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LETTER TO TH E EDITOR

ZBED2 expression enhances interferon signaling and
predicts better survival of estrogen receptor-negative breast
cancer patients

Dear Editor,
The molecular pathogenesis of estrogen receptor (ER)-
negative, especially triple-negative breast cancer (TNBC),
is unclear, thus, the treatment of these types of cancers is
still a great challenge [1]. Chemotherapy remains the pri-
mary adjuvant treatment choice for TNBC patients [2], but
a large number of these tumors are resistant to chemother-
apy and relapse or metastasize quickly after adjuvant ther-
apy [3]. Hence, TNBC is still a disease related to poor
prognosis and limited treatment options. However, tumor
lymphocyte infiltration in the TNBC microenvironment is
related to good prognosis and chemotherapy response [4].
To avoid over-treatment, it is imperative to identify reli-
able markers to predict outcome and treatment response
in TNBC patients.
The activation of immune response genes has been

proved to be a good prognostic factor for ER-negative can-
cers [5]. Previously, we [6, 7] and others [8, 9] have iden-
tified some prognostic gene signatures for ER-negative,
triple-negative, and basal-like BCs. However, more sensi-
tive and effective prognostic biomarkers for these cancer
subtypes are in urgent need.
Transcription factors (TFs) are key regulators of many

biological processes, including cell differentiation and pro-
liferation. TFs are situated in the hubs of a complex net-
work shaping the hallmarks of human cancer, and aber-
rant epigenetic/genetic alterations of TFs are involved in
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the tumorigenesis of many cancers [10]. The expression of
many TFs was found to be associated with patient survival
in various cancers [10]. A deeper understanding of TF reg-
ulation opens up new possibilities for using TFs as targets
of anticancer drugs or biomarkers for predicting progno-
sis. Here, we examined the association of 1198 TFs with the
prognosis of patients with ER-negative BC. Eight indepen-
dent BC cohorts (n = 13,434) were analyzed. Gene func-
tions were predicted using Bayesian binary regression and
gene set enrichment approaches, and were further vali-
dated by in vitro functional studies. Our aim was to iden-
tify TFs associated with the molecular pathogenesis of ER-
negative BC and to provide amore specific classification of
clinical significance.
Cox regression analysis of these 1198 genes in four U133-

based cohorts (cohorts 2, 3, 4 and CIT) showed that 42
genes were significantly associated with the recurrence of
ER-negative BCs (Supplementary Figure S1A, Supplemen-
tary Table S1). Among the 42 TF genes, 25 genes includ-
ing interferon regulatory factor (IRF)1, 2, 8 & 9 and signal
transducer and activator of transcription (STAT)1 & 4 were
annotated under the inflammation/immune-related func-
tional terms (Supplementary Figure S1B). Interestingly,
these 25 genes were all favorable factors for the relapse-
free survival of ER-negative BC patients (Supplementary
Figure S1A). These data suggested that TF genes that regu-
late inflammation/immune signaling may have important
roles in ER-negative BC.
We were particularly interested in the Zinc Finger BED-

Type Containing 2 (ZBED2) gene because it is the most sig-
nificantly associated gene with the survival of ER-negative
BC patients among the 42 candidate TF genes (Supple-
mentary Figure S1A). To validate whether these ZBED2
Affymetrix array-based results could be repeated in cohorts
from other array platforms, three additional BC cohorts
were included and a total of 13,412 cases (11,146 cases have
survival information) were tested in this study (Supple-
mentary Table S2). Univariate Cox analysis showed that
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F IGURE 1 Prediction and validation of biological functions of ZBED2. (A) Heatmap of the Spearman coefficients for the correlations
between ZBED2 expression and 27 cancer-related pathways in five cohorts based on the Affymetrix U133 platform. The pathway activities
were computed using BinReg approach as described in Supplementary Methods. Each cell represents one coefficient value. (B) Dot plot
showing ZBED2-related enrichment of hallmark gene sets in GSEA of all the 8 cohorts in this study. Each node dot indicates that the
corresponding hallmark gene set is enriched in ER-negative BC with higher expression of ZBED2 in the corresponding BC cohort. The dot
size represents the enrichment degree (shown as the absolute value of NES minus 1.35) of hallmark gene sets. The color intensity of dotes
represents the FDR values obtained in GSEA analysis. The 7 gene sets that show enrichment in all of the 8 cohorts were highlighted in
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ZBED2 expression was consistently associated with better
survival of ER-negative BC but not in ER-positive BC in
all the 7 cohorts (Supplementary Figure S2A-B). ZBED2
expression was also consistently associated with better
outcome in TNBC and basal-like BC in most of the 7
cohorts (Supplementary Figure S2C-D). Although ZBED2
expression was also a strong predictor for human epider-
mal growth factor receptor2 (HER2)-enriched BC, interest-
ingly, it was only weakly associated with survival of HER2-
positve BC patients in most of the 7 cohorts (Supplemen-
tary Figure S2E-F).
Multivariate regression analysis showed that after

adjusting for different clinical variables in all seven
cohorts, the association of ZBED2 expression with sur-
vival remained significant in all ER-negative and some
basal-like BC subcohorts (Supplementary Figure S3, Sup-
plementary Table S3), suggesting that ZBED2 expression
is an independent prognostic factor of BC. The significant
impact ofZBED2 expression on ER-negative BC and TNBC
outcomes was also supported by Kaplan-Meier analysis
(Supplementary Figure S4).
To unravel the potential biological processes associated

with ZBED2, we analyzed 27 tumor-related pathways and
found that ZBED2 expression was most associated with
immune-related signal pathways, including interferon α
(IFNα), IFNγ and tumor necrosis factor α (TNFα) path-
ways in BC, particularly in ER-negative, triple-negative,
basal-like and HER2-enriched BCs (Figure 1A, Supple-
mentary Figures S5-S6). Interestingly, the expression of
ZBED2 in these BC subtypes was similarly higher than
that of ER-positive and Luminal BCs (Supplementary
Figure S7).
Gene set enrichment analysis (GSEA) showed that 12

hallmark gene sets were significantly enriched in ER-
negative BCs with high ZBED2 expression in at least 3
cohorts, and 7 gene sets were enriched in all the 7 cohorts
(Figure 1B, Supplementary Table S4). These 7 gene sets
are all related to immune/inflammation response. Notably,
compared to the other enriched gene sets, the two IFNgene
sets had a much higher percentage of genes contributing
to the enrichment score (i.e., higher leading edge subset)
(Supplementary Figures S8-S9, Supplementary Table S4).

Overall, these data suggested that ZBED2may be involved
in immune/inflammation processes, most likely in IFN
signaling in ER-negative BCs.
To validate the effect of ZBED2 on the IFN pathway, the

effects of ZBED2 on the expression of several key com-
ponents of IFN pathways in IFNγ-treated BC cells were
analyzed using Immunoblotting. We demonstrated that
specific interferon-stimulated genes (ISGs), STAT2, MX
dynamin-like GTPase 1 (MX1), and IRF9, were induced as
expected in response to IFN treatment, and the expression
induction was significantly exacerbated by forced expres-
sion of ZBED2 in ER-negative BC cell lines MDA-MB-
231 and SK-BR-3 (Figure 1C). These results indicated that
ZBED2 functions as a stimulator of a specific subset of
ISGs.
To further substantiate the cancer-relevant function of

ZBED2, we performed clonogenic assays following ZBED2
overexpression or knockdown in both cell lines. ZBED2
knockdown using short-hairpin RNAs (shRNAs) resulted
in a significant increase in anchorage-independent growth,
whereas ZBED2 overexpression repressed growth signifi-
cantly in both cell lines (Figures 1D and 1E). These results
indicated that ZBED2 functions as a tumor suppressor
through enhancing the IFN signaling in BC, at least in ER-
negative BC or TNBC.
RNA-sequencing data from our ER-negative/triple-

negative BCpatient samples further confirmed thatZBED2
expression was positively correlated with expression of the
above-mentioned ISGs (Supplementary Figure S10A-C).
Samples with higher ZBED2 expression also had signifi-
cantly higher IFN signaling activity (represented by IFN
6-gene score) than those with lower ZBED2 expression
(Supplementary Figure S10D). Kaplan-Meier analysis of
this in-house dataset showed that, similarly to IFN 6-gene
signature, the expression of ZBED2 is a significant favor-
able survival factor in ER-negative BC (Supplementary
Figure S10E-F).
Together, our research found that ZBED2 was related

to immune response, supporting that TF genes that regu-
late inflammation/immune signaling play important roles
in the molecular pathogenesis of ER-negative BC/TNBC.
Additionally, we provide evidence that the effect of ZBED2

rectangle. (C) Effects of ZBED2 on ISG expression induced by IFNγ in two ER-negative BC cell lines MDA-MB-231 and SK-BR-3. Cells
infected with or without ZBED2 lentivirus were treated with IFNγ for 12 h prior to Western blotting analysis. (D) Upregulation or
downregulation of ZBED2 is observed after lentivirus-transduced overexpression or knockdown using Western blotting analysis. (E) Colony
formation of MDA-MB-231 and SK-BR-3 cells upon overexpression or silence of ZBED2. The cells were recovered in regular media for 10 days,
and colonies were counted from more than three experiments. Left panel: A representative result of colony formation of BC cells. Right panel:
Bar graph presentation of the colony numbers (mean ± standard deviation) from three experiments. Abbreviations: ALK, anaplastic
lymphoma kinase; AR, androgen receptor; BCAT, Wnt/β-catenin; EGFR, epidermal growth factor receptor; ER, estrogen receptor; GluDep,
glucose deprivation; HER2, human epidermal growth factor receptor 2; IFN, interferon; IGF1, insulin like growth factor 1; LacAci, lactic
acidosis; NES, normalized enrichment score; PI3K, phosphoinositide 3-kinases; PR, progesterone receptor; STAT3, signal transducer and
activator of transcription 3; TGFβ, transforming growth factor-β; TNFα, tumor necrosis factor α
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was related to promoting IFN signaling in ER-negative
BC/TNBC. We also found that ZBED2 promoted the
expression of IRF9 and improved the survival rate of TNBC
patients. Therefore, the expression of ZBED2 and/or IRF9
can provide early insight into the prognosis of TNBC
patients to identify those patients who are unlikely to
respond to chemotherapy alone and may benefit from fur-
ther immune-based treatment intervention.
In conclusion, ZBED2 can be used to predict the

immune status of tumor and the risk of metasta-
sis/recurrence before or during neoadjuvant chemother-
apy to implement replacement therapy early and decrease
the mortality of ER-negative BC/TNBC patients.
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