
The v-erbA Oncoprotein of the AEV 
Transforming Retrovirus Binds to the 

Promoter Region of the Erythroid- 
specific Band 3 Gene 

Avian erythroblastosis virus (AEV) which carries two oncogenes, v-erbA and v- 
erbR. causes erythroleukemia and sarcomas in young chickens and transforms 
embryo fibroblasts and bone marrow cells in culture. The v-erbA oncogene en- 
codes ;in aberrant version of a gene for a nuclear thyroid hormone receptor (c- 
erbA. TR) and functions in neoplasia by blocking erythroid differentiation and by 
altering the growth properties of fibroblasts. Owing t o  the multiple point mutations 
and a small C-terminal deletion, v-erbA has lost the ability to bind T3. but still 
binds to DNA in a sequence-speciiic fashion. The phenotypic effects of v-erbA 
are correlated with and probably caused by v-erbA-mediated repression of a set 
of erythrocyte-specific genes. but their expression seems to be required during 
normal erythrocyte maturation. In  differentiating erythroblasts the v-erbA onco- 
protein specifically arrests expression of the avian erythrocyte anion transporter 
(band 3 ) .  CAI1 and ALA-S genes at the transcriptional level.' Overexpression of 
the TK is required to  modulate erythrocyte-specific gene expression in the pres- 
ence of T3. The v-erbA oncogene might act ;is a constitutively active repressor 
of erythrocyte gene transcription. having lost its ability to depress (or  activate) 
these genes in response to T3 o r  even retinoic acid. 

To determine whether erbA gene products and related receptors are able to 
bind the regulatory region of the band 3 gene we pelformed i i i  1,ifro McKay a 
(co-ininiunoprecipit~ition)' and hand shifts. Nuclear extracts derived from HeLa 
cells overexpressing erbA proteins in a vxc in ia  virus expression vector were 
used.' End-labeled band 3 gene fragments were incubated with v-erbA containing 
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nuclear extracts in the presence of increasing amounts of unlabeled competitors. 
and subsequently sub.jected t o  imniunoprecipitation using anti-erbA. Fi ( i i !KE 1 
shows an analysis of the co-precipitating fragments tinder various conditions of 
stringency. The 383 bp Ksal (including one of the promoters and the first exon) 
and I. I kb Ksal (the 5'  region of the gene) fragments' were preferentially precipi- 
tated from erbA containing extracts (Fici. I ) .  The 383 bp was mapped further with 
gel retardation assays on smaller fragments and synthesized oligos (FIG.  2 and 
data not shown). 

A synthesized oligonucleotide of 43 bp from ii sequence in the 3' part of the 
first exon. a t  position 163-192. with ii  sequence similar to core thyroid hormone 
receptor element (TKE) and including a retinoic acid receptor element (RAKE) 
half site' was shifted in mobility (Fit;. 2). Binding of the oligonucleotide within 
T R a  nuclear extract led to the appearance of ;I triplet of three bands exhibiting 
lower mobility than the free DNA. When the tlir? o r  dir4 oligonucleotides (that 

FIGURE I .  Co-immunoprecipit~ition o f  the chicken band 3 gene fragments with the v-el-bA 
protein. The co-iniinunoprecipit~ition assays were pcrtbi-nied according to  McKay 1981 .' A 
plasmid containing ii 2.3 kb genomic clone of  the hand 3 gene' was cleaved with Ksal and 
EcoRl (pB11123ER). the fragments were blunted with Klenow enryrne and end-labeled with 
polynucleotide kinase and incubated with v-erhA containing extracts ( V E A )  in the presence 
of different amounts o f  competitor DNA.  The nuclear extriicts were derived from HeLa 
cells infected with a recombinant vaccinia virus currying the v-erbA gene.' Complexes were 
then precipitated with anti-erbA xntibodies hound to S1:iphylococcus profeinA. Cold conipet- 
itor D N A  were various concentrations by poly [d(l-C)]. calf thymus D N A  (CT) and the 
pBL2CAT plasrnid. The numbers above the lanes indicate ngiFl o f  cold competitor. 
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FIGURE 2. Gel mobility shift assays were performed using c-erbA nuclear extracts (CEA). 
Gel retardation of an oligonucleotide corresponding to the putative TRElRARE sequences 
(BllloligoExl). AGGAGCGCCCTGCACTGTGAGGTTCAAAC, was used as a labeled DNA 
fragment, in the presence or absence of positive oligonucleotide controls of previously char- 
acterized TREs (DIR2 and DIR4) and unspecific 38mer. P: labeled oligonucleotides without 
nuclear extract. WT: nuclear extract from wild type vaccinia infected HeLa cells. Numbers 
above the lanes indicate ng of cold oligonucleotides or pI of specific erbA antibodies (Ab) 
added. 

have specific TRE) were added as competitors, the triplet was completely elimi- 
nated but not with unspecific oligonucleotide, 38mer (FIG. 2). The binding is spe- 
cific, since the retardation complex was eliminated by competition by specific 
TRE but not by a 50-fold competitor with an unrelated sequence. These cross- 
competition experiments confirm that the band 3 oligonucleotide contains a spe- 
cific T R E  sequence. Specific TR antibodies were used to supershift the retarded 
bands to  confirm that the erbA receptors themselves are present in these DNA- 
protein complexes. The experiments with a mixture of TR and retinoic acid recep- 
tor suggest that the receptors bind to the band 3 gene as heterodimers (data not 
shown). 
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These results strongly suggest that the v-erbA can arrest expression of the 
band 3 gene by direct binding to  the regulatory region. Our finding of TRE/RARE 
within the band 3 gene is in line with the finding of the ability of v-erbA to repress 
retinoic acid receptor action and is closely correlated with its function in the 
establishment of the neoplastic phenotype." These experiments also raise the pos- 
sibility that thyroid hormones and retinoids play an important role in regulation 
of band 3 gene expression. 
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