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Summary

Keratosis follicularis spinulosa decalvans (KFSD) is a rare X-chromosomal disorder. It consists of follicular
hyperkeratosis of the skin, scarring alopecia of the scalp, absence of the eyebrows, and corneal degeneration.
There is photophobia in childhood, but the symptoms tend to diminish after puberty, and prognosis for vision
is good. Some heterozygotes do show clinical symptoms. In a large Dutch pedigree we performed DNA
analysis in order to localize the KFSD gene. In 54 individuals, including 21 affected males, RFLP analysis was
done using DNA probes covering the X chromosome. Two-point linkage analyses with 19 informative
DNA markers revealed significant linkage to DNA probes on Xp21.1-p22.3. The highest lod scores of 5.70
and 4.38 were obtained with DXS41 and DXS16 at a recombination fraction of zero and 4 cM, respectively.
Multipoint linkage data place KFSD between DXS16 and DXS269. Our data confirm X linkage of KFSD in

this family and tentatively map the gene on Xp22.2-p21.2. Combined with clinical investigation, RFLP
analysis may become an important tool in carrier detection.

Introduction

Keratosis follicularis spinulosa decalvans (KFSD;
MIM 308800 [McKusick 1990]) is a rare X-chromo-
somal disorder. It was first described in the Nether-
lands by Lameris (1905) and Rochat (1906). Later
Siemens (1925), Holthuis (1943), and Jonkers (1950)
made further dermatological and ophthalmological
investigations in the same family. Recently several pa-
tients and carriers, descendants from the same Dutch
pedigree, were clinically investigated (van Osch et al.,
in press).

The disorder is characterized by follicular hyperker-
atosis of the skin, scarring alopecia of the scalp, and
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absence of eyebrows and sometimes of eyelashes.
There is severe photophobia in childhood, and corneal
dystrophy develops later on. The symptoms tend to
diminish with age, and the prognosis for vision is nor-
mal. There is no mental retardation or other nonecto-
dermal symptoms. The etiology of the disease is un-
known.

In solitary cases the clinical diagnosis may be diffi-
cult and genetic heterogeneity may exist. (Kohler et al.
1981; Rand and Baden 1983; Guillet et al. 1987). Yet
in most published families with KFDS (Siemens 1925;
Franceschetti et al. 1957; Waardenburg et al. 1961,
pp. 517-521; Kuokkanen 1971) male-to-male trans-
mission is absent and daughters of affected men often
have affected sons themselves, which makes X-linked
inheritance very likely. There was no transmission to
descendants through unaffected males. Female carri-
ers, however, frequently have mild clinical symptoms
which led to the first postulation of X-linked dominant
(or intermediate) inheritance in man, by Siemens
(1925). Waardenburget al. (1961, pp. 517-521) later
confirmed this hypothesis for the Dutch pedigree.
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The incidence of KFSD is unknown. Families have
been reported from Finland (Kuokkanen 1971),
France (Guillet et al. 1987), Great Britain (Hazell and
Marks 1984), Germany (Siemens 1925; Kohler et al.
1981; Happle 1982), and the United States (Rand and
Baden 1983).

Although the prognosis of KFSD is good, there is a
need for reliable carrier detection, since only about
half of the obligatory heterozygotes have clinical
symptoms. Localization of the gene might enable fu-
ture mutation detection and research into the cause of
the disorder. We report on the first linkage study in
KFSD in the extended Dutch pedigree. Two-point
linkage analysis and multipoint analysis allowed us to
map the gene for KFSD in this family, on the short
arm of the X chromosome.

Subjects and Methods

Patient Ascertainment

Starting from several descendants of the Dutch pedi-
gree who were part of a clinical study (van Osch et al.,
in press), we ascertained as many family members as
possible. The patients had been investigated formerly
(Jonkers 1950; Waardenburg et al. 1961, pp. 517-
521; van Osch et al., in press) or were seen by one of
the authors. Since all affected males show clear signs
shortly after birth that diminish but leave scars at later
age, the affection state of all men in the present study
could be scored with certainty.

Two branches of the same pedigree were studied
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(fig. 1). Blood samples were taken from 54 individuals
who were 4-93 years of age and who included 21
affected males. Only women who were obligate carri-
ers or who were clinically affected (one case; see fig.
1, VI-12) were included in this study.

DNA Analysis

Genomic DNA was isolated from white blood cells
by protease K and subsequent salt extraction (Miller et
al. 1988). Ten-microgram DNA aliquots were cleaved
with the restriction enzymes Tagql, Pstl, Bcll, Mspl,
EcoRlI, and EcoRV, respectively, and were analyzed
for RFLPs according to a method described elsewhere
(van Oost et al. 1991).

A total of 27 DNA probes were used to detect
RFLPs. Their location on the X chromosome, the en-
zymes used, the fragment sizes, and allele frequencies,
based on data from HGM10 and HGM10.5 (Keats et
al. 1989; Kidd et al. 1989; Davies et al. 1990; Wil-
liamson et al. 1990) and on recent data from others
(Del Mastro et al. 1990; Alitalo et al. 1991a), are
listed in physical order in table 1.

Linkage Analysis

Two-point linkage analyses to determine the maxi-
mum likelihood recombination distances (0,m.x) and
the lod score (Z) at Omax (Zmax) between the main locus
(KFSD) and each of the DNA marker loci were carried
out using MLINK from LINKAGE package 5.03
(Lathrop and Lalouel 1984). The gene frequency of
KFSD in the general population was taken to be .0001.
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Part of Dutch pedigree with KFSD. Only branches that were investigated are shown. Squares denote males, and circles
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denote females. A blackened square denotes an affected male; a dot within a circle denotes that the female is a carrier; a diagonal line through
a symbol denotes that individual is deceased; and a cross above a symbol denotes that individual was studied.
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Table |
X Chromosome Probes Used for RFLP Analysis
Alleles

Locus (probe) Location Enzyme (kb) Frequencies
DXF30 (cri232) .......... Xp22.32 Pstl Multiallelic system
DXS143 (pDICS6) ...... Xp22.3 Bcll 8.9/7.4 .56/.44
DXS85 (782) ...ceuunnneee. Xp22.3-p22.2 EcoRI 14.0/7.0 .60/.40
DXS16 (pXut23) ......... Xp22.2 Bell 2.5/2.2 .51/7.49
DXS$92 (XG.16) .......... Xp22.1 Tagql 7.1/3.8/3.5 .40/.50/.10
DXS41 (99.6) ............. Xp22.1 Pstl 22.0/13.0 .56/.44
DXS$28 (C7) ..ccevvnnennnn. Xp21.3 EcoRV 8.0/7.5 .15/.85
DXS67 (B24) ............. Xp21.3 Mspl 1.6/1.4 .96/.04
DXS269 (p20) ............ Xp21.2 Mspl 6.0/3.5 .60/.40
DXS164 (pERT87.8) ... Xp21.2 Taql 3.8/2.7and 1.1 .26/.74
DXS84 (754) ...c......... Xp21.1 Pstl 12.0/9.0 .55/.45
MaoA (A2r/D7) ......... Xpl11.3-p11.23 Mspl 9.4/3.8 .67/.33
DXS7 (L1.28) ............ Xpl1.4-p11.3 Taql 12.0/9.0 .771.23
DXS255 (M27B) ......... Xpl1.22 Pstl Multiallelic system
DXS14 (p58.1) ........... Xp11.21 Mspl 4.0/2.5 .65/.35
DXYS1 (pDP34) ......... Xq21.31 Tagql 11.8/10.6 .40/.60
DXYS13 (pTak2) ........ Xq21.3 Mspl 8.7/4.7 .91/.09
DXS3 (p19.2) ..ccuuneennn. Xq21.3 Taql 5.0/3.0 and 2.0 .38/.62
DXS$17 (pS9) ..... . Xq22 Tagl 2.7/2.5 .65/.35
DXS42 (p7F1) ... Xq24-q25 Bcll 5.0/4.2 .82/.18
DXS11 (22.33) .. Xq24-q26 Taql 20/11 .16/.84
DXS51 (52A) ....cccee... Xq26.2-q26.3 Taql 1.3/.7 and .6 .50/.50
DXS98 (4D8) ............. Xq26-Xqter Mspl 25/7.8 .82/.18
DXS134 (CpX67) ....... Xq27-Xqter Mspl 3.7/3.4 .42/.58
DXS304 (U6.2) Xq27.3 Bcll 7.0/3.3 .81/.19
DXS52 (F8.14) Xq28 Bcll Multiallelic system
F8 (F8.14) ....cccccece. Xq28 Bcll 1.2/.9 .29/.71

NotEe. —For reference, see Kidd et al. (1989) and Williamson et al. (1990).

The spontaneous mutation rate was taken to be zero,
and penetrance in males was assumed to be 100%.

Multipoint analyses were performed for KFSD and
the marker loci by using LINKMAP and ILINK from
LINKAGE package 5.03. We used a fixed order for
the marker loci whenever such an order was evident
from the literature (Brown et al. 1988; Keats et al.
1989; Kidd et al. 1989; Davies et al. 1990; Williamson
et al. 1990; Alitalo et al. 1991a4). In all analyses the
relative likelihoods (odds) and probabilities of the al-
ternative orders were calculated.

Results

Pedigree analysis (fig. 1) in this seven-generation
family revealed that affected males within and between
generations were related in a way compatible with
X-linked inheritance. No male-to-male transmission
was found. Only males were severely affected, but a

significant number of female heterozygotes showed
mild clinical symptoms (data not shown). These char-
acteristics make X-linked inheritance highly probable.

Two-Point Linkage Analysis

A total of 27 DNA probes were used, of which 19
proved informative. Initially, one part of the pedigree
(fig. 1, descendants of III-1) was studied with several
of the DNA probes from table 1 distributed randomly
along the long and short arm of the X chromosome.
Guided by provisional linkage results, RFLP studies
were extended to the other family members available,
by using DNA probes on Xp: DXS143 (pDICS56),
DXS$28 (C7), DXS269 (p20), DXS16 (pXut23),
DXS84 (L754), DXS85 (L782), DXS41 (99.6), and
DXS164 (pERT 87.8). The number of informative
meioses and the results of the two-point linkage analy-
ses between the marker loci and KFSD (MLINK) are
summarized in table 2.



*$SISOIW SANBWIIOJUL JO JSqUINU [B101 3Y1 ST Jaquinu puodas 3yl pue SUONEUIqUIOd3L JO Jaquinu Iyl ST Iquunu 181y 3yl ‘Anus Yoea uj

0§ -10° €T ST 149 €T Y4 €T 80" — 1L - 69°1 - T v/l s (B1°84) 084
0§°-8T" 34 9T1" - ve - LY §e€CT— S6'v— LLL- [4h4 0 8 VYT — e 91/L e (p108d) TSSXA
0§ -9T 34 ostT’ ve — 88" — SLT- 6€'¢€— as- §T6- €TSI - T L/S e (T09N) Y0ESXA
08°-00° T §99° 148 8¢” 8¢" 4 8v’ or - L0°'T— T LT e (142d) THSXA
08°-00° 8Y’ 810" — 20" — 6T — YL - 1= 08'C- Ly'S - Sv'6— T S/1 e (g6d) L1SXA
0§°-50° I¢ €SI 48 ST SO’ 1€ - 08 — LLT = 1€°¢- e 9/¢ e (7061d) £5XA
0§°-60° 8Y’ 670" — - 61" — 9¢" — 68" — 91— LS°E— v$'9-—- e LT e (pedad) 1SAXA
os-11” € S1T 8T’ 1T 00° 98 - §0'C— 0€'S - sTor— e 14959 e (PLTND SSTSXA
0§ —01” £€e” oze” 9T Ie 80° 0L - 1= 9¢'v - £€°8— T 11/¢ : * (£A/3TV) VOrN
(14 e (Y4 61" LT 13 60°'1— veT— v9°S - 09°01 - e or/¢ st (8TTT) LSXA
9¢€°-90° 8T” 91+°C L0°'1 S6'1 ov'C ¥0°C w1 ae- SO°L- e LT/S et ($SLT1) ¥8SXA
€€ =10 I §78°C 601 6’1 98T 8'C 79T €51 oy — T 81/T < (8°£8.093d) ¥91SXA
8T -10° or’ IY'E (430! (X4 or¢ 8Yv°¢ (433 §TT €¢ e 12/T e (0zd) 69TSXA
S1°-00° 00’ 8YI'vy V6 681 €L°C 8v°'¢ £8°¢ 60’ 1494 ST’y <L/0 et (£D) 8TSXA
I1°-00° 00’ wLs 6C'1 6S°C SL'¢ 6LV 9T’¢ 9°s 69°'S 0L'S L1/0 e (9766d) THSXA
81°-00" 0’ €8¢V 001 0Tt LT¢ 80t 8TV S6°'¢ £0°¢ e 61/1 < (gzhnXd) 915Xa
0s§'-0T1" 9T oL 143 99° 19° 6¢ — 86°1 - 8v'9— (11280 e 9T/L et (T8LT) $8SXA
€€ L0 FAS 079°C 6’ 161 1§°¢C §TT 8I°I SP'T- €€'8— e 1€/9 = (9601ad) €v1SXA
0§°-60° 9T 96" w9 6’ L8 80° or'rT- veEv— 676~ e 91/ e (TETWd) 0€dXA
TVAYILN] g ez (& o€’ 0T or [N} 10° 100° 00 +SNOLLVNIGWODTY (3qo1d) snoo7
IDNIAIINOD)
40 (IN2) 9 LV Z

$9qo4d X dApeW.IOjU] pue QSd) 40) eIeq adexuj Julod-oM |

talqelL



Mapping KFSD

Z values >2 are found in the region Xp22.3-
Xp21.1, for DXS143, DXS16, DXS41, DXS84,
DXS28,DXS269, and DXS164. The highest Z values
are obtained between KFSD and DXS41 (5.70),
DXS28 (4.15), and DXS16 (4.38), at 8 values of .00,
.00, and .04, respectively. Z values for markers on Xq
and proximal and terminal on Xp were negative and/
or insignificant (table 2). No structural rearrange-
ments were detected by any of the probes used.

Multipoint Linkage Analysis

Analysis of haplotypes and recombination events
locate KFSD between DXS16 and DXS269 (fig. 2).
The region where the highest Z values are obtained
with DXS41, DXS28, and DXS16 is limited by
DXS8S5 distally and by DXS269 on the proximal side,
since these markers both show several recombina-
tions.

With data on the informative DNA probes on Xp,
multipoint analysis was performed, which provides a
more powerful means of finding the most probable
location. The LINKMAP program calculates the like-
lihood for the position of the disease locus with respect
to a fixed map of markers. The results with locus order
DXS16-DXS41-DXS28-DXS269, with respective 0
values of 10, 14, and 10 are given in figure 3. The
highest location score ( — 2 In likelihood ratio) is 9.3
and was obtained at DXS41 and DXS28. This is about
2.2 units higher than the neighboring peaks, indicat-
ing odds of about 3:1 favoring a position of the KFSD
gene between DXS16 and DXS269.

DXS143 Dics56

DXs85 782

DXS16 Xut23

DXS41 99.6 +

KFSD ® ‘

DXs28 c7 F 1

DXS269 p20 ‘

DX8164 pERT87.8 + T
Figure 2 Meiotic crossover events in maternally derived X

chromosomes, showing maternal allele at risk (®) or not at risk (O).

The relative order of the polymorphic loci is shown on the left.

Horizontal dashes indicate maternal homozygosity or unknown
phase.
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The ILINK program calculates the most probable
locus order, varying the 0 values for all markers in-
volved. For all combinations with KFSD, given the
order of the four marker loci, an odds ratio is calcu-
lated. The results of five-point linkage analysis with
the seven most tightly linked markers are shown in
table 3. The results clearly exclude the location of
KFSD distal from DXS835 or proximal of DXS164 and
are very suggestive for localization of KFSD between
DXS16 and DXS269 (odds 45:1).

Discussion

KFSD is a rare disorder that consists of corneal ab-
normalities, local alopecia, and follicular hyperkera-
tosis of the skin (Siemens 1925; Waardenburg et al.
1961, pp. 517-521; Kuokkanen 1971). Both clinical
and genetic heterogeneity have been described (Kohler
etal. 1981; Rand and Baden 1983; Hazell and Marks
1984; Guillet et al. 1987). This pedigree is the largest
published to date, and both pedigree analysis and link-
age data clearly establish X-linked inheritance in this
family.

Recombination events between KFSD and DNA
probes were recorded for all except DXS41 and
DXS28, both on Xp. Close linkage (Z >2) was found
for seven marker loci in the region Xp22.3-p21.1.
Two-point linkage data give a Z,.x of 5.70 for DXS41

10

Location Score
@
Lod

0 0

-2 4 o
e 3 8 8
[ ]
x X x X
a o o o
1 11

T T T T T T T
-50 L] 50

Genetic
distance (cM)

ILINK: Maximum Location Score 9.3 at DXS 41 and DXS 28

Figure 3 Genetic localization of KFSD gene by multipoint
linkage mapping with LINKMAP package.
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Table 3

Five-Point Linkage Analysis of KFSD and Marker Loci (ILINK)

Oosterwijk et al.

Locus Order

Estimated Recombination Fractions Adjacent Loci

Relative Odds

KFSD-DXS$85-DXS16-DXS269-DXS164 ..... 192
DXS85-KFSD-DXS16-DXS269-DXS164 ..... .250
DXS85-DXS16-KFSD-DXS5269-DXS164 ..... .186
DXS85-DXS16~-DXS269-KFSD-DXS164 ..... .230
DXS$85-DXS16-DXS269-DXS164-KFSD ..... .230
KFSD-DXS16-DXS$41-DXS28-DXS269 ....... .023
DXS16-KFSD-DXS$41-DXS$28-DXS269 ....... .041
DXS$16-DXS41-KFSD-DXS28-DXS269 ....... .058
DXS$16-DXS41-DXS28-KFSD-DXS269 ....... .041
DXS16-DXS41-DXS28-DXS269-KFSD ....... .000
KFSD-DXS$143-DXS85-DXS41-DXS269 ..... 158
DXS143-KFSD-DXS85-DXS41-DXS269 ..... .166
DXS$143-DXS85-KFSD-DXS41-DXS269 ..... .000
DXS$143-DXS85-DXS41-KFSD-DXS269 ..... .000
DXS$143-DXS85-DXS41-DXS269-KFSD ..... .000
KFSD-DXS$41-DXS28-DXS269-DXS164 ..... .000
DXS$41-KFSD-DXS$28-DXS269-DXS164 ..... .000
DXS41-DXS28-KFSD-DXS$269-DXS164 ..... .000
DXS$41-DXS28-DXS269-KFSD-DXS164 ..... .000
DXS41-DXS28-DXS$269-DXS164-KFSD ..... .000

1130 .186 .063 1:1,584,893.19
.036 113 .053 1:45.71

.055 .084 .052 1:1

.069 057 .098 1:147.91

072 .042 .067 1:281.84

.000 .000 .089 1:11.72

.000 .000 113 1:1

.000 .000 .099 1:1.01

.000 .000 113 11

.000 .054 .053 1:7.40

.000 .194 .146 1:4,197,589.84
.202 .200 151 1:10'2%

167 .000 .109 111

167 .000 111 11

218 .000 .046 1:10.59

.000 .069 .069 1:1.05

.000 .081 .080 1:1.07

.000 .091 .069 111

.000 .055 136 1:61.66

.000 .037 .069 1:91.20

(99.6), with no recombinations (confidence interval
0 .00-.11). This means that the odds are 10°7:1 in
favor of close genetic linkage between KFSD and
DXS41.

Z values for markers along Xq and on proximal Xp
as well as terminal Xp were negative and/ or insignifi-
cant. No other X-chromosomal regions with signifi-
cant linkage (Z >2) were found. This makes localiza-
tion of KFSD elsewhere on the X chromosome
improbable and formally excludes (Z < -1) large
parts of Xq (table 2).

Multipoint linkage analysis (LINKMAP) places
KFSD distal of DXS269 and proximal of DXS85.
ILINK data show that the locus order DXS85-
DXS16-KFSD-DXS269-DXS164 is at least 45 times
more likely than any other order. Because of the lack
of recombination events, more detailed mapping with
regard to DXS41 and DXS28 was not feasible.

Our results in this large Dutch pedigree with KFSD
confirm X-linked inheritance and tentatively place the
gene between DXS16 (pXUT23) and DXS269 (p20),
i.e., on Xp22.2-p21.2. This is in the region where the
genes for X-linked juvenile retinoschisis (Alitalo et al.
1991b), the gene for X-linked liver glycogenosis (Wil-
lems et al. 1991), one of the X-linked retinitis pig-
mentosa genes (Musarella et al. 1990), and probably

the gene for Nance-Horan syndrome (Zhu et al. 1990)
are located.

One of the questions encountered in genetic coun-
seling of members of this KFSD family is put forward
by women wanting to know their carrier status. Until
now these women could only be investigated for clini-
cal symptoms, which are often absent. RFLP linkage
analysis, in combination with clinical examination,
will become an important tool in heterozygote detec-
tion.

Further RFLP studies both in this and other families
are needed to confirm the provisional mapping of
KFSD. This may enable a more precise localization of
the gene and more detailed molecular research into the
etiology of this ectodermal disorder.
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