
1 
 

COTI-2, a novel thiosemicarbazone derivative exhibits antitumor activity in HNSCC 

through p53-dependent and -independent mechanisms 

Antje Lindemann1*, Ameeta A. Patel1*, Natalie L. Silver2, Lin Tang3, Zhiyi Liu1, Li Wang4, Noriaki 

Tanaka5, Xiayu Rao6, Hideaki Takahashi1, Nakachi K Maduka1, Mei Zhao1, Tseng-Cheng Chen7, 

WeiWei Liu8, Meng Gao1, Jing Wang6, Steven J. Frank4, Walter N. Hittelman9, Gordon B. Mills10, 

Jeffrey N. Myers1*, Abdullah A. Osman1* 

 

Supplementary Materials and Methods 

 

Analysis of combined drug effects 

Drug synergy was determined by the combination-index and isobologram analyses, which were 

generated based on the median-effect method of Chou and Talalay using the CalcuSyn software 

(Biosoft, Ferguson, MO).The combination-index (CI) is a quantitative representation of the 

degree of drug interaction. On the basis of the dose-response curves using clonogenic assay 

for HNSCC cells treated with COTI-2 and cisplatin (CDDP) either alone or in combination as 

previously indicated, the CI values were generated over a range of fraction affected (Fa) levels 

from growth inhibition percentages. Although a CI < 1.0 can be considered as synergy, we chose 

a cut-off point of <0.75 to more rigorously define synergy. The isobologram is formed by plotting 

the individual drug concentrations required to achieve 50% inhibitory effect on their respective 

x- and y- axes. For conservative estimate of synergism, the conservative isobologram plots of 

the combination of COTI-2 and CDDP used at fixed constant ratios were generated. A straight 

line connecting the two points is made and the concentration (combination data point) of the two 

drugs used in combination to achieve the 50% inhibitory effect is plotted on the isobologram. 
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Combination data points that fall on the line represent an additive drug, whereas data points that 

fall below or above the line represent synergism and antagonism, respectively. 

 

MTT 

Cells were plated in 96 well plates and treated with 0-10 µmol/L COTI-2 for 24 hours. To 

determine the cell proliferation, 3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide 

(MTT) reagent was added and after 2 hours reaction was stopped to measure the absorbance 

at 570 nm. 

 

Antibodies 

Antibodies used for Western blotting included phospho-γH2AX (Ser139; #2577), phospho-CDC2 

(CDK1)-Tyr15 (#9111), CDC2 (CDK1) (#9112), PARP-1 (#9542), p-HH3 (#9701), CHK1 

(#2345), pCHK1 (Ser345; #2341), MDM2 (D1V2Z) (#86934), Caspase-3 (8G10) (#9665), 

Caspase-9 (#9502), Cyclin B1 (#4138), MCL-1 (#4572), Rb (#9309), pRb (S809/811, #9308), 

PLK1 (#4513), AMPKα (23A3, #2603), pAMPKα (T172)(40H9, #2535), p70 S6 kinase (#9202), 

pp70 S6 kinase (S240/244, #2215), pACC (S79, #3661), ACC (C83B10, #3676), pCaMKII 

(T286, #3361); all from Cell Signaling Technology; Caspase-8 (#75002, BD Biosciences);  p53 

(DO-1) (#sc-126; Santa Cruz); p21WAFI (Ab-1) (#OP64; Calbiochem); αPdcd4 (#600-401-965, 

Rockland); Connexin-43 (#C6219), and β-actin (#A5316); all from Sigma-Aldrich). 

 

Survival probability analysis  

HNSCC (PCI13-pBabe and PCI13-G245D) cells harvested and analyzed over times using live 

cell imaging following treatment with COTI-2, CDDP, alone and in combination as previously 
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described. Then the cumulative competing risk model (R cmprisk package) was used to estimate 

the cumulative incidence for first mitosis among different treatment groups and depicted as 

Kaplan-Meier survival curves. In this model, the primary event of interest is first mitosis (coded 

as 1), and the competing risk event is apoptosis without mitosis (coded as 2). The samples that 

are alive at the end of study without mitosis are censored (coded as 0). Separate estimates of 

the cumulative incidence for first mitosis, apoptosis without mitosis, and for each treatment group 

were obtained. Quality of cumulative incidence functions across treatment groups was tested 

using Gray’s method.  

 

Senescence-associated-β-gal staining 

Briefly, PCI13 and HN30 cells grown in 6-well plates were treated with relevant doses of COTI-

2 as indicated and cultured normally for 72 hours after treatment. Senescence-associated (SA)-

beta-gal staining was performed as previously described (14). 

 

RNA-Seq Profiling  

HNSCC cell lines, PCI13 that stably expresses wildtype TP53 and high-risk TP53 mutation 

(G245D) were treated with COTI-2 (1.0 µmol/L). Total RNA was isolated 8 and 36 hours after 

treatment using the RNeasy mini kit reagents (QIAGEN) according to the manufacturer's 

instructions. Cells treated with 0.1% DMSO served as untreated controls. For RNA-seq, total 

RNA was submitted to the Sequencing and Microarray Facility at MD Anderson Cancer Center 

for next-generation sequencing. For each of the samples, three replicates were performed using 

two sequencing lanes. Quality control (QC) was performed using FastQC and FastQ Screen. 

Sequencing reads were aligned to GRCh37, using tophat2. Read counts for each gene region 
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were calculated using SAMtools and normalized utilizing trimmed mean of M (TMM) method. 

Weakly expressed and noninformative (non-aligned) genes were filtered out before 

normalization. Data were then transformed to log2 counts-per-million (CPM). Differentially 

expressed genes were identified using linear model likelihood ratio and ANOVA-like tests 

implemented in the edgeR package with Benjamini-Hochberg multiple testing correction. 

Significance was set based on the FDR cutoff of 0.05 and in the meanwhile the genes are 

significant based on the ANOVA-like test results. Filtering criteria include selection of 

differentially expressed genes (DEGs) with an adjusted P value of < 0.01, keeping genes that 

have at least 50 average reads and 4-fold change in the higher of the two comparison groups 

(COTI-2 versus untreated controls), and exclusion of noncoding RNAs. Downstream p53 target 

genes significantly regulated by the treatment with COTI-2 were analyzed and depicted in the 

cluster heatmaps. 

 

Quantitative reverse transcription PCR (qRT-qPCR) Analyses  

PCI13 cells expressing the pBabe (null p53), wildtype TP53 and TP53 mutant (G245D) 

constructs were treated with COTI-2 (1.0 mmol/L) for 24 or 48 hours before isolation of total RNA 

using RNeasy mini kit (QIAGEN). Reverse transcription was performed using the high capacity 

cDNA Reverse Transcription kit (Applied Biosystem) according to the manufacturer’s protocol. 

The primers used for expression of p21, MDM2 and NOXA genes are the same used for the 

ChIP analysis. The primers for PUMA, ATF3, EPHA2 and PLK3 genes are as follows; PUMA-F: 

5′-ATCTCATCATGGGACTCC-3′; PUMA-R: 5′-CAGTATGCTACATGGTG-3′; ATF3-F: 5'- 

ATGATGCTTCAACACCCAGGC-3’; ATF3-R: 5'- GACTGATTCCAGCGCAG-3’; EPHA2-F:  5′-

GTGTACCGAGGAGAGGCTGA-3′; EPHA2-R: 5′-CCGACTCGGCATAGTAGAGG-3′; PLK3-F: 
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5'- CCTGCCGCCGGTTTCCTG-3'; PLK3-R: 5'-GTAGCCCGGCCAGCATC-3'. For the 

expression level of the TA-p63α isoform using the following primers: TAp63α-F: 5’-

CAGCACCAGCACTTACTTCAGA-3’; TAp63α-R: 5’-CCACCTCGGTAAGAAACTGA-3’. The 

GAPDH gene was used as an internal control. Triplicate samples were examined. The 

expression of each target gene was normalized against GAPDH which calculated by the ΔCT 

method (ΔΔCT = [ΔCT of target gene]-[ΔCT of internal control gene (GAPDH)]) and results were 

presented as fold change of expression. 

 

Chromatin Immunoprecipitation (ChIP) 

PCI13 cells expressing pBabe, wildtype p53 or high-risk mutant TP53 (G245D) were treated with 

COTI-2 as indicated for 24 hours. Cells treated with DMSO served as the controls. Cells (5 x 

106) were then harvested and crosslinked using 1% paraformaldehyde for 10 minutes at 37°C. 

Reactions were quenched with 0.125 mol/L glycine for 5 minutes and the cells were washed with 

PBS. Cells were then lysed with RIPA buffer (10 mmol/L Tris-HCl pH 8.0, 1 mmol/L EDTA pH 

8.0, 140 mmol/L NaCl, 1% Triton x-100, 0.2% SDS, 0.1% DOC-Na) on ice and sonicated using  

Branson Sonifier to achieve the sheared DNA length of 200- 1000bp. Approximately 25 µg of 

DNA was used for each immunoprecipitation reaction. The sonicated DNA was diluted 10x with 

RIPA buffer and incubated overnight with p53 (DO-1X, Santa Cruz), or with 2 µg anti-p63 (Cell 

Signaling). Protein G-Dynabeads (Invitrogen, 100 µL) were washed by RIPA buffer and 

precleared by 0.2% IgG-free BSA (in PBS), before incubation with the DNA-antibody complexes 

at 4°C overnight. The immunocomplexes were then washed in the following buffers; once in low 

salt wash buffer (0.1% SDS, 1% Triton X-100, 2 mmol/L EDTA, 20 mmol/L Tris-HCl pH 8.0, 150 

mmol/L NaCl), once in high salt wash buffer (0.1% SDS, 1% Triton X-100, 2 mmol/L EDTA, 20 
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mmol/L Tris-HCl pH 8.0, 500 mmol/L NaCl), once in LiCl wash buffer (10mmol/L Tris-HCl pH8.0, 

1 mmol/L EDTA pH8.0, 250 mmol/L LiCl, 0.5% NP-40, 0.1% DOC), and once in TE (10mmol/L 

Tris-HCl, 1mmol/L EDTA). Elution and reverse-crosslinking were performed at 65°C overnight 

in water bath with elution buffer (1% SDS, 100 mmol/L NaHCO3). All samples were then 

sequentially treated with RNase A and proteinase K at 37°C and 55°C respectively. The ChIP 

DNA was purified by the phenol/chloroform method, followed by glycogen (2 µg)-assisted 

ethanol precipitation. The purified ChIP DNA was subjected to quantitative PCR for measuring 

the enrichment of p53- or p63-target genes using primers flanking the p53 response elements 

(p53Res) for the selected genes in the p21, PUMA, MDM2, PLK3, NOXA, EPHA2 and ATF3 

genes. They are p21-F: 5′-GTGGCTCTGATTGGCTTTCTG-3′, p21-R: 5′-

CTGAAAACAGGCAGCCCAAGG-3′; PUMA-F: 5′-TCCTTGCCTTGGGCTAGGCC-3′, PUMA-R: 

5′-CGCGGACAAGTCAGGACTTG-3′; MDM2-F: 5′-GGTTGACTCAGCTTTTCCTCTTG-3′, 

MDM2-R: 5′-GGAAAATGCATGGTTTAAATAGCC-3′; NOXA-F: 5′-

CAGCGTTTGCAGATGGTCAA-3′, NOXA-R: 5′-CCCCGAAATTACTTCCTTACAAAA-3′; PLK3-

F: 5′-GTGGCCTGGAGCATGGTAA-3′, PLK3-R: 5′-GGCTGCCTTGCCAGGTTT-3′;  and ATF3-

F: 5′-GGG AAT AAG AAC CAGGAA ATC GT-3′; ATF3-R: 5′-CCT CAG CAG AAC TGG 

GTTTGA-3′. Primers flanking the TAp63 response elements for p21 (Forward: 5′-

GTGGCTCTGATTGGCTTTCTG-3′, Reverse: 5′-CTGAAAACAGGCAGCCCAAG-3) and PUMA 

(PUMA-F: 5′-TCCTTGCCTTGGGCTAGGCC-3′, PUMA-R: 5′-CGCGGACAAGTCAGGACTTG-

3′) were used to detect TAp63 DNA binding with these selected genes in the PCI13-pBabe (null 

p53) cells. GAPDH was used as the reference gene for the normalization of quantitative PCR 

data using the following primers; GAPDH-F: 5′-TAC TAG CGG TTT TAC GGG CG-3′; GAPDH-
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R: 5′-TCG AAC AGG AGG AGC AGA GAG CGA-3′. Enrichment of p53 target genes were 

expressed as fold-change compared with the untreated controls. 

 

Reverse phase protein array (RPPA) 

Samples were prepared as described previously (16,22). Briefly, PCI13-wtp53, PCI13-pBabe 

(p53 null) and PCI13-G245D cells treated with COTI-2 for 8 and 36 hours as indicated. Cells 

were washed in ice-cold PBS containing protease and phosphatase inhibitors, vortexed and 

centrifuged. The supernatants were collected and total protein lysate for each sample was 

quantitated using a BCA kit (Pierce Biotechnology Inc., Rockford, IL). RPPAs were printed from 

each lysate, with each sample printed in triplicate for quality control (QC). RPPA was performed 

by the RPPA core facility at the University of Texas MD Anderson Cancer Center. Protein 

expression data were generated by RPPA for these cells using 301 antibodies. RPPA slides 

were quantified using ArrayPro (Media Cybernetics) to generate signal intensities that were 

further processed by SuperCurve to estimate relative protein levels (in log2 scale). RPPA 

samples quality was monitored by a QC classifier and only the slides whose QC scores were 

above 0.8 (on a 0–1 scale) were used for further analysis. Distinct protein expression patterns 

present across the cell lines were assessed by unsupervised two-way hierarchical clustering 

using Pearson correlation distance between proteins (rows), Euclidean distance between cell 

lines (columns), and the Ward’s linkage rule and by first principal component analysis (PCA). An 

analysis of variance (ANOVA) model was applied on a protein-by-protein basis to identify 

differentially expressed proteins. FDR (false discovery rate) and Benjamini-Hochberg corrected 

P-values were used to identify statistically significant differences in protein expression patterns. 

In the analysis, we used a FDR of <1% (corresponding P-value < 0.05) plus and additional 
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requirement that the fold difference between treated and untreated groups be ˃ 1.5 (to try to 

minimize inclusion of proteins where difference in expression might be statistically significant, 

but were less likely to be biologically significant) (22). All data analysis was conducted using R 

statistical software (version 3.1.).  

 

In vivo orthotopic mouse model of oral tongue cancer  

All animal experimentation was approved by the Institutional Animal Care and use Committee 

(IACUC) of the University of Texas MD Anderson Cancer Center. Our orthotopic nude mouse 

tongue model has been previously described (13,15,16). PCI13-Wtp53 and PCI13-G245D 

HNSCC cells (30 X 103) were injected into the tongues of male athymic nude mice since oral 

cancer is mostly prevalent and represented in male patients. Mice were randomized into different 

groups 8-10 days after injection. Treatment was initiated when tumors were less than 3 mm3 in 

size. Mice were treated with 4 weekly cycles consisting of cisplatin (CDDP) at a dose of 4 mg/Kg 

administered intravenously (IV) on day 1, followed by concurrent treatment with COTI-2 at a 

dose of 75 mg/Kg (dissolved in phosphate citrate buffer) given by oral gavage (p.o.) daily five 

days a week. For the radiation study, mouse tongues were injected with PCI13-G245D and 

HN31 (2 × 103) cells into the middle right side and radiation and COTI-2 trement was started 

when tumors reached a range of 10.6-20.0 mm3 in size. Fractionated radiation (2 Gy per fraction, 

twice daily for 5 consecutive days) was delivered to the tumor-bearing tongue of mice by using 

an irradiator (250 KV X-ray Irradiator, Philips 250; Amsterdam, Netherlands) with a 250 kVp (15 

mA) X-ray (field size, 8 × 8 cm; source axis distance, 50.0 cm), at a dose rate of 0.811 Gy/min. 

During irradiation, mice were anesthetized so that the tumor and oral cavity was exposed in the 

radiation field and the rest of animal’s body was shielded from radiation exposure. To compare 
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tumor growth, statistical significance (2-Way ANOVA, P < 0.001, and P < 0.01) is indicated vs 

control and CDDP or COTI-2  groups; CDDP; COTI-2 and CDDP + COTI-2 groups respectively. 

Statistical comparison between radiation and COTI-2 groups were performed similarly using the 

2-Way ANOVA. The error bars are the standard error of the mean (SEM) tumor diameter for the 

group on that day and there were 8 to 9 mice in each group.  

 

In vivo TUNEL assay 

Apoptosis was assessed in mice tissue sections with terminal deoxynucleotidyl transferase-

mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay with the DeadEndTM 

Fluorometric TUNEL System (Promega) according to the manufacturer’s protocol with some 

modifications. Briefly, mouse tissues were fixed with 4% paraformaldehyde and incubated with 

equilibration buffer. The tissues were then incubated with reaction buffer (44 µL equilibration 

buffer, 5 µL nucleotide mix, and 1 µL TDT) at 37⁰C for 1 hour in the dark. The reaction was 

terminated by immersing the samples in 2X standard saline citrate (SSC) for 15 minutes. The 

tissue samples were counterstained with DAPI and mounted using Vectashield Mounting 

Medium (Vector Laboratories Inc.). Images were captured using immunofluorescence 

microscopy.  

 
Gap junctional intercellular communication (GJIC) assay  

The scrape loading and dye transfer technique was used to measure the gap junctional 

intercellular communication (GJIC) using published protocol with some modifications (1).  Briefly, 

PCI13-pBabe and PCI13-G245D cells were grown in a 96-well plate and treated with COTI-2 (1 

µmol/L) for 48 hours. Then cells were rinsed with PBS buffer containing calcium and magnesium 

(CaMg-PBS). Lucifer Yellow CH (Sigma-Aldrich) was added at a concentration of 1 mg/ml to 
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cells and the monolayer scratch was performed using the IncuCyte WoundMaker tool (Essen 

Bioscience). After 10 minutes of incubation at room temperature in the dark, cells were rinsed 

with CaMg-PBS and fixed in 10% formalin. Transfer of Lucifer Yellow CH though functional gap 

junction channels was viewed using the IncuCyte S3 Live-Cell Analysis System. Number of 

fluorescent cells were counted using the IncuCyte software. 

 

Intracellular Zinc levels measurement in HNSCC cells. The zinc levels in PCI13-G245D and 

PCI13-R273H cells were measured according to published protocol with some modifications (2). 

Briefly, the cells were plated on 10-cm dishes and next day treated with COTI-2(1 µmol/L) or 

with the thiosemicarbazone, NSC19726 (ZMC1, Zn2+ Ionophore, 1 µmol/L) in the presence of 

zinc chloride (ZnCl2, 0.5 µmol/L), and 100 µmol/L of the zinc inhibitor, TPEN (N,N,N’,N’-Tetrakis-

(2-pyridylmethyl)-Ethylenediamine (Sigma-Aldrich). The cells were incubated for 3 hours at 37°C 

and then  washed 2 × 5 minutes in serum-free media and incubated with 1 μmol/L of FlouZinTM-

3-AM (ThermoFisher Scientific) for 1 hour at 37°C in the dark. The FluoZin™-3-AM indicator is 

a Zn2+-selective indicator.  Cells were then washed 2 × 5 minutes in Earle’s balanced salt 

solution (EBSS)/H (−)Ca/Mg. Cells were trypsinized and resuspeded in the EBSS solution and 

the intracellular zinc levels were measured by FACS analysis at 494/516 nm. The FlouZin-3 

mean fluorescence intensity measured in arbitrary units (a.u.) were calculated and analyzed with 

the GraphPad Prism8.0. 

Supplementary References 
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Supplementary Figure Legends 

 

Supplementary Figure S1. COTI-2 displays single agent activity and inhibits in vitro 

growth of HNSCC cell lines harboring various TP53 mutations. Established isogenic 

HNSCC cell lines with various TP53 mutational status were used to evaluate the degree of 

sensitivity to COTI-2. A, representative images of clonogenic survival assays following COTi-2 

treatment with dose range (0-30 nmol/L). B and C, the IC50 values calculated from the dose-

response curves. D, MTT viability assay of various HPV-positive HNSCC and HNSCC with 

naturally occurring TP53 cells treated with COTI-2 at dose range (0-10 µmol/L), and the 

calculated IC50 values were tabulated. 

 

Supplementary Figure S2. COTI-2 synergizes with cisplatin in vitro in HNSCC cells. A and 

C, clonogenic survival images and assessment of the degree of synergy between COTI-2 and 

cisplatin (CDDP) in HPV+HNSCC (UMSCC47) and HPV-HNSCC (UMSCC10A) cells. B, and D, 

conservative isobolograms generated using the combination index (CI) method of Chou and 

Talalay as described previously in methods. CI < 1.0 indicates synergism. The CI values for 
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combination of effective drug doses (ED) that result in clonogenic survival inhibition of 50% 

(ED50; fa = 0.5), 75% (ED75; fa = 0.75), and 90% (ED90; fa = 0.90) were generated from the 

conservative isobolograms. The ED50 (red X), ED75 (green crosses) and ED90 (blue circles) 

graphed against fractional concentrations of COTI-2 and CDDP on the y and x axis, respectively 

are indicated. All treatments were performed in triplicate and each experiment was repeated two 

times. 

 

Supplementary Figure S3. COTI-2 sensitizes HNSCC cells to radiation in vitro. A and B, 

radiosensitivity assay in HNSCC cells expressing wildtype p53 and mutant p53 (G245D) 

determined using clonogenic survival assays. Cells were seeded in 6-well plates in triplicates, 

treated with different doses of COTI-2 as indicated (calculated based on IC50 values) and 

followed by exposure to either 2, 4 or 6 Grey (Gy) dose of radiation. The surviving fraction (i.e., 

SF2, SF4 and SF6 values) was analyzed with multiple comparison tests. COTI-2 significantly 

improves in vitro response to radiation at 2Gy in all cell lines tested. 

 

Supplementary Figure S4. Densitometric quantification of the DNA damage response and 

replication stress proteins in HNSCC cells. A and B, graphs illustrate densitometric 

quantification of protein level bands of p21, and the DNA damage and replication stress markers, 

phospho-γH2AX (S139), phospho-Chk1 (S345), and phospho-CDK1 (shown in Figure 2) 

performed with ImageJ software (v1.50i) and normalized to untreated controls.  

 

Supplementary Figure S5. Detection of apoptosis in HNSCC cells with caspases. PCI13-

wtp53, PCI13-pBabe (p53 null), and PCI13-G245D HNSCC cells were treated with COTI-2, 
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cisplatin (CDDP), and in combination for 16 and 36 hours. Protein lysates were prepared as 

described previously and subjected to western blot analyses with antibodies as indicated. A-C, 

blots of cleaved caspase-3, cleaved caspase-8, and cleaved caspase-9 in these cells exposed 

to the drugs for the indicated times respectively. 

 

Supplementary Figure S6. COTI-2 inhibits in vitro growth of HNSCC cells expressing 

wildtype p53 partly through cellular senescence. A and B, measurement of apoptosis in 

established isogenic HNSCC (PCI13-wtp53) and naturally occurring wildtype p53 HNSCC 

(HN30) cell lines treated with COTI-2 (1.0 µmol/L), cisplatin (CDDP, 1.5 µmol/L), and in 

combination for different time points using AnnexinV/PI positive staining as described in 

methods. No significant induction of apoptosis was observed in these cell lines following drug 

treatment. C, senescence-associated β-galactosidase (SA-β-gal) activity assay. The isogenic 

PCI13-WTp53 and a naturally occurring wildtype p53 (HN30) cell lines were treated as indicated, 

stained, and scored for the SA-β-gal positivity by microscopy. Cells treated with cisplatin served 

as positive controls. D and E, quantification of positive senescence staining shown in C. 

 

Supplementary Figure S7. COTI-2 alone and in combination with cisplatin arrested 

HNSCC cells expressing wildtype p53 at the G1 cell cycle phase. Unsynchronized PCI13-

WTp53cells were treated with COTI-2, CDDP alone or in combination for various time points as 

indicated and subjected to cell cycle analysis. NT (no treatment) control. Percentage of cell cycle 

distribution determined by flow cytometry is presented as bar graphs. The G1 arrest was 

observed over time. Data shown are representative of two independent experiments. 
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Supplementary Figure S8. COTI-2 and cisplatin treatment of HNSCC cells limits mitotic 

entry and suppresses DNA replication. A, Cumulative index of first mitotic entry of HNSCC 

cells (PCI13-pBABE and PCI13-G245D) following treatment with COTI-2, CDDP, alone and in 

combination as assessed by live cell imaging. B. Decreased rate of DNA synthesis (Edu uptake) 

in S phase HNSCC cells after 24 hours of COTI-2 treatment.  

 

Supplementary Figure S9. Still image frames from live cell imaging movies in PCI13-

pBabe cells. Histone-H2B-RFP expressing PCI13-pBabe cells were treated with the drugs and 

followed by live cell imaging as described previously. Shown are representative still image 

frames from the live cell imaging movies, illustrating mitotic and interphase events leading to 

increased cytoplasmic vacuolization in the control and COTI-2 treated cells. 

 

Supplementary Figure S10. Event charts obtained from live cell imaging in PCI13-wtp53 

cells treated with combination of COTI-2 and cisplatin. Histone-H2B-RFP expressing PCI13-

wtp53 cells were treated with the drugs as indicated and followed by live cell imaging. The live 

cell imaging results depicted as event charts, where each line represents one cell. The cell’s 

time in interphase is labeled gray, its time in mitosis is labeled blue, and the time of apoptosis is 

marked by a red symbol. Small fraction of cells undergoing apoptosis in cells with wildtype p53 

is shown. 

 

Supplementary Figure S11. Basal mRNA and protein expression levels of MDM2 in 

HNSCC cells. PCI13-wtp53 and PCI13-G245D HNSCC cells were treated with COTI-2 (1.0 

mmol/L), for 48 hours and subjected to qRT-PCR analysis as described in Materials and 
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Methods. A, graph shows MDM2 mRNA expression levels presented as basal values following 

COTI-2 treatment. B-D, PCI13-wtp53, PCI13-G245D, and pBabe (p53 null) HNSCC cells treated 

with COTI-2, cisplatin (CDDP), and in combination for 24 and 36 hours. Protein lysates were 

prepared as described previously and subjected to western blot analyses with antibodies as 

indicated. Increased basal protein levels of MDM2 in cells with defective p53 is shown. 

 

Supplementary Figure S12. DNA binding properties of p53 in HNSCC cells lacking TP53. 

Lysates from PCI13-pBabe cells treated with COTI-2 for 24 hours were subjected to chromatin 

immunoprecipitation (ChIP) using anti-p53 antibody (DO-1), and followed by qRT-PCR of p53 

recognition elements (p53REs) of p21, PUMA, NOXA, MDM2, PLK3, and ATF3 as described in 

Methods. Results were normalized to the input samples and presented as enrichment fold 

change. 

 

Supplementary Figure S13. COTI-2 treatment induces DNA binding properties and 

transcriptional activity of the TAp63α in HNSCC cells lacking TP53. A, qRT-PCR analysis 

of mRNA expression levels of selected p53 target genes, including p21, PUMA, NOXA, MDM2, 

PLK3, and ATF3 in PCI13-pBabe (p53 null) cells treated with COTI-2 (µmol/L) for 48 hours. B, 

qRT-PCR analysis of mRNA expression level of the TAp63α isoform in PCI13-pBabe cells 

following COTI-2 treatment as indicated. C, chromatin immunoprecipitation (ChIP) assay. 

Lysates from PCI13-pBabe cells treated with COTI-2 for 24 hours were subjected to 

immunoprecipitation using anti-p63 antibody and followed by qRT-PCR of p63 recognition 

elements (p63REs) of p21 and PUMA. Results of functional DNA binding activity with COTI-2 
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treatment were presented as enrichment fold change. *p<0.05 and **p<0.001 compared to 

untreated control respectively. 

 

Supplementary Figure S14. COTI-2 inhibits the gap junctional intercellular 

communication (GJIC) in HNSCC cells. The cells were treated with COTI-2, followed by 

Lucifer yellow dye addition, and subjected to monolayer scratch assay as described previously. 

A, representative IncuCyte images of monolayer cells with positive transfer dye in 

communication-competent PCI13-pBabe and PCI13-G245D cells detected using a cell mask. B, 

quantification of the cells with the positive dye shown in A. Data are presented as the mean ± 

SD (n=5). 

 

Supplementary Figure S15. Effect of combination of COTI-2 and cisplatin and/or radiation 

on survival and body weight in an orthotopic mouse model of oral cancer. Athymic nude 

mice were injected into the lateral tongues with PCI13-wtp53, PCI13-G245D and HN31 mutant 

p53 cells, and treated with drugs and radiation as described in methods. A and B, Kaplan-Meier 

survival curves in mice following treatment with drugs and radiation. C-F, average body weight 

during the course of treatment. G, hematoxylin and eosin (HE) staining of organoids made from 

the 3D-collagen culture of PCI13-G245D and HN31 mutant p53 shown in Figure 7A. 

 

Supplementary Figure S16. COTI-2 treatment showed no effects on intracellular zinc 

[Zn2+] levels in HNSCC mutant TP53 cells. TP53 mutant HNSCC cells (PCI13-G245D, PCI13-

R273H) were treated with COTI-2 or ZMC1 in the presence of zinc chloride and TPEN for the 

time indicated. The intracellular zinc levels were measured by FACS analysis using the 
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fluorescent Zn2+ indicator, FlouZin-3-AM as described in Supplementary Materials and Methods. 

NSC319726 (ZMC1) was used as a positive control for zinc uptake. TPEN was used as a zinc 

inhibitor. Data shown as bar graphs and are representative of three independent experiments. 

***p<0.05 versus controls and ****p<0.001 versus controls and ZMC1 treated cells respectively. 

In all cells tested, TPEN inhibited the intracellular zinc uptake.  

 

Supplementary Videos S1-S4. Live cell imaging of histone-H2B-RFP expressing PCI13-

pBabe and PCI13-G245D cells. Videos S1, S2 are PCI13-pBabe control and COTI-2 treated 

cells respectively; S3 and S4, are PCI13-G245D control and COTI-2 treated respectively. The 

yellow and green arrow indicates cells undergoing mitosis with subsequent vacuolization, 

binucleation and apoptosis in the next cell cycle interphase.  
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