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Abstract
High Throughput Screening (HTS) with 3D cell models

is possible thanks to the recent progress and

development in 3D cell culture technologies. Results

from multiple studies, including some from our lab,

have demonstrated different drug responses between

2D and 3D cell culture. It is now widely accepted that 3D

cell models more accurately represent the physiologic

conditions of tumors than in 2D cell models. Here, we

describe an ultrahigh throughput 3D model of drug

response profiling in primary melanoma and renal cell

carcinoma tested against the NCI oncologic set of FDA

approved drugs. In addition to cancer associated

fibroblasts, we also tested varying Melanoma and RCC

cells grown Matrigel domes vs matrix free 3D vs 2D

rendered cancer cells. The result of which represent

heterologous response to the drugs based on their WT

vs mutant background but not on their maintenance

condition. Here, we will present the results of the HTS

screening efforts using the 3D models for Melanoma

and RCC using organoids derived from patients. Cells

were screened against well-known anti-cancer agents

from the NCI Pilot Screening Library. This solid tumor

research demonstrated yet again the possibility of

using 3D cell models for HTS, which opens the window

to expand the screening strategy to test on other types

of cancer models with the utilization of other anti-

cancer compound libraries to find drug for potential off

label use or to identify first in class cancer specific

inhibitors.

Goal

Panel of 5 PDMR Cell Lines Used

Assay Method

3D Technologies
3D Spheroid Method

1536-well Assay Screen

Incubate cells for 24 hrs | 37oC 5%CO2 95% RH; cells

seeded in Greiner Cell Repellent 3D plates will be

placed on the Greiner 45o Angle Device |

37oC 5%CO2 95% RH  

Harvest cells, seed  cells in 5 μL culture 

medium to 1536 Corning 3D plates

or Greiner Cell Repellent 3D plates 

Incubate cells for additional 3 days 

| 37oC 5%CO2 95% RH

Pintool transfer 10 nL compounds

Dispense 5 μL CellTiter-Glo 3D reagent, 

Incubate for 60min at RT, Read on ViewLux

Final volume = 5 μL

Z-Stack Confocal Images

• Single Spheroid per well and 

centrally located within the well

• Well-to-well uniformity of spheroid 

size and morphology

• Homogenous format (no transfer 

of spheroids or aspiration step 

required)

Corning ULA spheroid MicroplatesGreiner 45 Angle Technology

• Greiner cell repellent plates were 

used for the test of this method.

• This method uses a 45 Angle 

device designed by Greiner and 

created using a 3D printer

• This will allow the formation of the 

spheres uniformly across the 

plate.

• Aiming to have a homogenous 

format that will help with the 

spheroid formation. 

Seed Cells and

Incubate for 24hrs.

3D Spheroid and Organoids formation 

after 96hrs post seeding

Compounds are added 

at 24hrs

3D Spheroids and Organoids

are ready for HTS Screening Assays 

• Melanoma 251568-266-R-J2-PDC (Patient-Derived Mixed Tumor Culture)

• Melanoma 251568-266-R-V1-organoid (Patient-Derived Organoid Culture)

• Melanoma 182917-245-R-J1-CAF (Cancer Associated Fibroblasts)

• Renal Cell Carcinoma  275375-350-R-V1-organoid (Patient-Derived Organoid 

Culture)

• Renal Cell Carcinoma 275876-140-R-J1-CAF (Cancer Associated Fibroblasts)

Promega 3D Cell Titer Glo Viability Assay
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PDC Run Statistics (n=3 plates)
•128 compounds tested starting at ~5uM* in 10- point 3-fold 

dilution in triplicate. 
•* Most common starting concentration

•Ave Z’ = 0.66 ± 0.01
•Ave S:B = 1268.48 ± 297.64
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PDOrg Run Statistics (n=3 plates)
•128 compounds tested starting at ~5uM* in 

10- point 3-fold dilution in triplicate. 
•* Most common starting concentration

•Ave Z’ = 0.76 ± 0.08
•Ave S:B = 889.42 ± 107.66
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CAF Run Statistics (n=3 plates)
•128 compounds tested starting at ~5uM* in 10- point 3-fold 

dilution in triplicate. 
•* Most common starting concentration

•Ave Z’ = 0.83± 0.03
•Ave S:B = 668.42 ± 52.06

Legend:   3D-PDOrg, 3D-CAF, 3D-PDC

PDC Melanoma

PDOrg Melanoma

CAF Melanoma

PDOrg RCC

PDOrg Run Statistics (n=3 plates)
•128 compounds tested starting at ~5uM* in 

10- point 3-fold dilution in triplicate. 
•* Most common starting concentration

•Ave Z’ = 0.75 ± 0.03
•Ave S:B = 682.13 ± 155.48
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CAF Run Statistics (n=3 plates)
•128 compounds tested starting at ~5uM* in 

10- point 3-fold dilution in triplicate. 
•* Most common starting concentration

•Ave Z’ = 0.66 ± 0.06
•Ave S:B = 321.31 ± 49.51
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CAF RCC

PDOrg Melanoma, CAF Melanoma and CAF RCC were seeded in Corning ULA plates while

PDC Melanoma and PDOrg RCC were seeded in Greiner cell repellent plates. All cultures were

monitored across 5 days to allow cell aggregation and the formation of spheroids/organoids.

As expected, the organoids in the Corning plates formed in the center while the organoids in

the Greiner plates formed in the corners due to the 45o angle position in which the plates

were incubated for 24 hours. Z-Stack confocal images evidence the formation of true 3D

spheroids. Nuclei staining with Hoechst using 2 micron image slices

Conclusions

PDC Cell Culture CAF Cell CulturePDOrg Cell Culture

Cells are seeded 

in T-75 Greiner Cell 

Star Cell Repellent Flasks.

Cells are seeded  in BME

Matrigel Coated 

T-25 Cell Culture Flasks. 

Cells are resuspended in Cultrex

Pathclear reduced Growth Factor 

BME, Type2

Cell suspension is seeded in 24-well 

Tissue Culture Plates and filled with 

750µl of Media 

Cells are incubated at 37oC,

95%RH and 5.0% CO2

Split cells  for ongoing 

cell culture or assays

Split cells  for ongoing 

cell culture or assays

Split cells  for ongoing 

cell culture or assays

Cells are incubated at 37oC,

95%RH and 5.0% CO2

Cells are incubated at 37oC,

95%RH `and 5.0% CO2

MelanomaCell Culture Conditions

Cell Media Reagents

PDMR Cell Line CAF Melanoma CAF RCC PDC Melanoma
PDOrg Melanoma 

2D/3D
PDOrg RCC 2D/3D

Media Used

Advanced 
DMEM/F12

Advanced 
DMEM/F12

Advanced 
DMEM/F12

Advanced DMEM/F12 Advanced DMEM/F12

HI FBS X X X

Hydrocortizone X X X

Adenine X X X

EGF X X X

Y-27632 X X X X X

N-acetylcystein X X

Nicotinamide X X

Primocin/
Pen/Strep

X X X X X

L-Glutamine X X X

HEPES X X

Glutamax X X

LWRN 
Conditioned 

Media

X X

Cell Culture Vessels and BME Matrigels

PDMR Cell Line CAF Melanoma CAF RCC
PDC 

Melanoma
PDOrg Melanoma 

2D/3D
PDOrg RCC 2D/3D

T-25 Flask X X 2D 2D
T-75 ULA Flask X

T-75 Cell Culture Flask 3D
24 well Cell Culture Plate 3D

Cultrex BME X X
Cultrex Pathclear Reduced 

GF Type 2
3D 2D and 3D

QR Code

Renal Cell Carcinoma

Legend:   3D-PDOrg, 3D-CAF

PDOrg IC50= 301.2 nM

CAF IC50: >5 uM

Homoharringtonine

PDOrg IC50= 758.7 nM

CAF IC50: >5 uM

NSC758254

PDOrg IC50= 48.9 nM

CAF IC50= 656.8 nM

Carfilzomib

PDOrg Ave % Response= 87.14 ± 3.77

CAF Ave % Response= 6.93 ± 16.79

NSC761385

RCC PDOrg IC50= 4.3 uM

RCC CAF IC50: >5 uM

PDOrg IC50= 89.8 nM

CAF IC50: >5 uM

PDC IC50: >5 uM

PDOrg IC50= 305 nM

CAF IC50: >5 uM

PDC IC50= 257 nM

PDOrg IC50= 2.5 uM

CAF IC50: >5 uM

PDC IC50= 1.4 uM

PDOrg IC50= 45 nM

CAF IC50= 413.7 nM

PDC IC50= 20.1 nM

SorafenibVemurafenib

Pralatrexate NSC758254

PDOrg Renal Cell Carcinoma and CAF did not come from the same patient. CAF

RCC cells were grown in a 2D monolayer in the presence on BME gel Matrix. PDOrg

RCC cells started out as 3D spheroids grown in BME Matrigel domes. The first

intent of growing the PDOrg cells in 2D methods without the presence of a matrix

did not work, and cells grew very slowly. These same cells were then reseeded in

the presence of the BME gel in the flask and started to grow faster and easier.

PDOrg were scaled as 2D cells which were used for the screening. Oxaliplatin,

Doxorubicin, Gemcitabine, Fluorouracil, SN-38 and Trametinib were used as

pharmacologic controls. For Renal Cell Carcinoma, there were 3 compounds with a

IC50 of 5-fold window or greater for Renal PDOrg compared to CAF; 2 of the

compounds had a maximum response of >50% in PDOrg while for CAF its 50%

lower. There were 2 additional compounds with a IC50 around 5µM but with a

significant delta among the % response between both assays.

PDC and PDOrg Melanoma cell lines originated from the same patient, while the

CAF was from another patient. PDC cells were grown as matrix free 3D organoids.

CAF were grown in a monolayer in the presence of BME gel matrix. PDOrg

originated as 3D organoids in BME Matrigel domes but were easily adapted to 2D

monolayer growth without the need of BME matrix. Both models were successfully

used in the screening of compounds. Oxaliplatin, Doxorubicin, Gemcitabine,

Fluorouracil, SN-38 and Trametinib were used as pharmacologic controls. The

most active compounds of the screening are reproducible across the replicates

and the compounds with an activity > 25% show a good correlation between plates.

From the screening, there were about 20 compounds with a IC50 of 2-fold window

or greater for melanoma and or PDC compared to CAF.

• Using 3D Cell models in combination with 3D technologies allowed for a successful

screening of the NCI oncologic library against a panel of five PDMR Cell Lines.

• 3D PDOrg melanoma in Matrigel domes demonstrated an easy and smooth transition

to 2D cell culture without the need for BME Matrigel. Both cell models grew

vigorously in cell culture and were used successfully for the compound screening.

• 3D PDOrg RCC in Matrigel domes initially grew very slow and failed to be grown in

2D cell culture without the presence of a BME matrix. Once reseeded in 2D format

with Matrigel the cells start to grow slowly but steadily. Thus, only the PDOrg RCC

cells were scaled in 2D and reseeded for 3D for screening.

• We again validate our previous research in the use of 3D technologies for the

formation and use of spheroids and organoids within HTS.

• This solid tumor research will help pave the way toward new advancements testing

compound libraries on different cancer cell lines.

Bright Field Nuclei Staining
Corning or 

Greiner ULA
Cell Culture Flask

24-well Cell 

Culture Plate

P
D

C
 M

e
la

n
o

m
a

P
D

O
rg

M
e

la
n

o
m

a

C
A

F
 M

e
la

n
o

m
a

P
D

O
rg

R
C

C

C
A

F
 R

C
C

%
 R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

%
R

e
s

p
o

n
s

e

Log [Compound], M

4x

20x

PDOrg RCC OXA DOX GEM 5-Fu SN-38 Trametinib

HillSlope ~ 16.02 -2.933 -2.47 ~ -7.179 -1.091 ~ 54.15

IC50 ~ 6.92e-007 1.47e-06 2.85e-09 ~ 7.92e-005 6.05e-09 ~ 5.42e-008

CAF RCC OXA DOX GEM 5-Fu SN-38 Trametinib

HillSlope ~ -16.72 ~ 12.02 ~ -17.66 ~ -17.18 ~ -19.51 -2.158

IC50 ~ 2.01e-006 ~ 3.59e-006 ~ 1.08e-006 ~ 1.98e-005 ~ 6.14e-007 2.20e-07

PDOrg Melanoma OXA DOX GEM 5-Fu SN-38 Trametinib

HillSlope - -1.29 -2.24 ~ -0.29 -0.66 -1.62

IC50 >5.00e-05 8.763e-08 1.29e-09 >2.00e-04 1.21e-08 1.624e-09

PDC Melanoma OXA DOX GEM 5-Fu SN-38 Trametinib

HillSlope -3.51 -1.39 -0.26 -0.47 -0.09 -6.18

IC50 1.88e-05 8.49e-08 5.84e-27 5.21e-06 >5.00e-05 5.45e-09
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CAF Melanoma OXA DOX GEM 5-Fu SN-38 Trametinib

HillSlope -1.28 ~-15.47 ~-16.71 -0.95 -1.72 -0.98

IC50 4.97e-06 ~1.30e-007 ~9.67e-007 2.61e-05 3.65e-07 8.95e-08

4x 4x
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