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Abstract

The HepG2 cell line has been used extensively to study the
synthesis and secretion of apolipoprotein (apo) B. In this
study, we tested whether gene-targeting techniques can be used
to inactivate one of the apo B alleles in HepG?2 cells by homolo-
gous recombination using a transfected gene-targeting vector.
Our vector contained exons 1-7 of the apo B gene, in which
exon 2 was interrupted by a promoterless neomycin resistance
(neor) gene. The recombination of this vector with the cognate
gene would inactivate an apo B allele and enable the apo B
promoter to activate the transcription of the neo" gene. To de-
tect the rare homologous recombinant clone, we developed a
novel solid phase RIA that uses the apo B-specific monoclonal
antibody MB19 to analyze the apo B secreted by G418-resis-
tant (G418") clones. Antibody MB19 detects a two-allele ge-
netic polymorphism in apo B by binding to the apo B allotypes
MB19, and MB19, with high and low affinity, respectively.
HepG2 cells normally secrete both of the apo B MB19 allo-
types. Using the MB19 immunoassay, we identified a G418*
HepG2 clone that had lost the ability to secrete the MB19,
allotype. The inactivation of an apo B allele of this clone was
confirmed by the polymerase chain reaction amplification of an
865-bp fragment unique to the targeted apo B allele and by
Southern blotting of genomic DNA. This study demonstrates
that gene-targeting techniques can be used to modify the apo B
gene in HepG2 cells and demonstrates the usefulness of a novel
solid phase RIA system for detecting apo B gene targeting
events in this cell line. (J. Clin. Invest. 1992. 90:256-261.) Key
words: cholesterol  radioimmunoassay « homologous recombi-
nation « hypobetalipoproteinemia « lipoproteins

Introduction

Apo B100 is secreted by the liver as a component of VLDL (1),
a portion of which are then metabolized in the circulation to
the denser, cholesterol-enriched LDL. Apo B100 is virtually
the sole protein component of LDL, and plasma apo B100
levels correlate directly with the risk of developing atheroscle-
rotic coronary heart disease (2). Plasma apo B100 levels are
determined by a steady state resulting from the rate of synthesis
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and secretion of apo B100 from the liver and from the rate of
apo B100 clearance from the plasma. The human hepatoma
cell line HepG2 has been used extensively as a cell culture
model to study the synthesis and secretion of apo B100 from
liver cells (3, 4).

To further understand apo B synthesis and secretion, it
would be useful to be able to introduce specific mutations into
the apo B gene in HepG2 cells. This is now possible in princi-
ple, using the recently developed techniques of gene targeting.
These techniques have made it possible to inactivate genes or
to introduce subtle mutations into genes in embryonic stem
cells or in permanent cell lines (5). To inactivate a gene, the
DNA vector used contains a fragment of the gene of interest, in
which one of the exons is interrupted by a selection marker
coding for drug resistance. The homologous recombination of
the vector with the cognate gene in a cultured cell inactivates
one allele of the gene and results in a drug-resistant phenotype.
In this study, we tested whether gene-targeting techniques can
be used to inactivate an apo B allele in HepG?2 cells. The target-
ing strategy that we chose used a targeting vector containing a
promoterless neomycin resistance (neo”) gene as a selection
marker. The use of a promoterless neo” gene in the vector lim-
its viable cell clones to those in which the transfected vector
recombines near an active cellular promoter; this strategy is
applicable when the gene of interest is expressed in the cell line,
as apo B is in HepG?2 cells, and has been reported to enrich
greatly the population of selected cell clones for homologous
recombination (6, 7).

Despite the use of various enrichment strategies, identify-
ing a targeted clone is often laborious, requiring genomic DNA
analysis of hundreds or thousands of individual clones by
Southern blotting or the polymerase chain reaction (PCR). To
detect the rare homologous recombinant clone in this study, we
developed a novel solid phase RIA using the apo B-specific
monoclonal antibody MB19. Antibody MB19 detects a two-al-
lele genetic polymorphism in apo B by binding to the apo B
allotypes MB19, and MB19, with high and low affinity, respec-
tively. HepG2 cells normally secrete both of the MB19 allo-
types. The inactivation of an apo B allele in HepG?2 cells would
therefore be expected to alter the MB19 phenotype of the se-
creted apo B, which can be rapidly assessed in a double label
solid phase RIA. We used the MB19 immunoassay to identify a
targeted HepG2 clone that had lost the ability to secrete the
MBI19, allotype. This MB19 screening system will be useful for
future gene-targeting studies designed to introduce subtle mu-
tations into the apo B gene, such as those that occur in familial
hypobetalipoproteinemia.

1. Abbreviations used in this paper: neo®, neomycin resistance; PCR,
polymerase chain reaction.



Methods

Gene-targeting vector construction. The strategy for the construction of
our targeting vector was similar to that used for the inactivation of an
N-myc allele in cultured lymphocytes (6). Our vector, ~ 10 kb long,
contained three segments: a 5’ 564-bp segment of the human apo B
gene containing exon 1, intron 1, and a portion of exon 2; a middle
segment containing a promoterless neo" gene either with or without a
poly(A) signal; and an 8.3-kb 3’ apo B segment extending from intron
2 to intron 7 (Fig. 1). To construct the poly(A)~ vector, four DNA
fragments were inserted into the polylinker of pBIISK (Stratagene Inc.,
La Jolla, CA). First, a BgllI-Nrul (1083-bp) fragment [neo’/
poly(A)~] from pSV2Neo was inserted into the BamHI and Smal sites
of pBIISK. Second, a 169-bp fragment of the apo B gene extending
from just 3’ of the apo B promoter (—15 relative to the transcriptional
start site ) to the middle of exon 1 was enzymatically amplified from the
human apo B clone A5c (8) and inserted into the Xbal and Spel sites of
pBIISK. Third, a 410-bp fragment of the apo B gene extending from the
middle of exon 1 to exon 2 (apo B cDNA nucleotide 245) was ampli-
fied from ASc and inserted into the Spel site of pBIISK. The amplifica-
tion oligonucleotides that we used for the 169-bp and 410-bp fragments
were designed to eliminate the ATG translation initiation codon in
exon 1 and two ATGs in exon 2. The ATGs were eliminated to prevent
translation from beginning at these sites in a targeted cell. Finally, an
8.3-kb Asull-Kpnl fragment of A5¢ extending from intron 2 to intron 7
was inserted into the Clal and Kpnl sites of the vector. Before this final
ligation, a lone Sacll site within the Asull-Kpnl fragment was elimi-
nated so that it would be possible to linearize the vector at the poly-
linker Sacll site. A similar vector in which the neo" gene had a polyad-
enylation signal [neo/poly(A)*] was also constructed. All cloning
steps for this vector were the same as those described above except that
the Bglll/BamHI fragment of pSV2Neo was inserted into the BamHI
site of pBIISK.

Tissue cultures and electroporations. HepG?2 cells were obtained
from the American Type Culture Collection (Rockville, MD) and cul-
tured in minimum essential medium supplemented with 10% fetal bo-
vine serum, 1% nonessential amino acids, and 1% sodium pyruvate.
For the electroporations, ~ 20 ug of DNA vector were digested with
Sacll and Kpnl (releasing the plasmid sequences), ethanol precipi-
tated, and resuspended in 20 ul of Tris-EDTA. Next, HepG2 cells were
harvested by trypsinization from 80% confluent T-150 flasks, centri-
fuged at 200 g for 5 min, and resuspended in calcium- and magnesium-
free PBS, pH 7. The DNA was then transfected into 2 X 107 HepG2
cells (0.8 ml) by electroporation using a 250-V, 500-uF pulse from a
Gene Pulser (Bio-Rad Labs.-Chem.-Div., Richmond, CA). After 5
min, the cells were plated onto two 150-mm dishes. Selection with
G418 (800 ug/ml) was begun 24-48 h after the electroporation. After
3-4 wks, G418 colonies were transferred to 96-well culture plates for
RIA screening.

RIA screening. A double label, solid phase RIA was developed to
detect G418-resistant (G418") HepG2 clones that contained an inacti-
vated apo B allele. The RIA was based on the use of the apo B-specific
monoclonal antibody MB19, which detects a two-allele genetic poly-
morphism in human apo B (9); antibody MB19 binds to the apo B
allotypes MB19, and MB19, with high and low affinity, respectively.
The MB19 immunochemical polymorphism is associated with a C -
T transition in exon 4 of the apo B gene (apo B cDNA nucleotide 421),
which results in a Thr — Ile substitution at apo B amino acid 71 (10).
Previous studies have shown that HepG?2 cells are trisomic for chromo-
some 2 (11), where the apo B gene is located (12). We confirmed this
finding by karyotyping several HepG2 clones. We next examined the
MBI19 phenotype of the apo B secreted by HepG?2 cells in competitive
assays using antibody MB19 (9) and determined that HepG2 cells have
three functioning apo B alleles: one MB19, allele and two MB19, al-
leles (see Fig. 2 B). The successful inactivation of an apo B allele would
therefore result in a change in the MB19 phenotype of the secreted apo
B from 1/2/2 to either 1/2 or 2/2.

For the RIA, Dynatech Immulon 1 96-well plates ( Fisher Scientific
Co., Pittsburgh, PA) were coated for 2 h with 50 ul of PBS containing 1

ug of the apo B-specific monoclonal antibody MB47/ml (epitope be-
tween apo B100 amino acids 3429 and 3523 [13]). The plates were
then washed as described (9). Nonspecific binding sites were blocked
with PBS containing 3% BSA, and the plates were washed again. After
G418" clones were grown in fresh cell culture medium for 24 h, 50 xl of
medium from each of the 96 wells in the cell culture plates was trans-
ferred to the RIA plates and allowed to incubate for 16 h at 4°C. The
plates were washed, and 50 ul of PBS containing 3% BSA, 0.2% Tween
20, '»I-MB19 (8,000 cpm/ul), and '*'I-MB3 (8,000 cpm/ul) was
added. Antibody MB19 binds within the amino-terminal 100 amino
acids of apo B100 (14), and antibody MB3 (which does not detect the
MB19 polymorphism) binds between apo B100 amino acids 995 and
1082 (15). MB19 and MB3 were radioiodinated to specific activities of
5,000-15,000 cpm/ ng by the lactoperoxidase method (Enzymobeads;
Bio-Rad), then added to the plates for incubation for 4-8 h at 4°C. The
plates were then washed, and the individual wells were counted. In this
assay, the "*'I-MB3 cpm reflects the amount of apo B captured by
antibody MB47, and the ratio of '*I-MB19 cpm/'*'I-MB3 cpm is a
measure of the MB19 phenotype of the clone. For controls, we used
medium from nontransfected HepG2 cells (MB19 phenotype 1/2/2),
medium from Hep3B cells (MB19 phenotype 2/2), and plasma sam-
ples from laboratory personnel having MB19 1/1, 1/2, or 2/2 pheno-
types. G418" clones whose '»1/'3![ ratio was significantly different
from the standard HepG2 ratio were identified as potentially targeted
and were grown in larger culture dishes for genomic DNA analysis.

DNA analysis by PCR and Southern blotting. Genomic DNA from
G418" clones was prepared using standard methods (16) and was ana-
lyzed by two PCRs. In a control reaction, an 869-bp fragment of the
apo B gene extending from the promoter region (sequences not con-
tained in the targeting vector) to intron 2 was amplified using oligonu-
cleotide primer 1 (5' AGAAGCCAGTGTAGAAAAGCAAACAGG
3') and primer 2 (5 AGGCCAGGTAGAAGAGAGTTGGCATCC
3') (see Fig. 3). To detect a targeted clone, a target reaction was per-
formed using primer 1 and primer 3 (5' GGTCGGTCTTGA-
CAAAAAGAACCG 3'), which is located within the coding segment of
the neo” gene. This reaction amplifies an 865-bp fragment that is pres-
ent only in a targeted allele. Both amplifications were carried out for 40
cycles using denaturing, annealing, and extension temperatures of 98°
(15),62° (45 s), and 72°C (3 min), respectively. For each reaction,
2.5 U of Tagq polymerase (Cetus Corp., Emeryville, CA) was added at
the beginning of the reaction and after 15-20 cycles.

For Southern blotting, ~ 10 ug of genomic DNA was digested with
Sphl, ApaLl, or HindIII-Kpnl, separated on a 0.8% agarose gel, and
transferred to a nylon membrane (Zetaprobe; Bio-Rad). The mem-
brane was probed with a *?P-labeled HindIII-Stul apo B fragment lo-
cated in the apo B promoter region outside the vector sequences (apo B
nucleotides —1800 to —639) (Fig. 1).

Isolation and characterization of lipoproteins. Serum-free medium
was placed on HepG2 cells for 24 h, and samples were collected and
concentrated on Centriflo membrane cones (Amicon Corp., Danvers,
MA). The size of the secreted apo B-containing lipoprotein particles
was assessed by nondenaturing polyacrylamide gradient gel electropho-
resis and Western blotting as described previously (17). For electron
microscopy, aliquots of the concentrated cell culture media were ultra-
centrifuged to obtain the d < 1.063 g/ml fraction. These lipoproteins
were dialyzed against 150 mM NaCl and | mM EDTA, negatively
stained, and examined by electron microscopy as described (18). Lipo-
protein sizes determined by electron microscopy were compared using
an unpaired ¢ test.

Results

Electroporations of 2 X 107 HepG2 cells with the promoterless
neo*/poly(A)~ apo B gene-targeting vector typically yielded
10-150 G418 clones. In one experiment, in which we ana-
lyzed 87 G418 clones with the double-label screening RIA, we
identified one clone that had a '>I-MB19/'3'I-MB3 ratio that
was significantly lower than that of HepG2 cells and nearly
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homologous recombi-
nation (sequence replacement) event are shown. The targeting vector
contained exons 1-7 of the apo B gene in which a portion of exon
2 and intron 2 were replaced with a promoterless neo*/poly(A)~
gene. The homologous recombination of the targeting vector with an
apo B allele enables the apo B promoter to activate the expression of
the neo’ gene and inactivates the apo B allele. A hybridization probe
located outside the vector sequences [a HindIII-Stul fragment (—1799
to —638)] detects changes in the restriction pattern for several en-
zymes as indicated. 4, ApaLl; S, Sphl; H, HindIII; K, Kpnl; Sa, Sacl.

identical to that of LDL isolated from an MB19, (low-affinity)
homozygote (Fig. 2 A). The '*I-MB19/!3'I-MB3 ratios for the
remainder of the clones in this experiment varied by only
5-10%, demonstrating the reliability of the screening assay; no
other clones had ratios approaching the MB19 2/2 (Fig. 2 A)
or 1/2 LDL standards (data not shown). To confirm that the
clone having the altered '>I-MB19/'3'I-MB3 ratio had an al-
tered MB19 phenotype, we then tested the ability of the apo
B-containing lipoproteins from this clone and other G418
clones to compete with an LDL standard for binding to anti-
body MB19 in a competitive RIA. This RIA demonstrated that
the clone identified in the screening RIA had lost the ability to
produce apo B of the MB19, (high-affinity) allotype (Fig. 2 B).

The PCR analysis of genomic DNA demonstrated an 869-
bp control reaction amplification product that was detectable
in each clone tested and an 865-bp target reaction amplifica-
tion product that was detectable only in the potentially targeted
clone and in a plasmid control (Fig. 3), suggesting that this
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Figure 2. Alteration in the MB19 phenotype as shown by MB19 RIAs
of the targeted and nontargeted HepG?2 clones. (4) Representative
MBI19 screening assay. Microtiter plates were coated with antibody
MB47 and incubated overnight with 50 ul of cell culture medium
from each G418" clone or with LDL standards. After the plates were
washed, '*I-MB19 and '*'I-MB3 were added and allowed to incubate
for 4-6 h. The wells were then washed and counted to determine the
125_.MB19/'*'I-MB3 ratio. (B) MB19 competitive RIA. The ability of
the apo B secreted by G418" clones to compete with an apo B stan-
dard (MB19, LDL) for binding to antibody MB19 was compared (9).
Dilutions of HepG2 apo B samples and of several LDL standards
were added to the MB19 assay on the basis of their apo B content,
which was determined in a competitive RIA using antibody MB3 as
described (17).
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Figure 3. PCR analysis of G418" clones. (4) Scheme for PCRs. A
control reaction used a 5/ oligonucleotide (primer 1) located in the
apo B promoter region, upstream of the targeting vector sequences,
and a 3/ oligonucleotide (primer 2) in intron 2; this reaction was
predicted to be positive in each G418" clone. A target reaction used
the same 5/ oligonucleotide but a 3/ oligonucleotide ( primer 3) in
the neo® gene sequence. (B) PCR analysis of two nontargeted clones
and the targeted clone. A more slowly migrating heteroduplex DNA
band was seen in the control reactions for the two nontargeted clones,
but was absent in the control reaction for the targeted clone (expla-
nation in text).

clone was indeed targeted. Further supporting this conclusion,
a more slowly migrating doublet band was present in the con-
trol reaction for each of the nontargeted clones, but was absent
from the control reaction for the targeted clone. This doublet
band is created by the formation of heteroduplex DNA during
the amplification that is due to a 9-bp insertion /deletion poly-
morphism in the apo B signal peptide region (19). For the
targeted clone, this heteroduplex DNA was absent because the
recombination of the targeting vector with the MB19, apo B
allele (which is a signal peptide deletion allele) resulted in the
loss of the portion of intron 2 where primer 2 binds (Fig. 3 4).
Thus, the control PCR amplified only DNA from the two re-
maining nontargeted apo B alleles, which are both signal pep-
tide insertion alleles, and no heteroduplex DNA was formed.
The successful inactivation of an apo B allele was con-
firmed by Southern analysis of genomic DNA from the tar-
geted clone (Fig. 4). Using three different restriction enzyme
digests and a probe located outside the vector sequences, we
demonstrated that the targeted clone had unique restriction
fragments that resulted from the homologous recombination
of the vector with an apo B allele. Because the gene-targeting
vector contained two Spel sites (one in exon 1 and one at the
exon 2/neo" gene junction) that were introduced during the
construction of the vector and that are not present in the apo B
gene, we were able to assess whether these sites existed in the
targeted HepG2 apo B allele in order to localize the region of
crossover. Only the Spel site at the exon 2/neo" gene junction
was present in the targeted allele, indicating that the crossover
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Figure 4. Southern analysis of G418" clones. The analysis for two
nontargeted clones and the targeted clone with three different restric-
tion enzyme digests is shown. 10 ug of genomic DNA was digested
with Sphl, ApaLl, or HindIII-Kpnl, separated on an agarose gel, and
transferred to a nylon membrane. The membrane was probed with

a HindIII-Stul fragment from the apo B promoter sequences (see Fig.
1). All clones contained restriction fragments (Sphl, 8.3 kb; ApaLl,
3.2 kb; HindIII-Kpnl, 11.0 kb) from normal apo B alleles. The tar-
geted clone also contained restriction fragments (Sphl, 4.3 kb; ApaLl,
6.2 kb; HindIII-Kpnl, 3.4 kb) from the targeted apo B allele.

must have occurred within the 410-bp apo B segment immedi-
ately 5’ of the neo* gene (data not shown). We screened several
hundred G418 clones obtained from the neo"/poly(A)~ vec-
tor and the neo"/poly(A)* vector electroporations, but did not
identify any other targeted clones.

HepG2 cells have been shown previously to produce apo
B-containing particles that are similar in size and density to
human LDL (20). To determine whether inactivating an apo B
allele altered lipoprotein size, we measured the size of the apo
B-containing lipoproteins within the d < 1.063 g/ml fraction
of the culture medium from the targeted clone and from non-
targeted clones. No significant difference in the size of the apo
B-containing lipoproteins was observed by nondenaturing poly-
acrylamide gels (Fig. 5) or by electron microscopy (mean par-
ticle diameters for the targeted and nontargeted clones were
16.7+0.6 nm and 15.0+0.6 nm, respectively; P < 0.10).
Karyotyping of the targeted clone revealed that, like the other
HepG?2 clones examined, it had trisomy of chromosome 2.

Discussion

In this study, we demonstrate that it is possible to modify the
apo B gene in HepG2 cells by gene targeting. Using an apo
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Figure 5. A nondena-
turing 2.5-16% gradient
polyacrylamide gel
demonstrating the size
of the apo B-containing

440,000— lipoproteins that were
secreted from targeted
o and nontargeted HepG2
clones. An Isophore
DL Nontargeted  Targeted 2.5-16% gel was used as
clones clone described (17), in

which each lane con-

tained ~ 40 ng of apo
B. Antibody MB44 [epitope between apo B amino acids 2488 and
2658 (38)] was used for Western blotting. Human LDL (lane /) was
prepared from the plasma of a normolipidemic donor. The migra-
tions of two molecular weight standards (thyroglobulin, 669,000;
ferritin, 440,000) are indicated.

B-targeting vector containing a promoterless neo” gene, we in-
activated one of the three apo B alleles normally found in
HepG2 cells. The successful inactivation of an apo B allele was
demonstrated by a change in the MB19 phenotype of the apo B
secreted by the targeted clone (Fig. 2) and by PCR and South-
ern analysis of the genomic DNA from the targeted clone ( Figs.
3 and 4). This is one of only several examples of the successful
inactivation of a gene in human cells (21-23), and the first
example, to our knowledge, of successful gene targeting in a
hepatoma cell line.

The identification of a targeted clone was greatly facilitated
in this study by the development of a solid phase RIA capable
of rapidly screening many clones to detect a change in the
secreted apo B phenotype. A major difficulty with gene target-
ing in mammalian cells is that low rates of homologous recom-
bination (~ 1 in 109 transfected cells ) make it arduous to iden-
tify a targeted clone (5). The use of positive and negative drug
selection markers has improved targeting frequencies to man-
ageable rates (5), yet it still may be necessary to screen
hundreds or thousands of clones to identify a targeted clone.
The PCR has greatly facilitated this task by allowing one to
screen the DNA from pools of clones in an attempt to identify a
unique amplification product resulting from homologous re-
combination (24). The use of the PCR, however, has been
complicated by the occurrence of both false positive (24, 25)
and false negative reactions (26). Additionally, in our study,
the GC-rich promoter region of the apo B gene proved to be
difficult to amplify consistently from genomic DNA, making
the PCR difficult to use as a screening method (data not
shown). The fact that HepG2 cells normally secrete two dis-
tinct MB19 protein allotypes enabled us to develop a simple
immunoassay screening system capable of screening hundreds
of clones in just 2 d. Using this double label immunoassay, we
successfully identified a targeted clone (Fig. 2 4) despite a very
low targeting frequency.

The targeting frequency that we observed, ~ 1 in 450 for
the neo™/poly(A)~ vector, was much lower than the 20% fre-
quency described for a similar promoterless neo” gene strategy
used to inactivate an N-myc allele in lymphocytes (6). Several
factors may account for this. First, gene targeting frequencies
are highly variable among different genes and different cell
lines (5). Second, our targeting vector contained less sequence
homology on the short end of the vector (572 bp) than did the
vector used to target the N-myc gene. It is possible that the short
5" homologous segment in our vector decreased the targeting
frequency, although Hasty et al. (27) have recently demon-
strated that high targeting frequencies can be maintained with
as little as 472 bp of sequence homology included on the short
end of the targeting vector, provided there is an adequate over-
all length of homology. Third, our gene-targeting vector lacked
a portion of intron 2 that has recently been shown to contain an
apo B enhancer element (28). In a targeted cell, the deletion of
this element may have resulted in diminished apo B promoter
activity and, therefore, diminished expression of the neo* gene.
Finally, the expression of the neo” gene in a targeted clone was
also dependent on translation termination-reinitiation. Al-
though this phenomenon has been shown to occur in eukary-
otic cells (29), it may have occurred inefficiently in a targeted
clone and resulted in a relatively low level of G418 resistance.

It is possible that a different apo B gene-targeting strategy
may have resulted in a higher targeting frequency. For exam-
ple, the inclusion of a thymidine kinase gene in the targeting
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vector as a negative selection marker, a strategy that has been
successful for a number of other genes (5), may have improved
the targeting efficiency. Alternatively, an apo B sequence inser-
tion-type vector may have worked better than the sequence
replacement vector that we used. Sequence insertion vectors
have been shown to result in increased frequencies of homolo-
gous recombination at the Aprt gene locus (26 ), and, in prelimi-
nary studies, we have found a sequence insertion vector to be
more efficient than a sequence replacement vector for targeting
the mouse apo B gene in embryonic stem cells (Farese, R., Jr.,
and S. Young, unpublished data).

Despite the low targeting frequency that we observed with
the vector used in this study, the combination of better apo B
gene-targeting vectors and the powerful MB19 screening sys-
tem that we developed should provide a versatile system for
introducing mutations into the apo B gene in HepG?2 cells. For
example, the MB19 RIA that we used to detect an inactivated
apo B allele should be applicable to future gene-targeting stud-
ies designed to introduce nonsense mutations into the more 3/
exons (exons 26-29) of the apo B gene in HepG?2 cells. For this
type of study, a targeting vector could be designed in which a
neo® gene interrupts the apo B gene at the unique Sall site in
exon 26. In this case, a successfully targeted allele would be
expected to produce a truncated apo B, apo B37. Because apo
B37 would not be detected by the capture antibody (MB47) in
the MB19 screening RIA, a change in the MB19 phenotype
would be observed.

A cell line producing such a truncated apo B would be use-
ful in understanding the syndrome of hypobetalipoproteine-
mia. In this syndrome, apo B nonsense mutations result in the
production of truncated apo Bs, which are invariably found in
very low concentrations in the plasma. In many cases, the expla-
nation for the low plasma apo B levels is unknown. For exam-
ple, apo B31 is found at less than 5% of normal apo B100 levels
(30), even though apo B31 lacks the region of the apo B mole-
cule necessary for binding to LDL receptors. Transfection stud-
ies using apo B cDNA vectors containing strong viral pro-
moters suggest that apo B31 and several other truncated apo Bs
are secreted rapidly from cells (31). These transfection studies
do not address, however, whether nonsense mutations at the
apo B gene locus result in diminished apo B synthesis rates;
nonsense mutations in other genes are associated with low
mRNA levels and low protein synthesis rates (32-34). By in-
troducing nonsense mutations into exon 26 of the apo B gene
in HepG2 cells, the mRNA level and synthesis rate of a trun-
cated apo B could be compared directly with those of apo
B100.

The MB19 immunoassay could also be used to screen for
the introduction of missense mutations into the apo B gene in
HepG?2 cells. Missense mutations could be introduced using
the recently described “hit and run” gene-targeting strategy
that has made it possible to introduce subtle mutations into a
gene (35, 36). Using gene-targeting methodology to express
altered forms of apo B to study apo B structure and function
might be easier than using apo B cDNA expression strategies.
Introducing missense mutations into apo B100 cDNA expres-
sion vectors (37) involves many cloning steps, and the develop-
ment of stable cell lines expressing apo B isoforms longer than
apo B50 has proven to be difficult.

In summary, we have demonstrated that the techniques of
gene targeting can be used to modify the apo B gene in HepG2
cells. In addition to successfully inactivating an apo B allele in
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the HepG2 cell line, we have developed a novel double label
RIA that greatly facilitates the detection of apo B gene targeting
events in these cells. The use of this powerful detection assay
together with targeting vectors designed to introduce subtle
mutations into the apo B gene should create valuable new cell
culture models for studies of apo B synthesis and secretion.
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