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Overexpression/amplification of Her-2/neu in malignant tumors-A Short Review
*Kabir E
Abstract
Her-2/neu overexpression has been shown to play a significant role in development and
progression of many malignant tumors of body, mostly affects tumors of epithelial origin. Her-2 is
a protein involved in normal cell growth. However, HER2/neu may be made in larger than normal
amounts by some types of cancer cells.This may cause cancer cells to grow more quickly and
spread to other parts of the body. Checking the amount of HER2/neu on some types of cancer cells
may help plan of treatment. Amplification and/or overexpression of HER-2/neu in human tumor
tissue has been found in breast, ovarian, endometrial, colon, gastric or gastroesophageal junction,
urothelial, bladder, salivary duct and cervix cancer. The degree of overexpression correlates with
tumor progression, resistance to chemotherapy and a poor prognosis. Testing for this
overexpression/amplification in tumor and its recurrence is very important. Immunohistochemistry
and FISH are two important modern techniques which can identify overexpression of this protein
in formalin fixed paraffin embedded tissue.
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Introduction
GFR was the first discovered
epidermal growth factor receptor.1
HER2 is so named because it has a
similar structure to human epidermal growth
factor receptor, or HER1. Neu is so named
because
it
was
derived
from
a
rodent glioblastoma cell line, a type of neural
tumor. ErbB-2 was named for its similarity
to ErbB (avian erythroblastosis oncogene B),
the oncogene later found to code for EGFR.2
ERBB2, a known proto-oncogene, is located
at the long arm of human chromosome
17 (17q12).2

E

Growth factor binding results in receptor
dimerization, subsequent tyrosine kinase
activity and autophosphorylation of specific
tyrosine
residues.
After
that
event
downstream activation of signal transduction

cascades occur and MAPK, Akt and JNK
pathways become activated. It leads to DNA
synthesis,
cell
proliferation,
and
differentiation. EGFR, also known as ErbB-1,
and the three related receptors of the ErbB
family: ErbB-2, ErbB-3, and ErbB-4. ErbB-2
is also known as HER2 in humans and neu in
rodents. The HER-2/neu oncogene was first
identified as a dominant transforming gene in
chemically induced adrenal neuroblastomas
of neonatal mice and was referred to as neu.3,4
Subsequently, three groups independently
identified the human homologue of this
gene.5,6 Sequence analysis of the gene
demonstrated a close relation ship to the
human epidermal growth factor receptor
(HER-i) or c-erbB oncogene.5,6 Because of the
similarities with HER-i, this gene was
considered to code for a membrane
receptor.5,6
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Pathophysiology
Normal cells express 40,000 to 100,000
EGFR receptors, cancer cells may express up
to 2,000,000 receptors.1 Stimulation of
overexpressed EGFR receptors may cause
cancer by inducing cancer-cell proliferation
while simultaneously blocking apoptosis.
Cancer cells cause invasion and metastasis by
activating invasion and metastasis of
hyperproliferative cells and by stimulating
tumor-induced neovascularization.1
Amplification and/or overexpression of HER2/neu in human tumor tissue has been
associated with a poor prognosis in cancers
of breast,7 ovary,8 endometrium,9 colon,10
gastric or gastroesophageal junction,11
urothelial,12 bladder,12 salivary duct13 and
cervix.14 Amplification, also known as the
over-expression of the ERBB2 gene, occurs in
approximately 15-30% of breast cancers, 734% of patients with gastric cancer and in
30% of salivary duct carcinomas.2 The degree
of overexpression correlates with tumor
progression, resistance to chemotherapy and a
poor prognosis.1
However, regarding involvement of HER2
protein 3+ expression in nonepithelial
malignancies, it was very rare, often nonexistent, in malignancies of non-epithelial
origin. Out of 965 malignant melanoma
cases, only one showed HER2 3+ expression.
In 1,211 sarcomas of soft tissues and 1,136
neuroendocrine tumors, none exhibited 3+
HER2 protein expression. No HER2 3+
expression was detected in gastrointestinal
stromal tumors (GIST), small cell lung
cancers (SCLC), kidney cancers, and
glioblastomas.15,16
Tests for Her-2
Immunohistochemistry
and
in
situ
hybridization
(ISH,
FISH)
are
the
recommended methods for determining Her2
status for treatment with Her-2-targeted

therapy. Neither method is 100% sensitive or
specific.Updated
ASCO-CAP
(2013)
guidelines have resulted in increased
proportion of patients being eligible for Her2targeted therapy. Her2-positive cases are not a
homogeneous group – borderline positive
cases may not be as responsive to Her-2targeted therapy. Challenges in Her-2
laboratory testing include polysomy / coamplification, and genetic heterogeneity.17,18
Immunohistochemistry (IHC) and HER-2 in
situ hybridization are the most commonly
used techniques for Her-2 expression. IHC
can be done on formalin-fixed, paraffinembedded tissue . Tests are usually performed
on biopsy samples obtained by either fineneedle
aspiration,
core
needle
biopsy, vacuum-assisted breast biopsy, or
surgical excision. Immunohistochemistry is
used to measure the amount of HER2 protein
present in the sample. The sample is given a
score based on the cell membrane staining
pattern. Specimens with equivocal IHC
results
should
then
be
validated
using fluorescence
in
situ
2
hybridisation(FISH). HER-2 scoring was
reported per American Society of Clinical
Oncology/College of American Pathologists
(ASCO/CAP) guidelines published in 2007
and updated in 2013.
IHC test was
considered positive (IHC+) when IHC3+ was
obtained above the guidelines defined
thresholds; an IHC test was considered
negative (IHC-) when IHC 2+ (equivocal),
IHC 1+, or IHC 0 was obtained.15,17,18,19
HER2 in situ hybridization technique
In a study 37,992 samples were analyzed by
IHC and 21,642 samples were also examined
with ISH. FISH was used for evaluation of
the HER2 amplification status. FISH was
performed
with
a
probe
specific
for HER2 (17q11.2-q12 region) and a probe
for the pericentromeric region of chromosome
17. Interphase nuclei were examined and the
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ratio of HER2 signals to chromosome 17
centromere signals were evaluated to indicate
amplification status of this gene.15.
HER2/CEP17 ratio higher than 2.2 was
considered
amplified
(ISH+),
and
HER2/CEP17 ratio between 1.8 and 2.2
(equivocal) in FISH or HER2/CEP17 ratio
<1.8 in FISH was considered non-amplified
(ISH-). 15,17
HER2 amplification was also evaluated by
CISH. The HER2 and chromosome 17 probes
are detected using two color ISH in formalinfixed, paraffin-embedded human cancer tissue
specimens following staining on automated
slide stainer, and visualized by light
microscopy. Consistent with the CISH
package insert, HER2/CEP17 ratio higher
than 2.0 was considered amplified (ISH+);
HER2/CEP17 ratio <2.0 in CISH was
considered non-amplified (ISH-). 11,670
patients had IHC and FISH; 9972 patient,
IHC and CISH. IHC test was considered
positive (IHC+) when IHC 3+ was obtained.
ISH test was considered positive (ISH+) when
the HER2/CEP17 ratio was >2.2 (by FISH) or
2.0 (by CISH).15, 17,18,19
The extracellular domain of HER2 can be
shed from the surface of tumour cells and
enter the circulation. Measurement of serum
HER2 by enzyme-linked immunosorbent
assay (ELISA) offers a far less invasive
method of determining HER2 status than a
biopsy and consequently has been extensively
investigated. Results so far have suggested
that changes in serum HER2 concentrations
may be useful in predicting response to
trastuzumab therapy.2
Clinical Significance
The ErbB family consists of four plasma
membrane-bound receptor tyrosine kinases.
One of which is erbB-2, and the other
members being epidermal growth factor
receptor, erbB-3 (neuregulin-binding; lacks

kinase domain), and erbB-4. All four contain
an extracellular ligand binding domain, a
transmembrane domain, and an intracellular
domain that can interact with a multitude of
signaling molecules and exhibit both liganddependent and ligand-independent activity.
Notably, no ligands for HER2 have yet been
identified.2
HER2 has been firmly established in
preclinical and clinical settings. Among all
four HER family proteins, HER2 has the
strongest catalytic kinase activity and
functions as the most active signaling
complex of the HER family after dimerization
with other HER family members. 20,21
Overexpression of HER2 in breast cancer
leads
to
increased
homodimerization
(HER2:HER2) and heterodimerization (e.g.,
HER2:HER3), which initiates a strong protumorigenic
signaling
cascade.22
Overexpression of HER2 protein drives
malignant transformation in cell culture and
transgenic mouse models.23,24 The anti-HER2
antibody trastuzumab represents an effective,
targeted therapy with significant efficacy in
treatment of HER2-positive breast and gastric
cancer.25,26
Regarding the mechanism of activation of
EGFR, It starts by ligand binding at the
extracellular domain which results in homo
and
heterodimerization,
leading
to
phosphorylation, activation of downstream
signaling pathways which upregulate
expression of genes, proliferation and
angiogenesis. Abnormalities in the expression
of EGFR play an essential role in the
development of different types of cancer.
HER2 is the preferred heterodimerization
partner
for
EGFR.;
this
biological
characteristic together with structural
homology has played a key role in the
development of dual synthetic inhibitors
against EGFR/HER2. 27

Journal of Histopathology and Cytopathology, 2018 Jul; 2 (2)

Page 147

Review Article

Overactivation of the ErbB protein family,
which is comprised of 4 receptor tyrosine
kinase members, can drive the development
and progression of a wide variety of
malignancies, including colorectal, head and
neck, and certain non-small cell lung cancers
(NSCLCs). As a result, agents that target a
specific member of the ErbB family have
been developed for the treatment of cancer.28
Her2 targeted therapy include Herceptin
(trastuzumab) and Others: pertuzumab
(Perjeta), T-DM1 (Kadcyla), and lapatinib
(Tykerb). Recent data shows that a
combination of pertuzumab, trastuzumab, and
docetaxel (PTD) improved progression free
survival compared to patients who had only
trastuzumab and docetaxel (TD).29,30

Recent development of HER2 mutation
Apart from gene amplification ,somatic HER2
(encoded by ERBB2) mutations, , have been
reported recurrently in the literature.
Mutations in HER2 are clustered in the
extracellular, transmembrane and kinase
domains. HER2 mutations have been found
in non-small-cell lung cancers (NSCLC) and
can direct treatment31. Also, HER-2 mutations
are infrequent in a wide variety of cancers
but targetable. As for example In breast
cancers, activating mutations were identified
as follows: G309A, D769H/Y, V777L,
P780ins, V842I, and R896C,32 L755S was
associated with lapatinib resistance. All of
these mutations were sensitive to the
irreversible kinase inhibitor, neratinib.
Recently, phase II SUMMIT trial, which is a
HER2 mutant basket trial, showed mutation
status can contribute to response to neratinib
regardless of tumor type 33.
Conclusion
Checking the amount of HER2/neu on some
types of cancer cells may help plan treatment.
It's overexpression is mostly confined in

malignant tumors of epithelial origin.
Immunohistochemistry and FISH are two
preferred techniques for identification of its
overexpression/amplification. Targetting of
Her-2/neu gene with proper drug is important
for both treatment and recurrence of many
cancer.
References
1. Murphrey MB, Bhimji SS. Biochemistry,
Epidermal Growth Factor Receptor.
[Updated 2018 Jan 19]. In: Stat Pearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2018 Jan. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK
482459/
2. Wikipedia contributors. "HER2/neu."
Wikipedia, The Free Encyclopedia.
Wikipedia, The Free Encyclopedia, 3 Feb.
2018. Web. 11 Feb. 2018.
3. Shih C, Padhy LC, Murray M, and
Weinberg R A. Transforming genes
ofcarcinomas
and
neuroblastomas
introduced into mouse fibroblasts. Nature
(Land.), 1981;290: 261-264.
4. Schechter AL, Stern DF, Vaidyanathan L,
Decker SJ, Drebin JA, Greene MI and
Weinberg RA. The neu oncogene: an erbB-related gene encoding a185,000Mr
tumour antigen. Nature (Land.), 312:
513(5161,984).
5. Semba K, Kamata N, Toyoshima K, and
YamamotoT.
A
v-erbB-related
protooncogene, c-erbB-2, is distinct from
the c-erbB-1/epidermal growth factorreceptor gene and is amplified in a human
salivary gland adenocarcinoma. Proc.
Natl. Acad. Sci. USA, 82: 6497-6501,
1985.
6. Coussens L, Yang-Feng TL, Chen YC LE,
Gray A, McGrath J, Seeburg PH,
Libermann T A, Schlessinger J, Francke
U, Levinson, and Ullrich A. Tyrosine
kinase receptor with extensive homology
to EGF receptor shares chromosomal

Journal of Histopathology and Cytopathology, 2018 Jul; 2 (2)

Page 148

Review Article

location with neu oncogene. Science
(Washington DC), 1985;230: 1132-1139.
7. Slamon D J, Aark GM, Wong SG, Levis
WJ, Ullrich A, and McGuire WL. Human
breast cancer:correlation of relapse and
survival with amplification of the HER2/neu oncogene. Science (Washington
DC), 235: 177-18129,87.
8. Slamon D3, Godoiphin W, Jones LA, Holt
JA,Wong SG, Keith DE, Ievin WJ, Stuart
SG, Udove J, Ullrich A, and Press MF.
Studies of the HER-2/neu proto-oncogene
in human breast and ovarian cancer.
Science (Washington DC), 244: 707712,1989.
9. Hetzel DJ, Wilson T0, Keeney GL, Roche
PC, Cha SS, and Podratz KC. HER2/nexepuressaimona:
joprrognofasctitcoinrendomectarinacler.
Gynecol. Oncol, 1992; 47: 179-185.
10. Nathason DR, Culliford AT, Shia J, Chen
B, D'Alessio MD, Zeng Z, Nash G, Gerald
W, Barany F, Paty P: HER-2/neu
expression and gene amplification in
colon cancer. Int J Cancer 2003.
11. Bang YJ, Van Cutsem E, Feyereislova A,
Chung HC, Shen L, Sawaki A, Lordick F,
Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J,
Kang YK, ToGA Trial Investigators.
Trastuzumab in combination with
chemotherapy versus chemotherapy alone
for treatment of HER2-positive advanced
gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label,
randomised controlled trial. Lancet. 2010
Aug 28; 376(9742):687-97.
12. Gandour-Edwards R, Lara PN Jr, Folkins
AK, LaSalle JM, Beckett L, Li Y, Meyers
FJ, DeVere-White R. Does HER2/neu
expression provide prognostic information
in patients with advanced urothelial
carcinoma?
Cancer. 2002
Sep
1;95(5):1009-15.
13. Williams MD, Roberts DB, Kies MS,
Mao L, Weber RS, El-Naggar AK.

Genetic and expression analysis of HER-2
and EGFR genes in salivary duct
carcinoma: empirical and therapeutic
significance.Clin Cancer Res. 2010 Apr
15; 16(8):2266-74.
14. Bajpai S, Awasthi S, Dutta S, Mittal A,
Kumar A, Ahmad F.Role of HER-2/neu in
Premalignant and Malignant Lesions of
Uterine Cervix. J Clin Diagn Res. 2017
Sep;11(9):EC01-EC04.
doi:
10.7860/JCDR/2017/26583.10547. Epub
2017 Sep 1.
15. Min Yan, Maria Schwaederle, David
Arguello, Sherri
Z.
Millis, Zoran
Gatalica, and Razelle
Kurzr.
HER2
expression status in diverse cancers:
review of results from 37,992 patients.
Cancer Metastasis Rev. 2015; 34: 157–
164. Published online 2015 Feb
25. doi: [10.1007/s10555-015-9552-6
16. Lynne Eldridge, MD | Reviewed by Doru
Paul, MD. HER2 Positive vs. HER2
Negative Breast Cancer: Important
Differences:Is It Good or Bad to Have
HER2 Positive Breast Cancer? Caan, B.,
Sternfeld, B., Gunderson, E. et al.
Cancer Causes Control (2005) 16: 545.
https://doi.org/10.1007/s10552-0048340-3 Updated October 23, 2018.
17. Wolff AC, Hammond MEH, Schwartz JN,
Hagerty KL, Allred DC, Cote RJ. College
of American Pathologists. (2007).
American
Society
of
Clinical
Oncology/College
of
American
Pathologists guideline recommendations
for human epidermal growth factor
receptor 2 testing in breast cancer. Journal
of Clinical Oncology: Official Journal of
the American Society of Clinical
Oncology, 25(1),
118–145.
doi:10.1200/JCO.2006.09.2775 .
18. Wolff AC, Hammond ME, Hicks DG,
Dowsett M, McShane LM, Allison KH,
Allred DC, Bartlett JM, Bilous M,
Fitzgibbons P, Hanna W, Jenkins RB,
Mangu PB, Paik S, Perez EA, Press MF,
Spears PA, Vance GH, Viale G, Hayes DF,

Journal of Histopathology and Cytopathology, 2018 Jul; 2 (2)

Page 149

Review Article

19.

20.

21.

22.

23.

24.

American Society of Clinical Oncology.,
College
of
American
Pathologists.Recommendations for human
epidermal growth factor receptor 2 testing in
breast cancer: American Society of Clinical
Oncology/College of American Pathologists
clinical practice guideline update. J Clin
Oncol. 2013 Nov 1; 31(31):3997-4013.
Rüschoff J, Dietel M, Baretton G, Arbogast S,
Walch A, Monges G, Chenard MP, PenaultLlorca F, Nagelmeier I, Schlake W, Höfler H,
Kreipe HH. HER2 diagnostics in gastric
cancer-guideline validation and development
of
standardized
immunohistochemical
testing.Virchows Arch. 2010 Sep; 457(3):299307.
Garrett TP, McKern NM, Lou M, Elleman
TC, Adams TE, Lovrecz GO, Kofler M,
Jorissen RN, Nice EC, Burgess AW, Ward
CW. The crystal structure of a truncated
ErbB2 ectodomain reveals an active
conformation, poised to interact with other
ErbB receptors. Mol Cell. 2003 Feb;
11(2):495-50.
Graus-Porta D, Beerli RR, Daly JM, Hynes
NE. ErbB-2, the preferred heterodimerization
partner of all ErbB receptors, is a mediator of
lateral signaling. EMBO J. 1997 Apr 1;
16(7):1647-55.
Holbro T, Beerli RR, Maurer F, Koziczak M,
Barbas CF 3rd, Hynes NE. The ErbB2/ErbB3
heterodimer functions as an oncogenic unit:
ErbB2 requires ErbB3 to drive breast tumor
cell proliferation. Proc Natl Acad Sci U S A.
2003 Jul 22; 100(15):8933-8.
Di Fiore PP, Pierce JH, Kraus MH, Segatto O,
King CR, Aaronson SA. erbB-2 is a potent
oncogene when overexpressed in NIH/3T3
cells. Science. 1987 Jul 10; 237(4811):17882.
Ursini-Siegel J, Schade B, Cardiff RD, Muller
WJ. Insights from transgenic mouse models of
ERBB2-induced breast cancer. Nat Rev
Cancer. 2007 May; 7(5):389-97.

25. Spector NL, Blackwell KL.
Understanding the mechanisms behind
trastuzumab therapy for human epidermal
growth factor receptor 2-positive breast

cancer. J Clin Oncol. 2009 Dec
1;27(34):5838-47. doi:
10.1200/JCO.2009.22.1507. Epub 2009
Nov 2.
26. Romond EH, Perez EA, Bryant J, Suman VJ,
Geyer CE Jr, Davidson NE, Tan-Chiu E,
Martino S, Paik S, Kaufman PA, Swain SM,
Pisansky TM, Fehrenbacher L, Kutteh LA,
Vogel VG, Visscher DW, Yothers G, Jenkins
RB, Brown AM, Dakhil SR, Mamounas EP,
Lingle WL, Klein PM, Ingle JN, Wolmark
N.Trastuzumab plus adjuvant chemotherapy
for operable HER2-positive breast cancer. N
Engl J Med. 2005 Oct 20; 353(16):1673-84.
27. Bello M, Saldaña-Rivero L, Correa-Basurto
J, García B, Sánchez-Espinosa VA. Structural
and energetic basis for the molecular
recognition of dual synthetic vs. natural
inhibitors of EGFR/HER2. Int J Biol
Macromol. 2018 May;111:569-586. doi:
10.1016/j.ijbiomac.2017.12.162. Epub 2018
Jan 9.
28. Roskoski R Jr. The ErbB/HER family of
protein-tyrosine
kinases
and
cancer.
Pharmacol Res. 2014 Jan;79:34-74. doi:
10.1016/j.phrs.2013.11.002. Epub 2013 Nov
20.
29. CLEOPATRA trial. Most recent: Swain et al,
NEJM 2015 Feb 19;372(8):724-34.
30. NeoSphere trial. Gianni et al, Lancet Oncol
2012 Jan;13(1):25-32.
31. Mazières J, Peters S, Lepage B, Cortot AB,
Barlesi F, Beau-Faller M, et al. (June 2013).
Lung cancer that harbors an HER2 mutation:
epidemiologic characteristics and therapeutic
perspectives. Journal
of
Clinical
Oncology. 31 (16):
1997–
2003. doi:10.1200/JCO.2012.45.6095. PMID
2361010
32. Bose R, Kavuri SM, Searleman AC, et al.
Activating HER2 mutations in HER2 gene
amplification negative breast cancer. Cancer
Discov 2013;3:224-37.
33. Hyman DM, Piha-Paul SA, Won H, et al.
HER kinase inhibition in patients with HER2and
HER3-mutant
cancers.
Nature
2018;554:189-94.

Journal of Histopathology and Cytopathology, 2018 Jul; 2 (2)

Page 150

