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Abstract

The expression of glycosylphosphatidylinositol (GPI-anchored) carcinoembryonic antigen (CEA) and alkaline
phosphatase (ALP) on the cell surface of various cancer cell lines and a lung diploid cell line (WI38) was invest-
igated, with exposure of the cell lines to a cell differentiation agent (sodium butyrate) to induce cell differentiation
and expression of the two tumor-associated antigens. In three colon (SW1222, SW1116, and HT-29) and stomach
(MKN-45) cancer cell lines, all of which are double producers of CEA and ALP, the maximum expression of GPI-
anchored CEA occurred with butyrate at a lower concentration than did that of GPl-anchored ALP. GPIl-anchored
ALP derived from colon (SW1222 and SW1116) and stomach (MKN-45 and MKN-1) cancer cell lines was heat-
stable with and without exposure to butyrate, but GPl-anchored ALP derived from lung cancer cell lines (PC-6,
PC13, PC-14, WI26VA4, and WI38VA13) showed a variety of heat stabilities, depending on cell line, butyrate
exposure, and SV40 transformation.

Introduction membrane by a GPI moiety (Takami et al., 1988), and
functions as an intercellular adhesion molecule by the
Carcinoembryonic antigen (CEA) (Gold and Freed- mediating homotypic aggregation of cultured human
man, 1965a, b) and alkaline phosphatase (ALP) (Fish- colon cancer cells (Pignatelli et al., 1990).
man et al., 1968; Nakayama et al., 1970; Fishman  ALP comprises a group of four isozymes found
et al., 1983), are both used as tumor-associated andin liver, kidney, intestine, placenta, bone and most
oncodevelopmental markers and have been identifiedother tissues (reviewed in reference McComb et al.,
as members of the group of glycoproteins which are 1979). ALP derived from various sources such as hu-
anchored by glycosyl-phosphatidylinositol (GPI) (re- man placenta, pig kidney microsome, and rat liver
viewed in references: Low and Saltiel, 1988; Ferguson plasma membrane has been shown to be anchored
and Williams, 1988; Low, 1989). to the cell surface membrane by a GPI moiety (Low
CEA is one of the most thoroughly characterized and Zilversmit, 1980; Kominami et al., 1985; Miki
tumor-associated antigens, in both its biochemical and et al., 1985; Malik and Low, 1986; Howard et al.,
its clinical aspects. Its molecular weight of 180 000— 1987). Placental ALP (Reagan) (Fishman etal., 1968)
200 000 includes a carbohydrate content of approx- and germ cell ALP (Nagao) (Nakayama et al., 1970)
imately 50-60%, as demonstrated by cDNA cloning isozymes, which are detectable in sera and cancerous
(Oikawa et al., 1987). Itis anchored to the cell surface tissue of patients with genitourinary and other cancers,
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are stable to heat inactivation at 56. The other two ~ '20le 1. Celllines used in this study

isozymes (liver/bone/kidney ALP and intestinal ALP),

in contrast, are readily inactivated by heat (Fishman,
1983). Each ALP isozyme is expressed in association SW1222 ~ Colon  Well differentiated carcinoma
with distinct cancers or cancerous stages (Fishman et SW1116  Colon  Well differentiated carcinoma
al., 1968; Nakayama et al., 1970; Fishman, 1983). ~ HT29 Colon — Well differentiated carcinoma

Cell line Origin Histology

The present study is part of an investigation ulti- Eccz-is t“”g fma" Ce'I'I carcinoma
mately directed toward the development of immunolo- i ung arge cetl carcinoma _
PC-14 Lung Poorly differentiated adenocarcinoma

gical tools for cancer therapy and imaging. Our invest-
igation is focused on the development of antibodies
against tumor-asso_ciated, GPI-anchorgd antigens such WI-38 Lung Lung diploid fibroblast cell

as CEA and ALP, Sm.C? cell-surface antigens may prt_a- MKN-45 Stomach  Poorly differentiated adenocarcinoma
sumably be more efficiently targeted than cytoplasmic  \;kn-1 Stomach  Adenosquamous cell carcinoma
antigens. The use of two or more antibodies to such Nygc-4  Stomach  Poorly differentiated adenocarcinoma
antigens in combination, moreover, may improve the
detection and discrimination of cancer cells express-
ing these antigens. The present study was therefore
performed as an initial investigation of the patterns
of GPl-anchored CEA and ALP expression in various

cancer cell lines at various stages of differentiation. All cell lines were grown at 37C with 5% CQ in

_Butyrz:te ils kngwn Itlo stimdulate di;ferefntiation |(;1fa Minimum Essential Medium (MEM) (Flow Laborat-
variety of cultured cells, and was therefore used for ories, McLean, VA) with 10% fetal calf serum (FCS)

this purpose in the present study. Somg studies h,ave(Gibco-BRL, Gaithersburg, MD), and supplemented
shown that butyratg mducgs morphological and bio- with penicillin and streptomycin (100 units mi and
chemical changes in certain colon and breast cancer, gq g mI-L, respectively). The colon cancer cell

cell lines, including an increased expression of CEA ;0 q\y/1222 was originally established by Leibovitz
consistent with a more dlffere_ntlated state (Tsao et al, ot al. (1976). Stomach tumor cell lines MKN-1 and
1983; Abe and Kufe, 1984; Niles etal., 1988; Toribara \1.«n.45 and lung tumor cell lines PC-6, PC-13, and

etal., 1989; Saini etal., 1990). Other researchers havep 14 \vere purchased from IBL Co. (Gunma, Japan)
shown t_hat exposure to butyrate increases expressionThe colon tumor cell line SW1116, lung tUIT,]OI’ cell
of ALP in certain colon cancer cell lines (Chung et ;o \w26vA4 and WI38VAL3, and lung diploid cell
al., 1985; G_um etal, 1987).‘ These_ studies have gen-jine )38 were purchased from Dai-Nippon Pharma-
erally examined the expression of either CEA or ALP, ceutical Co. Ltd. (Osaka, Japan). The colon tumor
n slepa;]rate expenmer&ts. : . q cell HT-29 was obtained from American Type Culture

n the present study, we investigate and compare ¢ jqction (Rockville, MD). The gastric tumor cell
the patterns of expression of both CEA and ALP, and line NUGC-4 (Akiyama et al., 1988) was supplied
the four isozymes of A.LP’ in various cancer cell _Iin_es by Japanese Cancer Research Resources Bank (Tokyo,
under exposure to sodium butyrate as a differentiation- Japan). All cell lines used in this study are summarized
inducing agent. in Table 1

WI26VA4  Lung SV40-transformed cancer cell
WI38VA13 Lung SV40-transformed cancer cell

Cell lines

Exposure to butyrate and PI-PLC

Materials and methods Subconfluent monolayer cells in three plastic tissue
culture dishes (10 cm in diameter, Falcon #3003) were
) incubated for 4 days in FCS-supplemented MEM with
Materials sodium butyrate at various concentrations. The me-
dium was renewed at the end of day 2 by replacement
Phosphatidylinositol-specific phospholipase C (PI- with fresh medium. After incubation, the adherent
PLC) fromBacillus thuringiensisvas purchased from  cells were washed once with 5 ml of phosphate-
Funakoshi Co. (Tokyo, Japan). A CEA ELISA kitwas buffered saline (PBS), and 1 ml of serum-free RPMI-
obtained from Denka-Seiken (Tokyo, Japan). 1640 medium (Flow Laboratories) was added to each
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dish. The adhering cells were then detached from the number of adhering (i.e., viable) cells under expos-
dishes by scraping with a rubber policeman. The cells ure to various concentrations of butyrate. Figure 3
were collected by pooling the contents of the three shows the patterns of the butyrate-induced CEA and
dishes and centrifuging the combined contents (total ALP expression by the twelve cell lines used in this
medium volume, 3 ml) at 1000 rpm for 10 min. The study (Table 1). In the two colon cancer cell lines
collected cells were resuspended in 1 ml of serum- SW1222 (Figure 3A) and SW1116 (Figure 3B), the
free RPMI-1640, and incubated at 3T for the expression of GPI-anchored CEA generally decreased
indicated times with occasional gentle shaking in the with increasing butyrate concentration, and that of
presence or absence of u2nl~1 of PI-PLC. Super- GPIl-anchored ALP was maximum around 3 mM bu-
natant was then obtained by low speed (1000 rpm) tyrate. In a third highly differentiated colon tumor cell
centrifugation for 10 min followed by high speed line, HT-29, the expression of both CEA and ALP
(10 000 rpm, 12 000 g) centrifugation for 10 min, and peaked in a similar manner, at 2 and 4 mM of butyrate,
its CEA content and ALP activity were measured as respectively (Figure 3C).

described below. Cell numbers were counted with a  Figures 3D—-3F show the patterns of GPI-anchored

hemocytometer. CEA and ALP expression in the three stomach cell
lines MKN-45, MKN-1, and NUGC-4. In MKN-45,
CEA content and ALP activity expression of GPl-anchored CEA reached a plateau

] ] ) at 4 mM butyrate while that of GPI-anchored ALP
CEA content was determined using a commercially jncreased exponentially over the range of butyrate con-
available CEA ELISA kit (Denka-Seiken Co., Ltd., centrations tested (Figure 3D). In MKN-1 (Figure 3E),
Tokyo, Japan). ALP activity was determined as fol- o expression of GPl-anchored CEA was observed,
lows: A reaction mixture containing 3.0 mlof 1 Mdi-  t GPJ-anchored ALP expression peaked at 1 and
ethanolamine/0.5 mM Mgglbuffer (pH 9.8),0.05ml 5 mm of butyrate. In NUGC-4 (Figure 3F), no detect-
of 0.67 Mp-nitrophenylphosphate solution, and gD able GPl-anchored CEA or ALP was observed with or

of the test sample was incubated at°&7for 15 min.  ithout exposure to butyrate medium during the 4-day
Reaction was terminated by addition of 1 ml of 1 N period of incubation.

NaOH and results were measured by absorbency at Figures 3G—3L show the expression of ALP by
405 nm. various lung cancer cell lines and a diploid lung
fibroblast cell line, WI-38, and the absence of any de-
tectable CEA expression in any of these six lung cell
lines. Expression of GPl-anchored ALP in the small
cell lung carcinoma cell line, PC-6, decreased gradu-
ally with increasing butyrate concentration throughout
the tested range of 0-10 mM (Figure 3G). The rate

A colorectal tumor cell line, SW1222, was used to ‘?f GPI-anchorgd ALP expression by the dipl_oid lung
determine the optimum concentration of PI-PLC for fibroblast cell line, WI-38, was consistently h'gh over
release of the GPl-anchored CEA and ALP from the the 010 mM range of t_)utyrate concentrations (Fig-
cells. A concentration of 0.2 mi~1 was sufficient ure 3L), although approximately 70% of the cells were

for maximal release, and even 0.91ml~1 showed ga:nagted. bci/ e;fposufreegal 10 TM t(;u;yl_r?)te (Table. 2)
effective activity (Figure 1). With 0.2« ml~1 of PI- utyrate induction o -anchore expression

PLC, the optimum incubation period was 2 h, as cell in both the lung large ceII_carcinoma_ceII line PC-
disruption and release of cytoplasmic CEA and ALP 13 and the lung adenocarcinoma cell line PC-14 was

were low throughout this period but increased rapidly observte_d T‘t_lol‘é\_’ butyra;zcongeg:rat;)rls (2or4 ml\t/l,
with longer incubation times (Figure 2). respectively, Figures an ), bu exposure 1o
higher butyrate concentrations resulted in pervasive

cell death (Table 2).

The results shown in Figure 3 suggest that double
producers of both GPI-anchored CEA and ALP (SW-
Expression of GPl-anchored CEA and ALP on the 1222, SW-1116, HT-29, and MKN-45) express max-
representative tumor cell surfaces was examined, with imum CEA at lower concentration of butyrate than that
sodium butyrate induction. Table 2 summarizes the for ALP.

Results

Optimum conditions for CEA and ALP release by
PI-PLC

Expression of GPIl-anchored CEA and ALP by tumor
cell lines
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Figure 1. Determination of optimal PI-PLC. A colon cancer cell line, SW1222, was used for determination of the optimal conditions for PI-PLC
digestion. Mechanically scraped and collected cells were incubated®& 87the indicated concentrations of PI-PLC for 2 h. Released CEA
(Figure 1A) and ALP (Figure 1B) were measured as described in Materials and Methods. All data points are the average of two determinations.
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Figure 2. Determination of optimal incubation time for PI-PLC treatment. A colon cancer cell line, SW1222, was used for determination of the
optimal time for PI-PLC digestion. Collected cells were incubated &3in the presence (closed symbols) or absence (open symbols)of 0.2

mi~1 of PI-PLC for the indicated periods. Representations are as described in Figure 1. All data points are the average of two determinations.
Standard deviations are within 15%.
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Table 2. Number of adhered cells after exposure to butyrate. Subconfluent cell monolayer was
exposed for 4 days to sodium butyrate at the indicated concentration (renewal of medium at day
2). Data represent the average number and standard deviation of the total adhered cells from three
plastic petri dishes, each being calculated from two determinations

Cell line Sodium butyrate (mM)

0 1 2 4 10
SW1222 41.53.5 38.5:3.5 42.0:2.8 44.6:4.2 36.0:2.8
SW1116 60.6:2.8 61.6:4.2 58.5£3.5 59.5:3.5 51.5:3.5
HT-29 99.0t7.1 N.D. 54.@4.2 45.6:2.8 28.5:2.1
PC-6 72.&5.7 22.0:2.8 20.6t2.8 6.6:0.42 1.5:0.14
PC-13 30.&2.8 13.6t1.4 5.40.35 0.18:0.02 0.046:0.007
PC-14 8.1:0.42 7.8:0.35 8.0:0.42 3.3:0.42 0.810.04
WI26VA4 66.0+4.2 N.D. 9.6t0.42 3.6:0.28 0.6@:0.04
WI38VA13 48.5£3.5 9.9£0.28 8.4£0.49 3.6:0.21 0.96:0.03
WI-38 21521 N.D. 16.10.99 16.6:1.4 6.60£0.35
MKN-45 86.5+5.0 42.5:3.5 26.5:2.1 21.5:2.1 27.0:2.8
MKN-1 8.44+0.42 7.8£0.42 8.2:0.64 3.9:0.42 0.64:0.05
NUGC-4 34.6:2.8 21.5t2.1 12.8:1.1 3.9£0.85 0.96:0.06

Numbers inx 10° cells. N.D. = not determined.

Heat stability of GPIl-anchored ALP induced by
butyrate

files of ALP expression by butyrate induction, colon
and stomach cancer cell lines clearly differ from the
lung cancer cell lines other than SV40-transformed
ALP is known to consist of four isozymes. The pla- WI26VA4 and WI38VA13.
cental ALP (Reagan) and germ cell ALP (Nagao)

isozymes are stable at 36 while the liver/bone/kidney

and intestinal isozymes are readily heat inactivated Discussion

(Fishman, 1983).

Figure 4 shows the results of heat treatment’G6  Butyrate has been shown to slow proliferation and eli-
for 10 min) for the GPl-anchored ALP obtained from cit differentiation in a variety of cell lines (Tsao etal.,
various cell lines with and without butyrate. The ALP  1983; Abe and Kufe, 1984; Chung et al., 1985; Gum
activity before and after the heat treatment is shown et al., 1987; Niles et al., 1988; Toribara et al., 1989;
in Figure 4A, and the ratio of post- to pre-exposure Saini etal., 1990; Fleming et al., 1995; Velcich et al.,
ALP activity, as calculated from these values, is shown 1995; Hodin et al., 1996). Particularly in some colon
in Figure 4B. In the two colon cancer cell lines, or breast cancer cell lines, butyrate has been shown
SW1222 and SW1116, and two stomach cancer cell to increase the levels of CEA or ALP and cause al-
lines, MKN-45 and MKN-1, the ALP activity was terations in cellular differentiation (Tsao et al., 1983;
stable under heat treatment irrespective of prior ex- Abe and Kufe, 1984; Chung et al., 1985; Gum et al.,
posure to butyrate (Figure 4B). The lung cancer cell 1987; Niles et al., 1988; Toribara et al., 1989; Saini
lines, in contrast, showed three different patterns of etal., 1990). Those reports, however, only describe the
heat sensitivity. In the PC-13 and PC-6 lines, the per- expression of CEA or ALP singly. Therefore, as a fun-
centage of heat-stable ALP was lower in cells that damental step toward the ultimate goal of developing
had been exposed to butyrate than in those that hada means of immunological therapeutics or in vivo dia-
not. In WI26VA4 and WI38VA13, the percentage of gnostics for cancer using a combination of antibodies
heat-stable ALP was the same with or without prior against two separate tumor-associated, GPI-anchored
butyrate exposure. In WI38, finally, the percentage of antigens, we attempted to elucidate the relationship
heat-stable ALP was increased by butyrate exposure. between expression of GPl-anchored CEA and ALP

These results show that the ALPs of the colon can- as a model system, in 12 cell lines, under exposure to
cer and stomach cancer cell lines were different from butyrate. Expression of both GPIl-anchored CEA and
those in the lung cancer cell lines, and that in their pro- ALP was observed in four (SW1222, SW1116, HT-
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Figure 3. Patterns of GPI-anchored CEA and ALP co-expression in various cell lines. Expression patterns of GPl-anchored CEA and ALP
were investigated with exposure to sodium butyrate, using three colon cancer cell lines (SW1222, SW1116, and HT-29), three stomach cancer
cell lines (MKN-45, MKN-1, and NUGC-4), five lung cancer cell lines (PC-6, PC-13, PC-14, WI26VA4, and WI38VA13) and a dipolid lung
fibroblast cell line (WI-38). Release of GPIl-anchored CEA and ALP from the cell surface was performetiCatv@i 0.2 mi~1 of PI-PLC

for 2 h. CEA content (closed circles) and ALP activity (closed squares) are shown per mg protein. All data points are the average of two
determinations. Standard deviations are within 15%.

29, and WKN-45) of the twelve cell lines. Maximum itive to butyrate treatment and that sodium butyrate at
expression of CEA in these cell lines was observed at a concentration of 5 mM or higher is cytotoxic. In
lower concentrations of butyrate than that those result- the present study, however, it was found that CEA
ing in maximum ALP expression. On the other hand, expression on SW1116 cells decreased with butyrate
the lung cancer cell lines used in this study expressedtreatment and the chemical exhibited little or no tox-
ALP only, in varying combinations of heat-stable and icity, as 80% of the CEA cells were viable after 4 h
heat-labile ALP isozymes. treatment with 10 mM sodium butyrate.

Some of the results observed here are inconsistent  Velcich etal. (1995) have reported thatin the colon
with those by other investigators. Tsao et al. (1983) cancer cell line HT-29, accumulation of ALP mRNA
have reported that SW1116 cells are relatively insens- was first detected at 24 h after 5 mM sodium butyr-
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Figure 4. Effects of heat treatment on ALP derived from various cell lines with and without butyrate. Representative samples with ALP activity

were tested for heat inactivation at 86 for 15 min. In Figure 4A, the open bars show the ALP activity without heat inactivation and the

closed bars show the residual ALP activity after heat inactivation. Figure 4B shows the residual ALP after heat exposure as a percentage of

that without heat exposure, calculated from the values shown in Figure 6A. The concentration of sodium butyrate used in the ALP induction is

shown in parentheses for each cell line.

ate treatment, and the mRNA increased continuously focused on cell membrane surface levels rather than
up to 72 h, whereas the detectable CEA mRNA ac- mRNA levels, were almost the opposite of those by
cumulation is observable around 48 h treatment. Our Velcich et al. (1995). Our results clearly showed

findings, with a different experimental protocol and the effect of butyrate on expression of GPI-anchored
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CEA and ALP. Since the maximum expression of tially regulated in oncodevelopmental stages, as the
GPIl-anchored CEA peaked at a lower concentration maximum expression of GPl-anchored CEA peaked at
of sodium butyrate than that of GPI-anchored ALP a lower concentration of sodium butyrate than that of
in the four double producers, the expression of CEA GPI-anchored ALP did in the four double producers
and ALP may be sequentially regulated in oncodevel- tested. In addition, the expression patterns of ALP
opmental stages. The mechanism of the action of isozymes by butyrate induction in colon and stomach
butyrate on CEA and ALP gene expression in cancer cancer cell lines, showing generally heat-stable ALP,
cells is unknown, but it has been proposed that bu- were different from those of lung cancer cell lines,

tyrate activates some genes in a transcriptional level which comprised varying combinations of heat-stable

via hypermethylation of histones by inhibiting histone
deacetylase (Riggs et al., 1977; Sealy and Chalkley,
1978; Vidali et al., 1978). Therefore, given a uni-
form action of butyrate to genes, it may be that CEA

and ALP genes, as oncodevelopmental genes, are se
guentially regulated, i.e. CEA genes may be expressed

earlier than ALP genes in cancer cells.

The heat lability of the GPl-anchored ALP is
also of interest, as it may provide a basis for relat-
ively simple discrimination among the several ALP
isozymes. The five lung cancer cell lines showed
three distinct patterns of thermal stability in their GPI-
anchored ALP, in contrast to the uniformly heat-stable
ALP from the two colon cancer cell lines SW1222 and
SW1116 and the stomach cancer cell lines MKN-45
and MKN-1. In the small cell lung cancer cell line

PC-6, the ALP expressed in the absence of sodium bu-

tyrate was virtually all heat-stable, but heat-labile ALP
was induced by 2 mM sodium butyrate. Sodium butyr-
ate (2 mM) increased heat-labile ALP several fold in
large lung cancer cell line PC-13. This result coincides
with the observation with human endometrial cancer
cells by Fleming et al. (1995).

In the SV40-transformed cell lines WI26VA4 and
WI38VA13, it is of note that the percentages of heat-
stable ALP with and without butyrate induction were
almost the same. With human diploid lung fibroblast
cell lines WI-26 and WI38, Knaup et al. clearly ob-
served an all-or-nothing shift from a liver-like type
ALP to a placental-like variant after the transforma-
tion by the DNA-tumor virus SV40 (i.e., WI26S5V40
and WI385V40) (1978). In the present study, however,
heat-stable ALP comprised approximately 25% of the
GPIl-anchored ALP in WI-38 cells and approximately
90% of that in a subline of the SV40-transformed
WI-38 cells (WI38VAL13). With butyrate exposure
(1 mM), heat-stable ALP increased to 46% (from 25%
without butyrate exposure) in WI-38 cells and de-
creased sightly, to 83% (from 91%), in WI38VA13
cells.

In conclusion, the present study suggests that the
expression of GPI-anchored CEA and ALP is sequen-

and heat-labile ALP.
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