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Abstract

A 1.5-kb genomic DNA fragment corresponding to the 5’-flanking region of the rat LDL receptor gene was cloned and putative regulatory
regions were identified. A major transcription start site was identified at —154 bp relative to the ATG translation initiation codon, within a region
containing two thyroid hormone response element half-site motifs (2H-TRE). Binding of thyroid hormone receptors o and 31 to this element was
demonstrated. Mutations within this 2H-TRE region abolished basal transcription levels of the rat LDL receptor gene. Reporter gene studies
indicated that the promoter region between —300 and —200 bp, which contains one sterol response element (SRE) and two specificity protein-1
sites (Spl) sites, is crucial for basal transcription of the rat LDL receptor gene. The functionality of the SRE motif was confirmed using

electrophoretic mobility shift assays and reporter gene studies.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The hepatic low density lipoprotein (LDL) receptor plays a
critical role in maintaining cholesterol homeostasis by removing
highly atherogenic LDL particles from the circulation [1,2]. The
LDL receptor pathway mediates at least 60—75% of LDL
turnover in rats [3,4], 67% in rabbits [5], and 56—80% in man [4].
The liver contains about 70% of total LDL receptors present in
the body [6]; therefore, changes in plasma LDL levels are
generally due to changes in hepatic LDL receptor activity. The
identification of mutations in either the gene encoding the LDL
receptor, the gene encoding the liver specific LDL receptor
adaptor autosomal recessive hypercholesterolemia (ARH)
protein, the gene encoding the protease, proprotein convertase
subtilisin kexin 9 (PCSKD9), or genes encoding the ligands of the
LDL receptor-apolipoprotein (apo) E and apo B-100 [1,7-10],
has established the importance of the LDL receptor to
cardiovascular physiology of humans. Thus, a greater under-
standing of the regulatory mechanisms that control expression of
the hepatic LDL receptor is essential.

Several animal models have been used thus far to study
cholesterol metabolism in vivo. These include the monkey,
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bovine, rabbit, hamster, mouse, and rat [11-14]. In fact, LDL
receptor cDNA clones for these species and the human have
been reported [15-20]. In addition, the gene encoding the
human, hamster, and mouse LDL receptor including their 5'-
flanking regions have been isolated and characterized [20—22].
In the current study, we present an analysis of the 5’-flanking
region of the rat LDL receptor gene. This animal model has been
shown to be very useful in studying hormonal regulation
because a well-defined hormone deficient state can be easily
obtained without undue stress to the animal [23-26].

2. Materials and methods
2.1. Animals

Normal male Sprague—Dawley rats weighing 125 to 150 grams were
purchased from Harlan Industries (Madison, WI). Animals were housed in a
light-controlled reversed cycle room with 12 h of light followed by 12 h of
darkness and received Purina Rodent Laboratory Chow 5001 ad libitum. Rats
were euthanatized at the fourth hour of the dark period by an isoflurane overdose.
Liver portions were quickly removed for preparation of RNA.

2.2. Materials
Primers and oligonucleotides were synthesized by Integrated DNA

Technologies (Coralville, IA). Advantage Tth Polymerase Mix and the
PromoterFinder DNA Walking Kit were purchased from Clontech Laboratories,
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-1511 CTGCTCAGGA GGCCAAGARA GGAGATCACT GAACCCACGA GTTGTGGGTT  -1462
E-Box

-1461 ACTAATAGTG AGTCTCCTGT TGCCAAGCGA GGGAGCTGCC ACGTGTGGCC — -1412

E':
-1411 ATGCGAGTTA GGCTGGGACT GAGACCGCCG TGGAAGGAGA AAACTGACCT  -1362
E-Box/SRE

-1361 GTTGACTTCT GCCAGGCATG AGCACATGAG CACACACACA CAATACAATA  -1312

E-Box E-Box

-1311 CGATGGTTTT TAATTAGGTG GAAGGCAACT GAGGCGAACA CCTGACATTG -1262

E-Box
-1261 AACTCTGGCC TACACATATA CATGTGAACA CACAAGCACC CCAAAACCCA -1212

E-Box
-1211 GGRAGAGGAAG AGATAAACTG GGCAGGCGGT GGCACATGCC TTGACAGGCA -1162

E-Box
-1161 GATGGATCGC TCTGTGTTCG AGGACAGCCC GGCCTTCATA GTGGGTTCCA -1112
E':
-1111 GGATAGCCAG AGCTAGATAA TAGAGTGACC CTGTCTCAAA AATAAGARAT -1062

-1061 GAGAGAAATC AACTCACAAA AGAAGCTTCT TACATCTTTT TGGTTTCTGT -1012

-1011 CTTCAACTAT CTGTGTAGCC AAGGCTAGCC TCCTCCCTAA GAGTGTTGAG -962
E-Box
-961 ACCACACACT TGTGACAACA AGCCCGGTTT ATGTGATGCT GGGGATGGAA -912
E'%
-911 CCCACGAAGA TACTCTACCA ACCCAGTCCA GCCTGTCCTG TTCTTAGGTC -862
-861 ACAGAARAGAG TTCTTGCCTC TCCTGTGGGT CCTCGGGTCT  GAACTCAGGT -812
-811 CCTCAGGCTT GGCTGTGTGC ACTAAGCCAG CTCACTAGCC CCAGTGTCTT =762
-761 TTGCTGGGAG CTAGGTTTGG AATCTGAGGC CCTTGCGCCT TTACCCACTG 2712
E'R/AP1
-711 ACCCAACTCA TGTTTTGGTA GCACTTCTGG TTGATTTTAC TTATATTCCT -662
-661 CTCTGAGTGC TATTTATGGT CGGATCCGAA TAACCATCTA AAACCTGCAA -612
E-Box E'-
-611 CTGTACTTAG GTCAAAAATC TATGTGCCCG TTCCTAGAAA GGAGAGTAAAR -562
-561 TGCTGCAAGG AGTCTGTGTG TATGTGCGCG CACACGAGTT GGGAGCTCCG -512
Spl
=511 GGGTGGGGGC  TGGGGGGTCC CATACTTCTG TTCTCCTTTG GAGGTGGAAA -462
-461 GGAAAACGTC AGAAGGCGAC CCAGGGTGTG GAAGGATGTG GGTCGTCCTT -412
AP1 E-Box
-411 TGAACAGTGA GAGCTGAGTC CACAGCTAAG CATCTGGGAA CTGGTGAAAT -362
=361 TCTGAAGGAG GAACTCGAGG AACTCCCCAA GGCTRAGGGA GCTTCAGGGG =312
Spl
-311 TTAAAGATCC TATGCCACAT TGGCCGTTCC AAGCTCCTCC CCGCACAGTG -262
SRE Spl
-261 AGGAGTAGAT TTTTGAAARAT CACCCCACTG CAGACTCCTC CCCCTCTGGA 2212
AP1 TRE':/API/AP1
=211 AACCTCGTCC CTAGGGCTGA GAATGACTCT GGCTCTGCGC GTGTAGTCAG -162
E-Box/E'/2/AP1 e
TRE': TRE'% TRE'%
-161 TCACCAGTTG ACCCAGTGCG GCGTAGGATT GCAGCCCGCA TACCGTGGGG -112
E-Box

-111 CTTGCCACCC AGGTTTTGCA GCTGAGACAC CGTGGGACCC GTGATCCTGT -62
-61 GTTTGCAGCG GGAACATTTC GGGTCTGTGA TCCGAGTGGG GACGCGACGC -12
-11 acacGeeTeac GATG +3

Fig. 1. Nucleotide sequence of the 5’-flanking region of the rat LDL receptor gene. Nucleotide position + 1 was assigned to the “A” of the ATG translation start codon
(boldfaced-underlined). Negative numbers refer to the nucleotide region positioned to the 5’-side of the start codon. Putative E-box, estrogen response element half-site
(E1/2), sterol-response element (SRE), specificity protein-1 (Spl), adaptor protein-1 (AP1), and thyroid hormone response element half-site (TRE1/2) motifs are
underlined. The rat LDL receptor 5'-flanking region has been deposited in GenBank with accession number AY675581.
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