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Movie S1 – Z-stacks of ER and nuclei staining in Day 3 iHL60 treated with 10 μM AY9944. 3D 
reconstruction of representative nuclei with aberrant lobulated morphology. Asterisks correlated z-
stack and 3D reconstructed nuclei. 
 
Movie S2 – Z-stacks of ER and nuclei staining in Day 3 iHL60 treated with 5 μM GGTI-298. 3D 
reconstruction of representative nuclei with aberrant lobulated morphology. Asterisks correlated z-
stack and 3D reconstructed nuclei. 
 
Movie S3 – Z-stacks of ER and nuclei staining in Day 3 iHL60 treated with 20 μM FTI-277. 3D 
reconstruction of representative nuclei with aberrant lobulated morphology. Asterisks correlated z-
stack and 3D reconstructed nuclei. Orange arrows point at nuclear segment connections, 
represented by thin filaments in control cells and large nuclear constrictions in treated cells. 
 
Movie S4 – Z-stacks of ER and nuclei staining in Day 3 iHL60 treated with 5 μM L-778,123. 3D 
reconstruction of representative nuclei with aberrant lobulated morphology. Asterisks correlated z-
stack and 3D reconstructed nuclei. 

 
 
 
 

Dataset 1 – Gene list and clustering of DEG in the “Microtubule cytoskeleton” Cellular Component 
category. Color Coding maintained as in Figure S8A. Results of enrichment analyses for each cluster 
group according to Biological Process categories.  
 
Dataset 2 – Gene list and clustering of DEG in the “Actin cytoskeleton” Cellular Component category. 
Color Coding maintained as in Figure S8B. Results of enrichment analyses for each cluster group 
according to Biological Process categories.  
 
Dataset 3 – Gene list and clustering of DEG in the “Nuclear Envelope” Cellular Component category. 
Color Coding maintained as in Figure 3A. Results of enrichment analyses for each cluster group 
according to Biological Process categories.  
 
Dataset 4 – Complete data for expression levels of RNA transcripts in HL60 and iHL60 cells.  
 
Dataset 5 – Results of enrichment analyses of DEGs between the 3 comparisons (Day 2 vs. Day 0; 
Day 4 vs. Day 0; Day 2 vs. Day 4) according to Biological Process, Cellular Component, Molecular 
Function and Reactome categories.  
 
Dataset 6 – Results of enrichment analyses of DEGs clustered according to expression temporal 
profile according to Reactome categories. Cluster numbering is conserved with Figure 3C. 
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Extended Materials and Methods 
Cell Cultures. HL60 cells were obtained from ECACC (Sigma-Aldrich, cat#98070106) and maintained 
at 37°C in a humidified 5% CO2 environment in RPMI 1640 (ThermoScientific) supplemented with 
10% FBS (ThermoScientific). Cultures were passaged every 2 days at 105 cells/ml density. Stocks of 
cells frozen in 90% FBS + 10% DMSO (Sigma-Aldrich) were thawed in complete medium and tested 
negative for mycoplasma contamination (MycoAlert™ PLUS Mycoplasma Detection Kit, Lonza). 
Induction of granulocytic differentiation was performed by addition of 5 μM all-trans-retinoic acid 
(ATRA) (Sigma-Aldrich) at Day 0 to 2x105 cell/ml cultures. For RNA sample collection, at Day 2 iHL60 
cultures were diluted 1:5 with fresh medium, as this step halves apoptotic cells at Day 4 without 
affecting final cell yield, providing more robust results. Biological replicates refer to samples derived 
from independent differentiation protocols of subsequent culture passages between p7-p20, 
accounting for 1 month of continuous culture. 
RNA extraction, sequencing and PCR. Total RNA was isolated at 0, 48 and 96 hours of ATRA treatment 
from 107 cells with TRIzol Reagent (ThermoScientific) followed by purification with RNeasy Mini Kit 
(Qiagen), and quantifying by NanoDrop (ThermoScientific). 5 μg of sample were further processed 
at GeneWiz, Suzhou, China. The library products were ready for sequencing via Illumina HiSeq 
2x150PE, with 10G coverage, producing  ̴40.7M clean reads per sample on average. For single 
transcript level analyses, total RNA was retrotranscribed with High Capacity cDNA Reverse 
Transcription kit (ThermoFisher Scientific) and real-time PCR was performed with PowerUp™ SYBR™ 
Green Master Mix (ThermoScientific) for 40 cycles in a QuantStudio 6 Flex thermocycler 
(ThermoScientific). Primer sequences are reported in Table S1.  
Bioinformatics analyses. Reads were mapped against the human genome GRCh38.89 by using RSEM 
1.3.0 with STAR 2.6.1a (Li and Dewey, 2011). Only genes with gene IDs in the current NCBI 
annotation were retained. The identified genes were filtered out if not expressed at a count-per-
million (CPM) higher than 1 in at least 2 samples of at least one time-point. The final number of 
genes used in subsequent analyses is 12308 genes. Data were normalized using the trimmed mean 
of M-values normalization method (TMM) implemented in edgeR Bioconductor package (version 
3.22.4) (Robinson and Oshlack, 2010). Differentially expressed genes (DEGs) were computed with 
edgeR, using a mixed criterion based on p-value, after false discovery rate (FDR) correction by 
Benjamini-Hochberg method, lower than 0.05 and absolute log2(fold change) higher than 2. A 
Principal Component Analysis was performed by Singular Value Decomposition (SVD) on 
log2(CPM+1) data, after centering, using MATLAB R2017a (The MathWorks). DEGs enrichment 
analysis of Gene Ontology (GO) categories was performed using clusterProfiler Bioconductor 
package (version 3.10.1) (Yu et al., 2012), imposing an FDR-corrected p-value < 0.01. DEGs 
enrichment analysis of Reactome pathways (updated in July 2019) was performed using ClueGO 
(version 2.5.4) (Bindea et al., 2009) and CluePedia (version 1.5.4) (Bindea et al., 2013). A MATLAB 
script was written to cluster the temporal profiles of DEGs according to their log2-fold change 
between subsequent time points, imposing an absolute cutoff value of 0.4 to determine a 
significant change in expression. Hierarchical clustering was performed with Euclidean distance and 
complete linkage using median-centered data, and plotted as heat maps in MATLAB.  
All data are publicly available in GEO repository, accession number GSE134922. 
Drug treatments. For each drug employed, targets and references are reported in Table S2. Cells 
were exposed for 3 hours, 24 hours or 3 days (as indicated in the text) at various drug 
concentrations (as indicated in the text). Cytoskeletal drugs. Latrunculin A (Sigma-Aldrich), 
Cytochalasin D (Cayman), Jasplakinolide (Cayman), Nocodazole (Sigma-Aldrich), Vincristine sulfate 
(Selleck), Paclitaxel (Selleck), Monomeric Acrylamide (Sigma-Aldrich), β-β'iminodipropionitrile 
(Sigma-Aldrich), Withaferin A (Sigma-Aldrich), Y-27632 (Selleck), Blebbistatin (Selleck), 2,4,6-
Triiodophenol (Bidepharm), Pentabromopseudilin (Sigma-Aldrich), Pentachloropseudilin (Aobious). 
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Cholesterol biosynthesis pathway. Lovastatin (Selleck), Simvastatin (Selleck), Zoledronate (Selleck), 
Alendronate (Selleck), Ketoconazole (Selleck), AY9944 (Selleck), U18666A (Selleck), Triparanol 
(Selleck), FTI-277 (Selleck), GGTI-298 (Selleck), 17α-hydroxyprogesterone (APExBIO), L-778,123 
(Targetmol). In double treatment experiments, all compounds were administered simultaneously, 
with the exception of 3-day long experiments, in which cells were pre-treated for 1 hour with either 
latrunculin A or Y-27632 before vincristine sulfate supplementation.      
Cell live imaging. Cell nuclei were visualized by incubation for 15 minutes at 37°C with 1 μg/ml 
Hoechst 33342 (Cell Signaling) in culture medium. The endoplasmic reticulum was stained by 30-
minute incubation at 37°C with 2 mM ER-Tracker™ Blue-White DPX (ThermoScientific) in culture 
medium. Cells were centrifuged for 3 minutes at 300xg to increase cell density, deposited on a 
glass-bottom multiwell plate, clamped with a glass coverslip and imaged within 30 minutes with an 
inverted Zeiss LSM 710 laser-scanning confocal microscope, 100x oil-immersion objective, 405 nm 
excitation wavelength and a 0.5 μm step.   
Image analyses. For volume and surface quantification, images of nuclei stained with ER-Tracker™ 
were processed with the Image Processing Toolbox of MATLAB software (R2015b). Each analysis 
involved z-stacks of approximately 30 steps and at least 30 cells per day per replicate (6 biological 
replicates). Image processing for quantification included contrasting, black and white transformation 
and exclusion of cells located at image borders. Cell identity between consecutive z-stacks was 
tracked by calculating the centroid coordinates of each virtual object within an image and assigning 
same identity to centroids with less than 30% variation relative to the diameter of the virtual object 
of the central z-stack section. Aberrantly assigned objects and dead or mitotic cells were manually 
excluded from analyses. Quantification nuclear volume and surface: a negative black and white 
image of ER-Tracker™ staining was employed. Perimeter and area of each object calculated using 
MATLAB functions bwlabel and regionprops. Segmented lobules identified as separate objects were 
considered belonging to one nucleus when their centroid distance was less than 50% the cell 
diameter calculated at the central stack. Voxel volume was 0.083x0.083x0.5 μm = 0,0034445 μm3. 

Quantification of cell volume: the formula for a spherical volume  was employed with 

, where dmax is the longest diameter for any section of an individual cell.  

Qualitative evaluation of nuclear lobulation. The “Number of lobules” was manually derived for each 
nucleus from Hoechst33342 staining images and plotted as count distribution for number of 
lobules. The “Maximum number of sections” was manually derived from ER-Tracker staining images 
by considering the maximum number of nuclear sections in a cell for any given focal plane in the z-
stack, and plotted as count distribution for number of sections.  
For qualitative analyses, the three categories were defined as “Round/Ovoid”, according to 
geometry, “Segmented” if the nucleus presented at least 2 well defined separated volumes, and 
“Deformed” when neither of the previous two applied. Qualitative evaluation is presented as 
percentage on total population for each class.  

Flow cytometry analyses. 5x105 cells were collected for each staining, centrifuged for 3 minutes at 
300xg and washed twice with ice-cold PBS+10% FBS. Live immunostaining was performed in 100 μl 
for 40 minutes on ice in the dark with the antibody concentration suggested by the supplier and 
washed twice with ice-cold PBS+10% FBS. All antibodies were from Biolegend: CD11b (cat#301309), 
CD54 (cat#353105), CD62L (cat#304803). Respiratory burst assay was performed according to 
manufacturer’s instructions (Cayman, cat#601130). Samples were analyzed with the CytoFLEX 
Platform (Beckman Coulter) analyzing at least 104 single cell events.    
Molecular modeling. The models for the FTase, GGTase I, GGTase II and GGTase III were derived from 
published crystal structures [Protein Data Bank (PDB) ID codes 1S63, 1S64, 3DSS and 6J74/6J7X 
respectively]. The missing residues of each structure have been modeled using the MODELLER 
package (Sali and Blundell, 1993). The model of the complex GGTaseII with two PO4

3- ions was made 
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starting from the crystal structure of the complex GGTase II-GGPP [PDB ID: 3DST]. The two ions were 
superposed to the pyrophosphate atoms of the GGPP and the GGPP was then removed. The atomic 
coordinates for the 3D structure of the L-778,123 were obtained starting from the smile code, with 
hydrogen atoms addition and structure minimization done using ChemOffice18 packaged. Docking 
has been performed using AutoDock4ZN package (Morris et al., 2009; Santos-Martins et al., 2014). 
Statistical analyses. Data for cell and nuclear areas and volumes are presented as median and 
interquartile range (IQR). Lognormal data distribution was normalized and statistical analyses were 
performed by one-way ANOVA followed by Tukey–Kramer test in computing environment R. Data for 
lobule and section numbers are presented as lognormal distributions of counts per cell normalized 
for width. Statistics were performed by non-parametric Kruskal-Wallis test with post-hoc Dunn test 
for pairs. Data Plotting and statistics were performed with Origin 2020 software. 
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Figure S1 (a) Quantification of maximum number of nuclear sections per nucleus in iHL60 at Day3 according 
to treatment (a minimum of 78 cells for condition were quantified) (× = mean; + = median; *** = p<.001, 
Kruskal-Wallis test with Dunn post-hoc comparison). (b) Live ER staining of Day 3 iHL60 (scale bar = 10 μm), 
treated for 3 hours with the specified cytoskeleton modifying drugs. (c) Live DNA staining of Day 3 iHL60 
(scale bar = 10 μm), treated for 3 hours with the specified cytoskeleton modifying drugs. 
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Figure S2 Live DNA staining of Day 4 iHL60 (scale bar = 10 μm, inset scale bar = 5 μm), treated for 24 hours 
with the specified cytoskeleton modifying drugs. 
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Figure S3 (a-d) Live DNA staining of Day 3 iHL60 (scale bar = 5 μm), treated for 3 hours with the specified 
cytoskeleton modifying drugs and drug-combinations.   
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Figure S4 (a-b) Live DNA staining of Day 3 iHL60, treated for 3 days with the specified cytoskeleton modifying 
drugs (scale bars = 10 μm). Orange arrowheads in (b) indicating medium-sized cells after partial cytokinesis 
failure. 
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Figure S5 Live DNA staining of Day 3 iHL60, treated for 3 days with the specified cytoskeleton modifying drugs 
(scale bars = 10 μm). 
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Figure S6 (a) Live DNA staining of HL60 at different time-point of differentiation, with qualitative nuclear 
morphology assessment (scale bar = 10 μm). (b) Proliferation curve of HL60 and iHL60 (n = 3 independent 
cultures). (c) Quantification of cellular and nuclear dimensions at different time-points of iHL60 
differentiation (n = 6 biological replicates, at least 30 cells per day per replicate).  
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Figure S7 Live DNA staining of Day 3 iHL60, treated for 2 days with the specified cytoskeleton modifying drugs 
(scale bars = 10 μm).  
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Figure S8 (a-b) Heat-map of DEGs within the reference Cellular Component category. Tree-clustering of genes 

according to expression pattern and main Reactome categories for color-coded gene groups. (c) Transcript 
levels of all intermediate filament genes detected in RNAseq data. 
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Figure S9 (a) PCA showing sample separation and reproducibility. (b-c) Summary of differentially expressed 
genes (DEGs) in various comparisons. (d) Total RNA quantification per cell at three time-points of iHL60 

differentiation (n = 4). (e) Proliferation curve of HL60 and iHL60 (n = 3 independent cultures). (f) Annotated 
Figure 2F. (g) Reactome categories of up- and down-regulated DEGs at the specified comparisons. 
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Figure S10 Annotated Figure 4 A with gene symbols and expression heatmap. 
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Figure S11 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs at various concentrations and quantification of cell proliferation upon treatment expressed as ratio to 
final cell count in untreated controls. Viability data on n = 2 independent differentiation protocols. 
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Figure S12 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs at various concentrations and quantification of cell proliferation upon treatment expressed as ratio to 
final cell count in untreated controls. Viability data on n = 2 independent differentiation protocols. 
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Figure S13 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs at various concentrations and quantification of cell proliferation upon treatment expressed as ratio to 
final cell count in untreated controls. Viability data on n = 2 independent differentiation protocols. 
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Figure S14 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs at various concentrations and quantification of cell proliferation upon treatment expressed as ratio to 
final cell count in untreated controls. Viability data on n = 2 independent differentiation protocols. 
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Figure S15 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm, inset scale bar = 5 μm), differentiated in 
presence of the indicated drugs targeting (a) mevalonate branch, (b) post-squalene branch or (c) isoprenoid 
branch of the cholesterol biosynthetic pathway. Insets represent are 3D reconstructions (top) and central 
section (bottom). 
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Figure S16 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs at various concentrations and quantification of cell proliferation upon treatment expressed as ratio to 
final cell count in untreated controls. Viability data on n = 2 independent differentiation protocols. 
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Figure S17 (a) mRNA expression of up-, down- and not-regulated genes in iHL60 at Day 3 (red = Untreated; 
blue = treated for 3 days with 5 uM L-778,123; light green = RNAseq data Day 2; dark green = RNAseq data 
Day 4. (b) Cytofluorimetric analyses for granulocyte-specific surface markers in iHL60 at Day 3 (color-coding 
maintained from description). (c) Cytofluorimetric assay for respiratory burst in iHL60 at Day 3 after PMA 
treatment (color-coding maintained from description). 
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Figure S18 (a) Quantification of number of lobules per nucleus (minimum of cells quantified per condition = 
128) and maximal number of sections per nucleus (minimum of cells quantified per condition = 102) in Day 3 
iHL60, untreated and treated with L-778,123 added at indicated time-points (× = mean; + = median; n.s. = not 
significant, * = p<.05, ** = p<.01, Kruskal-Wallis test with Dunn post-hoc comparison). (b) Quantification of 
number of lobules per nucleus (minimum of cells quantified per condition = 127) and maximal number of 
sections per nucleus (minimum of cells quantified per condition = 135) in Day 3 iHL60, untreated and treated 
with L-778,123 followed by washout at the indicated time-point (× = mean; + = median; n.s. = not significant, 
*** = p<.001, Kruskal-Wallis test with Dunn post-hoc comparison). 
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Figure S19 Live DNA staining of Day 3 iHL60 (scale bar = 10 μm), differentiated in presence of the indicated 
drugs and quantification of cell proliferation upon treatment expressed as ration to untreated controls (n = 
3).  
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Figure S20 Molecular docking of L-778,123 to the references prenyl-transferases. The three most common 
poses are reported with conserved color-coding relative to cluster numerosity data. In (a) crystallized pose for 
L-778,123 is shown in grey.    
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Table S1 Primer sequences employed for real time PCR procedures.    
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Table S2 Summary of all the small molecules employed in the study, with suppliers and references for each 
drug previously employed on HL60 cell system.    

 


