
Slaninová et al. BMC Cancer          (2024) 24:587  
https://doi.org/10.1186/s12885-024-12316-4

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Cancer

The Hippo pathway terminal effector TAZ/
WWTR1 mediates oxaliplatin sensitivity in p53 
proficient colon cancer cells
Věra Slaninová1†, Lisa Heron‑Milhavet1†, Mathilde Robin1,2,3, Laura Jeanson1, Adam Aissanou1, Diala Kantar1, 
Diego Tosi1,3, Laurent Bréhélin2, Céline Gongora4* and Alexandre Djiane1,4* 

Abstract 

YAP and TAZ, the Hippo pathway terminal transcriptional activators, are frequently upregulated in cancers. In tumor 
cells, they have been mainly associated with increased tumorigenesis controlling different aspects from cell cycle 
regulation, stemness, or resistance to chemotherapies. In fewer cases, they have also been shown to oppose cancer 
progression, including by promoting cell death through the action of the p73/YAP transcriptional complex, in par‑
ticular after chemotherapeutic drug exposure. Using HCT116 cells, we show here that oxaliplatin treatment led 
to core Hippo pathway down‑regulation and nuclear accumulation of TAZ. We further show that TAZ was required 
for the increased sensitivity of HCT116 cells to oxaliplatin, an effect that appeared independent of p73, but which 
required the nuclear relocalization of TAZ. Accordingly, Verteporfin and CA3, two drugs affecting the activity of YAP 
and TAZ, showed antagonistic effects with oxaliplatin in co‑treatments. Importantly, using several colorectal cell 
lines, we show that the sensitizing action of TAZ to oxaliplatin is dependent on the p53 status of the cells. Our results 
support thus an early action of TAZ to sensitize cells to oxaliplatin, consistent with a model in which nuclear TAZ 
in the context of DNA damage and p53 activity pushes cells towards apoptosis.
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Introduction
Colorectal cancer (CRC) is the third leading cause of 
cancer-related death worldwide [43]. Thirty percent of 
patients present synchronous metastases and 50–60% 
will develop metastases that will require chemotherapy. 

The current management of advanced or metastatic CRC 
is based on fluoropyrimidine (5-FU), oxaliplatin and iri-
notecan as single agents or more often in combination 
(e.g. FOLFOX, FOLFIRI, or FOLFIRINOX; [63]). Chem-
otherapy is combined with targeted therapy including 
monoclonal antibodies against EGFR (e.g. cetuximab and 
panitumumab) or VEGF (bevacizumab), tyrosine kinase 
inhibitors (e.g. regorafenib), and immune checkpoint 
blockade agents for patients with MSI-High tumors (e.g. 
pembrolizumab; [63]).

Oxaliplatin is a third-generation platinum antitumor 
compound with a 1,2-diaminocyclohexane (DACH) 
ligand [9, 44]. It induces mainly intra-strand crosslinks, 
but also inter-strand crosslinks and DNA–protein 
crosslinks that stop DNA replication and transcription, 
leading to apoptotic cell death [40, 61, 62]. Oxaliplatin 
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exerts its anti-tumor effect also by inducing immuno-
genic cell death [55]. Resistance to oxaliplatin can be 
either intrinsic (primary resistance) or acquired (second-
ary resistance), and is usually tackled by combining drugs 
to expose tumoral cells weaknesses or inhibit alternative 
survival pathways [59]. Despite intense research efforts 
in this field, more information on the molecular mecha-
nisms underlying oxaliplatin mechanism of action are 
needed to develop new treatment strategies and improve 
the therapeutic response rate.

The Hippo signaling pathway represents an evolu-
tionarily highly conserved growth control pathway. First 
discovered through genetic screens in Drosophila, it con-
sists of a central cascade of core kinases: MST1/2 and 
LATS1/2 (homologues of Drosophila Hippo and Warts; 
[17, 41, 66]). When activated, LATS1/2 phosphorylate 
YAP and WWTR1/TAZ (homologues of Drosophila Yki), 
two partly redundant transcriptional co-activators which 
represent the terminal effectors of the Hippo pathway 
[45]. Phosphorylated YAP and TAZ are retained in the 
cytoplasm through binding to 14-3-3 proteins and sent 
for proteasomal degradation. When the Hippo pathway is 
not activated, hypo-phosphorylated YAP/TAZ enter the 
nucleus and bind to specific transcription factors (TFs) to 
turn on the transcription of target genes. The best char-
acterized TF partners for YAP and TAZ are the TEADs 
(TEAD1-4, homologues of Drosophila Scalloped; [17, 
41, 66]). While depending on cell type, the classic tar-
get genes include genes involved in proliferation, resist-
ance to apoptosis, cytoskeletal remodeling, or stemness 
[46, 54, 57]. But YAP/TAZ nucleo-cytoplasmic localiza-
tion (and activity) is also controlled by mechanical cues 
relayed by the actin cytoskeleton, or by cytoplasmic trap-
ping proteins such as AMOTs [17, 41, 66]. Importantly, 
the nuclear retention of YAP and TAZ is favored by 
tyrosine phosphorylation by different kinases, and in par-
ticular SRC and YES [8, 13, 30].

The Hippo pathway has been primarily described 
as a tumor suppressive pathway in a wide variety of 
solid tumors [22, 29, 38, 56, 66] preventing the pro-
tumoral effect of YAP/TAZ. However, in CRCs the role 
of the Hippo pathway and of YAP and TAZ appears 
more complex. Several studies point towards a classic 
pro-tumoral role for YAP and TAZ. In CRC patients 
tumor samples, high expression and nuclear localiza-
tion of YAP correlated strongly with disease evolu-
tion and bad prognosis [33, 51], or with resistance 
to treatments such as 5FU or cetuximab [22, 27, 58]. 
Furthermore, invalidating YAP could blunt tumori-
genic behaviors both in mice CRC models [48] or in 
the metastatic HCT116 CRC cell line [23]. However, 
YAP could exhibit a tumor suppressive role in CRCs. 
Studies in genetic mouse models have shown that 

YAP/TAZ restricts canonical Wnt/β-Catenin signaling 
thus preventing intestinal stem cells amplification, and 
could act as tumor suppressors in CRCs [3–5]. Simi-
larly, the loss of core Hippo kinases (LATS/MST) was 
recently shown to inhibit tumor progression in Apc 
mutant mouse models and in patients-derived xeno-
grafts models [11, 31].

The tumor suppressive role of YAP in CRC is further 
supported by its reported role in response to DNA dam-
age inducer drugs. Studies have shown that, in different 
cell lines including CRC lines, cell death in response to 
cisplatin, doxorubicin, or etoposide, is mediated by p73, 
a protein related to the tumor-suppressor p53. Follow-
ing treatments, a YAP/p73 complex accumulates in the 
nucleus, and triggers the transcription of p73 target 
genes involved in cell death [26, 52, 53]. The direct inter-
action between YAP and p73 is proposed to prevent p73 
destabilization by the E3-Ubiquitin Ligase ITCH [28, 52]. 
This pro-apoptotic role of YAP is reminiscent to a simi-
lar role of Yki in Drosophila (a Yki/p53 complex; [12]). 
Importantly, this appears specific to YAP, since TAZ can-
not bind to p73, further suggesting that YAP and TAZ, 
while performing redundant roles, also possess specific 
activities [45].

Given that oxaliplatin constitute one of the most used 
drugs in the treatment of CRCs, it is important to evalu-
ate its effects with respect to the Hippo pathway and to 
YAP/TAZ which can elicit conflicting roles to oppose or 
promote CRC tumorigenesis. We show here that upon 
treatment with oxaliplatin, TAZ accumulated in the 
nucleus of p53 wild-type CRC cell lines. We further show 
that TAZ was required for early sensitivity of HCT116 to 
oxaliplatin. Interestingly, the nuclear localization of TAZ 
was important, and drugs preventing this such as Dasat-
inib antagonized the effect of oxaliplatin. These results 
support an early anti-tumoral role of YAP and TAZ in 
response to oxaliplatin suggesting particular attention to 
sequence of treatments and drug combinations should be 
paid when considering potential future drugging of YAP/
TAZ signaling in the treatment of CRCs, in particular for 
tumors with wild-type p53.

Materials and methods
shRNA construction
shRNA directed against human YAP, or the non-relevant 
Luciferase gene were designed by adding to the selected 
targeted sequences, overhangs corresponding to BamHI 
and EcoRI cloning sites at the 5’end of forward and 
reverse strand, respectively. Resulting oligos were then 
annealed together and cloned into the pSIREN-RetroQ 
vector (TaKaRa) according to the manufacturer’s proto-
col between BamHI and EcoRI cloning sites.

Targeted sequences:
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shRNA-YAP(3619): CAA TCA CTG TGT TGT ATA T
shRNA-Luciferase: CGT ACG CGG AAT ACT TCG A

Cell culture and cell transfections
Certified Human HCT116 and LoVo colorectal can-
cer cell lines (RRID:CVCL_0291, RRID:CVCL_0399) 
were obtained from LGC Standards (ATCC-CCL-247, 
ATCC-CCL-229). Caco-2, HT-29, and SW480 cells were 
obtained from ATCC (RRID:CVCL_0025, ATCC-HTB-37; 
RRID:CVCL_0320, ATCC-HTB-38; RRID:CVCL_0546, 
ATCC-CCL-228). Human HCT 116 p53 mutant cells were 
from [7]. Cells were cultured in RPMI1640 supplemented 
with 10% FBS at 37 °C in a humidified atmosphere with 5% 
 CO2. All experiments were performed with mycoplasma-
free cells. No antibiotics were used to avoid any cross-
reaction with the Oxaliplatin treatment.

Mutational status of the cell lines used

p53 status APC status CTNNB1status

HCT116 wild‑type wild‑type mutated

HCT116 p53 mut exon 1 deletion wild‑type mutated

LoVo wild‑type mutated wild‑type

Caco‑2 E204* mutated mutated

HT‑29 R273H mutated wild‑type

SW480 R273H, P309S mutated wild‑type

HCT116 cells expressing shRNA against YAP, or Lucif-
erase (Luc; control) were obtained by retroviral gene 
transduction of the corresponding pSIREN vectors. Ret-
roviral particles were produced in HEK293 cells and sub-
sequently used to infect HCT116 cells. Positive clones 
were selected with 1  μg/mL puromycin and pooled 
together.

HCT116-shYAP/siTAZ cells were created by trans-
fecting 100 nM of TAZ siRNA (Dharmacon siGENOME 
SMARTpool #M-016083-00-0005) into HCT116-shYAP 
cells using Lipofectamine 2000 (Invitrogen) according to 
manufacturer’s protocol. As a negative control, 100  nM 
of siScrambled (D-001206-13) was transfected into 
HCT116-shLuc cells.

All human cell lines have been authenticated using STR 
profiling within the last three years.

Murine Taz was expressed by transfecting cells with 
pEF-TAZ-N-Flag from Michael Yaffe (Addgene #19025; 
RRID:Addgene_19025; [19]).

Apart from IC50 calculations, or 2D treatments matri-
ces, cells were analyzed after 24 h of treatment with oxali-
platin. For this short treatment there was no significant 
change in cellular density and analyses were performed at 
circa 70% confluency.

RNA‑Seq
HCT116 cells were plated to reach 60 to 70% of conflu-
ence and treated with 0.5 μM Oxaliplatin  (IC50) for 24 h. 
RNA was extracted using RNeasy plus mini kit (Qiagen), 
quantified, and analyzed for its integrity number (RIN) 
using a Bioanalyzer (Agilent 2100 at the IRMB: https:// 
irmb- montp ellier. fr/ single- servi ce/ trans cript ome- ngs/). 
RNA (1  µg) with RIN between 8 and 10 were sent for 
RNA-Sequencing analysis to Fasteris biotechnology com-
pany (http:// www. faste ris. com). After library prepara-
tion, sequencing was performed on the Illumina NovaSeq 
6000 platform (S1 2x100 full FC). Mapping on the human 
genome GRCh38 was performed using the protocol STAR 
2.7.5b leading to 80–100 Millions reads per condition. 
Normalization and pairwise differential expression analy-
ses were performed using the R package DESeq2 (2.13) [2].

Western blotting
Proteins from transfected untreated and treated HCT116 
cells were extracted, analyzed by SDS-PAGE. Dilutions 
and antibodies’ references are listed below (Cell Signaling 
Technology: CST).

Antibody Dilution Reference

Flag M2 1/2000 Sigma‑Aldrich #F1804

GAPDH 1/3000 Proteintech #60004

Histone H3 1/1000 CST #4499

LATS1 1/1000 CST #3477

MOB1 1/1000 CST #13730

p‑MOB1 1/1000 CST #8699

MST1 1/1000 CST #3682

p‑MST1/2 1/1000 CST #49332

NF2 1/1000 Proteintech #26686‑1‑AP

p53 1/5000 Proteintech #10442‑1‑AP

p63 1/250 Santa Cruz #sc25268

p73 1/1000 CST #14620

p‑SRC Y416 1/1000 CST #2105

TAZ 1/1000 CST #4883

TEAD4 1/250 Santa Cruz #sc101184

Tubulin 1/10000 Sigma‑Aldrich #T6074

YAP 1/1000 CST #14074

p‑YAP S127 1/1000 CST #13008

Immunoprecipitation and co‑immunoprecipitation
Protein extracts were prepared in lysis buffer (NaCl 
150  mM, Tris pH 7.4 10  mM, EDTA 1  mM, Triton 
X-100 1%, NP-40 0.5%, cOmplete, EDTA-free pro-
tease inhibitors (Roche #11873580001) for 30  min on 
ice before centrifugation. Immunoprecipitations were 
performed overnight at 4  °C on a rocking wheel using 

https://irmb-montpellier.fr/single-service/transcriptome-ngs/
https://irmb-montpellier.fr/single-service/transcriptome-ngs/
http://www.fasteris.com
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mouse EZview Red anti-Flag M2 affinity gel (Sigma-
Aldrich #F1804) after transfections of either p2xFlag 
CMV2 (empty vector), p2xFlag CMV2-YAP2 (YAP1; 
Addgene #19045) or p2xFlag CMV2-WWTR1 (TAZ). 
After Flag immunoprecipitation, washes in lysis 
buffer were performed, followed by protein elution by 
competition with 3XFLAG peptide (150  ng/µL final 
concentration) during 1 h at 4 °C. The different immu-
noprecipitates were then subjected to Western blotting 
for detection of protein complexes.

Immunofluorescence
Cells seeded on glass coverslips were fixed 10  min in 
paraformaldehyde (4%), before being permeabilized 
in PBS / 0.1% TritonX-100 for 10  min. After blocking 
in PBS / 0.5% BSA, cells were incubated with primary 
antibodies overnight at 4C. Primary antibodies used are 
listed below. Secondary Alexa Fluor Antibodies (1/600; 
Invitrogen) were used as described previously [20] for 
1  h at room temperature before mounting the cover-
slips with Vectashield (Vector Laboratories #H-1200) 
and imaging on Zeiss Apotome or Leica Thunder 
microscopes.

Antibodies used were rabbit anti-53BP1 (1/100; CST 
#4937), mouse anti-phospho-Histone H2AX clone 
JBW301 (1/200; Millipore #05–636), anti-TAZ (1/100; 
CST #4883), mouse anti-TEAD4 (1/50; Santa Cruz 
#sc101184), and rabbit anti-YAP (1/100; CST #14074).

Nuclear staining quantifications in HCT116 cells
Quantification was performed using ImageJ. Binary mask 
corresponding to the cell nuclei was based on DAPI 
staining. Two nuclei touching each other (and therefore 
recognized as one on binary mask) were manually sepa-
rated by drawing a 2-pixel line between them. All incom-
plete nuclei on the edge of the image as well as those that 
were in mitosis or mechanically damaged were excluded 
from the analysis. The total signal was calculated as “cor-
rected total cell fluorescence” (CTCF) according to the 
following formula:

Background fluorescence was measured on three dif-
ferent spots (roughly the size of cell nucleus) outside 
of the cell. In case of 53BP1 and γH2AX staining, the 
whole area covered by the nuclear mask was quanti-
fied as one. For YAP and TAZ nuclear staining, each 
cell was quantified separately using particle analysis 
tool. Cytoplasmic levels of YAP and TAZ were not 

CTCF = Integrated Density−(Areaof selected cell ∗Meanfluorescence of the background)

quantified due to the small size of the cytoplasm in 
HCT116 cells.

IC50 calculation and cytotoxicity
Cell growth inhibition and cell viability after incubation 
with Oxaliplatin (Sigma Aldrich #O9512), Verteporfin 
(Sigma Aldrich #SML0534), CA3 (CIL56, Selleck-
chem, #S8661) or Dasatinib (Selleckchem #S1021) were 
assessed using the sulforhodamine B (SRB) assay. Expo-
nentially growing cells (750 cells/well) were seeded in 
96-well plates in RPMI-1640 medium supplemented 
with 10% FCS. After 24 h, serial dilutions of the tested 
drugs were added, and each concentration was tested in 
triplicate. After 96 h, cells were fixed with 10% trichlo-
roacetic acid and stained with 0.4% SRB in 1% acetic 
acid. SRB-fixed cells were dissolved in 10 mmol/L Tris–
HCl and absorbance at 540 nm was read using an MRX 
plate reader (Dynex, Inc., Vienna, VA, USA). IC50 was 
determined graphically from the cytotoxicity curves.

For HCT116-shYAP/siTAZ, cells were transfected in 6 
well plates 24 h before starting the cell growth and cyto-
toxicity assays.

Quantification of the interaction effect
The interaction between the drugs tested in  vitro was 
investigated with a concentration matrix test, in which 
increasing concentration of each single drug were 
assessed with all possible combinations of the other 
drugs. For each combination, the percentage of expected 
growing cells in the case of effect independence was cal-
culated according to the Bliss equation [15]:

where fuc is the expected fraction of cells unaffected by 
the drug combination in the case of effect independence, 
and fuA and fuB are the fractions of cells unaffected by 
treatment A and B, respectively. The difference between 
the fuc value and the fraction of living cells in the cyto-
toxicity test was considered as an estimation of the inter-
action effect, with positive values indicating synergism 
and negative values antagonism.

Results and discussion
Oxaliplatin treatment triggers an early cell death program
Oxaliplatin is a third generation platinum compound 
widely used as part of the first line of treatment for colon 
cancer patients in the FOLFOX regimen [9, 44, 63]. 
Inside cells, oxaliplatin binds DNA, generating adducts 
which ultimately lead to DNA breaks and replicative 
stress in proliferating cells. When used on proliferating 

fuc = fuAfuB
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cancer cells, oxaliplatin treatment resulted in concen-
tration-dependent cell death. We measured the IC50 of 
oxaliplatin on HCT116 colon cancer cells at 0.5 µM (Sup-
plemental Figure S1A). This dose reduced the amount 
of cells by 50% after 4 days of treatment. This dose was 
about 10 fold lower than the oxaliplatin concentration 
reported in the blood of treated patients (between 3.7 
and 7 µM; [14]). The oxaliplatin dose used in this study 
was thus compatible with the dose that could be ulti-
mately found at the level of tumors in a clinical setting, 
and did not represent an acute high concentration treat-
ment, highlighting its relevance for studying cellular 
responses to oxaliplatin.

When treated with oxaliplatin at IC50, HCT116 cells 
exhibited clear signs of DNA damage such as accu-
mulation of γH2AX, and 53BP1 puncta in the nuclei 
(Fig. 1A&B). Consistently, p53, which has been shown 
to control a specific cell death program in response 
to severe DNA damage (for recent reviews [1, 39], 

accumulated strongly 24  h after treatment (Fig.  1C). 
Intriguingly, the p53 related protein p73, previously 
reported to accumulate and to mediate cell death in 
response to DNA-damage inducing drugs such as cis-
platin, doxorubicin or etoposide, including in HCT116 
cells [26, 52], was destabilized upon oxaliplatin treat-
ment. p63, the third member of the p53 protein family, 
was not expressed in HCT116, even upon treatment 
(Fig. 1C).

Oxaliplatin treatment triggers YAP and TAZ nuclear 
accumulation
Having established a regimen for treating HCT116 
cells with oxaliplatin, given the complex reported roles 
of YAP/TAZ in CRCs (see “Introduction” section), we 
investigated whether YAP/TAZ could be affected, and 
thus monitored TEAD, YAP, and TAZ expressions and 
localizations following oxaliplatin treatment.

Fig. 1 Oxaliplatin treatment induces DNA damage. A Immunofluorescence experiments performed on HCT116 cells treated, or not, with oxaliplatin 
(0.5 µM) monitoring γ‑H2AX (yellow). DAPI (blue) was used to stain DNA and the nuclei. Quantification of the staining is shown on the right side 
and is represented as the corrected nuclear fluorescence. Data are represented as the mean ± SEM. (n = 3). Unpaired two‑tailed Student’s t‑test; ** 
p < 0.01. B Immunofluorescence experiments performed on HCT116 cells treated, or not, with oxaliplatin (0.5 µM) monitoring 53BP1 (grey). DAPI 
(blue) was used to stain DNA and the nuclei. Quantification of the staining is shown on the right side and is represented as the corrected nuclear 
fluorescence. Data are represented as the mean ± SEM. (n = 3). Unpaired two‑tailed Student’s t‑test; *** p < 0.001. C Western blot analysis showing 
protein expression of p53 family of proteins in HCT116 treated (Oxa), or not (NT) with oxaliplatin (0.5 µM). GAPDH was used as a loading control 
(n = 3)
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After 24 h (or 48 h) of oxaliplatin treatment at the IC50, 
we did not observe any change in the total levels or in the 
nuclear localization of TEAD4, the main TEAD paralogue 
in colon cells (Fig. 2A). However, TAZ and YAP nuclear 
localizations increased following oxaliplatin treatment in 
our culture conditions: the TAZ and YAP nuclear staining 
increased by 60% and 55% respectively when compared to 
untreated cells (Fig. 2A). TAZ nuclear accumulation was 
further confirmed by fractionation experiments (Fig. 2C; 
see “Materials and methods” section). This increase in 
TAZ nuclear localization was reflected by an increase in 
total TAZ levels by western blot analysis (Fig. 2B). How-
ever, YAP total levels, and more importantly the lev-
els of YAP phosphorylation on Serine 127 (S127) were 
unchanged (Fig. 2B).

The YAP S127 phosphorylation is deposited by the 
LATS1/2 Hippo pathway terminal kinases and mediates 
the cytoplasmic retention of YAP by the 14-3-3 proteins 
and later targeting for proteasomal degradation [17, 
41, 66]. Western-blot analyses on total protein extracts 
showed that protein levels of several key proteins in the 
core Hippo pathway were lower after treatments. This 
was observed both for total proteins (MST1/2, MOB1A, 
and LATS1) and their activated phosphorylated forms 
(p-MST1/2, p-MOB1; Fig. 2B). Based on these western-
blot analyses, the activity ratio (phosphorylated / total 
protein) of MOB1A increased slightly during treatment 
(x1.73) while the activity ratio of MST1 decreased slightly 
(x0.45). It should be noted here that these activity ratios 
are based on western-blot after 24  h of treatment and 
might not reflect the immediate activity of the pathway. 
Moreover, these activity ratios reflect the normalized 
activity per unit of protein, but do not reflect the over-
all integral activity of the pathway. Given that core Hippo 
pathway proteins were specifically down-regulated after 
24 h of treatment (as compared to other proteins which 
levels remained constant after treatments: GAPDH, 
TEAD4, NF2, YAP), and that the specific activity of the 
core kinase MST was slightly reduced, we favor a model 
where global Hippo pathway activity is lower in response 

to oxaliplatin, consistent with the increased TAZ lev-
els and increased nuclear TAZ localization (Fig. 2A&C). 
However, given that levels of phospho-YAP and total YAP 
remained unchanged, how the Hippo pathway down-
regulation could have differing effects on YAP and TAZ 
remains to be explored. YAP and TAZ appear only partly 
redundant, and YAP and TAZ specific regulations have 
been reported [45]. It is noteworthy that an additional 
phospho-degron is present in TAZ, making it more sen-
sitive to degradation than YAP. This increased sensitiv-
ity might magnify TAZ level changes when the Hippo 
pathway is inhibited by oxaliplatin [4]. The decreased 
protein levels of different Hippo pathway components 
in response to oxaliplatin were unlikely due to reduced 
mRNA abundance, since we did not observe any change 
when profiling mRNA by RNA-Seq after 24  h of treat-
ment (see paragraph below; Supplemental Table S1), 
suggesting that it might be a consequence of reduced 
translation and/or increased protein degradation. Indeed, 
previous studies have shown that core Hippo pathway 
components such as LATS1 or MOB1 can be regulated 
by ubiquitination [18, 32, 47]. Whether oxaliplatin treat-
ment triggers a specific ubiquitin-mediated destabiliza-
tion of the core Hippo pathway remains however to be 
studied.

Oxaliplatin does not activate an early Hippo transcriptional 
programme
Since TAZ accumulated and localized in the nucleus of 
oxaliplatin-treated cells, we thus wondered whether 
HCT116 cells treated with oxaliplatin showed a Hippo 
pathway transcriptional signature. To better understand 
the cellular responses to oxaliplatin we thus profiled the 
changes in gene expression after 24 h of exposure at IC 
50. This analysis revealed that the expressions of only a 
limited number of genes were affected (fold change > 1.5, 
adjusted p-value < 0.05): 253 up-regulated and 111 down-
regulated (Supplemental Figure S2 and Supplemental 
Table  1). Gene ontology enrichment approaches using 
the g:profiler online tool (Supplemental Table  2; [42]) 

Fig. 2 Oxaliplatin treatment triggers YAP and TAZ nuclear accumulation. A Immunofluorescence experiments performed on HCT116 cells 
treated, or not, with oxaliplatin (0.5 µM) monitoring TEAD4 (top panels), YAP (middle panels), and TAZ (bottom panels) nuclear localization (red). 
DAPI (blue) was used to stain DNA and the nuclei. Quantification of YAP and TAZ  stainings are shown on the right side of the figures and are 
represented as the corrected nuclear fluorescence. Data are represented as the mean ± SEM (n = 3). Unpaired two‑tailed Student’s t‑test; **** 
p < 0.0001. B Western blot analysis showing protein expression and/or activation of Hippo pathway components in HCT116 cells treated (Oxa), 
or not (NT) with oxaliplatin (0.5 µM). GAPDH was used as a loading control (n = 3). B’ Quantification of the ratio Oxa/NT of the western‑blots shown 
in B after normalization by GAPDH intensity. Average is shown with standard deviation. Unpaired two‑tailed t‑test; ** p < 0.01, *** p < 0.001, ns 
non‑significant. C Western blot analysis after subcellular fractionation showing the relative amount of YAP and TAZ protein in the nuclear fraction 
of HCT116 cells treated (Oxa), or not (NT) with oxaliplatin (0.5 µM). Histone H3 was used as a nuclear loading control for the fractionation (n = 3). 
C’ Quantification of the ratio Oxa/NT of the western‑blots shown in B after normalization by Histone H3 intensity. Average is shown with standard 
deviation. Unpaired two‑tailed t‑test; ** p < 0.01, *** p < 0.001, ns non‑significant

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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highlighted that amongst the main cellular processes 
controlled by the upregulated genes were DNA damage 
response (GO:0044819 mitotic G1/S transition check-
point signaling; GO:0000077 DNA damage checkpoint 
signaling…), apoptosis and cell death (GO:0045569 
TRAIL binding; GO:0008219 cell death; GO:0012501 
programmed cell death; GO:0006915 apoptotic process 
…), and p53 response (GO:0072331 signal transduction 
by p53 class mediator), consistent with the known role of 
oxaliplatin generating adducts on the DNA. Indeed, many 
genes up-regulated have previously been associated with 
p53 signaling, and represent p53 canonical target genes 
such as CDKN1A/P21, P53I3, BAX, or TIGAR (REAC:R-
HSA-3700989 Transcriptional Regulation by p53; 
WP:WP4963 p53 transcriptional gene network). While 
up-regulated genes controlled mainly cell death pro-
grams, the down-regulated genes were involved in DNA 
replication (GO:0006260) and cell cycle (GO:0007049) 
consistent with the well documented effect of DNA dam-
age on blocking cell cycle and proliferation [1].

Amongst the genes mis-regulated were also genes 
related to inflammation and immune cell recruit-
ment (e.g. the upregulated genes CXCR2, EBI3/IL-27, 
or NLRP1, and the downregulated gene IL17RB) con-
sistent with the previously reported role of oxaliplatin 
during immune cell death [55]. These analyses also high-
lighted several genes involved in cell architecture, namely 
cytoskeleton and junctional complexes. Amongst the 
most striking features were changes in the expression 
of integrin and extracellular matrix proteins engaging 
Integrins and Focal Adhesions: collagens COL5A1 and 
COL12A1, as well as laminins LAMA3, LAMB3, and 
LAMC1 and integrin ITGA3. These observations sug-
gest that treated cells might remodel their extracellular 
matrix, their Focal Adhesions, and the signaling path-
ways associated. The RNA-Seq analyses also revealed 
many changes to the cytoskeleton, including an upregu-
lation of several keratin-based intermediate filaments 
(KRT15/19/32) and associated factors (KRTAP2-3 and 
SFN). Several genes controlling the actin cytoskeleton 
were also affected such as the branched actin regulators 
WDR63, CYFIP2, or WASF3, or different genes predicted 
to control RHO activity (up: RHOD, EZR, and RAP2; 
down: ARHGAP18).

Importantly, when considering the role of the Hippo 
pathway during resistance in CRC, with the exception 
of AXL, none of the “classic” YAP/TAZ target genes 
such as CTGF, CYR61/CCN1, or BIRC2 were up-regu-
lated after oxaliplatin treatment. Similarly, none of the 
reported YAP/TAZ target genes involved in cell cycle 
progression, cytoskeleton regulation, or drug resist-
ance [41, 57] were up-regulated in response to oxali-
platin. This suggests that either YAP/TAZ-mediated 

transcription is not activated following oxaliplatin, or 
that it controls an alternative YAP/TAZ program, spe-
cific to the oxaliplatin and/or DNA damage cellular 
context. Indeed, performing pathway analyses on the 
mis-regulated genes did not highlight any signature for 
Hippo signaling. However, it highlighted a strong acti-
vation of p53 signaling (Supplemental Table S2), and 
motif enrichment analyses suggested that the p53 fam-
ily of transcription factors were the main controllers of 
the up-regulated genes.

Taken together, these results suggest that upon oxali-
platin treatment, HCT116 cells implement an early cell 
death program, which is likely mediated by the elevated 
p53 levels, and many “bona-fide” p53 direct target genes 
involved in cell death are upregulated. Unlike other treat-
ments such as cisplatin, doxorubicin, and etoposide 
[26, 52], oxaliplatin is unlikely to mobilize the p73 anti-
tumoral response since p73 levels are decreased upon 
oxaliplatin treatment. The difference is striking when 
considering closely related platinum compounds such as 
cisplatin and oxaliplatin. This difference is unlikely due 
to timing as we could not observe any p73 up-regulation 
after oxaliplatin treatment even after shorter or longer 
exposures. Even though dose comparisons between dif-
ferent compounds is tricky, we note that the cisplatin 
dose was 50 times higher than that of oxaliplatin. Alter-
natively, while both are thought to act primarily as gen-
erators of lethal amounts of DNA breaks, their difference 
in mobilizing either p73 (cisplatin) or p53 (oxaliplatin) 
might arise from different alternative cellular effects 
independent of DNA damage.

YAP or TAZ are dispensable for Oxaliplatin‑mediated cell 
death
Our results on the role of the Hippo pathway during 
sensitivity to oxaliplatin treatment suggests therefore 
that although the Hippo pathway appears downregu-
lated, and that TAZ accumulates in the nucleus of 
treated cells at 24 h, this does not lead to the activation 
of previously reported YAP/TAZ target genes [41, 57]. 
We thus wondered what would be the role of YAP and 
TAZ in the response to oxaliplatin treatment. Indeed, 
other anti-cancer drugs such as cisplatin have been 
shown to promote cell death in part through the imple-
mentation of a p73/YAP-dependent cell death program. 
Mechanistically, it has been proposed that DNA damage 
induced by cisplatin stabilizes YAP which then binds 
and protects p73 from ITCH-mediated degradation 
[28]; the p73/YAP complex accumulates in the nucleus 
to turn on the expression of p73 target genes involved 
in cell death [26, 52, 53]. We thus wondered whether the 
accumulation of TAZ (and the moderate accumulation 
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of YAP) in the nucleus could also participate in the cell 
death induced by oxaliplatin.

To test the requirement of YAP and TAZ, we invali-
dated YAP and TAZ by RNA interference. The sole 
invalidation of YAP by shRNA or TAZ by siRNA led 
to a very modest reduction in oxaliplatin sensitiv-
ity (IC50 in shYAP or siTAZ were determined at 0.62 
and 0.59 respectively compared to 0.52 in shLuc con-
trols) (Fig. 3A&C). It is noteworthy that, under the cul-
ture conditions used, YAP appeared dispensable for 
HCT116 cells since the shRNA led to a knock-down 
efficiency > 90%. We could not formerly assess whether 
normal TAZ levels were required for cell survival as we 
used siRNA whose action is limited in time. The fact that 
YAP depletion alone does not increase the IC50 sug-
gests that the cell death in response to oxaliplatin might 
not be dependent (or only marginally) on the YAP/p73 
complex as previously reported for other DNA-damage 
inducing compounds [26, 28, 52], but depends on alter-
native mechanisms.

YAP and TAZ sensitize to cell death in response 
to oxaliplatin
We then investigated whether YAP and TAZ could act 
redundantly. Strikingly, while the depletion of YAP or 
TAZ had hardly any effect, the combined knock-down 
of both YAP (shYAP) and TAZ (siTAZ), resulted in a 
clear increase in resistance to oxaliplatin, where the 
IC50 reached 0.91  µM in shYAP/siTAZ HCT116 cells 
compared to 0.58  µM in shLuc/siScrambled HCT116 
control cells (Fig.  3B&C), highlighting that YAP and 
TAZ participate to cell death in response to oxalipl-
atin. The effects observed were specific to the siTAZ, 
since we observed a re-sensitization of treated cells 
when complementing them with an expression vector 
for a murine version of Taz insensitive to the siTAZ 
designed against human TAZ (Fig.  3D&E). We then 
wondered whether the increased sensitivity promoted 

by TAZ could be dependent on p73, in a similar mech-
anism as proposed for cisplatin. However, while p53 
accumulated in response to oxaliplatin in HCT116, p73 
levels were decreased, undermining the role of p73 in 
response to this drug (Fig. 1C). This absence of p73 sta-
bilization is consistent with the absence of increased 
YAP levels after oxaliplatin treatment (Fig.  2B). These 
results highlight that, although overexpressed YAP 
could bind and stabilize endogenous p73 (Supplemen-
tal Figure S3A; [28, 52, 53]), oxaliplatin treatments at 
the clinically relevant doses used, do not lead to YAP 
and p73 stabilization. We then confirmed that TAZ 
cannot bind p73 (Supplemental Figure S3A), ruling 
out that the elevated nuclear TAZ following oxalipl-
atin could act through a transcriptional complex with 
p73 to enhance cell death. A recent study reported 
a direct interaction between TAZ and p53 in MCF7 
and HCT116 cells, which resulted in the inhibition of 
p53 activity towards senescence [35]. However, when 
we performed co-immunoprecipitation experiments, 
we were unable to document any interaction between 
over-expressed YAP or overexpressed TAZ with endog-
enous p53 in normal or oxaliplatin treated HCT116 
cells (Supplemental Figure S3A). Furthermore, the 
increased oxaliplatin resistance of cells upon YAP/TAZ 
knockdown supports strongly that YAP and TAZ act to 
promote cell death and thus cooperate with p53 rather 
than antagonize its activity as suggested before [35]. 
Taken together, these results suggest that the sensitiv-
ity of HCT116 cells to oxaliplatin mediated by YAP and 
TAZ is not mediated by the direct interaction of YAP 
or TAZ to p53 or p73.

Increased resistance to oxaliplatin upon YAP/TAZ activity 
blockade
The sh/siRNA interference results suggested that YAP 
and TAZ were required for sensitivity to oxaliplatin. To 
validate independently the knock-down experiments, 

(See figure on next page.)
Fig. 3 YAP and TAZ accelerate oxaliplatin‑mediated cell death. A HCT116‑shLuc, HCT116‑shYAP, and HCT116 transfected with siTAZ were treated 
with increasing doses of oxaliplatin for 96 h. Cell viability analysis was then assessed using SRB assay and the IC50 of oxaliplatin was calculated 
as the concentration needed to kill 50% of the cells (shown in the inset). One‑way ANOVA statistical test, * p < 0.05. B HCT116‑shYAP-siTAZ 
and HCT116‑shLuc-siCtl (control) cell lines were treated with increasing doses of oxaliplatin for 96 h. Cell viability analysis was then assessed 
using SRB assay and the IC50 of oxaliplatin was calculated as the concentration needed to kill 50% of the cells (shown in the inset). Paired 
two‑tailed Student’s t‑test, ** p < 0.01. C Western blot analysis showing protein expression of TAZ and YAP in HCT116‑shLuc, -siTAZ, -shYAP 
and both -shYAP-siTAZ used in panel A and B. Tubulin was used as a loading control (n = 3). D HCT116‑shYAP-siScramb (control), HCT116‑shYAP-siTAZ, 
and HCT116‑shYAP-siTAZ transfected with a Flag tagged murine Taz (pEFmTaz) cell lines were treated with increasing doses of oxaliplatin for 96 h. 
Cell viability analysis was then assessed using SRB assay and the IC50 of oxaliplatin was calculated as the concentration needed to kill 50% 
of the cells. Paired two‑tailed Student’s t‑test, ** p < 0.01, ns non‑significant. E Western blot analysis showing protein expression of TAZ and Flag 
in the different cell lines used in panel D. GAPDH was used as a loading control. F HCT116 cells were incubated with increasing concentrations 
of oxaliplatin and either Verteporfin or CA3. Cell viability was assessed with the SRB assay in 2D to obtain the viability matrix. Drug concentrations 
were as follows: Verteporfin (from 0.437 to 7 µM), CA3 (from 0.004 to 0.75 µM) and Oxaliplatin (from 0.0185 to 1.2 µM). The synergy matrices were 
calculated as described in “Materials and methods” section
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we used a pharmacological approach with drugs tar-
geting YAP/TAZ activity and monitored their action 
in combination with oxaliplatin. We performed 2D 

matrices co-treatment analyses in which cells were 
treated with increasing amounts of oxaliplatin and of 
the YAP/TAZ inhibitors verteporfin or CA3 (Fig.  3G 

Fig. 3 (See legend on previous page.)
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and Supplemental Figure S1B &C; [34, 50]). In both 
cases, the co-treatments led to a marked increase in 
the HCT116 resistance to oxaliplatin. The mode of 
action of verteporfin remains unclear and might involve 
increased retention in the cytoplasm of YAP and TAZ, 
or their degradation, preventing them from complex-
ing in the nucleus with their transcription factor part-
ners [60]. A recent study showed that CA3 reduced the 
transcriptional activity mediated by YAP/TAZ-TEAD 
(reduction in target genes expression), with only minor 
effects on YAP protein levels [36]. Even though the 
exact mode of action of verteporfin and CA3 remain 
unclear, the increased resistance to oxaliplatin observed 
by co-treating cells with YAP/TAZ pharmacologi-
cal inhibitors, confirms the results obtained with the 
genetic knock-down. Given that the effects of oxalipl-
atin on protein accumulation and nuclear relocalization 
were mostly seen for TAZ, our results support a model 
where increased TAZ activity participate in the sensitiv-
ity of CRC cells to oxaliplatin.

The p53 status of cancer cells impacts the role of YAP/TAZ 
on oxaliplatin sensitivity
We then tested different CRC cell lines to test whether 
the antagonism between YAP/TAZ inhibition and oxali-
platin treatment is specific to HCT116 cells. Transcrip-
tomic analysis of treated HCT116 cells highlighted a 
major p53 signature (Supplemental Tables S1 and 2), sug-
gesting that cell death and sensitivity to oxaliplatin might 
be strongly influenced by the p53 status of the cells. We 
obtained similar results as for HCT116 with the p53 
wild-type LoVo cells (nuclear TAZ relocalization and 
antagonism with Verteporfin and CA3; Fig. 4A&B). The 
importance of a wild-type p53 context was further sup-
ported by the observation that HCT116 cells mutant for 
p53 (deletion of the first exon; [7]) completely abolished 
the antagonism between YAP/TAZ drugs and oxaliplatin 
(Fig. 5A).

We then investigated different CRC cell lines mutant 
for p53: HT-29 (mutation R273H), SW480 (muta-
tion R273H), and Caco-2 (mutation E204*). We did not 
observe any interaction between anti YAP/TAZ drugs 
and oxaliplatin in HT-29 and SW480 cells, consistent 
with the importance of the p53 context (Fig.  5B&C). 
However, in Caco-2 cells, the fourth p53 mutant cell 
line tested, we could observe an antagonism between 
oxaliplatin and verteporfin or CA3 treatments, similar 
to what was observed for the p53 wild-type HCT116 
and LoVo cells (Fig. 5D). Amongst the p53 mutant CRC 
cells, Caco-2 appear thus to behave differently. The rea-
son remains to be identified, but this might be depend-
ent on the type of p53 mutation. Indeed, it is now well 

established that the different p53 mutations are not 
equivalent and  confer specific behaviors [10]. Another 
reason might be the epithelial characteristics of Caco-2 
cells. Indeed, unlike most other CRC cell lines, Caco-2 
retain highly organized intercellular junctions, and can 
form epithelial sheets [37].

Together these results suggest that the antagonism 
between anti YAP/TAZ drug and oxaliplatin might be 
dependent on a wild-type p53 status. The situation in p53 
mutants cells appears more diverse with most cell lines 
tested showing independent actions of the drugs.

Src inhibition by Dasatinib reduces HCT116 cells sensitivity 
to oxaliplatin
The results suggest thus that preventing TAZ signal-
ing in the early phases of oxaliplatin treatment would 
represent a counter-productive approach, leading to 
reduced efficacy of oxaliplatin to induce cell death. 
Besides the canonical Hippo signaling pathway, the 
nucleo-cytoplasmic shuttling of YAP and TAZ is under 
the control of many other inputs. In particular, YAP 
and TAZ retention in the nucleus is promoted by the 
action of different tyrosine kinases, such as ABL or 
SFKs (Src Family Kinases) which phosphorylate the 
C-termini of YAP and TAZ (Y357 or Y316 respec-
tively; [8, 13, 16, 21, 25, 30]). Due to its high relevance 
for colon cancer, we focused our analysis on SRC, fre-
quently activated in colon carcinoma [49]. An earlier 
study showed that depending on the colon cancer cell 
line considered, SRC could be activated, inhibited, or 
not affected following oxaliplatin treatment [24]. We 
could replicate that SRC was not activated after 24  h 
of oxaliplatin treatment in HCT116 cells (as measured 
by phosphorylation on Y416; Fig.  6A). Working with 
HCT116, we are thus in a position to test the contri-
bution of SRC to YAP/TAZ shuttling during oxalipl-
atin treatment without the complications arising from 
treatment-induced acute SRC activation. Previous 
reports suggested that the classic SRC kinase inhibitor 
Dasatinib could be used as a drug to prevent YAP/TAZ 
signaling [46]. Indeed, combining Dasatinib with oxali-
platin treatment, prevented the nuclear accumulation 
of TAZ (Fig. 6B). The addition of Dasatinib to oxalipl-
atin treated cells led to a dramatic reduction of the TAZ 
nuclear staining when compared to oxaliplatin alone 
(95% reduction; see “Materials and methods” section. It 
should be noted however, that Dasatinib treatment at 
50 nM reduced slightly the elevated global TAZ levels 
observed in response to oxaliplatin (Fig. 6A). Neverthe-
less, even though TAZ appeared a bit more unstable 
in presence of Dasatinib, its nucleo-cytoplasmic ratio 
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was still profoundly affected by Dasatinib, preventing 
nuclear accumulation (Fig. 6B).

We thus asked what would be the combined effect of 
Dasatinib treatment and oxaliplatin in HCT116 cells. 
We thus performed 2D matrices co-treatment analyses 
in which cells were treated with increasing amounts of 
oxaliplatin and of Dasatinib using drug ranges encom-
passing their respective IC50 (0.5  µM for oxaliplatin 

and 8  µM for Dasatinib; Supplemental Figure S1A&D). 
Strikingly combining both drugs showed clear regions of 
antagonism, suggesting that Dasatinib treatment reduced 
HCT116 cells sensitivity to oxaliplatin (Fig.  6C). These 
results further support a model in which the nuclear relo-
calization of TAZ in response to oxaliplatin treatment 
sensitizes cells, and caution the use of Dasatinib in com-
bination to oxaliplatin.

Fig. 4 Oxaliplatin treatment effects in LoVo cells. A Immunofluorescence experiments performed on LoVo cells treated or not, with oxaliplatin 
at IC50 (0.6 μM) monitoring TAZ nuclear localization (green). DAPI (blue) was used to stain DNA and the nuclei. Quantifications are shown 
on the right side of the figure and are represented as the corrected nuclear fluorescence. Data are represented as the mean ± SEM. Unpaired 
two‑tailed Student’s t‑test; **** p < 0.0001. B LoVo cells were incubated with increasing concentrations of oxaliplatin and either Verteporfin 
or CA3. Cell viability was assessed with the SRB assay in 2D to obtain the viability matrix. Drug concentrations were as follows: Verteporfin (from 
0.875 to 14 µM), CA3 (from 0.15 to 2.4 µM) and Oxaliplatin (from 0.075 to 4.8 µM). The synergy matrices were calculated as described in “Materials 
and methods” section
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Fig. 5 Oxaliplatin and YAP/TAZ drugs interactions in p53 mutant CRC cell lines. A‑D HCT116 p53mut (A), HT‑29 (B), SW480 (C), and Caco‑2 (D) cells 
were incubated with increasing concentrations of oxaliplatin and either Verteporfin or CA3. Cell viability was assessed with the SRB assay in 2D 
to obtain the viability matrix. The synergy matrices were calculated as described in “Materials and methods” section
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YAP/TAZ promote cell death in the early response 
to chemotherapeutic agents
Taken together the results presented here show that 
oxaliplatin promotes the fast nuclear relocalization of 
TAZ which then participates to the cells sensitivity to 
oxaliplatin. Given that we could not find any interac-
tion between TAZ and p53 family members, but that the 
nuclear localization of TAZ is required for its effect, we 
could envision several models:

i) either the TAZ/TEAD transcription complex, in the 
context of DNA damage and p53 activation, pro-
motes the transcription of specific early response 
genes promoting cell death;

ii) or the slight increase at the transcriptional level of 
“classic” YAP/TAZ/TEAD targets involved in pro-
liferation sensitizes cells to DNA damage and rep-
licative stress (shYAP/siTAZ HCT116 cells prolif-
erated less rapidly than control cells which might 
protect them from the damages induced by oxalipl-
atin; Supplemental Figure S3B);

iii) or alternatively, TAZ acts through a new complex 
involved in cell death, independently of TEAD.

More studies should help to distinguish between these 
potential models.

YAP and TAZ, have been implicated in the resist-
ance to various chemotherapies or targeted therapies 
in different cancers [22, 38, 65]. It should be noted that 
the current study focuses on the immediate effects 
of oxaliplatin within the first hours after exposure. 
Whether YAP and TAZ are later important for the 
maintenance of the resistance acquired by the surviv-
ing clones is not addressed in this study. Hints towards 
this later role of YAP/TAZ, are suggested by the ele-
vated YAP levels reported in many cancer cells fol-
lowing resistant clone selection (our own unpublished 
results, and [22, 38, 65]. Functional studies impairing 
YAP demonstrated that YAP is indeed required for 
the tumorigenicity of resistant cells [64]. Furthermore, 

elevated YAP and TAZ nuclear staining is frequently 
observed in patients tumor samples, including in 
CRCs [29, 33, 51, 56]. In advanced cancers, almost 
all patients undergo one or more rounds of treat-
ment before surgery, if surgery is possible. It is thus 
unclear whether the increased YAP/TAZ nuclear levels 
observed in tumor samples reflect primary response 
to treatment (as suggested by the current study), or 
whether they represent a secondary state that might 
have been selected in the cells resistant to treatment.

The Hippo core kinases MST1/2 and LATS1/2 rep-
resent the main regulators of YAP and TAZ activities. 
These core Hippo pathway kinases have also been 
implicated in CRC [11, 31]. But it should be noted that 
YAP/TAZ stability and nuclear localization are also 
regulated by alternative mechanisms independent of 
the Hippo core kinases, such as mechanical cues, cyto-
plasmic trapping by AMOTs [17, 41, 66] or by their 
C-terminal phosphorylation on key tyrosine residues 
[8, 13, 30]. Thus, although oxaliplatin treated cells 
showed signs of lower Hippo core kinase activity, the 
current study did not formerly establish whether core 
Hippo kinases were involved in the sensitivity of CRC 
cells to oxaliplatin.

The current study investigates the early response to 
oxaliplatin, supporting an early tumor suppressive role 
of YAP/TAZ in response to treatment, in which, in the 
context of detrimental DNA damage and a wild type 
p53 activity, YAP/TAZ activity promotes cell death. Is 
this role general or is it specific to CRCs and oxalipl-
atin? Independently of the mechanism involved (YAP/
p73 complex as previously reported or alternative TAZ-
mediated mechanisms as shown here), different breast 
and colon cancer cell lines mobilize YAP or TAZ to 
promote cell death in response to many different DNA 
damaging agents [6, 26, 28, 52, 53]. This anti-tumoral 
role appears evolutionarily conserved and in Drosoph-
ila the YAP/TAZ homologue Yki promotes cell death 
in response to different stress inducing agents [12], 
further suggesting that YAP/TAZ might promote cell 

Fig. 6 Src inhibition by Dasatinib reduces HCT116 cells sensitivity to oxaliplatin. A Western blot analysis showing protein expression of YAP 
and TAZ in HCT116 treated, or not, with oxaliplatin (0.5 µM) and/or Dasatinib (50 nM and 100 nM). Phopsho‑SRC blotting was used to evaluate 
the inhibition of SRC activity using Dasatinib. GAPDH was used as a loading control (n = 3). Quantification of the blots (performed using Image J 
software) is shown on the right side of the figure. B Immunofluorescence experiments performed in HCT116 cells treated, or not, with oxaliplatin 
(0.5 µM) and/or Dasatinib (50 nM) monitoring YAP (top panels) and TAZ (bottom panels) nuclear localization (red). DAPI (blue) was used to stain 
DNA and the nuclei. Quantification of both stainings are shown on the right side of the figures and are represented as the corrected nuclear 
fluorescence. Data are represented as the mean ± SEM (n = 3). Unpaired two‑tailed Student’s t‑test; ****p < 0.0001. C HCT116 colorectal cancer cell 
lines were incubated with increasing concentrations of oxaliplatin and Dasatinib. Cell viability was assessed with the SRB assay in 2D to obtain 
the viability matrix. Drug concentrations were as follows: Dasatinib (from 1 to 16 µM) and oxaliplatin (from 0.0185 to 1.2 µM). The synergy matrix 
was calculated as described in “Materials and methods” section

(See figure on next page.)
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Fig. 6 (See legend on previous page.)
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death in response to chemotherapeutic agents in other 
cancers beside CRCs and breast cancers. When consid-
ering drugging YAP/TAZ signaling in the treatment of 
CRCs and other cancers, special attention should thus 
be given to drug combinations, and importantly the 
sequence in which they will be used, in particular for 
tumors with wild-type p53.
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