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Plasma ALP isoenzyme
patterns from family 4.
The patient (track 2) and
his sister (track 3) show
increased total, liver (L),
bone (B), and intestinal
(I) ALP. Faint staining in
the a,-globulin position is
also seen in track 2. A
daughter (track 4) and son
(track 5) show normal
total activity and
isoenzyme patterns.

increased total ALP with a borderline
increase in bone fraction. Intestinal ALP was

present but not raised. The 41 year old sister,
however, had total ALP three times the upper
reference limit, with a borderline increase in
liver but a definite increase in bone and
intestinal ALP, the latter accounting for
nearly 50% of total activity. Samples from the
sister also showed two faint-staining bands in
advance of the liver fraction. Pre-treatment
with neuraminidase of this plasma showed
intestinal-variant ALP activity, together with
persistence of the slow a,-band. Plasma from
the half-sister showed normal total ALP and
isoenzyme fractions (table 1).

Discussion
Inherited increased ALP in the absence of
disease was first reported by Wilson in 1979
in a 15 year old boy.4 Total ALP was more

than 12 times the upper reference limit and
the bone and liver fractions were increased.
ALP values two to four times the upper refer-
ence limit were also present in the subject's

father, paternal grandfather, and two aunts,
and on this basis a dominant inheritance pat-
tern was suggested. In 1979, an unusual
inherited ALP isoenzyme variant was also
reported from the Husavik region of Iceland.9
This variant was seen as an additional band
of greater electrophoretic mobility than liver
ALP, migrating between this fraction and
albumin. It was heat stable, uninhibited by
phenylalanine, and not retarded by neu-

raminidase. It was found in 10 out of 343
subjects studied, nine of whom were female
and nine of whom were related by common

ancestry. All subjects were healthy so an

autosomal dominant pattern of inheritance
was postulated. In these subjects, however,
total ALP was not increased. Since that time
several reports of benign familial increase in
plasma ALP activity have appeared (table
2),125 most with an autosomal dominant pat-
tern of inheritance. Such an inheritance pat-
tern has also been observed in a family with
concomitant Gilbert's disease.24 In this family
an autosomal codominant inheritance pattern
was considered a more likely explanation for

Table 2 Summary ofpublished reports of index cases of benign inherited hyperphosphatasaemia
ALP

Reference Age Sex (x URL)

1 [4]
2 [10]
3 [11]
4 [12]
5 [13]
6 [14]
7 [15]
8 [16] (a)

(b)
9 [17]
10 [18]
11 [19] (a)

(b)
12 [20]
13 [21]
14 [22]
15 [23]
16 [24]
17 [25] (a)

(b)
18 This (a)
report (b)

(c)
(d)
(e)

15
11
9

20
27
11
50
11
13
10
5

37
29
18
34
53
27
33
23
16
30
21
53
55
44

M

F
M

F
F
F
F
M

M

F
F
M

M

M

F
F
M

M

M

M

F
M

F
F
M

12-4
6-0
2-7
2-84-6
2-8
4-2
4-0
1-8
3.9
3-4
1-6
2-5
3-6
3-8
3-6
2-7
1-7
1-3
6-6
1-8
2-4
2-4
2-4
2-1
3-6

Clinical presentation

Abdominal pain
Asymptomatic
Abdominal pain
Dysmenorrhoea
Asymptomatic
Abdominal pain
Diabetes follow-up
"Vague symptoms"
Abdominal pain
Asymptomatic
Obesity
Alimentary bleeding
Asymptomatic
"Flu"
Joint pain
Diffuse pain
Asymptomatic
Chronic persistent hepatitis
Dermatitis
Asymptomatic
Asymptomatic
Asymptomatic
Asymptomatic
Asymptomatic
Hypertension

Isoenzyme
increase Mode of inheritance

L, B
B
B, I
B, I
B
B
It
B
B
B
B

I
I
L, I
Placental variant
Placental variant
I, I variant
I, I variant
I, I variant
I, I variant
L, I
I
L, I
L, B, I
L, B, I

Autosomal dominant
Not clear

Autosomal dominant

Not clear

Autosomal dominant

Not clear

Not clear
Autosomal dominant
Not clear
Not clear

Autosomal dominant

L = Liver; B = Bone; I = Intestinal; URL = upper reference limit; F = female; M = male.
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Benign familial hyperphosphatasaemia as a cause of unexplained increase in plasma alkaline phosphatase activity

the presence of the two disorders than genetic
linkage.

Inherited increase of either a single isoen-
zyme fraction-for example, either bone or
intestinal ALP, rarely placental-like ALP-or
of multiple fractions-for example, liver and
bone ALP together or each with intestinal
ALP-has been observed (our family 4).2°
The liver, bone, and kidney forms of ALP are
thought to be coded at a single locus (the
tissue-non-specific ALP gene) on chromo-
some 1, whereas the intestinal and placental
are coded at separate loci on chromosome
2.2&28 Isoenzyme changes may thus represent
a change in the products of a single gene
(where only a single fraction or liver and bone
in combination are increased) or of separate
genes (where liver or bone isoenzyme increase
is accompanied by raised intestinal ALP). To
account for such changes various mechanisms
have been proposed,20 including mutation
affecting gene structure and expression
(which would affect individual isoenzymes) or
of regulator genes or of genes controlling
post-translational modification, or enzyme
attachment to or release from cell membranes
(which could increase the plasma activity of
isoenzymes coded at separate loci).

In non-genetic disorders giving rise to
increased intestinal ALP (fl-globulin mobility)
in plasma, the accompanying presence of so-
called "intestinal-variant" (hydrophobic)
ALP can frequently be shown, this fraction
resulting from release of intestinal ALP into
the circulation with attached membrane
binding domain.78 Intestinal-variant ALP in
plasma has been reported in familial hyper-
phosphatasaemia23-25 and accompanied an

increase in intestinal ALP in various members
of three of our five families. We have also
noticed a staining band in advance of liver
ALP (of slow a,-mobility) and retarded by
anti-intestinal antibody in members of each of
the families we studied. The relevance of this
intestinal-like ALP is uncertain.
Where a persistent increase in ALP is

accompanied only by an increase in the liver
or bone fractions, consideration of a possible
genetic abnormality is likely to be much
delayed while an extensive search for liver or
bone disease is carried out. Where a raised
intestinal fraction is observed, however, a
genetic disorder may be more readily sus-
pected because the other disorders associated
with such increases are few and generally
obvious. An inherited cause should be partic-
ularly suspected when the intestinal fraction
is concomitantly accompanied by an increase
in the liver and bone fractions. A persistent
increase in intestinal ALP without obvious
clinical explanation has, however, also been
reported in individuals in whom family stud-
ies have failed to show any evidence of heri-
tability.29 31

After coming across five examples within
18 months, we suggest that inherited increase
in ALP activity deserves wider recognition as
a cause of hyperphosphatasaemia, especially
in the absence of overt disease, and should be
particularly suspected when the intestinal

fraction is increased.
We thank Drs D Donaldson, R B Payne, and J Went for spec-
imens referred. Thanks are also due to Dr T Kuwana for the
examinations of intestinal-variant ALP.
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