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Abstract

Autosomal recessive congenital ichthyosis (ARCI) is a heterogeneous group of hereditary skin disorder characterized by an
aberrant cornification of the epidermis. ARCI is classified into a total of 11 subtypes (ARCI1-ARCI11) based on their causative
genes or loci. Of these, the causative gene for only ARCI7 has not been identified, while it was previously mapped on
chromosome 12p11.2-q13.1. In this study, we performed genetic analyses for three Lebanese families with ARCI, and
successfully determined the linkage interval to 9.47 Mb region on chromosome 12q13.13-q14.1, which was unexpectedly
outside of the ARCI7 locus. Whole-exome sequencing and the subsequent Sanger sequencing led to the identification of mis-
sense mutations in short chain dehydrogenase/reductase family 9C, member 7 (SDR9C7) gene on chromosome 12q13.3, i.e.
two families shared an identical homozygous mutation c.599T > C (p.Ile200Thr) and one family had another homozygous mu-
tation ¢.214C > T (p.Arg72Trp). In cultured cells, expression of both the mutant SDRIC7 proteins was markedly reduced as
compared to wild-type protein, suggesting that the mutations severely affected a stability of the protein. In normal human
skin, the SDRIC7 was abundantly expressed in granular and cornified layers of the epidermis. By contrast, in a patient’s skin,
its expression in the cornified layer was significantly decreased. It has previously been reported that SDR9C7 is an enzyme to
convert retinal into retinol. Therefore, our study not only adds a new gene responsible for ARCI, but also further suggests a
potential role of vitamin A metabolism in terminal differentiation of the epidermis in humans.
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Introduction

Autosomal recessive congenital ichthyosis (ARCI) is a geneti-
cally heterogeneous disorder of epidermal keratinization of the
skin. ARCI is clinically characterized by dryness and scaling of
the whole body surface. Pathologically, the conditions are con-
sidered to be due to dysfunction of underlying keratinocyte dif-
ferentiation, which results in the characteristic distinctive
scaling skin (1). The clinical conditions vary according to each
type of the ichthyosis, while it is often too hard to determine
the causative gene based on clinical features. To date, a total of
10 genes responsible for ARCI have been identified, which are
TGM1 (ARCI1; MIM 242300) (2,3), ALOX12B (ARCI2; MIM 242100)
(4), ALOXE3 (ARCI3; MIM 606545) (4), ABCA12 (ARCI4; MIM
601277/242500) (5,6), CYP4F22 (ARCIS; MIM 604777) (7), NIPAL4
(ARCI6; MIM 612281) (8), LIPN (ARCI8; MIM 613943) (9), CERS3
(ARCI9; MIM 615023) (10), PNPLAT (ARCI10; MIM 615024) (11), and
ST14 (ARCI11; MIM 602400) (12). In addition, ARCI has also previ-
ously been mapped on chromosome 12p11.2-q13 (ARCI7; MIM
615022); the causative gene, however, has not yet been reported
(13).

In the present study, we performed extensive genetic analy-
ses for three consanguineous Lebanese families with ARCI
(Families 1-3). We mapped the susceptible locus of these fami-
lies to chromosome 12q13.13-q14.1, which was just outside of
the ARCI7 locus. Through whole-exome sequencing and Sanger
sequencing, we identified missense mutations in short chain
dehydrogenase/reductase family 9C, member 7 (SDR9C7) gene
on chromosome 12q13.3 in all the three families analyzed.
Furthermore, we investigated how the mutations affected ex-
pression of SDRIC7 protein both in vitro and in vivo.

Results

Clinical description

Patients in all the three families have had large erythematous
scales on the whole body surface, particularly over the trunk
with hyperkeratosis affecting elbows and knees since birth
(Fig. 1A-E). During the first few years of life, the condition was
the worst. The individuals that we encountered during the sec-
ond, third, fourth and fifth decades of their lives had similar
skin features, but to a much lesser extent than those in their
first decade of life and the severity decreased accordingly with
age. Around 25-30% of the patients we encountered in their first
decade of life also had mild-moderate facial and scalp involve-
ment (Fig. 1F), while the others had sparing of the face and
scalp. Palmoplantar hyperkeratosis and extensor hyperkerato-
sis were evident in most of the patients (Fig. 1G), while they did
not show flexion contractures. In addition, persistent fungal
skin infections that started early during the first decade of life
were present in most affected individuals. The infections re-
sponded to itraconazole and terbinafine, but consistently re-
curred a few weeks after stopping the antifungal medications.
About 50% of the patients also had onychomycosis (Fig. 1H). We
performed KOH smears for all these cases with fungal infec-
tions. Furthermore, nail and skin cultures were made from two
patients that confirmed infection with dermatophytic tricho-
phyton species. The fungal infections were less frequent after
the first decade of life, yet continued to happen. None of the af-
fected individuals showed any other associated findings, such
as hypotrichosis, ocular involvement, or mental retardation.
Biopsy specimen from an affected individual of Family 2
showed a mild hypergranulosis and a marked hyperkeratosis of
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the epidermis, which were compatible for lamellar ichthyosis
(Fig. 11).

Results of initial haplotype analysis and whole-exome
sequencing

Using the genomic DNA of the family members as templates,
we performed haplotype analysis with microsatellite markers
around all the 10 known genes for ARCI. None of the families,
however, showed linkage to any of these genes (data not
shown). We then forwarded to analyze the ARCI7 locus on chro-
mosome 12 for these families. We initially found that affected
individuals in Family 1 finely showed a homozygous haplotype
within and around the ARCI7 locus (Supplementary Material,
Fig. S1). On the other hand, Families 2 and 3 were excluded from
the ARCI7 locus (data not shown). Based on recombination
events, the linkage interval of Family 1 was defined to be 45.
O0Mb in size, flanked by markers D1251648 and D12S1660, which
almost completely included the ARCI7 locus (Supplementary
Material, Fig. S1). Subsequently, we performed whole-exome se-
quencing using genomic DNA from 1 affected and 1 unaffected
(carrier) members of Family 1, and analyzed the data. Within
the linkage interval between markers D1251648 and D12S1660,
we identified 363 and 482 single nucleotide variants (SNVs) in
the affected and the carrier individuals, respectively. Of these
SNVs, we searched for genes with non-synonymous rare vari-
ants (minor allele frequency <0.01) that were homozygous and
heterozygous in the affected and the carrier individuals, respec-
tively. As a result, a total of 5 genes, WNT1, SDR9C7, MON2, HELB
and GLIPR1L2, were extracted (Table 1). To our surprise, how-
ever, all these candidate genes did not residue within the ARCI7
locus. Instead, they were located downstream of the ARCI7 lo-
cus (Table 1).

Results of additional haplotype analysis

At that point, we re-checked the results of haplotype analysis of
Families 2 and 3 and noticed that a part of the region down-
stream of the ARCI7 locus looked showing a homozygous haplo-
type in both families (data not shown). Therefore, we put more
microsatellite markers on chromosome 12q13-q14 and per-
formed the haplotype analysis again. Strikingly, the results
demonstrated that all the three families clearly linked to this lo-
cus (Fig. 2). In particular, critical recombination events were de-
tected between markers D12S96 and D12S398, as well as
between markers D12S1056 and MON2-MS1 in Family 2, which
allowed the linkage interval to be limited to 9.47Mb in size,
flanked by markers D12596 and MON2-MS1 (Figs. 2B and 3A).

Identification of rare variants in the SDR9C7 gene in all
the three families

When we looked back to the results of exome sequencing of
Family 1, we found that a rare variant in the SDR9C7 gene was
only included in the renewed linkage interval (Fig. 3A, Table 1).
This variant was a nucleotide substitution in exon 3 of the
SDRIC7 gene (c.599T >C; p.Ile200Thr; rs770729222). We per-
formed Sanger sequencing and confirmed that members of
Family 1 definitely carried this variant (Fig. 3B). Subsequently,
using the genomic DNA from members of Families 2 and 3, we
amplified all exons and exon-intron boundary sequences of the
SDRIC7 by polymerase chain reaction (PCR), and directly-
sequenced the PCR products. The results demonstrated that
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Figure 1. Clinical and histological features of patients with ARCI. (A-H) Affected individuals in all the three families have had dry skin with large scales on the whole
body surface, hyperkeratosis over elbows and knees, palmoplantar keratoderma and recurrent dermatophytic infections of the skin and onychomycosis. (A,B,F) 10-
year-old girl in Family 1. (C,D) 9-year-old girl in Family 2. (E) 19-year-old male in Family 3. (G)(H) 13-year-old girl in Family 1. (I) Histological features of a skin biopsy
from the affected individual of Family 2 was compatible for lamellar ichthyosis. Hematoxylin-eosin staining. Scale bar: 100 ym.

Family 2 had a missense variant c¢.214C>T (p.Arg72Trp;
rs530109812) in exon 1 (Fig. 3C), and Family 3 carried ¢.599T > C
(p.Ile200Thr) in exon 3 of the SDRIC7 gene, respectively (data
not shown). It is noteworthy that Family 3 had the identical
SDRIC7 variant with Family 1, which reflected the fact that
Families 1 and 3 were from the same region in Lebanon and
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they shared an identical haplotype around the SDR9C7 gene
(Fig. 2A and C). Screening assays with restriction enzymes re-
vealed that both the variants completely co-segregated with the
disease phenotype and were excluded from 300 population-
matched unrelated unaffected individuals (600 chromosomes)
(Supplementary Material, Fig. S2; data not shown).
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Table 1. The results of whole-exome sequencing for Family 1: List of non-synonymous rare variants that were homozygous and heterozygous

in affected and unaffected (carrier) individuals, respectively

Ch12 position (NC_000012.12) 48,979,627 bp 56,929,515 bp 62,532,629 bp 66,310,496 bp 75,422,951 bp
Reference allele T A A A G

Alternate allele A G G C A

dbSNP rs# 1561758378 15770729222 15143346269 15141956990 15144813686
Gene WNT1 SDROC7 MON2 HELB GLIPR1L2
cDNA change C.264T>A ¢.599T>C c.1592A>G c.1568A>C C.632G>A
Amino acid change p.Ser88Arg p.11e200Thr p.GIn531Arg p.GIn523Pro p.Arg211GIn
Variant type missense missense missense missense Missense
ExXAC-MAF 0.0030 0.000008 0.0005 0.0178 0.0004

1000 Genomes-MAF 0.0028 N/A 0.0010 0.0088 0.0006

SIFT score (result) 0.46 (tolerated)  0.02 (deleterious) 0.26 (tolerated)  0.09 (tolerated) 0.9 (tolerated)
PolyPhen-2 score (result) 0.124 (benign) 0.701 (possibly damaging) 0 (benign) 0.864 (possibly damaging)  0.004 (benign)
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Figure 2. Fine mapping of ARCI phenotype on chromosome 12q13.13-q14.1. Pedigrees and Results of haplotype analysis for Family 1 (A), Family 2 (B), and Family 3 (C).
Disease-related haplotypes are coloured in red. The linkage interval defined in Families 2 and 3 is indicated by dotted squares (B, C).

Expression of the mutant SDR9C7 proteins in
cultured cells

Human SDRIC7 protein consists of a total of 313 amino-acid
residues, and multiple amino acid sequence alignment of
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SDRIOC7 revealed that both 72Arg and 200Ile were highly
conserved among different species (Supplementary Material,
Fig. S3). Furthermore, both Arg to Trp substitution at codon 72
and Ile to Thr substitution at codon 200 were predicted to be
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Figure 3. Identification of rare variants in the SDRIC7 gene. (A) Schematic representation of the position of the ARCI7 locus and the linkage interval of Families 1-3
determined in this study. Position of the candidate genes and microsatellite markers is shown on the top. The SDRIC7 gene is coloured in red. Note that the linkage
interval of Families 2 and 3 are apart from the ARCI7 locus. (B) Identification of a homozygous rare variant c.599T>C (p.1le200Thr) in the SDRIC7 gene of Family 1.
(C) Identification of a homozygous rare variant ¢.214C>T (p.Arg72Trp) in the SDRIC7 gene of Family 2.

deleterious by SIFT and possibly damaging by PolyPhen-2, re-
spectively (Table 1, Supplementary Material, Table S1). In or-
der to analyze how the missense variants p.Arg72Trp and
p-I1e200Thr affected their expression, we overexpressed wild-
type (Wt) or the two mutant (Mut) SDRIC7 proteins in HEK293T
cells, and analyzed their expression by western blots (WBs)
with two distinct mouse monoclonal anti-SDR9C7 antibodies
(clones 10B4 and 4B5; LifeSpan BioSciences, Inc., Seattle,
WA, USA). We initially confirmed that the epitope of each

antibody was located within amino acid residues 106-210 of
the SDRIC7 protein (Supplementary Material, Fig. S4). In addi-
tion, we also overexpressed N-terminal Flag-tagged SDR9C7
proteins in the cells and peformed WBs with an anti-Flag anti-
body. The results demonstrated that expression levels of
both the Mut proteins were significantly reduced as com-
pared to the Wt protein (Fig. 4), suggesting an instability of the
Mut proteins. The sum of these results suggests that both
p-Arg72Trp and p.le200Thr are not non-consequential rare
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Figure 4. Expression studies of SDRIC7 in cultured cells. (A) Wild-type (Wt), as well as R72W and 1200T mutant SDRIC7, without any tags (Tag (-)) were overexpressed
in HEK293T cells, and were detected by western blots (WBs) with two distinct anti-SDR9C7 antibodies (clones 10B4 and 4BS5). (B) N-terminal Flag-tagged SDROC7 proteins
were overexpressed in HEK293T cells and were analyzed by WBs with anti-Flag and anti-SDR9C7 (clone 10B4) antibodies. WB with anti-f-actin antibody was also per-
formed to show equal loading (A,B). The results clearly demonstrated that expression level of both the mutant proteins was much lower than that of Wt protein.

cDNA
NHK NHFb

MWM  skin

800 bp
600 bp

400 bp
200 bp

SDR9C7

600 bp GAPDH

Figure 5. Results of RT-PCR. Expression of the SDRIC7-mRNA was detected in
the skin and normal human keratinocyte (NHK), but not in normal human fibro-
blast (NHFb). GAPDH was amplified as a positive control.

variants, but pathogenic mutations responsible for ARCI in
Families 1-3.

Expression of the SDR9C7-mRNA in human skin

To investigate the expression of the SDROC7-mRNA in human
skin, we performed reverse-transcription (RT)-PCR using total
RNA from a skin sample of a healthy control individual, normal
human keratinocyte (NHK) and fibroblast (NHFb). The SDRIC7-
cDNA was amplified from the skin and NHK, but not from NHFb
(Fig. 5). The results showed that the SDROC7-mRNA was ex-
pressed in human skin, and also suggested that it would mainly
be expressed in the epithelial components.

Localization of the SDR9C7 protein in human skin

Finally, in order to precisely localize the SDRIC7 expression in
human skin, we performed indirect-immunofluorescence (IIF)
studies on skin sections from a healthy control individual and

an affected individual from Family 2 with a homozygous muta-
tion ¢.214C > T (p.Arg72Trp) in the SDRIC7 gene. In normal skin,
SDR9C7 was predominantly expressed in granular and conrni-
fied layers of the epidermis (Fig. 6A and B, Supplementary
Material, Fig. S5). In the patient’s skin, SDR9C7 expression was
detected in the granular layer, similar to the normal skin.
However, it was only weakly detected in the cornified layer,
which implied an aberrant expression of the Mut-SDR9C7 pro-
tein during terminal differentiation of the epidermis (Fig. 6C
and D). We also analyzed expression patterns of several differ-
entiation markers of the epidermis. We did not see obvious dif-
ferences in expression of loricrin or keratin 1 between affected
and unaffected individuals (Fig. 6A-D, Supplementary Material,
Fig. S6). By contrast, expression of involucrin and filaggrin
looked more abundant in the affected individual
(Supplementary Material, Fig. S6), which might be due to hyper-
granulosis in the patient’s epidermis.

Discussion

In this study, we found three Lebanese families with ARCI with-
out showing linkage to any known causative genes, and identi-
fied mutations in the SDRIC7 gene in all the three families
analyzed. The SDRIC7 protein, previously known as SDR-O, be-
longs to the SDR enzyme superfamily (14,15). Although amino
acid sequences of SDRIC7 do not show high homology with any
other SDR proteins, it has characteristic structural and sequence
motifs common for SDR proteins, i.e. the o/f folding motif
Rossmann-fold, the glycine rich cofactor binding motif
TGxxxGxG and the active centre motif YxxxK (14). It is less likely
that the mutations p.Arg72Trp and p.[le200Thr identified in this
study directly affect the latter two sequence motifs. However,
based on the crystal structure of an SDR member 17-f-hydrox-
ysteroid dehydrogenase type 1 (17-B-HSD1) (PDB ID 1i5rA),
200Ile in SDRIC7 protein corresponding to 183Ile in o6 of 17-f-
HSD1 is predicted to be critical for stabilization of the structural
motif via a hydrophobic interaction with the 264Met corre-
sponding to 240Phe in B6 of 17-B-HSD1 (16,17). The substitution
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Figure 6. Results of indirect-immunofluorescence (IIF) on skin sections. (A-D) We performed double-IIF studies with mouse monoclonal anti-SDRIC7 clone 10B4 (left
panels) and rabbit polyclonal anti-loricrin (middle panels) antibodies on paraffin sections of a healthy control individual (A, B) and an affected individual of Family 2 (C,
D). The right panels are merged images, and counterstaining with DAPI is shown in blue. SDRIC7 was expressed in granular layer (GL) and cornified layer (CL) of the
epidermis in the control skin (A, B). In contrast, SDR9C7 expression in the cornified layer was much lower in the patient’s skin (C, D). Note that a strong red signal in
the uppermost cornified layer in the patient’s epidermis (asterisk in panel D) turned out to be a background as it was also detected in stainings without applying pri-
mary antibodies (data not shown). There were no obvious differences in expression of loricrin between the control and the affected individuals (middle panels). Scale

bars: 100 um (A), 20 um (B).

from Ile (non-polar) to Thr (polar) at the amino acid residue 200
most likely disrupts the hydrophobic interaction, severely af-
fecting the conformation of the SDRIC7 protein including the
Rossmann-fold, which is supported by reduced expression of
the p.I1e200Thr-Mut SDRIC? in vitro (Fig. 4). Concerning the mu-
tation p.Arg72Trp, it was hard to precisely predict the effect on
the conformation, because of difficulty in performing a reliable
homology modelling. Nevertheless, marked reduction of the
p-Arg72Trp-Mut protein both in vitro and in vivo suggested that
the mutation would result in disruption of the protein structure
(Figs. 4, 6C and D).

SDR proteins are known to catalyze activation/inactivation
of prostaglandins, retinoids and several classes of steroid hor-
mones, and as such they catalyze metabolism of various ligands
for nuclear receptors (18). Although little is known about the co-
factor and the substrate of SDRIC7 protein, it has been reported
that SDR9C7 showed a weak activity to convert retinal into
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retinol in the presence of the cofactor NADH (18). Therefore,
SDRIC7 appears to be involved in vitamin A metabolism, while
it may also have additional functions. In this study, we have
shown that SDRIC7 is abundantly expressed in the granular
and the cornified layers of the epidermis where the epidermal
keratinocytes are terminally differentiated (Fig. 6A and B,
Supplementary Material, Fig. S5). An importance of the vitamin
A metabolism in the epidermal differentiation can easily be ex-
pected because of the fact that derivatives of vitamin A are
widely used for treatment of various cutaneous disorders in-
cluding ichthyosis. In addition, it is noteworthy that patients
with SDROC7 mutations tend to have recurrent fungal skin in-
fections, suggesting that SDRIC7 is largely involved in barrier
function of the epidermis, especially to prevent fungal infec-
tions. However, it remains unknown why the patients did not
frequently suffer from bacterial, viral or candidal infections. It
might be because the deformity of the skin barrier did not affect
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the innate immunity against these infections including catheli-
cidins and defensins for instance.

Our data not only provide a novel causative gene for ARCI,
but also raise a possibility that SDRIC7 can become a new thera-
peutic molecule for various cutaneous disorders, even though
further analyzes are definitely required to reveal the precise
role of SDRIC7 in the epidermis, as well as the functional conse-
quences resulting from the SDR9C7 mutations identified in this
study.

Materials and Methods
DNA extraction

Informed consent was obtained from all subjects and approval
for this study was provided by the Institutional Review Board of
Niigata University and American University of Beirut Medical
Center. The study was conducted in adherence to the
Declaration of Helsinki Principles. Peripheral blood samples
were collected from the family members as well as unrelated
healthy control individuals of Lebanese origin, and genomic
DNA was extracted from each sample with the QlJAamp DNA
Blood Midi Kit (Qiagen Inc., Valencia, CA, USA).

Haplotype analysis

Using the genomic DNA from the family members as templates,
microsatellite markers close to all the known genes for ARCI
(ARCI1-6 and ARCI8-11), as well as those for the ARCI7 locus on
chromosome 12, were amplified by PCR. The PCR products were
analyzed on 8% polyacrylamide gels, and genotypes were deter-
mined by visual inspection.

Whole-exome sequencing

Whole-exome sequencing was performed using genomic DNA
from members of Family 1 and the SureSelect Human All Exon
V5 Kit (Agilent Technologies, Santa Clara, CA, USA) following
the manufacture’s recommendations. Alignment was per-
formed to the hgl9 reference genome with Burrows-Wheeler
Aligner (BWA) (19), and it was processed with SAMtools (20) and
Picard. Genome Analysis Toolkit (GATK) (21) was applied to base
quality score recalibration, indel realignment, duplicate re-
moval, and SNVs and indels discovery. Variants were annotated
with SnpEff (22) and ANNOVAR (23).

Mutation analysis of SDRIC7 gene

Using the genomic DNA from the family members as templates,
all exons including exon-intron boundaries of the SDR9C7 gene
were PCR-amplified using gene specific primers (Supplementary
Material, Table S2). The amplified PCR products were directly-
sequenced in an ABI 3130xl genetic analyzer using the ABI
Prism Big Dye Terminator Cycle Sequencing Ready Reaction Kit
(PE Applied Biosystems, Foster City, CA, USA).

Screening assays for the SDRIC7 variants

To screen for the variant ¢.599T > C (p.1le200Thr) in the SDR9C7
gene, intron 2-exon 3 boundary sequences of the SDRIC7 were
amplified by PCR using a forward primer (5-ACAGGGGT
GAGAGAAGCATC-3’) and a reverse primer (5-TGACTCCAG
GTTCTCCTTGC-3). The PCR products were digested by a
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restriction enzyme Ddel at 37°C for 3h, and analyzed on 8.0%
polyacrylamide gels. For the variant c.214C>T (p.Arg72Trp),
exon 1-intron 1 boundary sequences of the SDR9C7 were PCR-
amplified using a mismatch forward primer (5-GAGGGAT
CCCAGAAACTTCAGCGGGATACCTCCGA-3’) and a reverse pri-
mer (5’-CATGCAGTGGCTTCCAATCAG-3’). Note that a T>G nu-
cleotide substitution was introduced into the forward primer to
generate a Puul restriction enzyme site only in PCR products
from Wt alleles (underlined). The PCR products were digested
with Pvul at 37°C for 3h, and analyzed on 7.5% polyacrylamide
gels.

Generation of expression vectors

Using first-strand cDNA generated from total RNA of normal hu-
man skin as a template, cDNA sequences containing the full-
length coding region of the SDR9C7 were amplified by PCR using
primers listed on Supplementary Material, Table S2. The ampli-
fied product was cloned into EcoRI and Xhol sites of the mam-
malian expression vectors pCXN2.1 (24) and pCMV-Tag2A
(Agilent Technologies, Santa Clara, CA). The expression con-
structs for the p.Arg72Trp and the Ile200Thr Mut-SDRIC7 were
generated using the QuikChange II XL Site-Directed
Mutagenesis Kit (Agilent Technologies, Santa Clara, CA, USA)
and the Wt-SDR9C7-expression vectors as a template.
SDRIC7-cDNA sequences encoding amino acid residues 1-
105, 106-210 and 211-313 were PCR-amplified using the
pCXN2.1-Wt-SDR9C7 vector as a template (Supplementary
Material, Table S2). The PCR products were subsequently cloned
into EcoRI and Sall sites of the pEGFP-C1 vector (Takara Bio Inc.,
Shiga, Japan) which expresses N-terminal GFP-tagged proteins.

Transient transfection and WBs

HEK?293T cells were cultured in Dulbecco’s modified Eagle’s me-
dium (Invitrogen, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum, 1001U/ml penicillin and 100 pg/ml strepto-
mycin. Cells were plated in 35-mm dishes on the day before
transfection. Expression vectors were transfected into the cells
using lipofectamine 2000 (Invitrogen). Cells were harvested 24h
after the transfection. The total cell lysate was separated on 4-
12% NuPAGE gels (Invitrogen), and WBs were subsequently per-
formed according to a previously described method (25). The
primary antibodies used were mouse monoclonal anti-SDR9C7
clone 10B4 (diluted 1:1,000; LifeSpan BioSciences, Inc.), mouse
monoclonal anti-SDR9C7 clone 4B5 (diluted 1:500; LifeSpan
BioSciences, Inc.), mouse monoclonal anti-Flag (diluted 1:1,000;
Sigma-Aldrich, St. Louis, MO, USA), rabbit polyclonal anti-GFP
(diluted 1:2,000; MBL, Nagoya, Japan), and rabbit polyclonal anti-
B-actin (diluted 1:3,000; Sigma-Aldrich).

RT-PCR

Total RNA was extracted from a skin sample of a healthy con-
trol individual, as well as cultured NHK and NHFb, using the
RNeasy Mini Kit (Qiagen). Note that NHK was cultured in a me-
dium containing 1.2 mM CacCl, in order to induce differentiation.
The total RNA was subsequently reverse-transcribed with oligo-
dT primers and Superscript III (Invitrogen). Using the first-
strand cDNA as a template, cDNA sequences of the SDRIC7 and
the GAPDH genes were amplified by PCR using gene-specific pri-
mers (Supplementary Material, Table S2). The PCR products
were run on 1.0% agarose gels.
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IIF studies

IIF studies were performed on paraffin or fresh frozen sections
following the methods described previously with minor modifi-
cations (25,26). The primary antibodies used were mouse mono-
clonal anti-SDR9C7 clone 10B4 (diluted 1:100; LifeSpan
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