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Abstract

Background: Overexpression of HER42u is associated with up-regulation of vascular ehel@l growth factor
(VEGF) in human breast cancer cells in vitro. Rréchl experiments indicate that increased expoessf VEGF may in
part mediate the biologically aggressive phenotgpeHER-2heu overexpressing human breast cancer. It was the
purpose of this study to: (a) evaluate the asdocidtetween HER-2eu and VEGF expression in a cohort of primary
breast cancer patients; (b) find out any associatib HER-2heu or VEGF with traditional histologic prognostic
parametersM aterials and M ethods: HER-2heu and VEGF were measured by immunohistochemistryOircases of
newly diagnosed primary breast cancers and théaelaetween these two markers and their relatisitis traditional
prognostic factors were analyzed by statisticalhmes$.Results: Our findings indicate a significant positive asation
between HER-2/neu and VEGF expression. VEGF dicgshotv significant association with tumor size, dlistjic grade

or lymph node status. HERf2u overexpression was maximum in grade II, followed dgrade | and Ill with a
significant p value (<0.001). But HERf&U didn't have any association with tumor size or pymnode status.
Conclusion: The positive association between HERe2/ and VEGF expression implicates VEGF in the aggvess
phenotype exhibited by HER+®U overexpression, and supports the use of combmdtierapies directed against both
HER-2heu and VEGF for treatment of breast cancers thatexpmess HER-2/neu. The unusual association found
between HER-2tfeu and grade of tumor may be due to uneven distobutif cases among different grades of tumor.
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I ntroduction

Breast cancer is by far the most common cancer proto-oncogene transcribes the HERed/ protein

diagnosed in women in the worl@he incidence of which is a tyrosine kinase transmembrane receptor
breast cancer is rising in India and is now theosdc protein. HER2heu over expression has been reported to
most commonly diagnosed cancer in women after be associated with positive lymph nodes, high
cervical cancer [1]Although invasive carcinoma of histologic grade, high proliferation rate and laok

breast was clinically regarded as a single entityhie expression of estrogen and progesterone receptors i

past, histologic and molecular analysis have breast cancer. It is also associated with a more
demonstrated that breast cancer is a heterogeneous aggressive phenotype with decreased survival 8jte [
disease, composed of morphologically and geneyicall

distinct entities with different molecular profiles Angiogenesis is an important step in the develogroén
behavior, and response to therapy [2]. The HERR/ cancer and is necessary for primary tumor growth,
is an epidermal growth factor receptdER-2heu invasiveness and metastadsiltiple angiogenic factors
Manuscript receivedBNovember 2016 are commonly expressed by invasive human breast
Reviewed: 28 November 2016 cancers: the vascular endothelial growth factor G¥E
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Accepted for Publication #7December 2016

International Journal of Medical Research and Review Available online at: www.ijmrr.in 2092 |Page



December, 2016/ Vol 4/Issue 12

ISSN- 2321-127X

breast cancer is not limited to angiogenesis. Like
endothelial cells, breast cancer cells themselxpsegs
both VEGF and VEGF receptors (VEGFRs) [4,5].
VEGF-A interacts with its specific receptors VEGER-
and VEGFR-2. VEGFR-2 is functional on the surfate o
breast cancer cells. These cancer cell receptas ar
capable of being stimulated by VEGF, indicating the
presence of an autocrine signaling loop distirminfthe
angiogenic effects of VEGF [6,7]. Thus, breast eanc
cells may be able to promote their own growth and
avoid apoptosis through VEGF [4Higher levels of
VEGF protein have been shown to correlate with poor
prognosis in breast cancer patients, irrespectife o
lymph node status [8,9]. In addition, the posdipithat
VEGF predicts response to certain types of therasy
also been explored. The relationship between iseicta
VEGF expression and poor response to conventional
systemic therapy, specifically tamoxifen or chemo-
therapy has been demonstrated [10].

Numerous studies implicate the fact that activat&dr-
2/neu can potentiate tumor cell adhesion to endothelial
cells, increase VEGF expression and facilitate
angiogenesis and vascular invasion [11,12,13]. A
statistically significant association between immun
histochemical expression of HERA&l and VEGF was
first demonstrated by Wentao Yang et al in 2002[14]
After that many studies demonstrated a significant
positive association between HER&I and VEGF in
breast carcinoma [15,16,17]. Specific molecular
targeted therapy named herceptin is available dat tr
patients with an overexpression of HEReY [3]. The
strong association between HER/ and VEGF in
breast cancer has led to a change in treatmenégjyra
with patients having overexpression of HEReR
Newer modalities of treatment like combination #ysr

of anti-HER-2heu with anti-VEGF or combination of
HER-2heu and VEGF peptide mimics are now a days
implemented in many clinical trial[18,19,20].

An association between HERr2U overexpression and
VEGF expression could strengthen the hypothesischas
on preclinical evidence that increased VEGF exjwass
may be a result of HER4&u overexpression and may
contribute to the aggressive phenotype of HER2/
overexpressing breast cancer cells. This would igeov

a rationale for combined therapeutic approaches
targeting both VEGF and HER+#U. The primary aim

of the present study was to determine possible
associations between expressions of HERP/and
VEGEF in breast carcinoma. A secondary aim was ¢o se
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the association of HER+2u and VEGF with
traditional prognostic factors like tumor size, dgaand
axillary lymph node status.

Materials and M ethods

The present study was done in our Department of
Pathology with approval from institutional ethics
committee. It included 70 cases of primary carciaom
breast, confirmed by biopsy. Only cases undergoing
complete tumor excision with axillary clearance ever
included. Cases with neoadjuvant chemotherapy or
radiotherapy were excluded. Also cases having
equivocal HER-Zieu score (score-2) which requires
further test like ISH (In Situ Hybridization) werrot
included.

Immunohistochemical analysiss The antibodies &
chemicals were obtained from Biogenex, USA. The
anti-VEGF (clone 165) and anti human C-erb-B2 (elon
CB11) monoclonal antibodies were used for VEGF and
HER-2heu respectively. Immunohistochemical
evaluation was done on formalin fixed paraffin
embedded tissue sections on poly-L lysine coaidéss|
by using polymer two step indirect method. The
manufacturer's instructions were followed after
standardization in our laboratory. Deparaffinizatisas
done by placing slides on hot plates af@@or 30
minutes followed by xylene. This was followed by
rehydration (in decreasing concentration of alcphatd
washing in running tap water and deiodinized water.
Antigen retrieval (Microwave heating method) was
done by dipping the slides in antigen retrievalioh

at pH-9 and heated in the microwave oven. After
cooling and washing in wash buffer solution, pedexi
block solution was added to block endogenous
peroxidase. Then power block solution was added to
prevent background staining. The slides were inmta
with primary antibody for 60 minutes at room
temperature followed by washing in wash buffer
solution. Then slides were incubated with secondary
antibody tagged with HRP (horseradish protein)3or
minutes at room temperature followed by washing in
wash buffer solution and addition of DAB
(diaminobenzidine) solution. The slides were wasined
distilled water and counter stained with hemataxyli
followed by dehydration (in increasing concentrasio
of alcohol) and mounting.

External positive and negative control slides wesed

with each batch of staining. Positive control sideere
prepared from breast carcinoma (for HERe2j and
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adenocarcinoma colon (for VEGF) known to be positiv
for them. Negative control slides were preparednfro
the same tumor block under study, but the primary
antibody step was omitted and slides were incubated
with PBS (phosphate buffer saline) instead.

For HER-2heu, the newer (2013) ASCO/CAP
guidelines was used [21].

* 0 (Negative) - No staining observed or membrane
staining that is incomplete and is faint/barely
perceptible and withirx 10% of the invasive tumor
cells

1+ (Negative) - Incomplete membrane staining that i
faint/barely perceptible and within >10% of the
invasive tumor cells

2+ (equivocal)- Circumferential membrane staining
that is incomplete and/or weak/moderate and within
>10% of the invasive tumor cellsr complete and
circumferential membrane staining that is intensg a
within <10% of the invasive tumor cells

3+ (Positive) - Circumferential membrane staining
that is complete, intense and within >10% of the
invasive tumor cells.

Results

Original Research Article

Score 2 (equivocal) requires further test e.g. 8H
confirmation and were excluded from the study. For
VEGF, cytoplasmic staining was evaluated with
reference to both the staining intensity and the
percentage of positive cells [28taining intensity was
scored as: Negative-0, Weak-1, Medium-2 and Strong-
3. Percentage positivity of cells was scored dsd,ni -

25% as 1, 26-50% as 2, 51-75% as 3 and 76-100% as 4
The sum of both the above scores was used as final
score (0-7). Tumors having a final staining scdre®
were considered to be positive.

The assessment of immunohistochemical staining was
carried out by two independent pathologists. In cese
final score for VEGF differed between the two
observers and that case was reinvestigated by both
investigators on a multiheaded microscope.

Statitical analysis: The data analysis was done using
SPSS software. The Pearson Chi-square test wagaised
investigate associations between all the variabes.
value< 0.05 was set as the significance level.

To investigate the association between HER2bverexpression and VEGF expression these two msavkere studied
in a cohort of 70 cases of primary breast cancéiems. Both the markers were studied by immunobtstmistry.
Table-1 shows the distribution of cases in relatmrage, tumor size, histologic grade, axillary phmnode status and

HER-2heu and VEGF positivity.

Table-1: Distribution of casesin relation to clinicopathological parameters

Parameters Number Per centage
Age(years) <50 48 68.60
>50 22 31.40
T1(<2cm) 04 5.80
Tumor size T2(2-5cm) 47 67.10
T3(>5cm) 19 27.10
I 08 11.40
Histologic grade Il 33 47.10
1] 29 41.40
Lymphnode metastasis Present 44 62.90
Absent 26 37.10
HER-2heu Positive 35 50.00
Negative 35 50.00
VEGF Positive 50 71.40
Negative 20 28.60

The age group ranges from 30 year to 68 year wittean age of 47.5 year. All the patients were femBivo third of
cases were T2 lesions (2-5cm). Most of the casiesipd¢o grade 1l or 1ll, while grade | constitutalp 11.40% of cases.
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Axillary lymph node metastasis was seen in 63%asfes. Half of the patients had HER/ overexpressing tumor
while VEGF expression was seen in >70% of cases.

Association of HER-2/neu and VEGF with different histological parameters. Before analyzing the possible
association between HERr2l and VEGF we tried to find out any association ledsie two markers with different
histological characteristics. HERF2U overexpression was associated with histologic gtad not with tumor size and
lymph node involvement, while VEGF expression was associated with any of the parameters (Tablé&iER-2heu
overexpression was observed in 50%, 75.80% and2®cases among histologic grades I, Il and Il eesigely. This
indicated higher expression of HER3@4 in grade Il followed by grade | and least in gradeThis finding of lower
HER-2heu positivity in the worst histologic grade is unukua

Table-2: Association of HER-2/neu and VEGF with different histological parameters.

Variables No of HER-2/neu VEGF
Cases | Positiveno | Negativeno p Positive | Negativeno | p value
of cases (%) | of cases (%) | value no of of cases (%)
cases (%)
Age(years) | <50 48 24(50) 24(50) 31(64.6) 17(35.4)
>50 22 11(50) 11(50) 1.00 19(86.4 03(13.6) 0.061
T1 04 02(50) 02(50) 04(100) 00(00)
Tumor size T2 47 23(48.9) 24(51.1) | 0.964 31(65.9 16(34.1) 0.245
T3 19 10(52.6) 09(47.4) 15(79) 04(21)
Histologic I 08 04(50) 04(50) 06(75) 02(25)
Grade Il 33 25(75.8) 08(24.2) | <0.001 25(75.7 08(24.3)| 0.654
1] 29 06(20.7) 23(79.3) 19(65.5) 10(34.5)
Lymphnode | Present 44 23(52.3) 21(47.7) 34(77.3) 10(22.7)
Metastasis | Absent 26 12(46.1) 14(53.9)| 0.621 16(61.5) 10(38.5) 0.159

Association between HER-2/neu and VEGF: The primary objective of this study was to find #gsociation between
HER-2heu and VEGF expression in breast carcinoma. Out afa&&s under study, 35 were HERe2/positive and 35
were HER-2heu negative showing an even distribution. VEGF exgimswas seen in all (35 of 35) patients with HER-
2/neu overexpressing tumors in contrast to 15 of 358@%) of patients with HER-Béu non-overexpressing tumors
(p<0.001) confirming a positive association betwEER-2heu overexpression and VEGF expression (Table-3).

Table-3: Association between HER-2/neu and VEGF.

HER2/neu No of cases VEGF p value
Positive (%) Negative (%)
Positive 35 35(100) 00(00) <0.001
Negative 35 15(42.8) 20(57.2)
Discussion

diagnosis and prediction of prognosis, as wellnathe
development of new treatment modalities. The stafus
estrogen receptor (ER), progesterone receptor @I,
human epidermal growth factor receptor type 2 (HER2
has been used as predictive markers for identifgng
high-risk phenotype and for selection of the most
efficient therapies [23].

The development of breast cancer involves prograssi
through a series of intermediate processes, gjantith
ductal hyperproliferation, followed by subsequent
evolution to carcinoma in situ, invasive carcinoaral
finally into metastatic disease. Given the vari@piin
clinical progression of the disease, the identiftra of
markers could be useful to predict tumor behayar,
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HER-2heu overexpression is associated with increased
tumor progression and metastasis; however, thetexac
mechanisms by which HER+®Bu regulates this more
aggressive clinical phenotype are not fully underdt
Recent studies indicate that HER@/ receptors play
an important role in heregulin-induced angiogenesis
Overexpression of the HER¥#U receptor alone results
in induction of the basal level of VEGF, and expesu
to heregulinpl additionally enhances VEGF secretion
in breast cancer cells. These experimental dataatel
that an important consequence of HERef/signaling

is increased VEGF expression. VEGF in turn is a
central regulator of angiogenesis, suggesting that
aggressive phenotype of HERA24 overexpressing
breast cancers may be in part attributable to aszé
angiogenesis [15].

Based on the strong positive association betweeR-HE
2lneu and VEGF in breast carcinoma two newer
effective modalities of treatment have been progose
Numerous studies have been conducted to find @ut th
efficacy of combined therapy directed against both
HER-2heu and VEGF. Conflicting data exist regarding
this. In the BETH trial, patients were randomlyigsed

to receive chemotherapy plus trastuzumab (anti-HER-
2/neu) plus bevacizumab (anti-VEGF) or chemotherapy
and trastuzumab alone. No difference of efficacy wa
observed between the two groups [19]. On the other
hand, few studies showed that the combined double
administration of bevacizumab and trastuzumab was
clinically effective, safe and non-toxic [20]. Hove
according to Foy et al[18] there are many drawbaxtks
the above modality of treatment like too expensive,
limited duration of action, development of drug
resistance and serious side effects. In fact coatioin
treatment with HER-2eu and VEGF peptide mimics
induces potent antitumor and antiagiogenic effest a
immunotherapeutic strategies. This shows that targe
the two different receptors (whether antagonist or
agonists) will produce greater anti-tumor and anti-
angiogenic effects both in vitro and in vivo [18].

Our study was designed with the primary objecti¥e o
finding an association between immunohistochemical
expressions of HER-2éu and VEGF in breast cancer
patients. The study of this association was impdrta
because VEGF has been implicated in aggressive
phenotype of breast cancers that overexpress HER-
2/lneu. The reaffirmation of this association would
support the use of combination therapies targédiiotty
HER-2heu and VEGF for treatment of breast cancers
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that show HER-2leu overexpression. The secondary
objectives were to correlate the immunohistochemica
expressions of HER-Béu and VEGF with various
pathologic parameters.

Tumor size, histologic grade and lymph node states
the traditional prognostic factors in patients with
invasive breast cancer [24]. In our study VEGF miid
show significant association with any of these ehre
parameters, but HER+&u had a non-linear association
with grade (p<0.001). Variable results seen in méece
studies regarding the relationship of these twokerar
with these prognostic factors. Xiaowei Ye et al[Rbh
study of 117 cases of primary breast cancer found n
significant association of HER+&u or VEGF with
tumor size, but Konecny et al[15] in their studyed1
cases of breast cancer found a positive correlation
between VEGF and tumor size. In a study of 28@<sas
of primary breast cancer Qiao et al[17] found aitpas
association between HERr2U and grade, and
Konecny et al demonstrated a positive correlation
between grade and VEGF expression. The finding of
lower HER-2heu positivity in grade Ill than grade I
and | tumors, as seen in the present study was also
observed in a study of small series of 30 cases of
primary breast cancer by Esraa A. AL-Dujaily eRél.

This unusual finding in our study could be attrémito

the small sample size and unequal proportions of
tumors among grade |, Il and Ill. Konecny et alrfdu

no association between VEGF and nodal status, but
Xiaowei Ye et al demonstrated a positive correfatio
between HER2¥u and VEGF with lymph node status
(p=0.0418).

In the present study, a significant associatiorwbeh
HER-2heu overexpression and VEGF expression was
demonstrated, with all patients having HERe/
overexpressing tumors demonstrating VEGF
expression, as opposed to 42.8% of their HERR/
nonoverexpressing counterparts (P <0.001). These
clinical data strengthens the preclinical experitakn
evidence indicating that HER+#®u signaling can
enhance the ability of a tumor to recruit a neoulsc
blood supply after the induction of VEGF expression

The molecular basis for the association between HER
2lneu overexpression and VEGF expression is
explained in recent studies. VEGF gene transcriptio
can be mediated by hypoxia inducible factor (HIF-1)
which is a heterodimeric transcription factor [14,2
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HIF-1 activity is increased by both intratumoraplyia
and genetic alterations, including loss of function
mutations in tumor suppressor genes, as well as@fai
functional alterations in oncogenes that activdie t
mitogen-activated protein kinase (MAPK) signal
transduction pathways and the phosphatidylinogtel
kinase (PI3K) pathway [15]. Under physiological
condition HIF-1 is degraded by the ubiquitin patgwa
however, under hypoxic conditions, HIF-1 is staeitl,
and expression is increased as a result of dectease
ubiquination. In contrast, HER+&u signaling induces
HIF-1 protein synthesis rather than inhibiting its
degradation [12]. Both mechanisms, hypoxia-driven
inhibited degradation and HERr2U-stimulated
increased synthesis of HIF-1, can therefore
independently contribute to the up-regulation ofGFE
[12,27].

To date, most of the clinical data regarding the
association between HERr2U overexpression and
VEGF expression in breast cancer, demonstrate a
positive association between these two factors gmon
large series of primary breast cancer patients
[14,15,16,17,25]. Kimberly et al [28] in a study 425
patients with metastatic breast cancer demonstrated
significant positive correlation between HER
amplification and mean microvessel density (MVD).
However, in contrast to most of the studies, trayntl
significant lower levels of VEGF expression in HER-
2/neu amplified tumors. The authors attributed this
finding to the fact that higher amount of angioggsén
HER-2heu amplified tumors may lead to less tumor
hypoxia and in turn decreased production of VEGF.
Alternatively, they also suggested that this fimdimay

be explained by complexity of VEGF regulation. The
current study in primary breast cancer patients,
however, clearly supports the observation that HER-
2lneu overexpression is associated with VEGF
expression.

The circumstance that VEGF was not detectable in
28.60% of the samples in our study could be expthin
by the possibility that VEGF is not the only
proangiogenic factor expressed in human breast
cancers. Platelet-derived endothelial growth factor
placenta growth factor, acidic and basic fibroblast
growth factor, transforming growth factar and f,
hepatocyte growth factor, and pleiotrophin haveo als
been shown to be present during breast cancer
progression, and any single or combination of these
molecules is capable of inducing angiogenesis[15].
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Conclusion

The current study provides clinical evidence th&R+
2/neu overexpression is associated with expression of
VEGF in breast cancer, suggesting that VEGF may in
part mediate the aggressive phenotype of breasecan
that overexpress HER&U.

These data additionally support the use of comimnat
therapies directed against both HERe?/ and VEGF
for treatment of breast cancers that exhibit HER2/
overexpression. However, this study included small
number of cases, so further studies with largerptam
size are required in this area to conclude an uwegal
association between HERr2U and VEGF in breast
cancer and its implication in guiding therapy again
HER-2heu overexpressing tumors.
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