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Cryopreservation remains a critical step in the development and commercialization of many cell therapies due to the 
adoption of a decentralized infrastructure in the cell therapy field. While FUJIFILM Biosciences offers both DMSO and 
DMSO-free cryomedia products to broadly support the development of cell therapies, it is underappreciated in the 
field that different cell types have varying cryomedia needs to be cryopreserved effectively. 

Here, we have developed a plate-based, high-throughput platform to support the optimization of custom cryomedium 
for both adherent and suspension cells. Supported by using 96-well plates and an automated liquid handler, we 
utilized design of experiments (DOEs) to rapidly screen various cryoprotective agents (CPAs). High-throughput 
endpoint assays were also incorporated to not only assess recovery at thaw, but also cell proliferation 48 hours after 
thaw. The platform was utilized to develop custom freezing media for Jurkat cells and induced pluripotent stem cells 
(iPSCs), which was validated to perform at the vial scale. 

Cell Culture: 
•	 Jurkat cell line was purchased from commercially-available sources. Cells were maintained in RPMI Medium 1640 

1X HEPES - Liquid (FUJIFILM Biosciences, Catalog # 9157) + 10% FBS at a density of 0.2 x 106–2.0 x 106 cells/mL.

•	 Human iPSCs were purchased from commercially-available sources. Cells were maintained in mTeSR Plus (Stemcell 
Technologies, Catalog # 100-0276) per manufacturer protocols on vitronectin-coated tissue culture vessels. iPSCs 
were passaged with Accutase (Gibco, Catalog # A1110501) upon reaching a density of 75–85% confluence. 
CultureSure CEPT Cocktail (FUJIFILM Wako, Catalog # 033-26071) was supplemented for the first 24 hours of culture 
both on passage and at thaw.

Cryopreservation:
Automated methods were used to blend concentrated component stock solutions at 2X final concentration. Cells 
were prepared for cryopreservation by resuspending in HBSS 1X-Hanks’ Balanced Salt Solution (FUJIFILM Biosciences, 
Catalog # 9228) at 2X target freezing density and seeded across the inner 60 wells of a 96-well U-bottom plate. 
Cryomedia blends were combined 1:1 with plated cell suspensions and mixed to yield a 1X cryomedia solution at the 
target freezing density. Control solutions using commercially-available cryomedia (CM) were prepared at 1X target cell 
density and manually seeded to plates. Plates were sealed using sterile silicone seals and frozen in a controlled-rate 
freezer (CRF) before transferring to vapor phase LN2 for at least 24 hours.

Thawing:
Plates were thawed in a 37°C water bath. Automated methods were used to perform a 5-fold dilution of thawed cell 
solution into culture media. Diluted cell suspension was sampled for analysis by PrestoBlue (ThermoFisher, Catalog 
# P50201) as a surrogate measure of cell proliferation. Cell count and viability was also assessed using AO/PI (Revvity, 
Catalog # CS2-0106-25 ML) with the Cellaca MX. Diluted cell suspension was reseeded to a new culture plate at a 
total final dilution of 20X. Cells were cultured per normal maintenance protocols for 48 hours, upon which they were 
imaged with Incucyte to assess morphology and a final PrestoBlue assay was performed to assess cell proliferation. 

Vials were thawed in a 37°C water bath. Cell suspension was diluted and sampled in a manner mimicking automated 
workflows and assays.

Figure 4. CPA screening for Jurkat cells. Components were screened for effectiveness as CPAs using Jurkat cells frozen at a density of 
4.0–5.0 x 106 cells/mL. (A) Preliminary screens were performed in which single components of interest were tested across a range of concentrations. 
PrestoBlue assay at 48 hours post-thaw proves effective at identifying components that improve cell survival using CM1 as a benchmark. (B–C) Building 
on previous screens, a 2 factor 2 component screen was performed with components of interest. Post-thaw VCD and viability data identified blends with 
performance similar to that of CM1 control. (D) In PrestoBlue assays after 48 hours of culture, many conditions failed to effectively support cell recovery 
post-thaw. However, strong candidates emerge for future optimization.

Figure 5. DOE screening and optimization for Jurkat cells. DOE was used to screen across 
3 unique design spaces with Jurkat cells cryopreserved at a VCD of 5.0 x 106 cells/mL. 
(A) PrestoBlue results at 48 hours post-thaw demonstrate several conditions that show 
increased performance. (B) Visualization of design space indicates that high levels of 
Component 1 and low levels of Component 2 leads to the best outcome as determined by 
48-hour post-thaw PrestoBlue assay. (C) Further screening was performed to optimize from 
the DOE results. Of the tested conditions, Number 17 showed the greatest performance 
as measured by PrestoBlue. (D) To verify that the results of plate-based screening are 
predictive of larger-scale cryopreservation, both a high-performing and low-performing 
candidate media was chosen to use for cryopreservation in 1 mL vial format. PrestoBlue 
results at 48 hours showed Condition 17 performed as well in the vial format as it did in 
the plate format, demonstrating that cryomedia identified through plate-based screening 
translates when tested in a scale-up format.

Figure 2. Optimization of plate-base freezing volume. Plates were manually seeded with 50 μL and 150 μL volumes of cell suspension using 
commercially-available cryomedia at 3.0 x 106 cells/mL. (A-B) Upon thaw, cell suspension was counted to assess post-thaw VCD and viability. 
Results indicate that across both cryomedia tested, smaller volumes had negative effects on recovery of cells. (C) Cells were expanded for 48 hours 
post-thaw and PrestoBlue assay performed as a surrogate measure of cell viability and proliferation. Examining the Z-score of data compared to 
the post-thaw VCD indicates that recovery of cells in CM1 improves with the larger 150 μL volume. A similar trend is observed in CM2 post-thaw, 
however cells failed to proliferate after 48 hours in culture as indicated by low PrestoBlue values. Notably, it was observed that VCD at thaw is not 
always predictive of cell recovery post-thaw, affirming that post-culture assays are important to properly gauge cryomedia performance.

Figure 3. Component toxicity screening. A preliminary screen was performed on Jurkat cells to identify components that may have cytotoxic effects at a range 
of target concentrations. Automated methods were used to seed cells in HBSS supplemented by components of interest, after which samples are held at room 
temperature. Cell counts were sampled from wells at 1-, 2-, and 4-hour intervals to assess cell viability with AO/PI with reference to an HBSS only control (CTR).

Equipment/Analyses:
•	 Automated liquid handler:  

Biomek i7 (Beckman Coulter)

•	 Cell counting/viability: Cellaca MX (Revvity)

•	 Cell imaging: Incucyte S3 (Sartorius)

•	 Freezing: CryoMed Controlled-Rate Freezer 
(ThermoFisher)

•	 Fluorescence detection: Infinite M200 Pro Plate 
Reader (Tecan)
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Figure 6. CPA screening and optimization for iPSCs. Plate-based platform was adapted to support adherent cell workflows. iPSCs were frozen 
at a target density of 2.5 x 106 cells/mL. (A) A preliminary 2-component screen was performed with iPSCs utilizing learnings from Jurkat cell screening. 
48-hour PrestoBlue results showed a number of combinations that performed well relative to CM1 control. (B) Further screens were performed to 
optimize top-performing conditions. PrestoBlue results at 48 hours showed comparable performance relative to CM1 control. (C) To confirm that 
plate-based results were predictive of performance at larger scale, 1 mL vials of the top conditions were prepared and frozen at equivalent cell density. 
Different hold times at room temperature were used to assess impacts of longer processing times with different formulations. PrestoBlue results at 
48 hours showed comparable performance to plate-based screening. Additionally, hold time conditions clearly demonstrate that cryomedia performance 
may require longer incubation with cells prior to freezing to improve cryoprotective effects of the medium. Alternatively, other formulations may exhibit 
toxicity with increased hold times. (D) Representative images of iPSCs at 48 hours acquired at 20X and show normal morphology.
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SUMMARY
With our plate-based high-throughput screening platform, we successfully 
demonstrated the capability to screen a high number of CPA combinations for 
optimization of cryomedia formulations. In utilizing high-throughput assays such 
as PrestoBlue, we were able to assess cell recovery post-thaw in a manner more 
predictive of performance than cell counts and viability at thaw. In this study, the 
platform was applied to develop custom cryomedia for Jurkat cells and iPSCs, 
demonstrating the ability to utilize the platform for both suspension and adherent cell 
types. Such a platform is highly customizable to a wide array of plate-based assays 
downstream and affords a high degree of flexibility for assessing new cell types. 
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Tadanori Yamada) for valuable feedback and support throughout the project. 
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Figure 1. Automation workflow. Biomek i7 liquid handler is utilized to support blending of 2X cryomedia solutions. Automated methods seed cells 
to a 96-well plate and combined with prepared cryomedia blends. Plates are covered with a silicon seal to maintain sterility and frozen in CryoMed 
CRF. At thaw, automated methods support the dilution of cell suspensions and preparation of solutions for downstream assays.
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