3000 CifmM) (UTP) was then added, and the
nuclesr suspension was incubated at 30°C for 30
minutes, after which time 15 jal of DNase I (5 18/
ml) in 10 mAM CaCl, (5 ug/ml) was added. After §
minutes at 30°C, the reaction was made 1x SET
t sodium dodecyl sulfate (SDS), S mM

EDTA, 10 maf tris-HCI, pH 7.4), and proteinase
K was added to a concentration of wg/ml.
After incubation at 3I7°C for 45 minutes, the
solution was extracted with an equal volume of a
mixture of phenol and chloroform, and the inter
hase was agan extracted with 100 u! of 1x
ET. Ammonium acetate (10AM) was added to
the combined aqueous phases (original plus
reextraction) to a final concentration of 2.3M, an
equai volume of isopropyl alcohol was added,
and nucleic acid was rrccipuznted (~70°C for 15
minutes). The precipitate was centiifuged in a
microcentrifuge for 10 minutes, and the pellet
was resuspended in 100 pl of TE (10 tris-
HCI, 1 mM EDTA) and centrifuged through a G-
50 (medjum) spin column. The eluate was made
0.2M in NaOH and after 10 minutes on ice,
HEPES was added to a concentration of 0.24M.
Two and ode-half volumes of ethano! were then
added, aod the solution containing the precipi-
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tate held overnight at —20°C. After centrifuga-
tion ini a microcentrifuge for S minutes, the pellet
was resuspeaded in hybridization buffer, which
consisted of [10 mM TES, pH 7.4, 0.2 percent
SDS, 10 mM EDTA, 0.3M NaCl, ix De
hardt’s, and Eschenichia coli RNA (250 %mﬂ].
Nitrocellulose filters containing plasmid DNA's
were prepared with a Schieicher & Schuell Sjot
Blot Apgparatus under conditions suggested bg S
and S, except that wells were washed with 10x
SSC (saline sodium citrate). These filters were
first hybridized in the hybridization solution
descrilla‘eg abt;‘\i(e for a p'ljnimll.)m:, qg} hours u:e(
65°C. er this preliminary hybridization,
filters were hybrisized to the runoff products in
hybridiztion solution for 36 hours. A i
reacticu contained 2 ml of hybridization solution
with I x 10 ml. AfRter hybridization, filters
were washed for 1 hour in 2x SSC at 65°C. The
filters were then incubated at 37°C in 2x SSC
with RNase A (10 mg/mJ} for 30 minutes and
were subsequently washed in 2x SSC at 37°C
for 1 bour. Alternatively, after hybridization the
filters were washed twice for 15 minutes in 0.1
percent SDS, 2x SSC at room tempeeature, and
thep washed at 60°C (0.1 perceat SDS, 0.1x

Tyrosine Kinase Receptor with Extensive

Homology to EGF Receptor Shares
Chromosomal Location with neu Oncogene

Lisa Coussens, Teresa L. Yang-Feng, Yu-Cheng Liao
Ellson Chen, Alane Gray, John McGrath, Peter H. Seeburg
Towia A. Libermann, Joseph Schiessinger, Uta Francke
Arthur Levinson, Axel Ullrich

Growth factors and their receptors are
involved in the regulation of cell prolif-
eration, and several recent findings sug-
gest that they also play a key role in
oncogenesis (/—4). Of approximately 20
identified oncogenes, the three that have
been correlated with known cellular pro-
teins are each related to either a growth
factor or a growth factor receptor. The B
chain of platelet-derived growth factor
(PDGF) is encoded by the proto-onco-
gene c-sis (2), the erb-B oncogene prod-
uct gp68 is a truncated form of the epi-
dermal growth factor (EGF) receptor(3),
and the proto-oncogene c-fms may be
related or identical to the receptor for
macrophage colony-stimulating factor
(CSF-1®) (4).

The receptor-related oncogenes are
members of a gene family in that each
has tyrosine-specific protein kinase ac-
tivity, and is associated with the plasma
membrane (5). Such features are also
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lin (6), PDGF (7), and insulin-like growth
factor 1 (IGF-1) (8); hence more connec-
tions may be found between tyrosine
kinase growth factor receptors and tyro-
sine kinase oncogene products.
Comparison of the complete primary
structure of the human EGF receptor (9)
with the sequence of the avian erythro-
blastosis virus (AEV) transforming gene,
v-erbB (/0), revealed close sequence
similarity; in addition, there were amino
and carboxy! terminal deletions that may
reflect key structural changes in the gen-
eration of an oncogene from the gene for
a normal growth factor receptor (3, 9).
Another oncogene, termed neu, is also
related to v-erbB and was originally
identified by its activation in ethylnitro-
sourea-induced rat neuroblastomas (/1).

SSC) for 30 minutes. Either protocol for proc-
essing of the filters after hybridization yielded
the same specificity in signal. Filters were then
exposed 1o Kodak XAR film in cassettes con-
taining Lightening-Plus screens at -20°C for
various times.

45. C. Yanisch-Perron, J. Vierra, J. Messing, Gene

33, 103 (1985). .
. S. L. McKaight, E. R. Gavis, R. Kingsbury, R.
Axel, Cell 28, 385 (1981).

47. M. Groudine and C. Casimir, Nucleic Acids
Res. 12, 1427 (1984). . .

48. We thank many of our colleagues for discussion
and suggestions during the course of this work;
Hal Wemtraub, Paul Neiman, and Craig Thomp-
son for comments on the manuscript; Craig
Thompson for assistance in obtaining lympho-
cyte preparations; Bill Schubach for plasmid
pBK25; and Kay Shiozaki for assistance with
the manuscript. Su by NIH grants CA
18282 (M.L.) and 28151 (M.L. and M.G.},
and NSF grant PCM 8204696 (M.G.), and a
scholarship from the Leukemia Society of
America (M.G.)

30 July 1985; accepted 15 ctober 1985

In contrast to v-erbB, which encodes a
68,000-dalton truncated EGF receptor,
the neu oncogene product is a 185,000-
dalton cell suiface antigen that can be
detected by cross-reaction with polyclo-
nal antibodies against EGF receptor (/1);
neu may itself be a structurally altered
cell surface receptor with homology to
the EGF receptor and binding specificity
for an unidentified ligand.

_ Using v-erbB as a screening probe, we
isolated genomic and cDNA clones cod-
ing for an EGF receptor-related, but
distinct, 138,000-dalton polypeptide hav-
ing all the structural features of a cell
surface receptor molecule. On the basis
of its structural homology, this putative
receptor is a new member of the tyro-
sine-specific protein kinase family. It is
encoded by a 4.8-kb messenger RNA
(mRNA) that is widely expressed in nor-
mal and malignant tissues. We have lo-
calized the gene for this protein to g21 of
chromosome 17, which is distinct fiom
the EGF receptor locus, but coincident
with the neu oncogene mapping position
(12). We therefore consider the possibili-
ty that we have isolated and character-
ized the normal human counterpart of
the rat neux oncogene.

Tyrosine kinase-type receptor gene and
complementary DNA. As part of our at-
tempts to isolate and characterize the
chromosomal gene coding for the human
cellular homologue of the viral erbB gp68
polypeptide, AEV-ES4 erbB sequences
(2.5-kb Pvu II fragroent of pAEV) (13)
were used as a 2P-labeled hybridization
probe for the screening of a human geno-
mic DNA library at reduced stringency
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(14). Clone Ac-erbB/1 was isolated; it
contained a hybridizing 1.8-kb Bam HI
fragment, which was subjected to DNA
sequence analysis. The 1838-bp se-
quence contains three complete and one
partial erbB-homologous exons separat-
ed by short intervening sequences (Fig.
1). Comparison of this human gene se-
quence with our complete cDNA-de-
rived human EGF receptor protein se-
quence (9) revealed 32 differences (18.7
percent) within the 171 amino acid
stretch of combined exons, suggesting
that this gene fragment was not derived
from the human EGF receptor gene.
Since this gene may code for an un-
known tyrosine kinase-type receptor
that is closely related to the human EGF
receptor, we named it HER2.

Northern blot analysis (/5) with the
32p_labeled 1.8-kb HER2 fragment as a
hybridization probe revealed a 4.8-kb
mRNA in human term placenta poly(A)”*
RNA, distinct from the 5.8- and 10.5-kb
EGF receptor mRNA's also present at
high levels in this tissue (Fig. 2a, lane I).
Thus, we had isolated a portion of an
EGF receptor-erbB-related but distinct
gene. To obtain its complete primary
structure, two single-stranded synthetic
oligonucleotide probes (/6) were pre-
pared from HER2 exon sequence regions
that differed sufficiently (less than 60
percent nucleotide sequence homology)
ftom EGF receptor DNA sequences
(Fig. 1, 1 and 2) and used to screen
a term placenta complementary DNA
(cDNA) library of 2 x 10° independent
recombinant clones in Agtl0Q (17). Fifty-
two clones were isolated; they hybrid-
ized strongly with both synthetic probes
and weakly with an EGF receptor cDNA
fragment (HER64-3) (9) containing the
homologous region within the tyrosine
kinase domain. One of these, AHER2-
436, had the longest cDNA insert (4.5
kb), consisting of three Eco Rl fragments
(1.4, 1.5, and 1.6 kb).

The complete cDNA sequence of this
clone is shown in Fig. 3. The longest
open reading frame starting with a me-
thionine codon codes for a 1255 amino
acid polypeptide (137,828 daltons) and
contains the 171 residues encoded by the
four exons in the 1.8-kp HER2 gene Bam
HI fragment (Fig. 1). This 3765-bp cod-
ing sequence is flanked by 150 bp of S’
untranslated sequence and a TGA stop
codon, followed by a 627-nucleotide 3’
untranslated sequence. No stop codon is
found in the 5’ untranslated region. In
support of our assignment, however, the
initiation codon at position 151 is flanked
by sequences that follow perfectly Ko-
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potential poly(A) addition signal se-
quence (AATATA) 12 nucleotides up-
stream from a stretch of 15 adenylate
residues. We are not certain if this (A);s
stretch is part of a poly(A) tail or repre-
sents an internal poly(A) stretch of a
longer 3’ untranslated sequence.

those for EGF and insulin (9, 19). Such
features are apparent in the hydropathy
profile (20) comparison (Fig. 4a). On the
basis of this comparison, and on amino
acid sequence alignment with the EGF
receptor (Fig. 4b, region 1), we predict a
21 amino acid signal sequence (Fig. 4b,

Abstract. A novel potential cell surface receptor of the tyrosine kinase gene family
has been identified and characterized by molecular cloning. Its primary sequence is
very similar to that of the human epidermal growth factor receptor and the v-erbB
oncogene product, the chromosomal location of the gene for this protein is
coincident with the neu oncogene, which suggests that the two genes may be

identical.

Comeparcison of EGF receptor and
HER2 sequence. As already indicated by
the v-erbB sequence homology used to
isolate HER2, the putative HER2 pro-
tein is very similar in its overall domain
organization and sequence to the EGF
receptor. Nevertheless, there are differ-
ences that are likely to define a specific
biological role for the HER2 polypep-
tide.

The predicted HER2 polypeptide con-
tains each of the domain features found
in hormone receptor precursors, such as

1), an amino terminal serine residue, and
a 632 amino acid putative extracellular
ligand-binding domain; a highly hydro-
phobic, 22-amino acid transmembrane
anchor domain separates the extracellu-
lar domain from a 580-residue-long car-
boxyl-terminal cytoplasmic domain,
which possesses the highest homology to
v-erbB and other members of the tyro-
sine kinase family.

The 632-amino acid, putative HER2
ligand binding domain is about 40 per-
cent homologous with the 621-residue

70 Gl Lys Glu Ala 769
11eProAsp6 ] yGluAsnVallys] JeProvalAla) leL;svaumservremmmmnslu1 JeLeuAsp
1 GGATCCCTGATGGGGAGAATETGAAAAT TCCAGTGECCATCRAAGTAT TCCCCCAARGLCAACAAABRAATCT TABACGTAAGCCCCTCCACCCTCTCCTGCTAGE

121 AGGACAGGAAGEACBCCATGGLTGCAGGTCTGEGCTCTGGTCTCTCTTCAT TG6GGTTTGEGGAGATATEGACTCCCGCAARCCTABACTATTTTTTTEEAGACGGAGCT TGCTCTETCAC
241 CCA CTGGAGTGLAGTEGCGTTATCTCEGCT ACTECARCCTCCACCTCCTGEACTCAAGCGATTITCATGCCTCAGGCTCCTGRETAGCTEGGAT TACAAGCGCCOBCTAATTTITIT
361 TTTTITTTVCAGACRGAGTCTCGLTCTGTCAC CAGGCIAGAGTGAAATGGTGCGGTCTCAG T AGCCTCCCAGGTTARRGCBATTLTTCTCCCTCAGTCTCCTGAGTAGCTEGEATTA
8l CAGGCGCEJGEW[ICGECCGGCTMTT'TTI’GIATTTI'TAGMG&MYGGGMTTEACCAYGYTGGE{AGSTTGSYS‘T AARCTCCTGACCTCATGATCCECCCECCTOGGCCTCLCAA
601 AGTGCTGEGATTACAGGTGTGAGCCACGTGCCCGGC TAATCTTTETATTT) TAGTAGAGACAGEGTTTCACCATGTTGTCCAGGCTGETACTTTGAGCCTTCACAGELTGTGEE CATE

770 Ser  AspAsn  H§
GluAlaTyrVa1KetRl 2G1yVaiGl ySerProTy

721 6GCTGTGBTTTGTGRATGGT TGGGAEGLTGTGTGETETTTGGGOGTGTGTGETCTCCCATACCCTCTCAGCGTACCCTTGTCCCCAGGARGCATACGTGATEGLTGGTGTEGECTCCCCATA

s Cys e he n HisLysAspAsnTle Ty
rYalSerArgLeuleuGlylleCysLeuTarSerThrValGlnLeuVal ThrGInLeudetProTyrGl yCysLeuleukspHi s¥alArgGluAsnArgGl yArgl euGlySer61nAs
841 TGTCTBCCGCCTTCTGEGCATCTECCTRACATCCACEGTGCAGCTGETGACACAGCTTATGCCCTATGECTGCCTCTTAGACCATGTCCGEGAAAACCGCCEALGCCTEGCECTCCCAGGA

val 83l
pLeu LeuAsnTrpCysMetGin{ leAlaLys
961 CCTGCTGAACTGGTGTATGCAGAT TGCCAAGETATGCACCTBEGLTCTITGCAGGTCTCTCCGRAGCAARCCCCTATGTCCACARGEGGL TAGEATGGGEALCTCTTGLTGEGCATETEGC

832 Asn Thr

G) MtSerly-leuB1uAspvﬂiArgLeuhluﬁslrglvaeulI aR1aArgAsa¥alLewvallysSer

1081 CAGGCCCAGBCCCTCCCAGAAGGTCTACATGEGTECTTCCCATTCCAGGGEATGAGCTACCTGRABGATGTGCGGLTCGTACACAGGGACTTGECCGLTCEBAACGTGLTEETCAAGAGT
BT =166 ——C-C—C—-A]

—CC6T—

Gln Lys GlyAlaGlu Lys Glu 833
ProAsnHisVallys] 1:Thrlspl’heﬁlyl.tuﬁla.ﬁrgl. euLeuAspl TeAspGluThrGluTyrHisAlaAspGlyGlyLys
TACCATGCAGATGAEGECAAGET TAGE

1201 CCCMI:C.QIGICMMTTWCWCGGGCTGMTC%TECT%NTTM GA%JME
684
ValProlleLysTro¥etAlal wGluSerlleley

1321 GGAGTGETGTCTAGCCCATBOGAGRACTUTGAGTGGCCACT C ACAA ACA ﬂGITWCTTC(TUTUGCCCTECECAGTGC CATCAABT  TGBOBCTGBAGTC ATTCTC

CAAGGAGC

TGGGT

His  1leTyr 810
ArgArgArgPheThrHtsGInSerAspval TrpSerTyrGlyYal
1441 CGCCEGLOGTTCACCCACCAGAGTGATGTGTGRAGT TATGGTGT GTGATGEGGGETET TCEGRGEGE TEEGTGAGGAGCCATEGCTEGAGGGAGGATEABAGLT  GATGEGGAGARTTA

1561 CGBBECCACCTCAGCATETEAABGEARGRRAGEGECTGCCTETECCCCACCTTECABGETCTGTG ACTTCCCAGGAT TAGGEARABACCGGGTAGGETCTGTCTCCTGECATCACATCT
1681 CCCCCT6CTACCTGCCATGATGCTAGACTCCT GCAGAACCTCT CTCAGTACACTAAAGCTCCCTCTGECCCTCCCACTCCTGACCCTETCTCTECCTTAGGTETEACTGTGTGGEA
1801 GCTGATEACTTTTEGEGCCAAACCTTAC TGGGATCC

Fig. 1. Partial sequence of the HER2 gene. A partal Hae I11-Alu I genomic library (4) of human
fetal DNA in A Charon 4A was screened using a radiolabeled 2.5-kb Pvu 1l fragment of pAEV
(13) containing coding sequences for the tyrosine kinase domain. Hybridization was as
described elsewhere (31), except that 30 percent formamide was used at 42°C. Three
independent clones were isolated which shased a 1.8-kb hybiidizing Bam HI €ragment. This
fragment and subsets thereof were isolated, subcloned into M13mpI0 and M13mpl!, and
sequenced (32). The intron-exon organization was determined by comparison with v-erbB
sequences {/0). Amino acid numbering is based on the complete cDNA sequence shown in Fig.
3. Nucleotide sequence differences with the human EGF receptor sequence ase shown in the
regions that were used for the design of synthetic oligonucleotide probes I (30 nucleotides) and
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extracellular EGF binding domain of the
EGF receptor. This homology includes
two cysteine-rich subdomains of 26 and
21 regularly organized cysteine residues
(Figs. 4a and 2c, subdomains 2 and 3), all
of which are conserved in the EGF re-
ceptor. The cysteine residue spacing in
this region is also homologous with the
single cysteine-rich domain in the insulin
receptor a subunit (/9). In contrast,
HER2 contains only eight potential N-
linked glycosylation target sites (Asn-X-
Thr or Ser) as compared to 12 in the
corresponding region of the EGF recep-
tor. Only five of these are conserved
with respect to their relative position in
each polypeptide.

The hydrophobic, putative membrane
anchor sequence located between resi-
dues 653 and 676 (Fig. 4b, region 4) is
flanked at its carboxyl terminus by a
stretch of amino acids of predominantly
basic character (KRRQQKIRKYTMRR)
(21}, as is found in the EGF receptor
sequence (9) (Fig. 4b, region 5). This
region of the EGF receptor contains
Tar"**, which plays a key role in protein
kinase C-mediated receptor modulation
(22). A homologous threonine residue is
embedded in a basic environment in the
HER?2 sequence at position 685 (Fig. 4, a
and b).

The region of most extensive homolo-
gy (78.4 percent) between EGF receptor
and HER2 (beginning at residue 687)
extends over 343 amino acids and in-
cludes sequences specifying the adeno-
sine triphosphate (ATP) binding domain
(23) and tyrosine kinase activity (Fig. 4b,
region 6) (5). This region is also the most
conserved between v-erbB and EGF re-
ceptor (95 percent) (9). The collinear
homology between the EGF receptor-
erbB and HER? ceases at position 1032,
but introduction of gaps into the EGF
receptor or HER2 sequences reveals
continued, although decreased, related-
ness (Fig. 4b, region 7). This sequence
alignment suggests that the two genes
evolved by duplication of an ancestral
receptor gene, and that subsequent nu-
cleotide sequence divergence in this car-
boxyl terminal domain led to diverged
biological roles for the encoded polypep-
tides.

The carboxyl terminal domain of
HER?2 is characterized by an unusually
high proline content (18 percent) and
predominant hydrophilicity (Fig. 4a).
These general features are also found in
the EGF receptor carboxy! terminal do-
main with a 10 percent proline content.
The sequences in this region that are
found to be conserved are almost exclu-
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and two minor (Tyr'"“%, Tyr!®3) in vitro
autophosphorylation sites in the human
EGF receptor (24) (Fig. 4, a and b).
Three of these tyrosine residues of
HER?2 (positions 1139, 1196, 1248) are
flanked by homologous sequences

PQPEYV, ENPEYL, and ENPEYL

(21, respectively (Fig. 4b, region 7).

HER2 chromosomal location. In situ
hybridization of two *H-labeled HER2
probes (legend, Fig. Sa) to human chro-
mosomes resulted in specific labeling at
bands ql2-+q22 of chromosome 17 (Fig.
5a). Metaphase cells (100) were analyzed
for each probe; 40 percent of cells scored
for HER2 probe | (HER2-1) had silver
grains over 17q12-+q22 (Fig. Sb). Of the
209 grains observed, 42 (20 percent)
were found at this specific region, with
no other site labeled above background.
For HER2 probe 2, 36 percent of cells
had silver grains over the ql2—q22
bands of chromosome 17. Of all silver
grains, 17 percent (42/246) were localized
to this chromosomal region. A second-
ary site of hybridization with 3.3 percent
(8/246) of silver grains was detected at
bands p13-»ql 1.2 of chromosome 7.

To test whether this secondary site
represented cross-hybridization with the
EGF receptor gene, in situ hybridization
was carried out with 3H-labeled EGF

a 123456 p 1234567

Fig. 2. Northern blot hybridization analysis of
normal and malignant human tissues. {a) Fetal
tissues; (lane 1) term placenta, (lane 2) 20-
week placenta, (lane 3) 20-week liver, (lane 4)
20-week kidney, (lane 5) 20-week lung, (lane
6) 20-week brain. (b) Embryonic tumors; (lane
1) hepatoblastoma, (lanes 2 and 3) Ewing
sarcoma, (lane 4) rhabdomyosarcoma, (lanes
5 and 6) neuroblastoma, (lane 7) Wilms’ tu-
mor. Total poly(A)* RNA was isolated as
described (33); 4 ug per lane was analyzed on
a { percent formaldehyde-agarose gel. 32P-
Labeled HER2-1 and HER-2 (legend to Fig. 5)
were used as hybridization probes under high
stringency conditions [50 percent formamide,
5x Denhardt’s solution, 5x standard saline
citrate (SSC), sonicated salmon sperm DNA
(50 pg/ml), 50 M sodium phosphate buffer
(pH 6.8), 1 mM sodium pyrophosphate, and
10 uM ATP at 42°C for 16 hours; filters were
washed three times for 15 minutes at 45°C
with 0.2x SSC]. The filters were exposed at
—60°C with a Cronex Lightning Plus intensi-
fying screen (Dupont) for 7 days. Rat riho-
somal RNA’s were used as size standards

receptor subclone 64-3. Of 100 cells ex-
amined, 30 had silver grains at bands
pl3-»ql1.2 of chromosome 7 and 3 per-
cent (5/166) of total grains were found
over q12—q22 of chromosome 17. With
the other variant probe (HER2-1) no
grain accumulation was observed at the
EGF receptor site on chromosome 7.

Southern blot analysis (25) of DNA
extracted from nine somatic cell hybrids
from human and rodent cells confirmed
the localization of HER2 sequences to
chromosome 17. *?P-labeled HER2-1
and HER2-2 probes were hybridized to
the same set of Eco RI-digested DNA
samples. With HER2-1, a 13-kb hybrid-
izing band was detected in human DNA
(Fig. Sc, lane 1) and in DNA samples
from hybrids containing human chromo-
some 17 (Fig. Sc, lanes 6, 8, 10, and 12).
Likewise, hybridization of HER2-2 to a
6.6-kb DNA fragment was observed in
human control DNA (Fig. Sc, lane 1) and
in hybrids containing human chromo-
some 17 (Fig. 5c, lanes 6, 8, 10, and 12).
Chromosome 17 was the only chromo-
some with perfect concordant segrega-
tion; all other chromosomes were ex-
cluded by two or more discordant hy-
brids.

Regional localization to chromosome
17 was also confirmed by Southern blot
analysis. In a mouse-human hybrid con-
taining a rearranged human chromo-
some 17 with region 17q21-»qter, the
human HER?2 restriction fragments were
detected (Fig. Sc, lane 4). The HER2
gene was therefore localized to region
17q21->qter, in agreement with the local-
ization made by in situ hybridization.

Even though a low level of hybridiza-
tion with probe HER2-2 was seen at the
site of the EGF receptor gene on chro-
mosome 7, we were able to show that
this finding represented cross-hybrid-
ization. In a control experiment an
EGF receptor probe cross-hybridized to
the same extent with the HER2 site on
17q.

Taken together, the results of the in
situ and Southern blot hybridizations
permit the site of the HER2 sequences to
be further narrowed down to bands
17q21-q22, with the major peak of silver
grains at band 17q21.

HER2 expression in normal and malig-
nant tissves. To obtain further clues re-
garding the function of this receptor both
in normal cells and in neoplasms, North-
ern hybridization analyses (/5) were car-
ried out with several normal human tis-
sues and randomly collected tumors. A
hybridizing 4.8-kb mRNA was detected
in all human fetal tissues analyzed, in-
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1 AATTCTREASC TCETOSACOSETIEACEAGC T DEABESE TCRARBASL TCBAGEAL 6CEC CPCEEOCCCCACCCC TCERLAGLABOCCEOSCCLOGCE0CC TOCCABCC 666 TCCAQL SEEAGL CATERERL LERAGCIECAS TEABCACC
10

20 30 40 50
Trp6Iyteu eulLeuAlaleuleuProProGlyAlsAlaSerThr anlI.erﬁr&Sﬂ!&mmeIWIuThrMsLenlspﬂetLWstoﬂyr
GE666CTCCTCLTCLCCTCTTALCCLCCREAGLLELEAGCACCCAAG TEAAGCTGCE6CTCCCTECCAGTCCCGABACCCACCTEEACATECTCCECCACCTCTAC

1
Met6luLeuAlsAlal.eu

151

80
61n61 InValValGinGlyAsnLeuGluleuThr TyrLeuProThr !llSerlel.M'lMsnllﬁlnﬁluhlﬁlnEhTyrl'llLlulld‘llH‘lMlﬂ‘ mmm
301 TGCAGGGAAACCTGGAACTCACCTACCTECCCACCAATECCAGCCTETCCTTCCTGCABGATATCCAGBAGE TECABGEC TACGTECTCATCECT

110 120 130
1leValArg6lylhréinLeuPhe6luAs snTyrA'IuLeuAhh'ILeuAspAsnmyAwmuJﬁl En\rmmm 1yAlaSerPro6ly61yLeuAl luLcuslnLWThmluH&m
451 ATIGTSCGIBGUCC('IEC\'CWTATGCCCTGGCI:GTGCTA(MCMTSGAGACCCBCTWWTACCACCCCTETWCC TCCCCAGEASSC ECABCTY! CACABAGATCY

160 —190 200
61yGlyValLeuIleGl snProGinLeu yrGlnAsp'l'hrI1el.euTrpLy:AspI'IlPhemsLys.llnlﬂIMnLaMIH.euT‘hrl.athAlpThrM erArgAla un—;l%wwz“
601 mrcnw:c&mccmam ACCAGGACAC cmmmcusmsc@cmm mgggmm CCBATS!
210
G!ySer rp61yG1uSerSerGluA InSer: mem-gnmr ley&z‘c Lys6l mhomm:ﬁ'llﬁ'l TaAla61 yProLysHisSer
751 TTCTEAGEA m‘com Mwscc mﬂ
euAl M!sﬂhﬁﬁ%l-rﬁlyll GluLeutis meu'ulnwtyrmm-nspmrmmusmhtpruusnmmlmumrmml ValThrAl m
01 TCACCTACAACACAGACACGTTTEAGTCCATECCCAATCOCBAGGGCCEETA ACMT
1ol PrAsn'lermSeﬂhrAschlﬂl nwml&&mumnmnslmnmalmmlmrstha ,rsmasimsmum

ArgGluValArgAlaValThrSerAl Iﬂlnl '|QG'IIIG'I UMI 261 l 'IQPMG'I ySerLeuAlaPhel euPro6l uSerMpG‘lﬁspPrul'l lSe\"AﬂlTlr!'l aProleuGinProGluGinLeut] H\‘llﬂn
1201 CGAGAGETGAGEGCAGTTACCAGTELCAATA cmemummﬂmmmummmnm

410 430 440
61ulhrLeuv 1uGlulleThr6lyTyrLeuTyrlleS AlaTrpPr AspSeerPmlsPLeuSerhlPheGlnAsnLeus'anclllurgslyArgIleLequsAsnS]yAhTyrserL ThrLe lnslanyHe
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Fig. 3. Complete nucleotide and amino acid sequences of HER2 (clone A\HER2.436). Synthetic probes 1 and 2 (Fig. 1) were used to screen2 X 10°
clones of a humaa placental cDNA library in Agt10 (/7) as described (9). Fifty-two clones were isolated and characterized by Eco Rl restriction di-
gestion and Southem blot hybridization (25) with the radiolabeled synthetic oligonucleotides (34) and, on a duplicate blot, an EGF receptor Eco
RI fragment (HER64-3) as probes. Lnbclmg of oligonucleotides was achieved with 1 unit of T4 polynucleotide kinase (New England Biolabs), 10
pwol of oligonucleotide and 30 pmol of {v-*?PJATP (Amersham) as specified by the supplier. HER64-3 was labeled to high specific activity (>10°
cpm/pg) as described (34). Clone kllERZ 436 was used for pucleotide sequence analysis (32) of overlapping subclones. Amino acids are
oumbered starting with the initiation methionine (1). Undecdining indicates the putative signal sequence (heavy) and the potential poly(A) addition
signa] (fine). Lines oo top of the sequence indicate potential glycosylation sites, the black arrow demarcates the EGF receptor threonine 654
analogue (Thr 686), shading indicates cysteine residues, boxing shows the putative transmembrane region, large open triangles indicate some
locations of introns in the HER2 gene, and the small nangle emphasizes a possible tyrosine autophosphorylation site by homology to Tyr 1173 in
the EGF receptor sequence.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

from a single fetus (Fig. 2a). Two
mRNA’s, of 5.4 and 6.4 kb, were also
detected in term placenta. No cross-
hybridization with the 5.8-kb and 10.5-kb

40.6%

EGF receptor mRNA’s in term placenta
mRNA was observed under these strin-
gent hyridization conditions (legend,
Fig. 2). Normal adult human tissues,

78.4%

including kidney, liver, skin, lung, jeju-
num, uterus, stomach, and colon, con-
tained lower but significant amounts of
the same 4.8-kb mRNA. Because of the
magnitude of fetal expression, we also
examined several embiyonic tumors
(Fig. 2b); each expressed large amounts
of the 4.8-kb transcript, although not
more than that detected in normal fetal
tissue.

Thus, it appears that the HER2 gene is
widely expressed, in both normal adult
tissues and in several normal fetal tis-
sues. While detected in most embryonic
tumors, the HER2 gene was not present
at higher levels than in fetal tissues; thus,
the particular level may reflect the state
of differentiation of a given tumor.

HER?2 structurally characterized as cell
surface receptor. Using the transforming
gene of the avian erythroblastosis virus,
v-erbB, as a hybridization probe, we
isolated genomic and cDNA sequences
of an uncharactesrized human gene. The
1255 amino acid polypeptide sequence
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Fig. 4. (a) Hydropathy analysis (20) of HER 2 (1255 amino acids) coding sequences and comparison with EGF receptor (HER1; 1210 amino acids).
Different receptor domains and the extent of amino acid sequence homology are indicated. The autopbosphorylation tyrosines in the EGF
receptor sequence are shown, as is a potential analogue in HER 2. The signal sequence is shown by fine shading, the cysteine-1rich subdomains by
hatching, the transmembrane region by a black bar, and the tyrosine kinase domain by coarse shading. (b) Comparison of HER2, EGF receptor
(HERt), and v-erbB amino acid sequences. Identical residues are deleted, gaps are introduced to optimize alignment, cysteine residues are
shaded, and carboxyl terminal tyrosines are in shaded boxes. The black and open triangles indicate the positions of the major and minor
autophosphorylation sites in the EGF receptor, respectively. Asterisks indicate residues involved in ATP binding. Boxed regions include (i),
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