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Supplementary Fig.1 | ReGenT-seq system setup: shRNA library specificity and potency, Krt6b

promoter responsiveness, and epidermal cell validation. (A) Distribution of the number of top-

scoring BLASTN alignment hits per shRNA guide, showing that most guides have a single strong



alignment. The y-axis reports the number of guides, the x-axis the number of strong alignments. Color
code indicates the number of expected hits. (B) Distribution of BLASTN alignment bit scores,
comparing the top-ranked (first) hit against all the remaining alignments (others) for each shRNA guide.
Color and faceting separate the distributions according to whether the alignment corresponds to the
expected target for each shRNA, showing that the strongest BLASTN alignments predominantly
correspond to the expected shRNA targets (96.4%). (C) Prediction of shRNA library efficacy using
SplashRNA. The histogram depicts the distribution of top SplashRNA prediction scores sampled from
the shRNA library. Predicted potent sShRNAs are defined as those with scores greater than 1. (D) Violin
and dot plots showing mRNAs levels of Krt6a and Krt6b, measured by scRNA-seq, during homeostasis
and one week after wounding in the indicated epidermal regions. (E) Representative flow cytometry
plots of GFP expression in K6-GFP EPCs under hypoxia at the indicated time points, with percentages
of GFP-positive cells shown. (F) Percentage quantification of GFP-positive EPCs following exposure
to various stress conditions, including hypoxia (2% O2), UV irradiation (254 nm, 400 mJ/cm?),
hydrogen peroxide (0.5 nM H-0), viral infection, mimic of mechanical stress simulation (10 uM Y oda-
1), and inflammatory signaling (20 ng/uL. TNF-a). Cells were analyzed at the indicated time points after
treatment. GFP positivity is expressed relative to untreated control cells. n=4 independent replicates.
The horizontal line indicates median, box indicates the interquartile range (IQR), and whiskers denote
the 1.5 x IQR. (G) RT-gPCR analysis of epidermal stem/progenitor cell markers in epidermal cultures
in vitro over the course of the 4-week ReGent-seq experiment. Gene expression levels are shown as
relative expression normalized to Actb mRNA. Data are presented as mean + SEM. from four technical
replicates per condition. P-values from ANOVA test. (H) RT-qPCR analysis of epidermal
differentiation markers in epidermal cultures under differentiation conditions, with suspension-induced
differentiation applied for 36 h at the start and end of the ReGenT-seq experiment. Gene expression
levels were normalized to Actb mRNA and are shown as relative expression. Data represent mean =+
SEM. of four technical replicates per condition. In all graphs, statistical significance was assessed using

an unpaired two-sided Student’s t-test, unless otherwise stated.
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Supplementary Fig.2 | In vitro epidermal cell culture induces stress-associated gene expression
programs characteristic of wound healing and SCC. (A) Hierarchical clustering of RNA-seq
samples integrating in vitro epidermal progenitor cell (EPC) expression data from this study with in
vivo datasets from Ge et al. (Cell, 2017), including wound-associated and tumor stem cells (Wd-EpSC
and SCC-SC), as well as epidermal and hair follicle stem cells under homeostatic conditions (EpSC and
HFSC). Cultured EPCs cluster more closely with Wd-EpSC and SCC-SC than with homeostatic EpSCs
or HFSCs. (B) Heatmap showing expression levels of the gene signature shared by EPCs, SCC-SC and
stem cells during wound healing (Wd-EpSC and Wd-HFSC), identified through differential expression
analysis comparing them with EpSC and HFSC from homeostatic conditions. Heatmap clustering
highlights up- and down-regulated genes. (C, D) GO term enrichment (C) and GSEA analysis (D) were

performed on the gene signature shared by EPCs, Wd-SC, Wd-HF, and SCC-SC. GO term enrichment



was conducted using Enrichr, and adjusted P values (Benjamini-Hochberg correction) are reported.
GSEA was carried out using a running-sum statistic with permutation-based testing, with P values

adjusted using the Benjamini—Hochberg method.
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Supplementary Fig.3 | ReGenT-seq results and validation. (A) Western blot showing shRNA-
induced downregulation (KD) of c-Jun. (B) Validation strategy for the cell activation (CA) reporter
system. C-JUN KD reduces Krt6b promoter activity, resulting in an impaired cell viability upon
Blasticidin treatment. (C) Bar plot validating the CA-reporter system. Survival ratio at 2 and 3 weeks
(2w, 3w) were calculated as reported in (B). The horizontal bar represents the mean of three independent
experiments per each condition, with error bar indicating £ SEM. (D) Number of detected shRNAs per
sample (defined as shRNAs with at least one assigned read). (E) PCA of samples from the two
individual ReGenT-seq sub-screens, K6 Blast (top) and K6 DTR (bottom) (Fig.1A-E,H). (F)
Hierarchical clustering (Pearson correlation) of samples from the two individual ReGenT-seq sub-
screens, K6 Blast (left) and K6 DTR (right). Clustering using Ward’s method was performed based on
Pearson’s correlation distance of normalized read counts per shRNA, and the resulting pairwise
correlation matrix is visualized as a heatmap.(G) Heatmaps showing differential sShRNA representation
between treated and untreated groups in the ReGenT-seq K6 Blast (left) and K6 DTR (right) sub-
screens. Rows represent shRNAs and columns represent samples. Scaled hairpin abundance (Z-scores
of TMM-normalized CPM) is plotted. Enriched and depleted shRNAs were identified using the edgeR
package (FDR < 0.25 and log2FC > 1). n = 3 independent replicates per condition. (H) Dot plots
representing all shRNAs targeting gene hits from ReGenT-seq, identified as pro- or anti- CA regulators.
Log2FC is reported on the y-axis, and dot size represents the -log1 O(FDR). (I) Scatter plots visualizing
the concordance of differential ShRNA representation scores between the two time points (x-axis: 3
weeks; y-axis: 4 weeks) for the two ReGenT-seq sub-screens, K6 Blast (top) and K6 DTR (bottom).
Red dots represent enriched hits, blue dots depict depleted hits, and non-significant hits are reported in
gray. (J) Validation of gene hits affecting K6 promoter activity using a viability assay. Downregulation
of gene hits in CA-reporter expressing cells reduces cell viability in a Blasticidin- or DT-dependent
manner. For the Untreated (grey) and Treated (colored) groups, each dot represents the viability score
calculated as the ratio of cells number at day 3 to day 0, normalized to maximum value observed.
Horizontal bars represent the mean of 5-6 independent experiments per condition, with error bars
indicating + SEM. In all graphs, statistical significance was assessed using an unpaired two-sided

Student’s t-test, unless otherwise stated.
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Supplementary Fig.4 | Viability screens and network analysis of hits shared with ReGenT-seq.
(A) Box plots illustrating shRNA representation (read counts per each shRNA) per sample. (B) PCA of
samples from the two parallel viability screens (VS1 and VS2 respectively). (C) Heatmaps showing
hierarchical clustering of samples from VS1 (left) and VS2 (right). Hierarchical clustering was
performed using Ward’s method based on Person’s correlation distance of normalized shRNA read
counts. The clustered pairwise correlation matrix is visualized as heatmap. (D) Heatmaps showing
differential ShRNA representation between time 0 and 2 or 3 weeks after sample collection for VS1 and
VS2. Rows represent shRNA, columns represent samples. Scaled hairpin abundance (Z-scores of
TMM-normalized CPM) is plotted. Enriched and depleted shRNAs were identified using the EdgeR
package (Robinson et al., 2010) (FDR < 0.25 and log2FC > 1). n=3 independent replicates for each
condition. (E) Gene-ranking plots for VS1 and VS2 screens. The effect of multiple shRNAs targeting
the same gene was summarized by the ROAST gene set analysis method (Wu et al., 2010) (FDR<0.25).
For both screens, gene hits in ReGenT-seq are labelled. Gene scores were calculated as -log(P-value) x
(number of enriched - number of depleted shRNAs). (F) Protein-protein interaction network of all
Viability and ReGenT-seq hits. Nodes represent the gene hits, edges indicate physical interactions, and
edge thickness reflects interaction strength. K-means clustering of nodes is shown (top). Selected
known chromatin-associated complexes are highlighted within each cluster (bottom). Viability hits
without known interaction are not displayed but were included in the clustering analysis. All network
analyses were performed using the STRING 11.5 database. (G) STRING-clusters coloured according
to Viability screening score, highlighting that gene hits belonging to the same protein complex tend to
exert coordinated effects on cell viability. (H) (left) Heatmap showing hierarchical clustering of
Viability and ReGenT-seq gene hits (Viability regulators and CA regulators, respectively) based on
major network metrics. Viability and ReGenT-seq scores are shown in green and orange, respectively
(Top right). Bar plots showing Pearson’s correlation between each network metric and the observed
screening score for viability and CA regulators (right). This comparison reveals that the CA regulators

exhibit higher network centrality than viability regulators, suggesting greater interaction promiscuity.
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Supplementary Fig.5 | Single-gene knockdown and RNA-seq analysis of chromatin factor hits
identified by ReGenT-seq. (A) RT-qPCR analyses showing shRNA-mediated knockdown (KD) of
Cbx3, Kmt5c and Ehmt2 in EPCs. mRNA levels are represented as relative expression using the 2-AACt
method and normalized to control samples. n=3 independent replicates. Statistical significance was
assessed using an unpaired two-sided Student’s t-test. (B) Western blot showing CBX3 protein levels
in EPCs transduced with shRNAs targeting Chx3 or scramble control. (C) PCA of RNA-seq data (5,000
most variable genes) comparing CBX3, KMT5C, and EHMT2 KD cells with control cells. n=5
independent replicates. (D) Heatmap showing pairwise differential gene expression (DGE) correlations
among the selected CA regulators. The heatmap visualizes the clustered pairwise correlation matrix
obtained comparing log2FC values between KD and control samples for each regulator. (E) Bar plot
showing the number of DEGs between control and each individual KD condition. Genes are categorized
by standard annotation (Grey; official gene symbols), or MGI annotation (black) when standard

annotation is unavailable. (F) Bar plots showing observed and expected genes for each class in MGI



gene annotation (IncRNA, Pseudogene, Protein coding and Unclassified genes). The observed-to-
expected ratio is colour-coded. (G) Heatmap showing, for each KD condition, hierarchical clustering
based on Normalized Enrichment Score (NES) from GSEA performed on cell-type signature gene sets
from the Descartes Atlas®’. GSEA was carried out using a running-sum statistic with permutation-based

testing, with P values adjusted using the Benjamini—Hochberg method.
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Supplementary Fig.6 | Roles of Chx3 and Kmt5c in cell motility and proliferation. (A) Scratch assay
after Kmt5c knockdown (KD). Scratch masks and percentage of wound area closure at different time
points are shown in the upper and lower panels, respectively. (B) Western blot showing CBX3
overexpression in EPCs. (C) Scratch assay performed with CBX3-overexpressing and control EPCs.
Representative scratch masks (upper panel) and quantification of wound area closure over time (lower
panel) are shown. n=16 independent replicates. (D) (left) Immunostaining for Ki-67 in CBX3 KD
(shRNAT and shRNA2) cells compared with control (scramble) cells. (Right) Box plot showing the
percentage of Ki-67-positive cells relative to the total cell number. n=40 images. The horizontal line
indicates the median, boxes represent the interquartile range (IQR), and whiskers denote the full data
range. (E) Cumulative proliferation ratio in CBX3 KD cells. The proliferation ratio, defined as the
number of cells at each time point divided by the number of cells at time 0, is shown over the time

course (t0-t4). n=6 cell counts. Graphs shown in this figure represent data from 2 or 3 independent



experiments (2 for A and C, and 3 for E) independent experiments. Data are shown as means £ SEM.
In all graphs, statistical significance was assessed using an unpaired two-sided Student’s t-test, unless

otherwise stated. Scale bar: 100um (D).



Wound perifery . 1.33e-79 3.06e-89
Wﬁs_fﬁﬁﬂfk_ 5.47e-17
. 40€- -

- I~ 37e-81
Proliferative Hub — £ 0.4

= <)

o =
- 60 2
Leading Edge (migration) © % 0.0+ - - -

& =

[0}

g =
Unrepaired Area z 9 -04

0
| I I I
E F e Proliferative Hub
90° . o Leading edge
75 == Median: Hub

Proliferative Hub Leading migr. edge

60° wx Median: Edge

Nuclar Cbx3 mean intensity ;ql'.' .

0 40 80 120 160 200 240 BM

Supplementary Fig.7 | Histological stratification of wound healing regions. (A) H&E staining of
skin sections at 1 week post-wounding (1w pw). Different zones relative to the wound center are
indicated and schematically represented in their original position within the skin section. The dotted
line indicates the sectioning site in the circular wound schematics (right panel). (B) H&E staining of
the leading edge (upper panel) and the proliferative hub (lower panel), representing wound areas where
EpSCs migrate and proliferate, respectively. (C) Basal cell orientation in skin sections was quantified
as the angle between the nucleus and the basal membrane. Statistical significance was assessed using a
t-test, with P-values adjusted using the Benjamini-Hochberg procedure. (D) Quantification of the
rectangular cell shape descriptor (log(width/height)). Violin plots compare the wound periphery (grey),
the proliferative hub (red), and the leading edge (light blue). Statistical significance was assessed using
a t-test, with P-values adjusted using the Benjamini—-Hochberg procedure. (E) Ki-67, a proliferation

marker, in skin sections validates the proliferative hub and is absent in the leading edge. Representative



images of the proliferative hub and the leading edge are shown. (F) Correlation between nuclear CBX3
and basal cell position relative to the basal membrane, where each dot represents a single cell. The
median CBX3 intensity in the proliferative hub and the leading edge is indicated. (G) Keratin 6
expression in the proliferative hub and the leading edge. Yellow double arrows indicate Keratin 6-
positive zones in skin sections. For all graphs in the figure, n= 405 (wound periphery, ctrl), n=486

(proliferative hub), and n=263 (leading edge) images. Scale bar: 50um (E, G).
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Supplementary Fig.8 | Histological stratification of SCC regions. (A) Immunostaining of Keratin 6
in murine SCCs and unaffected epidermis, showing higher expression in tumors. (B) H&E staining of
UV-induced SCCs. Far-, superficial-, and deep- SCC areas are distinguished by coloured bars (grey,
blue, and yellow, respectively). (C) Higher magnification images of the far-, superficial- and deep- SCC
regions shown in (B). (D) Cell shape descriptor (AR=major axis/minor axis of each nucleus) used to
distinguish cells in superficial versus deep SCC areas. Violin plots show Welch's t-test results. n=1274-
1802 cells form three samples. (E) Scatter plot showing the correlation between CBX3 and Keratin 6
levels in the three different zones defined from the wound. Pearson’s correlation coefficient (r) and P-
value are indicated. n=9 images form three samples. (F) Immunofluorescence images showing the
epidermal stem/progenitor cell marker Keratin 14 and the early epidermal differentiation marker
FABPS, across far-, superficial-, and deep- SCC regions, and in unaffected epidermis. (G)
Immunostaining of CBX3 and FABPS in superficial and deep SCC areas (left panels). Quantification
of CBX3 in FABP5-negative epidermal cells is shown (right panels). Data are shown as means + SEM.
n=5 images from 5 independent regions. (H) Section of a deep SCC area stained with anti-CBX3 (green)
and anti-Keratin 6 (red). Single channel images for CBX3, Keratin 6, and DAPI are shown. The dotted
line to indicate the basal membrane. Magenta arrows highlight rare basal cells with nuclear and
cytoplasmic staining. (I) Western blot showing CBX3 overexpression in SCC cells. (L) Scratch assay
in CBX3-overexpressing and control SCC cells, showing representative masks (left) and wound closure
quantification over time (right). Data are shown as means + SEM. n=7-8. In all graphs, statistical
significance was assessed using an unpaired two-sided Student’s t-test, unless otherwise stated. Scale

bar: 50um (F, H-right), 100um (B, G, H-left), and 1000 um (A).
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Supplementary Fig.9 | Integration of transcriptomic profiling after CBX3 knockdown with ChIP-
seq of endogenous CBX3. (A) Scatter plot showing reproducibility between the two CBX3 ChIP-seq

replicates, as measured by Pearson's correlation coefficient (r) of their average signal intensities



(IP/input) in 400-bp bins. (B) Heat map and profile plot showing ChIP-seq signal in CBX3 peaks. Signal
for input and IP samples is reported in a 5 kb-window aligned on peak centers. (C) Annotation of CBX3
ChIP-seq peaks to the indicated genomic features, reporting number and percentage of peaks, observed
over expected enrichment ratio, and its associated P-value. (D, E) Bar plots showing the distribution of
CBX3 ChIP-seq peaks in gene bodies (d) and CBX3 bound genes by expression level (e) (Q1 = bottom
quartile, Q4 = top quartile, including a random equally-sized set of not expressed genes as control). (F)
Venn diagram showing the intersection of CBX3 DNA direct target genes (ChlP-seq data) with DEGs
in CBX3 KD vs control EPCs (up- and down-regulated, RNA-seq data). (G) Venn diagram showing
the intersection of CBX3 DNA direct target genes (ChIP-seq data) with genes affected by CBX3-
mediated splicing regulation (ASEs and noisy spliced). (H) Gene set enrichment analysis of
differentially expressed genes (DEGs) in CBX3 KD versus control EPCs (RNA-seq data), restricted to
CBX3 direct DNA target genes identified by ChIP-seq, using the MSigDB Hallmark gene set collection.
Enrichment analysis was performed using Enrichr. Dot size indicates the odds ratio, while dot color

represents the —log10(P-value).
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Supplementary Fig.10 | seCLIPs of endogenous CBX3. (A) Western blot
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compared to INPUT is shown for scramble and shRNAs samples. (C) Western blot of
immunoprecipitated endogenous CBX3 used in the seCLIP experiment. H, M, L refer to CBX3/RNA
complexes migrating as a high weight (H), middle weight (M) and low weight protein complex (L). L
corresponds to the weight of a single CBX3 protein. Scramble vs shRNAs is compared in a short- and
long-time exposure. RNA material extracted for seCLIP library preparation is denoted by yellow bars.
Asterisk marks antibody light chains. (D) Results of the higher stringency (left, IDR comparison
analysis, P-value<0.001& FC>8) and lower stringency (right, overlapping enrichment analysis P-
value<0.001& FC>1) seCLIP peak calling strategy are illustrated. Bar plots indicate the number of
CBX3 seCLIP peaks in H, M, L, and all merged bands. Overlap of peaks and genes for the three bands
is also shown as Venn diagrams. H, M, L refer to CBX3/RNA complexes migrating as a high weight
(H), middle weight (M) and low weight protein complex (L), as illustrated in (C) L corresponds to the
weight of a single CBX3 protein; M corresponds to the weight of two CBX3 proteins, potentially
representing a CBX3 dimer’'. (E) Z-score distribution relative to hexamers (6-mers) enrichment in
CBX3 seCLIP peaks. Background (not enriched, grey) identified with a Gaussian mixture model,
enriched (orange) and highly-enriched (red) 6-mers clusters are shown. Z-score values of top-5 enriched
6-mers are highlighted in red. (F) Representative IGV snapshot showing CBX3 seCLIP signal profile
and peaks distribution in Fam32a (CBX3-bound) and an unbound control gene (Akap11). For detailed

information about seCLIP analyses, see the Methods section.
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Supplementary Fig.11 | CBX3 RNA-binding profiles and multicopy RNA families bound by

2R3

CBXa. (A) Heatmap of seCLIP-seq normalized read density profile at CBX3-bound gene bodies in two
replicates for the three H, M, L bands (relative to Supplementary Fig.10C). The clustering analysis
showed that CBX3 binding on spliced RNAs tends to be towards the 5°. In addition, most target RNAs
are shared by the different size CBX3/RNA complexes, except for an RNA cluster 4 bound by
CBX3/RNA complex characterized by the presence of a single CBX3 protein. (B) Multicopy RNAs
families Enrichment analysis (IP vs Input) on CBX3-bound RNA in all the three bands. Rows are
multicopy elements, columns are seCLIP bands, and the enrichment score (log2FC of IP vs size-

matched input) is visualized. For detailed information about seCLIP analyses, see the Methods section.
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Supplementary Fig.12 | Analysis of CBX3-dependent RNA splicing and nuclear export. (A)
Differential Alternative Splicing Events (ASEs) in CBX3 knockdown (KD), grouped by CBX3-bound
and unbound mRNAs (FDR < 0.05). n=3 replicates. Higher = higher percentage-spliced-in (¥) in KD
vs scramble. Lower = lower ¥ in KD vs scramble. A3SS and A5SS: alternative 3°/5’ splice sites, MXE:
mutually exclusive exons, RI: retained, SE: skipped exons. (B) Differential alternative splicing event
(ASE) analysis after CBX3 KD. Scatter plot showing exon-inclusion ratio difference between shRNA
and scramble as percent spliced-in (y) (left). Number of ASEs as Junction and Exon Counts (JCEC)
across event types. The number of total ASEs with FDR<0.05 is indicated within the graph (right). In
both graphs red is used for higher exon inclusion in CBX3 KD vs control cells, while blue for lower
inclusion with respect to scramble. (C) Higher and lower inclusion difference fraction of genes with
differential ASEs, distributed over mean PSI ranges. (D) Read count of annotated de novo junctions
specific to each condition. (E) Venn diagram with differentially expressed genes (DEGs) between
CBX3 KD vs control cells (up and down, left, and right panel, respectively), CBX3-dependent-ASEs
and CBX3-dependent Noisy spliced genes. The number of overlapping genes among these groups is
reported. (F) Principal component analysis of RNA-seq samples from CBX3 KD and control cells after
nucleus/cytoplasm fractionation. The top 2000 variable genes are used as input features. n=3
independent replicates (G) Heatmap showing enrichment of multicopy RNA families based on RNA-
seq data from nuclear and cytoplasmic fractions of control and Cbx3 KD cells. Rows represent
multicopy elements, columns represent samples, and scaled normalized concentration levels are shown,
indicating that Cbx3 maintains these RNAs in the nucleus. For detailed information about all analyses

shown in this figure, see the Methods section.
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Supplementary Fig.13 | Compartment-specific localization of RNAs in the nucleus, cytoplasm,
and cell protrusions. (A) Quantitative proteomics reanalysis showing protein levels in protrusions
relative to cell bodies, across 6 cell lines (data and analysis from Dermit et al.’®). Log, of protrusion/cell
body protein ratio values from each cell line is shown. CBX3 and other control proteins (known to
localize in the nucleus or in cell protrusions) are indicated. (B) GO analysis of upregulated proteins in
cell protrusion (data from Dermit M. et al.”). Selected GO terms are ranked by -Log10(adj. P-value).
(C) Hierarchical clustering of control RNA-seq samples from protrusion, nucleus, cytoplasm, and cell
body compartments from EPCs. Hierarchical clustering by Ward’s method was performed based on
Person’s correlation distance of normalized read counts per gene, and the clustered pairwise correlation
matrix is visualized as heatmap. n=3 independent replicates per group. (D) Correlation plots of different
subcellular fractions. Pearson’s coefficient (r) and P-value are indicated within each graph. (E) GSEA
enrichment plot for ribosome protein-large (red) and -small (orange) subunit gene sets in protrusion
respect the sum of cytoplasm and nucleus fractions, in scramble cells. These represent positive controls
for cell protrusion isolation®>. P-value (p) is reported. (F) Heatmap of DEGs across subcellular fractions
in control cells, clustered by compartmental enrichment. (G) GO analysis for each gene cluster from
(F). GO term enrichment is shown by color code, while dot size represents the overlap between the
number of DEGs and the gene universe in each list. (H) Scatter plot showing correlation of differences
(reported as log2FC of ratios) between CBX3 knockdown (KD) and scramble EPCs in the protrusion
to cell body ratio and the protrusion to nucleus, protrusion to cytoplasm, and protrusion to the sum of

nucleus and cytoplasm ratios, respectively. Pearson’s R and P-value from correlation test are reported.
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Supplementary Fig.14 | Chx3-dependent multilayered control of gene expression. (A) Correlation

plot of negative normalized enrichment scores (NES) from GSEA, calculated using a running-sum



statistic with permutation-based testing. P-values were adjusted using the Benjamini—Hochberg
procedure. GSEA was performed on transcriptomic data from subcellular compartments (protrusions
relative to the cytoplasm and nucleus; violet) and from whole cells, comparing shRNA-treated cells
with scramble controls (green). Enriched Gene Ontology (GO) terms, derived from Fig. SH, are
presented as a numbered list. The —logl0(adjusted P-value) is represented by dot color, with white
indicating non-significant results. (B) Bar plot showing enrichment analysis using the MGl Mammalian
Phenotype database of DEGs in CBX3 knockdown (KD) versus control cells, from Fig. SH. Genes are
classified as direct chromatin targets based on ChIP-seq (DNA), RNA targets based on seCLIP (RNA),
or targets identified by both methods. Enrichment analysis was performed using Enrichr. Enrichment
is represented as an odds ratio with the associated P-value indicated in the plot. (C) Bar plots showing
the direct impact of CBX3 on selected GO terms (from Fig. SH) across distinct layers of gene expression
regulation, expressed as —loglO(adjusted P value). Direct regulatory layers were defined by the
intersection of transcriptomic data from scramble versus CBX3 knockdown cells with genomic datasets
(ChIP-seq or seCLIP). Specifically, these included: (i) seCLIP and RNA-seq comparing protrusions
versus cytoplasm and nucleus (seCLIP/DEG protrusion); (ii) seCLIP and RNA-seq comparing
cytoplasm versus nucleus (seCLIP/DEG nuclear export); (iii) seCLIP-seq and bulk RNA-seq for de
novo junction analysis (seCLIP/splicing noise); (iv) seCLIP-seq and bulk RNA-seq for allele-specific
expression analysis (seCLIP/ASE); and (v) ChIP-seq and bulk RNA-seq for whole-cell differential gene
expression. This analysis reveals that gene sets such as focal adhesion are regulated at multiple layers
of gene expression control, whereas others, including endoplasmic reticulum—associated genes, are
regulated at a single layer, specifically within protrusions. (D) smFISH images of scramble, sShRNA1
and 2 cells stained with probes against Pdia3, P4hb and Hspaj mRNAs (in Fig.6B the relative
quantification is shown). For each image co-staining with DAPI (red) is also shown. Cell boundaries
(white lines) were defined by F-actin. (E) Intensity line profile to show CBX3 (black) and p-FAK (red)
distribution from nucleus (excluded) to protrusion through cytoplasm (from blue to green). (F, G)
Immunofluorescence images (G) and corresponding quantification (F) of mitochondria in cell
protrusions, detected using a TOM20 antibody. F-actin staining used for cell boundaries is shown in the

yellow square. Dots in box plots represent the mean intensity value per cell. n=16-18 cells representative



of one of two independent experiments. Horizontal line indicates median, box indicates the interquartile
range (IQR) and whiskers denote the 1.5 x IQR. Statistical significance was assessed using an unpaired

two-sided Student’s t-test.



— 10000 0.0223 60 ¥ - 8,80e-08
A CBX3 B B - Cc _ 6'4_°|e_°7 D 3 25001 50e-
overexpression g 7500 o % | % 20004
c 3 h S
117 kD2 | e = | VCL 8% %40 o |— gg 4
ES c Q £ 1500
24 kDa CBX3 . 5 50007 2 30 . £s5
= < = -
<8 — 2 g 1000 -~ 7T
ol CBX3 Q3 ' £ 20- _‘l _|_ g8 | |
Overexpr. o 2500+ L_ ]_J a _, ® 1 -
g _[_J | 3 10 & g 5007 rm
S - O e =
© 0- 0- © 0-
ctrl CBX3 ctrl CBX3 ctrl CBX3
Overexpr. Overexpr. Overexpr.
7 empty vect CBX3 gsion F
empty ve‘f: or overexpression.y 16000 1= 0.8774 16000 = 0.5993
V=7.51e-133 V=1.97e-70
2 12000 P 212000 b
2 2
2 [}
< 8000 £ 8000 /
< <
& 2
Z 4000 T 2w g caxs
% Ctrl overexpr.
0. 0~
N N S N N N o N
$ $ $
WO & \Q/Q D‘QQ %00 _\q,QQ

CBX3 Intensity

G CBX83 Intensity
Ya 0.0089
‘/ V\ﬁ CBX3 OverexprA| 3 1500 d
Dimf 2
Q8 10004 7|
£ £ =g ! I_l
5 5 £3 | B |
T GO T
. = Chx3 -9
. " Min BE—Max g = Lk
-6 )
15 s o

5 10
Dim1 (53.2%)

Dim1

Dim1

CBX3
Overexpr.

ctrl

empty vector

Supplementary Fig.15 | CBX3 functional analysis in human epidermal cells. (A) Western blot
showing CBX3 overexpression in HaCaT cells. (B-D) Quantification of CBX3 levels in protrusions,
protrusion size, and wheat germ agglutinin (WGA) signal in control and CBX3-overexpressing HaCaT
cells. Each dot represents the average of all protrusions per cell. n = 19-21 cells. (E) F-actin and WGA
staining in control and CBX3-overexpressing HaCaT cells. (F) Scatter plot showing the correlation
between WGA and CBX3 intensities in protrusions of control and CBX3-overexpressing HaCaT cells.

Pearson coefficient (r) and P-value are indicated. n=413 protrusions from one of two independent



experiments. (G) Characterization of Chx3-dependent features of protrusions in HaCaT cells. PCA of
shape descriptors (AR=Aspect Ratio; Circ.=circularity; Solid.=Solidity; Feret=Feret’s Diameter;
Round=Roundness; Perim.=Perimeter; Area) and CBX3, and WGA intensities in CBX3-
overexpressing (yellow) and control (blue) cells. Box plots highlight distributions along PCA dimension
1 (top panels). PCA data are colored by CBX3 intensity (middle panel) or represented by directional
arrows for each descriptor included in the analysis (right panel). (H, I) LAMP1 immunostaining in
HaCaT cells and quantification of lysosomal signal in cell protrusions of CBX3-overexpressing versus
control cells. Each dot represents the average of all protrusions per cell. n=28-32 cells. For all box plots
in the figure, dots represent data of one of two independent experiments performed. The horizontal line
indicates the median, boxes represent the interquartile range (IQR), and whiskers denote the 1.5 x IQR.
Statistical significance was assessed using unpaired two-sided Student’s t-tests. Scale bars: 12.5 um

(E,D.
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Supplementary Fig.16 | CBX3 controls 3D induced protrusions in human primary epidermal
cells. (A) smFISH images of induced mature protrusions (3 um pores) and cell-body of EPCs. Cell body
(left panel) and protrusions (right panel) were stained with probes against Pdia3 mRNA (green). Cell
boundaries (dashed lines) were defined by F-acting staining. (B) Western blot showing CBX3
knockdown (KD) in HaCaT cells and in human primary keratinocytes. (C, D) F-actin and DAPI staining
of HaCaT cells showing the induction of mature 3D protrusions in control, CBX3-overexpressing,
scramble, and CBX3 KD conditions (right and lower panels). Insets highlight associated cell bodies
(white squares). Quantification of mature protrusions per cell is shown in the left panels. n=14-15 and

n=4-7 images for C and D respectively, from two independent replicates. (E) Representative F-actin



and DAPI staining of human primary keratinocytes illustrating mature 3D protrusion formation under
scramble and CBX3 KD conditions (right). Cell bodies associated with protrusions are indicated in the
insets (white squares). Protrusion numbers per cell are quantified in the left panels. n=12 images, from
two independent replicates. (F), Number of induced mature protrusions per cell in invading SCC cells
(3um transwell+Matrigel, 4h) vs migrating EPCs (3um transwell, 2h). For all box plots in the figure,
dots represent data of one of two independent experiments performed. The horizontal line indicates the
median, boxes represent the interquartile range (IQR), and whiskers denote the 1.5 x IQR. Statistical
significance was assessed using unpaired two-sided Student’s t-tests. Scale bars: 12.5 um (A) and 50

um (C-E).






