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ABSTRACT

A perspective on serum  alkaline phosphatase isoenzymes in liver dis
ease is provided with a brief discussion of the location of the enzyme in 
liver and its presum ed function. Mechanisms of entry of alkaline phospha
tase into serum  in liver disease are discussed. Characterization of high 
m o lecu la r w e ig h t a lkaline  p h o sp h a tase  in o b s tru c tiv e  ja u n d ic e  is 
reviewed. The relationship betw een blood group O and the appearance of 
the intestinal enzyme in sera of such subjects with cirrhosis of liver is 
discussed. Properties of hepatom a alkaline phosphatase and the genesis of 
liver alkaline phosphatase in diseases not related to the liver are explored. 
Methods for detection of serum  alkaline phosphatase isoenzymes in liver 
disease are discussed from the standpoint of the limitations of electro
phoretic procedures, and the promise of procedures such as isoelectric 
focusing and high performance liquid chromatography that are curren t
ly non-routine.

Introduction

Alkaline phosphatase originating from 
liver and bone resem ble each other very 
closely. Indeed, in term s of properties 
such as sensitivity to urea, inhibition by 
L-phenylalanine, and precipitation with 
antibody to bone alkaline phosphatase, 
the differences betw een the bone and 
liver enzymes are very slight. The bone 
enzyme is more heat-labile when com
pared to the liver enzyme. Furtherm ore, 
d ifferences in s tab ility  and catalytic 
properties betw een alkaline phosphatase 
originating in bone, liver and kidney are 
slight, and their similarities are high
lighted by their lack of antigenic specif
icity. As such, it can be inferred that a

single gene locus codes for liver, bone, 
and k idney  a lka line  p h o sp h a ta se s .11 
Indeed, the sequencing of nucleotides 
and the cloning of specific genes have 
established distinct genetic loci for pla
cental, germ  cell, in testinal and tissue 
unspecific alkaline phosphatase, the lat
ter encoding for liver, bone, and kidney 
alkaline phosphatases.

O ur c u rre n t know ledge is th a t the  
genes for placental, germ cell, and intes
tinal alkaline phosphatase are closely 
associated on chromosome 2 and exhibit 
a striking sequence similarity. The gene 
coding for liver, bone, and kidney alka
line phosphatases, the so-called tissue 
unspecific alkaline phosphatase, is, in 
co n tra s t lo ca ted  on ch rom osom e l .4
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Since alkaline phosphatase from placenta 
and intestine are coded by two distinct 
genetic loci, it would be proper to refer 
to enzym es from these two sources as 
isoenzymes. However, although conven
tionally bone, liver and kidney alkaline 
phosphatases are referred  to as isoen
zymes, they are really isoforms resulting 
from modification of a single gene prod
uct. Differential mobility on electropho
resis of these isoforms are due to the dif
ferences in their sialic acid content.11 To 
be consistent w ith conventional usage, 
even though strictly speaking it is a mis
nomer, the term  isoenzyme will be used 
in this paper to describe serum  alkaline 
phosphatase originating from the liver.

Location of Alkaline Phosphatase in 
L iver and Its Presum ed Function

The genesis of serum  alkaline phos
phatase in liver disease can be under
stood better by knowing the location of 
this enzym e in the  liver and its role. 
Alkaline phosphatase is located on the 
exterior surface of the bile canalicular 
p o r tio n  o f th e  p la sm a  m e m b ra n e . 
Because of this location, it can be p re
sum ed that the enzym e is involved in 
the transport of substances into the bile. 
Indeed, it may m ediate bile acid trans
port into the b ile .10

E ntry  into Serum  of Alkaline 
Phosphatase in L iver Disease

Two mechanisms can be postulated. It 
is possible that bile acids accumulating in 
cholestasis solubilize alkaline phospha
tase bound  to b ile  canalicu lar m em 
brane. The enzyme then enters the bile 
canaliculus and regurgitates into serum. 
Alternatively, it is also plausible that the 
distribution of alkaline phosphatase nor
mally found on the exterior surface of the 
bile canalicular m em brane changes upon 
bile duct obstruction. The enzyme then 
appears intracellularly and distributes

itself throughout the hepatocyte plasma 
m em brane . This m ay explain w hy in 
some patients with cholestasis there  are 
fragments of cell m em brane from biliary 
tract cells containing alkaline phospha
tase activity. Presumably, under these 
conditions, liver alkaline phosphatase 
can en ter into serum  directly .10

A clearer picture of the entry of alka
line phosphatase in circulation is bound 
to em erge from recent studies that sug
g e s t  th a t  a lk a l in e  p h o s p h a ta s e  is 
ancho red  to th e  cell m em brane  by a 
phosphatidyl-inositol glycan ta il.4 The 
attraction of long chain triglycerides of 
chylomicrons to the phosphatidyl-inosi- 
tol glycan tail of intestinal alkaline phos
phatase during fat absorption would p re
sumably explain the coating of alkaline 
phosphatase by chylomicrons during fat 
absorption. O ur future perspective on 
the mechanism of entry of liver alkaline 
p h o sp h a ta se  in to  c irc u la tio n  w ou ld  
include other hypothesis in addition to 
th e  possible dam age to the m icrovilli 
which coat the lum en of the liver and 
o ther alkaline phosphatase rich tissues.

Serum  Alkaline Phosphatase 
Isoenzymes in L iver Disease

O b s t r u c t iv e  J a u n d ic e

Electrophoresis of sera from patients 
w ith  obstruc tive  jaund ice  shows two 
bands of alkaline phosphatase activity. In 
media such as polyacrylamide, one of the 
bands stays at the origin which is sugges
tive of its high m olecular w eight.11 In 
non-sieving media, such as cellulose ace
tate or agarose, this band moves faster 
tow ards the  anode than  the  principal 
liver alkaline phosphatase band, indicat
ing its greater negative charge, and is 
referred to as the fast liver or a -1 liver 
band. In addition to alkaline phospha
tase, o ther m em brane bound enzymes 
such as 5 '-nucleotidase and 7 -glutamyl
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transferase are associated with this frac
tion. Since this fraction contains frag
m ents of cell m em brane from biliary 
trac t cells, p resum ab ly  re leased  into 
serum  owing to hepatic cell injury, they 
are also referred to as koinozymes owing 
to association of enzym e activity with 
these fractions.3

In some cases of obstructive jaundice, 
lipoprotein— X (LP-X) is also associated 
with the “high molecular weight” alka
line phosphatase fraction .12 Indeed, it 
has been dem onstrated that a fraction of 
liver alkaline phosphatase aggregates 
with LP-X in obstructive jaundice, thus 
increasing its apparent m olecular size. 
Thus, although two fractions of alkaline 
phosphatase  activ ity  w ere  reco v ered  
from gel perm eation chromatography on 
S ep h ad ex  G -200 of se ra  co n ta in in g  
LP-X, the fraction eluting with the void 
volume and the o ther eluting in the frac
tion w here liver alkaline phosphatase 
usually  e lu te s , th e  ‘h igh  m o lecu lar 
w eight” alkaline phosphatase fraction 
was a b s e n t in  se ra  t r e a te d  w ith  n- 
butanol. Apparently butanol dissociated 
alkaline phosphatase  bou n d  to LP-X 
which then  e lu ted  w ith the  principal 
liver alkaline phosphatase fraction as one 
band. F urther proof for identity of alka
line phosphatase found in the two frac
tions reco v ered  from  gel perm eation  
chrom atography of u n trea ted  sera was 
d em o n stra ted  by sim ilar behav io r of 
these two fractions towards heat, urea, 
and L-phenylalanine treatm ent.24

The migration of lipoprotein X— alka
line phosphatase complex as the fast liver 
alkaline phosphatase band, observed in 
sera of patien ts w ith in tra- and extra- 
hepatic cholestasis and hepatic malig
nancy, is abolished by prior treatm ent of 
such sera w ith  cetavon-diethyl ether, 
which dissociates alkaline phosphatase 
aggregated with lipoprotein-X .23

The appearance of alkaline phospha
tase LP-X complex in sera of patients

with liver disease is a reliable indicator 
of cholestasis. However, it is of lim ited 
value in distinguishing betw een intrahe- 
patic and extra-hepatic cholestasis.22

C ir r h o s is

Sera of patients with cirrhosis of the 
liver som etim es show evidence of two 
electrophoretic bands of intestinal alka
line phosphatase. The likelihood of these 
b an d s  b e in g  p re s e n t  in th e  se ra  of 
patients with cirrhosis is greater in those 
whose blood type is O .20 Proof that these 
two electrophoretic bands separated on 
agar gel containing Triton-X-100 w ere 
in testinal in origin w ere p rovided  by 
characterization of fractions of such sera 
obtained on gel perm eation chromatog
raphy. Thus, on Sephadex G-200 chro
m atography, two fractions containing 
alkaline phosphatase activity w ere iso
lated. Treatment of these two fractions, 
the high and the low molecular weight 
fractions w ith neuram inidase, did not 
alter their electrophoretic mobility, thus 
p rov id ing  convincing p roof th a t they  
were intestinal in origin, since the intes
tinal enzym e lacks sialic acid. F u rthe r 
proof that the two fractions were intes
tinal in origin was provided by their simi
lar sensitiv ity  to L-phenylalanine, as 
would be expected from intestinal alka
line phosphatase. Both fractions w ere 
also in se n s itiv e  to  in h ib itio n  by L- 
ho m o arg in in e  and  lev im aso le  w hich 
inhibit liver alkaline phosphatase.25 That 
th e  h igh m olecu lar w eight in testina l 
band was not due to aggregation with 
lipoproteins was dem onstrated by the 
unalteration of electrophoretic mobility 
of this fraction upon treatm ent with n- 
butanol.25

Therefore, in patients with cirrhosis, 
particularly in subjects with blood group
O, the  appearance of e lectrophoretic  
bands of intestinal alkaline phosphatase 
can be expected.
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H e p a t o m a

Alkaline phosphatase found in sera of 
patients with hepatom a is heat sensitive. 
This is in contrast to the heat stability of 
other tum or alkaline phosphatases, such 
as the Regan isoenzyme in branchogenic 
carcinom a and th e  Nagao isoenzym e 
appearing in sera of patients with p leur
itis carcinomatosa. After incubation at 
65° for 10 minutes, as much as 79 per
cent of the hepatom a alkaline phospha
tase activity in sera is inhibited .13 H epa
tom a alkaline phosphatase resem bles 
more the Regan isoenzyme in terms of 
its sensitivity to 1 MM L-phenylalanine 
and 0.5 MM L-leucine as compared to 
the  Nagao isoenzym e, 50 p e rc e n t of 
whose activity is abolished with L-leu- 
cine. However, the  hepatom a alkaline 
phosphatase does resem ble the Nagao 
isoenzyme in that both are highly sensi
tive to ethylenediam ine tetraacetic acid 
(EDTA). T hat th e  hepatom a alkaline 
phosphatase is different from liver alka
line phosphatase is evidenced by the lack 
of sensitivity of the hepatom a enzyme to 
L-hom oarginine, an inh ib ito r o f liver 
alkaline phosphatase.13

Electrophoresis is of lim ited value in 
the detection of hepatom a alkaline phos
phatase because of the overlap of other 
a lkaline p h o sp h a ta se  zones and th e  
occasional a ltered  m obility of the  frac
tio n s  c o m p le x e d  w ith  e i th e r  LP-X  
or immunoglobulins.13

Elevation of Liver Alkaline Phosphatase 
in Other Diseases

Sera of patients with e ither congestive 
heart failure, infections not affecting the 
liver, or Stage I and II Hodgkins disease 
have been reported  to contain increased 
levels of liver alkaline phosphatase.10

It w ould be w ell to rem em ber that 
liver contains, in addition to biliary tract, 
sinusoids (Vascular bed) and reticuloen

dothelial tissue. The appearance of liver 
a lk a lin e  p h o sp h a ta se  in  th e  s e ra  of 
pa tien ts w ith  diseases o ther than  the  
liver can be related to the presence in 
capillaries and a rte rio les  w ith in  p o r
tal triads, and, perhaps, in o ther blood 
vessels o f an enzym e sim ilar to th e  
hepatic enzym e .10

Methods for Separation of liver 
Alkaline Phosphatase

H e a t  T r e a t m e n t

Perhaps the most practical m ethod for 
distinguishing liver from bone alkaline 
phosphatase is heat treatm ent of sera at 
56°C for 10 minutes. Bone alkaline phos
phatase  is rap id ly  inac tiva ted  u n d e r 
these  cond itions as com pared  to  the  
liver. In general, if the activity of the 
serum  sample drops below 20 percent 
upon incubation at 56° for 10 m inutes, it 
can be presum ed that the major fraction 
of isoenzyme in the sample originated 
from bone .11

E l e c t r o p h o r e s i s

Various zone m edia have been used for 
the separation of serum  alkaline phos
p h a ta se  iso en zy m es. W h ile  s iev ing  
media, such as polyacrylamide, have an 
advantage in term s of reducing zone dif
fusion because of the  restricted  size of 
the gel, they do not perm it separation of 
“high-molecular weight” alkaline phos
p hatase , w hich because of its size is 
unab le  to p e n e tra te  the  gel, and, as 
such, stays at the origin .11

Non-sieving media, such as cellulose 
acetate and agarose, have been  widely 
used for the separation of serum  alkaline 
phosphatase isoenzymes.11,21 Separation 
of bone from the liver enzyme is facili
tated by soaking cellulose acetate elec
tro p h o re s is  m em b ran es  in b u ffe r to 
w h ich  w h e a t-g e rm  le c tin  has b e e n
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added. Since the  bone enzyme is p re 
c ip ita te d  by w h ea t-g e rm  lec tin , th e  
mobility of this enzyme on electrophore
sis is re tarded , thus providing a good 
separation of the liver isoenzyme from 
the bone com ponent.15

E lectrophoresis, in general, has its 
limitations in term s of clear-cut separa
tion of serum  alkaline phosphatase isoen
zymes, since overlapping of bands occurs 
in sera containing either alkaline phos
phatase im m unoglobulin complexes or 
alkaline phosphatase LP-X complexes. 
Resolution of electrophoretic fractions is 
further complicated when tum or alkaline 
phosphatase is present in sera.13

I s o e l e c t r ic  F o c u s in g

Perhaps, the  best resolution of alka
line phosphatase isoenzymes is provided 
by isoelectric focusing. As many as 10 to
12 bands of alkaline phosphatase activity 
focusing in the isoelectric pH range (pi) 
of 3.0 to 4.9 are obtained w ith normal 
sera .9 Isoelectric focusing may be p e r
formed on polyacrylamide19 or thin-layer 
agarose gels.9 Since the high-molecular 
weight fast-liver fraction does not pene
trate the polyacrylamide gel, serum con
taining such fractions should be disag
g reg a ted  by z w itte rio n ic  d e te rg e n ts  
prior to isoelectric focusing on polyacryl
amide gel.19 The p i range in which the 
d isaggregated  enzym e focuses in the 
polyacrylamide gel (pi range of 5 to 6) is 
different from the p i range at which the 
fast-liver fraction focuses on agarose gel. 
This w ould suggest that the fast-liver 
fraction complexes with carrier ampho
ly tes u sed  in agarose gel isoelectric  
focusing and behaves as a strongly acidic 
com ponent.19 Bands focusing on thin- 
layer agarose gels have been identified as 
originating from biliary canaliculus (pi 
3.01), hepatocyte (pi 3.65), hepatic re
ticuloendothelial tissue cells (pi 3.88), 
and the sinusoid (vascular bed) with p i

4.10 .8 Refinem ent of isoelectric focusing 
procedures by including separators such 
as aspartic  acid and glutam ic acid to 
focus b e tw een  two closely focussing 
bands improves resolution. These sepa
rator aminoacids have a pI-pK value of 
less than 1.5 pH  units and perm it the 
f la tte n in g  of the  pH  g rad ien t in the  
appropriate p i range of overlapping iso
enzyme bands.9

Although isoelectric focusing is cur
rently lim ited to a few clinical laborato
ries on a routine basis, the procedure 
offers promise for the optimum resolu
tion of serum  alkaline phosphatase isoen
zymes in liver disease.

L iq u id  C h r o m a t o g r a p h y

High performance liquid chromatogra
phy (HPLC) has been  used to resolve 
serum  isoenzymes of alkaline phospha
tase in liver disease.1141617 Thus, HPLC 
anion-exchange chromatographic proce
dures have been used to resolve liver 
isoenzym es from o ther isoenzym es of 
a lka line  p h o sp h a ta se .14,16,17 U sing a 
strong anion exchange colum n, high- 
molecular-mass alkaline phosphatase iso
enzyme found in serum  of patients with 
cholestasis was resolved .16,17 However, 
th ere  have been conflicting reports in 
literature on the ability of the previous 
m ethod to resolve completely the bone 
and liver isoenzymes of alkaline phos
phatase in se ru m .2,6,18 A weak anion- 
e x c h a n g e  H P L C  c o lu m n  has b e e n  
reported  to resolve efficiently the serum 
alkaline phosphatase isoenzymes.14

W hile wheat-germ-lectin affinity chro
matography on a sepharose 4B column 
incom pletely  resolved bone and liver 
isoenzymes of serum  alkaline phospha
tase ,3 an HPLC affinity chromatography 
procedure using wheat-germ-lectin con
jugated to 7-|xm-diameter silica particles 
resulted in an improvement with only a
10 p e rcen t overlap betw een  the  bone 
and liver fractions.1
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T he H P L C  p ro ce d u re s , how ever, 
although useful as a research tool, have 
c u rre n tly  lim ited  applications in the  
ro u t in e  c lin ic a l la b o ra to ry  fo r th e  
separation of serum  alkaline phospha
tase isoenzymes.

Conclusion

The appearance of fast liver or a-1 
liv e r h igh-m olecu lar w eigh t alkaline 
phosphatase band on electrophoresis in 
non-siev ing  m edia is associated  w ith 
obstructive jaundice. The appearance of 
intestinal alkaline phosphatase bands in 
sera of blood group O subjects with liver 
disease is likewise associated with cirrho
sis. Hepatoma alkaline phosphatase has 
characteristic properties perm itting  its 
differentiation from other tum or alkaline 
phosphatases. Finally, the appearance of 
liver alkaline phosphatase in the sera of 
patients with diseases o ther than of the 
liver is a rem inder that the liver is made 
up of a heterogeneous mixture of cells, 
and an enzym e sim ilar to the  hepatic 
alkaline phosphatase is present in capil
laries and arterioles within portal triads, 
and, perhaps, in o th er blood vessels. 
O p tim ized  iso e le c tric  focussing  and 
HPLC techniques offer promise in terms 
of improved resolution of serum  alkaline 
phosphatase isoenzymes in liver disease.
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