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Joni K. Doherty, HER-2/neuand Breast Cancer 

Characterization of an Alternative HER-2/neu mRNA Transcript 

INTRODUCTION 

Nature of the Problem and Background of Previous Work 

The HER-2/neu (c-erbB-2) is developmentally expressed in many tissues 
as a 185 kDa transmembrane tyrosine kinase (p185HER_2//iew ) with extensive 
homology to the Epidermal Growth Factor Receptor (EGFR) (1). p185HER_ 

2/neu has been shown to signal through the mitogen-activated protein (MAP) 
kinase pathway, inducing nuclear events that may lead to proliferation and 
growth of tumor cells (2). Like EGFR, overexpression of HER-2/A7eu has been 
reported in an array of human carcinomas (3), most notably in up to 30% of 
breast and ovarian cancers. Moreover, HER-2/neu overexpression is 
associated with increased tumor invasiveness, malignancy, and predicts poor 
prognosis for survival of the patient (4). 

The mechanisms for pISS^ER^/neu  overexpression have not been 
entirely elucidated, although HER-2/nei/ gene amplification has been shown 
(3, 5, 7). However, many tumors and cell lines display overexpressed HER-2/ 
neu mRNA and protein, in absence of gene amplification (3, 7, 8). Although 
mechanisms for gene amplification and transcriptional upregulation are not well 
understood, studies suggest selection for p185HER_2//7ei/  overexpression in 
some human breast and ovarian cancers and cell lines (3, 7, 8). In fact, HER-2 
transcriptional upregulation, demonstrated to occur in the breast carcinoma cell 
line BT474, as well post-transcriptional upregulation, in SKOV-3 (18), have 
been implicated. 

Mechanisms for overexpression of p185HER~2/neu involving sequence 
variations in the HER-2 gene and within its mRNA transcript require further 
investigation.  Possible mechanisms for overexpression include: (a) increased 
gene copy number, (b) increased rate of transcription initiation, (c) increased 
HER-2/neu messenger RNA transcript stability, (d) enhancement of translation 
efficiency from altered HER-2/neu mRNA transcript, and (e) decreased turnover 
of protein product. My studies will address transcriptional and post- 
transcriptional mechanisms for upregulation of HER-2 in SKOV-3, and, in 



particular, the role of alternative RNA processing in upregulating HER-2 protein 
expression. 

Increased mRNA stability can lead to accumulation of message and, 
thus, increased translational capacity, resulting in protein overexpression. 
Intrinsically altered HER-2 message stability has not yet been reported, but 
could result from changes affecting: (1) the length of the 3'untranslated region 
(3'UTR), (2) sequences within the 3'UTR that confer RNA stabilization, and (3) 
binding sites for stabilizing proteins.  Possible targets capable of having such 
effects would include: AU-rich sequences in the 3'UTR (10), deadenylation 
signals, decapping signals (11), affinity binding sites for poly-A-binding protein 
(PAB) that may stabilize mRNA and also enhance translational efficiency (12), 
and altered stem-loop structures in 5'UTR and/or 3'UTR that may affect 
degradation rate and/or translation efficiency (11-13). 

Alternative HER-2/neu mRNA transcripts have been identified in both 
human tumors and tumor cell lines (7, 17, 20). Of interest, the SK-OV-3 human 
ovarian cancer-derived cell line, which produces the highest level of p185^^R- 
2/neu anc| js frequently used as a model cell line in studies of HER-2 
overexpression, displays an abundant mRNA species of approximately 8 kb, in 
addition to the well-characterized and cloned 4.5 kb HER-2/neiy transcript 
normally seen. The fact that this alternative transcript is expressed over- 
abundantly and appears to be selected for in this aggressive cancer cell line 
suggests that it may be contributing to tumorigenesis. One possibility is that this 
alternative transcript may facilitate overexpression of HER-2/neu via increased 
translation of p185HER-2/A7eu thus contributing to tumorigenesis. In order to 
determine the function of this alternative transcript, it will be necessary to 
determine its entire sequence and translation product. The study, undertaken, 
is aimed at structurally and functionally characterizing this alternative 8 kb HER- 
2/ neu transcript in SK-OV-3 cells, in terms of (1 identifying sequence 
alterations that potentially contribute to its accumulation in the cell via increased 
mRNA stability, and possibly increased translation efficiency, both resulting in 
p185HER-2/A7eu  overexpression; (2) determining its mechanism of generation; 
and (3) investigating developmental expression patterns. 

Preliminary data supports the hypothesis that the alternative 8 kb HER- 
21 neu transcript confers increased p185HER_2/neu expression in that: (1) RT- 
PCR and 5'RACE demonstrate that it contains similar 5'UTR and coding 
sequences to those of the 4.5 kb transcript, suggesting that it has a similar 
transcription initiation rate and codes for pi85HER_2//ieu; (2) it displays an 
elevated half-life in the cell with respect to the 4.5 kb transcript, suggesting that 
the 8 kb HER-2 is a stable, actively translated transcript and does not contain 
nonsense mutations, which are known to destabilize mRNA (11); and (3) it is a 
natural HER-2 gene product due to alternative polyadenylation site usage and 
not a result of a gene rearrangement. 



Purpose of the Present Work 

The purpose of my current thesis project, as a DOD predoctoral training 
fellowship recipient, is to elucidate the role of alternative mRNA transcripts for 
HER-2/neu with respect to pl85HER-2/neu overexpression in human breast 
and ovarian cancers. 

BODY 

Experimental Methods, Assumptions, and Procedures 

Based on preliminary data (described in my 1996 and 1997 annual 
reports) and previous reports (17), I have proceeded with the characterization of 
the aberrant 8 kb HER-2 transcript under the assuption that it is translated into 
functional p185HER"2/new. In addition, I have collected evidence that further 
supports this assumption. 

Cell culture.  Human breast and ovarian carcinoma cell lines were obtained 
from American Type Culture Collection (Rockville, MD) maintained in either 
DMEM (SKBR3 and SKOV-3) or RPMI (BT474), supplemented with 10% fetal 
bovine serum and 0.05% gentamycin, as described (Lin and Clinton, 1991). All 
media and supplements were obtained from GIBCO BRL (Life Technologies, 
Gaithersburg, MD). Unless specified, all other chemicals were purchased from 
Sigma. 

RNA extraction. Cells grown to 80% confluence on 15 cm plates were 
extracted with TriReagent (Molecular Research Center, Inc., Cincinnati, OH), 
according to the manufacturer's protocol, to obtain RNA. RNA was 
resuspended in RNA sample buffer (50% formamide, 1.5% formalin, 0.1% SDS, 
1mM EDTA, lOmMtris pH 7.4) for mRNA fractionation and Northern blotting, or 
in 10mM Tris-EDTA, pH 8.0, for reverse transcription and cDNA library 
construction.  RNA concentrations were determined spectrophotometrically at 
OD260. 

Isolation of the8 kb HER-2/neu transcript for analysis of sequence 
content. Purification of SK-OV-3 mRNA and subsequent size fractionation is 
required in order to study the 8 kb HER-2 transcript independently of the 
normal-sized 4.5 kb transcript. To isolate the 8 kb from the 4.5 kb HER-2 
transcripts, I modified the method of electroelution from agarose gels described 
by O'Callaghan et al. (1991, ref. 19; method as desribed in 1997 DOD report 
and schematicized in Appendix B). I electroeluted mRNA transcripts by size 
from denaturing (formaldehyde-containing) 0.7 % agarose-MOPS gels and 
subsequently dialyzed away the formaldehyde for use of transcripts as 
templates for downstream enzymatic reactions. 



Polymerase chain reaction . Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) was used to directly obtain alternative sequence information 
from the 8 kb HER-2 transcript. Fractionated mRNA was reverse-transcribed into 
first strand cDNA using GIBCO BRL (Life Technologies) Superscript RTII 
System. First strand cDNAs were used as template for amplification via the 
polymerase chain reaction using HER-2 sequence-specific primers. Templates 
were amplified in a Perkin Elmer GeneAmp PCR System 2400 (Perkin Elmer 
Cetus, Emeryville, CA) using the Expand High Fidelity PCR System (Boerhinger 
Mannheim) with 1X High Fidelity PCR buffer containing 2.5 mM MgCI2, 5 mM of 
each primer, and 200 mM dNTPs. All primers were obtained from GIBCO BRL 
(Life Technologies).  Numbering of nucleotide and amino acid residues is 
according to the HER-2 cDNA sequence reported by Coussens et al. 1985 (1). 
Cycling parameters were: 94° C, 30"; 58° C, 45"; 68° C, 3', for 30 cycles. 

The region spanning the polyadenylation signal sequence was amplified 
from genomic DNA of SKOV-3, BT474, SKBR3, and normal human genomic 
DNA (a gift from Dr. Mike Litt, Oregon Health Sciences University), using a 
forward primer identical to nucleotides 4301-4323 of HER-2 cDNA and a 
reverse primer complimentary to unique sequence located approximately 100 
bp downstream from the putative polyadenylation signal and not reported in the 
GenBank sequence for HER-2 cDNA. PCR was performed on DNA prepared 
according to the procedure of Strauss (1998) with cycling parameters: 94° C, 
30"; 62° C, 30"; 72° C, 60", for 25 cycles. 

SKOV-3 fractionated cDNA library construcion.   Fractionated 8 kb 
mRNA (as above) was used as a template for cDNA library construction using a 
XZIPLOX cDNA library construction kit with EcoR1 adaptors (GIBCO BRL, Life 
Technologies). Electrophoresis of first, reverse-transcribed, single-stranded, 
and second, double-stranded, strand cDNA was performed to assess quality 
and size of synthesized products. Products were then ligated with EcoR1 
adaptors and phage arms, sequentially, at 16° C for 24 h, per manufacturer's 
protocol. Phage were packaged at room temperature (RT) for 1 h using a 
Stratagene Gold Plus lamda phage packaging kit. Complete phage were then 
used at varying dilutions (1:100, 1:10,000, and 1:1,000,000) to infect Y1090 
competent cells (provided, GIBCO BRL), and cells were plated on 15 cm 2XLB 
plates with 2XYT top agar and incubated at 37° C overnight (o/n) for titer. A titer 
of 6 X 104 pfu per uJ was determined and the entire library was plated at 
-25,000 pfu per 15 cm plate for screening. 15 cm GeneScreen Plus 
Hybridization filters (NEN Life Sciences) were use for screening chilled plates 
(i.e., 4° C X 1 h after o/n incubation at 37° C) via duplicate plaque lifts of 2 min 
and 8 min incubation at RT. Nucleic acids were fixed to membranes by UV 
crosslinking in a UV-Stratalinker (Stratagene, Inc., La Jolla, CA) for 30 seconds. 
Filters were then pre-hybridized for 2 h at 42° C in 30% formamide, 5M NaCI, 
and 1% SDS with 10 ng/ml herring sperm (hs) DNA as blocking agent. A probe 
consisting of 108 cpm y-(32P)ATP end-labelled oligonucleotide, which is 
identical to nucleotides 4258-4276 of HER-2 cDNA (1), was added and filters 
were hybridized o/n (-16-24 h) with hs DNA carrier. Filters were washed in 
several changes of 0.2XSSC at 55° C, wrapped in polyvinyl chloride and 



exposed to Kodak X-AR film o/n at -80° C with intensifying screens. Film was 
developed in a Kodak M35A X-OMAT Processor. Positive clones were isolated 
by picking plaques corresponding to duplicate signals on filters and placed in 
0.5 ml SAM buffer for 8 h at 4° C. A single uJ of this material was then used to 
reinfect Y1090 cells and the process repeated to obtain a pure population of the 
isolated positive clone of interest. DNA was then isolated from pure clones by 
infecting D12S cells (provided, GICO BRL), plating on 10 cm LB plates with 30 
Hg/ml kanamycin, 0.1 \ig/m\ IPTG and 35 jxl of 5% X-gal and subsequently 
growing a single white colony o/n in the presence of kanamycin at 37° C. AZL 
plasmid DNA was purified via Qiagen miniprep kit and sequenced using m13 
forward and reverse primers. 

Northern blotting was performed using SK-OV-3 total RNA, extracted via 
Triazole, and subsequently enriched for poly-A+ RNA via oligo-dT column 
chromatography (Qiagen). Nucleic acids were electrophoresed on a 0.8% 
agarose-formalin MOPS gel and transferred by capillary action onto Gene 
Screen Plus Hybridization Transfer Membrane (NEN Research Products, 
Boston, MA) in 10XSSC. Nucleic acids were fixed to membranes by UV 
crosslinking in a UV-Stratalinker (Stratagene, Inc., La Jolla, CA), and the 
membranes were blocked in hybridization buffer (50% formamide, 5X SSC, 1% 
SDS, 10 mg/ml herring sperm DNA) at 42° C for 2 h. Hybridization was 107 cpm 
of random primed oc(32P)dCTP-labelled probe of either a 570 bp HER-2 cDNA 
5' coding region-specific fragment (Figure 2, left panel) or a 280 bp Hindi cDNA 
fragment of the unique sequence obtained from an SKOV-3 cDNA library clone 
(Figure 2, right panel), synthesized using a Random Prime DNA Labelling Kit 
(Boehringer Mannheim).  Probe was added directly to hybridization buffer and 
agitated incubation was at 42° C for 16 h. Blots were washed in several 
changes of 02XSSC with 0.1% SDS at 55° C for at least 1h. Wet blots were 
wrapped in Polyvinylchloride and analyzed by phosphorimaging (Molecular 
Dynamics). 

A prepared Northern blot of human fetal tissues (Clontech) was 
hybridized with an RNA probe generated by blunt-ligation cloning of the PCR 
amplification product obtained from amplification spanning the known 
polyadenylation signal of the HER-2 3'UTR (PCR described below) into pCR- 
SCRIPT (Stratagene; La Jolla, CA). The plasmid was sequenced by the Vollum 
Institute Core Sequencing Facility (Portland, OR) with m13 forward and reverse 
primers to verify the sequence of the insert and the fidelity of the PCR. An 
antisense RNA probe complimentary to the region spanning the known 
polyadenylation signal was transcribed from 1 mg of Hindlll-linearized template 
using (a-32P)CTP, T7 RNA polymerase, and the T7/SP6 Riboprobe Synthesis 
System (Promega, Madison, Wl). This probe was added to pre-hybridization 
buffer, as above, and incubation was with shaking at 65 C for 16 h. The blot 
was washed at 65 C in several changes of 0.1XSSC with 0.1% SDS for 2h. 

Results and Discussion 

The 5'UTR of the 8 kb HER-2 transcript is similar to 4.5 leb HER-2 5'UTR 



Because 5'UTR sequence structure may confer altered mRNA stability 
and/or translatability (12, 13) and may reflect a gene rearrngement or 
tranlocation event (13, 15), I investigated sequences in the 5'UTR of the 4.5 and 
8 kb HER-2 transcripts using RT-PCR and 5'Rapid Amplification of cDNA Ends 
(5'RACE). First stranded (single stranded) cDNAs synthesized from 8 kb 
fractionated mRNA (as described previously in my 1997 annual report) were 
tailed at the newly-generated 31 end (i.e. that being complimentary to the 
extreme 5'UTR) with poly-deoxyadenine using terminal deoxytranferase 
(Boehringer Mannheim). An oligo-dT was used as a forward primer (i.e., to 
amplify from the newly-synthesized poly-dA tail) and a HER-2 sequence- 
specific reverse primer identical to nucleotidesl 88-207 of HER-2 cDNA (1) was 
used in the PCR. 

Figure 1 (left panel) shows a representative ethidium bromide-stained, 
UV-illuminated 2% agarose gel on which HER-2 5'RACE amplification products 
of: reverse transcribed SK-OV-3 mRNA from the 4.5 kb fraction (lane 1), the 8kb 
fraction (lane 2); and no DNA (control, lane 3) were electrophoresed, revealing 
a band of -215 bp for amplification products in lanes 1 and 2, which is the size 
expected for the 5"UTR targeted amplification of the 4.5 kb 'wild-type' transcript. 
The right panel of figure 1 is a Southern blot of this gel, hybridized with a HER-2 
sequence-specific oligonucleotide probe identical to nucleotides 145-163 of the 
HER-2 cDNA (1) within the region to be amplified (i.e., just 5' to the inner PCR 
primer), These results were interpreted to indicate that the 5'UTR of the 8 kb 
transcript is similar to that of the 4.5 kb 'wild-type' transcript, suggesting that no 
translocation event has occured affecting 5'UTR sequence. Although a 
translocation affecting the promoter region cannot be ruled out, it is less likely 
given a similar 5'UTR. This result would, therefore, indicate that transcription 
initiation rate, as well as translation initiation rate, is unchanged for the 8 kb 
transcript, assuming that no point mutations are present within the 5'UTR that 
would affect either of these rates. 

The 3'UTR of the 8 kb HER-2/neu transcript is extended and contains unique 
sequence 

Because 3'RACE consistently gave no amplification product from an 8 kb 
fraction of SKOV-3 mRNA (see 1997 DOD annual report), in order to determine 
the unique sequence of the aberrant 8 kb HER-2/neu mRNA transcript 
expressed in SK-OV-3 cells and to clone its cDNA form, an 8 kb-enriched 
SKOV-3 cDNA library was constructed in X ZIPLOX (Gibco BRL, Life 
Technologies), using, as starting material, size-fractionated mRNA (purified as 
described above and depicted schematically in Appendix B). Since I had 
previously found the 8 kb transcript to have an increased half life in SKOV-3 
and because many studies have implicated a role for the 3'UTR in mRNA 
stability (10-15), I targeted the3'UTR in screening my SKOV-3 cDNA library for 
the 8 kb HER-2 transcript. Also, since other preliminary data indicated that the 
5'UTR and coding regions were similar, I decided to aggressively pursue 
sequence determination in the 3'UTR region.  Using an oligonucleotide probe 
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identical in sequence to the extreme 3'UTR of HER-2 cDNA, seven clones were 
isolated and sequenced. Six of the seven clones contained partial coding and 
3'UTR sequence of HER-2 cDNA consistent with the reported sequence for the 
4.5 kb transcript (1), yet terminating before the polyadenylation signal 
sequence. A single clone of approximately 7 kb was isolated and found to 
contain HER-2 3'coding sequence and 3'UTR identical to that of HER-2 cDNA 
from nucleotides (nt) 3138 to 4531, including the termination codon at nt 3916- 
3918. The sequence of this clone diverges 13 nt following the putative 
polyadenylation signal, which is reported to be utilized in generation of the 4.5 
kb transcript. Partial sequence of this clone is shown in Figure 2, indicating the 
polyadenylation signal (underlined) which is identical to that reported for the 4.5 
kb transcript (1). The sequence continues for another 2 kb following the 
reported site of polyadenylation for the 4.5 kb transcript. The extended 
sequence is unique in that no homologs were identified in a GenBank database 
search. Furthermore, analysis of the sequence using Blast and DNAstar 
computer software programs show that it contains multiple termination codons 
in all six reading frames, indicating that it is untranslated. 

To verify that this sequence was from the 8 kb transcript for HER-2 and 
not a genomic DNA contaminant or artifact of cloning, a Northern blot of SKOV- 
3 and T47D mRNA was probed with the unique sequence (Fig. 3, right panel) 
and with 5'HER-2 coding sequence, as a control (Fig. 3, left panel). A 280 bp 
Hindi fragment of the unique sequence showed hybridization only with the 8 kb 
transcript in SKOV-3. No hybridization with the unique sequence was seen in 
mRNA from T47D, a carcinoma cell line that does not express an alternative 
HER-2 transcript, indictating that the sequence is not a generic artifact of cloning 
an 8 kb fraction of mRNA, rather that it, in fact, represents sequence of the 
alternatives kb HER-2 transcript expressed in SKOV-3. 

The extended 3'UTR of the 8 leb HER-2/neu transcript results from 
alternative polyadenylation site usage 

To determine whether this alternative HER-2/neu transcript is a product 
of gene rearrangement or alternative splicing. By PCR, using primers that flank 
the point of divergence of the aberrant sequence in the 8 kb cDNA, the region 
spanning the putative polyadenylation signal, from the reported HER-2 3'UTR 
sequence extending 3' through unique sequence obtained from 8kb cDNA 
library clone, was amplified from SK-OV-3 genomic DNA and control DNA 
(normal human genome), as well as genomic DNA from BT474 and SKBR-3, 
two breast cancer cell lines that overexpress HER-2 and have amplification, yet 
do not express an aberrant HER-2 transcript nor exhibit gene rearrangement. 
PCR products were electrophoresed on 2% agarose, ethidium bromide-stained 
and UV-illuminated (Figure 4). If the aberrant transcript is a result of alternative 
RNA processing, then I expect the sequence to be contiguous in the genome, 
due to read-through of the consensus polyadenylation site. I expect the PCR to 
amplify the same sized fragment from both SK-OV-3 and from genomic DNA 
extracted from any cell line or tissue (given that it does not have a mutation or 
rearrangement at this site). Conversely, if this aberrant transcript results from a 
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gene rearrangement, then I expect to amplify the divergent sequence directly 
from only SK-OV-3 genomic DNA. If contiguous, the expected size for the 
fragment amplified is 312 bp, which is the approximate size of the product 
obtained from all genomic DNA templates (Figure 4). As anticipated, no product 
was obtained without DNA template (see "no DNA" lane, Fig. 4). This result 
indicates that the 8 kb HER-2 transcript results from an extension of the HER-2 
transcript through the first, and likely also the second (see underlined poly-A 
sites in Figure 2), consensus polyadenylation signal(s), and is a direct product 
of the "wild-type" HER-2/neu proto-oncogene. 

An 8 kb HER-2 mRNA transcript is not expressed at detectable levels in 
human fetal tissues 

Because my results have shown the 8 kb transcript to be a natural HER-2 
gene product, it displays increased mRNA stability in SKOV-3, and because the 
putative polyadenylation site reported for the 4.5 kb transcript (1) slightly differs 
from the reported consensus sequence of 5'-AAATAAA-3' required for 
polyadenylation signalling (12), it might have a role in enhanced developmental 
expression of pl85HER-2/neu  Therefore, to assess human developmental 
patterns of HER-2/neu mRNA expression, a prepared Northern blot of selected 
fetal tissues was probed with radiolabeled RNA complimentary to the HER-2 
3'UTR sequence spanning the reported putative polyadenylation signal and 
containing sequence complimentary to unique sequence obtained for the 8 kb 
3'UTR. No hybridization with an 8 kb HER-2 mRNA was detected despite 
abundant signal for the 4.5 kb transcript (Figure 5). These preliminary results 
indicate that the 8 kb HER-2 transcript may not be expressed at significant 
levels in developing human tissues. However, the possibility exists that this 
transcript for HER-2 may be exclusively during certain stages of development 
and in selected human tissues which may not be represented in this particular 
Northern blot. 

CONCLUSIONS 

Implications of Completed Research 

My preliminary results (including data reported in 1996 and 1997 annual 
reports) show that (1) the 8 kb HER-2 transcript exhibits increased mRNA 
stability in SK-OV-3 cells, (2) the ratios between mRNA and protein 
overexpression in SK-OV-3 cells suggest that this 8 kb transcript is translated 
into p185HER"2/neu, (3) the 8kb HER-2 transcript contains similar sequences 
in the 5'UTR and coding region to that of the 4.5 kb transcript, which encodes 
p185HER"2/new, (4) the 3'UTR of this transcript is different from that of the 4.5 
kb, and (5) the 8 kb transcript results from alternative polyadenylation site usage 
and is not a product of gene rearrangement in SKOV-3. 
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Future Work 

Specific Aim #1. I will obtain the remainder of alternative sequence 
information contained within the larger, aberrant 8 kb HER-2 
transcript.  Because I have not yet obtained the full downstream sequence 
including the polyadenylation signal and poly-adenine tail of the 8 kb transcript, 
1 will continue to perform amplification via the polymerase chain reaction 
(3'RACE), with the goal of subsequent subcloning and sequencing.  Reverse 
transcription (to form cDNA) coupled with polymerase chain reaction (RT-PCR) 
using forward primers targeting specific amplification of the 8 kb HER-2 3'UTR 
and oligo-dT as a reverse primer will be performed. Relevant 3'RACE PCR 
products of the 8 kb HER-2/ neu transcript cDNA sequence (i.e., those that 
hybridize with HER-2 probes upon Southern blotting, indicating that they 
contain relevant HER-2 sequence) will be restriction digested, rerun on a DNA- 
preparatory agarose gel, excised according to size, and eluted for ligation into 
pSK (Bluescript) vectors, and directly sequenced using pSK-specific primers. 

Novel sequence obtained through the RT-PCR and subcloning 
experiments described will be entered in the database GenBank and compared 
for sequence homology with any currently known segments of DNA or RNA that 
may elucidate the functional significance and origin of the alternative transcript 
sequence. 

Potential difficulties in this methodology that may lead to artifactual PCR 
products and/or misleading results would be if the remainder of the larger HER- 
2 transcript has complex secondary structure that inhibits reverse transcription, 
may generate artifactual PCR products and possibly even inhibit polymerase 
elongation, making it difficult to amplify. 

If I cannot obtain the aberrant sequence via RT-PCR and 3'RACE, I will 
revert to further screeningof the ÄZIPLOX partial SKOV-3 cDNA library. To do 
this, I will reverse transcribe only the 8 kb size-fractionated, purified mRNA in 
order to form cDNA. I will ligate this cDNA with adapters and clone into A,gt10. I 
will then directly sequence all clones that hybridize with a full-length HER-2 
cDNA probe. Next, I will generate full-length cDNA clones of the aberrant 8 kb 
HER-2 mRNA transcript by restriction mapping of partial cDNA cloned 
sequences and ligate this full-length cDNA into a Bluescript pSK (Stratagene) 
vector for further analysis. 

Specific Aim #2. I will determine the translation product of the 8 kb 
HER-2 transcript.  In order to assess whether the 8 kb mRNA is translated 
and to characterize the protein product of this alternative transcript, I will 
subclone the full-length 8 kb cDNA into an appropriate expression vector for in 
vitro transcription-translation experiments, using the p9002 HER-2 expression 
vector as a control.   I will first standardize the amount of protein translated to 
the level of transcript synthesized in vitro by incorporating a(32P)CTP into in 
vitro transcription reaction and electrophoresing products on a denaturing 
agarose gel, which will be exposed to autoradiography. 
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Specific Aim #3. I will verify assessment of expression of the 8 kb 
HER-2 transcript during human development in a variety of fetal 
and adult tissues.  My preliminary experiments using a prepared Northern 
blot (Clontech) showed no expression of the 8 kb HER-2 transcript in fetal brain, 
lung, liver, and kidney. This Northern blotting procedure should be repeated to 
analyze further fetal, as well as adult, human tissues to assess whether the 8 kb 
transcript is expressed at all during normal human development. Although 
analysis of tissues at various stages during development would be useful, it 
would be virtually impossible to obtain such material; therefore, that route of 
investigation will not be pursued in this study. Furthermore, if no additional 
findings of HER-2 8 kb transcript expression in human tissues are encountered, 
I would not pursue extensive analysis of human breast and ovarian primary 
tumor tissues, as such pursuits would likely yield no positive results, given that 
abundant expression of this alternative transcript does not occur in any other 
tumor cell lines yet investigated. 
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Figure 1. The 5'UTR of the HER-2 8 kb and 4.5 kb mRNA is similar. 
Reverse-transcribed mRNA fractions from 8 kb and 4.5 kb SKOV-3 
mRNA were poly-deoxyadenine tailed using terminal deoxy transferase 
(Boerhinger Mannheim), and subjected to 5'RACE using oligo-dT as a 
forward primer and a reverse primer complimentary to nuclcotides 
188-208 of HER-2 cDNA. PCR amplification products were visualized 
by ethidium bromide staining and UV-illumination following 
electrophoresis on 2% agarose (left panel). Nucleotides were then 
transfered to GeneScreen membrane (NEN Life Sciences), hybridized with 
Y-32P end-labelled oligonucleotide identical to nucleotides 144-165 of 
HER-2 cDNA (Coussens et aL, 1985), washed and analzed by 
phoshorimaging (Molecular Dynamics). 



nt4351 of HER-2 3'UTR (Coussens et al., ref. 1) 
V 

....ATGGTGTCAGTATCCAGGCTTTGTACAGAGTGCTTTTCTGTTTAGTTT 
TTACTTTTTTTGTTTTGTTTTTTTAAAGACGAAATAAAGACCCAGGGG 
AGAATGGGTGTTGTATGGGGAGGCAAGTGTGGGGGGTCCTTCTCCAC 
ACCACTTTGTCCATTTGCAAATATATTTTGGAAAACAGCTAAGCACC 
GGCCTATGTCTGGGGGTGGATCTTCACAAAGCTTGGATGAAGAACCA 
GACATCCAGTTCTCCAGCTTCAGGGTTGGGGGAGATCGGGAACTGGA 
TTCACATCTGAGAACCCTTTGACGACCACATCGTTCTTATTTATAAC 
GAACTAATTCCTAAAGCCACTCCCCAGAATGGGGTTATTTCCTCCTT 
TTTAATTCAAGAAAAT ~2kb GGAGAACACCAGCTG 
TCCGGTTGGAGAGGTTGACTTTTCTAAGGGGTGGCAGAAGCAGAAGG 
AAATCCTTACATATGTAGACTTGCACAGTTCAAACATGTATTGTTCA 
AGGATCGCCTGGGTTTATAATATATATTATTTGTATATTTAÄA1A1AC 
ATGTTTGTGATTTTTTAAAGGTTTATTTCTGGAACTTTAAGCAAGAAT 
AGAAAACTTTAATGTGCTAAAAGATTAATAAGCTTTGAGAATTTGTA 
GAGTTGATAGCTACACTGGTCACTGATTTAGGAAGGTCCATACCCAT 
TTGAATGTCGACGCGGCCGC ...(~1.5 kb).. AAATAAA.... AAAAAAA-3' 

Figure 2. Unique sequence extension 3' to known HER-2 cDNA 3'UTR. 
Primary sequence is shown at 5' and 3' ends of insert within X.ZIPLOX 
clone isolated from a SKOV-3 8 kb-fraction-cDNA lirary. Sequence of 
the putative polyadenylation signal reported to be utilized for the 4.5 kb 
transcript is underlined; in addition, a second consensus sequence (also 
underlined), matching that above, was found approximately 2.5 kb 3' to 
the first, although it does not appear to be followed by a polyadenine 
tail. The first divergent nucleotide of the unique sequence is denoted by 
a line over the letter and is located at the start of the polyadenine tail in 
the reported sequence for the 4.5 kb transcript. 
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Figure 3. Divergent sequence of an alternative 8 kb HER-2 
mRNA is within the 3*UTR. Northern blot of 2ng T47D (lanes 
1, 3) and SKOV-3 (lanes 2, 4) mRNA (as described) hybridized 
with a 5'HER-2 cDNA probe, showing HER-2 mRNA of 4.5 kb 
in both T47D and SKOV-3 (lanes 1 and 2; right panel) and 8 kb 
message only in SKOV-3 (lane 2). The left panel shows the 
same Northern blot, after stripping (O.lXssc at 100° C for 10 
min) and re-hybridizing with unique sequence obtained 
from cDNA library clone of HER-2 message (described in text). 
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Figure 4. 8kb HER-2 transcript results from alternative 
polyadenylation signal usage: sequence of 8 kb HER-2 3"UTR 
is contiguous with terminal HER-2 exon sequence in genomic 
DNA. Ethidium bromide stained, UV-illuminated gel of PCR 
products obtained using a forward primer identical to known 
HER-2 cDNA 3'UTR sequence at nucleotides 4301-4323 and a 
reverse primer complimentary to sequence obtained from a 
cDNA library clone of the 8 kb HER-2 transcript located 
approximately 100 bp 3' of the reported polyadenylation signal. 
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Figure g, HER-2 8 kb mRNA transcript is not developmental^ 
expressed at detectable levels in human fetal tissues which express the 
4,5 kb HER-2 transcript. Northern blot of 2 fig mRNA from human 
fetal tissues, as indicated (Clontech), hybridized with random prime 
32P-labelled cDNA of HER-2 3'UTR sequence, showing no hybrization 
with an mRNA of 8 kb. 
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