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SUMMARY: Although the discovery of stop codon has explained the mechanism for
the formation of the intestinal marker, apolipoprotein B-48, the dispute re-
garding the presence of apolipoprotein B-100 in the intestine is still unset-
tled. To further investigate the characteristics of intestinal apolipoprotein
B, the newly developed human colonic adenocarcinoma Caco-2 cells which express
functional properties of the differentiated enterocytes, were used. SDS-poly-
acrylamide gel electrophoresis analyses of the intact culture medium or its
lipoproteins of d < 1.23 g/ml showed the presence of only a single protein band
of apolipoprotein B-100 with no detectable apolipoprotein B-48. After immuno-
blotting with oligoclonal antibodies to the amino-terminal peptide of apolipo-
protein B, a trace amount of apolipoprotein B-48 was observed in the isolated
lipoproteins, but not in the intact culture medium. These results suggest that
apolipoprotein B-100 is the major form of apolipoprotein B secreted by human
intestinal cells. © 1988 Academic Press, Inc.

Apolipoprotein B (ApoB) is the major carrier for triacylglycerol and
cholesterol in the circulation. It is an essential structural component of
chylomicrons, very-low-density (VLDL) and low-density lipoproteins (LDL).

Human ApoB, as currently viewed by most investigators, exists in two major
forms: the ApoB-100 from liver and the ApoB-48 from intestine.

Recent studies on cDNA clones of ApoB-100 have indicated that the gene for
ApoB-100 is present in both liver and intestine of man, monkey and rat (1-4),

suggesting the possibility of synthesis and secretion of ApoB-100 by intestine.

The abbreviations used are: ApoB, apolipoprotein B; VLDL, very low density
lipoproteins (d < 1.006 g/ml); LDL, low density lipoproteins (d 1.006-1.063
g/ml); HDL, high density lipoproteins (d 1.063-1.23 g/ml); DMEM, Dulbecco's
Modified Eagle Medium; N-terminal, amino-terminal; C-terminal, carboxyl-termi-
nal; SDS-PAGE, polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate.
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This is supported by our previous observation that ApoB-100 was found in rat
mesenteric chyle when analyzed immediately after collection of chyle (5).
ApoB-100 was also found to be the only form of ApoB in human chylomicrons when
analyzed promptly after plasma collection (6).

Most recently, an inframe stop codon was discovered in human intestinal
mRNA of ApoB resulting from a C to U substitution in the codon CAA encoding
G1ln-2153 to UAA, which is a termination codon for ApoB-48 (7-9). This discov-
ery of stop codon explains the mechanism of ApoB-48 formation. If the stop
codon is present in all the intestinal ApoB mRNAs, one should not be able to
detect ApoB-100 in the intestine. Our previous studies (5,6), as well as those
by others (10), do not support this hypothesis. To further investigate the
characteristics of intestinal ApoB, we have utilized the newly developed human
colonic adenocarcinoma Caco-2 cell line. Caco-2 cells undergo in vitro differ-
entiation and express structural characteristics (11) and functional properties
(12-14) typical of the small intestinal enterocytes. Thus, the ApoB secreted
into the medium by Caco-2 represents the intestinal form of this apolipoprotein
with no contribution from plasma or the liver., Results from this study further
support the hypothesis that ApoB-100 is the major ApoB form synthesized and

secreted by human intestinal cells.

MATERIALS AND METHODS

Cell culture. The human colonic adenocarcinoma cell line Caco-2 were obtained
from American Type Culture Collection (Rockville, MD). The cells were grown in
Dulbecco's Modified Eagle Medium (DMEM) supplemented with 2 mM glutamine, 17
nonessential amino acids, kanamycin sulfate (50 ug/ml), and 10% fetal calf
serum at 37°C in a 5% CO,, 957 air atmosphere. The culture medium was changed
daily after the cells redched confluency. All experiments were conducted with
10-14-days post confluence cells at which time the differentiation-dependent
expression of their functional properties typical of small intestinal entero-
cytes is maximal (11). At the start of each experiment, the maintenance medium
was removed, monolayers were washed twice with phosphate-buffered saline and
serum-free DMEM was added. After a 20 hour incubation, culture medium was re-
moved and centrifuged at 2000 rpm for 30 min to remove cell debris.

Isolation of lipoproteins. Preservative cocktail (D) containing antibiotics/
EDTA/protease inhibitor/antioxidants (15) was added to the pooled medium. The
medium was divided in half and to one half, leupeptin at 1 mM final concentra-
tion was added. Lipoproteins of d < 1.23 g/ml were isolated by a one-step
ultracentrifugation at 40,000 rpm for 36 hours at 4°C. The lipoproteins were
dialyzed against 0.02 M Tris-buffered saline (pH 7.4) containing the corre-
sponding preservatives at 4°C under N2 and concentrated with Amicon membrane
cone before analyses.

To determine the distribution of ApoB in various density classes, the med-
ium was also fractionated into VLDL, LDL and high density lipoprotein (HDL) as
previously described (16). The concentration of ApoB in density classes was
measured by electroimmunoassay with antibodies to lipoprotein B (17).

Preparation of antibodies. Amino-terminal peptide of ApoB consisting of H N-
Glu-Glu-Glu-Met-Leu-Glu-Asn-Val-Ser-Leu-Val-Cys-Pro-Lys-Asp-Ala-Thr-Arg-COOH
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Table 1. Amino acid composition of the synthesized
N-terminal peptide of ApoB after HPLC
purification {moles/mole of peptide)

Amino Acids Found Expected

Asp 1. 2
Thr
Ser
Glu
Pro
Gly
Ala
Cys
Val
Met
Ile
Leu
Tyr
Phe
His
Lys
Arg

N =0 O v

~NoDo
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. . . P . PR
HHOOONOKNIKFEOR B~

-
o]

Total

aN.D., not determined.

(18) was synthesized using Applied Biosystem Model 430A peptide synthesizer
(Foster City, CA) according to the method described by Barany and Merrifield
(19). The synthesized product was analyzed by reversed-phase HPLC. Two major
peaks were found and both showed identical amino acid composition (Table 1).
The difference in elution position possibly was due to dehydroserine. Edman
degradation of the crude peptide yielded a single correct sequence as described
above.

The N-terminal peptide of ApoB was cross-linked to rabbit albumin (Sigma)
with glutaraldehyde (Sigma) (20). After extensive dialysis against phosphate
buffered saline, the peptide-albumin was mixed with equal volume of Freund's
complete adjuvant and inoculated into rabbit lymph nodes (21). A second intra-
dermal injection was given on the back after a month. Blood was drawn 7 weeks
later. Positive immunoreaction was shown by ELISA with the peptide only. A
booster shot was given every 7-8 weeks. Positive immunoreactions with ApoB,
LDL and whole plasma were shown after the third booster shot.

Monoclonal antibodies to ApoB, MB47, a generous gift of Dr. L. Curtiss
(La Jolla, CA), were used as anti-C-terminal portion of ApoB. MB47 was shown
to inhibit the LDL-receptor interaction and bind an epitope on thrombin frag-
ment T2’ a carboxyl-terminal portion of ApoB-100 (22).
Polyacrylamide gel electrophoresis_in sodium dodecyl sulfate. The lipoproteins
of 4 < 1.23 g/ml or the concentrated intact culture medium were analyzed by
3.37% polyacrylamide gel electrophoresis in the presence of SDS (SDS-PAGE),
according to the method of Fairbanks et al. (23) as modified previously (5),
including recrystallization of the acrylamide and inclusion of 0.027% thiodi-
glycol as antioxidant in the running buffer.

Immunoblotting. Electrophoresis of lipoproteins or intact culture medium was
carried out in a 3.37% polyacrylamide slab gel containing SDS using the same
buffer system described above. The proteins were transferred to Immobilon
transfer membrane (Millipore, Bedford, MA) by electroblotting, according to
Towbin et al. (24) and immunoblotted as described previously (6). The oligo-
clonal antibodies to N-terminal peptide of ApoB and monoclonal anti-ApoB
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(C-terminal portion) were diluted 1:1000 and 1:2000, respectively for immuno-
blotting.

RESULTS AND DISCUSSION

Quantitation of ApoB in lipoprotein density fractions isolated from Caco-2
cell culture medium from four experiments showed that 0-4.67 of total ApoB was
recoverred in VLDL, 95-100% was in the LDL and only trace amount was found in
HDL (Table 2). Since ApoB-48 was observed in HDL of Caco-2 cell culture medium
(10), the analyses of ApoB were performed on the total lipoproteins of d < 1.23
g/ml or on the concentrated intact medium. As shown in Fig. 1 (gel 2), the
SDS-PAGE analysis of freshly prepared lipoproteins of d < 1.23 g/ml from Caco-2
culture medium contained only a single band with mobility corresponding to
ApoB-100. The ApoB-48 band was not detectable by Coomassie blue staining.
After immunoblotting, a trace amount of ApoB-48 was observed with anti-N-termi-
nal peptide of ApoB which could not easily be photographed (Fig. 1, pattern 3).
Thus, ApoB-100 remained the predominant band, as illustrated by immunoblotting
(Fig. 1). 1In comparison to a reference VLDL which contained a small amount of
ApoB-48, the immunoblot showed the presence of ApoB-48 band with the oligo-
clonal antibodies to N-terminal peptide of ApoB (Fig. 1, pattern 5) and the
absence of ApoB-48 band with anti-C-terminal portion of ApoB (MB47) (Fig. 1,
pattern 6). These results validate that the anti-N-terminal peptide of ApoB is
effective in detecting the authentic ApoB-48, if present, and that the anti-
C-terminal portion of ApoB should react only with ApoB-100 and not with the
ApoB-48, as described previously (22). To avoid the manipulation of lipopro-
tein isolation, concentrated intact culture medium was analyzed. Fig. 2 shows
that when the concentrated medium was analyzed immediately after collection,
ApoB-100 was the only form of ApoB detected by SDS-PAGE (gel 8) as well as by
immunoblotting (patterns 6 and 7). When the isolated lipoproteins of d < 1.23

g/ml from the same medium, with or without leupeptin, were analyzed, a trace

Table 2. Concentration and distribution of apolipoprotein B in

culture medium and lipoprotein density classes

Fraction
Total medium VLDL LDL HDL
(ug/g cell protein/h) (Percent distribution)?
63.32 + 8.49° 0-4.6 95.4-100 Trace

8Mean of 4 experiments.

bMean * SEM of 8 experiments.
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Fig. 1. Analyses of lipoproteins of d < 1.23 g/ml from Caco-2 cell culture
medium by electrophoresis and immuncoblotting. Gels 1 and 2, electro-
pherograms of calibration proteins (gel 1) and lipoproteins of d <
1.23 g/ml from Caco-2 cell culture medium (gel 2) in 3.3% polyacryla-
mide gel slabs containing SDS. Patterns 3 and 4, immunoblots with
antisera after transferring proteins from gel 2 to Immobilon transfer
membrane. Patterns 5 and 6, immunoblots of a reference VLDL which
contained ApoB-48. aN, oligoclonal antibodies to N-terminal peptide
of ApoB; aC, monoclonal antibodies to C-terminal half of ApoB, MB47

(22).
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Fig. 2. Analyses of Caco-2 cell culture medium and its lipoproteins of d <
1.23 g/ml by electrophoresis and immunoblotting. Gels 1, 8 and 9,
electropherograms on 3.3% polyacrylamide gel slab containing SDS.
Sample in gel 1, lipoproteins of d < 1.23 g/ml from Caco-2 cell cul-
ture medium; gel 8, concentrated intact culture medium from Caco-2
cell; gel 9, calibration standards same as in Fig. 1. Patterns 2-7,
immunoblots with antisera after transferring proteins from gels to
Immobilon transfer membrane. Samples in patterns 2-5, lipoproteins of
d < 1.23 g/ml from Caco-2 cell culture medium, with leupeptin (pat-
terns 2 and 4) and without leupeptin (patterns 3 and 5). Samples in
patterns 6 and 7, intact culture medium of Caco-2 cells with
leupeptin. aN, oligoclonal antibodies to N-terminal peptide of ApoB;
aC, monoclonal antibodies to C-terminal half of ApoB, MB47 (22).
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amount of ApoB-48 was detected by immunoblotting for both preparations (pat-
terns 2 and 3); thus, ApoB-100 remained the predominant band. However, by
SDS-PAGE alone, again only ApoB-100 was observed, with no detectable ApoB-48
band (Fig. 2, gel 1).

Analyses of three addigional preparations of lipoproteins from Caco-2 cell
media confirmed the same observations. These results suggest that ApoB-100 is
the major, if not the only ApoB form secreted by the intestinal Caco-2 cells
under the present culture condition. Hughes et al. (10) have also shown that
ApoB-100 was the only ApoB form present in VLDL and LDL secreted by Caco-2
cells. Furthermore, the authors observed that ApoB-48 was the minor and
ApoB-100 the major form of ApoB in HDL of the culture medium. If the presence
of stop codon in ApoB mRNA is the only mechanism for the presence of ApoB-48 in
Caco-2 cell culture medium, either the number of mRNA containing stop codon is
very small so that the "authentic" ApoB-48 derived from stop codon is minimal,

or the majority of the ApoB-48 synthesized by Caco-2 cells is not secreted.
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