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cally to colonize the liver (13, 14). This effect occurs with CRC cells
that neither produce CEA nor bind to CEA on a solid phase in vitro
(13, 14). Therefore, CEA may facilitate metastasis indirectly through
a mechanism that is independent of its homotypic adhesive properties.

TNF-a, IL-la, and IL-6 are proinflammatory cytokines involved in
tumorigenesis and metastasis as well as in the inflammatory response
(15â€”17).Patients with advanced human CRCs have elevated systemic
serum IL-6 but not IL-la or TNF-a levels (18). IL-6 also acts as a
hepatocyte-stimulating factor to induce acute-phase proteins in hepa
tocytes (19). We have reported that in vitro treatment of Kupifer cells
with CEA results in the production of IL-6, TNF-a, IL-la, and IL-1(3
in rats and humans (20). LL-6 along with TNF-a and IL-la increases
the expression of intercellular adhesion molecule 1 and endothelial
leukocyte adhesion molecule 1 on human endothelial cells (18). We
hypothesized that CEA in the circulation stimulates Kupffer cells to
induce a systemic cytokine response and ultimately enhance experi
mental metastasis.

The present study compared the ability of systemic CEA and LPS
to stimulate serum levels of IL-6, IL-la, and TNF-a in mice and
examined the role of tyrosine phosphorylation in this response.
Groupsof mice wereinjectedi.v. with CEA with or without pretreat
ment with genistein, a tyrosine kinase inhibitor. In a similar manner,
groups of mice were also injected i.v. with asialoCEA or PELPK
conjugated albumin (the pentapeptide sequence of CEA that is a
ligand for the CEA receptor on Kupffer cells; Refs. 21 and 22) to
determine whether the induction of the cytokines was a specific
response to CEA. Levels of cytokines in the circulation were deter
mined by ELISA. Tyrosine-phosphorylated proteins were identified in
mouse Kupffer cells that had been isolated and exposed to CEA and
LPS with or without genistein. The results suggest that i.v. CEA
stimulates murine Kupffer cells to produce more IL-6 than TNF-a or
IL-la through transduction pathways that may be different from those
induced by LPS.

MATERIALS AND METHODS

Animals. Four- to 5-week-old athymic nude and BALB/c mice weighing
30â€”40g each were obtained from Harlan Sprague Dawley Inc. (Indianapolis,
IN) and housed five mice per cage under specific pathogen-free conditions.
The standard diet and water were given ad libitum. All operative procedures
were performed under general anesthesia using i.p. administration of 50 mg/kg
sodium pentobarbital from Abbott Laboratories (North Chicago, IL). Animal

experiments were approved by the Beth Israel Deaconess Medical Center,
West Campus Animal Care and Use Committee and conducted in accordance
with the guidelines issued by the NIH for the care of laboratory animals.

Reagents. CEA was prepared from hepatic metastases of CRC patients by
perchloric acid extraction followed by chromatography. The purity of the
preparations was determined by SDS-PAGE, high-performance liquid chro
matography analysis and by immunoreactivity as described previously (23).
Endotoxin levels were measured to be <0.1 ng per 1 .sgof CEA. AsialoCEA
was prepared by treatment with neuraminidase (Vibrio cholerae; Ref. 24).
AAG was isolated from pooled human serum (25). LPS from Salmonella
minnesota was obtained from Sigma Chemical Co. (St. Louis, MO), and

endotoxin-free PBS was obtained from Life Technologies, Inc. (Grand Island,

NY). GBSS was supplied by Life Technologies, Inc. Genistein (4',5,7-trihy

droxyisoflavone) was obtained from Dr. V. Steele of the Chemoprevention

Program, National Cancer Institute (Bethesda, MD).

ABSTRACT

Carcinoembryonic antigen (CEA) may promote experimental metasta

sis through production of cytokines. The effect of systemic CEA on the
production of proinflammatory cytokines was investigated in mice and

compared to levels induced by lipopolysaccharide (LPS). Serum concen
trations of interleukin (IL)-6 peaked 1 h after an i.v. CEA injection of 40
gLglmouse to 37â€”54%of the maximal level induced by a 1 @.sg/mouse
injection of LPS in both normal and immunoincompetent mice. The CEA

inductionof IL-6 wasa specificresponse,becausethe peptidePELPK (the
pentapeptide on CEA that is the ligand for the CEA receptor on Kupifer
cells) conjugated to albumin induced 30% of the maximal CEA response
for IL-6, whereas the specificity control PELGK-conjugated albumin did
not. IL-la and tumor necrosis factor (TNF)-a levels after i.v. injection of
CEA were only 3-5% ofthose induced by LPS. The IL-6 responses of mice
pretreated with 100 @&g/kggenistein were decreased by more than 40%.
However, genistein inhibited the TNF-a response to LPS by 46% but
increased the CEA-induced response by 300%. When murine Kupffer
cells were stimulated with LPS or CEA in vitro, LPS increased tyrosine
phosphorylation of a M@30,000 protein, whereas CEA decreased phos
phorylation of a M@ 60,000 protein and did not increase phosphorylation

ofthe Mr @Â°@Â°Â°Â°protein. Thus, i.v. CEA stimulates production of IL-6 and
TNF-a after binding to Kupffer cells through signal transduction path
ways that appear to be different from those stimulated by LPS.

INTRODUCTION

CEA4 is a Mr 180,000200,000 glycoprotein tumor marker identi
fled originally by Gold and Freeman (1). Preoperative serum levels of
CEA in the circulation of greater than S ng/ml are associated with
significantly shorter disease-free survival in Dukes' stage Hâ€”Illpa
tients (2, 3), and elevations in postoperative serum CEA concentra
tions are also associated with disease progression (4). Expression of
CEA in weakly metastatic human CRC cells that lack CEA increases
the number of liver colonies after intrasplenic injection into nude mice
(5, 6). Nevertheless, the exact role of CEA in metastasis is not yet
completely understood. CEA, nonspecific cross-reacting antigen, the
biliary glycoproteins, and the pregnancy-specific glycoproteins form a
single gene family located on chromosome 19 (7) that are part of the
immunoglobulin supergene family that includes neural cell adhesion
molecule (8) and other adhesion molecules. CEA may act as an
intercellular adhesion molecule to promote CRC cell attachment at
metastatic sites (9, 10) or as a ligand for selectins (11) and galectin-3
(12). Systemic pretreatment of athymic nude mice with CEA increases
the ability of weakly metastatic human CRC cells injected intraspleni
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Two pentapeptides (PELPK and PELGK) were synthesized on the basis of
the CEA-binding sequence PELPK (Tyr-Pro-Glu-Ile-Pro-Lys; amino acids

108â€”112of CEA) as described previously (22). These peptides were then
conjugated with hydroxysuccinimidyl 4-azidobenzoate (Sigma) and coupled to

BSA by exposure to short-wave UV radiation for 30 mm at room temperature.
The reaction gives a maximum incorporation of 10 mol of peptide/mol of
albumin (22).

Serum Cytokine Determination. Groupsof two to three mice were in
jected i.v. with 10â€”40pg/mouse of CEA, 40 gtg/mouse asialoCEA, 40

@tg/mouseAAG, 1 @tg/mouseLPS, 40 @tg/mousePELPK or PELGK-conju
gated albumin, or 0.1 ml of PBS alone. Other mice were pretreated with 100
mg/kg genistein dissolved in 0.1% ethanol-PBS injected i.p. 2 h prior to CEA

or LPS injection. Control experiments were performed using 0.1% ethanol
PBS alone. At 10 mm to 24 h after injection, approximately 1 ml of blood was
obtained by cardiac puncture. Blood samples were centrifuged at 14,000 rpm
for 10 mm at 4Â°Cto separate the serum. Concentrations of IL-a, IL-6, and
TNF-a in the serum samples were determined by ELISA using commercially
available kits from Endogen Corp. (Cambridge, MA) and following the rec
ommended protocol of the manufacturer. Quantification of secreted cytokines
was accomplished by normalization of the ELISA data with a standard cyto

kine dose curve. Cytokine levels for each time point were measured in two to

four independent experiments. There was no cross-reactivity between CEA and
any of the cytokine ELISA assay kits.

KupfTer Cell Isolation. Mouse Kupifer cells were isolated using a modi
fled protocol of collagenase infusion followed by metrizamide density gradient

separation with selective adherence to plastic (24). Briefly, the mouse liver was
perfused through the portal vein with Ca2@-and Mg2@-freebuffer containing
0.83% sodium chloride, 0.05% potassium chloride, and 0.005 @M(2-hy
droxymethyl)piperazine-N-1-(2-ethanesulfonic acid), followed by perfusion
with 0.05% collagenase (0.025% type II and 0.025% type IV) in GBSS at a

flow rate of 5 mI/mm for 2 mm. The liver was then excised, incubated for 30
mm at 37Â°C in 5% CO2. minced, and passed through a 150-gm steel grid. The

cells were resuspended in GBSS and allowed to settle for 1 mm. The pellet

containing hepatocytes was discarded, and the supernatant was centrifuged at
300 X g for 10 mm at 25Â°C.Kupifer cells were separated from this cell pellet
by isopyknic sedimentation using an 18% metrizamide gradient in GBSS

without NaC1, overlaid with 1.0 ml GBSS with NaCI and centrifuged at
1264 X g at the interface for 20 mm at 20Â°C using an SW-4lTi swing

rotor/L8-M ultracentrifuge from Beckman Instruments (Palo Alto, CA). Cells
were aspirated from the interface and incubated for 20 mm at 37Â°C in T25

culture flasks. Nonadherent cells were discarded by washing, and the attached
were used for the experiments. These cells were cultured in RPM! 1640 with

100 units/mi penicillin G and 100 pg/mi streptomycin, 1% L-glutamlne, and
10% fetal bovine serum in a humidified 5% CO2 environment at 37Â°C.

Identification of Tyrosine Phosphoproteins. Cultures of Kupffer cells
were incubated with 40 @g/mlCEA or AAG, 1 @sg/mlLPS in RPM! 1640, or
0.1 ml of medium alone. Another set of Kupffer cells was pretreated with 74
jLM of genistein (26) dissolved in 0.1% ethanol in complete RPM! for 2 h prior

to treatment with CEA, AAG, or LPS. Control experiments were performed
using 0.1% ethanol alone in complete RPMI. After a 1-h incubation at 37Â°C,
2 X iO@Kupifer cells were lysed with a lysis buffer containing 0.5 mM NaVO4,
50 @tg/mlL-1-p-tosylamlnO-2-phenylethylchloromethyl ketone, 50 @.sg/mlto
syl lysine chloromethyl ketone, 10 @tg/miaprotinin, 0.2 m@iphenylmethylsul
fonyl fluoride, 10 @.sg/mlleupeptin, 10% n-octyl glucoside, and 50 @tg/m1
DNase in 0.1 MTBS. Precipitate was removed by centrifugation at 3000 rpm
for 10 mm at 4Â°C.Protein concentrations in the lysates were determined, and
50-,.Lg samples were resolved on a 10% SDS-PAGE under reducing conditions
and transferred to a nitrocellulose membrane. After blocking for 16 h at 23Â°C
in TBS with 10% skim milk, the blot was incubated for 1 h at room temper

ature with antiphosphotyrosine antibody (PY-20; Transduction Laboratory,
Lexington, KY) diluted 1:1000 in TBS-T with 10% skim milk. Blots were
washed with TBS-T and incubated for 1 h at room temperature with horse

radish peroxidase-conjugated sheep antimouse IgGs from Amersham Life
Science (Buckinghamshire, United Kingdom), diluted 1:1000 in TBS-T in
10% skim milk, and developed on KOdakX-Omax film (Kodak, Rochester,
NY) using an enhancedchemiluminescencesystem (Amersham).

Statistical Analysis. The results of the ELISA assays are expressed as
mean Â± SE, with differences among groups of means tested by one-way

ANOVA. All tests were performed in at least duplicates. When ANOVA

demonstrated that means within an experiment were significantly different

from one another, significance between individual group means was tested

with the Fisher PSLD with a significance level of 5%. All calculations were

performed on a Macintosh microcomputer using Stat View SE + Graphics

(Abacus Concepts, Berkeley, CA).

RESULTS

Systemic Cytokine Production. The ability of systemic CEA to
induce cytokine production was first analyzed in athymic nude mice.
IL-6 levels began to increase 10 mm after the injection of 40 @tgof
CEA and peaked after 1 h at 1944 Â±55 pg/ml. By comparison, 1 @sg
of LPS stimulated a 2-fold greater peak of IL-6 1.5â€”2h after injection,
whereas 40 i.@gof AAG stimulated a peak of IL-6 that was one-sixth
that of CEA 4 h after injection (Fig. 1; Table 1). CEA induced IL-6
production in a dose-dependent manner with doses greater than 10 @tg

needed to induce measurable levels of IL-6 in the serum (Fig. 2).
Interestingly, the rise in serum IL-6 levels parallels the enhancement
of liver colony formation observed with the weakly metastatic KM
12c human CRC cell line after CEA injection (Fig. 2). The levels of

IL-6 in the peripheral blood returned to baseline by 8 h (Fig. 1).
CEA binds to a Mr 80,000 binding protein expressed on Kupffer

cells and alveolar macrophages through the pentapeptide PELPK (23).

AsialoCEA, which is identical to CEA but without sialic acid resi
dues, is taken up by hepatocytes rather than Kupffer cells because of
the greater affinity of the hepatocyte asialoglycoprotein receptor for
asialoCEA (24). Serum IL-6 concentrations did not increase 1 h after
injection of 40 @gof asialoCEA (Fig. 3). However, the injection of 40
;.tg of PELPK-conjugated albumin induced serum IL-6 responses that
were 31% of the maximal response to 40 .tg of native CEA (Fig. 3).
In contrast, 40 i@gof PELGK-conjugated albumin, which does not
bind to the Mr 80,000 CEA binding receptor, induced a minor IL-6
response (Fig. 3). Thus, both CEA and the pentapeptide sequence
(PELPK), which bind to the CEA receptor on Kupffer cells, induce an
IL-6 response in athymic nude mice.

CEA did not induce a strong systemic IL-la response in athymic
nude mice. Peripheral blood serum levels of IL-la reached 19.6 Â±1.2
pg/mi after CEA injection, which was not significantly different from

that seen with PBS alone (1 1.1 Â±3.7 pg/mI at 2â€”4h). AAG also did
not significantly stimulate IL- 1a production over baseline. In contrast,
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Fig. 1. IL-6 expression in athymic nude mice treated with 40 @sgof AAG (â€¢),40 @.sg

of CEA (R), or 1 @gof LPS ( â€¢) in endotoxin-free PBS. Four- to 5-week-old athymic
nude mice were injected iv. through the dorsal tail vein. Blood was collected at the times
indicated, and serum was assayed for IL-6 concentrations by ELISA. Values were plotted
after deducting the untreated control values. Data are means; bars, SE.
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Table 1 Summaryof cytokine responsesto CEA aad relatedsubstancesâ€•Nude

miceBALB/c mice
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the IL-6 responses to CEA (40 @.tg/mouse)and LPS (1 @tg/mouse)by
46% and 47%, respectively (Fig. 4A). In contrast, pretreatment with
genistein induced a 300% increase in the TNF-a response to CEA but an

81% decrease in TNF-cr response to LPS (Fig. 4B). The IL-la response
to CEA was not affected significantly by pretreatment with genistein
(data not shown). These results suggest that CEA and LPS affect cytokine
production through different signal transduction pathways.

Effect of CEA on Tyrosine Phosphorylation of Murine Kupifer
Cell Proteins. Because genistein pretreatment had different effects
on the productionof IL-6 and TNF-cs, the patternof tyrosine phos
phorylation was next assessed in isolated Kupffer cells incubated with
CEA and LPS in vitro. Two proteins (Mr 60'000 and 80,000) were
phosphorylated in control Kupifer cells. After 1 h, LPS stimulated
tyrosine phosphorylation of a Mr 30,00035,000 protein. After a 1-h
exposure to CEA, the tyrosine phosphorylation of a Mr 80,000 protein
was increased, whereas the phosphoiylation of a Mr 60'000 @)I@Oteifl5was
decreased (Fig. 5). Thus, the signal transduction pathways by which CEA
induces IL-6 and TNF-a appear to be different from those that LPS uses.

The present study seeks to explain observations made by us and
others regarding the role of CEA in metastasis. Previously, we have
shown that 40 @tgof CEA injected i.v. into athymic nude mice
increases the number of hepatic metastases produced by three weakly
metastatic human CRC cell lines (KM-12c, MIP-lOl, and Clone A)
but not by either highly metastatic cell lines or a tumorigenic non
metastatic cell line (10, 13, 14). In vitro, KM-12c cells bind to CEA
attached to a solid phase by homotypic mechanisms, whereas MIP

101 and Clone A cells do not (29). These data are consistent with CEA
facilitating increased retention and survival of weakly metastatic
tumor cells in liver by a mechanism that does not involve direct
homotypic adhesion between CEA molecules on the tumor cells and
CEA-related epitopes within the hepatic microcirculation. We hypoth
esized, therefore, that systemic pretreatment with CEA could induce a
host cytokine response that modulates the tumor cell-environment
interaction to favor survival of metastatic cells.

Mouse Kupifer cells produce various cytokines, including IL-i a,
IL-6, TNF-a, and WN-a/f3 in response to LPS (30). We therefore
compared the response of mice stimulated with CEA and related
proteins to those stimulated with LPS. In this study, systemic injection
of CEA stimulated the production of IL-6 in both athymic nude and
BALB/c mice. The CEA treatment produced a moderate TNF-a
response but did not generate a significant IL- la systemic response.
We have shown previously that native CEA binds to Kupffer cells and
alveolar macrophages in vitro and in vivo via a Mr 80,000 surface
protein receptor (23). After clearing CEA and removing the terminal
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a Groups of athymic nude mice and BALB/c were injected iv. with either 1 @sg/mouse

LPS; 0.05 ml of PBS; or 40 pg/mouse CEA, AAG, or asialoCEA in PBS. At 10 rein to
24 h, blood was collected by cardiac puncture, and sera were assayed for IL-6, IL-la, and
TNF-a by ELISA. Values are measured in pg/mI Â±SE â€”,positive control for senim values
(LPS). %, percentage of the maximal positive control response. ND, not determined.
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Fig. 2. Relative IL-6 production in athymic nude mice in response to an iv. injection
of CEA (0â€”40 @sg/mouse)in LPS-free PBS. Four- to 5-week-old athymic nude mice were
injected iv. through the dorsal tail vein, and blood was collected by cardiac puncture at
the times indicated. Serum assayed for IL-6 concentrations by ELISA. Values were
plotted after deducting the untreated control values. Data are means; bars, SE. Results are
compared to the incidence of mice with liver colonies after a pretreatment with CEA,
followed 30 mm later by an intrasplenic injection of 5 X l0@KM-l2c human CRC cells.
The percentage of mice with liver colonies was determined at 6â€”8weeks after implan
tation and confirmed histologically.

1 @tgof LPS induced an IL-la response, which peaked at 404 Â±6
pg/ml within 1 h (Table 1). CEA induced a 156 Â±42 pg/ml peak in
TNF-a at 1â€”2h, which was only 3% of the peak produced in response
to LPS (4989 Â±377 pg/ml at 1â€”2h, Table 1). AsialoCEA injection
did not stimulate production of either IL-la or TNF-a. Thus, systemic
CEA stimulated a strong IL-6 response but did not significantly stimulate
either TNF-a or IL-la production in athymic nude mice (Table 1).

The effect of CEA was also studied in BALB/c mice to confirm that
mature T cells did not affect the cytokine response pattern. CEA,
AAG, and LPS injected i.v.-stimulated serum IL-6 responses that
were similar to those seen with athymic nude mice (Table 1).

Effect of an Inhibitor of Tyrosine Phosphorylation on Systemic
Cytokine Production. Because LPS stimulates TNF-a and IL-6 pro
duction through tyrosine phosphorylation-dependent pathways (27,
28), we assessed the effect of the inhibition of tyrosine kinase activity
on the induction of IL-6 by CEA in Kupffer cells. Given that genistein
blocks LPS induction of the transcription of IL-lfl, IL-6 and TNF-a
in both human and murine mononuclear phagocytes (26), we deter
mined whether genistein affects the ability of CEA to induce IL-6 and
TNF-a in mice. Pretreatment with genistein (100 mg/kg) diminished

Fig. 3. Specificity of IL-6 response. IL-6 production in athymic nude mice was
determined in response to an iv. injection of asialoCEA, PELPK-albumin, or PELGK (all
at 40 @sg/mouse)in endotoxin-free PBS. Four- to 5-week-old athymic nude mice were
injected iv. through the dorsal tail vein, and blood was collected by cardiac puncture. Sera
were assayed for IL-6 concentrations by ELISA. Data are means; bars, SE.
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release IL-6, IL-la, and TNF-a in response to CEA and PELPK
albumin in vitro. The lack of an observed systemic IL-la effect does
not rule out the possibility that IL-la is produced within the liver but
is absorbed through local autocrine or paracrine mechanisms within
the liver and does not reach the systemic circulation. Similarly, the
absolute value of the systemic TNF-a response may be underrepre
sented due to the presence of soluble TNF-a receptors, which reduce
the amount of circulating TNF-a (29).

We then sought to begin to characterize the pathway through which
CEA induces the cytokine response after binding to Kupffer cells.
LPS induces TNF-a, IL-6, and IL-1j3 in macrophages and monocytes
after binding to CD14 in concert with LPS-binding protein (31).
Furthermore, the LPS time to peak response of cytokine production is

usually 2 h or longer (Table 1). In contrast, the induction of IL-6,
TNF-a, and IL-la after i.v. CEA injection was only 1 h (Table 1).
LPS induces tyrosine phosphorylation of a number of proteins, in
cluding the src family of tyrosine kinases (32). Others have shown
that tyrosine kinase inhibitors such as genistein and herbimycin A
decrease the amount of TNF-a, IL-6, and IL-la produced (26, 33). In
our study, systemic pretreatment with genistein decreased the IL-6
response to CEA by 46% and to LPS by 47%. This suggests that the
ability of both CEA and LPS to stimulate the production of IL-6
involves tyrosine phosphorylation. In contrast, when TNF-a was
measured in genistein-pretreated mice, the response to LPS was
decreased markedly, whereas the response to CEA was increased
3-fold. Thus, the pathways by which CEA induces production of
TNF-a may be different from that used by LPS.

The phosphorylation pattern of Kupffer cells exposed to CEA in
vitro further illustrates the difference between activation with LPS and
CEA. A Mr 80,000 protein was phosphorylated on tyrosine, whereas
a Mr 60,000 protein appeared to be dephosphorylated. These proteins
have not yet been identified. However, the Mr 80,000 protein may be
the CEA-binding protein, although it is not known whether this
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Fig. 4. A, effect of genistein on the induction of IL-6. Athymic nude mice were
pretreated with 100 mg/kg genistein by i.p. injection for 1 h. The mice were then injected
with 0.1 ml of PBS, CEA (40 gig/mouse), or LPS (1 pg/mouse). After I h, blood was
collected by cardiac puncture, and sera were assayed for IL-6 concentrations by ELISA.
GEN, genistem. Data are means; bars, SE. B, effect of tyrosine kinase inhibition on the
induction ofTNF-a. Athymic nude mice were pretreated with 100 mg/kg genistein by i.p.
injection for 1 h. The mice were then injected with 0.1 ml of PBS, CEA (40 pg/mouse),
or LPS (1 @.sg/mouse).After I h, blood was collected by cardiac puncture, and sera were
assayed for TNF-a concentrations by ELISA. Values were plotted after deducting the
untreated control values. GEN, genistein. Data are means; bars, SE.

sialic acids from its oligosaccharide side chains, Kupffer cells release
asialoCEA. The removal of the terminal sialic acid residues allows the
terminal galactose residues of asialoCEA to be exposed to the hepa
tocyte asialoglycoprotein receptors (24). Because Kupifer cells bind
the amino acid sequence PELPK on CEA, asialoCEA will also bind to
Kupffer cells in vitro. However, because the affinity of hepatocyte
asialoglycoprotein receptors is greater for asialoCEA than native
CEA, hepatocytes will preferentially bind asialoCEA in vivo (24). The
inability to produce significant amounts of any of the three cytokines
after asialoCEA injection suggests that Kupffer cells rather than
hepatocytes are the essential mediators of the ability of CEA to induce
a cytokine response. The significant IL-6 response after PELPK
albumin injection but not after PELGK-albumin further supports this
concept, because PELPK does not bind to other cells. These findings
complement our previous report (22) that human and rat Kupffer cells
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Fig. 5. Effect of CEA on tyrosine phosphorylation; tyrosine phosphorylation pattems
in 2 X l0@isolated murine Kupffer cells treated with LPS (1 @sg/ml)or CEA (40 @.sg/ml).
Western blots with monoclonal antibody to phosphotyrosine were performed as described
in â€œMaterialsand Methodsâ€•on lysates of Kupffer cells following a I-h treatment in vitro
with LPS or CEA.
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protein can be phosphorylated (21). A number of signal transduction
proteins in the Mr 60'000 range have been described, most notably the
src family of protein tyrosine kinases (32, 34). Additional work is
needed to better define the nature of these proteins.

The functional role of IL-6 in the metastatic process has not yet
been defined clearly. It was described originally as the hepatocyte
stimulating factor and may be an autocrine growth factor for mela
noma (35), multiple myeloma, renal cell carcinoma (36), and cholan
giocarcinoma (37). Furthermore, IL-6 is elevated in the serum of

many patients bearing tumors in proportion to tumor burden (38). In
a rat carcinoma model, IL-6 production was associated with metastatic
potential (17, 39). Because IL-6 with TNF-a and IL-la may increase
the expression of intercellular adhesion molecule 1 and endothelial
leukocyte adhesion molecule 1 on endothelial cells (18), IL-6 may
increase the retention of tumor cells within the liver. IL-6 may also
inhibit apoptosis in certain cell types (40, 41). Additional work needs
to be done to define the role of IL-6 in the interaction between tumor
cells and the hepatic sinusoidal endothelium.

In summary, CEA induces a significant dose-dependent lL-6 response.
CEA also induces a TNF-a response in both athymic nude mice and
immunocompetent mice after binding to a Mr 80,000 CEA-binding
receptor. The signal transduction events involve tyrosine phosphorylation

events that may be different from those induced by LPS. As a result, CEA
in the serum may enhance the ability of weakly metastatic CRC cells to
colonize the liver through the induction of IL-6, which then inhibits the

ability of host to kill weakly metastatic tumor cells. As a result, IL-6 may
have a pivotal role in the neoplastic progression of CRC.
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