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Abstract

Growth factors are special proteins which help to stimulate proliferation and differentiation in both normal and malignant
cells. The first growth factor was epidermal growth factor. The receptor tyrosine kinases includes the receptor epidermal
growth factor receptor EFGR. They have many other members like erbB2/HER-2, erbB3/HER-3, and erbB4/HER. These
receptors are anchored in the cytoplasmic membrane and share a similar structure that is composed of an extracellular
ligand-binding domain, a short hydrophobic transmembrane region, and an intracytoplasmic tyrosine kinase domain.
Activation of these receptor leads to the phosphorylation of important tyrosine residues within the COOH-terminal portion of
EGFR resulting in specific docking sites for cytoplasmic proteins. To overcome various problems associated with ERBB gene
mutations, prior identification and analysis of these mutations is necessary. In this study, we have analyzed the ERBB
receptor tyrosine kinase, its structural classification and various protein domains by using bioinformatics tools.
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Introduction

The ErbB family of receptor tyrosine kinases contains many
growth factor receptors. Most of the epidermal growth factor
receptor (EGFR) belongs to the family of receptors named,
ErbB. The EGFR gene is in actual involved for providing
instructions to make an epidermal growth factor receptor
protein. Activation of transmembrane proteins is carried out by
binding with peptide growth factors of the EGF-family of
specialized proteins. The particular positioning of EFGR gene
allows the receptor to bind with other some proteins like
ligands. Ligand-receptor binding resembles to key and lock
phenomena and get fixed in a same way. The epidermal growth
factor receptor binds many different ligands. Out of several
ligands at least seven different ligands were found with receptor
binding.

It was observed that the EGFR becomes activated by receptor
overexpression and due to some ligand attachment. Different
number of ligands are found that bind to the EGFR, these are
mainly six including EGF itself. According to previous studies,
binding of ligand to a particular receptor induces a
conformational change to the receptor external domain leading
towards receptor dimerization and auto phosphorylation of
certain tyrosine residues' .

It was also previously reported that the ligand-independent
receptor activation occurs in some tumors that display forms of
the EGFR and HER having no extracellular domain®”. Ligand
independent activation of EFGR resulted because of prolinase-
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type plasminogen activator receptor overexpression activity via
association with asf; integrin 6,

Moreover, the activation of receptor independently of ligand
resulted because of multiple cellular processes, mainly due to
radiation. Due to this, phosphatases are silenced and helps to
antagonize the receptor kinase activity, shifting the equilibrium
of basal phosphorylation’. According to some studies, ErbB2 is
found to be involved in activating signaling molecules which
regulate the bioenergetic metabolism® .

Mutation in EFGR: According to various studies, at least eight
mutations in the EGFR gene have been associated with lung
cancer. Nearly all these EGFR gene mutations are somatic and
are only present in cancer cells. These mutations are most
common in non-smokers. Amplification of the EGFR gene and
its related mutations with tyrosine kinase domains been
observed in many carcinoma patients. Mutations of somatic
cells are found in four different exons within the kinase receptor
domain. These mutations arise more frequently found in a
subpopulation of non-small cell lung cancer patients'*'.

On the other hand, it was noticed about the K-RAS mutations
which are frequent in smokers, correlates with resistance to
EGFR inhibitors. Therefore, the ERBB receptors dimerize on
ligand binding and with other members of the ERBB family'®.
Hence, the excessive ERBB signaling is associated with the
development of a wide variety of solid tumors and insufficient
ERBB signaling in humans are associated with the development
of neurodegenerative diseases'’™'®.
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Tyrosine Kinase Function: Protein tyrosine kinase receptors
needs a coreceptor for ligand binding. It plays an important role
as an essential component of a neuregulin-receptor complex.
Studies suggested, GP30 as a potential ligand for this receptor.
Also found to be involved in regulation and stabilization of
certain peripheral microtubules. It was also found to function in
the nucleus, transcriptional regulation and cellular growth
mechanisms.

This study involves, in silico analysis of human ERBB gene
with its similar variants and others from different species. The
reported paralogs and orthologues was analyzed for further
comparison. The protein domain for receptor tyrosine kinases
was also observed by using various computational tools. The
obtained analysis results are proposed with specific predictions.

Material and methods

Sequence analysis of human erbb2 TKI gene shown the coding
region of gene. Various computational studies shown different
protein domain present in homo sapiens erbb2 gene. Different
bioinformatics software’s were used to analyze the selected

Table-1: Shows reported paralogs of human ERBB2.
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erbb2 gene and to compare this gene with its paralogs and
orthologues.

HGNC reported symbol for ERBB2: The human ERBB2 gene
was searched in Hugo Gene Nomenclature Committee.

Sequence retrieval of human ERBB2 gene: Sequence of
erbb2 gene was retrieved from NCBI-Genbank data repository.

Transcript analysis: Transcript maps were obtained through
Ensemble software.

Structural classification of ERBB2 protein domains: InterPro
was used to study various protein matches and signatures.

Analysis of human ERBB2 protein Kinase domains: Protein
domains were analyzed using EBI-PDB.

Results and discussion

Comparative study of homo sapiens erbb gene depicts its
various paralogs and orthologues in different species. Results
are shown in the tables below:

Name ID Location Description Origin
EGFR 1956 Chromosome 7 epidermal growth factor receptor Homo sapiens
ERBB2 2064 Chromosome 17 erb-b2 receptor tyrosine kinase 2 Homo sapiens
GRB2 2885 Chromosome 17 growth factor receptor bound protein 2 Homo sapiens
ERBB3 2065 Chromosome 12 | erb-b2 receptor tyrosine kinase 3 Homo sapiens
ERBB4 2066 Chromosome 2 erb-b2 receptor tyrosine kinase 4 Homo sapiens
EPS15 2060 Chromosome 1 epidermal growth factor receptor pathway substrate 15 Homo sapiens
EPS8 2059 Chromosome 12 | epidermal growth factor receptor pathway substrate 8 Homo sapiens
ESRI1 2099 Chromosome 6 estrogen receptor 1 Homo sapiens
GRB7 2886 Chromosome 17 | growth factor receptor bound protein 7 Homo sapiens
Table-2: Shows reported orthologues of human ERBB2.
Name ID Location Description Origin
ERBB2 2064 Chromosome 17 | erb-b2 receptor tyrosine kinase 2 Homo sapiens
Erbb2 13866 Chromosome 11 | erb-b2 receptor tyrosine kinase 2 Mus musculus
Erbb2 24337 Chromosome 10 | erb-b2 receptor tyrosine kinase 2 Rattusnorvegicus
erbb2 386966 Chromosome 12 | erb-b2 receptor tyrosine kinase 2 ?;Zgroagesﬁ)o
ERBB2 403883 Chromosome 9 erb-b2 receptor tyrosine kinase 2 C}Z’Z;;Zfizs
ERBB2 697573 Chromosome 16 | erb-b2 receptor tyrosine kinase 2 Macacamulatta
ERBB2 505709 Chromosome 19 | erb-b2 receptor tyrosine kinase 2 BosTaurus
ERBB2 454636 Chromosome 17 | erythroblastic leukemia viral oncogene homolog 2 Pan troglodytes
ERBB2 426130 Chromosome 27 | erythroblastic leukemia viral oncogene homolog 2 Gallus gallus
ERBB2 100054739 | Chromosome 11 | erb-b2 receptor tyrosine kinase 2 Equuscaballus
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Chromosome Map: The erbb2 gene was found to be located Transcript analysis: The transcript with their specific
on long arm of chromosome 17 at position 12. The analysis Ensemble Id are represented in Figure-4.

shows gene is located from base pair 39,688,084 to 39,728,662

on chromosome 17 (Figure-3).

APPROVED SYMBOL ERBB2
APPROVED NAME erb-b2 receptor tyrosine kinase 2
HGNC ID HGNC:3430

PREVIOUS SYMBOLS & NAMES ©©  NGL, "v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2°, "v-erb-b2 avian erythroblastic leukemia
viral oncogena homolog 2 (neuro/glioblastoma derived oncogene homolog)”

SYNONYMS CD340, HER-2, HER2, "human epidermal growth factor receptor 2, NEU, "neuro/glioblastoma derived oncogene
homolog”

LOCUS TYPE gene with protein product

Figure-1: Shows the reported erb-b2 receptor tyrosine kinase 2

AAGACAAT 665 66G6CTTACCT0606TRGGGCTTACCTGCTAGACTCATGTAGATTGGCTRGC6GOACCGOAGTRATTCAGAGCGCCCCCAGAGCAGTTCTGCTCTTCRC
ACTGCAGTACGCAGTCACGTACACCRGCTCACGGTCGCCCTGAGARCCACTCGCCAGCRCCACTECCCCAGCTAGCAGGACCAACCGCGCCGCCAGGCCGGCCATCCTTTCTCC
(T6GCTCCCACCGhaG0ACRAGCTTAGGAGTATGAAGCTTCCACTTCCGOAGTAACCGAAGTTCCTRTGITCTTTATTCTACTCTCCOCTGANGTCCACACAGTTTAAATTAA
AGTTCCCGGATTTTTRTGRGCCCTRCCCCGCCCCTCGTCCCCCTGCTRTGTCCATATATCGAGGCGATAGGATTAAGGRAAGGCRGACGCTEATGRGTTAATGAGCAMCTEA
AGTGTTTTCCATGATCTTTTTTGAGRTAGGGCTGTTTACTGTCACCACCCCTGTCGRATTTTACTTCCTARACGTACCTRTAACTATCCACTTCTCTCCATCTCTTCTGGCACCA
(CCTGGTTAMAGACACCATCATGTGTCGCCAAGACAGCCGCAGTAGCTTCTTANTGGCTCTCCCTGCCTCTACTTTTGCCTCTTCCAACCTRCGCTCCATTTTGARRATTANA
TTTGCCCATATCACTTTTTTTTTCTTAAMATTATTTACTGGCTCCCAATTACCTTOGGTAARATACAGTCTCCACARACCCTGCCTRATTTRGCCLCTGTCCACTGRICTCCCTC
ACTCCCTTGCTCCAGACCCGCTTCAGAGGGCTATGTCCCTCAAGCTTCCTGACTCCTORCCTORTCTGAATCACTCACTCTTCTTTTTTCTTCTAGTCGCAATTAGTACCAC
(TCCCEMGGaTGATTGCTTCCCCATGC QGGG TAGACCTTTGCTGTCCTGTTCACCACTCTACCTCCAGCACAGMATTTGGCTTATGGT AGGCGCTAACTGLGTTTRITTGTTCT
TG T AT AT AT A AT A GAACTTGACAAATCCAGGOCTGT AMAATCATCAGTATGRTCTGCACTGAGATCGEAGAGMAGTAA

Figure-2: Sequence of human erb-b2 receptor tyrosine kinase 2. The highlighted area shows the exons.
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Figure-3: Shows the chromosome map of human ERBB2 gene.
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Name Transcript[D ~ bp ~ Protein ~ Biotype CCDS UniProt RefSeq Flags
ERBB2.001 ENSTO0000584601 4792 1225aa | Protein coding CCDS45667 7 P04626¢7 NM_001005862¢7 TS GENCODE hasic
NP_001005662¢¢
ERBB2-201 ENSTO0000406381 4564 12222 | Protein coding CCDS45667 ¢/ 046265
ERBB2.008 ENSTO0000269571 4545 12558 | Protein coding CCDS32642¢7 | PO4626e XADNK3E | 1M _004448 6

NP_004439@

CCDST4052e 0462677 NM_001289936e
NP_001276865¢

CCOSTT0M6&  J3QLUIE NM_001289937 &
NP_001276866¢

CCOSTTNTe FAH1T4 NM_001289938
NP_001276867 ¢

ERBB2.202| ENST00000541774 4341

ERBB2.005 | ENST00000584450 3730

ERBB2.003 | ENST00000578139 | 2526

ERBB2.004 ENST00000445658 3238 B4DTR1e
ERBB2.018 ENST00000560074 754 JIKTIS
ERBB2.013 ENST00000584099 583 JIKE21
ERBB2.012 ENSTO0000576709 559 JIQLV2e
ERBB2.019 ENSTO0000562518 529 JIORJT e
ERBB2.015 ENST00000578502 497 JIORX1 &
ERBB2.007 ENST00000578373 4523 J30L836
ERBB2.011 ENSTI0000562648 1013 JIKRI9e

ERBB2.020 ENST00000554868 500
ERBB2.010 | ENST00000583038 | 4930
ERBB2.006 ENST00000582788 2004
ERBB2.009 ENST00000584308 1316

Figure-4: Shows different Transcripts of ERBB2 with their ensemble ID’s.

Table-4: Shows the human erbB2 receptor tyrosine kinase with accession ID P04626.

Receptor tyrosine-protein kinase erbB-2 (P04626)

Accession  @'P04626 (ERBB2_HUMAN)

Species Homo sapiens (Human)

Length 1,255 amino acids {complete)

Sequence analysis and classification: The InterPro software Analysis of human ERBB2 protein Kinase domains: The

was used to study various protein domain and signatures in the analysis of homo sapiens erbb2 protein domains was performed

selected erbb TKI. The results are shown in Figure-5. by using EBI-PDB. Results shown number of different
configuration domains (Figure-6).
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B 1PRO16245  Tyrosine protein kinase, EGF/ERB/XmrK receptor

L i» PIRSFO00619 {TyrPk_..)

[ 1PRoO04gq  Receptor L-domain

L | L] ¥ PFOL1030 (Recep L da...)
L] O ¥ G305A:3.80.20.20

[ IPRO32675 Leucine-rich repeat domain, L domain-like
aEE— aEE—— » 55F52058
[0 1Proo9o3p  Growth factor receptor cysteine-rich domain
] [ > 55F57184
[ 1PRODG211 Furin-like cysteine-rich domain
C— ¥ PFO07S7 (Furin-liks)

[ 1PRo32778  Growth factor receptor domain 4

c———— ¥ PFL4843 (GF_recep V)
[ IPRO11009 Protein kinase-like domain
e —) > S5F56112
[ 1PRooo71o  Protein kinase domain
e » PS50011 (FROTEN KL..)

Figure-5: Shows erbb2 protein kinase domain obtained from InterPro Protein sequence analysis and classification.

PF01030: Recep_L_domain - Receptor L domain

PFO0D757: Furin-like - Furin-like cysteine

v rich region
=

PF01030: Recep

_L_domain - Receptor L domain

PF14843:

GF _recep_ IV - Growth factor receptor domain IV

Figure-6: Shows various domains obtained from PDB. DB ID: 3pp0.
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Discussion: The epidermal growth factor receptor works to
induces cell differentiation and proliferation upon activation
with ligand binding. The receptor is found at outer surface of
cell which allows ligand and activates particularly the tyrosine
kinase of receptoron its inner side. This tyrosine kinase helps to
phosphorylates a variety of intracellular substrates that activates
pathways leading to cellular growth and synthesis of DNA.
According to some previous studies, overexpression of ErbB-2
in tissue culture ultimately leads to transformation and
sometimes towards metastasis'.

Conclusion

These findings implicate ErbB-2 as a major player in initiation
and progression of breast cancer. The ErbB family of receptors
are outstanding targets for breast cancer therapies and diagnosis.
The analysis of ERBB gene by using bioinformatics tools can
help to identify various gene variants within species by gene
duplication events and in different species by speciation. Also,
they can be useful for proper prediction of various putative
domain in protein tyrosine kinase receptors.

References

1. Burgess A.W., Cho H.S., Eigenbrot C., Ferguson K.M.,
Garrett T.P., Leahy D.J. and Yokoyama S. (2003). An
open-and-shut case? Recent insights into the activation of
EGF/ErbB receptors. Molecular cell, 12(3), 541-552.

2. Hubbard S.R. (2005). EGF receptor inhibition: attacks on
multiple fronts. Cancer cell, 7(4), 287-288.

3. Frederick L., Wang X.Y., Eley G. and James C.D. (2000).
Diversity and frequency of epidermal growth factor
receptor mutations in human glioblastomas. Cancer
research, 60(5), 1383-1387.

4. Anido J., Scaltriti M., Serra J.J.B., Josefat B.S., Todo F.R.,
Baselga J. and Arribas J. (2006). Biosynthesis of
tumorigenic HER2 C-terminal fragments by alternative
initiation of translation. The EMBO journal, 25(13), 3234-
3244,

5. Liu D., Ghiso J.A.A., Estrada Y. and Ossowski L. (2002).
EGFR is a transducer of the urokinase receptor initiated
signal that is required for in vivo growth of a human
carcinoma. Cancer cell, 1(5), 445-457.

6. Fischer O.M., Hart S., Gschwind A. and Ullrich A. (2003).
EGFR signal transactivation in cancer cells. Biochemical
Society Transactions, 31(6), 1203-1208.

7. Tan M., Li P., Klos K.S., Lu J., Lan K.H., Nagata Y. and
Yu D. (2005). ErbB2 promotes Src synthesis and stability:
novel mechanisms of Src activation that confer breast
cancer metastasis. Cancer research, 65(5), 1858-1867.

8. Tan M., Lan K.H., Yao J., Lu C.H., Sun M., Neal C.L. and
Yu D. (2006). Selective inhibition of ErbB2-overexpressing
breast cancer in vivo by a novel TAT-based ErbB2-

International Science Community Association

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Int. Res. J. Biological Sci.

targeting signal transducers and activators of transcription
3-blocking peptide. Cancer research, 66(7), 3764-3772.

Sun M., Li P., Tan M. and Yin G. (2006). Upregulation and
activation of PKC; by ErbB2 through Src promotes breast
cancer cell invasion that can be blocked by combined
treatment with PKC; and Src inhibitors. Oncogene: An
International Journal, 25(23), 3286-3295.

Yarden Y. and Sliwkowski M.X. (2001). Untangling the
ErbBsignalling network. Nature reviews Molecular cell
biology, 2(2), 127-137.

Zhou X., Tan M., Hawthorne V.S., Klos K.S., Lan K.H.,
Yang Y. and Yu D. (2004). Activation of the
Akt/mammalian target of rapamycin/4E-BP1 pathway by
ErbB2 overexpression predicts tumor progression in breast
cancers. Clinical Cancer Research, 10(20), 6779-6788.

Zhang H., Berezov A., Wang Q., Zhang G., Drebin J.,
Murali R. and Greene M.I. (2007). ErbB receptors: from
oncogenes to targeted cancer therapies. The Journal of
clinical investigation, 117(8), 2051-2058.

Giaccone G. and Rodriguez J.A. (2005). EGFR inhibitors:
what have we learned from the treatment of lung
cancer?. Nature Clinical Practice Oncology, 2(11), 554-
561.

Cappuzzo F., Hirsch F.R., Rossi E., Bartolini S., Ceresoli
G.L., Bemis L. and Ludovini V. (2005). Epidermal growth
factor receptor gene and protein and gefitinib sensitivity in
non—-small-cell lung cancer. Journal of the National Cancer
Institute, 97(9), 643-655.

Pao W., Wang T.Y., Riely G.J., Miller V.A., Pan Q.
Ladanyi M. and Varmus H.E. (2005). KRAS mutations and
primary resistance of lung adenocarcinomas to gefitinib or
erlotinib. PLoS medicine, 2(1), el7.

Olayioye M.A. (2001). Intracellular signaling pathways of
ErbB2/HER-2 and family members. Breast Cancer
Research, 3(6), 385.

Cho H.S. and Leahy D.J. (2002). Structure of the
extracellular region of HER3 reveals an interdomain
tether. Science, 297(5585), 1330-1333.

Bublil EIM. and Yarden Y. (2007). The EGF receptor
family: spearheading a merger of signaling and
therapeutics. Current opinion in cell biology, 19(2), 124-
134.

Guy C.T., Webster M.A., Schaller M., Parsons T.J., Cardiff
R.D. and Muller WJ. (1992). Expression of the
neuprotooncogene in the mammary epithelium of

transgenic mice induces metastatic disease. Proceedings of
the National Academy of Sciences, 89(22), 10578-10582.

Stern D.F. (2000). Tyrosine kinase signalling in breast
cancer: ErbB family receptor tyrosine kinases. Breast
Cancer Research, 2(3), 176.



