
Supplementary Methods 

 

Image Analysis 

Following image analysis methods are adapted based on the methods implemented in DCellIQ, 

a public available time-lapse image analysis software package developed in our lab, which is 

available at: http://www.cbi-tmhs.org/Dcelliq/index.html . 

Image alignment Image alignment is necessary for the time-lapse image analysis due to 

displacements of frames caused by the drift of microscope. In this study, we aligned two 

consecutive images by minimizing the average intensity difference between them. 

Mathematically, it can be described as follows.  
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where 1img and 2img are the two cell images before and after verapanil treatment; M and 

N denote the dimension of the cell image, i.e. 1392M = pixels and 1040N = pixels; 
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optimal displacement along x and y axes; 1 10 d D≤ ≤ , 2 20 d D≤ ≤ ; 1D and 2D  are the given 

thresholds of the maximum displacement along x and y axes.  

Cell Detection and Segmentation Although isolated cells can be separated from background 

by threholding method, the touching cells cannot be separated. To segment the touching cells, 

we employed a cell detection and segmentation method 21 implemented in DCellIQ. Briefly, we 

first suppressed the noisy intensity maxima by Gaussian filtering. In the filtered image, the 

noises are suppressed and the local intensity maxima correspond to the cell centers. The cell 

centers (local intensity maxima) were detected in the gradient vector field (GVF), in which the 

gradient vectors point to the local maxima. Put virtual particles at each cell pixel, move them 

along the gradient vectors, and finally they will converge at those local maxima, which then can 



be detected by thresholding the number of virtual particles converging at them21. After cell 

detection, touching cells are separated using the seeded-watershed algorithm. An example of 

cell segmentation results is shown in Fig. 1D.  

HDECC Identification. To measure the fluorescent intensity variation of cells before and after 

the verapamil treatment, we need to register (match) the cells in two frames. In this study, we 

register the cells based on the overlap of two cells in two frames, which has been implemented 

in DCellIQ20. In other words, given one cell in the image acquired before verapamil treatment, 

we find out the corresponding cell in the image acquired after the verapamil treatment by 

selecting the cell that has largest overlap with the given cell. To reduce the systemic intensity 

variation caused by the possible illumination difference before and after verapamil treatment, we 

use the average fluorescent intensity discrepancy of cells, whose intensity ranks are greater 

than 50 percentile and smaller than 80 percentile, to correct the systemic intensity variation. The 

cells outside the range may contain noise and HDECC cells. After the cell registration and 

systemic intensity variation correction, we then can label a cell as HDECC reliably by following 

two simple criteria: 1) its average fluoresenct intensity before the verapamil treatment is lower 

than 2/3 average fluoresenct intensity of all cells; 2) its average fluorescent intensity increases 

more than 50% after verapamil treatment.  



Supplementary Table S1. Complete LOPAC screening hits 

 Name Action Protein target(s) 

Inhibitors when the threshold for selection of hits was set at 5 s.d. from the mean 

 Fiduxosin hydrochloride Antagonist α1-Adrenoceptor (ADRA1) 

 SB 228357 Antagonist 5-HT2B/2C serotonin receptor (5-HTR) 

 SB 206553 Antagonist 5-HT2C/5-HT2B serotonin receptor (5-HTR) 

 Kenpaullone Inhibitor Cyclin-dependent kinase (CDK) 

 PD 169316 Inhibitor p38,  Mitogen activated protein kinase 1 (MAPK1) 

 PQ401 Inhibitor Insulin growth factor-1 receptor (IGF-1R) 

 CGS-15943 Antagonist A1 adenosine receptor (ADOR) 

 8-(3-Chlorostyryl)caffeine Antagonist A2A adenosine receptor (ADOR) 

 Fluphenazine dihydrochloride Antagonist D1/D2 Dopamine receptor (DR) 

 Fluspirilene Antagonist D1/D2 Dopamine receptor (DR) 

 PRL-3 Inhibitor I Inhibitor Phosphatase of regenerating liver-3 (PRL-3) 

 DMCM Agonist Gamma-aminobutyric acid receptor (GABR) 

Additional Inhibitors when the threshold for selection of hits was set at 3 s.d. from the mean 

 Methiothepin mesylate Antagonist 5-HT1 Serotonin receptor (5-HTR) 

 cis-(Z)-Flupenthixol dihydrochloride Antagonist Dopamine receptor (DR) 

 Tamoxifen citrate Antagonist Estrogen receptor 1 (ER1); Protein kinase C (PKC) 

 (R,R)-cis-Diethyl tetrahydro-2,8-chrysenediol Antagonist Estrogen receptor 1 (ER1) 

 SP600125 Inhibitor c-Jun N-terminal (c-JNK) 

 GW2974 Inhibitor Epidermal growth factor receptor (EGFR) 

 LY-294,002 hydrochloride Inhibitor Phosphatidylinositol 3-kinase (PI3K) 

 IRAK-1/4 Inhibitor I Inhibitor Interleukin-1 receptor-associated kinases 1/4 (IRAK 1/4) 

 WIN 62,577 Antagonist NK1 tachykinin receptor (TACR1) 

 CK2 Inhibitor 2 Inhibitor ATP-competitive casein kinase 2 (CK2) 

 Rutaecarpine Blocker K+ channel (KCN) 

 U-74389G meleate Inhibitor N/A 

Compounds increase HDECC% more than 5 folds 

 SCH-28080 Inhibitor H+/K+-ATPase 

 Quinolinic acid Antagonist NMDA receptor 

 Retinoic acid N/A N/A 

 TTNPB N/A N/A 

 U0126 Inhibitor Mitogen activated protein kinase kinase 1 (MAPKK1) 
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Supplementary Figure Legends 

 

Supplementary Figure S1. Evaluation of the image-based assay. A, Statistical analysis of the 

result of HDECC percentage detected by the assay. The result showed normal distribution with 

an average of 1.3 and half width <0.5. B, HDECC depleted cells can be detected with high 

significance by the assay. HDECC depleted cells were prepared by removing the SP cells using 

flow cytometry to mimic HDECC inhibitors. ***, P<0.001. 

 

Supplementary Figure S2. Validation of the HCS system. A, Pearson R correlation of replicate 

experiments showed R>0.95, confirmed the reproducibility of the assay. B, Z’-factor test of the 

assay. Positive controls in which HDECCs were depleted were prepared by either removing SP 

cells with flow cytometry (left), or treating the cells with verapamil and performing the assay 

without washing (right). The Z’-factor value was calculated to be both >0.5, confirmed the 

suitability of the assay for high-throughput studies. 

 

Supplementary Figure S3. Short-term treatment effect of the inhibitors on HDECC. NCI H460 

cells were treated with 5 µM indicated compound for 30 minutes, then the HDECC percentages 

were measured by the image-based assay. No significant change was observed for all the 

compounds compared to the control cells treated with 0.05% DMSO (P>0.05 for all the 

compounds). 

 

Supplementary Figure S4. Time-lapse imaging of the effect of the inhibitors on HDECCs. A, 

Panel layout for the pictures shown in b. Each panel consists of 8 images. HDECCs were first 

identified in the Hoechst channel (upper images). They were then treated with indicated 

compound and tracked by time-lapse imaging in the brightfield channel (middle images). The 

Hoechst channel images were taken again after 48 hours to test the drug-efflux capability of the 



cells (lower images). B, A representative result for each of the 12 inhibitors. HDECCs were 

either pointed with arrow heads or circled with red lines. Notice that before treatment they were 

dye resistant initially and brightened up by verapamil treatment, after treatment they had about 

the same fluorescence intensities as the rest of the cells and were not brightened by verapamil. 

 

Supplementary Figure S5. Expression of D1 and D2 dopamine receptors in NCI H460 and 

A549 lung cancer cells detected by western blot. Neuroepithelial cell lines SK-N-MC and SK-N-

SH were used as positive controls. shRNA lentivirus specifically targeting D1 and D2 dopamine 

receptors were used to confirm the identity of the western blot bands. Viruses were purchased 

from Sigma-Aldrich (D1DR: TRCN11334, D2DR: TRCN11343). 

 

Supplementary Figure S6. Validation of screening hits by SP assay. NCI H460 cells were 

treated with indicated compound for 48 hours before they were sorted by flow cytometry. Figure 

shows a representative dot plot for each compound treated cells. 

 

Supplementary Figure S7. Efficiency of common used chemotherapeutic drugs on SP cells VS 

unsorted NCI H460 cells. Cells were treated with 100 µM cisplatin, or 100 µM etoposide, or 20 

µM doxorubicin or 400 nM paclitaxel . *, P<0.05; **, P<0.01. 

 

Supplementary Figure S8. Effects of six HDECC inhibitors on the chemotherapy efficacy in 

vivo. Arrows indicate the administration of compound (blue) and cisplatin (red). Error bars were 

not shown for clarity. No significant difference was observed for any compound compared to 

animals received cisplatin treatment alone (P>0.05). 

 

Supplementary Figure S9. Effects of HDECC inhibitors on the colony formation capability of 

purified SP cells in vitro. SP cells were purified by flow cytometry and treated with indicated 



compound at 5 µM or vehicle (0.05% DMSO) for 48 hours before they were tested by the 

agarose colony formation assay. (A) Pictures of three representative wells of the colonies 

formed by treated and control cells. (B) Summary result of the numbers of colonies formed by 

treated and control cells. *, P<0.05; **, P<0.01. 


