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Polymyositis and dermatomyositis are
members of a group of disorders in which
muscular weakness is the principal clinical
feature and inflammatory or degenerative
lesions of the striated muscles are the chief
pathological characteristics (1). In recent
years there has been considerable interest in
the possibility that lysosomal acid hydrolases
may play an important role in inflammation
(2-5). It is suggested that cells, which in-
clude blood polymorphonuclear leukocytes
and tissue macrophages, might migrate to the
inflammatory sites and there partially dis-
charge their lysosomal enzymes into the ex-
tracellular spaces, probably as a result of
aggressive endocytosis (6, 7). Increased ac-
tivities of lysosomal enzymes have been
found in inflamed tissues in connective tissue
disorders (8-10) and also in experimentally
induced inflammation in animals (11). It has
also been shown that the beneficial action of
anti-inflammatory drugs may result, at least
in part, from lysosomal enzyme inhibition
(12, 13), stabilization of cell or lysosomal
membranes (14, 15), or decreased influx of
leukocytes (16). It seemed to us, therefore,
to be of interest to measure the activities of
lysosomal enzymes in serum from patients
with various inflammatory conditions includ-
ing polymyositis, systemic lupus erythemato-
sus (SLE), and other systemic collagen dis-
eases and to compare them with those present
in serum from patients with some noninflam-
matory conditions such as the muscular dys-
trophies and some neuromuscular disorders.
Two lysosomal indicator enzymes, J-ace-
tylglucosaminidase (17) and arylsulfatase A
(18), have been studied. Serum level of

1 This study was supported by U.S. Public Health
Service Grant 15759 and by the Muscular Dystrophy
Associations of America, Inc.

creatine kinase (CK) has also been deter-
mined as an indicator of skeletal muscle in-
volvement.

Materials and Methods. The 160 patients,
of both sexes, drawn from the Muscle Disor-
der Clinic and the Immunosuppressive Clinic
at the UCLA Hospital, ranged from 1 to 67
years in age. Thirty-five had polymyositis or
dermatomyositis, 65 had muscular dystro-
phies and other primary myopathies, 15 had
neurogenic diseases, 33 had SLE (most with
nephritis), 4 had scleroderma (progressive
systemic sclerosis), and 8 had various other
collagen—vascular disorders. Control sera were
obtained from normal volunteers or were
drawn from normal siblings of patients with
muscular dystrophy who attended the Muscle
Disorder Clinic. The 34 males and 49 fe-
males in the control group ranged in age from
5 to 58 years. Information was obtained
about the duration of the disease, drug thera-
py (past and present) and the extent and
activity of the disease. Routine laboratory
data including erythrocyte sedimentation
rates (ESR), total leukocyte counts and
serum levels of antinuclear antibody titers,
bilirubin, albumin, globulin and alkaline
phosphatase were obtained in all patients
with myositis and connective tissue disorders.
At the time of this study most of the pa-
tients with SLE were undergoing treatment
with the immunosuppressive drug, azathio-
prine, along with prednisone. Most enzyme
determinations were done on the same day
the serum was obtained. A few sera were kept
frozen at —18° and determinations were
made within 1 week and on only once-thawed
serum.

B-Acetylglucosaminidase  [B-2-acetamido-
2-deoxy-D-glucoside acetamidodeoxyglucohy-
drolase (EC 3.2.1.30)] activity was deter-

1480



*JTWT] [BULIOU 9AO(B SON[BA [JLA SUOTIRUITIIIP JO 958w

F1 13 0°ST I Ayyedofur proores qTm STABLS BIUST
_ 2'23 883 1 SIS0J8[08 TBIe%e[ orgdox
T Sv1-68 - g1 g'61-¢'0T — g'31r 9'91-T°6 2 £Lydoxye re[nosnu [e
ST F08-5¢ 0 9'91T 0°0%-6'31T 1T 8'TT 79T-1'6 6 £gdorye remnosnm
eT L3813 0 671 8°83-G'9 0 S0t 9'%1-0'9 03 sorqjedofm snoowe
4 FI1-31 0 g'el 0°93-1'9 0 STT 0'8T-3'8 8 £Lqdoxjs£p o
1t 8'6~63 0 17T 86198 0 80T 9FT-9°L 11 Lqdoxjsdp rerewnyorndes
13 63502 — 9°0T 0°92-%'8 — 381 0°ST-9°2 g LydoaysLp aermosnw
Jid $He-601 — L'6 0°ST—¥'8 — L'8 9°01-3'% (4 LqdoxysLp opaxs
Js 4 83LL~06T 0 3'eT 891-9'8 0 06 3'e1-0'9 03 £yqdoxysLp 1e[mosnw out
¥ 161~¢ 63 313 9'Ge—5'8 ¥ ¥'91 87880 LT s1p180£W03
3 0T6-8T 68 0'33 3Pe—¥'8 sg ¢'q1 g'8%-8'9 81 ST}1804
7 09-8T — g'9T 092-¥'8 — 01T 0'ST-2°g €8

BIL a3uey q% ueoIy oZwey 2% TBATY a3ury 80880 9sBISI(T

JoroN

/Tw/serour )
piie)

(xy/Tm/sorowrua)
V osejRIInsS[AIy

(uTur /o /sefomat )
eseprutmesoon[iL100vy-¢

'SIOPIOSTT pojerdy pue sorqdorgsf(q aemosnpy ‘soryredofy LIojewmepul UT S[OAST] QWAZUG WNIOF

T HTdVL



1482

mined using p-nitrophenyl-N-acetyl-
B-p-glucosaminide as substrate in citrate
buffer (19). The reaction mixture contained
100 mM citrate buffer (pH 4.5), 1 mM sub-
strate, and 0.1 ml serum in a total volume of
1 ml. The reaction was terminated, after in-
cubation at 37° for 1 hr, with 4 ml of 0.1 N
NaOH. The absorbance of 420 nm was deter-
mined and referred to p-nitrophenol stan-
dards treated in the same manner. Arylsulfa-
tase A or arylsulfate sulfohydrolase (EC
3.1.6.1) was assayed with p-nitrocatechol sul-
fate at pH 5.0 as described previously (20).
The reaction mixture contained 100 mM so-
dium acetate buffer, 5 mM substrate, 2.5 X
10~* M sodium pyrophosphate and 5%
(w/v) NaCl and 0.5 ml serum. The tubes
were incubated at 37° for 1 hr. The reaction
was stopped with 1.5 ml of 1 ¥ NaOH. The
absorbance of 515 nm was determined and
referred to p-nitrocatechol standards treated
in the same manner. Controls in which the
serum was added after incubation was kept
for each determination. In each enzyme assay
procedure the linearity of the assays with
time and enzyme concentration was checked.
CK [ATP:creatine phosphotransferase (EC
2.7.3.2)] was determined by a previously de-
scribed method (21) using preweighed re-
agent vials obtained from Calbiochem in Los
Angeles.

Results. Effect of storage. The effect of
storage on serum B-acetylglucosaminidase
and arylsulfatase A was studied. Serum sam-
ples frozen at —18° for 1 or more weeks
showed almost no changes in B-acetylglucosa-
minidase activity. The activity of arylsulfa-
tase A declined about 33% in 1 month (data
not shown).

Values in normal individuals. Serum levels
of B-acetylglucosaminidase, arylsulfatase A
and CK in normal individuals are shown in
Table I. There is little difference in serum
B-acetylglucosaminidase and arylsulfatase A
values between children and adults. The
serum CK level in normal children is slightly
higher than that in adults, but the range of
values is the same in both groups.

Values in inflammatory myopathies, mus-
cular dystrophies and related disorders. The
results of serum gB-acetylglucosaminidase,
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arylsulfatase A and CK assays in patients
with inflammatory myopathies, muscular dys-
trophies and other primary myopathies, and
neurogenic diseases are shown in Table I.
The patients with Duchenne muscular dys-
trophy, other dystrophies and noninflamma-
tory myopathies all showed serum g-ace-
tylglucosaminidase and arylsulfatase A within
the normal range. A majority of the patients
with neurogenic disease showed normal val-
ues for these acid hydrolases. Two cases
showed slightly increased values for B-ace-
tylglucosaminidase: a 50 year old man with
peroneal muscular atrophy, and a 48 year old
man with spinal muscular atrophy. A 62
year old woman with amyotrophic lateral
sclerosis showed greatly elevated values for
both enzymes.

Increased activities of serum g-acetylglu-
cosaminidase and arylsulfatase A were found
only in the group of patients with inflamma-
tory myopathies. About half of these patients
with polymyositis or dermatomyostis showed
elevated serum @B-acetylglucosaminidase activ-
ity. Raised levels of arylsulfatase A were
found in 34% of the patients in this group.

High serum CK values were constantly
present in patients with Duchenne dystro-
phy, limb-girdle dystrophy and adult onset
muscular dystrophy. Lesser elevated CK val-
ues were found in facioscapulohumeral dys-
trophy and myotonic dystrophy. Only 40% of
the patients with myotonic dystrophy showed
slightly elevated values. High serum CK ac-
tivity was also found in 3/4 cases of perone-
al muscular atrophy, 6/9 cases of spinal
muscular atrophy and 1 case of myasthenia
gravis. In the group of patients with inflam-
matory myopathies (35 cases), elevated
serum CK activity was found in 67% of pa-
tients with polymyositis and in 22% of pa-
tients with dermatomyositis.

The highest value of serum g-acetylglu-
cosaminidase (34.8 nmoles/ml/min) in in-
flammatory myopathies was found in a 49
year old woman with typical skin rash of
dermatomyositis and with no active muscle
involvement. This patient had normal serum
CK. A rise in serum CK activity has been
shown to generally be proportional to the rate
and severity of the myopathic process. Seri-



TABLE II. Serum Enzyme Levels in SLE and Other Systemic Collagen Diseases.

Creatine kinase
(nmoles/ml/min)

Arylsulfatase A

(nmoles/ml/hr)

B-Acetylglucosaminidase

(nmoles/ml/min)

No. of

%E

Range Mean

%E

Mean

Range

%E*

Range Mean

cases

Disease

43

18-60

16.5

8.4-26.0

11.0

5.7-15.0
9.8-27.1
7.6-22.7
8.2-37.1

83

None

24
40

0-104
13-74

26.7

73 8.4-56.4

18.2

33

SLE

23.3

9.8-38.7
8.4-40.0

12.5

Progressive systemic sclerosis

Miscellaneous disorders®
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12

25

3-87

25

20.7

50

19.5

8

@ Percentage of determinations with values above normal limit.

® Includes these patients: polyarteritis, 1; vasculitis, 3; temporal arteritis, 1; Wegener’s granulomatosis, 1; renal hypertension, 1; eollagen—vascular

disease undefined, 1.

al determinations of serum CK are by far the
best laboratory guides to the status of illness
as well as to response to treatment in pa-
tients with polymyositis (22). It is of interest
to note that increased serum g-acetylglu-
cosaminidase activity was found in 3 patients
with polymyositis and 6 patients with der-
matomyositis who had normal serum CK.
Some correlation was found between the
serum level of this enzyme and active inflam-
matory skin lesions and the erythrocyte sedi-
mentation rates in these patients. A 39 year
old woman with typical skin rash of dermato-
myositis, under treatment with prednisone
and methotrexate, had a high serum g-ace-
tygluocosaminidase activity (28.0 nmoles/
ml/min) but normal serum CK. The
skin lesions almost disappeared, and she
gained strength after treatment for 6 months,
and her serum gB-acethylglucosaminidase re-
turned to normal (13.7 nmoles/ml/min). No
correlations were found between the levels of
these hydrolytic enzymes and total blood
leukocyte counts or the duration of the dis-
ease in general.

Values in SLE and other systemic collagen
diseases. The serum levels of B-acetylglucosa-
minidase, arylsulfatase A and creatine kinase
in patients with SLE or other collagen dis-
eases are shown in Table II. Increased activi-
ty of serum pB-acetylglucosaminidase was
found in 24 out of 33 patients with SLE, in 3
out of 4 patients with polyarteritis or vascu-
litis (systemic or hypersensitivity). Three pa-
tients, one each with temporal arteritis, We-
gener’s granulomatosus or renal hypertension
had normal serum pB-acetylglucosaminidase
activity. Increased serum arylsulfatase A ac-
tivity was found in 14 out of 45 patients with
SLE or other collagen diseases.

On the other hand, serum creatine kinase
was normal in most of the patients. Only an
occasional patient with SLE or systemic
sclerosis showed serum creatine kinase values
slightly higher than normal (Table IT).

Raised pB-acetylglucosaminidase and less
often arylsulfatase A occurred particularly in
patients in whom the disease was most ac-
tive and severe. Thus it correlated, in gener-
al, with a high ESR and in patients who had
high titers for antinuclear antibody. No cor-
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relations were found between the serum level
of these hydrolases and total blood leukocyte
counts or the duration of the disease. The
highest wvalue for g-acetylglucosaminidase
(37.1 nmoles/ml/min) was obtained in a 45
year old woman with systemic vasculitis.
This patient was undergoing treatment with
azathioprine and prednisone, and her serum
creatine kinase and leukocyte counts were
within the normal range. It must be em-
phasized, however, that we did not find any
strict correlation between the serum level of
f-acetylglucosaminidase and the severity of
the disease condition. Thus, a 58 year old
woman with severe vasculitis in the legs had
a normal serum level (8.2 nmoles/ml/min).
Discussion. These data on the levels of
B-acetylglucosaminidase and arylsulfatase A
in normal human serum are in accord with
those found by other workers (23, 24). The
findings that the levels of these enzymes are
normal in Duchenne muscular dystrophy and
other dystrophies in which the level of
serum CK is abnormally high suggests that
skeletal muscle is not the source of increased
serum levels of these hydrolases in polymyo-
sitis and dermatomyositis where the CK levels
are often quite elevated. It should also be
noted that normal human skeletal muscle
contains a very low level of these hydrolases
(25). An increase in the level of serum B-ace-
tylglucosaminidase has been observed in pa-
tients with liver disease, particularly acute or
chronic hepatitis (26). Marked elevations of
B-acetylglucosaminidase and arylsulfatase A
along with certain other hydrolases were also
found in the serum of patients with mucopol-
ysaccharidoses types I and IIT (27, 28). The
significance of these findings has not been
ascertained. These serum elevations may be a
reflection of the changes in enzyme activity
of tissues generally. B-Acetylglucosaminidase
was found to be grossly elevated in the skin
(27), liver (29) and brain (30) in type 1
mucopolysaccharidosis. Normal liver func-
tion tests and normal serum level of alkaline
phosphatase in our series of patients with
polymyositis, dermatomyositis or SLE indi-
cate that the liver is probably not involved.
Also we did not find any correlation between
the serum level of pB-acetylglucosaminidase
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and the leukocyte counts. It appears, there-
fore, that the increased level of this enzyme
is not due to a release from liver or to a rapid
breakdown of circulating leukocytes, which
are one of the richest sources of lysosomes
(31). The results indicate that increased
serum levels of B-acetylglucosaminidase and
arylsulfatase A in inflammatory myopathies,
SLE and other systemic collagen disorders
are somehow related to the etiology or at
least to the pathogeneses of these disease
conditions. The elevated serum levels are
probably the result of an increased release
from lysosomes or an abnormal fragility of
lysosomes present in the inflamed tissues.
These observations are in accord with the
hypothesis (4, 6) that lysosomal enzymes
may be involved in the pathogenesis of
inflammatory disorders. The role of either
B-acetylglucosaminidase or arylsulfatase A in
inflammation is not known. However, it is
possible that g-acetylglucosaminidase, in con-
junction with hyaluronidase and B-glucuroni-
dase, may degrade acid mucopolysaccharides
(32).

The various types of polymyositis are
likely related to the connective tissue disor-
ders, since a number of them show clinical
and pathological overlaps, especially with
such diseases as scleroderma and rheumatoid
arthritis. Some similarities also exist in the
skin manifestations and Raynaud’s phenom-
encn (vasculitis) between SLE, scleroder-
ma and polymyositis. The presence of a mild
or transitory arthritis is also seen in many
cases of polymyositis (33) and SLE. In-
creased serum B-acetylglucosaminidase activi-
ty has also been found in a few patients with
active rheumatoid arthritis (unpublished
data). These results showing increased serum
B-acetylglucosaminidase in all these disease
conditions suggests that similar biochemical
degradative processes may be operative in this
group of disorders.

Summary. Increased serum B-acetylglu-
cosaminidase was found in some patients with
active polymyositis or dermatomyositis, in a
majority of patients with SLE, and in a few
patients with local or systemic vasculitis.
Arylsulfatase A was also increased, but only
in a smaller number of patients. Enzyme
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levels were normal in most patients with
inactive myositis and always in Duchenne
muscular dystrophy, other forms of dystro-
phy, various other myopathies and the major-
ity of patients with neurogenic atrophies.
High serum creatine kinase activity was near-
ly always present in the dystrophies and in a
few patients with neurogenic disease and in
one patient with myasthenia gravis.

This study suggests a correlation between
lysosomal enzymes in the inflamed tissues
and serum g-aetylglucosaminidase activity
in certain inflammatory disorders of muscle,
connective tissue and blood vessels.
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