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ABSTRACT

Objective: To investigate the possible genes that may be related to the mechanisms that modulate
heparanase-1. Methods: The analysis was conducted at Universidade Federal de Séo Paulo,
on the data provided by: The Cancer Genome Atlas, University of California Santa Cruz Genome
Browser, Kyoto Encyclopedia of Genes and Genomes Pathway Database, Database for Annotation,
Visualization and Integrated Discovery Bioinformatics Database and the softwares cBioPortal and
Ingenuity Pathway Analysis. Results: Using messenger RNA expression pattern of different molecular
subtypes of breast cancer, we proposed that heparinase-1 was co-related with its progression. In
addition, genes that were analyzed presented co-expression with heparanase-1. The results that
showed that heparanase-1 co-expressed with phosphoinositide 3-kinase adapter protein 1, sialic
acid-binding immunoglobulin-like lectin 7, and leukocyte-associated immunoglobulin-like receptor 1
are directed related with immune system evasion during breast cancer progression. Furthermore,
cathepsin L was co-expressed with heparanase-1 and transformed inactive heparanase-1
form into active heparanase-1, triggering extracellular matrix remodeling, which contributes to
enhanced tumor-host interaction of the tumor. Conclusion: The signaling pathway analysis using
bioinformatics tools gives supporting evidence of possible mechanisms related to breast cancer
development. Evasion genes of the immune system co-expressed with heparanase-1, a enzyme
related with tumor progression.

Keywords: Heparanase-1; Computational biology; Breast neoplasms

RESUMO

Objetivo: Investigar os genes que podem estar relacionados aos mecanismos que modulam
a heparanase-1. Métodos: A andlise foi realizada na Universidade Federal de Sao Paulo,
utilizando dados fornecidos por: The Cancer Genome Atlas, University of California Santa Cruz
Genome Browser, Kyoto Encyclopedia of Genes and Genomes Pathway Database, Database
for Annotation, Visualization and Integrated Discovery Bioinformatics Database e os softwares
cBioPortal e Ingenuity Pathway Analysis. Resultades: Usando o perfil de expressdao de
RNA mensageiro de diferentes subtipos moleculares de céncer de mama, propusemos que a
heparanase-1 esteve correlacionada com a progressao tumoral. Além disso, os genes analisados
apresentaram coexpressao com heparanase-1. Os resultados mostraram que a heparanase-1
coexpressa com proteina adaptadora 1 da fosfoinositideo 3-quinase, lectina 7 tipo Ig de ligacéo
ao 4cido sidlico e receptor 1 do tipo imunoglobulina associado a leucdcitos, estes genes estao
diretamente relacionados a evasdo do sistema imune durante a progressao do cancer de mama.
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Além disso, a catepsina L foi coexpressa com a heparanase-1 e
transformou a forma inativa da heparanase-1 em heparanase-1
ativa, desencadeando o remodelamento da matriz extracelular, o
que contribuiu para a interagdo do tumor com o ambiente tumoral.
Conclusao: A andlise utilizando bioinformatica fornece evidéncias de
possiveis mecanismos relacionados ao desenvolvimento do cancer
de mama. Genes de evasao do sistema imune foram coexpressos
com a heparanase-1, uma enzima relacionada a progressao tumoral.

Descritores: Heparanase; Biologia computacional; Neoplasias da mama

INTRODUCTION

The publication of the first draft of the human genome
in 2001 marked the beginning of a new era in biology:
the age of bioinformatics. Given the sheer amount of
information being digitalized, genomics data can only
be clearly understood with the help of data science and
bioinformatics tools, such as pathway analysis software.
Since the rate of these databases grow exponentially,
dependence on the part of health professionals and
researchers to these computational tools seem to
be ever increasing.() Although database analysis on
widely available virtual databases are a useful resource,
accessibility to use bioinformatics data has not been
widely spread throughout the scientific community, due
to the expertise necessary to use databanks.

One of the objectives of this study is to provide
guiding documentation to healthcare professionals on
how to answer biological questions relating to specific
gene expression, and its correlation with other signaling
pathways.

We propose to conduct this study on both isoforms
of heparanase, namely heparanase-1 (HPSE) and
heparanase-2 (HPSE2), in the context of breast cancer.

Heparanase-1 is an endo-beta-glucuronidase that
participates in the cleavage of heparan sulfate and
heparin chains. The oligosaccharides generated by
the enzymatic action of HPSE interact with cytokines,
angiogenic factors and growth factors, thus activating
processes related to the tumor progression. In addition,
recent studies showed the correlation of HPSE with
exosome formation, activation of the immune system,
autophagy, and chemoresistance, demonstrating its
importance in modulation of the crosstalk between
tumor cells and the tumor environment. As a result of
this finding, HPSE is a target for development of new
drugs for cancer, and anti-HPSE treatment can be used
to stimulate T cells and initiate anti-cancer immune
responses.®?

Unlike HPSE, HPSE2 does have a catalytic
property, and its function is still very cryptic. However,
it is well known that HPSE?2 interacts with heparin and
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heparan sulfate, therefore it could be used to hamper
the effects of HPSE.®

Despite the importance of HPSE and its contribution to
carcinogenesis, angiogenesis, and inflammation, there
is a limited amount of work detailing how other genes
might be correlated with HPSE’s mechanisms of action.
To answer this question, we used genomics databases
freely available online as a source of analysis.

Furthermore, correlation of HPSE and HPSE2
in different human breast cancers was addressed to
answer if both heparanases could be a useful marker to
differentiate among such subtypes of cancer.

OBJECTIVE

To investigate the possible genes that may be related
to the mechanisms that modulate heparanase-1.

METHODS

Genomic databases

Analysis was conducted at Universidade Federal de Sdo
Paulo, Sao Paulo (SP), Brazil, on data provided by
the The Cancer Genome Atlas (TCGA), University
of California Santa Cruz, Genome Browser, Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway
Database, Database for Annotation, Visualization and
Integrated Discovery (DAVID) and Bioinformatics
Database. The analysis was performed between 2017
and 2019. This study did not require Ethics Committee
approval.

Cloud services

The web-based cloud services were used to analyze
genomics databases: cBioPortal web-based application
for TCGA database analysis.

Cohort data collection

Data was collected from breast cancer patients as part
of the TCGA invasive breast carcinoma project, and
classified according to cancer sub-type: luminal A,
luminal B, human epidermal growth factor receptor-
type 2 (HER?2) positive and triple negative.

Correlation analysis of heparanase and

co-expressed genes

cBioPortal cloud services relating to genomic databases
were used to analyze genetic expression from the
selected cohort.
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Signaling pathway analysis

The pathways of co-expressed genes with the isoforms
of HPSE were analyzed Ingenuity Pathway Analysis
(IPA) software.

Statistical significance test

The software SPSS (SPSS, Illinois, USA), version 17,
was used to analyze the dataset provided by the genomic
databases, while using a statistical significance threshold
of 5% (p=<0.05). All datasets were imported after
being reorganized in tables. Kolmogorov-Smirnov and
Student’s ¢ test were both applied by this software.

RESULTS

Initially, we accessed www.cbioportal.org and downloaded
data pertaining to invasive breast carcinoma (TCGA,
Nature 2012).59 The collected data refer to the
expression of messenger RNA (mRNA) for HPSE and
HPSE2 in different subtypes of breast cancer, such as
luminal A/B (n=321), triple-negative/basal (n=81), and
HER?2 (n=58) (Figure 1).

There were a significant statistical difference
between HPSE expressions in various breast cancer
subtypes. However, no difference was detected for
HPSE2.

Granted HPSE2 showed no significant correlation
among tumor subtypes, we used HPSE to evaluate
co-expressed genes. The analysis of the TCGA database
has shown genes that positively correlate with HPSE
expression. This includes phosphoinositide-3-kinase
adaptor protein 1 (PIK3AP1), sialic acid-binding
immunoglobulin-like lectin 7 (SIGLEC?7), leukocyte-
associated immunoglobulin-like receptor 1 (LAIR1)
and cathepsin L (CTSL), which we have selected for
further study based on their co-expression with HPSE.

Phosphoinositide-3-kinase adaptor protein 1 plays
a multitude of roles in immune response, and has a
crucial function as a downstream component of several
immune-related receptors, in various cell types. In
B-cells, PIK3AP1 links the B-cell receptor to the p85
subunit of phosphoinositide-3-kinase (PI3K), and is
responsible for cell maturation, while in natural killer
(NK) cells this protein acts as a mediator between
NK inhibitory receptors and PI3K/protein kinase
B alpha (AKT).

Figure 2 shows a significant correlation between
the increase of HPSE expression and the expression
of PIK3AP1 in luminal A/B and triple-negative tumor

Heparanase mRNA expression
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Heparanase-2 mRNA expression
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mRNA: messenger RNA; HPSE: heparanase-1; HER2: human epidermal growth factor receptor-type 2; HPSE2:
heparanase-2

Figure 1. Heparanase-1 and heparanase-2 messenger RNA expression in
different subtypes of breast cancer. Relative expression of (A) heparanase-1 and
(B) heparanase-2 messenger RNA, in luminal A/B (n=321), human epidermal
growth factor receptor 2 enriched (n=>58), and basal/triple-negative (n=81)
breast cancer subtypes. Data was obtained from The Cancer Genome Atlas
Breast Carcinoma database (2012).

subtypes. However, we did not observe a meaningful
correlation between HPSE and PIK3AP1 in HER2-
enriched tumors, indicated by a non-significant R?
coefficient and p value.

Sialic-acid-binding immunoglobulin-like lectin-7
is an inhibitory receptor found on NK cells. Once
bound by sialic acid, SIGLEC7 causes a downstream
cascade that prevents degranulation of NK cells.(?
A significant positive correlation between HPSE and
SIGLECT7 was observed in luminal A/B, HER2-enriched,
and triple-negative breast cancer (y=0.55x-0.24,
R2=0.51, p=3.06 x 107%, n=460; basal subtype,
y=0.1191x+0.5550, R?=0.52, p=0.0003; HER2-
enriched, y=0.1387x+0.6429, R*=0.6509, p<0.0001;
Luminal, y=0.003224x+0.4915, R? =0.5019, p<0.0001)
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PIK3AP1: phosphoinositide-3-kinase adaptor protein 1; HPSE: heparanase-1.

Figure 2. Heparanase-1 and adaptor for phosphoinositide 3-kinase correlation in different subtypes of breast cancer. (A) luminal A/B (n=321) (B) enriched (n=58) and

(C) triple negative (n=81)

(Figure 3A). Interestingly, it is important to emphasize
that tumor cells overexpress sialydated ligands, which
results in an increased inhibition of immune responses.

Inhibitory LAIR1 is a transmembrane glycoprotein
that is a receptor to collagen which promotes
suppression of immune responses. Leukocyte-associated
immunoglobulin-like receptor 1 is expressed on most
immune cells, including NK cells, T- and B-lymphocytes,
eosinophils, and basophils.(?

There was a direct correlation between LAIR1 and
HPSE expression (y=0.66x+0.79, R?=0.46, p=1.24 x 10,
n=460; basal subtype, y=0.5386x-0.08710, R?=0.5204,
p=0.0014; HER2-enriched, y=0.6002x+0.09642, R?=0.5918,

p=0.0003; Luminal, y=0.4148x+0.02971, R*=0.4061,
p<0.0001), as shown in figure 3B. Cathepsin L is a
cysteine protease,!¥ which shows a positive correlation
with HPSE in three breast carcinoma subtypes,
luminal A/B, HER2-enriched, and triple-negative
(y=0.58x-0.69, R?=0.48, p=6.17 x 10, n=460; basal
subtype, y=0.4291x-0.005506, R?=0.4691, p=0.0034;
HER2-enriched, y=0.3187x-0.1288, RZ?=0.3480,
p=0.0437; Luminal, y=0.3936x+0.003278, R?> =0.4144,
p<0.0001) (Figure 3C).

Analysis of the TCGA database showed that the
expression of genes HPSE, PIK3AP1, SIGLEC7,
LAIR1, and CTSL have positive correlations according
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SIGLECY: sialic-acid-binding immunoglobulin-like lectin-7; HPSE: heparanase-1; mRNA: messenger RNA; LAIR1: inhibitory leukocyte-associated immunoglobulin-like receptor; CTSL: cathepsin L.

Figure 3. Messenger RNA co-expression with heparanase-1. (A) Expression of sialic-acid-binding immunoglobulin-like lectin-7 in relation to messenger RNA
expression of heparanase-1. Data points denote breast cancer patient. Regression line is modelled by y=0.55x-0.24, R2=0.51, p=3.06 x 1075, n=460 (B)
Messenger RNA expression of inhibitory leukocyte-associated immunoglobulin-like receptor in relation to messenger RNA expression of heparanase-1. Data points
denote breast carcinoma patient. Regression line is modelled by y=0.66x+0.79, R2=0.46, p=1.24 x 10, n=460. (C) Messenger RNA expression of cathepsin L in
relation to messenger RNA expression of heparanase-1. Data points denote breast cancer patients. Regression line is modelled by y=0.58x-0.69, R2=0.48,

p=6.17 x 10%5, n=460
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to the breast cancer subtypes. While HPSE and CTSL
are involved in extracellular matrix (ECM) remodeling,
PIK3AP1, SIGLEC7, and LAIR1 are part of signaling
pathways involved with inhibition of immune system.(1>

DISCUSSION

Great progress has been made in the past years to
shine some light on mechanisms for immune evasion
and carcinogenesis. The basic concepts of this process
involve immune cells presenting receptors capable of
preventing an inflammatory exacerbation that occurs
during tumor development. The same mechanisms
that prevent autoimmune disorders can also be used to
decrease anti-tumor responses.®

The signaling pathway mediated by PI3K promotes
the phosphorylation of AKT, resulting in a crucial event
in tumorigenesis. Active AKT promotes the localization
of forkhead box O1 (FOXO), B-catenin, among other
factors to the cytoplasm, thus modulating mechanisms
relating to cell proliferation, apoptosis, and metastasis.!*!?)

B cell adaptor for PIK3AP1, also named BCAP,
is a signaling adaptor that activates the PI3K pathway
downstream of cell receptor signaling in B cells and
Toll-like receptor (TLR) signaling in macrophages.
Phosphoinositide-3-kinase adaptor protein 1 binds to
the regulatory p85 subunit of class I PI3K and is a large
multi-domain protein.(®

Phosphoinositide-3-kinase adaptor protein 1 is
involved in multiple receptor responses, and confers
varying responses depending on cell type. The
expression of PIK3AP1 involves the activation of TLR
which have important rolls in the inflammatory process,
regulation of the immune response, and in cellular
proliferation. Activated TLR promote the activation of
the PIK3AP1 pathway, which leads to the production
of nuclear factor kappa B (NF-xB), thus regulating
cytokine expression through various complexes,
including MyDS8S, TIRAP/Mai and TRE Activation
of the NF-«xB pathway solicits a response from the
adaptive immune system, through the production of
inflammatory cytokines, such as interleukin (IL) 1, IL-8,
and tumor necrosis factor alpha (TNF-a), among other
pro-inflammatory factors, especially in circulating cells,
such as NK cells and macrophages. Nuclear factor
kappa B has a fundamental role in the regulation of the
immune response during a bacterial or viral infection.
The incorrect regulation of NF-kB leads to tumor
development, inflammatory diseases, and autoimmune
conditions.417:18)

The SIGLEC7 receptor, present on NK cells and
macrophages, binds to alternating glycol-conjugates on
the surface of tumor cells. Such interaction prevents the
NK cells from provoking the death of tumor cells through
degranulation.!” Interestingly, an increased expression
of SIGLEC7 was observed in macrophages that reside
in the tumor microenvironment.** Sialic acid-binding
immunoglobulin-like lectin 7 present on monocytes
induce the production of inflammatory factors, such as
TNF-a, IL-1a, IL-6, IL-8, MIP-1B."9 Furthermore,
pathogens and tumor cells that overexpress SA and
carbohydrate ligands of SIGLEC7 contribute to the
inhibition of NK and T cells. Therefore, SIGLEC7
seem to be related with tumor escape.!”

The LAIRI1 receptor interacts with collagen found
in the ECM of tumors, thus inhibiting the cytotoxicity
of NK and T-lymphocytes. Also, tissues obtained
from human cervical cancer present higher expression
comparing to normal tissues, as verified in HPSE
expression.(122122)

The CTSL cleaves multiple ECM components,
such as fibronectin, collagen, and laminin. It is also
known that CTSL processes pro-HPSE (inactive) into
HPSE (active), once both protein complexes have been
secreted into the extracellular milieu, and is super-
expressed in various types of tumors, such as glioma,
melanoma, and liver, breast and prostate cancer, and
activates HPSE through a proteolytic mechanism.
HPSE and CTSL are both important factors in the
remodeling of the ECM."® Zhang et al., verified that
CTSL and HPSE were increased in ovarian cancer and
both were correlated to tumor progression.

Cathepsin L seems to have important roles
in tumorigenesis in both the nucleus and in the
ECM. Secreted CTSL is capable of degrading ECM
components, such as laminin, collagen type I and IV,
fibronectin, elastin, and E-cadherin, thus playing a
major role in the remodeling of the ECM. Furthermore,
CTSL participates in the proteolytic activation of
urokinase plasminogen, and cathepsin D, which both
act as tumorigenic factors.(**?) The CTSL in the
nucleus is responsible for Cux p200 processing, which
leads to the production of mesenchymal genes. It also
degrades S38P1, which activates DNA repair.(?

Other factors that may affect the tumor
microenvironment are hypoxia and acidosis, which
contribute to the secretion of CISL from the lysosome
and, therefore, increase the proteolytic degradation
of ECM and the basal membrane, thus facilitating
tumor metastasis.(!?
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Figure 4 shows possible protein interactions
between HPSE, PIK3AP1, SIGLEC7, LAIR1 and CTSL,
which we have inferred from pathway analysis using the
software Ingenuity Pathway Analysis. Phosphoinositide-
3-kinase adaptor protein and CTSL are directed related
with HPSE. Phosphoinositide-3-kinase/AKT signaling
pathways triggers HPSE expression, and induce
epithelial to mesenchymal transition signaling metastasis
of hepatocarcinoma.®® Cathepsin L is involved in
the activation of HPSE and both proteins actively
participate in the process of tumor development.?”
Moreover, LAIR1 and SIGLEC?7 correlate with HPSE,
and interaction between SIGLEC7 and HPSE seems
to be mediated by tyrosine-protein phosphatase non-
receptor type 6 (PTPN6) and IL-12B. Low levels of
PTPNG6, also known as Src homology region 2 domain-
containing phosphatase-1 (SHP-1), are predictor of
improved disease-free survival, and could be a useful
biomarkers to predict clinical outcome of breast
cancer patients.® Interestingly, PTPN6 can be self-
regulated and is essential for the inhibitory function of
NK cells.® The cytokine IL-12f seems to be critical
in inflammation and adaptive immune responses.
High levels of 1L.-12 predisposed patients to breast
cancer.?” The SIGLEC7 and LAIRI1 are directly
involved with the inhibition of NK cells, macrophages,
T- and B- cells.

It seems that this process involves SIGLEC7 and
LAIRI1, which are involved in immune evasion that

s.;g/

HPSE: heparanase; PIK3AP1: adaptor for phosphoinositide 3-inase; CTSL: cathepsin L; SIGLECT: sialic-acid-binding
immunoglobulin-iike lectin-7; LAIR1: inhibitory leukocyte-associated immunoglobulin-like receptor.

Figure 4. Schematic showing the relationship between heparanase, adaptor for
phosphoinositide 3-kinase, cathepsin L, sialic-acid-binding immunoglobulin-like
lectin-7 and inhibitory leukocyte-associated immunoglobulin-like receptor
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might be modulated by PTPN6 and IL-12f through the
PI3K pathway.

Limitations

A notable limitation of gene correlation analysis is
the list of selected genes found in the database, which
were pre-determined by previous studies. Moreover,
genomics pathway analysis is limited to a known
repertoire of genes that have been added to the
database. Despite the results showing a correlation
between HPSE and other genes, the research was only
conducted in silico, and therefore, further research
in vivo or in vitro are highly desirable to validate the
results. The difference between the number of breast
cancer subtype samples varied between luminal A/B
(n=321), HER2 (n=58), and triple-negative (n=81).

CONCLUSION

The signaling pathway analysis using bioinformatics
tools gives supporting evidence of possible mechanisms
related to breast cancer development. Heparanase-1
expression is co-related with sialic acid-binding
immunoglobulin-like lectin 7, leukocyte associated
immunoglobulin-like receptor 1, phosphoinositide-
3-kinase adaptor protein 1 and cathepsin L. The
sialic acid-binding immunoglobulin-like lectin 7,
leukocyte-associated immunoglobulin-like receptor 1
and phosphoinositide-3-kinase adaptor protein 1 are
directed related with immune system evasion during
breast cancer progression. Furthermore, cathepsin L
transforms inactive heparanase-1 form into active
heparanase-1, both trigger extracellular matrix
remodeling, which contributes to enhanced tumor-host
interaction of the tumor.
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