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Purpose: There are significant differences in the biological behavior between triple-negative
breast cancer (TNBC) and non-triple-negative breast cancer (non-TNBC). In the present study,
we identify key differential genes and clinical outcomes between TNBC and non-TNBC.
Materials and methods: Transcriptomic analyses used GEO datasets (GSE76275), gene
ontology, KEGG pathway analysis and cBioPortal. Quantitative RT-PCR analysis (QRT-PCR)
was used to validate the differentially expressed genes. We used the KM Plotter Online Tool
and 240 patients with TNBC tissue microarray to assay the prognostic value of HORMADI.
Results: The upregulated differentially expressed genes were enriched in transcription factor
activity, sequence-specific DNA binding and nucleic acid binding transcription factor activ-
ity. Only 16 genes were upregulated when further screened for fold change >4-fold change.
HORMADI and SOX8 exhibited high frequencies of change of greater than 10% (HORMAD1
was close to 20%). gqRT-PCR results indicated that HORMADI and SOX8 mRNA levels were
significantly upregulated in TNBC samples. In KM Plotter Online Tool, high HORMAD1 was
associated with worse outcome. In our tissue microarray (including 240 TNBC tissues), IHC
analysis revealed that 29.7% (55/240) of the tumor samples exhibited high HORMAD1 expres-
sion and 70.3% (185/240) of the tumor samples exhibited low HORMADI expression levels.
Meanwhile, high HORMADI group has a bad prognosis.

Conclusion: The status of transcriptional activation is an important difference between TNBC
and non-TNBC. HORMADI is a key differential gene associated with poor outcome in TNBC.
Epigenetic therapy and agents targeting cancer/testis antigens might potentially help to custom-
ize therapies of TNBC.

Keywords: HORMADI, triple-negative breast cancer, non-triple-negative breast cancer, prog-

nostic factor, transcriptome

Introduction

Breast cancer, the most common malignancy in women, exhibits significant
heterogeneity.! Its molecular type is very important to guide clinical treatments
and to judge the prognosis.? Triple-negative breast cancer (TNBC) accounts for
approximately 15%—-20% of breast cancer cases and is defined as the absence of
estrogen receptor (ER), progesterone receptor (PR) and human epidermal recep-
tor 2 (HER2) amplification.>* Due to the absence of druggable molecular targets,
the treatment of TNBC is very limited compared with the treatment of luminal or
HER2+ subtypes.’
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In the past, relevant studies emphasized the difference
of clinicopathological features and prognosis of patients
between TNBC and non-triple-negative breast cancer (non-
TNBC). TNBC patients often exhibit younger age, increased
tumor size, and more recurrence and metastasis.® Compared
with non-TNBC patients, TNBC patients exhibit a higher
rate of family history of breast cancer.”® Blood vessels play
a vital role in TNBC, leading to distant metastasis.” The
development of distant metastasis in TNBC is also associ-
ated with the presence of central fibrosis and lymphocytic
infiltration.'® Moreover, the lack of effective treatment after
surgery, chemotherapy and radiotherapy is also an important
reason for the poor prognosis of TNBC."

In the coming post-genomic era, attention will no
longer be confined to these clinicopathological features.
High-throughput technology is increasingly advanced and
widespread.'? Researchers are revealing the mechanism of
the disease through high-throughput technology. In the field
of cancer research, transcriptional information and gene
regulatory networks of malignant tumors have become hot
topics. Simultaneously, numerous public databases, such as
the Gene Expression Omnibus (GEO), have been developed
that serve as repositories of high-throughput gene expression
data and hybridization arrays, chips and microarrays.'? These
public databases provide great convenience for transcriptomic
research. Therefore, based on these public platforms, we
explored the transcriptional differences between TNBC and
non-TNBC to better understand breast cancer and provide
new clues for therapy.

In this study, we compared transcriptomic differences
between TNBC and non-TNBC using a GEO database that
contained 265 samples. We identified differentially expressed
genes, relevant pathways and upregulated genes associated
with clinical outcome and used tissue microarray to confirm
the prognostic value.

Materials and methods

Microarray data

We extracted gene expression profiles of TNBC and non-
TNBC from a GEO database (GSE76275) that contained 265
samples, including 198 TNBC samples and 67 non-TNBC
samples. The database was submitted by Burstein et al'* and
based on the Agilent GPL570 platform (Affymetrix Human
Genome U133 Plus 2.0 Array). Differentially expressed
genes were analyzed by GEO2R (https://www.ncbi.nlm.nih.

gov/geo/geo2r/).

Gene ontology (GO) and pathway
enrichment analysis of differentially

expressed genes

Gene set enrichment analyses focused on genes with mini-
mum twofold differential expression values between both
groups. GO and KEGG pathway analysis were performed
using DAVID Bioinformatics Resources 6.7 (https://david.
ncifcrf.gov/), which used the one-tailed Fisher’s exact prob-
ability test to determine overrepresentation of genes with
altered expression within specific GO categories.!*!5 A
P-value <0.05 was considered to be statistically significant.

Database search
As an open-access resource, the cBio Cancer Genomics Por-
tal (http://cbioportal.org) data from more than 5,000 tumor

samples from 147 cancer studies provides interactive explo-
ration of multidimensional cancer genomics data sets.!®!7
The data set contained 9 sets of breast invasive carcinoma
samples. Further details on the samples and processing of the
database are provided in the cBio Cancer Genomics Portal.
We selected four of these sets that contain both mutation
and DNA copy number alteration (CNA) information for
our study.

Cell lines and clinical samples

A normal mammary epithelial cell line (MCF-10A) and
human breast cancer cell lines (MDA-MB-231, BT-549,
MDA-MB-468, HCC38, MCF-7, T47D, BT-474 and Skbr3)
were obtained from the American Type Culture Collection
(Manassas, VA, USA). All of the cell lines were used for only
up to 30 passages from authentication and were maintained
according to the supplier’s instructions. All cell lines were
authenticated by short tandem repeat DNA profiling before
use and found to be free of mycoplasma infection. Tissue
specimens (26 TNBC and the corresponding paired normal
adjacent tissues [Normal 1] and from 22 non-TNBC and the
corresponding paired normal adjacent tissues [Normal 2])
were diagnosed by histopathological diagnosis from Novem-
ber 2015 to May 2016. All clinical samples were stored in
the Department of Specimens and Resources of Sun Yat-sen
University Cancer Center (SYSUCC). Resected breast cancer
tissues and paired matched normal mammary tissues were
immediately cut and stored in RNAlater (Ambion). Sun
Yat-Sen University Cancer Center Institute Research Ethics
Committee approved this study (RDDB2018000454), and
the collection and use of tissues followed procedures that
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are in accordance with the ethical standards formulated in
the Declaration of Helsinki. All participants provided written
informed consent prior to treatment.

Quantitative RT-PCR analysis (qQRT-PCR)
Total RNA from the cells or tissues was extracted with
TRIzol reagent (Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer’s instructions. Reverse
transcription and qRT-PCR reactions were performed by
means of a SYBR green-containing PCR kit (Qiagen NV,
Venlo, the Netherlands). Each reaction mixture consisted
of 2.0 ng of cDNA template, 0.3 pL each of forward and
reverse primers, and 10 pL of SYBR green mix adjusted
with nuclease-free water to a final volume of 20 pL. The
primer sequences used are as follows: HORMADI for-
ward, 5-GCCCAGTTGCAGAGGACTC-3" and reverse,
5’-TCTTGTTCCATAAGCGCATTCT-3"; SOX8 forward,
5’-CCACGAGTTCGACCAGTACC-3" and reverse, 5’-CTG-
CAGGAACCGTAGTCGG-3". B-Actin served as an internal
reference in the mRNA quantitative measurement. All of
the real-time PCR assays were performed using a Bio-Rad
IQTMS Multi-color Real-Time PCR Detection System (Bio-
Rad, Hercules, CA, USA ) with three biological replicates
and two technical replicates.

Tissue microarray and

immunohistochemistry

For the TMA, a series of 240 patients with TNBC diagnosed
between 2005 and 2011 at the Sun Yat-sen University Cancer
Center, China, was selected. To quantify the level of HOR-
MADI (Thermo Fisher Scientific, 1:500), all sections were
photographed and scored by two independent pathologists.
The staining intensity was scored as follows: 0—1 (no stain-
ing), 1-2 (weak staining), 2—3 (medium staining) and 3—4
(strong staining). The semi-quantification was performed
according to the staining intensity (0%—25%; 26%—50%;
51%—75% and 76%—100%) and the ratio of positively stained
cells (0, low staining; 1, moderate staining; 2, high staining
and 3, extremely high staining). The overall score was calcu-
lated by multiplying the intensity score and percentage score.
Expression scores greater than or equal to 2 were defined as
high expression, and scores less than 2 were defined as low
expression.

Outcome analyses
The KM Plotter Online Tool (http://www.kmplot.com) is a
public database that contains information from 3,500 patients

and combined survival analysis across multiple microarray

datasets, including GEO, caArray and TCGA."¥ The tool was
utilized to evaluate the relationship between the presence of
different genes and patient clinical outcome. Definitions of
breast cancer subgroups reported in the online tool are as fol-
lows: triple negative: ER—/PR—/HER2-; luminal A/B: ER+/
PR+/HER2+; HER2+: ER—/PR—/HER2+ (information for
ER/PR and HER2 using immunohistochemical data). The
Kaplan—Meier method was used to plot overall survival (OS)
curves and relapse-free survival (RFS) curves, and the log-
rank test was used for comparison in Sun Yat-sen University
Cancer Center cohort (SYSUCC cohort).

Results
Identification of differentially expressed

genes

To analyze the differentially expressed genes between TNBC
and non-TNBC, we used a GEO dataset of mRNA level
data (GSE76275) that contained 198 TNBC samples and 67
non-triple-negative tumor samples (Figure 1). Based on the
GEO2R analysis and using P<0.05 and fold change (FC)
>2.0 criteria, a total of 643 differentially expressed genes
were identified (225 upregulated and 418 downregulated).

GO term enrichment analysis and KEGG

pathway analysis

Next, we used DAVID Bioinformatics Resources 6.7 to iden-
tify overrepresented GO categories and KEGG pathways of
the list of differentially expressed genes. As noted in Table 1,
GO biological processes (BP) analysis results revealed that
upregulated differentially expressed genes were significantly
enriched in the regulation of gene expression, cell prolif-
eration and cell cycle. The downregulated differentially
expressed genes were significantly enriched in regulation
of signaling, regulation of cell communication and cellular
response to chemical stimulus. For molecular function (MF),
the upregulated differentially expressed genes were enriched
in transcription factor activity, sequence-specific DNA bind-
ing and nucleic acid binding transcription factor activity. The
downregulated differentially expressed genes were enriched
in receptor binding and identical protein binding. In addition,
GO cell component (CC) analysis is also provided in Table 1.
In the KEGG analysis, the most significantly enriched
pathways of the upregulated differentially expressed genes
were cell cycle, microRNAs in cancer and the Wnt signaling
pathway, whereas the downregulated differentially expressed
genes were enriched in the cGMP—PKG signaling pathway,
AMPK signaling pathway and pancreatic secretion (Table 1).
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GSE76275

198 Triple-negative
breast cancer

67 Non-triple-negative
breast cancer

|Fold change| >2

643 Deregulated genes

418 Genes with decreased
expression

225 Genes with increased
expression

GO term enrichment analysis and KEGG pathway analysis

54 Genes with decreased
expression

Figure | Overview of the study.
Abbreviation: GO, gene ontology.

HORMAD | and SOX8 are key
differential genes that are upregulated in
TNBC

To narrow the scope to identify more important differentially
expressed genes, we further screened |[FC[>4.0. Among these
genes, only 16 were upregulated whereas 54 were downregu-
lated (Table S1). Then, we focused on the 16 upregulated
genes (Table 2) rather than the 54 downregulated genes
because we sought to identify potential therapeutic targets and
not tumor suppressor genes. Four databases containing CAV
and mutation information in the cBio Cancer Genomics Portal

(http://Cbioportal.org) were used to determine the expression
of these 16 genes in breast cancer patients (Figure 2A). As
shown in Figure 2B, most of these 16 genes exhibited a fre-
quency of alteration between 1% and 3%. Only HORMAD1
and SOXS exhibited a frequency change of greater than 10%
(HORMAD1 was close to 20%). We selected the METABRIC
database to further analyze HORMAD1 and SOXS in different

|Fold change| >4

16 Genes with increased
expression

molecular types of breast cancer. The results showed that the
amplification ratio of HORMADI and SOXS8 in TNBC was
lower or closer to Luminal A/B, whereas the ratio of mRNA
upregulation in TNBC was significantly increased compared
with the Luminal A/B and HER2+ subtypes (Figure 2C).
Similar results were obtained using the PAMS50 classification
method (Figure S1).

gRT-PCR validation of HORMAD | and
SOX8 in breast cancer cell lines and
clinical samples

To verify the expression of HORMADI and SOXS in breast
cancer, we measured HORMADI and SOX8 mRNA levels in
1 normal mammary epithelial cell line and 8 human breast
cancer cell lines using a qRT-PCR method. As shown in
Figure 3A, D, compared with the normal mammary epithe-
lial cell line, both HORMADI and SOX8 mRNA levels are
upregulated in 7 human breast cancer cell lines, especially in
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Table | Gene ontology analysis and KEGG pathway analysis of differentially expressed genes

Expression Category Term Gene % P-value
count
Upregulated GOTERM_BP_FAT GO:0010468-regulation of gene expression 67 29.78 4.33E-02
GOTERM_BP_FAT GO:0008283—cell proliferation 62 27.56 1.76E-12
GOTERM_BP_FAT GO:0007049—cell cycle 60 26.67 1.12E-13
GOTERM_BP_FAT G0:0022402—cell cycle process 53 23.56 1.79E-13
GOTERM_BP_FAT GO:0009893—positive regulation of metabolic process 52 23.11 1.85E-02
GOTERM_MF_FAT GO:0003700—transcription factor activity, sequence-specific 30 13.33 9.13E-04
DNA binding
GOTERM_MF_FAT GO:000107 |-nucleic acid binding transcription factor activity 30 13.33 9.13E-04
GOTERM_MF_FAT GO:0042802—identical protein binding 28 12.44 4.28E-03
GOTERM_MF_FAT GO:0043565-sequence-specific DNA binding 26 11.56 2.74E-03
GOTERM_MF_FAT GO:0046983—protein dimerization activity 24 10.67 2.29E-02
GOTERM_CC_FAT GO:0005654—nucleoplasm 57 2533 1.38E-03
GOTERM_CC_FAT GO:0005829—cytosol 57 25.33 3.22E-02
GOTERM_CC_FAT GO:0005694—chromosome 28 12.44 6.51E-05
GOTERM_CC_FAT GO:0044427—chromosomal part 27 12.00 2.06E-05
GOTERM_CC_FAT GO:0030054—cell junction 26 11.56 4.76E-02
KEGG_PATHWAY hsa04110: cell cycle 12 5.33 3.12E-07
KEGG_PATHWAY hsa05206: microRNAs in cancer 9 4.00 2.49E-02
KEGG_PATHWAY hsa04310: Wnt signaling pathway 7 3.1 7.24E-03
Downregulated GOTERM_BP_FAT GO:002305 I-regulation of signaling 92 22.01 2.92E-04
GOTERM_BP_FAT GO:0010646—regulation of cell communication 91 21.77 2.67E-04
GOTERM_BP_FAT GO:0070887—cellular response to chemical stimulus 79 18.90 1.24E-03
GOTERM_BP_FAT GO:0009966—regulation of signal transduction 78 18.66 3.57E-03
GOTERM_BP_FAT GO:0010033-response to organic substance 78 18.66 1.50E-02
GOTERM_MF_FAT GO:0005102—receptor binding 55 13.16 I.19E-05
GOTERM_MF_FAT GO:0042802—identical protein binding 37 8.85 |.88E-02
GOTERM_MF_FAT GO:0044877—macromolecular complex binding 37 8.85 3.48E-02
GOTERM_MF_FAT GO:0046983—protein dimerization activity 34 8.13 3.11E-02
GOTERM_MF_FAT G0O:0008289-lipid binding 27 6.46 1.19E-03
GOTERM_CC_FAT GO:0005576—extracellular region 141 33.73 1.42E-05
GOTERM_CC_FAT GO:004442 | —extracellular region part 131 31.34 1.43E-07
GOTERM_CC_FAT GO:0031988-membrane-bounded vesicle 126 30.14 4.59E-08
GOTERM_CC_FAT GO:0043230-extracellular organelle 98 23.44 4.37E-06
GOTERM_CC_FAT GO:190356 1 —extracellular vesicle 98 23.44 4.30E-06
KEGG_PATHWAY hsa04022: cGMP-PKG signaling pathway 10 2.39 1.36E-02
KEGG_PATHWAY hsa04152: AMPK signaling pathway 9 2.15 6.66E-03
KEGG_PATHWAY hsa04972: pancreatic secretion 8 1.91 5.23E-03

TNBC cell lines (including MDA-MB-231, BT549, MDA-
MB-468 and HCC38). To confirm these results, we tested
HORMADI and SOX8 mRNA levels in tissue samples from
26 TNBC patients and 22 non-TNBC patients. qRT-PCR
results revealed that HORMAD! (Figure 3B, C) and SOX8
(Figure 3E, F) mRNA levels were significantly upregulated
in TNBC samples.

HORMAD | predicts prognosis in TNBC

Next, we explored whether HORMAD 1 and SOX8 were asso-
ciated with worse RFS and OS in different subtypes of breast
cancer. As described in the “Materials and methods” section,

we used the KM Plotter Tool to perform survival analysis.
Only HORMADI was associated with worse outcome
(P=0.0023 for RFS, Figure 4A), and SOX8 was not useful
to assess breast cancer patient prognosis (Figure S2). Based
on the molecular subtype of breast cancer, only HORMAD 1
was associated with worse RFS in TNBC (P=0.019, Figure
4B), but not in luminal A/B (P=0.19, Figure 4C) or HER2+
(P=0.12, Figure 4D). As shown in Figure 4E, HORMAD1
was also associated with worse OS in breast cancer (Figure
4E left). Given the limited data for OS, we only compared
ER-positive and ER-negative breast cancer patients in the
hierarchical analysis of OS. As expected, HORMADI was
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Table 2 The 16 upregulation identified genes

Gene symbol Gene name Probe set Log2 FC P-value Adj. P-value
PROMI Prominin | 204304_s_at 2.87 5.67E-16 1.27E-14
GABRP Gamma-aminobutyric acid type A receptor pi subunit 205044 _at 2.86 1.79E-13 2.71E-12
FABP7 Fatty acid binding protein 7 205030_at 2.82 I.91E-11 2.06E-10
205029_s_at 2.09 5.40E-11 5.40E-10
ROPNI Rhophilin associated tail protein | 231535_x_at 271 3.17E-22 1.63E-20
VGLLI Vestigial like family member | 215729_s_at 2.64 I.18E-17 3.36E-16
SHC4 SHC adaptor protein 4 235238 _at 2.54 2.87E-19 1.0IE-17
230538_at 2.04 8.23E-22 4.00E-20
HORMADI HORMA domain containing | 223861 _at 251 I.55E-18 4.93E-17
FOXCI Forkhead box CI 1553613_s_at 2.47 4.22E-23 2.42E-21
ENI Engrailed homeobox | 220559 _at 2.46 2.10E-29 2.39E-27
PSATI Phosphoserine aminotransferase | 223062_s_at 2.45 8.26E-18 24|E-16
FERMTI Fermitin family member | 60474 _at 242 3.64E-42 1.45E-39
ART3 ADP-ribosyltransferase 3 210147_at 2.35 7.36E-18 2.17E-16
ELF5 E74 like ETS transcription factor 5 220625_s_at 2.33 2.10E-11 2.25E-10
ROPNIB Rhophilin associated tail protein 1B 220425_x_at 2.32 4.39E-20 1.73E-18
SOXx8 SRY-box 8 226913_s_at 2.15 2.99E-17 8.04E-16
KRT6B Keratin 6B 213680_at 2.1 8.73E-09 5.92E-08

Abbreviation: FC, fold change.

associated with worse OS in ER-negative breast cancer
(Figure 4E middle) but not ER-positive breast cancer (Figure
4E right).

Moreover, we analyzed the significance of HORMAD by
IHC and in terms of clinical prognosis, and a Kaplan—-Meier
survival analysis was conducted using patient disease-free
survival (DFS) and OS in 240 TNBC patients’ tumor tissue
samples. IHC analysis revealed that 29.7% (55/240) of the
tumor samples exhibited high HORMADI expression and
70.3% (185/240) of the tumor samples exhibited low HOR-
MADI expression levels. As shown in Table 3, HORMAD1
expression was positively correlated with the tumor size
(P<0.001), infiltrated lymph nodes (P=0.002) and TNM
stage (I-II vs III-1V; P<0.001) of TNBC. In addition, the
survival analysis showed that patients with high HORMAD1
expression presented shorter mean months of DFS and OS
than patients with low HORMAD] expression (P<0.001 for
both DFS and OS; Figure 5A, B).

Discussion

The subtypes of breast cancer have not only distinct clini-
cal presentations but also distinct prognostic implications.!
Due to high-risk biological characteristics and the lack of
the benefit of a specific therapy, TNBC has attracted more
attention both clinically and experimentally.® It is likely that
the improvements in survival have currently plateaued for
TNBC patients. By contrast, other subtypes of breast cancer
patients seem to exhibit better survival. In the present study,

we used a GEO database to compare the differences in tran-
scriptomic expression between TNBC and non-TNBC, and
these results were validated in METABRIC and TCGA.** We
found that HORMADI was a key differentially expressed
gene in which mRNA levels might specifically reflect the
prognosis of TNBC.

Using GO analysis, we found that the difference between
TNBC and non-TNBC is at least partially due to the status
of transcriptional activation. The upregulated differentially
expressed genes were significantly enriched in the regulation
of gene expression and for MF. The upregulated differen-
tially expressed genes were enriched in transcription factor
activity, sequence-specific DNA binding and nucleic acid
binding transcription factor activity. Analyzing two signifi-
cant differentially expressed genes, HORMADI and SOXS,
we observed no significant difference in gene copy number,
but the proportion of the mRNA upregulation in TNBC was
significantly increased compared with non-TNBC. This
phenomenon might suggest that the transcription of TNBC
is more active than non-TNBC due to epigenetic regulation.
We hypothesize that TNBC and non-TNBC are like identi-
cal twins; the main source of the difference is epigenetic
rather than genetic sequence differences. If this assumption
is correct, it may not be difficult to explain why the tumor
molecular subtype of some patients changes after treatment.?!
As aresult of external intervention, such as chemotherapy and
endocrine therapy, the tumor microenvironment and a number
of epigenetic genetic changes cause the tumor to change to
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Figure 2 The 16 upregulation identified genes.

Notes: (A) Details of the frequency alteration of the 16 identified upregulated genes in the cBio Cancer Genomics Portal. (B) The frequency of alteration. (C) HORMAD |
and SOX8 status in different subtypes of breast cancer.

Abbreviations: HER2, human epidermal receptor 2; TNBC, triple-negative breast cancer.
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Figure 3 qRT-PCR validation of HORMAD | and SOX8 expression in breast cancer.

Notes: HORMAD | (A) and SOX8 (D) mRNA levels determined by qRT-PCR in a normal mammary cell line and in breast cancer cell lines. B-actin serves as the internal
reference. The error bars represent the standard deviations from triplicates of one representative experiment. *P<0.05 and **P<0.01. (B) HORMAD | mRNA levels in TNBC
and the corresponding paired normal adjacent tissues (Normal I). (C) HORMAD | mRNA levels in non-TNBC and the corresponding paired normal adjacent tissues (Normal
2). (E) SOX8 mRNA levels in TNBC and the corresponding paired normal adjacent tissues (Normal I). (F) SOX8 mRNA levels in non-TNBC and the corresponding paired

normal adjacent tissues (Normal 2).

Abbreviations: qRT-PCR, quantitative RT-PCR analysis; TNBC, triple-negative breast cancer.

another phenotype.?>2* Although this point of view should
be confirmed by more experimental evidence, epigenetic
therapy is a promising therapy in TNBC.% In KEGG analysis,
we found that cell cycle, microRNAs in cancer and the Wnt
signaling pathway were upregulated in TNBC, whereas the
cGMP-PKG and AMPK signaling pathways were downregu-
lated. Therefore, focusing on these signaling pathways will
help us to discover new therapeutic approaches for TNBC.
After we identified key upregulated genes, we validated
HORMADI and SOX8 mRNA levels in both breast cancer
cell lines and clinical samples using qRT-PCR. The results
revealed that these two genes were increased in TNBC
compared with non-TNBC and normal tissues. HORMA
domains are involved in chromatin binding and participate
in cell-cycle regulation.?*?’ In previous studies, HORMAD1
was identified in developing mouse and mammalian gonads,
and expression was restricted to germ cells.?® In mitosis and
meiosis, HORMAD proteins act as adaptor proteins to recruit
other proteins for DNA repair and checkpoint regulation.?**

Through the analysis of gene expression, some studies
revealed that HORMADI might function as an oncogene
in several cancers, such as gastric cancer.’'*> However, the
clinical significance of HORMADI in TNBC has not been
fully explored. Our findings suggested that HORMAD] is one
of the most important differently expressed genes between
TNBC and non-TNBC. HORMAD | expression was positively
correlated with the tumor size (P<0.001), infiltrated lymph
nodes (P=0.002) and TNM stage (I-1I vs III-IV; P<0.001)
of TNBC. Furthermore, HORMAD1 was a prognostic marker
of TNBC in subsequent survival analyses (KM Plotter Tool
cohort and SYSUCC cohort). Recently, a study demonstrated
that HORMAD! contributed to homologous recombination
deficiency in TNBC, which supports our findings.** HOR-
MADLI is also known as cancer/testis antigen 46 (CT46) and
belongs to a group of germ cell genes that are expressed in
cancer.** Cancer/testis antigens are exclusively expressed in
germ cells and exhibit restricted expression in normal tis-
sues.>>?¢ This characteristic may allow cancer/testis antigens,
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Figure 4 Association of HORMAD| with RFS and OS in breast cancer (KM Plotter Tool cohort).

Notes: Kaplan—Meier survival curves of (A) RFS for breast cancer, (B) RFS for TNBC, (C) RFS for Luminal A/B, (D) RFS for HER2+ and (E) OS for breast cancer (left),
ER-negative breast cancer (middle) and ER-positive breast cancer (right). Red line = high HORMAD | group, black line = low HORMAD | group. The cutoff value between high
and low is computed by KM Plotter Tool, and the best performing threshold is used as a cutoff. Number at risk table below graph shows the number of cases that reached
the endpoint (number of events), the number of cases that did not reach the endpoint (number censored) and the total number of cases.

Abbreviations: HER2, human epidermal receptor 2; OS, overall survival; RFS, relapse-free survival; TNBC, triple-negative breast cancer.
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including HORMAD, to be used for tumor-specific therapies
with minimal side effects. Therefore, further research on
the HORMADI gene and agents involved in cancer/testis
antigens might offer hope for TNBC patients. Our work has
some limitations. The GSE76275 dataset is mainly derived

Table 3 Association between HORMAD | and clinicopathological
characteristics in triple-negative breast cancer

Variables HORMADI P-value
Low High
No. () No. ()
Age (years) 0.273
<50 108 (74.5) 37 (25.5)
>50 77 (81.1) 18 (18.9)
Menopause 0.272
No 107 (74.3) 37 (25.7)
Yes 78 (81.3) 18 (18.8)
Tumor size <0.001
<2.0cm 62 (93.9) 4 (6.1)
>2.0 cm 123 (70.7) 51 (29.3)
Lymph node infiltrated 0.002°
No 105 (85.4) 18 (14.6)
Yes 80 (68.4) 37 (31.6)
TNM staging <0.001*
-1 157 (83.5) 31 (16.5)
n-v 28 (53.8) 24 (46.2)
Histological grade 0.321°
Gl 3 (100) 0(0)
G2 112 (79.4) 29 (20.6)
G3 185 (77.1) 55 (22.9)

Notes: Bold figures indicate statistically significant. *P<0.05. ®Using Fisher’s exact
test.
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from Caucasian and Asian individuals; thus, we do not
know whether the results are applicable to other races.
Meanwhile, the sample size of KM Plotter Tool cohort
is small and the log-rank test for comparing subclasses
of tumors according to gene expression might not have
enough power to detect differences. The results should be
confirmed in large sample size of homogeneous prospective
and retrospective studies.

Conclusion

We showed that the status of transcriptional activation is
an important difference between TNBC and non-TNBC.
In addition, HORMADI is a key differentially expressed
gene that is associated with poor outcome in TNBC.
Epigenetic therapy and agents involved in cancer/testis
antigens might have potential utility when customizing
therapies for TNBC.
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Figure 5 Association of HORMAD | with prognosis in 240 TNBC patients from SYSUCC (SYSUCC cohort).
Notes: (A) DFS curves for 240 TNBC patients with high or low HORMAD | levels. (B) OS curves for 240 TNBC patients with high or low HORMAD | levels. Red line = high

HORMAD| group, black line = low HORMAD | group.

Abbreviations: DFS, disease-free survival; OS, overall survival; SYSUCC, Sun Yat-sen University Cancer Center; TNBC, triple-negative breast cancer.
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