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STRUCTURAL ORGANIZATION OF HER2-HER3 HETERODIMERS
AND AN APPROACH TO THE THERAPY OF BREAST AND LUNG CANCERS

Breast cancer remains one of the most com-
mon carcinomas worldwide and is the leading cause
of cancer-related death in women. A subset of these
tumors — approximately 15% to 20% —are charac-
terized by overexpression of HER2 receptor. Hu-
manized monoclonal antibodies as therapeutic
agents have dignificantly improved clinical out-
comes targeting HER2. However, in many cases,
the presence of multiple mutations such as substitu-
tions, deletions, and insertions makes HER2 unde-
tectable to these agents, even in HER2-HER3 com-
plexes. Aim. In this study, we explore dternative
sites on the ECD region of the HER2 and HERS
receptor proteins that may be potentia epitopes for
humanized monoclonal antibodies to treat these
HER2-HER3-positive cancers. Methods. Analyses
were performed on HER2 and HER3 sequences
collected from the AlphaFold DB, EMBL-EBI
UniProt, and NCBI PBD databases using NCBI
BLAST, Print and ScanProsite, and PyMOL tools.
Results. Comparative aignment of HER2 proteins
revealed multiple deletion and/or insertion muta
tions where therapeutic agents bind the receptor
protein. Further searching and analysis of the ECD
region of both receptors revealed conserved resi-
dues and motifs on HER2 outside the pertuzumab
and trastuzumab binding sites, as well as in the
cysteine-rich region of HERS3. Conclusions. Ex-
ploring and Understanding of these conserved resi-
due organizations of HER2 and HERS as a motifs
may be used as aternative sites for the develop-
ment of future therapeutic agents.

Keywords. ErbB receptors, heterodimeriza-
tion, breast cancer, targeted therapy, humanized
antybodies.

The human epidermal growth factor receptor
2 and 3 (HER2 and HER3) are a members of the
epidermal growth factor receptor (ErbB) family of
tyrosine kinases, which consists of four structurally
related receptors. HER2 and HER3 are composed
of severa key regions that contribute to their func-
tion: an extracellular domain with two ligand-
binding subdomains and cysteine-rich motifs cru-
cia for receptor dimerization; a single transmem-
brane segment; a cytoplasmic tyrosine kinase do-
main; and a tyrosine-rich C-terminal tail that un-
dergoes phosphorylation. The ErbB family recep-
tors can form a variety of dimer pairs up to 28 dif-
ferent homo- or heterodimeric configurations [1].
These receptor dimers trigger multiple intracellular
signaling pathways involved in fundamental biolog-
ica functions, including cell proliferation, maotility,
adhesion, and resistance to programmed cell
death [2].

The HER2 gene is located on the long arm
(922 region) of chromosome 17 [3]. The unglyco-
sylated protein has a molecular weight of approxi-
mately 140 kDa, but glycosylation increases this to
around 185 kDa. Unlike other members of the ErbB
receptor family, HER2 does not possess any known
ligand, which precludes it from undergoing ligand-
dependent homodimerization. Instead, it preferen-
tialy forms heterodimers with other ErbB receptors
or homodimerizes spontaneously when overex-
pressed. This inherent property makes HER2 a cen-
tral amplifier of intracellular signaling, often lead-
ing to hyperactivation of pathways such as
RAS'RAF/MEK/ERK/MAPK and
PI3K/AKT/mTOR-both of which are key contribu-
tors to tumorigenesis in HER2-driven cancers, in-
cluding breast malignancies [1].
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Among the possible dimer configurations,
the HER2-HERS3 heterodimer is particularly signif-
icant due to its exceptiona signaling potency. This
complex acts as amagjor activator of the PI3BK-AKT
cascade, leveraging nearly al available HER2 and
HER3 receptors, while simultaneously boosting
RAS-ERK signaling [4]. Strong clinical and exper-
imental evidence links this dimer with the aggres-
sive behavior of HER2-positive tumors. As such,
therapeutic strategies that disrupt HER2-driven
signaling or circumvent associated resistance
mechanisms are crucial for improving clinical out-
comes [5].

The emergence of monoclonal antibodies
targeting receptor tyrosine kinases has revolution-
ized breast cancer treatment. These biologics, pri-
marily directed at the EGFR/HER family and
VEGF receptors, have significantly improved ther-
apeutic responses. Trastuzumab and pertuzumab
remain the cornerstone monoclonal antibodies used
in treating HER2-positive breast cancer.

In tumor cells exhibiting HER2 gene ampli-
fication, spontaneous dimerization and activation of
HER2 are common. Additionally, HER3 can medi-
ate HER2 activation through ligand-induced mech-
anisms, primarily involving heregulin. Although
HER2 does not bind heregulin or any other HER
ligands directly, its kinase activity is greatly en-
hanced upon heterodimerization, facilitating
stronger and more sustained downstream signaling.
HERS3, despite its lack of intrinsic kinase function,
becomes phosphorylated by HER2 and subsequent-
ly activates the PI3K/AKT pathway—an axis HER2
alone cannot trigger efficiently [6].

Pertuzumab and Trastuzumab, are human-
ized monoclonal antibody that bind specifically to
domain Il and 1V respectively of HER2’s extracel-
lular domain (ECD) region [7]. This binding inter-
feres with receptor dimerization and halts down-
stream signaling. Despite initial responsiveness in
about one-third of HER2-positive breast cancer
patients, resistance commonly develops over time
[8]. Longitudina studies have reveded that while
one year of trastuzumab therapy significantly low-
ers recurrence and mortality rates, extending treat-
ment to two years does not further enhance surviv-
al, emphasizing the challenges posed by re-
sigtance [9].

In this study, we explore aternative sites on
these receptors that could be used as potential
epitopes for the production of humanized monoclo-
nal antibodies against HER2-HER3-positive can-
cers.

Material and methods

To collect HER2 and HER3 sequence data,
AlphaFold DB, EMBL-EBI UniProt, and NCBI
protein bioinformatics databases and resources
were used as research material. Sequence analyses
were performed using online tools such as NCBI
Protein BLAST
(https://blast.nchi.nim.nih.gov/Blast.cgi). Con-
served residues and motifs were analyzed using
Print and ScanProsite tools a
https.//prosite.expasy.org/scanprosite/.

The study analyzed more than 10 human
HER2 protein sequences (splice form, mutation,
insertion or deletion) and 2 HERS protein sequenc-
es.

Localization of motifs in the three
dimensional structure was performed using PyMOL
(https://www.pymol.org/pymol).

Results and discussion

In the analysis 10 splice forms of HER2 with
accession numbers of AAA75493.1 wild type,
1255 aa), NP_001369721.1 (1243 &a),
NP_001369719.1 (1254 aa), NP_001369718.1
(1262 aa), NP_001369717.1 (1265 aa),
NP_001369720.1 (1252ad), NP_001369716.1
(1280 aa), NP_001369714.1 (1289 aa),
NP_001369713.1 (1294 aa), NP_001369715.1
(1282 aa) were used. The BLAST search and
computer alignment revealed insertions and
deletions in the ECD region of HER2 protein
(Fig. 1).

As shown in the figure, the ECD of HER2
receptor protein isoforms are mutated with insertion
and/or deletion in the amino acid sequence. This
makes the ECD region of certain isoforms
inaccessible to monoclonal antibodies used as
therapeutic agents.

Targeting HER2 with Therapeutic Antibod-
ies
Pertuzumab and Trastuzumab are monoclonal anti-
bodies that bind to domain Il and 1V of the HER2
receptor, which are essential for dimerization. By
interfering with this regions, Pertuzumab and
Trastuzumab separately block the formation of
HER2-containing dimers [11, 12], including the
potent HER2-HERS heterodimers, thereby disrupt-
ing oncogenic signaling [13]. When combined the
Pertuzumab with trastuzumab together—which tar-
gets a different extracellular site on HER2-this dua
antibody therapy yields synergistic inhibition of
HER?2 activity and has demonstrated superior clini-
cal outcomes in HER2-positive patients [10]. How-
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ever, the binding sites of both of these antibodies
are often subject to deletions or insertions, making
them difficult for the antibody to recognize, leading
to hetero- (and sometimes homo-) dimerization and
persistent unnecessary signaling (Fig. 1).

A search of awide range of HER2 and HER3
receptor databases and analysis of the data revea ed
that there are certain motifs and/or residues that
may play a critica role in receptor dimerization
(Fig. 2). In HERZ2, the cysteine-rich residues 266-L -
to -K-333 extend beyond the pertuzumab binding
site and residues 520-C- to —C-600 extend beyond
the trastuzumab binding site are more stable and

important for mono- or heterodimerization of the
receptor. In HER3, the cysteine-rich motif 183C- to
-C259 and residues 510W- to G598 are more im-
portant for dimerization, likely with HER2.

In both receptors the conserved motifs are
located on domains Il and 1V, and the localization
of these residues in the crystal structure facing the
outside of the globular structure indicates that these
residues in both HER2 and HER3 are important for
dimerization (Fig. 3), and blocking these residues
or regions could potentially block receptor dimeri-
zation and hence downstream signaling.

AAA75493.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP _001369721.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP _001369719.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP_001369718.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPAS PETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP_001369717.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP 001369720.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPAS PETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQ-—-EV 77

NP 001369716.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPAS PETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP 001369714.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP _001369713.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

NP _001369715.1 1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEV 80

AAA75493.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 156
NP _001369721.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 156
NP_001369719.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTE ILKGGVLIQ 156
NP _001369718.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYATAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 156
NP _001369717.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYATAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 156
NP_001369720.1 78 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYAIAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 153
NP_001369716.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYAIAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTE [25] ILKGGVLIQ 181
NP_001369714.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYAIAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTE ILKGGVLIQ 156
NP _001369713.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYAIAVLDNGDPLNNTTPVTGAS PGGLRELQLRSLTE ILKGGVLIQ 156
NP_001369715.1 81 QGYVLIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTE ILKGGVLIQ 156
ARA75493.1 157 RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP 001369721.1 157 RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP 001369719.1 157  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP _001369718.1 157  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP_001369717.1 157  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP_001369720.1 154  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 233
NP _001369716.1 182  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCHGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 261
NP_001369714.1 157 RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCHWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP_001369713.1 157 RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
NP _001369715.1 157  RNPQLCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRTVCAGGCARCKGPLPTDCC 236
AAA75493.1 237  HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP _001369721.1 237 HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP_001369719.1 237 HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP_001369718.1 237  HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP _001369717.1 237 HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP_001369720.1 234 HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 313
NP_001369716.1 262 HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 341
NP _001369714.1 237  HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP _001369713.1 237  HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
NP _001369715.1 237  HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCP 316
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AAA75493.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369721.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369719.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369718.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369717.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVTSANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369720.1 314 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 389
NP_001369716.1 342 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 417
NP_001369714.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG DPASNTAPL 392
NP_001369713.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSIAFLPESFDG [39] DPASNTAPL 431
NP_001369715.1 317 LHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVT SANIQEFAGCKKIFGSLAFLPESFDG [39] DPASNTAPL 431
AAAT75493.1 393 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 469
NP_001369721.1 393 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 469
NP_001369719.1 393 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 469
NP_001369718.1 393 QPEQLQVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH [7] SGAYSLTLQGLGISWLGLRSLRELGSGLALIH 476
NP_001369717.1 393 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 469
NP_001369720.1 390 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 466
NP_001369716.1 418 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 494
NP_001369714.1 393 QPEQLQVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 469
NP_001369713.1 432 QPEQLOVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 508
NP_001369715.1 432 QPEQLQVFETLEEITGYLYISAWPDSLPDLSVFQNLQVIRGRILH NGAYSLTLQGLGISWLGLRSLRELGSGLALIH 508
AAA75493.1 470 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 545
NP_001369721.1 470 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 545
NP_001369719.1 470 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 545
NP_001369718.1 477 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 552
NP_001369717.1 470 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV [10] GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 555
NP_001369720.1 467 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 542
NP_001369716.1 495 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 570
NP_001369714.1 470 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 545
NP_001369713.1 509 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 584
NP_001369715.1 509 HNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECV GEGLACHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECR 584
AAA75493.1 546 VLQGLPREYVNARHCLPCHPECQPQNGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 621
NP_001369721.1 546 VLQGLPREYVNARHCLPCHPECQPONGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 621
NP_001369719.1 546 VLQGLPREYVNARHCLPCHPECQPONGSVTCFGP —ADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 620
NP_001369718.1 553 VLQGLPREYVNARHCLPCHPECQPQONGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 628
NP_001369717.1 556 VLQGLPREYVNARHCLPCHPECQPQNGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 631
NP_001369720.1 543 VLQGLPREYVNARHCLPCHPECQPQNGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 618
NP_001369716.1 571 VLQGLPREYVNARHCLPCHPECQPQONGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 646
NP_001369714.1 546 VLQGLPREYVNARHCLPCHPECQPQONGSVTCFGP [ 34 ] EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 655
NP_001369713.1 585 VLQGLPREYVNARHCLPCHPECQPQNGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 660
NP_001369715.1 585 VLQGLPREYVNARHCLPCHPECQPQNGSVTCFGP EADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG 660

Fig. 1. The computer alignment of the ECD region of HER2 isoforms. These isoform are differed with insertion
and/or deletion mutation in amino acid sequence.

HER2

MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPAS PETHLDMLRHLYQGCQVVQGNLELTYLPTN
ASLSFLODIQEVQGYVLIAHNQVRQVPLORLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGG
LRELQLRSLTEILKGGVLIQRNPQLCYQDT I LWKDI FHKNNQLALTL I DTNRSRACHPCSPMCKGSRC
WGESSEDCQSLTRTVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALY
TYNTDTFESMPNPEGRYTFGASCVTACPYNYL.STDVGSCTLVCPLHNQEVTAEDGTQRCEKCSKPCAR
VCYGLGMEHLREVRAVTSANIQEFAGCKKIFGSLAFLPESFDGDPASNTAPLOPEQLOVFETLEEITG
YLYISAWPDSLPDLSVFONLQVIRGRILHNGAYSLTLOGLGISWLGLRSLRELGSGLALIHHNTHLCE
VHTVPWDOLFRNPHOALLHTANRPEDECVGEGLACHQLCARGHEWGPGPTOCVNC SOFLEGOECVERE
RVLQGLPREYVNARHCLPCHPECQPONGSVTCEGPEADOCVACANYKDPPECVARC PSGVKPDLSYMP
IWKFPDEEGACQPCPINCTHSCVDLDDKGGCPAEQRASPLTSIISAVVGILLVVVLGVVEGILIKRRQ
QKIRKY

HER3

MGNLEIVLTGHNADLSFLOWIREVIGYVLVAMNEFSTLPLPNLRVVRGTQVYDGKFAIFVMLNYNTNS
SHALEQLRLTQLTEILSGGVY IEKNDKLCHMDT IDWRDIVEDRDAEIVVEDNGRSCPPCHEVCKGRCW
GPGSEDCQTLTKTICAPQCNGHCFGPNPNQCCHDECAGGCSGPQDTDCFACRHFNDSGACVPRCEQEL
VYNELTFQLEPNPHTKYQYGGVCVASCPHNFVVDQT SCVRACPPDEMEVDENGLEMCEPCGGLCPEAC
EGTGSGSRFQTVDSSNIDGFVNCTKILGNLDFLITGLNGDPWHKIPALDPEKLNVEFRTVREITGYLNI
QSWPPHMHNEFSVESNLTTIGGRSLYNRGFSLLIMKNLNVTSLGFRSLKEISAGRIYISANRQLCYHHS
LNWTKVLRGFTEERLDIKHNRFPRRDCVAEGKVCDPLCSSGGCWGPGPGQCLSCRNY SRGGVCVTHCNE
LNGEPREFAHEAECFSCHPECQPMEGTATCNGSGSDTCAQCAHFRDGPHCVSSCPHGVLGARKGIYKYP
DVQNECRPCHENCTQGCKGPELQDCLGRTLVLIGKTHLTMALTVIAGLVVIFMMLGGIFLYWRGRRIQ

Fig. 2. Conserved motifs and residues of HER2 and HER3 ECD regions. Red coloured sequences are the motifs
potentialy carrying certain functions. Residues with blue background important residues for functioning of ECD region
and current motif. Underlined regions in HER2 are binding sites for known humanized monoclona antibodies Per-
tuzumab and Trastuzumab. The remains of the transmembrane helical zone are shown in bold.
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Structural organization of HER2-HER3 heterodimers and an approach to the therapy of breast and lung cancers

Fig. 3. The model depictsthe ECD regions of HER2 (A) and HERS3 (B), as well as the localization of motifs and
regions of interest in both receptors. In HER2 (A) magenta 266333, orange 520-545, and blue 576-600 residues. All
Cysresiduesin HER2 ECD are shown in yellow. In HER3 (B) magenta 183-259, orange 515-520, green 527-532, blue
561-566, yellow 569-574, red 592-597. The figure is generated by PyMOL (https.//www.pymol.org/pymoal).

Conclusions

The HER2-HERS heterodimer plays a pivot-
a role in the pathogenesis of both breast and lung
cancers, serving as a potent driver of oncogenic
signaling through the PI3K/AKT and MAPK path-
ways. Its unique structural and functiona character-
istics distinguish it from other ErbB receptor com-
binations, offering specific targets for therapeutic
intervention. Despite the clinical success of HER2-
targeted agents such as trastuzumab and per-
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! Minicmepcmeo Hayku i ocsimu Azepoaiioscancokoi Pecnybnixu, Incmumym 6iogizuku,

Asepbatioxncan, m. baxy

2 Baxuncokuii depocauil yuisepcumen,

Asepbatioxncan, m. baxy

CTPYKTYPHA OPTAHI3AIIA TETEPOJAUMEPIB HER2-HER3 I MIIXIJ 0 TEPAIIIL PAKY
MOJIOYHOI 3AJ103U TA JIETEHb

Pak MOJIOYHOT 3aJ103U 3aJHIIAETHCS OJHIEI0 3 HAWIIOUIMPEHIINX KapIHOM Y CBITI Ta € OCHOBHOIO IIPHYHHOIO
cMepTi Bix paky y kiHOK. [ligrpyma nmx myxiamH — npubausHo Bif 15% no 20% — XapakTepu3yeThCsl HaJIMipHOIO
excrpeciero pernenropa HER2. 'ymani3oBaHI MOHOKIIOHANIBHI aHTHTILNA, SIK TEPAIEBTHYHI 3aCO0H, 3HAYHO ITOKPALIFITH
KIIiHIYHI pe3ynbTatH, cipsamoBaHi Ha HER2. OpxHak y 0araThoX BHIAJKaX HAsSBHICTP MHOKHHHHX MYTAaIil, TaKUX SK
3aMiHH, JeNerii Ta incepuii, poouts HER2 HeBusABHUM AMs IIMIX areHTiB, HaBiTh y koMmiuiekcax HER2-HER3. Mema. Y
LOMY JIOCJI/PKEHHI MU BHBYa€EMO albTepHATHBHI HisHkM B obnacti ECD 6inkiB peuenropie HER2 ta HER3, ski
MOXYTh OyTH NMOTEHLIHHUMH eIMiTONaMHu Ui T'YMaHi30BaHUX MOHOKJIOHAJIbHUX aHTHUTIN Jyisl JtikyBanHs nux HER2-
HER3-nozutuBHuX BUAiB paky. Memoou. Ananizu Oynu nposezeHi Ha nociigoBaoctsix HER2 ta HER3, 3i0panux 3
6a3 manux AlphaFold DB, EMBL-EBI UniProt Ta NCBI PBD, 3a nonomoroto incrpymentisB NCBI BLAST, Print and
ScanProsite Ta PYMOL. Pe3yasmamu. IlopiBasibHe BUpiBHIOBaHHS OltkiB HER2 BusBMIIO MHOXUHHI Aenemnii Ta/abo
BCTaBKM MYTallil, Ie TepaneBTHYHI areHTH 3B'SI3yIOThCSA 3 perientopHuM Oimkom. [Tomamemmii momyk ta ananiz ECD-
IUISHKH 000X pelenTopiB BHUSABUB KOHCEpBATHWBHI 3amuimkd Ta MotuBH Ha HER2 mo3a caifitamu 3B's3yBaHHS
nepTy3yMaly Ta Tpacty3yMaly, a Takox y Oaratiit Ha nuctein qustani HER3. Bucnosxu. JlocmimkeHHs Ta po3yMiHHS
X KOHCepBaTUBHUX opraHizamii 3amumkiB HER2 ta HER3 sx MoTHBiB MOXe OyTH BHKOPHCTAaHO SK albTEPHATHBHI
caiftu ays po3poOku MaifOyTHIX TepaleBTUIHHUX areHTIB.
Kniouosi cnosa: peuentopu ErbB, rerepommmepmzariisi, pak MOJOYHOI 3aJI03W, TapreTHA Teparis, T'yMaHi30BaHi
aHTHUTINA.
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