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(CANCER RESEARCH 50, 3408-3412. June !.. 1990)

Expression of a Hybrid Form of Alkaline Phosphatase Isoenzyme in a Newly
Established Cell Line (HuG-1) from a Gastric Cancer Patient

Hiroyasu Imanishi, Toshikazu Hada,' Koji Muratani, Kazuyuki Hirano, and Kazuya Higashino

Third Department of Internal Medicine, Hyogo College of Medicine, I-1 Mukogawa-cho, Nishinomiya, Hyogo 663 [H. l., T. H., K. A/., K. //./, and (iifu Pharmaceutical
University, 6-1 Mitahorahigashi 5-chome, Gifu 502 Â¡K.//./, Japan

ABSTRACT

An unusual alkaline phosphatase (AP), named HuG-AP, was found in
a newly established cell line (HuG-1) derived from a patient with stomach
cancer. The enzyme was purified about 300-fold by affinity chromatog-
raphy. On polyacrylamide gradient (4-30%) gel electrophoresis, the one
band with the enzyme activity was observed. The enzymic properties of
HuC-AP did not conform to those of liver, intestinal, placenta!, and germ
cell AP isoenzymes which were recognized as homodimeric structure.
Thermostability of the HuC-AP showed an intermediate value between
intestinal and placenta! APs. Immunologically, the HuG-AP reacted with
both anti-intestinal and anti-placenta! AP monoclonal antibodies. Dot
blot analysis showed that both intestinal and placenta! AP mRNAs were
expressed in HuG-1 cells concurrently.

Therefore, we concluded that this novel AP had a hybrid form, namely
heterodimeric structure, consisting of one subunit each of intestinal and
placenta! APs. However, all of the properties of this hybrid AP did not
conform to the intermediate enzymic properties between intestinal and
placenta! APs which would be shown when they both coexist. Because
an AP identical to HuG-AP had already been found in the metastatic
lesion of the liver of the same patient, the expression of this novel AP
seemed to occur in the patient's original cancer cells but did not result

from spontaneous transformation of cultured cells.

INTRODUCTION

There are four gene loci for human APs.2 The structure of

these four AP genes has become clear recently (1-4).
Cancer tissues are known to express unusual APs. For ex

ample, placenta! AP (Regan isoenzyme) (5) and germ cell AP
(Nagao isoenzyme) (6), which is normally expressed in trace
amounts in testis and thymus except for pregnancy, can be
detected in the sera and cancerous tissue of patients with
malignant diseases, especially with genitourinary cancers. Ka-
sahara isoenzyme, which is another cancer-associated AP of
intestinal type, is used for diagnostic assistance of hepatocel-
lular carcinoma (7, 8). A normal cell usually expresses one type
of AP mRNA, which is then translated to one AP protein
consisting of the same two subunits, so-called homodimeric
structure. However, some cancer cell lines exceptionally express
two different types of AP mRNA concomitantly. In such cancer
cells, some hybrid form of AP, in other words heterodimeric
AP, may exist. Thus far, however, few reports dealing with
heterodimeric type of AP expressed in human established can
cer cell lines have been encountered except that Wray and
Harris showed the heterodimeric AP (placental/intestinal) ex
pressed in Hep2/5 cells, a subline of HeLa, using immunolog-

ical methods (9).
We (10) recently reported a novel AP (named IP-AP) having

unique enzymatic properties different from those of intestinal

Received 11/20/89; revised 2/22/90.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1To whom requests for reprints should be addressed.
1The abbreviations used are: AP. alkaline phosphatase: IP-AP. intestinal/

placenta! alkaline phosphatase hybrid form; CEA, carcinoembryonic antigen;
TPA, tissue polypeptide antigen: CAI9-9. carbohydrate antigen 19-9: FBS. fetal
bovine serum; EA1A, enzyme-antigen immunoassay.

and placenta! APs and reacting with both monoclonal antibod
ies specific to intestinal and placenta! APs, suggesting a hybrid
form of AP consisting of one subunit of intestinal AP and
another subunit of placenta! AP, found in the metastatic lesion
of the liver of a patient with gastric cancer.

In the present study, we report the establishment and char
acterization of a new gastric cancer cell line, HuG-1, which was
derived from cancer cells in the ascitic fluid of the same patient
mentioned above, and we describe that this cell line produced
an novel AP (HuG-AP) identical to IP-AP expressed in the
metastatic lesion of the liver of the same patient.

MATERIALS AND METHODS

Patient Profile

The patient was a 55-year-old Japanese male of the A, Rh+ blood
group with advanced gastric cancer (Borrman 3). Histologically, speci
mens of the gastric tumor obtained at autopsy were moderately differ
entiated tubular adenocarcinoma (Fig. 1/4). At the time of admission
of the patient on October 11, 1986, peritoneal dissemination with
ascites and metastasis to the liver was observed with abnormally high
serum levels of CEA (225 ng/ml), CA 19-9 (26,400 units/ml), and TPA
(5,400 units/liter). The ascites, containing many cancer cells, was
aspirated on October 28, 1986. The specimen of the patient's liver

containing metastatic cancer tissue was obtained at autopsy.

Establishment of a New Cell Line (HuG-1) from the Patient

Samples of 15 ml of ascitic fluid were incubated in three 75-cm2
flasks (Iwakiglass, Tokyo, Japan) at 37Â°Cin a humidified atmosphere

of 5% CO2 in air for 1 day, then 15 ml of RPMI 1640 containing 10%
heat inactivated FBS (Whittaker M.A. Bioproducts Inc.) and antibiotics
(100 lU/ml penicillin. 100 ^g/ml streptomycin) were added to each
flask. Subsequently half of the medium was changed every 4-7 days.
The cultured cells were observed with a phase-contrast microscope and
photographed. At the 55th generation, the cultured cells were cloned
twice and a new cell line, HuG-1, was established.

Characterization of HuG-1 Cells

Chromosomal Analysis. Exponentially growing cells in RPMI 1640
containing 10% FBS were incubated with Colcemid (0.2 fig/ml, final)
for 7 h. After hypotonie treatment for 10 min at 37Â°Cin 0.075 M KC1,

the cells were fixed in methanohacetic acid (3:1, v/v). Chromosomes
were stained by the trypsin-Giemsa banding technique (11). One
hundred chromosomes in metaphase were examined.

Heterotransplantation. Female nude mice of BALB/c origin were
obtained commercially when 6 weeks old and were used as recipients
in heterotransplantation experiments. Suspensions of 1 x IO7cells in

0.5 ml phosphate-buffered saline were inoculated s.c. into the back of
the nude mouse, and the animals were observed for 6 months for
development of tumors.

Tumor Markers in the Used Medium of HuG-1 Cells and in the Serum
of Tumor-bearing Nude Mice. Culture of 1 x IO5cells/ml was incubated

for 3 days without medium change. The medium was then collected by
centrifugation at 500 x g for 10 min to remove floating cells and stored
at -70Â°C. Sera were obtained from the tumor-bearing nude mice when
the s.c. inoculated tumor size reached about 1.0 cm1. Sera of nontreated
nude mice were collected as control. These sera were stored at â€”70Â°C

until use. The used medium was then determined for CEA, CAI9-9,
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and TPA with radioimmunoassay kits from Dainabot (Tokyo, Japan),
Centocore, Inc. (Malvern, PA), and Daiichi (Tokyo, Japan), respec
tively. Sera of tumor-bearing nude mice were also measured for CEA,
CAI9-9, and TPA.

Characterization of AP

Assay of AP. AP activity was determined using phenylphosphate as
a substrate by the method of Higashino et al. (7). One unit of the
enzyme activity was defined as the amount of enzyme causing the
release of 1 f/mol of phenol/min. Protein was determined by the method
of Lowry et al. ( 12). The effects of various inhibitors and thermostability
of AP were tested for discrimination of AP isoenzymes according to
the method described previously (13). APs from normal intestine, term
placenta, and liver and germ cell AP from seminoma tissue were
prepared as described previously (7, 10).

Purification of AP. AP was extracted from the established cells (HuG-
1) by the method reported previously (7). The n-butyl alcohol extract
from HuG-1 cells was treated with acetone. The fraction precipitating
between 30 and 60% acetone was dialyzed against 50 mM Tris-HCl

buffer, pH 8.0, containing 0.15 M NaCl, 10 ^M MgCl2, 10 MMZnCl2,
and 0.02% NaN3 (buffer A). The dialyzed enzyme was applied on a
2HIMS-1 column (Sepharose 4B coupled with anti-intestinal AP mono
clonal antibody) (14, 15) and washed with buffer A. The enzyme was
eluted with 0.2 M NajCOa containing 0.5 M NaCl. The enzymically
active fractions were dialyzed against buffer A. The enzyme was then
applied on an HPMS-1 column (Sepharose 4B coupled with anti-
placental AP monoclonal antibody) and eluted by use of the same
procedure. Thus eluted enzyme was purified about 300-fold from the
cell homogenate and its specific activity was 2.6 units//jg protein. This
purified enzyme was used for the following expeiments.

Electrophoresis. Polyacrylamide gradient (4-30%) gel electrophore-
sis was performed according to the method of Higashino et al. (13).
After electrophoresis, the bands made visible by staining the enzyme
activity with 1-naphthyl phosphate and Fast Blue BB salt (Sigma) as
described previously (7).

Immunological Analysis. EAIA was performed using three kinds of
monoclonal antibodies (HPMS-1, 2HIMS-1, and HLMS-1) each of
which is specific for human placenta!, intestinal, or liver AP isoenzyme
(15). Briefly, each well of a 96-well plate was incubated with 100 p\ of
goat anti-mouse IgG antibody (Kirkegaard and Perry Lab. Inc.; 20 jig/

ml). After the plate had been washed and blocked with 1% bovine
serum albumin, 100 ^1 of the monoclonal antibody solution (5 n%/m\)
were added to each well, followed by incubation. After the plate had
been washed, 100 p\ of AP (10 milliunits) were added and incubated at
4"C for 12 h. The plate was washed, and then 200 n\ of substrate

solution (2.7 mM p-nitrophenyl phosphate) were added to each well,
followed by incubation at 37Â°Cfor 30 min. The absorbance of the

resulting solution in each well was measured against substrate blank at
405 nm.

Dot Blot Analysis of mRNA. Two kinds of probe which are specific
for intestinal AP mRNA or placenta! AP mRNA were prepared as
described previously (8). Total cellular RNA was isolated from HuG-1
cells by the guanidine isothiocyanate/CsCl method (16). The polyaden-
ylated RNA fraction was separated by chromatography on an oligo-
deoxythymidylate cellulose column as described previously (17). Pre-
hybridization and hybridization were performed as described previously
(8).

Analysis of Data. Values reported are the mean Â±SEM for three
determinations. Differences between groups were evaluated using Stu
dent's / test, with significant difference defined as those associated with

P < 0.01. The results of EAIA, inhibition assay, and thermostability of
APs represent the average of two determinations (the difference of two
determinations; within 5%).

RESULTS

Characterization of the HuG-1 Cell Line

after about 1 month of primary culture, the cells could be
cultivated in RPMI 1640 containing FBS. The floating cancer
cells showed good viability and grew faster than those attached
to the flask; therefore we cultured only these floating cells. The
floating cells have been cultivated for 220 generations over a
period of 31 months (Fig. IB). The cells were split 1:2 every 3
to 4 days and could be expanded. At the 36th generation some
cells were transferred to serum-free medium and were found to

grow as well in the medium containing 10% FBS. Using limiting
dilution, we obtained cloned cells at the 55th generation (HuG-
1). The doubling time (exponential phase) of HuG-1 cells was

The ascitic fluid containing floating cells in the flask was
gradually replaced by RPMI 1640 containing 10% FBS. Finally,

Fig. 1. A, light micrograph of moderately differentiated tubular adenocarci-
noma of the original tumor tissue. H&E; bar. 60 iuta. B, phase-contrast micrograph
of HuG-1 cells in medium containing 10% FBS. Some signet ring cells are seen.
Bar, 30 jim. C, light micrograph of transplanted HuG-1 cells in the nude mouse
shows moderately differentiated tubular adenocarcinoma. H&E; bar, 30 /Â¿m.
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about 38 h at the 60th and 160th passages. The chromosome
number of the cells at the 72nd generation was between 55 and
63 with a hypotriploid modal number of 60. Giemsa banding
carried out at the 72nd generation on the cells with the modal
chromosome number showed trisomy of chromosomes 2, 6,
and 12; monosomy of chromosomes 4, 5, and 21 ; and nullisomy
of the Y chromosome. In addition, 9 marker chromosomes,
Iq-, 3p+, 7p+, 8p+, 9p-, 1lp+, 1lp+, 14p+, and 17p+, were

identified in all karyotypes studied. Three structurally abnormal
chromosomes, i(10q), 15q+, and 16q+, were present in 7 of 8
karyotypes.

Inoculation of nude mice with 1 x IO7 HuG-1 cells resulted

in the development of tumors. Histologically, the tumor re
vealed moderately differentiated adenocarcinoma (Fig. 1C) and
resembled a part of original patient's cancerous tissue.

The available tumor markers in the used medium were as
sayed. Table 1 shows that HuG-1 cells at a saturation density
released CEA, CAI9-9, and TPA. The ability of HuG-1 cells
to produce CEA, CAI9-9, and TPA has continued from the
primary culture up to the present time (220th generation). The
HuG-1 cells released CEA, CAI9-9, and TPA even in serum-

free medium, but in smaller amounts than in medium contain
ing 10% FBS (Table 1). Serum levels of CEA (6.9 Â±2.2 ng/
ml), CA19-9 ( 170 Â±32 units/ml) and TPA (4200 Â±1600 units/
liter) in the tumor-bearing nude mice (about 1.0 cm' in tumor

volume) were high compared with those of CEA (below 0.5 ng/
ml), CAI9-9 (below 6 units/ml), and TPA (180 Â±50 units/
liter) in nontreated nude mice (P < 0.01).

Characterization of AP of HuG-1 Cells

Electrophoretic Mobility. As shown in Fig. 2, HuG-AP ex
tracted and purified from HuG-1 cells electrophoresed in the
intermediate position between placenta! and intestinal APs on
polyacrylamide gradient (4-30%) gel electrophoresis, just as
the IP-AP obtained directly from patient's cancer tissue did.

Immunological Analysis. Specificities of monoclonal antibod
ies are shown in Table 2. HuG-AP extracted with Â«-butyl
alcohol from HuG-1 cells reacted with both anti-placental and
anti-intestinal AP specific monoclonal antibodies, just as the
IP-AP did (10). This suggests that HuG-AP consists of two
different subunits, one from intestinal AP subunit and the other
from placenta! AP.

Thermostability. The activity of HuG-AP remaining after
incubation at 65Â°Cis shown in Fig. 3. HuG-AP was more heat-

labile than placenta! AP but more heat-stable than intestinal
AP. This was consistent with data for IP-AP (10).

Effect of Amino Acids on Enzyme Activity. HuG-AP was
sensitive to L-leucine and L-phenylalanine but resistant to L-
homoarginine. However, the degree of the sensitivity of HuG-
AP to these amino acids was not always compatible with that
of placenta! or intestinal AP (Table 3). These properties were
the same as those of the IP-AP reported previously (10).

Table 1 Assays of tumor markers in the used medium of/luG-I cells

Culturesupernatant"CEA

(ng/ml)
CAI 9-9 (units/ml)
TPA (units/liter)10%6.3

Â±
888 Â±

6.129 Â±FBS1.3e

259r
l,600rSerum-free1.0

Â±0.1
64 Â±8.3

1.822 Â±61110%

FBS*

(control)0.3

Â±0.15Â±2

13.4 Â±4Patient's

serum225

26,400
5.400

"Tumor marker levels were shown for 10s cells/ml/72 h incubation under

confluent conditions.
* RPMI 1640 containing 109Â¿FBS was assayed as negative control. Each value

is the mean Â±SEM of triplicate measurements.
c P < 0.01 by Student's I test when compared with samples from used serum-

free medium.

1

2

3

4

I

0
Fig. 2. Electrophoretogram of APs on polyacrylamide gradient (4-30%) gel.

/, intestinal AP; 2, placenta! AP; 3, IP-AP; 4, HuG-AP. O, origin. Anodal
direction is from the origin (O) to the right (+) of the figure.

Table 2 Immunological \tudy of alkaline phosphatases
Enzyme activity of each specimen used was 4 milliunits. Values are the actual

absorbance at 405 nm of ^-nitrophenol produced in each well and represent the
average of two determinations.

Monoclonal antibodies

Alkaline
phosphataseIntestinalPlacentalLiverIP

APHuG-APAnti-intestinal

AP0.80000.460.44Anti-placentalAP00.6500.500.54Anti-liverAP000.9100

D germ-cell

A placenta

A intestine
C HuG-AP

â€¢IP-AP

(patient)

Fig. 3. Thermostability of AP. Thermostability was examined by incubating
the enzyme at 65"C in 20 miviTris-HCl, pH 7.4. containing 2 mivi MgClz and 2

miviZnCU for the time indicated.

Effect of PÂ¡,Sodium Dodecyl Sulfate, and EDTA on Enzyme
Activity. The effect of EDTA on the activity of HuG-AP was
similar to that on intestinal AP, whereas HuG-AP showed
properties intermediate between those of placenta! and intes
tinal APs against inorganic phosphate and SDS.

Dot Blot Analysis. Biochemically and immunologically, HuG-
AP was identical to IP-AP. Therefore we used HuG-1 cells as
a model system to investigate the expression of novel AP
mRNA in the gastric cancer cells of the patient. The specificity
of probes for intestinal AP mRNA (D-I) and placenta! AP
mRNA (D-P) was described previously (8). Fig. 4 shows that
HuG-1 cells derived from one cloned cell expressed both intes
tinal and placental AP mRNA concurrently.
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Table 3 Enzymk properties of alkaline phosphatases"

ci of inhibition*

Intestinal Placenta! Germ-cell
Inhibitors"1

-Phenylalanine
5 mM

10niML-HomoarginineÂ°

5 mM
10mMi-Lcucine

5 m\i
lOniMK2HPO4

5 mM
10HIMSodium

dodecvl sulfate
0.5%

5%EDTA

O.I mMAP59.0

68.630.1

38.753.9

67.17.5

17.30

1.256.2AP73.8

85.15.214.035857.962.6

76.497.7

99.114.7AP86.9

91.128.8

38.885.2

90.948.8

64.997.9

99.449.5IP-AP87.8

92.422.5

31.980.2

89.825.1

39.261.6

84.456.2HuG-AP85.7

92.319.2

34.876.7

85.824.9

37.065.4

89.151.5

" Each inhibitor was incorporated in the standard assay mixture so as to give

the final concentration indicated. The effect of EDTA or sodium dodecyl sulfate
on the enzyme activity was studied as described previously (13).

* The values represent the average of two determinations.

ProbeD-lD-PBlottedsampleHuG-1

cell RNA

Glioblastoma cellRNAHuG-1

cell RNA

Glioblastoma cell RNA1

/Dilution1248â€¢

*tÂ«â€¢

â€¢ â€¢9Â»

* â€¢ Â«16

32*â€¢

4

Fig. 4. Expression of intestinal AP mRNA and placenta! AP mRNA. Initial
dose of dotted polyadenylated RNA was 10 /ig. D-I, probe specific for intestinal
AP mRNA. is a 439-base pair Msp\-Msp\ fragment of 3'-untranslated region of
intestinal AP complementary DNA. D-P, probe specific for placenta! AP mRNA,
is a 652-base pair Mspl-Sacl fragment of 3'-untranslated region of placental AP

complementary DNA. Both probes were prepared as described previously (8).
Glioblastoma cells in which AP was not detected were used as negative control.

DISCUSSION

In the present study, we newly established a gastric cancer
cell line (HuG-1 ) from our patient's ascites. Some human cancer

cell lines have been reported to produce CEA and CA 19-9 (18-
20). In our patient, his serum levels of CEA. CA 19-9, and TPA
were high and the production of these tumor markers has
continued in both HuG-1 and transplanted tumors of HuG-1
cells in nude mice.

Recently, we (10) first proved that IP-AP was expressed in
the cancer tissue in humans. The production of this hybrid form
of AP has also continued in our established cell line (HuG-1).
Furthermore, AP extracted from transplanted tumors of HuG-
1 cells in nude mice showed the same properties as did IP-AP
and HuG-AP electrophoretically, immunologically, and enzym-
ically (not shown). Although this hybrid form of AP has been
suggested to exist in a few cancer cell lines in vitro (21), this
type of AP has not been confirmed hitherto in any human
cancer tissues or in sera of patients with malignant diseases.
Our finding of a hybrid form of AP in human native materials
suggests that expression of a hybrid form of AP in some cancer

341

cell lines did not result from spontaneous transformation of
cultured cell lines during long term culture in vitro but it had
already occurred in original cancer tissue.

Our newly discovered hybrid form of AP bound to both anti-
placental AP and anti-intestinal AP monoclonal antibodies and
had more heat stability than adult intestinal AP but less heat
stability than term placental AP. However, the sensitivity of
our hybrid form of AP to various inhibitors did not show the
intermediate value between intestinal and placental APs, sug
gesting that these properties may be based on the characteristics
of the heterodimeric structure of our enzyme and may not be
due to the simple mixture of the two enzymes, intestinal and
placental AP.

Although the HuG-1 cell line was not established from the

primary gastric cancer tissue, we concluded that it originated
from the gastric cancer because the HuG-1 tumor that devel
oped in nude mice after inoculation of HuG-1 cells histologi-

cally resembled the primary gastric cancer tissue of the patient
and because HuG-1 cells produced CEA, CA19-9, and TPA
which could be stained in our patient's gastric cancer tissue

histochemically (not shown) and were observed as abnormally
high level in our patient's serum. HuG-1 cells also produced

the abnormal AP, which has the same enzymic properties as
the one found and named IP-AP in the cancer tissue of the
same patient. HuG-1 cells were cloned twice consecutively
because it remained possible that there were two cloned cells
which expressed intestinal and placental APs, respectively. As
a result of cloning of the cells, we concluded that a HuG-1 cell,
a single cloned cell, expressed CEA, CAI9-9, TPA, and an AP
identical to IP-AP, a newly discovered AP, concomitantly.

HuG-1 cells expressed both intestinal AP mRNA and placen

tal AP mRNA. Dot blot analysis rendered to confirm the result
of immunological analysis using monoclonal antibodies. On the
basis of immunological, enzymic, and dot blot analyses, we
concluded that our newly discovered AP was a hybrid form of
AP consisting of one subunit each of intestinal and placental
APs. However, another possibility remains to be excluded, that
this hybrid form of AP consists of intestinal and germ cell AP
subunits, because anti-placental AP monoclonal antibody which
we used in the present study also reacted with germ cell AP.
Because the nucleotide sequence of our probe to placental AP
mRNA is highly specific for placental AP, thus not reacting to
germ cell AP mRNA, one subunit of our hybrid form of AP
seems to come from placental AP, but not from germ cell AP.

As for APs as tumor marker, Regan isoenzyme (term placen
tal AP), Nagao isoenzyme (germ cell AP), and Kasahara isoen-
zyme (modified intestinal AP) have been described. Our hybrid
form of AP (intestinal/placental) may also exist in some cancer
tissues and it is possible that we have taken the hybrid form of
AP for Regan isoenzyme or Nagao isoenzyme because of its
heat stability, i.-leucine sensitivity, and reactivity to anti-placen
tal AP antibody. Our present study indicates that we must
reinvestigate carefully if a hybrid form of AP has been expressed
in human cancerous tissues or in sera of patients with malignant
disease.

The HuG-1 cell line could be useful for studies on expression

of AP, conventional tumor markers of cancer cells, and the
autocrine growth in serum-free medium.
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