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Radioimmunoassay of Human Intestinal
Goblet Cell Mucin

INVESTIGATION OF MUCUSFROMDIFFERENT ORGANSANI) SPECIES

R. QURESHI, G. G. FORSTNER,and J. F. FO(RSTNER, Departmizent of Biochemiiistry,
The Hospital for Sick Children and University of Toronto,
Toronto, Otntario, Canada, M15G 1X8

A B S T R A C T Wehave developed a double-antibody
radioimmulnoassay for the (quanititative imieassuremiienit of
humiiani goblet cell mucin (GCM) in ordier to stu(ly in-
testinal imiutcus in human and other species. The assay
used 3H-labeled mucin as the aintigen, rabbit antisera,
and sheep anti-rabbit IgG aintiserat as the second
antibody. A number of applications of the assay were
investigated. A survey of human tissues revealed that
Imlucinls of the rectumil, coloni, aind smiiall intestine had
identical affinity for the rabbit antibody, whereas lung,
eyelid conjunctiva, esophagus, and stomsach reacted
less strongly. GCCMcoineentrattion ranged from 1.9 to 14
,ug mucin protein/ing tissue protein in the small and
large intestinie, respectively. The radioiiiiinunioassay
was also found to be useful as a imarker during the
isolationi of GCMfroIml huimlaIn ileal extracts, where it
indicated that a 10,000-fold purification had l)een
achieved. Antigenic determninants of the imiucin did not
rely upon ABHblood grouip-specific terimiinal sugars in
oligosaccharide chains. A comparison of imulcinis aimoing
various species revealed a partial species specificity of
the GCCMantiblody. Human GCXI cross-reacted writh
dog, monkey, and rabbit mucins, l)ut not with imucins of
rat, pig, toad, and oyster. Organ distribution of cross-
reactive imuticiins in rabbit tissues indicated a pLattern
that was (qucalitatively similar to that seen in humiian
tissues. Possible imlplications of these findings for
auitoimin-une diseases are briefly discuissed.

INTRODUCTION

High molecular weight mucus glycoproteins (inultcinis)
are presu-med to be responsible for lubricatinig anid
protectinig epithelial surfaces (1). As a class they are
distinguished by a high sugar content, the absence of

Received for p)ublication 1 Februa(ry 1.979 and in revised
form 11 Jutne 1979.

imianinose, alkali-labile O-glycosidic linlkages b)etween
oligosatechatride side chainis atnd the peptide core, at(ld a
high propor-tion of serine aind threoniine. In spite of
these identifving characteriistics, imulcins are very dif-
ficult to study at the molectular level because of chem-
ical heterogeneity within the oligosaccharide side
chains aind their physical polydispersity (2). Mucins
also have no recognize d enzymatic or easily imieas-
uredl biological activity to f£acilitate their recognition
and isolatioIn.

Identification anid characterizationi have also lbeen a
source of difficulty in study'ing Iutcin sy'nthesis and
secretion in tissue slice (3), organ culture (4), and in-
testinal loop systems (5). A heavy reliance has l)een
place(d upon labeling with radioactive precuirsors (6-9),
but these precursors are also incorporated into non-
inucin-glycoproteinis, often inore actively thanl into
mucinis (10). As a result, one cannot be certain that con-
taminiation of mucin preparationsi by sismall amotunts of
nonimiucin glycoproteins mlight not account for miuch of
the radioactive inicoporatioin dlatat.

Comparison of mucins from different sources hlas
also been difficult because of the vatriety of methodIs
used in their isolatioin, and their iunicertain pturifica-
tion. Thtus, although mucins withini a single organ,
such as the gastroinitestinal tract, may have a simnilar
functioni and share antigenic characteristics (11), there
is continuinig controversy as to the similarity of their
struictures.

In this paper we describe a sensitive radioimmnuno-
assay for human goblet cell mucin (GCM)1 from the
small intestine, and explore its usefuilniess in idlentify-
ing, measuring, and comparing related intcin antigens
in human and other animal tissues.

I Abbreviation s u.se(l in this im)aper: GCM,gol)let cell Inucin;
RIA, radioirnitnnoassay.

J. Cliii. Intvest. (D The Amler-icani Society for Clinical Inivestigatiotn, Inlc. * 0021-9738/79/11/1149/08 $1.00
Volumize 64 November 1979 1149-1156

1149



METHODS

Preparation of the antigen. Goblet cell mucin (GCM)
was purified from human small intestinal (ileal) scrapings of a
single donor (blood type A) by methods described previously
(12). The void volume peak obtained from chromatography on
Sepharose 4B columns (Pharmacia Fine Chemicals, Piscata-
way, N. J.) was centrifuged at 30,000 g for 30 min, and the
supernate, containing soluble GCM,was used throughout this
study as the "standard purified GCM." It was used to im-
munize rabbits and as the stock for unlabeled stanidards in
the radioimmunoassay (RIA).

The GCMmolecule was a high molecular weight glyco-
protein containing 13% protein (by weight) of which serine,
threonine, and proline made up 51% of the total residues. The
molar ratio of sugars, based on N-acetylgalactosamine as 1.0,
was N-acetylneuraminic acid: fucose: galactose :N-acetylglu-
cosamine:N-acetylgalactosamine, 0.23:0.94:1.23:0.95:1.0, re-
spectively. Mannose and uronic acid were not detected. GCM
contained blood group A (Leb+) activity measured by
hemagglutination inhibition studies. Except for blood group
specificity and secretor status, these characteristics are almuost
identical to those published earlier for another human GCM
preparation from a nonsecretor having Lea+ and no A, B, or H
antigens in the mucin (12). The absence of mannose and uronic
acid rules out significant contamination of the mucin by
membrane or serum glycoproteins, or acid mucopolysaccha-
rides. Details of methods for amino acids, hemagglutination
inhibition, sugar composition, and immunodiffusion are given
in references 12-14.

For some experiments the antigen was further fractionated
by application of GCMto DEAE-Bio-Gel (A) columns (Gel
Filtration Materials, Bio-Rad Laboratories, Richmond, Calif.)
and elution with 0.1 M NaH2PO4-Na2HPO4pH 6.0 contain-
ing 6 M urea. The first peak from this column contained no
sialic acid, but retained 75% of the total hexoses (and thus
the majority of the carbohydrate) of the applied GCM. The
total protein (by weight) was 6%, and serine, threonine, and
proline made up 53% of residues. The molar ratios of sugars
were N-acetylneuraminic acid: fucose:galactose:N-acetylglu-
cosamine:N-acetylgalactosamine, 0:1.25:1.68:1.26:1, respec-
tively. This product represents the most highly glycosylated
glycoprotein species of GCM, and is designated "peak I" in
this paper.

Labeling of the antigen. GCMwas labeled using the tech-
nique of mild periodate oxidation and reduction with sodium
[3H]boro hydride as described by van Lenten and Ashwell
(15), and applied successfully to rat GCMin an earlier study
(13). The specific activity of the final tritiated human GCM
was 7 x 106 dpm/,ug GCMprotein. Labeled GCMhad identi-
cal chromatographic (Sepharose 4B), immunodiffusion, and
ultracentrifugal properties to those described earlier for un-
labeled human GCM(12). Between 85 and 90% of the 3H was
removed from the antigen by digestion with N-acetylneur-
aminidase, type VI (Sigma Chemical Co., St. Louis, Mo.) at
37°C for 24 h at pH 5.0. No other sugar and no protein were
lost, confirming that the location of the label was mainly on
sialic acid in the mucin.

Antibody generation. Standard purified GCMwas in-
jected subcutaneously into three New Zealand rabbits (using
400 ,ug antigen/rabbit) together with Freund's complete ad-
juvant. Injections of antigen were repeated at 4 and 6 wk and
thereafter every 3 mo. Antisera production was monitored by
Ouchterlony double-immunodiffusion analysis. One rabbit
died of an unrelated respiratory infection, but antisera from
the other two were pooled, and immunoglobulin-rich frac-
tions prepared by precipitation with 40%saturated ammonium
sulfate. After dialysis against phosphate-buffered saline

(0.05 M Na2PO4-NaH2PO4, 0.1 MNaCi) pH 7.0, the antibody
fraction was adjusted to a final concentration of 5 mg protein/
ml. Throughout this study the immunoglobulin-rich fraction
was used in the RIA and is referred to as the "antibody" to
GCM. On double immunodiffusion against the antibody, a
single precipitin line was observed for standard purified
GCM. No reaction was observed with normal humani serum,
immunoglobulin A, or intestinal brush border membranes.

Preparatiotn of tissue sacmples for assay . Tissue samples
(mucosal scrapings or whole wall thickness) were hoinoge-
nized at 4°C in 5 mnMEDTA-NaOHpH 7.0 (1:10 wt/vol), and
heavy debris cleared by a brief centrifugationi at 1,000 g for
10 min. Supernatant solutions were mixe(d with ice-cold tri-
chloroacetic and phosphotungstic acids (final concentrations
10 anid 1%, respectively), and(l after standing for 15 h at 4°C, the
acid pellet was packed by centrifugationi at 2,000 g for 20
min. The supernate was discarded, the acid pellet was
solubilized by adding =5 vol of phosphate-bufferedl saline,
and neutralized with 0.5-1.0 MNaOH. After appropriate dilu-
tion, these solubilized, neutralized acid-pellet solutions were
tested in the RIA for human GCM. Serum samples were di-
luted and assayed directly without prior acid treatment. Spu-
tum samples obtained from patients with cystic fibrosis were
precipitated by acid in the same way as tissue homogenates,
before use in the RIA.

Tissues and other samples used in the assay included human
lower eyelid conjunctiva provided by Dr. Alistair Adams,
Princess Alexandra Eye Pavilion, Edinburgh, Scotlanid; dog
tracheal pouch mucus from Dr. Allen Baker, Smith Kline &
French, Philadelphia; Crassostrea virgitnica oyster gill mucus
from Dr. Barbara Bowmani, University of Texas Medical
Branch, Galveston, Tex.; highly purified pig gastric mucin
from Dr. Adrian Allen, University of New Castle-upon-Tyne,
England. All other samiples were obtained locally and frozen
at -20°C until use. Most humani tissues were obtained within
5 h postmortem. In the case of intestinal tissue, however,
somiie samples were also obtained from a kidnev tranisplanit
donor at the time of surgery.

Antibody titer curve. "H-Labeled humian GCM(27,000
dpm, 3.5 ng protein) was incubated with increasing volumes
of diluted rabbit anti-GCM antibody (20 mg protein/miil) for
30 min at 37°C. A second antibody system was added, using
normal rabbit serum (10 ,ul) and sheep anti-rabbit IgG anti-
sera (100 .tLg) as dlescribed earlier (13). After 48 h at 4°C, the
pellet and supernate were separated by cenitrifugation (1,000 g,
20 min, 4°C), the pellet washed twice, anid the combined
supernate counted in Aquasol-2 (New England Nuclear,
Boston, Mass.) in a Beckman 8100 liquid scintillation couniter
(Beckman Instruments, Inc., Fullerton, Calif.). Control in-
cubations containing no antibody revealed nonspecific bind-
ing to range between 5 and 10%.

RIA procedure. Incubation and assay procedures were
similar to those outlined for the RIA of rat GMC(13). Briefly,
incubations at 37°C contained 27,000 dpm of [3H]GCM (170
,l), unlabeled standard GCM(0-200 ng protein), and anti-
GCMantibody (100 ,l of 1:1,000 dilution). The 3H-labeled
GCMwas added 30 min after unlabeled standard GCM, and
15 min later the second antibody system was added. All con-
stituents were buffered to pH 7.0 with phosphate buffered
saline, giving a final volume of 0.6 ml. The remaining 48-h
incubation at 4°C and separation steps were identical to the
procedure described above for the antibody titer curve. When-
ever tissue samples were assayed, separate control incuba-
tions containing tissue without antibody were included to
monitor nonspecific binding (which was found to be negli-
gible in all cases). If the displacement of 3H-labeled GCMl by
a tissue sample was parallel to that of unlabeled stanidard
GCM, the reaction was considered one of identity. A non-
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parallel curve was considered to be cross-reactive. A nega-
tive reaction was defined as one showing no displacemenit of
labeled antigeni from the anitibody. Quantitation of the curves
was achieved by calculating the "normnalized" slope of test
samples, which was the ratio of the slope of the test samnple
divided by the slope of the standard curve. Samples ex-
hibiting displacement curves identical to the stanidard GCNI
therefore exhibit a normalized slope of 1.0. Concentrations of
mucin are presented under Results in terms of protein coin-
centration despite the much greater proportion of carbohy-
drate in the mucin. This was done instead of measuring "total
hexoses" because the anthrone assay for the latter (11) showed
interference by the presence of high concentrations of protein.
Tissue extracts tended, therefore, to give variable degrees of
inaccuracy in assays for hexose, whereas total protein was
consistent, reliable, and conveniently simple.

RESULTS

Antibody titer antd standard curves. Using tracer
amounts of 3H-labeled GCM, and increasing amounts
of the rabbit antibody to GCCI, an antibody titer curve
was constructed (Fig. 1). Even in the presence of a
second antibody system, a maximum of only 60%of the
labeled mucin could be precipitated. As noted earlier
for purified rat GCM(13), only 60% of the 3H-labeled
mucin could be precipitated by a rabbit antibody to the
mucin. The same rat mucin, after in vivo precursor
labeling of peptide and carbohydrate components by
[3H]threonine and [1-m4C]glucosamine, respectively,
was also tested against the antibody in incubations
containing a much higher concentration of both antigen
(20 Ag protein) and antibody (0.6 ml). In this case, 80%
of the antigen (both isotopes) was precipitated. There-
fore, either the borohydride labeling technique "de-
stroyed" antigenic determinants in the mucin, or the
dilutions involved in using tracer amounts of 3H-
labeled antigen resulted in less precipitation of anti-
gen-antibody complex. As 60%precipitation of purified
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FIGURE 1 Antibody titer curve. [3H]GCMNvwas incubated
with increasing volumes of rabbit anti-GCM antibody and a
second antibody system of normal rabbit serum (10 ,Al) and
sheep anti-rabbit IgG (100 ,l) as described in Methods. %B
refers to the antigen bound to antibody, calculated from the
percentage of total radioactivity found in the pellet after
centrifugation and washing. Half-maximal binding occurred
with 10 Al of antibody (diluted 1:100).

mucin antigen, labeled by the borohydride technique,
xvas also observed in the present study, xve assumile that
the same phenomiienon occurred. Fortunately, this did
not preclude the usefulness of human [3H]GCM in the
development of a specific RIA. The standard curve is
shown in Fig. 2. Bo in most experiments raniged be-
tween 35 and 38%. With each doubling dose of un-
labeled GCMantigen, there was a decrease in binding
of -14%, indicating that both labeled and unilabeled
GCCI bound to the antibody with the same affinity (16).
The intraassay variation of each poinlt ranged between
1 and 3%, and the most reliable range of measure-
ment of unlabeled antigen was between 4 andl 100 ng
protein. The slope of the standard curve exhibited
minor variations from day to day (average slope 4.0
+0.7, total range). Thus, a standard curve was always
performed at the same time as tissue samples for pur-
poses of comparison.

Recoveryl of pure GCAI inz tissue extracts. Mleasure-
ments of the mucin content of intestinal tissue or
scrapings were inade with the RIA on solubilized and
nieutralized acid pellets prepared from human jejunal
homogenates as outlined under Methods. It was first
established that purified GCCI standards (5-2,000 ng
protein) were fully precipitated by acid and recovered
by RIA of the solubilized pellet. The accuracy of the
RIA was checked by adding increasing amounits of
standard pure GCMpreparations to fixed amounits (50
gl) of solubilized jejunal pellets. As shown in Table I,
the recovery of pure GCMwas 95% on average.

Purificationt of GCM. The RIA was used to monitor
the purification of human intestinal mucin froin crude
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FIGURE 2 Standard curve of RIA of human GCNM. Incuba-
tions contained [3H]GCM antigen (27,000 dpm), unlabeled
GCM(0-400 ng), and rabbit anti-GCM antibody (10 ,u of
1:100 dilution) in phosphate-buffered saline, total volume 0.6
ml. Procedural details are given in Mlethods. B/Bo (%) is the
percentage of radioactivity bound to the antibody at each
concentration of unlabeled GCM, divided by the percentage
bound in the absence of unlabeled GCM(Bo was 35%). Each
value is the average -SE NI calculated from 20 standard curves.
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TABLE I
Recovery of GCMAdded to Incubations

of HumanJejunal Tissue

Standard Total GCM
GCMadded GCMexpected measured Recovery

ng protein ng protein ng protein %

0 4.0
0 4.0
4.0 8.0 8.2 102
4.0 8.0 8.2 102
7.2 11.2 10.5 94

40.0 44.0 44.09 102
72.0 76.0 73.5 97
72.0 76.0 63.0 83

Incubations contained 50 ,ul of jejunal acid pellets (prepared
as described in Methods), plus 0-72 ng protein of unlabeled
standard GCM, and the usual mixture of anti-GCM antibody
and second antibody system. Recovery of added GCMwas
calculated from the concentration of GCMdetermined in
each RIA.

tissue extracts through various chromatographic steps.
Fig. 3 illustrates the displacement of labeled [3H]GCM
from its antibody by preparations representing three
different stages of purification of ileal mucin. The crude
sample of soluble neutralized acid pellet (Ileum)
contains mucin plus all other acid-precipitable protein
and glycoprotein in the mucosal scrapings. To achieve
50% displacement of antigen required 11 ,ug of sample
protein. The purified, standard GCMrequired 0.016
,ug of mucin protein for the same degree of displace-
ment, whereas peak I required <0.001 ,g of protein.
Therefore the extent of total purification of antigen in
peak I mucin was =10,000 times.

Comparison of mucins within the human intestinal
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FIGURE 3 RIA of GCMfractions during purification. Varying
concentrations of GCM-containing solutions were included in
the RIA. Ileum, solubilized neutralized acid pellet of crude
human ileal homogenate. STDGCM,standard purified GCM
preparation used routinely for the RIA. Peak I is the major
glycoprotein species of GCMisolated on DEAE-Bio-Gel (A)
columns.

tract. The RIA was applied to different concentra-
tions of intestinal tissue samples (i.e., solubilized
pellets) taken at autopsy (<5 h post-mortem) from a
patient with no intestinal disease. Fig. 4 shows the
slope of each sample compared with that of purified,
standard GCM.Samples of the small and large intestine
were identical in slope to the standard GCM,whereas
those of the stomach and esophagus were significantly
less steep. Thus, antigenic determinants of mucins in
the small intestine, colon, and rectum appeared to be
identical, although geographically more distant regions
appeared to share some determinants but to have a
weaker overall affinity for the antibody.

Cross-reactivity of human samples. Table II sum-
marizes data obtained by multiple samples from dif-
ferent patients and tissues. The normalized slopes of
specimens from the jejunum to the rectum were re-
markably similar for most specimens, clustering close
to 1.0, and therefore indicative of an extreme degree of
antigenic similarity among mucins from these areas.
Specimens from the stomach, eyelid, and lung (sputum)
gave consistently lower slopes, indicating lesser af-
finity for the antibody than the intestinal mucins, and
therefore a degree of structural dissimilarity. All
specimens from these areas were cross-reactive how-
ever, implying that their mucin antigens shared im-
portant structural characteristics with those of the in-
testine. Interestingly, the variation in the normalized
slopes of the four stomach specimens and the two eye-
lid specimens was small, suggesting that the antigen in
these tissues varied little from person to person. In con-
trast, the sputum samples had markedly varying slopes.
These specimens were all obtained from patients with
a bronchopurulent disease (cystic fibrosis), and the

O00r

_ \STANDARD
GCM

0 0 lo I

PROTEIN (ug)

1O 102 103 104

FIGURE 4 GCMRIA on human gastrointestinal tissues. The
standard curve is the same as shown in Fig. 2 and is pre-
sented for comparison with values obtained using intestinal
samples (neutralized acid pellets) taken from a single patient.
The abscissa records the amount of sample protein used in
the assay volume of 0.6 ml.
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TABLE II
RIA of GCMin Humican Tissues

Protein
re(quired Blood group activity

Normallized for 50% Mucin in erythrocytes
Patient Tissuie sample slope displacemiienit concenitrationi (and imiucini extracts)

9,g mucin proteirl
jAg i7g tissue protein

jejuniutinii
M.S. Scrapings
T.S. Scrapings

Ileumn
MI.S. Scrapings
T.S. Scrapings
H.H. Scrapings
D.B. Scrapings
U.K. Sectioni (surgical)

Colonl
M.S. Section
T.S. Section
D. Section

Rectum
M.S. Section
T.S. Section

Stomach
M.S. Scrapinigs
T.S. Scrapings
D. Section
P. Section

Sputtu
D.N.
J.K.
K.L.
D.T.
B.W.

Eyelid Conjunctiva
A.
B.

B.R.
C._

1.04
1.00

1.04
1.33
0.93
0.98
0.97

1.04
0.89
1.10

0.92
1.21

0.67
0.76
0.65
0.65

0.72
0.63
0.39
0.33
0.27

0.60
0.63

20
45

12.5
9.(
9.0

12.0
22.0

11.(
16.0
20.0

9.0
30.0

2.1
0.93

3.4
4.7
4.7
3.5
1.9

3.8
2.6
2.1

4.7
14.0

85.0
250.0

1,000.0
1,100.0

10,500.0
22,000.0
20,000.0

8,000.0
11,000.0

A (A)
B (-)

A (A)
B (-)
A (A)
0 (H)
0 (-)

A (A)
B (-)
0 (-)

A (A)
B (-)

A (A)
B (-)
0 (-)
0

A
0
0
ND
B

450.0
45.0

ND
ND

Sections of
Pancreas, liver, spleen, brain, thymus, heart, kidney,| N displacmnt
skeletal muscle, serum (1-400,Lg protein assayed) N

Solubilized neutralized acid pellets were made from homogenates of tissue mucosal scrapings or
whole tissue sections. At least three dilutions of each sample were assayed in duplicate incuba-
tions. Normalized slopes, slope of sample/slope of standard curve. 50%displacement, the amount
of sample required to achieve a B/Bo value of 50%. ND, not determined. Blood group activity was
determined for patients' erythrocytes and tissue extracts (given in brackets) by hemagglutination
inhibition assays (12). (-) means that the extract was negative for A, B, and H antigens. The Lewis
specificity of the extract of patient U.K. was Lea+; and that of H.H. was Leb+.

variation quite likely represents postsecretion artifact
as a result of degradative alteration of the antigen.

Tissue concentrations of mucin were surprisingly
uniform within the intestine, ranging from 0.93 to 4.7
,ug mucin protein/mg of tissue protein in scrapings

from the small intestine. In whole thickness sections,
concentrations varied between 1.9 gg in the ileum and
14.0 ,ug/mg tissue protein in the rectum. Because
human intestinal mucin contains 10% protein by
weight (12), the total concentrations of mucin in the
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intestine are _10 times higher than those listed in
Table II.

The affinity of tissue mucins for the GCMantibody
was independent of the A or H bloodgroup status of the
samples. (Unfortunately, B-reactive intestinal samples
were not available.) These findings help to confirm
our previous observations that the rabbit antibody
does not form in response to blood group-specific sugar
residues of intestinal mucins (12).

Multiple nonmucus-producing tissues and serum
were tested, and despite the use of high concentra-
tions, none exhibited any evidence of cross-reactivity
(Table II). This was also true for seven other samples of
serum (using as much as 1 mg protein/assay) obtained
from normal volunteers (not shown).

Species cross-reactivity. A number of mucus-
producing tissues or secretions of other species were
surveyed. The results in Table III indicate that cross-
reactivity with mucins of other species occurs, but is
rather selective. Of a variety of samples tested, rab-
bit and monkey small intestine, and dog tracheal mucus
contained cross-reactive antigenic material, although
rat, toad, oyster gill, and pig mucus samples did not.

Canine tracheal mucus was a fairly pure preparation,
derived from surgical tracheal pouches, which may
help to explain the low concentration of protein re-
quired for 50% displacement.

The results of various (nonimmune) rabbit samples
included in the RIA are presented in Table IV. Al-
though much higher concentrations of rabbit ileum
(compared with human ileum) were required to cause
50% displacement of labeled antigen, the amount of
rabbit tissue required was roughly the same (350-450
,g protein) in all the intestinal samples tested. The

TABLE III
Species Specificity of the RIA of HumanGCM

Normal- Protein required
ized for 50%o

slope displacement

Mg

Purified human GCM 1.00 0.042
Human ileum (mucosal scrapings) 0.98 11.0
Rabbit ileum (mucosal scrapings) 0.69 350.0
Monkey ileum (mucosal scrapings) 0.73 1,000.0
Canine tracheal mucus 0.80 11.0
Rat ileum (mucosal scrapings) 0 No displacement
Toad intestine (whole thickness) 0 No displacement
Pig gastric mucin (purified) 0 No displacement
Oyster gill mucus (secretions) 0 No displacement

See legend of Table II for method of assessment of test
samples. Three concentrations or more of test samples were
included in the RIA in duplicate incubations. Up to 500 ,Ag
of protein was used per assay in those samples showing no
displacement of labeled antigen.

TABLE IV
Cross-reactions of Rabbit Tissues in RIA of HumanGCM

Protein re(luired
Normiial- for 50% dis-

ized placeinent of
Rabbit tisstie slope lal)eled antigen

lAg

Lower eyelid conjunctiva 1.00 260.0
Duodenulm (whole thickness) 0.55 450.0
Jejunum (whole thickness) 0.78 450.0
Ileum (whole thickness) 0.68 350.0
Rectum (whole thickness) 0.55 400.0
Trachea (whole thickness) 0.60 540.0
Bronchi (whole thickness) 0.63 1,250.0
Human ileum (whole thickness) 1.00 22.0

slopes of the rabbit intestinal tissues were also quite
uniform, indicating a similar degree of cross-reactivity
and antibody affinity. Cross-reactivity was also seen in
the case of rabbit respiratory and eyelid epithelial
tissues, indicating that the organ distribution of im-
munoreactive mucins was qualitatively similar to that
seen in human tissues.

DISCUSSION

These experiments indicate that mucins from the
human small intestine and colon are very similar im-
munologically, and also point to the rather widespread
occurrence of cross-reacting antigens in mucus-secret-
ing tissues in manand other animals. Very few previous
studies have compared mucins from various tissues. On
the basis of composition and size it has been sug-
gested that gastric and colonic mucins are considerably
different (17, 18). Our studies provide immunological
support for such a conclusion. Interestingly, the nor-
malized displacement slopes varied little from person
to person for the stomach, small intestine, and colon
samples, suggesting that the primary structure re-
sponsible for the antigenicity of a mucin from a par-
ticular organ displays little individual variation.

The cross-reactivity of epithelial tissues or secre-
tions in the dog, monkey, and rabbit indicates that
structural features characteristic of human mucins are
not confined to human tissues. It is important to note
that mucins from the rat, pig, toad, and oyster were un-
reactive. These differences have not been disclosed
previously by biochemical or physical examination.
They indicate that all mucins cannot be assumed to be
structurally similar. Crude hog mucin has provided the
basis for many studies of mucus rheology (19), and
interaction with drugs (20), from which findings have
been extrapolated to human clinical conditions. The
fact that pig and human gastric mucins appear to be
quite different immunologically suggests that such
extrapolation may carry a risk.
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Inasmuch as circulating antibodies to mucins are not
found in either human or rabbit species under normal
conditions, mucins are probably confined to their
epithelial organs and do not gain access to the circula-
tion. We did not detect evidence of immunoreactive
mucins in the nine normal serums tested. However,
autoantibody formation against colonic antigens can be
easily triggered in rabbits if they are given rat (21) or
human (22) colonic extracts, or even bacterial antigens
which cross-react with rabbit colonic antigens (23). In
certain human diseases characterized by intestinal
epithelial damage, one might expect that mucins could
gain access to the circulation and trigger autoantibody
formation. This may explain the presence of autoanti-
bodies to colonic tissue (24-27) and immune com-
plexes (28, 29) observed by others in chronic ulcera-
tive colitis. Recently, Gold and Miller (30) have shown
that antisera from patients with this disease react with
purified mucin antigens isolated from various segments
of normal human intestine. The implication that cir-
culating mucins and/or autoantibodies may exacerbate
or perpetuate the pathophysiology of this disease,
therefore, needs further investigation.

Although we did not have a tissue extract of a B-
secretor individual, we found no evidence that the anti-
genic determinants of human mucin relied upon their
content of A or H blood group-specific sugar residues
because mucins from several donors with different
blood groups were equally active in the RIA. This same
lack of association was noted using hemagglutination
inhibition methods in an earlier study (12). It has also
been noted by others for salivary mucin antigens (31).
L'hermitte et al. (32) showed that for a human neutral
bronchial mucin both peptide (C-terminal amino acids)
and carbohydrate (galactose) residues were important
to its antigenicity. More recently, Roche et al. (33)
have indicated that for ovine submaxillary mucin, anti-
bodies form against mucin structures in which threo-
nine(serine)-N-acetylgalactosamine linkages are pre-
served. In the present study, the patterns of organ and
species specificity make it clear that the antigenicity of
human GCMmust involve more than just the 0-
glycosidic (glycopeptide) bond structure, which is
commonto all epithelial mucins. It would seem likely
that specific sugar residues and/or amino acids close to,
as well as directly involved in, the glycopeptide bond
may be required.

The development of a RIA for intestinal GCMhas
provided for the first time a quantitative measurement
of a human mucin in tissues or secretions. The sen-
sitivity of the assay is high enough (nanogram range)
to provide an accurate measurement in tissue samples
containing as little as 1 mg (or less) of total protein.
The RIA would therefore be applicable to intestinal
biopsies or organ cultures. Because we have until this
time had to rely mainly upon morphological examina-

tion of goblet cells to identify conditions of goblet cell
hyperplasia or depletion (34, 35), the RIA may be use-
ful in adding precision to studies of mucus in human
disease.
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