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Abstract-A modiJied procedure was developed for the determination of C’DP-galactose: 2- 
acetamido-2-deoxy-glucopyranoside p-( 1+4)-galactosyltransferase (GT) in human serum which 
employed the synthetic substrates p-nitrophenyl 6-0-(2-acetamido-2-deoxy-P-n-glucopyranosyl)- 
P-o-galactopyranoside and p-nitrophenyl 6-0-(2-acetamido-:!-deoxy-P-D-glucopyranosyl)-a-u- 
mannopyranoside as acceptors. The enzyme products were identzfid by thin layer chromatography 
with authentic reference compounds, and the galactosyl linkage was characterized by hydrolysis 
with P-n-galactosidase from jack beans. The diagnostic value of this GTfor ovarian cancer was 
tested by measuring the serum enzyme activity in 28 ovarian cancer patients with disease, 20 
ovarian cancer patients with no clinical evidence of disease, and 22 healthy females. illthough 
the level of the enzyme activity was sign$cantb higher (P < 0.002) in the serum of patients 
with active disease when compared to healthy controls, an appreciable overlap of enzyme activity 
was found between them. Also, no correlation was found between enzyme activip and tumor size. 
Differences in methodology and selection of patients makes it difJicult to compare results from 
other reports. However, based on our improved assay procedure, we suggest caution should be 
exercised in evaluating the merits of GT as a diagnostic marker for ooarian cancer. 

INTRODUCTION 
ALTERED levels of total galactosyltransfcrasc (GT) 
activity have been reported in patients with a num- 
bcr of malignancies [ 1, 21, but these alterations 
were neither consistent nor specific. One of thr 
reasons for the discrepancy in these studies is the USC 
of glycoprotein acceptors with ill-defined terminal 
carbohydrate structures in the assay system that 
results in the simultaneous determination of scvcral 
GT activities that arc present in the serum [2]. One 
approach t ’ o avoid such inconsistency is to USC 
specific well-dcfincd acceptors for GT assay. In the 
present communication, WC report the availabilit) 
of the specific synthetic acceptors p-nitrophenyl 6- 
O-(2-acetamido-2-dcoxy-p-o-glucopyranosyl)-p-n- 
galactopyranosidc (GlcNAc p l-+6 Gal p 
l-+O$NO.,) and p-nitrophcnyl 6-O-(2-acctamido- 
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2-deoxy-@D-glucopyranosyl)-a-D-mannopyrano- 
side-(GlcNAc p l-+6 Man c1 l+O+NO,) for the 
determination of UDP-galactosc: GlcNAc (l-+4)- 
P-D-galactosyltransferase and the activity of GT in 
ovarian cancer patients using the latter acceptor, 
GlcNAc p I-96 Man (Y l-+O+NOz (p). 

MATERIALS AND METHODS 

Materials 

The following compounds wcrc synthcsizcd as 
described: GlcNAc p 1+6 Man (Y l-+O$NO? (p) 
[3]. Gal p l-4 GlcNAc p 1-6 Man c1 l-+0& @) 
[4]. GlcNAc p l-6 Gal p l-+O+NO, and Gal p 
1+4 GlcNAc p 1+6 Gal p l+O$NO., (p) [5]. 
UDP-[“ Cl-Galactosc (337 mCi/mmol) was 
obtained from New England Nuclear; Boston, MA. 
Permafluor III and Biosolv wcrc purchased from 
Packard Instrument Co. and Beckman Instrument 
Co., rcspcctivcly. P-D-galactosidasc from jack bean 
was obtained from Sigma Chemical Co. All other 
materials used wcrc of the highest quality commcr- 
cially available. 

Control sera from healthy females were obtained 
from voluntary donors to the Blood Bank at RPMI. 
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Sera from females with ovarian cancer were col- 
lected from patients admitted to RPMI’s Gynecol- 
ogic Oncology Department. Seventeen of the 28 
patients had serous cystadenocarcinoma of the 
ovary. The other types of carcinoma of the ovary 
studied include adeno (5), clear cell (3), mutinous 
(1 ), granulosa cell ( 1 ), and papillary (1). Fifteen of 
them had poorly-differentiated carcinoma while 9 
had moderate differentiation and 4 had well-differ- 
entiated carcinoma. These patients had clinically 
measurable tumor parameters and were undergoing 
treatment. Patients with recurrent tumor growth or 
diseases other than ovarian cancer were excluded. 
Patients were grouped according to the clinical and/ 
or surgical assessment of the diameter of their 
largest tumor mass, irrespective of the histology 
and differentiation of the tumor, namely, small 

(< 2 cm), moderate (2-10 cm), and large 
(> 10 cm). Sera was also drawn from treated 
ovarian cancer patients with no evidence of residual 
disease either by laparoscopy, laparotomy, or clini- 
cal examination. The enzyme was assayed within 
24 hr after drawing the blood. 

Methods 

Enzyme assay. The standard reaction mixture in a 
final volume of 100 l.~l contained 0.05 M cacodyl- 
ate-acetate buffer, pH 7.1, 2.0 mM GlcNAc B 1+6 
Man B l+O$NO,@), 10 mM MnCl,, 0.5 mM 
UDP-galactosc, 1 mM ATP, 0.02 pCi UDP-[’ ‘Cl- 
galactose (337 mCi/mmol) and 10 l.~l strum. The 
assay mixture was routinely incubated at 37°C 
for 1 hr and the reaction was terminated by the 
addition ofan equal volume ofcold absolute ethanol. 
The sample was then centrifuged at 6000g for 
10 min. The supernatant was spotted on a silica gel 
TLC plate (0.75 mm thickness) and chromato- 
graphed along with the appropriate reference com- 
pound, Gal B 1+4 GlcNA B l--+6 Man cx 
l-+O$NO, (p) or Gal B l-+4 GlcNAc B 1+6 Gal B 
l+O$NO, (p) in ethyl acetate : n-propanol : H,O 
(3 : 3 : 2, v/v/v) solvent system. After development, 
the chromatogram was visualized under U.V. light. 
The spot corresponding to the refcrencc compound 
was scraped and quantitated in a liquid scintillation 
spectrometer using 10 ml cocktail containing tolu- 
ene : Pcrmafluor III : Biosolv ( 17 : 2 : 1, v/v/v). 
Control assay tubes contained buffer and water 
instead of the substrate or enzyme. The enzyme 
activity is expressed as the percentage of the total 
radioactivity incorporated into the acceptor per ml 
of the serum under assay condition. 

Product characterization. After thin-layer chromato- 
graphic separation of the enzyme product, the spot 
corresponding to the reference compound was 
scraped and eluted with water. The eluatc was 

passed through a Bio-Gel P-2 column and the 
fractions containing the radioactivity were pooled 
and lyophilized. The lyophilized product was dis- 
solved in 50 ~1 of 0.05 M glycine-HCl, pH 3.5 and 
incubated at 37°C for 1 hr with 0.1 units of B-n- 
galactosidase from jack bean. The liberated [“Cl- 
galactose was quantitated by paper chromato- 
graphy in n-butanol : pyridine : water (6 : 4 : 3, 
v/v/v) followed by liquid scintillation spectrometry. 

RESULTS 

GT assay procedure 
In our laboratory we have accomplished a chemi- 

cal synthesis of p-nitrophcnyl-6-O-(2-acctamido-2- 
dcoxy-B-n-glucopyranosyl)-o-n-mannopyranoside 
and p-nitrophcnyl 6-0-(2-acetamido-2-deoxy-B-n- 
glucopyranosyl-B-n-galactopyranoside as possible 
acceptors for GT as well as their expected reaction 
products Gal B l-4 GlcNAc B 1+6 Man (Y 
l+O$NO, (J) and Gal B l-+4 GlcNAc B 1+6 
Gal B l+O@NO, @). When the enzyme reaction 
mixture was chromatographed as described under 
Materials and Methods, the solvent system 
employed could resolve the acceptor, enzyme prod- 
uct, UDP-galactosc and u-galactosc (Fig. 1). The 
presence of a chromophore, nitrophenyl group, in 
the substrate and in the refcrencc compound 
enabled their visualization under U.V. light without 
any processing. When the spot corresponding to 
the reference compound on the chromatogram was 
scraped and the isolated cnzymc product trcatcd 
with B-n-galactosidasc from jack bean, all of the 
radioactivity in the product was rccovcrcd as labeled 
galactose (results not shown). B-n-Galactosidasc 
from jack bean has been rcportcd to specifically 
cleave the GalB1+4 GlcNAc linkage [6]. Thus, the 
human serum contains an cnzymc that catalyzes 
the transfer of galactosc from UDP-Gal to GlcNAc 
B l-6 Man (Y l-+O+NOa (p) and GlcNAc B l-6 
Gal B l+O$NOT @) in a B (1+4) linkage. 

B( l-+4)-Galactosyltransferasc activity as meas- 
ured by either of the substrates was found to be 
linear with respect to time from 0 to 3 hr and 
proportional to the amount of serum protein added 
up to 4 mg with the pcrccntage of optimal [“Cl- 

galactosc incorporation (52%) well within the high- 
est activity observed for cancer patients under the 
assay condition. The pH optima of the enzyme was 
7.2. The apparent K, for GlcNAc B l-6 Man cr. 
l-+O$NO, and GlcNAc B l-+6 Gal (Y l+O+NO._, 
were 1.2 mM and 1.5 mM, respectively. The assay 
procedure is reproducible within cxpcrimental error 
of 2 5% as monitored by assaying the same serum 
sample during the course of the project. The prc- 
sencc ofcndogenous low molecular weight acceptors 
or inhibitors in the scra of cancer patients wcrc 

overruled by mixing cxpcrimcnts whcrcin the serum 
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I:i,g. I. Kepresentatiue TLC deaelojvnmt in et&r1 acetate: II-propanol: H,O I 3 : 3 : 2. z/z/r,). .Section :1 reprrwnt\ t~pr~ nl n\ WI 

u.rin~ GlcN.4 p G+Gal p 1+0c$NO, (p) as the acceptor substrate. Section H repre.rmtc Gl~A’~-lc@%.Cfan cx 1-+0cj~VO, (pi. 
.Srribed channels III each section are asfollore,s: I-blank (minus engme + rubstmtr). ‘L-control (minus erl;rmui. 3 rrml l-- 
duplicate a.uqv.r. Spotting in each Jection indicate following: n-dicaccharide arr@tor. h--tr~.mrrhn~ide +ct~d firrrdm t. c-~~ 

galartore. d-tuperimposed markers of a, b, and c. For surq, indwidual patient wrtrul\ larkin,~ ON!). rub.ctratr WII’ imlmfed. 
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Fig. 2. Serum p-( lj~)-galarto~_l’ltrans/~rase aflicitics rn orarian cancer 

patients, patients cured of the disease. and in heal& females. .Ilean t 

S.D. an giwn. P r&es UP in comparison with normal control. P talue 
fir all the patient u’ith a&e disrase in compariron to healthr control ic 

(P < 0.002). Stati.rtic.r were don? in Sperrs 1;2ioar @em using .l-linitab 
prngrflm. 

of cancer patients, when mixed with normal serum, 
resulted in additive activitv. 

GT measurement in ovarian cancer 
p( l-+4)-Galactosyltransferasc activity was mcas- 

ured in srra of ovarian cancer patients using one of 

the substrates, GlcNAc B l--+6 Man OL I+O+NO, 
(p). Sera from patients with known active disease 

had significantly higher GT activity as compared 
to healthy control scra (P < 0.002) (Fig. 2). 

However, when the enzyme level in the sera of 
ovarian cancer patients cured of the disease was 

compared to that of the healthy females, a small 
but statistically significant elevation in the cnzymc 
activity was observed (Fig. 2). Two-fold elevation 
in GT was also observed in the sera of 4 patients 
with benign ovarian tumor (data not shown). 
Further, when the scra of patients were grouped 

according to their clinical assessment, no correlation 
was found between B ( l-+4) GT activity and clinical 
size of the tumor (Fig. 2). When the tumor size and 

GT levels were plotted, a correlation coefficient of 
0.3 with P > 0.05 was observed. 

DISCUSSION 

GT assay procedure 
The diagnostic value of B (1+4) GT measure- 

ment for ovarian cancer is often controversial. 
Although the elevation of this enzyme has been 

reported in sera of ovarian cancer patients [7-g], 
recently, Belfield and Pledger [lo] questioned the 
usefulness of the serum GT measurement in the 
investigation of ovarian cancer. One of the reasons 
for the controversy is that assay of the enzyme in 
these studies involved the use of macromolecular 

acceptors which arc undefined with respect to the 

oligosaccharidc chain and are heterogeneous in 

nature. Such acceptors like asialoagalactofetuin are 
capable of measuring several isoenzymes of GT [2]. 
This is more relevant since different isornzymes of 
serum GT have been reported to have similar 
acceptor spccificitics towards different high molecu- 

lar weight acceptors of unrelated structures [ 111. 
One approach to avoid such controversy is to USC 

well-defined specific acceptors that closely resemble 
the naturally-occurring substrates. 

In the present communication. we described the 
use of 2 such acceptors tbr the measurement ofGT. 

One of the salient fcaturcs of this modified assay 
proccdurc is the simultaneous monitoring of the 

cndogenous glycoprotein acceptor activity. as the 
protein pellet obtained after adding alcohol can bc 

quantitatcd by scintillation spectromctry. Levels of 
some of these cndogenous glycoprotcin acceptors 
arc known to increase under certain physiological 
conditions including cancer [ 121. Since the solvent 

system employed in the assay procedure can resolve 

galactose from the enzyme product (Fig. 1). compet- 
ing reactions which may interfere with GT assay 
[7. 131 such as phosph yl, or ’ asc activitv that liberates 
galactosc from UDP-Gal, and B-n-galactosidase 
activity which cleaves galactose from the product 
formed could also be monitored. However. we did 

not monitor any of these interfering reactions. 

Although GlcNAc has also been used fbr GT 
assay [14]. the suhstrate described in the prcscnt 

communication has the advantage of’ more closely 
resembling the naturally-occurring suhstratc I‘or the 
enzyme. and in addition, the characterization ofthc 

enzyme product is much easier. 

C’linical evaluahon of GT 
Although we have solved 1 ofthr problems associ- 

ated with GT assay by using a well-defined acceptor 
for @(l--+4) GT measurement, our results do not 
support the USC of this enzyme in the diagnosis of 
ovarian cancer. For example, an overlap of enzyme 

activity was found between patients with ovarian 
cancer and normal controls or patient with no 
evidence of disease. It is interesting to note that 7 of 
the 22 patients with no evidence of disease showed 

elevated levels of GT. Except for 1 patient who had 
myocardial infarction, the rest did not have any 
other disease. Such elevation in 46% of the patients 
cured of ovarian cancer has already been reported 
[14], but it remains to be seen whether future 
enzyme levels will decrease after prolonged trcat- 
mcnt. Two-fold elevations in GT were also ohservcd 
in sera of patients with benign ovrarian tumors. 
These observations seem to strengthen the com- 
ments of Pohl, 1984 [2] that the changes in GT 
activity may represent a ‘general host response to 
malignant transformation’. Such unspecific, dis- 
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ease-induced alterations are unlikely to drop by the 
removal of the tumor as indicated by significant 
elevation in the S(l+4)-GT activity in patients 
with no clinical evidence of disease. 

Furthermore, we did not find any correlation * 
between serum GT activity and tumor burden 
although such correlation was reported in the sera 
of ovarian cancer patients using high molecular 
weight acceptors [ 151. But it is interesting to note 
that GT is not elevated in the sera of breast carci- 
noma patients proportionally to their tumor cell 
content [16, 171. 

Differences in methodology and selection of pati- 
ents makes it difficult to compare our results with 
others. However, based on our results, we suggest 
caution should be exercised when evaluating the 
merits of GT as a diagnostic marker in ovarian 
cancer. Nevertheless, the availability ofwell-defined 
synthetic acceptors for B( 1+4)-galactosyltransfer- 
ase avoids some of the problems associated with the 
enzyme assay that may prove valuable in critically 
evaluating the merits of galactosyltransferase as a 
diagnostic marker for other cancer. 
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