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Disorders of DNA repair

Shinichi Moriwaki and Kenneth H. Kraemer

Key Features

| » Nucleotide excision repair (NER) is an essen-

tial system for correcting ultraviolet (UV) —
induced DNA damages.

Lesions remaining in DMA due to reduced
capacity of NER may result in cellular death,
premature aging, mulagenesis, amnd carcino-
genesis of the scin. NER is an important pro-
tection against these changes.

There are three rare genodermatoses resulting
from defects in NER: xecoderma pigmento
sum (XP), Cockayne syndrome (CS), and tn-
chothiodystropky (TTD).

At present, there is no cure for any human
genetic disorder. Early diagnosis and symp-
tomatic treatment of neurological, ocular and
dermatological abnormalities are the main-
stays of therapy

Especially for XP, early diagnosis, rigorous
sun protection, and early detection and treat-
ment of cancers may reduce the more serious
skin and eye problems and prolong life.

S. Moriwaki ()

Depariment of Dermatclogy, Osaka Medical College,
2-7 Daigaku-cho, Takatuki, Osaka 569.8686, Japan
e-mail: der(X2@&poh osaka-med.ac.jp

T. Krieg et al. (eds.), Therapy of Skin Diseases.

10.4.1 Whatis DNA repair? [1, 2]

DNA repair is a very important function for all Living
organisms exposed to sunlight. Efficient removal of UV-
induced DNA lesions is vital for survival. The nucleotide
excision repair (NER) system is mainly responsible for
correcting UV-induced damage in DNA; these are pre-
dominantly cyclobutane pyrimidine dimers (CPD} and
6-4  pyrimidine-pyrimidone  photoproducts  (6-4PP)
(Fig. 10.4.1). More than 23 proteins are involved in this
system, several of which are also related 1o the transcrip-
tion of mRNA. Photoproducts are not randomly repaired
by NER throughout the genome. Lesions in DNA that
are actively transcribed by RNA polymerase I are
repaired more rapidly (transcription-coupled  repair
(or TCR)) than those in the global genome or in the non-
transcribed strand of active genes (global genome repair
{or GGR)). The first recognition of DNA damage involves
CSA and CSB proteins in TCR and DNA damage bind-
ing protein (DDB) plus XPC-hHR23B-centrin 2 in GGR.
XPA, transcription factor I H (TFIH), and replication
protein A (RPA) are involved both in TCR and GGR.
TFIIH, a basal transcription factor, contains two kinds of
DNA helicase activit: XPB and XPD with opposite
direction (3'->5", §'->3", respectively). which play an
important role in DNA unwinding of the double strand
DNA. Afier the recognition of the DNA damage, two
endonucleases XPF-ERCC1 and XPG, make incisions
5'- and 3" to the lesion releasing a 25-27 nucleotide
DNA fragment contaiming the photoproduct. The result-
ing gap can be filled by a process invelving DNA poly-
merases, &0, proliferating cell nuclear antigen (FCNA),
and replication factor C (RFC), followed by sealing with
DNA ligase I. This NER pathway removes the lesion
containing the damaged DNA and restores the normal
DNA sequence using the opposite strand as a template.

DOL: 10.1007/978-3-54)-78814-0_10.4, © Springer-Verlag Berlin Heidelberg 2010
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Fig. 10.4.1 The pathway
of aucleotide excision
repair {27)
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10.4.2 Clinical Characteristics of UV-induced DNA damage. XP patients have
and Diagnosis of Disorders severe sensitivity to sunlight and a high incidence
Related to DNA Repair Deficiency (mare than 1.000-fold increase compared to the nor-

mal population} of skin cancers: basal cell cancers
(BCC), squamous cell cancers. and melanoma 2,
10.4.2.1 XP 3]. There is a smaller increase in internal neoplasms
including cancer of the central nervous system.

XP is a rare autosomal recessively transmitted can-  About 20-30% of XP patients have neurological

cer-prone genodermatosis involving impaired repair  disease such as mental retardation, sensorineural
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deafness, and abnormal motor function (spasticity)
in association with a primary progressive neuronal
degeneration [4]. MRI in XP may show progressive
cerebral atrophy with enlargeinemn of the ventricles.
While multiple infections are not commen in XP,
there are reporis of impaired immune response such
as impaired production of interferon-gamma,
interferon-alpha, IL1l-beta, and IL-6 [5, 6] The
moleculwr basis of XP neurological abnormalities
and impaired immune function still remnain to be elu-
cidated. Cultured cells derived from most XF paticnts
show hypersensitivity to killing by UV irradiation,
reduced DNA repair capacity, and high frequency of
UV-induced mutations. There are seven genetically
different complementation groups [defective genes),
XPA through XPG, with defective NER and one exci-
sion repair proficient form with deficient DNA poly-
merase el (XP variant). XP group A, a severe form
of XP with marked neurological degeneration, is
more commaon in Japan [about 35% of Japanese XPA
patients) than in US and Burope where 40% of XP
cases are XP group C [7, 8], Previously the diagnosis
of XP was made by DINA repair tests such as the
measurement of post-UV unscheduled DNA synthe-
sis (UDSy, UV survival by colony formation or com-
plementation assay hy samatic cell fusion technique.
Now the assignment of complementation group of XF
has mainly been made hy plasmid host cell reactiva-
tion (HCR) assay and gene analysis. The recent identi-
fication and characterization of the genes responsible
for XP (group A through G and variant] permit the use
of molecslar biological echniques for the sensitive
dingnosis of XP. These techniques include polymerase
chain reaction (PCR) -RFLP analysis, DNA sequenc-
ing, and plasmid HCR assay with cloned XP genes.
Plasmid HCR assay is an easier, more rapid and more
scositive laboratory assay for the diagnosis of XP than
the classical methad; cell fusion assay [7]. HCR ud-
lizes an ultraviolet {UVi-treated plasmid conaining
the sequence of a reportar gene such as luciferase in
addition o cloned cxpression vector of each XP* group.
The disadvantage of the assay is that XP group E and
XP variart cannot be determined. Most of Japanese
XP patients are homozygous or heterozygous for a
founder mutation: a (G to T transversion at the 3 splice
acceptor site of intron 3 in the XPA gene. This muta-
tion is conveniently identified with a restriction
enzyme, AfwNi. PCR-RFLP methad permits rapid
diagnosis. carrier detection, and prenatal diagnosis of
XP, especially in Japanesa XPA families [7].

10.4.2.2 C§

CS is a rure autosomal recessive discase with features of
sun sensitivity, short stature, pigmentary retinal degen-
cration, hearing loss, and progressive neurological
degeneration [9]. MRI in CS may show absence of
myelin in the cercbrum. CT scan in CS may show calei-
fication of the basal ganglia. Unlike XP, CS is not asso-
ciated with an incressed frequency of skin cancers. C%
patients have a deficiency of transcription-coupled NER
of UV-induced DNA damage. Cells from CS patients
are hypersensilive to killing by UV, have decreased post-
UV RNA synthesis, and normal level of post-UV UDS
{7]. The genes for CS, CSA. and C5B have been cloned.
To define the complementation group, HCR is useful as
in cases of XP. Alterations of XPB. XPD and XPG gene
can sometimes cause CS phenotype in addition w XP
lesions such as freckles and skin neoplasms and these
cases are diagnosed to be XP/CS complex [4, 10, 11).

10.4.2.3 TTD

TTD is an autosoma] recessive disorder with features of
sulfur-deficient brittle hair (with characteristic “liger
1ail” banding with polarized microscopy), ichthyosis,
short stature, nail dystrophy, cataracts, multiple infec-
tions, and neurological abnormalities [12], MRI in TTD
may show decreased or absent myetin in the cercbrum.
About 50% of TTD patients have sun sensitivity, There
13 no increase in skin cancer [13]. Cells from photosensi-
tive TTD paticots have defects in XPD), XPB, and TTDA
genes, all of which are components of TFITH [14]. Cells
from photosensitive TTD cases are hypersensitive to UV
and have reduced level of UDS. Cells froin some TTD
paticnts without sun sepsitivity have normal UV suevival
and normal UDS and a defect in the TTDN1 gene. To
determine the genetic group of pholosensitive form of
TTD, HCR assay is useful as in XP and CS.

10.4.3 Management of Patients
with XP, CS or TTD and
Therapeutic Qutline

XP patients may present with many cutancous malig-
nancies and continue to form skin cancer at a high rate.
As there is no cure for penetic disorders, life-long
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protection of XP patients from UV radiation and early
recognition and promgt rreatment of skin cancers are
essential, CS and TLD patients di ool have an increased
risk of skin cancer,

Clinical managenent of XP consists of early diag-
nosis followed by a rigorous program of sun protection
including avoidancz of unnecessary UV exposures,
wearing UV blocking clothing, (Fig. 10.4.2} and use of
sun blocks on the skin, Sun protection with sunscreen
should be done as completely as possible w prevent
photodamage of the skin. Exposure to cigarette smoke
should be avoided since it containg carcinogens that
damage DNA in a manner similar to Liv.

A series of baselne skin photographs is ofien help-
ful in ezrly detection of skin cancers. Suspicions
lesions  should be biopsied readily. Premalignant
lesions snch as schme keratoses can he ireatcd by
freezing with liquid nitrogen or hy 3-fluoruraci] vint-
ment. Imiquimod, an mmmune response  modifier
through he inducion of TFN-alpha, INF-gamoa,
TNF-alpha, IL-6, and [l -12 appears 1o be safe for BCC
in XP patents. [13). Clearing of mulliple melanoma in
siti lesions by local injection of interferon alphs hus
heen reparted in one patient [16].

Surgical resection of skin tumors utilizing stan-
dard methods, ancluding Moh'™s microsurgery. can be
used, This approaca should atfempl o preserve sur-
rounding undamaged tissue for possible further pro-
cedures. Clear margins of pigmented lesions may be
difficult 10 achieve hecause of the widespread pig-
mentation of swrcunding skin, Larger areas have
been treazed with therapeutic dermatome shaving or
dermabrasion to remove the damaged superficial
epislertnal layers. This procedure permits repopula-
ton by relatively U V-shielded cells from the fillictes
and glands. Standard doses of radiotherapy have
been used for reazment of usresectable cancers of
the skin or central nervows svsien. Cells from XP
palients @z not hypersensitive to killing by X-ravs.
On the oler hund, there is @ recens repost of worsen-
g of an eye wmor follewing treatment with phoo-
dynamic therapy (PIDT); so this treatment cannot be
recommended [[7].

Oral irotretinoin (13 -cls retinoic acidi, a viamn
A derivative, has been shown to prevent the appear-
anece of new skin neoplasms in XP patients: however,
this treatment has many side clffects [18). The topicsl
use of T4 endonuclease V, a prokaryotic DNA repair

5. Moriwaki and K. H. Kraemer

enzyme which iniliates repair of UV-induced CPD in
DINA may be 2 useful too to prevent new appearance
of actinic keratosis ar other skin tumors in XP patients
[19}. This agent bas not vet been approved by the US
Food and Drug Administration.

XP patients offen have problems with their eyes
such as conjunctivitis, cormeal clowding, cataract, and
ocular necplasms at a much younger age than in the
geners] population. Dry eyes are common and should
be trewied with lubrication, To avoid these ocular
symptoms. patients should use sunglasses which block
UV light. €8 patients often develop u retinal degenera -
tion. Ophthalmologic invelvernent in TTD commeanly
includes bilateral cataracts (which may be congenital
and require eardy surgical treatment), nystagmuos, ancd
errars of refraction.

Some XP patients and most C§ patients have
neurological symptoms which progress gradually,
Care (rehubilitation] for neurological ahnarmalilics
mcluding wie of hearing aids for patients with hearing
loss is essential Progressive neurological symptoms
frequently seen in patients with defects in the XPA,
XNPB. XFD or XPG genes may be diffivull to mun
age Patents with XP newrodegeneration may have
problems sith walking, talking, and caring for them-
sebves. They may experience progressive Joss of
intellectual tunctioning. Rehabilitation therapy may
be beneficial. Patients shoukl have periodic cvalua-
lions by experts in ophthalmalogy, orhopadivs, neu-
ralegy, and dentistry as well as by decmatulogists,

TTD patients may have developmental delay and
intellectua” impairment. They may benefit from meuro-
logic and developmental assessment, Some TTD
paticnts have recurrent infections which have been
managed with prophylactic antibintics or intravenous
immueoglobulin G iIVIGH TTD patients with skeletal
ahnormalities may henefit from rehabilitation medi-
cine evalaztion and suppert,

10.4.4 Experimental Approaches

Recently u gene therapy of XP cells or XP mice has
been reposted [20], When DNA contaming an XPA
complementing gene was applied 10 XPA muce skin
using liposomes, the Jeve] af UDS after UV exposure
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Fig. 10.4.2 Sun protective
clothing. Left. This 10-vear-
old boy with xeroderma
pigmentosim wears a long
sleeved undershirt, long
leggings and socks made of
lightweight UV absorbing
cloth. Righs. When going
outdoors for short periods of
time,in addition, he weas a
long skeeved shirt, tightly
woven denim pants, gloves,
and shoes »ith high tops. His
head 1s covered with a hood
made of the same lightweight
material as his undergar-
ments. The hood is attached
to UV abserbing goggles

was incrrased and the DNA damage was repaired
almostnormally (personalcommunication). Functional
lentiviral, adenovirus or cetrovirus vectors have been
reported to restore DNA repair ability of XP cells or
UV-irradiated mice [21-25]. Topical application of
epigallocatechin, the major polyphenol of green tea
has been reported o prevent photocarcinogenesis in
mice threugh IL12-dependent DNA repair mechanism
[26]. These research methods offer hope for the
future

Take Home dessages

» Disorders of post-UV DNA repair deficiency,
such as XP, CS or TTD are very rare photo-
sensitive genodermatoses. When physicians
see cases with sun sensitivity in clinic, they
should consider these rare diseases in the dif-
ferential diagnosis. Early diagnesis and pro-
tection from sun exposure can improve the
patients’ prognosis,

593
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» Patient support groups have been established
in several countries thal provide information
and resources for patients and their family;
scveral have estadlished summer camps with a
UV protected environment. The Xeroderma
P.gmentosum Socicty is an educational, advo-
cacy, and support organization in New York:
hup:/fwww.xps.org. The XP Family Support
Group is located in California hup/ferww.
xpfamilysupport org/ The XP Support CGroup
ir. the UK has a website: hitp.//xpsupport-
group.ong kS A group in Germany has a web-
site : hup:fwww.xerodermapigmentosur. def
A Japanese group of XP families has a web-
site: hitpr/fwww.xp-japan.net! Enfants de la
Iune (Children of the moon) in France: http.Yf
www.orpha.net/sestasso/AXP/ A web site list-
ing disease-causing mutarions in XP and CS
gznes has beer established: htp:/xpranta-
tions.org/.

> The booklet “Understanding Xeroderma
Pigmentosurs,” prepared by the Natiomal
Institutes of Health, is available on the Internet
ar  hupyfwww.zo.ngh. govivec/patient_educa-
tion/pepubs/xp5 _18.pdf This booklet provides
information aboat XP for patients, their fami-
lies, educators, studants, health professionals,
media inquiries, and others interested in leam-
ing more ahout XP.

> Thers is an educational, advocacy, and support
aerganization for helping patients with CS and
their families: The Share and Care Cockayne
Syndrome Network in Texas : htpi/iwww.coc-
kayne-syndrome.org The Japanese Cockayne
Syndrome Network.

10.4.5 Global Variations

Oral lsotretinoin has been shown 16 be effective in pre-
ventiag new skin canwers in XP patients in a controled
study [18]. Topical Imiguimod can be used in Eurcpe
and the US but this agent has not been shown to be
beneficial in a contolled study. Topical T4 endonu-
¢leass V was reported to be beneficial in a smal] study
with XTI patients { 19 but has not yet been approved for

use by the US Food and Drug Administration. XP
patients in Japan tead to have mutations that lead to
progressive neurological degeneration while those o
Europe and the US tend to have predominantly skin
and anterior gve involvement.
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We have reported that heat shock protein 27 (HSP27)
and annexin II are involved in the protection of human
cells against UVC-induced cell death. In this study we
tried to confirm the combined roles of HSP27 and
annexin II in cell death after UVC irradiation. In RSa
cells with sensitivity to UVC, expression of annexin 11
decreased after UVC irradiation, but not in AP"-1 cells
with increased resistance to UVC. HSP27 siRNA-trans-
fected AP"-1 cells were sensitized to UVC lethality and
showed decreased anmexin II expression after UVC
irradiation. In contrast, transfection of RSa cells with
HSP27 ¢cDNA increased their resistance to UVC lethal-
ity and caused increased annexin II expression. Fur-
thermore, over-production of annexin II in RSa cells
resulted in increased resistance to UVC lethality. This
study indicates the involvement of cellular HSP27
expression in the UVC susceptibility of human cells,
which occurs in association with regulation of annexin II
expression.

Key words: HSP27; annexin II; human cells; UVC

Heat shock proteins (HSPs) are expressed in response
to a wide variety of physically and chemically induced
stress conditions in prokaryotes and eukaryotes, and the
increased expression of HSPs is involved in protection
against stress-induced cellular injury.'’ We have found
that one HSP, HSP27, may be involved in the resistance
of human cells to UVC-induced cell death.” This finding
was based on a comparison of gene expression profiles
using a cDNA array between human RSa cells and their
variant AP™-1 cells. RSa cells were established from
human embryo-derived fibroblastic cells by double
infection with Simian virus 40 and Rous sarcoma
virus.> The high sensitivity of RSa cells to UVC-
induced cell death (at a principal wavelength of 254 nm)
has been reported.”” AP'-1 cells, which are more
resistant to UVC-induced cell death, were established
from RSa cells by mutagenesis with ethyl methanesul-
fonate followed by UVC irradiation.” The expression of
HSP27 was found to be lower in the RSa cells than in
the AP™-1 cells.” RSa cells transfected with HSP27

cDNA showed slightly lower sensitivity to UVC-
induced cell death than the control cclls transfected
with empty vector alone, and much lower sensitivity
than RSa cells transfected with antisense HSP27
cDNA.Y

An important function of HSP27 is to act as a
molecular chaperone. Under stressful conditions, HSP27
proteins form complexes with a variety of cellular
proteins, such as Akt cytochrome ¢,” actin microfila-
ment,'” and elF4G,'" resulting in inhibition of apopto-
sis induction,®? cytoskeleton disruption,'” and trans-
lation initiation!! respectively. Hence, we next
evaluated the potential roles of HSP27 in the UVC
response by determining which proteins interact with
HSP27 and are involved in the UVC resistance of AP'-1
cells.'” Annexin II was identified as one of HSP27-
interacted proteins from AP'-1 cell lysates by pull-down
with GST-fused HSP27 proteins and subsequent mo-
lecular mass analysis.':") Moreover, AP'-1 cells trans-
fected with annexin IT siRNA were found to have
increased susceptibility to UVC-induced cell death.!?

Annexin II is a phospholipid-binding protein impli-
cated in several membrane related-events, including
regulation of the exocytotic and endocytotic pathways,
and it functions as a plasminogen receptor.'? Increased
expression levels of annexin II have been reported in
some cancer cell lines,' but the relationship between
HSP27 and the functions of annexin II in the suscepti-
bility of human cells to UVC-induced cell death remains
unknown.

In the present study, we tried to confirm the involve-
ment of both proteins in the difference in resistance to
UVC-induced cell death between RSa and AP™-1 cells
by transfecting RSa cells with HSP27 ¢DNA and
annexin II cDNA.

Materials and Methods

Cell culture conditions and UVC irradiation. Cells were cultured in
Eagle’s MEM (EMEM) (Nissui, Tokyo) medium supplemented with
10% (v/v) calf serum (CS) (Invitrogen, Carlsbad, CA) at 37°C in a
humidified atmosphere containing 5% CO,. UVC was generated by a
6-W National germicidal lamp (Panasonic, Osaka, Japan). The

¥ To whom correspondence should be addressed. Nobuo Suzuki, Fax: +81-43-226-2041; E-mail: nobuo@faculty.chiba-u.jp; Kazuko Kita, Fax:

+81-43-226-2041; E-mail: kita@faculty.chiba-u.jp
* These authors contributed equally to this study.
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Fig. 1. Annexin Il and HSP27 Expression Levels after UVC Irradiation in RSa Cells and AP'-1 Cells.
A, Cells were irradiated with UVC (8 J/m?) and harvested at the indicated times after UVC irradiation. Whole cell lysates were separated in
12% SDS gel and the protein levels were examined using antibodies against the respective proteins by Western blotting, as described in
“Materials and Methods.” The protein levels of actin were also analyzed as the loading control. B, The protein levels are expressed as levels
relative to those at time 0 (immediately after UVC irradiation). Data are the means + SD for three experiments.

intensity of UVC was 1J/m?/s, measured with a UV radiometer,
UVR-254 (Tokyo Kogaku Kikai, Tokyo). Cells were irradiated with
UVC as previously described,” and mock-irradiated cells were treated
in the same manner but without UVC irradiation.

Western blotting. Immunoblotting analysis was carried out as
described previously.” In brief, cells were washed twice with
phosphate-buffered saline and whole cells were lysed with SDS
sampling buffer and boiled for 5min. Whole cell lysates were
separated by 12% SDS gel and transferred onto a Millipore membrane.
HSP27 protein was detected using mouse anti-HSP27 monoclonal
antibody (mH3)'>'® (1:1,000 dilution) and annexin II protein was
detected using rabbit anti-annexin II antibody (sc-9061) (Santa Cruz
Biotechnology, Santa Cruz, CA) (1:1,000 dilution). The antigen-
antibody complexes were detected using horseradish peroxidase-
conjugated anti-mouse IgG antibody (Amersham Biosciences, Buck-
inghamshire, UK) and anti-rabbit IgG antibody (GE Healthcare,
Bucks) following the ECL system (Amersham Biosciences). The
protein levels of actin were also analyzed using mouse anti-actin
antibody (ICN Biomedicals, Costa Mesa, CA) (1:10,000 dilution) as
the loading control. The intensity of the protein signals was quantified
using Multi Gauge Ver2.2 image analyzing software (Fuji Foto Film,
Tokyo) and were expressed as values relative to that of actin.

Construction of expression vectors. Full-length human HSP27
¢DNA was prepared as described previously.” The cDNA was ligated
into pQE-30 plasmid (Qiagen, Valencia, CA) using Sac I and Pst I
restriction sites. The construction was confirmed by sequencing and
was then digested with EcoR I and Hind III. The digested fragment
was gel-purified and then ligated into pcDNA3.1(—) (Invitrogen) using
EcoR I and Hind IIT restriction sites to construct a His-tagged HSP27
(His-HSP27) expression vector (His-HSP27/pcDNA3.1(—)), and the
construction was confirmed by sequencing. Human annexin II cDNA
was prepared by PCR using forward (5-GCAGGTACCGGATTTCA-
CTCTCTACCCGGAG-3') and reverse (5-TCACTCGAGTTCAGT-
CATCTCCACCACACA-3") primers from a ¢cDNA library of human
SW837 cells, and PCR products were inserted into pcDNA3.1(+)
(Invitrogen) using Kpn I and BamH I restriction sites to construct the
annexin II expression vector (ANX II/pcDNA3.1(+)). The construc-
tion was confirmed by sequencing.

Plasmid transfection. RSa cells grown to 60-80% confluence in 60-
mm dishes were transiently transfected with the indicated expression
plasmids using FuGENE HD transfection reagent (Roche Applied
Science, Grenzach-Wyhlen, Germany) according to the manufacturer’s
instructions. To obtain cell lines with stable overexpression of

annexin II, RSa cells were transfected with ANX II/pcDNA3.1(+)
and pcDNA3.1(+) as described above, and cultured in G418-contain-
ing medium, followed by cloning the G418-resistant cells. Two cell
lines with overexpression of annexin II, ANXII-11, and ANXII-13, and
two cell lines with the empty vectors, V1 and V2, were obtained after
analysis of annexin II expression by immunoblotting.

Knockdown of HSP27. Duplex small interfering RNA (siRNA)
against human HSP27 (HSP27 siRNA) was synthesized based on the
nucleotide sequence. The sequences of the duplex were as follows:
5'-GCUGCAAAAUCCGAUGAGACTT-3/3'-TTCGACGUUUUAGG-
CUACUCUG-5'. A negative control for HSP27 siRNA (NC siRNA)
with random sequences designed as follows: 5-GAUCCGACCUGC-
AAGAUGAATT-3'/3'-TTCUAGGCUGGACGUUCUACUU-5'. These
siRNA duplexes were synthesized by FASMAC (Atsugi, Japan). The
siRNAs for HSP27 (100 nM) were transfected into AP-1 cells for Sh
using Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
instructions, Twod after transfection, the cells were irradiated with
UVC and harvested at the indicated times after UVC irradiation, and
the levels of annexin I and HSP27 proteins were analyzed by
immunoblotting. To analyze the susceptibility of the cells transfected
with HSP27 siRNA, the cells were replated for colony survival assay
2d after transfection.

Cell survival assay. The susceptibility of the cells to UVC-induced
cell death was measured by colony survival assay and methylthiazole
tetrazolium (MTT) metabolic viability assay, as reported previously.!”

Results and Discussion

To determine the relative roles of HSP27 and
annexin II in cell survival after UVC irradiation of
human cells, we analyzed the expression of HSP27 and
annexin I after UVC irradiation (up to 24h) in RSa
cells and AP'-1 cells. The levels of HSP27 immediately
after irradiation (time 0) were lower in RSa cells than in
AP'-1 cells (Fig. 1A). The levels of HSP27 increased in
AP'-1 cells after UVC irradiation, but hardly increased
in RSa cells (Fig. 1A, B). In AP"™-1 cells, the levels of
HSP27 at 12 h were 1.7-fold higher than those at time 0,
and the peak levels (at 12h) decreased at 24 h towards
the basal levels (Fig. 1A, B). The reason for the decrease
at 24 h remains unclear. HSP27 has been reported to
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Fig. 2. Reduction of Annexin II after UVC Irradiation and UVC Sensitization in Association with Knockdown of HSP27 by siRNA in AP'-1 Cells.
A, Forty-eight h after transfection with mock, NC siRNA, or HSP27 siRNA, AP"-1 cells were irradiated with UVC (8J/m?) and harvested at

the indicated times after UVC irradiation. Whole cell lysates were prepared, and the protein levels of HSP27, annexin II and actin were analyzed
using antibodies against the respective proteins by Western blotting, as described in “Materials and Methods.” B, The HSP27 protein levels in
HSP27 siRNA- and NC siRNA-transfected cells without UVC irradiation are expressed as levels relative to those in the mock-transfected cells.

C, The annexin II protein levels in the HSP27 siRNA- and NC siRNA-transfected cells and mock-transfected cells after UVC irradiation are
cxpressed as levels relative to those in the mock-transfected cells at time 0 (immediately after UVC irradiation). D, Colony survival activity after
UVC irradiation of HSP27 siRNA-, NC siRNA-, and mock-transfected cells was analyzed by colony formation assay, as described in “Materials

and Methods.” Data are shown as percentages of colony numbers relative to those of non-irradiated cells. All data (B-D) are means & SD for

three independent experiments.

translocate from the cytoplasm to the nucleus after UVB
irradiation in human cells.'® However, the decrease in
HSP27 observed in this analysis might not have been
due to translocation of HSP27, because whole cell
lysates were used. Oxidative stress also induced HSP27
expression in human cells; the peak protein levels
decreased slightly with exposure time, and the change in
the protein levels did not always correspond with that in
the mRNA levels.!” Therefore, posttranslational regu-
latory mechanisms have been involved in the regulation
of HSP27 protein levels. Annexin II expression decreas-
ed in RSa cells after UVC irradiation, and at 6 h after
irradiation the levels were approximately 60% of those
at time O (Fig. 1A, B). In contrast, annexin Il expression
did not decrease but increased in AP™-1 cells after UVC
irradiation (Fig. 1A, B).

HSP27 functions as a chaperone by interaction with
target proteins under stress conditions and assists protein
stabilization, modification, and translocation.?%-2"
Taking this together with the results presented in
Fig. 1, we hypothesized that HSP27 acts as a molecular
chaperone for annexin II in resistance to UVC-induced
cell death, thus regulating annexin II expression after
UVC irradiation. Hence, we examined the effect of
HSP27 expression levels on UVC-induced reduction in

annexin II protein levels by knockdown of HSP27 in
AP'-1 cells and overexpression of HSP27 in RSa cells.

In HSP27 siRNA-transfected AP"-1 cells, the levels of
HSP27 protein were lower than in mock- and NC
siRNA-transfected AP"-1 cells without UVC irradiation
(Fig. 2A, B). The HSP27 levels increased in mock- and
NC siRNA-transfected AP'-1 cells after UVC irradiation
(up to 12h), but did not increase in HSP27 siRNA-
transfected AP™-1 cells (Fig. 2A). The levels of
annexin II protein were also lower in HSP27 siRNA-
transfected AP"-1 cells than in the mock- and NC siRNA-
transfected cells without UVC irradiation (Fig. 2A).
After UVC irradiation, the levels of annexin II protein in
HSP27 siRNA-transfected AP'-1 cells decreased; the
levels at 6h were approximately 50% compared with
those at time 0, and then recovered at 12h to the basal
levels (Fig. 2A, C). In contrast, the levels did not change
as much after UVC irradiation in the mock- and the NC-
transfected cells (Fig. 2A, C). In addition, the sensitivity
of the HSP27 siRNA-transfected cells to UVC-induced
cell death was higher than that of the mock- and NC
siRNA-transfected cells (Fig. 2D). To induce HSP27
overexpression in RSa cells, we transfected His-HSP27/
pcDNA3.1(—) into the cells. The transfectant showed
higher expression of His-HSP27 protein than the control
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Fig. 3. Suppression of a Decrease in Annexin II Expression in RSa Cells Transfected with HSP27 cDNA, and Increased Resistance to UVC-Induced

Cell Death in Cells with Annexin IT Overexpression.

A, Twenty-four h after transfection with His-HSP27/pcDNA3.1(—) or pcDNA3.1(—), RSa cells were irradiated with UVC (8 J/m?) and were
harvested at the indicated times after UVC irradiation. Whole cell lysates were prepared, and the protein levels of His-HSP27 and endogenous
HSP27 were analyzed using anti-HSP27 antibody, and those of annexin II and actin were analyzed using the respective antibodies by Western
blotting, as described in “Materials and Methods.” B, Annexin II protein levels in the transfected cells after UVC irradiation are expressed as
levels relative to those in the control cells transfected with the empty vector at time 0 (immediately after UVC irradiation). C, Twenty-four h
after transfection with His-HSP27/pcDNA3.1(—) or pcDNA3.1(—), the cells were irradiated with UVC, and susceptibility to UVC irradiation
was analyzed by MTT assay as described in “Materials and Methods.” Data are shown as percentages of viability relative to those of non-
irradiated cells. D, The annexin II protein levels in V1, V2, ANXII-11, and ANXAII-13 cells were analyzed by Western blotting, and are
expressed as levels relative to those in the V1 cells. E, Colony survival activity after UVC irradiation of V1, V2, ANXII-11, and ANXAII-13
cells was analyzed by colony formation assay, as described in “Materials and Methods.” Data are shown as percentages of colony numbers

relative to those of non-irradiated cells. All data (B-E) are means + SD for three independent experiments.

RSa cells transfected with empty vector (Fig. 3A).
Furthermore, the His-HSP27-expressing cells showed no
reduction in annexin II protein expression, but showed
an increase in expression after UVC irradiation
(Fig. 3B). On the other hand, the RSa cells transfected
with empty vector showed a decrease in annexin II
expression after UVC irradiation (Fig. 3A, B), as shown
in Fig. 1. The His-HSP27-expressing cells showed
higher resistance to UVC-induced cell death than the
control cells transfected with empty vector (Fig. 3C and
Supplemental Fig. 1; see Biosci. Biotechnol. Biochem.
Web site), similarly to the stable transfectants with
HSP27 cDNA, as described previously.?

To confirm the role of annexin II expression levels in
the resistance to UVC-induced cell death, we established
cells with stable overexpression of annexin II protein by
transfection of RSa cells with annexin I ¢cDNA. The
transfected cells, ANXII-11 and ANXAII-13, showed
higher levels of annexin II than the control RSa cells
transfected with empty vector, V1 and V2 (Fig. 3D).
There was little difference in cell proliferation rates
among the four cell lines; the doubling time of V1 cells
was approximately 24 h and that of the other three cells
was approximately 23 h. The ANXII-11 and ANXAII-13
cells showed increased resistance to UVC-induced cell

death as compared to V1 and V2 cells (Fig. 3E).

The present findings suggest that up-regulation of
HSP27 prevents a decrease in annexin II expression
after UVC irradiation (Fig. 2A, C and Fig. 3A, B) and
UVC-induced cell death in association with the regu-
lation of annexin II expression. The mechanisms under-
lying the involvement of annexin II in UVC resistance
and by which HSP27 regulates the levels of annexin II
protein remain unknown. Recently, HSP27 has been
reported to increase the stability of the Her2 protein®”
and androgen receptor?! by affording protection against
proteasome-mediated degradation. In this study, the
changes in annexin II protein levels were a result of the
balance between synthesis and degradation activities.
The UVC-induced decrease in the annexin II protein
levels in the cells with low HSP27 expression, RSa
(Fig. 1A, B), may have been due to enhanced degrada-
tion activity, overcoming synthesis activity. On the other
hand, the UVC-induced increase in the annexin II
protein levels in the cells with high HSP27 expression,
AP'™-1 cells and His-HSP27-expressing RSa cells
(Fig. 1A, B and Fig. 3A, B), may have been associated
with greater synthesis activity than degradation activity.
Therefore, HSP27 may regulate annexin II protein
levels after UVC irradiation via stimulation of synthesis
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and/or prevention of degradation. Even in the HSP27
siRNA-transfected AP"™-1 cells, the UVC-induced de-
crease in annexin Il recovered at 12 h (Fig. 2A, C). This
recovery might also have been due to the balance
between protein synthesis and degradation activities,
which appeared to be affected by factors other than
HSP27, because HSP27 expression was still suppressed
at the time. Our preliminary analysis, using a protein
synthesis inhibitor, cycloheximide, suggested that UVC
irradiation enhanced the rate of annexin II protein
degradation in the RSa cells (data not shown). More
detailed analysis of the change in annexin II protein
levels after UVC irradiation is underway, using protein
synthesis inhibitors and protease inhibitors.

In addition, HSP27 enhances not only the stability but
also the shuttling to the nucleus and the transcriptional
activity of the androgen receptor in human LNCaP
cells.”! In the AP'-1 cells, the formation of a complex
between HSP27 and annexin II increased in the nuclear
fraction after UVC irradiation.'” Annexin II is reported
to function mainly in the cytoplasm,'® but part of the
protein localizes to and functions in the nucleus.’>*?
Thus HSP27 might enhance induction, stability, and
translocation into the nucleus of annexin II after UVC
irradiation, and might regulate the function of annexin II
to protect against UVC-induced DNA damage. To prove
these hypotheses, a pair of RSa and its variant AP'-1 cell
lines should be valuable.
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Abstract Ataxia-telangiectasia-like disorder (ATLD) is
caused by mutations of the MRE! ] gene and is characterized
by cerebellar ataxia, increased frequency of chromosomal
translocations and hypersensitivity to ionizing radiation.
ATLD is a rare genetic disease and the associated patho-
logical changes in the brain are unclear. Here, we report the
neuropathological findings in the first cases of genetically
confirmed ATLD in a pair of Japanese male siblings. Mag-
netic resonance imaging studies performed during infancy
revealed that both subjects had cerebellar atrophy. They died
of pulmonary cancer at 9 and 16 years. The siblings had
the same compound heterozygous mutations of the MRE/ ]
gene. Brain autopsy demonstrated mild and severe
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cerebellar atrophy in the vermis and medial part of the
hemispheres, oral to the horizontal fissure, respectively.
Nuclear immunoreactivity for MRE11 was absent in neu-
rons of cerebellar cortex, cerebral cortex, basal ganglia and
midbrain, whereas being widespread in normal control
brains. Immunoreactivity for the DNA oxidative stress
marker, 8-hydroxy-2’-deoxyguanosine, was identified in
nuclei of granule cells and Bergmann glial cells. The com-
bination of MRE11 deficiency and DNA oxidative injury
might have led to selective cerebellar degeneration.

Keywords Ataxia-telangiectasia-like disorder -
MREI1 - Cerebellar degeneration - Oxidative stress

Introduction

Ataxia-telangiectasia-like disorder (ATLD) is character-
ized by cerebellar ataxia, and dysarthria [22]. The clinical
features of ATLD are very similar to those of AT caused
by mutations in the AT-mutated gene (ATM); however,
telangiectasia and severe immunodeficiency, which are the
cardinal features in AT, are absent in ATLD [1]. ATLD is
classified as a chromosomal breakage syndrome because
the patients show spontaneously occurring chromosomal
aberrations and increased sensitivity to ionizing radiations.
ATLD is caused by mutations in the MREII gene [20].
Nijmegen breakage syndrome (NBS), which is caused by
mutations in the NBS! gene, has also been defined as a
chromosomal breakage syndrome, and the main clinical
features of NBS are microcephaly, growth retardation,
recurrent infections, and predisposition to tumors, but not
cerebellar ataxia [22]. ATM, MREI1, and NBS1 are key
components of the signaling network involved in cellular
response to DNA damage [13]. Neuropathological changes
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