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ABSTRACT

In vivo, carcinoembryonic antigen (CEA) is removed from the
circulation by the liver Kupffer cells. Immunologically identifiable
CEA is transferred from these macrophages to the hepatocytes,
where degradation is completed. Circulatory clearance of CEA
is specific, rapid [tVz = 3.7 Â±0.9 (S.D.) min], and saturable. In

vitro, Kupffer cells take up CEA by a saturable process which is
time/temperature dependent and colchicine sensitive. Isolated
Kupffer cells endocytose CEA with an apparent Kmof 6 x 10"8

M. There are approximately 16,000 CEA binding sites per cell.
Nonspecific cross-reacting antigen (NCA), a glycoprotein struc

turally similar to CEA, is recognized with lower affinity by the
same receptor. Endocytosis is independent of the nonreducing
terminal sugars on the molecule: CEA modified by Smith degra
dation inhibits Kupffer cell recognition of native CEA. Since
performic acid oxidized CEA also inhibits endocytosis, receptor
binding is similarly independent of intact protein conformation.
Isolated Kupffer cells have mannose and/or A/-acetyl glucosa-

mine receptor activity but do not internalize CEA by that mech
anism.

Galactose-terminated glycoproteins impede CEA and NCA
clearance in vivo but not Kupffer cell endocytosis in vitro. Radio-

labeled CEA released from isolated Kupffer cells following en
docytosis shows no apparent molecular weight change. How
ever, the released CEA contains species with higher isoelectric
points, suggesting that perhaps the removal of sialic acid and
the resulting exposure of galactose residues mediate the sub
sequent transfer to the hepatocyte.

INTRODUCTION

CEA5 is a glycoprotein with a molecular weight of 200,000

excreted by human gut epithelium and various adenocarcinomas
(6, 7). CEA, a normal constituent of the human digestive tract, is
present in the fetus in higher concentrations than in the adult (3).
The glycoprotein has a single polypeptide chain intralinked by 6
disulfide bridges (36). Branched oligosaccharides composed of
fucose, sialic acid, galactose, A/-acetylglucosamine, and man

nose comprise over 50% of the CEA molecule by weight (35).
When tumor production results in abnormal plasma levels of
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CEA, serial determinations function as an indicator of prognosis
and a monitor of therapy and provide postoperative surveillance
in the treatment of carcinoma of the colon, breast, lung, and
pancreas (4, 5, 22, 40, 41). Small increases in plasma CEA also
occur in some patients with benign liver disease (13).

Carcinoembryonic antigen is primarily metabolized by the rat
liver, with traces taken up by the spleen and lungs (26). Rapid
circulatory clearance occurs in other species, including the dog,
rabbit, hamster, mouse, rhesus monkey, and baboon (17, 21,
27, 29). Hepatic metabolism of CEA is a multistep process
involving both the macrophages and the parenchymal cells (25).
Within 15 min following i.v. injection, at which time the bulk of
CEA has been cleared from the systemic circulation, most of the
CEA is found in the Kupffer cells, with little or none in the
hepatocytes. Immunologically identifiable CEA is subsequently
transferred to the hepatocyte, where degradation is completed
(25, 30). An understanding of degradation mechanisms for CEA
has been helpful in explaining clinically elevated values in both
benign and malignant diseases as described in a recent review
of the role of liver metabolism in the clinical assessment of CEA
plasma levels (28).

In vivo, NCA, a structurally related glycoprotein (32), is cleared
from the circulation by the same mechanism (30). Immunofluo-
rescence staining has shown both CEA and NCA on the surface
of normal adult human Kupffer cells (10). Substances with known
affinity for the hepatic receptors for mannose, A/-acetylglucosa-

mine, fucose, and galactose all fail to inhibit circulatory clearance
of NCA by the liver. Kupffer cell uptake in vivo is not mediated
by the terminal carbohydrate groups present on the glycopro
teins, nor is uptake dependent on the tertiary conformation of
the molecule (30).

This paper further describes in vivo clearance and in vitro
uptake experiments with isolated rat Kupffer cells. Isolated si
nusoidal cells (approximately 70% Kupffer cells) were used to
study the molecular specificity of the Kupffer cell recognition site
separate from hepatocyte transfer. This methodology permits
the manipulations of the extracellular environment in vitro to
facilitate kinetic assessment of cellular uptake and detection of
endocytosis.

MATERIALS AND METHODS

CEA. CEA was isolated by perchloric acid extraction of hepatic
mÃ©tastases of a colorectal adenocarcinoma. Purification was achieved
by separation with Sepharose 4B and Sephadex G-200 chromatography

(11). Purity was determined by radioimmunoassay and electrophoresis
on 7.5% SDS:polyacrylamide gels.

Chemical Modifications of CEA. Asialo-CEA was produced by neur-

aminidase (Vibrio choleras) digestion of CEA (35). Sialic acid content of
modified CEA was determined by the thiobarbituric acid assay (34) and
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by gas-liquid chromatography (18).
The terminal galactose residues of asialo-CEA were modified by

exposure to galactose oxidase (Dactylium dendroites) (Sigma Chemical
Co.). Disulfide bridges on CEA were oxidized by performic acid treatment
(36). Removal of terminal carbohydrates from CEA was accomplished
by multiple cycles of the Smith degradation, involving sequential sodium
periodate oxidation, sodium borohydride reduction, and mild acid hy
drolysis (2). Complete carbohydrate analysis of the modified CEA prep
arations was accomplished using the method of Reinhold (18).

Nonspecific Cross-Reacting Antigen. NCA was extracted by per

chloric acid from the liver mÃ©tastases of a colonie adenocarcinoma.
Further separation was accomplished by Sepharose 4B and Sephadex
G-200 molecular seiving columns. Final purification was by DEAE-cellu-

tose chromatography and acetone precipitation. The purity of the result
ing preparation was determined by radioimmunoassay and polyacryl-

amide gel electrophoresis (37).
ai-Acid Glycoprotein. Â«,-Acidglycoprotein was isolated from pooled

human serum (39). Purification was accomplished by DEAE-cellulose
chromatography and (NH4)2S04 precipitation. Isolated m-acid glycopro

tein ran as a single M, 44,000 band on SDS:polyacrylamide gels. Asialo
Â«,-acid glycoprotein was prepared by the method described for asialo-

CEA.
Other Glycoproteins. Fetuin (Sigma) was desialylated by neuramini-

dase treatment. Galactosyl bovine serum albumin was purchased from
E. Y. Laboratories. Yeast mannan was purchased from Sigma Chemical
Co.

Radiolabeling of Glycoproteins. Glycoprotein iodination was accom
plished using chloramine-T and sodium | ' 25I(iodide (New England Nuclear)

(8).
In Vivo Assay: Hepatic Clearance of Circulating CEA. Male Sprague-

Dawley rats (250 to 300 g) were used to determine the clearance of
CEA. Animals were lightly anesthetized with diethyl ether followed by
sodium pentabarbital (50 mg/kg). An initial blood sample was taken, and
CEA (250 /ig) in 0.9% NaCI solution (saline) with or without a potential
competitive inhibitor was injected into the femoral vein; this results in a
CEA concentration of 100 ng/10-ÃÂ¿lsample of blood. Sequential blood
samples (10 to 20 /tl) were drawn from the tail at 1-min intervals for 10
min and then at 5-min intervals for 1 hr and placed in EDTA buffer (0.037

M, pH 7.6). CEA content was determined by radioimmunoassay (Roche)
in duplicate. Clearance rates of 12SI-CEAwere determined in the same
way and assessed by counting 25-/J blood samples for 125I.

Immunohistochemistry. BALB/c mice were given injections of asialo-
CEA or galactose oxidase-treated asialo-CEA (250 *Â¿g)via the tail vein

and killed by cervical dislocation. Livers were fixed (10% formalin), and
immunocytochemical localization of the CEA was done by a triple-layer

immunoperoxidase:peroxidase:antiperoxidase technique (16). Negative
controls were livers from rats given injections of saline only. A positive
control was sections of a human colon cancer known to produce CEA.

Kupffer Cell Isolation. Kupffer cells were harvested from the livers of
anesthetized fasting male Sprague-Dawley rats (250 to 300 g) using the

isolation buffers described by Seglen (20). After i.v. administration of
sodium heparin (100 units), the livers were exsanguinated in situ by
portal vein perfusion with Ca2+-free buffer (0.01 M N-2-hydroxyethylpi-

perazine-AT-2-ethanesulfonic acid with 0.83% NaCI:0.05% KCI, pH 7.4).

Livers were excised, minced, and subsequently incubated with 0.05%
collagenase in buffer (0.1 M N^-hydroxyethylpiperazine-N'^-ethanesul-

fonic acid with 0.39% NaCI:0.05% KCI:0.05 M CaCI2 pH 7.6) at 37Â°for

45 min. The resulting cell suspension was strained, pelleted, and rein-
cubated with fresh collagenase buffer for an additional 20 min. Hepato-
cytes and cell clumps were removed from the suspension by low-speed

centrifugation (50 x g, 2 min). Remaining cells were washed several
times with Gey's balanced salt solution. Final purification was achieved

by centrifugation (1400 x g) for 15 min at room temperature in a 17.5%
solution of metrizamide in Gey's balanced salt solution. More than 85%

of the sinusoidal cells harvested from the top layer were viable, as
determined by trypan blue dye exclusion. On average, this resulted in 2

x 107 isolated cells per liver, of which 70% stained positively for nonspe

cific esterase activity. Unlike the esterase activity of neutrophils, mono-

cytic nonspecific esterase activity is inhibited by fluoride, and only 5% of
the isolated cells stained in the presence of sodium fluoride (33 HIM)(9).
Sixty-four % of the isolated cells phagocytosed collodial carbon. The

preparation contained less than 1% hepatocytes, as counted microscop
ically; hepatocytes are easily distinguished from the other cells by their
larger size. Thus, approximately 75% of the viable cells were Kupffer
cells.

In Vitro Determination of Glycoprotein Uptake by Isolated Cells.
Glycoprotein uptake by Kupffer cells was monitored using the method
of Stahl et al. (23). Cell suspensions were incubated with the radiolabeled
glycoprotein in buffered RPM11640 (1% bovine serum albumin), and the
incubation mixture was sampled in duplicate at various times. Cells were
separated from the incubation medium by centrifugation at 11,000 rpm
in an Eppendorf microcentrifuge for 5 min through an oil phase [dibutyl-

phthalate:dioctylphthalate (3:1 )]. The resulting supernatant and cell pellet
were counted to determine the amount of cell-associated glycoprotein.

Electrophoresis. Radiolabeled samples were pretreated with mercap-

toethanol and SDS. Polyacrylamide (7.5%) slab gels were used for the
electrophoresis. The gel was fixed, stained, dried, and exposed to Kodak
X-OmatXR-5film(14).

Isoelectric Focusing. Isoelectric focusing was performed in agarose
(0.5%) gels (ampholyte range, 2.5 to 10.0, LKB) according to the method
of Saravis ef al. (19). Gels were fixed, dried, and exposed to X-ray film.

RESULTS

In Vivo Studies. We have reported previously that in the adult
rat, intravenously injected CEA was removed from the circulation
with a half-life of 3.7 Â±0.9 min; in this respect, both unlabeled
and 125l-labeledCEA behaved identically, and NCA was cleared

more slowly (mean f*, = 8.5 min) (30). These studies show
saturation of clearance occurred with a 300- to 400- #/g dose of

CEA (i.e., blood levels of 12 to 16 ^g/ml), doses greater than
these result in prolonged circulatory half-lives.

Previous work has shown that CEA is taken up by Kupffer
cells in vivo, and immunologically identifiable CEA is then trans
ferred to the hepatocytes. However, these studies show that
asialo CEA. is rapidly removed from the circulation at least
partially by the hepatocyte, presumably by the HBP, a receptor
for asialoglycoproteins (1). Ten min after i.v. injection of asialo
CEA, immunoperoxidase staining shows CEA reactivity in both
the hepatocytes and Kupffer cells. HBP recognition of asialogly
coproteins can be eliminated by treatment of asialoglycoproteins
with galactose oxidase (1). Galactose oxidase-treated asialo-
CEA is promptly removed from the circulation (mean fy, = 3.9
min); 10 min after injection, it is present only in the Kupffer cells,
as determined by the immunoperoxidase method. When galac
tose oxidase-treated CEA is coinjected with CEA (125I),circula

tory clearance is delayed (f* = 10.3 min).
Table 1 shows the effects of asialoglycoproteins and their

derivatives on the in vivo clearance rates of CEA. Potential
inhibitory doses of fetuin and Â«i-acidglycoprotein had no effect
on the rate of CEA clearance. After treatment with neuramini-
dase, clearance of CEA was impeded, indicating the involvement
of terminal galactose residues in the process. A third glycoprotein
with terminal galactose residues, galactosyl bovine serum albu
min, also had a similar effect. The inhibitory effect of asialo a,-
acid glycoprotein was not changed following galactose oxidase
treatment. However, agalacto o^acid glycoprotein did not inhibit
CEA clearance (Table 1). When asialo-CEA was coinjected with
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Table 1
Effect of asialoglycoproteinson circulatory clearance of 5 Â¡Â¿gofÃŒKI-CEAPotential

inhibitorNone
(16)"

in-Acid glycoprotein (3)
Asialo in-acid glycoprotein (8)
Galactoseoxidase-treated asialo ,.,-aad

glycoprotein (2)
Fetuin (2)
Asialofetuin(6)
Galactosylbovine serum albumin (2)Molar

excess
ofcoldinhibitor1500

1500
15001300

1500
400Mean

circula
tory half-life
(min)of 125I-

CEA3.7

2.8
14.6
13.92.9

12.7
12.2*

Numbers in parentheses, number of animals.

16-1
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o

ot->-
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O

4-

TIME (MINUTES)
Chart 1. Uptake of 125I-CEAby isolated Kupffer cells. O, 125I-CEAat 10 /.g/ml

of medium (37Â°);â€¢125I-CEAat 10 /Â¿g/mlof medium plus 100-fold molar excess of
unlabeledCEA (37Â°);D, 125I-CEAat 10 ^g/ml of medium (4Â°).Data points are the
averagesof duplicate samples for 2.5 x 10* cells.

asialo i^-acid glycoprotein, immunoperoxidase staining of the

liver revealed CEA only in the Kupffer cells. Circulatory clearance
of labeled NCA (5 /<g)was also impaired by asialofetuin (1.4 mg),
resulting in a prolonged circulatory half-life of 40 min.

In Vitro Studies. Uptake of 126l-labeledCEA and NCA by

isolated Kupffer cells was studied in suspension assay. In time-
dependent experiments, uptake of 125I-CEAwas saturable and

temperature dependent (Chart 1). The uptake value at Time 0
was adjusted to 0 to compensate for the inclusion of free ligand
in the cell pellet. Pretreatment of macrophages in vitro with
colchicine inhibits microtubule formation and partially inhibits
receptor mediated endocytosis of lysosomal enzymes (12). Prein-

cubation of isolated Kupffer cells with colchicine (75 mw) for 1 hr
inhibited CEA internalization by 43% but did not affect cell

viability.
Cellular uptake of CEA by Kupffer cells is concentration de

pendent (Chart 2). Data points were adjusted to exclude non
specific binding, which was determined by measuring 125I-CEA

uptake in the presence of large amounts of unlabeled CEA.
Nonspecific binding accounted for less than 30% of the total
cell-associated ligand. Analysis of concentration dependent CEA
uptake data by double reciprocal plot, and Michaelis-Menton
kinetics indicated an approximate Kuptakeof 6 x 10~8 M. After 30

min at saturating concentrations of CEA, the Kupffer cells en-
docytosed amounts of label equivalent to 30,000 CEA molecules
per cell.

Since internalization by endocytosis does not occur at 4Â°,this
temperature and 60-min incubations were used to study the

concentration dependence of the specific binding of CEA by
Kupffer cells. Linear regression analysis of a double reciprocal
plot of the data showed each cell bound label equivalent to
approximately 15,000 CEA molecules. By this estimation, the
putative receptor for CEA exhibited a of 1.3 x 10~7 M.

The saturabiilty of the system and the temperature and colchicine
dependence indicate that the process is receptor mediated.

At 37Â°isolated Kupffer cells took up labeled NCA in a concen

tration-dependent manner. A double reciprocal plot of the con
centration-dependent data was analyzed by linear regression
analysis and Michaelis-Menton kinetics. The calculable Km for
the process was approximately 2 x 10~7 M. Forty-one % of

labeled CEA uptake was inhibited by a 500-fold molar excess of
cold NCA. However, endocytosis of labeled CEA at the same
concentration was inhibited 71% by a 113-fold molar excess of

unlabeled CEA. Thus, CEA binds more tightly to Kupffer cells
than does NCA, and the receptor affinity in vitro for NCA was

0.16-1

0.12-

-0.1 0.3 0.4

(CF.A CONC. ug/ml)
-1

Chart 2. Double reciprocal plot of the effect of CEA concentration on CEA
uptake by isolated Kupffer cells.Datapoints are the averagesof triplicate samples
for 7 x 10* cells incubated for 30 min at 37Â°.(From this plot, Â«Â«â€ž*.= 6 x 10"* M;
r = 0.99.)
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lower than that for CEA.
CEA, following various chemical modifications, retained the

ability to inhibit Kupffer cell uptake of labeled CEA. However,
none of the modified substances were as potent inhibitors as
native CEA (Chart 3). AsÃaloCEA inhibited cellular uptake by
45% after 60 min, compared to 75% inhibition with the same
amount of CEA. The same quantity of performic acid-oxidized
CEA inhibited CEA 125Iuptake by 37% and CEA from the first

cycle of the Smith degradation was less effective as an inhibitor
of Kupffer cell uptake.

The uptake of yeast mannan by the mannose:A/-acetylgluco-

samine:fucose receptor of Kupffer cells in vitro has been reported
previously (15). In this study, Kupffer cells took up yeast mannan
in a saturable manner. However, CEA uptake was not affected
by inhibitory doses of unlabeled yeast mannan. In contrast to
the in vivo results, asialo Â«i-acidglycoprotein or asialofetuin did

not affect the rate of uptake of CEA by isolated Kupffer cells
(Chart 4).

To study the nature of the transfer of the CEA molecule from
the Kupffer cell to the hepatocyte, isolated Kupffer cells were
incubated for 1 hr with radiolabeled CEA (20 ^g/ml). Cells were
washed repeatedly to remove unbound ligand and resuspended
in fresh CEA-free medium. The medium was sampled for 1 hr,
and the cells released the labeled CEA in a time-dependent

manner. After 1 hr, approximately 14,000 CEA molecules were
released into the medium per cell. When the CEA was examined

by SDS:polyacrylamide gel electrophoresis (7.5%) and compared
with the original CEA, no change in molecular weight was seen.
Analysis by agarose isoelectric focusing (pH 3 to 9.5) showed
that the CEA released by the Kupffer cells had a greater amount
of subspecies with higher pi than of the original radiolabeled
CEA (Fig. 1).

C
UJ
(/I

8-1

6-

IO
o

o
bJ

o
o
o

o
o

4-

2-

TIME (MINUTES)
Chart 3. Effect of chemicallymodifiedCEA on the uptake of 1Z5I-CEAby isolated

Kupffer cells. O, 1KSI-CEA,7.5 /ig/ml medium; â€¢,with a 267-fold molar excess of
performic acid oxidized CEA; D, with a 400-fold molar excess of Smith degraded
CEA (first cycle);â€¢with a 267-fold molar excess of asialo-CEA;A, with a 267-fold
molar excess of unlabeledCEA. Datapoints are the averagesof duplicate samples
for 2.5 x 10* cells at 37Â°.

TIME (MINUTES)
Chart 4. Effect of asialoglycoproteins on the uptake of 12SI-CEAby isolated

Kupffer cells. 0,125I-CEA, 7.5 /ig/ml medium; â€¢,in the presence of a 490-fold molar

excess of asialofetuin; G, in the presence of a 560-fold molar excess of asialo a,-
acid glycoprotein. Data points are the averages of duplicate determinations for 2.9
x 10* cells at 37Â°.

6.9--

5.8- -

3.5--

B
Fig. 1. Autoradiogramof agarose isoelectric focusing pattern of 12SI-CEAbefore

and following Kupffer cell uptake and release.A, original 125I-CEA;B, CEA exocy-
tosed by Kupffer cells 30 min after washing and resuspending in fresh medium
(see text). Numbers indicate the positions of pi markers.
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DISCUSSION

Hepatic metabolism of CEA is a process involving 2 distinct
cell populations. Immunoperoxidase localization and electron
microscopic observations showed that CEA is removed from the
circulation by the Kupffer cells and subsequently transferred to
the hepatocytes (25,30). Hepatic clearance was rapid, saturable,
and specific for CEA and NCA. After i.v. administration of a 250-

ng dose of CEA, rat liver took up CEA at a rate of 45 /Â¿g/min,
implicating a mechanism with specific affinity for CEA, and a
finite number of binding sites. Isolation of CEA from the circula
tion and examination by gel filtration on Bio-Gel A-1.5m failed to

demonstrate an increase in molecular weight that would be
expected with immune complex formation (24). In addition, en-
docytosis by Kupffer cells in vitro was a serum-independent

process.
In vitro Kupffer cells isolated by collagenase perfusion endo-

cytosed CEA in a specific and saturable manner. Endocytosis
was concentration dependent, with an apparent Kâ„¢of 6 x 10~8

M. Binding studies at 4Â°showed that isolated Kupffer cells have

approximately 15,000 surface receptor sites for CEA with a
calculable landingof 1.3 x 10~7 M. In the rat in vivo, the receptor

system was saturated by a dose of approximately 350 ^g of
CEA, resulting in a blood concentration of 7 x 10~8 M, a value

similar to the in vitro binding constant.
In vivo, NCA is cleared from the rat circulation by the same

mechanism as CEA (30) with a half-life twice that for CEA. In
vitro, Kupffer cells endocytose NCA with a Â«uptakeof 1.4 x 10~7

M. Greater concentrations of NCA than CEA are required to
inhibit CEA uptake in vivo and in vitro. NCA is found in the
circulation of healthy adults at a 50-fold higher concentration

than CEA (33). While NCA and CEA are closely related, small
structural changes around the binding site to the Kupffer cell
could account for the higher affinity of CEA. Complete structural
studies are not available on either glycoprotein to confinn this
hypothesis.

Chemical and enzymatic modifications of CEA were used to
determine the specificity of binding to the Kupffer cell In vitro.
AsialoCEA and Smith degraded CEA [sequential applications of
periodate oxidation borohydride reduction and mild acid hydrol
ysis results in the removal of about one-half of the carbohydrate

from CEA without affecting its antigenic activity (21)] both inhib
ited endocytosis of native CEA, thus ruling out terminal carbo
hydrate groups as the recognition site for the receptor.

Modification of CEA by performic acid oxidation resulted in
breakage of the Â¡ntrachaindisulfide bonds, accompanied by loss
of tertiary conformation as determined by circular dichroism (38).
Performic acid-oxidized CEA inhibited in vitro endocytosis, indi

cating that receptor binding is independent of protein confor
mation. These in vitro results are in agreement with our previ
ously published data on the inhibition of CEA clearance in vivo
in the rat (30).

In vitro, the specificity of Kupffer cell recognition of CEA was
similar to that in vivo, except that there was no detectable
inhibition of in vitro uptake by asialoglycoproteins. In vivo, clear
ance of both CEA and NCA was inhibited by glycoproteins with
terminal galactose groups. It is likely that the transfer of CEA
and NCA to the hepatocyte may involve recognition of galactose.
However, the in vivo capability of asialoglycoproteins to inhibit
CEA clearance was not affected by galactose oxidase treatment.

Asialoglycoproteins treated with this enzyme are not endocy-
tosed by the hepatocyte. Thus, the role of the hepatocyte
asialoglycoprotein receptor HBP in this transfer needs further
study (1).

Previous studies showed that the Kupffer cell did not change
the molecular weight or immunological reactivity of CEA before
it was transferred to the hepatocyte (30). The isolated CEA lost
approximately 20% of its sialic acid content (24). In vitro, Kupffer
cells released CEA into the medium after endocytosis. The CEA
exocytosed by the Kupffer cells showed no apparent molecular
weight change by SDS:polyacrylamide gel electrophoresis. When
the isoelectric focusing pattern of CEA released by the cells was
compared to that of the CEA originally added to the incubation
medium, the exocytosed CEA was enriched with CEA molecules
of higher isoelectric points. Two possible explanations can be
made for this observation: (a) the cells preferentially endocytose
those subspecies of CEA with high isoelectric points; or (b) the
increased ratio of high-pi subspecies in the exocytosed CEA

may reflect removal of sialic acid by the Kupffer cell. The latter
explanation is consistent with the observation of 20% decrease
in sialic acid content of CEA isolated from hepatocytes in vivo
(24). This modification may result in the unmasking of galactose
residues on the CEA molecule, allowing interaction with the
hepatocyte receptor. While in vivo the Kupffer cell is responsible
for CEA clearance from the circulation, it is not the only macro
phage capable of endocytosing CEA. Rat lung alveolar macro
phages show similar properties, though the rates of exocytosis
of CEA by the cells may differ (31).

These observations improve our understanding of the mech
anism by which the liver and Kupffer cells in particular clear CEA,
NCA, and other glycoproteins and elucidate the regulation of
their circulating levels. In other studies, we have shown that the
sialic acid content of CEA circulating in patients with metastatic
cancer appears to have important practical application in deter
mining the circulating levels, even though sialic acid is not re
quired for recognition by the Kupffer cell. It is likely that a high
sialic acid content can mask the binding site on CEA, and we
have found that CEA molecules with a high sialic acid content
are cleared less readily in vivo (28). A clinical test to transiently
impede CEA clearance by the liver and increase its plasma levels
may make possible earlier detection of CEA-producing cancers

and improved monitoring of therapy.

REFERENCES

1. Ashwell, G. S.. and Morell, A. G. The role of surface carbohydrates in hepatic
recognition and transport of circulating glycoproteins. Adv. Ãˆnzymol., 41: 99-
127.1974.

2. Bessell. E. M., Thomas, P., and Westwood, J. H. Multiple Smith degradations
of carcinoembryonic antigen (CEA) and asiato CEA. Carbohydr. Res., 45:257-
268.1975.

3. Pritsche, R., and Mach, J. P. Isolation and characterization of carcinoembryonic
antigen (CEA) extracts from normal human colonie mucosa. Immunochemistry,
14: 119-127,1977.

4. Go, V. L. W., Ammon, H., Holtermuller, K., Krag, S., and Phillips, S. Quantifi
cation of carcinoembryonic antigen-like activities in normal human gastrointes
tinal sÃ©crÃ©tons.Cancer (Phila.), 36: 2346-2350,1975.

5. Go, V. L. W.. and Zamcheck, N. The rote of tumor markers in the management
of cokxectal cancer. Cancer (Phila.) (Suppl.), 50: 88-93,1982.

6. Gold, P., and Freedman, S. 0. Demonstration of tumor-specific antigens in
human colonie carcinomata by immunological tolerance and absorption tech
niques. J. Exp. Med., 121: 439-462,1965a.

7. Gold, P., and Freedman, S. O. Specific carcinoembryonic antigens of the
human digestive system. J. Exp. Med., J22: 467-481,1965b.

8. Greenwood, F. C., Hunter, W. M., and Glover, J. S. The preparation of 125I-

CANCER RESEARCH VOL. 45 JANUARY 1985

396

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420630/cr0450010392.pdf by guest on 19 M

ay 2023



CEA ENDOCYTOSIS BY RAT KUPFFER CELLS

labeledhuman growth hormone of high specific radioactivity. Btochem.J., 89:
114-123,1963.

9. Kaptow, L. Cytochemical identification of mononuctearmacrophages.In: Her-
scowitz ef al. (eds.), Manual of Macrophage Methodology, vol. 13, pp. 199-
207. New York: Marcel Dekker, Inc.. 1981.

10. Kodama,T., Fugino, M., Endo, Y., Fukazama,M., Sugiura, M., Oda, T., Wada,
T., and Burtin, P. Carcinoembryonic antigen (CEA) and CEA-like substances
in hepatobiliary diseases. In: F. Lehmann (ed.), Carcinoembryonic Proteins,
vol. 2, pp. 93-97. New York: ElsevierBiomÃ©dicalPress, 1979.

11. Krupey, J., Wilson, T., Freedman, S. 0., and Gold, P. The preparation of
purified Carcinoembryonicantigen of the human digestive system from large
quantities of tumour tissue. Immunochemistry,9: 617-622,1972.

12. Kusiak, J., Quirk, J., and Brady, R. Factors that influence the uptake of ft-
hexosaminidase A by rat peritoneal macrophages. Biochem. Biophys Res.
Commun., 94:199-204,1980.

13. Loewenstein, M. S., and Zamcheck, N. Clinical trends and topics: Carcinoem
bryonic antigen and the liver. Gastroenterology, 72:161-166,1977.

14. Maizel, J. Polyacrylamideget electrophoresis of viral proteins. Methods Virol.,
5:170-246,1971.

15. Maynard, Y., and Baenziger, J. Olkjosaccharide-specificendocytosis by iso
lated rat hepatic reticuloendothelialceils. J. Biol. Chem., 75:8063-8068,1981.

16. O'Brien, M. J., Kirkham.S. E., Burke, B., Ormerod, M., Saravis,C.A., Gottlieb,

L. S., Neville, A. M., and Zamcheck, N. CEA, ZGM, and EMA localization in
cells of pleuraland peritonealeffusion: a preliminarystudy. Invest. Cell. Patho!..
3: 251-258,1980.

17. Primus, F. J., Hansen, H. J., and Goldenberg, D. M. Altered metabolism of
Carcinoembryonicantigen in hamstersbearingGW-39tumours. Nature(Lond.),
249:837-838,1974.

18. Reinhold, V. N. Gas-liquid Chromatographieanalysis of constituent carbohy
drates on glycoproteins. Adv. Enzymol.,25: 244-249,1972.

19. Saravis, C. A., and Zamcheck, N. Isoetectricfocusing in agarose. J. Immunol.
Methods, 29: 91-96, 1979.

20. Seglen, P. Preparation of rat liver cells III. Enzymatic requirements for tissue
dispersion. Exp. Cell Res., 82: 391-398,1973.

21. Shuster, J., Silverman, M., and Gold, P. Metabolism of human carcmoem-
bryonic antigen in xenogeneicanimals. Cancer Res., 33:65-68,1973.

22. Skarin, A. T., Delwiche, R., Zamcheck, N., Lokich, J. J., and Frei, E. Carci
noembryonic antigen: clinical correlation with chemotherapy for metastatic
gastrointestinal cancer. Cancer (Phila.),33:1239-1245, 1974.

23. Stahl, P. D., Rodman, J. S., Miller, M. J., and Schtesinger,P. H. Evidencefor
receptor-mediated binding of glycoproteins, glycoconjugates, and lysosomal
glycosidases by alveolarmacrophages.Proc. Nati. Acad. Sci. USA, 75:1399-
1403, 1978.

24. Thomas, P. Studies on the mechanisms of biliary excretion of circulating
glycoproteins. Biochem. J., 792: 837-843,1980.

25. Thomas, P., Birbeck, M. W. C.. and Cartwright, P. A radioautographicstudy
of the hepatic uptake of circulating Carcinoembryonicantigen by the mouse.

Biochem. Soc. Trans., 5: 312-313,1977.
26. Thomas, P., and Hems, D. A. The hepatic clearanceof circulating native and

asialoCarcinoembryonicantigenby the rat. Biochem.Biophys. Res. Commun.,
67: 1205-1209,1975.

27. Thomas, P., and Jones, M. The effects of Triton WR1339 and asialofetuinon
the hepatic uptake of circulating native and asialo Carcinoembryonicantigen.
Biochem.J., 773: 981-983.1978.

28. Thomas. P., and Zamcheck, N. Roteof the liver in clearanceand excretion of
circulating Carcinoembryonicantigen (CEA). Digestive Dis. Sci., 28: 216-224,
1983.

29. Thomas, P., Zamcheck, N., Rogers, A. E., and Fox, J. Plasma clearance of
Carcinoembryonicantigen and asialo Carcinoembryonicantigen by the nutri
tionally deficient rhesus monkey. Clinics Lab. Med., 2: 459-467, 1982.

30. Toth, C. A., Thomas, P., Broitman, S. A., and Zamcheck, N. A new Kupffer
cell receptor mediating plasma clearance of Carcinoembryonicantigen by the
rat. Biochem.J., 204:377-381,1982.

31. Toth, C.A., Thomas,P., Broitman.S. A., and Zamcheck,N. Receptor-mediated
endocytosis of Carcinoembryonicantigen by rat alveolarmacrophagesin vitro.
Fed. Proc., 43: 2046,1984.

32. vonKteist, S., Chavanel, G., and Burtin, P. Identification of an antigen from
normal human tissue that crossroads with the Carcinoembryonicantigen.
Proc. Nati. Acad. Sci. USA,69: 2492-2494,1972.

33. vonKleist. S., Troupe!, S., King, M., and Burtin, P. A clinical comparison
between nonspecific crossreacting antigen (NCA) and CEA in patients sera.
Br. J. Cancer,35:875-880,1977.

34. Warren, L. Thtobarbituricacid assay of sialic acid. J. Biol. Chem., 234:1971-
1975, 1959.

35. Westwood, J. H., Bessell, E. M., Bukhari, M., Thomas, P., and Walker, J.
Studies on the structure of the Carcinoembryonicantigen-l: some deductions
on the basis of chemicaldegradations. Immunochemistry,2: 811-818,1974.

36. Westwood, J. H., and Thomas, P. Studies on the structure and immunotogical
activity of Carcinoembryonicantigen: the role of disulphide bonds. Br. J.
Cancer,32: 708-719,1975.

37. Westwood, J. H., Thomas, P., Edwards, R. G., and Neville,A. M. Somestudies
of the chemistry and immunochemistry of Carcinoembryonicantigen (CEA)
related materials. Protides Biol. Fluids, 24: 413-417,1976.

38. Westwood, J. H., Thomas, P., Edwards, R. G., Scopes, P. M., and Barrett, M.
W. Chemical modifications of the protein of Carcinoembryonicantigen: asso
ciated changes in immundogical activity and conformation. Br. J. Cancer, 37:
183-189,1978.

39. Whitehead,P. H., and Sammons, H. G. A simple technique for the isolationof
orosomucoid from normaland pathologicalsera. Biochim.Biophys.Acta, 724:
209-211,1966.

40. Zamcheck, N. The expanding field of colorectal cancer markers, CEA the
prototype. The Cancer Bulletin, 33: 141-151,1981.

41. Zamcheck, N., and Martin, E. W. Factors controlling the circulating CEA levels
in pancreatic cancer: some clinical correlations. Cancer (PhHa.),47: 1620-
1627,1981.

CANCER RESEARCH VOL. 45 JANUARY 1985

397

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2420630/cr0450010392.pdf by guest on 19 M

ay 2023




