
Fig. S1 

 
Fig. S1. Functional assays validate TP53 expression and induction in wildtype HT-1080 
cells. Wildtype HT-1080 cells were challenged for 8 hours with mock (0.1% DMSO), 1µM 
selinexor, 10 µM nutlin-3a, or each drug combined, fixed and stained for DNA (DAPI) and p53 
(amino-terminus, please see Materials and Methods). Upon drug treatment, nearly all cells show 
nuclear accumulation of p53. All images were acquired identically. Bar is 20µm for all panels 
 
 
 
 



Fig. S2 

 
Fig. S2. Functional assays validate loss of TP53 expression and induction in HT-1080 
TP53ko cells. HT-1080 TP53ko cells were challenged for 8 hours with mock (0.1% DMSO), 
1 µM selinexor, 10 µM nutlin-3a, or each drug combined, fixed and stained for DNA (DAPI) 
and p53 (amino-terminus, please see Materials and Methods). Upon drug treatment, no p53 
staining is observed. All images were acquired identically. Bar is 20µm for all panels. 
 
 
 
 



Fig. S3 

 
Fig. S3. P53 expression and induction are absent in HT-1080 TP53ko and MCF7 shp53 
cells and p21CIP1 transduction is significantly decreased. Lack of TP53 expression was further 
confirmed in HT-1080 TP53ko and MCF7 shp53 cells by functional assays with immunblotting 
of p53 and p21CIP1. (A, B) Matched HT-1080 (A) and MCF7 (B) cell lines were grown in 35mm 
dishes and treated as indicated for 8 hours with mock (-, -; 0.1% dmso) or nutlin-3a (10µM), 
selinexor (1µM), or nutlin-3a and selinexor combined. Cell lysates were blotted for the amino-
terminus of p53 (same antibody as immunofluorescence experiments, please see Materials and 
Methods), the p53 gene-target p21CIP1, and a loading control, cytoplasmic dynein. P53 is strongly 
induced after treatments in wildtype HT-1080 and MCF7 cell lines and not in HT-1080 TP53ko 
or MCF7 shp53 cell lines. Similarly, p21CIP1 is strongly transduced in HT-1080 and MCF7 cell 
lines, but not in the cell lines without p53 induction. (B) We do note a low level of p21CIP1 is 
detectable in MCF7 shp53 cells that may be very modestly increased after treatment with the 
drugs.  
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Fig. S4 

 
 
Fig. S4. Functional assays validate TP53 expression and induction in wildtype MCF7 cells. 
Wildtype MCF7 cells were challenged for 8 hours with mock (0.1% DMSO), 1µM selinexor, 
10µM nutlin-3a, or each drug combined, fixed and stained for DNA (DAPI) and p53 (amino-
terminus, please see Materials and Methods). Upon drug treatment, nearly all cells show nuclear 
accumulation of p53. All images were acquired identically. Bar is 20µm for all panels. 
 
 
 



Fig. S5 

 
 
Fig. S5. Functional assays validate loss of TP53 expression and induction in MCF7shp53 
cells. MCF7shp53 cells were challenged for 8 hours with mock (0.1% dmso), 1µM selinexor, 
10µM nutlin-3a, or each drug combined, fixed and stained for DNA (DAPI) and p53 (amino-
terminus, please see Materials and Methods). Upon drug treatment, no p53 staining is observed. 
All images were acquired identically. Bar is 20µm for all panels. 
 
 
 



Fig. S6 

 
Fig S6. Cell cycle status in HT-1080 and HT-1080 TP53ko cells as indicated by the FUCCI 
system after treatment mock conditions. HT-1080 and HT-1080 TP53ko cells treated with 
mock (0.1% dmso) conditions and were followed over time. G1- (red), G1/S- (yellow) and 
S/G2/M- (green) phase cells are observed at all time-points. Random positions from time-lapse 
microscopy at specific time-points are shown, cells were followed for the first 24 hours after 
which they grew to confluency. Bar in HT1080, 0 hours is 20µm for all panels. 
 
 
 
 
 
 



Fig. S7 

 
Fig. S7. Cell cycle status in HT-1080 and HT-1080 TP53ko cells as indicated by FUCCI 
probes after treatment with selinexor, nutlin-3a and selinexor with nutlin-3a. HT-1080 and 
HT-1080 TP53ko cells treated with 1µM selinexor, 10µM nutlin-3a or selinexor and nutlin-3a 
combined and cells were followed over time. G1- (red), G1/S- (yellow) and S/G2/M- (green) 



phase cells are observed at all time-points. Random positions from time-lapse microscopy are 
shown out to 72 hours after treatment. (A) HT-1080 cells show a strong overall accumulation in 
G1-phase (red) for each drug condition as the cells arrest and die. (B) HT1080 TP53ko cells 
show a distributed FUCCI population as cells die, indicating continued proliferation associated 
with cell death. Upon nutlin-3a treatment the cells show strong overall accumulation in G1-
phase. Upon combination treatment FUCCI remain distributed and there is strong cell death. 
Please see the main figures for detailed analysis of cell cycle effects and cell death. Bar in 
HT1080 and HT1080TP53ko is 20µm for all respective panels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fig. S8 

 
Fig. S8. Cell cycle status in MCF7 and MCF7 shp53 cells as indicated by the FUCCI 
system. MCF7 and MCF7 shp53 cells treated with mock (0.1% dmso) conditions and were 
followed over time. G1- (red), G1/S- (yellow) and S/G2/M- (green) phase cells are observed at 
all time-points. Random positions from time-lapse microscopy are shown, cells were followed 
for the first 24 hours after which they grew to confluency. Bar in MCF7, 0 hours is 20µm for all 
panels. 
 
 
 
 
 
 



Fig. S9 

 
Fig. S9. Cell cycle status in MCF7 and MCF7 shp53 cells as indicated by FUCCI probes 
after treatment with selinexor, nutlin-3a and selinexor with nutlin-3a. MCF7 and MCF7 
shp53 cells treated with 1µM selinexor, 10µM nutlin-3a or selinexor and nutlin-3a combined and 
cells were followed over time. G1- (red), G1/S- (yellow) and S/G2/M- (green) phase cells are 



observed at all time-points. Random positions from time-lapse microscopy are shown out to 72 
hours after treatment. (A) MCF7 cells show a strong overall accumulation in G1-phase (red) for 
each drug condition as the cells arrest and die. (B) MCF7 shp53 cells show a strong overall 
accumulation in G1-phase (red) for each drug condition as the cells arrest and die. Please see 
main figures for detailed analysis of cell cycle effects and cell death. Bar in HT1080 and 
HT1080TP53ko is 20µm for all respective panels. 
 
 
 
Fig. S10 

 
Fig. S10. Apoptotic cell death signaling is activated after treatment with selinexor 
regardless of p53 expression. HT-1080 and MCF7 matched cell lines treated with 1µM 
selinexor for 48 hours were immunoblotted or immunostained for markers of apoptotic signaling. 
(A) Matched cell lines were grown and treated in 35mm dishes and lysates were immunoblotted 
for PARP, MCL1, and cytoplasmic dynein. Little cleaved PARP (lower molecular weight band) 
is seen without treatment. After treatment there is a loss of full-length PARP (higher molecular 
weight band) concomitant with the appearance of the lower molecular weight band indicating 
caspase activation. Notably, the cleaved PARP band appears heavier after treatment in cell lines 
not expressing p53. Concurrently, the anti-apoptotic family member MCL1 is decreased after 
selinexor treatment in all cell lines. MCL1 levels in p53 wildtype cells before selinexor treatment 
appear comparatively higher in cell lines without p53 and after treatment the MCL1 may be 
more completely degraded; these PARP and MCL1 findings are consistent with a stronger cell 
death response at 48 hours as revealed by longitudinal single cell tracking (Fig. 2A, B, and Figs. 
4 and 7) and MTT viability assay (Sup. Fig 13). (B) To further complement the immunoblotting 
and longitudinal tracking, a single cell assay for cleaved PARP was performed. A cleaved PARP 
specific antibody was used to immunostain mock and 48h-treated cells and random fields were 
subjected to microscopy using a 20X objective. Scoring of cells indicates there is an increase in 
cleaved PARP positive cells for all cell lines after treatment. Consistent with immunoblotting, 
longitudinal tracking and MTT assays, cells without p53 expression show more cleaved PARP 
positive cells. We note that particularly for HT-1080 cells there is a high level of cleaved PARP 
positive debris on the coverslip indicating catastrophic fragmentation, these debris were not 
scored. At least 1,000 cells were scored for each condition. 
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Fig. S11 

 
Fig. S11. Cell fate distribution in p53-matched cell lines after treatment with nutlin-3a. (A-
C) Cell fates for the total, parental, and daughter cell populations for HT-1080 and MCF7 p53-
matched cell lines. Cell fates were classified into death (black), arrest (grey, cell remains at end 
of time-lapse), or division (white). For the total populations (A), cells show little cell death. HT-
1080 parental cells (B) show 90% or more division, regardless of p53 expression. For MCF7 
parental cells, 80% arrest and when p53 is lost, 20% arrest. HT-1080 daughter cells (C) show 
approximately 60% arrest, 35% division, and 5% death that shifts to decreased arrest and 
increased division and death when p53 is lost. For MCF7, daughter p53 wildtype cells show 35% 
arrest 65% death while shp53 cells show 80% arrest, and 20% division. (D-F) Cell cycle-
associated cell fates of parental cells were tracked. TP53 wildtype HT-1080 show division if 
treated in G1-, G1/S, or S/G2-phase. TP53-wildtype MCF7 show 60% or more arrest regardless 
of cell cycle phase when treated. Parent MCF7 shp53 show division or arrest when treated in G1- 
or G1/S-phase and all division when treated in S/G2-phase. (G-I) Cell cycle-associated cell fates 
of the daughter cells were tracked. (G) TP53 wildtype HT-1080 daughter cells resulting from a 
parent cell treated in G1-phase show 90% arrest, whereas daughter cells without p53 expression 
show only 45% arrest and some increased division. (H, I) Wildtype HT-1080 daughter cells 
resulting from a parent cell treated in G1/S- and S/G2-phase show largely arrest or division. 
Daughter cells without p53 expression show decreased arrest compared to p53 wildtype cells, 
and increased division and death. (G- I) There are no TP53 wildtype MCF7 daughter cells 
resulting from a parent cell treated in G1- or G1/S-phase. Wildtype daughters from parents 
treated in S/G2-phase die or arrest. (G-I) MCF7 shp53 daughter cells show 70% or more arrest, 
regardless of when the parent cell was treated, with the balance being division. ≥ 100 cells 
tracked for each cell line. 
 
 



Fig. S12 
 

 
Fig. S12. Cell fate distribution in p53-matched cell lines after treatment with selinexor and 
nutlin-3a. Cell fates for the total, parental, and daughter cell populations for HT-1080 and 
MCF7 p53-matched cell lines. Cell fates were classified into death (black), arrest (grey, cell 
remains at end of time-lapse), or division (white). (A-C) For the total populations, wildtype and 
p53-deficient cell lines show mainly cell death or division, with some more death in wildtype 
cell lines. For parent populations, cells mainly die or divide, with more death in wildtype lines. 
For daughter populations, most cells progress to death. (D-F) Cell cycle-associated cell fates of 
parental cells were tracked. Wildtype parent HT-1080 show 80% death and 20% arrest when 
treated in G1-phase. When treated in G1/S- or S/G2-phase cells mostly progress to cell division. 
Parent HT-1080 TP53ko cells show 50% division and 40% death when treated in G1- or G1/S-
phase and nearly all division when treated in S/G2-phase. (G-I) Daughter cells show mainly 
death regardless of the cell cycle phase the parent was treated in; there are no daughters resulting 
from HT-1080 and MCF7 wildtype cells treated in G1-phase and no MCF7 daughters from 
parents treated in G1/S-phase. 100 cells tracked for HT-1080, HT-1080 TP53ko, and MCF7 
shp53, 80 cells tracked for MCF7. 
 
 
 
 
 
 
 
 
 



Fig. S13 

 
 
Fig. S13. Cell viability assays validate longitudinal tracking and indicate combination 
effects for selinexor and nutlin-3a. Cells were treated with mock (0.1% DMSO), 1µM 
staurosporine (cell death control), 1µM selinexor, 10µM nutlin-3a, 1µM selinexor plus 10µM 
nutlin-3a, or 10µM PD-0332991 (G1-phase arrest control) conditions for 24 (white bars), 48 
(grey bars), and 72 (black bars) hours and subjected to an ATP luminescence assay (see 
methods). (A, B) Wildtype HT-1080 and HT-1080 TP53ko show very strong effects after 
staurosporine. Selinexor shows time-dependent effects regardless of p53 expression. Nutlin-3a 
treatment shows a stronger effect on wildtype HT-1080 than HT1080 TP53ko. The selinexor and 
nutlin-3a combination shows strong effects regardless of p53 expression. PD-0332991 blocks 
cell growth. (C, D) Wildtype MCF7 and MCF7 shp53 show very strong effects after 
staurosporine. Selinexor shows time-dependent effects regardless of p53 expression. Nutlin-3a 
treatment shows a stronger effect on wildtype MCF7 than MCF7 shp53. The selinexor and 
nutlin-3a combination shows strong effects regardless of p53 expression. PD-0332991 blocks 
cell growth and may cause some cell death at later time points. 
 


