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Summary: The semi-automated work�ow presented here utilises automated liquid handling robotics, plate 
readers and high content screening platforms to reduce well variability and increase assay robustness, while also 
reducing reagent costs. The physiologically relevant 3D cell model is used to examine drug interactions and pro-
vide insights into drug penetration and resistance e�ects of the tumour microenvironment. Chemotherapeutic 
drug sensitivity, assay repodrucbility and suitability for HTS in these miniaturised formats was assessed across mul-
tiple pancreatic cancer cells lines .     

Introduction: Pancreatic cancer continues to have one of the poorest prognoses amongst all cancers, with a 
95% mortality rate. Standard of care chemotherapy has failed to provide signi�cant clinical bene�ts, which has led 
to the development of targeted agents against validated signalling pathways. However, so far the approach of tar-
geted agents alone, or in combination with traditional chemotherapeutics, has failed to improve the prognosis for 
pancreatic cancer patients. Models that improve the predictive potential of drug discovery programs and gain 
greater insights into the complexity of tumour biology are urgently needed. Current in vitro models involving cell 
monolayer cultures are unable to recapitulate the biological complexities of the in vivo tumour microenvironment 
and may be poor predictors of drug e�cacy.

Methods: Ice cold Growth Factor Reduced Matrigel (GFR Matrigel) was diluted in RPMI and automatically dis-
pensed (1.5µl per well for 1536 and 15µl for 384) onto the bottom of the well of PerkinElmer Cell Carrier micro-
plates using an Agilent Bravo. The pancreatic cancer cell lines AsPC-1, BxPC-3 and PANC-1 were examined. Opti-
mised cell seeding densities were calculated for each cell line and cells were dispensed onto the bed of Matrigel 
and allowed to form 3D structures over 72 hours. Automatic media renewal and drug dispensing was performed 
on the Agilent Bravo at 48h interval periods. Either resazurin or Calcein AM was dispensed and incubated until op-
timal signal was reached in each detection method. Metabolic activity was calculated from �uorescent values de-
tected on an Envision plate reader and cell viability was determined by image analysis protocols from an Perkin-
Elmer Opera or Operetta high content imaging platforms. 

Results: 
3D cell cultures were assessed in both 384 well and 1536 well format with assay performance and sensitivity of ref-
erence chemotherapy agents calculated. Figure 2 highlights an image montage of the Calcein AM cell viability 
assay, in which a dose response of the standard of care chemotherapy agent gemcitabine e�ects 3D (micro-tu-
mour like) structure morphology and cell viability.  

Figure 1. Flow chart of the 3D cell culture assay protocol

Conclusions: The miniaturised 3D cell culture based assays examined here demonstrate it is possible to gen-
erate reproducible, cost e�ective 3D culture systems for use in future high throughput and high content analy-
sis applications, using standard lab consumables and automated imaging equipment. Insights into drug resis-
tance mechanisms can be assessed in a more physiological relevent model that may better re�ect the in vivo 
tumour microenvironment. These culture system may ultimately provide better predictive data on novel com-
pounds and insights into pancreatic cancer tumour penetration of current chemotherapy drugs.
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Figure 2.  µM concetration of gemcitibine in Panc-1 3D culture and e�ects on micro tumour morphology.

Results cont.

Figure 3. (a) Representative dose response curves from a single plate represent the average of quadruplicate wells and error bars 
equal the standard deviation. (b) Intra-assay variability assessment was peformed using the coe�cient of variation %CV and Z’-Fac-
tor values from in-plate controls of a drug combination study. (c) A comparison table of IC50 values between the resazruin and calcein 
AM assays. (d) A summary table of drug response parameters of the PANC-1 cell line in 384 and 1536 well 3D cultures based assays.
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384 1536 384 1536
Gemcitabine 69.54 ± 12.91 113.92 ± 29.59 0.78 ± 0.04 0.72 ± 0.08

Paclitaxel 42.35 ± 0.71 34.41 ± 4.70 0.85 ± 0.02 0.81 ± 0.05

Doxorubicin 308.77 ± 33.41 642.3 ± 190.10 1.00 ± 0.01 0.95 ± 0.02
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Figure 4.  (a) Pancreatic cancer cell lines grown in 3D culture display resistance to selected cytotoxic drugs compared to 2D culture.  Drug 
activity was measured by the metabolic indicator (resazurin) assay. Data points are the mean responses ± standard deviation from three 
separate experiments. (b) Cellular penetration of doxorubicin in 3D pancreatic cell culture (Dox = doxorubicin, Hoechst = hoeschst 
33342.  PANC-1 cells in 3D cell culture exposed at 6h, 24, 72h after exposure to doxorubicin (500nM). Scale bar = 100µm. The di�usion 
of doxorubicin in 2D and 3D cell culture over time quantited via radial plots.  


