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Xeroderma pigmentosum complementation group E (XP-E) patients exhibit sunlight-
induced lentiginous pigmentation without blistering on minimal sun exposure, yet they are
prone to develop multiple skin cancers. Only eight X P-E patients have been reported
(Bootsma e &, 1970; De Weerd-Kastelein et 4., 1974; Kraemer et &., 1975; Nichols ef &/.,
1996; Rapic et a., 1998; Itoh er a/., 1999, 2000; Rapic-Otrin ef &, 2003) with mutationsin
the DDBZ2gene (Tang and Chu, 2002; Itoh, 2006), resulting in the loss of UV-damaged
DNA-binding protein (UV-DDB) activity (Nichols e&f &., 2000; Rapic-Otrin et &., 2003)
(Table1). UV-DDB is aheterodimer of DDB1 (p127) and DDB2 (p48) (Keeney et &.,
1994; Kazantsev et &., 1996) that binds with high affinity to DNA damaged by UV and is
involved ininitiation of global genome nuclectide excision repair (GG-NER) (Sugasawa,
2010).

We identified four adult X P-E patients from three kindreds with large numbers of skin
cancers (Table 1). Patients' written, informed consent was obtained. The Declaration of
Helsinki guidelines were followed and all necessary institutional approvals were obtained.
Patient XP1GO, 45 yearsold, in family A from Germany never experienced a blistering
sunburn (Figure 1a). Diagnosed with XP at age 22, he works as atrain conductor. His first
tumor was removed at age 12. He had >400 basal cell carcinomas (BCCs) and squamous
cell carcinoma (SCCs) and 6 melanomas treated by age 30, and now he develops ~20 skin
cancers per year. He has no neurological abnormalities. Patient XP37BE is a 45-year-old
Caucasian female of Dutch ancestry in family B living in the western United States (Figure
1b). She denies ever having a blistering sunburn. She developed a keratoacanthoma on her
face at 7 years and was diagnosed with XP. XP37BE has had >300 BCC and SCC skin
cancers but no melanomas. She has no neurological abnormalities. Patient XP66BE is a 43-
year-old brother of XP37BE. He was diagnosed with XP at age 4 at the same time his older
sister was diagnosed and exhibits similar clinical symptoms, yet, milder because of
improved sun protection. Patient XP408BE is a 53-year-old Caucasian female in family C
from the eastern United States (Figure 1c). She had no sunburns and tanned easily, but did
experience significant photophobia. At age 14, she was found to have multiple skin cancers
(BCCs and SCCs) on her face and a diagnosis of XP was made. She has no XP neurological
abnormalities.
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All cells were either established at the Human Genetic Mutant Cell Repository, the NCI
Repository, or in the Department of Dermatology, Goettingen, Germany. Plasmid host cell
reactivation assay was performed for cellular DNA repair capacity measurement (Emmert ef
al., 2000). The cells were transfected with a UV-treated plasmid containing a reporter
(luciferase) gene (pPCMV Luc). Compared with normal and XP variant cells, XP1GO,
XP37BE, XP66BE, and X P408BE/GM 01389 cells had areduced level of luciferase
expression whereas severe XP-B control cells had an even lower level (data not shown). To
determine the complementation group we co-transfected the UV-irradiated pCMV Luc with
plasmids that carry cloned wild-type XP complementary DNA (cDNA). Only co-
transfection of the DDB2cDNA resulted in markedly enhanced reporter gene activities (data
not shown).

Human primary XP-E fibroblasts have been reported to show abnormally low or
undetectable levels of p53 and its downstream-regulated proteins (Hwang et &., 1999; Itoh
et a., 2003; Itoh, 2006). In agreement with this observation, the intensities of p53 and p21
bands were reduced ~60-80% and 40-60%, respectively, in untreated X P37BE, X P66BE,
and XP408BE/GM 01389 cells (ECL Western blotting; Amersham, Piscataway, NJ) (data
not shown).

Sequence analysis (NC_000011.8 for genomic sequence, NM_000107.1 for cDNA, and
NP_000098.1 for protein) revealed a, to our knowledge previously unreported, homozygous
C-to-A transversion (¢.914 C > A) in exon 7 in the DDB2 gene of XP1GO. This missense
mutation resulted in ap.Thr305Asn substitution (Table 1). His parents and brother were
heterozygous for this mutation. The restriction enzyme Bigl cuts the normal but not the
mutant sequence.

XP37BE and XP66BE showed homozygous G-to-A transitionsin exon 6 of DDB2. This
missense mutation (¢.818 G > A) resulted in p.Arg273His and was also found in their
mother and father but not their unaffected brother (Table 1). This mutation inactivates a
Hhd restriction site. This mutation was previously reported in XP2RO and XP3RO cells
from the Netherlands (Bootsma ef &, 1970; De Weerd-Kastelein ef &/., 1974; Kraemer et
al., 1975; Nichols et &'., 1996).

The cells from patient XP408BE had compound heterozygous mutations in exon 8. One
allele showed a T-to-C transversion (¢.1049 T > C) resulting in p.Leu350Pro, and the other
allele had athree-base deletion (¢.1045_1047del) resulting in p.Asn349del (Table 1). These
two mutations were identical to the mutations previously reported in cell line GM01389
(Nichols et 4., 2000). We measured 15 single-nucleotide polymorphisms (SNPs) in the
DDBZ gene to determine the relationship between these two cell lines (XP408BE and
GM01389). All 15 SNPswere identical in both cells (data not shown). CODIS DNA
fingerprinting of highly polymorphic short tandem repeats (STRs) was then performed
(Azari et 4., 2007). All 13 CODIS core STR loci were detected and were identical in both
cell lines (data not shown). Thus, the likelihood that the cells are not identical is
approximately one in one billion. Indeed, the patient recalled having a skin biopsy for
fibroblast culture when she was 21 years old.

Figure 1d shows the crystal structure of DDB2 stabilized by DDB1 and contacting the
damaged DNA extensively (Chu and Y ang, 2008; Scrima et a/., 2008). The heterozygous
DDB2 mutations (Leu350Pro and Asn349del) in XP408BE impair DDB1 binding (DDB1—-
DDB2 interface mutations). In contrast, the Arg273His mutation in XP37BE and X P66BE
directly interferes with DNA binding (DNA-binding mutation). The new mutation,
p.Thr305Asn in XP1GO cells, islocated in the WD domain near a known Asp307Tyr
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mutation. This mutation has been reported to disrupt damage detection and complex
formation with DDB1 (Rapic et &, 1998; Rapic-Otrin ef &., 2003).

The diagnosis of XP-E can be considered in adults with freckle-like pigmentation without
blistering on minimal sun exposure who have many skin cancers.
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BCC basal cell carcinoma

cDNA complementary DNA

GG-NER global genome nucleotide excision repair

SCC sguamous cell carcinoma

SNP single-nucl eotide polymorphism

STR short tandem repeat

uUv-DDB UV-damaged DNA-binding protein

XP-E xeroderma pigmentosum complementation group E
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Figure 1. Clinical featuresand DDB2 crystal structure

(a) XP1GO in family A isa45-year-old German train conductor with a history of >400 skin
cancersincluding basal cell carcinomas (BCCs), squamous-cell carcinomas (SCCs), and
melanomas. His face shows multiple surgical scars and grafts. (b) XP37BE in family B isa
45-year-old woman with a history of >300 non-melanoma skin cancers. She had removal of
part of her jaw from SCC. Her face shows multiple surgical scars and grafts. Lentiginous
hyperpigmentation is present on her neck. (¢) XP408BE in family C is a 53-year-old woman
with a history of >600 skin cancers including BCCs, SCCs, and melanomas. She has
multiple surgical scars and telangiectasias in sun-exposed areas. (d) Crystal structure of
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DDB1-DDB2 complexed with a 64 photoproduct. DDB2, shown as a blue ribbon diagram,
is stabilized by DDB1, shown as a semitransparent molecular surface. The undamaged DNA
strand is shown in brown, and the damaged strand in yellow, with the 64 photoproduct
shown in dark brown. The p.Thr305 residue (magenta and red) (arrow) lies buried within the
DDB2 protein and not near the DNA or DDB1 interfaces. (Image courtesy of Dr Wei Yang,
modified from Chu and Y ang, 2008.) Patients gave written permission for the use of their
photographs.

JInvest Dermatol. Author manuscript; available in PMC 2012 October 15.



Page 7

SONURIX O0S
(2 uoxe) ‘a0e} U0 Sewoue puwl
E| snobAzowoH  ZTE XeTebivd 1<D /€6 G puesoog vT veder  d/Az9 1sdo I

(2 pue g uoxs *jpp)
PPEZOT €029 '€

B (9 uoxe *jpp)
snobAzowoH 0ze  PPTYESAT Geened 088 €0.9°C
snobAzowoH g 0T sSienoczdird (9 uoxe) BeLwioue pw
\ snobAzowoH ey Xyrzsh1d PPEEL 0€L0°T pue ‘00S ‘004 Aen  difse NdledX H
(2 uoxe)
V<9 8162
snobAzowoH  /zp abueyo oN (2 uoxe) 82 01 gz obfe wouy
a'v snobAzowoH /2y 1K1 /0edsyd 1<9 6169 00S T puesdod s Aen  difez NdSZd X 9
(2 pue
_ 9 U0OX3 *|Bp) 8T 0197
a'v snobAzowoH oze  BPTYESAT Gegned PPEZOT €0.°0 affie wouysO04g £ Aen W/AST NDEZAX 4
(9 uoxe)
<] snobAzowoH  /z¥ N9 rzsA1d O<V 0ELD JooUed UbiS ON veder /ATy 0.128dX 3
(9 uoxa) spuejeyeN
3'0'a snobAzowoH  /zv SIHe/2Bavd V<9 818 Juesaud Jeoued US ayl  diez  gOHEAX a
(9 uoxa) yrefer  spueeyLN
3'0'g snobAzowoH  /z¥ SIHE 2B d V<9 8180  padopnap Jeoued uns aylL  d/kve gOdedX a
guow) (8 uoxa)
vV 9zv  Bpereusyd  BPLYOT SYOTD  [Zv oidoseneTd O<L6VOTD  Skoued upsadniniy vsn  dikte pBBETOND 2
0gabe Aq
(8 uoxe) (8 uoxe) SewiouepWw ZT pue
Bdedsiyl  9zy  ppereusyd  BPLYOT GYOTD /¥ oldoseme1d O<1 60T '$D0S 'sO049 009< vsn  dikeg  pA80VAX o}
(9 uoxe) ovafe  spuepsyBN
ooed sy L snobAzowoH sz SIHeLeBivd V<O 8I80  9l0j3q sewouepiN 9 ayywvsn  Wihey  £3899dX |
(Quoxe)  sewouepw ou ‘SIS  SpuelBYBN
dedsiyL snobAzowoH  Jzv SiHe/2b1vd V<D 8T8 pue sOO9 00E< ayywvsn  diksy  g38LEdX |
0g afe a104q
(2 uoxe) sewiouepw 9 SOOS
Jaded sy snobAzowoH  Jz¥ usysoedy1d V<O #1670 pue sO04 00v< Auewsoo  W/Asy 09TdX v
SOWRRY  (ee)  pPeouIy VN@D  (ee) pioe oujwy VNGO $3.INnjesy [eOIUID uoieoo]  xespbe  aull|pD  Ajlwed
azis aziS pa1Jioda
: ; se
Z9pIIV TapIV

SuoreInw zgaa

Ohetal.

SUOIBINWZF@Q PUe S2INS) IO
To|qeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JInvest Dermatol. Author manuscript; available in PMC 2012 October 15.




Page 8

Ohetal.

"(666T) 210 Yoi| 4 :(G/6T) /2 8 leuwsely ‘3 '(866T) 2 2 oldey ' {(0L6T) & o ewsioog ‘O :(0002) /2 SIOYdIN ‘d ‘(€002) /2 B ulp-oidey ‘v SORRRY
'SuISNod ucoommm

“(S1re1ep 104 1x0) 888) saffe JUBkRYIP 18 PaUS!(aeIsS S8InYNd ‘Weiked m_%mw

sButiq 5.

828 perdipald,

‘up10.d 40} T'860000 N PUe ‘YN 40} T"'20T000 N ‘Souenbss o1uoush 104 8'TTO000 ON S0uanbss sousse i UegUeD,

"ewoU0.ed R0 showenbs ‘00s ‘ulioid Buipuig-vNQa ‘9ad VNG Arelusws |dwod ‘NGO ewiouned |0 feseq ‘009 SuoirInaIqgy

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JInvest Dermatol. Author manuscript; available in PMC 2012 October 15.



