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From freezing to experiment-ready recovery

A practical workflow guide for reducing avoidable variability in cell cryopreservation
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Purpose:

This application note translates Bambanker™ product instructions and peer-reviewed use cases into a practical
framework for selecting a formulation, controlling the freeze-thaw workflow, and deciding whether recovered
cells are suitable for their intended downstream use.

This literature-informed application note does not report new comparative experimental data. It translates
current Bambanker product instructions and peer-reviewed applications into a practical workflow.

Summary:

Reliable cell banking depends on controlling the complete freeze-thaw workflow, not only the freezing step
or immediate post-thaw viability. This application note presents a four-stage framework covering starting-
material quality, freezing, storage and transport, and post-thaw recovery. For each stage, it identifies what
should be confirmed and documented to improve consistency and traceability. It also explains how the different
Bambanker™ formulations support specific cell models and workflow requirements through ready-to-use
handling, direct freezing at —80°C without programmed or sequential cooling, and long-term -80°C storage
without mandatory liquid nitrogen transfer. Published applications illustrate how recovery has been evaluated
using model-relevant endpoints beyond immediate viability.

Select Bambanker™ type

Product Best for Key differentiator When to choose
Bambanker™ . .
e Majority of cell lines Versatile medium Default option for routine
Broad-use cell banking
Bambanker™ hRM e ES (Embryonic Stem
Cells) .
o Contains human Xeno-free, serum-free work-
e iPS (induced . .
. serum albumin flow is preferred
Pluripotent Stem
Cells)
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Bambanker™ DMSO Free e DMSO-sensitive DMSO is undesirable (e.g.,
cells No DMSO protocols minimising DMSO
exposure)
Bambanker™ Direct . . . .
e Hybridoma cells No centrifugation of Time-efficient freezing
e High-throughput . : workflow, especially on high-
(HTP) applications cells is required throughput freezing days

Formulation choice should follow the current product manual, the cell model, and the laboratory's validated
procedure. Evidence generated with one formulation should not automatically be transferred to another.

Bambanker™ workflow

1. Prepare: Use cells that meet predefined culture-quality criteria. Record identity, passage or population
doublings, contamination status, morphology, and pre-freezing viability.

2. Harvest: Collect the cells and remove the culture medium according to the validated cell-specific protocol.

3. Resuspend: Use 1 x 10¢ viable cells per 1 mL Bambanker™ as the standard starting recommendation. Validate
any change in cell concentration or fill volume for the model.

4. Vial and freeze: Transfer the suspension to labeled cryovials and place at -80°C. Bambanker™ does not
require programmed or sequential freezing.

5. Store: Use validated -80°C storage. Record the freezer or tank, rack, box, position, formulation, lot, and
freezing date. If necessary, cells can be transferred to LN,

6. Thaw and recover: Thaw and culture under predefined recovery conditions before applying model-relevant
acceptance criteria.

Bambanker™ Direct simplifies the cryopreservation workflow further. It is added directly to cells in culture
medium at a 1:1 ratio, eliminating the need for a centrifugation step in compatible applications.

Control the complete workflow

Bambanker™ simplifies a critical part of cryopreservation, but reproducibility depends on controls before
freezing, during freezing, in storage, and after thawing.
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0 Before freezing e During freezing

Select suitable starting Standardize preparation Maintain stable, Assess recovery for
material and freezing traceable storage intended use

1. Before freezing: define suitable starting material

Cryopreservation cannot correct contamination, unsuitable passage history, unexpected morphology, or poor
growth behavior. Define acceptance criteria for the specific model before harvesting cells.

Control point Confirm Record

Expected morphology and growth e Confluence where relevant
Culture state ) -

behavior e Observed deviations

Accepted passage or population-
Passage history doubIIDing ange 8 Pop e Passage number or population doublings

Cell identity is confirmed, and no e |dentity check

Culture quality . . .. .
evidence of contamination. e Contamination-testing status

e Cell count
Sufficient viable cells for the planned
Cell quantity P e Viability method

bank
e Planned number of vials
¢ Intended application
Downstream Intended use and recovery decision pp.
e Recovery period and relevant recovery
purpose defined

endpoint

Begin with suitable cells and the Bambanker™ type matched to the model:

e Bambanker™ for common cell lines

e Bambanker™ hRM for human ES/iPS cells

e Bambanker™ DMSO Free for highly sensitive or DMSO-avoiding workflows

e Bambanker™ Direct for hybridoma workflows or cells highly sensitive to centrifugation stress

Formulation choice can tailor the freezing approach, but Bambanker™ cannot compensate for poor
starting-material quality.
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2. During freezing: standardize the remaining variables

Once the culture is approved for banking, the objective shifts to performing the freezing procedure consistently.
Important variables include the selected cryopreservation medium, cell concentration and fill volume.

A written protocol should define these variables before the freezing session. Standardization does not require
one universal setting for every cell type; it requires an appropriate procedure for each model that can be
repeated and compared across operators and freezing runs.

Control point Confirm Record
The selected cryomedium is ¢ Bambanker™ formulation
Medium and . v e Bambanker™ lot
) appropriate for the model and ™ .
formulation rotocol e Bambanker™ expiry
P ' e Timely transfer to —80°C storage
Cell Number of viable cells per ylal, and fill e Viable-cell concentration per vial
. volume are defined according to the .
concentration e Fill volume

validated cell-specific protocol.

Direct freezing at
-80°C

Cryovials are transferred directly to
a validated -80°C freezer without
controlled-rate or stepwise cooling.

Date of transfer
Any delay or deviation

. Every vial has a unique, readable
Eatbiallig identifier before storage.

Cell model, passage, date, operator, medium,
and vial ID.

Bambanker™ reduces preparation variables at the point where they matter most. It is supplied ready to
use, without FBS, requires no dilution, and does not require programmed or sequential freezing. Cells
are resuspended in the selected formulation, transferred to suitable cryovials, and frozen at -80°C.
This removes on-the-day formulation of serum-containing mixtures and complex cooling algorithms as

potential sources of operator-to-operator variation.
Cell concentration, fill volume, handling time, labeling, and deviations must still be controlled and
recorded.

Although Bambanker™ eliminates on-the-day preparation of freezing mixtures and controlled-rate cooling,
laboratories should still standardize the viable-cell concentration, fill volume, handling time, labeling, and
transfer to -80°C.

3. Storage: maintain stability and traceability
After freezing, workflow control shifts from sample preparation to maintaining appropriate storage conditions
and reliable sample identity. The storage system, monitoring approach, inventory structure, vial integrity, and

retrieval procedure should be defined by the laboratory’s validated protocol.

Storage temperature alone is not the only control point. An organized inventory allows a vial to be located
before the storage unit is opened, reducing unnecessary searching during retrieval. Each vial should have a
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unique identifier linked to its content, freezing history, and exact storage position.

Control point
Storage
conditions

Inventory
location

Vial and label
integrity

Confirm

Record

The storage system operates within
the laboratory’s validated conditions

e Storage unit, set point, monitoring status, and
relevant alarms

Each vial can be located without
unnecessary searching

e Freezer or tank, rack, box, position, and unique
vial identifier

The vial remains securely closed and
the identification remains readable

e Vial type, labeling format, and any observed

damage

Operational rule: determine the exact location of a vial before opening the storage unit.

Bambanker™ supports long-term cell storage at -80°C. Transfer to liquid nitrogen at -196°C remains
possible, but it is not required by the Bambanker™ protocol. This can remove dependence on LN,
infrastructure and handling for laboratories that use a validated -80°C workflow.

Freezer monitoring, suitable cryovials, inventory control, and traceability remain essential.

Keep the Bambanker™ type and lot linked to every vial record.

4. After thawing: assess recovery before use

Thawing marks the beginning of recovery, not the end of the workflow.

Immediate viability provides an initial indication of survival, but it does not necessarily show whether cells
have regained the characteristics needed for downstream use. Depending on the model, relevant recovery
endpoints may include attachment, morphology, proliferation, subset composition, phenotype, differentiation
potential, three-dimensional structure, or assay-specific function.

Define the assessment before thawing a vial: when will recovery be evaluated, which endpoint will be
measured, and what result will allow the culture to proceed? This avoids judging success retrospectively or
relying on a single generic viability threshold.
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A simple decision framework

b

Recovery period

Functional assessment Experiment ready
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Control point Confirm Record
Thawin i i
& The >ame validated warming and e Vial ID, thawing method, date, time, and operator
procedure handling procedure is used
Recovery Cells are placed under appropriate and e Recovery medium, vessel, seeding density, and
conditions consistent culture conditions incubation conditions
Immediate The initial assessment uses a defined e Viability method, viable cell count, and time after
survival method and time point thawing
. Cells receive the predefined recovery e Recovery start, assessment time, and any medium
Recovery period : .
time before evaluation or use changes
Experiment Cells meet the model-specific criteria e Selected endpoints, results, and decision to use or
readiness required for downstream use reject the culture

Published Bambanker™ workflows have evaluated outcomes beyond immediate viability, including
growth and phenotype in cultured corneal endothelial cells,' functional recovery of iPSC-derived

dopaminergic neurospheres,” and single-cell molecular profiling of patient-derived breast cancer tissue.’

Examples from Bambanker™ studies

The following studies illustrate how recovery after cryopreservation with Bambanker™ was evaluated in
different experimental systems. The table summarizes the cell models and downstream applications, recovery
endpoints, and assessment time points reported by the authors. Because the studies used different models
and experimental protocols, their findings should be interpreted within the context of each study and not as
direct comparisons between Bambanker™ formulations or as universal acceptance criteria.

The procedures shown are study-specific experimental workflows and do not replace the current
Bambanker™ formulation-specific instructions.

Cell model and Recovery endpoints Assessment timing Reference
application
[ ] L]

Human corneal Viability by Trypan Blue Viability immediately after
endothelial cells | e Attachment thawing
e Proliferation e Attachment after 24 hours
e Cell density e Growth, cell density, 10kumura et
e Monolayer formation and morphology morphology and marker al., 2019
e Actin distribution expression after 28 days

e Expression of ZO-1, N-cadherin and
Na*/K*-ATPase
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Human iPSC- e Viability Viability at 24 hours;
derived e Neurite extension neurite extension at day 5
dopaminergic e Dopaminergic and neural-cell marker Marker and gene
neurospheres expression expression assessment at
e Gene expression day 7 2Hiramatsu
e Electrophysiological activity Electrophysiology and et al., 2022
e Dopamine secretion dopamine secretion after
e Graft survival and maturation further maturation
e Behavioural response after In vivo assessment over
transplantation several months
Patient-derived e Recovery of tumour, stromal and
breast cancer immune-cell populations by single-cell
tissue RNA sequencing Following thawing, N
e Detection of cell-lineage and breast- tissue d|§soaat1qn and Restivo et
preparation for single-cell al., 2022

cancer receptor-status markers
Transcript expression and matched
immunohistochemistry

analysis

Defining experiment readiness

The final decision is whether recovered cells are suitable for their intended application. The most informative
assessment depends on the cell model and downstream experiment; one quality-control panel should not be

applied indiscriminately to every culture.

Examples of model-relevant post-thaw quality control

Cell model Examples of model-relevant endpoints | Why it matters

Adherent cell lines

Attachment, morphology, proliferation

Healthy attachment and growth indicate
successful recovery.

Primary cells

Viability, morphology, phenotype

Primary cells are often more sensitive to
cryopreservation and functional changes.*>

PBMCs/T cells

Viability, subset composition,
activation after stimulation

Immune function may be affected even
when viability remains high.¢

Stem cells/iPSCs

Colony formation, pluripotency
markers, differentiation potential

Functional potency is more informative
than survival alone.

Organoids/spheroids

Structural recovery, regrowth, tissue-
specific markers

Three-dimensional architecture must
recover before experiments begin.

Patient-derived
samples

Culture initiation, molecular profiling,
assay performance

The objective is preservation of
characteristics relevant to the intended
analysis.
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Define the post-thaw acceptance criteria before freezing the cells.
Success should be judged against the requirements of the downstream experiment, not against a single
viability threshold.

Template: At [assessment time], recovered [cell model] may proceed to [intended experiment] when [method]
shows [defined threshold or acceptable range]. Results outside this range trigger [additional recovery, investigation,
or rejection].

Practical cryopreservation checklist

Use this checklist to confirm that the main cryopreservation variables have been defined, controlled, and
documented. Adapt the checklist to the validated protocol for the relevant cell model.

Date
Protocol followed

Cell model

Operator

Cell density

Bambanker™
formulation

Bambanker™ Number of vials

lot

1. Before freezing

Intended post-thaw use and recovery criteria are defined.

The culture meets model-specific acceptance criteria.
Passage number or population doublings are recorded.
Cell count and pre-freezing viability are recorded.

The required bank size has been calculated.

2. During freezing

The appropriate cryopreservation medium and formulation are confirmed.
Target cell concentration is defined.

Cells per vial and fill volume are defined.

Mixing or resuspension follows the validated procedure.

Handling time before freezing is controlled.

Every vial has a unique, readable identifier.

Procedure deviations are documented.
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3. Storage

The designated storage conditions are confirmed.

The exact location of every vial is recorded.

Monitoring and alarm systems are active.

Retrieval or transfer is planned before opening the storage unit.

The transport method is appropriate for the required conditions.

Warming events, delays, damage, or labeling discrepancies are documented.

4. After thawing

Vial identity and sample history are confirmed.

The validated thawing procedure is followed.

Recovery medium, seeding density, and culture conditions are defined.
Immediate viability and viable cell yield are recorded.

The predefined recovery period is completed.

Model-specific recovery endpoints are assessed.

Experiment readiness is confirmed and documented.

Comments or deviations:

NIPPON Genetics EUROPE -9-
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Conclusion

Reliable cryopreservation should be evaluated according to whether recovered cells are suitable for their
intended use. Immediate viability is an important first checkpoint, but the recovery period, assessment time,
and model-relevant acceptance criteria should be defined before freezing.

Serum-free, ready-to-use Bambanker™ cryopreservation media can support this approach by simplifying
medium preparation and reducing preparation-related handling steps. However, the freezing medium remains
one component of the workflow. Combining simplified medium handling with clearly defined control points
across all four stages provides a stronger foundation for consistent, traceable cell banking and reliable post-
thaw use.
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