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DeepDyeDrop:	a	high-throughput	microscopy	pla4orm	for	
phenotyping	the	response	of	cancer	cell	lines	to	therapeu7c	agents

Chiara Victor, Ben Gaudio, Mirra Chung,  Mario Niepel, Marc Hafner, 
Luca Gerosa, Clarence Yapp, Kar>k Subramanian, Caitlin E. Mills, Peter K. Sorger

Laboratory of Systems Pharmacology, Harvard Medical School, Boston, MA 

Project overview and goals Assay flexibility Ovarian cancer profiling

Project status

The accurate measurement of diverse phenotypic responses in cells treated with drugs is an 
integral step in the pre-clinical development of new therapeu>cs, in addi>on to providing 
insight into drug mechanisms of ac>on. Dose-response studies aimed at iden>fying sensi>ve 
and resistant cell lines or differences among related compounds are increasingly performed 
on a rela>vely large scale with panels of gene>cally diverse cancer cell lines and compound 
libraries. To enable this level of throughput, these screens have typically been performed 
using surrogate measurements of popula>on level cell viability, such as CellTiterGlo. Hits 
from such primary screens are then typically pursued using follow-up studies for specific 
readouts that are >me consuming and expensive. An intermediate assay that enables 
sufficient throughput without compromising on resolu>on has the poten>al to be >me-
saving and cost-sparing in pre-clinical research, thus jus>fying the use of a richer assay at an 
earlier stage of compound screening. We present the Deep Dye Drop assay, a minimally 
disrup>ve, high-throughput, customizable microscopy-based method that can serve as a 
primary screening plaVorm and provide phenotypic insight at the single cell level. In addi>on 
to cell viability, the Deep Dye Drop assay provides detailed cell cycle informa>on enabling the 
detec>on of phenotypic subtle>es and frac>onal responses otherwise missed if data are only 
considered at the popula>on level. We apply these methods to iden>fy differences in 
phenotypic responses among 42 ovarian cancer cell lines upon treatment with 40 small 
molecule kinase inhibitors.

Deep Dye Drop Assay

Figure 3: (A) Equivalent GR values can reflect different changes in the cell cycle distribu>on of the popula>on; 
for example, a GR value of zero can result from loss, gain, or no change in the frac>on of cells in G1 (B) EVSA-
T cells treated with the CDK1/2 inhibitor BMS-265246 or the CDK4/6 inhibitor abemaciclib exhibit the same 
dose dependent decrease in GR values; however, the abemaciclib-treated cells arrest in G1 whereas the 
BMS-265426-treated cells arrest in G2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  GR dose response curves for six ovarian cancer cell lines treated  with each drug of interest. 

Figure 1: The Deep Dye Drop method leverages sequen>al density staining whereby cells adhered to 
plates are exposed to fixa>ves, wash reagents and dyes dissolved in solu>ons having progressively higher 
densi>es. The first solu>on dropped onto the cells contains the LDR dye for dead cells, and EdU for 
incorpora>on into cells in the S phase of the cell cycle. EdU is labeled with Cy3 using click chemistry. 
Finally, a solu>on containing phospho-histone H3 an>body conjugated to Alexa fluor 488 and Hoechst is 
used to label M-phase cells and to stain all nuclei respec>vely. A computa>onal tool is applied for 
automated ga>ng of single cells into different phases of the cell cycle.

Hoechst LDR p-H3EdU

Figure 2: (A) Mul>ple phenotypic readouts can be measured in parallel using the Deep Dye Drop assay. The 
assay is flexible in that an>bodies can either replace one of the 4 dyes or be included as a 5th stain to 
inves>gate markers most per>nent to the drug under study. For instance, pH3 has been swapped with a 
53BP1 an>body and the single cell distribu>on of 53BP1 (standard devia>on of intensity) is measured across 
a dose range of Etoposide. (B) (Lei to right) Palbociclib-induced decrease in nuclear pRb phosphoryla>on, 
palbociclib-induced increase in cell size quan>fied using a beta-ac>n an>body, etoposide-induced DNA 
double strand breaks measured by 53BP1 foci forma>on, ac>nomycin D-induced apoptosis quan>fied by the 
nuclear to cytoplasm ra>o of cytochrome C staining.
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DDD enhances GR metrics

The deep dye drop assay is robust and flexible. An>bodies can be shuffled to different channels 
without affec>ng the results, and different an>bodies can be used. We have also tested a five 
channel deep dye drop protocol by performing dual an>body staining (primary an>bodies pH3 
and 53BP1, labeled with secondary an>bodies Alexa 750 and Alexa 488 respec>vely). The assay is 
also compa>ble with high content imaging methods such as cyclic immunofluorescence (CycIF) 
should a user wish to build upon a deep dye drop result by further mul>plexing. A manuscript 
describing the assay and its use in screening drugs on breast cancer cell lines is in prepara>on. 
Ovarian cancer profiling efforts (GR dose response, baseline omics, DNA damage) are ongoing. 
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