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Abstract
A rare case ofgastric carcinoma associated
with increased serum variant alkaline
phosphatase activities is presented. A 54
year old man had extremely high serum
alkaline phosphatase activity (18 607 U/1)
with normal calcium and phosphate concentrations. His bone scintigram showed
abnormal findings, 'super bone scan'. He
was diagnosed as having Borrmann type 4
gastric carcinoma with diffuse bone metastases by examinations of the upper
gastrointestinal tract and iliac bone biopsy.
The alkaline phosphatase isozyme of this
patient was of the bone type as measured
by cellulose acetate membrane electrophoresis and the placentalbone type by
agarose gel electrophoresis, respectively.
Immunoelectrophoresis and the immunoprecipitation method using monoclonal
antibodies against various alkaline phosphatase isozymes, however, showed that
his serum alkaline phosphatase had the
liver type antigenicity. Furthermore, it had
a larger molecular size and dilferent sugar
chains compared with the common liver
type alkaline phosphatase. These findings
suggest that a unique variant alkaline
phosphatase was produced by gastric
cancer cells, which is possibly an explanation for the high serum alkaline phosphatase activities in this patient.
(Gut 1995; 36: 299-302)
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Localised bone metastasis is occasionally seen
in patients with gastric carcinoma.' 2 Diffuse
metastases to the entire skeletal system, however, in which bone scintigraphy shows
abnormal findings, for example super bone
scan, is uncommon.3 4 In gastric carcinoma
with super bone scan, several clinical features
including high serum alkaline phosphatase
(ALP) activities have been recognised.5 High
serum ALP activities in those patients are
thought to arise from the bone, although ALP
producing gastric carcinoma has also been
reported.6 We describe a patient with gastric
carcinoma with super bone scan, in whom
serum ALP was recognised as the bone type by

conventional electrophoresis, but after further
investigation, was identified to be the liver type
like ALP with a larger molecular size and different sugar chain structures compared with
the common liver type ALP. It is suggested
that high serum ALP activities in this patient
were derived from the liver type like ALP in

gastric carcinoma.
Case report
On 22 May 1991, a 54 year old man presented
to our hospital because of increasing lumbago
and back pain since late April. He had also
lost 8 kg in weight a month. Physical examination showed significant anaemia, gingival
bleeding, systolic heart murmur, and hepatomegaly, and he was admitted for further

examinations.
Laboratory examinations showed: anaemia
(haemoglobin 4.46 mmol/l), thrombocytopenia
(42 000/,ul), the appearance of immature
granulocytes and erythroblasts in the peripheral
blood, increased serum activities of lactate
dehydrogenase (823 UlI), y glutamyltransferase
(348 U/1), aspartate aminotransferase (90 U/1),
and alanine aminotransferase (50 U/1). The
serum ALP value was extremely high (18 607
U/l, reference range: 140-248 U/1). Renal function and serum electrolytes including calcium
and phosphate were normal. Prothrombin time
was normal, but partial prothrombin time was
slightly prolonged and the fibrin degenerative
product was increased (11-5 pug/dl). Serum carcinoembryonic antigen and ferritin concentrations were within normal ranges. Aspiration of
bone marrow of the sternum showed a dry tap.
A barium meal study and gastrofibrescopy
showed Borrmann type 4 gastric carcinoma.
Apart from a compression fracture of the 8th
thoracic vertebra, no other abnormalities such
as lytic or blastic bone lesions were detected by
magnetic resonance images and bone tomography.
The whole body scan was performed three
hours after intravenous administration of 0.4

mCi/kg technetium-99m (94mTc)-methylene

diphosphate, using a Hitachi Gamma View-F
RC-1C-1635LF camera equipped with a low
energy and high resolution collimater. The
window centre setting and the window width
were adjusted to 141 KeV and 20%, respectively, and the scan was performed from
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anterior and posterior projections. The image
showed a homogeneously and symmetrically
increased uptake of the bone tracer without
renal images, that is to say, super bone scan (Fig
1). The biopsy specimen from the iliac bone
showed the infiltration of poorly differentiated
adenocarcinoma cells, which were similar to
those seen in biopsy gastric specimens.
Abdominal ultrasonography and computed
tomography showed hepatosplenomegaly, but
space occupying lesions or other abnormalities
were not detected.
The diagnosis of advanced gastric carcinoma with diffuse bone metastases was made
and chemotherapy with cisplatin and UFT
(Taiho, Tokyo, Japan: an oral drug containing
tegafur and uracil) and radiation therapy for
the thoracic and lumbar vertebrae were
started. As the serum ALP activity decreased
to 6100 U/1 and the pain was well controlled by
morphine, he was discharged from the hospital
on 17 August.
Chemotherapy with mitomycin C and UFT
was continued but serum ALP and fibrin
degenerative product values gradually increased
again, bleeding tendency appeared, and he was
readmitted on 11 October. Although he was
treated with cisplatin and UFT again and treatment for disseminated intravascular coagulation were performed, his status deteriorated,
and he died on 6 December.
Methods
The characteristics of the patient's serum ALP
were investigated biochemically and immunologically.
For the agarose gel electrophoresis, Gel 8 for
ALP isozyme and a high resolution ALP
staining kit were obtained from Ciba Corning
Diagnostics Co (Palo Alto, CA, USA).
Electrophoresis and the staining of the gel
plate were performed according to the manufacturer's instructions. To remove the glycanphosphatidylinositol-anchor moiety or sialic
acid in the ALP molecule, the ALP sample was
treated at room temperature for three hours

with 01 U/mI phosphatidylinositol specific
phospholipase C (PIPLC, EC 3.1.4. 10,
Funakoshi Pharmaceutical Co, Tokyo, Japan)
and 0 1 U/ml sialidase (Vibrio cholerae, KochLight Ltd, UK), respectively, as reported
earlier.7 8 The resulting aliquot was used for
the electrophoresis. The liver, bone, placental,
and intestinal ALP controls were prepared as
described previously.9
To determine the ALP antigenicity, the ALP
sample (9 pAl) was preincubated for one hour at
room temperature with 1 ,l of monoclonal antibodies against human liver (LAP 1/9 clone),
bone (BAP 1/9 clone), term placental (H7
clone), placental like (Fl1 -clone), and intestinal
(D 98 clone) ALPs.7 8 The monoclonal antibodies of BAP and LAPIO were gifts from
Drs E M Bailyes and J P Luzio, University of
Cambridge, UK, those of H7 and F11 1 12 were
from Dr J L Mill'an, La Jolla Cancer Research
Foundation, CA, USA, and the monoclonal
antibody against intestinal ALP13 was from Dr
H Harris, University of Pennsylvania, PA, USA.
In our experience, each monoclonal antibody
had no significant cross reactions with other
types of ALP except for antibone ALP, which
had a little but negligible interaction with liver
ALP. Subsequently, the resulting ALP isozyme
anti-ALP antibody complex in the incubation
mixture was electrophoretically isolated with a
polyacrylamide disc gel (Alkphor, Johkoh Co,
Tokyo).
Twenty ,l of the ALP sample was incubated
overnight at 40C with 2 plI of monoclonal antibodies against human liver, bone, term placental, and adult intestinal ALPs. The mixture
was then incubated with protein A (BDH
Chemicals Ltd, Dorset, UK) and left to stand
for one hour at room temperature, and centrifuged at 2000xg for five minutes. The
supernatant was assayed for ALP activity.7 8
Control assay was carried out with saline in
place of the monoclonal antibodies.
The sugar chain heterogeneity of ALP
isozymes'4 15 was determined by lectin affinity
chromatographies according to the methods
described previously.8 The following lectins
were purchased from E Y Lab (San Mateo,
CA, USA): concanavalin A, phytohaemagglutinin E, pea lectin, and wheat germ agglutinin.
Briefly, the ALP preparation with a specific
activity of 1 pumol/min was applied on a concanavalin A column, and allowed to stand at
room temperature for three hours. The three
fractions were obtained using two different
concentrations (0.01 and 0.5 mol/l) of
a-methylmannoside: an unbound fraction
(fraction I), a weakly bound fraction (fraction
II), and a strongly bound fraction (fraction III).
These fractions were further applied on the
phytohaemagglutinin E, pea lectin, and wheat
germ agglutinin columns. The unbound and
bound fractions were separated on the respective columns using N-acetyl-D-glucosamine at
0-5 mol/1, a-metylmannoside at 0.5 mol/l as the
elution buffer. Each value shown represents the
enzyme activity of one of the following fractions
as a percentage of the total activity: Ia, the fraction passing through both the concanavalin A
and phytohaemagglutinin E column; Ib, the

Gut: first published as 10.1136/gut.36.2.299 on 1 February 1995. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 1: 99mTc methylene
diphosphate bone
scintigram showing so
called super bone scan.
Note the considerably
increased uptake in axial
skeletons and the absence
of renal images.
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Figure 2: ALP isozyme
patterns with agarose gel
electrophoresis.
1-3; patient's
ALP (1, untreated;
2, sialidase treated;
3, phosphatidylinositol
specific phospholipase C
treated);
4, liver ALP;
5, bone ALP;
6, placental ALP;
7, intestinal ALP.

kDa

+.

1

168

3

...

166

.m

154
152

5

+

1

2

3

4

Figure 4: Molecular sizes of various alkaline phosphatase
isoenzymes. 1, bone ALP; 2, liver ALP; 3, patient's ALP;
4, intestinal ALP. All the ALPs were pretreated with
sialidase. The comparative molecular size of ALP isozymes
was determined by 5.0% polyacrylamide slab gel
electrophoresis with 0 1% sodium dodecylsulphate under
non-reducing conditions.

fraction passing through the concanavalin A
and binding to the phytohaemagglutinin E
colurmn; IIa, the fraction binding weakly to
concanavalin A column and passing through
the pea lectin column; IIb, the fraction binding
weakly to concanavalin A and binding to
the pea lectin colum: IIa, the fraction binding strongly to concanavalin A and passing
through the wheat germ agglutinin column;
IIIb, the fraction binding strongly to both the
concanavalin A and wheat germ agglutinin
column. The yield of the enzyme activity
from respective lectin columns was more than
90%.
The enzyme sample was treated for three
hours with 0. 1 U/ml PIPLC and 0.1 U/ml
sialidase for apparent molecular size determinations. The resulting aliquot was run on
50/l polyacrylamide slab gel with Od%
sodium dodecylsulphate under the non-reducing condition.8 i6 The enzyme active band
was detected by 5-bromo-3-indolylphosphate
p rmol of
p-toluidine salt containing 1 t0
Zn(CH3Co0)2 and 1 MMObI
MgC12. The
comparative molecular size was estimated from
the mobility using standard molecular size
markers (Pharmacia, Uppsala, Sweden).

Figure 3: ALP isozyme
patterns of the patient's
serum incubated with or
without the monoclonal
antibodies against various
ALP isozymes. The
supporting medium used
was 7.7% polyacrylamide
disc gel. 1, untreated;
2, with antihuman liver
ALP (LAP 1/9 clone);
3, antihuman bone ALP
(BAP 1/9 clone);
4, antihuman placental
ALP (H7 clone);
5, antihuman placental like
ALP (F 1I clone);
6, antihuman intestinal
ALP (D98 clone).
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Results
With conventional electrophoresis on a cellulose
acetate membrane, the patient's ALP isozyme
was shown to be the bone type. By electrophoresis on an agarose gel, his ALP was found
at the placenta/bone ALP region (Fig 2). In
addition, the molecule of the patient's ALP had
sialic acid, but no glycan-phosphatidylinositolanchor moiety (Fig 2). Using polyacrylamide
disc gel electrophoresis, his ALP was found at
the intestinal ALP region (data not shown).
As Fig 3 shows, the ALP reacted mainly
with the monoclonal antibody against human
liver ALP isozyme (LAP 1/9 clone). By an
immunoprecipitation method, the amount of
the patient's serum ALP isozyme was
estimated as follows: the liver type 92%, the
bone type 6%, the intestinal type 2%. The
apparent molecular size of his ALP (168 kDa)
determined by sodium dodecylsulphatepolyacrylamide gel electrophoresis was larger
than that of common liver type (154 kDa) or
the bone type (165 kDa) (Fig 4).
As the Table shows, the sugar chain moiety
of the patient's ALP had more fractions Ia
(multiantennary complex type sugar chain)
and Ib (complex sugar chain bearing bisecting
GlcNAc) than those of healthy adult serum,
human bone, and human liver ALPs.

!3i lDiscussion
Super bone scan is defined as a homogeneously and symmetrically increased uptake

~r~y

.~.,

+

of bone tracers in the skeleton compared with
soft tissues. It may be misinterpreted as
normal, and it is important for differential
diagnosis that there is no visualisation of renal
images despite normal renal functions.3
Although these scans are most commonly seen
in patients with diffuse metastases of prostatic
cancer or breast cancer,7 i8 some cases of
gastric carcinoma have also been reported.2-5
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Comparative amounts of the six fractions of ALP isozymes by serial lectin affinity
chromatographies
% Of respective fractions ofALP activity

lb

Ia

IIb

IIIa

IIIb

20
0
1
0

11
1
0
1

28
35
31
4

12
60
35
18

1
2
1
19

28
2
32
58

Percentages of the fraction of ALP activity obtained by serial lectin chromatography. See
Methods section.

Therefore, gastric carcinoma should also be
considered when super bone scan is seen.
In diffuse bone metastases of gastric carcinoma, specific clinical features are recognised.5
Common symptoms are anaemia, lumbago
and back pain, and a bleeding tendency, and
common laboratory findings are leukoblastic
anaemia, data suggesting disseminated
intravascular coagulation, high serum lactate
dehydrogenase activities, and extremely high
serum ALP values.
The origin of the ALP in diffuse bone metastases of gastric carcinoma has not been clarified. Uchida et al 6 reported a necropsy case of
occult gastric carcinoma with diffuse bone
metastases, and extremely high serum ALP
activities. They stained carcinoma cells
immunohistochemically and assumed that
some of the serum ALP might have originated
from the carcinoma cells, although it might
have been partially derived from the bone.
They did not analyse serum ALP isozymes or
examined the bone by scintigraphy.
ALP and its isozymes have been investigated
in gastrointestinal malignancies as tumour
markers.19-23 It has been reported that the
ALP produced by gastric carcinoma is the
placental type, the placenta like type, or a
hybrid form consisting of subunits of the
intestinal type and the placental type.21 We
characterised ALP isozymes in the patient biochemically and immunologically. The conventional electrophoresis on a cellulose acetate
membrane showed that the patient's ALP was
the bone type and the result of agarose gel
electrophoresis was also the placenta/bone
type. The result of polyacrylamide disc gel
was, however, different, and the patient's
ALP seemed to be the intestinal type.
Immunoelectrophoresis and immunoprecipitation with monoclonal antibodies against
various ALP isozymes showed that the
patient's serum ALP had an antigenicity of the
liver type ALP. Moreover, it is suggested that
this antigenetically liver type ALP is a unique
variant ALP because of its larger molecular size
and the different sugar chains. The liver type
or liver type like ALP producing gastric carcinoma has not been reported before. High
serum ALP activities may result from the
tumour production in our patient. Studies of
the enzyme in the patient tissues would have
been very helpful. The mechanism of the production of the variant liver ALP by cancerous
cells remains to be investigated.
The prognosis of gastric carcinoma with
super bone scan is usually poor. The mean
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survival time varies from about one month to
about five months.5 In this patient, treatments
with cisplatin and UFT before overt disseminated intravascular coagulation were effective,
and the patient survived more than six months
despite the advanced carcinoma. Of particular
importance is the correlation between the
serum activity of ALP and the efficacy of the
chemotherapy.

