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The use of Human Inflammatory Response and Autoimmunity RT2 IncRNA
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Long non-coding RNAs (IncRNAs) are defined as RNA molecules longer than 200 nucleotides with poor protein-coding
capacity and key functions in regulation of gene expression. Dysregulations of IncRNAs (e.g. HOTAIR and MALAT 1)
were detected in plasma of breast cancer (BC) patients. Plasma samples are examined as liquid biopsies for purposes of
non-invasive diagnostics therefore the research of plasma IncRNAs as potential plasma biomarkers became highly topical.
84 IncRNAs were profiled in 18 plasma samples — 9 BC patients and 9 age-matched healthy - using Human Inflammatory
Response & Autoimmunity RT2 IncRNA PCR Array. Total RNA from plasma samples was isolated using miRNeasy Serum/
Plasma Kit. Although a pre-amplification recommended for quantification from small starting RNA amounts was used, only
3 IncRNAs (A2ML1-AS1, GAS5 and SNHGS5) were detected in all plasma samples. A total of 72 IncRNAs (e.g. HOTAIR or
MALAT I) were detected only in some samples and 9 IncRNAs were not detected in any samples. No significant differences
were observed in levels of plasma IncRNAs between the BC patients and healthy controls despite the fact that our panel
contained also the IncRNAs whose levels were previously reported as significantly different in plasma or cancer tissues (e.g.
GAS5, HOTAIR, MALAT I) in BC patients. Detection of IncRNAs in plasma is due to their low concentrations quite difficult
as compared with tissues. Our findings suggest that analysis of plasma IncRNAs using this technology is not suitable for use

as non-invasive diagnostic tool in BC patients.
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Final diagnosis of breast cancer (BC) is still dependent
on histological examination because the blood markers have
limited efficacy [1]. Therefore, the search for more effective
non-invasive markers for early BC detection is highly topical.
In recent years, plasma samples have been examined as
liquid biopsies with regards to their content of tumor derived
nucleic acids [2-5]. It has been shown that long non-coding
RNAs (IncRNAs) which are released from tumor tissues,
can be also detected in the circulation [6, 7]. LncRNAs are
usually considered as a heterogeneous group of RNAs. They
are defined as RNA molecules longer than 200 nucleotides
with poor protein-coding capacity [8]. LncRNAs serve as
regulators controlling the expression of genes at epigenetic,
transcriptional and post-transcriptional levels. LncRNAs
regulate various biological processes such as stability of
telomeres, chromatin modification, X chromosome inactiva-
tion, gene imprinting, transcription activation and inhibition
and miRNA activity [9-13].

Dysregulation of IncRNAs is associated with a large
spectrum of human diseases, including different types of
cancer [6, 7, 14]. Therefore, their research and potential use
as biomarkers became the focus of interest. Dysregulations of
IncRNAs in tissues were detected also in BC [15, 16].

Recently, Yu G. et al. [17] performed a meta-analysis to
evaluate the results of studies dealing with testing IncRNAs
as biomarkers for early BC detection. 484 studies were found
but only ten of them passed the stringent exclusion criteria.
The Quality Assessment of Diagnosis Accuracy Studies
IT criteria (QUADAS) [18] were used to select the eligible
studies. The selected studies comprised 835 BC patients
and 725 paired controls. Five selected studies examined
plasma samples, four studies dealt with serum and one study
analyzed urine of BC patients. The meta-analysis resulted
in conclusion that IncRNAs HOTAIR, MALAT I and H19
may serve as useful biomarkers for non-invasive early BC
detection. The best specificity (0.89) and AUC (0.86) were



642 M. STERBOVA, E. PAZOURKOVA, S. SANTOROVA, I. ZEDNIKOVA, P. TESAROVA, M. KORABECNA

achieved with IncRNA HOTAIR which was superior to
IncRNAs MALAT I and H19, but the best sensitivity (0.83)
was reported for MALAT I. Serum-based analysis provided
better sensitivity (0.83) than plasma-based analysis, whereas
the plasma-based examination led to better specificity (0.88)
[17]. All patients in analyzed cohorts were selected from
Chinese population - unfortunately there are no similar
data for other populations.

HOX antisense intergenic RNA (HOTAIR) causes gene
silencing through its interactions with epigenetic regula-
tors such as histone methyltransferase PRC2 (polycomb
repressive complex 2) and histone demethylase LSD1 (lysine
specific demethylase 1A). HOTAIR serves as a scaffold
recruiting these complexes to the target gene loci. There is
a competition between HOTAIR and BRCA1 for binding to
PRC2. HOTAIR promotor contains also multiple estrogen
response elements, therefore HOTAIR expression may be
activated by estradiol in estrogen receptor positive breast
cancer cells [19].

MALAT I (Metastasis-associated lung adenocarcinoma
transcript-1) regulates gene expression and it may modulate
also alternative splicing. Its elevated expression was detected
in primary breast tumors and its mutant forms were found in
luminal breast cancer [20]. The fact that activities of immune
system are crucial for elimination of cancer cells and devel-
oping tumors is well known. The roles of IncRNAs in these
processes are described and further studied [21, 22].

Due to all above-mentioned facts, we managed this pilot
study to test the performance of the Human Inflamma-
tory Response and Autoimmunity RT? IncRNA PCR Array
(QIAGEN, Germany):

1/ for the selection of new potential biomarkers associ-
ated with immune response against cancer cells among 84
IncRNAs involved in immune response regulation in plasma
samples from randomly selected patients with histologi-
cally confirmed BC diagnosis prior to the start of therapy in
comparison with age-matched healthy females

2/ for comparison of IncRNAs HOTAIR and MALAT
I levels included in the array to evaluate their potential for
non-invasive breast cancer diagnosis.

Table 1. BC patients - tumor characteristics.

Patients and methods

Plasma samples were obtained from 9 BC patients and
9 age-matched healthy women. The average age in healthy
control group was 39.5+12.4 years; the average age of breast
cancer patients was 39.7+11.9 years. The differences between
the ages of females involved in these groups were evaluated
as statistically non-significant (Mann Whitney test). The
diagnosis of BC was histologically confirmed in all patients
(Table 1). Plasma samples for analysis were obtained prior
to the start of therapy. The age-matched healthy volunteers
were not exposed to any disease or injury. All participants of
the study signed the informed consent. The study has been
carried out in accordance with Declaration of Helsinki for
experiments involving humans. The study was approved
by the Ethics committee of the 1st Faculty of Medicine of
Charles University and General Faculty Hospital in Prague.

LncRNA PCR array analysis. The total cell-free RNA
from 200l of plasma was isolated using miRNeasy Serum/
Plasma Kit (QIAGEN, Germany) and finally eluted into 14 pl
of RNase-free water. We detected very low RNA concentra-
tions (0.1 ng/pl in average) using Bioanalyzer 2100 (Agilent)
and Small RNA kit (Agilent), which is focused on quantifica-
tion of small RNA species in a total RNA preparation. When
we measured the total RNA concentrations on NanoDrop
8000 (Thermo Fischer Scientific), we obtained higher values
(12 ng/pl in average). As the RIN values are based on 18S and
28S RNA peaks and the presence of ribosomal RNAs in bodily
fluids is indicative of contamination by cells or cell debris, the
ribosomal bands are usually very low or absent and therefore
not suitable as integrity control for RNA isolated from plasma
samples. Additionally, the short fragments of RNA (<1000 nt)
may be perceived by the Bioanalyzer as degraded RNA [23].
According to these facts, the average RIN value in our RNA
samples was 2. Due to very low concentrations of total RNA
in the obtained samples, 8 ul of each sample was transcribed
into cDNA (complementary DNA) and then pre-amplified
using RT? PreAMP ¢cDNA Synthesis Kit (QIAGEN, Germany)
with specific RT? IncRNA PreAMP Primer Mix (QIAGEN,
Germany) according to the manufacturer’s protocol. 102 ul

BC patient no.

Characteristic

1 2 3 4 5 6 7 8 9
BC type NST NST NST NST NST NST LC NST NST
ER positivity (%) 100% 0 65% 0 0 20% 95% 80% 100%
PR positivity (%) 70% 0 40% 0 0 20% 95% 60% 100%
HER?2 positivity + _ + _ _ _ _ + +
KI 67 positivity (%) 30% 90% 40% 90% 70% 90% 15% 70% 80%
Grading G2 G3 G3 G3 G3 G3 G2 G3 G3

NST= Invasive carcinoma of no special type, LC = lobular carcinoma; ER = estrogen receptor, PR = progesterone receptor, HER2 = human epidermal

growth factor receptor, KI 67 = nuclear antigen encoded by MKI67 gene
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of pre-amplified sample was added to 1275 ul of RT? SYBR
Green ROX gPCR Mastermix (Qiagen, Germany) and
1173 ul RNase-free water and then each sample was loaded
on to a commercially supplied Human Inflammatory
Response & Autoimmunity RT? IncRNA PCR Array format A
(QIAGEN, Germany) which comprise a gene-specific assays
for 84 IncRNAs validated or predicted to regulate the expres-
sion of pro-inflammatory and anti-inflammatory genes and
microRNAs and five reference genes. Amplification was run
on an ABI 7900HT Fast Real-Time PCR System (Applied
Biosystems, USA). Normalization to reference genes ACTB
and RPLPO as well as normalization to global mean were
used. Both methods of normalization led to the same result.

Statistical analysis. The obtained data were compared
using Mann-Whitney tests with Benjamini-Hochberg
correction to multiple testing. For selection of potentially
differentially expressed IncRNA the following criteria were
used: fold change >2 and p<0.05 (after Benjamini-Hochberg
correction). The statistical analyses were performed using
Expression Suite software (Life Technologies, New York,
USA), gBase+ (Biogazelle NV, Belgium) and STATISTICA
version 10 (StatSoft, Inc., Tulsa, USA).

Results

Although the pre-amplification step recommended
for quantification from small starting RNA amounts was
used, only 3 IncRNAs (A2ML1-AS1, GAS5 and SNHG5)
were detected in all plasma samples (Cq<35). A total of
72 IncRNAs (e.g. HOTAIR) were detected only in some
samples and 9 IncRNAs were not detected in any samples (Cq
undetermined) (Figure 1).

No significant differences were observed in levels of
plasma IncRNAs between the BC patients and healthy
controls despite the fact that our panel contained the IncRNAs
whose expressions were previously reported as significantly
different at the level of cancer and control tissues (e.g. GAS5,
HOTAIR, MALATI) [15-17] (Figures 2 and 3). The levels of
the two most abundant IncRNAs A2ML1-AS1 and SNHG5
— which are associated with immune system functions and
which were detected in all examined samples - also did
not differ significantly between patients and age-matched
controls (Figure 3).

Discussion

In our pilot study, we detected low plasma levels of
IncRNAs associated with functions of immune system
despite the fact that exosomes are known transporters of
IncRNA [24]. Detection of IncRNAs in plasma seems to be
more difficult when compared with tissues [16, 25]. Using
the identical technological platform as Schlosser et al. [25],
we obtained very similar results as were reported by this
group: Despite the pre-amplification step, the majority of
IncRNAs was undetectable or only sporadically detectable
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Figure 1. Relative quantification of IncRNAs in plasma of BC patients and
healthy controls (Cq<35, normalization by global mean). The columns
represent healthy controls (HC) and BC patients (BC) and the rows
represent different IncRNAs. White color corresponds with fold change
=0.00 (Cq=35 and Cq undetermined), black color corresponds with
fold change >3.50. The heatmap was created in the program morpheus
(https://software.broadinstitute.org/morpheus/) using the tool Nearest
Neighbors and metric Euclidean distance.
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Figure 2. Relative quantification of HOTAIR in individual plasma samples of BC patients and healthy controls (Cq<35, normalization by global mean).
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Figure 3. Relative quantification of most abundant IncRNAs in plasma of BC patients and healthy controls (Cq<35, normalization by global mean).
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in plasma samples of healthy individuals. Systemic examina-
tion of RNA quality performed in this study [25] revealed
no evidence of RNA degradation or RT-qPCR inhibition.
Using the same array technology, the analyzed IncRNAs were
robustly detected in tissues [25]. Unfortunately, our study
was not designed to compare the IncRNA levels in plasma
samples and corresponding tissues. Schlosser et al. [25]
examined a cohort of healthy volunteers but they failed to
detect IncRNAs HOTAIR and MALAT I in plasma samples
despite the carefully performed quality control steps. We
detected HOTAIR in five out of the nine healthy subjects
in lower concentrations than in the only one breast cancer
patient. With regard to the performance of HOTAIR as a
biomarker, there are inconclusive results: Zhang et al. [26]
reported that the plasma levels of HOTAIR in ER-negative
patients were lower than in ER-positive patients but Gokmen-
Polar et al. [27] received opposite results in cancer tissues.
It seems that the diagnostic success of HOTAIR exami-
nation will be highly dependent on the types of biological
samples and on the abundance of particular BC subtypes in
the analyzed datasets. In our pilot study, we were not able to
find a characteristic, which would distinguish the patient no.
8, with the very high level of HOTAIR in her plasma, from
other patients (Table 1, Figure 3). Further large-scale studies
are probably necessary for elucidation of these complex
problems.

In opposite, GAS5 was detected by Schlosser et al. [25] in
all examined plasma samples. We confirmed this result. Our
results correspond also with the findings of a study where
GASS5 was detected in plasma of all BC patients and healthy
controls [16]. In agreement with this report [16], no differ-
ence in plasma GAS5 concentrations between BC patients
and controls was found in our study (Figures 1 and 3). It has
been repeatedly reported that the levels of HOTAIR were not
stable in plasma [16, 25]. We confirm this finding not only
for HOTAIR but also for MALAT I (Figures 1).

Based on our results obtained with Human Inflammatory
Response & Autoimmunity RT? IncRNA PCR Array, we can
conclude that the IncRNAs previously proposed as potential
markers for non-invasive breast cancer detection were not
able to fulfill this function in this experimental setting on
small randomly selected group of non-treated BC patients
due to the detection of low or none concentrations in plasma
samples (HOTAIR or MALAT I) or due to no differences
between patients and controls (GAS5) (Figures 1, 2 and 3).

Santoro et al. [28] described a successful application of
the identical methodology, which has been employed in
our study for selection of potential biomarkers in serum of
patients with multiple sclerosis.

In our hands, the methodology applied on plasma samples
provided the information about the three most abundant
IncRNAs which were present in all plasma samples indepen-
dently on health status; GAS5 inhibits proliferation and
stimulates apoptosis of different cell types. It acts as a tumor
suppressor [29]. A2MLI1 antisense RNA 1 contains tens of

binding sites for different transcription factors (https://www.
genecards.org) therefore it has probably an extreme regula-
tory potential. Small nucleolar RNA host gene 5 (SNHG5)
is known to interact with 121 transcripts in cytoplasm and
to block their degradation [30]. It was upregulated in triple—
negative breast cancer cell lines [31].

According to the results published by Schlosser et al. [25],
we can conclude that the examined technological platform
is able to detect the most abundant and stable IncRNAs in
plasma. Actually, there is still a lack of references describing
the types of IncRNAs together with their relative abundance
in plasma of healthy individuals. In this context, it is also
important to stress the fact that there is no reliable method
for the quality control of RNA species isolated from plasma
samples, as RIN values cannot be used [23] as discussed in
Material and Methods. Our results provide the information
about some of the most frequently occurring IncRNA in
plasma and represent the limited contribution to the under-
standing of the complex problem. The Next Generation
Sequencing technology is very promising with regard to the
IncRNA profiling in biological samples but also the results of
such an advanced technology should to be validated by an
independent technological platform — mostly by single target
RT-quantitative PCR - to provide reliable information.
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