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Cancer-associated mucins in the colon are igeni

distinct and gly lated differently from their motmal

counterparts. Mucin-rich glycoconjupate preparations were made from nine non-neoplastic colons, seven colon cancers,

and two different

grafts from

producing lenan colon cancer cell lines, and radiolabeled with H. The

preparatuonmapphedwam-‘."-‘ flulose i hange

% and eluted with a discontinucns ascending NaCl

gradient resulting in seven di fons or ‘species’. Over half of the *H-labeled glycoc:=jugates from specimens
dmn—mwlaucmcepMmMmme(mmo.ENaﬂ) Significantly less of the >H-labeled
gy T from speci of colon cancer elcted in fraction V (34%, P < 0.0005), and there were significant
i in glycoconjugates eluted in fractions IV (P < 0.008), [Tl (P < 0.0005), and TI (P < 0.028). Additional samples
were prepared without the radiolabeling p phed on 2 DEAE-cellulose i g and
lyzed for harid Each of the f ined the harid g d in mucin-type
g!ycoprotems,hioﬂyslﬂwaﬂdwas(ﬂfemﬁalyexpessednﬁleseven ions or ‘species’, ing principally in
the more ged sp diff mﬂcﬂmmmﬂmmmhﬂfmn
ion on the K h I nor were diff inO. lation of the ins. Mucin-type gly
from colon are relatively less ok ‘thnlhsefmmdnenor-almlon,mddneatlmvummm
i isted ies appear to be of lower molecular weight than their nonmaal counterparts. Additional
dies of olig haride and apomuci will be required to explain the molecular basis of these differences in
charge.
Introduction Usmglon h graphy, Podolsky and
I o 3 el ins into six di
Most epithelial surfaces secrete mucus, which is a species and demonstrated that one of these(dessgnated
complex mixture of mucin, lipid, and other sol ies IV) was selectively reduced in the coloni

After secration, mucin forms a gel that lines and pro-
tects the epithelium. The principal glycoprotein con-
stituents of mucus are mucins, which are a family of
high molecular weight, carbohydrate-rich glycoproteins
that express an extraordinary degree of microhetero-
geneity. Using histochemical and biochemical tech-
niques, it has been shown that heterogeneity of mucin is
seen as a function of its location within the gastroin-
testinal tract {1-3), in certain disease states {4-6), and
with the processes of cellular differentiation and malig-
nant transformation [7-11).

Corespondence: C.R_ Boland, Gl Section (111D), VA Medical Center,
2215 Fuller Road, Ann Arbor, MI 48105, US.A.

of patients with ulcerative colitis [5]. Furthermore, it
was demoastrated that thi- deficit persisted even in
quiescent disease [12}. A similar alteration has been
found by these i ig; in an 1 model of
colitis [13]. It is not yet known how this biochemical
abnormality is related to the h:stochemwal abnormali-
ties that have been described in infl y bowel
disecase [1,6,14-17).

Mucin secreted by colon cancer is immunologically
and biochemically different from that in the normal
colan [7,8,10], but details regarding the molecular struc-
tures of these different forms of mucin are not availa-
ble. With the exception of the work done in ulcerative
colitis [5,12], human co} in differeat di
states have not been analyzed using i h

0304-4165/89,/303.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division)



matography. For the purposes of this study, mucins
from specimens of normal and cancerous human col-
onic tissues were analyzed by a slight modification of
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TABLE §
Human tissues used as sources of glycoconjugates

the methods described by Podolsky and Isselbach Tissue designation Source of tissue
[5,12). Samples of ] b colon, cokm cancer, NC{n=T) Histologically normal colonic
and fi d trom Jured colon « I i ium from patients
1 i fracti € normal tissues from undergoing a resection for
m“ Sidaheli byandf colons with cancer) cancer: at feast 6 cm from
" - g them, o ractionating any neoplastic lesion; all
lhﬂn m& £ graphy. A significant specimens from the sigmoid color
in the fue proport of f“‘m*"“‘:'“‘c“: NN(n=2) Histologieally normal colonic
m was seen, m a t o & T, ie. jum from paucms
in g T from mllllsﬂtiﬁom dergoi for diverticuliti
ussm.'l'heshnftwasme, in the f lastic colons)  at Jeast 6 cm from
specimens. inflammation; both specimens
from the sigmoid colon
Materials and Methods CA(n="T) Colonic adenocarcinoma;
{cancer) CA-1, CA-5, CA-6, CA-12
from the sigmoid colon:
Re g s ive and radiolabeli The followi CA-2, CA-11, CA-14 from
Prep the ascending colon or cecum
reagents were obtained from Sigma Clmnml Company, LSITT (nm ) Sobeu i
= tancous xcnogsal tin
(St. Louis, MO): sodium m-periodate (NalQ,), galac- (B line) aude mice saised from

tose oxidase {EC 1.1.3.9), Tris baffer, ribonuclease A
lype 1A (EC 3 1.27.5), deoxyribonuclense I{EC3.1.2L.1),

dod: sulfate (SDS), and
Sepharose 4B. NaB’H‘ (specific activity S0-60
mCi/mmol) was purchased from Amersham Corpora-
tion (Arlington Heights, IL). Cesium chloride, optical
grade, 99.99% purity, was purchased from Schwarz/

colenic cancer cell line LS174T

RW29B2(n=1) Subculaneous xenograft
(cetl time) from human colonic cancer
ccll line RW 2982
duci ft in the nude

Mann (Cleveland, OH). Acrylamide and N, N'-methyl

ene bisacrylamide were purchased from National Di-
z@usucs,Mzmﬂle.NJ.

ides for dards ir: the carbohyd
analysis were purchased from Sigma. Trifl

mouse as prevlously descnbed 18], )‘-(renografls from our
different animals were utilized for rerlicate studies. Cell
line RW-2982 was obtained from Lance Tibbetts, M.D.

acid (TFA) was purchased from Pierce (Rockford, IL).
A 50% (w/w) NaOH soluticn was purchased from
Fischer Scientific (Livonia, MI). Sodi

(Provid RiI). This cell line grows as a mucoid
suspension in culture, and grows as bulky, noninvasive,
mucin-producing masses after the injection of ap-
P ly 10° cells into the peritoneum of a nude

purchased from Sigma. The chromatographic sep-
arations were performed on 2 Dionex BiolC gradient
pump module with a model PAD 2 detector, and the
monosaccharide separation performed on a (4.6 X 250
mm) HPIC-AS6 anion-exchange column equipped with
mAGéguardoolumn(Dmnex,Smyva.lr, CA)
For ion-exch

ethyl (DEAE) cellulose (fine mesh) was purchased from
Sigma.

Tissues

Fresh human tissues were obtained from the operat-
ing room, and immediately prepared for study or frozzn
at —70°C until use. Nine sp of b

1 P "LI wm: H xm‘v- 1
as listed in Table L. A total of seven specimens of
freshly excised human color cancer, and fi

mouse {19]). Subcutaneous tumors from these cells were
obtained after 3-4 weeks of growth in the nude mouse.

Exum-uon of glycaconjugates from tissues
of plastic colon were obtained by
nnsmg residual luminal debris from surgically excised
colons and scraping the epithelial layer from the mus-
cularis propria using the edge of a glass slide. Typically,
2-10 g of tissue were obtained from a 5-10 cm segment
of sigmoid colon. This material was immediately sus-
pended in 5 ml of phosphate-buffered saline (PBS), pH
74, for each gram of tissue obtained. This gelatinous
suspension was readily dispersed by 30 s of sonication.
The specimens of cancer were immediately obtained
from the operating room and sharply excised with a
scalpd, trimming away adherent normal tissue (epi-
le, or fat) or necrotic debris. The tissue

derived from two different cell lines were utilized. The
tumor cell line LS1714T was obtained from the Ameri-
can Type Culture Collection and was raised as a sub-

was minced with a scalpel, after which 5 ml of PBS, pH
74, was added per g of tlssue The tissue was subjected
toh jon in a b , followed by three 10-5
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bursts of sonication using a Lab Line sonicator at a
power setting of 90.

The xenografts derived from the celt line LS174T {18}
and RW2982 [19] were sharply excised, minced, ho-
mogenized and sonicated in 5 vol. of PBS, in a manner
similar to the other tissues. Each of these yielded a

acid or oligosaccharides had not beer removed from the
mucin by these conditions, the preparation was sub-
jected to gel filiration through Sepharose 4B and the
effluent i d for rads Thcsapomﬁedpm—
paration was then subjected lo chro-
hy as described above.

(=)

liquid suspension of lysed tumor cells in a liquid
medium. The suspensions were centrifuged at 105000 <
g for 60 min at 4°C. The supernatant was applied to a
5.0 % 100 cm column of Sepharose 4B equilibrated in
PBS, pH 7.4, and developed at a rate of 1 m!/min, with
continuous monitoring of the effluent for protein using
Ay Fractions of 10 ml were collected; the void volume
peak wasxdenuﬁedandpoobd This peak was dialyzed

Gel electrophoresis of *H-labeled mucins
*H-labeled ‘mucin-containing’ samples were sub-
jectedwg:lelecn-q)horenstodclcrmmed:cdeyecol‘
by radiolabeled, lower moleculas weight,
non-mucin components. A 10° cpm sample was added
mlhesamplehuffnmthepmofl-S%&

d water at 4°C and
lyophilized. This purified mucin- ining pre-
paration was utilized for radiolabeling and &

1

The semi-purified mucin-containing sample was
purified further using equilibrium density ultracentrifu-
gation according to the mcthods used by Podolsky and
Isselbacher [5]. Briefly, a purified le d

ptocthanol final concentration, dependmg upon
the vol of the ple, and 0.1% sodi
sulfate. The electrophoresis was num in a Tall Mlglxty
Small electrophoretic apparatus (Hoefer, Szn Francisco,
CA) at 2 constant current of 20 mA for 90-120 min.
The gels were fixed, dried on paper, and autoradio-
grams wore produced using standard x-ray film by
development for 1-2 weeks.

7, ’

from the cell line LS174T was biected to 2

Ion

digestion (DNase and RNase) for 17 h a1 37°Cin 10 ml
PBS, pH 7.4, containing 1 mM MgCl, and 0.02%
NaN,, centrifuged at 15000 X g for 30 min, and the
supernatant was dialyzed against PBS. 12.8 g of CsCl
were added and the sample volume adjusted to 24 ml,
with a starting density of 1.39 g/ml. The sample was
centrifuged at 36000 rpm for 48 h in 2 Beckman L2-65B
ultracentrifuge using an SW-41 rotor. Eighi 1.5 ml
fractions were pooled by aspiration and the specific
gravity measured by weighing 1.00 ml. As previously
described, the fractions with densities from 1.44 to 1.56
g/ml contain ‘highly purified mucin’ [5), and these were
used for radiolabeling and :on-exchange chromatogra-

phy to cc with the purified or *
taining’ samples described above.
Radiolabeling of glycoconjug

The lyophilized high molecular weight peak was
weighed and 10 mg was dissolved in 2.0 ml of PBS
containing 1 mM MNalQ,. This was incubated in the
dark for 45 min at 4°C, and dialyzed against PBS for 5
h at 4°C. The sample was further oxidized with galac-
tose oxidase (5 units) for 45 min at 37°C, and finally
radiolabeled by reduction with 4 mCi of NaB*H, for 30
min at 37°C. The *H-labeled sample was then dialyzed
exhaustively against 0.01 M Tris, pH 8.0 2t 4°C.

Saponification of mucin using KOH

In order to remove Q-acetyl groups from sialic acids
or colonic mucins [20), the *H-labeled “mucin-contain-
ing’ preparations were subjected to mild base hydrolysis
using 0.1 M KOH for 30 min at 25°C as previously
described by Gold et al. {21}. To demonstrate that sialic

The radiolabeled samples were diluted to 2.0-10°
cpm /0.5 ml of sample using 0.01 M Tris, pH 8.0. The
sample was applied to a 0.9 X 30 cm column of DEAE-
cellulose equilibrated in 0.01 M Tris, pH 80. The col-
umnwaswashedmthbufferfreeofNaCl.andlhal
eluted with 2 di ding NaCl di
from0.0StoOlSMfolluwedbyaSOMwa&The
column was developed at 10 ml/h and 2 ml fractions
were collected. Seven peaks were eluted over 4 h each
(one at 0 mM NaCl, and one at each of the six different
NaCl concentrations), consisting of 20 X 2 mi fractions,
termed O-VI. Aliquots of 100 pl were added to 10 m!
of liquid scintillant (Safety Solve) and monitored for
cpm.

Af, of carbohyd
Separate ples were prepared for
analysis in which the radiolabeling steps were omitted.
For these experiments, a specimen of normal colon, one
of colonic cancer, and a specimen of the xenografi from
LS174T were selecied on the basis of abundance of
sample, from which gl j were d in
PBS and subjected to gel filtration using Sepharose 4B.
The void volume from each sample was pooled, dia-
lyzed against distilled water, and concentrated by
lyophilization for io! h hy. 5 mg
of each sample were dissolved in 0.01 M Tris baffer,
applied to the DEAE-cellulose column, and the frac-
tions collected as described above except that a 1.5 X 50
cmcolumnwasusedand eluted at 20 mi/h, and 4 mt
i were collected and itored for 1]
hexose [22]. Each pooled peak (or ‘species’) was di-
alyzed against distilled water and concentrated by

b




Ivophilization. Each of the seven jon-exchange chro-
matography peaks was resuspended in 5 ml of water for
carbohydrate analysis as follows.

M harides were d by highperfor-
mance anion-exchange chromatography and pulsed

ic 4 i ding to the method of

Hardyetal.ﬂ!l. Bricfly, the samples were hydrolyzed
in 2 M TFA at 100°C for 5 h. The TFA was removed
using a nitrogy p and the samples were redis-
solved in water.

Anahqnwtofsoplfromuchsamle(apprommudy
1 pg mucin) was injected to the cof ysi
of harides was ! outan an n..ocrauc
NaOH concentration of 23 mM for 15 min, using a flow
rate of 1 ml/min at ambient temperanee. The Dionex
Eluant Degas Module was employed to sparge and
pressusize the cluants with helium. The monosac-

Post Column Delivery System was used to obtain ade-
quate sensitivity. Sodium hydroxide reagent (0.3 M) was
mixed with the column effluent at a flow rate of 1
ml/min.

The following pulse potentials and durations were
used for monosaccharide analysis: E, =010V (s, =
ms); E,=060V (1,=120ms); E,= —080V (1, =
ms). The resulting chromatographic data were in-
tegrated using 2 Hewlett Packard 3392A integrator.

Fors.alwsad,thesampbs(ﬂ)pgmuun)waeﬁm
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Fig. 1. 4Bch ic profile. The i icts were

subjecied 5o gel filtration wing Soply 48, and

the eluant monitored for protein (Az4,). Three peaks were developed

and fractions 21-28 were pooled as a *mucin-containing’ peak for the
subsequent analyses.

fractions (i.c., specific gravity > 1.38 g/ml) as demon-
strated in Table IL

Polyacrylamide gel electrophoresis and awroradiography
To further assess the purity of the radiolabeled
“mucin-containing’ preparation, portions of samples de-
rived from normal colenic mucin, colonic cancer, and

LS174T were ‘by,,'_, lamid gel lect;
horesis and ' ing ap-
i ly 10° cpm were applwd to 10% and 4%

heated at 80°C for 1 h in 0.1 M H,S0,, evap
under nitrogen and redissolved in 1 m! water. 50 ul
aliquots were injected into the same column and sialic
acid was eluted with 100 mM NaOH containing 150
mM scdium acetate.

Results
Preparation of mucin-rich ’H-labeled samples

The homogenization and sonication of tissues in PBS
permitted the solubilization of mucosal glycoconjugates,

and ul rifi and mem-
brane i 'The fi of the Pl
by col 1 . Ited in the isolation of a

high Mem]arwe:ghl muun-wnlammgpeak f18); a
typical ch is ilk d in Fig 1. The glyco-
conjugates in this peak were concentrated and oxidized
wnh NalO, (which oxidizes sialic acid residues), and

idase (which oxidk 1 and galac-
tosamme),andl.hm diolabeled by reduction with
NaB’H,.

Equilibrium density centrifugation of radiolabeled mucins
The radiolabeled macin-rich speclmens were sub—
jected to equilibrium density ul rifug;
aCsCldcnsnygmdxenl.ﬂeresultsdemonsuawdthal
66.6% of the cpm were recovered in the high-density

po!yacxylamlde zels in the presence of both B-
mercaptocthanol and 0.1% SDS. As indicated in Fig. 2,
a broad band is seen at the top of the 10% gel for
normal colonic mucin (lane A), whereas the bands from
cancer-derived mucins (lanes B and C) enter the top of
the gel. A small band is present in the dye front for
both cancer-derived mwucins. The radiolabeled bands
from all three sources entered the 4% gel (lanes D-F),

TABLE 11

density ifi of *H-labeled glycoconjugates
A *H-lzbek d sampled desived from the I.Sl741‘ xenograft was sub-
Jjected to equilibrivm density i ibed in the text.
Eght 1.5 nﬂ!’racmnswer:mlleaed.thespeuﬁc gravity determined
by weight and volume, and the cpm determined in 50 gl aliguots.

Fraction Specific <pm % of
gravity total
(g/ml) cpm

I 127 140 3

n 128 200 4

H 1.31 390 8

v 133 610 12

v 1.36 806 16

Vi 138 843 17

vii 147 1403 29

v 156 510 10




amp AED

Fig. 2. Autoradiogram of radiolabeled mucins after polyacrylamide
gel electrophoresis. >H-labeled samples derived from normal colon.
colon cancer, and LS174T xenografts were used for polyacrylamide
gel electrophoresis in the presence of SDS and f-mercaptoethanol. All

were ob from the d volume after Sep
4B column chromalography but had not undergone equilibrium
density i and were thereft of the sam-
ples subj d toi h . Lanes A, B, and C

represent normal colonic mucin, colon cancer-: assoclaled mucin and
mucin from LS174T respectively, electrophoresed on a 10% poly-
acrylamide gel. Lanes D, E and F represent the same three
i ini horesed on a 4% polyacryl-

amide gcl.
although the cancer-derived tands (lanes E and F)
migrated further than that from the normal colon (lane
D).

TABLE IV

TABLE HI

Radiolabeliny; and column recovery efficiencies using NalOy4 and galac-
tose oxidase

Radiolabeling and column recovery cfflClCl’lClC!\ using NalO, and
f oxidase. Gl ing cxtract of the LS174T
xenograft was prepared at 5 mg,/ml and 1.250 ml used for radislabel-
ing with galactose oxidase, NalO,. or both, as described in Materials
and Methods. After removal of unreacted NaB’H, by dialysis, the
elficiency of labeling was calculated in terms of mg of glycoconjugate
present per 2-10* cpm. Column recovery represents the sum of all
d after appli of 2:10° cpm 10 the DEAE-cel-

Iulose columan.

Oxidation method LS174T glycoconjugate

Column recovery
(mg/2-10° cpm} &

cpm %
Galactose oxidase 1.689 1.158-10° 58
NalQ, 0.601 1.416-10° N
NalQ, and
galactose oxidase  0.387 1.304-10° 65

Ion-exchange chromatography

The *H-labeled ‘mucin-containing’ samples were
fractionated by ion-exchange chromatography using
DEAE-cellulose. The elution of seven mucin peaks (or
‘species’) [5]) produced by the xenograft derived from
LS174T is demonstrated in Fig. 3, in which species 0
represents the labeled glycoconjugates that pass through
the column, and fractions I-VI represent the fractions
sequentially eluted with the discontinuous, ascending
NaCl gradient. The continunus line represents cpm
eluted; the dashed line represents the percent of the
total eluted cpm in each species. As demonsirated,
peaks 0 and I contain very little radioactivity, and
majority of cpm were eluted in peaks IV and V.

To assess the individual reles of NalQO, and galactose
oxidase in the generation of oxidized sites for reactive

lon-exchange chromategraphy of *H-lubeled samples of I

ic human colonic glyco

Percentage of cpm cluted in each DEAE ion-exchange chromatography species (0-VI) eluted using a2 discontinuous ascending NaCl gradient. NN

refers to normal colonic epithelium derived from two patients with

plastic disease (diverti

is). NC refers to normal colonic epithelium

derived from seven patients who also had a calon cancer in the resccted specimen.

Sample Glycoconjugate species (% of eluted cpm)
0 I i m v v vI

NN.3 i) 3 1.37 142 1.60 24.54 55.11 12.25
NN-4 228 314 266 343 8.81 68.05 11.63
Mean 3.00 2.26 2.4 2.52 16.68 61.58 11.94
NC-1 257 4.19 1.60 264 40.25 43.05 5.70
NC-5 23 3.29 2.56 313 15.46 64.21 9.09
NC-6 2.68 4.85 3.43 .94 10.09 62.66 8.35
NC-8 0.28 3.06 5.45 4.01 24.00 50.75 1245
NC-9 L16 5.60 303 246 25.75 54.37 763
NC-12 0.79 147 119 204 37.80 49.14 7.57
NC-12 031 1.15 172 3.57 2 49.65 10.88
Mean +S.D. 1441 1.06 3944265 271+£1.45 3114076 2658+11.21 53.40+7.64 8.80+£2.25




289

spectes | 0 1 1 | & | wm [ w [ v T w
NaCl Conc. o | ocsu | oM | G.usM | o020 | o.2sm | 5.om
11080 Cpm/ 100ul
yTooo [. 7o
8000 | | eo
5000 . 50
& 4000 | | a0
2 B
< H
€ 2
2 3000 J a0 3
o " o
2000 | .20
1000 | 10
)
Fraction 10 20 3o 40 SO 60 7p 80 90 100 110 120

Fig. 3. Jon-exchange chromatography profile after labeling with galactose oxidase and NalQ,. The mucin-rich peak obtained from a xenograft of

the human colon cancer cell line LS174T was oxidized with both galactose oxidase and Nal0,, and radiolabeled by reduction with NaB*H,. The

>H-labeled glycoconjugates were applied to the DEAE-cellulose colums, and eluted with a discontinuous ascending NaCl gradient (as indicated
acrass the top). The cpm are indicated by the solid line; the percent of total cpm elutcd is inaicated by the dotted line.

radiolabeling, a sample of the LS174T xenograft pre- efficiency of the galactose oxidase and NalQ, methods
paration was separately oxidized by each of the two separately, and the results using both together. Also
reagents. Table III demonstrates the relative labeling depicted in Table 111 are the percent recoveries from the
Species o | ] w1 w [ w ] v [ v
NeCI Conc. O | o.05M | O.10M | 0.15M | 0.20M [ 0.25W | s.om
7000 70
o000 I eo
5000 - 80
é 4000 L L 40
4 -
2 H
E e
a 3000 - - 30 35
© [Y
2000 - 20
1000 L 10
Fraction 10 20 36 49 50 60 70 80 90 100 110 120
Fig. 4. Ion exchange chmmalography profile after oxidation with galaclose oxidase only. This iol graphy profile was d
by from a aft derived from the human colon cancer cell line LS174T. In this instance, the glycoconjugales were
oxidized with (he galactose oxidase, and ly radiolabeled by reduction with NaB*H,. The cpm eluted are indicated by the solid line; the

percent of total cpm cluted in each species is mdncalcd by the dotted line. Using galaclose oxidase only, species 11 and IIT were preferentially
labeled.
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Species o | [ n w1 w ] Yy i wn
WacrCone. | 0 | ovosM | otoM | o058 | ozom | oz | som
14574 Cpm/100a)
7000 4 } - 10
€000 - se
5000 - - 5o
3
8 ooo . - 40
- =
~ £4
£ 3000 4 30 3
s H
2000 4 . - 20
u,
1000 4 ., - 10
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Fig. 5. lon-exch h buzined after oxidation with NalO, only. This was obtained from g ?

mamﬁt@wﬂﬁm&emmmmﬂmwnﬂ&nmoudndm;m, fdkmedl:ymbmnvnhNaB’H..
Under these conditions, species IV was preferentially radiolabeled.

DEAE-celluloseeolumns,usmgmhoflhe hod: gal 1d. alone.Fg.Slslhemmpondmg
Fig. 4 is a chrc 2T ing the cpm eluted h gl for a p idized by using only
in each ion-exch i i line), and the NalO,. The gal id £e ially labeled
percent of the total cpm recovered in each of the fractions II and III, whms NaIO pufe.rentuﬂy
gly 2j pecies (dashed line), after oxidizing with Iabeled fraction IV. As indi in Table 111, labeling
TABLE V
lmfxchugmwmm#’ﬂmkdmhn[wwnjmnmﬁunm colonic cancer tissues
Data are percentages of total cpm cluted in eack gl spexies. CA indi a fresh i excised of bumzn colosic
adenocarcinoma. LS174T and RW.2982 are subcutaneous xenografts, devived from cultured human coloaic cancer ¢l Enes.
Sample Glycocosjugate species (% of eluted cpm)
0 L] [ m v v vi

Susgical specimens

CA-1 290 176 285 1521 47.32 2302 494

CA-2 119 215 205 416 46.56 38.84 505

CA-5 5.39 5.55 573 563 1941 46.33 1195

CA-6 515 807 667 6.35 1555 4811 10.310

CA-11 064 1.60 274 743 52.66 2697 796

CA-12 252 366 414 154 2844 39.59 3N

CA-14 100 267 726 15.80 5495 1269 563
Mean £ S.D. 2684198 3923224 449+207 893+466 37.84+16.35 3365+13.10 8481353
Xenografis

LS174T-1 072 261 207 910 40.44 36.83 823

LS174T-2 3N 2387 27 151 4353 3427 464

LS1747-3 326 449 288 in 40.03 3599 613

LS174T-4 073 199 823 1531 4R 23.52 6548
Mean 2 S.D. 1901136 3254115 4114275 9.79+3.77 4195+198 32651+6.18 6361147

RW2982 036 210 8.04 18.58 5147 8.87 458




TABLE VI
Jen-exchange dwomatography clution profiles for el dastic code
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Table I) The last seven sp were histologically
fonic epithelium from patients who had un-

Vaknmmtmdhmd’ﬂwm
Jjogates eluting at cach salt Data wexe d wsing
Studeat’s unpmited £ lest cotaring 2l mommals s 2fl camcers;
usmmmmmmmm
with NG, colonic i from pa-
tients with cancer; CA, sergically excised human colos cancer speci-
mens; LS, subcstaneous from LS174T cells; RW, subcuta-
negus xeaografis from RW 2982 cells.

dergone a resection for cancer (NC, see Table I). In
both groups, nearly 80% of the cpm cluted in peaks IV
and V, and more than half of the counts were found in
peak V. The samples derived from patients who did not
have cancer elsewhere in the colon had the largest
percentage of cpm in peak V (mean 62%), however there
were only two samples from this group.

Tbe data derived from the samples of colon cancer

Glycoconjugate Percent of cpm eluting in cach species P valae

T d in Table V. The ﬁrst seven samples were
denved from fresh ical

" P of h colon
pesies (V20D oy pormats a8 cancers cancer, and in four i paired speci

(NN+NC) (CA+LS+RW) that ito les of n lastic tissue (see

‘l’ :g;’m ;zi ;_-: ;—gi :;55 s, NC-1, 5, 6, and 12 in Table IV). The cpm eluted in

+ ns. -

0 @I0M) 2% 133 wses 237 Peoms spmsuVi'tl:nthesevmspmmensofmcerms;g

I ©25M) 2981 085  1002: 481 P <0005 nificantly less than the corresponding glycoconjugate
IV ©20M) 243841035 408511335 P=0908 species found in the nine sp of P

vV  @©25M) 55224 820 312551240 P < 00005 colon (P < 0.005). The loss of counts in species V from

VI (SOM) 951 239 745+ 304 as

with NalO, :lonermﬂledmappmnmatdy ?_&nmns
the specific activity achicved with g
alone,

Gt i were d from the nine sam-
plesofnonneoplasuchumanoolon,radtolabeled,and
h graphy as described
amebepawnlsofcpmdnungmad:o{them
species (O-VI) are depicted in Table IV. The first two
specimens came from patients who had undergene re-
section of the sigmoid colon for diverticalitis (NN, see

TABLEVH
Carbolydraze analysis — awmal colonic glycoconjegates (pasol)

Carbokydrates ave expreseed a5 pmol in 1 @l of the fraction eluied during i

the seven specimens of colon cancer is reflected by a
ing significant increase of cpm in species IH

(P <002), and ignificant i in species II
and IV (P =006 and P =0.12, respectively). This ob-
sexvation, specifically a shift towards less-charged glyco-
conjugates species, was also seen and was more marked
in the samples derived from the two xenografts, LS174T
and RW2982 (Table V). When the combined data for
alloflh:nmmalcolonicspecimens(NCandNN)wetc
d with the bi cancer speci (CA,

LSl74T and RW2982), highly significant differences
were seen for species 11 (P <0.028), HI (P < 0.0005),
IV (P <0008) and V {P < G.0005), with a shift away

mmhmpdmgmmpmzﬂaadnﬂum’mdiwu!CHOmfas-ouumhydwbohthnM

wq:auitn&mdmﬁy&wfmaﬁmmimmufmmlhlpumusedcpmpmlmmuspeaﬁwm
3 3 by

were sep hy (from Table IV). CHO, carbohydrate; Fuc, fucose; GalN,
2 ine; GicN, ine; Gal, a.d., sone detected.
Gt " 5
(1] 1 n m w v vi
CHO
Fec G6TD (90%) 2012 (165%) 3537(16.3%) 9.325 (173%) 12.561 (i5.6%) 65.549 (10.8%) 28.537(15.6%)
GalN 2488 (335%) 1.855(14.7%) 5269 (242%) 8.869(16.5%) 9231 (115%)  115.566 (19.0%) 22031 (12.0%)
GleN 2488 (335%) 4,525 (35.9%) 8145 (376%) 18.145(337%) 23620(293%)  136.335(224%) 50,090 (27.3%)
Gal LTBR39%) 4222 (335%) 4722 (21.8%) 12778(23.7%) 19611(23.3%) 143278 (23.5%) 56.500 (30.8%)
sialic
acid  ad ad ad 4653 (8.7%) 15.566 (19.3%) 148.738 (24.4%) 26.214 (14.3%)
Total
pmol 7424 (100%) 12.614 (100%) 21.653 (100%) 53814 (100%) £0.589 (100%) 609.466 (100%) 183.377 (100%)
% total
CHO (133 13 22 56 83 629 189
% totai
pm 14 39 27 33 26.6 534 88




292

TABLE vill

Carbohydraze analysis - colonic cancer-associated glycoconjugates
Carbohydrates are expressed as gmol in 1 ml of the fraction elated

using
M&rmmstmedwkmpmnmh&sdwmhuhempmﬂmcmmw&mdmmﬁa
mw@wmemdwhhyhmhﬂmm % total cpm mefers o the peromtage of cpm presest is that specics whea

were hy (from Table V). CHO, carbohydraze; Fuc, fecose; GalN,
; ine; GicN, gh ine; Gal, gal n.d., none detected.
Glycoconjugate species
[ 1 7] m v v vi
CHO
Fuc 9329(183%) 4512(146%) 13415(202%) 29329(150%)  237.622(167F)  9ITOIZ(172%) 32134 (1I21%)
GalN  12896(274%)  9774(3L6%) 20.22(320%)  NA03(161%) 175792 (124%) 11L127(199%)  46.267(i5.5%)
GIeN  10995(234%) IL176(362%) 23439(354%) 59457 (304F) 309095 218%) 1199103F) 78190 (294%)
Gal 13833(294%) S4M(176%) 8222(1249)  59611(305%)  46222(326%) 1C0TTR(ZEST)  51444(343%)
ol
acid od ad nd 15.599 (8.6%) 235146 (166%)  73042(130%) 23333 (88%)
Total
pmol 47.053(100%) 30906 (100%) 66298 (100%) 195.399(100%)  1419.877(100%) 562869 Q00%)  266.368 (100%)
% total
CHO 18 12 26 75 548 27 103
% total
cpm 27 39 45 89 378 337 25
fmmpenk \' d less ch d elut- those obtained using senu-punﬁed mucin-containing
ing in earlier fractions (II-1V) for the specimens derived ples (data not p
from colon cancers (Table VI).
lon-exchange chromatography was performed on Monosaccharide analysis

‘highly purified mucin’ obtained from the LS174T cell
line as described in Materials and Methods (ie., that
subjected to additional nuclease digestion and ul-

ifugation through a CsCl gradient prior to label-
ing). The ion-exchange clution profiles were identical to

TABLE IX
Carbolds

analysis ~ Jfrom cefl tine LSI74T

Carbohydrates are expressed 25 pmol in 1 =l of the fraction cluted during i

Thermllsofanalysnsofnwnosacchandes(wﬁ
cally, fucose, g and
smhcacnd)formhoflhesevenm—ﬂnhangepﬁksm
Iisted in Table VII (for normal colonic mucin), Table
VI (for colon cancer-associated mucin), and Table IX

using i
M&rmumfmeﬂmkmmmmmmmﬂuem;m%mulCHOMaswtbemo(Mw-M
cnmpartdlolbesmofnrbobydlﬂefm;ﬂmspu:ssmedmwﬁ:mhgedqmpmlmb.m-h

were hy (frcm Table V). CHO, carbohydrate; Fue, facose; GalN,
GikN, ine; Gal, nd, rone detected.
Glycoconjugate specics
[1] H n m 1A 4 v vi
CHO
Fuc 1037(11.7%)  2744(164%)  6159(143%)  21280(13.8%)  TBAIS(162%)  45.183(85%) 35.122(135%)
GalN 0588 (6.6%) 2443 (146%) 10360(252%)  26335(170%) 72036 (14.9%) T2579(14.3%) 30.360(11.9%)
GkN 4163 (47.0%) 9412(56.3%)  18.109(422%) 54072(350%)  129.593(26.7%) 95430 (18.8%)  67014(25.8%)
Gal 3.056 (34.6%) 2111 (12.6%) 6.389 (14.8%) 43500(28.1%) 135056 (27.9%) 235.889(26.5%) 113056 (455%)
sialic
acid nd nd 1563 (36%) 9515 (6.2%) 69.385 (14.3%) 58414 (11.5%) 8608 (33%)
Total
pmol 8.844(100%) 16.710(100%)  43.151(100%)  154702(100%)  484.485(100%)  S07.495(100%)  259.660 (100%)
% total
CHO 06 11 29 105 328 344 176
% total
<pm 19 33 41 98 430 327 64




TABLE X

Siglic acid comserss (amaol) per pmal carbohydrate

The siafic acid content for cach specics in the samples amalyzed in

Tables VII-IX are expressed in emol per pmol of the sum of the
ini desected.
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separations (personal communication). Althongh we ob-
served no change in the clution profiles throughout the
several dozen chromatographic ruzns necessary for this
work that might suggest slow ejquilibration of the col-
umn with increasing amounts of Tris base, this dif-

. fi cannot be excluded as an expl of our
Species Colon sample results. H , 2 small number of samples has been
sormal cxmoer Ls174T chromatographed in our laboratory after equilibration
0 - - - of the ion-exchange resin in 1.0 M Tris, and the 7H-
1 - - - labeled mucins were found 1o elute at lower jonic
2 - I ; strength (data not presented). As a result, the altered
a 193 166 143 representation of the eharge in the seven mucin species
5 244 130 15 seen in cance g may not be
6 143 88 33 strictly comparablc to those reported using extracts
from pl y bowel di [5,12].
Because of |.Im uniform reproducibility of the data
(for can iated mucin derived from the tumor with this hod in our lab Yy, we ined the
cell line LS174T). It is apparent that each jon-exchange’ irdividual ibuti ofNaIO.andgalacws:ondase
species contains all five sugar moieties found in mucins. in the labeling of col lain the

Table X lists the sialic acid content expressed as a
fraction of the total carbohydrate of each speci

P

dmepnmbetwemourmultsandlhoscprevmﬂy

for these samples. It appears from Table X that dif-
ferences in sialic acid content do not entirely account
for retention on the DEAE-cellulose.

ﬁmtmo[O—amqlaledmlrtmd\'

diolabeled ples from the pormal colon
amixmmftoflSl?ﬂmﬂsmsapmfmdasde-
scribed, and neutralized with 0.1 M HCL. A pottion of
each ple was subjected to gel filtration through

d. These experiments demonstrated different
oxnlmng efficiencies with the two reagents; reduction
with NaB*H, resulted in almost 3-fold greater specific
activity after oxidation with Nalo, alone compamd
with that produced after oxidation with

oxidase alone (Table II). Recovery of >H-] labcled glyco-
conjugates from the DEAE-cellulose columns was simi-
lar with both methods. Alsc, galactose oxidase (which
results in the labeling of palactose and N-acetylgalac-

Sepharose 4B, and all of the radicactivity cluted as a
smglehghmolewlarwugmpuk,mdmnnglhmno

ine) tended to label glycoconjugate species 11 and
1H more p y (Fig. 4), wh NalO, (which
oxidizes sialic acid residues, and therefore would be

sampkcdufeddenmﬂytotheunmwdsamples(dam
not shown), inds g that diffe; in O /!

),

d:dnotwountiorlhcdxffumﬁalmmnmthe

fon-cxchange col see b the 1 and
D .
In the experi d, gl jjugates were

lntlum—labekdusngzmcdlﬁmofthetechmques
d byl’"' and isselbach [12], but the fon-

phy profiles we produced with
extracts from the normal colons are different from those
btained by these i Specifically, we sub-
jected our tissue to Seph 4B ch

d to label the more acidic species) labeled species
IVandVbest Smcetheemclencyoflabchngwnh

was derably less than that
actueved with NalG,, it would appear that differences
in the gal ivity could for dif-
fe in the gl labeled from one

laboratory to anolher Allemauvely. a difference in the
source of the ion-exchange resin could produce different
clution profiles. The principal difference between this
work and that of Podolsky and Isselbacher is that the
latter labomwry had a larger percentage of the tritium-
labeled in fractions J-I1I.

Although not strictly comparable, the ion-exchange
chromatography profile reported by LaMont and
Venmla [24] on nonradiolabeled rat colonic mucins

d a predomi peak in mucin species IV
when assayed for A,g and neutral hexose. Kim and

raphy before the radiolabeling step, which could ct

died camne gastric mucins by ion-ex-

b +

bothdmlabdmgefﬁacmoflhemwnsm lhepre-

graphy in 1971 {25], again monitoring
the eluanl for Ay, and neutral hexose. The principal

ion and the relati of radiolabeled
e ML Podolsky and Issclbacher nitially
equilibrated their DEAE-ccllulose in 1.0 M Tris buffer
prior to equilibration in 0.01 M Tris for the sample

eluting fi were found at 0.2-0.3 M NaCl (corre-
spondmg to species IV and V uwsing our gradient).
Although similar to our results, comparisons of this sort
are of limited value since they utilize different sources
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of mucin (both with respect to species and organ), and
the eluted fractions were i d for protein (A,q,)
and neutral hexose, which d different

The astoradi of the polyacrylamide gels (Fig. 2)
also indicate that the radiolabeled species arc broad,

of the mucosal glycoconjugates than that achi;ved by
the use of the radiolabeling technique.

high molecular weight bands characteristic of mucins.
Of interest, the autoradiogram in Fig 2 indicates that
thercnsadnffercnnebetwwnmemowcxﬂarmghtsof

In spitc of the above-stated iderati there d ins from ! colons and which
werehighlysignifmtdifﬂ in the i hang; has mever previously been apprect M the
h grap ion profiles b glycocon- carbokivdrate contents of the eluted species (Tables

btained from 1 h ic epithelium VII-X) are characteristic only of mucins [29]. Thus, the

andco!oneams.'lhemosumponamdﬁfemncens

principal glycoconjugates that make up the eluted
ses are much

that a ch i] [44] d for the majovity of
the mllum-labeled glycoconjugates in the normal mm
whereas the profiles obtained from cancer speci

The mechanisms that for changes in the
tecular charge of mucins are incompletcly under.

had a significant deficit of species V and corresponding
increases in the less-charged species.

It was of interest to note that the specimens derived
from human colons without cancer (NN) had the grea-
test p ge of tritium-labeled glycoconjugates in
specm\! although the pumber of these samples is
small and it cannot be ascertained whether this is
sxgmﬁunﬂyd:ﬁercmimmthalscenmlhcnonnwp!as—

stood.buwevarthereamaueasuwoposibleny!m-
uons.Fust,thcsynlh&sofanovelapoptotmles
richly rep d with basic residues in cancer-associ-
ated mucins could change the ionic strength with which
aglycooonjugatespeuswwldbeehwdfmmDEAE—
, mucin glycop from
ussuslendmbe" sely gl lated, and col
nmunshave relatlvdy few nonglwosylawd, ‘exposed’

tic b d from colons that were ilabl fon with the
rwectedforeancer(NC) lthasbecnreponedbysom ton—exchangermn[BLTheappnrmt differences in

that gly y is ecular weight lhsc 3 ramlhepom—
abnormal lhmughoutlhcennre colonmlhescmngof bility of the hesis of 2 unique ap by
colon cancer [26]. It is possible that * tissues. Hi smcemmnapoptolun

colons are distinct from normal—mncer’colons,hunhe
diffe we have NN and NC

P

has ever been purified or sequenced, and no apomucin
gene has yet been cloned, it is premature to speculate

specimens are difficult to interpret at this time. funhcronthlshypotlms.

Very significant changes were seen in the cancer dly, a change in olig harid could
P with di; deficits in species V and for diffe in molecular charge and result
mcreasesmspemsll,lﬂ,andlv Thesechangswere in different hange ch zraphy profiles. The

in the sub pression of the Tt Friedenreich i on

€ven more p

denvedfmmthemuan—producmgoo!onmceﬂhne
LS174T, and the shift to more ncutral species was

cancer-associated maucins [8-10] and the absence of this
stmcturemthcnmmalcolon[SOJl]hasledtodx

exaggerated further in the xenografts derived from the hesis that cancer- iated are ab
humancoloncanmceﬂhneRW’m.Thscellhne glymsylated,and h letely gh i
! growth characteristics in susp d to i fromthcnolmalonlon[B].‘ﬂns
sion culture and is a prodigi d of mucin (19}, hypothmshasbeensupponed byptelummrydamfrom
butthebxologcalslgmﬁmceofth:ssmft d y using bet
ins to be explored wluch suggest that mmerassomawd mucins have
The bxochcmual bms of the production of less- shorter oligosaccharide chains compared to their normal
d s ! at this time. 'I'hc counterpans 132
melhod we emp]oyed for gly j lysis of haride in each i
prefercnually recovered mucin, however the mucin- of the three diolabeled } d that each
i btained by Seph 4B col pl "theﬁvesugarrwdmfwndm

chromatoyaphy may also small of
contaminating proteins, lipids and other glyooprotems_
The use of the radiolabeli the

ability to detect mucm glywpromns by spemﬁcally
labeling those resi d in mucin

type glycoconjugates, and the carbohydrate con-
tent of each fraction was proportional to the cpm eluted
mtheearherexpenmcms. Onlysalu:acldmnlemwas
diffi iall g to be below the limits
of detection m species O—III and being highest in

ollgosaochandes [27,28). The lysis of the * in-
containing’ preparation by CsCl density gradient ultra-
centrifugation (Table II) indicates that an insigaificant
proportion of the cpm is present in either lipids or
proteins (which would band in low-density fractions).

fractions IV and V. A trend towards lower relative sialic
acid content in the cancer specimens is evident when
exprecsed in lerms of the total carbohydraie content.
as d 1 in Table X, sialic arid con-
lent alone probably does not for the i




of the seven peaks. Furthermore, the removal of O-acetyl
gtonpstromsukcm&pmdwednochmgemm
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9 Boland, C.R.. Momgomery, C.K. and Kim, Y.S. (1982) Gastroen-
terology 82, 664-672.
10 Cooper, H.S. (1982) Lab. Invest. 47, 383-390.

tion on DEAE se. A more complel ys ‘,’f 11 Colony, PC. and Stecly, J. (1957) Gastroenterology 92, 1116-1126.
this p will quencing of 12 Podalsky, D.K. and I her, K.J. (1984) G .
mudues derived from iated i 991-998,

ization of the ins from 1 and 13 Podolsky, DK., Madars, J.L., King, N., Sehgal, P.. Moore, R. and

nulignamﬁmles,andanmdﬂslandingofﬂulhu—di-
mensional structure of mucin. From the data that are
cumrently available, it is only possibie to say that the
mmsfmmbnmcmallaslsmdnffcr—
ent g @ [8), are antigenically dis-
tinct from 1 col 7,33}, fewer
O-acaylywysonsuhcaadslzll,andmmk
that radiolabeled gl dug
fromedonmhwadsffmuehﬁvcehugemd
molecular weight than do their normal counterparis.
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