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Serum Galactosyltransferase Isoenzymes as

Markers for Solid Tumours in Humans*
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Abstract—High resolution agarose isoelectric focusing was used to compare the
galactosyltransferase isoenzyme patterns of serum from 9 healthy controls with
those from 38 patients with either breast, lung, ovarian, stomach or colonic cancer.
At least 12 peaks of enzyme activity were found in every sample, the healthy controls
having major forms with isoelectric points of 4.74,4.87,4.96, 5.16 and 5.28. Thirty
patients (79%) had elevated levels of at least one isoenzyme and 23 (61%) had at least
3 isoenzymes elevated compared to only 10 (26%) patients who had elevated total
serum galactosyltransferase activity. The isoenzymes which were most often
elevated in the cancer patient group had isoelectric points 0f4.93,5.16 and 4.61. One
isoenzyme with an isoelectric point of 4.43 was preferentially elevated in patients
with ovarian cancer. Those isoenzymes containing little or no sialic acid were rarely
elevated in cancer patients. Although no cancer-associated isoenzyme was detected
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the quantitative differences observed in the cancer patient group were striking.

INTRODUCTION

GALACTOSYLTRANSFERASE 1is elevated in the
serum of certain patients with gastrointestinal
(1, 2], pancreatic [1, 3], ovarian [4, 5], lung [2, 3],
liver [3] and breast cancer [6]. It has also been
postulated that galactosyltransferase could be
involved in neoplastic transformation [7-9] and
metastatic processes [10]. This has led to a
growing interest in galactosyltransferase as a
possible tumour marker [9]. There have been
several studies on the isoenzymes of galacto-
syltransferase and cancer with variable results.
Podolsky, Weiser and co-workers [1,11,12],
using discontinuous polyacrylamide gel electro-
phoresis of cancer patient and control sera,
reported a cancer-associated isoenzyme of galacto-
syltransferase which they called GTIL. This is the
only report of a cancer-associated isoenzyme of
galactosyltransferase. Other studies using dif-
ferent separation techniques have reported no
evidence for a cancer-associated galactosyltrans-
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ferase isoenzyme. Ion-exchange chromatography
was recently used to separate galactosyltransferase
from pleural effusions into a GT(H) and a GT(L)
form [13]. Although the GT(L) form was present
in 73% of effusions from cancer patients, this form
showed little specificity for neoplastic disease
since 32% of patients with benign disease also had
GT(L). Another study using isoelectric focusing
on granular gels separated galactosyltransferase
isoenzymes from various cultured normal and
neoplastic cell lines [14]. Cell line-specific
differences were described but the resolution was
not sufficient to determine the number of
1soenzymes present or whether there were any
neoplastic-specific isoenzymes.

These studies relied on methods with limited
resolution since it is known that purified
galactosyltransferase from human milk, amniotic
fluid and malignant ascites have at least 13
isoenzymes [15]. To determine whether there are
cancer-associated differences in the isoenzymes of
galactosyltransferase we have developed a high
resolution agarose isoelectric focusing method
with sufficient sensitivity to separate and detect
the galactosyltransferase isoenzyme pattern con-
tained in 0.01 ml human serum [16]. We report
here the serum galactosyltransferase isoenzyme
patterns of 38 patients with various cancers and 9
healthy controls.
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MATERIALS AND METHODS
Blood samples were collected from 9 healthy
volunteers and 38 cancer patients with tumoursat
various sites (Table 1), who had not received any
chemotherapy or radiotherapy in the past year.
The serum was collected by centrifugation and
was stored at -70°C. Total serum galactosyl-
transferase activity and the galactosyltransferase
isoenzyme patterns were determined as previously
described [16], using a 245 mm long agarose
isoelectric focusing gel with a pH gradient of
4.0-6.5. These were cut into 2 mm slices and

assayed for galactosyltransferase activity.

RESULTS

The reproducibility and sensitivity of -the
galactosyltransferase isoenzyme method and the
80% recovery of activity after isoelectric focusing
was similar to that previously reported [16].

A representative galactosyltransferase isoenzyme
profile for each cancer site and for the healthy
control group are shown in Fig. 1. The isoenzyme
pattern was complex, with at least 12 isoenzyme
peaks being resolved in every serum sample. The
total number of isoenzymes present was probably
19 or greater. Not all isoenzymes were detected in
each serum sample. The major isoenzyme forms
of the healthy control group had isoelectric points
of 433, 4.43, 451, 4.61, 4.74, 4.87, 4.96, 5.16 and
5.23. None of the isoenzymes detected in the 38
cancer patients were unique as all were present in
the healthy control group. The qualitative
similarity of all the isoenzyme profiles was
striking and highlights the reproducibility of this
isoenzyme assay.

In contrast, there were obvious quantitative
differences between the isoenzyme profiles of the
healthy control group and the cancer patient
group (Fig. 1), the latter showing a general
elevation of most isoenzymes. To determine the
extent of these quantitative differences, each
isoenzyme peak was identified by its isoelectric
point and the peak height was measured. Using
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Fig. 1. Representative serum galactosyltransferase iso-

enzyme profiles of cancer patients with various disease sites
and healthy controls.

the healthy control group the upper limit of the
normal range for each isoenzyme was determined
as the mean +2 S.D. Similarly, the normal upper
limit of total serum galactosyltransferase was
found to be 47 nmol galactose transferred/ml
serum/hr. Table 1 shows that 30 (79%) of the 38
cancer patients had at least one isoenzyme
elevated and 23 (61%) had at least three
isoenzymes elevated. The proportion of patients
with elevated isoenzymes was similar for the
various sites with the exception of breast, which
was lower, with only 43% having at least one

Table 1. Frequency of elevated serum galactosyltransferase activity and isoenzyme levels in
cancer patients
Percent of patients with
elevated galactosyltransferase
No. of Total serum At least one At least three
Site patients activity iscenzyme elevated isoenzymes elevated
Colon 11 45 91 73
Ovary 6 16 100 67
Lung 7 29 86 57
Stomach 7 14 71 71
Breast 7 14 43 29
Total 38 26 79 61

The upper normal limit (mean +2 $.D.) for total activity was 47 nmol galactose transferred/ml serum/ hr.
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isoenzyme elevated and 29% having at least three
elevated isoenzymes. Since only 10 (26%) of the 38
patients had elevated total serum galactosyl-
transferase activity, the quantitative differences in
the isoenzyme profiles are superior to the level of
serum galactosyltransferase activity as potential
tumour markers.

Figure 2 shows the number of times each
isoenzyme was found to be abnormally high. The
isoenzymes with isoelectric points of 4.05, 4.43,
4.61,4.93 and 5.16 were most often elevated and of
these 4.43, 4.61 and 5.16 were major peaks. There
were also major peaks that were seldom elevated
such as 4.33, 4.87 and 5.23. The distribution of
elevated isoenzymes for each cancer site was
similar to that in Fig. 2, with the possible
exception of isoenzyme 4.43. This isoenzyme was
elevated in 5 (83%) out of 6 patients with ovarian
cancer, whereas only 9 (28%) of the 32 non-
ovarian cancer patients had elevated isoenzyme
4.43.

20

4.05

—_
(%2}

Y

o

ISOELECTRIC POINT

NUMBER OF TIMES ELEVATED
=]

N\

=

Fig. 2. The number of times each isoenzyme was elevated in
the 38 cancer patients.

DISCUSSION

The high degree of resolution, sensitivity and
reproducibility of the method used to determine
the galactosyltransferase isoenzyme patterns have
previously been discussed [16]. The degree of
resolution is not sufficient to determine absolute
amounts of individual isoenzymes, but it does
allow peak heights to be estimated which give
semi-quantitative indications of amounts. That
each peak of galactosyltransferase activity is
actually a true isoenzyme and not the result of a
specific association of an isoenzyme with a serum
component remains to be determined.

Podolsky and Weiser [1] reported that serum
galactosyltransferase from patients with colonic,
gastric and pancreatic cancer could be separated

into two isoenzyme forms using discontinuous
polyacrylamide gel electrophoresis. Subsequently
they showed that the slow-migrating isoenzyme
which they called GTII was present in 71% of
cancer patients and was absent in all 58 healthy
control sera studied [11, 12]. They concluded that
GTII was a cancer-associated isoenzyme. Our
analysis of the high resolution galactosyl-
transferase isoenzyme profiles of 38 patients with
cancers at various sites and 9 healthy controls has
produced no evidence of a cancer-associated
isoenzyme. During our search for a suitable
method to display the isoenzymes of galactosyl-
transferase a number of methods were evaluated
and none of these resolved a cancer-associated
form. The methods surveyed included ion-
exchange chromatography based on the method
of Podolsky and Weiser [17], several forms of
electrophoresis on agarose and polyacrylamide
including the method of Podolsky and Weiser[1],
differential heat-inactivation, chromatofocusing
and affinity chromatography on alpha-lactal-
bumin, asialo-agalacto-fetuin, con A, wheat-
germ lectin and limulus lectin.

Gerber et al. [15], using polyacrylamide and
granular gel isoelectric focusing of purified
galactosyltransferase from cancer-patients, also
reported that they found no evidence of a cancer-
associated isoenzyme.

How do we explain GTII in the light of this
evidence? The two most likely explanations are
firstly that GTII could correspond to one or more
peaks resolved by agarose isoelectric focusing and
therefore GTII is present in healthy control sera.
However, the resolution and sensitivity of the
discontinuous electrophoresis used by Podolsky
and Weiser [1] was not sufficient to detect GTII in
normal sera. Secondly, GTII could be the result of
an association of galactosyltransferase with some
serum protein. This association survives dis-
continuous polyacrylamide electrophorests, but
not isoelectric focusing on agarose. The serum
component responsible for the formation of GTII
might be an IgG since it has recently been shown
that certain IgG species co-purify with galacto-
syltransferase [18].

Although no cancer-associated isoenzyme of
galactosyltransferase was detected in our study
there were cancer-associated changes in the
amounts of various isoenzymes. The ability of
these quantitative changes to distinguish between
the cancer patient group and the healthy control
group is noteworthy, in that almost 80% of the
cancer patient group had at least one isoenzyme
level elevated and over 60% had at least three
isoenzymes elevated (Table 1). These predict-
abilities are similar to or better than those
reported for carcinoembryonic antigen [19, 20],
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with the exception of that for breast cancer. The
tumour marker potential of the galactosyl-
transferase isoenzyme profiles is also superior to
total serum galactosyltransferase activity, which
was elevated in only 26% of patients in this study
(Table 1).

Even though 80% of patients had at least one
isoenzyme elevated, it was not always the same
one (Fig. 2). Rather, there were several isoenzymes
which were most often elevated; these being the
4.93,5.16,4.61 and 4.05 forms. The 4.43 isoenzyme
was preferentially elevated in patients with
ovarian cancer, but not in patients with cancers at
other sites. It is interesting to note that only
ovarian cancer patients are reported to have
consistently elevated serum levels of galactosyl-
transferase activity [5]. Since the sample size of six
ovarian cancer patients is small, it is not possible
to conclude that elevated 4.43 is related to ovarian
cancer. We plan to study a larger group to
determine whether the 4.43 isoenzyme has any
specificity for ovarian cancer.

We reported [16] that the 5.41, 5.69 and 5.98
isoenzymes were probably not sialylated since
neuraminidase treatment did not alter their

isoelectric points. Figure 2 shows that these
isoenzymes are rarely elevated in cancer patients.
This may be the result of high levels of
sialyltransferase often found in the serum of
cancer patients [21, 22].

In view of the diversity of enzyme activities
exhibited by the galactosyltransferases and their
many sub-cellular locations [23-25], it is not
surprising to find such a complex pattern of
isoenzymes in serum (Fig. 1). It is against this
complexity that the quantitative changes in the
isoenzyme patterns of cancer patients must be
assessed. Which isoenzyme changes are cancer-
specific and which are secondary phenomena? It
could be that some isoenzymes behave as acute-
phase reactants [26]. This study set out to describe
in detail the alterations in the isoenzyme pattern
of galactosyltransferase of patients with various
solid tumours. Although this has been achieved,
the clinical significance of these changes is not yet
clear.
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