
From Culture to Cryo: Smarter Cell Washing and 
Pre-Formulation for Allogeneic Therapies
WHY MANY CELL WASHING WORKFLOWS STILL FALL SHORT

Cell washing and formulating therapeutic cells present unique process challenges. These steps must be 
e�cient, reproducible, and gentle—while also meeting strict quality requirements and achieving regulatory 
compliance.

Incomplete removal of media components: Residual serum proteins, cytokines, and waste metabolites can 
interfere with downstream applications, such as gene editing, cryopreservation, or pre-formulation. 
High-e�ciency bu�er exchange is critical to ensure product consistency and safety

Manual and open handling steps: Open workflows that involve centrifuge tubes, biosafety cabinets, or 
manual bu�er exchanges increase contamination risk and operator variability. They are also di�cult to scale 
or validate for GMP environments.

Limited throughput and processing bottlenecks: Manual and single-sample workflows slow batch 
processing, increase time-in-suite, and create bottlenecks as production scales. E�cient, automated 
systems are essential to keep up with clinical and commercial demand.
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WHAT HIGH-PERFORMING WASH AND PRE-FORMULATION SYSTEMS DO DIFFERENTLY

To improve consistency, reduce risk, and preserve cell integrity, cell washing and pre-formulation systems 
must be purpose-built for therapeutic applications—not adapted from research tools or time-intensive 
filtration workflows. The following design elements are critical to achieving high-performance results at 
clinical and commercial scales.

Low shear, high recovery

Minimizing mechanical stress is essential for preserving cell quality. Systems like the UniFuge® operate at 
moderate G-forces and controlled flow rates. These conditions reduce shear and turbulence, helping to 
protect cell health throughout washing operations.

• In UniFuge systems, typical outcomes include >90% recovery and <5% viability loss, even with 
shear-sensitive cell types such as iPSCs, MSCs, NK cells, and CAR-T cells.

Automated, high-e�ciency bu�er exchange

Manual bu�er exchange introduces variation and ine�ciency. Automated systems that incorporate bu�er 
rinses and resuspension functions enable multiple exchanges within a single, closed cycle. This approach 
consistently achieves high contaminant removal without relying on excessive bu�er volumes, improving 
both throughput and reproducibility. It also supports smoother tech transfer by standardizing bu�er 
exchange protocols across scales and production sites.

• UniFuge systems routinely achieve bu�er exchange e�ciency above 90%, without the high volumes or 
manual steps
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HOW TO SAFELY INTRODUCE CRYOPROTECTANTS WITHOUT COMPROMISING VIABILITY 
OR SYSTEM INTEGRITY
Cryopreservation workflows often involve the use of cryoprotectants—such as dimethyl sulfoxide (DMSO) 
—which require careful handling. While DMSO is e�ective at preserving cells during freezing, it is cytotoxic 

and can degrade system components if not managed properly.

Pre-formulation flexibility

In many workflows, pre-formulation bu�ers—such as cryopreservation media or excipients—are introduced 
after final washing and resuspension to target cell concentration and streamline processing. Systems like 
UniFuge support this by enabling direct bu�er integration within the wash protocol, allowing teams to 
prepare concentrated, cell suspensions ready for pre-formulation, vialing, bag fill, or storage. By integrating 
washing and final bu�er exchange in a single closed system, platforms like UniFuge reduce the need for 
separate mixing vessels or transfer steps.
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FOUR SIGNS YOUR CELL WASHING AND PRE-FORMULATION WORKFLOW 
NEEDS ATTENTION

The wash and pre-formulation phase is often under-analyzed—but evaluating this step with clear 
performance and compliance goals can reveal opportunities to improve consistency, reduce risk, and 
streamline downstream operations.

Key questions to assess your current approach:

• Are you achieving su�cient wash e�ciency without excessive bu�er volume? Poor exchange e�ciency 
can leave behind residual proteins or salts that impact cell health or downstream performance.

• What is your current viable cell recovery during wash and pre-formulation? Even small losses can 
reduce available therapeutic dose and lower overall process yield.

• Is your workflow automated and designed for reliable, GMP-scale manufacturing? Manual steps 
introduce variability and make it harder to ensure consistent, reproducible processing as batch volumes 
increase.

• Are you achieving target cell concentrations during resuspension—and using the right technology for 
your scale? Matching bu�er volumes and processing capabilities to your batch size is critical, whether 
you're working with UF Micro, UF Mini, or UF Pilot modules.

Small changes in this step can have an outsized impact—starting with a clear understanding of where your 
current workflow may be underperforming.

BUILD YOUR PROCESS ON A SCALABLE CELL WASHING AND PRE-FORMULATION 
PLATFORM – AND PROTECT YOUR PRODUCT

Cell washing and pre-formulation shape the final quality and consistency of a cell therapy product—whether 
working with iPSCs, MSCs, NK cells, CAR-T cells, or other allogeneic immune cell types. Optimizing this step 
means more than protecting viability—it streamlines operations, reduces risk, and supports seamless 
integration with downstream processes.

ABOUT CARR

CARR is a leader in providing separation solutions to the bioprocessing industry. The UniFuge family of scalable single-use tubular 

bowl centrifuges is currently implemented in a wide range of bioprocesses from advanced therapies to traditional vaccines, 

including a number of FDA licensed products. Drug manufacturers rely on its gentle cell separation to enable a range of unit 

operations in a closed and scalable platform. CARR’s steam- and clean-able PowerFuge and ViaFuge product families respectively 

provide high-g separation for the harvest of microbial cultures and cell lysates in the production of vaccines and low-shear harvest 

of viable mammalian cells in the production of cultivated meats.  CARR has been a partner to bioprocessing companies since its 

founding in Medfield, Massachusetts in 1993, working consultatively with process engineers to optimize bioprocesses and deliver 

safe and e�ective life-saving and life-enhancing therapies to patients. 
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