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Abstract
The mediator complex usually cooperates with transcription factors to be involved in 
RNA polymerase II-mediated gene transcription. As one component of this complex, 
MED27 has been reported in our previous studies to promote thyroid cancer and 
melanoma progression. However, the precise function of MED27 in breast cancer de-
velopment remains poorly understood. Here, we found that MED27 was more highly 
expressed in breast cancer samples than in normal tissues, especially in triple-negative 
breast cancer, and its expression level was elevated with the increase in pathologi-
cal stage. MED27 knockdown in triple-negative breast cancer cells inhibited cancer 
cell metastasis and stemness maintenance, which was accompanied by downregula-
tion of the expression of EMT- and stem traits-associated proteins, and vice versa 
in non-triple-negative breast cancer. Furthermore, MED27 knockdown sensitized 
breast cancer cells to epirubicin treatment by inducing cellular apoptosis and reducing 
tumorsphere-forming ability. Based on RNA-seq, we identified KLF4 as the possible 
downstream target of MED27. KLF4 overexpression reversed the MED27 silencing-
mediated arrest of cellular metastasis and stemness maintenance capacity in breast 
cancer in vitro and in vivo. Mechanistically, MED27 transcriptionally regulated KLF4 by 
binding to its promoter region at positions −156 to +177. Collectively, our study not 
only demonstrated the tumor-promoting role of MED27 in breast cancer progression 
by transcriptionally targeting KLF4, but also suggested the possibility of developing 
the MED27/KLF4 signaling axis as a potential therapeutic target in breast cancer.
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1  |  INTRODUC TION

Breast cancer, and not lung cancer, has now become the leading 
cause of cancer incidence worldwide for women, based on the latest 
global burden of cancer statistical data released by the International 
Agency for Research on Cancer in 2020. New cases of breast cancer 
even reached 2.28 billion globally in 2020, which means that 11% of 
new patients with cancer had breast cancer. Moreover, ~20%–30% 
of patients when diagnosed with breast cancer1 had developed re-
mote metastasis and the survival rate of these patients was only 26%, 
despite various strategies including surgical resection, radiotherapy, 
chemotherapy, and hormone and molecular targeted therapies.2–4 
Based on gene-expression profiling, five main intrinsic or molecu-
lar subtypes of breast cancer (luminal A, luminal B, triple-negative/
basal-like, HER2-enriched, and normal-like5) have been identified 
and studied intensely. Luminal A, Luminal B, Triple-negative/basal-
like, HER2-enriched, and Normal-like,5 among which triple-negative 
breast cancer is considered to be more aggressive, tends to be a 
higher grade, and has a poorer prognosis compared with other types. 
As this type of cancer tests negative for both hormone receptors 
and excess HER2, it is unlikely to respond to the commonly used 
target therapies such as hormonal therapy or agents targeting HER2. 
Hence, finding new key genes involved in breast cancer progres-
sion and elucidating the underlying molecular mechanisms of these 
genes seem necessary for the creation of new advanced therapeutic 
strategies and the improvement of therapeutic efficiency in breast 
cancer, especially in triple-negative breast cancer treatment.

The mediator complex is widely distributed in eukaryotes and 
plays an essential role in basal transcriptional machinery by in-
teracting directly with RNA polymerase II (Pol II) and enhancer-
bound transcriptional factors to promote the activation of many 
Pol II-transcribed genes.6 The complex is composed of 30 subunits 
that constitute three main parts named the head, middle, and tail 
modules, respectively. Head and middle modules usually bind to 
Pol II, whereas the tail module binds to various transcription fac-
tors or co-factors.7,8 By interacting with transcription factors, the 
mediator complex participates in transcription elongation, mRNA 
export, selective splicing, and the regulation of downstream gene 
expression.9–11 As one subunit of this complex, MED27 has been 
previously found as a co-factor of transcription factor SP1. It has 
also been reported to coordinate with other transcriptional factors 
to regulate gene expression.9,12 Reports regarding the function and 
the corresponding molecular mechanism of MED27 in tumorigenesis 
and development are still few. Our previous studies demonstrated 

the tumor-promoting role of MED27 in melanoma survival and its 
dedifferentiation function in thyroid cancer progression.13 It has 
also been reported to promote the proliferation and metastasis of 
adrenal cortical carcinoma cells by affecting the EMT process.14 In 
addition, microRNA-18a has been found to inhibit the growth of os-
teosarcoma cells by targeting MED27.15 In breast cancer, although 
limited studies have focused on the function of MED27 in regulating 
tumor cell proliferation and apoptosis,16 its precise functions and the 
corresponding mechanisms in mediating breast cancer cell metasta-
sis, stemness, and chemoresistance are still poorly understood and 
deserve further exploration.

Based on RNA-seq and combined with previous reports, we 
looked at KLF4 as the possible downstream target of MED27 to 
promote breast cancer progression. KLF4 belongs to the SP/KLF 
factor family, which is characterized by three zinc finger motifs in 
its carboxyl-terminal sequence, a trans-activated domain (TAD), 
and an inhibitory domain at the N-terminus.17 As an evolutionarily 
conserved zinc finger protein transcription factor, KLF4 has been 
reported to be involved in multiple cellular functions, including cell 
differentiation, proliferation, embryogenesis, and pluripotency.18–21 
It has also been reported to play a key, although a sometimes con-
tradictory, role in cancer development. On the one hand, KLF4 
functions as a tumor suppressor in the progression of liver, lung, 
and gastric carcinoma.22–24 On the other hand, KLF4 promotes tu-
morigenesis in melanoma, breast, and prostate cancer under certain 
circumstances.25–27 KLF4 is highly expressed in primary breast duc-
tal carcinoma28 and has a carcinogenic effect in breast cancer de-
pending on the state of p21CIP1/WAF1.29 Moreover, recent reports 
have found that ATXN3 promotes breast cancer metastasis by deu-
biquitinating KLF4.30 Given the essential role of KLF4 in sustaining 
pluripotency of colorectal and breast stem cells,31,32 we speculated 
that, most likely, MED27 promoted the stemness maintenance and 
subsequent metastasis of breast cancer cells via targeting KLF4.

Here, we explore the precise function and the underlying mo-
lecular mechanisms of MED27 in breast cancer development. We 
not only found high expression of MED27 in breast cancer samples, 
especially in triple-negative breast cancer, but also confirmed the 
key role of MED27 in sustaining breast cancer survival by promot-
ing cancer cell metastasis, stemness maintenance, and desensitizing 
cancer cells to chemotherapy. Based on RNA-seq, we identified KLF4 
as a possible downstream target of MED27. The effect of KLF4 itself 
on breast cancer cell metastasis and stemness-maintaining capacity 
was evaluated, and its key role in mediating MED27's oncogenic role 
was further verified in vitro and in vivo. Furthermore, we explored 

F I G U R E  1  MED27 is highly expressed in TNBC and promotes the migration and invasion of breast cancer cells. (A) Expression of MED27 
in immortalized breast cells, triple-negative and non-triple-negative breast cancer cells was detected by western blot. (B) Expression of 
MED27 in human breast cancer tissues from patients with different TNM stages based on tissue microarray. (C) Wound-healing assays were 
performed after MED27 silencing in MDA-MB-231 and BT549 cells or MED27 overexpression in MCF7 and T47D cells, respectively, and the 
migration rates were calculated. (D) Cell invasion assays were performed after MED27 was overexpressed in MCF7 and T47D or knocked 
down in MDA-MB-231 and BT549 cells, and the numbers of invasion cells were counted. (E) Expression levels of MMP-9, N-cadherin, E-
cadherin, β-catenin, and vimentin were measured by western blot after MED27 silencing or overexpression in breast cancer cells. For (A) and 
(B), the data are shown as means ± SD of three independent experiments, *p < 0.05, **p < 0.01, ***p < 0.001.
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and provided the responsive molecular mechanisms of MED27 in 
regulating KLF4 expression and clarified the precise binding site of 
MED27 as a specific transcriptional factor at the KLF4 promoter 
region. More notably, the correlation between MED27 and KLF4 
expression in breast cancer tissue samples was analyzed and their 
clinical significance was evaluated and uncovered. The whole study 
aimed at providing new targets and strategies for the diagnosis and 
treatment of breast cancer and suggests that the MED27/KLF4 sig-
naling axis is promising to become such a candidate.

2  |  MATERIAL S AND METHODS

2.1  |  Antibodies

The antibodies against KLF4 (#4038), vimentin (#5741), Snail 
(#3879), c-Kit (#3074), Epcam (#2929), β-catenin (#8480), MMP-9 
(#13667), cleaved-caspase-3 (#9664), caspase-3 (#14220), cas-
pase-9 (#9508), cleaved-caspase-9 (#9505), and MED1 (#51613) 
were purchased from Cell Signaling Technology (Beverly, MA, 
USA). The antibodies against N-cadherin (22018-1-AP), E-cadherin 
(20874-1-AP), Nanog (#14295-1-AP), CD44 (#15675-1-AP), CD133 
(#18470-1-AP), Sox2 (#11064-1-AP), and β-actin (20536-1-AP) 
were purchased from Proteintech Group (Wuhan, Hubei, China). 
MED27 (sc-390295) was purchased from Santa Cruz (Santa Cruz, 
Shanghai, China).

2.2  |  Other Materials and Methods

Other materials and methods are found in the Supporting 
Information.

3  |  RESULTS

3.1  |  MED27 was highly expressed in breast 
cancer, especially in triple-negative breast cancer and 
promoted metastasis of cancer cells

In order to evaluate the role of MED27 in breast cancer, we first 
detected the expression of MED27. Compared with normal breast 
epithelial cells (MCF10A), the expression of MED27 in breast 
cancer cells was much higher. Moreover, MED27 expression in 

triple-negative breast cancer cells was significantly increased com-
pared with that in non-triple-negative breast cancer cells both in 
mRNA levels (Figure S1A) and in protein levels (Figure 1A). We also 
analyzed the expression of MED27 in breast cancer tissues based 
on TCGA database and immunohistochemistry (IHC) staining of tis-
sue microarrays. Consistently, MED27 expression in breast cancer 
tissues was higher than that in normal tissues, especially in triple-
negative breast cancer samples (Figure S1B). With the development 
of the clinical cancer stage, its expression increased accordingly 
(Figure  1B and Figure  S1B). In addition, beyond our expectation, 
MED27 expression was positively correlated with Her2 expression 
in breast cancer tissues (Figure  S1C). By analyzing the expression 
of other mediator subunits in breast cancer gene-expression data-
bases, we found that MED27, MED30, and MED10 expression levels 
were higher in TNBC than in non-TNBC (Figure S1D). These results 
together preliminarily suggested the possible oncogenic role of 
MED27 in breast cancer.

Next, we further explored the function of MED27 in breast can-
cer. We first knocked down MED27 in triple-negative breast cancer 
cell lines, MDA-MB-231 and BT549, and overexpressed MED27 in 
non-triple-negative breast cancer cell lines, T47D and MCF-7, and 
analyzed its effect on metastasis of tumor cells. After 48 h trans-
fection, MED27 silencing significantly inhibited the migration and 
invasion of breast cancer cells. In contrast, its overexpression mark-
edly enhanced the migration and invasion of breast cancer cells 
(Figure 1C,D). In addition, as shown in Figure 1E, MED27 silenced 
the attenuated expression of MMP-9, N-cadherin, β-catenin, and vi-
mentin, whereas MED27 overexpression caused the reverse trend.

3.2  |  MED27 promoted stemness maintenance of 
breast cancer cells

Considering the close relationship between cancer metastasis 
and stemness maintenance,33–35 we next evaluated the effects of 
MED27 on stemness phenotypes in breast cancer cells. First, we es-
tablished breast cancer spheroids via in vitro culture and analyzed 
the expression of MED27 in attached cells and tumorspheres. The 
results showed that the expression level of MED27 in tumorspheres 
was significantly elevated compared with that in attached cells 
(Figure 2A), implying the possible involvement of MED27 in stemness 
maintenance. Therefore, we next observed the effects of MED27 
expression change on tumorsphere formation. MED27 silencing in-
hibited the tumorsphere formation in breast cancer cells, whereas 

F I G U R E  2  MED27 promoted stemness maintenance of breast cancer cells. (A) Representative images of MDA-MB-231 and MCF7 cells 
with adherence status or mammosphere status are shown; the expression of MED27 was detected by western blot and quantified. Scale 
bars, 200 μm. (B) Representative images of mammosphere formation are shown after MED27 was stably knocked down in MDA-MB-231 and 
BT549 cells or stably overexpressed in MCF7 and T47D cells, and the numbers of sphere were quantified. Scale bars, 100 μm. (C) Expression 
levels of stemness-related markers CD44, Nanog, and Sox2 were measured by western blot after MED27 knockdown or overexpression. 
(D) Bioluminescence images of tumor tissues in lungs from BALB/c nude mice 45 days after intravenous injection of MDA-MB-231 cells with 
stable MED27 silencing. (E) Immunohistochemistry staining of β-catenin, MMP9, CD44, Nanog, and MED27 in metastatic lung tissues from 
BALB/c nude mice. Scale bars, 100 μm.
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its overexpression displayed the opposite effect (Figure 2B). In ad-
dition, the expression levels of stemness-related proteins, CD44, 
Nanog, and Sox2, were decreased in MDA-MB-231 and BT549 cells 
with MED27 silencing, but increased in T47D and MCF-7 cells upon 
MED27 overexpression (Figure  2C). Combined with the high ex-
pression of MED27 in tumorspheres, these results confirmed that 
MED27 sustained stemness phenotypes in breast cancer cells.

Considering the association between cancer stemness and EMT 
again, we next assessed the metastatic potential of MDA-MB-231 
cells with stable knockdown of MED27 in mice. Compared with the 
scrambled group, the MED27 knockdown group displayed fewer 
lung tumor nodes accompanied by a lower expression of MMP-9, 
β-catenin, CD44, and Nanog in the metastases tissues (Figure 2D,E). 
Combined with the in vitro study performed above, these results col-
lectively indicated that MED27 promoted breast cancer cell survival 
by contributing to enhanced self-renewal and metastatic capacity.

3.3  |  Knockdown of MED27 sensitized breast 
cancer cells to epirubicin therapy

Given the stemness-promoting role of MED27 in breast cancer 
described above, and the responsibility of the CSC subpopulation 
within the tumoral mass for tumor metastasis and resistance to con-
ventional therapy, we next analyzed the effect of MED27 on the 
chemotherapeutic sensitivity of breast cancer cells. Knockdown 
of MED27 increased the sensitivity of breast cancer cells to EPI, 
whereas its overexpression reduced such sensitivity (Figure  3A), 
suggesting the contribution of MED27 to the chemotherapeutic re-
sponse of breast cancer cells.

To provide insights into the possible mechanisms of MED27 in 
affecting EPI sensitivity, cell apoptosis status was initially analyzed. 
The results showed that MED27 knockdown in MDA-MB-231 and 
BT549 cells induced more apoptosis under EPI treatment, whereas 
MED27 overexpression in T47D and MCF-7 cells reduced cell apop-
tosis upon EPI treatment (Figure 3B). In line with this, the expression 
levels of apoptosis-related proteins in breast cancer cells with EPI 
treatment, including poly(ADP-ribose)polymerase (PARP), cleaved-
caspase-9, and cleaved-caspase-3, were increased or decreased ac-
cordingly upon MED27 knockdown or overexpression (Figure 3C). 
Subsequently, a tumorsphere formation assay was performed to 
detect the effect of MED27 on stemness in breast cancer cells with 
EPI treatment. MED27 overexpression increased the tumorsphere 
formation ability in T47D and MCF-7 cells treated with EPI, and its 

silencing caused the opposite effect in MDA-MB-231 and BT549 
cells (Figure  3D). Therefore, we found conclusively that MED27 
promoted chemotherapeutic resistance in breast cancer cells, at 
least partially, by inhibiting cell apoptosis and increasing stemness 
phenotypes.

3.4  |  MED27 transcriptionally regulates KLF4 by 
binding to its promoter region in breast cancer cells

To further elucidate the underlying molecular mechanism of MED27 
in regulating breast cancer progression, we performed an RNA-seq 
assay in MDA-MB-231 cells with stable knockdown of MED27 or 
not. The top 20 most downregulated genes and Gene Ontology 
(GO) enrichment analysis of the differentially expressed genes after 
MED27 silencing from RNA-seq data are shown in Figure 4A. KLF4 
was selected as one of the downstream genes of MED27 among 
the significantly downregulated genes based on its known func-
tion in breast cancer survival.28–30 Further analysis demonstrated 
that knocking down MED27 significantly downregulated the ex-
pression of KLF4, while its overexpression upregulated KLF4 levels 
(Figure 4B,C), confirming the positive regulation of KLF4 by MED27 
in breast cancer cells.

Given the essential role of the mediator complex in regulating 
gene transcription, we deduced the possible transcriptional reg-
ulation of MED27 on KLF4 in breast cancer cells. To confirm this, 
we first used a DNA-pulldown assay to investigate the possible 
binding of MED27 on the KLF4 promoter region in different breast 
cancer cells. The results showed that MED27 could be pulled down 
by the promoter probe of KLF4, and its binding in triple-negative 
breast cancer cell lines was higher than that in non-triple-negative 
breast cancer cell lines (Figure 4D). Moreover, MED27 knockdown 
reduced its binding to the KLF4 promoter, whereas its overexpres-
sion increased such binding (Figure  4E), again proving binding of 
MED27 to the KLF4 promoter. We then constructed a KLF4 pro-
moter (−498/+177)-driven luciferase plasmid and transfected MDA-
MB-231 or MCF-7 cells with this plasmid and MED27-specific siRNAs 
or its overexpression plasmids for 48 h. A luciferase expression 
assay showed that MED27 knockdown reduced luciferase activity, 
whereas MED27 overexpression enhanced such activity (Figure 4F), 
confirming the hypothesis that MED27 transcriptionally regulated 
KLF4. Subsequently, a ChIP assay was performed. As shown in 
Figure 4G, the KLF4 promoter region is divided into two fragments. 
When MED27 was silenced, its binding at the KLF4 promoter (−156 

F I G U R E  3  Knockdown of MED27 promotes the sensitivity of breast cancer cell to chemotherapeutic drugs. (A) Breast cancer cells with 
stable knockdown or overexpression of MED27 were treated with different concentrations of epirubicin and the cell viability was measured 
by MTT assay. The IC50 value of EPI was calculated. (B) Representative images of AO/EB assay are shown to evaluate cellular apoptosis upon 
MED27 silencing or overexpression followed by 0.5 μg/mL EPI treatment. (C) Expression levels of PARP, cleaved-caspase-9, and cleaved-
caspase-3 were detected by western blot after MED27 silencing or overexpression followed by EPI treatment. (D) Representative images of 
mammosphere formation in breast cancer cells upon MED27 overexpression or knockdown followed by EPI treatment, and the numbers of 
spheres were counted. Scale bars, 200 μm. For (A) and (D), the data are shown as means ± SD of three independent experiments, *p < 0.05, 
**p < 0.01, ***p < 0.001. EPI, epirubicin.
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to +177 position) was also decreased, but nearly no binding was 
found at the KLF4 promoter region (−498 to −137 position), sug-
gesting that, most likely, MED27 anchors at the KLF4 promoter frag-
ment (−156 to +177 position) as a specific transcriptional factor to 

regulate KLF4 expression in breast cancer cells. To investigate if an-
other mediator complex subunits could also be recruited at the KLF4 
promoter, we performed another ChIP assay with MED1 antibody. 
Although binding of MED1 at the −156/+177 position of the KLF4 
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promoter region was also seen, but weaker than MED27, such bind-
ing was not affected by MED1 knockdown with its specific siRNAs 
(Figure 4G). In line with MED27, MED1 showed almost no binding at 
the −498/−137 position of the KLF4 promoter region. These results 
preliminarily indicated that MED27, but not MED1, mainly contrib-
uted to the transcriptional regulation of KLF4 in breast cancer cells.

3.5  |  MED27-mediated promotion of cell 
invasion and stemness in breast cancer cells are 
partially dependent on KLF4

As KLF4 was identified to be transcriptionally regulated by MED27 
and has been reported to be required for maintenance of breast can-
cer cell stemness, migration and invasion,32,36 very possibly, MED27 
performs its oncogenic role in breast cancer through targeting KLF4. 
We first evaluated the function of KLF4 itself in breast cancer. In 
agreement with known reports, KLF4 displayed a tumor-promoting 
role by enhancing the invasive and stemness-maintaining capacity 
of breast cancer cells (Figure  S2A–D). Next, rescue experiments 
were conducted by knocking down MED27 and overexpressing 
KLF4 simultaneously in MDA-MB-231 cells, or knocking down KLF4 
and overexpressing MED27 simultaneously in MCF-7 cells. The re-
sults showed that KLF4 knockdown or overexpression significantly 
reversed the MED27 overexpression- or knockdown-mediated 
promotion or inhibition of cellular invasion and tumorsphere forma-
tion (Figure 5A,C). Moreover, the western blot assay showed again 
that KLF4 knockdown or overexpression rescued MED27 overex-
pression- or knockdown-mediated expression changes of EMT and 
stemness-associated proteins (Figure 5B,D). Altogether, these data 
supported the idea that MED27 promoted breast cancer cell metas-
tasis and stemness was at least partially dependent on its regulation 
of KLF4.

3.6  |  MED27 maintained cell stemness traits by 
upregulating KLF4 in the mouse xenograft model of 
human breast cancer cells

In order to further verify the role of MED27/KLF4 signaling in the 
expansion of breast cancer, we constructed an orthotopic mouse 
xenograft model of human breast cancer cells with stable knock-
down of MED27 and/or stable overexpression of KLF4 by injecting 

such cells into the mammary fat pad of BALB/c nude mouse for con-
tinuous observation. As expected, knocking down MED27 alone 
inhibited tumorigenesis and growth, while overexpression of KLF4 
significantly promoted tumor incidence and growth. More notably, 
compared with the control group, KLF4 overexpression reversed the 
delayed tumor growth mediated by MED27 silencing (Figure  6A–
C). Western blot analysis of tissue lysates from the formed tumors 
showed that the overexpression of KLF4 reversed the MED27 
knockdown-mediated expression decrease of stemness-related 
markers CD44 and Nanog (Figure 6D). The same trend was observed 
based on immunohistochemistry (Figure 6E). Collectively, these data 
further confirmed that MED27 promoted breast cancer progression 
by targeting KLF4.

3.7  |  MED27 expression is positively correlated 
with KLF4 expression in human breast cancer 
tissues and predicts poor prognosis of patients with 
breast cancer

Considering the essential role of MED27 in breast cancer cells by 
regulating KLF4 demonstrated above, we finally evaluated their clin-
ical significance in breast cancer patients. Immunohistochemistry 
based on the tissue microarray of 128 breast cancer patients showed 
that 47 patients displayed high expression levels in both MED27 and 
KLF4, and 42 patients displayed low expressions in both proteins. 
Representative staining results for high and low expression are 
shown in Figure 7A and a positive correlation between their expres-
sion was found (p < 0.0001, r = 0.454) (Figure 7B). Further analysis 
of the clinicopathological data showed that the expression of both 
MED27 and KLF4 was associated with the differentiation status of 
tumor tissues in breast cancer patients (Table 1). Moreover, consist-
ent with the in vitro and in vivo studies above, the overall survival 
rate of patients with high expression of MED27 or KLF4 was lower 
than the patients who had low expression (p < 0.0001 and p = 0.027, 
respectively) (Figure 7C,D). The overall survival of patients with high 
expression of both MED27 and KLF4 was significantly lower than 
for the other groups (p = 4.5e−5) (Figure 7E), Furthermore, log-rank 
test analysis showed that the survival rate was lower in MED27 
high expression patients in both the TNBC and non-TNBC groups 
(p = 0.002 and p = 2.47e−9, respectively) (Figure 7F). These results 
suggest the potential of MED27/KLF4 signaling axis as breast cancer 
prognostic biomarkers.

F I G U R E  4  MED27 transcriptionally regulates KLF4 by binding to its promoter region in breast cancer cells. (A) Heat map displays the 
differentially expressed genes identified by RNA-seq after MED27 was knocked down in MDA-MB-231 cells. The top 20 genes that were 
most downregulated and GO enrichment analysis of the differential genes are shown after MED27 silencing. (B, C) Expression of MED27 
and KLF4 was measured by qPCR and western blot after MED27 silencing or overexpression. (D, E) DNA-pulldown assay was performed 
in different breast cancer cell lines or in cells with MED27 knockdown or overexpression. (F) MED27 siRNAs or MED27 overexpression 
plasmids and pGL3-KLF4 promoter plasmid were co-transfected into MDA-MB-231 or MCF-7 cells, and the KLF4 promoter activity was 
measured using the dual-luciferase assay. (G) ChIP assay in MDA-MB-231 and BT549 cells using MED27 or MED1 antibody after MED27 or 
MED1 knockdown, respectively, with their specific siRNAs was performed to demonstrate the enrichment of MED27 or MED1 at the KLF4 
promoter (−156 to +177 region). IgG was used as a negative control. The results are shown as the percentage input. For (B, F, G), the data are 
shown as means ± SD of three independent experiments, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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F I G U R E  5  MED27-mediated promotion of cell invasion and stemness in breast cancer cells are partially dependent on KLF4. (A) Transwell 
and mammosphere formation assays were performed in MDA-MB-231 cells with MED27 silencing and/or KLF4 overexpression, and the 
invasive cell number and fold change of tumorsphere number was quantified, respectively. Scale bars, 200 μm. (B) Expression levels of Snail, 
E-cadherin, vimentin, Epcam, CD44, and CD133 in MDA-MB-231 cells with MED27 silencing and/or KLF4 overexpression were measured 
by western blot. (C) Transwell and mammosphere formation assays were performed in MCF-7 cells with KLF4 silencing and/or MED27 
overexpression, and the invasive cell number and fold change of tumorsphere number, respectively, were counted. Scale bars, 200 μm. 
(D) Expression levels of Snail, N-cadherin, vimentin, c-kit, CD44, and CD133 were measured using western blot in MCF-7 cells with KLF4 
silencing and/or MED27 overexpression.
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F I G U R E  6  MED27 maintained cell stemness traits by upregulating the expression of KLF4 in a mouse xenograft model of human 
breast cancer cells. (A) Morphology of tumor xenografts from each mouse in different treatment groups was photographed, and the tumor 
incidence with different cell dilution ratios was recorded. (B) Diameters of the formed tumors in each nude mouse with 107 cells injected 
from different groups were measured at an interval of 2 days after 7 days of injection and the corresponding tumor volumes were calculated. 
(C) Tumor volume was obtained in 107 cells by injection in four groups after the mice were sacrificed. Tumor volume = (width2 × length)/2. (D) 
Expression levels of Nanog, CD44, KLF4, and MED27 in three representative tumor tissues of each group were measured by western blot. 
(E) Expression levels of Nanog, CD44, KLF4, MED27, and Ki67 in mouse tumor tissues were measured by immunohistochemistry staining. 
N = 5 mice/group, Scale bars, 50 μm, original magnification: ×40. The level of significance was indicated by *p < 0.05, **p < 0.01.
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4  |  DISCUSSION

MED27 function as an oncogene involved in tumorigenesis and 
development has been reported recently in various cancers in-
cluding adrenocortical, osteosarcoma, oropharyngeal, and breast 
cancer.14–16,37 In our previous studies, for the first time, we succes-
sively reported the tumor-promoting role of MED27 in melanoma 
and thyroid cancer by activating the NF-κB/iNOS signaling pathways 
and antagonizing IKKα-induced cell differentiation, respectively.13,38 
Of note, in terms of the function of MED27 in breast cancer, al-
though a recent report found that MED27 promoted the malignant 
behavior of cells by affecting Sp1 in breast cancer,16 its effects were 
mainly explored for the proliferation and apoptosis of breast cancer 
cells. As for its role in maintaining breast cancer cell metastasis and 
stemness and the responsible molecular mechanisms, these points 
have been relatively unexplored. Here, to our knowledge, for the first 
time, we identify MED27 as a tumor-promoter in breast cancer driv-
ing cancer cell metastasis and stemness. Furthermore, our results 

also suggest that KLF4, transcriptionally regulated by MED27, is 
necessary to maintain the tumor-promoting role of MED27 in breast 
cancer (Figure 8).

Based on RNA-seq, KLF4 was selected as the downstream target 
gene regulated by MED27. Rescue experiments further confirmed 
the key role of KLF4 in mediating the tumor-promoting function 
of MED27 in breast cancer cells, because KLF4 overexpression or 
knockdown significantly reversed the impairment or enhancement 
of cancer cell metastasis and stemness caused by MED27 knock-
down or overexpression. According to previous studies, KLF4 has 
been shown to promote the EMT process by enhancing cell stem-
ness. For example, in pancreatic cancer, KLF4 promotes the EMT 
processes of cancer cells by functioning as a type of stemness main-
tenance factor. Related findings have also been reported in endome-
trial cancer, human nasopharyngeal carcinoma, and non–small-cell 
lung cancer, in which KLF4 acts similarly as a stemness maintenance 
factor to promote the EMT process by interacting with TWIST1 and 
JAGGED1.39–41 Combined with a recent study showing that KLF4 

F I G U R E  7  Expression of MED27 was positively correlated with KLF4 and predicted the poor prognosis of breast cancer patients. (A) 
Representative IHC staining images of breast cancer patient tissues showed consistent MED27 and KLF4 expression based on tissue 
microarray. (B) Correlation between the expression of MED27 and KLF4 in human breast cancer tissues from 128 patients. (C–E) Relevance 
between overall survival of patients with breast cancer and the expression of MED27 and/or KLF4 in tumor tissues were analyzed using 
Kaplan–Meier analysis. (F) Correlation between overall survival of TNBC (n = 12) or non-TNBC (n = 116) patients and MED27 expression 
based on breast cancer tissue microarray was analyzed.

Characteristics

MED27

p

KLF4

pHigh Low High Low

Age (median)

≤57 31 36 0.546 40 27 0.79

>57 25 36 35 26

Differentiation

High 7 2 0.027 8 1 0.004

Middle 32 35 45 22

Low 17 35 22 30

T 0.47 0.149

T1 20 25 26 18

T2 30 44 41 33

T3 5 2 7 0

T4 1 1 1 1

N

N0 33 32 0.088 38 27 0.868

N1 14 24 21 17

N2 3 12 9 6

N3 6 4 7 3

TNM stage

I 11 13 0.808 16 8 0.557

II 33 40 40 33

III 12 19 19 12

TA B L E  1  Relationship between the 
level of MED27 or KLF4 expression and 
clinicopathologic characteristics in breast 
cancer.
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promoted the stemness and invasiveness of breast cancer cells,42 
our results not only proved once again the capacity of KLF4 to main-
tain stemness and metastasis in breast cancer, but also revealed its 
expression regulatory mechanism upstream, further enriching our 
understanding of KLF4's involvement in tumorigenesis and devel-
opment and increasing the potential to develop the MED27/KLF4 
signaling axis as a candidate therapeutic target in cancer, especially 
in breast cancer.

By further investigating the underlying mechanisms of MED27 
in regulating KLF4 based on pulldown and dual-luciferase reporter 
assays, we found that MED27 bound at the promoter region of KLF4 
as a specific transcriptional factor to affect KLF4 transcription. More 
accurate analysis from ChIP identified the actual binding site of 
MED27 in the KLF4 promoter, at the −156/+177 position. Of course, 
segmented testing within this fragment (−156/+177) to clarify the 
more precise binding site for MED27 deserves further exploration. 
In addition, the binding pattern of MED27 at the KLF4 promoter, for 
instance directly binding to the KLF4 promoter or indirectly binding 
to the KLF4 promoter by interacting with other co-factors, needs to 
be investigated further. Most likely, based on the common role of the 
mediator complex in the basal transcriptional machinery by interact-
ing with RNA polymerase II and enhancer-bound transcription fac-
tors, MED27 does not regulate KLF4 expression as an independent 
transcription factor, but acts synergistically with other transcription 
factors. What are these factors? Are they synergistic or antagonistic 
in the transcriptional regulation of MED27 on KLF4 in breast cancer 
cells? Are they oncogenic or antineoplastic? To answer these ques-
tions, further studies seem to be necessary. As to the contribution of 
the whole mediator complex in regulating KLF4 expression mediated 
by MED27 in breast cancer cells, based on our current data that only 
weak binding of MED1at KLF4 specific promoter region was found 

and that such binding was unaffected by the level of MED1 itself, 
we do not exclude the possibility that, although the entire complex 
is recruited to the KLF4 promoter region, some of its components, 
such as MED27, could play a more important role in transcription 
regulation of KLF4.

In summary, we validated the critical role of MED27 in sustain-
ing breast cancer cell survival and refined the possible responsive 
molecular mechanism for this role. We found that MED27 promoted 
breast cancer cell invasion and stemness maintenance mainly via 
transcriptionally regulating its downstream target gene KLF4. More 
significantly, MED27/KLF4 signaling showed potential diagnostic 
and prognostic values for the clinic. Both MED27 and KLF4 were 
highly expressed in breast cancer tissues and the expression of these 
two genes was positively correlated with each other. Moreover, high 
expression levels of MED27 or KLF4 were highly correlated with 
tumor differentiation status and predicted a poor prognosis for 
these patients with breast cancer. Taken together, our study sug-
gests that the MED27/KLF4 signaling axis could very possibly serve 
as a key candidate target for breast cancer diagnosis and treatment, 
and further emphasizes the critical role of targeting of MED27 and 
KLF4, sequentially or simultaneously, in breast cancer treatment.
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