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 Apolipoprotein (apo) B has a fundamental role in 
the transport and metabolism of plasma triacylglycerols 
(TAGs) and cholesterol and is synthesized primarily in he-
patocytes and enterocytes ( 1–3 ). ApoB is present as a sin-
gle molecule per lipoprotein particle ( 4 ) and exists in two 
forms, apoB100 (the full-length protein) and apoB48 (the 
N-terminal 48% of apoB100). The two forms derive from 
the same gene by a posttranscriptional modifi cation of the 
apoB mRNA at codon 2,153 that converts a glutamine 
codon to a stop codon ( 5 ). Studies by Xie et al. ( 6 ) pro-
vided the fi rst biologically plausible role for a mammalian 
intestinal apoB mRNA editing mechanism. ApoB100 is an 
essential structural component for the formation and se-
cretion of VLDL and is essentially the only apoprotein 
component of LDL ( 3, 7, 8 ). ApoB48 is required for the 
formation and secretion of chylomicrons and is expressed 
in mammalian intestine and in the liver of some nonhu-
man mammals ( 3, 9 ). 

 The processes involved in the assembly of apoB-contain-
ing lipoproteins in the liver are complex and are regulated 
at multiple levels throughout the secretory pathway. The 
addition of lipids to apoB is widely thought to occur in two 
steps ( 3, 10, 11 ). The fi rst step involves the addition of 
small amounts of lipids to apoB as it is translated and trans-
located into the lumen of the endoplasmic reticulum, pre-
venting its degradation and allowing for the formation of 
a partially lipidated small preVLDL particle in the HDL 
density range ( 3, 11, 12 ). In the second step, this preVLDL 
particle acquires the bulk of its core lipids and is converted 
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than MTP are involved in the formation of the PL-rich 
apoB:1000-containing initiation complex. 

MATERIALS AND METHODS

 Materials 
 FBS, sodium deoxycholate, Triton X-100, pheneylmethylsulfo-

nyl fl uoride, benzamidine, leupeptin, aprotinin, pepstatin A, 
fatty acid-free BSA, and rabbit antibody to human albumin were 
from Sigma Chemical Co. (St. Louis, MO). Horse serum (HS) 
and antibiotic-antimycotic were obtained from GIBCO BRL Bio-
logical Co. (Grand Island, NY). Tris-Glycine gels were obtained 
from Invitrogen-Novex (Carlsbad, CA). DMEM, MEM, trypsin, 
and G418 were purchased from Mediatech, Inc. (Herndon, VA). 
Protein G-Sepharose CL-4B, [ 3 H]glycerol, [ 14 C]oleic acid, and 
Amplify were from Amersham Pharmacia Biotech (Piscataway, 
NJ). TRAN 35 S-LABLE [ 35 S]methionine/cysteine was from MP 
Biomedicals, Inc. (Irvine, CA). Immobilin polyvinylidene difl uo-
ride transfer membrane and Centriprep Centrifugal Filter De-
vices YM-30 were purchased from Millipore Corp. (Bedford, 
MA). Affi nity purifi ed polyclonal antibody to human apoB100 
was prepared in our laboratory and biotinylated as previously de-
scribed ( 40 ). Monospecifi c polyclonal antibody to rat apoB was 
prepared in our laboratory as previously described ( 41 ). ApoB100 
cDNA was a gift from Dr. Zemin Yao (University of Ottawa Heart 
Institute, Ottawa, Ontario, Canada). Polyclonal antibody to bo-
vine MTP 97 kDa large subunit ( 15 ) was kindly provided by Dr. 
David Gordon (Bristol-Myers Squibb Co). 

 Construction of truncated ApoB expression plasmid 
 Truncated apoB cDNA spanning nucleotides 1-3081 of the 

full-length apoB100 cDNA was prepared from pB100L-L ( 42 ) as 
a PCR template and appropriate primers as previously described 
( 40 ). Standard cloning procedures were used to identify clones 
with 100% correct sequence ( 40 ). The apoB fragment 3,081 bp 
(apoB:1000) was ligated into the mammalian expression vector, 
the Molony murine leukemia virus-based retrovirus LNCX ( 43 ), 
and expression vectors were used for transformation. Clones har-
boring plasmids containing apoB gene with the correct orienta-
tion were identifi ed by restriction enzyme digestion and 
confi rmed by nucleotide sequencing and used to transfect McA-
RH7777 cells as previously described in detail ( 40 ). 

 Development of vectors containing miRNA-based shRNA 
expression cassettes to silence Mttp gene expression 

 The pre-miRNA sequences were designed using Invitrogen’s 
RNAi Designer online tool. Seven different double-stranded 
(ds) oligo duplexes encoding desired miRNA sequences were 
selected and cloned, either as single or multiple copies, into 
pcDNA™6.2-GW/miR, a BLOCK-iT™ Pol II miR RNAi expres-
sion vector (Invitrogen, Carlsbad, CA). The BLOCK-iT™ Pol 
II miR RNAi expression vectors are specifi cally designed to al-
low expression of engineered miRNA sequences and contain 
specifi c miR fl anking sequences that allow proper processing 
of the miRNA. The vectors also contain spectinomycin resis-
tance gene for selection in bacteria and blasticidin resistance 
gene for selection in mammalian cells. The sequences of two 
of the most effi cient oligo duplexes are as follows. The se-
quences of fi rst MTP miRNA, targeted to a sequence in exon 
10 of MTP (AGTCAGGAAGCTGTGTCAGAA), are: top se-
quence 5 ′ -TGCTGTTCTGACACAGCTTCCTGACTGTTTTG-
GCCACTGACTGACAGTCAGGACTGTGTCAGAA-3 ′  and bot-
tom sequence 5 ′ -CCTGTTCTGACACAGTCCTGACTGTCAGT-
CAGTGGCCAAAACAGTCAGGAAGCTGTGTCAGAAC-3 ′ . 

to bona fi de VLDL ( 3, 11, 13 ), presumably by fusing with a 
large, VLDL-sized, apoB-free TAG particle ( 13, 14 ). Mi-
crosomal TAG transfer protein (MTP) plays a pivotal role 
in the assembly and secretion of apoB-containing lipopro-
teins ( 15–18 ). MTP is widely thought to play a critical role 
in the fi rst-step assembly of apoB ( 19–24 ), but it is not re-
quired for the second-step core expansion during VLDL 
assembly ( 20, 22, 24, 25 ). On the other hand, several stud-
ies support the concept that MTP is essential for bulk TAG 
transfer and subsequent conversion of small apoB100-con-
taining lipoproteins to large VLDL-sized particles ( 26–29 ) 
and chylomicrons ( 30 ). The intent of this study was not to 
scrutinize the relative requirement for MTP in the fi rst-
step apoB particle assembly or the second-step particle 
core expansion. Rather, the objective here was to assess 
the role of MTP in the initial addition of phospholipids 
(PLs) to the N-terminal 1,000 residues of apoB100 and 
nucleation of the primordial prenascent apoB-containing 
initiation complex. We consider this early stage in apoB 
particle assembly to be distinct from the fi rst-step assembly 
of HDL-sized apoB lipoproteins. 

 Previous experimentally derived results in lipoprotein-
producing rat hepatoma McA-RH7777 cells ( 31 ) and mo-
lecular modeling of the  �  �  1  domain (residues 1–1,000) of 
apoB100 ( 32 ) indicated that the N-terminal 1,000 residues 
of apoB (referred to as apoB:1000, corresponding to 
apoB22.05) are required for the initiation of apoB particle 
assembly without a structural requirement for MTP. These 
results supported the earlier proposal by Segrest et al. ( 33, 
34 ). This primordial apoB:1000-containing lipoprotein 
particle was shown to be PL rich with a fi xed lipid capacity 
on the order of 50 PL for a total stoichiometry of 70 lipid 
molecules/particle ( 31 ). Subsequent studies ( 35 ) were 
carried out to determine if MTP lipid transfer activity is 
required for the formation of the PL-rich primordial 
apoB:1000-containing lipoprotein particle. Results dem-
onstrated that MTP inhibitors, BMS-200150 and BMS-197636 
( 36, 37 ), and small interfering RNA (siRNA)-mediated 
suppression of  Mttp  gene expression by 60% in apoB:1000-
expressing McA-RH7777 cells had no detectable effect on 
the synthesis, lipidation, and secretion of apoB:1000-con-
taining particles ( 35 ). However, it has been argued that it 
is possible that the remaining 40% of MTP activity is suffi -
cient to mediate the initiation of apoB lipoprotein assem-
bly ( 38 ). This valid point is based on the results of a study 
demonstrating that the PL transfer activity of MTP is suf-
fi cient for the assembly and secretion of primordial apoB 
lipoproteins in transformed African green monkey kidney 
fi broblast COS cells ( 39 ). To determine if this mechanism 
is active in hepatocytes, and as a logical and necessary con-
tinuation of our studies, we used micro (mi) RNA-based 
short hairpin RNAs (miR-shRNAs) and silenced the  Mttp  
gene expression in parental and apoB:1000-expressing 
McA-RH7777 cells by 98%. Results of metabolic labeling 
studies strongly indicate that PL transfer activity of MTP is 
not required for the assembly and secretion of primordial 
prenascent apoB:1000-containing particles in hepatocytes. 
This study indicates that, in hepatocytes, factor(s) other 
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BIO-RAD MyiQ Single Color Real Time PCR Detection System. 
ApoB mRNA level was determined using sense stand primer: AT-
GGGCCCACAGAGGCCTGCCCT and antisense strand primer: 
AGGTCAGGGTAAAGAGCAAC. 

 De novo synthesis and secretion of ApoB 
 Clonal stable transformants of McA-RH cells were grown for 4 

days in 6-well or 60 mm dishes. At the start of experiments, main-
tenance medium was removed, monolayers were washed twice 
with PBS, and fresh serum-, methionine- and cysteine-free DMEM 
was added and the incorporation of [ 35 S]methionine/cysteine 
(100 µCi/ml of medium) into newly synthesized rat endogenous 
apoB100 and apoB48 (in parental McA-RH cells) and human 
apoB:1000 (in stable transformants of McA-RH cells) was deter-
mined after 4 h or overnight incubation. The [ 35 S]labeled condi-
tioned medium was collected and preservative mixture described 
previously ( 35 ) was added to prevent oxidative and proteolytic 
damage. Lysis buffer containing preservative cocktail ( 35 ) plus 
leupeptin (50  � g/ml) and pepstatin A (50  � g/ml) was added to 
PBS-washed cells, and cell lysate was processed as previously de-
scribed ( 40 ). The [ 35 S]labeled human apoB:1000 in cell lysate 
and secreted into the medium was isolated by immunoprecipita-
tion using monospecifi c polyclonal antibody to human apoB100 
( 44 ). Rat [ 35 S]labeled endogenous apoB100 and apoB48 in the 
conditioned medium were isolated by immunoprecipitation us-
ing monospecifi c polyclonal antibody to rat apoB (developed in 
our laboratory) as described ( 35 ). 

 Metabolic labeling of the lipid moiety of ApoB-containing 
lipoprotein particles 

 At the start of experiments, maintenance medium was re-
moved; cells were washed twice with PBS and were incubated for 
17 h in serum-free DMEM containing [ 3 H]glycerol (7 µCi/ml of 
medium). In experiments where the radiolabeled lipids associ-
ated with apoB-containing particles were determined by autora-
diography, cells were labeled with both [ 3 H]glycerol and [ 14 C]
oleic acid (0.4 mM) bound to 0.75% BSA to enhance the signal. 
The labeled conditioned medium was processed and supple-
mented with preservatives as described above. Cell monolayers 
were washed with PBS, scraped off the plate in 1.0 ml PBS, and 
sonicated. The incorporation of [ 3 H]glycerol into various lipid 
moieties of apoB-containing lipoproteins secreted into the me-
dium was determined by nondenaturing gradient gel electropho-
resis (NDGGE) and lipid extraction described below. Aliquots of 
sonicated cell suspension were analyzed for various lipids de-
scribed below; protein content was measured by the method of 
Lowry et al. ( 47 ). 

 NDGGE 
 The [ 3 H]glycerol-labeled conditioned medium was subjected 

to 4 � 20% NDGGE as previously described ( 31, 40 ). Gels were 
stained and the bands corresponding to rat endogenous apoB100 
or human apoB:1000, identifi ed by immunoblotting of a dupli-
cate gel, were excised and analyzed for lipids as described 
below. 

 Lipid analysis of isolated full-length and truncated 
ApoB-containing particles 

 The [ 3 H]labeled lipids associated with the gel-isolated rat en-
dogenous apoB100- or human apoB:1000-containing particles 
were extracted with chloroform/methanol (2:1) as previously de-
scribed in detail ( 31 ). The extracted lipids were applied to TLC 
plate and bands corresponding to PL, diacylglycerols (DAGs), 
and TAG, identifi ed by comparison to known standards, were 
scraped off the plate and quantifi ed by liquid scintillation ( 31 ). 

The sequences of the second MTP miRNA, targeted to the 
3 ′  UTR of MTP (AAATGCTTTGACGTGCCTAA) are: top se-
quence 5 ′ -TGCTGTTAGGCACGTCAAAGCATTTCGTTTTG-
GCCACTGACTGACGAAATGCTGACGTGCCTAA-3 ′  and bot-
tom sequence 5 ′ -CCTGTTAGGCACGTCAGCATTTCGTCAGT-
CAGTGGCCAAAACGAAATGCTTTGACGTGCCTAAC-3 ′ . The 
sequences of the negative control oligo duplex are as follows: 
top sequence 5 ′ -GCTGAAATGTACTGCGCGTGGAGACGTTTT-
GGCCACTGACTGACGTCTCCACGCAGTACATTT-3 ′  and bot-
tom sequence 5 ′ -CCTGAAATGTACTGCGTGGAGACGTCA-
GTCAGTGGCCAAAACGTCTCCACGCGCAGTACATT T C-3 ′ . 
Vectors harboring the above oligo duplexes, as single or multiple 
copies (for maximizing effi ciency of gene silencing), were con-
structed according to the manufacturer’s instructions.  Escherichia 
coli  DH5 �  cells were transformed using the vectors harboring 
MTP miRNA or negative control miRNA. Plasmids were purifi ed 
using standard techniques, analyzed to confi rm correct sequence, 
and used to transfect parental and apoB:1000-expressing McA-
RH7777 cells as previously described ( 31, 35, 40, 44 ). 

 Cell culture and transfection 
 Rat hepatoma McA-RH7777 cells (referred to as McA-RH 

hereon) were obtained from American Type Culture Collec-
tion (Rockville, MD). Generation of clonal stable transformants 
of McA-RH cells expressing apoB:1000 (denoting amino acid 
residues 1–1,000 of the mature protein lacking the signal pep-
tide) has previously been described in detail ( 40 ). Cells were 
grown in DMEM containing 20% HS, 5% FBS, and 0.2 mg/ml 
G418, and medium was changed every 48 h. All experiments 
were conducted with 4- to 5-day-old cells as previously described 
( 40 ). To transfect negative control miRNA or MTP miRNA into 
parental McA-RH, cells were seeded onto 60-mm dishes and 
grown in DMEM containing 20% HS and 5% FBS as described 
above. After 24 h and at approximately 50–60% confl uency, 
cells were transfected using  Trans IT ®  –LT1 Transfection Re-
agent (Mirus, Madison, WI) according to the manufacturer’s 
instructions. Cells were trypsinized 48 h posttransfection and 
were grown in DMEM containing serum and 10  � g/ml blastici-
din (Invitrogen, Carlsbad, CA) to select for clonal stable cells. 
Approximately 12–20 blasticidin-resistant colonies from each 
transfection were selected and were then maintained in DMEM 
containing serum and 5  � g/ml blasticidin for 18–20 days. Me-
dium was changed twice weekly, and cells were expanded every 
4 days as described previously ( 31 ). This approach was neces-
sary to reduce the level of preexisting MTP which has a long 
half-life, i.e., 4.4 days in HepG2 cells ( 45 ). Transfection of 
apoB:1000-expressing McA-RH cells was carried out as de-
scribed for parental McA-RH cells. The effi ciency of transfec-
tion was established by determining MTP mRNA level by 
RT-PCR and MTP protein level by Western blot analysis ( 46 ) 
using polyclonal antibody to MTP 97 kDa large subunit (a gift 
from Dr. David Gordon, Bristol-Myers Squib Pharmaceutical 
Research Institute, Princeton, NJ). 

 mRNA analysis 
 Total RNA from cells was isolated with Trizol Reagent (Invitro-

gen, Carlsbad, CA). MTP mRNA was determined by one-step 
semiquantitative RT-PCR using sense strand primer: AGGCTG-
GGGAAGGGCCCGTC and anti-sense strand primer: AATGT-
TCTTCACATCCATGT producing a 200 bp fragment of rat MTP 
mRNA. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
mRNA level was used as internal control using sense strand 
primer: GACAAGATGGTGAAGGTCGGT and antisense strand 
primer: TTGGCCCCACCCTTCAGGTG. MTP and apoB mRNA 
levels were also determined by quantitative real-time PCR using 
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fected with miR-shRNA-negative control. Both cassettes A 
and B markedly decreased MTP mRNA level as compared 
with parental untransfected McA-RH cells or cells trans-
fected with miR-shRNA-negative control ( Fig. 1A ). The 
GAPDH mRNA level was the same in all four cell lines 
( Fig. 1A ) supporting the specifi city of miR-shRNA-MTP. 
The ability of cassette A to silence  Mttp  gene expression in 
McA-RH cells was greater than that of cassette B ( Fig. 
1A ). 

 Several clonal stable transformants of McA-RH cell lines 
transfected with either expression cassette A ( Fig. 1C , 
lanes 2–5) or cassette B ( Fig. 1C , lanes 6–9) were tested for 
MTP protein levels after 18–20 days in the maintenance 
medium containing serum and 5  � g/ml blasticidin. This 
extended time was necessary to allow for degradation of 
any preexisting MTP protein that has been reported to 
have a long half-life of 4.4 days in HepG2 cells ( 45 ). All 
clones ( Fig. 1C , lanes 2–9) contained signifi cantly lower 
MTP protein compared with control McA-RH cells ( Fig. 
1C , lane 1). The  � -actin level was the same in all cell lines 
( Fig. 1C ), supporting the specifi city of miR-shRNA-MTP 
cassettes. These studies led to the identifi cation of two 
stable McA-RH cell lines that did not contain any detect-
able MTP protein (approximately 2% of that found in the 
control cells) after normalization for the  � -actin level. 
These cell lines are referred to as: miR-shRNA-MTP cas-
sette A clone #6 ( Fig. 1C , lane 3) and miR-shRNA-MTP 
cassette B, clone #2 ( Fig. 1C , lane 9). A plausible reason 
for the very low level of MTP mRNA in the setting of near 
absence of MTP protein, observed in this study ( Fig. 1 ), 
might be a specifi c feature of miRNA-based shRNA-medi-
ated gene silencing technique. This approach could result 
in mRNA cleavage and repression of translation as well as 

 Immunoblot analysis 
 The human apoB:1000-containing particles were separated by 

4–12% SDS-PAGE ( 48 ) or 4–20% NDGGE. After electrophoresis, 
proteins were detected by Western blot analysis ( 46 ) using bio-
tinylated antibody to human apoB100 as previously described 
( 40 ). The level of MTP protein in the cells was determined by 
Western blot analysis using polyclonal antibody to bovine MTP 97 
kDa large subunit ( 15 ). 

 Microsomal triglyceride transfer protein activity assay 
 The activity of MTP in cell homogenate (100  � g protein) was 

determined by fl uorescence assay ( 37, 49 ) using Roar MTP Activ-
ity Assay Kit, Roar Biochemical (New York, NY) according to the 
manufacturer’s protocol. 

RESULTS

 RNAi-mediated silencing of Mttp gene expression in 
parental McA-RH cells 

 Seven different miR-shRNA-MTP sequences were tested 
for their capacity to silence  Mttp  gene expression in McA-
RH cells. The sequences of the two most effective oligo 
duplexes are provided in “Materials and Methods.” To 
maximize the effi ciency of gene silencing, we developed 
several vectors containing either a single or multiple cop-
ies of each or a combination of the two above-mentioned 
most effi cient miR-shRNA-MTP expression cassettes. 
These experiments led to the identifi cation of two miR-
shRNA-MTP expression cassettes (referred to as A and B) 
that were the most effi cient in silencing  Mttp  gene expres-
sion. As shown in   Fig. 1  ,  we found equivalent levels of MTP 
mRNA ( Fig. 1A ) and protein ( Fig. 1B ) in both the paren-
tal untransfected McA-RH cells and cells that were trans-

  Fig.   1.  RNAi-mediated silencing of  Mttp  gene ex-
pression in McA-RH cells. A: McA-RH cells were 
transfected with miR-shRNA-MTP (cassette A or B) 
or with miR-shRNA-negative control. The mRNA 
levels of MTP and GAPDH were measured by RT-
PCR. B: The levels of MTP protein and  � -actin inter-
nal control in parental untransfected McA-RH cells 
and McA-RH cells transfected with miR-shRNA-neg-
ative control were determined by Western blot anal-
ysis. C: The levels of MTP protein and  � -actin 
internal control in McA-RH cells transfected with 
miR-shRNA-negative control (lane 1) and several 
clonal stable transformants of McA-RH cell lines 
transfected with either miR-shRNA-MTP, cassette A 
(lanes 2–5) or cassette B (lanes 6–9) were deter-
mined by Western blot analysis using antibody to 
bovine MTP 97 kDa large subunit and antibody to 
 � -actin, respectively.   
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assisted image processing demonstrated >95% inhibition 
in the secretion of newly synthesized rat apoB100 in MTP-
defi cient McA-RH cells compared with cells transfected 
with miR-shRNA-negative control (data not shown). 

 Although McA-RH cells are known to secrete predomi-
nantly apoB100-containing lipoproteins ( 51–53 ), they also 
secrete apoB48. Therefore, the role of MTP in the secre-
tion of apoB48 was examined by metabolic labeling of 
parental and MTP-defi cient McA-RH cells with [ 35 S]
methionine/cysteine in the presence or absence of MTP 
inhibitors. For a better separation of apoB100 and apoB48, 
the immunoprecipitated [ 35 S]labeled proteins were sepa-
rated by 6% SDS-PAGE and visualized by autoradiography. 
In parental untransfected McA-RH cells, MTP inhibitor 
BMS-197636 (0.1 µM) caused a 77% decrease in the secre-
tion of [ 35 S]labeled apoB100 as well as the 250 kDa pro-
tein, presumed to be apoB48, when compared with cells 
incubated with Me 2 SO vehicle control ( Fig. 2C ). As shown 
in  Fig. 2A, B , secretion of apoB48 could not be detected in 
McA-RH cells with 98% MTP defi ciency. Therefore, to fur-

inhibition of protein synthesis ( 50 ). Therefore, even in 
the presence of very low levels of MTP mRNA, there could 
be total absence of MTP protein, shown in  Fig. 1 . 

 RNAi-mediated silencing of Mttp gene expression 
in parental McA-RH cells drastically diminishes the 
secretion of rat endogenous apoB100 and apoB48 

 Cells were metabolically labeled with [ 35 S]methionine/
cysteine, and the secreted apoB was immunoprecipitated 
using polyclonal antibody to rat apoB. Labeled proteins 
were resolved by 4–12% SDS-PAGE and visualized by auto-
radiography. As expected, the secretion of rat endogenous 
[ 35 S]labeled apoB100 was drastically decreased ( Fig. 2A , 
lanes 2 and 3)  or nearly abolished ( Fig. 2B , lanes 2 and 3) 
with miR-shRNA-MTP cassettes A and B compared with 
cells transfected with miR-shRNA-negative control ( Fig. 
2A, B , lane 1). The secretion of the protein with apparent 
molecular mass of 250 kDa was completely abolished in 
MTP-defi cient McA-RH cells ( Fig. 1A, B ). Analysis of the 
intensities of [ 35 S]labeled apoB100 bands by computer-

  Fig.   2.  Silencing of  Mttp  gene expression in parental McA-RH cells drastically diminishes the secretion of rat endogenous apoB100 and 
apoB48 and lipidation of LDL-sized apoB100-containing particles. A and B: McA-RH cells transfected with miR-shRNA-negative control (lane 
1), miR-shRNA-MTP cassette A, clone #6 (lane 2), or miR-shRNA-MTP cassette B, clone #2 (lane 3) were labeled with [ 35 S]methionine/
cysteine (100  � Ci/ml) for 4 h. The [ 35 S]labeled apoB secreted into the conditioned medium was isolated by immunoprecipitation using 
monospecifi c polyclonal antibody to rat apoB. Proteins were separated by 4–12% SDS-PAGE and subjected to autoradiography. C: McA-RH 
cells with 70% MTP defi ciency were metabolically labeled with [ 35 S]methionine/cysteine (100  � Ci/ml) for 4 h in the presence or absence 
of BMS-197636 (0.1  � M). The [ 35 S]labeled apoB proteins in the conditioned medium were immunoprecipitated using monospecifi c poly-
clonal antibody to rat apoB; proteins were separated on 6% SDS-PAGE and visualized by autoradiography. D: McA-RH cells transfected with 
miR-shRNA-negative control (lane 1), miR-shRNA-MTP cassette A, clone #6 (lane 2), or miR-shRNA-MTP cassette B, clone #2 (lane 3) were 
metabolically labeled with [ 3 H]glycerol (7  � Ci/ml) for 17 h. The [ 3 H]labeled conditioned medium was concentrated 10-fold and subjected 
to 4–20% NDGGE for 48 h. Gels were stained and dried and intact particles were visualized by autoradiography. E: A bar graph illustrating 
the levels of [ 3 H]labeled lipids associated with intact LDL-sized apoB100-containing particles, shown in  Fig. 2D , determined by computer-
assisted image processing and normalized to cell protein. Values are representative of six samples from three separate experiments.   
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RH cells were transfected with the miR-shRNA-MTP tar-
geted to the 3 ′  UTR of MTP, which was determined to be 
the most effi cient in silencing  Mttp  gene expression in pa-
rental McA-RH cells ( Figs. 1 and 2 ). 

 As shown in   Fig. 3A   (representative of three individual 
dishes), we found equivalent levels of MTP mRNA in pa-
rental untransfected McA-RH cells ( Fig. 3A , lane 1), con-
trol apoB:1000-expressing McA-RH cells ( Fig. 3A , lane 
2), and apoB:1000-expressing McA-RH cells transfected 
with miR-shRNA-negative control ( Fig. 3A , lane 3).  
Transfection of apoB:1000-expressing McA-RH cells with 
miR-shRNA-MTP ( Fig. 3A , lane 4) decreased the levels of 
MTP mRNA by 90% compared with negative control 
apoB:1000-expressing McA-RH cells ( Fig. 3A , lane 3). 
The GAPDH mRNA level was the same in all four cell 
lines supporting the specifi city of miR-shRNA-MTP ( Fig. 
3A ). The apoB mRNA levels were the same in all four cell 
lines ( Fig. 3A ), indicating that MTP defi ciency does not 
alter  ApoB  gene expression in McA-RH cells. The MTP 
mRNA levels were also determined by real-time PCR ( Fig. 
3B ) and confi rmed the results obtained by semiquantita-
tive RT-PCR ( Fig. 3A ). The MTP mRNA levels in MTP-
defi cient parental and apoB:1000-expressing McA-RH 
cells were decreased by approximately 98% when com-
pared with control parental untransfected McA-RH cells 
( Fig. 3B ). 

 Western blot analysis, using polyclonal antibody to bo-
vine MTP 97 kDa large subunit ( 15 ), of cell lysate demon-
strated equal MTP protein levels in parental untransfected 
McA-RH cells ( Fig. 3C , lane 1), control apoB:1000-express-
ing McA-RH cells ( Fig. 3C , lane 2), and apoB:1000-ex-
pressing McA-RH cells transfected with miR-shRNA-negative 
control ( Fig. 3C , lane 3). After 6 weeks in culture, the lev-
els of MTP protein in apoB:1000-expressing McA-RH cells 
transfected with miR-shRNA-MTP ( Fig. 3C , lane 4) was de-
creased by 98% compared with cells transfected with miR-
shRNA-negative control ( Fig. 3C , lane 3). The  � -actin level 
was the same in all cell lines ( Fig. 3C ), establishing the 
specifi city of miR-shRNA-MTP. Thus, we were able to 
achieve near complete silencing of  Mttp  gene expression, 
at both mRNA and protein levels, in stable transformants 
of apoB:1000-expressing McA-RH cells using miR-shRNA-
MTP targeted to the 3 ′ UTR of MTP. The activity of resid-
ual MTP in MTP-defi cient cells was determined using 
a Roar MTP Activity Assay Kit (Roar Biochemical, New 
York, NY). Under the assay condition suggested by 
the manufacturer (Roar Biochemical), MTP activity in 
MTP-knockdown apoB:1000-expressing McA-RH cells was 
approximately 8% of that of wild-type cells. 

 RNAi-mediated total silencing of Mttp gene expression 
has no signifi cant effect on the synthesis and secretion 
of apoB:1000-containing particle expressed in stable 
transformants of McA-RH cells 

 As shown in   Fig. 4A  , there were no signifi cant differ-
ences in either the secretion or cellular accumulation of 
[ 35 S]labeled apoB:1000 between the control apoB:1000-
expressing McA-RH cells ( Fig. 4A , lane 1) and cells that 
were transfected with either miR-shRNA-negative control 

ther evaluate the relative importance of MTP in the syn-
thesis and secretion of apoB100 and apoB48, we used 
McA-RH cells with approximately 70% MTP defi ciency. 
Results showed that the secretion of both [ 35 S]labeled 
apoB100 and [ 35 S]labeled apoB48 was decreased by 73% 
in McA-RH cells with 70% MTP defi ciency when compared 
with control untransfected McA-RH cells ( Fig. 2C ). Fur-
thermore, addition of BMS-197636 (0.1 µM) abolished the 
secretion of both apoB100 and apoB48 ( Fig. 2C ). These 
results suggest that, under the experimental conditions 
employed, MTP is required for the secretion of both 
apoB100 and apoB48 in McA-RH cells. 

 RNAi-mediated silencing of MTP gene expression in 
parental McA-RH cells markedly reduces the lipid content 
and alters the lipid composition of rat endogenous 
apoB100-containing particles 

 The effect of MTP silencing on the lipidation of rat en-
dogenous apoB100-containing particles is shown in  Fig. 
2D . As expected, compared with McA-RH cells transfected 
with miR-shRNA-negative control ( Fig. 2 D , lane 1), there 
was a marked reduction in [ 3 H]labeled lipid content of rat 
endogenous LDL-sized apoB100-containing particles se-
creted by McA-RH cells transfected with either miR-shRNA-
MTP, cassette A ( Fig. 2D , lane 2) or cassette B ( Fig. 2D , 
lane 3). The plot of the relative intensities of [ 3 H]labeled 
lipids associated with the LDL-sized bands in  Fig. 2D , dem-
onstrated greater than 90% decrease in [ 3 H]labeled lipid 
content of secreted LDL-sized particles in MTP-defi cient 
McA-RH cells when compared with cells transfected with 
miR-shRNA-negative control ( Fig. 2E ). Quantitative deter-
mination of lipids associated with intact particles showed a 
reduction of 78% (with cassette A) and 74% (with cassette 
B) in the [ 3 H]labeled content of LDL-sized apoB100-con-
taining lipoproteins secreted by MTP-defi cient McA-RH 
cells (data not shown). This decrease was more pro-
nounced in TAG than in PL and DAG, resulting in the se-
cretion of LDL-sized apoB100-containing particles that 
contained a lower percent content of TAG and higher per-
cent contents of PL (data not shown). 

 Effect of MTP defi ciency on the synthesis and secretion 
of human apoB:1000 in stable transformants of 
McA-RH cells 

 We previously showed that inactivation of MTP lipid 
transfer activity by inhibitors BMS-197636 and BMS-200150 
had no detectable effect on the secretion of human 
apoB:1000 in stable transformants of McA-RH cells ( 35 ). 
Similar results were obtained in apoB:1000-expressing 
McA-RH cells with siRNA-mediated 60% reduction in  Mttp  
gene expression ( 35 ). However, we could not rule out the 
possibility that the remaining 40% of MTP would be suffi -
cient to support the initiation of apoB particle assembly. 
Achieving the challenging task of near complete silencing 
of MTP expression in parental McA-RH cells in the pres-
ent study provided us with a unique opportunity to deter-
mine if MTP is in fact required for the formation of 
prenascent PL-rich apoB:1000-lipoprotein particle. To this 
end, stable transformants of apoB:1000-expressing McA-
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 MTP defi ciency has no detectable effect on the 
content or composition of lipids associated with intact 
ApoB:1000-containing particles secreted by stable 
transformants of McA-RH cells 

 Cells were metabolically labeled with [ 3 H]glycerol for 
17 h, and labeled conditioned medium was subjected to 
NDGGE. Gels were run in duplicates; one gel was analyzed 
by Western blotting using polyclonal antibody to human 
apoB100 (  Fig. 5A  ),  and the second gel was stained and 
subjected to autoradiography ( Fig. 5B ). Western blot anal-
ysis demonstrated equal levels of apoB:1000 in intact par-
ticles secreted by control apoB:1000-expressing McA-RH 
cells ( Fig. 5A , lanes 1 and 2) and cells transfected with ei-
ther miR-shRNA-negative control ( Fig. 5A , lanes 3 and 4) 
or miR-shRNA-MTP ( Fig. 5A , lanes 5 and 6). Similarly, 
there were no detectable differences between the [ 3 H]la-
beled lipid content of intact apoB:1000-containing parti-
cles secreted by control apoB:1000-expressing McA-RH 
cells ( Fig. 5B , lanes 1 and 2) and cells transfected with ei-
ther miR-shRNA-negative control ( Fig. 5A , lanes 3 and 4) 
or miR-shRNA-MTP ( Fig. 5B , lanes 5 and 6). A plot of the 
relative intensities of [ 3 H]labeled lipids associated with 
the apoB:1000-containing bands and normalized for cell 
protein showed that the absence of MTP had no effect on 

( Fig. 4A , lane 2) or miR-shRNA-MTP ( Fig. 4A , lane 3).  The 
relative intensities of [ 35 S]labeld apoB:1000 bands in me-
dium and cells from triplicate dishes were determined by 
computer-assisted image processing, normalized for cell 
protein, and plotted ( Fig. 4B ). Results demonstrated that 
the near absence of MTP did not impair the synthesis and 
secretion of apoB:1000 in stable transformants of McA-RH 
cells. The modest decrease in the secretion of apoB:1000 
was not statistically signifi cant. 

 To assess if the remaining 2% MTP protein detected in 
MTP-defi cient cells was suffi cient to mediate the transfer 
of PL to apoB:1000 and particle assembly, we employed 
BMS-197636, a potent inhibitor of MTP lipid transfer ac-
tivity ( 37 ). Cells were labeled with [ 35 S]methionine/
cysteine in the presence or absence of 0.1  � M BMS-197636 
and labeled apoB:1000 in the conditioned medium, and 
cell lysate was immunoprecipitated with polyclonal anti-
body to human apoB100 and analyzed by SDS-PAGE and 
autoradiography. Results demonstrated that inhibition of 
the residual PL transfer activity of MTP had no further ef-
fect on the net synthesis and secretion of apoB:1000 ( Fig. 
4C ). Thus, total elimination of MTP activity did not signifi -
cantly affect the total synthesis and secretion of apoB:1000 
( Fig. 4D ). 

  Fig.   3.  RNAi-mediated silencing of  Mttp  gene expression in stable transformants of apoB:1000-expressing McA-RH cells. A: The mRNA 
levels of MTP, apoB, and GAPDH in parental untransfected McA-RH cells (lane 1), control apoB:1000-expressing McA-RH cells (lane 2), 
and apoB:1000-expressing McA-RH cells transfected with either miR-shRNA-negative control (lane 3) or miR-shRNA-MTP targeted to 
3 ′ UTR of MTP (lane 4) were measured by RT-PCR. B: The mRNA levels of parental untransfected McA-RH cells, MTP-defi cient McA-RH 
cells, and MTP-defi cient apoB:1000-expressing McA-RH cells were determined by real-time PCR. C: The levels of MTP protein and  � -actin 
internal control in parental untransfected McA-RH cells (lane 1), control apoB:1000-expressing McA-RH cells (lane 2), and apoB:1000-
expressing McA-RH cells transfected with either miR-shRNA-negative control (lane 3) or miR-shRNA-MTP targeted to 3 ′ UTR of MTP (lane 
4) were determined by Western blot analysis using antibody to bovine MTP 97 kDa large subunit and antibody to  � -actin, respectively.   
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in MTP-defi cient apoB:1000-expressing McA-RH cells were 
not different from those in control cells ( Table 1 ). 

DISCUSSION

 Despite myriad studies on the role of MTP in VLDL se-
cretion, its requirement for the initial step of apoB particle 
assembly remains controversial. The mechanisms involved 
in the assembly and secretion of apoB-containing lipopro-
teins have be en under intense investigation in our labora-
tory. Specifi cally, we have focused on structural elements in 
apoB that are required for the initiation of particle assem-
bly. Based on our experimentally derived results ( 31 ) and 
molecular modeling of the  �  �  1  domain (residues 1–1,000) 
of apoB100, referred to as apoB:1000 ( 32 ), we previously 
proposed a model for the initiation of apoB particle assem-
bly. In this model, the fi rst 1,000 residues of apoB are re-
quired for the formation of a stable initiation complex that 
is PL rich and has a maximum capacity on the order of 50 
molecules of PLs ( 31 ). We proposed that this primordial 
apoB particle can be formed without a structural require-
ment for MTP via four salt bridges between a tandem series 
of four charged residues (Arg997, Glu998, Asp999, and 
Arg1000) located at the C-terminal end of the model, with 

the lipid content of the secreted apoB:1000-containing 
particles ( Fig. 5C ). 

 In a separate series of four experiments, the [ 3 H]labeled 
apoB:1000-containing particles were excised from the na-
tive gels, and lipids were extracted from the particles as 
previously described ( 31 ). Quantitative determination of 
[ 3 H]labeled lipids likewise demonstrated identical levels 
of lipids associated with apoB:1000-containing particles 
secreted by stable transformants of McA-RH cells in the 
presence or absence of MTP (  Table   1  ).  Furthermore, no 
changes were observed in the lipid composition of the 
apoB:1000-containing particles secreted by MTP-defi cient 
McA-RH cells compared with control cells ( Table 1 ). Com-
plete silencing of MTP in apoB:1000-expressing McA-RH 
cells had no major effect on the accumulation of [ 3 H]la-
beled total lipids in the cells compared with the control 
apoB:1000-expressing cells ( Table 1 ). There was a modest 
increase of approximately 15% in the lipids accumulated 
in cells transfected with miR-shRNA-negative control com-
pared with control apoB:1000-expressing cells ( Table 1 ). 
The exact reason for this increase is currently not clear but 
could potentially be due to the nonspecifi c effects of miR-
shRNA. With the exception of a small increase in TAG, the 
composition of newly synthesized lipids that accumulated 

  Fig.   4.  RNAi-mediated total silencing of  Mttp  gene expression has no effect on the secretion or cellular 
accumulation of apoB:1000 in stable transformants of McA-RH cells. A: Control apoB:1000-expressing McA-
RH cells (lane 1) and cells transfected with either miR-shRNA-negative control (lane 2) or miR-shRNA-MTP 
targeted to 3 ′ UTR of MTP were labeled with [ 35 S]methionine/cysteine (100  � Ci/ml) for 4 h. The [ 35 S]la-
beled apoB:1000 secreted into the conditioned medium and accumulated in the cells were isolated by im-
munoprecipitation using monospecifi c polyclonal antibody to human apoB100. Proteins were separated 
by 4-12% SDS-PAGE and subjected to autoradiography. B: A bar graph illustrating the levels of [ 35 S]labeled 
apoB:1000 in cells and medium, shown in  Fig. 4A , determined by computer-assisted image processing and 
normalized to cell protein. Values are mean ± SE of triplicate dishes. C: MTP-defi cient apoB:1000-expressing 
McA-RH cells were metabolically labeled with [ 35 S]methionine/cysteine (100  � Ci/ml) for 4 h in the absence 
(lane 1) or presence (lane 2) of BMS-197636 (0.1  � M). The [ 35 S]labeled apoB:1000 secreted into the condi-
tioned medium and accumulated in the cells were isolated by immunoprecipitation using monospecifi c 
polyclonal antibody to human apoB100 and analyzed by SDS-PAGE and autoradiography. D: A bar graph il-
lustrating the total [ 35 S]labeled apoB:1000 in cells and medium, shown in  Fig. 4C , determined by computer-
assisted image processing and normalized to cell protein. Values are mean ± SE of triplicate dishes.   
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apoB:1000-containing particles. To address this issue, we 
initially tested the effects of two inhibitors of lipid transfer 
activity of MTP, BMS-l97636, and BMS-200150 ( 36, 37 ) on 
the synthesis and secretion of apoB:1000 in McA-RH cells 
( 35 ). Results demonstrated that inhibition of MTP activity 
had no effect on the synthesis, lipidation, and secretion of 
apoB:1000-containing particles in stable transformants of 
McA-RH cells ( 35 ). Considering the possibility that these 
inhibitors may not be totally specifi c, we were compelled 
to examine the secretion of apoB:1000 in siRNA-mediated 
MTP-knockdown McA-RH cells. Results showed that a 60% 
reduction in  Mttp  gene expression had no detectable ef-
fect on the assembly and secretion of apoB:1000-contain-
ing particles ( 35 ). However, it has been argued that the 
remaining 40% of MTP might be suffi cient to mediate the 
initiation of apoB particle assembly ( 38 ). One of the most 
convincing means of precluding this possibility was to 
achieve complete silencing of  Mttp  gene expression in 
McA-RH cells and demonstrate unimpaired secretion of 
intact lipidated apoB:1000-containing particles. To this 
end, we used miR-shRNAs and succeeded in decreasing 
the MTP protein level in parental McA-RH cells by 98%. 
This magnitude of reduction in MTP protein level is simi-
lar to that reported in liver-specifi c  Mttp  conditional 
knockout mice ( 28, 54 ). Consistent with the study by Raabe 
et al. ( 28 ) in liver-specifi c  Mttp  conditional knockout mice, 
we did not detect any difference in apoB mRNA levels be-
tween the wild-type and MTP-defi cient McA-RH cells, indi-
cating that MTP defi ciency does not alter  Apob  gene 
expression. 

 The marked reduction in the synthesis, lipidation, and 
secretion of rat endogenous apoB100 in MTP-defi cient 
McA-RH cells corresponded to the decrease in MTP mRNA 
and protein levels in these cells. MTP defi ciency also di-
minished the secretion of a 250 kDa protein to the same 
extent as that of apoB100. Because this protein was immu-
noprecipitated by a monospecifi c polyclonal antibody to 
rat apoB, it is presumed to be rat endogenous apoB48. 
Thus, under the experimental conditions employed in 
this study, we conclude that MTP is required for the secre-
tion of both apoB100 and apoB48 in rat hepatoma McA-
RH cells. Although studies in mice with liver-specifi c 
inactivation of  Mttp  gene have consistently demonstrated a 
marked reduction (>95%) in the plasma levels and hepatic 
secretion of apoB100 ( 28, 29, 55 ), results on apoB48 are 
more variable. Using liver-specifi c  Mttp  knockout mice, 
one study found a marked reduction in plasma apoB48 
( 54 ), while another study found moderate decreases in 
both the plasma level and hepatic secretion of apoB48 
( 28 ). Yet, a third study observed variable changes in plasma 
apoB48 ranging from no change to  � 50% reduction and 
a modest decrease in hepatic secretion of apoB48 ( 28 ). 
The variability in the plasma levels of apoB48 in the above 
studies could be explained by potential differences in the 
intestinal secretion of apoB48 in liver-specifi c  Mttp  knock-
out mice under different dietary conditions. However, the 
observed reduction in hepatic apoB48 would imply that 
the secretion of both apoB100 and apoB48 from hepato-
cytes requires the presence of functional MTP. MTP is 

a complementary tandem series of four charges (Glu720, 
His719, Lys718, and Asp717) in the unmodeled loop re-
gion (residues 670–745) ( 32 ). In a recent publication ( 44 ), 
our site-directed mutation studies provided experimentally 
derived evidence in support of this model. 

 The above results did not exclude the possible func-
tional role of MTP in the formation of the PL-rich 

  Fig.   5.  RNAi-mediated total silencing of  Mttp  gene expression 
has no effect on the lipid content of secreted intact apoB:1000-
containing particles in stable transformants of McA-RH cells. Cells 
were metabolically labeled with [ 3 H]labeled glycerol (7  � Ci/ml) 
for 17 h. The labeled conditioned medium was concentrated 10-
fold and subjected to 4-20% NDGGE for 48 h; gels were run in du-
plicates. A: Western blot analysis of apoB:1000-containing particles 
secreted by control apoB:1000-expressing McA-RH cells (lanes 1 
and 2), cells transfected with miR-shRNA-negative control (lanes 3 
and 4) and cells transfected with miR-shRNA-MTP targeted to 3 ′  
UTR of MTP (lanes 5 and 6). B: Gel was dried and the lipid con-
tents of apoB:1000-containing particles secreted by control 
apoB:1000-expressing McA-RH cells (lanes 1 and 2), cells trans-
fected with miR-shRNA-negative control (lanes 3 and 4), and cells 
transfected with miR-shRNA-MTP targeted to 3 ′  UTR of MTP 
(lanes 5 and 6) were visualized by autoradiography. C: A bar graph 
illustrating the levels of [ 3 H]labeled lipid content of the secreted 
apoB:1000, shown in  Fig. 5B , determined by computer-assisted im-
age processing and normalized to cell protein. Values are mean ± 
SE of triplicate dishes.   
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thought to facilitate the stabilization of newly synthesized 
apoB48 ( 20 ) and apoB100 ( 23 ) shortly after completion of 
translation but before the addition of any major amount 
of lipids to the particle. In the absence of MTP, the major-
ity of apoB100 and apoB48 undergo intracellular degrada-
tion and only small amounts are secreted ( 56, 57 ). Our 
results on the role of MTP in the secretion of apoB100 and 
apoB48 in McA-RH cells are not in confl ict with the above 
published studies. 

 In striking contrast to the marked reduction in the se-
cretion of rat endogenous apoB100 and apoB48, the near 
absence of MTP had no signifi cant effect on the synthesis 
and secretion of apoB:1000 in stable transformants of 
McA-RH cells. Likewise, identical levels of labeled lipids 
were found associated with apoB:1000-containing particles 
secreted by cells that did not express any detectable MTP 
and cells that expressed the full complement of functional 
MTP. Importantly, the lipid composition of the secreted 
apoB:1000-containing particles was the same regardless of 
the presence or absence of MTP expression. These results 
do not support the notion that PL transfer activity of MTP 
is suffi cient to initiate apoB particle assembly in hepato-
cytes, a process that is apparently active in nonhepatic 
COS cells ( 39 ). The detection of trace amounts of MTP 
protein (2%) and activity ( � 8%) in MTP-deficient 
apoB:1000-expressing McA-RH cells evoked the possibility 
that this residual MTP could be suffi cient to support the 
assembly and secretion of apoB:1000-containing particles. 
However, addition of BMS-197636, a potent MTP inhibi-
tor, did not have any signifi cant effect on the synthesis and 
secretion of apoB:1000 in MTP-defi cient McA-RH cells. 
MTP has a distinct preference for the transfer of nonpolar 
lipids, and its lipid transfer rate decreases in the order of 
TAG (100%) > cholesteryl esters (66%) > DAG (10.2%) > 
cholesterol (8.5%) > squalene (6.9%) > PL (4.1%) ( 58 ). 
Considering that PL transfer activity of MTP is only 6.2% 
of its cholesteryl ester transfer activity (measured by MTP 
Activity Assay Kit), the calculated PL transfer activity of re-
sidual MTP in MTP-defi cient apoB:1000-expressing McA-
RH cells would be 0.50%. Because BMS-197636 at 0.1  � M 
inhibits the PL transfer activity of MTP by 60% ( 37 ), a sig-
nifi cant decrease in the secretion of PL-rich apoB:1000-
containing particles would have been expected in 
BMS-197636-treated cells if this process were dependent 
on MTP activity. Clearly, this was not the case, further 
supporting our concept that a factor(s) other than MTP 
mediates the assembly of PL-rich apoB:1000-containing 
initiation complex. 

 An inevitable question is how our results can be recon-
ciled with the well-established role of MTP in the assembly 
and secretion of apoB-containing lipoproteins ( 16, 17 ). A 
prudent answer is that our data neither dispute the role of 
MTP in the fi rst-step assembly of small, HDL-sized apoB100- 
or apoB48-containing nascent particles nor are suffi cient 
in scope to allow any speculation of the role of MTP in the 
second-step particle core expansion. The present study 
was designed to resolve the fundamental question of re-
quirement of MTP in the earliest stage of apoB particle 
assembly. Results strongly support our concept that the 
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initial addition of fi xed numbers of PL molecules to the 
apoB “lipid pocket” ( 31 ) and nucleation of apoB:1000-
containing initiation complex occurs independently of 
MTP. There are ample published studies that support our 
conclusion. In McA-RH cells, the secretion of human 
apoB29 and apoB18 was not affected by MTP inhibitors 
( 59 ). In HepG2 cells, synthesis of apoB polypeptides the 
size of 100–200 kDa was insensitive to MTP inhibitors, sug-
gesting that functional MTP was not required for the ini-
tiation of apoB100 translation ( 21 ). Murine mammary-
derived cells, which lack MTP, secrete human apoB41on 
small HDL-sized particles ( 60 ). Sequences in the C termi-
nus of apoB29 bind PL and are secreted by cells lacking 
MTP ( 61 ), whereas segments equal to or greater than 
apoB48 containing the N-terminal 17% of the protein re-
spond to MTP activity ( 62 ). Our results are in accord with 
the above published studies. 

 In conclusion, we have produced viable MTP-defi cient 
parental and apoB:1000-expressing McA-RH cells using 
miR-shRNAs. We found that the near absence of MTP in 
parental McA-RH cells abolished the secretion of rat en-
dogenous apoB100 and apoB48 and diminished the secre-
tion of lipidated apoB100-containing particles. In striking 
contrast, MTP defi ciency had no signifi cant effect on the 
synthesis, lipidation, and secretion of human apoB:1000-
containing particles. These results provide highly compel-
ling evidence in support of our concept that, in hepatocytes, 
early acquisition of PLs by apoB:1000 leading to the assem-
bly of the primordial apoB:1000-containing initiation 
complex occurs independently of MTP. This study under-
scores the need for considering targets other than MTP 
when designing strategies aimed at preventing hepatic 
overproduction of apoB-containing lipoproteins at the 
early stage of their biogenesis.  
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