVB exposure (Fig. 4G). This finding strongly

s suggests that reduced apoptosis in Grasp” epidermis is the

predominant driver of epidermal hyperplasia observed in the mice
lacking Grasp.

Dysregulated apoptosis and/or uncontrolled proliferation of cells
observed following acute UVB damage are often attributed to a
disruption of the complex, regulatory processes of p53 induction,
stabilization, and/or sub-cellular localization'® & 1% 213057 Qyr
data suggest that steady-state levels of the p53 transcript and the
induction of p53 protein following UVB exposure are comparable

s in wt mice and Grasp”" littermates (see Figs. S2A, B). However,

Grasp” mice exhibit a significant attenuation in nuclear
accumulation of p53 following UVB treatment, indicative of
dysregulated nuclear import and/or export of the p53 protein. The
loss of p53 from the nuclear compartment coincided precisely
with loss of TUNEL" cells in the epidermis (see Fig. 4), strongly
suggesting that the altered response following UVB exposure in
Grasp” mice was due to dysregulation of the p53-regulated
apoptotic pathway. An inferential extension of an attenuated
apoptotic response is that Grasp” mice will be more susceptible
to UVB induced photocarcinogenesis. This will be working

This journal is © The Royal Society of Chemistry [2013]
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particularly after UV radiation®® . To summarize, Grasp” mice
exhibit a complex and distinct dysregulation of homeostatic
responses following UVB exposure.
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