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mucosa from the same patients. Since these tissues are known
to have heterogeneous cell populations, however, our studies
were extended to several lines of fetal intestinal and colon
adenocarcinoma cells maintained in vitro. These cultured cells
are all recognized to be epithelial in type morphologically. It
has been suggested that these isoenzyme profiles might be
used as markers in human body fluids for the detection of
colonic neoplasia (3). Thus, to explore this possibility, the
media of these human fetal intestinal and colonic adenocanci
noma cells cultured in vitro were further examined.

MATERIALS AND METHODS

Materials. p-Nitrophenyl-/J-D-glucosaminidewas purchased
from Sigma Chemical Company, St. Louis, Mo. Ampholytes for
isoelectnic focusing were purchased from Bio-Rad Laborato
nies, Richmond, Calif. Sephadex G-75 superfine was obtained
from Phanmacia Fine Chemicals, Piscataway, N. J.

Tissues and Cultured Cells. Colonic tumors and normal
appearing colonic mucosa from 5 to 10 cm beyond the tumor
margin were removed during operative resection. All tumor
specimens were histologically verified as colonic adenocanci
noma. Colonic mucosa from a normal fetus was obtained
following a second-trimester therapeutically induced abortion.
Colonic adenocarcinoma cell culture stocks were kindly pro
vided by the following individuals: SW-48, SW-403, SW-480,
and SW-i 116 from Dr. Albert Leibovitz (Scott and White Clinic,
Temple, Texas); HCT-8, HCT-48, and HRT-18 from Dr. Richard
Schultz (NIH, Bethesda, Md.); and HT-29, SKCO-i , and CaCO
2 from Dr. Jonden Fogh (Sloan Kettering Research Institute,
Rye, N. V.). Fetal epithelial cell lines were developed and
maintained in this laboratory (i.e. , fetal small intestine, 172,
185, 199, 209; and fetal large intestine, 172, 188, 199, 209,
and 21 1). All were obtained from aborted second-trimester
human fetuses. Cells used in these studies were carried
through several passages and plated at approximately 80%
confluency. Subsequent processing of tissues and cells was
performed at 4Â°unless otherwise indicated.

Preparation of Tissues and Cells. Mincedtumorsas well as
mucosal scrapings of adjacent noncancerous adult and fetal
colon were weighed, and approximately 200 mg were homog
enized in 5 volumes (1 ml) of ice-cold isotonic phosphate
buffered saline (0.01 M phosphate:0.i 5 M sodium chloride),
pH 7.4, for 1 mm in a Polytnon homogenizer (Bninkman, West
bury, N. V.) at a setting of 6. To the homogenate, 100 @lof 1%
Triton X-i 00 were added, the mixture was sonicated for 15 sec
in an ice bath, and insolubilized materials were removed by
centnifugation at 20,000 x g for 20 mm.

For c@4turedcells, the medium was decanted, and cultured
cells were washed 3 times with phosphate-buffered saline, pH
7.4. Cultured cells were then scraped from plates with a rubber
policeman into 8 ml of phosphate-buffered saline, pH 7.4. Cells
were centrifuged, and the cell pellet was suspended and soni
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ABSTRACT

Isoelectnic focusing of tissue homogenates revealed a pre
dominance of $-hexosaminidase B in colonic adenocarcinoma,
whereas f@-hexosaminidaseA was greater in paired normal
appearing colonic mucosa from the same patients as well as in
a specimen of human fetal colonic mucosa. Because of the
recognized cellular heterogeneity of these tissues, our studies
were extended to an examination of these isoenzymes in 20
cultured epithelial cell lines derived from human fetal intestine
and colonic carcinoma as well as the secreted enzymes in their
culture media. While the B:A isoenzyme ratio was higher in
human cancer cells as compared to fetal cells, some of the
cancer cell lines had a greaten proportion of the A isoenzyme.
Examination of the isoenzyme profiles in the media of these
cells revealed a greater B:A ratio whether of fetal or cancer
cell origin. These studies parallel the apparent biological dif
ferences of neoplastic colonic epithelium occurring in vivo and
are reminiscent of reported oncodevelopmental changes in
enzymatic properties present in some malignant tissues. The
differential stabilities of these two isoenzymes derived from the
culture media of both types of cell lines in vitro may limit their
value as markers of human colonic neoplasia.

INTRODUCTION

The metabolism of cellular glycoconjugates is significantly
altered in colon cancer tissues from both humans and expeni
mental animals (8, 12â€”14,20, 21). Changes in blood group
glycoproteins and glycolipids, enzymes involved in glycocon
jugate biosynthesis and degradation (i.e. , glycosyltransfenases
and glycosidases), and cellular carbohydrates occur (2â€”8,10,
12â€”15, 20, 21). Recently, Bnittain et a!. (3) reported an altered
$-hexosaminidase profile in human colon carcinoma. In their
study, a greater proportion of the B form of the enzyme was
found in cell suspensions derived from colonic tumors. Con
vensely, more of the A form was detected in normal colon cell
suspensions. Since it has been reported that human tumors
contain oncodevelopmental gene products (9), it was of interest
to examine the $-hexosaminidase isoenzyme profile in human
fetal intestinal tissue and cells. In the present study, the levels
and isoenzyme patterns of this enzyme were first determined
in crude tissue homogenate of human fetal colon and then were
compared with the results from surgically nesected specimens
of human colon adenocancinoma and noncancerous colonic
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/3-Hexosaminidaseisoenzymes in tissues and cultured celllinesp1

for A isoen- p1for B isoen
Specific activitya zyme zymeB:AratiobColonic

adenocarcinoma 41 .16 Â±10.89c 539 Â±0.08 7.30 Â±0.901 .93 Â±0.142tissues
mean (n8)Adjacent

colonic mucosa 32.46 Â±6.95 5.40 Â±0.12 7.39 Â±0.100.489Â±mean
(n8)Colon

cancer celllinesSKCO-i
18.5 5.07.00.601HT-29
37.5 5.07.40.467HAT-18
88.4 5.07.21.200SW-480
27.2 5.17.20.244HCT-48
63.3 5.07.01.150CaCO-2
27.5 4.97.40.210SW-48
83.3 4.96.40.995HCT-8
62.7 5.57.00.658SW-403
32.5 5.06.80.323SW-iii6
91.6 5.47.41.410Mean

53.25 Â± 8.84 5.08 Â±0.06 7.08 Â±0.100.826 Â±0.132Fetal

small intestinalcelllines172

136.3 4.87.40.470209
149.2 5.07.50.272199
109.7 5.17.40.242185
111.9 5.17.40.254FHS
172.1 5.47.40.380Mean

i35.82e Â±11.71 5.08 Â±0.10 7.42 Â±0.020.324e Â±0.044Fetal

large intestinalcelllines172

176.2 5.27.40.315188
65.1 5.17.30.37221

1 66.7 5.57.20.349209
99.0 5.27.50.486199

139.5 5.27.40.530Mean

1o9,3oe Â±21.52 5.24 Â±0.07 7.36@Â±0.050.410e Â±0.041a

Specificactivity(AandBisoenzymes)oftheenzymeforeachspecimenisexpressedas nmol/min/mg
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cated in i ml of 20 mM cacodylate buffer, pH 6.8, containing
0. i % Triton X-i 00.

@-HexosamInIdaseAssays. Sonicated aliquots of tissue and
cultured cell homogenates were used. The final concentrations
in the incubation mixture were 0. 1 M sodium citrate buffer (pH
4.5), 0.4 mM p-nitrophenyl-N-acetyl-$-D-glucosaminide, and
enzyme in a total volume of 0.5 ml. Reactions were carried out
at 37Â°for 1 hr, terminated by the addition of 0.65 ml Na2CO3,
and the amount of released free p-nitrophenol product formed
was measured by absorbance at 420 nm as described previ
ously (3) using a Bausch & Lomb spectrophotometer. All en
zyme assays were performed under conditions in which the
reaction was linear with respect to enzyme concentration and
time.

Thin-Layer Isoelectric Focusing. The gel suspension con
sisted of 100 ml of distilled water, 7.2 g of Sephadex G-75
superfine, 3.0 ml of ampholyte (pH 3.10, 40%), 0.i g of lysine
and 0.1 g of arginine. Thirty ml of this suspension were distnib
uted to a uniform thickness on a presconed glass plate. Ap
proximately 200 @Iof extract from either tissues or cultured
cells were applied to the center of each plate. A potential of
200 V was applied for i 6 hn, followed by 800 V for 2 hr just

prior to elution. The gel was scraped into test tubes at 0.5-cm
intervals with 500 @dof distilled water added and followed by
pH determination. One hundred @tlof 0.1 M cacodylate buffer,
pH 6.0, were added, mixed thoroughly, and centrifuged to
sediment the gel. Supennatant solutions were assayed for
enzyme activities. Isoelectnic points and ratios of B isoenzyme
to A isoenzyme were determined as previously described (3).

Time Course Studies. fl-Hexosaminidaseactivitieswere fur
thenexamined in cells and culture media after growth in serum
free media (obtained from Cell Culture Facilities, University of
California, San Francisco, Calif.) supplemented with insulin.
Cells were cultured at 37Â°with 25 ml of serum-free media in
each 75-sq cm culture flask at 50% confluency. At subsequent
time intervals, 1 ml of media was removed from each flask in
triplicate for $-hexosaminidase determinations. At each time
interval, the culture flasks were replenished with equal volumes
of serum-free media. Following this, at the conclusion of the
time interval studies, the entire media and cells were removed
separately from each flask. The same processing procedure
described above was followed for these cultured cells. For
culture medium, dialysis was carried out with saturated am
monium sulfate. The resultant precipitated enzyme was centni

Table 1

protein.
b Ratio of @8-hexosaminidase activity for the B form of the enzyme compared to the A form as determined

by isoelectric focusing.
C Mean t S.D.

d ,@@ test colonic adenocarcinoma versus adjacent colonic mucosa) < 0.001.
a@ (t test versus colonic cancer cell lines) < 0.05.
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fuged and dialyzed against distilled water. Concentrated sam
pIes were then aliquoted for enzyme activities and thin-layer
isoelectnic focusing.

Heat Stability Studies. Followingseparationby using isoe
lectnic focusing, the A and B isoenzymes of both cells and
media were eluted with cacodylate buffer, pH 6.0, at a final
concentration of 20 mM. Aliquots were incubated at 65Â°for
variable time intervals up to 20 mm and analyzed for enzyme
activities.

Studies of /1-HexosaminidaseIsoenzymes in Cell-free Me
dia. Following 9 days of cell culture, the serum-free medium
was decanted, centrifuged to remove cells, and divided into 2
portions. One portion of this medium as well as cultured cells
were processed as described above for isoenzyme profiles.
The remaining medium was incubated at 37Â°for an additional
4 days and then concentrated as described above for isoelec
tnic focusing.

Data Analysis. Protein was determined by the method of
Lowry et a!. (17) using crystalline bovine serum albumin as the
standard and modified as described by Bensadoun and Wein
stein (i ) to exclude possible interference from Triton X-i 00.
Results were analyzed statistically using Student's t test.

RESULTS

J.3-Hexosaminidase in Tissues. Table 1 shows mean results
obtained in paired colonic tumors and uninvolved colonic mu
cosa removed at surgery from 8 patients with histologically
verified colonic adenocancinoma. Mean specific activity was
greater in cancer tissues compared to noncancerous colonic
mucosa. However, this difference was not statistically signifi
cant. With the exception of one patient, specific enzyme activ
ities were similar in pained tissues. The mean isoelectnic points
for the A and B forms of the enzyme were also similar between
the 2 groups of pained tissues. For each patient, however, the
proportion of B isoenzyme was greaten in colonic tumors,
although the proportion of A isoenzyme was greater in adjacent
colonic mucosa. When expressed as mean isoenzyme ratios,
the difference was highly significant (p < 0.OOi ) between the
paired tissue groups. In human fetal colonic mucosa, the iso
electric points were 5.0 for the A isoenzyme and 7.4 for the B
form. The B:A isoenzyme ratio was 0.295 in this tissue, similar
to the profile for normal-appearing adult colonic mucosa and
considerably less than that determined for any colonic tumor.
Chart i illustrates representative isoelectnic patterns for each
of these tissue types.

/1-Hexosamlnldasein Cultured Cell Lines. Table i summa
nizes results obtained for 10 colon cancer cell lines and 10
fetal intestinal cell lines maintained in long-term tissue culture.
Charts 2 and 3 show the profiles observed for each cancer and
fetal cell line, respectively. These cell lines are epithelial in type
and differ from the heterogeneous cell populations recognized
to be present histologically in colonic mucosa or neoplastic
tissues. In cancer cells, the mean specific activity for /@-hex
osaminidase was significantly less than for fetal cells (p <
0.01 ), although some overlap in absolute values occurred (i.e.,
HRT-i 8, SW-48, and SW-i 116). The mean activity of cancer
cells was also significantly less than were either fetal small
intestinal cells considered alone (p < 0.OOi ) or large intestinal
cells considered alone ( p < 0.02). Interestingly, the mean
isoelectnic point obtained for the B isoenzyme of cultured
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Chart 1. Representative thin-layer isoelectric focusing patterns of fl-hexosa
minldase activity in normal-appearing adjacent colonic mucosa and colonic
adenocarcinoma from the same patient as well as colonic mucosa from a second
trimester human fetus. Curve, pH of each fraction; histograms, relative amounts
of enzyme activity in each fraction. Each fraction represents activity in 0.5-cm
sections of the gel. Details of electrophoresis and assays are described in the
text.

cancer cells was shifted to a more acidic pH compared to the
mean values obtained for all cultured fetal cells ( p < 0.05) or
small (p < 0.05) and large (p < 0.05) intestinal fetal cells
considered alone. A statistical difference in the mean isoelec
tnic point was not observed for the A isoenzyme. The mean B:
A isoenzyme ratio was significantly greater in cancer cells
compared to fetal cells originating from small ( p < 0.025) and
large intestine (p < 0.05). These results were similar to the
observations in whole-tissue homogenates.

Time Course Studies of /1-Hexosaminidasein Cell Culture
Media. The results are shown in Table 2 for 2 lines each of
human fetal small and large intestine as well as human colon
carcinoma. For each cell line, the total enzyme activity meas
ured in the media of each culture flask increased with time.
While results for media of the 2 types of fetal cell lines were
similar, the total enzyme activity measured for both cancer cell
media was much higher at each time interval examined.

Heat Stability Studies. Results are shown in Chart 4. The
activities of both isoenzymes were reduced with increasing
time up to 20 mm at 65Â°for cells and culture media derived
from 1 line each of human fetal intestine and colon cancer.
However, Isoenzyme A appeared to be more sensitive to heat
treatment than did lsoenzyme B for both cells and culture
media. With both cell lines, the reduction in A isoenzyme was

SEPTEMBER1979 3407

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/39/9/3405/2405020/cr0390093405.pdf by guest on 19 M

ay 2023



@O2.@;K..@c flh172';5@88@2O9@9;s,,,

Timecourse studies of /3-hexosaminidasein serum-free cell culturemediaCell

LineTotal

enzyme activity (@cmol/minx 102/cultureflask)Day

2 Day 5 Day 7 Day 9 Day13FetalFSI

FHS0.7a 1.3 2.6 3.8 5.5(47)aFS12091.4
2.4 3.7 4.57.7(21.9)FLI2O90.5
1.3 2.1 2.7 3.9(5.2)FLI1881.1
2.5 5.2 6.17.3(i3.i)CancerSKCO-i7.3

19.4 33.0 44.4 (86.3)NDbSW
11167.4 18.0 29.7 36.9(50.1) ND
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Chart 2. Thin-layer isoelectric focusing patterns of each of the cultured co.
Ionic adenocarcinoma cell lines.

similar for both cell- and serum-free media enzyme activity,
whereas a differential rate of fall in Isoenzyme B activity be
tween cells and media was observed.

@-Hexosaminidasein Cell-free Media. Results of B:A iso
enzyme ratios for serum and cell-free medium as well as
cultured cells are shown in Table 3. Following 9 days of culture,
the B:A isoenzyme ratios were higher in culture medium com
pared to cells of both fetal and cancer lines. To examine
whether this higher ratio in the culture medium was related to
differential cell secretion or differential stabilities of these 2
isoenzymes in the medium, a portion of the serum-free medium
from both lines free of cells was incubated for an additional 4
days. For both cell lines, the total activity of Isoenzyme B
remained the same (i.e. , recovery for FS1 209, 92.7%; for SW
i 116, 89.8%), whereas A was reduced (i.e. , recovery for FS1
209, 49.5%; for SW I i i 6, 54.8%). The resultant B:A ratio was
increased by more than 60% in the absence of cells.

DISCUSSION

In this study, the B isoenzyme of $-hexosaminidase was
proportionately greater in crude homogenates of human colon
cancer tissues, whereas the A form was higher in noncancer
ous adult colonic mucosa. These results, using pained tissues
from the same patients, are consistent with the original obser
vations of Bnittainet a!. (3), using cell suspensions derived from
neoplastic and normal human colonic mucosa. The isoenzyme
profile detected in both human fetal colon and cultured fetal
intestinal cells was similar to the pattern observed in noncan
cerous adult colonic mucosa. Thus, the altered fl-hexosamini
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Chart 3. Thin-layer isoelectric focusing patterns of cultured small (FSI) and
large (FL!) intestinal cell lines obtained from second-trimester human fetuses.
Identical numbers for the small and large intestine represent cell lines obtained
from the respective site in the same fetus.

Table 2

a Numbers in parentheses, total cellular enzyme activity (@tmol/min x 102/
culture flask).

b ND, not determined.

dase isoenzyme profiles of colon cancer tissues do not appear
to correspond to oncodevelopmental gene products (9), al
though in rat hepatoma the enzyme behaves as an oncode
velopmental form on cellulose acetate membrane electropho
resis (22). Since these enzymes are thought to degrade cell
surface glycoconjugates (3, i 4, i 8), alterations in the isoen
zyme profiles of fl-hexosammnidasein cancer tissues may play
a role in the changed biological properties of malignant cells.
Some of these, thought to be mediated by the cancer cell
surface, include loss of contact inhibition, invasiveness, and
potential for metastases (18).
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13-Hexosaminidaseisoenzyme ratios in ce!I-freemediaCell

lineB:A ratio on Day 9B:A ratio on Day13FS1209132a(032)b2.47cSW11163.09

(1.08)5.06

13-Hexosaminidase in Co!onic Neop!asia

cancer cells obtained after 9 days of culture were further
incubated for 4 days at 37Â°in the absence of cells. A further
increase in the B:A isoenzyme ratio was observed suggesting
that the A isoenzyme was more labile. Heat stability studies
using A and B isoenzymes separated from cells and culture
medium also indicated that the A form of the enzyme was more
labile than was the B isoenzyme, which is consistent with the
previous report of greaten thermolability of the human A iso
enzyme (i 9). The differential stabilities of these isoenzymes in
the cell culture media, therefore, would appear to limit their
value as markers of neoplasia in vitro. Our attempts to study
the isoenzyme profile of fJ-hexosammnidasein human serum
and urine were unsuccessful because of the low level of en
zyme activity and also due to high serum protein content. If the
results of these in vitro studies could be extrapolated to mea
surements in human serum or secretions, the clinical useful
ness of $-hexosaminidase isoenzyme profile assay remains
uncertain and must await further refinements in currently avail
able methodology.
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Normal and neoplastic colonic tissues, however, consist of
heterogeneous cell populations on histological examination.
Therefore, our studies were extended to several different epi
thelial lines of human cells maintained in long-term in vitro
culture. Although the B:A isoenzyme ratio was generally greater
in cancer cells compared to fetal cells, considerable variation
in this ratio occurred among the different colon cancer cell
lines. Furthermore, our findings did not correlate well with any
of the previously reported morphological, chromosomal or car
cinoembryonic antigen-synthesizing characteristics of some of
the cell lines used in this study as reported by Leibovitz et a!.
(i 6). Although altered phenotypic expression of cultured cells
maintained in vitro may occur, these results could also reflect
intrinsic biological differences in the properties of colonic epi
thelial neoplasms that appear to be present in vivo.

It was suggested previously that examination of the isoen
zyme profile of $-hexosaminidase in human body fluids might
ultimately prove to be a valuable adjunct in diagnosis or eval
uation of patient response to treatment (3). Since secretion of
lysosomal enzymes by cultured fibroblasts has been reported
(1 i ), we further examined the pattern and extent of secretion
of these 2 isoenzymes of fl-hexosaminidase, a lysosomal en
zyme, in the culture media of both fetal and cancerous epithelial
cells. Using serum-free media, the following observations were
made: (a) both fetal and neoplastic epithelial cell lines appear
to secrete onshed significant amounts of both isoenzymes into
the culture media; and (b) the media of both cell types contain
a greaten proportion of the B isoenzyme compared to the A
form. These findings could reflect either differential cellular
secretion ondegradation of these isoenzymes into the media of
these cell lines. To test this hypothesis, the media of fetal and
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Chart 4. Heat stability studies of $-hexosaminidase isoenzymes. Points, per
centage of remaining enzyme activity following heat treatment at 65Â°up to 20
mm. Serum-free media (â€¢)and cell (0) activities are shown.
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