
AD 

GRANT NUMBER DAMD17-96-1-6159 

TITLE:  Translational Regulation of HER2 Gene Expression 

PRINCIPAL INVESTIGATOR:  Adam Geballe, M.D. 

CONTRACTING ORGANIZATION:  Fred Hutchinson Cancer Research Center 
Seattle, WA 98104-2092 

REPORT DATE:  December 1997 

TYPE OF REPORT:  Annual 
W3C QUALITY INSPECTED 2 

PREPARED FOR:  Commander 
U.S. Army Medical Research and Materiel Command 
Fort Detrick, Frederick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for public release; 
distribution unlimited 

The views, opinions and/or findings contained in this report are 
those of the author (s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

19980317 149 



REPORT DOCUMENTATION PAGE 
Farm Approved 

OMB No. 0704-0188 

_.„ ,    .    .    ,   ... ,   „ , ,„,-_,,„,», b ..•im.Md to everaaa 1 hour par response .Including the time f of reviewing .taMructlons. Marching existing d«tt lour 
P^llc reporting burden forjNt cpfectlan of WprraHonlJ•■J'fJWJSfLJ8no tho oe teotlon of Informttlön   Send comments regardlnp tfils burden ojfimate or any other aspect of ting burden for tttk cplecnon ot «njprmbi™;>*j-'"'i~"rLJJ näüüTäc il«älonrof Informttlön   Sendcommimis regarqirtg tnispurnen estimate or any otner aspect end»etauirtrqjtrw d»t« iHwdei md,eOTpled^ 
S^^A^SStSS^St^!^SS^!^&^ th« 0?A«° .TagaffBXS: PapenWl. Reduction Project 10704.Q18B), WeshlngtoV cfc 2(J503, 

lources, 
;t of this 
Jelfenon 

1. AGENCY USE ONLY rZ«rv> bfutk) 2. REPORT DATE 
December 1997 

3. REPORT TYPE AND DATES COVERED 
»Annual (1 Dec 96 - 30 Nov 97) 

I. TITLE AND SUBTITLE 

Translational Regulation of HER2 Gene Expression 

6. AUTHOR(S) 
Adam Geballe, M.D. 

6. FUNDING NUMBERS 
DAMD17-96-1-6159 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Fred Hutchinson Cancer Research Center 
Seattle,  WA    98104-2092 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
Commander 
U.S.  Army Medical Research and Materiel Command 
Fort Detrick,   Frederick,  Maryland    21702-5012 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12«.  DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited 

13. ABSTRACT (Mmxlmum 20O 

12b. DISTRIBUTION CODE 

Amplification of the HER2 gene occurs in more than 20% of breast cancers and is 
associated with aggressive tumor cell growth. In addition to gene amplification, genetic 
mechanisms including translational deregulation may contribute to the overexpression of 
the HER2 oncoprotein. The HER2 mRNA contains a highly conserved short upstream 
open reading frame that represses downstream translation. Recent studies have shown 
that this upstream open reading frame represses translation of HER2 as well as a reporter 
gene cistron, and that it functions in mammalian cells, in yeast and in cell free translation 
extracts. Although the analysis of the mechanism by which the upstream open reading 
frame acts is not yet complete, the very short intercistronic spacing between the upstream 
open reading frame and the HER2 coding region is a critical component. Ribosomes that 
have translated the upstream open reading frame are unable to reinitiate efficiently at the 
HER2 initiation codon. The consequences of this translation mechanism for transforming 
activity of the HER2 protein synthesis are under investigation.  

14. SUBJECT TERMS Breast Cancer 

17.  SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified       

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

6. NUMBER OF PAGES 

11 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

Unlimited  
NSN 7540-01-280-5BOO 

Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. £33-18 
298-102 



FOREWORD 

Opinions, interpretations, conclusions and recommendations are 
those of the author and are not necessarily endorsed by the U.S. 
Army. 

  Where copyrighted material is quoted, permission has been 
obtained to use such material. 

  Where material from documents designated for limited 
distribution is quoted, permission has been obtained to use the 
material. 

  Citations of commercial organizations and trade names in 
this report do not constitute an official Department of Army 
endorsement or approval of the products or services of these 
organizations. 

  In conducting research using animals, the investigator(s) 
adhered to the "Guide for the Care and Use of Laboratory 
Animals, " prepared by the Committee on Care and use of Laboratory 
Animals of the Institute of Laboratory Resources, national 
Research Council (NIH Publication No. 86-23, Revised 1985) . 

X  For the protection of human subjects, the investigator(s) 
adhered to policies of applicable Federal Law 45 CFR 46. 

X»  In conducting research utilizing recombinant DNA technology, 
the investigator(s) adhered to current guidelines promulgated by 
the National Institutes of Health. 

^  In the conduct of research utilizing recombinant DNA, the 
investigator{s) adhered to the NIH Guidelines for Research 
Involving Recombinant DNA Molecules. 

In the conduct of research involving hazardous organisms, 
the investigator{s) adhered to the CDC-NIH Guide for Biosafety in 
Microbiological and Biomedical Laboratories. 

PI - Signature Date 



4. Table of Contents 

1. Front cover   1 
2. SF298   2 
3. Foreword ,  3 
4. Table of Content     4 
5. Introduction   5 
6. Body   5 
7. Conclusions  10 
8. References  11 
9. Appendices  11 



5. Introduction: 

Overexpression of the HER2 oncoprotein occurs in 20-30% of breast tumor cells 
and is predictive of aggressive tumor growth [1-3]. As well, HER2 functions as an 
oncogene in cell culture transformation assays [4-6]. Thus, HER2 may be a causal factor 
in the development and/or progression of breast cancer. 

The mechanism by which HER2 is overexpressed in tumor cells is incompletely 
understood. Several studies have highlighted a correlation between with HER2 gene 
amplification and HER2 protein overexpression (reviewed in [3]). These observations 
suggest that the abnormal HER2 gene dosage (i.e. the number of DNA copies) in breast 
cancer cells may account for HER2 protein overexpression. However, in some tumor 
cells, transcriptional activation of HER2 occurs without detectable gene amplification [7]. 
Moreover, our work suggests that translational controls also contribute to the 
overexpression of HER2 in tumor cells (manuscript in preparation). 

In most eukaryotic mRNAs, the most 5' proximal AUG codon serves as the site 
for initiation of protein synthesis [8]. However, a majority of oncogene transcripts 
including the HER2 mRNA, as well as many mRNAs encoding growth factors and 
cellular receptors contain AUG codons and associated short open reading frames 
(uORFs) upstream from the major translational start site [9]. The role of these uORFs is 
largely uncharacterized though an increasing number of examples illustrate the potential 
for these elements to influence quite substantially expression of the downstream reading 
frame (reviewed in [10]). 

In the case of the HER2 mRNA, the uORF inhibits translation of a downstream 
reporter gene in mammalian cell transfection assays (manuscript in preparation). This 
research project was designed to elucidate the role of this uORF in breast cancer by two 
parallel experimental approaches. First, studies using S. cerevisiae will clarify the 
translational regulatory mechanism through which this uORF operates. Second, studies 
of the uORF effects on the expression and transforming potential of the HER2 gene will 
help reveal the role of the uORF in tumorogenesis. 

6. Body: 

Effects of the HER2 uORF on downstream translation in S. cerevisiae. 
The first set of studies was designed to assess the effects of the HER2 uORF in 

yeast. The rationale for these experiments was that if the uORF inhibits translation in 
yeast as it does in mammalian cells, then it may be possible to utilize a yeast genetic 
approach to identify and characterize eis- and /raw-acting mutations that alleviate the 
inhibition. 

To investigate the effects of the HER2 uORF in yeast we first constructed a series 
of yeast expression plasmids that contain portions of the HER2 leader upstream of lacZ 
sequences (Fig. 1). For each plasmid containing the uORF, we constructed a control 
plasmid in which the AUG codon of the uORF was mutated to AAG, thereby eliminating 
the uORF. These plasmids were then transformed into the S. cerevisiae strain Cry-1 and 
ß-gal activity was measured in extracts of transformants. 
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Fig. 1. Analysis of HER2 uORF effects on downstream translation in yeast. The 
plasmids expressing transcripts having the depicted 5' ends regions were transformed 
into yeast, ß-gal expression from 5 transformants of each construct was measured. The 
fold repression is calculated by dividing ß-gal expression from a plasmid containing a 
mutation in the upstream AUG codon (X) by expression of the corresponding construct 
containing the uORF (filled rectangle). Oligonucleotide linkers and translationally 
neutral sequences from the GCN4 transcript leader [11] were inserted between the uORF 
and the ß-gal ORF to vary the intercistronic spacing. 

In our initial experiments, we found that the HER2 transcript leader repressed ß- 
gal expression to a very low level (data not shown). However, this inhibitory effect was 
independent of the uORF since mutation of the uORF AUG codon did not result in 
increased ß-gal expression. This uORF-independent repressive effect of the HER2 leader 
was not detected in mammalian cells, a discrepancy we suspect is due to the greater 
sensitivity of yeast translational machinery to RNA secondary structure. 

We next made a series of yeast expression plasmids containing the HER2 uORF 
and the authentic 5 nucleotide intercistronic region, but none of the HER2 transcript 
leader upstream from the uORF. As shown in Fig. 1, the uORF repressed ß-gal 
expression approximately five-fold in this experiment. 



We next inserted sequences into the intercistronic region between the HER2 
uORF and the ß-gal ORF to test the hypothesis that the short intercistronic spacing 
between the two uORFs is responsible for the inhibitory effect of the uORF. 
Lengthening the intercistronic spacing reduced the inhibitory effect of the uORF (Fig. 1). 
The uORF in constructs with greater than -80 nucleotides of intercistronic spacing 
inhibited downstream expression only 2-fold. These data suggest that the inhibitory effect 
of the uORF in yeast is largely a consequence of ribosomes translating the uORF but 
being unable to reinitiate at the HER2 AUG codon. 

One problem with these experiments was the large variation in absolute levels of 
ß-gal expression among the pairs of construct (Fig. 1). For example, pEQ688 and 
pEQ690 are appear quite similar but express 5-fold different levels of ß-gal. The basis 
for this variation is under investigation. In particular, examination of ß-gal mRNA 
accumulation in the various transformants should be informative. 

Consequences of translational derepression on expression of, and transformation by 
the authentic HER2 protein. 

The second goal of this project is to establish whether the uORF regulates 
translation of the authentic HER2 protein and to test the prediction that translational 
derepression of HER2 protein synthesis, resulting from inactivation of the translationally 
repressive uORF, enhances the transformation efficiency of the HER2 oncoprotein. 
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Fig 2. Plasmids for expression of HER2 in mammalian cells. The indicated plasmids 
were constructed such that the CMV immediate early promoter-enhancer controls 
expression of mRNAs containing HER with no uORF (pEQ580), the wildtype HER2 
transcript leader (pEQ582) or the HER2 transcript leader with a mutation of the uORF 
AUG codon to AAG (pEQ581). 

Previous studies demonstrated that the HER2 uORF repressed downstream 
translation of ß-gal when lacZ sequences replaced the HER2 cistron (manuscript in 
preparation). To evaluate whether the uORF also repressed HER2 expression in a more 
authentic mRNA, we constructed plasmids containing the uORF and flanking transcript 
leader sequences upstream of the HER2 ORF. Two sets of plasmids were constructed in 
which RNA expression was controlled either by the phage T3 promoter or by the 
cytomegalovirus major immediate early promoter (Fig. 2), thereby enabling assays of the 
uORF effect both in cell free assays and in vivo. 



Fig. 3. Immunoblot of HER2 expressed in COS7 cells. COS7 cells were mock 
transfected, or transfected with HER2 expression plasmids pEQ580 (ATL), pEQ582 
(AAG) or pEQ581 (Wt). Two (lanes 1,3,5, and 7) and three (lanes 2,4, 6 and 8) days 
post transfection, whole cell extracts were prepared by SDS lysis and HER2 expression 
was analyzed by immunoblot (by Dr. Gail Clinton, OHSU). The migration of protein 
molecular size markers is indicated on the left. Elimination of the uORF (lanes 3-6) 
resulted in a substantial increase in the level of HER2 protein above the background level 
detected in mock transfected cells (lanes 1 and 2) or in cells transfected with the construct 
containing the wildtype uORF (lanes 7 and 8). 

The HER2 uORF repressed translation of HER2 protein in transient transfection 
assays (Fig. 3). Plasmids were transfected into COS7 cells and whole cell extracts were 
analyzed by immunoblot analysis. We were unable to detect the HER2 protein using 
commercially available antiserum. However, Dr. Gail Clinton (Oregon Health Sciences 
University) analyzed these samples for us using her very sensitive antisera. Results of 
the immunoblot show that the uORF represses downstream translation in COS7 cells. 
Thus, the HER2 uORF represses downstream translation of ß-gal or HER2, and both in 
vivo in mammalian cells (Fig. 3) and in cell free translation assays (data not shown). 

We next sought to determine whether the reduced expression of HER2 by the 
uORF resulted in a decrease transforming activity of the HER2 transgene. The simplest 
hypothesis is that repression of HER2 protein abundance by uORF should reduce 
transforming activity. However, alternatives need to be considered. For example the 
HER2 protein expressed in the absence of the uORF may be less active due to misfolding 
of the nascent polypeptide chain. 

To analyze the transforming activity of transfected HER2 constructs, we first 
attempted to use transformation assays of NIH/3T3 cells, a conventional cell type for this 
sort of study and a cell type in which HER2-mediated transformation has been 
demonstrated [4]. Several experiments were conducted in which optimization of (i) 
carrier DNA preparations, (ii) buffer conditions and (iii) concentrations of serum were 
used. Nonetheless, we could not identify conditions in which the positive control 
construct, LTR/erbB2, transformed NIH/3T3 cells above the level seen in mock 
transfected cells. In discussing these results with others researchers experienced with 
transformation assays, we learned that these assays may be difficult to reproduce in 



NIH/3T3 cells due to a variety of factors including variations among batches of the cells 
and serum. 

We next tested the transformation of rat embryo fibroblasts (Fig. 4). As with the 
NIH/3T3 cells, we detected a moderate number of foci in the controls and no 
reproducible increase in the foci number after transfection of HER2. 
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Fig 4. Transformation assay in rat embryo fibroblasts.   The indicated plasmids were 
transfected into rat embryo fibroblasts and foci were counted ~3 weeks later. 

Finally, we tested the ability of HER2 to transform 208F cells (Fig. 5). In these 
experiments, no background foci were detected in cells transfected with negative 
controls. As well, activated Ras, a positive control, gave a large number of foci. 
However, neither the HER2 expression plasmid Ltr2/erbB2, that lacks the uORF and was 
shown to transform NIH3T3 cells [4], nor our CMV-HER2 plasmid (pEQ580) 
transformed 208F cells. The HER2 expression plasmids did not increase the number of 
colonies after cotransfection with Ras or Myc. These results suggest the HER2 in not a 
highly potent transforming oncogene in these cells. 

Because of our inability to detect transforming activity of HER2, we have not yet 
been able to ascertain whether the uORF changes the amount of functional HER2 protein. 



Transfected plasmid Number of Foci 
pTLRcMyc 0 
Ras (pGEJ) +++(-500-1000) 
Ltr2/erbB2 0 
Her2 (pEQ580) 0 
Myc + Ras +++ 
Myc + erbB2 0 
Ras + erbB2 +++ 
Myc + HER2 0 
Ras + HER2 +++ 
Control - carrier DNA 0 

Fig. Transformation of 208F cells. The indicated plasmids were transfected into 208F 
cells and foci were counted after staining the monolayers at 3 weeks. 

We plan to utilize one or more of several alternative strategies to reveal whether the 
uORF affect the transforming potential of the HER2 gene. For example, we will express 
HER2, with and without the uORF, in MCF-7 cells and determine the effects on growth 
rate of these cells, similar to the approach employed recently by Pegram et al. ([12]). 

7. Conclusions: 

a) The uORF in the HER2 transcript leader represses HER2 protein expression in 
mammalian cells, in yeast and in cell free extracts. 

b) The short intercistronic spacing between the uORF in the HER2 transcript leader is 
responsible, at least in part, for the inhibitory effect of the uORF in S. cerevisiae. 

c) HER2 is not a strong transforming gene. Elucidating the effects of the uORF on 
transforming efficiency oiHER2 requires further study. 
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