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Abstract

Tumor plasticity is an emerging property of tumor cells which allows them to change their phenotype in
dependence on the environment. The epithelial-mesenchymal transition plays a crucial role in helping cells
to acquire a more aggressive phenotype when they are in the mesenchymal state. Herein we investigated
the biophysical changes occurring during phenotypic switching in human melanoma cells considering the
blebbines of the nuclei, their stiffness and the involvement of polycombs with lamins. We show that
the formation of cellular heterogeneity involves many crucial nuclear changes including the interaction
between different types of polycombs with lamins and chromosome accessibility. All together our results
shed new light on the molecular mechanisms involved in the formation of an heterogeneous cell population
during phenotypic switching.

1. Introduction

Human melanoma is a rare highly resistant tumor which is accountable for almost 2% of all cancer
deaths worldwide. Chemoresistance is the major issue for melanoma, contributing to poor prognosis and
low survival rate of treated patients, especially when metastatic. The heterogeneity of the tumor and the
presence of cancer stem cells (CSCs) plays a critical role in resistance. In fact, CSCs have not only a
slow proliferative rate but also express drug efflux transporters such as ABCG2 [1]. Furthermore, more
recently, it was clearly demonstrated that tumor cells, including melanoma, can change their phenotype
in dependence on the environment, switching from epitelial to mesenchymal state and therefore acquiring
a more aggressive phenotype [2, 3, 4, 5].

Our group recently showed that a complex network of miRNAs is differentially expressed during the
phenotypic switching, driving the epithelial to mesenchymal transition (EMT) [4]. Among these miRNAs,
there is hsa-mir-222 whose role on phenotypic switching was further investigated more recently [3]. It
was shown that hsa-mir-222 released by CSCs is able to inhibit the phenotypic switching of cancer cells
helping in keeping constant the number of CSCs in the bulk [3]. Plasticity of the tumor cells was shown
not only in melanoma but also in other kind of tumors such as, for example, breast cancer, confirming
the general capability of the cells to adapt to the environment [6]. Understanding the mechanism that
drives the phenotypic switching appears, therefore, crucial to develop new therapeutic strategies.

Herein, we investigated the possible biophysical changes in human melanoma during phenotypic switch-
ing including the blebbiness index of the nuclei as a quantitative measure of nuclear shape and the inter-
action of polycomb group (PcG) proteins with lamins, which plays a central roles in cell identity [7]. We
then considered chromatin accessibility during phenotypic switching, since the organization of accessible
chromatin across the genome reflects a network of permissible physical interactions through which en-
hancers, promoters, insulators and chromatin-binding factors cooperatively regulate gene expression. We
thus sequenced regions of open chromatin using ATAC-Seq technique, which helps to uncover chromatin
packaging and other factors affecting gene expression.
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Altogether our results illustrate that phenotypic switching leads to an heterogeneous population in-
volving several crucial mechanisms including proliferation, expression of stem-like markers in connection
with significant changes of nucleus morphology, interaction between PcGs and lamins and chromatin
accessibility.

2. Materials and Methods

Cell culture

Human IGR39 melanoma cells were obtained from Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH. Cells were cultured in growth medium (GM): DMEM (Dulbecco’s Modified Eagle’s
Medium (ECB7501L, EuroClone, Italy) supplemented with 10% fetal bovine serum (FBS, ECS0180D, Eu-
roClone, Italy), 1% non-essential amminoacids (NEA, ECB3054D, EuroClone, Italy), 1% antibiotics (Peni-
cillin/Streptomycin, Pen/Strep, ECB3001D, EuroClone, Italy), 1% L-glutamine (L-Glut, ECB3000D-20,
EuroClone, Italy) at 37 ◦C and 5% CO2 and 95% humidity.

Flow cytometry

Subconfluent cells were trypsinized with 0.25% trypsin/EDTA solution, centrifuged at 1200 rpm for 5
minutes at room temperature (RT), resuspended in 250 µl of ice-cold MACS buffer (1x Phosphate-buffered
saline, 0.5% FBS, 2mM EDTA pH 8) and incubated with phycoerythrin (PE) anti-human CXCR6 (10µl x
106 cells, cod. FAB699P, R&D System, Minneapolis, MN, USA) for 1 hr, in the dark, at RT. Non-specific
mouse IgG2B (10µl x 106 cells (C0041P, R&D System, Minneapolis, USA) was used as isotype control.
For each flow cytometry evaluation, a minimum of 107 cells were stained and at least 5 x 104 events
were collected and analyzed. Flow cytometry sorting and analysis was performed using a FACSAria flow
cytometer (Becton, Dickinson and Company, BD, Mountain View, CA).

Cytosckeleton Pharmacological Perturbation by blebbistatin

Subconfluent cells were exposed to 25 µM Blebbistatin (B0560, Sigma-Merck, Germany) for 30 min
at 37◦C and 5% CO2 and 95% humidity. Five minutes before the end of the treatment, Hoechst (1:1000,
H3570, Life technology) was added to the SM (see cell culture section) to counterstain the nuclei. Imme-
diately after the end of the treatment, fresh medium was added and cells were time-lapse imaged every
15 minutes for 1h using a Nikon A1 laser scanner confocal (63X) with a z-stack of 0.5 µm. Cell nucleus
deformation was calculated using local displacements dj as previously described [8]. Briefly, for each time
point confocal z-stacks images of the nuclei were used to perform cell nucleus mesh reconstruction with the
aim of the bioimage informatics platform Icy [9] on DAPI signal. In all the analyzed frames nuclei close
to the borders or superimposed were manually discarded. The local displacements dj of a triangular face
j of a mesh M was calculated with respect to the corresponding mesh at previous time point. We found
the matching µ that minimizes the total distance between the meshes using the Hungarian algorithm [10]
as implemented by SciPy library [11] function scipy.optimize.linear sum assignment. For each face, we
computed the displacement vectors of each vertex and local displacement dj as the average projection over
the normal vectors. For each cell, the standard deviation σ(d) of local displacements dj over all the faces
can be used as a proxy of deformation. Heterogeneous or localized morphological changes are associated
to large values of σ(d) while low values of σ(d), are obtained when the changes are homogeneous over the
nucleus surface.

Immunofluorescence

Subconfluent cells grown on glass coverslips were fixed with 3.7% paraformaldehyde in phosphate-
buffered saline (PBS) for 10 min, permeabilized with 0.5% Triton X-100 in PBS for 5 min at room
temperature (RT), and incubated with 5% BSA in PBS for 1 h. The cells were stained with anti-H3K4met3
(1:100, Abcam, ab8580) or anti-CXCR6 (1:400, Abcam, ab8023) or anti-Ki67(1:1000,Abcam,ab16667) or
anti-panlamin (1:50, Abcam, ab20740) overnight at 4◦C and incubated with the secondary antibody
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(1:250, Abcam, ab150077) for 1 h at RT. The nuclei were counterstained with DAPI, and the slides were
mounted with Pro-long antifade reagent (cod. P36931, Life Technologies). The images were acquired
with Nikon A1 laser scanner confocal (63X).

Analysis of Immunofluorescence of Ki67 and CXCR6 assay

For each image, segmentation was perfomed using ICY bioimage analysis HK-means plugin (v.1.9.5)
[9] and cells at the border were manually discarded. For each nucleus, we calculated average Ki67 signal
over the pixel superimposed to DAPI signal and CXCR6 average intensity outside the nucleus.

Proximity ligation assay and quantification

Subconfluent cells were fixed on slides with ice-cold 100% methanol for 5 min at at -20◦C and incubated
with Duolink Blocking Solution for 60 minutes at 37◦C in a humidity chamber. Slides were then incubated
in a humidity chamber overnight at 4◦C with panlamin (1:50, mouse ab20740, Abcam, Cambridge, UK)
and SUZ12 (1:800, rabbit mAb 3737, Cell Signaling Technology, Danvers, MA) or BMI1 (1:600, rabbit
mAb 6964, Cell signaling Technology, Danvers, MA). After washing, the samples were incubated in a
preheated humidity chamber for 1 h at 37◦C with anti-rabbit PLUS and anti-mouse MINUS PLA probes
diluted 1:5. PLA probes generate a fluorescent signal when bound to two different primary antibodies,
raised in different species, that recognize two antigens in close proximity (less than 40 nm). All the
antibodies were diluted in Duolink Antibody Diluent. Ligation and amplification steps were performed
according to manufacturer’s instructions. Slides were mounted with Duolink In Situ Mounting Medium
with DAPI (DUO82040; Sigma-Merck, Germany). The images were acquired with Nikon A1 laser scanner
confocal (63X). Immunofluorescence images were analyzed using existing and customized plugins of the
bioimage platform Icy (v.1.9.4 and 1.9.5[9]) and custom python scripts as previously described in [8].
Briefly, duolink spot recognition was performed separately on each nucleus with a semi-automatic protocol
involving HK-means thresholding (ICY Thresholder plugin). The minimum size of each accepted spot
was set to 70 px. In all the analyzed frames nuclei close to the borders or superimposed were manually
discarded.

2D analysis of nuclear morphology: blebbiness index

Nuclear morphology was evaluated using blebbiness index on cells fixed and stained with DAPI and
acquired by Nikon A1 laser scanner confocal (63X) as previously described [8]. Briefly, nuclear segmenta-
tion was performed in MATLAB lMATLAB and the curvature of nuclei along each point of their perimeter
was estimated using UnivariateSpline function from SciPy python library. Negative value of the curvature
in two-dimensional images is a signal of abnormal nuclear morphology. We define the blebbiness index
φ as the weighted fraction of negative curvature along the perimeter of each nucleus. Larger values of φ
correspond to nuclei with irregular shape, while small values indicate smooth contours.

2D analysis of chromatin conformation

Chromatin conformation was evaluated using projection of three dimensional images of cells fixed on
glass coverslips and stained with DAPI and acquired with Nikon A1 laser scanner confocal (63X). DAPI
homogeneity was evaluated using Haralick texture features using grey-level co-occurrence matrix [12].
Homogeneity corresponds to the inverse difference moment of an image and only the values close to the
diagonal are relevant. Images were converted to 8-bits. For each image, segmentation was perfomed using
ICY bioimage analysis HK-means plugin and and homogeneity inside the nucleus was calculated. Cells at
the border were manually discarded and pixels with intensity less than 5 were considered as background.
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Assay for Transposase-Accessible Chromatin using sequencing (ATAC-seq)

Cells were harvested and suspended in a homogenous single cell suspension in standard growth medium
(SM). For each condition, 5 · 104 cells were centrifugated at 500 X g for 5 min at 4◦C. Cell pellet was
then resuspended in 50µl of cold lysis buffer (10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM MgCl2, 0.1%
Nonidet P40 (Sigma)) and immediately spinned down at 500 X g for 5 min at 4◦C. This step provides
lysis of cells with non-ionic detergent and generates of a crude nuclei preparation. After discarding the
supernatant, the cell pellet was set on ice and resuspended in the transposition reaction mix containing 25
µl TD -2x reaction buffer (cod.15027866, Illumina) and 2.5 µl Tagment DNA Enzyme 1: (cod.15027865,
Illumina) and 22.5 µl of Nuclease Free water.The resuspended pellet was then incubated for 30 min at
37◦C. Finally, DNA was purified and eluted in in 10µl elution buffer (10 mM Tris buffer, pH 8) using a
Qiagen MinElute PCR Purification Kit (Qiagen, catalog 28004)according to manufacturer’s istructions.
Purified DNA was stored at -20◦C until library preparation.

Fragment size between 100/2500 bps were sequenced using an Illumina NextSeq 500DX System (Il-
lumina, San Diego, CA) in a 2 X 75 pair end format, 60MX reads/sample. The raw sequence files generated
underwent quality control analysis using FastQC (http://www.bioinformatics.babraham.ac.uk/publications.html).
Sequencing Nextera Indexes were trimmed using Trimgalore (v. 0.4.4) and hard-trimmed to reduce reads
size to 60bps. Bowtie2 [13] in sensitive mode was used to align sequences on Human Genome (GRCh38,
GCA 000001405.15, https://www.ncbi.nlm.nih.gov/).

Genrich [14] and ATAC-QC [15] were used to peak calling (corrected p-values < 0.05), bed files gener-
ation and PCA analysis. Bedtools intersect (with option -a) [16] was used for deletion of Encode blacklist
regions [17] and mapping on intersection with lamina-associated domains (LADs). List of constitutive
LADs (cLADs), constitutive inter-LADs (ciLADs), facultative LADs (fLADs), and facultative inter-LADs
(fiLADs) regions in nine human cell lines was obtained from LAD atlas(v.2) [18, 19]. Differential expres-
sion analysis on the peaks was performed using EdgeR[20]. P-values < 0.01 is used to identify differentially
expressed peaks.

Western Blot

Subconfluent cells were lysed by boiling in a modified Laemmli sample buffer (2% SDS, 20% glycerol,
and 125 mM Tris-HCl, pH 6.8). The protein concentration was measured by DC Protein Assay Kit
(BioRad). Equal amount of proteins were loaded on 10% SDS-PAGE gel and transferred to a PVDF
membrane (Trans-Blot Turbo Mini PVDF, BioRad). After blocking with 5% BSA/0.5% Tween20 in
PBS for 1h at RT, the sheets were incubated with primary antibodies anti-SUZ12 (1:2000, rabbit, cod.
3737, Cell Signalling Technonologies) or BMI1 (1:2000,rabbit, cod. 6964,Cell Signalling Technonologies)
or Lamin A/C (1:2000, mouse, cod. 2032, Cell Signalling Technonologies) or BMI1 (1:2000,rabbit, cod.
6964,Cell Signalling Technonologies) overnight at 4◦C. Sheets were incubated with secondary antibodies
for 1hr at RT. β-tubulin (1:5000,mouse, cod. cod T8328, Sigma) was used as housekeeping reference.

Statistical analysis

Unpaired two tails t-test and unpaired two-sided wilcoxon test were used to assess statistical signifi-
cance as reported in the captions.

Results

Biophysical nuclear changes during phenotypic switching and proliferative and stem-like markers expres-
sion

We investigated the possible biophysical changes during phenotypic switching of the nucleus such as
blebbiness and DNA homogeneity in connection with proliferation and stem-related markers using Ki-67
[21] and CXCR6, respectively [4].

First, we sorted out the negative population of IgR39 melanoma cells for CXCR6, a melanoma stem
cell marker [4]. In fact, in a recent paper, we showed that the CXCR6 negative cells can switch to
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positive ones by re-expressing CSC markers including CXCR6 with an overshoot 10 days after sorting
[4]. Therefore, herein, we quantifies before the overshoot (72h after sorting) and at the overshoot, the
morphology o the nucleus using the blebbiness index [8] and the distribution of DAPI signal inside the
nuclei quantifying the homogeneity of the image. (see Materials and Methods for more details). As
shown in figure 1, we found an increase of blebbiness and DAPI homogeneity at the overshoot. It has
been reported in the literature that the formation of nuclear blebs, together with other morphological
features, could be an indicator of genetic instability and intratumor heterogeneity, independently by the
cytogenetic complexity and the grade of malignancy of the tumor [22]. Moreover, DAPI signal intensity
distribution is indicative of the chromatin status, the latter changes during cell cycle progression and
is related to the nuclear stiffness [23, 24, 25]. A large homogeneity value indicates that pixels close in
space have similar intensity values. This is the case when chromatin is condensed in specific regions and in
presence of nucleoli so that DAPI signal is particularly homogeneous inside those regions. At the opposite,
when there are no large bright spots of DAPI, the intensity of two pixels close one to the other is not
related, they have different values, and DAPI homogeneity results lower. The presence of large regions
with constant DAPI signal has been thus related to large domains of eu/heterocromatin and allows us to
evaluate the presence of this patterning with minimal modification of the images when compared to other
methods [23].

Under the same conditions, we checked the cell proliferation status using Ki67 [21] during the pheno-
typic switching as well as the level of expression of the stem-like marker CXCR6 showing, according to
[4], an increase of both parameters at the overshoot (Figure 2).

Lamins, cytoskeleton and chromatin organization during pheotypic switching

It is known that lamins, which are of three different types (lamin A, B and C), play an important
role with respect to the elastic and viscoelastic response of the nucleus [26, 27, 28], affecting both gene
expression and cell fate [29]. Nuclear shape is not exclusively dependent on nucleus intrinsic structural
and mechanical properties but it is rather determined by the interplay existing between the nuclear lam-
ina acting as nuclear skeleton, the chromatin and the cytoskeleton. Herein, we studied the contribution
of cytoskeletal activity on the nuclear shape during phenotypic switching by measuring time-dependent
shape fluctuations after perturbation with blebbistatin, a well-know myosin inhibitor [8]. To this end,
after a 30min exposure to blebbistain we followed the cells by time lapse for 1 hour measuring the local
displacement of the nuclei which indicates how much each node of the mesh is displaced from the previous
time-point [8]. To quantify the fluctuations of the mesh at each instance, we then computed the standard
deviation of dj as a function of time. As shown in Fig.3, while no changes in the amplitude of nuclear fluc-
tuations are present in the untreated cells (Fig.3a), CXCR6-negative cells 10 days after sorting, displayed
a significant reduction of the nuclear envelope fluctuation after exposure with blebbistatin with respect to
untreated (Fig.3d)) or WT cells (Fig.3f,4b). These results seem to suggest that the cells during phenotypic
switching have a change in the stiffness due to a different organization of chromatin/lamin/cytoskeleton
interaction.

To better understand the interaction between lamins and chromatin, we focused on polycomb group
(PcG) proteins. These are transcriptional repressors which play a central roles in many biological functions
including cell identity maintenance through the interaction with lamins [7]. There are two complexes
PRC1 and PRC2 that can act in synergy or independently from each other affecting different genes [7].
PRC2 is recruited for targeting genomic region to be silenced by performing histone H3 lysine 27 for
mono-, di- and trimethylation (H3K27me1, 2, 3), while PRC1 is required for stabilizing this silencing by
the mono-ubiquitination of lysine 119 of histone H2A (H2AK119ub1) and also perform ubiquitination-
independent chromatin compaction [8, 30]. Using proximity ligation assay (PLA), we quantified the
interaction between SUZ12 (belonging to PCR2) or BMI1 (belonging to PCR1) with pan-lamins before
(72h after sorting) or at the overshoot (10 days after sorting) [4]. As shown in Fig.5, we found a significant
reduction in BMI1-lamins interactions (Fig5a) and an increased interaction for SUZ12/lamins (Fig.5b) at
the overshoot. These changes are unrelated to the level of expression either of BMI1, SUZ12 as shown
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by western blot (Fig.6). In contrast, we found that the level of expression of lamin A and B decreases
significantly at the overshoot (Fig.7).

We also found a significative different expression in higher-order chromatin organization using H3K4met3
as euchromatin marker (Figure 5c).

Chromatin accessibility during overshoot by ATAC-seq

To investigate possible changes in chromatin accessibility across the genome during the phenotypic
switching, we carried out ATAC-seq analysis (see Materials and Methods section for more details).

As shown in Fig.8a, 72h after sorting and at the overshoot the cells show a decrease of signal related
to di- and tri-nucleosomal regions with an increase of small-size fragments. 72h after sorting cells show
an intermediate status between the other two considering peak positioning and abundance (Fig.8b-c) .
It is known that in metazoan cell nuclei, hundreds of large chromatin domains are in close contact with
the nuclear lamina. Such lamina-associated domains (LADs) are thought to provide chromosomes with a
basic backbone structure, helping the organization of chromosomes inside the nucleus and being associated
with gene repression [31]. Furthermore, there are two classes of LADs described in the literature: those
that interact with the lamins in all cell types, designated as constitutive LADs that seems to contribute
to a basal chromosome architecture, and LADs that are cell-type specific that are called facultative [32].

We thus analyzed the peaks distribution in costitutive and facultative LADs (cLAD and fLAD, respec-
tively) and inter-LADs (ciLAD and fiLAD, respectively). As show in Fig.8d, a small fraction of ATAC-seq
peaks are located in LADs regions, either constitutive or facultative. However, there is a general decrease
of signal associated to these regions 72h after sorting (Fig.8e). In contrast, at the overshoot there is an
increase of fLAD and both ci- and fi-LADS, suggesting increased accessibility of the chromatin in these
regions.

Discussion

Tumor plasticity is nowadays the key problem for cancer metastasis and for the identification of new
therapeutic strategies. Cancer cell plasticity promotes cancer cell diversity and contributes to intra-
tumor heterogeneity, allowing cancer cells under specific environmental conditions to shift dynamically
between a differentiated state, with limited tumorigenic potential, and an undifferentiated or CSC-like
state, which is responsible for long-term tumor growth [33] . Cancer cell plasticity has been linked to
the EMT program and relies not only on cell-autonomous mechanisms, but also on signals provided
by the tumor microenvironment and/or induced in response to therapy [4, 34]. In the last few years,
our group investigated in depth the complex mechanisms underlying phenotypic switching in human
melanoma focusing in particular on the role of miRNA [4]. Melanoma is a very aggressive tumor poor
responsive to therapy when metastatic [35]. We found that sorting human melanoma negative cells for
CSC’s markers, including CXCR6, and following them during the time, the cells were able to switch back
to CSCs rebuilding an heterogenous population [4].

Herein, we further investigated the mechanisms behind the formation of an heterogenous population
starting from negative CXCR6 cells investigating possible biophysical changes occurring at the level of
nucleus. To this end, we measured the blebbiness index of the nucleus during phenotypic switching as well
as the DNA homogeneity. We here show that both these factors which are related to genetic instability and
intratumor heterogeneity[22], increase at the overshoot in connection with a higher proliferative capacity
measured quantifying the level of expression of Ki67 and an increase in the level of expression CXCR6 a
CSC’s markers [4].

Since it is known that lamins play a critical role in response to elastic and viscoelstic response [26, 27,
28], we further investigated the possible differences in the organization of chromatin/lamins/cytoskeleton.
Firstly, we investigated the nuclear deformations during phenotypic switching measuring the shape fluc-
tuations after short perturbation with an inhibitor of myosin, blebbistatin [8]. We found that the nucleus
of cells at overshoot are stiffer after blebbistain treatment when compared with untreated cells, suggesting
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that they have a different organization in chromatin/lamins/cytoskeleton. Second, we investigated the
impact of phenotypic switching on the organization of the complex polycomb-lamin with the PLA assay
[8]. We found that while the SUZ12-lamins interaction increases (Suz12 belonging to PRC2), BMI1-
lamins decreases (BMI1 belonging to PRC1). In addition, we did not find any changes in the level of
expression of polycombs and lamin C, while a slight decrease of lamin A and lamin B occurs at the
overshoot. In breast cancer, overexpression of EZH2 was shown to increase mammosphere formation and
self-renewal ability in CSCs [36, 37]. Furthermore in glioblastoma, the loss of H3K27me3 was shown to
lead to aberrant activation of Wnt pathway which is required for tumorigenicity and CSC maintenance
[38]. More recently, PRC2 was shown to be a key regulators of brain tumor plasticity [39]. It is well
known that SUZ12/EZH2 mediates transcriptional repression of target genes via the trimethylation of
lysine 27 of histone 3 (H3K27me3) [40], which appears also to be upregulated in many cancers and its
enhanced expression is associated with invasion, migration and stemness [41].

Proper functioning of chromatin involves a network of interactions among molecular complexes that
modify chromatin structure and organization to affect the accessibility of DNA to transcription factors
leading to the activation or repression of the transcription of target DNA loci. Based on its structure
and compaction state, chromatin is categorized into euchromatin, characterized by active genes, and
heterochromatin, transcriptionally less active and associated with gene silencing, being less accessible
than euchromatin. We thus investigated in more depth the higher-order chromatin organization using
H3K4met3 as euchromatin probe, showing a decrease of this marker in melanoma cells at the overshoot.
This confirms that at the overshoot, where there is the peak of proliferation and re-expression of CSC’s
markers, heterogeneity is already established and cancer cells are starting to decrease the chromatin
accessibility DAPI homogeneity, increase of blebbiness and formation of heterochromatin [5] [5].

Altogether, our results shed light on the mechanisms of tumor heterogeneity showing that an important
remodeling of the chromatin/lamin/cytoskeleton occurs during the phenotypic switching of melanoma
cells, affecting the transcriptional activity of the cells and thereby their phenotype.
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Figure 1: a) Quantification of blebbiness index and DAPI homogeneity in WT cells and in CXCR6 sorted negative cells
analysed 72h or 10 days after. Blebbiness index was obtained computing the curvature fluctuations as described in the
Materials and Methods section. DAPI homogeneity was used to evaluate chromatin status,as described in Materials and
Methods. For each condition, 8 to 12 different images were acquired. The number of nuclei considered is the followed: WT
49, T72h 77, T10d 136. Bars in boxplots indicate minimum and maximum quartiles, boxes are first and third quartiles.
Red squares indicate average value. Statistical significance was evaluated using Kolmogorov-Smirnov test (** p=6·10−3 for
CX-T72h with respect WT, * p=2 ·10−2 for CX-T10d with respect WT, a:p< 10−15 for CX-T72h and CX-T10d with respect
WT, b : p< 10−3 for CX-T72h with respect CX-T10d). b) Representative images of WT, CXCR6 negative nuclei 72h and
10 days after sorting stained with DAPI (left, blue) with the corresponding contour to highlight nuclear curvature (right,
white).
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Figure 2: Panel a: representative images of Ki67 staining. Cells were fixed with 3.7% paraformaldehyde and incubated with
polyclonal anti-Ki67 antibody (1:1000, Abcam, Ab16667) 4◦C, overnight. Then the cells were incubated with the secondary
antibody (1:250, ab150077, AbCam) for 1 h at room temperature and the nuclei counterstained with DAPI. The slides
were mounted with Pro-long anti fade reagent (P7481, Life Technologies) and the images acquired with a Nikon A1 laser
scanner confocal microscope. Cytoplasmic Ki67 signal is set to zero and neglected in the analysis. Panel b : the graphs
represents the average intensity of Ki67 signal, calculated inside the nucleus as described in the Materials and Methods in
WT, CXCR6-negative cells 72h or 10 days after sorting. The statistical significance was calculated using the Wilcoxon-test
(*** p¡10−14 for CX-T72h, CX-T10d with respect WT). Panel c : representative images of CXCR6 negative cell and CXCR6
expressing cell. Cells were fixed with 3.7% paraformaldehyde and incubated with polyclonal anti-CXCR6 antibody (1:400,
Abcam, Ab8023) 4◦C, overnight. Then the cells were incubated with the secondary antibody (1:250, ab150077, AbCam) for
1 h at room temperature and the nuclei counterstained with DAPI. The slides were mounted with Pro-long anti fade reagent
(P7481, Life Technologies) and the images acquired with a Nikon A1 laser scanner confocal microscope. CXCR6 signal inside
the nucleus is neglected. Panel d : the graphs represents the average intensity of CXCR6 signal, calculated excluding nuclear
region in WT cells, CXCR6-negative cells 72h and 10days after sorting. Bars in boxplots indicate minimum and maximum
quartiles, boxes are first and third quartiles. Red squares indicate average value. The statistical significance was calculated
using the Wilcoxon-test (a : p=0.015 for CX-T10d with respect to WT; b: p=0.043 for CX-T10d with respect to CX-T72h)
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Figure 3: Panel a: Schematic representation of the method used to quantify the nuclear local displacements. Given the
meshes of the same nucleus at two different timepoints (i.e. T0 and T1), the vectors vi is identified by the algorithm and
used to compute σ(d) ; see Materials and Methods for details. Panel b-f : Boxplot of σ(d) overtime for WT and CXCR6
negative cells 72h and 10 days after sorting, untreated or exposed to 25µM blebbistatin for one hour and then wash out (see
Materials and Methods for more details). Statistical significance was calculated using t-Test ( * p < 10−5 ). Data have been
collected over at least three independent experiments. Error bars in boxplots indicate minimum and maximum quartiles,
boxes are first and third quartiles.
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Figure 4: Boxplot of σ(d) , used as proxy of nuclear shape deformation, as function of time for IgR39 WT and CXCR6
negative cells at 3 and 10 days after sorting maintained in standard growth medium (panel a) or exposed to blebbistatin
(panel b). Statistical significance was calculated using t-Test ( * p< 10−5 ).
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Figure 5: PRCs interactions with nuclear lamina are affected during phenotypic switching. The tethering between nuclear
lamina and PCRs components was quantified by the proximity ligation assay measuring the interaction between lamins
using a panlamin antibody (1:50, mouse ab20740, Abcam ) and BMI1 (1:600, rabbit mAb 6964, Cell signaling Technology)
or SUZ12 (1:800, rabbit mAb 3737, Cell Signaling Technology), in panel a and b, respectively. The number of fluorescent
red spots, each representing lamins interactions with BMI1 or SUZ12, were quantified as described in the Materials and
Methods section. The analysis was carried out on at least 17 nuclei for each condition, collected over at least three replica.
Statistical significance is established by the unpaired t-test method (**=p-value <0.01). Error bars indicates SE. Panel c) :
Immunofluorescence of H3K24met3 in WT and CXCR6 negative cells 72h and 10 days after sorting. Cells were fixed with
3.7% paraformaldehyde, permeabilized with 0.1% Triton-X100 in PBS for 15 min at RT and incubated overnight at 4◦C
with t anti-H3K4met3 antibody (1:100, Abcam, ab8580).The samples were then incubated with FITC anti-Rabbit (1:250,
ab150077, AbCam) for 1 h at RT and mounted with Pro-long anti-fade reagent (P7481, Life Technologies) with DAPI to
stain the nuclei.
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cells 10 days after sorting. Equal amount (20 µg) of protein were loaded on 10% polyacrylamide gel, transferred on PVDF
and incubated with BMI1 (1:2000,rabbit, cod. 6964,Cell Signalling Technonologies) or SUZ12 (1:2000, rabbit, cod. 3737,
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independent western blot of SUZ12 and BMI1. The Y axis represents the ratio between the densitometric value of SUZ12 or
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confocal microscope. Panel c and e : Representative Western blots showing Lamin A/C or Lamin B1 expression in IgR39
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