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RESUMEN

La ictiosis ligada al X (JLX) es un error innato del metabolismo que presenta una T

frecuencia de 1 en 2000-6000 recién nacidos varones y se caractenza por la presencla de
escamas obscuras, adherentes y generalizadas. La ILX se debe a la def iciencia de una .

enzima conocida como sulfatasa de esteroides (SE), cuyo -locus se ublca en Xp22.3,

Aproximadamente, 85-95% de los pacientes con ILX presentan de]eclones génicas

totales incluyendo regiones adyacentes, alguno pocos han presentado mutaciones

puntuales o deleciones parciales. El propés‘it'pi&‘él prcéente estudio fue analizar el gen
STS en 85 pacientes mexicanos - c‘('m‘ ILX (actividad de la SE de 0.00
pmoles/mg/proteina/hora). La mayorfa | de los pacientes (n = 81) presentaron delecion
génica total, El resto de los pamentes (n = 4) mostraron mutaciones diferentes. En el

primer caso, la delecién pomprome_tia los exones 2-10 y se extendia sobre el extremo

3'a las secuencias DXS1 ,1>3] DXS1133. El segundo paciente, mostré amplificacion

asi como de las secuencias DXS1130, DXS1139, Y DXS996

(adyacentes al extremo 5*). En el tercer sujeto la amplificacién de los exones 1-10 fue

matizado de la secuencia mostré una mutacion puntual en el

‘(1567G/A) Esta mutacnén resultd en la sustitucién de arginina por histidina en el

RS resnduo de ammoacxdo 432 en el polipéptido de la STS. El cuarto paciente mostré una
i delec:on de 3 pb (AAG) en las posiciones 1252-1254 en el exon 7 del gen STS. Estos

resultados indican que en la ILX pueden encontrarse diversos defectos moleculares.



ABSTRACT

X-linked ichthyosis (XLI) is an inherited inborn error of metabolism with a frequency
of 1 in 2000-6000 males and is characterized by dark, regular and adherent scales of
skin. XLI is due to steroid sulfatase (STS) deficiency. The STS locus is located on
Xp22.3. Approximately, 85%-90% of XLI patients have large deletions of the STS gene

and flanking sequences, only a few point mutations and partial deletions have been

. ... reported. The aim of the present study was to analyze the STS gene in 85 Mexican

- K 'batl;ents with XLI. These patients had no STS activity (0.00 pmol per mg protein per h).

. Thé majority of patients (n = 81) had large deletions of the STS gene and flanking

) éequehces. The rest of patients (n = 4) showed different mutations. In the first case, the
" deletion involved exons 2-10 and extended over 3’flanking sequences DXS1131 and
DXS1133. The second patient, showed a normal amplification of exons 6-10 and
contiguous 5 ‘flanking sequences DXS1130, DXS1139 and DXS996 of the STS gene. In
the third subject the amplification of exons 1-10 was normal and the sequence analysis
showed a point mutation in exon 9 (1567G/A). This mutation resulted in the substitution
of arginine by histidine at amino acid residue 432 in the STS polypeptide. The four
patient showed the 3bp deletion (AAG) at positions 1252-1254 within exon 7 of the
STS gene. We found in this study four novel mutations indicating that all molecular

defects of the STS gene are occurring in XLI.



ANTECEDENTES

lctmsu Rccesiva Ligada X
La ictiosis recesnva llgada al cromosoma X (]LX) es una genodermatosis genehcnmente
blen defi mda, se ha observado en dlferentes grupos étmcos y afecta al de cada 2, 000— -

: 6 000 recién nac:dos vnvos del sexo m culmo El térmmo 1cuos:s provnene de Ia rafz}. ’

cons:dcmba que vnvk en areas ercanas comenles de agua, mar o el mgenr pescado en:

estado de putrefaccnon ongmaban Ia enfermedad En 1884 Fox informé el caso del
“nifio cocodnlo atnbuyendo su causa al ataque de un cocodrilo a la madre durante la

gestamon (1 -6).

La ILX inicia generalmente durante los primeros meses de vida y los datos clinicos mis
importantes son la descamacién anormal de la piel manifestada por la presencia de
escamas oscuras, regulares, adherentes y de distribucion generalizada. Predominan en
cara anterior de abdomen, cuello y zonas de flexion, respetando generalmente palmas de
las manos y plantas de los pies. Esta descamacién anormal se debe a la retencion del
estrato cérneo de la picl, debida a la deficiencia de una enzima conocida como sulfatasa

de esteroides (SE) (1, 3, 7, 8).

Algunos pacicntes con esta genodermatosis han presentado opacidades comeales,

criptorquidia, hernia inguinal, estenosis congénita de piloro y displasia de cadera. Se ha
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: deteétédb la bl:'ésencia de cancer testicular en algunos pacientes con ILX. Las portadoras
de ‘f'csta‘,, o‘:r‘i'}”;;i-rﬁ'cdad presentan algunas veces opacidades corneales, sangrado
transvagmal y retardo en la labor de parto, esto hltimo puede condicionar la presencia
de hipoﬁia neonatal en los productos. Aproximadamente, 5% de los pacientes con ILX
presentan fenotipos mas complejos, es decir, ademas de ictiosis pueden cursar con talla
baja, sindrome de Kallman, condrodisplasia punctata o retraso mental, esto se debe a la

pérdida adicional de genes adyacentes al gen relacionado con la ILX (9-15).

El diagnéstico diferencial de la ILX se realiza con la ictiosis vulgar (IV), entidad
autosdmica dominante que muestra una frecuencia aproximada de 1: 250 recién nacidos
vivos. Se ha sefialado que en la IV las escamas tienden a ser mds claras, muestran una
distribucién mas regular y generalmente respetan zonas de flexion. Como datos
asociados se han observado una menor gravedad del cuadro clinico, antecedentes

familiares de atopia e hiperlinearidad palmo-plantar (16-19).

Gran parte de la literatura internacional indica que la mayor parte de los casos de ILX
corresponden a mutaciones nuevas. Sin embargo, en nuestra poblacion el
comportamiento es diferente, ya que estudios bioquimicos y moleculares recientes en
pacientes mexicanos y sus madres muestran que la mayoria de los casos de ILX de
presentacién aparentemente esporadica (por analisis familiar) corresponden realmente a
defectos heredados. En estos casos, las madres de los pacientes muestran actividad de la
enzima SE compatible con estado de portadora (menos de 25 pmoles/mg proteina/hora)
y solamente una copia del gen de esta sulfatasa (gen STS) en su genoma (identificada

mediante hibridacion in situ) (8, 20, 21).



La ILX y la Sulfatasa de Esteroides

La deficiencia de SE en la ILX condiciona la acumplaciéﬁ de sulfato de colesterol (SC)
en suero, membrana de los eritrocitos y est:r‘a’ltgé; comeo y ’grﬁnuloso de la piel
Nonnalméntg, en el estrato comeo la reiacién cbiestéfbl:gtilfato de colesterol es de 10:1;
’sbini embargb, es:tar bfopdrcién se pferde en v]bs pééiemés con ILX, llegando a ser de 1:1.
: Enlos esgrﬁtoé céme;o y granuloso la actividad de la SE es alta, en contraste, los estratos
:‘ dérriliéos ‘inferi(‘)res muestran una actividad enzimdtica muy baja, esto explicaria la
acumulacién del SC en las capas superficiales de Ia piel de pacientes con ILX. Por otra
parte, se ha sugerido que la regulacion de la relacion colesterol:sulfato de colesterol en
el complejo estrato corneo-membrana puede ser critico en el proceso de descamacion

normal de la piel (22-27).

Enzima Sulfatasa de Esteroides

La SE también conocida como arilsulfatasa C (ASC) o esteril-sulfato sulfohidrolasa (EC
3.1.6.2) es una de las 6 arilsulfatasas identificadas en los tejidos humanos (A, B, C, D, E
y F). Se localiza en el reticulo endopldsmico rugoso, unida a la membrana microsomal y
en las cisternas de Golgi. Estudios inmunoldgicos muestran presencia de la enzima en la
membrana plasmética, especialmente en proyecciones celulares y microvellosidades. La
SE tiene un peso molecular de 65492 Da, muestra una distribucién ubicua y se ha
detectado en préstata con hipertrofia benigna y células cancerosas de mama. Su pH
6ptimo oscila entre 6.5-7.5, su Km es de 0.8uM para el sulfato de estrona, de 1.7uM
para el sulfato de dehidroepiandrosteona y de 0.6uM para el sulfato de testosterona,

Esta arilsulfatasa cataliza la hidrélisis del radical sulfato de los 3-beta-hidroxiesteroides



sulfatados i(i.e;‘; sillfatos;tdé ic;‘cl‘)l}gsterol, esfrona, testosterona, pregnenolona y

“es ‘estable a las alteraciones de pH, calor y

fomms que estin codificadas por genes diferentes, localizados

en los brz;zos conos del cromosoma X. Tomando en cuenta su movilidad electroforética
- estas |soformas se clasxﬁcan en “s” o lenta (slow-migrating) y “f ” o rapida (fast-
migraifng). La expresion de estas variantes electroforéticas es tejido especifica. La
forma “s” es abundante en placenta, corazén, misculo esquelético, tiroides y glandula
suprarrenal y la forma “f » se encuentra presente en higado, pancreas y rifion. Es
importante sefialar que ambas isoformas muestran diferente especificidad a substrato,

labilidad al calor, estructura proteica, pH éptimo y propiedades antigénicas (31, 32)

Recientemente se ha sugerido que la SE juega un papel importante en la embriogénesis
del ratdn, sobre todo en procesos relacionados con el desarrollo de SNC. En los altimos
afios la actividad de la SE se ha relacionado con los procesos de formacion y
remodelacién ésea. Por otra parte, estudios de inmunohistoquimica han identificado la
presencia de SE en el citoplasma de las células epiteliales de trompas de falopio en
diferentes fases del ciclo menstrual, predominando durante la fase hitea. Se ha sugerido
que la SE participa en la regulacion local de sintesis de esteroides y posiblemente en la
funcién reproductiva de las trompas de falopio. Por otra parte, estudios en ratas
demuestran que el uso de inhibidores de la SE (sulfamatos) modifica el perfil de presién

sanguinea en estos animales de laboratorio (33-37).
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-La SE ésta compuesta por 583 aminodcidos, los primeros 22 corresponden al péptido
“lider el cual es escindido postranscripcionalmente para dar origen a la proteina madura.

El primer aminoicido (aa) de esta proteina corresponde a una metionina y los residuos

2 22 24

_serina 1. histidina o bien alanina 2 y alanina representan las seilales de
reconocimiento de la peptidasa encargada de escindir la seiial lider. Este proceso dura

aproximadamente dos dias y la vida media de esta enzima se ha estimado en 4 dias (38).

La SE presenta las caracteristicas de una glicoproteina integrada a membrana, presenta
cuatro sitios potenciales de N-glicosilacion (residuos de aspargina “N” en las posiciones
47, 259, 333 y 459), sin embargo, slo dos son utilizados (N * y N **?), Esta enzima
tiene gdemés las caracteristicas de una proteina integrada a membrana y el modelo
: prdpuésto para su topologia muestra la presencia de dos dominios hidrofobicos de 53 y
30 residuos cada uno (aminodcidos 185-211 y 213-237). Se ha sugerido que el sitio
| éctivo de la enzima corresponde a un residuo de histidina ubicado en la posicion 136
" (H'9), dicho aminoacido es uno de los que muestran gran conservacion evolutiva, esto
con respecto a la familia génica de las arilsulfatasas. Por otra parte, se ha considerado
que el sitio de unién a los diferentes ligandos se ubica en el extremo COOH de la
proteina. La SE activa esta formada por multiples subunidades idénticas, cada una con
un peso molecular de 63 kDa, siendo el agregado activo mas pequefio un dimero de 126
kDa que incluye dos de los sitios potenciales de N-glicosilacion NV, N P9,
Aparentemente, durante el ciclo de vida de la enzima el tamaiio del dimero se reduce a
61 kDa. Estudios computarizados sugieren que el primer dominio muestra una
estructura secundaria de a-hélice, la cual se encuentra interrumpida por un residuo de
prolina en la posicion 212, generando asi dos segmentos de 27 y 25 aa cada uno. El

segundo dominio corresponde al de una hoja B-plegada. Los extremos amino y
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carboxilé teﬁ;niha_l sevﬁ‘bican en la parte luminal de la membrana, ambos contienen una
cadéﬁé,dé ollgosacandos y se comunican por medio de un dominio hidrofébico que
comprende dos secuencias que se extienden en direcciones opuestas de la mebrana. La
estabilidad de la SE en los microsomas se ha relacionado con Ia gran homologia que sus
dos dominios transmembranales guardan con otras sulfatasas lisosomales (arilsulfatasas

Ay B) (26, 29, 38).




Secuencia de aminodcidos de la enzima Sulfatasa de Esteroides =
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jn tnico en humanos (gen STS). Este

'de por lo menos 206 pares de bases en el extremo 5’ y otra en el extremo 3° de 668

pares de bases Tlene ademds, una sefial de poliadenilacion (AATAAA) 13 pares de
_bases antes del comienzo de la cola de poli-A. Aparentemente, la regién promotora del
gen STS es pobre en secuencias GC y parece ser que carece de sitios de unién a factores
de transcripcion conocidos. Por otra parte, se ha identificado una region de
aproximadamente 1.3 kb en el extremo 5° que contiene varios sitios de unién potencial
para factores de transcripcion, entre éstos se encuentran 3 elementos potenciadores
(UREI-3) y un elemento represor (URE4). Se han identificado ademas tres transcritos
primarios en distintas lineas celulares, cada uno con pesos moleculares diferentes (2.7,
5.2 y 7.2 Kb). Hasta este momento, no se ha definido aiin la funcion de cada uno de

estos transcritos (39-41).

El gen STS tiene su homologo no funcional (pseudogén) en los brazos largos del
cromosoma Y (Yp11.2). La homologia entre el gen funcional y el pseudogén es de 90%
aproximadamente y las diferencias entre ambos estan dadas por sustituciones de algunos
pares de bases, pequefias adiciones y deleciones que condicionan la incapacidad del

pseudogén para originar algin producto proteico funcional (42).

Recientemente, se localizaron en la regién Xp22.3 los genes que codifican para las
arilsulfatasas D, E y F, todos ellos con una organizacion gendémica muy parecida,

incluyendo al gen de la arilsulfatasa C. Por otra parte, trabajos recientes muestran que la



n

lécalizac'ién de estos genes es idéntica en el cromosoma X de diferentes especies de
primates, mientras que la copia homdloga, presente en el cromosoma Y, es distinta en
cada una de estas especies. Es posible que este agrupamiento génico de arilsulfatasas en
Xp22.3 tenga su origen a partir de eventos de duplicacién génica, ocurridos
ancestralmente en Ia region pseudoautosémica, Este pareceria ser un cambio reciente en

el genoma de mamiferos (43-45).

El gen STS escapa al proceso de inactivacién del cromosoma X, expresandose asi en
ambos cromosomas X en las mujeres normales, Sin embargo, la expresion de este gen
es siempre menor en el cromosoma X inactivo, debido posiblemente a la presencia de
genes contiguos inactivos. De esta manera, la actividad de la enzima SE en varones y
mujeres no refleja el nimero de copias del cromosoma X presente en ambos sexos, ya
du_e los hi&elgs ehzimziticos no guardan la esperada relacién de 2:1, siendo la proporcién
ehéghgfa(!a de 1.3 —1.7:1 dependiendo de la linea celular. Unicamente en cabello se ha

: répoﬁado una relacién de 1:1 y en leucocitos de prepiberes de 2:1 (46-50).

Mutaciones en el gen STS

La mayoria de los pacientes con ILX (90 %) presentan pérdida total del gen STS,
incluyendo parte de las regiones adyacentes hacia ambos extremos del gen. Es posible
que esto se deba a la presencia de algunas familias de secuencias repetidas en nimero
bajo de copias (G1.3 y CRI-S232) que se encuentran intercaladas y distribuidas en la
region Xp22.3 y hacia ambos lados del gen STS. Muy probablemente la presencia de

estas secuencias en esta regién condiciona por recombinacion homéloga un
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I-V,estas . dos’ iiltimas reportadas recientemente por
v‘nueAstki'o grupo de investigacio otro caso, se ha documentado la pérdida de 3 pares

:de bnsesen clyt exén” 1 p:iqnenles se han detectado mutaciones puntuales (tabla 1)

(51, 53, 56:66).:

Aproximadamcnlé, 5% de los pacientes presentan pérdida del gen STS y genes
adyacentes, lo que ocasiona fenotipos mis complejos que incluyen ademds de ILX,

sindrome de Kallman, retardo mental y condrodisplasia punctata (56, 67, 68).

Tabla 2. Mutaciones puntuales del gen STS documentadas en Ia literatura

EXON NUCLEOTIDO | CAMBIO DE BASE thll\ll:(l)g (l,')lil:)O :(:ﬁl;:é(zlglll))l-‘:,l‘ REFERENCIA
7 1236 G-A Gly-Stop 322 Morita et. al, 1997
7 1226 C-T Ser-Leu 341 Basler et. al, 1992
|8 1344 G-C Gly-Arg 358 Oyama ¢, al 2000
8 1371 - |C-T Gln-Stop 367 Oyama et. al. 2000
K3 1320 T-A Trp-Arg 372 Basler et al, 1992
87 1320 G-C Trp-Pro 32 Alperinet, al. 1997
{8 1552~ . |G-T GlIn-Stop 422 L Alperin et. al, 1997
9 ' 1567 - G-A Arg-His 432 k Valdes et. al 2001
: 9 1543. . |A-G His-Arg - 444 Alperin et, al, 1997
Cp 1567 GA CyoTyr —{#6 . |Baskreial 1992
9. .| 1882 A-C Glu-Pro | 560. s o | Sugawara et all
' sl eee
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Diagnéstico de 1ILX
EI diagnéstico de ILX puede re

ucocitos. Este ensayo

SE en tejidos como .ﬁbfqbl;é 08, |
bioquimico pérmité nq svolarvﬁe’rk)tvje;‘la‘ i(iiver’niﬁé;;:‘iéii: de pacientes svi_nd'el diagnéstico de la
mayoria de las ponadbrés.de'lLX. La‘ ausencia de actividad enzimatica confirma el
diagndstico de ILX 'y en el caso de las portadoras los niveles de actividad se encuentran
por debajo de los controles masculinos y femeninos sanos. Es importante sefialar que
aproximadamente 10-15% de las portadoras pueden presentar actividad enzimética
normal, en estos casos la realizaciéon de estudios complementarios (i.e., hibridacién in

situ) permiten establecer el diagndstico correcto (17, 21, 69-72).

Por otra parte, considerando que la mayoria de los pacientes con ILX presentan
deleciones totales del gen STS incluyendo casi siempre regiones adyacentes, la
amplificacion mediante PCR de los extremos 5°y 3'del gen permiten confirmar el
diagnostico bioquimico de ILX en aproximadamente el 90% de los casos. En los
pacientes con ausencia de actividad de la SE y presencia parcial del gen STS se delimita
la magnitud de las deleciones. Finalmente, algunos pacientes presentan amplificacion de
todos los exones del gen STS, en este caso, el andlisis molecular mediante
secuenciacion automatizada ha permitido la identificacion de otro tipo de mutaciones
como pueden ser pequefias deleciones, inserciones y mutaciones puntuales

principalmente (52, 57, 58-60, 66).

El estudio molecular de las posibles portadoras se realiza sobre todo mediante
hibridacion in situ fluorescente, empleando para este fin una sonda especifica del cDNA

del gen STS. Este procedimiento se realiza casi siempre en preparaciones cromosdmicas



gen, mlentras‘que las mujeres normales muestran dos copias. Debemos seilalar que en

‘los casos en n'los que: la causa de 1a ILX no son las deleciones totales la hibridacion in

sr!u no es un metodo dxagnosuco adecuado para la deteccion de portadoras (21).




JUSTIFICACION Y OBJETIVO ‘

Desde hace aproximadamente 7 afios en el'Sévaiéio 'dé. Genética del Hospital General
de México se inici6 el estudio de la ictiosis 1ig’§aia al X desde los puntos de vista clinico,
bioquimico y molecular, De entonces. a. Iav;fécha, diversos trabajos han permitido
identificar algunas de las caracteri§ii§as de esta genodermatdsis en nuestro medio,
algunas de e)las’ han resultado s:er' diferentes a las informadas en la literatura
internacional. De esta manera, él objetivo del presente trabajo fue analizar el gen STS
en una muestra dg 85 pacientes mexicanos con diagnéstico clinico y bioquimico de

ILX.
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PROCEDIMIENTO

En el presente trabajo se analizaron 85 pacientes con diagnéstico clinico y bioquimico

compatible con ILX. El estudio molecular se realizd de la siguiente manera.

ORICEN

TRSIS CON
IR

FALLA

Amplificacién mediante PCR de los extremos 5°y 3°del gen STS

Ausencia de ambos extremos l’rcsmciéi ﬁc 16 ambos extremos del gen
(confirmacién de delecién génica total) o

Amplificacién independiente de algunos y en caso
necesario de los 10 exones para delimitar los puntos

de ruptura
Identificacién de deleciones parciales Amplificacion normal de todos los exones

l

Anilisis mediante secuenciacion automatizada para
1a deteccitn de otro tipo de mutaciones



RESULTADOS

En el presente trabajo se analizaron 85 pacientes mexicanos con dlagnostlco climco y
bioquimico compatible con ILX. El andlisis molecular m|c|a1 (amphf' cacion de Ios
extremos 5°y 3°del gen STS) mostré delecién génica total (ausencia de los exones l 10)' '

en 96% de los casos (n= 81), el resto (n= 4) presentaron otro tipo de mutaclén De estos ; ‘ ;

cuatro pacientes, uno presenté delecién de los exones 2-10 y de las reglones DXS] 131 yf i

DXS1133, las cuales se encuentran adyacentes al extremo 5° del gen. En otro de Tos
casos, el andlisis molecular revelé la pérdida de los exones 1-5 del gen. Los dos
pacientes restantes mostraron amplificacién normal de ambos extremos del gen asi
como de los 10 exones. En ambos casos, el anilisis mediante secuenciacién
automatizada permiti6 identificar en uno de ellos la pérdida de 3 nucledtidos (AAG) en
el exén 7 (posiciones 1252-1254) condicionando la pérdida de una glutamina en la
pbsicién 327. Esta delecién de 3 pb fue identificada también en la madre del paciente.
En el otro "bﬁc'fénte se identificé una mutacién puntual en el ex6n 9, en el nucledtido

 ,1567 (1567G/A) 'Esta transicion resulté en el cambio de una arginina por una histidina

s en el reslduo 432 de la secuencia de aminodcidos original,
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Abstract

X-linked ichthyosis is an inherited disease due to steroid sulfatase deficiency. Onset is at birth or early
afier 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 identified 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-[3H]-dehydroepiandrostcrone 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.
Abbreviations: STS. steroid sulfatase « XL1, X-linked ichthyosis

X-linked ichthyosis (XLI) is a relatively common inherited inborn error of metabolism characterized by
- dark. adhesive. and regular scales of skin. It is present at birth or soon after birth (Okano ef al. 1988;
: ‘Shavder & Ott 1991). Several studies have estimated a frequency of ! in 2000-6000 males (Wells &

DN AT DR



V1 1)

Valdas-Flores et al. 114 (3): 591 htp://www jidonline.org/cgi/content/full/114/3/59!

Kerr 1966; Lykkesfeldt et al. 1984). XL1is due to steroid sulfatase (STS) deficiency (Shapiro & Weiss
1978); this enzyme hydrolyzes 3-beta-hydroxysteroid sulfates (Dibbelt & Kuss 1991). The STS enzyme
deficiency is associated with an increase of cholesterol sulfate in the stratum corneum (Williams & 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 &
Leventhal 1981; Matsumoto ez 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 e 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 ef al, 1995; Alperin & Shapiro 1997; Morita ez 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 (Bematowicz et al. 1992). In this study, we describe the 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,Cl solution. The STS assay was performed

in the leukocyte pellet, which was homogenized in chilled 0.014 M Tris(hydroxymethyl)-aminomethane
buffer with a polytron in two cycles of 20 s and 10 s, respectively. 7-[3H]-dehydroepiandrosterone
sulfate (16.3 Ci per mmol, NEN, Boston, MA) was used as enzyme substrate. Assay conditions were pH
7.0, 37°C, 1 h. 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 polvmerase 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 Table 1=
The conditions and primers to amplify the 3' flanking sequences of the STS gene are described elsewhere
(Schaefer er al. 1993). All procedures were performed three times.
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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 7 al. 1990) showed a normal amplification of the 5' segment (Fig. 1d}, line 3). Subsequent
PCR amplification of exons 2, 5, and 7-9 (Fig. 143)), and the 3' flanking sequences DXS1131 and
DXS1133 (Fig. 23)) 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.
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The molecular basis of XLI presents an unusually high frequency of complete STS gene deletions.
Analysis of flanking DNA markers 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 150 kb, involving
the last three exons of the gene (Ballabio et al. 1989), whereas the other case had a partial deletion that
included exon 10 (Nomura er al.-1995). The third patient had an intragenic deletion of about 40 kb
spanning exons 25 (Shapiro ez al. 1989). At this time, we have examined the STS gene of 74 XL1
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 IDXS237 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
facks exons 2-10. This partial deletion also lies within intron 1, similar to the deletion previously
reported that lacked exons 2—5 (Shapiro et 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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MUTATION REPORT

Deletion of Exons 1-5 of the STS Gene Causing X-Linked

Ichthyosis

M. Valdes-Flores, S. H. Kofman-Alfaro,* A. L. Jimenez Vaca,* and S. A. Cuevas-Covarrubias*
Servicio de Genetica, Instiruto Nacional de Orntopedia and *Servicio de Genetica, Hospital General de Mexico, Facultad de Medicina, UNAM,

Mexico D.F., Mexico

X-linked ichthyosis is an inherited disorder due to
steroid sulfatase deficiency. It is clinically character-
ized by dark, adhesive, and regular scales of the skin.
Most X-linked ichthyosis patients present large dele-
tions of the STS gene and flanking markers; a min-
ority show a point mutation or partial deletion of the
STS gene. In this study we analyzed the STS gene in
a family with simultaneous occurrence of X-linked
ichthyosis and ichthyosis vulgaris. X-linked ichthyo-
sis diagnosis was confirmed through steroid sulfatase
assay in leukocytes using 7-[*H]}-dehydroepiandros-
terone sulfate as a substrate, Exons 1, 2, 5, and 6-10,

and the 5’ flanking markers DXS$1130, DXS1139, and
DXS996 of the STS gene were analyzed by polymer-
ase chain reaction. X-linked ichthyosis patients of
the family (n=4 males) had undetectable levels of
STS activity (0.00 pmol per mg protein per h), The
DNA analysis showed that only exons 6—10 and the
5’ flanking markers of the STS gene were present.
We report the first partial deletion of the STS gene
spanning exons 1-5 in X-linked ichthyosis patients.
Key words: dehydroepiandrosterone sulfate/lenkocytes/ster-
oid sulfatase/STS gene/X-linked ichthyosis. J Invest
Dermatol 116:456-458, 2001

teroid sulfase (STS, EC 3.1.6.2) is 2 mic

in two d cases (Bernatowicz ef al, 1992; Yen et al,

enzyme that is capable of hydrolyzing 3-B-hydroxy-
steroid sulfates (Hobkirk, 1985). It shows an ubiquitous
distribution in human tissues (Dibbelt and Kuss, 1991).
STS deficiency results in X-linked ichthyosis (XLI), an
inherited disorder characterized by dark, adhesive, and regular
scales of the skin (Shapito and Weiss, 1978). XLI patients have
increased levels of cholesterol sulfate in the stratum comeum,
which appears to be responsible for the scaly skin (Williams and
Elias, 1981). Cholesterol sulfate produces a barrier abnormality in
intact skin and extracellular anomalies in isolated stratum corneum
{Zettersten et al, 1998), and inhibits formation of d

1994) We previously reported a family with the simultaneous
occurrence of XL1 and ichthyosis vulgaris (Cuevas et al, 1999) and
in this study we analyzed the STS gene in this family,

MATERIALS AND METHODS

Patients The XLI patients of the family were referred to the Genetic
Department of the Genera! Hospital of Mexico. They were informed about
the chanacteristics of the study and they agreed to participate. The protocol
was accepted by the Ethics Committee of the General Hospital. Physical
examination of the XLi patients (n=4 males) showed a moderate degree of
lchthyosn on the trunk, back _and extremities. Two of them had alo

insoluble membrane domains (Xu and London, 2000). Chol ol
sulfate also acts as a transcriptional factor of the transglutaminase 1
gene in human keratinocytes (Kawabe et al, 1998). It has been
proposed that epidermal changes in XLI could be a consequence of
transglutaminase 1 dysfunction due to the accumulation of
cholesterol sulfate (Nemes ef al, 2000).

The STS gene is located on the short arm of the X-chromosome

No other clinical findings were
observed. .

STS assay STS activity was determined in leukocytes of the XLI patients
as follows: 10ml of blood was obumed with a h:panmzcd syringe. The
leukocyte pellet was and wathed three
times with 0.9% NaCl. STS assay was perfonn:d in the leukocyte pellet,
which was homogenized in chilled 0.014M Tris (hydroxymethyl)-
ammomuhane buffer with a poly(mn in two cycles of 20s and 10s

(Muller et al, 1981). Most XLI patients present Jarge deletions of the
entirc STS gene and flanking sequences (Bonifas ef al, 1987;
Shapiro et al, 1989; Cuevas et al, 1997; Aviram et al, 2000), but a
few point mutations and six partial delctions have also been
reported (Bonifas et al, 1987; Ballabio et al, 1989; Shapiro et al,
1989; Basler et al, 1992; Nomura ef al, 1995; Alperin and Shapiro,
1997; Morita et al, 1997; Aviram et af, 2000; Oyama ef al, 2000;
Sugawara et al, 2000; Valdes et af, 2000). A 3bp of homology and
an incorporation of 8bp were found at the site of the deletion

Manuscnpl l:celved sz 29 2000, revised November 21, 2000;
pted for

Reprint rcqunu to: Dr. Scrgm Cuevu Covarrubias, Servicio de
Genetica, Hospital Genena! de Mexico, Facultad de Medicina, UNAM,
Dr Baknis 148 Col. Doctores C.P. 06726, Mexico D.F., Mexico.
Email: sergica@servidor.unam.mx

ely. 7-[*H} sulfate {16.3Ci per mmol,
NEN Boston, MA) was used as the enzyme substrate. Assay conditions
were pH7.0 at 37°C for 1 h. The product of hydrolysis was recovered with
benzene (Merck, Germany, analytical grade) and read in a scintillaton
spectrometer (Cuevas ef al, 1993.). Each assay was performed twice,

Mutation detection DNA  extraction was performed in  the
conventional way (Lench «f al. 1998). The STS gene was analyzed by
polymerase chain reaction (PCR). The :ondmnns and primers to amplify
exons 1, 2, 5, and 6-10, and i 5’ flanking DXS1130,
DXS51139, and DX5996 of the STS gene are shown in Tablel (Ballabie
et al, 1990a; Schacfer ef af, 1993; Valdes ef al, 2000).

RESULTS AND DISCUSSION

The XLI patients of the family were shown to have undetectable
levels of STS activity (0.00pmol per mg protein per h),

0022-202X/01/$15.00 » Copyright © 2001 by The Society for Investigative Dermatology, Inc.
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Tnblel aners and conditions used in the PCR analysis of
the STS gene*

. Exon' 1 F-5' GGCCTAGAAGAAGGTTGAAGGTCCC
. . R-5" AAGAGGTTGGATGAGATGGGCATAC
Exon 2 F-5" TCCTTTACAGGAAGATGAAG
. R-5° CATTACCAACCTGATAGTTIT
- Exon 5 F-5 ACCACCCTTTACATCACGGC
R-5" CGCCTCCACCGTTAGCCTCT
Exon 6 F-5' TTTTGCAGGAACACTGAGACTCCG
R-5" AACGTACCCACACTCCAGTCCATTT
Exon 7 F-5' TCCCCTCCAGGGCAGATCTTGAAC
R-5' CATTTCTCACCTTTATAGATCCC
: Exon 8 F-5' GATCTTTTAGGAGGAAAAGCAAAC
. R-5" CAGAGTACCTGTCCTCAGGCAAGG
Exon 9 F-S’ TATCCCACAGGATCATTGATGGAC
R-5' TTTACTCACTGTTCTGAGGTGC
Exon 10 F-5 GAAATCCTCAAAGTCATGCAGGAAG
R-5" CCTCCAGTTGAGTAGCTGTTGAGCT
DXs1130 F-5" CTCCTCAACTTGCAGACGG
R-$* ATGGGGCAAGGGAGCTCTC
DXs1139 F-5 GCTTGGATCAGGGCTGGAATTAG
R-5" TTAAACAAGGGCCATTCTGCAAG
DXs996 F-5" AAATTCTTGCCTAGGCCACTCTAGG

R-8’ ACGTTGTTCTGGATCGTATGCTAGG

“F, forward primer; R, revene primer. Conditions for exons 1 and 10 are: DNA
ng, primen 0.4 M, deoxyribonuclcoside wiphosphate 0.08mM, MgCly
1.5mM, buffer 1 X, Taq Pol 1.5U, vol. 50p1l. 94°C for 1 min, 30 cycles of 94°C
for 1 min, 60°C for 30s, and 72°C for 2 min. Conditions for exons 2, 6, 7, 8, and
9 are: DNA 500ng, primen 0.8 im, deoxyribonucleoside triphosphate 0.12mM,
MgCl; 1.5 mM, buffer 1 X, Tag Pol 1.5U, vol. S0, 94°C for 3min, 30 cycles
of 94°C for 1min, 55°C for I min, and 72°C for | min. Corditions for cxon 5
are: DNA 500ng, primens 0.8pM, deoxyribonucleoside triphosphate 0.12mM,
MgCl; 1.5mM, buffer 1 X, Taq Pol £.5U, vol. S0pL 94°C for 5min, 25 cycles
of 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min. Conditions for 5' flanking
sequences DXS1130, DXS1139, and DXS996 are: DNA 500 ng, primers 0.6 uM,
deaxyribonucleoside triphosphate 0.12mM, MgCly 1.5mM, buffer | X, Taq Pol
1.5U, Vol. 50, 94°C for Smin, 30 cycles of 94°C for 1 min, 62°C fur 1min,
and 72°C for ) min.

Figure 1. PCR analysis of the STS gene. (4) Exon 6; (B) exons 1 and
10 lower and upper bands, respectively. Line 1, positive control; fine 2, XLI
patient with complete deletion of the STS genc; line J, XLI patient
described in the text with the partial deletion spanning exons 1-5, in this
subject exons 6 and 10 are observed.

corroborating the XLI di DNA amlysxs showed a normal
amplification of exons 6-10 and i 5 flanking seq es
DX51130, DX51139, and DXS996 of the STS gene (Flg!l and 2).
PCR amplification of exons 1, 2, and 5 failed to amplify these

regions. PCR was repeated three times for all segmens and . .

identical results were obtained in cach assay, These results indicated
that the STS gene in our family had a partial deletion, including
exons 1-5.

" DELETION OF EXONS 1-5 OF THE STS GENE 457

Figure 2. PCR analysis of the exon 5 and contiguous 5" Aanking
sequence DXS1130. (A) Exon 5; (B) DXS1130. Line 1, positive control;
line 2, XL patient with complete deletion of the STS gene; line 3, XLI
patient described in the texe, in this subject only sequence DXS51130 is
observed.

About 90% of STS deficiency p have large deletions of the
STS gene and flanking sequences. The presence of low copy
number repeats on ¢ither side of the STS gene, promoting unequal
crossing over, seems to play a part in the high fequency of these
interstitial deletions (Ballabio et al, 1990b; Yen et al, 1990).
Nevertheless, this mechanism does not apply to all STS gene
deletions as in our family, the deletion invoived exons -5 of the
STS gene. DNA amplification of exons 6-10 and 5’ flanking
markers indicated that the deletion breakpoints thus lay within
intron 5 and between 5’ flanking sequence'DXS1130 and exon 1 of
the gene. Six unrelated patients with partial deletions of the STS
gene have been reported: (i) one patient had a deletion that started
within intron 7 and d exons 8-10 (Ballabio et af, 1989); (ii)
the second had a dclcuon which included exon 10 (Nomun et al,
1995); (iii) the third showed an intragenic deletion spanning exons
2-5 (Shapiro et al, 1989); (iv) the fourth had a deletion involving
exons 2-10 and 3’ flanking sequences DXS1131 and DXS1133
(Valdes et al, 2000). and (v) the fifth and sixth showed a partial
deletion at the 5 end of the STS gene (Aviram et o/, 2000). Most of
these deletions causing XL1 are located at the 3’ end of the STS
gene, but in our family the partial deletion was present at the 5 end
of the gene, In two previous reports and in our family, there are
two intron regions in common in which the deletion breakpoints
occur. These regions comprise introns 1 and 5 of the STS gene. In
one case the deletion breakpoints lay within introns 1 and 5
(Shapiro et al, 1989), in the sccond one of the deletion breakpoints
was located within intron 1 (Valdes ef al, 2000), and in our family
one of the deletion breakpoints lay within intron 5, Further studies
could provide evidence of some specific changes occurring in these
intron regions.

On the other hand, this panial deletion of the STS gene spanning
exons 1-5 also indicates the importance of the amino region of the
enzyme, a region that seems to be important for STS activity. In
conclusion, we report the first pamal deletion of the STS gene
extending over exons 1-5 in XLI

This study was supported by CONACYT, MeXxico, project number 31020-M and
grant 96072. We also want 10 thank Ann C. Clndley for the revision of the
anusenipt,
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Characterization of a Novel Point Mutation (Arg432His) in X-Linked Ichthyosis

Sir,

Steroid sulfitise (STS) deficiency results in X-linked ichthyosis
(XLI), an inhcrited disorder characterized by dark, regular
and adherent scales of skin {1). STS is un ubiquilous enzyme
that desulfates 3-fi-hydroxysteroid sulfates (2). STS activity

some partial deletions snd poinl mulations have also been
identified. At the moment, 10 different point mutations have
been reported, 9 in the coding region and one in the non-
coding region (Table 1). These point mutations are principally
Iocaled at the 3 end of me STS gene. Seven mutations are
(12. 13, 15, 16). Two point mutations

can be determined in several cell lines to blish XL1
diagnosis (3-5). The STS gene is located on Xp22.3 (6). Most
XLI patients show deletions of the entire STS locus and
fanking sequences. Six paticnis have been identified with
partial deletions of the STS gene. These deletions include: (a)
a deletion within intron 7 extending over exons 8-10; (b) a
partial delelion that includes exon 10; {¢) an intragenic deletion
spanning exons 2-5: (d) a partial deletion spanning exons
2-10 and flanking sequences DXS1131 and DXS1133; and (¢}
two partial deletions al the 5 end of the STS gene (7-11). A
minority of XLI] p with STS-g ded sequences
have been identified. In these subjects. 10 point mutations in
the coding and non-coding regions have also been reporied
(12-16). In the present study, we analyzed one XL1 patient
with undetectuble levels of STS activily and normal amplifica-
tion of the STS gene. We found in this subject a novel point
multation causing XLI.

MATERIAL AND METHODS

The XL! patient was referred 10 the Genetic Department of the
General Hospital of Mexico. He was informed aboul the characteristics
of the study and he agreed to panticipate. Protocol was evaluated and
accepted by the cthics commitiee of the General Hospital of Mexico.
Xtl dlagnom was confirmed through STS assay. STS activity wus
determined in leukocytes using 7-{°H J-dehydroepiandrosicrone sulfate
(16.3 Ci/mmo), NEN, Boston, Mass.) as described elsewhere {17).
DNA cextraction was performed with a conventional method {18).
Conditions and primers 10 amplify exans 1-10 of the STS genc are
described elsewhere (10, 15), DNA sequence analysis was performed
in @ ABl PRISM 310 genctic analyzer (Perkin-Elmer). All procedures
were performed 3 times.

RESULTS AND DISCUSSION

produce stop codons and premalurc termination of the STS
polypeptide (14, 16). The mutation in the non-coding region
affects a splice junction site between exon 8/intron 8 causing
an addition of 19 bp into the STS mRNA and premature
termination at 427 amino acid residue of the STS enzyme (13).

In this study, we analyzed an XL patient with undetectable
levels of STS activity (0.00 pmol/mg protein/h) and normal
amplification of exons 1-10 of the STS gene. No other
members of the family were affected. We found a point
mulation in exon 9 causing the transition 1567G~A. This
change of bases resulied in the substitution of an arginine by
a histidine at amino acid residue 432 in the STS polypeptide
(Fig. 1). Although both amino acids corresponded to basic
hydrophilic amino acids, the R-group of histidine has a ring
structure which produces a different spatial conformation.

To discount a p0551ble polymovphlsm the transition
1567G~A was in gated in non-aff bers of the
family (n=7). in other pathologies such as Turner syndrome
(n=4) and ichthyosis vulgasis (n=3), in normal males (n=
15) and in normal females (n=15). We did not identify any
change in the DNA scquence analysis of these subjects. So.
we discounted a polymorphism. STS activity and DNA
sequence analysis of the patient’s mother were also analyzed
and she presented a normal pattern. We concluded that the
XLI palient was a3 de novo mutation. This novel mutation did
not create nor abolish a site for a restriction enzyme.

This novel point mutation emphasizes the importance of the
carboxyl region of the STS cnzyme, as all poinl mutations
previously reporied in XL} are Jocated in this region. Probably,
the catalytic site is conformed into this region: more refined studies
may confirm this hypothesis. In conclusion, we reporied a novel
point {1567G—A) in exon 9 of the STS gene causing

STS.deficiency-p present an 1 pattern of del
of the entire STS gene and flanking sequences. Nevertheless,

Table 1. Point niatations in the steroid sulfutase gene reporied in the literature and the one described in the toxt

the substitution of arginine by histidine (Arg‘ﬂZHls) in XL

Exon  Amino acid Position . : " Substitution Reference
7 Gly Stop : RRES 14

7 Ser Leu . -~ S 12

8 Gly Arg S AR ; 16

8 Gln .- Stop s SRR 16

8 Trp Arg.l: LY

8 Tip E Pro - T TR K I
8 G-T Iu.mwnsmn :xonRIimmnB spl-cr donor sitc at leotide 1477 P at amino ucid sesidue 42733 - ¢

9. - -His 4447 Arg B R At I

9 Cys - 446 Tyr o B 12

9 TAIgT 432 His ER . This p.\per
0. Glus L 560 Pro C 15 -

€ 2000 Taylor & Francis, JSSN (00155538
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Arg
CGC

AAATGCT GTGCGCTGGCAC CTCA

His
CAC

AAAT GCTGT GCACTGGCACCTCY
3 % 100

Fig. 1. Purtial electropherogram showing the region of exon 9 of the
steroid sulfatase gene with the point mutation. The transition
1567G — A 1hat results in the substitution ol an arginine by as histidine
{Arg432His} can be scen. Normal control {1op). XL} patient (bottom).
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Expression of Basal-Cell Adhesion Molecule (B-CAM) in

Human Epidermis

To the Editor:

I read with interest the recent article by Schén et al on the
expression of basal-cell adhesion molecule (B-CAM) in human skin
(Schén et al, 2000) documenting association of B-CAM expression
with activated states of keratinocytes. The authors provide
convincing evidence that, besides its known function as a laminin
receptor, B-CAM may be involved in cell-celf interaction or
migration.

In this context I would like to bring to your attention data
regarding B-CAM expression in human skin that might not have
been accessible to the authors at the time their manuscript was
submitted. We have been analyzing B-CAM expression in norma!
and discased human skin utilizing the monoclonal antibody G253
that has also been employed in the paper by Schén et al. Contrary
to their observation, but in line with previous findings (Garin-
Chesa et al, 1994), the majority of specimen from normal human
epidermis exhibited B-CAM positive suprabasal keratinocytes. In

Manuscript received February 6, 2001; accepted for publication May 23,
2001.

Reprint  requests to: Prof. W-H. Boehncke, Department of
Dermatology, Frankfurt University Medical School, Theodor-Stern-Kai
7. D-60590 Frankfurt, Germany. Email: bochncke@em.uni-frankfurt.de

contrast, B-CAM expression in fetal epidermis was restricted to
basal keratinocytes. The outer root sheath of hair follicles in both
fetal as well as adult human skin regularly exhibited a B-CAM
positive phenotype. The level of B-CAM expression was higher in
psoriasis and contact dermatitis. We interpret our observations as
evidence for B-CAM being a keratinocyte differentiation marker
(Bernemann et al, 2000). This notion is supported by the effects of
Ca?* levels on the B-CAM phenotype of keratinocytes as described
by Schén et al.

‘Wolf-Henning Boehncke
Department of Dermatology, Frankfurt University
Medical School, Frankfurt, Germany
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Maternal Transmission of the 3 bp Deletion within Exon 7 of
the STS Gene in Steroid Sulfatase Deficiency

To the Editor: .

Steroid sulfatase (STS) enzyme (EC 3.1.6.2) is present in the
microsomal fraction of the cell and is capable of hydrolyzing
sulfated sterols (Hobkirk, 1985; Dibbelt and Kuss, 1991). STS
deficiency is the biochemical defect in X-linked ichthyosis (XLI}, a
disease that clinically presents dark, adhesive, and regular scales of
skin (Shapiro and Weiss, 1978), STS assay or FISH analyzes allow
an XLI diagnosis and identify XLl-carriers (Baden ef al, 1980;
Epstein and Leventhal, 1981; Okano e al, 1985; Hermann ¢ al,
1987; Matsumoto et al, 1990; Aviram-Goldring et al, 2000). STS
cnzyme is encoded by the STS gene on the short arm of the
X-chromosome (Muller et al, 1981). Most STS enzyme deficient

Manuscript teceived May 7, 2001; revised June 1, 2001; accepted for
publication June 11, 2001,

Reprint requests to: Dr. Sergio Cuevas Covarrubias, Servicio de
Genética, Hospital General de México, Dr Balmis 148 Col. Doctores
C.p. 06726, México D.F., México. Email: sergioa@servidor.unam.mx

patients present large deletions of the entire STS gene and flanking
sequences (Bonifas et al, 1987; Shapiro et af, 1989; Cuevas-
Covarrubias ef af, 1997; Aviam-Goldring et al, 2000). Only a few
point mutations or partial delctions have been identified (Bonifas
et al, 1987; Ballabio ef al, 1989; Shapiro et af, 1989; Basler et al,
1992; Nomura et al, 1995; Alperin and Shapiro, 1997; Morita et al,
1997; Aviram-Goldring et al, 2000; Oyama et al, 2000; Sugawara et
al, 2000; Valdes et al, 2000). In this study, we describe an XL1
patient with the first 3 bp intragenic deletion of the STS gene
causing XLI and demonstrate the maternal transmission of this
molecular defect.

MATERIALS AND METHODS

Patient  The patient was referred as having ichthyosis to the General
Hospital of Mexico. He was lhe only :hlld of du: family. The patient
and his rother were infc d about the ch ics of the study and
they agreed to participate. Protocol was cvaluated and approved by ‘the
Ethics Committee. The patient showed a moderate degree of
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CAT GTA GAA G TCT TCC AAA GGA GAA ATT CAT GGC

Figure 2. Amino acid sequence of the STS polypeptide. Normal
sequence of exon 7 of the STS gene with the respective anmno acids
(upper line) and the effect observed in the XLIE pattent desersbed i the
text (lower hine). A 3 bp deletion (shadowed area) only results in the Tos
of glutamine fonly nucleonides 12421280 and anuno acids 324-335 are
shown) The arone indicates the nucleotides confornung the new codon
that corresponds to the contigues codon i the nonmal annno acid
sequence. HLohia Voovall Eelus Sosen Ko lys, Goglve Tle

involvenient on the tunh, back, and upper extrennties and more severe

mvalvement on the lower extrenuties. No o chnieal findings were
observed in his nrocher
STS assay  STS activisy wan deternunied in leukocytes of the XLI

e s
U -dehydroepndrosterone sulfate ae

Dhaarte of al, 19590)

panent and his mother ua
desenbed elhewhere (Niranda

Mutation  detection DNA - extraction
conventional way (Lench er al, 1985 All exons of the STS gene were
anmalyzed by polymerse cham reaction (PCRY - The condinons and
prumen to amphty these remons are desnbed ehewhere (Ballabwo er ol
19903 Oyamna el 2000, Valdes-Flates o ol 2000 DNA sequence
amalysis was performed man ABI Prism Genene Analyzer (Perkin Elmer,
CA, USA)

wi pertormed i the

RESULTS AND DISCUSSION

The XLI pattent had no STS acuvity {000 pmol per my protein
per h), corroborating the XLI duagnosis. STS activity of his mother
was very low (0.30 pmol per mg protein per b versus 0.85 pmol per
mg protein per h of normal control). PCR analysis of the XL
patient showed normal amphtication ot all exons of the STS gene.
In the DNA sequence analysis, the loss of nucleotides AAG at
positions 1252-1254 within exon 7 of the STS gene was observed
(Fig 1) DNA analysis of the patient’s mother showed an
heterozygote state for chis condition (Fig 1).

K T C ¥YWwuMCRAAGR

Figure 1. DNA sequence of the STS gene of
the XLI patient and his mother, DNA
sequence of exon 7 of the STS gene of the XLI
pavent (middie line), carrier mother {lower line),
and normal control (upper line), only a sumall
fragment s shown (starung at nucleoude 1241).
The misang regron of 3 bp observed 1n the XLI
patient 1s underhining i the nornul control. The
heterozvgote  state of the mother is observed
starting at nucleonde 2 W=A+-T, R =
GeAR=2T+«GY=C-T M=4+C
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Most XLI panents lack the entire §TS gene and flanking
sequences. These lirge deletions appear to be due to unequat
recombiranon between low copy nutiiber repeats on either side of
the ST ne (Ballabio ef ol 1990h; Yen e al, 19901 In this study,
we obrerved AAGJel1252 of the $TS gene ¢ orrupondm}, to the
last two nucleotides of the codon 327 and the tirst one of the codon
323 (Fig 2;. This indicates that homologous recombination does
not apply o all $ gene delevons. As STS actvaty of the patient’s
mother was very fow, analyzed her DINA and found an
heterozygote state tor the same molecular defect It has also been
reported that most sporadic cases i XL correspond to nherited
cases (Cuevas-Covarrubuas o al. 1995), and we confirnied it in our
fanuly. Although the nucleotides tvolved i AAGIel1252 did not
correspond to a speatic codon, this 3 by deletion only resulted in
the absence of glutmune at posiwon 327 aof the STS enzyme
(AEI2T) and not m a frameshitt mutanon. This amino acid is tound
i the C-ternunal regron atter the second N-tinked glyceosylation
site. It has been suggested that the N-terminal doman contains the
catalytic site whereas the C-termimal region probably contains the
substrate binding site (Stein e . 1989 So, the mutanon reported
here would be atfecung the substrate binding region ot the STS
enzyme. nldmnml stdies wll be required o elucidate it this
mutaton .n ts halt-hite, tolding, dimenzagon, or post-translational
processing of STS enzvime

The myonny of patents have lirge deletons of the STS gene
and tlanking sequences: however, partial deletions and poime
mutations - exon and antron reglons have also been reported.
Now, we report the first mtragenic deletion of 3 bp of the STS
gene observed in XLI. These data ndicate that all molecular
defects occur in XLI

we
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Animal Model of Sclerotic Skin. IV: Induction of Dermal
Sclerosis by Bleomycin is T Cell Independent

To the Editor:

Systemic sclerosis (SSc) is a chronic connective tissue disorder
characterized by excessive collagen production by activated
fibroblasts resulting in the depaosition in the dermis (Kricg and
Meurer, 1988). Alhough a number of attempts have been
made, the pathogenesis of SSc still remains unknown Pr:vmus
studics have suggested i logicall
involving immunocytes mﬁllratmg in the dermis. ln its early
stage, SSc is associated with intense mononuclear cell infiltration
(Fleishmajer e al, 1977; Roumm et al, 1984), which is mainly
composed of T lymphocytes, mast cells, and monocyte/
macrophages, along with a smaller numbec of B cells and
plasma cells. Several inflammatory or fibrogenic cytokines
released from T cells and monocyte/macrophages are suggested
to play an important role in the induction of tissue fibrosis in
the affected sites. Bleomycin (BLM) is an antitumor antibiotic
used for the therapy of a variety of cancers. It is well known
that pulmonary fibrosis can be induced in patients treated with
BLM as a side-effect. Thus, BLM induced lung fibrosis is an
established animal model, r human pul y fibrosis
histologically and biochemically (Ad:mson and Bowden, 1974;

Manuseript received August 21, 2001; accepted for publication October
4, 2001,

Reprint requests to: Dr. Toshiyuki Yamamoto and Department of
Denmatology, Tokyo Medical and Dental University, School of Medicine,
1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519, Japan.

Aso e al, 1976; Chandler, 1990), In vive T cell depletion with
anti-T cell antibodies has been shown to either reduce or
completely abrogate BLM-induced pulmonary fibrosis (Thrall e
al, 1980; Piguet ¢ al, 1989). On the other hand, results of
athymic nude mice lacking functional T lymphocytes have been
controversial. One study showed histologically similar fibrosis in
nude, euthymic mice after BLM trcatment (Szapiel e dl, 1979),
wheteas another study showed that BLM was not fibrogenic in
nude mice (Schrier et al, 1983). On the contrary, a recent study
has demonstrated that BLM-induced lung fibrosis occurred in
CS7BL/6 SCID and (C57BL/6XCB.17)FI1SCID mice compar-
able with that seen in wild-type mice, suggesting that the initial
induction of lung fibrosis is lymphocyte-independent (Lake-
Bullock e af, 1999). We have recently established a mice model
for scleroderma by repeated local injections of BLM (Yamamoto
et al, 1999a). In this study, in order to determine the role of
lymphocytes in the induction of dermal sclerotic lesions, we
examined whether dermal sclerosis can be induced in SCID
mice using our method. Specific pathogen-free, 6-wk-old,
fermale BALB/C mice (wild-type) and age- and sex-matched
BALB/C SCID mice (weighing about 20 g} were purchased
from Clea (Tokyo, Japan), and maintained with food and water
ad libitum. BLM was dissolved in phosphate-buffered saline
(PBS) at a concentration of 100 Mg per ml, and sterilized by
filtration (0.2 pm). One hundred microliters of BLM or PBS
were injected subcutaneously into the shaved back of mice
every other day for 4 wk with a 27-gauge needle, The back



CONCLUSIONES

Considerando que la mayoria de los paéientes con ILX presentan deleciones génicas
totales como causa de la enfermedad el analisis molecular inicial se realizé6 mediante la
amplificacién de los extremos 5°y 3°del gen STS en todos los casos. Los primeros
resultados mostraron ausencia de ambos extremos del gen en 81 de estos pacientes, lo
que indicé que 96 % presentaban delecidn génica total como causa de la enfermedad.
Estos datos son similares a lo informado en la literatura internacional con respecto a las

mutaciones del gen STS (51-53, 73).

El primero de los 4 pacientes restantes mostré amplificacion normal del extremo 5°del

1"1‘ ;'sencia del extremo 3°(ex6n 10). Tomando en cuenta estos
n el fm de delimitar los sitios de ruptura, se procedié a la
. gmphﬁcac[én e lo exones 2 -5> y 7-9 asi como de las regiones flanqueadoras hacia la
‘ - del gen 'E éﬁ%ilis;is final mostré que esta delecion comprometia ademds de los
exones 2-10, las ; fegiones DXS1131 y DXS1133. En este caso, la pérdida de
. précticamente todo el gen STS, condicionaria la ausencia de la enzima (incluyendo sitio
activo, dominios transmembranales y sitio de unién a ligando) ocasionando asi la
ausencia de su funcién. Estos resultados nos permitieron documentar en la literatura
internacional la cuarta delecion parcial del gen STS y la primera que compromete la

region ya descrita (58). J Invest Dermat. 2000 Mar;114(3):591-93.

El anilisis molecular inicial de otro de los pacientes con presencia parcial del gen,
mostré la presencia del exén 10, pero no del exén 1. Considerando estos hallazgos, se
amplificaron los exones 2, 5 y 6-9 del gen ademas de las regiones adyacentes al exon 1.

Los resultados revelaron que la delecién incluia solamente los exones 1-5, sin
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comprometer ninguna de las regiones flanqueadoras del extremo 5°. Esta delecion de los
exbhes 1-5 del gen STS en la cual se pierden 53.7 kb del extremo 5’, produciria la
presencia de una proteina truncada y no funcional, traduciéndose bioquimicamente en
la pérdida de actividad enzimdtica. Esta delecién es la primera reportada con estas
caracteristicas y representa la quinta delecion parcial del gen STS documentada en la
literatura (59). J Invest Dermat. 2001 Mar 116(3):456-8, En este caso, los estudios

bioquimicos y moleculares en la familia detectaron 3 pacientes mas.

El estudio del gen STS en el tercero de los cuatro pacientes revelo la presencia de todos
los exones del gen, por lo que se procedi6 al anilisis de la secuencia total del gen. Los
resultados mostraron la pérdida de 3 nucleétidos (AAG) en el exon 7 (posiciones 1252~
1254). Esta microdelecién incluy6 los dos dltimos nucle6tidos del codén 327 (AA) y el
primero del cod6n 328 (G). Este cambio no modifica la fase de lectura de la proteina,
sin embargo, condiciona la pérdida de una glutamina en la posicién 327 (extremo
COOH). Considerando que posiblemente el sitio de uni6n a ligando en esta proteina se
ubica en el extremo carboxilo, es posible que la pérdida de actividad enzimatica en este
paciente se relacione con la falta de reconocimiento e interaccion entre la SE y sus
substratos. Esta mutacién corresponde al primer informe de una microdelecion
intragénica en el gen STS (60). J Inves Dermat. Oct; 117(4):997-999, 2001. El estudio
bioquimico en la madre de este paciente permitié identificar su condicién de portadora'y

la secuenciacion permitié confirmar el estado hetereocigoto de la madre.

El andlisis del ultimo paciente mostré amplificacidén de todos los exones del gen STS,
procediéndose entonces a la secuenciacién de los 10 exones del gen (ABI PRISM 310
de Perkin-Elmer). Este método permitié identificar una mutacion puntual en el exén 9
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del genr én eflk;'!ué]eétido 1567 (1567G—A). Esta transicién resulta en el cambio de una

ja‘rvginvi;a p;r' una histidina en la posicién 432 de la secuencia de aminodcidos original. A
7 pesarde “q‘ue‘ ambos aminodcidos (arginina e histidina) son considerados como

: hiicl;bﬁvlii:os, la histidina representa un iminodcido con un anillo aromitico en su
estructura Con el fin de descartar un posible polimorfismo se buscé intencionadamente
ééie cambio en miembros de la familia no afectados, en pacientes con entidades como el
Sx. de Turner (n= 4), ictiosis vulgar (3) y controles masculinos (n= 15) y femeninos
sanos (n= 15). En ninguno de ellos se presenté esta mutacién (66). Acta Derm

Venercol 2001;81:54-55,

Con respecto a las diversas mutaciones puntuales informadas en la ILX (incluyendo la
reportada por nuestro grupo), es posible que los cambios en la secuencia original de aa
de la SE ocasionadas por estas mutaciones modifiquen su estructura en regiones
especificas de la proteina, condicionando asi su inestabilidad, la falta de interaccién con
! sﬁs diferentes substratos o bien favoreciendo su rapida degradacion. Por el momento, no
: se han documentado en la literatura mutaciones puntuales en los residuos que
“conforman los dominios transmembranales, tampoco en los sitios potenciales de N-
‘glicosilacién ni en el sitio activo de la enzima (H"®). Es importante sefialar que
solamente dos de las mutaciones puntuales informadas (casos 2 y 3 de la tabla 1) se
presentan en residuos considerados evolutivamente conservados, esto con respecto a la
familia génica de las arilsulfatasas. En los casos de deleciones totales del gen STS la
falta de la proteina podria condicionar la ausencia de funcion de la SE. Cuando se
presentan deleciones parciales intragénicas o terminales el defecto bioquimico se
relaciona con la presencia de una proteina truncada, no funcional y posiblemente

inestable. En los casos de mutaciones puntuales pueden ocasionarse pérdida de
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actividad catalitica, o bien la falta de reconot:iniicnto ‘de los substratos (dependiendo del

tipo y sitio del cambio).

Al analizar la distribucién de las diferentes niﬁtaciones puntuales documentadas en la
literatura, llama la atencién que todas se ubican en el extremo COOH de la proteina, el
cual se ha considerado como el sitio de unidn a ligando (s). Por el momento no se han
identificado mutaciones en el extremo NH2, a pesar de que el sitio activo de la enzima
se localiza en esta region (H'®). Consideramos que la realizacién de estudios
complementarios (i.e.,, mutagénesis dirigida) permitirda conocer el efecto de las
diferentes mutaciones sobre la presencia y caracteristicas de la enzima (vida media,
estabilidad, dimerizacién, actividad catalitica, procesamiento o bien modificaciones

postraduccionales).

Finalmente, debemos seiialar que en Ja ILX no se ha observado variabilidad fenotipica

con respecto al tipo de mutacién presente en cada caso.
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