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Abstract
We examined the effect of Mdm2 on regulation of the ApoCIII promoter and its cross-talk with
p53 and nuclear receptor SHP. Overexpression of Mdm2 markedly enhanced ApoCIII promoter
activity by HNF4α. A direct association of Mdm2 protein with the HNF4α protein was observed
by co-immunoprecipitation. Ectopic expression of p53 decreased HNF4α activation of the
ApoCIII promoter and antagonized the effect of Mdm2. Co-expression of SHP further
strengthened p53 inhibition and abolished Mdm2 activation of the ApoCIII promoter. Mdm2
inhibited p53-mediated enrichment of HNF4α to the ApoCIII promoter while simultaneously
reducing p53 binding and increasing recruitment of SHP to the ApoCIII promoter. The results
from this study implicate a potentially important function of Mdm2 in regulation of lipoprotein
metabolism.
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1. Introduction
Plasma levels of lipoproteins that contain apolipoprotein III (ApoCIII) predict coronary
heart disease (CHD) and are associated with the development of metabolic syndrome [1].
ApoCIII causes hypertriglyceridemia by inhibiting the clearance of TG-rich lipoproteins.
ApoCIII gene expression is regulated by several pathways. Insulin reduces ApoCIII gene
transcription via the insulin-response element in the ApoCIII promoter [2]. ApoCIII
expression is also down-regulated by nuclear receptor peroxisome proliferator-activated
receptor alpha (PPARα) [3] and up-regulated by hepatocyte nuclear factor 4 alpha (HNF4α)
[4]. Nuclear receptor small heterodimer partner (SHP) functions as a transcriptional
repressor of the promoter activity of its target genes [5]. SHP [6] and tumor suppressor p53
[7] independently repress the transactivation of HNF4α by interacting with HNF4α.

© 2011 Elsevier Inc. All rights reserved.
*Address correspondence to: Li Wang, Ph.D., 30 North 1900 East, SOM 3C310, Salt Lake City, UT 84132. Tel: 801-587-4616; Fax:
801-585-0187; l.wang@hsc.utah.edu.
1These authors contributed equally to this work.
Competing interests
The authors declare that they have no competing interests.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Biochem Biophys Res Commun. Author manuscript; available in PMC 2013 January 13.

Published in final edited form as:
Biochem Biophys Res Commun. 2012 January 13; 417(2): 744–746. doi:10.1016/j.bbrc.2011.12.027.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mdm2 is an oncogene that interacts with p53 and promotes the ubiquitination and
proteasome-mediated degradation of p53 [8]. Although the function of p53 has been linked
to atherosclerosis [9], it remains elusive whether Mdm2 plays a role in lipoprotein
metabolism. This study identified Mdm2 as a potent activator of the ApoCIII promoter
through HNF4α. The results implicate a likely regulatory function of Mdm2 in lipoprotein
metabolic pathways.

2. Materials and Methods
2.1. Plasmids, cell culture, and transfection

Plasmids were obtained from Drs. Frances Sladek (ApocIII Luc) [4], Xiongbin Lu (HA-
Mdm2) [10], and Gerhart Ryffel (Myc-HNF4α) [11]. Other plasmids were from our
laboratory [6] or purchased from Addgene. M2 antibody, anti-FLAG M2 Magnetic Beads
and anti-HA agarose were purchased from Sigma. Mouse monoclonal antibody against
Myc-tag was purchased from Cell Signaling. Hela cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) with 10% fetal bovine serum. Transfection was
performed by Lipofectamine 2000 according to the manufacturer’s instructions.

2.2. Co-immunoprecipitation and ChIP assays
Cells were transfected with the indicated plasmids using Lipofectamine 2000 (Invitrogen),
lysed in 500 μl lysis buffer and immunoprecipitated with anti-Myc, anti-Flag, anti-GFP, or
anti-HA antibodies for 4 hr at 4°C. The beads were washed four times with the lysis buffer.
ChIP assays were performed as previously described [12].

2.3. Statistical analysis
Data are expressed as mean ± SEM. Statistical analyses were carried out using Student’s
unpaired t test; p < 0.01 was considered statistically significant.

3. Results and Discussion
3.1. Mdm2 enhances HNF4α transactivation of the ApoCIII promoter

Expression of Mdm2 alone did not activate the ApoCIII promoter (not shown). However,
ectopic expression of Mdm2 markedly enhanced ApoCIII promoter activation by HNF4α in
a dose-dependently fashion (Fig. 1A). Co-IP revealed a physical association of Mdm2 with
the HNF4α protein (Fig. 1B), suggesting that Mdm2 interacts with HNF4α to enhance its
transactivation.

3.2. p53 antagonizes Mdm2 activation of the ApoCIII promoter
Overexpression of p53 dose-dependently decreased HNF4α transactivation of the ApoCIII
promoter (Fig. 2), which was in agreement with an early report showing that p53 represses
HNF4α expression [13]. When p53 and Mdm2 were co-expressed, the activation of Mdm2
was significantly diminished by p53, suggesting that p53 antagonizes the effect of Mdm2.

3.3. SHP strengthens p53 inhibition and abolishes Mdm2 activation of the ApoCIII
promoter

Consistent with our previous results [6], expression of SHP alone significantly inhibited
ApoCIII promoter activity by HNF4α (Fig. 3). When SHP and p53 were co-transfected in
cells, the inhibitory effect of p53 on ApoCIII promoter activity was strengthened by SHP.
Because SHP and p53 both interact with HNF4α and inhibit its activity [6; 13], and SHP
does not affect the transcriptional activity of p53 on its reporters [14] (not shown), the
further reduced HNF4α transactivation in the co-presence of SHP and p53 compared with
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SHP or p53 alone may represent an additive inhibitory effect. Conversely, when SHP and
Mdm2 were co-expressed in cells, the activation of Mdm2 was completely abolished by
SHP. The results suggest that the inhibition of SHP on HNF4α is stronger than the activation
of Mdm2.

3.4. Mdm2 alters the enrichment of HNF4α, p53, and SHP to the ApoCIII promoter
We employed ChIP assays to determine whether the recruitment of HNF4α, p53, or SHP to
the ApoCIII promoter was altered by Mdm2. SHP did not affect the physical association of
HNF4α with the ApoCIII promoter when co-expressed with HNF4α (Fig. 4, lane 2 vs. 1).
p53 did not affect SHP, but markedly increased HNF4α binding to the ApoCIII promoter
(lane 3 vs. 1). When Mdm2 was co-expressed with SHP in the absence of p53, the
association of SHP and HNF4α to the ApoCIII promoter was not affected by Mdm2 (lane 4
vs. 1&2). However, Mdm2 dramatically reduced the recruitment of p53, as well as p53-
dependent association of HNF4α, to the ApoCIII promoter (lane 5 vs. 3). At the same time,
SHP association with the ApoCIII promoter was enhanced by Mdm2.

Mdm2 reduces the physical association of p53 with the ApoCIII promoter, which may
contribute to its efficient antagonism of p53’s inhibition. At the same time, Mdm2 increases
the recruitment of SHP to the ApoCIII promoter, which may further increase the inhibitory
effect of SHP and decrease Mdm2’s counteracting effect.

The finding of this study is important because it points to a potential role of Mdm2 in
lipoprotein metabolism. Future studies using mouse models are required to further address
this question.
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Highlights

• Mdm2 enhances HNF4α activation of the ApoCIII promoter via interaction with
HNF4α

• p53 antagonizes the effect of Mdm2 activation of the ApoCIII promoter

• SHP strengthens p53 inhibition but abolishes Mdm2 activation of the ApoCIII
promoter

• Mdm2 alters the enrichment of HNF4α, p53 and SHP to the ApoCIII promoter
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Fig. 1. Mdm2 activates the ApoCIII promoter through HNF4α
(A) Transient transfection assays to determine the effect of Mdm2 on the ApoCIII promoter
activity by HNF4α. Luciferase (luc) activity (act) was determined and normalized by β-gal
activity. Data are expressed as means ± SEM of triplicate assays. The experiments were
repeated three times with similar results and one representative result is shown. *p<0.01 vs.
control (−) pcDNA3 group; ¥p<0.01 vs. HNF4α alone. (B) Immunoprecipitation and
Western blots to determine the interaction between Mdm2 and HNF4α proteins.
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Fig. 2. Mdm2 activation of the ApoCIII promoter is antagonized by p53
Transient transfection assays to determine the effect of p53 on Mdm2-mediated ApoCIII
promoter activity. The experiments were performed as in Fig. 1. *p<0.01 vs. control (−)
pcDNA3 group; ¥ ‡p<0.01 vs. HNF4α alone; §p<0.01 vs. p53 or Mdm2 alone.
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Fig. 3. Mdm2 activation of the ApoCIII promoter is abolished by SHP
Transient transfection assays to determine the effect of SHP on Mdm2-mediated ApoCIII
promoter activity in the absence or presence of p53. The experiments were performed as in
Fig. 1. *p<0.01 vs. control (−) pcDNA3 group; ¥, ‡, §p<0.01 vs. HNF4α alone; ¶p<0.01 vs.
p53 or SHP alone; £, †p<0.01 vs. p53 or Mdm2 alone.
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Fig. 4. Mdm2 alters the recruitment of HNF4α, p53, and SHP to the ApoCIII promoter
Hela cells were co-transfected with Myc-HNF4α, Flag-SHP, GFP-p53, HA-Mdm2 plasmids,
and the ApoCIII promoter (−814 to +24); and anti-Myc, anti-Flag, anti-GFP, and anti-HA
antibodies were used to co-immunoprecipitate each corresponding protein, respectively.
Two sets of primers were designed for ChIP assays. P1 could detect Co-IP of each protein
on exogenously overexpressed ApoCIII promoter, whereas p2 was located 4 kb upstream
from TSS and thus served as a negative control.
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