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Abstract 

Background: Breast cancer ranks No. 1 in women cancer incidence, while triple negative breast cancer (TNBC) is the 
most aggressive and the worst prognostic subtype in all breast cancer subtypes. Compared with estrogen receptor 
alpha positive breast cancer, which could be well controlled by endocrine therapy, TNBC is lack of mature molecular 
targets for medical therapy. Thus, it is urgent and necessary to discovery the carcinogenic mechanism and potential 
therapeutic targets for TNBC. Recent studies reveal that Hippo/YAP signaling is an important mediator for TNBC pro-
gression. Our current study investigates the role of RING finger protein RNF181 in modulation Hippo/YAP signaling.

Methods: YAP and RN181 protein level were measured by western blot, while the Hippo classical target genes were 
measured by real-time PCR. WST1 assay were used to measure cell proliferation, the trans-well and wound healing 
were used to measure the cell migration and invasion capacity. Protein stability and ubiquitin assay were used to 
detect the YAP protein ubiquitin and stability. The immuno-precipitation assays were used to detect the protein inter-
actions. Immuno-staining was used to detect the protein localization of YAP and RNF181, while the ubiquitin-based 
immuno-precipitation assays were used to detect the specific ubiquitination manner of YAP.

Results: Our current study identified a novel modulator-RNF181 as a positive mediator for Hippo/YAP signaling acti-
vation in TNBC. RNF181 depletion significantly inhibited TNBC cell migration, invasion and proliferation, which effect 
could be rescued by YAP overexpression. RNF181 depletion decreased YAP protein level and Hippo signaling target 
genes, such as CTGF and CYR61, in TNBC cell lines. Immuno-precipitation assay showed that RNF181 interact with YAP 
and promoted YAP stability by inhibition K48-linked poly-ubiquitination of YAP in TNBC cells. Besides, public available 
data showed that RNF181 is elevated in breast cancer and related to poor prognosis in TNBC patients.

Conclusion: Our study provides evidence to establish a non-proteolytic mechanism in modulating Hippo sign-
aling in breast cancer. RNF181 could be an interesting marker for triple negative breast cancer prognostics and 
therapeutics.
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1. RNF181 facilitates YAP/TEAD axis in triple negative 
breast cancer.

2. RNF181 promotes triple negative breast cancer pro-
gression via Hippo signaling.

3. RNF181 controls Hippo signaling in triple negative 
breast cancer via modulating YAP stability and ubiq-
uitination level.
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Background
Triple negative breast cancer (TNBC) is an aggres-
sive subtype breast cancer, which is lack of expres-
sion of estrogen receptor alpha, progesterone receptor 
and HER2 [1]. TNBC is lack of approved target thera-
pies, which remain a major hindrance for the survival 
improvement [2]. In addition, TNBC has higher trend to 
metastasize and poorer overall survival compared with 
other breast cancer subtypes [3]. Since it is lack of thera-
peutic targets in TNBC, it is urgent to uncover the onco-
genic mechanism and novel targeted therapies for TNBC 
patients.

The organ hemostasis is dependent on an internal 
balance among proliferation, apoptosis, stem cell self-
renewal and differentiation [4]. These processes are 
necessary for the tissue hemostasis, while the deviation 
of such regulation leads development failure or carcino-
genesis. The Hippo signaling was shown to play impor-
tant role in organ size control [5]. The core component 
of Hippo signaling includes MST1/2, LATS1/2, YAP, TAZ 
and TEADs. When Hippo signaling is activated MST1/2 
phosphorylates LATS1/2, which further phosphoryl-
ates YAP/TAZ cytoplasmic retention and degradation. 
While Hippo signaling is shuttled down, unphosphoryl-
ated YAP/TAZ could translocate into the nuclear and 
associate with several transcriptional factors, including 
TEADs [6]. Thus, YAP/TAZ are important effectors for 
Hippo pathway, which could shuttle between cytosol and 
nuclear.

The abnormality of Hippo signaling could be found in 
quite a few human cancers [7]. For example YAP gene 
amplification could be found in live cancer, esopha-
geal cancer and TNBC (https ://tcga-data.nci.nih.gov/
tcga/). Besides, YAP was shown to be critical in modu-
lating server cancer biological behaviors, including car-
cinogenesis, cell survival and stem cell maintenance [8]. 
Depletion YAP or pharmaceutical inhibition YAP could 
lead to cell death and cell growth inhibition [9, 10]. In 
breast cancer, population based genomic study showed 
that Hippo signaling activation was correlated with 
TNBC breast cancer risk, while high expression of YAP 
related to poor survival in breast cancer patients [11, 12]. 
Besides, YAP/TEAD axis was shown to synergize with 
AP-1 family members in TNBC to promote cancer pro-
gression, while depletion of YAP in TNBC cells inhibited 
migration capacity and proliferation in vitro and in vivo 
[13]. All these conclusions indicated that Hippo/YAP axis 
played critical role in TNBC carcinogenesis and progres-
sion. Thus targeting YAP protein transactivation could 
be an appealing strategy for TNBC treatment. However, 
due to the extensive interaction between YAP and TEAD, 
directly target YAP-TEAD interaction is still immature in 
clinics [14]. Our currently study aims to investigate the 

YAP protein modulators, which could be an alternative 
strategy for YAP-driven breast cancer.

Ring finger protein 181 (RNF181) belongs to RING 
finger protein family, and functions as an E3 ubiquitin 
ligase in regulator multiple cellular processes [15]. For 
example, RNF181 was shown to bind integrin complex 
and modulate platelet function in physiological condition 
[16]. Besides, RNF181 could regulate NFKB signaling via 
interaction with CARD11 in lymphocytes [17]. However, 
little is known about RNF181 function in human cancer. 
Our current study showed RNF181 is an important mod-
ulator for Hippo/YAP signaling and in TNBC progres-
sion. RNF181 could stabilize YAP protein and inhibit K48 
linked poly-ubiquitination, which leads to enhanced YAP 
target gene expression and cancer progression in TNBC.

Materials and methods
RNA extraction and qPCR analysis
Total RNA was used to extract by RNeasy plus mini kits 
(Tiangen). Real-time PCR was showed as previously 
described [18]. 36B4 was used for internal reference. 
The primer sequences were displayed here. RNF181: F: 
cac aga cga gat aag gct cga a; R: tgg cca ggt ctg tga tca at. 
36B4: F: ggc gac ctg gaa gtc caa ct; R: cca tca gca cca cag 
cct tc. CTGF: F: ctc gcg gct tac cga ctg; R: ggc tct gct tct 
cta gcc tg. CYR61: F: agc agc ctg aaa aag ggc aa; R: agc ctg 
tag aag gga aac gc.

Cell culture
The three species cells include BT549, MDAMB231 
and HEK293 cells were used from American Type Cul-
ture Collection (ATCC). HEK293 cells were cultured 
in Dulbecco’s Modified Eagle’s Medium that contains 
4,5 g/L glucose and 4 mM l-glutamine (DMEM, 41965, 
Life Technologies) supplemented with 10% Fetal Bovine 
Serum (FBS, 10270, Life Technologies). MDAMB231 and 
BT549 cells grown in RPMI-1640 (42401, Life Technolo-
gies) supplemented with 2 mM l-glutamine (25030, Life 
Technologies) and 10% FBS. All cell lines were subject to 
cell line authentication. The cell line authentication via 
Short Tandem Repeat (STR) was performed via Power-
Plex 21 system. The STR data of HEK293, MDAMB231 
and BT549 cell lines were found consistent with STR data 
in ATCC.

Plasmids and siRNA
The Myc-YAP plasmid was acquired by Origene,The Flag-
RNF181 plasmid was obtain from Origene. The HA-K48 
Ubiquitination plasmids were received from our past 
study. The Lipofectamin 2000 (1668019, Invitrogen) was 
used for the plasmids transfection. Small interfering 
RNAs were used for specific gene knocking-down. The 
RNF181 siRNA sequences were: CCA CUG AUG ACG 
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ACA CUU AdTdT; UAA GUG UCG UCA UCA GUG GdTdT 
and GAU GCC UUG CCA UCA CCU UdTdT; AAG GUG 
AUG GCA AGG CAU CdTdT. The YAP siRNA sequence 
were: GCU CAU UCC UCU CCA GCU UTT; AAG CUG 
GAG AGG AAU GAG CTT. The negative control siRNA 
sequences were: UUC UCC GAA CGU GUC ACG UTT; 
ACG UGA CAC GUU CGG AGA ATT. The RNAiMAX 
reagent (13778150, invitrogen) was used for siRNA 
transfection.

Cell proliferation assay
SiRNF181 or siControl transfect into MDAMB231 and 
BT549 cells in 24-well plate. Twenty-Four hours after 
transfection, the cells number was countered and 6000 
cells were seeded into 96-well plates. The comparatively 
cell viability was measured at indicated time points. Cell 
numbers were determined using the CCK8 cell prolifera-
tion reagent as previously described.

Wound healing assay
BT549 and MDA-MB-231 cells were transfected with 
50 µM RNF187 siRNA or sControl. After 24 h, cells were 
seeded into 6-well plates with 2%FBS. The cells were 
100% confluence. The yellow pipette tips were applied for 
straight scratch. The Cells wound distance was measured 
every 24  h. The wound healing recovery was expressed 
as: [1 − (Width of the wound at a given time/width of the 
wound at t = 0)] × 100%.

Trans‑well assay
The Cell invasiveness was measured using the modified 
two-chamber plates as before [19]. For invasion assay 
MDAMB231 cells and BT549 cells were were transfected 
with 50  μM RNF181 siRNA or sControl. To stimulate 
invasion, 20% of the serum was added to the 24-well plat 
by using a serum-free medium in the chamber. After 
16  h, cells were carefully removed and the cells that 
invaded through the membrane were fixed and stained 
with Crystal Violet Staining solution. The cell numbers 
are counted by microscope.

Western blotting
RIPA buffer lysates harvest the cells. Proteins were sep-
arated by electrophoresis on SDS-polyacrylamide gel 
electrophoresis (PAGE) and electro-transferred to PVDF 
membrane. The antibodies we use include: Anti-RNF181 
(SAB1401685, Sigma); Anti-YAP (SC-101199, Santa 
Cruz); Anti-phospho-YAP (S127) (ab76252, Abcam); 
Anti-HA (MMS-101R, COVANCE); Anti-myc (9E10, 
ab9106, Abcam); Anti-GAPDH (GB12002, Servicebio). 
Membranes were then washed with PBS for three times 
and incubated with secondary antibodies Peroxidase-
Conjugated AffiniPure Goat Anti-Mouse IgG or Goat 

Anti-Rabbit IgG. Fluorescent signals were visualized with 
ECL system (GE RRPN 2235).

Protein stability assays
For BT549 cells were seeded into 24 well-plate and trans-
fected with 50  nM siRNF181 or siControl. After 24  h, 
cells were treated with 100  µM cycloheximide (C7698, 
Sigma) for indicated time points. Samples were subject to 
western blot for YAP degradation.

Immunofluorescence assay
BT549 cells were fixed with 4% paraformaldehyde in 
PBS for 10 min, permeabilized with 0.25% Triton X-100 
for 5 min, and blocked by 3% BSA in PBS for 1 h. anti-
RNF181 polyclonal antibody (SAB1401685, Sigma) and 
anti-YAP monoclonal antibodies (SC-101199, Santa 
Cruz) were used, followed by Alexa Flour 647 (Invit-
rogen) anti-rabbit antibody and FITC-conjugated anti-
mouse antibodies (Jackson ImmunoResearch, West 
Grove, PA). As negative controls, the samples were incu-
bated with the secondary antibodies without primary 
antibodies. Images were acquired under conditions ful-
filling the Nyquist criterion using Nikon A + laser scan-
ning confocal system with a 60X oil NA1.4 objective and 
pinhole size of 1.0 Airy Unit. The acquired pictures were 
further processed and assembled using ImageJ.

Poly‑ubiquitination detection assay
To directly detect the enriched K48-ubiquitinated and 
Myc-YAP from the cell extracts, HEK293T cells were 
transfected with 0.5 μg K48 Ubi plasmids together with 
0.5 μg Flag-RNF181 or Flag-vector. After 48 h, total pro-
tein was extracted and pre-cleared with 20 μL protein A 
(santa cruz, SC-2001) for 2 h. The supernatant was col-
lected and immunoprecipitated by YAP antibody. West-
ern blot with HA antibody was performed to detect K48 
poly-ubiquitinated YAP.

Statistics
Pearson correlation coefficient, Student’s t-test, and 
Cox regression analysis were applied for comparisons. 
A P-value of < 0.05 was considered to be statistically 
significant.

Results
RNF181 is higher expressed in breast cancer and correlates 
with poor survival in TNBC patients
We analyze the public available data of RNF181 in 
breast cancer database. From the Oncomine database 
(https ://www.oncom ine.org), we find that RNF181 
is elevated in breast cancer, compared with normal 
breast tissue in multiple cohorts (Fig.  1a–c). Besides, 
the KMPLOT database (http://kmplo t.com/analy sis/) 

https://www.oncomine.org
http://kmplot.com/analysis/
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indicates that RNF181 correlate with poor survival in 
total breast cancer patients and also TNBC patients 
(Fig.  1d, e). Interestingly, YAP expression shows simi-
lar trend in prognosis with RNF181 in TNBC patients 
(Fig. 1f ). Besides, he KMPLOT database (http://kmplo 
t.com/analy sis/) indicates that RNF181 correlate with 
poor survival in TNBC patients in 5 years and 10 years 
survival (Fig. 1g, h).

RNF181 promotes cancer progression and proliferation 
in TNBC cells
We used BT549 and MDAMB231 cells as representa-
tive cell lines for TNBC in most of the experiments. 
In order to minimize the off-target effects of the siR-
NAs, two independent siRNAs are used to knock down 
RNF181. The WST1 assay indicates that RNF181 deple-
tion could inhibit cell proliferation speed in both BT549 
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Fig. 1 RNF181 is elevated in breast cancer samples and correlated with poor prognosis in triple negative breast cancer cells. a–c RNF181 is 
increased in mRNA expression in breast cancer samples compared with normal breast tissue from different datasets (https ://www.oncom ine.org). 
d RNF181 is correlated with poor prognosis in total breast cancer patients (https ://kmplo t.com). e RNF181 is correlated with poor survival in TNBC 
patients (https ://kmplo t.com). f YAP expression level is correlated with poor survival in TNBC patients (https ://kmplo t.com). g RNF181 is correlated 
with poor survival in TNBC patients in 5 years follow-up (https ://kmplo t.com). h RNF181 is correlated with poor survival in TNBC patients in 10 years 
follow-up (https ://kmplo t.com)
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and MDAMB231 cells (Fig. 2a, b). We further investigate 
the migration capacity in BT549 and MDAMB231 cells. 
The wound-healing assay shows that siRNF181 signifi-
cantly inhibits the migration capability in both BT549 
and MDAMB231 cells (Fig.  2c–f). Further trans-well 
assay shows that RNF181 knocking down decreases the 
number of migrated cells in BT549 and MDAMB231 
cells (Fig. 2g, h).

RNF181 facilitates Hippo/YAP signaling in TNBC cells
We further investigated the role of RNF181 in Hippo/
YAP signaling. RNF181 depletion significantly decreased 
YAP protein level via two independent siRNAs in BT549 
and MDAMB231 cells (Fig.  3a, b). We further inves-
tigate Hippo signaling activity via TEAD-luciferase 

activity. Luciferase assay showed that RNF181 depletion 
decreased TEAD luciferase activity in both BT549 and 
MDAMB231 cells (Fig. 3c, d). Besides, we measured the 
Hippo/YAP target genes in both of the two cells lines. 
QPCR assay showed that RNF181 depletion decreased 
Hippo/YAP target gene expression in MDAMB231 and 
BT549 cells (CTGF and CYR61) (Fig. 3e, f ).

RNF181 promotes migration and invasion via activating 
Hippo/YAP signaling in TBNC cells
We further investigated the logic link between cancer 
phenotype and Hippo signaling in TNBC cells. In Fig. 4a, 
decreased YAP protein level could be rescued by further 
YAP overexpression. The cell migration assay showed 
that RNF181 could inhibit cell migration in TNBC, which 
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Fig. 2 RNF181 promotes cell proliferation and migration in triple negative breast cancer cells. a, b Depletion of RNF181 inhibits the proliferation of 
triple negative breast cancer cells. BT549 and MDA-MA-231 were transfected with siControl or siRNF181. There were two different siRNA be used. 
After 24 h, the assay was CCK8 used to determine the cellar metabolic activity at indicated time points after infection. Experiments were done in 
triplicates. *P < 0.05; **P < 0.01; ***P < 0.001 for cell growth comparison. c–f Wound-healing assay of BT549 and MDA-MB-231 cells were transfected 
with siControl or siRNF181. Quantification of wound closure at the indicated time points. Data are presented as ± SD. **, P < 0.01, ***, P < 0.001. g, h 
RNF181 depletion inhibits TNBC cell migration in BT549 and MDA-MB-231 cells. Two independent siRNA were used in the study. Transwell was used 
to check the migration capacity. The cell number was counted and data are presented as ± SD. **, P < 0.01, ***, P < 0.001
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effect could be rescued by YAP overexpression in BT549 
cells and MDAMB231 cells (Fig.  4b–e). Besides YAP 
overexpression could also rescued the invasion capacity, 
which was caused by RNF181 knocking down in BT549 
and MDAMB231 cells (Fig. 4f, g).

RNF181 stabilizes YAP protein and inhibits YAP protein 
poly‑ubiquitination
We further carried out the immuno-staining of YAP 
and RNF181 in MDAMB231 cells. The immuno-stain-
ing showed that both YAP and RNF181 localized in the 
nuclear (Fig.  5a). The immuno-precipitation showed that 
RNF181 could associate with YAP in the MDAMB231 cells 
(Fig. 5b). We analyzed the half-life of YAP protein with or 
without RNF181. The protein half-life assay showed that 

RNF181 depletion significantly decreased the YAP pro-
tein stability (Fig.  5c, d). Also, RNF181 associated with 
phospho-YAP (S127) protein in BT549 cells (Fig. 5e). The 
protein half-life assay showed that RNF181 depletion sig-
nificantly decreased the phospho-YAP (S127) protein sta-
bility (Fig. 5f, g). Besides, YAP protein decrease by RNF181 
knocking-down was diminished by the proteasome inhibi-
tor treatment (Fig.  6a). Further ubiquitin-based immuno-
precipitation assay showed that the existence of RNF181 
could decrease the K48-linked ubiquitination of YAP in 
HEK293 cells (Fig. 6b).
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Discussion
In our current study, we investigate the role of RNF181 
in modulating TNBC cancer cell progression. RNF181 
is found to associate with YAP and promoted YAP pro-
tein stability and Hippo signaling activation via inhibiting 
K48-linked poly-ubiquitination (Fig. 6). Besides, RNF181 
is elevated in breast cancer, compared with normal breast 
tissue, while both RNF181 and YAP are correlated with 

poor prognosis in TNBC. Our study provided a novel 
insight into the post-translational mechanism in YAP/
Hippo signaling. RNF181 could be an interesting marker 
for TNBC therapeutics and diagnostics.

Numbers of studies showed that the Hippo/YAP sign-
aling play important role in carcinogenesis in several 
human cancer [20]. For example, YAP constitutive acti-
vation could lead to live cancer and lung cancer in mice 
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by YAP over-expressed. MDAMB231 cells were transfected with siControl or siRNF181. After 24 h, cells were transfected with Myc-YAP or Myc. 
Quantification of wound closure at the indicated time points. Data are presented as ± SD. **, P < 0.01, ***, P < 0.001 (student’s t-test). f, g RNF181 
consumption decreased TNBC cell invasion capacity, which effect could be reversed by YAP over-expressed. BT549 cells were transfected with 
siControl or siRNF187. After 24 h, cells were transfected with Myc-YAP or Myc. After another 24 h, cancer cells were seeded into the chamber for 
trans-well assay. The cell number was counted and Data are presented as ± SD. **, P < 0.01, ***, P < 0.001 (student’s t-test)
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models [21, 22]. Besides, YAP was shown to mediate 
several cancer related phenotypes, including migration, 
invasion, anti-apoptosis and epithelial–mesenchymal 
transition (EMT) [23]. When it comes to the TNBC, the 
dys-regulation of Hippo/YAP axis was found in TNBC 
tumors, such as YAP gene amplification and FAT muta-
tions. Besides, YAP expression level was found to corre-
late with poor survival and progression stage in TNBC 
patients [24, 25]. YAP protein depletion could inhibit 
TNBC cell growth and invasion capacity in  vivo and 
in vitro [26]. Since YAP is so critical in TNBC, it could be 
a promising strategy to target YAP for TNBC.

YAP protein contains three domains, including tran-
scriptional activation domain, WW domain and TEAD 

interaction domain [10]. The WW domain modulates 
YAP subcellular localization, while TEAD interaction 
domain is responsible to interact with other transcrip-
tional factors, such as TEAD and RUNX [27, 28]. YAP 
protein is the key mediator for the activation of Hippo 
signaling and subject to several translational modifica-
tions, such as phosphorylation and ubiquitination. For 
example, YAP could be phosphorylated in multiple sites 
by several kinases, which subsequently lead to the YAP 
cytoplasmic retention and YAP protein degradation 
[29, 30]. Besides, YAP protein also subject to ubiqui-
tin modification. For example, FBW7, one E3 ubiquitin 
ligase could promote YAP protein K48-linked ubiquit-
ination and degradation [31, 32]. Also SCF E3 ubiquitin 
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Fig. 5 RNF181 facilitates YAP protein stability and inhibits YAP K48-linked poly-ubiquitination. a Intracellular localization analysis of RNF181 and 
YAP by immunofluorescence assay. BT549 cells were cultured in normal medium before fixation. Intracellular localization of YAP (red) and RNF181 
(green) were shown. Nuclei (blue) were stained with 4′,6-diamidino-2-phenylindole (DAPI). b Co-IP assay revealed association between endogenous 
RNF181 and YAP protein in HEK293T cells. HEK293T cells were harvested with RIPA lysis buffer. CO-IP was performed using antibody as indicated. c, 
d RNF181 consumption decreased YAP half-life in BT549 cells. BT549 cells were transfected with 50 µM siControl or siRNF181. After 24 h, cells were 
treated with 100 µM cycloheximide/vehicle for indicated times. Cell lysates were prepared for Western blot analysis. The results are representative 
for three independent experiments. The YAP relative density was measured by Image J software. e Co-IP assay revealed association between 
endogenous RNF181 and phospho-YAP (S127) protein in BT549 cells. BT549 cells were harvested with RIPA lysis buffer. CO-IP was performed using 
antibody as indicated. f, g RNF181 consumption decreased phospho-YAP (S127) half-life in BT549 cells. BT549 cells were transfected with 50 µM 
siControl or siRNF181. After 24 h, cells were treated with 100 µM cycloheximide/vehicle for indicated times. Cell lysates were prepared for Western 
blot analysis. The results are representative for three independent experiments. The phospho-YAP (S127) relative density was measured by Image J 
software
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ligases complex could also associate with YAP and pro-
mote YAP protein degradation [33]. In our current study, 
we observed that RNF181 could stabilize YAP protein 
and inhibit K48-linked ubiquitination and degradation. 
This finding could provide an unconventional regulation 
mechanism in controlling Hippo/YAP signaling by non-
degradation ubiquitination manner.

RNF181 belongs to the RING family E3 ligase family, 
while the RING domain is responsible for the E3 liga-
tion function. RNF181 is required for several physio-
logical functions. For example, RNF181 is important to 
modulate integrin function in platelet [16]. In cancers, 

RNF181 was found to be elevated in several human 
malignancies. RNF181 could interact with CARD11 
and promote NFKB signaling in lymphoma cells [17]. 
Besides, RNF181 was shown to promote colon can-
cer viability and angiogenesis [34]. Here, our results 
indicate that RNF181 could promote cell migration 
and proliferation in TNBC via activating Hippo/YAP 
signaling. Besides, we also showed that RNF181 was 
increased in breast cancer. This could indicate that 
RNF181 could stabilize YAP protein via a non-prote-
olytic manner, which could provide novel insight in 
the role of ubiquitin modification in YAP protein and 
Hippo signaling.
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Conclusion
We identified an interesting E3 ligase RNF181 in facilitat-
ing Hippo/YAP signaling in TNBC cells. RNF181 could 
promote TNBC cell invasion and proliferation via stabi-
lizing YAP protein. As a novel modulator of Hippo sign-
aling, disturbing RNF181 activity or affecting RNF181 
expression could be a plausible way to overcome YAP-
driven breast cancer among TNBC patients.
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