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Abstract

Background: Multiple cancer types are associated with the Signal Transducer and Activator of Transcription
(STAT) family of proteins. The expression and prognostic value of STATs in Breast Invasive Carcinoma (BRCA)
remain unclear.

Methods: Herein we investigated the clinical data onto 1,222 patients with BRCA based on the Cancer Genome
Atlas (TCGA) database, UALCAN, cBio Cancer Genomics Portal (cBioPortal), STRING, and GeneMANIA databases.

Results: The transcriptional levels of STAT4/5A/5B/6 were significantly decreased while the transcriptional
levels of STAT1 were elevated in BRCA tissues. A significant correlation exists between STATs expressions and
known prognostic factors, e.g., age, pathologic stage, radiation therapy, and Tumor Node Metastasis (TNM)
stages. It was discovered that patients with high STAT4 expression had a better prognosis for overall survival
(OS) (HR=0.59, p=0.002), Disease-Specific Survival (DSS) (HR=0.59, p=0.018), and Progress Free Interval (PFl)
(HR=0.55, p<0.001). STAT4 may be an independent prognostic marker for BRCA through univariate and multivariate
Cox regression. In terms of immune infiltrating levels, a correlation between STAT1/2/4/13 expression and immune
cell infiltration, including T cells and Th1, has also been noted. Furthermore, the levels of STAT4 were statistically
significant correlated with T cells (r=0.822, p<0.001), cytotoxic cells (r=0.746, p<0.001), B cells (r=0.691, p<0.001),
Th1 cells (r=0.686, p<0.001), and activated Dendritic Cells (DC).

Conclusion: Based on the findings of this study, STAT4 might serve as a novel prognostic biomarker to predict

prognosis and levels of immune infiltration for BRCA.

Keywords: STATs; Expression; Prognosis; Cox regression; Breast
invasive carcinoma

Introduction

Worldwide, breast invasive carcinoma is one of the most common
malignant tumors in women. The incidence rate is rising each year,
which has a significant negative impact on women's health and quality
of life [1]. The number of new cases of breast cancer worldwide
increased to 2 million 260 thousand in 2020, making it the world's most
common cancer [2]. Even though significant advancements have been
made in the detection and management of breast cancer, conventional
therapy is not the best option for advanced breast cancer. Breast
cancer immunotherapy has grown in clinical importance as a result of
ongoing research. The earliest immune cells to be identified are Tumor
Infiltrating Lymphocytes (TILs) [3]. Numerous studies have shown that
the presence of TILs, mainly T cells and B cells, increases the likelihood
that a patient would survive their disease [4,5]. Clinical outcomes of
breast cancer with HER2 positive TILs have been studied, TILs appear
to be able to predict disease-free survival to some extent and identify
populations with low recurrence risk [6]. Furthermore, a large number
of TILs are reliable prognostic markers for a variety of solid tumors.
Early Triple-Negative Breast Cancer (TNBC) patients with high
TIL levels have an improved survival rate. A meta-analysis indicated
individuals with a large number of interstitial TILs infiltration had a
favorable prognosis after adjuvant treatment [7]. Cytotoxic CD8'T
cells are the most frequent type of microenvironment in breast cancer.
Breast cancer patients with a higher number of CD8" T cells have a
better prognosis [8]. In addition, prognostic and predictive values for
B cells [9], Natural Killer (NK) cells [10], and Dendritic Cells (DC)
[11] have also been reported in human cancer. Therefore, finding new
immune-related therapeutic targets for Breast Invasive Carcinoma

(BRCA) is urgently needed.

The Signal Transducer And Activator Of Transcription (STAT)
protein family, which is involved in the control of physiological
processes like cell division, proliferation, and apoptosis, is both intricate
and significant [12]. The human genome has so far been linked to seven
stat genes: STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and
STATS, extracellular signal proteins are regulated by them. Numerous
researches have so far shown the expression pattern and function of
a few STATs in malignancies. There has been evidence that STAT1 is
associated with cancer and may have prognostic significance among
solid tumor patients [13]. Breast cancer may evade immune monitoring
by down-regulating STAT1-mediated interferon signaling, which
results in the development of clinically significant tumors, according
to Goodman ML [14]. Furthermore, research has identified a possible
cancer therapeutic target is STAT3 due to its key role in decreasing
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the manufacturing of immunosuppressive proteins and lowering the
expression of important immune activation regulators [15,16]. In their
study on STAT4, Anderson, et al. concentrated on the possibility that
activating STAT4 could lessen lymphatic metastases among head and
neck squamous cell carcinoma patients [17]. Limited data, however,
support STATs' potential prognostic usefulness in BRCA and their
connection to immunological infiltrates.

Our research examined how STATs affect the carcinogenesis and
prognosis of breast cancer through the clinical data acquired from
The Cancer Genome Atlas (TCGA) database, UALCAN, cBioPortal,
STRING, and GeneMANIA databases. This is the first in-depth
analysis of relationships between STATs family gene expression and
clinical, molecular, and immunological traits in BRCA. The research
has revealed fundamental processes that contribute to the development
of breast cancer and has identified STATs as an important biomarker for
diagnosis and prognosis of BRCA.

Materials and Methods
Processing of data and STATs expression analysis

BRCA data (transcripts per million read) and clinic pathological
information were downloaded from the TCGA database in high-
throughput sequence RNA format. (https://portal.gdc.cancer.gov/).
The STATs median value was used to divide the 1,222 BRCA patients
into groups with high and low STATs expression. Here, we used the
UALCAN portal (http://ualcan.path.uab.edu/analysis-prot.), a tool
for online analysis and mining of the TCGA information, to further
investigate the degree of STATSs protein expression in BRCA [18].

Analysis of genomic alterations and gene and protein
networks in the STAT family

Using the cBio Cancer Genomics Portal (http://cbioportal.org),
we examined the genomic changes in the STATs family in the TCGA
BRCA sample [19]. Next, the STATs family gene and protein network
was examined using the GeneMANIA and STRING databases (https://
genemania.org/ and https://stringpreview.org/, respectively) [20,21].

STATs expression and clinic pathological characteristics in
BRCA

Using the Wilcoxon rank sum test (continuous variables) or
Pearson's chi-square test, clinical and pathological traits were compared
between groups with high and low STATs expression (rank variables).
Based on different classification criteria, including age (< 60; >60),
pathologic stage (stage I, stage II, stage III, and stage IV), radiation
therapy (Yes; No), and tumor node metastasis (TNM) stages (T: T1,
T2, T3, T4; N: NO, N1, N2, N3; M: M0, M1) of breast cancer patients
were examined using TCGA data, Statistical significance was defined
as p<0.05.

Clinical significance of STATSs expression in BRCA tumors

An analysis of Kaplan-Meier data was performed on the
relationships between STATSs expression and Overall Survival (OS),
Disease-Specific Survival (DSS), and Progress-Free Interval (PFI) in
patients with BRCA. Using the median expression of the gene (high
vs. low expression), we divided the patient samples into two cohorts
to assess its prognostic potential. To identify independent prognostic
variables, both univariate and multivariate Cox regression analyses
were performed. The Hazard Ratio (HR) and log-rank P-value with
95% confidence intervals were computed. Random forest regression
was carried out using the random Forest R package [22].

Association of STATs and immune cell infiltration in BRCA
tumors

Our study examined the relationship between STATs expression
and immune cell types, including DCs, immature DCs (iDCs),
activated DCs (aDCs), plasmacytoid DCs (pDCs), T cells, T helper
(Th) cells, type 1 Th cells (Th1), type 2 Th cells (Th2), type 17 Th cells
(Th17), regulatory T cells (Treg), T gamma delta (Tgd), T central
memory (Tcm), T effector memory (Tem), T follicular helper (Tth),
CD8+T cells, B cells, neutrophils, macrophages, cytotoxic cells, mast
cells, eosinophils, NK cells, NK 56 cells, and NK 56+cells by Spearman’s
analysis. By Wilcoxon rank sum analysis, immune cell infiltration levels
were compared for high and low STAT expression groups.

Statistical analysis

The median method of gene expression was used as the cut-off
value of STATs expression. STATs expression and clinicopathological
characteristics were analyzed using logistic regression. Potential
prognostic factors can be screened using univariate Cox analysis, and
the multivariate Cox analysis can confirm STATSs expression's effect on
survival when combined with other clinical factors. To perform all of
these statistical analyses, R (v4.0.0) was used, and P-values less than
0.05 were considered significant.

Results

STAT4, STAT5A, STAT5B and STAT6 expression are lower
and STAT1 expression is higher in BRCA tissues

To investigate the difference of STATs expression between BRCA
tumor and normal tissue, seven STAT family members have been
detected. The levels of STAT expression in cancer and normal samples
were compared (Figure 1). The findings demonstrated that STAT4,
STAT5A, STAT5B and STAT6 expression levels were decreased in
breast cancer tissues while STAT1 expression levels considerably
increased (p<0.01). To validate the preceding findings, Figures 2A-2G
illustrates a comparison of STAT family expression levels in BRCA and
normal tissues. A significant decrease in STAT4, STAT5A, STAT5B, and
STAT6 expression levels was observed in BRCA tissues compared to
normal tissues (p<0.001), while STAT1 and STAT2 expression levels
were remarkably higher in BRCA tissues (p<0.001) and (p<0.05),
respectively. As a result, in BRCA tissues, STAT1 expression was higher
than in adjacent normal tissue, while STAT4, STAT5A, STAT5B and
STAT6 were down-regulated.
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Figure 1: Expression of STAT family in BRCA and normal tissue. Note: *:
P<0.05; **P<0.01; ***: P<0.001.
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Figure 2: The correlation between STAT family expression and age in BRCA and normal tissue. (A) STAT1; (B) STAT2; (C) STAT3; (D) STAT4; (E) STAT5A, (F)
STAT5B; (G) STAT6. P-value was calculated by Student’s test. (*: P<0.05; **P<0.01; ***: P<0.001). Note: (¥#4) Normal; () < 60; (=) >60

Genomic alterations of the STATs family and gene and protein
network

In BRCA samples, we assessed the types and frequencies of STATs
using the cBioPortal database. It was found that STATs family members
rarely mutated (less than five times), indicating that they were highly
conserved. GeneMANIA and STRING programs were used to generate
the STATs family's gene gene and protein-protein interaction network.
We discovered that the STATs family interacted with 20 potential target
genes and 11 potential target proteins. Then, we used “correlation
analysis” by (bc-GenExMiner v4.7) for seven members of the STATSs
family, we found STAT1 was positively correlated STAT2 (r=0.41,
p<0.0001) and STAT4 (r=0.47, p<0.0001), STAT5A was positively
correlated STAT5B (r=0.46, p<0.0001) (Figures 3A-3G).

Association of STATs expression and clinic pathological
characteristics in BRCA patients

Our study examined the correlation between the expression of
STATs and various clinical characteristics of BRCA patients, such as
age, pathologic stage, radiation therapy, and TNM stage. The expression
of STATs was higher in the < 60-compared with > 60 group, especially
STAT4 (p<0.01). The distribution of STAT1, STAT2, STAT3, STAT5A

and STAT6 was not significantly different. The expression of STAT
family members in patients was also examined in relation to tumor
stage. Interestingly, STAT1 was significantly high in stagel/2/3/4
than that in normal. However, the expression of STAT4/5A/5B/6
was significantly low in stagel/2/3/4 than that in normal. In terms
of TNM stages, the transcriptional levels of STATs were associated
with the TNM stages of the patients. We discovered strongly positive
associations between STAT1, STAT4, STAT5A, STAT5B and STAT6
expression and TNM stages. The expression levels of STAT4, STAT5A,
STAT5B and STAT6 were marked lower in T1-T4, N0-N3, and M0-M1
than in normal tissues, while the expression level of STAT1 was higher
inversely (Figures 4A-4G).

Prognostic value of mRNA expression of STATs in BRCA
patients

Next, BRCA prognosis was examined based on STATs family
expression. Kaplan-Meier analyses were used to test the effect of STATSs
on clinical outcomes. Figures 5A-5G shows that high STAT4 expression
is related to better OS (H=0.59, p=0.002), DSS (HR=0.59, p=0.018), and
PFI (HR=0.55, p<0.001) than those for the low-STAT4 group. However,
in terms of OS, DSS, and PFI, STAT1/2/3/5A/5B/6 expression levels
showed no significant correlation.
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For the purpose of comprehending the predictive relevance of
STAT4 expression in breast cancer, we used the Cox proportional hazard
regression model. Additionally, the outcomes were displayed as forest
plots (Figures 6A-6G). As shown in Figures 6A, STAT4 expression were
significantly linked with the probability of mortality were patient age
(p<0.001), T stage (p=0.012), N stage (p<0.001), M stage (p<0.001), and
pathologic stage III and stage IV (p<0.001). An analysis of multivariate
Cox regression was performed to determine whether STAT4 expression
is an independent predictor of BRCA and to assess STAT4's ability to
predict clinical outcomes. STAT4 was a significant good prognostic
factor for OS (HR=0.648, p=0.025), with similar findings for and PFI
(HR=0.498, p=0.011). Despite the fact that it had no significant predictive
ability for DSS. In multivariate Cox regression analysis, the clinical stage,
particularly the clinical N and M stages, exhibited predictive advantages
for clinical outcomes.

Additionally, we provided Kaplan-Meier analyses for OS, DSS
and PFI in male sex, age >60 years, N stages, and M stages. In all of
the investigations, the groups with high STAT4 expression experienced
noticeably improved clinical outcomes. The prognostic nomogram
was created using all statistically relevant prognostic variables in each
multivariate Cox regression analysis, and the calibration curve was
created to gauge the effectiveness of the nomogram. The nomogram to
predict OS, with a C-index of 0.660, contained clinical N and M stages
as well as STAT4. Clinical N and M stages, a nomogram was created to
predict DSS, STAT4 had a C-index of 0.705. A predictive nomogram for
PFI was created using clinical stage, clinical N and M stages, and STAT4,
and it had a C-index of 0.631. Except for the 5-year prediction of OS and
DSS, all three nomograms of 1, 3 and 5-year clinical results were perfectly
predicted by the calibration curves Overall; our findings indicated that
STAT4 was a favorable prognostic factor and an independent prognostic
marker in BRCA.

Correlation between STATs mRNA expression and immune
cell infiltration in BRCA tumors

For a deeper understanding of STAT's suggestive role, it is necessary
to investigate the types of immune cells infiltrating BRCA patients.
Based on the ssGSEA method, STATs and immune cell infiltration were
investigated using Spearman's analysis. As shown in Figures 6B, STAT1
expression correlated strongly with tumor-infiltrating immune cells,
including aDCs (r=0.686, p<0.001), Macrophages (r=0.424, p<0.001),
T cells (r=0.502, p<0.001), Th1 cells (r=0.549, p<0.001), and Treg cells
(r=0.534, p<0.001). aDC and STAT2 expression exhibited a substantial
positive association (r=0.403, p<0.001), T helper cells (r=0.392, p<0.001),
T central memory cells (r=0.392, p<0.001), and T cells (r=0.366,
p<0.001). The expression of STAT3 was inversely correlated with that
of aDC, B cells, CD8 T cells, cytotoxic cells, and DCs. More specifically,
Statistically, STAT4 expression was positively correlated with T cells
(r=0.822, p<0.001), cytotoxic cells (r=0.746, p<0.001), B cells (r=0.691,
p<0.001), Thl cells (r=0.686, p<0.001), and aDC (r=0.642, p<0.001).
A moderately positive correlation was found between STAT5A/5B/6
expression and the number of CD8 * T cells, NK cells and T helper cells.

To evaluate the therapeutic potential of STATs-based therapy for
breast cancer, the association between STATs mRNA expression and
immune checkpoints (PD-1/PD-L1 and CTLA-4) in breast cancer
tumors was further investigated in-depth [23]. STAT1 expression was
positively correlated with CD274 (PD-1) (r=0.720, p<0.001), PDCD1
(r=0.500, p<0.001) and CTLA-4 (r=0.620, p<0.001), Furthermore, PD-1
and STAT4 expression were significantly correlated (r=0.690, p<0.001),
PDCD1 (r=0.760, p<0.001), and CTLA-4 (r=0.770, p<0.001). The
expression of STAT3, STAT5A and STAT5B, however, did not correlate
with PD-1/PD-L1 and CTLA-4. Based on the combined findings, STATs
may influence immune cells in the tumor microenvironment of BRCA.
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Discussion

Previous research has demonstrated that the STATS protein family
regulates cell proliferation, differentiation, and death in a complex
and crucial manner [12,24,25]. The potential roles of STATs in the
development of tumors and tumor immunology are still unknown. The
immune cells associated with tumors have recently been receiving a
great deal of attention [26]. It has been shown that STATSs are important
predictors of BRCA prognosis in several studies and are currently
thought to be biomarkers strongly associated with BRCA [27,28]. More
crucially, the possible relevance of STATs with numerous cancer immune
checkpoints (PD-1/PD-L1 and CTLA-4) was further examined to fully
comprehend theNrelationship between STATs and immune regulation.
The immune checkpoint component PD-1/PD-L1 is well known and
has been shown to be an effective therapeutic target for invasive breast
cancer [29]. TCGA-BRCA data was analyzed for expression profiles,
clinicopathological relationships, clinical significance, and immune cell
infiltration of STATs. The current work is the first to examine STATs
family members' expression, assess their prognostic significance, and
forecast the level of immune infiltration in BRCA tumors based on
STATs expression.

As a crucial component of IFN signal transduction, STATI is
a cytoplasmic protein [30]. Studies have revealed that the STAT1
pathway's expression confers cells with resilience to DNA-damaging
chemicals and facilitates the formation of aggressive tumors [31]. A
potential biomarker for anti-PD-1/anti-PD-L1 immunotherapy in
breast cancer is phosphor-STAT1 expression [32]. In our findings, we
showed that breast cancer tissues expressed STAT1 at a higher level than
healthy tissues. On the basis of age, pathologic stage, and TNM stages, it
is interesting to note that STAT1 was much higher in stage1/2/3/4 than
in normal. STAT1 expression was not significantly correlated with OS,

DSS or PFI in BRCA.

STAT2 has been linked to immune response and carcinogenesis
viaproteasome degradation [33]. We discovered that the expression of
STAT? in breast cancer tissues and normal tissues did not significantly
correlate with one another. no association was seen between STAT2
expression and age, pathologic stage, or TNM stage in BRCA.
Additionally, there was no discernible relationship between OS, DSS,
and PFI in BRCA and STAT2 expression. The findings suggest that
STAT?2 is ineffective for predicting BRCA. STAT3 has been identified as
a prognostic biomarker in head and neck cancer and TNBC [34,35]. The
study provides evidence that STAT3 is related to immunosuppression
and drug response in clinical treatment [36]. There was no significant
link between STAT3 expression in breast cancer tissues and normal
tissues in our study, and it was unrelated to clinicopathological factors
such age, pathologic stage, or TNM stage. Furthermore, STAT3
expression was not shown to be significantly associated to OS, DSS
and PFI, demonstrating that STAT3 is not suitable for the prognosis of
BRCA.

A key mediator in the development of tumors and inflammation is
STAT4 [37]. However, it is unclear how STAT4 is expressed and what its
prognostic significance is in breast cancer. To definitively address this
question, we determined the predictive value of STAT4 in BRCA, high
expression levels of STAT4 indicated better OS, DSS and PFI, indicating
that STAT4 was a good prognostic factor in BRCA. After controlling
for potential confounding variables, using a multivariate Cox regression
analysis, we attempted to determine whether STAT4 expression is an
independent predictor of BRCA, taking into account the effect of
STAT4 on clinicopathological features of cancer. All of the results
showed that high-STAT4 expression groups had considerably superior
clinical outcomes, indicating STAT4 may be an independent prognostic
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factor in BRCA. The most important discovery was the statistically
significant positive correlation between STAT4 expression and T
cells, cytotoxic cells, B cells, Thl cells, and activated DCs. The clinical
response potential of cancer immunotherapy is determined by T cell
infiltration created in human cancer [38]. In the occurrence and growth
of malignancies, B lymphocytes are crucial [39]. DCs are essential
for T cell-mediated cancer immunity because they are the primary
modulator of the adaptive immune response [40]. Additional research
is necessary to confirm the use of STAT4 as a prognostic biomarker and
independent prognostic marker for BRCA. The highly conserved Janus
kinase (JAK)/STAT signaling system, which includes STAT5A and
STATS5B, is thought to be the cause of the disease because its signal is
amplified in a number of hematological malignancies [41]. In our study,
A lower expression of STAT5A/B was found in breast cancer tissues
than in normal tissues, and this expression was not correlated with age,
pathologic stages, or TNM stage in BRCA.

In acute myeloid leukemia, STAT6 has been discovered as an
important biological target [42]. The immunoreactivity of nuclear
STATG6 is highly sensitive and specific for the detection of solitary fibrous
tumors [43]. Additionally, it has been noted that STAT6 signaling is
frequently active in cancerous cells and controls a number of genes
necessary for immune response, inflammation, and cell growth [44].
Up until recently, little was understood about STAT6's expression and
function in breast cancer. Our findings indicated that STAT6 expression
was noticeably low in BRCA patients. Age, pathological stages, TNM
stages, and prognosis were all clinicopathological parameters that did
not significantly correlate with each other.

Conclusion

Based on our findings, a significant down-regulation in STAT4,
STAT5A, STAT5B, and STAT6 was observed in BRCA, while an up-
regulation of STAT1 was observed. Another intriguing point is that
in BRCA, elevated STAT4 expression was an excellent predictor of
outcome and may perhaps be a standalone prognostic diagnostic.
Conversely, STAT4 expression was significantly correlated with
immune infiltration. Our research offers a promising new biomarker
and practical knowledge for the creation of an immunotherapy for
BRCA. We anticipate that our research will establish STAT4 as a major
biomarker for human BRCA prognosis.
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