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ABSTRACT

Isoamylases. with an abnormal anodic migration, were deteeted by an electrophoretic technique in the
sert from two pitients with immunoglobulin A-type myclomu. The abnormal iscamylase bands migrate
towards the unode faster than the salivary isoamyluse {S,) band and were stained more strongly than the S,
sub-band. The abnormal isoamylase could be separated from patients” sera by using size-exelusion high-
performance liquid chromatography. The scrum abnormal iseamylases were showed to be sialic acid
residues conlaining amylase, after the study of treatment wilth neuraminidase (EC 3.2.1.18), and 1o be
salivary-type amylnse. alter the swudy of reaction with human salivary monoclonal antibody. The ab-
normal bunds were not detected in 1he saliva from one patient. The two patients had no detectable
malignancics except mycloma. These indings strongly suggest that the sialic acid-containing salivary-type
amylases were produced cciopically from myelomu cells. In this repard the ectopic amylase production by
myeloma cells is discussed.

INTRODUCTION

Ectopic production of amylase has been reported in a number of tumours,
including lung {1,2], ovary [3,4], stomach [5], pancreas [6] and uterus [7]. In these
cases most of the amylases are produced by epithelial tissues. Recently, two cases
of non-epithelial tumours with amylase production constituted osteosarcoma [8]
and immunoglobulin A (Ig A)-type multiple myelema [91 havs been reported. It
has been: demonstrated that tlie amylases, which are exiopically produced, are of
salivary type [1-6].
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. In 1975, Sudo and Kanno [10] reported a very rare case with ectopic amylase
production, This serum amylase had an unusunally fast clectrophoretic mobility,
which was due to the presence of sialic acid residues in its composition.

This paper described the detection of ispamylases, with abnormal electropho-
retic behaviour, in the sera {rom patients with IgA-type myeloma. These ab-
normal serum amylases were separated by size-exclusion high-performance liquid
chromatography (HPLC) and were then characterized, in comparison with sali-
vary amylase, by an clectrophoretic isoenzymic technique.

EXPERIMENTAL

Serum samples

‘Serum samples were obtained from the following two cases. Case 1, a 85-year-
old woman, was an outpatient in Asahikawa Medical Coliege Hospital. A hyp-
eramylasemia (1836 U/1, normal range 38—175 U/1), a monoclonal protecinemia,
and a normoeytic and normochromic anemia (haemoglobin 6.8 g/dl) were identi-
fied in laboratory tests on the first medical examination. Total protein was 8.3
g/dl. Serum immunoglobulin concentrations were: 1gG, 550 mg/dl; 1gA, 4050
mg/dl; and 1gM, 43 mg/dl. Bence—-Jones protein was not found in her urine.
Myeloma was presumed from these laboratory tests. The amylase isoenzyme
analysis by electrophoresis showed an abnormal pattern.

Case 2, a 70-year-old man, was an inpatient in the Hyogo Medical College
Hospital and was treated for renal failure in typical multiple myeloma. Lab-
oratory data at the admission were as follows: total protein, 8.5 g/dl; 1gG, 479
mg/dl; IgA, 418 mg/dl; IgM, 9 mg/dl; haemoglobin, 5.5 g/dl; and serum amylase
activity, 1554 U/1. A monoclonal protein (M-protein) and Bence—Jones protein
were found in his serum and urine, respectively. The amylase isoenzyme analysis
by electrophoresis showed an abnormal pattern.

Whole saliva and urine
Whole saliva and urine were obtained from case 1. The wheole saliva was

diluted with an equal volume of isotonic saline solution to reduce the viscosity,
and was then centrifuged at 4000 g for 30 min to remove debris.

Measurementi of amylase activity
Total amylase activity was measured as described previously [11].

Serunt protein electrophoresis

A 1% agarose gel plate (Paragon SPE kit, Beckman; was used, and electro-
phoresis was carried out on a Paragon electrophoresis cell (Beckman) cordmg

to the kit manual. The gel was stained with 0.5% Amido Black IOB in 5% acetic
acid.
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Isoamylase electrophoresis _ _
Cellulose acetate membrane (Titan Il lipo, Helena Labs., Beaumont, TX,
USA) was used with a discontinuous buffer system, as described by Kohn [12]. .

Amylase activity was detected by blue starch, according to Leclerc and Forest’s
technique [13]. '

Size-exclusion HPLC

HPLC analysis was carried out on a Pharmacia (Uppsala, Sweden) automated
fast-protein liquid chromatography (FPLC) system with a Superose 12 HR col-
umn {30 cm % 1.0 cm 1.D.) as described previously [14]. Protein was monitored at
280 nm, and amylase activity was monitored with use of an amylase test kit
(latoron Labs., Tokyo, Japan) based on the method of Marshall et af. [15]. For
the determination cof the molecular mass of amylase, the following standard pro-
teins (Pharmacia) weve used: bovine serum albumin (BSA) (47, = 67 000), oval-

bumin{M, = 43 000), chymotrypsinogen A (M, = 25 000) and ribonuclease A
(M. = 13 700).

Concanavalin A high-performance liquid affinity chromatography (Con A
HPLAC) ‘

Con A HPLAC analyses were performed on the FPLC system with Con A
column (15 cm x 0.46 cm 1.D.) purchased from Hohnen {Tokyo, Japan) and
carried out according to the method of Takeuchi [16].

Treatment with newraminidase
Neuraminidase treatment of the proteins was carried cut according to the
method of Sudo and Kanno [10]. The ncuraminidase from Arthrobactor urea-

Sfaciens was purchased from Nakarai (Kyoto, Japan). Samples were incubated
with neuraminidase at 37°C for 1 h.

Immunological study of separated abnormal isoamylases

Inhibitory monoclonal antibody against human salivary amylase was obtained
from an Isoamylase PNP kit (Bochringer Mannheim; Tultzing, Germany) based
on the method of Gerber er «i. {17]. The monoclonal antibody binds specificaily
to salivary amylase and inhibits ca. 90% of the total activity. The separated
abnormal isoamylases were mixed with this antibody. - .4 the total amylase activ-
ities were measured kinetically using the PN kit with a Gilford Stasar I spec-
trophotometer (Gilford Instruments, Oberlin, OH, USA). The clectropnresic of
the mixture was also performed.

Preparation of saiivary amylase
Salivary amylase was purified from human whole saliva with a Mono Q col-

umn (S cm * 0.5 cm 1.D., Pharmacia) according to the method rep~ -ted previ-
ously [H1].
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Immunoblotting

Determination of the molecular mass of abnormal isoamylases was performed
by clectrophoresis in a 4-20% sodium dodecyl sulphate (SDS) polyacrylamide
gradient slab gel (Tefco, Nagoya, Japan) according to the method of Laemmii
[181. '

Immunoblotting was carried out according to the method of Towbin et af.
[19]. Proteins were transferred electrophoretically to a nitrocellulose sheet (GV,
Millipore, Bedford, MA, USA) in a Funakoshi Model 88 blotting cell (Tokyo,
Japan) for I h at 180 mA. The lane of standard markers was then separated. The
rest of the sheet was soaked in 3% bovine serum albumin (B3A) in 150 mAM
sodium chloride—60 mA{ phosphate bufifer (pH 7.2) (phosphate-buffered saline,
PBS), then the sheet was incubated in rabbit anti-amylase antiserum (which was
diluted 200-fold in 3% BSA-PBS, MBL Labs., Nagoya, Japan) for 2 h at room
temperature. Bound antibodies were visualized by avidin—-bioctin peroxidase com-
plex reagents (Vector Labs., Burlingame, CA, USA) as described by Hsu ef al.
§20].

The lollowing standard markers (Pharmacia) were used: phosphorylase b (A,
= 94 000), BSA (M, = 67 000), ovalbumin (A, = 43 000), carbonic anhydrase
(M, = 30 000), soybean trypsin inhibitor (M, = 20 100) and «-lactalbumin (M.
14 400}, They were stained with 0.2% Coomassie Brilliant Biue R-250 in 40%
methanol-10% acetic acid. '

RESULTS

The electrophoretic patterns of the patients’ serum proteins in agarose gel are
shown in Fig. 1A, M-proteins in the -1 region (case 1) and in the -2 region
(casc 2) were detected. These M-proteins were identified as IgA-A itype in case 1
and IgA-«x type in case 2 by an immunofixation technique (data not shown).

Elecctrophoresis on cellulose acetate membranes of isoamylases in patients’
scra is shown in Fig. 1B. Abnormal bands, which unusually migrated faster than
the S> sub-band of salivary amylase, were demonstrated in both cases by using an
amylase acitivity detection method. Both major bands of these abnorial isoamy-
lases were more strongly stained than each S> sub-band. In case 1, the abnormal
bands were found by densitometry to be 64.1% of the total amylase activity, and
the normal bands were 35.9% (P, 2.5%; S;, 19.6%; Sz, 13.8%). In case 2, the
abnormal bands were 41.1% of the total amylase and the normai bands were
58.9% (P, 12.6%: P2, 10.1%:; S1, 20.1%:; S>, 16.1%). Control serum indicated
the normal bands (P, 33.2%; P> 12.0%: S, 39.1%; S, 15.6%). Isoamyiase e¢lec-
trophoresis of urine and whole saliva from case 1 was also performed, and is
shown in Fig. 1C. The electropherogram of the saliva showed a normal pattern.
However, the same abnorimal bands were detected in the urine from case 1.

The patients’ sera were subjected to HPLC using a Superose 12 column. The
elution patterns are shown i1 Fig. 2. The elution peak of normal serum amylase
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Fig. 1. (A) Agarose gel electrophoresis of patienis” serum proteins. The gel was stained with v.z% Amido
Bluck 10B. 1, Control serum; 2, case | serum: 3, case 2 scrum. Monoclonal proteins are indicated by
urrows. (B) Electrophovesis on cellulose acetate membrane of the serum isoamylase from palients” serva.
The amylase activity was delected by the blue starch stuining technique. 1. Ca-r 2 serum: 2. case | serum: 3.
control seruny; P, and P,, panereatic isoamylase; S, and §,, salivary isoamylise. Fast-migrating isoumylas-
cs ure observed in fanes 1 and 2, indicated by o brackel. {C) Electrophoresis of isoamylasc from the urinc
and whole suliva from case 1. 1, Patient’s urine: 2. patient’s saliva: 3, putient’s serum; 4, control saliva; 3.
contrel serunt: P, and S, pancreatic and salivary isoamylase, respectively. The last-migrating isvamylases.
indicated by @ bracket. were detected in the urine but not in whole saliva.
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Fig, 2. Elution pstterns of the abnorma! isoamylases from the patients® sera by HPLC on o Superose 12
column; 4.2 ml of patients” sera was injected and chined a1 0.4 mijmin with 159 mAf sodium chloride-50
maf phosphate buller (pH 7.2). The calibration curve (upper right) wus established usinz the following
stundard proteins: (1) BSA (A7, = 67 000) (b) ovalbunmin (M, = 43 000); (¢) chymotrypsinogen A (Af, =
25 000): and (d} ribonuclease A (A, = 13 700). The prolein ubsorbance { y and the amylase activity
(@, O, A) were monitored nt 280 und 600 vin, respectively. (— } Cuntrol serum protein: (@) controel
secmm amylase; {7y eaze ! serunm amylase: $20 case 2 seremn simybase. Peuks 1L 2 and 3 were chaviclerizod
“by the clectropharetic isoenzymic method shown in Fig. 3.

was noted (peak 3) and the corresponding rctention wme was 40 min (M, =
£2 500).

In case 1. twc peaks of amylase activity (peaks 1 and 3) werc noted: their
retention times were 37 min (M, 21 000) and 46 min (Af, = 12 500), respectively.
In case 2, amylase activity was eluted in a farge poak {peak 2). The corresponding
retention time was 39 min (M, = 15 000).

Iscamylase characterization of these peaks was then performed. Electrophore-
sis on ccllulose acetate membranes of the peaks iz shown in Fig. 3. From the data
obtained, it was confirmed that peak 1 contained fast-migrating abnrormal bands
of amylase, and that peak 3 corresponded to the bands of normal salivary and
pancreatic isoamylase. In case 2, peak 2 (retention titue 3% min) contained a small
amount (3.5%) of the fast-migrating avnormal bands of amylase. Peak 1 of cases
1 and 2, and peak 3 of the control scrum. were then concentrated and used in
following cxperiments.

Neuraminidase treatment and reaction with an anti-salivary amylase mono-
clonal antibody of the abnormal isoamylases contained in peak 1 of cases 1 and 2
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Fig. 3. Electrophoresis on cellulose acetate membrane of peaks 1. 2 und 3 from the [IPLC separation
shown in Fig. 2, The amylase aclivity was detected by the blue starch staining technigue. 1. Peak 3 ol
control serum; 2-4, cuse 1 (2, peak 3: 3. peak 1: 4. ariginal serum): 5-8. case 2 (3. peak 3: 6. peak 2: 7. peak
17 8. original serum). Fast-migraling isoamylases were observed in peak [ ol cach case funes 3 and 7).

were carried Sut. These samples were then submitted to electrophoretic analysis
(Fig. 4) and HPLC analysis (Fig. 5). Normal iscamylases contained in peak 3 of
control serum were simultaneously submitted to the same analyses. Normal iso-
aimylases showed ne change following neuraminidase treatment. On the other
hand. the abnormal isoamylases ol the both cases showed a reduction of electro-
phoretic mobility to cathodic side of the abnormal amylases, whose mobility
became that of untreated or treated normal salivary isoamylases. The elution
peaks of the necuraminidase-treated abnormal isoamylases contained in peak 1 of
both cascs were cqual o the peaks of abnormal isoamylases of original sera, on
HPLC analysis (Fig. 3). The clution peak of the neuraminidase-treated normal
isoamylases contained in peak 3 of the controi serum showed no change either
(Fig. 5A).

The amylase activities of the mixture consisting of peak 1 of both cases and the
anti-salivary monoclonal antibody were almost completely inhibited (89%%). That
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of the mixture consisting of peak 3 (P, 42%; S, 58%) of the control serum and the
monoclonal antibody was inhibited by 51%. Salivary amylase bands in peak 3 of
the contral serum disappeared from the clectrophoretic pattern foilowing reac- .
tion with the monoclonal antibody, and a faint broad band of amylase activity
was observed {(Fig. 4A). The broad band is characteristic of umylase—imimunoglo-
buiin complex formation [11]. The abnormal fast-migrating isoamylase bands of
both cuses similarly disappeared. and a broad band was formed with the mono-
clonal antibouy (Fig. 4).

The behaviour of these abnormal isoamylases was studicd by Con A HPLAC.
The abnormal isoamvlases of the both coses had no affinity for Con A as purified
salivary amylase [rom whole saliva (data not shown). After immunoblotting of
-the 3DS polyacrylamide gel clectropherogram, the molecular mass of the ab-
norinat isoamylases from case 1 was estimated 1o be ¢a. 60 000, as was that of
purihicd salivary amylase from whole saliva (Fig. 6).

-

CHaoh,

N =
s

§

w
LTy
kT

2

O NGO bh ON -

%
R |
RBS

Fig. 4. Elcetropharetic isoamylase analyses af” neak 1 ol patients” sera and peak 3 of control serum,
prepared by HPLOC separvabion after aearaminidase trsuiment and/or reaction with anti-salivary mono-
clonal antibody. The amylase activity was detected by the blue starch staining technigue. (A) Contrul
serum. 1. Peak 3 after -eaction with the sioneclona) antibody: 2. peak 3 treated with neuraminidase: 3.
untretted and/or non-reacted peak 3. (B) Patients® sera. 1 and 8. Untreated and/or non-reacted peak 3 of
control serum; 2-4, cuse 2 (3, puik ! after reaction with the meneclonal antibody: 3, peak 1 treated with
neuraminidase! -4 unreated and/or non-reacted seak 13 5-7, case 1 (5. peak 1 reacted with the monaclona!
antibody: 6. peak | treated with neuraminidase: 7. untreated zand/or non-reacted peak 1),
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Fig. 5. Superose HPLC clution patterns of neuraminidase-trented abnormud isoumylases contained in peak
[ of Fig. 2; 0.2 ml of the sample solutions was injected serarately and eluted at 0.4 ml/min with 150 mdf
sodium chloride~5¢ maf phosphate buffer (pl 7.2). The amylase activity was maonitoved at 600 mn, (@)
Untreated control serum and patieiit’s serum; () peak 3 (A) und peast 1 (B, C) treated with rauramini-
dase. (A) Conirol serum: (B) case 2: {C) case 1. The peaks containing the avaormal isonmylases, corre-
sponding to a retention time of 37 min, were not changed by the neuraminidase treatment The peak
containing control isoamylases. corresponding Lo a retention time of 40 min, was not changed ecither.

DISUCUSSION

Amylase isoenzymes, with an abnormal anodic migration. were detected by an
electrophoretic technique in the sera from two patients with 1gA-type myeloma.
The abnormal iscamylases were not detected in the saliva from case 1. Therefore.
the abnormal amylase could be considered as an isoamylasc of post-transcrip-
tional modification product. The serum abnormal isoamyiases were shown to be
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Fig, 6. humunoebioning patierns ol the siafic acid-containing salivary-tyre amylase prepared (rom HPLC
and purified salivary amylase by SDS-PAGE. [, Molecular mass markers: phosphorylase b (A7 = 94 000).
BSA {7, = 67 000k ovalbumin (A, 43 000}, curbonic unhydrase (A, = 30 000). soybean trypsin inhibitor

(M, = 20 100) and sipha-lactatbamin (A7, = 14 400). They were stained with 0.2% Coomassic Brillinm

Blue R-250 in 40% methunol-10% acetie acid. 2, Peak | of case 1 from HPLC sepuration. 3. Purified
salivary amylase from human whole salivi.

sialic acid residues containing amylase from a study of treatment with neuramini-
dasc. and to be salivary-type amylasc alter a study of reaction with anti-human
salivary moneclonal antibody. The sialic acid-containing salivary-type amylases
could be senarated clearly front residual normal isoamylases of patients’ sera by
size-exclusion HPLC on a Superose 12 columi. Although amylase activity was
cluted into it large peak in case 2, the higher content of normal isoamylases meant
that the abnormal amylase could be separated.

The abnorimal salivary-type amylases were then studied, in comparison with
purified salivary amylase, by Con A HPLAC and SDS-polyacrylamide gel elec-
trophoris (PAGE). As a result, the abnormal amylase had no aflinity for Con A.
and its molecular mass was estimated to be ca. 60 000 as purified salivary amy-
lase. This value is close to that reported by Takeuchi [16].
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There is a large discrepancy between the molecular mass values determined tor
serum amylases by gel permeation HPLC (M, = 12 500-20 000) and that of
60 000 determined by SDS-PAGE. During dextran gel permeation chromatogra-
phy, it was observed that the elution of amylase moleccules was considerably
retarded, because dexuwan has a chemical structure similar to the substrate of
amylase [21]. Interaction between agarose of Superose 12 column matrix and
amylase molecules has not been previously reported. However, similar retarda-
tion of amylase in the Superose 12 column was noted during our HPLC analyses.

On the other hand, although the molecular mass of the sialic acid-containing
salivary-type amylase equals that of the purified salivary amylase, the former
amylase was well separated by HPLC analysis on a Superose 12 column. More-
over, the peak of the abnormal salivary-type amylase did not change following
neuraminidase treatment. We consider that such elution behaviour can be ex-
plainad by the unusual protein conformation of this abnormal salivary-type amy-
lase.

This is the first reported study in which the phenotype for sialic acid-contain-
ing amyvlase hos been elucidated immunologically to be salivary-type and in which
this amylasc has been detected in patients’ sera with myeloma. Sudo and Kanno
found sialic acid-containing amylase in pancreatic cancer [10] and lung cancer
[22], respectively. Nakayama ez «f. [3] also reported that this amylase is found in
lung cancer. Sandiford and Chiknas [23] found fast-migrating amylase in the
serum of a patient with advanced ovarian cancer but its properties were not
studied. The latter amylase [23] can be presumed, from our study, to be sialic
acid-containing salivary-type amylase. However, acidic amylase from ovarian
cystic Auids [24,25] and lymphoepitherial cyst [26] can be distinguished clearly
frorm the sialic acid-containing salivary type amylase. Thesc cystic amylases are
unaffected by treatment with neuraminidase. Therefore, thesec amylases are
thought to result from ageing transformation of ¢ystic arnylase, as reported by
Warshaw and Lee [27] and Weaver er a/. [28].

There remains yet one question concerning the present two cases. Where were
these unique isogmylases produced? In 1983, Zakrzewsha and Prokopowicz [29]
reported the detection of amylase activity in leukocytes of patients with leukae-
mia as well as in normal subjects. They described the enhancement of amylase
activity as being correlated with the rate of leukocytic maturation. The phenotype
of amylase in leukocytes is salivary-type, as reported by Vacikova [30]. In 1988,
Hata ef af. [9] demonstrated that salivary-type amylise was produced by human
myeloma cells in a patient with IgA-type myeloma.

We are researching the origin of the sialic acid-containing salivary-type amy-
luses on the assumpiion that this amylase is produced ectopically by myeloma
cells, although there is as yet no direct evidence of this in our two patients.

There have been several recent immunohistachemical studies on human amy-
lase tissues, particularly in the lung and (emale genital tract [31] and the fallopian
tube [32]. Therelore, the production of amyiase by tumours is easily understood
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as the activation and exaggeration of amylase contained in the normal tissues
cuther than as ectopic production. We propose that the ectopic production of
sulivary-type amylase myeloma cells [9] is an analogous phenomenon to other
amylase-producing tumours. Accordingly, if amylase isoenzyme electrephoresis
is mare widely applied 1o hyperamylasemia, we think that many cases of amylase-
production patients with myeloma and/or monoclonal gammapathy will be re-
ported in the future.
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