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ABSTRACT

Background Cancerinitiation typically occurs when a proto-oncogene’s coding region undergoes mutation, result-
ing in uncontrollable cell growth and division, or when a tumour suppressor gene’s coding region is affected by a
mutation thatinhibits activity of the resulting gene product. The pathophysiologic resultis, respectively, exaggerated
cell-cycle growth or deficient programmed cell death. Osteopontin (0PN) is an integrin-binding phosphoprotein that
is expressed on the surface of normal cells. Osteopontin has a major role in diverse tumour components, especially
those implicated in invasion and metastasis. In the present study, we aimed to illustrate the value of 0PN as a possible
contributor in breast cancer (Bca).

Methods This prospective study included 115 patients newly diagnosed with Bca and distant metastasis who were
recruited from the Oncology Center, Mansoura University, and the Department of Clinical Oncology and Nuclear
Medicine, Mansoura University Hospital, Egypt. The patients recruited had been diagnosed with disseminated visceral
metastasis (visceral crisis), with or without bone metastasis; patients with cranial metastasis were excluded from the
study. All patients received first-line chemotherapy with docetaxel 75 mg/m? plus cisplatin 75 mg/m? or carboplatin
6 AuC (area under the curve) on day 1 every 21 days for a maximum of 6 cycles or till development of toxicity. Trastu-
zumab (in cases of HER2-positive disease) was given whenever possible (if government assistance or personal finances
permitted). Serum levels of OPN were assessed by enzyme-linked immunosorbent assay (ELISA) before treatment was
started. A group of 30 matched healthy women whose median serum opN level was 15 ng/dL were included, and that
level was therefore defined as the cut-off value. In addition, opN gene mutation was determined by polymerase chain
reaction (PCR). Correlations of pretreatment serum OPN and OPN gene mutation with various patient clinicopathologic
variables, response to the treatment, progression-free survival (PFs), and overall survival (0s) were assessed.

Results Mean serum opN was highest in HER2-amplified Bca (64.4 + 42.3 ng/dL), and then in triple-negative Bca
(55.9 + 34.7 ng/dL), followed by the luminal B and A subtypes (38.4 + 33.1 ng/dL and 36.3 + 32.2 ng/dL respectively,
p=0.017). Testing by PCr revealed that opN gene mutation was highest in triple-negative Bca (85% opN mutant vs. 15%
non-mutant), and then in HER2-overexpressed BCa (80% OPN mutant vs. 20% non-mutant), followed by luminal B Bca
(61.9% oPN mutant vs. 38.1% non-mutant); the least expression was detected in luminal A Bca (57.9% OPN mutant vs.
42.1% non-mutant). Interestingly, patients with high serum opN and 0PN gene mutation experienced both poor Prs
(median: 12 months vs. 14 months; p = 0.001) and poor 0s (median: 14 months vs. 18 months; p = 0.001). Moreover,
participants with oPN gene mutation experienced a poor response: of those with progressive disease, 74% had opN
mutation and 26% had unmutated OpPN (p = 0.04). Additionally, high pretreatment serum opN was correlated with
poor treatment response: 49.1 + 33.8 ng/dL in patients with progressive disease and 35.5 + 34.3 ng/dL in those who
achieved a complete response, a partial response, or stable disease (p =0.05). Strong concordance was found between
high serum opN and 0PN gene mutation in 69 tumours (79.3%), and strong concordance was detected between normal
or low serum OPN and non-mutant OPN in 28 tumours (60.8%).

Conclusions The current prospective work helps to highlight opn as a valid prognostic biomarker for patients with
metastatic BCa and reveals that high pretreatment serum opN and OPN gene mutation are both strongly linked with
poor response and survival. Concordance between ELISA and PCR results indicates that either method can be used
for the evaluation of opN. Increased OPN gene mutation in triple-negative Bca could assist in tailoring the treatment
response in this very aggressive tumour subtype and could be considered a targetable molecule in future studies.
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BACKGROUND

Osteopontin (0PN) is defined as a secreted integrin-binding
glycophosphoprotein that expedites cell-matrix inter-
actions and stimulates tumour progression. It is well
known that opN acts through various integrins and CD44,
and synergizes with the epidermal growth factor receptor
signalling pathway, the hepatocyte growth factor receptor,
and Met. In the human body, OPN is expressed in many tis-
sues and cell types; in tumour cells, its expression reaches
high levels!.

Several signalling pathways, when misregulated, can
lead to increased OPN expression. Among them are certain
oncogenic and tumour-promoting pathways: receptor
tyrosine kinase pathways; G protein pathways; and the
Wnt/B-catenin, Hedgehog, nuclear factor-xB, and estro-
gen signalling pathways. On the opN promoter, several
cis-regulatory elements have been identified. One is the
Ras-activated enhancer, which binds the Ras-response
factor, which is stimulated by Ras signalling in epithelial
cells and fibroblasts, resulting in the formation of a complex
with Ras-activated enhancer?.

For atleast30% of patients with cancer, the OPN gene is
one of the 5% most highly expressed genes, relative to ex-
pression in normal tissue, in 20 of 35 microarray datasets®.
In RNA microarrays deposited in Oncomine (Thermo Fisher
Scientific, Waltham, MA, U.S.A.) and in meta-analysis data,
OPN was shown to be associated with reduced apoptosis in
bronchogenic carcinoma*. Knockdown of opN in human
lung cancer cells has been found to suppress the prolifer-
ation and metastasis of lung cancer cells, to trigger auto-
phagy, and to abolish the radioresistance of cancer cells®.

Osteopontin modulates the malignant transforma-
tion of uterine cancer®. Further, opN orchestrates CD44-
mediated p38 phosphorylation in cervical cancer cells,
promoting nuclear factor-kB-dependent expression of
furin, an extracellular protease involved in the processing
of human papillomavirus that augments the motility of
cervical cancer cells’.

Breast cancer (BCa) cells that are OPN-overexpressing
demonstrated high anchorage-independent soft agar
growth. Those cells also showed higher lymphovascular
invasion, lymph node metastasis, and lung micrometas-
tasis, highlighting opN as a precise molecular player in
lymphatic metastasis in Bca®. Additionally, OPN increases
both the invasion and metastasis of human mammalian
epithelial cells and triggers angiogenesis signalling cas-
cades and vascular endothelial growth factor-dependent
tumour growth?. Through upregulation of the epidermal
growth factor receptor, opN also regulates many transduc-
tion signalling pathways!°.

METHODS

The present prospective study was conducted from Janu-
ary 2017 to March 2019, with 115 patients newly diagnosed
with metastatic Bcawho were recruited from the Oncology
Center, Mansoura University, and the Department of Clin-
ical Oncology and Nuclear Medicine, Mansoura University
Hospital. All included patients presented with visceral or
bone metastasis, or both (visceral crisis). Patients with

brain metastasis were excluded, meaning that all partici-
pants were candidates for chemotherapy with or without
targeted therapy according to their genetic profile and
target availability. All patients received first-line che-
motherapy [docetaxel 75 mg/m? plus cisplatin 75 mg/m?
or carboplatin 6 AuC (area under the curve), all on day 1
every 21 days for a maximum of 6 cycles or until the ap-
pearance of toxicity). Anti-HER2 therapy (for HER2-positive
tumours) was added depending on the availability of
financial support.

Analysis of Polymorphisms in the OPN

Regulatory Region

The pcr amplification of the promoter regulatory region
from extracted DNA used these primers:

Forward primer
5-CAAGCTACTGCATACTCGAAATCACA-3'
Reverse primer
5-ACAACCAAGCCCTCCCAGAATTTA-3'

The pcranalysis used 50 ng DNA as a template and was
processed at 95°C for 10 minutes, followed by 36 cycles of
94°C for 30 seconds, an annealing temperature for 60 sec-
onds, and 72°C for 60 seconds, with a final extension at
72°C for a total of 15 minutes. A QIAquick Gel Extraction
Kit (Qiagen, Carlsbad, CA, U.S.A.) was used for affinity
membrane purification, and then pcr products were
subjected to cycle sequencing with the aforementioned
primers on an automated ABI 310 bNA sequencer (Applied
Biosystems, Foster City, CA, U.S.A.).

Measurement of Serum OPN

Serum opN was measured using an enzyme-linked immu-
nosorbent assay (ELISA) kit supplied by Immuno-Biological
Laboratories, Fujioka, Japan. A group of 30 age-matched
women without cancer were enrolled; their median serum
opN of 15 ng/dL was used as a cut-off value.

Correlations of pretreatment serum OpPN and OPN gene
polymorphism with various patient clinicopathologic cri-
teria, response to treatment, progression-free survival (PEs),
and overall survival (0S) were assessed.

Ethics Approval
All procedures in this study were conducted in accord-
ance with the ethics standards of the institutional and
national research committee and with the 1964 Helsinki
Declaration and its recent amendments or comparable
ethics standards.

RESULTS

The studyincluded 115 patients with newly diagnosed met-
astatic BCa, of whom 39 (33.9%) were premenopausal, and
76 (66.1%), postmenopausal. Age range in the cohort was
31-74 years. Of the 115 patients, 41 (35.7%) presented with
metastases to both viscera and bone; 74 patients (64.3%)
presented with visceral metastasis only. Mean pretreat-
ment serum OPN was 44.2 + 35.5 ng/dL (range: 5-136 ng/dL).
By sequencing, 77 patients (67%) had mutant opN, and 38
patients (33%) had non-mutant OPN.
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Serum OPN and Clinicopathologic Data

Using the median serum oPN of the control participants
as a cut-off, we assigned the patients to two groups: 36 pa-
tients (31.3%) with low serum opN (<15 ng/dL), and 79
patients (68.7%) with high serum opN (>15 ng/dL).

Older patients more frequently presented with high
serum OPN: 45 patients (57%) in the high opN group com-
pared with 34 patients (43%) in the low OPN group were
50 or more years of age, and 23 patients (63.9%) less than
50 years of age compared with 13 patients (36.1%) 50 or
more years of age had low serum opN (p = 0.03). Patients
who were postmenopausal had a significantly high serum
OPN level: of patients with high serum opN, 58 (73.4%) were
postmenopausal and 21 (26.6%) were premenopausal (p =
0.014). However, no significant association of serum opN
with site of metastasis or Ki-67 index was found (Table 1).

Our study demonstrated that serum OPN was signifi-
cantly high (p = 0.017) in patients with HER2-amplified Bca
(64.4 + 42.3 ng/dL), followed by triple-negative Bca (55.9
+ 34.7 ng/dL), and then by the luminal B and A subtypes
(38.4 £33.1 ng/dL and 36.3 + 32.2 ng/dL respectively).

Polymorphism of OPN and Clinicopathologic Data

Mutated opN was more frequent in older patients: 43 pa-
tients (55.8%) 50 or more years of age compared with 34 pa-
tients (44.2%) less than 50 years of age had mutated opN, and
of patients with non-mutated opN, 23 (60.5%) were less than
50 years of age and 15 (39.5%) were 50 or more years of age,
a difference that was nonsignificant (p = 0.09). We found
that mutant OpPN was more frequent in postmenopausal
patients: mutant opN was found in 54 postmenopausal
patients (70.1%) and in 23 premenopausal patients (29.9%).
Non-mutant opN was found in 22 postmenopausal patients

only compared with 33 (42.9%) who presented with both
visceral and bone metastasis (p = 0.024). Patients with
mutated opN were more likely to have a high Ki-67 index:
of patients with mutated opN, 51 (66.2%) had a high Ki-67
index and 26 (33.8%) had alow Ki-67 index; and of patients
with non-mutated orN, 20 (52.6%) had a low Ki-67 index
and 18 (47.4%) had a high Ki-67 index, a difference that was
nonsignificant (p = 0.06, Table 11).

By PCR sequencing, OPN gene mutation was found
to be remarkably high in patients with triple-negative
BCa (85% mutated OPN vs. 15% non-mutated opN) and
with HER2-overexpressed BCa (80% mutated OPN vs. 20%
non-mutated opN), followed by luminal B Bca (61.9% mu-
tated OPN vs. 38.1% non-mutated opN) and luminal A Bca
(57.9% mutated OPN vs. 42.1% non-mutated OPN).

Serum OPN and OPN Polymorphism and
Tumour Response

Serum opN was significantly high (p = 0.05) in patients who
experienced a poor response to first-line chemotherapy:
49.1 + 33.8 ng/dL in patients with progressive disease
compared with 35.5 + 34.3 ng/dL in those who achieved
a complete response, a partial response, or stable disease
(Table 111).

Patients with mutated opN by PCR sequencing also
showed a significantly poor response. Of patients with
mutant OPN, 54 (70.1%) developed disease progression and
23 (29.9%) achieved either a complete response, a partial
response, or stable disease; however, 50% of patients with
non-mutated OPN experienced disease progression (p=0.04).

TABLE Il  Clinicopathologic data by osteopontin (OPN) polymorphism

(57.9%) compared with 16 premenopausal patients (42.1%), Variable OPN group [n (%]] Vall)ue
a difference that was nonsignificant (p = 0.2, Table 1). Non-mutated Mutated
Non-mutant OPN was significantly associated with Age
the presence of V;(s)cegasla metastasis any:hof'patlerllts with <50 Years 23 (60.5) 34 (44.2) 000
nor}-mutantOPN, (7 . %) prgsente with visceral metas- 550 Years 15 (39.5) 43 (55.8) .
tasis only compared with 8 patients (21.1%) who presented
with both visceral and bone metastasis. Of patients with Menopausal status
mutant OPN, 44 (57.1%) presented with visceral metastasis Pre 16 (42.1) 23(29.9) 0.2
Post 22 (57.9) 54 (70.1) ’
TABLE |  Clinicopathologic data by serum osteopontin (OPN) level Metastasis
iabl " Viscera and bone 8 (21.1) 33 (42.9) 0.024
Variable OPN group [n (%)] Vafl’ue Viscera only 30 (78.9) 44 (57.12) :
<15 dL 15 ng/dL
ng/ - Ki-67 index
Age <10 20 (52.6) 26 (33.8) 0.06
<50 Years 23 (63.9) 34 (43) 0.03 >10 18 (47.4) 51 (66.2)
>50 Years 13 (36.1) 45 (57) '
Menopausal status
Pre 18 (50) 21 (26.6) Q@ TABLE Il Tumour response in patients with serum osteopontin (OPN)
Post 18 (50) 58 (73.4) ’ and OPN polymorphism
Metastasis Response type Pts Mean OPN t P
Viscera and bone 8(22.2) 33 (41.8) 0.058 (n) (ng/dL) Value
Viscera only 28(77.8) 46 (58.2) ' CR, PR, and SD 41 35.5+34.3
. . 1.9 0.05
Ki-67 index Progressive disease 73 49.1+33.8
<10 17 (47.2) 29 (36.7) 0.2 Pt tients: CR let PR ial D
S = patients; = complete response; = partial response; =
>10 19 (52.8) 50 (63.3) stable disease.
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Serum OPN.and OPN Polymorphism and p = 0.001, at a median follow-up duration of 15 months).
Patient Survival Those patients also experienced significantly poor os
In patients with both high serum opN and mutated OPN, PFS (median: 14 months vs. 18 months, p = 0.001), as shown in
was significantly poor (median: 12 months vs. 14 months, Table 1v and Figure 1.

TABLE IV Patient survival by serum osteopontin (OPN) level and OPN polymorphism

Survival type OPN group
<15 ng/dL >15 ng/dL p Non-mutated Mutated p
(n=36) (n=79) Value (n=38) (n=77) Value

Progression-free (months)

Median 14 12 0.001 14 12 0.001

95% Cl 12.7to 15.2 11.5t0 12.5 13.1to 14.8 11.4to 12.5
Overall (months)

Median 18 14 0.001 18 14 0.001

95% ClI 15.8 to 20.1 12.9 to 15.01 15.1 to 20.8 12.6 to 15.3

Cl = confidence interval.
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FIGURE 1 Serum osteopontin (OPN) and osteopontin polymorphism relative to patient survival. (A) Progression-free survival (PFS) by OPN level.
(B) Overall survival (OS) by OPN level. (C) PFS by OPN without or with single-nucleotide polymorphism. (D) OS by OPN without or with single-

nucleotide polymorphism.
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Concordance

Complete concordance between high serum opN as de-
tected by ELISA and OPN polymorphism as detected by pcr
sequencing was observed in 69 tumours (79.3%). Complete
concordance between low serum OpN and non-mutated opN
was observed in 28 tumours (60.8%, Figure 2).

DISCUSSION

Osteopontin is considered to be an integrin-binding
phosphoprotein, and it is found in normal cells'!. It has
an important role in many malignancies through its
involvement in both tissue invasion and metastasis!'?13,
and it has been correlated with aggressiveness in many
cancers, including Bca. In an investigation conducted by
Cook eral.®, opN gene expression was detected in a human
model of Bca. The alterations caused by OPN expression rep-
resentthe 6 “cancer hallmarks” in a Bca progression model.
Crosstalk between opN and many intracellular signalling
pathways such as Akt, Raf/MEK/ERK, 1LK/PI3K/GSK3B!?, and
Ran GTPase/c-Met/PI3K is worth noting!.

Resistance to chemotherapy is an important cause of
treatment failure. Many studies indicate that drug resist-
ance can be influenced by factors such as chemokines,
cytokines, cell adhesion molecules, and growth factors in
the cancer microenvironment. Previous reports showed
that opN provokes non-classical triggering of the Hedgehog
signalling pathway, stimulates translocation of the GLI1
“transcription factor” in the nucleus, and produces GLI1-
dependent overexpression of multidrug resistance proteins
ABCG2 and ABCB1Y. Cytokine signalling of ABC protein ex-
pression in Bca was linked to chemotherapy resistance. In
cell culture, opN causes resistance to cyclophosphamide!®,
doxorubicin'®, and paclitaxel and cisplatin!” in Bca, which
is attributed to well-defined antiapoptotic properties or
capability to upregulate drug exporters.

High opN in primary tumours was found to be associ-
ated with poor prognosis and advanced-stage disease®’.
Also, opN can be detected in the blood of patients with
various cancers including those of colon, prostate, and
stomach; bronchogenic carcinoma; and hepatocellular
carcinoma?!?2,

BCa Subtypes

An interesting result in the present study is the signifi-
cantly high serum opN and increase in mutated opN in the
HER2-amplified and triple-negative Bca subtypes, followed
by the luminal B and A subtypes. In contrast, Anborgh

’ 7 ‘\
opn | 10 69,: 8 ) Mutant
(High level) S~-2 OPN
-
’
OPN | 8 Non mutant
(low level) \~__ OPN

FIGURE2 Concordance between serum osteopontin (OPN) and OPN
gene polymorphism.

etal.?? did not find any association between serum opN and
the BCa subtypes, which might be explained by the fact that
the patients included in our study had metastatic disease,
while the Anborgh et al. study included patients with locally
advanced disease. Alternatively, the discrepancy mightbe
related to the different demographic characteristics of the
patients in both studies. Our data might open the way to a
prognostic model or the development of an OpN targeting
molecule for the triple-negative Bca subtype, which is an
aggressive disease that lacks targeted agents.

Response

Withrespect to the tumour response in our cohort, patients
with either mutated opN or high serum opn had a poor re-
sponse to chemotherapy or showed more drug resistance,
and so a pretreatment OpN assessment could be considered
for tailoring and customizing therapy for metastatic Bca.
Our result is supported by Bramwell et al.?3, who reported
a high level of oPN in most patients with metastatic Bca
that was linked with poor tumour response and high
disease burden.

Moreover, frequent measurement by Singal and col-
leagues?24 of serum OPN in patients with metastatic Bca re-
vealed decreased survival (despite treatment) as serum OPN
increased over time. Serum OPN assessment might therefore
possess prognostic and predictive value in advanced Bca. In
another reportinvolving patients with locally advanced Bca,
which compared pretreatment serum opN with the patho-
logicresponse after neoadjuvant therapy, the authors found
a higher median serum opN level in patients with a poor re-
sponse thanin patients who attained a pathologic complete
response®’, which accords with the results in our study.

According to two in vitro studies conducted in a BCa
model cell line, suppression of OPN gene expression can
promote cell apoptosis and ameliorate radiosensitivity,
suggesting that opN might be a unique target for enhance-
ment of radiotherapy?%27,

Survival

Our report confirms OPN as a prognostic marker in meta-
static BCa, given our finding that patients with increased
serum OPN and OPN gene polymorphism experienced the
same significantly poorer prs (median: 12 months vs. 14
months, p=0.001) and 0s (median: 14 monthsvs. 18 months,
p=0.001). Those results are consistent with findings in an
earlier cohort of 70 patients with confirmed metastatic Bca,
inwhich 70% showed increased serum opN and significant-
ly shorter survival times?4.

Bramwell et al.?? conducted a larger study of patients
with metastatic BCa, reporting elevated pretreatment serum
OPN in 66% of the patients, which was inversely and signifi-
cantly correlated with survival. Furthermore, consecutive
measurements of serum OPN demonstrated that, in that
cohort, an increase of serum OPN at any time was highly
prognostic for poor survival. Importantly, an obvious cor-
relation between baseline serum opN and patient survival
was evident. Another study found that, compared with pa-
tients having abaseline plasma opN level below the median,
those with alevel above the median were significantly more
likely to die from disease progression (hazardratio: 3.4;95%

e448

Current Oncology, Vol. 27, No. 5, October 2020 © 2020 Multimed Inc.



OSTEOPONTIN AND PROMOTER POLYMORPHISM IN PATIENTS WITH mBCa, Elbaiomy et al.

confidenceinterval: 1.4to 11.3; p=0.011) and that baseline
plasma opN was significantly associated with poor survival
(p = 0.002)25. Using an ELISA assay, another study showed
that, in women with metastatic BCa, compared with healthy
women or patients who had received definitive treatment
for primary Bca, plasma OpPN was elevated and associated
with poor survival®4,

Authors studying a cohort of 154 women with
lymph-node-negative Bca stated that expression of OPN in
tumour cells (immunopositivity), by various methods of
assessment and a semi-quantitative immunohistochem-
istry scoring system, was significantly correlated with
both decreased disease-free survival and 0s?2. Likewise,
Tuck et al. and Rudland er al.?%30 reported a significant
association between OPN positivity and a poor prognosis
in early BCa, even when a semi-quantitative immunohisto-
chemistryscoring system was used. Hence, OPN represents
the first well-known prognostic tumour marker for 0s in
patients with either locally advanced or metastatic Bca. In
comparison, opN evaluation in tumour cells and plasma
from a particular subtype of hormone-sensitive early Bca
typically showed better prognosis?!. Interestingly, nei-
ther plasma nor tumour opN had yet been used to provide
prognostic information in any multivariate research. The
authors therefore concluded that tumour or plasma 0PN in
postmenopausal hormone-sensitive early Bca might have
minimal prognostic value?!. That finding might be ex-
plained by differences in the included patients. Our study
considered patients with metastatic Bca of all subtypes,
including HErR2-amplified and triple-negative; however, the
former study included only patients with hormone-sensi-
tive early Bca that actually might have a good prognosis.

To the best of our knowledge, our study is the first to
confirm an association between two validated techniques
for biologic profile assessment in patients with cancer. We
consider OPN to be a significant prognostic and treatment
tailoring marker in metastatic BCa, given that concordance
between high serum OPN by ELISA and OPN gene mutation by
PCR sequencing was found in 69 tumours (79.3%) and that
28 tumours showed complete concordance between low
serum OPN by ELISA and non-mutated opN (60.8%). Based on
thoseresults, either technique could be considered reliable
for opn detection depending on the facilities available in
a cancer centre.

CONCLUSIONS

This prospective study demonstrates a statistically signifi-
cant relation of response and survival in patients with Bca
and pretreatment serum OPN or OPN gene mutation. High
baseline serum opN and identification of OPN gene mutation
were both correlated with poor outcome, suggesting that
OPN could be proposed as a biomarker for Bca progression.
Moreover, concordance between the ELISA and PCR sequenc-
ing techniques was evident, and hence, either approach
could be used to test OPN. Mutation of the OPN gene was
frequently found in the triple-negative Bca subtype (one of
the most aggressive subtypes of Bca, which lacks targeted
therapies), and so in future studies, OPN mutation might
be used to tailor chemotherapy treatment or opN could be
considered a target molecule for new therapies.
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