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MUTATION REPORT

A Novel Partial Deletion of Exons 2—10 of the STS Gene in

Recessive X-Linked Ichthyosis
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X-linked ichthyosis is an inherited disease due to
steroid sulfatase deficiency. Onset is at birth or early
after birth with dark, regular, and adherent scales of
skin. Approximately 85%—90% of X-linked ichthyosis
patients have large deletions of the STS gene and
flanking sequences. Three patients have been identi-
fied with partial deletions of the gene. Two deletions
have been found at the 3’ extreme and the other one
implicating exons 2-5. This study describes a novel
partial deletion of the STS gene in an X-linked
ichthyosis patient. The subject was classified through
steroid sulfatase assay in leukocytes using 7-[*H]-

dehydroepiandrosterone sulfate as a substrate. Exons
1, 2, 5, and 7-10, and 3’ flanking sequences
DXS1131, DXS1133, DXS237, DXS1132, DXF22S1,
and DXS278 of the STS gene were analyzed through
polymerase chain reaction. The DNA analysis
showed that exon 1 and 3’ flanking sequences from
DXS237 to DXS278 were present. In this study we
report the fourth partial deletion of the STS gene
and the first spanning exons 2-10 in X-linked
ichthyosis patients. Key words: dehydroepiandrosterone
sulfate/leukocytes/steroid  sulfatase/STS  gene/X-linked
ichthyosis. J Invest Dermatol 114:591-593, 2000

-linked ichthyosis (XLI) is a relatively common

inherited inborn error of metabolism character-

ized by dark, adhesive, and regular scales of skin.

It is present at birth or soon after birth (Okano

et al, 1988; Shayder and Ott, 1991). Several
studies have estimated a frequency of 1in2000—6000 males
(Wells and Kerr, 1966; Lykkesfeldt et al, 1984). XLI is due to
steroid sulfatase (STS) deficiency (Shapiro and Weiss, 1978); this
enzyme hydrolyzes 3-beta-hydroxysteroid sulfates (Dibbelt and
Kuss, 1991). The STS enzyme deficiency is associated with an
increase of cholesterol sulfate in the stratum corneum (Williams
and Elias, 1981). This defect appears to be the cause of the
delay in the normal process of skin desquamation. The STS
enzyme assay allows the correct diagnosis of XLI to be
established (Baden et al, 1980; Epstein and Leventhal, 1981;
Matsumoto et al, 1990). The STS gene locus is located on
Xp22.3 (Muller et al, 1981). Molecular studies have revealed
that most XLI patients present large deletions of the STS gene
(Bonifas et al, 1987; Shapiro et al, 1989; Cuevas et al, 1997).
Only a few point mutations and three partial deletions have
been reported (Bonifas et al, 1987; Ballabio et al, 1989; Shapiro
et al, 1989; Basler et al, 1992; Nomura et al, 1995; Alperin and
Shapiro, 1997; Morita et al, 1997). A 3 bp of homology at
deletion breakpoints in the sequence analysis of a partial
deletion of the 3’ end of the STS gene has also been reported
(Bernatowicz et al, 1992). In this study, we describe the
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presence of a novel partial deletion of the STS gene in an XLI
patient.

MATERIALS AND METHODS

Patient An XLI patient was initially referred to the Genetic Department of
the General Hospital of Mexico. He was informed about the characteristics of
the study and he agreed to participate. The protocol was evaluated and
accepted by the Ethics Committee of the General Hospital of Mexico. The
patient was an 18-y-old Mexican male. He was the product of an
uncomplicated pregnancy with normal spontaneous vaginal delivery. There
was no history of cryptorchidism. He developed ichthyosis during the second
month. Physical examination showed ichthyosis on the trunk and extremities
with a moderate degree of affection. No corneal opacities were found to be
present. XLI diagnosis was confirmed through the STS assay.

STS assay STS activity was determined in leukocytes as follows: 10 ml of
blood was obtained with a heparinized syringe. The leukocyte pellet was
obtained through centrifugation and washed three times with 0.9% NaCl.
Residual erythrocytes were eliminated with 0.85% NH,CI solution. The
STS assay was performed in the leukocyte pellet, which was homogenized
in chilled 0.014 M Tristhydroxymethyl)-aminomethane buffer with a
polytron in two cycles of 20 s and 10s, respectively. 7-[*H]-
dehydroepiandrosterone sulfate (16.3 Ci per mmol, NEN, Boston, MA)
was used as enzyme substrate. Assay conditions were pH7.0, 37°C, 1h.
The product of hydrolysis was recovered with benzene (Merck, analytical
grade) and read in a scintillation spectrometer (Cuevas ef al, 1993).

Mutation detection DNA extraction was performed in the
conventional way (Lench et al, 1988). The exons 1, 2, 5, and 7-10, and
3’ flanking sequences DXS1131, DXS1133, DXS237, DXS1132,
DXF22S1, and DXS278 of the STS gene were analyzed through
polymerase chain reaction (PCR) with a PCR amplification kit (Perkin-
Elmer). The conditions and primers to amplify exons 1, 2, 5, and 7-10 are
shown in TableI. The conditions and primers to amplify the 3" flanking
sequences of the STS gene are described elsewhere (Schaefer et al, 1993).
All procedures were performed three times.
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TableI. Primers and conditions used in the PCR analysis of the STS gene

Exon 1
F-5’GGCCTAGAAGAAGGTTGAAGGTCCC
R-5"AAGAGGTTGGATGAGATGGGCATAC

DNA 500 ng, primers 0.4 uM, dNTP’s 0.08 mM, Mg buffer 1X, Taq Pol 1.5U, Vol. 50wl
94°C for 1 min, 30 cycles of 90°C for 1 min, 60°C for 305, and 72°C for 2 min

Exon 2
F-5" TCCTTTACAGGAAGATGAAG
R-5" CATTACCAACCTGATAGTTTT

DNA 500 ng, primers 0.8 UM, dNTP’s 0.12mM, Mg buffer 1X, Taq Pol 1.5U, Vol. 50wl
94°C for 3 min, 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min

Exon 5
F-5" ACCACCCTTTACATCACGGC
R-5" CGCCTCCACCGTTAGCCTCT

DNA 500 ng, primers 0.8 uM, dNTP’s 0.12mM, Mg buffer 1X, Taq Pol 1.5U, Vol. 50 ul
94°C for 5min, 25 cycles of 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min

Exon 7
F-5" TCCCCTCCAGGGCAGATCTTGAAC
R-5" CATTTCTCACCTTTATAGATCCC

DNA 500 ng, primers 0.8 uM, dNTP’s 0.12mM, Mg buffer 1X, Taq Pol 1.5U, Vol. 50 ul
94°C for 3min, 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min

Exon 8
F-5" GATCTTTTAGGAGGAAAAGCAAAC
R-5" CAGAGTACCTGTCCTCAGGCAAGG

DNA 500 ng, primers 0.8 uM, dNTP’s 0.12mM, Mg bufter 1X, Taq Pol 1.5U, Vol. 50 il
94°C for 3 min, 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min

Exon 9
F-5" TATCCCACAGGATCATTGATGGAC
R-5" TTTACTCACTGTTCTGAGGTGC

DNA 500 ng, primers 0.8 uM, dNTP’s 0.12mM, Mg bufter 1X, Taq Pol 1.5U, Vol. 50 il
94°C for 3 min, 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min

Exon 10
F-5’"GAAATCCTCAAAGTCATGCAGGAAG
R-5"CCTCCAGTTGAGTAGCTGTTGAGCT

DNA 500 ng, primers 0.4 uM, dNTP’s 0.08 mM, Mg bufter 1X, Taq Pol 1.5 U, Vol. 50 il
94°C or 1 min, 30 cycles of 90°C for 1 min, 60°C for 305, and 72°C for 2 min
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Figure 1. PCR analysis of the STS gene. (a) Exons 1 and 10 (lower and
upper bands, respectively); (b) Exon 2; () Exon 5. Line 1, positive control;
line 2, XLI patient with complete deletion of the STS gene; line 3, XLI
patient described in the text with the partial deletion spanning exons 2—10;
in this subject only exon 1 is observed.

RESULTS AND DISCUSSION

The XLI patient was shown to have undetectable levels of STS
activity (0.00 pmol per mg protein per h). This result corroborated
the XLI diagnosis. Initial DNA analysis of both extremes of the STS
gene (Ballabio ef al, 1990) showed a normal amplification of the 5
segment (Fig 14, line 3). Subsequent PCR amplification of exons 2,
5, and 7-9 (Fig 1b), and the 3’ flanking sequences DXS1131 and
DXS1133 (Fig2) failed to amplify these segments. Only exon 1
and 3’ flanking sequences from DXS237 to DXS278 were normally
amplified. So, in this XLI patient the partial deletion of the STS
gene involved exons 2—10. PCR was repeated three times for all
exons and identical results were obtained on each assay.

The molecular basis of XLI presents an unusually high frequency
of complete STS gene deletions. Analysis of flanking DNA markers

bp1 23 123

Figure 2. PCR analysis of the 3’ flanking sequences DXS237 and
DXS1133. (a) DXS237; (b) DXS1133. Line 1, positive control; line 2, XLI
patient with complete deletion of the STS gene; line 3, XLI patient
described in the text; in this subject only sequence DXS237 is observed.

closely linked to the STS gene indicates that these sequences are
also frequently involved. Only a few patients with STS-gene-
encoded sequences have been reported and they presented point
mutations in different exon and intron regions. Three subjects have
been identified with partial deletions of the STS gene. Most partial
deletions have been found at the 3" end of the gene. In one of these
cases, the deletion started within intron 7 of the STS gene and
extended over 150kb, involving the last three exons of the gene
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(Ballabio et al, 1989), whereas the other case had a partial deletion
that included exon 10 (Nomura et al, 1995). The third patient had
an intragenic deletion of about 40 kb spanning exons 2—5 (Shapiro
et al, 1989). At this time, we have examined the STS gene of 74
XLI Mexican patients. Most of them (n=72) have had complete
deletion of the STS gene similar to results in other geographic areas
previously reported in the literature. The patient presented here
initially showed normal amplification of the 5" end of the STS gene
indicating the presence of a partial deletion at the 3" end of the
gene. The subsequent DNA analysis of our patient showed only
amplification of exon 1 and of 3" flanking sequences from DXS237
to DXS278. The breakpoints of the deletion thus lie within intron
1 and between 3’ flanking sequences DXS1133 and DXS237,
indicating that the STS gene in our patient lacks exons 2—10. This
partial deletion also lies within intron 1, similar to the deletion
previously reported that lacked exons 2—5 (Shapiro ef al, 1989). In
our case, the deletion involves exons 2—10 and extends over 3’
flanking sequences DXS1131 and DXS1133. It would be very
interesting to know if there is a homology region at the deletion
breakpoint as was reported at the 3" end of the STS gene. A more
rigorous and precise study will be required to detail the changes
involved at deletion breakpoints. On the other hand, only one of
our 74 patients has presented a normal amplification of these
segments and he is now being analyzed to discard a possible point
mutation in the STS gene.

In conclusion, we report the fourth partial deletion of the STS
gene in XLI patients and the first spanning exons 2—10.
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