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Aim. To investigate gene expression profile of human medullary breast carcinoma’s tumor-associated antigens
in different histological types of breast tumors. To analyze a correlation between alterations in gene expression
level and induction of immune response against the cor responding antigens. Methods. Real-time polymerase
chain reaction. Results. Differential gene expression profile of 6 (RAD50, HMGN2, RBPJ, PABPC4, BRAP,
DEK) medullary breast carcinoma tumor- associated antigens have been revealed in breast tumors of different
histological types. Correlation between changes in tumor-associated antigens gene expression level and

induction of immune response has not been found. Conclusions. The genes of human medullary breast
carcinoma tumor-associated antigens with differential expression pro- file in different histological types of breast
tumors are potential diagno- stic markers of breast cancer. Alteration of tumor-associated antigens gene

expression level is not a prelude to an immune response against their corresponding protein products.

Keywords: medullary breast carcinoma, tumor-associated antigens, immunoreactivity.

Introduction. Breast cancer is the most widespread
cancer type among women, remarkable for a high
mortality rate and mostly presented by the tumors of
epithelial origin — breast carcinomas (BCs). According
to the histopathological features, there are three
common types of tumors: invasive ductal breast
carcinoma (DBC, 50-80 % of all BCs), lobular breast
carcinoma (LBC, 5-15 %) and medullary breast
carcinoma (MBC, 1-7 %) [1]. This heterogeneity of
malignant breast tumors testifies to the urgency of
searching for new markers, required for the differential
diagnostics and therapy of this disease.

It is known that during carcinogenesis the human
immune system recognizes structurally altered, ampli-
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fied or aberrantly expressed proteins (tumor-associated
antigens — TAA) as foreign entities. This may induce
cellular and/or humoral immune response [2]. The
study on the nature of immunogenicity of these
proteins as well as the determination of specific or
differential profiles of [the] TAAs gene expression in
different histological types of BC may become a basis
for the elaboration of novel and more efficient
approaches and means for diagnostics and therapy of
breast cancer. Besides, it will expand current views on
molecular mechanisms of malignant transformation
and antitumor immune response [1].

The application of novel highly efficient techno-
logies, in particular, phage display, SEREX (serolo-
gical identification of antigens by recombinant ex-
pression cloning), SERPA (serological proteome ana-
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lysis), and protein microarrays as well as meta-analysis
and scientific literature data allowed identifying a great
number of potential tumor-associated antigens [3]. In
our previous studies using the modified SEREX
method we have also identified tumor-associated anti-
gens of MBC [4]. However, their further application as
probable diagnostic biomarkers of neoplastic diseases
and targets for targeted tumor therapy should be
defined in detail. In particular, [the] TAAs expression
in different types of breast carcinomas and
immunogenicity in cancer patients should be studied
extensively, since presently it is not explicitly defined
why some autologous proteins become autoimmune
antigens in the course of tumor development. The
majority of authors state that the humoral immune
response is mostly directed to the proteins with altered
concentration, while the share of proteins with antigen
features acquired due to mutations is rather small [2, 5].
This item requires additional investigations.

The aims of this work were, firstly, to study the
expression patterns of genes encoding nine MBC-asso-
ciated antigens in breast tumors of different histologi-
cal types compared to conditional normal breast tissues
of women with fibrocystic disease, using the real-time
polymerase chain reaction (PCR) and, secondly, to
define a possible relation between the changes in the
level of gene expression and the induction of humoral
immune response to their protein products.

Materials and Methods. Tissues and blood serum
samples of patients. The surgical samples of normal
and breast cancer tissues were obtained in 2009-2011
in the Dnipropetrovsk Clinical Oncological Center
(Ukraine). The tissue samples were frozen in liquid
nitrogen immediately after surgical extraction and kept
until their application at —70 °C. 35 breast carcinoma
tissue samples were taken for study: invasive ductal
carcinoma (n = 22), invasive lobular carcinoma (n = 8)
and medullary carcinoma (n = 5). [The] Breast tissues
of patients with the fibrocystic disease (FCD) (n = 5)
were used as control (Table 1).

The histological type and grade of tumors were de-
fined by the histological and immunohistochemical
analysis (Dnipropetrovsk Clinical Oncological Cen-
ter).

The sera of cancer patients and healthy donors were
provided by the Dnipropetrovsk Clinical Oncological
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Center and were used in the study (Table 1). The serum
samples were obtained by the standard phlebotomy
without anticoagulant and kept at — 20 °C with the
addition of glycerol to 50 %.

The protocol of the study was approved by the
Ethics committees of the Institute of Molecular
Biology and Genetics NAS of Ukraine and the
Dnipropetrovsk Clinical Oncological Center.

Real-time PCR. The extraction of total RNA,
treatment with DNAse and synthesis of cDNA. The
total RNA was extracted from the breast tumors and
normal tissues samples by guanidine-thiocyanate-
chloroform method using the standard protocol [6].
The amount and purity of the extracted total RNA were
defined using the Biomate 5 spectrophotometer (7her-
mo Electron, USA) and 1 % formaldehyde-agarose de-
naturating gel-electrophoresis, respectively.

The aliquotes of total RNA (3 pg), extracted from
the tissue samples, were treated with DNAse I
according to the manufacturer’s protocol (Fermentas,
USA). The RevertAid Reverse Transcriptase Kit and
oligonucleotide primers Oligo(dT)18 were used to
synthesize cDNA in accordance to the standard
manufacturer’s protocol (Fermentas).

The real-time PCR was performed in iCycler iQ5
thermal cycler (Bio-Rad,) using SYBR Green I Master
Mix 2 (Fermentas, USA). The amplification was
performed with the following protocol: 95°C for initial
denaturation (60 s) and 45 two-stage amplification
cycles — denaturation at 95 °C (10 s) and hybridization
of specific primers and their extension at 60°C (60 s).

The homogeneity and specificity of PCR products
were analyzed by electrophoresis in 1 % agarose gel as
well as by the presence of a sharp peak on the melting
curves of reaction products.

The calculations of the relative expression of target
genes normalized to the endogenous control and their
comparison in different samples were performed by
LinReg-Ct PCR method and Pfaffl’s equation [7]:

Relative level of gene expression =

ACtyyr (KOHTPOIIb— MyXJTMHA)

_(E

(E ) ACtpp (KOHTPOIb— ITyXJIHHA)
Pr

HT)

where E,. and E,, — PCR efficiency for the target
and reference gene, respectively; ACt,. — difference in
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Table 1 The characteristics of the samples of tissues and blood sera of patients and the control group

Characteristics

Number of samples

Tissue Blood serum

Experimental group (for tissue samples: 35 patients, mean age (vears) SD 59.22 = 12.7, age range 35-82;
for serum samples: 132 patients, mean age (years) SD 51.49 + 17.2, age range 19-82)

Invasive ductal breast carcinoma
Invasive lobular breast carcinoma
Medullary carcinoma
Fibroadenoma
Including tumors with known grade, % of the total:
Grade 1
Grade 2
Grade 3
Including ER status of tumors, %
Positive
Negative
Including PR status of tumors, %
Positive
Negative
Including HER-2/neu status of tumors, %
Positive
Negative
Including Ki-67 positive tumors, %

Including tumors with lymph node status, % of positive tumors

22 80
8 23
5 9
- 20
86 82
0 7.3

22,2 33,9
77,8 59,8
76 52
78,1 71,1
21,9 28,9
76 52
62,5 61,5
37,5 38,5
76 52
31,3 30,8
68,7 69,2

43 -
20 28,8

Control group (for tissue samples: five patients with FCD, mean age (vears) SD 49.2 + 10.04, age range 36-70;
for serum samples: 35 healthy donors, mean age (years) SD 39.2 + 12.56, age range 17-60)

Note. SD — standard deviation; ER — estrogen receptor; PR — progesterone receptor; FCD — fibrocystic disease.

Ct values, obtained for the target gene, between the
control and tumor samples; ACt,. — difference in Ct va-
lues, obtained for the reference gene, between the con-
trol and tumor samples. The mean values of the corre-
sponding genes expression in five samples of breast tis-
sues of the patients with FCD were used as the control.

Enzyme-linked immunosorbent assay. The enzy-
me-linked immunosorbent assay of the number of anti-
bodies against the medullary breast carcinoma antigens
in the sera of breast cancer patients and healthy donors
was performed pursuant to the standard protocol [8].
Their recombinant analogues, obtained in our previous
studies, were used as the antigens [8].

Statistical data processing. The level of the target
gene expression in the tumor tissue sample was inter-
preted as changed — increased or decreased — if it was
threefold higher or lower, respectively, [3, 9] than the
mean relative expression level of the corresponding
gene in the control group of conditional normal breast
tissues of the patients with FCD according to the PCR-
analysis data [3, 9]. The reliable difference between the
frequencies of detecting the cases with the changed
gene expression in BC compared to conditional normal
tissues was determined using Pearson’s criterion (4,).

The serum samples were considered positive if the
index of their optic density in the enzyme-linked im-
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Table 2
The characteristics of nine target antigens
Antigen Function Properties
RADS0 DNA double-strand break medullary breast
repair[12] carcinoma
SEREX-antigens [10]
FAMS0A  Unknown. Participation in
the cell cycle
HMGN2 Chromatin remodeling
RBPJ Intercellular
communication of Notch
signaling pathway
PABPC4 Regulation of mRNA
translation and stability
CTSLI1 Intracellular and
extracellular proteolysis
DEK DNA replication and
repair, mRNA splicing
[13, 14]
BRAP Nuclear import of Most frequently
proteins [15] encountered antigen
in SEREX-antigen
database
NaPi2b

Transport of inorganic Breast cancer marker
phosphate into cells [16] [17]

munosorbent assay [8] exceeded the cut-off wvalue,
defined as the mean value of the control sera of healthy
donors with the addition of three standard deviations.

Bioinformatical analysis. The database of SEREX-
antigens of CID (Cancer Immunome Database, URL:
http://ludwig-sun5.unil.ch/Cancer ~ ImmunomeDB/)
was used for bioinformatical analysis of SEREX- an-
tigens.

The frequency of antigen detection in the cDNA
database of CID was determined using Excel software
(Microsoft Office, 2007).

Results and Discussion. The panel of nine target
antigens, selected for the analysis. Nine target antigens
were selected to study the expression profile in breast
carcinomas of different histological types compared to
normal breast tissues. The panel of nine target antigens
(P9TA) contained seven potential MBC tumor-asso-
ciated antigens (TAAs) (RAD50, FAMS50A, HMGN2,
RBPJ, PABPC4, CTSL1, DEK), which were selected
on the basis of the phage allogenic screening of 41
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MBC autoantigens [10] due to their reaction only with
the blood sera of breast cancer patients [11]. BRAP
and NaPi2B proteins were included in the analysis
because of the elevated level of their genes expression
in different tumors, including breast tumors (Table 2).

It should be noted that NaPi2B antigen is the target
of therapeutic monoclonal antibodies MX35, which are
under clinical trials for the treatment of ovarian car-
cinomas [16—19]. The detection of new sites of NaPi2B
expression in tumors expands a possible application of
MX35 antibodies for the therapy of patients with other
types of cancer, breast cancer in particular.

The determination of the relative gene expression
of target antigens at the mRNA level in different types
of breast carcinomas using real-time PCR. Real-time
PCR was used to determine the P9TA gene expression
profile in different types of breast tumors and in
non-tumor tissues.

The results of PCR-analysis are presented in Table
3, namely, the number of BC samples and tissues of the
patients with FCD with altered gene expression. It is
noteworthy that the expression levels of all nine target
antigens in the tissue samples of the patients with
fibrocystic diseases did not exceed the established
threshold, with the exception of one case of the de-
crease in SLC34A2 gene expression (Table 3).

The investigations demonstrated a significant
difference in the expression levels of three genes
(RAD50, DEK, BRAP) in BC compared to the breast
tissues of the patients with FCD. We established that
[the] DEK gene expression was three times higher in
BC compared to the control tissue and [the] expression
of genes RADS50 and BRAP was three times lower in
BC compared to the control tissue. This is in good
agreement with the previously reported literature data,
according to which the above-mentioned genes are
directly or indirectly involved in carcinogenesis.

We have also analyzed the P97A4 genes expression
relative to the histological types of breast carcinomas
(Table 4 and Fig. 1).

The comparative analysis of the expression of
investigated genes in different histological types of
BCs and in the tissues of patients with FCD allowed us
to establish some group differences (Table 4). For
instance, we have found a significant elevation of the
expression levels of DEK and RBP.J genes as well as a
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Table 3
The analysis of expression of nine target genes in breast carcinomas
and tissues of patients with fibrocystic diseases (FCD)

Number of tissue samples with altered mRNA expression
level

Gene BC (n=35) FCD (n =5)

RADS50 2 19* 0
FAM504 16 6 0
RBPJ 15 1 0
PABPC4 6 12 0
HMGN?2 4 10 0
CTSL1 4 7 0
DEK 21% 2 0
BRAP 1 24%* 0

SLC34A42 11 2 One, reduced

Note. *p <0,05; **p <0,01.

Table 4

this type of breast carcinoma. In medullary breast
carcinoma a significant increasing in the expression
level of DEK gene and decreasing in the expression
level of RAD50 gene compared to the control group
were identified.

Therefore, using the quantitative PCR-analysis, we
have established the differential expression profile for
six out of nine studied genes (RAD50, HMGN2, RBPJ,
PABPC4, BRAP and DEK) in different histological
types of BC (Fig. 2).

The comparative analysis of the immune reactivity
of blood sera of the breast cancer patients with
recombinant MBC antigens and the expression level of
the corresponding genes of these antigens in breast
tumors of the autologous patients was performed. In
our previous studies the presence of antibodies against
antigens of MBC, including RADS50, FAMSO0,
HMGN2, PABC4 and RBPJ was examined in blood
sera of the breast cancer patients and healthy donors
using the enzyme-linked immunosorbent assay [8].

Profile of P9TA genes expression in breast carcinomas of different histological types

Number of breast carcinoma samples

Ten IDBC (n = 22) ILBC (n = 8) MBC(n = 5)
Increased Decreased Increased Decreased Increased Decreased

RADS0 1 8 1 7% 0 5%
FAMS504 10 4 1 0 2 1
RBPJ 13* 1 0 0 0 0
PABPC4 6 6 0 7% 0 0
HMGN?2 4 3 0 5% 0 1
CTSLI 3 6 0 1 0 0
DEK 14* 1 3 1 5% 0
BRAP 1 16%* 0 5% 0 2
SLC3442 8 2 1 0 1 0

Note. IDBC —Invasive ductal breast carcinoma; ILBC — Invasive lobular breast carcinomak; MBC — medullary breast carcinoma; *p <0,05;

*%p < 0,01.

reduction of the BRAP gene expression level in ductal
breast carcinomas compared to the normal breast
tissues. A significant decrease in the expression level
of four genes (RAD50, HMGN2, PABPC4 and BRAP)
was detected in the patients with LBC. The decrease of
HMGN?2 and PABPC4 expression was revealed only in

The aim of current investigation is to find out a possible
correlation between the alterations in the expression of
five genes, RADS50, FAM504, HMGN2, RBPJ and
PABPC4, and the existence of immune response to
their protein products. For this purpose the paired
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Fig. 1 The analysis of the target gene expression RAD50 (a), RBPJ
(b), PABPC4 (¢), HMGN2 (d), DEK (e) and BRAP (f) in tumor
samples of different histological types and control breast tissues.
The mean value of the relative level for the target gene expression at
the fibrocystic disease (FCD) at each chart corresponds to the
interception of Y- and X-axes. DBC —ductal breast carcinoma; LBC
— lobular breast carcinoma; MBC — medullary breast carcinoma;

*p <0.05

autologous tumor and blood sera samples, obtained
from 17 breast cancer patients, were analyzed.

Regardless of several coincidences of positive im-
mune response to the antigens RBPJ and RADS50 and
the changes in the expression of their genes (Table 5),
we can conclude that the altered genes expression does
not correlate with the existence of the immune response
to their correspondent antigens. Our data confirm the
assumptions of the authors in the work [3] that the
altered gene expression is not a mandatory prelude for
the formation of immune response against their protein
products [3]. The ultimate solution of the question on
the reasons of TAAs immunogenicity requires the
investigation of target antigens expression using a
larger number of BC samples, as well as the assessment
of protein abundance, as mRNA level does not always
correlate with the amount of the corresponding protein
product [20].

Therefore, we have demonstrated using the qua-
ntitative PCR method that three genes (DEK, RADS50
and BRAP) out of nine SEREX-antigens investigated
have significantly different expression levels in BC
tissues compared to the breast tissue of patients with
fibrocystic diseases.

We have identified the differential expression
profile of six genes (RAD50, HMGN2, RBPJ,
PABPC4, BRAP and DEK) in various histological
types of breast carcinomas compared to the tissues of
patients with FCD.
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The results of analysis of the SLC3442 gene ex-
pression in different histological types of BCs testify to
its increased expression in approximately one third of
all breast carcinomas (11 out of 35) that is important for
the determination of the breast cancer patients pre-
sumably sensitive to the therapy with MX35 mono-
clonal antibodies [16].

We have not established any direct correlation
between the immune reactivity of five antigens
(RAD50, FAMS0A, HMGN2, RBPJ i PABPC4) in the
sera of breast cancer patients and the altered expression
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Fig. 2 Block-scheme of the differential expression profile of six
genes in breast carcinoma of different histological types

Table 5
Comparative analysis of sera reactivity and gene expression of tumor-associated antigens in 17 autologous blood sera and tumor tissues samples of
breast cancer patients
Antigen
Factor
RADS50 FAMS0A HMGN2 RBPJ PABPC4
Immune reactivity 5/17 0/17 0/17 2/17 0/17
Increased expression 1/17 6/17 2/17 4/17 1/17
Correlation with immune reactivity 0/17 0/17 0/17 1/17 0/17
Decreased expression 7/17 5/17 6/17 1/17 7/17
Correlation with immune reactivity 2/17 0/17 0/17 0/17 0/17

level of their genes in the autologous breast tumors.

Therefore, the data obtained allow suggesting that
the antigens RADS50, HMGN2, RBPJ, PABPC4,
BRAP and DEK are potential diagnostic markers and
possible targets for the therapy of certain cancer types,
which requires further studies using different metho-
dological approaches as well as a larger number of tis-
sues samples taken from the patients with BC of cer-
tain histological types.

This work was supported by the National Academy
of Sciences of Ukraine and the State Fund for Funda-
mental Research of Ukraine (grant No. F40.69-2011).
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Oco0IMBOCTI eKCIpecii FeHiB MyXJIMHOACOLIHOBAHUX aHTUTCHIB Me-
IyJISPHOT KaPIIMHOMH MOJIOYHOI 321031

y PI3HUX THIIAX MyXJIMH MOJIOYHOT 3211031

Nucruryr MonexyspHoi Gionorii i resernkn HAH Vkpainu
Byn. Axangemika 3a6onotuoro, 150, Kuis, Ykpaina, 03680

*HHII «IuctutyT Giomoriiy KuiBchkuil HamionansHuil yHiBepcuTeT
imeni Tapaca IlleBucHka

By:. Bonogumupceska, 64/13, Kuis, Ykpaina, 01601

3 JlHinponeTpoBChKHil KIiHIYHIIA OHKOMOTUHHIT IEHTD
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Mema. Jlocrioumu ocobiusocmi ekcnpecii 2enie 0eg’smu nyxXauHod-
COYItIOBAHUX AHMUSEHIE MeOVIAPHOI KAPYUHOMU MOJIOYHOI 3a/103U
(MKM3) y nyxaunax monounoi 3a103u pisHUX 2iCMON02IYHUX MUNIE i
NPOAnANi3y8amu MONCIUBICMb ICHYBAHHA KOPeNAYii Midc 3MIiHAMU &
pisni excnpecii 2enie ma HAAGHICMIO IMYHHOI 6i0n0Gi0i npomu
8i0n08ioHux anmueenie. Memoou. Ilonimepasna 1anyro2o6oi peakyii
v pearcumi peanvrozo uacy. Pesynemamu. Buseneno ougepenyitinuii
npoghins excnpecii wecmu (RAD50, HUGN2, RBPJ, PABPC4, BRAP i
DEK) 3 0e6’saimu 00CciOx#Cy8aHux 2emis y pisHux eicmoio2iunux munax
nyxaun monounoi 3anozu. Kopensyii misc sminamu 6 pisHi excnpecii
2€Hi8 Ma HAABHICIIO IMYHHOI 8I0N0BIOI npomu 610N0GIOHUX AHMUSEHIE
ne ecmanoeneno. Bucnoexu. I'enu RAD50, HMGN2, RBPJ, PABPC4,
BRAP i DEK ammueenie MKM3, ski maroms Ougpepen- yitnuil
npo@hine excnpecii'y pisnux iCmono2iyHux munax nyxXiuH Moi04Hoi
3a103U, € NOMEHYIUHUMU 0IA2HO- CIMUYHUMU MAPKEPAMU PAKY MO0~
Hoi 3a103u. Bemanoeneno, wo smina excnpecii 00cnioxcenux 2emis ne
€ 000- 8 'A3K060I0 YMOBOIO GUHUKHEHHS IMYHHOI 810N0Gi0T npomu iXnix
0IIKOBUX NPOOYKMIB.

Kurouogi cnosa: kapyunoma mMonouHoi 3an03u, nyxXauHOACOYilo-
6aMI AHMU2EHU, IMYHOPEAKMUBHICb.
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M. A. Hlusn, O. U. Kocmsaney, O. IO. I]ysapes, A. B. Cmoaspyx,
C. B. Aumoniok, B. B. @unonenxo, P. I'. Kusmosa

Oco0EHHOCTH PKCIIPECHHU I'E€HOB OITyXO0JI€-aCCOLIMMPOBAHHBIX
AQHTUICHOB MEIYJIAPHON KapIIMHOMBI MOJIOUHOM JKENIe3bl
B Pa3HBIX THIIAX OIyXO0JIeH MOJIOYHOM JKele3bl

Pesrome

Henv. Hccneoosams ocobennocmu dKCnpeccu 2eHoé 0essmu ony-
XONb-ACCOYUUPOBAHHBIX AHMULEHO8 MEOYITIAPHOU KAPYUHOMbBL MOTIOU-
Hotl dcenesvl (MKMIK) 6 onyxonsx MOIOYHOIU JHcenesbl pasHbiX SUCo-
N02UHECKUX MUNOG U NPOAHANUIUPOBANb BOZMOICHOCHb CYUECmBO-
BAHUS KOPPENAYUU MENCOY USMEHEHUSMU 8 YPOBHE IKCNPECCUU 2CHOB U
HAUYUEM UMMYHHO20 OMEema npomue cOOmseemcmsyowux anmuze-
Hnoe. Memoowl. Yposens dxcnpeccuu 2enog uzyuan Memooom noiu-
MepasHoll YenHou peakyuu 6 pedxicume peaivbho2o epemenu. Pezynp-
mamul. Buisenen oupgepenyuanvhviil npoguns sKcnpeccuu wecmu
(RAD50, HMGN2, RBPJ, PABPC4, BRAP u DEK) u3 oessimu uccne-
OYeMbIX 2eHO8 8 PATUYHBIX SUCHOIOSUYECKUX MUNAX ONYXoaet Mo-
nounou Jncenesvl. Koppenayuu medcoy usmenenusmu 6 yposue sxcnpec-
Cuu 2eH08 U HATUYUEM UMMYHHO20 OMEemd nPomue CoOmaeemcmasyio-
wux anmueenos He ooHapyscerno. Boieoowt. I'envi RAD50, HMGN?2,
RBPJ, PABPC4, BRAP u DEK anmueenos MKMK, umerowux oug-
hepenyuanvHblil RPOPDUIL SIKCNPeCcull 8 PA3IUYHBIX 2UCTNOI0SULECKUX
munax onyxoneu MONOUHOU Jicenesvl, ABNAIOMCS NOMEHYUATbHBIMU
OUACHOCTNUYECKUMU MAPKEPAMU PAKA MOIOYHOU dicenesbl. Ycmanos-
JIeHOo, Umo U3MeHeHue IKCNPeCcuul UCCIe008aHHbIX 2eHOB He ABNAeNCs
00513aMeNbHbIM YCI08UEM B0ZHUKHOBEHUA UMMYHHO20 OMEema npo-
mueg ux OeIKo8vlix NPOOYKMoas.

Knioueswvie cnosa: Kapyurnoma MOJIOUHOU Jicene3bl, Onyxoab-acco-
UUUPOBAHHbIE AHMUCEHbL, UMMYHOPEAKMUBHOCMb.
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