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RAPID COMMUNICATION
Prognostic significance and
multidimensional roles of interferon
regulatory factors in cancer biology: A
comprehensive analysis
Interferon regulatory factors (IRFs) are transcription factors
with a conserved N-terminal helix-loop-helix DNA-binding
domain 1. IRF family plays a pivotal role in regulating
interferon transcription, immune cell development, cell
growth, apoptosis, and oncogenesis.2 Despite considerable
research, the roles of IRFs in cancer development, metas-
tasis, drug resistance, and prognosis remain unclear.
Through multidimensional correlation analysis, we exam-
ined the association between IRFs and various cancer char-
acteristics, including clinical and immune subtype analysis,
stemness, tumor microenvironment (TME), and drug sensi-
tivity, by utilizing The Cancer Genome Atlas (TCGA) data.
Moreover, the classification and prognostic role of IRF1 were
further validated through immunohistochemistry staining of
kidney renal papillary cell carcinoma (KIRP) clinical tissues.
This research enriches our understanding of the IRFs’ roles in
cancer and their clinical applications.

Data on the IRFs family across 33 TCGA cancer types
(comprising 11,057 adjacent tissues and tumor samples)
were downloaded from the UCSC Xena database (http://
xena.ucsc.edu/), with cancer types listed in Table S1 and
the workflow in Figure S1. Differential expression analysis
using the R package "ggpubr" (Wilcoxon test) showed sig-
nificant IRFs gene regulation in various cancers compared
with adjacent tissues (Fig. S2AeM). Using RNA sequencing
and reverse-phase protein array data, the LinkedOmics
database (http://www.linkedomics.org/login.php) identi-
fied proteins associated with IRF1, IRF2, IRF3, and IRF5 in
TCGA cancers. Pearson’s R analysis results were repre-
sented in volcano plots (Fig. S3AeH), which includes ana-
lyses for IRF1 in breast invasive carcinoma, esophageal
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carcinoma (ESCA), and lung adenocarcinoma (LUAD), IRF2
in breast invasive carcinoma and esophageal carcinoma,
IRF3 in breast invasive carcinoma and kidney renal clear
cell carcinoma, and IRF5 in brain lower grade glioma. Pro-
teins with significant correlations with the IRF genes are
highlighted, indicating potential key players in the IRF-
related pathways in different cancers.

Patients were categorized into low- and high-expression
groups based on median IRF expression levels, using
phenotype and survival data from Genomic Data Commons
TCGA datasets. KaplaneMeier analyses of 13 IRFs across
TCGA cancers revealed a broad association between IRF
gene expression and prognosis (Table S2 and Fig. 1AeI).
High IRF1 expression correlated with poor prognosis in KIRP
and brain lower-grade glioma but better prognosis in skin
cutaneous melanoma. Low IRF2 levels were favorable in
acute myeloid leukemia. Elevated IRF3, IRF7, and IRF9
expression were associated with worse prognosis in kidney
renal clear cell carcinoma, whereas higher IRF6 levels
indicated better outcomes. High IRF5 expression was asso-
ciated with adverse prognosis in brain lower-grade glioma.
Cox regression confirmed the prognostic value of IRF genes
across cancers, with a forest plot (Fig. 1J).

The tumor immune microenvironment in anti-tumor
therapies has prognostic and therapeutic significance. The
distribution of immune subtypes has different biological
and clinical features. Some studies suggest that interferon-
g, induced by IRFs, may promote tumor progression by
acting together as immunosuppressive mediators in the
tumor microenvironment. Six immune subtypes were iden-
tified in the TCGA tumors: C1 (wound healing), C2 (inter-
feron-g dominant), C3 (inflammatory), C4 (lymphocyte
depleted), C5 (immunologically quiet), and C6 (trans-
forming growth factor-b dominant). Using the
KruskaleWallis test, we analyzed the expression of 13 IRFs
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Figure 1 Analysis of survival, drug sensitivity, and immunohistochemistry staining for the IRF family. (AeI) KaplaneMeier survival
curves display the overall survival for different expression groups of the IRF family genes. (J) A forest plot illustrates the IRF family
genes as risk or protective factors based on Cox regression analysis. (K) Immunohistochemistry staining comparisons between the
low and high ISUP grade groups in KIRP cases. (L) Scores for IRF1 were significantly higher in the high ISUP group and histology type II
compared with the low ISUP group and histology type I, respectively.
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across these subtypes. Most IRFs showed higher expression
in C1, C2, and C3 than in C4, C5, and C6, with the highest
expression in C2, suggesting a regulatory relationship be-
tween IRFs and tumor microenvironment (Fig. S4A). Similar
patterns were observed in liver hepatocellular carcinoma
(Fig. S4B), lung adenocarcinoma (Fig. S4C), sarcoma
(Fig. S4D), and skin cutaneous melanoma (Fig. S4E). These
results might reveal an underlying correlation between IRF
family and six tumor immune subtypes.

The stromal and immune scores and tumor purity were
calculated using the ESTIMATE (Estimation of STromal and
Immune cells in MAlignant Tumors using Expression data)
algorithm.3 These analyses demonstrated broad correlations
of most IRFs with these metrics across 33 cancer types
(Fig. S5). IRF1, IRF2, IRF4, IRF5, IRF7, and IRF8 were posi-
tively correlated with the stromal and immune scores and
negatively correlated with tumor purity (Fig. S5AeC).
Furthermore, stemness was proposed to describe the self-
renewal and dedifferentiation of the stem-cell-like charac-
teristics of tumors.4 Two stemness indices, namely DNAss
(DNA methylation-based stemness index) and RNAss (mRNA
expression-based stemness index) were analyzed. Substan-
tial correlations were discovered, with most IRFs showing a
negative correlation with DNAss in KIRP, brain lower grade
glioma, and uveal melanoma, and a positive correlation with
RNAss, suggesting intricate relationships between IRFs and
stemness indices (Fig. S5D, E). These associations were
consistent across individual cancer types (Fig. S6AeD).

Drug activity data and RNA sequencing profiles for IRF
genes were extracted from CellMiner (https://discover.nci.
nih.gov/cellminer/).5 Pearson correlation analysis detected
the association between IRFs and compound sensitivity. IRF
gene expression levels were correlated with drug sensi-
tivity, as demonstrated in scatter plots (Fig. S7). Significant
correlations, defined by P < 0.05, indicated that IRF4 had a
strong positive correlation with several compounds,
including vemurafenib (r Z 0.62), denileukin diftitox
(Ontak) (r Z 0.62), dabrafenib (r Z 0.60), hypothemycin
(r Z 0.49), bafetinib (r Z 0.42), and selumetinib
(r Z 0.42). However, IRF4 showed resistance to dasatinib
(r Z �0.44) and irofulven (r Z �0.41). Similar strong
correlations were observed for other IRFs (Table S3). Some
IRFs were negatively correlated with drug sensitivity, sug-
gesting a role in drug resistance across various cancers. For
instance, IRF1 was significantly associated with decreased
sensitivity to bafetinib (r Z �0.366), cobimetinib
(r Z �0.339), dabrafenib (r Z �0.341), and vemurafenib
(r Z �0.345), with P < 0.01 (Table S3).

Given the broad and significant correlation of IRF1 with
our multidimensional analyses, the immunohistochemical
staining of specimens was performed to validate these
findings from 29 patients with KIRP. The study by experi-
enced pathologists involved determining the percentage of
IRF1-positive tumor cells and evaluating the histochemical
score. The 29 KIRP samples were categorized into two
groups (15 in the low group and 14 in the high group) based
on the histochemical gene score of IRF1. Further analysis
using the International Society of Urological Pathology
(ISUP) grading system revealed a significant association
between higher IRF1 expression levels and higher ISUP
grades, indicative of poorer prognosis (Fig. 1K, L). No sig-
nificant differences were observed in baseline
characteristics (age, gender, and tumor location), tumor
volume, and Ki-67 labeling between the two groups (Table
S4). Moreover, the histochemical gene scores for IRF1 in the
high ISUP group and histology type II were substantially
higher than in the low ISUP group and histology type I
(Fig. 1L), respectively (Table S4). These immunohisto-
chemistry findings explore the prognostic significance of
IRF1 in KIRP, demonstrating a positive correlation between
IRF1 protein levels and higher ISUP grades and histology
type, suggesting adverse overall survival outcomes.

In summary, the multidimensional exploration of the
role of IRFs established them as efficient biomarkers for
cancer diagnosis and prognosis and highlighted their po-
tential as targets for therapeutic intervention. Our findings
deepen the understanding of the intricate interplay be-
tween IRFs and cancer, offering valuable insights for future
clinical practice and therapeutic development. Despite its
contributions, this study acknowledges limitations, such as
the retrospective nature of our analyses and potential
biases inherent in using publicly available datasets. More-
over, the complex regulatory networks involving IRFs
necessitate further mechanistic studies to elucidate the
precise molecular mechanisms underlying their diverse
roles in cancer. These limitations highlight the necessity for
future prospective research and functional experiments to
validate our findings and unravel the intricate dynamics by
which IRFs influence carcinogenesis. Despite these con-
straints, our study lays the groundwork for subsequent in-
depth investigations into the clinical implications of the IRF
family in diverse cancer scenarios.
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