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Retrotransposition is developmentally programmed
and such events regulate host genes creating a new
trait. A ~120 bp identifier (ID) retroposon insertion
was detected in the 161 bp rat c-Ha-ras oncogene far
upstream regulatory element. The designed oligonu-
cleotides was probed using gel electrophoresis mobil-
ity shift assay to assess transcription factors. The ID
retroposon derived Avrl oligonucleotide binds a nu-
clear protein complex present in all carcinoma cell
lines tested, but not in nuclear extract from normal
liver cells. However, Avr2 and Avr3 oligonucleotides
(conserved Ha-ras repressor motifs) bind to protein
factors found in both normal and carcinoma cells.
Also, the Avr3 oligonucleotide binds a small protein in
normal cells verses a large complex in carcinoma cells.
Each oligonucelotide—protein binding is strong and
specific. BLAST sequence analysis has demonstrated
that the transposed ID sequence is conserved in too
many genes. Avrl sequence is also a part of the highly
expressed HaSV and VL30-retroelements, suggesting
that Avrl factor acts as an activator of transcription.
The differential expression of Avrl trans-activator
factor and ubiquitous nature of Avrl sequence could
be used as a marker in cancer diagnostics. This study
supports the multiple functions of the smallest ID
retroposon shaping the genomic evolution and could
be studied further to understand the molecular
mechanisms of transposition in cancer, stress and
drug resistance.

Keywords: Cancer diagnosis, chimera genes, identifier
retroposon, repressor sequence, trans-activator.

RAS superfamily of proteins are localized in the cell
membrane and play a key role in the signalling network
controlling the balance of proliferation and differentiation
of all eukaryotic cells' . Therefore, the expression of ras
gene must be tightly regulated to avoid upsetting this bal-
ance, which would lead to unregulated growth and neo-
plasia as seen by transfection of cells with acutely
transforming retroviruses like Harvey Sarcoma Virus
(HaSV) and also in many cancers*’. Mutated ras genes
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have been proven to be associated with a variety of can-
cers’, but such genes under the control of their own GC-
rich TATA-less strong promoter failed to transform im-
mortalized primary cells’. Recent studies on transgenic
animals harbouring an inducible c-Ha-ras transgene have
demonstrated that recombination to remove the upstream
regulatory elements and continued overexpression of the
oncogene are necessary for the genesis and maintenance
of solid tumours in vivo®®. Therefore, understanding the
mechanisms underlying ras gene deregulation has impli-
cations for diagnosis and therapeutic intervention for
cancer.

Rat Ha-ras gene contains four coding exons and two
non-coding exons’. Major research interest on transcrip-
tional regulation of ras genes has been focused on the
GC-rich TATA-less promoter at the upstream of exon
minus 1 and its downstream intron to locate the regula-
tory sequences (ref. 10 and references therein). Identifica-
tion of untranslated exon minus 2 located 1.7 kb upstream
of the strong TATA-less GC-rich promoter suggests a
crucial role of far upstream sequences in the control of rat
Ha-ras gene transcription®. Surprisingly, 0.6 kb BglII
fragment with such promoter elements does not support
transcription in CAT assay and led to the discovery of
161 bp AvrII-BglII strong repressor sequence'’. In this
article, we show that exon-2 is an inserted mobile identi-
fier non-LTR retroelement. Identifier (ID) retroposon is
also transduced into acutely transforming HaSV and
MoLV-derived VL30 retroelements, abundantly expressed
in rodent cells, tissues and cell lines without apparent
harm'"'2. ID retroposons are non-long terminal repeat
(LTR) category of short interspersed nucleotide elements
(SINE), abundantly expressed by RNA polymerase I1I as
small polyA” RNAs (~70-120 bases only) in testis and
brain of rodents'’. Retrotransposition is developmentally
programmed and by changing the DNA sequence simply
by insertion followed by deletion, mutation or recombina-
tion, these sequences regulate many host genes creating a
new trait.

Although we have characterized the potent Ha-ras rep-
ressor sequence in 161 bp far upstream sequence, the 5’
Avrl sequence and adjoining polyA could not be a repres-
sor sequence. It is ID retroposon origin, a part of Ha-ras

CURRENT SCIENCE, VOL. 107, NO. 11, 10 DECEMBER 2014



RESEARCH ARTICLES

5’ [-2653]) PolyCA,,
GGGCATTACACACACACACACACACACACACACACACACACACACACACACACACAC GTACGTACGTGCACACGCACGT
GCTTATAAGATAAAGAA T T T T T T T T T T IGG T ICT T I T T T T TCGGAGCTGGGGACCGAACCCAGGGCOCTTGTGCTTCCTA
GGTAAGCGCTCTACCACGGAGCTARATCCCCAGCCCAAGAATTTTTTTT TAAAGGCTGTGAAGCTAGGGATACTGAACA
AGATGCCCGTAGTGACCAGCAGCAAGTAGTTACTGACAGT TCCCTGGGC TGCCCCAGACCATGGCTGTAGATCTGCCTT
CATTAGTGGTCTCTTGAGTCTGGGTTCAGGATCAAGATAGCACACATTCCOGETCOCCAGCTCCGAAAAAAAAAAA TA TA
cmcmnccmccmccmmﬂrmcrmmmnccmmcmccmmmrc:nMCA'rcc:G
Etsl
Wmmmrmmammmuﬂamﬁmmmmﬂc
rmmrcmmcccasmmrmmmrGGGGGGGTCTTM}GTGGGGGTCTGGTCCTGMC
Myc CNTF TBP

Tmmcccmmmmmfmumccmmmamccm
ATGAAGACATGATCCAAATCCTACTTCCCCTCCTAARGGTGTATGTGCTTGTCAATCATCTTCTGTAAGCCCACCTCTC

CTGTACTCCTTCCCATACTTTTAAGAGTTTT TTCAGGGGGTTGGGGATTTAGCTCAGTGGTAGAGCGCTTGCCTAGGAA

mmwuulmmmtmmmma

At O B Wi D T -

AvrF3 [-1641)

Figure 1.

Far upstream rat Ha-ras gene promoter region with identifier (ID) retroposon sequences and repressor motifs.

The ATG start codon of ras was taken as the +1 position*. The TATA box was located downstream of the CAAT box but
upstream of the Octl box (ATGCAAA) as observed in many eukaryotic promoters. Myc (CANNTG), NF1 and Etsl
(CTTGG) factor binding sites are also indicated. Three ID sequences (middle one is a derivative) are underlined. Strong
repressor motifs, poly CA,4 and 83 bp AvrlI-AvrIIl sequence®’ are shown in bold and located at the 5’ and 3’ ends of the
sequence respectively (GenBank accession number: M61016). The forward oligonucleotides AvrF1, AvrF2 and AvrF3 are

also indicated.

exon-2 and HaSV as well as VL30 retroelements which
are all highly expressed in mammalian cells. This led us to
analyse the functionally important transposition of ID
retroeclements in the DNA and protein databases. We
refined the 161 bp repressor sequence'’ into 83 bp Avr2—
Avr3 strong repressor sequences (Figure 1) pinpointing
Avrl sequence as transactivator which was inserted at the
rat c-Ha-ras far upstream regulatory locus during evolu-
tion. We have identified a DNA—protein complex from
cancer cells that binds ID retroposon-derived Avrl
oligonucleotide, suggesting a useful marker for cancer
diagnosis'* "¢,

Materials and methods
Plasmids

The 3.8 kb HindIlIl rat c-Ha-ras gene region (GenBank
accession no. M61016) has been described earlier®. Plas-
mids, pRUF6 containing 1.9 kb rat c-Ha-ras upstream
in pUMScat vector and PBBgl + F2 containing 0.6 kb
c-Ha-ras repressor sequence in pBLCAT2 vector have
been described previously'’.

Cell lines

HepG2 and Huh-7 human hepatocarcinoma cells were
grown in MEM medium with non-essential amino acids,
Earle’s salts and 10% FBS, at 37°C and 5% CO, for three
days. HT1080 and HeLa human cervical cancer cells were
grown in Dulbecco’s minimal Eagle medium (DMEM)
containing 10% foetal bovine serum, at 37°C and 5% CO,
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for two days. SW620 and SW403 colon carcinoma cells
were grown in L-15 medium supplemented with L-
glutamine, sodium pyruvate, 10% FBS and 1x antibiotics
for 7 days at 37°C and 5% CO,. The confluent cells were
washed in 1x PBS, treated with 0.25% Trypsin-EDTA for
2-5min at 37°C and washed with fresh medium at
3000 rpm, re-suspended in fresh complete medium and
divided in the ratio 1:8 for HepG2, HeLa or HT1080
cells and 1:4 for SW620 and SW403 cells (<3 ml me-
dium for T-25 flask, < 12 ml for T-75 flask) and incu-
bated the cells at 37°C in a humidified CO, incubator for
few days up to 70-80% confluent.

Preparation of nuclear extract(s)

Fresh liver (4 g) was minced and homogenized in 20 ml
buffer A (10 mM Hepes KOH, pH 7.6, 25 mM KClI,
0.5 mM spermidine, 1 mM EDTA, 1 mM DTT, 0.02%
Nonidet P-40, 0.1 mM PMSF, 10% glycerol, 0.25 M
sucrose) and passed through a cheese cloth; then an equal
volume of 2 M sucrose was added. The mixture was
loaded onto a 2 ml cushion of 2 M sucrose and pure
nuclei were precipitated at 3700 rpm at 4°C, using a Sorvall
ultracentrifuge. The pelleted nuclei were lysed in 1 ml
buffer B (10 mM Hepes KOH, pH 7.6, 1.4 M KClI,
10 mM MgCl,, I mM DTT, 0.5mM PMSF, 0.1 mM
EGTA) and was microcentrifuged for 30 min at 4°C. The
nuclear extract was dialysed in buffer C (20 mM Hepes
KOH, pH 7.9, 75 mM NaCl, 0.1 mM EDTA, 0.5 mM
DTT, 20% glycerol, 0.5 mM PMSF, 1 mM MgCl,) and
further clarified by micro-centrifugation for 10 min at
4°C and stored at —20°C.
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Preparation of nuclear extract of HepG2 and
Hela cells

Approximately 70% of confluent cells were scraped (four
T-75 flasks), washed in PBS (4000 rpm/10 min/4°C), and
10 ml of buffer A (above) was added; then the cells were
homogenized as above. The nuclear pellet was suspended
in 1 ml buffer B and kept over ice for 30 min. The extract
was then microcentrifuged for 10 min in the cold room
and 5-10 pl of the clear supernatant was used in gel electro-
phoresis mobility shift assays (GEMSA).

Sequences of oligonucleotides

Most of the oligodeoxynucleotides have been described
previously'’.

AvrF1 5'-CCT AGG AAG CGC AAG GCC CTG
GGT TCG GTC CCC-3’

AvrR1 5'-GAG CTG GGG ACC GAA CCC AGG
GCCTTG CGC TTC C-3'

AvrF2 5'-GGT GCC TCT ACA CCT CTG GCA
GGA AGC TCA TAT AC-3'

AvrR2 5'-AAC TGT ATA TGA GCT TCC TGC
CAG AGG TGT AGA GCC-3'

AvrF3 5'-CTC CTT AAA CAT ACA GAG GTC
TGT GTT TGG CCC CAG-3'

AvrR3 5'-GAT CTG GGG CCA AAC ACA GAC
CTCTGT ATG TTT AAG-3'

AvrF2.2 5'-AGA TCT ACA CCT CTG GCA GG-3'

AvrF33M 5'-ATC CTT AAA CAT ACA TAT GTC

TGT GTT TGG-3'

DNA sequence analysis

BLAST and seq 2 sequence analysis was performed using
NCBI database. Coding prediction of the cDNA was done
by Gene Jockey II software (Sigma, USA). Transcription
factor binding sites were determined by PATCH TF soft-
ware (BioSoft, GmbH, Germany) and GCG software ver-
sion 9.1 (Wisconsin-Madison, USA).

Preparation of probes

Complementary oligonucloetides (~ 60 pmol each, AvrF1
versus AvrR1; AvrF2 versus AvrR2 and AvrF3 versus
AvrR3, etc.) were annealed in 40 ul TE buffer at 60°C
followed by slow cooling in the thermo-cooler. Next, 5’
over-hangings of the ds-oligonucleotides at both sides
were labelled using Klenow polymerase (10 U) in a 25 pl
reaction mixture containing 20 nM dTTP, dGTP, dCTP
and 5 pmol of *P-dATP (3000 Ci/mmol) as described
earlier'®. About 0.5—1 ng of the diluted labelled ds-oligo-
nucleotide (5 x 10°~10° CPM) was used per assay.
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End-labelling of ss-oligonucleotides

Five pul of ss-oligonucleotide and 5 pl kinase cocktail
(10x kinase buffer, 12 ul; T4 polynucleotide kinase, 5 ul
(50 units); 10 ul o-P**-ATP (10 uCi/ul) in total volume
of 120 ul with water) were incubated at 37°C for 30 min
and heat inactivated at 65°C for 20 min. The end-labelled
oligonucleotide was ethanol precipitated and 10° CPM
was used in GEMSA assays.

Gel shift assay

The reaction mixture (30 pl) contained 5—10 pl of nuclear
extract, 10 ng poly d(G—C) and poly d(A-U), 1 ng labelled
oligonucleotide (~10° CPM) and 15 ul 2x DNA binding
buffer (40 mM Tris-HCI1, pH 7.9, 200 mM NaCl, 20%
glycerol, 4 mM MgCl,, 2 mM DTT, 2 mM EDTA). The
reactions were incubated at 25°C for 15 min and were
immediately loaded onto a 4% polyacrylamide gel in 1x
TBE buffer. The gel was electrophoresed at 160 V in
a room at 4°C until the bromophenol blue dye (loaded in
a separate lane) ran 4 cm from the end (~2 h). The dried
gel was auto-radiographed for 12—48 h.

Results

Sequence of the far upstream rat Ha-ras gene
promoter and inserted ID retroposons

Previously we have proposed that rat Ha-ras far upstream
promoter was located at 1.7 kb (ref. 4) upstream of GC-
rich strong promoter. The rat genome NCBI sequence
database (accession nos NT 043401 and NT_035113)
fully supports our sequence analysis of rat Ha-ras
upstream (accession no. M61016) except for some mis-
match at the poly A sequence at nucleotide (nt) 573,604
versus 408 (AA dinucleotides addition), nt 573,311
versus 751 (AA dinucleotides deletion), nt 572,850 ver-
sus 1273 (AA dinucleotides addition), nt 57,826 versus
1292 (CA); deletion (99.9% overall similarity). We had
also described 161 bp AvrII-BglII repressor sequences'®.
The repressor sequence is dissected into potential three
oligodeoxynucleotides — Avrl, Avr2 and Avr3, excluding
poly A sequence to study the possible sequence-specific
transcription factors in GEMSA assay. Because the Avrl
oligonucleotide does not retard any protein complex in
normal nuclear extract but profoundly does in nuclear
extract from many cancer cell lines (see below), we
searched the genome database for Avrl oligonucleotide.
BLAST sequence analysis (> 1000 hits with high score)
demonstrated that the Avrl oligonucleotide belonged to
the conserved ID sequence family, which is abundantly
expressed in rodent neuron and testis. The rat Ha-ras
region contained one ID sequence as part of our Avrll-
Bglll repressor sequence'’, but another ID derivative
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Table 1.

Identifier retroposon insertions at the different positions of many crucial genes. BLAST analysis has suggested

>500 rat gene sequences might contain inserted conserved ID retroposon sequences. Only 30 important insertions at the
upstream or downstream of the coding region; or at the 3’ untranscribed region of the mRNA, or at the introns have been
described. Homology was determined by Seq-2 BLAST analysis of 75 bp ID sequence (excluding Poly A) demonstrating
0—4 nucleotide point mutations in the respective gene analysed compared with conserved ID sequences of neuron (acces-
sion no. U25470) or Ha-ras (accession no. M61016). R, Complement strand inserted in the opposite orientation (reversed).
All accession numbers are also not complete gene sequences (upstream with exon 1, cDNAs or part of intron—exons)

Accession no. Gene Length (bp) Position Location Homology
M61016 Ha-ras oncoprotein 2897 1185-1283 Upstream 75/0
L18752 Glycogen phosphorylase 3184 1820-1925 Upstream 75/1
J02753 Acyl-COA oxidase 1794 390489 Upstream 75/3
L19708 N-—CHj; aspertyl receptor 3799 417-535 Upstream 75/2
L41679 Protein kinase-elF2B 13,872 866-975 Upstream 75/2
S73569 tPA activator protein 2393 1074-1196(R) Upstream 75/4
U30485 Asp tRNA synthetase 9330 1255-1369(R) Upstream 75/1
X74271 Heat shock protein 70 5918 323-459 Upstream 75/1
X92751 Choline acetyl transferase 4301 1807-1915 Upstream 75/2
711902 Steriod 17-a-hydroxylase 3926 2019-2131 Upstream 75/1
X62889 Fatty acid synthase 23,567 1189-1250 Upstream 75/0
U03026 Proenkephalin 1359 173-264 Upstream 75/2
J05214 5’ Nuclease 3152 3065-3152 Downstream 75/4
L10073 Serotonin receptor 2585 1975-2090 Downstream 75/2
L27707 Protein kinase-e¢lF2a 2145 2042-2145 3'-UTR 75/5
M77850 Pyruvoyl pterin synthase 1176 1022-1127 3'-UTR 75/2
X74271 Heat shock protein-70 5918 4540-4653 Downstream 75/1
X14765 GM-Sailo glycoprotein 1827 1752-1827 Downstream 75/1
U93332 Glycerol 3P dehydrogease 2636 18761986 Intron 2 75/1
AB003114 GATA-1 transcription factor 1425 1115-1223 Intron 1 75/3
AF040977 Muscle isoactin 4243 2462-2574 Intron 1 75/3
AJ010709 Tyrosine amino transferase 12,460 2448-2572(R) Intron 3 75/2
K03241 Cytochrome P450d 8556 4377-4358 Intron 3 75/2
u05013 Heme oxygenase-2 14,784 4760-4880(R) Intron 1 75/4
U30485 Asp—tRNA synthetase 9330 7741-7848(R) Intron 1 75/3
X62889 Fatty acid synthase 23,567 18,187-18,278 Intron 32 75/0
M17091 Pyruvate kinase-R 1690 823-927(R) Intron 4 75/2
D38556 Glutathione-S-transferase 4375 2442-2575 Intron 2 75/3
X00975 Myocin light chain-2 3361 2358-2378(R) Intron 5 75/2
M11709 Pyruvate kinase-L 13,011 2135-2240(R) 3'-UTR 75/3

[CGG TCC CCA GCT CCG (A); TAT AGC TT] flanked
by CACACATT repeats, followed by a third full-length
ID sequence having reverse orientation were also
detected (Figure 1). There have been no reports of ID in-
sertions at the rat Ha-ras gene upstream which has be-
come a part of the ras non-coding exon minus 2 and also
a part of the activated ras gene upstream in HaSV*'°.
Further, ID insertion at the upstream of (i) GTP exchange
protein gene — 4289 bp upstream, (ii) heat shock protein
70 — 1689 bp upstream, (iii) steroid 17 alpha-hydroxylase
gene — 1256 bp upstream, (iv) aspertyl tRNA synthetase
gene — 1620 bp upstream and (v) acyl COA oxidase
gene — 860 bp upstream (assuming ATG codon as +1) are
observed similar to Ha-ras gene reported in Table 1.

Gel shift assays to show differential expression of
sequence-specific Avr-factors

A high salt clarified nuclear extract (0.6 mg/ml protein)
of rat liver selectively retards Avr2 and Avr3, but not
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Avrl (Figure 2a). Avrl oligonucleotide gives a faint
non-specific smear at 25°C at low salt (lane 3) but not at
high salt (lane 4). But Avr2 oligonucleotide was found to
specifically bind to a higher molecular weight protein
complex at both low and high salt (lanes 7 and 8), and
binding was competed away by excess non-labelled
Avr2-oligonucleotide (lane 9). However, Avr3 specifi-
cally binds to a lower molecular weight protein complex
at 25°C and 0.4 M salt concentration (lanes 10 and 11)
and binding activity is inhibited by excess non-labelled
ds-oligonucleotide (lane 12).

The very specific binding of the two protein complexes
by Avr2 and Avr3 oligonucleotides that are located just
downstream of the exon minus 2 of rat c-Ha-ras onco-
gene, led us to study the status of such factors in different
human cancer and primary cells. In human liver carci-
noma cell line HepG2, a profound difference in the level
of certain transcription factors is observed, compared to
the relative absence of these factors in normal rat liver
cells. For example, Avrl oligonucleotide does not bind to
any detectable proteins in rat liver nuclear extract, but
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Figure 2. a, Binding of rat liver nuclear factors to Avr-oligonucleotide. Lane 1, Labelled ds-Avrl oligo; lane 2, +
Extract; lane 3, + 400 mM NacCl; lane 4, + 10 times non-labelled ds-Avr1 oligonucleotide; lane 5, Labelled ds-Avr2; lane
6, + Extract; lane 7, + 400 mM NacCl; lane 8, +10 times non-labelled ds-Avr2 oligonucleotide; lane 9, Labelled Avr3 oli-
gonucleotide; lane 10, + Extract; lane 11, + 400 mM NaCl; lane 12, + 10 times non-labelled ds-Avr3. b, Binding of
HepG2 nuclear factors to Avr-oligonucleotide. Lane 1, Free ds-Avrl oligonucleotide; lane 2, + Extract; lane 3, ds-Avr2
oligonucleotide + extract; lane 4, ds-Avr3 oligonucleotide + extract; lane 5, Free ds-Avr2.2 oligonucleotide; Lane 6 +
Extract; lane 7, Free ds-Avr3.3 oligonucleotide; lane 8, + Extract; lane 9, Cold 50 times ds-Avr2.2 oligos + extract; lane
10, 50 times ds-Avr3.3 oligonucleotide + extract. ¢, Binding efficiency of ss and ds oligonucleotide to HepG2 nuclear fac-
tors. Lane 1, Free AvrF1; lane 2, + 10 pl extract; lane 3, Free AvrR1; lane 4, + 10 ul extract; lane 5, Free AvrR2 ; lane 6,
+10 pl extract; lane 7, Free AvrR3; lane 8, + 10 pul extract; lane 9, Free ds-Avrl; lane 10, + 2 pul extract; lane 11, + 5 ul
extract; lane 12, + 10 pl extract. d, Effect of high salt on binding of HepG2 nuclear factors to ds-Avrl oligonucleotide.
Lane 1, Free ds-Avrl oligo; lanes 2—5, + Extract with different concentrations of NaCl (150, 300, 500 and 1000 mM re-
spectively); lane 6, Extract + 0.5% SDS; lane 7, Extract + 10 mM EDTA. e, Binding efficiency of ds-Avrl oligonucleo-
tide to nuclear factors of normal versus cancer cells. Lane 1, Free ds-Avrl; lane 2, + Guinea pig liver nuclear extract; lane
3, + Rat liver nuclear extract; lane 4, + Rabbit liver nuclear extract; Lane 5, + 3T3 cells nuclear extract; lane 6, HeLa cells
nuclear extract; lane 7, HepG2 cells nuclear extract; lane 8, Huh-7 cells nuclear extract. f, Binding of ds-Avrl oligonu-
cleotide to nuclear factors of many human cancer cells. Lane 1, Free ds-Avrl oligonucleotide; lane 2, + HT 1080 cells nu-
clear extract; lane 3, + SW620 cells nuclear extract; lane 4, + Hep3B cells nuclear extract; lane 5, + SW403 cells nuclear
extract; lane 6, + PA317 murine retroviral packaging cells nuclear extract.
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Figure 3. Analysis of Avr-oligonucleotides for dimer and hairpin structures using OligoAnalyzer 3.1 software. The oli-

gonucleotides (AvrF1,

AvrF2 and AvrF3) for GEMSA are forcefully made without software analysis from 161 bp

Ha-ras oncogene far upstream repressor elements, excluding poly A sequence (see Figure 1). Usually ds-DNA oligonu-
cleotides are used for GEMSA assay for transcription factors, but many ss-DNA binding factors have a pivotal role in
transcription and mRNA stability or transport. a, Hairpin structures formed by AvrF1, AvrF2 and AvrF3 oligonucleotides
at 50 mM salt at standard temperature and in the presence of 10 mM MgCl,. b, Potential dimer structures could be formed
during GEMSA assay using ss oligonucleotides, particularly as for AvrF3 (6G =-19.23 kcal/mol). This information is
pivotal for kinasing of ss-oligos or to make ds-oligos and its labelling with DNA polymerase as well as to pinpoint mini-
mal sequence required for DNA—protein binding to discover new transcription factors.

efficiently and specifically binds to a protein complex
present in HepG2 cells nuclear extract (Figure 2 b, lane 2
versus Figure 2 a, lane 2). Also, the Avr3 oligonucleotide
binds a high molecular weight complex (Figure 2 b, lane
4) compared to a smaller one using normal rat liver extract
(Figure 2 a, lane 10). Binding of transcription factor(s) is
specific, and is competed away by 50 times non-labelled
oligonucleotide (Figure 2 b, lanes 9 and 10).

We have further studied whether Avrl-binding factor(s)
binds both ss and ds oligonucleotides. We observed (Fig-
ure 2 ¢) that both forward and reverse ss-Avrl oligonu-
cleotide (lane 2 forward) and (lane 4 reverse) have gel
retarded using HepG2 nuclear extract with more or less
the same specificity and comparable to the ds-Avrl oligo
(lane 12). Also, there is gradual increase of binding on
increasing nuclear factor concentrations, 2 ul (lane 10),
5 ul (lane 11) and 10 ul (lane 12). The ss-oligonucleotides,
however, have retarded some non-specific bands (Figure
2 ¢, lanes 2 and 4) than ds-oligonucleotide (lane 12) due
to lariat or dimer formation in the assay condition. Analy-
sis of hairpin or dimer formation is presented in Figure 3.
AvrF1, AvrF2 and AvrF3 oligonucleotides (33—35 nt) all
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form hairpin structures with melting temperatures 40—
51°C and 6G at 24 kcal/mol. Also, AvrF1 and AvrF2
form stable dimer with G minus 8-10 kcal/mol, but a
more stable dimer is formed by ss-AvrF3 (6G =-19.23).
Thus analysis for dimer or hairpin structures is absolutely
necessary for forced oligonucleotides used in GEMSA
techniques.

The DNA—protein complex also appears very stable at
high salt (Figure 2 d, lane 4) and is only partially inhib-
ited at 1 M NaCl (lane 5). The type of clear gel retarda-
tion at higher salt is a high quality result in GEMSA
techniques. Also, 0.5% of SDS or 10 mM EDTA com-
pletely inhibits the reaction in the presence of 150 mM
NaCl. This interaction suggests a specific and strong
DNA-protein binding useful for further characterization
of the DNA-binding protein.

Also, the abundant presence of Avrl factors in HepG2
cells prompted us to study whether such activity is pre-
sent in other carcinoma cells compared to normal liver
cells. Our results have indicated (Figure 2 e) that liver
nuclear extract from guinea pig (lane 2), rat (lane 3) and
rabbit (lane 4) has rarely recognized Avrl oligonucleotide
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VL3O-I1D 7 i 29
“SnNA-ID 17 G x;';'tG.G (=] G@ - 30
RaslD-1 1 TEGGGATTA 29
HaS\v-1D 7 GG‘GGGTTGGGGA’TTTAGCTG eTC TAGAG| 30
Linel1-1D 7 aac-r-:-acau:.n.wwmnacwcaawugwaamd 29
u25478-1D 7 a.&a'r-raaanam'r'rnac'rcz\a-ra'rn.ma 29
GGG TTGGGGATTTAGCTCAGTGGTAGAG

VL30-1D % TGCCTAGICIAAGCGCAAGGEGCCCTGEGGGET| 59
sNARANA-1D TTeCCTAG [Elec e rclee x| s0
RaslD-1 bwvmaccwnacangcacanaacd]-:.-caa-r 59
Hasv-1D TTGCCTAG ccc i 60
Line?1-1D CTTGCCTAG 59
Uuz25478-1D crTeccTAG 59
VL30-1D

snRNA-ID

RaslD-1

Hasv-I1D

Linel1-1D
uz25478-1D

TCGGGTCCCCAGCTC

G AAAAAAA

VL30-1D aAlrla crceTTTT 118
snRNA-ID - —|=|T 104
Ras/iD-1 G M T T 115
HasSVv-1D '- AJ\:AAAC A nGcTGTTTT 118
Linel1-1D AA A .&AAAE T 106
uz2s5478-1D AAADDARAAADND AAAAAT 113

Figure 4.

AAMAADAAAMAAAADN A

a5

Sequence similarity among the different ID retroposons. VL30-ID, snRNA-ID, Ras-ID, HaSV-ID,

LINE-ID and Brain-ID sequences have been derived from the rat VL30 transcript cDNA (accession no. M91235,
nucleotides 561-678), small nuclear RNA gene (accession no. K02430, nucleotides 1030—1133, reverse oriented),
Ha-ras gene upstream (accession no. M61016, —1730 to —1837 assuming ‘ATG’ initiation codon as +1), HaSV
transcript cDNA (accession no. X00740, nucleotides 66—183), LINEI element gene (accession no. M60824,
nucleotides 462-567, reverse oriented) and brain ID transcript cDNA (accession no. U25478, nucleotides 1-113)
respectively. The possible splice acceptor/donor (SA/SD) sites are located at nucleotide positions 21 (AGTGT)
and 111 (AGTGT) of the Ha-ras-ID. Few human ¢cDNA containing conserved ID sequences (accession nos
BQ188034, BQ186207, BM932101, AK098165) are identified but were not compared here.

in GEMSA, but similar extracts from cancer cell lines,
HeLa (lane 6), HepG2 (lane 7) and Huh7 (lane 8) have
significantly retarded it. Interestingly, mouse 3T3 cells
nuclear extract also does not recognize the Avrl
oligonucleotide, suggesting that 3T3 cells are an immor-
talized cell line (it does not follow the contact inhibition
like primary cells) and not cancer cells. This prompted us
to test few more cancer cell lines available in our labora-
tory (because we are unable to get sufficient tumour
tissue from patients for this study). The result is pre-
sented in Figure 2f. It can be seen that ds-Avrl retards
the protein complex using nuclear extract of HT1080 (lane
2), SW620 (lane 3), Hep3B (lane 4) and SW403 (lane 5)
cells respectively. SW403 colon carcinoma cells grow
slowly and give a poor but sharp band. Interestingly, like
3T3 murine cells (Figure 2 e, lane 5), PA317 retroviral
packaging cells nuclear extract does not produce a good
complex in our standard GEMSA assay (Figure 2f, lane
6). However, after long exposure of the film (>3 days), a
faint DNA—protein complex was detected in PA317 cells
as well as to a lower extent in 3T3 cells. These observa-
tions are important while considering a relation of cell
transformation verses abundance of Avrl protein factor in
cells. These results suggest that further characterization
of Avrl-factors may be important to identify new diag-
nostic methods for cancer progression in humans.
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Comparison of different ID retroposon sequences

Abundant expression of Avrl-binding transcription
factors in cancer cells prompted us to study the Avrl
sequence in the genome database. BLAST sequence
analysis has demonstrated that highly conserved Avrl
sequence belongs to the conserved ID family of retropo-
son with poly A tail, not only present in neuron and testis
(100% homology), but also in many crucial cellular
genes. Multiple alignments of different ID retroelements
(Figure 4) have suggested that such small mobile DNAs
are highly conserved in nature. In fact, the Avrl sequence
in most sequences has only one nucleotide mismatch with
the VL30 ID or HaSV ID, or a two-nucleotide mismatch
with LINE1-ID and 100% similarity with brain ID (Fig-
ure 4). Guinea pig and mouse genomes have numerous ID
sequences with 90-95% sequence similarity (data not
shown). The ID sequences are highly conserved among
the 500 genes analysed, with 0—4 nucleotides substituted
within 75 bases ID sequences, excluding the poly A tail
(score 347-163, E = 1.3°°7-0.00087) (Table 1).
Deregulation of DNA-binding factors in human cancer
cells has prompted us to study the possible ID elements or
Avrl sequences in the human genome and protein data-
base. BLAST analysis has resulted in identification of ID
mobile DNA in a few human mRNAs having both known
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and unknown function(s). For example, bmp-1 proto-
oncogene (AAA19873) exon 1 contains a small part of
the ID sequence (accession no. L13689). Many contig of
human chromosome 6 hit with a higher score than any
other chromosome. Among these, one unknown cDNA
(accession no. AK098165), isolated from human trachea
has a full-length ID sequence with poly A tail located at
the 3’-untranslated region'’. A few differentially dis-
played unknown cDNAs expressed in human eyes'’ also
have ID sequence with substitutions in the poly A se-
quence (accession nos. BQ188034 and BM932101). The
BLAST2 sequence analysis has shown that sequence
similarity of ras-ID to human eye-ID or trachea-ID is
about 80% due to variation in the poly A sequence, but
with respect to Avrl sequence the similarities are 95—
100% (data not shown). The low abundance of ID retro-
posons in humans has supported the Greally’s hypothesis
that SINE retroelements are evolutionarily lacking in the
imprinted human genome'®.

ID retroposons may encode protein chimeras

The unique nature of sequence conservancy and wide-
spread localization and expression of ID sequences have
led us to consider their other possible biological func-
tions. Surprisingly, we found that inserted ID sequence
can encode peptides from zero to all six reading frames
and might form protein chimeras of novel function due to
the unexpected presence of 5’ and 3’ splice acceptor/
donor sites (e.g. AGTGGT at position nt 20, Figure 4).
Indeed, a search in the short peptide and protein database
has identified such chimera proteins (Figure 5), but of
unknown function (protein IDs: AAP85371, AAH83623
and XP 346693). Most importantly, 24 amino acids of an
unknown liver regeneration protein (LAR, 246aa) are
found to be encoded by reverse-oriented ID sequence. We
also hypothesize a mechanism of P* v-ras oncogenic
formation in vivo by HaSV due to ID retroposition whose
molecular mechanism has not been resolved during the
past 30 years of research on ras oncogene. We have pro-
posed a hypothetical model of P¥ formation assuming
that in the HaSV genome one nucleotide at position
779 bp is absent (sequence error) creating an ATG codon
and 185 bp GC-rich loop structure (exon-1) is removed
(909-1068 bp, AN: X00740) by alternating splicing; this
will result in a hypothetical P* protein keeping the P21
coding sequence in place. The suggested N-terminal 43
AA peptide sequence (originating from ID sequence) in
P* ras will be then as follows: H,N MCF GGW GFS SVI
ELL PSK RKA LGS VPS SEK KER ETK QKH IVF
Y-CO,H. In fact, many other retroviral oncogenes like
v-myb, v-abl, v-mos, v-sis, v-ets are chimera oncogenes.
Overall, a role for Avrl ID sequence and associated fac-
tor in transcriptional and oncogenic activation has been
suggested, but it needs further experimental proof.
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Discussion

This study shows that an inserted ID retroposon at the rat
Ha-ras gene far upstream promoter is a potential target
for protein factor(s) that are highly expressed in carci-
noma cell lines but not in normal liver tissues. Indeed the
ID sequence is highly expressed in rodent tissues and cell
lines” as well as in HaSV* and VL30 retroelements'*.
However, their binding factors have not been reported so
far. Thus expression of Avrl transcription factor only in
cancer cells is surprising, because ras gene expression
from the HaSV promoter is 100 times more abundant
than that is found in normal cells'. We have suggested
Avrl factor act as a transactivator protein and Avr2/Avr3
factors as repressors. Also, we have postulated here that
ID sequence insertions may have occurred during evolu-
tion between strong Avr2—Avr3 and poly CA repressor
sequences possibly to allow normal transcription of the
Ha-ras gene from the far upstream TATA promoter
elements®. However, such an ID sequence is absent at the
immediate vicinity of the human or mouse Ha-ras genes
(see accession nos NW_043401 and NT 035113). How-
ever, the repressor motifs (Avr2—Avr3), including poly
CA or poly GT sequences are much conserved between
rat and mouse c-Ha-ras genes (data not shown).

Cellular Ha-ras gene overexpression has been found in
human carcinomas in the absence of genetic reorganiza-
tion or amplification and point mutations, suggesting that
increased expression may be due to point mutations
in cellular genes which regulate ras gene expression, or
in regulatory elements close to this locus®’. We have
shown that proto-Ha-ras genes and their associated regu-
latory proteins are influenced by specific, negative-
acting, far upstream regulatory elements'®. Other recent
studies suggest that retrotransposition is developmentally
programmed and retrotransposons appear as the parasite
of host regulatory information. By changing the DNA
sequence simply by insertion followed by deletion, muta-
tion or recombination, these sequences regulate many
host genes creating a new trait*' 2.

Avrl retroposon-derived oligonucleotides bind factors
present in human carcinoma cells (Figure 2 b, e and f).
We have also identified that ID retroposon insertion can
form novel chimera proteins (Figure 5) apart from tran-
scriptional activation as in HaSV or promoting alternate
splicing as in pyruvate kinase gene (Table 1). Also, high
affinity for ss-oligonucleotides (Figure 2 ¢) warns a role
for such proteins in mRNA transport or stability”’. Indeed
hairpin and self-dimer formation may greatly affect the
protein binding patterns (Figure 3). Recent observations
from other studies also suggest an epi-genetic role of
HERVs, L1 and Alu retroelements in shaping new genetic
traits*?’. Abundant expression of Avrl-nuclear factors
in human carcinoma cells is indeed important, but needs
further purification and characterization of the factors for
in vitro assay.
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@ AAP85371 (aa111) CLFSCGLGTEPRALRFLGKRSTTELNPQPLKLALVIPGLSFPHDV
AAQ96231 (aa71) LSEDRTGGPSKRSTTELNOPPLPYTHDNVNSVKA
XP346693 (aa51) VFVFCEFFFFLFYFLELGTEPKALRLLGKRSTTELNPQPLYCVF
AAHB83623 (aa301) TQHNTILDSGFVLKELGIEPRALRSIGKRSTAELNPQPAPAFLV

@Ha-ras—l (aa1,S) GWGFSSVVERLPRKRKALGSVPSSEKKKKNQKKKK

Ha-ras-ID (aa1,AS) FFFFWFFFFFSELGTEPRALRFLGKRSTTELNPQP
HaSV-ras-ID (aa1,S) CFGGWGFSSVIELLPSKRKALGSVPSSEKKERETKQKH
TestisdD (aa1,S) GWGFSSAVERLPSKRKALGSIPSSEKKKERERDKALIL

Figure S.

a, Generation of protein chimeras by inserted ID retroposon. BLAST searching (www.ncbi.nlm.nih.gov/blast) of the

short peptide sequence and protein database was performed using amino acid sequence coded by ID retroposons. A rat liver regen-
eration cDNA (accession no. CD670559) encodes an unknown protein of 246 amino acids (AAs) having similarity with a 24 AAs
stretch at position 111 (in reverse orientation) and many unknown cDNAs, XM 346693 (88 AAs), BC08323 (356 AAs),
XM_ 346711 (825 AAs) have coded unknown protein chimeras (protein IDs are AAP85371, AAQ96231, XP346693 and
AAHS83623). Part of the amino acid sequences with ID chimera are shown (N-terminal AA numbers are in parentheses). b, Derived
peptide sequences of the c-Ha-ras ID sequence (sense and anti-sense), HaSV ID and Testis ID are shown (for sequence, see Figure
4). The hypothetical chimera proteins are coded (a) from the ID anti-sense strand (underlined).

Sequence analysis suggests that Avrl sequence could
be a potential binding site of many known transcription
factors like Ets1/Pea3 (AGG AAG A), v-Myb/SF-1 (GCA
AGG CCC T) and Zicl/GAL4 (GGG TTC GGT C).
However, localization of a new factor binding site cannot
be ruled out. Our future work will involve site-directed
mutagenesis as well as to make a cascade of smaller
oligonucleotides to address the issue. Interestingly, evi-
dences suggest that the Avrl protein factor might act as a
trans-activator of transcription. This hypothesis is sup-
ported by the following observations: (i) the ID sequence
is present in the upstream region of the ras gene in HaSV
genome (accession nos X00740 and M24154) which
highly expresses ras protein in cells and is a single-hit
carcinogen; (ii) sequences are present in the rodent VL30
retroelements (accession no. M91235) that are highly
expressed in vivo' and as VL30 vectors (accession no.
AY260553) in human primary and transformed cell
lines'?; (iii) preliminary work by Ariazi et al.*® has indi-
cated that the rat Ha-ras upstream (2876 to —2110)
region was as activator of transcription in primary mam-
mary epithelial cells; (iv) a preliminary report by Kim et
al** has suggested that ID sequence upstream of the
SV40 promoter increased CAT gene activity, and (v) our
preliminary result using a concatamerized Avrl ds-
oligonucleotide upstream of the thymidine kinase pro-
moter has increased the luciferase gene activity (data not
shown).

The ID sequences are highly conserved among the 500
genes analysed (Table 1) with 0—4 nucleotides substituted
within 75 bases ID sequences, excluding the poly A tail
(score 347-163, E =1.3>-0.00087). Short nucleotide
and STS database searches have identified such
sequences in rat and human chromosomes (Figure 5 @) and
Avrl-binding factor actively expressed in human cancer
cells (Figure 2 e and /). That Avrl factor does not express
in normal rodent liver cells and mouse 3T3 or PA317
immortalized cells is an important observation. Similarly,
expression of Avrl-factor in HelLa, HepG2, SW620,
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HT1080, SW403, Hepatoma3B and Huh-7 diverse human
cancer cell lines has suggested a role for such factors in
cell transformation®'. Therefore, Avrl-binding factors
are potential targets for therapeutic intervention in cancer.
Specific inhibitor of DNA-protein interaction and
RNAI technology could be developed disrupting ras or
Avr (unknown) gene transcription. For example, R115777,
an inhibitor of Cys186 isoprenylation of ras protein, is used
in patients with advanced breast cancer by disrupting the
estrogen and EGF receptors-mediated growth signals
through ras®. Recently, signal transducing membrane-
bound oncogenes such as Ha-ras and Src have been
implicated in hepatitis B virus and hepatitis C virus-
mediated hepatocellular carcinoma®. We also suggest
that Avr2 repressor expression in cancers may repress the
activated oncogene(s) and suppress tumour growth. The
bigger complex formation by Avr3 oligonucleotide in
cancer cells than normal cells may also be used as diag-
nostic tool for cancer. Also, evidences suggest that micro-
RNAs (~20-30 bp only) originating from the SINE or
ALU retroelements greatly influence the retro-trans-
position events and genomic stability’*>°. Taken together,
the evidence suggests that Avr-factors could be used either
as markers of cancer, particularly hepatocellular carci-
noma, or as therapeutic targets, or both. Minimal binding
site for Avr-factors and purification of the same are un-
derway. McClintock’s mobile DNA in eukaryotic cells is
emerging out rapidly pinpointing no junk DNA in cells’’.
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