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EXPRESSION OF SPP1 AND SPARC
GENES IN TUMOR TISSUE OF PATIENTS
WITH BREAST CANCER

Background. Breast cancer (BCa) is one of the most common oncological diseases in women in Ukraine and worldwide,
which determines the need to search for new diagnostic and prognostic markers. In this aspect, the study of multicel-
lular proteins, in particular osteopontin (OPN) and osteonectin (ON), in BCa tissue is relevant. The aim of the work
was to investigate the expression of SPPI and SPARC at the mRNA and protein levels in BCa tissue and to assess their
relationship with the main clinicopathological BCa characteristics and the survival rates of patients. Materials and
Methods. The work was based on the analysis of the results of the examination and treatment of 60 patients with stage
II—III BCa and 15 patients with breast fibroadenomas. SPPI and SPARC mRNA levels were determined by real-time
PCR. The study of the expression of protein products of the SPPI and SPARC genes was carried out by the immuno-
histochemical method. Results. We have established that the BCa tissue was characterized by 3.5 (p < 0.05) and 7.4
(p < 0.05) lower levels of SPP1 and SPARC mRNA, respectively, compared to the tissue of benign neoplasms, while OPN
and ON expression levels were 1.6 (p < 0.05) and 5.6 (p < 0.05) times higher, respectively, compared to fibroadenoma
tissue. The analysis of the relationship between the expression of SPP1 and SPARC at the protein and mRNA levels in
BCa tissue and the main clinicopathological BCa characteristics revealed its dependence on the presence of metastases
in regional lymph nodes, differentiation grade, and the molecular BCa subtype. Also, high expression levels of SPP1 and
OPN were associated with worse patient survival rates. Conclusion. The obtained results indicate the perspective of us-
ing SPP1 and SPARC expression indices in BCa tissue to assess the aggressiveness of the cancer course and optimize the
tactics of treating patients.

Keywords: breast cancer, osteopontin, osteonectin, prognosis, survival.

Despite a significant progress in the diagno- | development of distant metastases [2]. It has been
sis and treatment of breast cancer (BCa), it still | proven that the prognosis of the disease largely de-
causes the annual death of more than half a mil- | pends on a timely and accurate diagnosis, which
lion women worldwide [1]. Most of the fatal BCa | is based on objective indicators of the patient's
cases are associated with cancer spread and the | somatic condition, and especially on the biologi-
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cal characteristics of the tumor. To understand the
mechanisms and key factors of cancer progres-
sion, it is considered promising to study the com-
ponents of the tumor microenvironment, which
provide biochemical and biomechanical signaling
and are biological factors associated with the BCa
progression and metastasis [3, 4].

According to the latest experimental and clinical
research data, the matricellular proteins osteopon-
tin (OPN) and osteonectin (ON) are non-collage-
nous proteins of the extracellular matrix that play
an important role in the development and pro-
gression of BCa [5]. OPN and ON are non-fibrillar
glycoproteins that belong to the bone matrix-as-
sociated factors modulating the behavior of cells
and also providing regulation of the extracellular
matrix [6, 7]. The expression of these proteins was
detected in various tissues of the body, including
bone, cartilage, vessels, and tumors of different
histogenesis, which confirms a wide range of their
functions, including the regulation of cell migra-
tion, adhesion, and proliferation [8, 9].

The recent research shows that disruption of OPN
expression leads to an increase in the number
of macrophages and T cells in the focus of in-
flammation. In addition, OPN has been shown
to inhibit tissue calcification and overmineraliza-
tion and to be involved in wound healing [10].
ON is primarily secreted by fibroblasts and mac-
rophages in the inflammatory lesions. It regulates
the regenerative processes, cell proliferation and
exerts anti-adhesive properties, as well as the abi-
lity to bind with cytokines and growth factors [11].

It has been shown that the development of ma-
lignant neoplasms of various localization (cancer
of the lung, stomach, pancreas, intestines, brain,
and mammary gland) is accompanied by an in-
creased expression of OPN and ON in the tumor
tissue [3]. The increased expression of these ma-
tricellular proteins correlates with some clini-
copathological characteristics and survival rates
of patients with prostate cancer, osteosarcoma,
and melanoma [12]. However, due to the disparity
of data, there is still no definite unified view on the
role of OPN and ON in the pathogenesis of BCa
(6, 13—17].

Therefore, the aim of the work was to investi-
gate the expression of the SPP1 and SPARC genes
at the level of mRNA and protein in BCa tissue and
to establish their relationship with the main clini-
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copathological characteristics of the course of the
disease and the survival rates of patients.

Materials and Methods

The study included the results of clinical examina-
tion and treatment of 60 patients with stage II—III
BCa and 15 patients with breast fibroadenomas
(FA), who were undergoing inpatient treatment
at the Kyiv City Clinical Oncology Center (Kyiv,
Ukraine) during 2015—2019. All patients gave in-
formed consent for the use of the operative mate-
rial and clinical data for scientific purposes. The
stage of the tumor process was determined accor-
ding to the International Classification of Tumors
(the 8th TNM edition, 2016).

By the anamnesis data, all patients underwent
general clinical, biochemical, and laboratory ex-
aminations, ultrasound examination of the ab-
dominal organs, mammography, radiography of
the chest cavity, puncture biopsy of breast tumors
according to the standards of diagnosis and treat-
ment of oncological patients approved by the or-
ders of the Ministry of Health of Ukraine No. 140
from 07/27/1998, No. 554 dated 09/17/2007, No. 645
dated 07/30/2010, and No. 396 dated 06/30/2015.

Neoadjuvant therapy was not performed in pa-
tients with stage II—III BCa. All patients under-
went surgical treatment (quadrant or lumpectomy
with regional lymphodissection, radical mastec-
tomy according to Maden). The clinicopathologi-
cal characteristics of the BCa patients are shown
in Table 1.

Real time polymerase chain reaction (PCR).
To study the expression of the OPN and ON genes
at the mRNA level (SPP1 and SPARC, respec-
tively), the reverse transcription PCR (RT-PCR)
method in real time was used. The total RNA was
isolated from the homogenate of 100 mg of tu-
mor tissue using the commercial RNeasy FFPE
Kit (QIAGEN, Germany). The amount of isola-
ted RNA was determined on a NanoDrop 2000c
Spectrophotometer (ThermoScientific, USA).

The purity of the isolated RNA was monitored
using the ratio of optical absorbance values at 260
and 280 nm. RNA was dissolved in Tris-EDTA
buffer and stored at —20 °C until PCR.

RT-PCR was performed using the hardware
detection system Quant Studio DX5 Real-Time
PCR System with a commercial kit for RT-PCR
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LunaScript® RT SuperMix Kit (New England
Biolabs, Inc., USA) according to the manufactu-
rer's recommendations. f-actin mRNA (ACTBI)
was used as an endogenous control. Besides, the
Maxima SYBR Green/ROX qPCR Master Mix
(2X) commercial kit (Thermo Fisher Scientific,
USA) was used with primers synthesized by Meta-
bion (Germany) (Table 2). Primer sequences were
taken from www.origene.com.

The relative expression of the studied mRNAs
was determined by the comparative dCT method
and presented as fold change. The study was con-
ducted in three replicates per sample [18].

Immunohistochemical method. Immunohisto-
chemical (IHC) study of OPN, ON estrogen recep-
tors (ER), progesterone (PR), human epidermal
growth factor (Her2/neu), and Ki-67 in BCa tis-

USA) taking into account the nature of the distri-
bution of the obtained data. In order to quantita-
tively compare two independent groups, Student's
t-test (for parametric distribution) or the Mann —
Whitney U-test (for non-parametric distribution)
were used. Data are presented as M + m where
M is the arithmetic mean, m is the standard er-
ror of the mean, or a percentage for relative values.
Analysis of the survival rates of patients with BCa
was performed using the Kaplan — Meier test. For
this, all patients were divided into groups with low
(<Me) and high (>Me) levels of expression of the
studied markers. The critical level of statistical sig-
nificance was taken equal to 0.05.

Table 1. Clinicopathological characteristics
of the BCa patients

sue was performed on paraffin sections of biopsy N .
. . . . umber of patients
material. Monoclonal antibodies specific for OPN Index
(clone: 7C5H12; AbCam, UK), ON (clone: ON1-1; N %
Thermo Scientific, USA), ER (clone: 1D5; Dako- -
Cytomation, Denmark), PR (clone: PgR636; Dako- Total number of patients 60 100
Cytomation, Denmark), Her2/neu (clone: e2-400; Age (years)
Thermo Scientific, USA), and Ki-67 (clone: MIB-1; Average 525+63
DakoCytomation, Denmark) were used as pri- Range 2889
mary antibodies. The Lab Vision™ UltraVision™ | | T category by TNM
Quanto Detection System (Thermo Fisher Scien- T2 21 35.0
tific, USA) was used to detect the IHC reaction. T3 39 65.0
The expression level of the markers was deter- | | N category by TNM
mined by the semi-quantitative H-Score method NO 26 433
and calculated according to the formula: N1 34 56.7
S = 0XN,, (%) + IxN, (%) + 2xN, (%) + 3xN; (%), leglre(fiz}?)on grade g 133
where § is the «H-Score» index, N, is the number G2 (moderate) 32 23.3
of cells with no expression, N, N,, and N, — with G3 (low) 20 33.3
low, medium, and high expression, respectively[19]. | | Molecular subtype
Statistical analysis. Statistical processing of the Luminal A 12 20.0
obtained results was performed using the Graph- Luminal B 30 50.0
Pad Prism v.8.0 program (GraphPad Software Inc., Basal 18 30.0
Table 2. Primer sequences for determination of mRNA expression
Gene Primer
ACTBI Forward 5- TGTTACCAACTGGGACGACA-3'
Reverse 5- GGGGTGTTGAAGGTCTCAAA-3'
SPPI Forward 5'- CGAGGTGATAGTGTGGTTTATGG- 3'
Reverse 5'- GCACCATTCAACTCCTCGCTTTC- 3'
SPARC Forward 5'- TGCCTGATGAGACAGAGGTGGT- 3'
Reverse 5'- CTTCGGTTTCCTCTGCACCATC- 3'
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Results and Discussion

Features of the expression of SPP1 and SPARC
in the tissues of benign and malignant neoplasms
of the mammary gland at the levels of mRNA and
protein. We revealed that the BCa tissue was char-
acterized by significantly lower expression of SPPI
and SPARC compared to the similar indicators
of benign neoplasms. As shown in Fig. 1 the levels
of SPP1 mRNA in BCa tissue were 3.5 times lo-
wer (p < 0.05), and SPARC mRNA 7.4 times lower
(p < 0.05) compared to the corresponding indices
in FA tissues (Fig. 1).

In contrast, the analysis of the quantitative indi-
cators of the IHC study of the expression of OPN
and ON in the tissue of benign and malignant neo-
plasms of the mammary gland allowed us to estab-
lish significantly higher levels of both investigated
proteins in the BCa tissue (Fig. 1). In particular,
BCa tissue was characterized by 1.6-fold higher
(p < 0.05) and 5.6-fold higher (p < 0.05) expres-
sion levels of OPN and ON compared to FA tissue.
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Relationship of SPP1 and SPARC expression
indicators in BCa tissue with clinicopathological
features. We found that the BCa tissue of T3 ca-
tegory cases by the TNM classification was cha-
racterized by 1.7-fold higher (p < 0.05) and 1.6-
fold higher (p < 0.05) levels of SPPI1 and SPARC
mRNA compared to the similar indicators of the
T2 category tumors. The levels of SPPI1 and SPARC
mRNA in BCa tissue of patients with metas-
tases in the regional lymph nodes was 2.6-fold
higher (p < 0.05) and 1.5-fold higher (p < 0.05),
respectively, than in patients without metastases.
The level of SPP1 mRNA in the basal BCa tissue
was 5.0-fold higher (p < 0.05) and 2.8-fold higher
(p < 0.05) compared to the neoplasms of luminal
A and B molecular subtypes, respectively. The
levels of SPARC mRNA in the basal BCa tissue
were 1.8-fold higher (p < 0.05) and 1.7-fold hig-
her (p < 0.05) compared to the similar indicators
in the samples of BCa of luminal A and B molecu-
lar subtypes, respectively. No significant difference

Fig. 1. Expression of SPP1 and SPARC at the mRNA and protein levels in the tissue of benign and malignant neo-
plasms of the breast: @ — quantitative indicators of expression at the mRNA and protein levels. The median is indicated
by the central line, the mean is marked by a cross, the first and third quartiles are indicated by the lower and upper limits
of the "box", respectively. The whiskers emerging from the rectangles indicate the minimum and maximum values of the
indicators; b — typical photomicrographs of OPN and ON expression in FA and BCa tissues. IHC, 3-diaminobenzidine
tetrachloride chromogen. Staining with hematoxylin, x400. *p < 0.05 — the difference is significant
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Table 3. Relationship of SPPI and SPARC expressions in BCa tissue

with the main clinicopathological BCa characteristics

SPP1 SPARC
Index
mRNA, fold change Protein, H-Score mRNA, fold change Protein, H-Score

T category by TNM clas-
sification

T2 23+05 1713 £ 12.4 1.6 0.2 188.3 £12.3

T3 3.8+0.7! 1842 +11.3 2.6+04! 180.3 £ 10.8
N category by TNM clas-
sification

N0 1.5+0.2 158.6 £12.3 1.6 0.2 165.5+10.4

N1 3.9+0.92 194.6 + 9.5% 2.4 +0.52 188.6 +9.42
Differentiation grade

High 2.8+0.3 155.6 £11.3 2.1+£03 165.0 £ 10.2

Moderate 26+04 170.1 + 10.33 22104 187.2+9.63

Low 3.0+£0.8 192.0 + 8.43 2.1+0.3 207.3+12.23
Molecular subtype

Luminal A 0.7+0.2 155.2+95 1.3+0.2 172.5+12.0

Luminal B 2.0+0.54% 177.6 + 8.24 1.4+044 173.3 £ 10.6

Basal 35+0.7%° 203.5+11.2%° 24+0.3%° 196.5+9.04

Notes: ! the difference is significant compared to category T2 (p < 0.05); 2 the difference is significant compared to cate-
gory NO (p < 0.05); 3 the difference is significant compared to high-grade neoplasms (p < 0.05); * the difference is signifi-
cant compared to the luminal A molecular subtype (p < 0.05); ° the difference is significant compared to the luminal B

molecular subtype (p < 0.05).

was found in the mRNA indicators depending
on tumor differentiation grade.

According to our results, the expression levels
of the OPN and ON in BCa tissues of patients
with metastases in the regional lymph nodes were
by 22.7% and 14.0% higher (p < 0.05), respecti-
vely, than in patients without metastases. It was
established that the level of OPN in the tissue
of poorly differentiated BCa was by 12.9% and
23.4% higher (p < 0.05) compared to the similar
indicators of patients with moderately and highly
differentiated BCa, respectively (Table 3). When
comparing the levels of OPN and ON in tumor
tissue, depending on the molecular BCa subtype,
we found that tumors of the basal subtype were
characterized by the high expression of both in-
vestigated matricellular proteins. In particular, the
OPN and ON expression levels in the basal BCa
subtype were by 31.1% and 13.9% higher (p < 0.05)
compared to the similar indicators in patients with
the luminal A subtype, and by 14.6% and 13.4%
higher (p < 0.05) compared to the indicators of pa-
tients with the luminal B subtype.

ISSN 1812-9269. Experimental Oncology 46 (1). 2024

Analysis of the overall survival rates of BCa pa-
tients depending on the expression of SPP1 and
SPARC at the level of mRNA and protein in the
tumor tissue. Accounting the revealed relation-
ship between the expression of matricellular genes
and the clinicopathological characteristics asso-
ciated with the degree of BCa malignancy, we ana-
lyzed the 5-year overall survival of the patients
(Fig. 2). It was established that a high level of the
SPP1 expression, both at the mRNA and protein
levels in BCa tissue, was associated with a 22.0%
(p=0.0276) and 30.0% (p = 0.0182) decrease in the
5-year survival rates of patients (Fig. 2). We found
no significant difference in the 5-year overall sur-
vival rates of BCa patients depending on the ex-
pression of SPARC at the mRNA and protein levels
in the tumor tissue (Figs 2, b and 2, d).

Thus, our results indicate the prospects of using
SPP1 and SPARC as markers of the BCa aggres-
siveness necessitating the further study of the role
of these genes in the mechanisms of BCa deve-
lopment and progression. The heterogeneity of the
SPPI and SPARC expression ratio at the mRNA
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and protein levels in the tissue of benign and ma-
lignant breast neoplasms may be due to a viola-
tion of their epigenetic regulation, in particular,
a change in the levels of methylation or non-cod-
ing RNAs, or caused by a decrease in the rate of the
degradation of protein molecules due to the dete-
rioration of the lysosomal and/or proteosomal sys-
tem, violation of the regulation of ubiquitination
processes, and ubiquitin-like modifications, such
as SUMOylation and NEDDylation [20].

It is worth noting that our results for the rela-
tionship between the OPN expression and the cli-
nicopathological BCa features are consistent with
the literature. In particular, Pang et al. [21] and
Allan et al. [22] proved that increased expression
of OPN was associated with the metastatic lesions
of the lymph nodes, a larger size and a low dif-
ferentiation grade of BCa. Similarly, Wang et al.
[23] demonstrated the association of a high level
of OPN with the basal BCa subtype. Niedolistek
et al. [24] found a relationship between the OPN
expression and the presence of metastases in the
regional lymph nodes. The identified relation-
ship between the expression of matricellular pro-
teins and the molecular subtype of BCa has been
confirmed by the data of our previous studies
in an in vitro system, according to which the ex-
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pression levels of ON and OPN were significantly
higher in cells of the MDA-MB-231 line of the ba-
sal molecular subtype, compared to the cells of the
MCE-7 line, positive by the expression of steroid
hormone receptors [25].

It should be noted that in the available literature,
there is no agreement on the association of the
SPP1 expression with the clinicopathological
characteristics and survival rates of patients with
malignant neoplasms, and most of the studies are
related to tumors of the head and neck [26], in-
testinal cancer [27], etc. Ortiz-Martinez et al. [28]
showed that an increase in the level of SPP1 mRNA
was determined in the tissue of highly aggressive
BCa with metastases in the regional lymph nodes,
and was also associated with a low recurrence-free
survival of patients.

The association of the higher ON expression
with the more aggressive BCa course was reported
by Watkins et al. in 2005 [29]. According to the
data of an in silico bioinformatic study conducted
by Shi et al. [30], an increase in the level of SPARC
in BCa tissue was associated with a low differentia-
tion grade and worse patient survival rates.

Alcaraz et al. [31] reported that ON contributed
to the progression of BCa of the basal molecu-
lar subtype. The authors analyzed the prognostic

ISSN 1812-9269. Experimental Oncology 46 (1). 2024
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value of ON expression in the parenchymal and
stromal components of non-metastatic BCa of the
basal subtype. The expression of this protein was
observed in tumor cells, tumor-associated fibro-
blasts, tumor-associated macrophages, endothelial
cells, and tumor-infiltrating lymphocytes. The re-
sults of the study indicated that the recurrence-
free survival of patients with BCa was lower in the
presence of ON expression in tumor-associated
fibroblasts.

Also, interesting results of Azim et al. [32] sho-
wed that the high expression of SPARC mRNA was
associated with the small tumor size, low differen-
tiation grade, and luminal BCa subtype, while the
high ON expression in the tissue of the basal and
HER2-positive BCa correlated with an unfavo-
rable course of the disease.

In conclusion, our results regarding the rela-
tionship between the SPPI and SPARC expres-
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EKCITPECIA TEHIB SPP1 TA SPARC Y TYXJIMHHIN TKAHMHI
XBOPVX HA PAK MOJIOYHOI 3AJI03U

CraH nuraHHA. Pax Monounoi 3amo3u (PM3) € opHiero i3 HamommpeHilX OHKOIIATOJIOTIN Y >KiHOK AK B YKpaiHi,
TaK iy cBiTi, I1j0 BM3HaYa€ HEOOXIiIHICTD MONTYKY HOBUX AiarHOCTMYHNUX Ta IPOrHOCTUYHMX MapKepiB. Y 1IbOMY acIeKTi
aKTya/IbHMM € BUBYEHHsI MaTPULIETIO/IAPHIX ITPOTeiHiB, 30kpeMa ocTeononTnHy (OPN) Ta ocreonexktuny (ON). Mera
po6otu. Jocnigntu nokasuuku excrpecii SPPI ta SPARC Ha pisui MPHK ta 6inka y tkaunui PM3 Ta BcTaHOBUTH
iX 3B’A30K 3 OCHOBHMMIU K/IiHiKO-TIaTO/IOT{YHMMIY XapaKTepUCTUKAMU ITyXIMHHOTO TIPOIIeCy i MOKasHMKaMM BYDKIBA-
HOCTi XxBopux. Matepianu Ta Metopu. Po6oTa 6asyerbcs Ha aHasIi3i pesynbraTiB 00CTeXeHH: Ta TiKyBaHHA 60 XBO-
pux Ha PM3 II—III crapii ta 15 nanienTox i3 ¢ibpoaseHOMaMy MOJIOYHOI 3a/103Y, fAKi 3HAXOAWINCh Ha JIIKyBaHHI

20 ISSN 1812-9269. Experimental Oncology 46 (1). 2024



Expression of SPP1 and SPARC Genes in Tumor Tissue of Patients with Breast Cancer

y KuiBcpkoMy MicbKOMY K/TiHiYHOMY OHKOJIOTiYHOMY LieHTpi npoTarom 2015—2019 pp. Pisui MPHK SPPI Ta SPARC
BusHauaau MetooM IIJIP B peanbHoMy 4aci. locnimpkenHs excnpecii SPP1 Ta SPARC Ha piBHi 6inka mpoBoannu imy-
HoricroximMiunum MeTonoM. PesynbraTu. BcTaHOB/IEHO, 1110 TKaHMHA 3/I0KICHMX HOBOYTBOPEHD MOJIOYHOI 341031 Xa-
pakrepusyerbcs y 3,5 (p < 0,05) ta B 7,4 (p < 0,05) pasiB menmmmu piBuamu signosigno MPHK SPPI ta SPARCy mo-
PIBHAHHI 3 TKAaHMHOIO JOOPOAKICHMX HOBOYTBOPeHb. [TokasaHo, 1o nokasuuku excupecii OPN ta ON y tkannui PM3
€ BipnosifHO B 1,6 (p < 0,05) Ta 5,6 (p < 0,05) pasis OinpnMy MOpiBHAHO i3 TKaHNHOW (ibpoaseHOM. AHali3 3B’ 3Ky
Mk excrpecieto SPP1 ta SPARC Ha piBHi 6inka Ta MPHK y Tkanmni PM3 Ta 0CHOBHMMM KJIiHiKO-IaTONIOriYHUMM
XapaKTePUCTUKAMI ITyXJIMHHOTO MPOLeCY BCTAHOBMB iCHYBAHHA 3a/IEKHOCTI 3 HAABHICTIO METACTa3iB B pPerioHapHUX
nMiM$ATUIHNX By3/Iax, CTyIIeHeM A1 epeHIi0BaHHs Ta MOJIEKY/LIPHIM IIATUIIOM HOBOYTBOPEHb. BusB/IeHO, 1110 BU-
coki piBHi ekcnipecii SPPI Ta OPN y TkannuHi PM3 aconiioioThes i3 ripimmm oKasHMKaMy BYDKMBAHOCTI XBopux. Buc-
HOBOK. OTpuMaHi pe3ynbTaT CBif4aTh PO MepCIeKTUBHICTh BUKOPUCTAHHA MOKa3HUKIB excripecii SPP1 ta SPARC
y TkauyHi PM3 151 OLiHKM arpecuBHOCTI epebiry NyxX/IMHHOTO IPOLIeCy Ta ONTUMI3aliil TAKTUKY JIIKyBaHHS XBOPUX.

KirouoBi cnoBa: pak MOIOYHOI 3a/10311, OCTEOIIOHTVH, OCTEOHEKTNH, IIPOTHO3yBAaHHA Ilepediry, BY>KMBaHICTb.

ISSN 1812-9269. Experimental Oncology 46 (1). 2024 21





