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1. Introduction

1.1. Review of related literature

Studies of tumor-producing amylase originated with Weiss et al.’s 1951 report illustrating a
case of bronchogenic carcinoma associated with elevated serum amylase levels [1]. Since then,
many reports have focused on lung cancer-producing amylase [2-11], and there have been
similar reports in pancreatic [12], stomach [13], uterine [14], and ovarian cancers [15, 16].
Moreover, there have been reports of non-epithelial amylase-producing osteosarcoma [17] and
multiple myeloma [18-20]. In these cases, the amylase had the salivary phenotype. However,
pancreatic-type amylase has been reported in one case of uterine cancer [21] and two cases of
breast cancer [22, 23]. Among those reported cases, determine of the total amylase activity in
the sera and amylase isoenzyme electrophoretic analysis have been contributed much to the
diagnosis and treatment.

In contrast, Sudo and Kanno [24] reported so-called sialic-acid-containing amylase in the sera
of patients with lung and pancreatic cancer. It was similarly detected in the sera of patients
with IgA-type [25] and IgD-type multiple myeloma [26], and identified to be sialyl salivary-
type amylase by electrophoretic study with neuraminidase treatment and immunological
characterization [26]. In 2004, Shigemura et al. [27] demonstrated, using cell culture and
immunohistochemical techniques, that sialyl salivary-type amylase, together with normal
salivary amylase (defined by electrophoretic characteristics), was produced by myeloma cells.
In 2006, Yokouchi et al. [28] also detected the same type of amylase in culture medium from
the amylase-producing lung adenocarcinoma cell line IMEC-2. In 2008, the author reported
that the characterization of sialyl salivary-type amylase associated with ovarian cancer using
conserved sera that were obtained from a retrospective study of amylase zymograms [29]. That
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by this paper, universally seen sialyl salivary-type amylase has been revealed in the patients’
sera with those malignancies.

1.2. Ovarian cancer–producing amylase

When you focus on ovarian cancer-producing amylase, many studies have been published so
far [30-46]. In these reports, the important thing is the following three points.

1. Amylase is directly produced from tumor cell and it can be thought of as of one of the
important tumor marker.

2. Serum levels of amylase is decreased after removal the tumor and/or treatments.

3. The phenotype has been deflected to the salivary-type.

In those reports [30-46], in 1988, Henriksen and Brock had been already reported about “fast-
migrated amylase isoenzymes“ in the patient’s serum, cyst fluid, and tumor tissue. They
reported that electrophoretic separation of the amylase revealed fast-migration forms in serum
10 of 47 (21.3%) patients with malignant ovarian neoplasms. Unfortunately, they did not
characterize the fast-migrating amylase isoenzyme forms [45], however, it is considered in the
perspective of today think and as “sialyl salivary-type amylase” similar to our reports [25, 28,
29]. In the following, describe the research results that led to the identification of the amylase
found in the sera with ovarian cancer.

2. Materials and methods

2.1. Subjects

Three patients’ sera were chosen from strictly retrospective observation of routine amylase
isoenzyme electrophoresis data, 2,850 specimens, which were analyzed from April 1988 to
March 1999 in the Clinical Laboratory, Asahikawa Medical College Hospital, Hokkaido, Japan.
The criteria were: a S3 to S2 ratio of over 1.0 and/or acidic fast-migrated sub-bands from S4 to
S6. The sera were stored at -80ºC until required.

A sample with a normal amylase isoenzyme electrophoretic pattern was used as control in the
analyses of neuraminidase treatment, reaction with anti-salivary monoclonal antibody, and
size-exclusion HPLC.

2.2. Measurement of total amylase activity

Total serum amylase activity was measured on a Hitachi 7170 automated analyzer with G4-
CNP as substrate (Toyobo, Osaka, Japan) at 37ºC. The reference interval of total serum amylase
activity was from 40 to 160 U/L.
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2.3. Amylase isoenzyme electrophoresis

The electrophoresis was performed for 60 min at 300 V using a cellulose acetate membrane
(Titan III lipo, Helena Labs, Beaumont, TX, USA) with discontinuous buffer system [47].
Amylase activity was detected by blue starch staining, according to the technique described
by Leclerc and Forest [48]. This electrophoretic technique is the most convenient way to have
a high resolution.

2.4. Treatment with neuraminidase

Neuraminidase from Arthrobacter ureafaciens (specificities: α-2→3, α-2→6 and α-2→8) and
Clostridium perfringens (specificities: α-2→3 and α-2→6) were purchased from Nakalai Tesque
(Kyoto, Japan) and Sigma (St. Louis, MO, USA), respectively. Neuraminidase treatment was
performed at 37ºC for 1 h and the treated sample was analyzed by amylase isoenzyme
electrophoresis. It was confirmed, using samples from previous reports that the results of both
treatments did not differ between whole serum and a purified amylase fraction sample
obtained by size-exclusion chromatography [25, 26]. Whole sera were used for this treatment
and the next reaction with monoclonal antibody, because the sample volumes were very low.

2.5. Reaction with anti-human salivary monoclonal antibody

Inhibitory monoclonal antibody against human salivary amylase was obtained from an
amylase isoenzyme PNP kit (Roche Diagnostics, Tokyo, Japan) based on the method of Gerber
et al. [49]. The monoclonal antibody solution was concentrated 5-fold with Minicon B15 clinical
sample concentrators (Millipore, Billerica, MA, USA). The monoclonal antibody binds
specifically to salivary amylase and inhibits ca. 90% of total activity. The whole serum was
mixed with this antibody, and incubated at 37˚C for 1 h then at 4˚C for 18 h. After the reaction,
amylase isoenzyme electrophoresis of the mixture was performed.

2.6. High performance liquid chromatography (HPLC)

Size-exclusion HPLC analysis was carried out on a Pharmacia (Uppsala, Sweden) fast-protein
liquid chromatography (FPLC) apparatus with a Superose 12 HR column (30 cm 1.0 cm) [50].
The serum (100 μL) was eluted with a phosphate buffer (50 mmol/L, pH 7.2) containing NaCl
(150 mmol/L). The volume of each fraction was 0.8 mL. Protein was monitored by absorbance
at 280 nm, and amylase activity (absorbance at 600 nm) was monitored with an amylase test
kit purchased from Iatoron Labs, Tokyo, Japan.

3. Results

3.1. Ages, serum total amylase activities, amylase isoenzyme electrophoretic analyses, and
clinical diagnoses of selected sera

Three specimens came from female patients, and afterward it was found out that they had
been diagnosed with ovarian cancer based on medical histories. The patients’ ages, total serum
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amylase activities, and amylase isoenzyme electrophoretic data at the time of amylase
electrophoretic analysis are summarized in Table 1. Their total amylase activities were 300,
772, and 798 U/L and the ratios of activity to the upper reference interval were 1.88, 4.20, and
4.99, respectively. Amylase isoenzymes with abnormal anodic migration were detected in all
three patients’ sera and are shown in Fig. 1A (lane 3), B (lane 3), and C (lane 3). Table 1 gives
the ratios of total fast-migrated isoenzymes to S1 and S2 isoenzymes ((S3+S4+S5+S6)/(S1+S2))
and of S3 to S2 (S3/S2). These ratios approximately indicate the proportion of sialyl salivary-
type amylase in the total salivary amylase fraction. In cases 2 and 3, the S3 sub-bands were
slightly more dominant than the S2 sub-bands, but the ratio of S3 to S2 was below 1.00 only in
case 1. The ratio of abnormal anodic bands (from S3 to S6) to normal salivary sub-bands (S1
and S2) was highest for case 3. Unfortunately, these cases were not recognized as having an
abnormal amylase pattern in the routine electrophoretic analyses. It was considered that the
S3 sub-bands were obviously dominant over the S2 sub-band in previous cases of multiple
myeloma [25, 26]; this was less pronounced in the cases here.

3.2. Neuraminidase treatment

The serum samples of the three cases were treated with neuraminidase and submitted to
electrophoretic analyses. The results using neuraminidase from Arthrobacter ureafaciens are
shown in Fig. 1A (lane 2), 1B (lane 2), and 1C (lane 2). The abnormal anodic bands (from S3 to
S6) showed a reduction of electrophoretic mobility compared with those in untreated sera, and
shifted to the cathodic side corresponding to normal salivary isoenzymes in all cases. Both S1
and S2 bands were resultantly stained more strongly, respectively. These densitometric data
are shown in Table 1 together with original amylase isoenzyme data. Neuraminidase from
Clostridium perfringens had similar effects (data not shown). Therefore, it was considered that
the binding pattern of the sialic acid residue was α-2→3 or α-2→6 in those cases. It has been
previously confirmed that normal serum shows no change in electrophoresis under the same
neuraminidase treatment conditions [25].

 

(a) (b) (c) 

A, Case 1; B, Case 2; C, Case 3. 1, After reaction with anti-salivary amylase monoclonal antibody; 2, after neuramini‐
dase treatment; 3, patient’s original serum; 4, normal serum. The fast-migrated amylase isoenzymes were indicated by
the bracket.

Figure 1. Amylase isoenzyme electrophoretic analysis of three patients’ sera treated with anti-salivary monoclonal an‐
tibody and neuraminidase.
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3.3 Reaction with an anti-salivary amylase monoclonal antibody

The fast-migrating bands found in the three cases disappeared from the electrophoretic
patterns, together with residual normal salivary bands, on reaction with the anti-salivary
amylase monoclonal antibody, and a faint broad band of amylase activity was observed on
the original patterns. Formation of the faint broad band is evidence that the fast-migrating
amylase reacted completely with the monoclonal antibody [25]. These results are shown in
Fig. 1A (lane 1) 1B (lane 1), and 1C (lane 1), respectively. It was confirmed previously that the
salivary amylase bands in normal serum disappeared from the electrophoretic pattern
following similar treatment [25].

 

(a) (b) 

(c) (d) 

A, Elution profile of normal serum amylase. Protein concentration and amylase activity were monitored at 280 nm (blue
line) and 600 nm (red line), respectively. Peak 1, IgM; peak 2, IgG; peak 3, alubumin; peak 4, normal amylase. B, Elution pro‐
file of amylase in the serum of case 1; C, that of case 2; D, that of case 3. Amylase activity was monitored at 600 nm. Amy‐
lase activities of normal and patient were indicated by the broken line and solid line, respectively. In case 1 and 3, amylase
activity was eluted in a broad peak. In case 2, amylase activity was eluted in two peaks. Fraction numbers 7 and 9 corre‐
spond to the peak of sialyl salivary-type amylase and the normal serum amylase, respectively.

Figure 2. Elution profiles of amylase from normal serum and three patients’ sera by HPLC on a Superose 12 HR column.

3.4. HPLC analysis

Normal serum and the patients’ sera were subjected to HPLC using a Superose 12 column,
and the elution patterns are shown in Fig. 2. Typically, normal serum amylase is eluted as a
single peak far from sharp in the low-molecular-weight albumin, indicated in Fig. 2A. From
Fig. 2B to 2D, elution patterns of the three cases are shown in comparison with normal amylase
peak. Normal serum amylase eluted in fraction number 9, illustrated with a broken line. In
contrast, two amylase activity peaks were noted in case 2, in fractions 7 and 9 (Fig. 2C). In cases
1 and 3, the amylase activity eluted in a large peak, fraction number 8 (Fig. 2B and D). It has
been confirmed using isoamylase electrophoretic characterization that fraction 9 corresponds
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to normal salivary and pancreatic amylase, fraction 8 corresponds to a mixture of fast-
migrating abnormal amylases with normal amylases, and fraction 7 corresponds to the fast-
migrating abnormal amylase [25].

4. Discussion

The fast-migrating amylase isoenzyme bands found in the three cases of ovarian cancer were
determined to be a sialyl salivary-type amylase from the following results:

1. The isoenzyme bands showed reduced electrophoretic mobility to the cathodic side
following neuraminidase treatment.

2. The isoenzyme bands disappeared from the amylase zymograms, and faint broad bands
were formed, on reaction with anti-human salivary amylase monoclonal antibody.

3. The isoenzyme bands could be separated by Superose 12 HR size-exclusion HPLC. Thus,
an apparent extra high-molecular-mass peak was observed on the chromatogram.

These characteristics of sialyl salivary-type amylase were also demonstrated in the author’s
first report of myeloma [25]. The three characteristics above were considered simultaneously
as strict criteria to detect sialyl salivary-type amylase. The author would like to recommend
that, in the future, at least neuraminidase treatment and size-exclusion HPLC analysis should
be used for identification.

Many investigators have reported amylase-producing ovarian cancer and reported that serum
amylase is an important tumor marker [15, 30-44]. In particular, amylase isoenzyme electro‐
phoresis has been helpful [6, 32] in making an early diagnosis and distinguishing from
pancreatitis; the amylase phenotype was generally salivary. In contrast, there have been a few
unique reports [30, 40, 44, 45] describing acidic amylase and/or fast-migrating amylase found
in the sera or ascites associated with ovarian cancer. Unfortunately, neuramidase treatment
and characterization of other properties were not performed in these studies. The author
considers those amylases, from the findings of this and previous reports [25-28], to be most
likely sialyl salivary-type. It seems likely that sialylated salivary-type amylase is directly
produced together with normal salivary amylase by ovarian cancer cells, as in multiple
mylelona cells [27] and lung cancer cells [28].

In contrast, acidic amylase from ovarian cystic fluids [51, 52] can be distinguished clearly from
sialyl salivary-type amylase because the cystic amylases are unaffected by treatment with
neuraminidase. These amylases are thought to result from aging transformation of cystic
amylase, as reported by Warshaw and Lee [53], and Weaver et al.[54]. Therefore, neuramini‐
dase treatment is expected to provide a very important and useful means of distinguishing
between aging salivary amylase and sialyl salivary-type amylase. For contrast, we previously
published the electrophoretic pattern of aging sialyl salivary-type amylase in pleural effusion
with IgD-type multiple myeloma [26].

Size-exclusion HPLC characteristic is another important means of distinguishing sialyl
salivary-type amylase from normal salivary amylase. The molecular mass of sialyl salivary-
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type amylase from myeloma was determined by immunoblotting to be approximately 60,000
Da, the same as normal salivary amylase [25]. Unfortunately, the equivalent experiment could
not be repeated in this study, owing to the small serum sample sizes, but as the elution profiles
in this report were the same as in previous reports [25-28], the molecular mass is assumed to
be the same. However, the sialyl salivary-type amylases were well separated by Superose 12
HPLC analyses. Moreover, the peak of the amylases did not change following neuraminidase
treatment; such elution behavior can probably be explained by the unusual protein confor‐
mation of this abnormal salivary-type amylase [25].

Recently, Shigemura et al.[55] reported that sialyl salivary-type amylase was detected in serum
from 7 out of 11 (63.6%) subjects with multiple myeloma. It was emphasized that sialyl salivary-
type amylase is a useful marker of disease activity in multiple myeloma, and that sialylation of
the amylase molecule might be concerned with oncogenic transformation or chromosomal
abnormalities. Moreover, it was disclosed that sialyl salivary-type amylases could be detected
in the serum of patients with a normal serum amylase level and apparently normal electropho‐
retic patterns. In our cases, although even cases 2 and 3 were not recognized at the time of the
samples were taken, the electrophoretic pattern of case 1 was close to normal. However, there
certainly were some (small)  abnormal fast-migrating sub-bands;  those observations were
extremely significant. Accordingly, if amylase isoenzyme electrophoresis is more widely and
carefully applied to hyperamylasemia with ovarian cancer, it seems likely that more cases will
be detected. Serum sialyl salivary-type amylase will no doubt prove a useful marker of ovari‐
an cancer, as for multiple myeloma [55].

In this study, a case of salivary amylase genetic variant [56] might be experienced by unex‐
pectedly. In amylase zymogram of case 1, S2 sub-band was equal or dominant to S1 sub-band.
However, further studies could not be performed in this study and there are no evidences.
Isoamylase analysis of saliva and/or tumor extract should been carried out to characterize the
variant [57].

Sialyl salivary-type amylase has been found in the sera of patients with lung cancer [24, 28],
pancreatic cancer [24], multiple myeloma [25], and ovarian cancer [29]. Therefore, it is expected
that the sialyl salivary-type amylase will be found generally in patients with amylase-
producing tumors. The author especially recommends that amylase isoenzyme electrophoresis
should be applied to hyperamylasemia with malignancies, in place of immunological amylase
isoenzyme analysis [49] or that a rapid immunological technique for sialyl salivary-type
amylase should be developed in future.

Zakrzewska and Pietrynczak [58] had already elucidated that the total serum and urinary
amylase activity and salivary isoenzyme were significantly decreased after surgical removal
of the tumor with different types of ovarian cancer. Moreover, they demonstrated that those
activities in the serum of the patients with ovarian carcinoma with various types were
significantly decreased after radiotherapy [59]. Although the frequency of salivary amylase
and/or sialyl salivary-type amylase in ovarian cancer has not been revealed those amylase
could be definitely considered as a nonspecific tumor maker [60]. Therefore, the author would
like to propose that this old and new amylase should be added with standard tumor marker
CA125 [61, 62] in the routine treatment and surgery in ovarian cancer
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5. Conclusion

Sialyl salivary-type amylase was detected in the sera of the patients with ovarian cancer. The
amylase was considered to have been directly produced together with salivary-type amylase
from tumor cells. These studies have contributed to the research into amylase-producing
tumors, particularly into amylase-producing ovarian cancer.
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