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Summary. Alkaline phosphatase, an ubiquitous enzyme is known to exist in several isozymic forms. At least three 
different isozymes have now been identified in humans. Alkaline phosphatase isozymes are among the substances 
synthesized ectopically by a variety of human tumors and many continuous cell lines derived from different cancers 
have retained the capacity to produce these membrane-located glycoproteins. This paper reviews the identification of 
alkaline phosphatase isozymes in cultured tumor cells and relates these findings with recent developments concerning 
these cell membrane located glycoproteins. 
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Introduction 

Alkaline phosphatase (EC 3.1.3. l) is the trivial name for 
a family of isozymes with similar catalytic properties that 
hydrolyze a large variety of phosphomonoesters at a 
rather high pH, usually pH 8 to 10.7. The enzyme is 
widely distributed in nature and is found in plants, algae, 
bacteria, protozoa, invertebrates and vertebrates. Irre- 
spective of source, alkaline phosphatases are metal- 
loenzymes with zinc being an integral part of the mole- 
cule. The native enzyme has four zinc atoms, of which 
two seem to be associated with catalytic activity and the 
other pair with structural integrity. In similarity to other 
hydrolases, serine is present at the active site. Most mam- 
malian enzymes contain relatively large amounts of car- 
bohydrates, especially sialic acid. However, the adult in- 
testinal enzyme is devoid of the latter. Inorganic phos- 
phate appears to be an integral part of the enzyme. Most 
alkaline phosphatases are dimeric with mol. wts ranging 
from 70,000 to 180,000 (for details see McComb e t  al.48). 
Hydrolysis of phosphomonoesters proceeds via cleavage 
of O - P  bonds with an activation energy of 6000-10,000 
cal/mol following first order and zero-order kinetics. The 
enzyme reaction takes place in two steps: a) following 
formation of an enzyme-substrate (Michaelis) complex, 
the hydrolysis of the substrate yields phosphorylenzyme 
and product and b) the phosphorylenzyme is subse- 
quently split into enzyme plus inorganic phosphate. The 
K m value is dependent on the assay conditions employed, 
usually increasing with increasing pH and substrate con- 
centration. The pH optimum is dependent on substrate 
and buffer concentrations. In addition to water, a variety 
of aminoalcohols (often used as buffers) act as phosphate 
acceptors. Thus, alkaline phosphatase can also be consi- 
dered to act as a transphosphorylase 17'48. 
In mammals, alkaline phosphatase is found in almost all 
tissues and organs, with liver, bone, kidney, intestine and 

placenta exhibiting the greatest activities 48. Based on stu- 
dies with the enzyme from these and other sources it is 
now well established that in humans at least three se- 
parate structural gene loci determine the protein portion 
of the various forms of alkaline phosphatase. One locus 
codes for the term-placental form, at least one (and possi- 
ble two 51) code(s) for the intestinal (fetal and adult) forms 
and one codes for the liver/bone/kidney or 'tissue unspe- 
cific' form 49'52~65. Operationally these isozymes can be 
easily distinguished from each other by several parame- 
ters 7~ including thermostability, inhibition by specific in- 
hibitors, electrophoretic mobility and immunologic 
properties (table 1). 

Many human cancers make substances not normally pro- 
duced by the tissue from which the tumor originates. 
Among the ectopically produced substances are the vari- 
ous isozymic forms of alkaline phosphatase 42. A variety 
of tumor-derived continuous cell lines have retained the 
capacity to produce these membrane-associated glyco- 
proteins (for examples see table 2). This has permitted 
their use for in vitro studies of factors controlling alkaline 
phosphatase expression independent of the complex or- 
ganismal influences of animal models 3~ In this communi- 
cation we will present a short overview of the identi- 
fication of the various alkaline phosphatase isozymes in 
cultured human tumor cells and shall relate these findings 
to some recent developments in this area. 

Alkaline phosphatase in cultured cells. Alkaline phospha- 
tase activity in cultured tissues or cells has been the sub- 
ject of investigations for over 50 years. The first report on 
this topic is probably represented by the pioneering work 
of Fell and Robinson ~6 on the relationship of enzyme 
activity and in vitro bone formation in chick embryo 
femur. Since then the field has expanded considerably as 
witnessed by the ever-increasing number of publications. 
A computer-aided literature search indicates that 46 arti- 
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Table 1. Some characteristics of the main human alkaline phosphatase isozymes 

Liver/bone/kidney Intestinal Term-placental 
(tissue unspecific) 

Thermostability (56~ 20 min, pH 10.6) - - + 
Inhibitor sensitivity*: 

L-Phenylalanine >> 50.0 3.0 4.5 
L-Homoarginine 3.7 >> 50.0 >> 50.0 
L-Phe-Gly-Gly >> 50.0 14.0 0.5 
Levamisole 0.09 11.0 2.0 
1-Bromotetramisole 0.01 3.0 0.6 

Electrophoretic mobility 7~ Fast Slow Intermediate 
(polymorphic) 

Reaction with antisera to: 
Liver/bone/kidney isozyme + - - 
Intestinal isozyme - + (-) 
Term-placental isozyme - (-) + 

N-terminal sequence 7~ Leu-Val-Phe Phe-Ile-Pro Ile-Ile-Pro-Val 
Molecular weight 7~ 136,000 170,000 140,00~170,000 116,000 125,000 
*Expressed as inhibitor concentration (in mM) producing 50 % inhibition using p-nitrophenol phosphate as substrate in 2-amino-2-methyl-l-propanol- 
HC1 buffer, pH 10.6. 

cles appeared between 1971 and 1974; 89 between 1975 
and 1979 and 132 between 1979 and 1983. 
Although occasional papers on alkaline phosphatase ac- 
tivity in cultured cells, especially as related to the effects 

8 /1 25 26 of  viruses 2'3'43 and its histochemical demonst ra t ion .  �9 . 
appeared prior to 1960, the initial major  impetus of  the 
field coincided with the discovery of enzyme induction by 
phosphate  depletion in bacteria 36,74. I t  is interesting to 
note that by the early 1960's it had been determined that 
alkaline phosphatase is located at the cell membrane  26, 
that  cultured cancer cells were heterogeneous regarding 
enzyme expression 22'58, that  the alkaline phosphatase of  
HeLa  $3 cells was heat-stable 34 and that  the specific activ- 
ity can be altered by experimental manipulat ions of  the 
cellular microenvironment  ~3,25,s9,6~ 
Most  of  the early studies were done with HeLa  cells, a 
continuous line derived f rom a human uterine cervical 
carcinoma 24 and with cell lines later indicted as being in 
fact HeLa  23's4. In these investigations striking quantita- 
tive differences in the specific activity of  alkaline phos- 
phatase were noted among different strains of  HeLa  13,57 
and among cell lines of  supposedly noncervical origin 57. 
For  example, the activity among strains varied as much 
as 1000-fold 13'~7. By contrast  the specific activity of  a 
variety of  other enzymes, including fl-glucosidase, fl-ga- 
lactosidase, acid phosphatase,  catalase, glucose-6-phos- 
phate  dehydrogenase, leucylaminopeptidase did not dif- 
fer 57. The marked dissimilarities in alkaline phosphatase 

Table 2. Examples of cultured human tumor cells expressing different 
alkaline phosphatase isozymes 

Cells Origin Isozymes produced References 

HeLa $3 Cervix Term-placental 15, 20, 34 
T 24 Bladder Term-placental 31 
HT-29 Colon Intestinal 35 
HeLa TCRC-2 (HeLa derivative)* Liver/bone/kidney 66 
78-160 Brain Liver/bone/kidney 72 
LoVo Colon Term-placental Herz, 

+ intestinal , unpublished 
SW-620 Colon Term-placental 32 

+ liver/bone/kidney 
Detroit-98 (HeLa derivative)* Intestinal 6 

+ liver/bone/kidney 

* See text. 

activity were also noted among clonal strains derived 
f rom single cell platings of  the parental  cell lines 58. 
Studies to characterize the enzyme with respect to local- 
ization, p H  optimum, substrate specificity, K m and effect 
of  the then known inhibitors showed that, despite very 
wide differences in specific activity, these properties were 
similar in all cell lines and their clonal strains 34. However, 
studies on the physicochemical properties revealed 
marked  dissimilarities. The alkaline phosphatase of  cells 
with relatively low specific activity (e.g. HeLa  $3) was 
stable during preincubation at 56 ~ while that  of  cells 
with high specific activity (e.g. KB, Chang liver) showed 
an almost complete loss of  activity under the same condi- 
tions. However,  in the case of  the latter, there was always 
a residual activity that withstood preincubation, indicat- 
ing that these cells have two alkaline phosphatases,  one 
heat-labile, which comprised the major  port ion and one 
minor,  heat-stable port ion ~4,59. By contrast,  no ther- 
mostable activity was seen in normal  fibroblasts 34, thus 
providing evidence that the culture conditions per se did 
not stimulate the expression of  the heat-stable enzyme. 
The kinetics of  thermal inactivation were compatible 
with monomolecular  reactions, the rate of  which was 
increased in the presence of  alkaline buffers 29'34. Experi- 
ments with cell-free mixtures and with partially pur i fed  
enzyme preparat ions eliminated the possibility of  an inhi- 
bitor or stabilizer which might have accounted for the 
differences in heat stability. Since these characteristics 
persisted for many  generations it was concluded that the 
differences in enzyme activity and thermostabili ty were 
genetically determined 34. The observation that  HeLa  $3 
cells produced a heat-stable alkaline phosphatase was the 
first instance in which such an enzyme form was identi- 
fied in cells of  human origin. Although multiple alkaline 
phosphatase forms had been suspected for years 9,~2 and 

10 multiple electrophoretic forms had been demonstrated , 
the significance of the thermostable enzyme in cultured 
cancer cells was not understood at the time. 

Term-placental alkaline phosphatase 

Subsequent studies demonstrated that  the human pla- 
centa had an alkaline phosphatase that  also could be 
incubated at 56 ~ without loss of  activity s3. It is inter- 
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esting to note that earlier studies ~ had shown that the 
activity of the enzyme from placentas was highest when 
the reaction was carried out at 55 ~ but no reference 
regarding its thermostability was made. The significance 
of the heat-stable alkaline phosphatase produced by 
HeLa $3 cells was first appreciated when Fishman et al. 2~ 
discovered the 'Regan' isozyme in the serum and tumor 
tissues of a patient with bronchogenic carcinoma. The 
demonstration by a variety of additional criteria that this 
enzyme form is similar to the alkaline phosphatase of 
term-placenta and HeLa cells ~5,~9 provided new directions 
and meaning to the study of this oncodevelopmental 
glycoprotein in cancer cells. 
Later studies have shown that cell lines derived from 
tumors of a variety of organs also produce the heat- 
stable, Regan isozyme. These include, ChaGo, SCH, 
HCT-8, and T24, derived from chorionic gonadotropin- 
producing lung carcinoma 47, gastric choriocarcinoma 38, 
colorectal adenocarcinoma 68 and urinary bladder carci- 
noma 31, respectively, as well as many others 5'55. In addi- 
tion to HeLa, the term-placental isozyme is also ex- 
pressed by other continuous lines derived from uterine 
cervix tumors 5'33'4~'63. Production of altered forms of 
term-placental alkaline phosphatase, including an en- 
zyme resembling the rare D variant (Nagao isozyme) has 
been reported to occur in certain choriocarcinoma- 
derived cell lines 56'69 and in an epidermoid cancer line 37. 

Liver/bone/kidney alkaline phosphatase in cultured cancer 
cells 

Following the demonstration that the early human pla- 
centa has an alkaline phosphatase distinct from the term- 
placenta t~64'69, with properties resembling those of the 
liver/bone/kidney (tissue unspecific) 7t enzyme form, it be- 
came evident that some of the 'non-Regan' isozymes de- 
scribed in a variety of human tumors corresponded to 
this heat-labile, L-phenylalanine-insensitive and L- 
homoarginine-sensitive enzyme. Production of this iso- 
zyme has also been reported in cancer cell lines 32'v3. How- 
ever, because of the ubiquity of the tissue unspecific al- 
kaline phosphatase in humans 7~, caution is indicated be- 
fore considering it as tumor-derived in the same context 
as the term-placental isozyme. For instance the alkaline 
phosphatase of normal colon is of the intestinal type and 
some colon carcinomas have been shown to produce the 
tissue unspecific isozyme 5~ Thus, important examples of 
cultured cancer cells producing the latter are those 
derived from colon tumors 32'5~ However, it should be 
emphasized that cancer cell lines producing this isozyme 
may also synthesize the term-placental form 27,3z,34,6~. 
A clone of HeLa cells (HeLa TCRC-2) expressing the 
tissue unspecific isozyme monophenotypically has also 
been identified 66. The significance of the presence of 
tissue unspecific alkaline phosphatase in cultured tumor 
cells derived from tissues normally producing this iso- 
zyme 72,73 still remains to be clarified. It should be stressed 
that normal cells in culture, including fibroblasts 7,75 and 
epithelial cells (Herz, unpublished) produce the tissue 
unspecific isozyme. There is controversy regarding the 
type of alkaline phosphatase synthesized by virally-trans- 
formed human fibroblasts. Whereas there are reports 
indicating that SV40-transformed WI-38 fibroblasts pro- 

duce the term-placental isozyme 14,39, other investigators 
could not demonstrate its presence in such cells 46. 

Intestinal alkaline phosphatases in cultured cancer cells 

With regard to intestinal alkaline phosphatases, these 
enzyme forms have been identified mostly in clones of 
HeLa origin 6,4~ or in lines indicted 54 as being in fact 
HeLa, including CCL644, FL amnion zl, and KB 29,67. How- 
ever, two bonafide non-HeLa contaminated cell lines 
derived from colonic adeno-carcinoma have been shown 
to produce intestinal alkaline phosphatase, HT-29 35 and 
LoVo (Herz, unpublished). In view of the findings that 
colon carcinoma produce the tissue unspecific isozyme 5~ 
the ultimate meaning of these observations remains to be 
elucidated. 

Cultured tumor cells producing two alkaline phosphatases 

It has been evident for a long time that certain continuous 
cancer cell lines and clones derived therefrom produce in 
addition to heat-stable alkaline phosphatase a heat-labile 
enzyme 34. With the use of appropriate identification pro- 
cedures (e.g. organ specific inhibitors, electrophoretic 
mobility, antibody reactivity) the heat-labile activity has 
been characterized as either representing the tissue unspe- 
cific or the intestinal isozymes 7,62. The simultaneous ex- 
pression of these two forms has been described in the 
HeLa-derived Detroit-98 and D98/AH-R lines 6. How- 
ever, the coincidental production of three human iso- 
zymes by one continuous cell line has heretofore not been 
reported. In FL amnion and KB cells, which produce an 
intestinal and the term-placental alkaline phosphatases, a 
'hybrid' enzyme form has been identified 2~'67. This 'hy- 
brid' shares the characteristics of both isozymes. More 
recent results have confirmed these observations by iso- 
lating from KB cells two nonidentical subunits, one hav- 
ing the same isoelectric point and molecular weight as the 
term-placental isozyme and the other corresponding to 
the glycosylated subunit of the adult intestinal enzyme 4. 
This mixed subunit structure is also present in the human 
fetal intestinal alkaline phosphatase 4. By applying mono- 
clonal antibodies the presence of interlocus heterodimers 
of intestinal and term-placental isozymes has been dem- 
onstrated in extracts of HEp 2/5 cells, a HeLa deriva- 
tive 76. These findings, as well as the flow cytometric stu- 
dies with Chang liver cells 45 and single cell cloning experi- 
ments with SW-620 cells 32, are further evidence that the 
coincidental expression of two different alkaline phos- 
phatase isozymes may occur in a single celP 2'58. This point 
is of importance since under the influence of enzyme 
inducing agents (e.g. glucocorticoids, hyperosmolality, 
sodium butyrate), the activity of only one isozyme may 
be augmented while that of the other may not be af- 
fected 3~ thus indicating that the expression of each iso- 
zyme is independently controlled. 

Concluding comments 

Despite that more than seven decades have elapsed since 
its discovery 48, alkaline phosphatase remains an enzyme 
in search of a physiological function(s). Although many 
functions have been proposed, none has withstood rigor- 
ous testing. These include, a role in cellular metabolism 
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by making available sugar moieties and inorganic phos- 
phate, in embryonic development and differentiation, in 
(active) transport of specific substances, in calcification, 
etc. 4s. 
Because of the uncertainty surrounding the function(s) of 
alkaline phosphatase no real conclusions can be reached 
why some human tumors express an isozyme not nor- 
mally produced by its tissue of origin. It has been sug- 
gested that the different isozymes which appear during 
normal trophoblast development may be re-expressed by 
neoplastic cells. This notion would support the concept 
that cancer is a disease of gene regulation, involving loci 
that are characteristically active in normal fetal or tro- 
phoblast development 42. However, it is not known if the 
phenotypic expression of these genes in the malignant cell 
is coincidental or whether their expression is associated 
with tumor initiation and with maintenance of the neo- 
plastic state 42. The recent demonstration of trace 
amounts of term-placental alkaline phosphatase in 
normal adult testes, lung and cervix would suggest that 
the expression of this isozyme in tumors derived from 
these and other tissues may be due to an amplification of 
a gene locus normally expressed at a low level or to the 
inordinate clonal proliferation of certain cells that in 
normal tissue express the isozyme to a much larger extent 
than other cells 28. The role played by oncogenes in anom- 
alous alkaline phosphatase expression in tumors remains 
to be established. The understanding of why and how 
alterations in a family of cell membrane glycoproteins 
take place would yield important information on the 
transformation of normal cells into cancer cells. 
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