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Background: Classification of breast cancer (BC) in the molecular subtypes had the enormous impact on the development of the in-
dividualized therapy. Nevertheless, there is a need for additional biomarkers that would help to refine molecular subtypes of BC and
propose the therapeutic approach for each patient. Aim: To study differential expression patterns of AIP, UCKL1, and PKN1 genes
in blood sera and tumor tissue of patients with BC of different molecular subtypes. Materials and Methods: The total extracellular
RNA was isolated from serum of 26 BC patients. cDNAs was synthesized and quantitative polymerase chain reaction was per-
formed. Also, immunohistochemical studies of UCKL, AIP and PKN1 were performed on deparaffined tissue sections. The study
was supplemented by a bioinformatic analysis of the publicly available databases. Results: AIP and UCKL-1 extracellular mRNA
levels were 100—1000-fold increased in blood sera of all BC patients, compared to the healthy donors. The highest levels were
detected in the luminal A and HER2 (ERRB2) BC subtypes. The highest levels of PKN1 were detected blood sera of the patients
with luminal B and basal subtypes; its expression levels were just 10—100-fold higher in BC samples compared to healthy donors.
Conclusions: The UCKL1, AIP, PKN1 genes are overexpressed at the mRINA level in blood sera of BC patients compared to the
sera of healthy individuals. Among three genes under study, only for the AIP gene, the pattern of extracellular mRNA expression
in sera paralleled to protein expression in BC tissues of each specified molecular subtype.

Key Words: UCKL1, AIP, PKN1, breast cancer, molecular subtypes of breast cancer, expression pattern, bioinformatic analysis.

DOI: 10.32471/exp-oncology.2312-8852.vol-43-n0-4.17067

Breast cancer (BC) is a rather aggressive disease
thatis rapidly “getting younger” and affects more and
more women of active working age. BC is one of the
first malignancies, which was characterized not only
by stage and grade, but also by molecular profiling.
BC is subdivided into the subtypes that are managed
differently in current clinical practice based on the
molecular characteristics of tumor cells [1]. This was
achieved by a bioinformatic analysis of the microar-
ray data [2]. Importantly, BC sub-classification allows
us to perform personalized diagnostics, create an indi-
vidualized approach to cure a patient, and to forecast
the course of the disease.

All BCs could be divided in three large groups —
luminal, basal and HER2 overexpressing tumors [1-3].
To date, there are five molecular subtypes of BC: the
luminal A and B, HER2 overexpressing, basal and
“normal-like” [4-7]. Sometimes another molecular
type of BC is classified, so called “claudin-low” [8].
However, this subtype is poorly characterized and
has not been used yet in the clinical practice [9].
In the present work, we would consider only four
BC subtypes (Table), molecular profiles of which were
extracted from [1, 2, 4].

Classification of BC in the molecular subtypes
had the enormous impact on the development of the
individualized therapy. Nevertheless, in many cases,
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cancer cells became resistant to chemotherapeutic
drugs, possibly due to the activation of the alternative
pathways or loss of receptor expression [10]. There-
fore, there is a need for additional biomarkers that
would help to refine molecular subtypes of BC and
propose the therapeutic approach for each patient.
Ideally, oncomarkers should be expressed only by can-
cer cells; they are often represented by the complex
glyco- or lipoproteins (they may be of non-protein
origin) [11]. More than 200 molecules are known
as tumor markers, but only a few dozen proteins are
of diagnostic value. The changes in levels of the certain
marker, or in a set of markers, might help to monitor
the course of the disease and make prognosis [12-14].

In the present work, we attempted to widen
up a range of BC tumor markers. To do so, we have
chosen few genes, which were shown to be implicated
in cell transformation. We assessed their expression
at the mRNA level in blood sera and at a protein level
in tumor samples.

Aryl hydrocarbon receptor interacting protein (AIP,
also known as ARA9 and XAP-2) (NP_003968) [15-
17] regulates the expression of many xenobiotic me-
tabolizing enzymes [18], that may play an important
role in development of resistance to chemotherapy.

Uridine-cytidine kinase 1 like 1 (UCKL-1)
(NP_060329.2) [19] was chosen based on its el-
evated levels and the enhanced activity in damaged
tissues, colon tumors [20], hepatocellular carcino-
mas [21, 22], and under B cell transformation upon
Epstein — Barr virus infection [23].

Protein kinase N1 (PKN1, NP_99872) [24], the ser-
ine-threonine protein kinase, is involved in regulation
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Table. Molecular characteristics of BC subtypes

Subtype/molecular features Expression of hormone receptors

Specific genes Transcription factor networks

Luminal A
Progesterone receptor, PGR,
NP_001189403

Luminal B ESR1
PGR

HER2, the oncogene ERB-B2 recep-

tor tyrosine kinase 2, known also
as NEU, NP_001005862
HER2 amplified HER2 overexpression

Basal None of above

Estrogen receptor, ESR1, NP_000116 High keratin 19, KRT19, NP_002267

ESR1, FOXA1 (NP_004487),
GATA3 (NP_001002295)

High KRT19 ESR1, FOXA1, GATA3,
ELF5 (NP_938195), EHF
(NP_001364981)

High KRT19 ELF5, EHF

Keratin 14, KRT14, NP_000517

Keratin 14 TP63 (NP_003713),

NFIB (NP_001177666),
FOXC1 (NP_001444)

of transcription, the cytoskeleton filament network, cell
migration and invasion of tumor cells [25-27].

We show here that these genes are overexpressed
at the mRNA level in blood sera of BC patients com-
pared to the sera of healthy individuals, and at protein
levels in BC tissue samples.

MATERIALS AND METHODS

A cohort of patients. In the present study, blood
sera and tumor tissues were collected from 26 patients
with BC, stages I-Il, who underwent surgery at the
National Cancer Institute of the National Academy
of Medical Sciences of Ukraine (Kyiv, Ukraine). All
women gave written informed consent to participate
in the study, which was approved by the Ethics Com-
mittee of RE Kavetsky Institute of Experimental Pa-
thology, Oncology and Radiobiology of the National
Academy of Sciences of Ukraine. Biopsies were fixed
in a neutral buffered 4% formaldehyde solution. After
fixation, dehydration, and embedding in paraffin, serial
sections were cut at a normal thickness of 5 um and
stained with hematoxylin/eosin for histological diag-
nosis. BC were graded based on their architectural
features, according to the criteria, described in [28],
by experienced pathologists. Samples were distributed
by a molecular subtype as follows: luminal A— 7 cases,
luminal B — 7 cases, Her2 overexpressing — 6 cases,
and basal — 6 cases. Sera from 4 healthy individuals
(males and females) were used as the control.

RNA isolation, cDNA synthesis and qPCR. The
total extracellular RNA was isolated from serum,
using the RNeasy Mini Kit (Qiagen Inc, Germany),
according to the manufacturer’s instructions. The
cDNAs were synthesized, using 2 ug of total RNA,
M-MLV Reverse Transcriptase, and RNAse inhibi-
tor (Invitrogen, USA), according to the manufac-
turer’s protocol. Quantitative PCR (q-PCR) was
performed, using 2 ug cDNA and the HOT FIREPol
EvaGreen gPCR Mix (Solis BioDyne, Estonia), on the
PCR System 7500 (Applied Biosystem, USA). Prim-
ers were the following: for UCKL-1 (NM_017859)
forward 5’-AGCACTATGCGGGCAA GTGCTA-3’,
reverse 5’-TCTGGATGAGGATGGTGCCGAT-3’; for
AIP (M_003977) forward 5’-TACTACGAGGTGCTG-
GACCACT-3’, reverse 5'-GCACTTTGGCAAAG
TCAGCCTG-3’; for PKN1 (NM_002741) forward
5’-CTGTTCGCCATC AAGGCTCTGA-3’, reverse
5’-CACTGGTCACRGCCGCCAATAT-3’. Asaninternal

control for standardization, a gene encoding TATA-
binding protein (TBP, NM_003194) was used: for-
ward primer 5’ -TTTCTTGCCAGTCTGGAC-3’, reverse
5’-CACGAACC ACGGCACTGATT-3’. Relative quan-
tification (comparative Ct (AACt) method) was used
to compare expression levels of the UCKL- 1, AIP and
PKN1 genes with the internal control. Two or three
reactions (eachin triplicate) were run for each gene,
so the standard deviation might be calculated.

Immunohistochemistry. Immunohistochemi-
cal studies of UCKL, AIP and PKN1 were performed
on deparaffined tissue sections. Paraffin was dis-
solved in xylol, and sections were rehydrated with
stepwise washing with ethanol in phosphate-buffered
saline (99; 90; 70 and 30% EtOH). Sections were then
treated with 2% solution of H,0O, in methanol at room
temperature for 30 min to reduce background.
Epitopes were exposed to hot citrate buffer (water
bath, 92 °C for 15 min). The rabbit antibodies against
these proteins (Cell Signaling, USA) were used for
detection, diluted in blocking buffer (2% bovine se-
rum albumin, 0.2% Tween-20, 10% glycerol, 0.05%
NaN;in phosphate-buffered saline). EnVision system
(DakoCytomation, Denmark) was used in 30 min
second-step incubation. After washing in phosphate-
buffered saline peroxidase activity was assayed using
3,3’-diaminobenzidine. After counterstaining with
hematoxylin for 1-2 min, sections were embedded
in Canadian balsam and studied by light microscopy.

Bioinformatic data analysis. To analyze expres-
sion of genes at the mRNA level, a publicly available
data Protein Atlas was used. Human Protein Atlas
is available from http://www.proteinatlas.org.

Statistical analysis. GraphPad Prism software
(version 8, GraphPad Software, USA) was used
to determine the means of the gene expression.
The Kruskal — Wallis test for non-parametric criteria
for the groups was performed for each gene.

RESULTS AND DISCUSSION

Earlier, we have shown thatitis possible to analyze
the extracellular mRNA [29] that could be stabilized
by a placement in the specific membrane vesicles,
such as exosomes (diameter < 150 um), microvesicles
(200-500 um), oncosomes (1-10 um), apoptotic
bodies, etc. [30, 31]. Of course, such a small number
of mRNA molecules is a major problem to perform
gene expression studies. On the other hand, such
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approach represents the good strategy to develop  of extracellular mRNA requires normalization with the
non-invasive markers that could be analyzed in body  specific control (in our case, itis TBP).

fluids, such as blood, urine, saliva, or cerebrospinal The relative amounts of the extracellular mRNA
fluid [32-35]. Importantly, the quantitative assessment  of the UCKL1, AIP and PKN1 genes were assessed
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Fig. 1. Expression patterns of the UCKL1, AIP and PKN1 genes at mRNA levels in blood sera assessed by gPCR. Figure was pre-
pared with the help of GrapPrism software; the Kruskal — Wallis test for non-parametric values in groups was applied for each gene.
Significant differences are considered when p < 0.05. ERBB2+ stands for the HER2 overexpression subtype
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Fig. 2. Relative expression of the UCKL1, AIPand PKN1 genes and a survival analysis according to the Protein Atlas portal: a — elative ex-
pression, based on RNA seq, according to the Protein Atlas portal. Expression is shown in the fragments per kilobase million units, providing
adigitalmeasure of the abundance of transcripts; b — the UCKL 1 and AlIP are not predictive markers, while PKN 1 might be one (adapted from:
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Fig. 3. Expression of the AIP protein in BC tissues. Notice the highest AIP signal in BC tissue of the luminal A and HER2 (ERRB2)

overexpression subtypes

by gqPCR in blood sera of 26 BC patients and
of 4 healthy individuals. As shown in Fig. 1, expression
levels of these genes in blood sera are much higher
in BC patients, compared with healthy individuals.
For AIP and UCKL-1, the difference makes hundreds
and thousands fold.

Concerning differences between the BC subtypes,
AIP and UCKI-1 showed similar patterns — they were
expressed at the highest levels in luminal A BC cases,
and at the lowest — in basal BC cases.

The levels of extracellular PKN 17 mRNA were much
lower, compared to the AIP and UCKI- 1; difference was
approximately one magnitude (Fig. 1). The expres-
sion pattern was also different — the highest levels
were detected in the cases of the luminal B and basal
BC subtypes.

To compare the obtained results with the expres-
sion pattern of the above studied genes in tumor sam-
ples, the Protein Atlas portal was analyzed [36, 37].
According to the RNAseq data, AIP and PKN1 were
expressed at the similar levels, while the median
value for the UCKL-1 expression was two-three
folds lower (Fig. 2, a). We have to mention that the
RNA seq gives the special values — the ratio of the

number of reads on the total number of transcripts
in a created library. Hence, it can not be compared
directly to expression of genes at the mRNA levels,
obtained by g-PCR. Moreover, no subclassification
was performed for BC tumors.

Using the RNAseq data, a Protein Atlas team calcu-
lated the survival probability of BC patients with gene
expression above the median value (high expression)
and below the median value (low expression). No sig-
nificant differences were found for AIP and UCKL-1,
even if UCKL- 1 showed a trend to be higher in patients
with a poorer 5-year survival rate (Fig. 2, b). PKN-1 can
be considered a prognostic marker for BC, the higher
levels of PKN-1 are favorable for the 5-year survival
rate (Fig. 2, b). It was shown before that PKN1 levels
were altered in tumor cell lines [26, 27].

Hence, next, we examined expression of the se-
lected genes at the protein levels, using immunohis-
tochemistry.

The AIP protein signal was the highestin the luminal
A and HER2 (ERRB2) overexpression BC subtypes
(Fig. 3) showing the similar pattern with expression
of the extracellular AIP mRNA in patient sera (see Fig.
1). The AIP protein is involved in cell transformation,
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Fig. 4. Expression of the UCKI-1 protein in BC tissues. Notice the weak signal in all subtypes of BC tissues

induced by Epstein-Barr virus [38] and the hepatitis
B virus [17]. The AIP protein binds to several nuclear
receptors regulating transactivation of enzymes in-
volved in metabolism of xenobiotics [18]. Importantly,
mutations in the AIP gene can cause pituitary adeno-
mas [39, 40].

Unexpectedly, the UCKL-1 protein signal was
very weak in all BC subtypes (Fig. 4), in contrast
to high levels of extracellular mRNA of this gene
(see Fig. 1). Actually, there could be two explana-
tions, at least. Probably, the anti-UCKI-1 antibody
was not binding to antigen well. On the other hand,
the UCKI-1 protein levels could be low, if this protein
is degraded fast. There are no data yet on this sub-
ject. Anyway, the UCKL-1 gene could be a candidate
for the prognostic marker, due to the huge difference
in the levels of its extracellular mRNA in blood sera
of BC patients in comparison with healthy individu-
als. The further studies are needed, on the larger
cohort of BC patients at the different stages of tumor
progression.

Expression pattern of the PKN1 protein in the
BC tissues was rather high (Fig. 5). The highest levels
were observed in the HER2 overexpressing pheno-
type, contrary to the extracellular mRNA pattern for

the PKN-1 gene (see Fig. 1). Of course, levels of the
protein say not much about its activity. Probably,
a function of PKN1 as the serine-threonine protein
kinase is inactivated in breast tumors. However, this
should be yet evaluated.

From the three chosen genes, only one, AIP, ex-
erted similar patterns of expression as the extracellular
mRNA in patient sera and the protein in BC tissues.

AlP is also known as a homologue of immunophilin
ARA9 and as X-associated protein 2 of hepatitis B vi-
rus [16]. The AIP protein belongs to the FKBP family
of proteins that have prolyl isomerase activity and are
linked functionally to cyclophilins and immunophilins.
FKBP proteins function as chaperones, binding to pro-
line-rich proteins. The AIP protein is usually present
inthe cytoplasm as part of a multiprotein complex with
different nuclear receptors but is transported to the
nucleus upon ligand-receptor binding. The AIP protein
functions in the aryl-hydrocarbon receptor-mediated
signaling that is responsible for metabolism of heavy
organic compounds [38].

Due to involvement of AIP in metabolism of xenobi-
otics, the next question might be whether extracellular
mRNA of AIP can be a prognostic marker for response
of BC patients to chemotherapeutic agents. This
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Fig. 5. Expression of the PKN1 protein in BC tissues. Notice the highest AIP signal in the HER2 (ERRB2) overexpressing subtype

should be further investigated, on the larger and wider
cohort of BC patients.

To sum up, among three genes under study, only
for the AIP gene, the pattern of extracellular mRNA
expression in sera paralleled to AIP protein expression
in BC tissues of each specified molecular subtype.
AIP was up to 1000-fold increased in blood sera of all
BC patients compared to the healthy donors. The
highest levels were detected in the luminal A and
HER2 (ERRB2) overexpressing subtypes. To assess
whether the expression levels of the AIP gene in the
BC patient sera may be used as an additional criterion
for differential diagnostic of BC subtypes, further
studies on a larger cohort of BC patients are required.
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ANOEPEHLIMHNIA NATEPH EKCNPECII FEHIB
AIP, UCKL1,1PKN1Y 3PA3KAX PAKY MOJIOYHOI
3AJ103U B 3AJIEXXKHOCTI BIA4 MOJIEKYJIAPHOIO

maTuny NnyxjanHu

JI.M. Kosaaescovka, O.B. Kawyba, T.B. 3adeéopnuii, K. B. Acmpio,
H.IO. Jlyk’anosa, B.®D. Yexyn

Inemumym excnepumenmanvroi namonoeii, onkonoeii i padiobionoeii
im. PE. Kaseyvkoeo HAH Yxpainu, Kuie 03022, Ykpaina

Mera: BusHauntn gundepeHuiriHi naTepHM ekcnpecii rexis
AIP, UCKL1 Ta PKN1 y cnpoBaTui KpOBi Ta 3paskax nyxJIMHHOI
TKQHWHW XBOPUX Ha Pi3HI MONEKYIAPHI NIATUNN paky MOIOYHOI
3anosun (PM3). Matepiann Ta merogu: MNo3saknitTnHHy PHK
BUOINSAM i3 cupoBaTku KpoBi 26 xBopux Ha PM3. CuHTe3yBa-
nm kAHK Ta npoBoaunu KinbkicCHW aHania MeTtogom nonime-
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pasHOi NaHUOroBoi peakuii. IMyHOriCTOXiMIYHI AOCNIOKEHHS
AIP, UCKL1 ta PKN1 npoBoamnu Ha genapadiHoBaHMX 3pidax
NYyXJIMHHOI TKaHWHK. lMpoBoaunn Takox 6ioiHdopmaLinHmiA
aHani3 3aranbHOAOCTYNHUX 6a3 JaHux. Peaynbtatu: PiBHi
nozaknitnHHoi MPHK ana renis AIP i UCKL-1 6ynn 36inbLueHi
B 100—-1000 pasiB y BCix 3pa3kax PM3 y NopiBHSAHHI 3 YMOBHO
300pOBUMKM AoHOpamu. Harsuwi piBHi 6ynn BUSBNEHI B Ha-
CTYNHUX nigTunax PM3: niomiHaneHWin A Ta 3 Hagekcnpecieo
HER2 (ERRB2). HaBuLi piBHi PKN 1 Oynu BUSBNIEHI y 3pa3kax
ntoMiHanbHoro B i 6asanbHoOro nigTunie, NPoTe Pi3HULS B eKC-
npecii uporo reHa mix 3paskamv PM3 Ta yMOBHO 34,0p0OBUMU
noHopamu ctaHoBuna Tinbkn 10-100 pagzis. BucHOBKU. Jlviie
reH AIP nokasaB 0QHaKOBUI NaTepH eKkcnpecii, 9K ans nosa-
KniTnHHOI MPHK y cupoBaTui KpoBi NauieHTiB, Tak i NPOTeiHy
B MyXJ/IMHHI TKAHWHI XBOpuX Ha PM3, npuyomy nyxnvHu 6yno
3rpynoBaHO 3a MOJMEKYASAPHUMU nigTunamMmun. JocniokeHHs
piBHIB ekcnpecii reHa AIP y cupoBaTui KpoBi naujeHTis 3 PM3
MoXe OyTV BUKOPUCTaAHO SIK A0AATKOBUIA KPUTEPIN NS Xxapak-
TEPUCTUKN MONEKYNSpPHOro niatuny PM3 Ta nporpecyBaHHs
NyXJINHN.

Kmoyosi cnosa: UCKL1, AIP, PKN1, pak Mono4Hoi 3an03u,
MOJIEKYNSAPHI NIATUNN PaKy MOJIOYHOI 3a1031, MOAENb EKCMpe-
cii, 6ioiHpopmauiriHniA aHania.



