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Breast cancer (BRCA) is the most leading cause of cancer worldwide. It is a
heterogeneous disease with at least five molecular subtypes including luminal A, luminal
B, basal-like, HER2-enriched, and normal-like. These five molecular subtypes are usually
stratified according to their mRNA profile patterns; however, ncRNAs are increasingly
being used for this purpose. Among the ncRNAs class, the long non-coding RNAs
(lncRNAs) are molecules with more than 200 nucleotides with versatile regulatory roles;
and high tissue-specific expression profiles. The heterogeneity of BRCA can also be
reflected regarding tumor microenvironment immune cells composition, which can directly
impact a patient’s prognosis and therapy response. Using BRCA immunogenomics data
from a previous study, we propose here a bioinformatics approach to include lncRNAs
complexity in BRCA molecular and immune subtype. RNA-seq data from The Cancer
Genome Atlas (TCGA) BRCA cohort was analyzed, and signal-to-noise ratio metrics were
applied to create these subtype-specific signatures. Five immune-related signatures were
generated with approximately ten specific lncRNAs, which were then functionally analyzed
using GSEA enrichment and survival analysis. We highlighted here some lncRNAs in each
subtype. LINC01871 is related to immune response activation and favorable overall
survival in basal-like samples; EBLN3P is related to immune response suppression and
progression in luminal B, MEG3, XXYLT1-AS2, and LINC02613 were related with immune
response activation in luminal A, HER2-enriched and normal-like subtypes, respectively. In
this way, we emphasize the need to know better the role of lncRNAs as regulators of
immune response to provide new perspectives regarding diagnosis, prognosis and
therapeutical targets in BRCA molecular subtypes.

Keywords: immune response, MEG3, LINC01871, EBLN3P, LINC02613, XXYLT1-AS2
INTRODUCTION

Breast cancer (BRCA) is a molecular and histological heterogeneous disease with at least five
intrinsic molecular subtypes (1, 2). Based on gene expression, BRCA can be mainly classified into
luminal A (LumA), luminal B (LumB), HER2-enriched (Her2), basal-like (Basal), and normal-like
(Normal) (3, 4). These subtypes have a distinct prognosis and also differ according to therapeutic
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response. LumA and LumB tumors respond well to hormonal
interventions, while HER2+ tumors respond effectively when
anti-HER2 therapy is used (5). Basal tumors are very aggressive
and associated with the shortest survival times, with no current
molecular-based targeted therapies available (6).

Immunotherapy brought a new line of action in cancer care;
however its response varies across cancer types and patients. The
immune system response in the tumor microenvironment may
help to guide immunotherapy drug discovery and clinical
decisions (7). In general, tumors more responsive to immune
checkpoint inhibitors are related to high levels of leukocyte
fraction in the tumor microenvironment (8). Besides gene
expression differences in BRCA molecular subtypes, they differ
significantly concerning the composition of cells that form the
tumor microenvironment, especially the immune system’s cells.
A substantial proportion of natural killer cells and neutrophils
have been found in luminal tumors. In contrast, in these tumors,
cytotoxic T cells (T CD8+) and naïve and memory T cells are
found less frequently. In BRCA Basal tumors, T regs, associated
macrophages 2, and activated mast cells form a significant
portion of the immune infiltrate cells. The immune infiltrate
composition is not widely described in the Her2 subtype. It is
known that it is mainly formed by dendritic cells, mast cells, gd T
lymphocytes, T regs and neutrophils (9).

A landscape of tumors’ immune microenvironment was
characterized from immunogenomics data by Thorsson and
colleagues (8). In this study, using an integrated analysis, they
could classify solid tumors (from The Cancer Genome Atlas)
into six major immune subtypes, which they called C1-C6. These
subtypes have distinct immune signature sets, which could also
be related to prognosis. C1 (wound healing) exhibited elevated
expression of angiogenic genes, a high proliferation rate, and a
Th2 cell bias to the adaptive immune infiltrate. C2 (IFN-g
dominant) had a strong T CD8+ signal, the greatest TCR
diversity, and a high proliferation rate. C3 (inflammatory) was
the subtype that presented high Th17 and Th1 genes and low to
moderate tumor cell proliferation. C4 (lymphocyte depleted)
displayed a more prominent macrophage signature with Th1
suppressed and high M2 response. C5 (immunologically quiet)
was enriched by brain tumors and exhibited the lowest
lymphocyte and most increased macrophage responses. Finally,
C6 (TGF-b dominant) displayed the highest TGF-b signature
and a high lymphocytic infiltrate with an even distribution of
type I and type II T cells (8).

According to this approach, BRCA could be classified into
five subtypes (C1, C2, C3, C4 and C6), being C2 (n=345) the
most representative subtype, followed by C1 (n=320). Immune
subtypes were also described according to BRCA molecular
subtypes, and as expected, the subtypes varied significantly
according to these immune groups. For example, LumA was
more representative of the C1 subtype, while Basal samples of
C2 (8).

Gene expression sets based on mRNAs were used for the
classification and determination of molecular and immune
subtypes. However, it is already known that the most abundant
part of the human genome is not translated into proteins. These
Frontiers in Oncology | www.frontiersin.org 2
transcripts are organized in a class called “non-coding RNAs.”
Non-coding RNAs can be classified into two major categories
based on their size: small non-coding RNAs (<200 nucleotides)
and long non-coding RNAs (>200 nucleotides) (10). LncRNAs
are usually transcribed by RNA polymerase II, polyadenylated,
and capped. They exhibit high tissue specificity and great
regulatory versatility, acting at different gene expression
regulation levels (11, 12).

Due to its high tissue specificity, lncRNAs can be evaluated
as potential disease biomarkers, including BRCA (13–15).
Based on this, we looked for molecular subtype specific
lncRNAs signatures that could help differentiate the immune
profiles described in Thorsson (8). These lncRNAs were also
analyzed if impact the patient’s overall survival and progression
free interval and were also investigated in differential expression
and enrichment analysis to explore other possible biological roles
of these lncRNAs in BRCA molecular and immune subtypes.
MATERIAL AND METHODS

Breast Cancer Immune Data
BRCA molecular and immune subtypes, leukocyte fraction, and
survival information were downloaded from Thorsson et al. (8)
Supplementary Material. According to samples’ barcode
expression and immune type, data were integrated to perform
the analysis. In Supplementary Table 1, we organized data
according to breast cancer molecular and immune subtypes.
Breast Cancer RNA-Seq Data
Log2 normalized FPKM RNA-Seq data from The Cancer
Genome Atlas (TCGA) breast cancer cohort was downloaded
from XenaBrowser (https://xenabrowser.net/datapages/), and
primary tumor samples were selected and merged with
Thorsson et al. (8) master table using patients’ barcode. The
lncRNAs and protein-coding gene expression profiles were
filtered from the RNA-Seq data using the R package biomaRt v
2.46.3 (16). For lncRNAs, when available, HGNC Symbol was
used; otherwise, Ensembl gene name was used. All Ensembl and
HGNC Symbols from lncRNAs used in this study are available in
Supplementary Table 2. The non-tumoral samples were selected
based on TCGA barcodes ending with 11A or 11B. The
molecular BRCA subtypes were defined as described in
Thorsson et al. (8) Supplementary Material, based on PAM50.

The expression profiles of immunomodulatory genes listed
(8) (https://www.cell.com/cms/10.1016/j.immuni.2018.03.023/
attachment/8d3ffc74-4db4-4531-a4ad-389dfc8bb7ec/mmc7.
xlsx) previously were obtained from the gene expression matrix.
Of the 75 immune modulators, only one (C10orf54) was not
found in the expression matrix. For heatmap construction using
ComplexHeatmap package (17), samples were displayed in
columns and genes in the rows. Column-wise z-score was
calculated for gene expression values, and maximum and
minimum values were limited to +2 and −2 standard
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deviations, respectively. Samples were clustered within each
BRCA subtype.

The BRCA lncRNAs expressions were further filtered above
the first quartile for lncRNA expression sum, which means
lncRNAs with expression sum above 8.04 log2 FPKM in the
whole BRCA cohort (1,060 samples). Signal-to-noise ratio (SNR)
was calculated for each molecular subgroup individually as
follow:

SNR =
m1 − m2
s1 + s2

being m1 the mean of lncRNA expression in the group
analyzed and m2 the mean of lncRNA expression in the
patients out of the group analyzed. s refers to the standard
deviation from the respective groups mentioned. We selected
the lncRNAs above the SNR 0.95 quantile for each BRCA
molecular subtype, that means the lncRNAs with higher
expression in the subtype analyzed compared with the rest of
the cohort. Venn diagram was constructed using InteractiVenn
(http://www.interactivenn.net/) demonstrating the intersection
of lncRNA between groups. Then, we calculated the SNR within
each molecular subgroup based on the immune subtypes
described previously (8). We considered for the analysis the
immune groups with more than five patients in each molecular
subtype. In this way, Basal and Her2 samples were divided into
C1 and C2 subtypes; LumA and Normal into C1, C2, C3, C4,
and C6 subtypes and LumB into C1, C2, C3, and C4
subtypes. After absolute SNR sum calculation, we selected
lncRNAs considered in 0.98 quantile, which means the
lncRNAs with the most significant variation within the
immune subtypes for each molecular subgroup. For
histogram construction, the absolute SNR sum was scaled
using z-score. The 53 lncRNAs selected from this analysis are
presented in Supplementary Table 3.

Leucocyte Fraction Correlation
The lncRNAs expression was used to calculate Spearman
correlation with the leucocyte fraction observed in each BRCA
subtype, and the p-value was calculated with AS 89 algorithm
(18) using cor. test function from stats R package v.4.0.4 (19) and
adjusted by False Discovery Rate (FDR) method.

Survival Analysis
Survival analysis was firstly performed using the coxph function
available in the survival R package v3.2-10 (20) based on lncRNA
expression for both Overall Survival (OS) and Progression-Free
Interval (PFI) for each lncRNA individually in its respective
BRCA molecular subgroup. The univariate Cox p-value for each
lncRNA was calculated and adjusted by the FDR method; values
below 10% FDR level were considered significant.

One lncRNA was selected on each BRCA subtype based on
Cox results or Leukocyte Fraction correlation for further
analysis. Kaplan-Meier was calculated, and patients were
divided by the median lncRNA expression value in High
Expression and Low Expression; p-value was calculated by log-
rank test.
Frontiers in Oncology | www.frontiersin.org 3
Enrichment Analysis
The protein-coding genes expression profile was filtered for
each molecular subgroup by patients’ barcode, and genes
with zero sum expression were removed. Patients were divided
by the median lncRNA expression value, and High versus Low
Expression groups were used for SNR calculus. Genes were
ordered by SNR value, and gene set enrichment analysis (GSEA)
was inferred using fgsea R package v1.16.0 (21) with MSigDb v7.2
Hallmarks gene sets (22, 23) for 10,000 permutations.
RESULTS

Immune Modulator Genes Expression
Demonstrates Distinct Patterns Within
BRCA Molecular Subtypes
Based on the gene expression profile related to immune response,
Throsson et al. (8) analyzed over 10,000 TCGA samples, from
which 1,087 were from BRCA samples and clustered them in six
immune subtypes. We merged the barcodes with the gene
expression matrix downloaded from XenaBrowser, remaining
1,060 BRCA primary tumor samples. The molecular
classification as presented in Thorsson et al. (8) master table as
TCGA Subtype was used, dividing the samples into five groups,
LumA (n=499), LumB (n = 184), Basal (n=169), Normal (n=136)
and Her2 (n=72). In Supplementary Table 1, we represented the
number of samples according to each molecular subgroup’s
immune subtype.

Supplementary Figure 1 shows a distinct pattern of immune
modulators gene expression in all molecular subtypes. In general,
most genes seem to be upregulated in the same samples (columns
of the heatmap) independent of its classification as an inhibitor or
stimulator of the immune system. Overall, the immune activation
seen in the gene expression follows the rising in Leukocyte
Fraction and tends to group the C2 immune subtype.
Simultaneously, the inverse is observed for a low expression
pattern associated with low Leukocyte Fraction and C1 immune
subtype. Basal and Her2 demonstrate a more apparent separation
of C1 and C2. These two immune subtypes are the major
representatives in these molecular groups; for instance, C1 and
C2 represent 95.9% and 93.1% of all Basal and Her2 samples,
respectively (Supplementary Table 1).
SNR Highlights Specific lncRNAs for Each
BRCA Molecular Subgroups Related to
Immune Subtypes Distinction
The first step of our strategy is to search for lncRNAs that could
be associated with immune subtypes in BRCA patients. For this,
lncRNAs with greater distinct expression patterns among the five
molecular subgroups were selected (Figure 1). After selecting the
0.95 quantile in SNR values and including the only 5% more
differentially expressed in each subtype, we obtained 528
lncRNAs for each BRCA molecular subtype. Figure 2A shows
how these lncRNAs were intersected between the five subgroups.
None lncRNA was shared between all subgroups, and most of
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them (over 80%) were specific for each molecular subtype.
The most significant intersections were seen between LumA
and LumB (44 lncRNAs), LumB and Her2 (33 lncRNAs),
Basal and Normal (30 lncRNAs) and Basal and Her2 (26
lncRNAs), which represents less than 10% of the 528 lncRNAs
defined for each subgroup. Even when selecting the 0.90 quantile
in SNR values, none lncRNA was shared between all molecular
subtypes (Supplementary Figure 2) which shows that the
SNR was able to distinguish specific lncRNAs for each
molecular subtype.

Secondly, we calculated the absolute SNR sum for the
immune subtypes for these 528 lncRNAs selected for each
BRCA molecular subgroup. Figure 2B shows the distribution
of absolute SNR sum for the lncRNAs. Z-score was calculated to
Frontiers in Oncology | www.frontiersin.org 4
allow comparison between groups. The five groups demonstrated
different distributions, being Basal and Her2, characterized for
most lncRNAs with slight variation between the immune
subtypes, while LumA and Normal presented higher variation.
After selecting the 0.98 quantile (Figure 2B and Supplementary
Table 3), 11 lncRNAs remained, of which only one was shared
between Her2 and Basal, the lncRNA KLHDC7B-DT
(ENSG00000272666). This lncRNA was removed for further
analysis as we looked for a specific lncRNA signature related to
each BRCA molecular subgroup. Eleven specific lncRNAs were
selected for LumA, LumB and Normal and ten for Her2 and
Basal. All results for the first and the second SNR calculation as
well as the quantile for each lncRNA is presented in
Supplementary Table 3.
FIGURE 1 | Workflow representation of the used methodology to study immune-related lncRNAs.
May 2021 | Volume 11 | Article 692170
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Specific lncRNAs in BRCA Molecular
Subgroups Are Associated With Immune
Subtypes Differentiation
The remaining specific lncRNAs related to immune subtypes are
presented in Figure 3; only immune subtypes with more than
five patients are shown. These were the groups used for SNR
analysis. For LumA, the lncRNAs clearly distinguished the C4
and C6 subtypes while demonstrating a mixed pattern in C1, C2
and C3. Nevertheless, EWSAT1, LINC00271 and AC105285.1
show higher activation in C3 than in C2, for example. No
significant correlation with OS or PFI was observed for
lncRNAs expression in Cox univariate analysis in LumA
patients (Figure 3A and Supplementary Table 4).

For LumB (Figure 3B), a clear distinction can be seen
between C3 and C4 in the gene expression pattern, while
LINC02620 and mainly AL445490.1 showed a higher
expression pattern in C3. Only EBLN3P correlated with a good
prognosis in both OS and PFI for Cox univariate analysis
(Figure 3B and Supplementary Table 4). In the Her2 samples
(Figure 3C), all ten specific lncRNAs selected demonstrated a
higher expression pattern in C2 and a strong positive correlation
Frontiers in Oncology | www.frontiersin.org 5
with Leukocyte Fraction. From the Cox univariate analysis, after
p-values adjustment, half of the ten lncRNAs were associated
with good prognosis in PFI, but none related to OS (Figure 3C
and Supplementary Table 4).

In Normal (Figure 3D), all 11 lncRNAs were suppressed in
the C4 subtype and, in general, showed a higher activation
pattern in C3 and less evidently in C2. Despite C6 being
represented by only six patients, HLX-AS1 and AL133371.2
appeared highly expressed in the C6 group. In Cox analysis,
after p-adjustment, six from the 11 lncRNAs had a hazard ratio
(HR) < 1 for OS, although none presented significant values for
PFI. Finally, in the Basal group (Figure 3E), nine lncRNAs
presented a higher expression in C2 and a lower expression in
C1, while APCDD1L-DT presented an inverse pattern. Only
LINC01871 showed a significant correlation with PFI, but not for
OS (Figure 3E and Supplementary Table 4).

lncRNAs Functional Annotations and
Survival Analysis
We used MSigDb Hallmarks gene sets for GSEA analysis to infer
possible biological roles associated with the specific lncRNAs
A B

FIGURE 2 | Immune related lncRNAs filter and selection in breast cancer (BRCA) molecular subtypes. (A) Venn diagram representing specific and shared immune
related lncRNAs in breast cancer molecular subtypes. After filtering for 0.95 quantile in signal to noise ratio (SNR) for the BRCA molecular subtypes, 528 lncRNAs were
selected for the next analysis. (B) Absolute SNR sum filter selection. SNR was calculated within each BRCA molecular subtype for the immune subtypes. Only groups
with more than five patients were used. The histograms represent the amount of lncRNAs in each range of absolute SNR sum for the BRCA molecular subtypes. X-axis
was scaled for z-score to allow comparison. The lncRNAs were filtered according to the 0.98 quantile as represented as the dashed line on the histograms.
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expression (Figure 3); the results for all 53 lncRNAs are presented
in Supplementary Tables 5–9 and Supplementary Figure 3. We
selected one lncRNA from each BRCA molecular subgroup to
focus. For LumB, Her2, Basal and Normal, we chose the smallest
Frontiers in Oncology | www.frontiersin.org 6
p-value in Cox univariate analysis. As LumA did not present any
significant p-values in Cox univariate analysis, we selected MEG3
as it showed a higher correlation with Leukocyte Fraction
(Spearman’s r=0.4, p-adjusted < 2.2 × 10−16).
A

B

D E

C

FIGURE 3 | Heatmap with column-wise z-scores for immune related lncRNAs for each BRCA molecular subtype. For color gradient, maximum and minimum z-
scores were set to +2 and −2 respectively. Each column represents a sample and were semi-supervised clustered within the immune subtypes. Immune subtypes
groups with less than 5 patients are not represented as they were not used in SNR calculation. The top annotations present the molecular subtype with the number
of samples, the immune subtype and the immune covariates as described by Thorsson et al. (8). The immune covariates are presented as quartiles in all TCGA-
BRCA primary tumor samples. The left annotation shows the Spearman’s correlation for each lncRNAs with Leukocyte Fraction, being dark green for negative and
brown for positive r values, asterisks represent Spearman’s correlation adjusted p-values values below 0.05. The right annotation represents the Hazard Ratio (HR)
inferred by Cox Univariate analysis for Overall Survival (OS) and Progression Free Interval (PFI). Cox results with adjusted p-values greater than 0.1 are considered
non significant and are colored in grey, otherwise, HR values above 1 are colored purple while HR values below 1 are colored in green. (A) LumA samples. (B) LumB
samples. (C) HER2-enriched samples. (D) Normal-Like samples. (E) Basal-Like samples.
May 2021 | Volume 11 | Article 692170
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BRCA Basal-Specific lncRNAs Are Associated With
Interferon Gamma Response and Allograft Rejection
Gene Sets. LINC01871 Is More Expressed in Basal
and Relates to Better OS and PFI
The GSEA analysis for the selected lncRNAs from BRCA Basal
group revealed immune related gene sets, like Interferon Gamma
Response, Allograft Rejection and Interferon Alpha Response,
enriched in all ten lncRNAs, being negatively associated only with
APCDD1L-DT (Supplementary Table 5 and Supplementary
Frontiers in Oncology | www.frontiersin.org 7
Figure 3A), which was also the only one from the ten lncRNAs
negatively related to Leukocyte Fraction (Supplementary Table 4).

Focusing on LINC01871, this lncRNA presented a higher
expression in Basal than all other BRCA molecular subtypes
(Figure 4A) and was mainly associated with immune activation,
for instance, enriched in Interferon Gamma Response, Allograft
Rejection, Interferon Alpha Response and Inflammatory
Response gene sets (Figure 4D). Within Basal samples, it
appears significantly suppressed in C1 (Figure 4B), while in
A B

DC

FIGURE 4 | LINC01871 panel representation in basal-like subtype. (A) Box-plots representing LINC01871 expression among all breast cancer molecular subtypes.
The Kruskal-Wallis test (p-value represented in the panel left top position) was used to differentiate expression between groups, followed by the Wilcoxon test
(p-values represented emphasizing comparisons between subtypes). (B) Box-plot representing LINC01871 in C1 and C2 immune subtypes in basal-like patients.
(C) LINC01871 overall survival curves. To define the two groups, LINC01871’s median expression classified the patients into “high” and “low” groups. Logrank
p-value represented as 0.027. (D) Enrichment analysis using Hallmarks gene sets. Red circles refers to activation while blue circles to inactivation. In the X axis,
a p-value scale is represented. The circle size varies according to the number of genes in the identified gene set.
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Kaplan-Meier analysis, it was associated with better OS and PFI
(Figure 4C and Supplementary Figure 4A).

BRCA Normal Specific lncRNAs Are Associated With
Suppression of Proliferation Gene Sets. LINC02613
Is Suppressed in C4 and Relates to OS
The 11 BRCA Normal specific lncRNAs were related to the
suppression of gene sets like G2M checkpoint, E2F and MYC
targets associated with proliferation (Supplementary Table 6
and Supplementary Figure 3B). Mainly AL133371.2,
AC008957.1, LRRC8C−DT, AC107959.1, LINC02660 and
Frontiers in Oncology | www.frontiersin.org 8
LINC02723 presented immune-related gene sets positively
enriched (Allograft Rejection, Coagulation, Complement, IL6
JAK STAT3 Signaling, Inflammatory, Interferon Alpha and
Interferon Gamma Response). LINC02613 follows this
enrichment pattern (Figure 5D). It is worth noting that
Estrogen Response Early and Late gene sets appear
suppressed only for this lncRNA and AC092164.1. Although
its expression significantly differs from BRCA Normal to all
other molecular subtypes (Figure 5A), it is more expressed in
non-tumoral samples followed by BRCA Basal and Normal. At
the same time, it seems suppressed in LumA, LumB and Her2.
A B

DC

FIGURE 5 | LINC02613 panel representation in normal-like subtype. (A) Box-plots representing LINC02613 expression among all breast cancer molecular
subtypes. The Kruskal-Wallis test (p-value represented in the panel left top position) was used to differentiate expression between groups, followed by the Wilcoxon
test (p-values represented emphasizing comparisons between subtypes). (B) Box-plot representing LINC02613 in C1,C2, C3, C4 and C6 immune subtypes in
normal-like patients. (C) LINC02613 overall survival curves. To define the two groups, LINC02613’s median expression classified the patients into “high” and “low”
groups. Logrank p-value represented as 0.0075. (D) Enrichment analysis using Hallmarks gene sets. Red circles refers to activation while blue circles to inactivation.
In the X axis, a p-value scale is represented. The circle size varies according to the number genes in of the identified gene set.
May 2021 | Volume 11 | Article 692170
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Within Normal samples, it is more expressed in C3 and
significantly suppressed in C4 (Figure 5B) and correlates with
a better OS (Figure 5C) but not in PFI (Supplementary
Figure 4B).

LumA-Specific lncRNAs Relate to Epithelial-
Mesenchymal Transition, Immune and Proliferation
Gene Sets. MEG3 Is Suppressed in BRCA Compared
With Non-Tumoral Samples
For LumA (Supplementary Table 7 and Supplementary
Figure 3C), the Epithelial-Mesenchymal Transition (EMT)
module was enriched in all 11 lncRNAs, being EWSAT1,
LINC00271, and AC105285.1 associated negatively with this
module and the other eight lncRNAs positively. In general, this
pattern was followed for the immune-related gene sets and the
correlation with Leukocyte Fraction (Figure 3 and
Supplementary Table 4), that is to say, EWSAT1, LINC00271,
and AC105285.1 with the negative association and the other
lncRNAs with a positive one. Gene sets associated with
proliferation (E2F targets, Myc targets V1 and V2) were overall
suppressed in all lncRNAs. Oxidative phosphorylation appeared
suppressed in the lncRNAs positively associated with immune
gene sets (MAP3K4-AS1, AL049838.1, DNM3OS, MEG3,
LINC02544, LINC01711, LINC01638, and AP001189.1).

MEG3 presented a lower expression on BRCA compared with
non-tumoral samples and a significant difference when comparing
its expression in LumA with other BRCA molecular subtypes
except Normal (Figure 6A). Within LumA samples, the immune
subtypes comparisons resulted in a p-value of 3.2 × 10−14 in the
Kruskal-Wallis test with a higher expression pattern in C3 and C6.
At the same time, C4 stands out with a significantly lower pattern
compared with all other immune subtypes (Figure 6B). In general,
the GSEA analysis resulted in modules associated with immune
response enriched with MEG3 overexpression and modules
related to proliferation enriched with MEG3 suppression
(Figure 6D). As expected by the Cox analysis, the Kaplan-Meier
did not significantly impact MEG3 expression on OS or PFI
(Figure 6C and Supplementary Figure 4C).

Most Specific lncRNAs in LumB Are Associated With
Immune Pathways. EBLN3P Is Associated With a
Good Prognosis in OS and PFI
LumB specific lncRNAs demonstrated a higher variation in the
enriched modules (Supplementary Table 8 and Supplementary
Figure 3D). AC009119.1, LINC02620, AL445490.1, and
AC104984.4 high expressions were positively related with
immune gene sets, while with exception of LINC02620, no
clear relation was observed for the proliferation ones. These
four lncRNAs were also positively correlated with Leukocyte
Fraction (Supplementary Table 4). AC092718.3, which did not
present a significant correlation with Leukocyte Fraction, was
also not related to the enrichment of immune gene sets;
otherwise, its enrichment revealed proliferation modules
upregulated. USP27X-AS1, AC096733.2, FAM160A1-DT,
AL035661.1 and LINC00957 were associated with suppressing
gene sets like Allograft Rejection, Interferon Gamma Response
Frontiers in Oncology | www.frontiersin.org 9
and Inflammatory Response; they also related negatively with
Leukocyte Fraction (Supplementary Table 4).

EBLN3P is also related negatively to Leukocyte Fraction and
with some immune modules. Still, its enrichment revealed a
mixed pattern of modules suppressed like Epithelial-
Mesenchymal Transition, Oxidative Phosphorylation,
Myogenes and Myc Targets (Figure 7D). In LumB, its
expression was higher in C3 and C4 than C1 and C2
(Figure 7B). In comparison, it presented a significantly higher
expression in LumB samples than in the other BRCA molecular
subtypes except for LumA (Figure 7A). In LumB samples, the
higher expression of EBLN3P was related to a better outcome in
OS but not with PFI in Kaplan-Meier analysis (Figure 7C and
Supplementary Figure 4D).

Her2-Specific lncRNAs Are Associated With Immune
Activation and XXYLT1-AS2 Associated With
Higher PFI
All 10 Her2 specific lncRNAs were related with immune
activation as can be seen in their enrichment pattern of
Allograft Rejection, Interferon Gamma and Alpha Response,
Inflammatory Response, IL6 JAK STAT3 signaling and
Complement (Supplementary Table 9 and Supplementary
Figure 3E) and in the strong positive correlation with
Leukocyte Fraction (r range from 0.49 to 0.82 in Spearman’s
Correlation, p-adjusted from 1.5 × 10−5 to <2.2 × 10−16).
LINC02384 and LINC02073 are also related to the suppression
of proliferation pathways (E2F Targets, G2M checkpoint and
MYC Targets).

XXYLT1-AS2 showed a significantly higher expression in Her2
than in LumA, LumB and Normal (Figure 8A). Within Her2
samples, it was significantly more expressed in the C2 immune
subtype (Figure 8B) and associated with better prognosis in PFI
(Figure 8C) but not with OS (Supplementary Figure 4E). Its
enrichment revealed high positive correlation with Allograft
Rejection, Interferon Gamma Response, Inflammatory Response
and IL6 and IL2 signaling and negative relation mainly with EMT,
Hypoxia and Myogenesis (Figure 8D).
DISCUSSION

Using breast cancer immunogenomics data already published
(8), we propose here five distinct immune-related lncRNAs
signature according to BRCA molecular subtypes using a two
steps SNR selection. Each molecular subtype presented a specific
immune-related lncRNAs signature and in GSEA, in general,
these lncRNAs functions varied between proliferation and
immune activation or suppression, which demonstrates that
our selection methodology was able to filter lncRNAs related
to the immune response. The survival impact of the selected
lncRNAs diverged across the molecular subtypes, in agreement
with the fact that the immune activation also differs in terms of
prognosis importance between the molecular subtypes (24). For
instance, the tumor-infiltrating lymphocytes (TIL) was not
related to prognosis in Estrogen Positive BRCA tumors, which
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may explain the lack of immune-related lncRNAs associated
with OS or PFI in LumA/B (24). Nevertheless, most lncRNAs
selected for Her2 and Normal were associated with PFI and OS,
respectively, reinforcing BRCA molecular subtypes’ well-known
heterogeneity. In the article used as a reference (8), the authors
elaborated a list of 75 immunomodulatory genes. With this in
mind, in Supplementary Figure 1, we represented the
expression variation (as log2 gene expression z-score) among
the molecular subtypes, also considering the immune-related
subtype. It is possible to observe a distinct expression pattern in
all molecular groups, as expected, regarding breast cancer as a
Frontiers in Oncology | www.frontiersin.org 10
heterogeneous disease. This result reflects the high heterogeneity
observed in BRCA molecular subtypes, emphasizing the
relevance of characterizing them better molecularly, and we
included lncRNA analysis in this complexity.

A specific immune-related signature was proposed to LumA
subtype using 11 lncRNAs. Among them, three were suggested
related to immune response repression (AC105285.1,
LINC00271 and EWSAT1), and none of these were previously
investigated under BRCA or immune response aspects
(Supplementary Table 7 and Supplementary Figure 3C).
However, LINC00271 and EWSAT1 had already been
A B

DC

FIGURE 6 | MEG3 panel representation in LumA subtype. (A) Box-plots representing MEG3 expression among all breast cancer molecular subtypes. The Kruskal-
Wallis test (p-value represented in the panel left top position) was used to differentiate expression between groups, followed by the Wilcoxon test (p-values
represented emphasizing comparisons between subtypes). (B) Box-plot representing MEG3 in C1,C2, C3, C4, and C6 immune subtypes in LumA patients.
(C) MEG3 overall survival curves. To define the two groups, MEG3’s median expression classified the patients into “high” and “low” groups. Logrank p-value
represented as 0.57. (D) Enrichment analysis using Hallmarks gene sets. Red circles refers to activation while blue circles to inactivation. In X axis, a p-value scale is
represented. The circle size varies according to the number of genes in the identified gene set.
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associated with other cancer types. LINC00271 low expression
was associated with poor prognosis in papillary thyroid cancer
(25) and in adrenocortical tumors (26). EWSAT1 was associated
with progression in several cancer types, such as ovarian (27),
cervical (28) and colorectal (29).

The lncRNA maternally expressed gene 3 (MEG3) is
highlighted here in LumA immune response context. MEG3 is
up-regulated in C3 and C6 subtypes and is related to neither
overall nor progression aspects (Figure 6). The immune subtypes
C3 and C6 demonstrate high scores of lymphocyte infiltrate,
Frontiers in Oncology | www.frontiersin.org 11
macrophage regulation and TGF-b response (Figure 3). Thus,
the increased expression of this lncRNA can be related to immune
response activation. Indeed, our functional characterization
revealed that MEG3 high expression is associated with several
immune hallmarks, such as: “TNFA Signaling Via NFKB,”
“Inflammatory Response,” and “Interferon Gamma Response”
(Figure 6D). MEG3’s role in BRCA immune response is to the
best of our knowledge the first time cited here. This lncRNA has
only been described in endometrial cancer cells down-regulating
PD-L1 (30). MEG3 is found downregulated in several cancer types,
A B

DC

FIGURE 7 | EBLN3P panel representation in LumB subtype. (A) Box-plots representing EBLN3P expression among all breast cancer molecular subtypes. The
Kruskal-Wallis test (p-value represented in the panel left top position) was used to differentiate expression between groups, followed by the Wilcoxon test (p-values
represented emphasizing comparisons between subtypes). (B) Box-plot representing EBLN3P in C1,C2, C3, and C4 immune subtypes in LumB patients.
(C) EBLN3P overall survival curves. To define the two groups, EBLN3P’s median expression classified the patients into “high” and “low” groups. Logrank p-value
represented as 0.015. (D) Enrichment analysis using Hallmarks gene sets. Red circles refers to activation while blue circles to inactivation. In X axis, a p-value scale is
represented. The circle size varies according to the number of genes in the identified gene set.
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such as BRCA, liver, colorectal and cervical cancer and was
experimentally evidenced as TP53’s regulator (31). In BRCA,
MEG3’s downregulation is associated with poor overall survival
and tumor staging (32).

In LumB subtype, 11 specific lncRNA were selected, and five of
them (LINC00957, AL035661.1, FAM160A1-DT, AC096733.2 and
EBLN3P) have their expression related to immune response
hallmarks repression (Supplementary Table 8 and Supplementary
Figure 3D). These lncRNAs were detected up-regulated in immune
subtypes with lower lymphocyte fraction, such as C4. Among these
Frontiers in Oncology | www.frontiersin.org 12
lncRNAs only LINC00957, AL035661.1, and EBLN3P had already
been studied in cancer context. LINC00957 high expression was
associated with bad prognosis in colorectal cancer (33) and
osteosarcoma (34). The lncRNA AL035661.1 was found in a
lncRNA profile that managed to efficiently predict early recurrence
in hepatocellular carcinoma after curative resection (35) and was
associated with EMT in Kidney renal clear cell carcinoma (36).

The lncRNA endogenous Bornavirus-like nucleoprotein 3
(EBLN3P) was highlighted in the LumB subtype. EBLN3P is
still not well characterized in the literature since few published
A B

DC

FIGURE 8 | XXYLT1-AS2 panel representation in Her2 subtype. (A) Box-plots representing XXYLT1-AS2 expression among all breast cancer molecular subtypes.
The Kruskal-Wallis test (p-value represented in the panel left top position) was used to differentiate expression between groups, followed by the Wilcoxon test (p-
values represented emphasizing comparisons between subtypes). (B) Box-plot representing XXYLT1-AS2 in C1, C2, C3, and C4 immune subtypes in Her2 patients.
(C) XXYLT1-AS2 progression free interval curves. To define the two groups, XXYLT1-AS2’s median expression classified the patients into “high” and “low” groups.
Logrank p-value represented as 0.0056. (D) Enrichment analysis using Hallmarks gene sets. Red circles refer to activation while blue circles to inactivation. In X axis,
a p-value scale is represented. The circle size varies according to the number of genes in the identified gene set.
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studies have focused on its mechanisms and effects on human
diseases (37). Dai and colleagues (38) noted that EBLN3P is
expressed in osteosarcoma tissues and cell lines. They pointed
out that its overexpression promotes proliferation, migration and
invasion. Li et al. (37) have already reported EBLN3P as a novel
oncogene for liver cancer for similar aspects (37, 38).

EBLN3P’s expression is higher in C3 (Inflammatory) and C4
(Lymphocyte depleted) immune subtypes in LumB samples
(Figure 7B). In fact, in LumB samples, these immune subtypes
exhibit a low TGF-b response score. The role of TGF-b response
is still controversial in cancer, depending on the tumor stage.
Indeed, TGF-b promotes EMT (39), thus being related to cell
proliferation. According to the immune subtypes described by
Thorsson et al. (8), the C3 subtype exhibits a low proliferation
rate and C4 a moderate one. Using this data with our analysis, we
observed a concordance of the data since EBLN3P negatively
correlates with TGF-b (Supplementary Table 8). In this way,
while this lncRNA is highly expressed in these subtypes, TGF-b
has a lower expression. The lncRNA EBLN3P’s expression was
associated with better survival and disease progression outcomes
(Figure 7C). Regarding its enrichment analysis in LumB
samples, the most significant result was achieved considering
“Epithelial Mesenchymal Transition” gene sets. In this scenario,
EBLN3P’s low expression is related to EMT activation.

Interestingly, most LumA and LumB lncRNAs were related
positively or negatively to the Interferon Gamma Response
module. Recently, a study demonstrated that the activation of
the interferon signaling pathway in ER+ BRCA relates to
resistance to CDK4/6 inhibitors and immune checkpoint
activation (40). Understanding the role of lncRNAs in this
context may be the subject of future studies.

A total of 10 Basal lncRNAs were selected after SNR analysis.
According to functional annotation analysis of these lncRNAs.
(Supplementary Table 5 and Supplementary Figure 3A), only
the lncRNA APCDD1L-DT’s high expression was related to
immune response inhibition. This lncRNA was only evaluated in
a competing endogenous RNA network in lung cancer (41), so its
immune response regulation role needs to be better understood.
The remaining nine lnRNAs were associated with immune response
activation (Supplementary Figure 3A), and only MIR3142HG was
previously studied in cancer context. MIR3142HG polymorphisms
were associated with glioma susceptibility and/or prognosis (42). An
interesting fact is that MIR3142HG was evidenced as a regulator of
IL-1b induced inflammatory response in lung fibroblasts (43). In
our analysis, inflammatory response appears to be induced by
MIR3142HG (Supplementary Figure 3A).

In the Basal, we highlight the lncRNA LINC01871. According
to immune subtypes classification, LINC01871 is up-regulated in
C2 samples, which is called IFN-g dominant, and its high
expression is associated with a better prognosis (Figure 4).
Our enrichment analysis (Figure 4D) showed a strong relation
to immune processes. Considering only Basal samples,
LINC01871 was associated with “Allograft rejection,”
“Interferon Gamma,” “Interferon Alpha,” and “Inflammatory,”
for example. In these processes, high expression LINC01871 was
associated with the activation of these immune responses. We
Frontiers in Oncology | www.frontiersin.org 13
observe a strong relationship with the leucocyte fraction, which
might be related to this observed immune response activation.
These results emphasize the relevance of LINC01871 in immune
response activation in breast tumor samples, especially in Basal
samples, which might be related to better prognosis response.

This lncRNA has already been related to immunity in breast,
cervical and gastric cancer. LINC01871 was detected in an
immune-related prognosis signature in BRCA and exhibited a
strong positive correlation with genes associated with immune
response such as GZMB, CTLA4 and PDCD1. The authors
suggested that this lncRNA may play an important role,
mainly related to the above immune processes and immune
genes (44). In cervical cancer, LINC01871 was also found in an
immune-related prognostic signature being related to immune
response and TGF-b signaling pathway (45); additionally, in
gastric cancer, LINC01871 expression was positively correlated
with CD8+ T cell enrichment levels, cytolytic immune activity,
and CD274 (PD-L1) expression levels in TCGA gastric cancer
cohort (46).

Taking together our results and background literature is
possible to correlate LINC01871 with a cytotoxic immune
response. Our enrichment analysis showed an association with
Interferon alpha and gamma, which are strongly related to
cytotoxic response, going in line with what was observed in
other studies (44, 46). In BRCA, CD8+ T cells are reported as
prognostic significance in estrogen receptor (ER)-negative BRCA,
but not in ER-positive cases, being associated with better clinical
outcomes survival and response to treatment (47). Also, CD8+
responses have significantly elevated expression of multiple
immune checkpoint molecules, such as programmed cell death
1 (PD-1), programmed death-ligand 1 (PD-L1) and 2 (PD-L2)
and cytotoxic T-lymphocyte-associated protein 4 (CTLA4) (48).
In this way, a stronger infiltration of CD8+ T cells can predict
patient response to standard of care chemotherapy and immune
checkpoint blockade therapy, such as anti-PD-1 (49).

According to Figure 3, it is possible to observe a distinct
pattern of expression of LINC01871, both considering immune
subtype and Interferon Gamma response. Recently, Interferon
Gamma low expression level was associated with worse
prognosis in Basal patients (50). In our analysis, LINC01871
high expression was associated with better prognosis and
Interferon Gamma response activation (Figure 4D),
reinforcing the fact that LINC01871 can be used as a good
prognosis marker for Basal patients. This can also be evaluated
focusing on therapy response, mainly on immunotherapy.
Recently, a combination of an immunotherapy drug with
chemotherapy was approved for metastatic triple‐negative
BRCA (51); however, due to this group’s high heterogeneity,
only a fraction of patients respond well to this treatment. Yang
and colleagues (52) defend that an immunity score may be used
together with PD-L1 expression to a better design for trials
testing immune-checkpoint inhibitors. In this context, lncRNAs
like LINC01871 may be used to enhance this selection criterion.
However, to be fully applicable as a biomarker, the molecular
aspects by which LINC01871 is involved in the immune system
activation process need to be better understood.
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In the Her2 subtype, ten lncRNAs were evidenced using our
selection methodology. All of these lncRNAs were related to
immune response activation, as represented in Supplementary
Table 9 and Supplementary Figure 3E. Among the ten lncRNAs,
four of them had already been related to cancer. LINC02446 is
associated with prognosis (53) and EMT activation (54) in
bladder cancer. Similarly, USP30-AS1 is associated with
prognosis in bladder cancer (54). This lncRNA was also
associated with autophagy in ovarian cancer (55), and was
related to immune response in cervical cancer (56) and
glioblastoma (57). AL365361.1 was associated with good
prognosis and immune response in head and neck squamous
cell carcinoma (58) and with early recurrence in hepatocellular
carcinoma (35). The lncRNA LINC01857 was related to
progression in gastric cancer (59), glioma (60), BRCA (61) and
B-cell Lymphoma (62). Thus, this lncRNA can be suggested to act
as an oncogene. We highlight the lncRNA XXYLT1-AS2, which
was associated with progression-free survival in Cox proportional
hazard ratio analysis (HR = 0.0011; p-adjusted = 4 × 10−2).
XXYLT1-AS2 is up-regulated in C2 subtype (Figure 8B), and its
high expression is related to better progression-free interval (p-
logrank = 5.6 × 10−3). According to our functional annotation
analysis, XXYLT1-AS2 is associated with immune response
activation and EMT repression (Figure 8D). This result
converges with what we observed concerning the progression-
free interval since EMT is one of the main pathways activated
during the disease progression process. XXYLT1-AS2 is, to the
best of our knowledge, the first time described associated with
cancer. This lncRNAwas only evaluated in Human umbilical vein
endothelial cells (HUVECs), and its up-regulation was related to
the inhibition of these cell’s proliferation and migration (63).

Finally, for the Normal subtype, a signature composed of 11
lncRNAs was predicted. Most of them are associated with
immune response activation and overall survival, and we
discuss here LINC02613. This lncRNA is up-regulated in the
C3 subtype (Figure 5B) and is significantly related to the
patient’s overall survival. LINC02613’s high expression is
associated with a better prognosis (p-logrank = 7.5 × 10−3).
The enrichment analysis evidenced that LINC02613 is related to
immune response activation and mainly involves cell cycle
repression (Figure 5D). Indeed, the C3 subtype was described
as one with the lowest proliferation rates (8). LINC02613 has not
been described in any biological context yet. So we emphasize
here the relevance to better characterize this lncRNA.

Considering all the generated and discussed data in this work,
we highlight the applied methodology’s significance to look for
immune-related lncRNAs. The filtering steps followed by
functional annotation efficiently got lncRNAs that might be
related to immune response. The role of lncRNAs in regulating
immune response is increasingly being explored. Our study is
limited to in silico analysis; however it brings up new lncRNAs
candidates as it is a hypothesis generator article.

Another aspect that is important to discuss here is that we found
distinct lncRNAs signature for each molecular subtype that may
help find important lncRNAs in the immune response process that
may be used to guide therapy candidates or as biomarkers; also our
Frontiers in Oncology | www.frontiersin.org 14
results point out that different lncRNAs may be implicated in
immune response depending on BRCA molecular subtypes. Our
findings are in agreement with what has been discussed about the
heterogeneity of BRCA. We identified that different lncRNAs in
eachmolecular subtype are related to the immune system activation.
For example, MEG3 and LINC01871 were associated with
activation of Interferon Gamma, in LumA and Basal, respectively.
This finding highlights the importance of molecularly characterizing
each subtype in order to enable increasingly personalized
therapeutic approaches.

Nonetheless, the lncRNAs presented here certainly do not cover
all important immune-related lncRNAs in BRCA. Our focus was to
find lncRNAs that, in some order, could play a significant role in
the immune distinction for each molecular subgroup.
CONCLUSION

In conclusion, we present a BRCA specific molecular subtype
immune-related lncRNAs signature that may guide future studies
aiming to look for important biomarkers in BRCA and highlight
the relevance of lncRNAs in the immune subtype’s classification.
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Supplementary Figure 1 | Heatmap of Immune modulators gene set (n=74)
proposed by the reference article Thorsson et al. (8) in breast cancer molecular
subtypes. For color gradient, maximum and minimum column-wise z-scores were
set to +2 and −2 respectively. Each column represents a sample and were semi-
supervised clustered within the molecular subtypes.

Supplementary Figure 2 | Venn diagram representing specific and shared
immune related lncRNAs in breast cancer (BRCA) molecular subtypes after filtering
for 0.90 quantile in signal to noise ratio (SNR) for the BRCAmolecular subtypes. 593
lncRNAs were filtered by this criterion for each molecular subtype.

Supplementary Figure 3 | Enrichment map for immune-related lncRNA
signature for each molecular subtype: (A) Basal, (B) LumA, (C) LumB, (D) Normal,
and (E) Her2. The lncRNAs are organized in the X axis and Hallmarks gene sets in
the Y axis. Red circles refer to positive enrichment scores while blue circles to
negative. The circle size varies according to -log10 (adjusted p-value), bigger circles
mean greater significance.
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Supplementary Figure 4 | Kaplan-Meier analysis for overall survival for
LINC01871 in Basal (A) and XXYLT1-AS2 in Her2 (E) and for Progression Free
Interval for MEG3 in LumA (B), EBLN3P in LumB (C) and LINC02613 in Normal (D).
The groups of High and Low expressions are based on the median value of its
respective lncRNA expression. Confidence interval and logrank p-value are shown
and values below 0.05 are considered significant.

Supplementary Table 1 | Breast cancer cohort stratification into the immune
subtypes.

Supplementary Table 2 | Ensembl and HGNC Symbol from lncRNAs used in
this study.

Supplementary Table 3 | First and second SNR calculated for lncRNAs for each
molecular subtype.

Supplementary Table 4 | Cox Proportional Hazard models for the specific
immune-related lncRNAs and Leukocyte correlation.

Supplementary Tables 5–9 | GSEA Hallmarks analysis for the specific immune-
related lncRNAs organized by the molecular subtype.

Supplementary Tables 10 | Data sets, software and algorithms used in
this study.
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23. Liberzon A, Birger C, Thorvaldsdóttir H, Ghandi M, Mesirov Jill P, Tamayo P.
The Molecular Signatures Database Hallmark Gene Set Collection. Cell Syst
(2015) 1:417–25. doi: 10.1016/j.cels.2015.12.004

24. Loi S, Sirtaine N, Piette F, Salgado R, Viale G, Van Eenoo F, et al. Prognostic and
Predictive Value of Tumor-Infiltrating Lymphocytes in a Phase III Randomized
Adjuvant Breast Cancer Trial in Node-Positive Breast Cancer Comparing the
Addition of Docetaxel to Doxorubicin With Doxorubicin-Based Chemotherapy:
BIG 02-98. J Clin Oncol (2013) 31(7):860–7. doi: 10.1200/JCO.2011.41.0902

25. Ma B, Liao T, Wen D, Dong C, Zhou L, Yang S, et al. Long Intergenic non-
Coding RNA 271 is Predictive of a Poorer Prognosis of Papillary Thyroid
Cancer. Sci Rep (2016) 6:36973. doi: 10.1038/srep36973

26. Buishand FO, Liu-Chittenden Y, Fan Y, Tirosh A, Gara SK, Patel D, et al.
Adrenocortical Tumors Have a Distinct, Long, non-Coding RNA Expression
Profile and LINC00271 is Downregulated in Malignancy. Surgery (2020) 167
(1):224–32. doi: 10.1016/j.surg.2019.04.067

27. Fu X, Zhang L, Dan L, Wang K, Xu Y. LncRNA EWSAT1 Promotes Ovarian
Cancer Progression Through Targeting miR-330-5p Expression. Am J Transl
Res (2017) 9(9):4094–103.

28. Zhou Q, Xie Y, Wang L, Xu T, Gao Y. LncRNA EWSAT1 Upregulates
CPEB4 Via miR-330-5p to Promote Cervical Cancer Development.
May 2021 | Volume 11 | Article 692170

https://www.frontiersin.org/articles/10.3389/fonc.2021.692170/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.692170/full#supplementary-material
https://doi.org/10.1038/35021093
https://doi.org/10.1186/BRCAr2635
https://doi.org/10.1073/pnas.191367098
https://doi.org/10.1371/journal.pone.0124964
https://doi.org/10.1093/jjco/hyz213
https://doi.org/10.1097/PAP.0000000000000232
https://doi.org/10.1093/bioinformatics/btz363
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.3389/fimmu.2019.00348
https://doi.org/10.1007/978-3-319-42059-2_1
https://doi.org/10.1038/nmeth.3321
https://doi.org/10.3390/ijms19051310
https://doi.org/10.1155/2017/7243968
https://doi.org/10.1155/2020/9045786
https://doi.org/10.3389/fonc.2020.526850
https://doi.org/10.3389/fonc.2020.526850
https://doi.org/10.1093/bioinformatics/bti525
https://doi.org/10.1093/bioinformatics/btw313
https://doi.org/10.2307/2347111
https://CRAN.R-project.org/package=STAT
https://CRAN.R-project.org/package=STAT
https://CRAN.R-project.org/package=survival
https://doi.org/10.1101/060012
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1016/j.cels.2015.12.004
https://doi.org/10.1200/JCO.2011.41.0902
https://doi.org/10.1038/srep36973
https://doi.org/10.1016/j.surg.2019.04.067
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Mathias et al. Immune-Related lncRNAs in Breast Cancer
Mol Cell Biochem (2020) 471(1-2):177–88. doi: 10.1007/s11010-020-
03778-8

29. Liu J, Huang S, Liao X, Chen Z, Li L, Yu L, et al. LncRNA EWSAT1 Promotes
Colorectal Cancer Progression Through Sponging miR-326 to Modulate
FBXL20 Expression. Onco Targets Ther (2021) 14:367–78. doi: 10.2147/
OTT.S272895

30. Xu D, Dong P, Xiong Y, Chen R, Konno Y, Ihira K, et al. PD-L1 Is a Tumor
Suppressor in Aggressive Endometrial Cancer Cells and Its Expression Is
Regulated by miR-216a and lncRNA Meg3. Front Cell Dev Biol (2020)
8:598205. doi: 10.3389/fcell.2020.598205

31. Ghafouri-Fard S, Taheri M. Maternally Expressed Gene 3 (MEG3): A Tumor
Suppressor Long non Coding RNA. BioMed Pharmacother (2019)
118:109129. doi: 10.1016/j.biopha.2019.10912

32. Al-Rugeebah A, Alanazi M, Parine NR. MEG3: An Oncogenic Long Non-
Coding RNA in Different Cancers. Pathol Oncol Res (2019) 25(3):859–74.
doi: 10.1007/s12253-019-00614-3

33. Zhang LH, Li LH, Zhang PF, Cai YF, Hua D. LINC00957 Acted as Prognostic
Marker Was Associated With Fluorouracil Resistance in Human Colorectal
Cancer. Front Oncol (2019) 9:776. doi: 10.3389/fonc.2019.00776

34. Zhang M, Liu Y, Kong D. Identifying Biomolecules and Constructing a
Prognostic Risk Prediction Model for Recurrence in Osteosarcoma. J Bone
Oncol (2020) 26:100331. doi: 10.1016/j.jbo.2020.100331

35. Lv Y, Wei W, Huang Z, Chen Z, Fang Y, Pan L, et al. Long Non-Coding RNA
Expression Profile can Predict Early Recurrence in Hepatocellular Carcinoma After
Curative Resection. Hepatol Res (2018) 48(13):1140–8. doi: 10.1111/hepr.13220

36. Zhang YP, Cheng YB, Li S, Zhao N, Zhu ZH. An Epithelial-Mesenchymal
Transition-Related Long non-Coding RNA Signature to Predict Overall Survival
and Immune Microenvironment in Kidney Renal Clear Cell Carcinoma.
Bioengineered (2021) 12(1):555–64. doi: 10.1080/21655979.2021.1880718

37. Li H,WangM, ZhouH, Lu S, Zhang B. Long Noncoding RNA EBLN3P Promotes
the Progression of Liver Cancer Via Alteration of microRNA-144-3p/DOCK4
Signal. Cancer Manag Res (2020) 12:9339–49. doi: 10.2147/cmar.s261976

38. Dai S, Li N, Zhou M, Yuan Y, Yue D, Li T, et al. LncRNA EBLN3P Promotes
the Progression of Osteosarcoma Through Modifying the miR-224-5p/Rab10
Signaling Axis. Sci Rep (2021) 11(1):1992. doi: 10.1038/s41598-021-81641-6

39. Zarzynska JM. Two Faces of TGF-beta1 in Breast Cancer. Mediators
Inflammation (2014) 2014:141747. doi: 10.1155/2014/141747

40. De Angelis C, Fu X, Cataldo ML, Nardone A, Pereira R, Veeraraghavan J, et al.
Activation of the IFN Signaling Pathway is Associated With Resistance to
CDK4/6 Inhibitors and Immune Checkpoint Activation in ER-Positive Breast
Cancer. Clin Cancer Res (2021). doi: 10.1158/1078-0432.CCR-19-4191

41. Ju Q, Zhao YJ, Ma S, Li XM, Zhang H, Zhang SQ, et al. Genome-Wide Analysis
of Prognostic-Related lncRNAs, miRNAs and mRNAs Forming a Competing
Endogenous RNA Network in Lung Squamous Cell Carcinoma. J Cancer Res
Clin Oncol (2020) 146(7):1711–23. doi: 10.1007/s00432-020-03224-8

42. Guo X, Zhang M, Li Q, Zhao J, Wang B, Wang J, et al. Evaluation of Genetic
Variants in MIR3142HG in Susceptibility to and Prognosis of Glioma. Am J
Clin Oncol (2020) 43(1):1–8. doi: 10.1097/COC.0000000000000587

43. Hadjicharalambous MR, Roux BT, Feghali-Bostwick CA, Murray LA, Clarke DL,
Lindsay MA. Long Non-Coding RNAs Are Central Regulators of the IL-1b-
Induced Inflammatory Response in Normal and Idiopathic Pulmonary Lung
Fibroblasts. Front Immunol (2018) 9:2906. doi: 10.3389/fimmu.2018.02906

44. Ma W, Zhao F, Yu X, Guan S, Suo H, Tao Z, et al. Immune-Related lncRNAs
as Predictors of Survival in Breast Cancer: A Prognostic Signature. J Transl
Med (2020) 18(1):442. doi: 10.1186/s12967-020-02522-6

45. Chen Q, Hu L, Huang D, Chen K, Qiu X, Qiu B. Six-LncRNA Immune
Prognostic Signature for Cervical Cancer. Front Genet (2020) 11:533628.
doi: 10.3389/fgene.2020.533628

46. He Y, Wang X. Identification of Molecular Features Correlating With Tumor
Immunity in Gastric Cancer by Multi-Omics Data Analysis. Ann Transl Med
(2020) 8(17):1050. doi: 10.21037/atm-20-922

47. Baker K, Lachapelle J, Zlobec I, Bismar TA, Terracciano L, Foulkes WD.
Prognostic Significance of CD8+ T Lymphocytes in Breast Cancer Depends
Upon Both Oestrogen Receptor Status and Histological Grade.Histopathology
(2011) 58(7):1107–16. doi: 10.1111/j.1365-2559.2011.03846.x

48. Oshi M, Asaoka M, Tokumaru Y, Yan L, Matsuyama R, Ishikawa T, et al. CD8
T Cell Score as a Prognostic Biomarker for Triple Negative Breast Cancer. Int J
Mol Sci (2020) 21(18):6968. doi: 10.3390/ijms21186968
Frontiers in Oncology | www.frontiersin.org 16
49. Li X, Gruosso T, Zuo D, Omeroglu A, Meterissian S, Guiot MC, et al.
Infiltration of CD8+ T Cells Into Tumor Cell Clusters in Triple-Negative
Breast Cancer. Proc Natl Acad Sci USA (2019) 116(9):3678–87. doi: 10.1073/
pnas.1817652116

50. Heimes AS, Härtner F, Almstedt K, Krajnak S, Lebrecht A, Battista MJ, et al.
Prognostic Significance of Interferon-g and Its Signaling Pathway in Early
Breast Cancer Depends on the Molecular Subtypes. Int J Mol Sci (2020) 21
(19):7178. doi: 10.3390/ijms21197178

51. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al.
Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast
Cancer. N Engl J Med (2018) 379(22):2108–21. doi: 10.1056/NEJMoa1809615

52. Yang B, Chou J, Tao Y, Wu D, Wu X, Li X, et al. An Assessment of Prognostic
Immunity Markers in Breast Cancer. NPJ Breast Cancer (2018) 4:35.
doi: 10.1038/s41523-018-0088-0

53. Zhang X, Zhang J, Zhao W, Dong X, Xin P, Liu X, et al. Long non-Coding
RNA LINC02446 Suppresses the Proliferation and Metastasis of Bladder
Cancer Cells by Binding With EIF3G and Regulating the mTOR Signalling
Pathway. Cancer Gene Ther (2021). doi: 10.1038/s41417-020-00285-2

54. Tong H, Li T, Gao S, Yin H, Cao H, He W. An Epithelial-Mesenchymal
Transition-Related Long Noncoding RNA Signature Correlates With the
Prognosis and Progression in Patients With Bladder Cancer. Biosci Rep
(2021) 41(1):BSR20203944. doi: 10.1042/BSR20203944

55. Meng C, Zhou JQ, Liao YS. Autophagy-Related Long Non-Coding RNA
Signature for Ovarian Câncer. J Int Med Res (2020) 48(11):300060520970761.
doi: 10.1177/0300060520970761

56. Chen P, Gao Y, Ouyang S, Wei L, Zhou M, You H, et al. A Prognostic Model
Based on Immune-Related Long Non-Coding RNAs for Patients With
Cervical Cancer. Front Pharmacol (2020) 11:585255. doi: 10.3389/
fphar.2020.585255

57. Gao M, Wang X, Han D, Lu E, Zhang J, Zhang C, et al. A Six-lncRNA
Signature for Immunophenotype Prediction of Glioblastoma Multiforme.
Front Genet (2021) 11:604655. doi: 10.3389/fgene.2020.604655

58. Zhong Z, Hong M, Chen X, Xi Y, Xu Y, Kong D, et al. Transcriptome Analysis
Reveals the Link Between lncRNA-mRNA Co-Expression Network and
Tumor Immune Microenvironment and Overall Survival in Head and Neck
Squamous Cell Carcinoma. BMC Med Genomics (2020) 13(1):57.
doi: 10.1186/s12920-020-0707-0

59. Chen GR, Sun W, Zheng K, Zhu W. LINC01857 Promotes the Development
of Gastric Cancer by Regulating MicroRNA-200b. Eur Rev Med Pharmacol Sci
(2020) 24(7):3648–56. doi: 10.26355/eurrev_202004_20827

60. Hu G, Liu N, Wang H, Wang Y, Guo Z. LncRNA LINC01857 Promotes
Growth, Migration, and Invasion of Glioma by Modulating miR-
1281/TRIM65 Axis. J Cell Physiol (2019) 234(12):22009–16. doi: 10.1002/
jcp.28763

61. Xiong Y, Gu Y, Wang F, Li L, Zhu M, Wang N, et al. LINC01857 as an
Oncogene Regulates CREB1 Activation by Interacting With CREBBP in
Breast Cancer. J Cell Physiol (2019) 234(8):14031–9. doi: 10.1002/jcp.28090

62. Li Q, Li B, Lu CL, Wang JY, Gao M, Gao W. LncRNA LINC01857
Promotes Cell Growth and Diminishes Apoptosis Via PI3K/mTOR
Pathway and EMT Process by Regulating miR-141-3p/MAP4K4 Axis in
Diffuse Large B-cell Lymphoma. Cancer Gene Ther (2020). doi: 10.1038/
s41417-020-00267-4

63. Wang Q, Yang Y, Fu X, Wang Z, Liu Y, Li M, et al. Long Noncoding RNA
Xxylt1-AS2 Regulates Proliferation and Adhesion by Targeting the RNA
Binding Protein FUS in HUVEC. Atherosclerosis (2020) 298:58–69.
doi: 10.1016/j.atherosclerosis.2020.02.018

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Mathias, Muzzi, Antunes, Gradia, Castro and Carvalho de Oliveira.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
May 2021 | Volume 11 | Article 692170

https://doi.org/10.1007/s11010-020-03778-8
https://doi.org/10.1007/s11010-020-03778-8
https://doi.org/10.2147/OTT.S272895
https://doi.org/10.2147/OTT.S272895
https://doi.org/10.3389/fcell.2020.598205
https://doi.org/10.1016/j.biopha.2019.10912
https://doi.org/10.1007/s12253-019-00614-3
https://doi.org/10.3389/fonc.2019.00776
https://doi.org/10.1016/j.jbo.2020.100331
https://doi.org/10.1111/hepr.13220
https://doi.org/10.1080/21655979.2021.1880718
https://doi.org/10.2147/cmar.s261976
https://doi.org/10.1038/s41598-021-81641-6
https://doi.org/10.1155/2014/141747
https://doi.org/10.1158/1078-0432.CCR-19-4191
https://doi.org/10.1007/s00432-020-03224-8
https://doi.org/10.1097/COC.0000000000000587
https://doi.org/10.3389/fimmu.2018.02906
https://doi.org/10.1186/s12967-020-02522-6
https://doi.org/10.3389/fgene.2020.533628
https://doi.org/10.21037/atm-20-922
https://doi.org/10.1111/j.1365-2559.2011.03846.x
https://doi.org/10.3390/ijms21186968
https://doi.org/10.1073/pnas.1817652116
https://doi.org/10.1073/pnas.1817652116
https://doi.org/10.3390/ijms21197178
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1038/s41523-018-0088-0
https://doi.org/10.1038/s41417-020-00285-2
https://doi.org/10.1042/BSR20203944
https://doi.org/10.1177/0300060520970761
https://doi.org/10.3389/fphar.2020.585255
https://doi.org/10.3389/fphar.2020.585255
https://doi.org/10.3389/fgene.2020.604655
https://doi.org/10.1186/s12920-020-0707-0
https://doi.org/10.26355/eurrev_202004_20827
https://doi.org/10.1002/jcp.28763
https://doi.org/10.1002/jcp.28763
https://doi.org/10.1002/jcp.28090
https://doi.org/10.1038/s41417-020-00267-4
https://doi.org/10.1038/s41417-020-00267-4
https://doi.org/10.1016/j.atherosclerosis.2020.02.018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Unraveling Immune-Related lncRNAs in Breast Cancer Molecular Subtypes
	Introduction
	Material and Methods
	Breast Cancer Immune Data
	Breast Cancer RNA-Seq Data
	Leucocyte Fraction Correlation
	Survival Analysis
	Enrichment Analysis

	Results
	Immune Modulator Genes Expression Demonstrates Distinct Patterns Within BRCA Molecular Subtypes
	SNR Highlights Specific lncRNAs for Each BRCA Molecular Subgroups Related to Immune Subtypes Distinction
	Specific lncRNAs in BRCA Molecular Subgroups Are Associated With Immune Subtypes Differentiation
	lncRNAs Functional Annotations and Survival Analysis
	BRCA Basal-Specific lncRNAs Are Associated With Interferon Gamma Response and Allograft Rejection Gene Sets. LINC01871 Is More Expressed in Basal and Relates to Better OS and PFI
	BRCA Normal Specific lncRNAs Are Associated With Suppression of Proliferation Gene Sets. LINC02613 Is Suppressed in C4 and Relates to OS
	LumA-Specific lncRNAs Relate to Epithelial-Mesenchymal Transition, Immune and Proliferation Gene Sets. MEG3 Is Suppressed in BRCA Compared With Non-Tumoral Samples
	Most Specific lncRNAs in LumB Are Associated With Immune Pathways. EBLN3P Is Associated With a Good Prognosis in OS and PFI
	Her2-Specific lncRNAs Are Associated With Immune Activation and XXYLT1-AS2 Associated With Higher PFI


	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


