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Triple negative breast cancer (TNBC) is a breast cancer subtype characterised by lack of oestro-
gen receptor, progesterone receptor, and human epidermal growth factor receptor, and by worse
prognosis than other cancer types. The aim of this study was to identify hub genes and molecular
pathways for possible prognostic markers for TNBC. Nineteen breast cancer transcriptomes were
sequenced using Illlumina platform and analysed to identify differentially expressed genes in the
TNBC subtype. Gene ontology enrichment analysis was conducted using the ToppGene tool.
Then, the STRING online database was used for protein-protein interaction (PPI) network con-
struction. Cytohubba and the MCODE plug-in were used to screen functional modules and hub
genes. In total, 229 DEGs were identified by differential gene expression analysis in the TNBC
group. Eight genes were screened out from the PPl network — FOXA1, ESR1, TFF1, GATAGS,
TFF3, AR, SLC39A6, COL9A1. In conclusion, this study indicates that the molecular subtype spe-
cific gene expression pattern provides useful information for targeted, biomarker-driven treatment
options.
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INTRODUCTION progesterone receptor (PR), and also human epidermal
growth factor receptor 2 (HER2) (Malorni et al., 2012).
This cancer type is more often diagnosed in young women,
with aggressive clinical behaviour such as high relapse rates
and increased metastatic potential (Haffty ez al., 2006). Due
to absence of molecular targets, those patients are unrespon-
sive to targeted hormonal or HER?2 therapies, and therefore
for those patients, standard chemotherapy remains the only

treatment approach (Hwang et al 2018) (Malorni et al

Female breast cancer is the most common malignant tumour
worldwide, accounting for almost one in four cancer cases
among women. It is also the leading cause of cancer death
in over 100 countries (Ferlay et al., 2018). Although breast
cancer incidence is increasing, death rates are falling be-
cause of improved survival due to early disease detection
and improved treatment (Kesson et al., 2012). Currently,

breast cancer is categorised based on expression of oestro-
gen receptors (ER), progesterone receptors (PR), human
epidermal growth factor receptor 2 (HER2) and ki67 (prog-
nostic and predictive biomarker). The triple negative breast
cancer (TNBC) subtype accounts for 10-15% of all diag-
nosed breast cancer cases (McCann et al., 2019). The
TNBC subtype lacks expression of oestrogen receptor (ER),
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2012).

Advances in molecular biology techniques, such as tran-
scriptome microarrays and RNA-sequencing using next
generation sequencing (NGS), have provided evidence that
in addition to clinicopathological characteristics (including
tumour size, number of lymph nodes involved and basic
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biomarkers), gene expression patterns are important for mo-
lecular classification and prognostic evaluation of breast
cancer (Serlie et al., 2001). Several gene expression signa-
ture tests exist, such as Oncotype DX, MammaPrint, Endo-
Predict, Prosigna/PAMS50, and the Breast Cancer Index;
which have been developed to predict the absolute benefit
from a certain therapeutic regimen. However, only two tests
(Oncotype DX and MammaPrint) are commercially avail-
able. Unfortunately, these signatures help more in ER-
positive cancer, but are less helpful in ER-negative, highly
proliferative such as TNCB (Reis-Filho et al., 2011).

Molecular drivers of TNBC are still not fully understood,
and at this point specific targeted therapies rarely achieve
clinically meaningful improvements in TNBC patient out-
come (Garrido-Castro et al., 2019). Development and wide-
spread applications of high-throughput technologies, such
as microarray and RNA-sequencing, allow researchers to
investigate molecular complexity of disease and look into
TNBC itself, where TNBC appears to be highly heterogene-
ous in terms of tumour molecular complexity, clinical be-
haviour and the tumour microenvironment (Bianchini et al.,
2016). Due to many aggressive features of TNBC, includ-
ing young age, relapse, and metastasis, there is urgent re-
search needed to investigate the biology of TNBC and
define subgroups with specific oncogenic drivers and path-
ways that might be used as therapeutic targets, and identifi-
cation of precise predictive biomarkers is also necessary.

In this study we performed whole transcriptome sequencing
on 19 patient breast cancer samples, with the aim to identify
hub genes and altered pathways associated with the TNBC
subtype.

MATERIALS AND METHODS

Study samples. Nineteen fresh frozen breast cancer sam-
ples were selected from the tissue repository of Riga Stra-
din§ University, Institute of Oncology (RSU IO). All patient
samples had confirmed breast cancer diagnosis and were
not treated with chemotherapy and/or hormone therapy,
and/or radiotherapy before the surgery.

Isolation of total RNA. RNA was isolated usingr TRIzol
(Life Technologies) reagent followed by Direct-zol MRNA
MiniPrep (Zymo Research) RNA purification according to
the manufacturer's protocol. Isolated RNA was stored at
—80 °C until further analysis. Qubit 4.0 Fluorometer, the
Qubit RNA Assay kit (Thermo Fisher Scientific/Life Tech-
nologies) and NanoDrop 2000 were used to detect RNA
concentration.

Library preparation and transcriptome sequencing. Li-
brary preparation: For RNA-sequencing, cDNA libraries
from RNA were constructed using the TruSeq Stranded
mRNA Library Preparation kit (Illumina) and then hybrid-
ised on flow cell using the TruSeqPE Cluster Kit
v3-cBot-HS (Illumina) according to the manufacturer's pro-
tocols, followed by NGS sequencing with the TruSeq SBS
Kit v3-HS (Illumina).
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Bioinformatics analysis. After obtaining raw (sequenced)
reads, the CLC genomic workbench was used for raw read
filtering, sequencing error rate checking (Q20 and Q30),
and CG content profiling. Ready to use workflows available
in the CLC workbench were used for different sequencing
analysis steps: high-quality clean reads were aligned to the
reference genome; RPKMs (reads per kilobase of exon
model per million mapped reads) were calculated for each
annotated gene; and differentially expressed genes between
two groups — triple negative (TNBC) vs other breast can-
cer samples (non-TNBC) were determined. TNBC criteria
were as follows: ER < 1 (RPKM), PR < 1 (RPKM),
HER2 < 20 (RPKM).

The CLC genomic workbench and the negative binomial
generalised linear model was used to capture differential
gene expression (DEGs) between two study groups —
TNBC group and non-TNBC group. Genes with Bonferroni
p < 0.05 were included in further analysis.

Functional and pathway enrichment analysis. ToppFun
tool from ToppGene suite (https://toppgene.cchmc.org/)
was used for GO enrichment analysis to investigate biologi-
cal functions of up- and down-regulated genes in the TNBC
group. The ToppFun application is used to detect functional
enrichment of input gene list based on GO terms, pathways,
protein functional domains, transcription factor-binding
sites, microRNAs, etc, together using as many as 14 annota-
tions using biological databases (Chen et al., 2009).

GO enrichment analysis of three categories — biological
process (BP), cellular component (CC) and molecular func-
tion (MF) — was performed to understand the biological
functions of identified DEGs. Analysis was performed with
“ToppFun” from the “ToppGene Suite” Gene Ontology
tool; p < 0.05 was set as the threshold value.

Construction of the PPI network and the identification
of hub genes. The STRING (Search Tool for the Retrieval
of Interacting Genes) (http://string-db.org/) online tool was
used to develop and construct a protein — protein interac-
tion (PPI) network of selected DEGs in order to analyse the
possible role of PPIs mapped by DEGs in TNBC patho-
genesis. The STRING database can provide information
about predicted and experimental interactions of proteins.
The interactions with combined score > 0.04 were selected
as significant and chosen to build a network model visual-
ised by Cytoscape (version 3.8.2), which is software used
for network visualisation. The Cytoscape plug-in MCODE,
which detects highly interconnected regions (clusters) in a
large protein-protein interaction network, was used for our
network analysis. Another plug-in called Cytohubba was
used for hub gene identification. This plug-in is used for
ranking nodes (genes from protein-protein network) in a
network by network features. It implements eleven topo-
logical analysis ranking methods (e.g., Degree, Edge perco-
lated component, Maximum neighbourhood component
etc.) to evaluate the importance of nodes in a biological net-
work (Chin et al., 2014)
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RESULTS

Nineteen samples were sequenced with median Q30 rate
85.4% and median 40 000 000 read count. Based on tran-
scriptome data, the samples were grouped into two groups
— a triple negative breast cancer group containing five
samples with low ER, PR, and HERC?2 gene expression pro-
file, and the other group consisting of the remaining 14
samples (non-TNBC). Transcriptome sequencing showed
53 854 differentially expressed genes. After Bonferroni ad-
justment (p < 0.05), there were 229 DEGs, of which 124
were downregulated and 105 were upregulated genes in the
TNBC group.

Gene ontology (GO) enrichment analysis. GO analysis of
DEGs revealed many significantly enriched GO terms
grouped by biological processes, molecular function, and
cellular components; these included — skeletal system de-
velopment, extracellular matrix and structure organisation,
collagen trimer, extracellular matrix, extracellular matrix
structural constituent conferring tensile strength, and scav-
enger receptor activity (see Table 1 for all data). However,
down-regulated genes were enriched only in GO cellular
components — inward rectifying potassium channel and
apical plasma membrane (Table 2).

PPI network construction and hub gene identification.
Interaction between proteins encoded by the DEGs was in-
vestigated by constructing a PPI network according to the
STRING database. The constructed network involved 188
nodes and 182 edges (Fig. 1-A). Then Cytoscape with the
MCODE plugin was used to perform clustering analysis,
which revealed three functional modules from the PPI net-
work. (Fig. 1-B, C, D). Another Cytoscape plug-in called
Cytohubba was used to identify hub genes in the network.
Eight hub genes were identified — FOXAI, ESRI, TFF1I,
GATA3, TFF3, AR, SLC39A6, COL9AI (figure 1-E). The
expression of seven of eight hub genes — FOXAI, ESRI,
TFF1, GATA3, TFF3, AR, SLC39A6 was downregulated in
the TNBC group compared to non-TNBC group, and one
gene, COL9AI, was upregulated in the TNBC group. The
gene ranking was as follows: rank 1 — ESRI; rank 2 —
FOXAI and GATA3; rank 3 — TFFI and TFF3; rank 4 —
SLC39A6; rank 5 — COL9AI and rank 6 — AR gene.

DISCUSSION

In the present study, we performed transcriptome sequenc-
ing with further integrated bioinformatics analysis to ex-
plore potentially important genes and key pathways related
to the TNBC subtype.

The function of GO enrichment analysis showed the DEG
were related to extracellular matrix and structure organisa-
tion, collagen fibril organisation and collagen containing
extracellular matrix. Extracellular matrix (ECM) derived
from tumours is biochemically different. The composition is
stiffer when compared to normal ECM. Increased DEG in
ECM formation suggests that TNBC ECM is different from
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Fig. 1. Visualisation of protein-protein interaction (PPI) network and iden-
tified hub genes.

A. PPI network of differential gene expressions. B, C, D — significant mod-
ules selected from PPI network (A) with corresponding gene names (Mod-
ule B: TFF1, TFF3, GATA3, FOXA3, ESRI, SLC39A6; Module C: GP2,
LY6K, MSLN, LYPD6B, MMP9, HMOXI, CD163, MPO; Module D:
COL5A3, COL19A1, COL9AI, COL5AS, COL11A2). Red nodes represent
upregulated genes, blue nodes represent downregulated genes. E.
Subnetwork of 8 hub genes (ESRI, FOXAI, GATA3, TFF1, TFF3,
SLC39A6, AR, COL9AI).

non-TNBC. This composition could affect treatment of tu-
mours (Nallanthighal et al., 2019).

The ESRI gene mediates the effect of oestrogens in devel-
opment and growth of normal and malignant mammary tis-
sues. Around 70% of breast cancers are driven by ER-alpha
activation. Even though TNBC cells do not express
ER-alpha, they are still responsive to oestrogens through
ER-alpha independent pathways. Recent studies show that
oestrogens promote the brain metastatic colonisation of
TNBC cells (Sartorius et al., 2016). Another study demon-
strated that increased levels of circulating oestrogens are
sufficient to promote ER-alpha negative cancers, including
TNBC (Gupta et al., 2006). Based on the results of this
study and literature data, we consider that, even though
ESRI1 is downregulated, and ER-alpha is not expressed, and
ER-alpha is not expressed, it is still an important player and
potential biomarker in development of TNBC.

The GATA-3 gene was identified as one of the hub genes
and showed down-regulation in our TNBC group. The
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Table 1. Functional enrichment upregulated genes

Genes from input GO: Molecular function p-value
4/42 COLY9AI, COLIIA2, COLI9AI1, COL5SA3 GO:0030020 extracellular matrix structural constituent con- 2.66E-05
ferring tensile strength
4/52 CD163, LOXIA4, LOXL3, MARCO GO:0005044 scavenger receptor activity 6.23E-05
2/5 LOXILA, LOXL3 GO:0004720 protein-lysine 6-oxidase activity 1.66E-04
4/82 CD163, LOXLA4, LOXL3, MARCO GO0:0038024 cargo receptor activity 3.66E-04
2/11 LICAM, GO:0008046 axon guidance receptor activity 9.00E-04
GFRA3
Genes from input GO: biological process p-value
13/583 GDF, MYF5, COL9A1, COL11A2, COL19A1, DLK]I, GO0:0001501 skeletal system development 2.06E-07

EXTLI, ZICI, ALX1, NCAN, DLX6, MMP9, EN1

10/431  COL9AI, MYFS5, COL11A2, COLI9A1, COL5A3, NCAN, GO:0030198 extracellular matrix organisation 4.21E-06
LOXLA4, LOXL3, MMP9, MIA

10/432  COL9AI, MYFS5, COL11A2, COLI9A1, COL5A3, NCAN, GO0:0043062 extracellular structure organisation 4.30E-06
LOXILA4, LOXL3, MMP9, MIA

10/434  COL9AI, MYF5, COL11A2, COL19A1, COL5A3, NCAN, GO0:0045229 external encapsulating structure organisation 4.48E-06
LOXIA4, LOXL3, MMP9, MIA

4/63 COLI11A2, COL5A3, LOXL4, LOXL3 GO:0030199 collagen fibril organisation 8.82E-05

6/198 MYF5, MYF6, COLI9A1, POPDC2, SOX8, CHRNAI GO:0007519 skeletal muscle tissue development 9.41E-05

6/211 MYFS5, MYF6, COLI9A1, POPDC2, SOXS, CHRNA1 GO:0060538 skeletal muscle organ development 1.33E-04

2/5 LOXIA4, LOXL3 GO:0018057 peptidyl-lysine oxidation 1.35E-04

Genes from input GO: cellular components p-value

8/87 COLI11A2, COLI9A1, C1QL4, COL5A3, CI1QL2, FCNI, GO:0005581 collagen trimer 1.23E-09

MARCO

10/498 COLY9AI, COLI11A2, COLI9A1, LICAM, COL5A3, GO:0062023 collagen-containing extracellular matrix 1.64E-05
TMEFF2, FCNI, NCAN, CSPG4, MMP9

10/633 COL9A1, COL11A2, COL19A1, LICAM, COL5A3, GO:0031012 extracellular matrix 1.23E-04
TMEFF2, FCN1, NCAN, CSPG4, MMP9

10/635 COL9AI, COLI1A2, COLI9AI1, LICAM, COL5A3, GO:0030312 external encapsulating structure 1.26E-04
TMEFF2, FCNI, NCAN, CSPG4, MMP9

12/1053 CRLF1, LICAM, MUCI16, DLK1, CHRNAI, CDI163, GO:0009986 cell surface 5.19E-04

GFRA3, FCN1, CSPG4, LY6K, DCBLD2, MSLN

4/106 MUCI16, DEFA3, NCAN, CSPG4 GO:0005796 Golgi lumen 6.79E-04

2/12 COLI11A2, COL5A3 GO0:0005583 fibrillar collagen trimer 8.94E-04

2/12 COLI1A2, COL5A3 GO:0098643 banded collagen fibril 8.94E-04

6/323  PCSK2, COL9A1, COL11A2, COLI19A1, COL5A3, MSLN ~ GO:0005788 endoplasmic reticulum lumen 1.34E-03

6/345 SOX10, NPTX2, MUCI16, CDH19, GFRA3, FCN1 GO:0019898 extrinsic component of membrane 1.87E-03

71480 CRLF1, LICAM, MUCI16, DLKI1, CD163, GFRA3, FCN1 GO:0009897 external side of plasma membrane 2.14E-03

Table 2. Functional enrichment analysis results of downregulated genes

Genes from input GO: cellular components p-value
2/4 ABCCS8, KCNJ11 GO0:0008282 inward rectifying potassium channel 1.41E-04
9/414 SHROOM3, RAB17, PDZKI, ABCC11, SHROOM1, P2RY2, GO:0016324 apical plasma membrane 1.94E-04

RAB27B, GP2, TJP3
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GATA-binding protein 3 (GATA-3) plays a central role in
breast development, luminal epithelium differentiation, and
formation of the ductal tree from differentiated epithelial
cells, which suggest that the GATA3 gene might also be in-
volved in breast tumorigenesis (Mehra e al., 2005; Tong
and Hotamisligil, 2007). Furthermore, it has been used as a
breast lineage marker due to 32-100% expression in inva-
sive breast cancers; however, these markers show high ex-
pression in hormonal positive and human epidermal growth
factor 2 (HER2)-positive cancers, but low expression in
TNBC (Jamidi er al, 2020). Some studies reported 90%
GATA3 expression in HR-positive cancers and 20% for
TNBC (Shaoxian et al., 2017). In our study, GATA3 ap-
peared to be downregulated in the DEG set, suggesting that
it could be a potential marker for differentiation of TNBC
from non-TNBC subtypes.

Another gene that was screened out as a hub gene and also
significantly downregulated in the TNBC group was the
FOXAI gene. The FOXAI gene encodes a member of the
forkhead class of DNA binding protein, which is a tran-
scription activator for liver specific transcripts such as albu-
min and transthyretin. FOXA and GATA3 are directly asso-
ciated with ER-alpha (ESR1) and progesterone receptors.
There has been strong correlation between ER/FOXAI and
apoptosis related genes, which suggests its tumour suppres-
sive role (Liu and Chen, 2010). Functionality of FOXAI
mostly has been associated with ER and luminal features,
but very rarely with TNBC. However, FOXAI expression
is inversely associated with tumour size, lymphovascular in-
vasion and lymph node stage, the Nottingham Prognostic
Index, histological grade, and HER-2 overexpression,
whereas GATA3 expression was inversely associated with
HER-2 and histological grade, again suggesting expression
of FOXAI as a risk stratification among ER-negative pa-
tients (Albergaria et al., 2009). Another study suggested
that FOXAI under expression can lead to increased malig-
nancy and cancer stemness and may play a significant role
as a biomarker in TNBC identification, rather than the lumi-
nal subtype (Dai et al., 2019). Considering previous studies
together with our results, another gene combination of
FOXAI and GATA3 might come into use for molecular
TNBC subtype characterisation and identification and its
possible effects on patient prognosis (Guiu et al., 2018).

During recent years, there has been more and more evi-
dence that TNBC can be further subclassified into different
subgroups based on its molecular profile (Lehmann et al.,
2016) — these subgroups include basal like 1, basal like 2,
mesenchymal, and luminal androgen receptor (LAR). One
of the subtypes is AR-positive (androgen receptor positive)
and one is AR-negative TNBC. AR (androgen receptor) is a
member of the steroid receptor superfamily, which is ex-
pressed in many human tissues, including breast cancer tis-
sues, and in fact around 70-80% of breast cancer patients
overexpress AR (Collins et al., 2011). Conflicting reports
exist about the prognostic role of AR in TNBC — some
suggest that AR-positive TNBC has better prognosis
(Asano et al., 2017), whereas others consider that there are
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no significant effects on TNBC prognosis (Mrklié, et al.,
2013). Our TNBC group showed decreased AR expression,
and results show AR as one of the hub genes associated with
TNBC. Many studies have focused on AR-positive TNBC
groups and suggest that this particular subgroup might have
favourable prognosis, and further, studies also suggest that
AR co-expression with GATA3 might limit response to che-
motherapy (Kim et al 2016). Since our TNBC group shows
AR as well as GATA3 down-regulation, we might speculate
that this group has poor prognosis.

Despite the controversial role of AR in breast cancer devel-

opment, some evidence suggests that the AR subtype has
been associated with better prognosis, lower chemotherapy
responsiveness, as well as lower pathologic complete re-
sponse after neoadjuvant treatment. More importantly, this
subtype might benefit from AR-targeted therapy (Gerratana
et al., 2018).

Our findings in combination with other existing studies sug-
gest that GATA3, FOXAI, AR, and SOXI0 are important
genes in TNBC (Cimino-Mathews et al., 2013). GATA3
down-regulation in combination with SOX/0 upregulation
appears to be a predictive marker for TNBC subgroups.
FOXA1 under-expression plays a significant role in TNBC
identification and is informative in terms of malignancy and
cancer stemness. FOXAI together with GATA3 under-
expression is another gene tandem that helps in TNBC iden-
tification and has some prognostic value (Jamidi et al,
2020).

Other hub genes identified in our dataset are TFFI and
TFF3 — both show decreased expression in the TNBC
group. Trefoil factors consist of three proteins — TFFI,
TFF2 and TFF3. They are normally co-expressed together
with mucin in epithelial cells in the gastrointestinal tract.
Studies have demonstrated that TFF1 and TFF3 serum lev-
els are higher in breast cancer patients than in healthy indi-
viduals (Ishibashi et al., 2017). TFF1 has been reported to
be useful as a biomarker in breast cancer and metastatic co-
lon cancer (Madsen et al., 2007). However, there is little in-
formation on TFFI expression in TNBC, but TFF1 serum
levels are much lower in TNBC, and increased levels show
positive correlation with breast cancer clinical prognosis (Yi
et al., 2020). In vitro functional studies have demonstrated
that TFF1 plays a suppressive role in breast cancer develop-
ment. Much research exists on TFF serum level detection in
various cancers and also in breast cancer patients, but not
enough on its expression in breast tissue itself, and particu-
larly in the TNBC group. Our results indicated that low lev-
els of TFF1 and TFF3 factors are specific for the TNBC
group, which suggests that expression of these factors might
be used as tissue biomarkers.

Our study found that SLC39A6 was downregulated in
TNBC. This is an oestrogen-regulated gene, which is up-
regulated in oestrogen receptor positive breast cancer and is
expressed in high levels in hormonally controlled tissues.
This might be the reason why our TNBC group had signifi-
cantly decreased SLC39A6 levels, which indicated specific
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involvement in ER positive breast cancer, but not in the
TNBC group — therefore, low levels of SLC39A6 were
specific for TNBC. There is almost no information or stud-
ies on SLC39A6 in TNBC.

Another hub gene screened out was the COL9AI gene,
which showed significantly increased expression in the
TNBC group. COL9AI codes one alpha chain (out of three)
of type IX collagen and it is a minor collagen component of
hyaline cartilage. There are no available studies on
COL9AI1 involvement in breast cancer, and generally can-
cer association with collagen is not fully understood. More
studies are needed to understand the collagen biological
mechanisms, particularly in cancer tissue, in different can-
cer types and subtypes.

Our small cohort of patients might be considered as a limi-
tation of the study, and therefore further studies are needed
to verify particular genes. The verification of results by
other methods, such as real time PCR, is needed to confirm
DEG transcripts in TNBC tissues, and verification in an in
vitro model system such as in cell lines could be beneficial.
An increase of patient number in the cohort by 50% TNBC
samples would contribute to TNBC molecular subtype
evaluation and its correlation with clinical features of pa-
tients.

Gene expression profiles were used to classify TNBCs into
six molecular subtypes: Basal-like 1 and 2, Mesenchymal,
Mesenchymal Stem-like, Immunomodulatory, and Luminal
Androgen Receptor (Masuda et al 2013). An alternative
gene expression classification for TNBC categorised the tu-
mour into four TNBC molecular subtypes: Luminal Andro-
gen Receptor, Mesenchymal, Basal like immunosuppressed,
and Basal like immune activated (Burstein er al 2015).
However, distant metastasis-free survival (DMFS) analysis
showed poor prognosis for TNBCs, regardless of their mo-
lecular profile subtype (Lehmann et al 2011; Burstein et al
2015).

Much research is being carried out using high-throughput
technologies such as next generation sequencing or microar-
ray analysis for transcriptomics studies on TNBC. 207 iden-
tified DEGs based on GSE76275 from GEO and five genes
were proposed as hub genes (SOX8, AR, C9orf152, NRK,
and RAB30) (Dong et al 2018). Other studies on TNBC
transcriptomes involved three GEO datasets and one gene
CCNDI was associated with TNBC prognosis. In a recent
study on TNBC vs non-TNBC screened out five hub genes
(CD3D, CD3E, CD3G, FYN, GRAP2, TIK), which play a
role in cancer related biological processes (Li et al., 2021).
Although each study has come up with different sets of hub
genes, a few hub genes such as AR, GATA3, FOXAI and
others have been mentioned in numerous studies, as in our
work. Even though research has proposed different genes
for clinical use, the consensus of hub genes with differential
expression specific to TNBC with clinical impact to its
treatment and prognosis has not been reached yet. The dif-
ferent results obtained in independent studies mainly can be
attributed to the heterogeneity of the TNBC subtype, differ-
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ent sequencing platforms and analysis platforms and algo-
rithms used.

The reason for ongoing research on TNBC is the urgent
need for clinically validated markers. The existing studies
propose many different genes as clinically useful markers,
but none of them have been further implicated into clinical
practice. Also, TNBC molecular profile subtype informa-
tion does not give useful information on cancer clinical be-
haviour, such as distant metastasis free survival. These find-
ings indicate that analysis of molecular subtype and gene
expression pattern could be more useful in targeted,
biomarkers-driven treatment options.

The identified eight hub genes — FOXAI, ESRI, TFF1I,
GATA3, TFF3, AR, SLC39A6, COL9A1 — are in line with
previously published findings specific to TNBC and need to
be clinically validated in a larger subset of TNBC samples.
Apart from the identified hub genes, also SOX10 raises par-
ticular interest and should be included in a validation study.

CONCLUSION

Identification of TNBC subgroup specific gene expression
patterns is important for molecular classification of highly
heterogeneous groups of diseases. Considering the available
innovative biomarkers-driven treatment options, we consid-
er AR gene expression pattern (up- or downregulated) as a
promising biomarker to distinguish TNBC subtypes that
would be responsive to anti-androgen therapy. The other
identified hub genes and also the SOX10 gene may become
potentially useful clinical biomarkers in combination with
conventional immunohistological markers, as well as ge-
nomic and epigenomic markers.
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ATgKIRTGU TRANSKRIPTU UN IESAISTITO SIGNALCELU IDENTIFIKACIJA TRISKARSI NEGATIVA KRUTS AUDZEJA

GADIJUMA

Triskars$i negativs krats vézis (TNKV) ir krits audz&ja apaksStips, kam raksturigs estrog€na receptoru, progesterona receptoru un
epidermalas augianas faktoru receptoru trikums, ka ari sliktaka prognoze neka citiem audzgja veidiem. Si pétijuma meérkis bija identificét
galvenos kandidatgénus un molekularos signalcelus, kas varétu kalpot par iespgjamiem TNKV prognostiskajiem markieriem. Veikta 19
kraits audz&ju transkriptoma sekvenc€s$ana, izmantojot //lumina platformu, un veikta ieglito datu analize, lai identificétu TNKV apakstipa
atskirigi ekspresétos génus. Génu ontologijas analize veikta izmantojot riku ToppGene. Secigi izmantota STRING datu baze proteinu-
proteinu mijiedarbibas (PPM) tikla izveidei. Funkcionalo modulu un galveno kandidatgénu parbaudei izmantots spraudnis Cytohubba un
MCODE. Kopuma veicot diferencialo génu ekspresijas analizi. TNKV grupa identificéti 229 no tiem. No PPM tikla atlasiti astoni augstas
mijiedarbibas (hub) géni — FOXAI, ESRI, TFF1, GATA3, TFF3, AR, SLC39A6, COL9AI. Sis petijums lauj secinat, ka molekularie
apakStipi un génu ekspresijas modelis var sniegt noderigu informaciju par mérktiecigu biomarkieru vaditu terapijas iesp&ju.
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