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Abstract

Recently a novel case of angiokeratoma corporis diffusum with
glycoaminoaciduria was described in a 46-yr-old Japanese
woman. Known causes of the cutaneous manifestation were
eliminated by enzyme analyses, and further characterization of
the accumulated urinary O-linked sialopeptides revealed iden-
tity to those excreted by patients with an infantile neuroaxonal
dystrophy due to lysosomal a-N-acetylgalactosaminidase defi-
ciency. Investigation of the a-N-acetylgalactosaminidase activ-
ity and protein in the proband revealed less than 2% of normal
activity and the absence of detectable immunoreactive enzyme
protein, findings comparable to those in the patients with infan-
tile neuroaxonal dystrophy and a-N-acetylgalactosaminidase
deficiency. In addition, the proband’s unaffected offspring had
half-normal levels of a-N-acetylgalactosaminidase activity,
consistent with this enzymatic deficiency being the primary met-
abolic defect in this autosomal recessive trait. Ultrastructural
examination of skin and blood cells from the adult proband
revealed the presence of prominent lysosomal inclusions con-
taining diffuse amorphous and filamentous material. In con-
trast, these morphologic findings were not observed in the non-
neural tissues from patients with infantile neuroaxonal dys-
trophy and a-N-acetylgalactosaminidase deficiency. These
studies document the occurrence of two forms of a-N-acetylga-
lactosaminidase deficiency and sialopeptiduria, a severe infan-
tile-onset form of neuroaxonal dystrophy without angiokera-
toma or visceral lysosomal inclusions and an adult-onset form
characterized by angiokeratoma, extensive lysosomal accumu-
lation of sialoglycopeptides and the absence of detectable neuro-
logic involvement. (J. Clin. Invest. 1991. 87:707-711.) Key
words: a-N-acetylgalactosaminidase » angiokeratoma corporis
diffusum ¢ lysosomal hydrolase

Introduction

Angiokeratoma corporis diffusum is the dermatologic hall-
mark of several inherited lysosomal storage diseases (1) includ-
ing Fabry disease, aspartylglycosaminuria, fucosidosis, Gy,
gangliosidosis type 2, galactosialidosis, 8-mannosidosis, and
sialidosis (2-7). These cutaneous lesions are telangiectasia (i.e.,
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ectatic vessels) that result from the progressive lysosomal depo-
sition of certain undegraded glycolipids, glycopeptides, and/or
oligosaccharides in the endothelial cells of capillaries and small
vessels in the papillary dermis of individuals with these dis-
orders. The lesions first appear as isolated small red ““petechial-
like” maculae and are characteristically distributed on the um-
bilicus, genital area, and lower extremities. With age, they in-
crease in density and the larger lesions become hyperkeratotic
dark blue to black papules; hence, the descriptive designation
as angiokeratomas.

Recently, Kanzaki and colleagues (8) described a 46-yr-old
Japanese woman, the product of a consanguineous union, who
had angiokeratoma corporis diffusum and glycoamino-
aciduria. Biochemical analyses clearly ruled out the above
inherited forms of angiokeratoma, and further studies re-
vealed that the accumulated urinary glycoaminoacids were
O-linked sialopeptides (e.g., NANAa2—>3Galg1—>3Gal-
NAcal—O-threonine or serine, [9]). Because the patient had
normal a-neuraminidase and 8-galactosidase activities, the na-
ture of the specific metabolic lesion underlying the sialoglyco-
peptiduria was unclear. At about the same time, a new form of
inherited infantile neuroaxonal dystrophy due to the deficiency
of lysosomal a-N-acetylgalactosaminidase was identified in
two consanguineous German sibs (10, 11). The affected
brothers appeared to develop normally during the first year of
life and then experienced a rapid neurodegenerative course.
Identification and subsequent characterization of the accumu-
lated urinary glycopeptides excreted by the sibs led to the dem-
onstration that the primary enzymatic defect in this neuro-
degenerative disorder was the deficient activity of a-N-
acetylgalactosaminidase, a lysosomal glycosidase that releases
a-N-acetylgalactosaminyl residues from glycoconjugates in-
cluding O-linked glycopeptides (11, 12).

The possibility that the sibs with infantile neuroaxonal dys-
trophy and the woman with angiokeratoma excreted the same
or similar sialoglycopeptides suggested that these unrelated
probands may represent remarkably distinct phenotypic vari-
ants of the same enzymatic defect. Support for this concept was
provided by the recent demonstration that the urinary sialogly-
copeptides from the affected individuals were essentially iden-
tical (13). In this communication, we report that the specific
enzymatic defect in the Japanese woman with angiokeratoma
corporis diffusum and glycoaminoaciduria (8) is the deficient
activity of lysosomal a-N-acetylgalactosaminidase. This find-
ing not only identifies the enzymatic defect in an adult-onset
form of angiokeratoma corporis diffusum, but also delineates
the remarkably distinct adult and infantile phenotypes result-
ing from the deficient activity of a-N-acetylgalactosaminidase.

Methods
Morphologic studies. All biopsies were obtained from the proband with
informed consent. Tissue for light microscopy was fixed in formalin,
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embedded in paraffin, and sections were stained with hematoxylin and
eosin. For electron microscopy, specimens were fixed in glutaraldehyde
(5%), postfixed in 2% buffered osmic acid solution for 2 h, and embed-
ded in Epon. Semithin sections were stained in Azur II-toluidine blue
and ultrathin sections were contrasted with uranyl acetate and lead
citrate.

Biochemical studies. a-N-acetylgalactosaminidase activity in
plasma, cultured fibroblasts, and lymphoblasts was determined with
4-methylumbelliferyl-a-N-acetylgalactosaminide ~ (4MU-a-GalNAc)
(14) as previously described (11). Protein concentrations were deter-
mined by the fluorescamine method (15).

a-N-acetylgalactosaminidase was purified to homogeneity from hu-
man lung as described (16, 17) and used to produce antibodies in New
Zealand white rabbits. Immunoblotting of fibroblast extracts, equal-
ized for total protein, were performed as previously described (18) with
10 pg of anti-a-GalNAc IgG per milliliter. The sensitivity of this proce-
dure was determined to be 0.00003 nmol per second of a-GalNAc
activity (11).

Results

Case report. The proband was a 46-yr-old Japanese woman,
the product of a first cousin union. She was the youngest of ten
children, the three oldest siblings died in infancy of measles
and pneumonia, and two brothers died of heart failure and
tuberculosis at 63 and 20 years of age, respectively. She has two
sisters, two brothers, a son, and a daughter. She was healthy
until about age 28, when a disseminated petechiae-like erup-
tion was first noted. The lesions initially appeared on the lower
torso and spread in a distribution essentially identical to that
observed in males affected with Fabry disease (2). At age 48, she
had an episode of angina pectoris which has not reoccurred.
She currently works as a hospital aid. No dermatologic mani-
festations were observed in her four healthy living sibs or her
two healthy children.

On examination, the patient was 150.5 cm tall and weighed
70 kg. She had no organomegaly or lymphadenopathy. There
were no detectable neurological, motor, skeletal, or ocular ab-
normalities. Her facies were slightly coarse with an enlarged
nasal tip and depressed nasal bridge, thick lips, and widely
spaced teeth. An EKG was normal.

Dermatological examination revealed dry skin with red to
purple maculopapules ranging from less than 1 to 3 mm in
diameter and over 100/cm? in the most dense areas (Fig. 1).
The telangiectasia were densely distributed over the lower ab-
domen, groin, and buttocks, and less densely on the face,
breasts, and fingers. The larger lesions were hyperkeratotic and
did not blanch with pressure. Similar lesions were observed on
the lips, as well as the oral and pharyngeal mucosa. Gastro-
scopic examination revealed telangiectasia on the gastric mu-
cosa. Dilated blood vessels were observed in the ocular conjunc-
tiva, and retinal vessels with a corkscrew-like appearance were
observed by fundoscopy. No retinal hemorrhage, cherry-red
spot, or corneal opacities were observed.

Morphologic studies. Histopathologic examination of the
skin lesions revealed localized hyperkeratosis and dilated thin
walled blood vessels, which were sometimes blood filled (Fig. 2
A). Dilated vessels were also observed in the mid and upper
dermis. Cytoplasmic vacuoles were observed in peripheral
granulocytes, monocytes, and lymphocytes in blood smears
with Giemsa stain.

Ultrastructural analysis revealed the presence of numerous
cytoplasmic vacuoles in vascular endothelial cells, pericytes,
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Figure 1. Distribution and density of angiokeratomas on the back of
the proband’s thigh.

fibroblasts, fat cells, Schwann cells, neural axons, arrector
smooth muscle cells, sweat gland cells, and peripheral leuko-
cytes. These membrane-lined vacuoles, which were most prom-
inent in the vascular endothelium and sweat gland cells (Fig. 2
B and C), contained diffuse amorphous and filamentous mate-
rial. Vacuoles in vascular endothelial cells had multilayered
basal laminae, while electron-dense lamellar structures were
observed in some vacuoles in sweat gland cells (Fig. 2 C).

Characterization of the enzymatic defect. Table 1 shows the
a-N-acetylgalactosaminidase activities in various sources from
the proband with angiokeratoma corporis diffusum and sialo-
glycopeptiduria. Using the specific fluorogenic substrate,
4MU-a-GalNAc, less than 2% of the respective mean normal
values were observed in plasma and in cultured cell extracts.
This residual activity was not due to assay variability or to
background fluorescence, because the activity was linear with
time and protein concentration (data not shown). When fibro-
blast extracts from the affected proband (0.44 nmol/s per g)
and from an unrelated normal individual (65.4 nmol/s per g)
were mixed, the expected average activity (26.3 nmol/s per g)
was observed. The activities of a-galactosidase A, $-galactosi-
dase, a-fucosidase, a-neuraminidase, and aspartylglycosamini-
dase in fibroblast and/or lymphoblast extracts from the pro-
band were normal or slightly elevated (data not shown). The
a-N-acetylgalactosaminidase activity in plasma from three of
the proband’s four living sibs and in plasma and cultured cell
extracts from the proband’s two children were reduced to
~ 50% of normal mean values, consistent with the heterozy-
gous expression of the autosomal recessive enzymatic defi-
ciency (Table I).



Figure 2. (4) Histopathology of a skin lesion showing hyperkeratosis
of the epidermis and dilated capillaries in the upper dermis (hema-
toxylin-eosin; magnification, 20). (B) Vascular endothelial cell with
numerous single-membrane lined vacuoles (arrow) in the cytoplasm
(magnification, 3,500). (C) Secretory portion of sweat gland cells
showing vacuoles in their cytoplasm, some containing amorphous as
well as electron-dense lamelated structures (arrow) (magnification,
3,000).

To further characterize the nature of the enzymatic defect,
immunoblot studies were performed with fibroblast extracts
from family members and unrelated normal individuals as
controls. Using monospecific rabbit anti-human «-N-acetylga-
lactosaminidase antibodies, two immunoreactive bands of 48
and 117 kD, consistent with the monomeric and dimeric forms
of a-N-acetylgalactosaminidase (17), were detected in fibro-

Table I. a-N-Acetylgalactosaminidase Activity in Family Members

Source Plasma Lymphoblasts  Fibroblasts
nmol/s per liter or g protein*

Proband, affected homozygote 0.05¢ 0.05 0.28
Brother 1, heterozygote 1.78 — —
Brother 2, heterozygote 2.84 — —
Sister 1, noncarrier 7.69 — —
Sister 2, heterozygote 2.54 — —
Husband, noncarrier 4.78 14.47 —
Son, heterozygote 3.33 8.97 43.3
Daughter, heterozygote 3.28 — —
Normal mean+1 SD 5.64+1.33 17.6x4.58 100+17.4
Range 4.00-8.33 10.5-27.2 66.9-126
n 23 13 12

* Assayed with 0.8 mM 4-methylumbelliferyl-a-N-acetylgalactosa-
minide. * Values for the family members represent the average of
seven independent determinations.

blast extracts from an unrelated normal individual, and from
the proband’s heterozygous son (Fig. 3). In contrast, neither
immunoreactive band was detected in fibroblast extracts from
the proband. These findings indicated that the enzymatic de-
fect in the proband was due to a mutation in the gene encoding
a-N-acetylgalactosaminidase, which resulted in the absence of
immunologically detectable enzyme protein.

Discussion

Previously, the finding of angiokeratoma corporis diffusum in
a mentally normal adult woman suggested the possible diagno-
sis of Fabry disease (a-galactosidase A deficiency) because rare
female carriers of this X-linked recessive disorder have been
described with this cutaneous manifestation (2). However, the
demonstration that the proband had normal a-galactosidase A
activity as well as normal activities for the other lysosomal
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Figure 3. Immunoblot
analysis of fibroblast ex-
tracts using anti-a-N-
acetylgalactosaminidase
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antibodies. Fibroblast
extracts from the pro-
band (lane /), the pro-

48 band’s heterozygous son
(lane 2), and a normal
individual (lane 3). See
text for details.
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enzymes whose deficiencies are characterized by angiokera-
toma corporis diffusum (1-7), led Kanzaki and colleagues to
search for other metabolic explanations. The discovery that the
proband had sialoglycopeptiduria provided the initial clue, but
the activities of the relevant glycosidases including a-neuramin-
idase were normal (9). Thus, the nature of the underlying meta-
bolic defect in this new form of angiokeratoma remained ob-
scure.

Insight into the etiology of the sialoglycopeptiduria was
provided by the almost simultanecus report of a new form of
infantile neuroaxonal dystrophy due to lysosomal a-N-acetyl-
galactosaminidase deficiency (10). These infants excreted sia-
loglycopeptides which suggested to one of us (Dr. Desnick) the
possibility that the proband’s sialoglycopeptiduria also may be
due to the deficient activity of this enzyme which normally
hydrolyzes the O-glycosidic linkage in glycopeptides. In sup-
port of this hypothesis was the finding that the urinary glyco-
peptides from the proband and from the affected brothers with
a-N-acetylgalactosaminidase deficiency had the same or simi-
lar structures (9, 12, 13). The demonstration of deficient a-N-
acetylgalactosaminidase activity in the proband confirmed the
hypothesis. Mixing experiments ruled out the presence of inhib-
itors as well as the lack of specific activators as the cause of the
enzymatic defect. Both of the proband’s children had interme-
diate levels of enzymatic activity consistent with the autosomal
transmission of the recessive allele. In addition, immunologic
studies revealed the absence of cross-reacting immunologic en-
zyme protein (Fig. 3). Finally, ultrastructural studies revealed
the presence of lysosomes containing undegraded amorphous
and filamentous material, consistent with the storage of glyco-
peptides and oligosaccharides. Thus, the combined biochemi-
cal, immunologic, and ultrastructural studies demonstrated
that the deficient activity of a-N-acetylgalactosaminidase is the
primary enzymatic defect causing the lysosomal accumulation
of O-linked glycopeptides and the resultant angiokeratoma
corporis diffusum in the proband.

It is notable that the deficiency of a-N-acetylgalactosamini-
dase activity can result in the two markedly distinct phenotypes
observed in the sibs with infantile-onset neuroaxonal dys-
trophy and the proband with adult-onset angiokeratoma cor-
poris diffusum. Both types of a-N-acetylgalactosaminidase de-
ficiency are characterized biochemically by the excretion of the
same sialoglycopeptides and the absence of immunologically
cross-reacting enzyme protein in cultured fibroblasts. The ab-
sence of detectable neurologic involvement in the adult-onset
form suggests that sufficient residual activity or function is pres-
ent in neural cells to prevent the neuroaxonal pathology ob-
served in the infantile-onset patients. The fact that the mutant
enzyme protein is not immunologically detectable may reflect
the relative instability of the enzyme in cultured fibroblasts. It
is conceivable, but speculative, that a very low level of residual
activity in the neurons of the proband may be sufficient to
prevent the severe neurologic manifestations that characterize
the infantile-onset disease. It has been suggested that a-N-ace-
tylgalactosaminidase also may function in neuroaxonal trans-
port and that this domain is defective in the infantile-onset
patients (11), whereas one may hypothesize that the mutation
in the a-N-acetylgalactosaminidase gene that causes the adult-
onset form with angiokeratoma renders the enzyme unable to
hydrolyze O-glycopeptides, but retains sufficient neuroaxonal
function to prevent the early neurodegenerative course. The
occurrence of neurologic and non-neurologic forms of other
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lysosomal storage diseases is well known. For example, the spe-
cific molecular lesions causing the neuronopathic and non-
neuronopathic forms of Gaucher and Niemann-Pick disease
have been identified in the acid 8-glucosidase gene (19) and the
sphingomyelinase gene (20), respectively. Thus, it is likely that
a mutation in the a-N-acetylgalactosaminidase gene, which re-
sults in an altered, albeit unstable protein, may retain sufficient
enzymatic activity or function to prevent the development of
neurologic manifestations. Alternatively, the a-N-acetylgalac-
tosaminidase gene may be differentially expressed in neuronal
sues, which might account for the absence of neuroaxonal
pathology in the adult patient. However, determination of the
neural a-N-acetylgalactosaminidase activity or the presence of
neuronal pathology from the proband would require a neural
biopsy that could not be justified.

Recently, the molecular nature of the lesion causing the
infantile form of a-N-acetylgalactosaminidase has been shown
to be a missense mutation in codon 325 of exon 8 of the a-N-
acetylgalactosaminidase gene that alters a glutamic acid to a
lysine residue (21, 22). Notably, transient expression of the
mutant enzyme in COS-1 cells resulted in the production of an
immunologically detectable enzyme protein evidencing the
fact that the enzyme was synthesized, but was markedly unsta-
ble (21). Future identification of the molecular lesion causing
a-N-acetylgalactosaminidase deficiency in the proband with
angiokeratoma and expression of the mutant protein may pro-
vide insight into the biochemical nature of the enzymatic de-
fect. Whatever the precise molecular lesion, it is clear that the
adult-onset of angiokeratoma due to a-N-acetylgalactosamini-
dase and the absence of detectable angiokeratoma in the in-
fants with neuroaxonal dystrophy are caused by allelic muta-
tions that differentially alter the enzyme protein. Understand-
ing of the pathogenesis of this new form of angiokeratoma will
provide further information about the function of this lyso-
somal enzyme. However, an unresolved question is whether
the proband has neuropathology which may become manifest
later in adult life. Analogously, will the sibs with infantile-onset
neuroaxonal dystrophy develop angiokeratoma in the future?
Clearly, a-N-acetylgalactosaminidase deficiency should be con-
sidered in the differential diagnosis of angiokeratoma corporis
diffusum. The enzyme deficiency can be readily detected in
plasma, isolated leukocytes, or cultured fibroblasts as well as by
the analysis of urinary glycopeptides and oligosaccharides
(11, 13).
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