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Nucleotide excision repair (NER) is an essential biological pathway protecting against ultraviolet light-
induced DNA damage.  Deficient NER causes a group of rare genetic disorders including two autosomal 
recessive diseases, xeroderma pigmentosum (XP) and Cockayne syndrome (CS).  In addition to the 
cutaneous photosensitivity shared in XP and CS, CS is featured by growth failure, neurological 
deterioration, microcephaly, and deep sunken eyes.  XP/CS complex is an extremely rare type of NER 
disorder with a distinct phenotype that is characterized by the skin and eye pathology of XP and the 
somatic and neurological abnormalities of CS.  Some of CS cases have been reported to be complicated 
with renal failure, but the genetic background or the etiology of the renal failure has not been reported.  We 
herein report a 1-year-old Japanese boy with XP/CS complex, complicated by nephrotic syndrome.  
Diagnosis was confirmed by the presence of compound heterozygous mutations, G47R (c.139G>A) and 
R616G (c.1846C>G), in the excision repair cross-complementation group 2 (ERCC2) gene.  The kidney 
biopsies, performed at the age of 1 year and 2 months, revealed diffuse expansion of the mesangial matrix 
and segmental glomerulosclerosis under light microscopy, and diffused thin capillary walls with partially 
lamellated regions under electron microscopy.  Notably, high levels of urinary 8-hydroxy-2′-deoxyguanosin, 
known as an oxidative stress marker, were observed during the clinical course.  The patient died at the age 
of 1 year and 11 months because of renal failure.  We suggest the involvement of oxidative stress in the 
pathogenesis of nephrotic syndrome in NER disorders.
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Introduction
Nucleotide excision repair (NER) is an essential bio-

logical pathway to protect against ultraviolet (UV) light-
induced DNA damage in living organisms (Moriwaki 
2015).  Deficient NER causes rare genetic disorders includ-
ing xeroderma pigmentosum (XP) and Cockayne syndrome 
(CS) (Kraemer et al. 2007: Moriwaki 2015).  XP is an auto-
somal recessive disorder, and the XP patients are unable to 
repair DNA damage caused by UV light from the sun, thus, 
demonstrating markedly increased skin sun sensitivity.  CS 
is a rare autosomal recessive disorder of NER pathway 
characterized by severe growth failure, progressive neuro-
logic dysfunction, microcephaly, cutaneous photosensitiv-
ity, and a characteristic face with deep sunken eyes.  CS has 

a broad phenotypic spectrum including CS type I, CS type 
II, and CS type III, which are classified based on age of 
onset, symptom severity, and rate of progression (Laugel 
2013).  XP/CS complex is known to have a distinct pheno-
type that is characterized by the skin and eye pathology of 
XP and the somatic and neurological abnormalities of CS 
(Broughton et al. 1995: Lehmann 2001: Fujimoto et al. 
2005: Kraemer et al. 2007: Schäfer et al. 2013).

The NER pathway constitutes of dozens of genes and 
the products of these genes function sequentially in living 
organisms (Moriwaki 2015).  Abnormality in one gene 
causes dysfunction of the subsequent steps in the NER 
pathway (Kraemer et al. 2007: Moriwaki 2015).  Thus, 
there is a complex relationship between the clinical diseases 
and the molecular defects in NER diseases.  Mutations in 
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two major genes, excision repair cross-complementation 
group 6 (ERCC6) and ERCC8, have been identified as 
responsible for CS, and 65% and 35% of CS cases have 
mutations in ERCC6 and ERCC8, respectively (Kraemer et 
al. 2007: Suhasini and Brosh 2013).  Mutations in three 
genes, ERCC2, ERCC3, and ERCC5, can be responsible for 
the XP/CS complex, on the other hand, mutation in each 
gene of them can also cause other types of NER diseases 
(Kraemer et al. 2007: Suhasini and Brosh 2013).  Mutations 
in ERCC3 may cause XP and trichothiodystrophy (TTD), 
and mutations in ERCC5 may cause XP and cerebrooculo-
facioskeletal syndrome (COFS).  Furthermore, mutation of 
ERCC2 can cause all three type of NER diseases, XP, TTD, 
and COFS.

Recent nationwide survey of CS in Japan has revealed 
that features such as body weight and height stagnation, 
language delay, abnormal nutritional pathways (tube feed-
ing), and renal failure was more prominent in the deceased 
CS patients than surviving CS patients and about half of the 
deceased cases developed severe renal failure during the 
terminal stages of their condition (Kubota et al. 2015).  This 
suggests that the prognosis of CS depends on the manage-
ment of renal failure throughout the long-term clinical 
course.  There are some reports describing CS patients with 
complications such as renal failure, but their molecular 
backgrounds have not been described in their case studies 
(Ohno and Hirooka 1966: Higginbottom et al. 1979: 
Hirooka et al. 1988: Sato et al. 1988: Reiss et al. 1996: 
Funaki et al. 2006).

In this article, we report the case study of a 1-year-old 
Japanese child with XP/CS complex caused by compound 
heterozygous mutations in the ERCC2 gene.  The patient 
presented with an infantile onset of nephrotic syndrome and 
the cause of death was renal failure.  The clinical course, 
renal pathology obtained by biopsy, and genetic background 
of the patient are herein presented.  In addition, the amount 
of urinary 8-hydroxy-2′-deoxyguanosine (8-OHdG), which 
is known as a marker of oxidative stress in vivo, was deter-
mined in the clinical course of the disease in the patient.

Case Presentation
The patient was born to healthy non-consanguineous 

Japanese parents at 37 weeks by normal vaginal delivery, 
weighing 1,886 g.  He showed failure to thrive and devel-
opmental delay at the age of 4 months.  The symptoms of 
proteinuria and severe skin photosensitivity were mani-
fested at the age of 10 months and the patient was admitted 
to our hospital at the age of 1 year.

On admission, his weight, height, and head circumfer-
ence were 7.4 kg (−2.2 SD), 69 cm (−3.0 SD), and 36.8 cm 
(−6.0 SD), respectively.  Physical characteristics of the 
patient included microcephaly, short neck, deep sunken 
eyes, short palpebral fissures, coarse hair, small penis, and 
bilateral undescended testes.  The patient dermatologically 
showed depigmented macule, freckled face, and pigmenta-
tion.  Neurologically, the patient showed spastic quadriple-

gia, uncontrolled head, and nystagmus.  Prominent general 
edema and respiratory wheezing were also prominent on 
admission.  Ophthalmological findings of the patient were 
microphthalmia, retinal atrophy, and hypoplasia of macula.  
Brain CT and MRI studies showed bilateral cortical calcifi-
cations and brain atrophy in the patient.  All these findings 
suggested the diagnosis of XP/CS complex.

Ultrasound and CT studies showed no morphological 
abnormalities of the kidneys, and there was no history of 
urinary tract infection.  No uptake was observed in the kid-
neys on Ga (Gallium-67) scintigraphy.  Laboratory data 
showed hypoalbuminemia, hypernatremia, renal failure, 
proteinuria, and renal tubular damage.  These laboratory 
findings suggesting renal dysfunction led us to perform 
renal biopsy to decide on course of treatment at the age of 1 
year and 2 months (Table 1).  A total of 28 glomeruli were 
histologically observed, showing global sclerosis in 2 glom-
eruli and diffuse expansion of the mesangial matrix and 
segmental sclerosis in the remaining 26 glomeruli (Fig. 
1A).  Electron microscopy revealed diffused thin capillary 
walls with partially lamellated regions (Fig. 1B).

DNA repair and genetic analyses and  
urinary 8-OHdG

As a diagnosis of CS was suspected in the patient, 
post-UV DNA repair and molecular studies using skin 
fibroblasts were performed.  DNA repair tests, such as the 
measurement of post-UV unscheduled DNA synthesis and 
post-UV cell survival, were performed using the methods 
previously described (Moriwaki et al. 1996).  These meth-
ods can help identify the gene responsible for the disease 
manifestation in the patient among the 6 genes, XPA, XPB, 
XPC, XPD, XPF, and XPG, which are known to cause 8 
DNA repair diseases.  This experiment suggested that XPD 
is responsible for XP/CS complex in the patient.  A genetic 
analysis of the ERCC2 gene (XPD) was performed in the 
patient for confirmatory diagnosis of XP/CS complex 
caused by XPD.  Genomic DNA was extracted from blood 
leukocytes and amplification of 23 exons and the exon-
intron boundaries of the ERCC2 (NM_000400.3) was per-
formed using polymerase chain reaction (PCR).  The PCR 
products were directly sequenced in both the directions.  
This study was approved by the Ethics Committee of Akita 
University Graduate School of Medicine, and written 
informed consent was obtained from the subject’s guard-
ians.  The results showed that the patient had compound 
heterozygous mutations of G47R (c.139G>A) and R616G 
(c.1846C>G) (Fig. 2), leading to a diagnosis of XP/CS 
complex caused by XPD gene abnormality.  Urinary 
8-OHdG was determined using an enzyme immunoassay 
method at 4 time points in the clinical course of the patient.  
In all samples, the urinary 8-OHdG levels were increased, 
such as 101, 49, 110, and 46 ng/mL/Cr (Table 1).  The nor-
mal range of urinary 8-OHdG depends on age in children 
and is reported as from 9.2 to 27.2 ng/mL/Cr in children 
between the age of 1 and 6 years (Tamura et al. 2006).  The 
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patient died at the age of 1 year and 11 months because of 
renal failure.

Discussion
We herein present a case of XP/CS complex compli-

cated with renal failure clinically presenting nephrotic syn-
drome in infancy.  The patient had compound heterozygous 
mutations of G47R (c.139G>A) and R616G (c.1846C>G) 
in the ERCC2 gene.  The XPD protein encoded in the 
ERCC2 gene has two functions, NER and basal transcrip-
tion (Taylor et al. 1997: Dubaele et al. 2003).  In NER, the 

damaged DNA is cleaved after the damaged site is opened 
out by the helicase activity of XPD protein.  The XPD pro-
tein is also a subunit of the transcription factor TFIIH com-
plex, which has two quite separate roles in NER and in 
basal transcription by RNA polymerase II.  The G47R, one 
mutant allele in the patient, is a previously known mutation 
of the ERCC2 that causes abolishment of both ATPase and 
DNA helicase activity of the XPD protein (Dubaele et al. 
2003).  The R616G, the other mutant allele in the patient, 
has not been reported before, but two missense mutations, 
R616P and R616W, have been reported at the same amino 

Variable Patient's values Reference range Variable Patient's values Reference range
WBC (μL) 27,600 (4,000-9,000) Urinary;
Hb (g/dL) 9.8 (13.6-16.8) U-protein (mg/dL) 457 (< 15)
Plt (μL) 297 × 10³ (11.7-32.9) U-RBC (/HPF) 5-9 (< 5)
TP (g/dL) 5.4 (6.7-8.3) β2MG (μg/L) 1502 (< 250)
Alb (g/dL) 1.3 (4.0-5.0) NAG (IU/L) 53.5 (0.2-5.6)
BUN (mg/dL) 13.4 (8.0-22.0) CCR (mL/min/1.73m2) 93 (80.4-117.8)
Cre (mg/dL) 0.18 (0.60-1.10) 8-OHdG (ng/mL/Cr )(admission day 0) 101 (9.2-27.2 Tamura et al. 2006)
T-cho (mg/dl) 139 (128-219) 8-OHdG (ng/mL/Cr) (admission day 84) 49
TG (mg/dl) 143 (30-150) 8-OHdG (ng/mL/Cr) (admission day 168) 110
Uric acid (mg/dL) 3.0 (3.6-7.0) 8-OHdG (ng/mL/Cr) (admission day 210) 46
Na (mmol/L) 150 (138-146)
K (mmol/L) 3.7 (3.6-4.9)
Cl (mmol/L) 123 (99-109)
IgG (mg/dL) 1189 (870-1700)
IgM (mg/dL) 347 (35-220)
IgA (mg/dL) 134 (110-410)
C3 (mg/dL) 113 (63-134)
C4 (mg/dL) 31 (13-36)
CH50 (U/L) 50 (30-50)
Cystatin C (mg/L) 1.37 (0.63-0.95)

Table 1.  Laboratory findings.

Alb, serum albumin; BUN, blood urea nitrogen; β2MG, urinaryβ2 microglobulin; C3, complement component 3; C4, complement 
component 4; CH50, 50% hemolytic complement activity; CCR, creatinine clearance; Cre, serum creatinine; Cystatin C, serum cystatin 
C; Hb, hemoglobin; HPF, high power field; Plt, blood platelet; NAG, urinary N-acetyl-β-D-glucosaminidase; 8-OHdG, 8-hydroxy-2′-
deoxyguanosine; T-cho, total cholesterol; TG, triglyceride; TP, total protein; U-protein, urinary protein; U-RBC; urinary red blood cell; 
WBC, white blood cell.

Fig. 1.  Findings in light and electron microscopies.
 Light microscopic view of a renal biopsy specimen shows diffuse expansion of the mesangial matrix (A) (periodic acid 

Schiff; original magnification ×400).  Electron microscopic view of a renal biopsy specimen shows diffuse thin capillary 
walls with lamellated regions (B: arrows) (original magnification ×2,000).
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acid residue in the C-terminus region of XPD protein 
(Dubaele et al. 2003).  These two mutations were analyzed 
by protein expression studies, demonstrating that mutations 
in the C-terminus of XPD protein prevent interaction with 
p44, which is another component of the transcription factor 
TFIIH.  Thus, the R616G mutation is pathogenic and is a 
previously unreported mutation of the ERCC2 gene.  The 
effect of the R616G was also predicted to be deleterious by 
in silico algorithms; Polyphen2 (http://genetics.bwh.har 
vard.edu/pph2), SIFT (http://sift.bii.a-star.edu.sg/), and 
Mutation Taster (http://www.mutationtaster.org/).

Nephrotic syndrome has been previously reported in 
several children with CS (Ohno and Hirooka 1966: 
Higginbottom et al. 1979: Hirooka et al. 1988: Sato et al. 
1988: Reiss et al. 1996: Funaki et al. 2006).  All these chil-
dren share the same pathological features of biopsied renal 
tissues, including thickening of the glomerular basement 
membrane and mesangium, collapse of capillary loops, 
hyalinization of glomeruli, tubular atrophy, and interstitial 
fibrosis.  Our patient was the youngest ever as a child of CS 
showing nephrotic syndrome, but the renal pathology of our 
case was compatible with the previous reports of those in 
CS.  There results suggest that these patients share the same 
pathogenic background causing nephrotic syndrome.

We, for the first time, have measured urinary 8-OHdG 
in a CS patient, showing high level of urinary 8-OHdG, 101 
ng/mL/Cr, in an acute phase of nephrotic syndrome.  The 

levels of urinary 8-OHdG were high, such as 49, 110, and 
46 ng/mL/Cr, during his treatment.  8-OHdG is formed 
from deoxyguanosine in DNA by hydroxyl free radicals and 
passes into the urine by glomerular filtration following the 
cleavage of specific enzymatic action.  Elevations of uri-
nary 8-OHdG have been reported in some diseases includ-
ing type 1 diabetes and atopic dermatitis and proposed to be 
a stress marker in vivo in children (Tsukahara et al. 2003a, 
b).  The 8-OHdG has also been evaluated as a marker of 
oxidative stress in patients with chronic renal failure previ-
ously (Akagi et al. 2003).  Their results showed that serum 
8-OHdG level was influenced by renal failure, but urinary 
8-OHdG level was independent on renal function of 
patients.  Thus, the high level of urinary 8-OHdG might 
show the existence of strong oxidative DNA damage in our 
patient, suggesting the relationship of oxidative stress and 
pathogenesis of nephrotic syndrome.  We suggest the use of 
8-OHdG as a biomarker of oxidative stress in NER.

In summary, we report an infant with XP/CS complex, 
wherein the XP/CS complex was caused by compound het-
erozygous mutations, G47R and R616G, in the ERCC2 
gene showing nephrotic syndrome, resulting in early death 
due to renal failure.  The renal biopsy showed typical path-
ological findings of renal tissue in CS.  The patient clini-
cally showed high levels of urinary 8-OGdG, suggesting 
the relationship between oxidative stress and pathogenesis 
of nephrotic syndrome.

Fig. 2.  Mutational analyses in the ERCC2 gene.
 The patient has compound heterozygous mutations, G47R and R616G, in the ERCC2 gene.  The father and mother have 

the heterozygous mutation, R616G and G47R, respectively.
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