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Abstract

Background: Cell banks are widely used to preserve cell properties as well as to record and control the use of cell
lines in biomedical research. The generation of cell banks for the manufacturing of Advanced Therapy Medicinal
Products, such as cell and gene therapy products, must comply with current Good Manufacturing Practice
regulations. The quality of the cell lines used as starting materials in viral-vector manufacturing processes must be
also assessed.

Methods: Three batches of a Master Cell Bank and a Working Cell Bank of the HEK293T cell line were
manufactured under current Good Manufacturing Practices regulations. Quality control tests were performed
according to product specifications. Process validation includes the training of manufacturing personnel by
performing simulation tests, and the continuous measurement of environmental parameters such as air particles
and microorganisms. Cell number and viability of cryopreserved cells were periodically measured in order to define
the stability of these cellular products.

Results: All batches of HEK293T Master and Working Cell Banks met the acceptance criteria of their specifications
showing the robustness and homogeneity of the processes. In addition, both Master and Working Cell Banks
maintained the defined cell viability and concentration over a 37 month-period after cryopreservation.

Conclusions: Manufacturing cell banks under Good Manufacturing Practice regulations for their use as raw
materials or final cellular products is feasible. HEK293T cell banks were used to manufacture clinical-grade lentiviral
particles for Chimeric Antigen Receptor T-cell based clinical trials.
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Background
Advanced Therapy Medicinal Products (ATMPs) such
as cell therapy, gene therapy and tissue engineering
[1, 2] have emerged as promising candidates for the
treatment of currently incurable diseases. This is the
case of Alofisel®, a cell therapy product based on
adipose-derived mesenchymal stem cells, used to treat
perianal fistulas in Crohn’s disease, [3] and Holoclar®,
a tissue engineered product used to repair damaged
corneal tissues, based on fibrin membranes coated
with a population of corneal cells, including limbal
stem cells [4].
In recent years, the number clinical trials based on ex

vivo and in vivo gene therapies has increased due to the
great potential of ATMPs for monogenic disorders such
as cystic fibrosis, adenosine deaminase deficiency (ADA-
SCID) or hemophilia B (factor IX deficiency) among
others [5]. European Medicines Agency (EMA) and Food
and Drug Administration (FDA) regulatory bodies
recently approved several gene-derived ATMPs. This is
the case of Zolgensma®, a treatment for spinal muscular
atrophy (SMA) based on the in vivo administration of
adeno-associated viruses (AAVs), which deliver a func-
tional version of the survival motor neuron 1 (SMN1)
gene; [6, 7] and Zynteglo®, an autologous ex vivo gene
therapy for beta thalassemia that uses lentiviruses to in-
sert a functional hemoglobin subunit beta (HBB) gene in
the hematopoietic stem cells of the patient [8].
Chimeric Antigen Receptor (CAR) T-cell therapy

might be considered the most revolutionary ex vivo gene
therapy in oncology because it allows targeting specific
surface antigens in a wide range of tumor cell populations.
Anti-CD19 CAR T-cells for relapsed/refractory B-ALL
patients, the first cancer gene therapy approved on August
2017 by the FDA, is being used worldwide because of its
excellent clinical outcomes [9–11]. Anti-CD30 CAR T-
cells and Anti-BCMA CAR T-cells are also promising
therapies based on the CAR T-cell technology [12, 13].
Most of the research and development on ATMPs

during the early clinical stages (Phase I/II trials) is
carried out in academic institutions, rather than in the
pharmaceutical industry [14]. Thus, academic institu-
tions should get familiar with the regulations controlling
ATMP manufacturing to transition from basic research
to clinical research. Good Manufacturing Practices
(GMP) are mandatory for all manufacturing sites dedi-
cated to the ATMP production, including academic in-
stitutions. Given the nature and complexity of these
products, it is of crucial importance that the develop-
ment of new ATMPs provides safe, effective and high-
quality products, thus guaranteeing the robustness and
homogeneity of the manufacturing process [15]. There-
fore, manufacturing procedures should be validated ac-
cording to GMP and, for this reason, a careful assessment

of the whole process - from raw materials to final prod-
ucts - and of the starting materials’ product specifications
is required before manufacturing begins. Here we present
the GMP-compliant generation of a Master Cell Bank
(MCB) and Working Cell Bank (WCB) of HEK293T cells
at Creatio, the production and validation center of ad-
vanced therapies at the University of Barcelona. HEK293T
adherent cells are widely used and are a consolidated
model of viral-vector production because of their high
transfectability. MCB and WCB were used as packaging
cells to obtain GMP-grade lentiviruses for clinical trials
using CAR T-cell therapies: phase I clinical trial CART19-
BE-01 (EudraCT Number: 2016-002972-29) and phase II
clinical trial CART19-BE-02 (EudraCT Number: 2019-
003038-17), based on anti-CD19 CAR T-cell therapy; and
phase I clinical trial (EudraCT Number: 2019-001472-11),
based on anti-BCMA CAR T-Cell therapy.
This GMP-grade cell banking approach may provide

guidance to academic centers willing to generate GMP-
grade lentiviruses, and at the same time represents a ref-
erence to generate different viral vectors.

Methods
Quality System
Creatio Quality System operates under the current GMP
regulations and is authorized by the Spanish Agency of
Medicines and Medical Devices (PE010-1570, AEMPS,
Spain). A specific organizational chart is employed at
Creatio. Functions and responsibilities of each staff
member of the facility are clearly defined and docu-
mented. Also, a specific document management system
is implemented at Creatio and includes: risk assessment
approaches, change control documentation, incidents
and nonconformities records, calibration, validation and
qualification annual strategy, audit programs, personnel
training programs, preventive maintenance systems, re-
agents and starting materials record and traceability,
quality control management, manufacturing manage-
ment, batch certification and release system.

Facility and equipment
Creatio is an academic facility of the University of Barce-
lona dedicated to the validation and manufacturing of
ATMPs for their use in phase I/II clinical trials. The fa-
cility has 4 B Grade cleanrooms in which all procedures
can performed in a Grade A laminar flow cabinet. MCB
and WCB of the HEK293T cell line (CRL-11,268; ATCC,
Mansassa, VA, USA; obtained under a License Agree-
ment between The Rockefeller University and Hospital
Clínic de Barcelona; October 17, 2016) were handled in
the cleanroom dedicated to cell therapy. The access to
the cleanroom consists of an entrance to the pre-
dressing room (Grade D), a pre-dressing room (Grade
C), a dressing room (Grade B), and a distributor (Grade
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B) (Fig. 1). Adjacent rooms are at different pressures
(Δ10–15 Pa between rooms) reaching 50 Pa in the
Grade B cleanroom. Creatio facility has two storage
rooms (Grade D) and a Grade D product conditioning
room. Pressure, temperature, and humidity are continu-
ously monitored and regulated by a specific control

software (Controlli Delta Spain, Barcelona, Spain). The
facility is validated once a year according to specific
procedures of validation management. Equipment is
validated and calibrated according to a pre-determined
annual planning. Parameters of incubators, refrigerators,
freezers, ultra-freezers, nitrogen tanks, and cell

Fig. 1 Layout of Creatio GMP facility. The facility is controlled by three independent Heating Ventilation and Air Conditioning (HVAC) systems
(orange, blue and green). In white, non-classified areas. In orange, HVAC-1. In blue, HVAC-2. In green, HVAC-3. Rooms belonging to HVAC-3 have
a pressure of 10 Pa and are dedicated to storage and product conditioning. Cell therapy products are manufactured in HVAC-1. Cleanrooms
(Grade B) belonging to HVAC-1 have a pressure of 50 Pa, adjacent rooms have a differential pressure of 10–15 Pa. HVAC-2 is dedicated to gene
therapy products. Access to gene therapy cleanrooms (Grade B) is granted through dressing rooms which have a differential pressure of 10–
15 Pa. In this case, Grade B cleanroom is under pressured (30 Pa) compared to the adjacent dressing room (40 Pa) as a physical containment
barrier to avoid viral spreading
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incubators CO2 levels are continuously monitored by a
specific control software (Sirius, Nirco, Rubí, Spain).

HEK293T source and cell line specifications
The HEK293T cell line, which expresses the Simian
Virus 40 (SV40) large antigen T, was generated at the
Rockefeller University from the HEK293 cell line.
According to the certificate of analysis, the product
obtained from the ATCC had a passage number of 17.
In addition, the certificate of analysis of the HEK293T
cell line reports the results of microbiological quality
control tests, Short Tandem Repeats (STRs) analysis,
and PCR-based assays for human pathogenic viruses:
HIV, HepB, HPV, EBV, CMV. This information was
documented and used as a starting point of our process,
and no further manipulations were performed between
cell line purchase and its use for cell banking.

Cell line identification
The following STR profile of the HEK293T cell line was
analyzed: Amelogenin: X,CSF1PO: 11, 12; D13S317: 12,
14; D16S539: 9, 13; D5S818: 8, 9; D7S820: 11; THO1: 7,
9.3; TPOX: 11; vWA: 16, 18, 19.

HEK293T cell culture
HEK293T cells were incubated for 2 min at 37 °C in a
thermoblock and quickly transferred to a tube contain-
ing DMEM (Thermo Fisher Scientific, Walthman MA,
USA) supplemented with 10% of Fetal Bovine Serum
(FBS) (Thermo Fisher Scientific). Subsequently, cells
were centrifuged (1250 rpm, 5 minutes), supernatant
was removed, and cells were resuspended in fresh cell
culture medium for Trypan blue-based cell counting.
Cells were seeded in a sterile and pyrogen-free flask at a
density of 1 × 106 cells x 25 cm2 and incubated at 37 °C/
5% CO2 for 3–4 days until cells reached 80% confluence.
For cell passaging, spent culture medium was removed,
and cells washed with Phosphate-Buffered Saline (PBS)
(Thermo Fisher Scientific). TrypLE™ (Thermo Fisher Sci-
entific) was added and incubated for 1 min to detach cells
from the flask. Once detached, cells were transferred to a
tube containing fresh medium and centrifuged (1250 rpm,
5 min). Cells were counted, centrifuged again (1250 rpm,
5 min) and seeded at a density of 1·106 cells·25 cm2 in as
many flasks of 25 or 75 cm2 as necessary. Cell passages
were made to reach more than 200·106 cells for the MCB
and 1000·106 for the WCB.

HEK293T cryopreservation
Once the required cell number was reached, cells were
centrifuged (1250 rpm, 5 min) and the pellet was resus-
pended in cryopreservation medium to achieve a density
of 10·106 cells/ml for MCB and 20·106 cells/ml for WCB.
Cryopreservation medium was composed of 95% of cell

culture medium (10% FBS-supplemented DMEM) and
5% of DMSO (Scharlab, Setmenat, Spain). Cryotubes
were properly labelled and filled with 1 ml of the required
concentration. Cryotubes were transported from the
cleanroom to the cryopreservation area and temperature
was monitored during transport. Cryopreservation was
carried out in a controlled-rate freezer (Criomed™,
Thermo Fisher Scientific) following a freezing program
that lowers the temperature 1 °C/minute. The resulting
cryotubes were then transferred to a gas phase nitrogen
tank at -180 °C ± 20° C.

Personnel training and validations
Creatio adopts an ongoing personnel training program.
Manufacturing staff is also assessed and validated once
every 6 months with simulation tests of ongoing produc-
tion processes. Personnel involved in the production of
MCB and WCB undertook three consecutive simulation
tests before starting the manufacturing process. Tryptic
Soy Broth medium (TSB; Becton Dickinson, Madrid,
Spain) was used to carry out simulation tests. Simulation
tests were designed considering all steps of the process
and emphasizing the worst-case scenarios, and were car-
ried out with the same materials and equipment used to
manufacture the MCB and WCB. During simulation
tests, the presence of airborne microorganisms and par-
ticles was continuously monitored according to GMP
standards. To verify the maintenance of the aseptic con-
ditions during the simulation process, sampling points
were set at the beginning and at the end of the process
(negative control and simulation of the final product,
respectively).

Environmental monitoring
A laser particle counter (CLiMET, Redlands, CA, USA) was
used to monitor airborne particles in the cabinet (Grade A)
during the manufacturing process and during simulation
tests. According to the current GMP regulations, the max-
imum permitted airborne particle concentrations in Grade
A areas are as follows: particle size equal or greater than
0.5 µm, 3520 particles per m3; particle size equal or greater
than 5 µm, 20 particles per m3 [15].
Settle plates (Becton Dickinson) were used to monitor

the presence of airborne microorganism (bacteria and
fungi) in the cabinet (Grade A) during the manufactur-
ing process as well as during the simulation tests. In
addition, glove prints (finger dabs) of Grade A personnel
were sampled for microbiological analysis (Becton Dick-
inson) at the end of each working day. In accordance
with current GMP regulations, acceptance criteria of less
than 1 colony forming units (> 1 CFU/gloves and >
1 CFU/plates) were established [15].
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Animal origin-derived products and adventitious viruses
risk assessment
In accordance with GMP regulations, the use of animal
products in the manufacturing process should be
avoided. Furthermore, the use of animal-derived sub-
stances must be controlled to avoid the transmission of
pathogens to the final product. In this sense, the only
animal-derived product used in this work was the Fetal
Bovine Serum (FBS) (Thermo Fisher Scientific) of Aus-
tralian origin, whose certificate of analysis indicates the
absence of bluetongue virus, bovine adenovirus, bovine
parvovirus, bovine respiratory syncytial virus, bovine
viral diarrhea virus, hemadsorbing agents, rabies virus,
reovirus, and spongiform encephalopathy virus. Given
that FBS is the only animal-derived reagent used in the
cell bank production process, it can be guaranteed that
the manufacturing process is not introducing animal vi-
ruses into the final product. However, for greater safety,
an adventitious virus test is carried out on the final
product, as described below.

MCB and WCB process validation
One cryovial containing HEK293T cells was thawed and
split into three HEK293T populations which were inde-
pendently expanded in order to obtain three cell stocks for
the MCB. Each HEK293T batch was expanded to reach a
concentration of 200·106 cells. Every batch was composed
of at least 20 cryotubes totaling ≥ 60 cryotubes for MCB.
Quality control tests were carried out for every MCB batch.
Three consecutive and independent batches of WCB were
prepared from the MCB. HEK293T cells from the MCB
were thawed and expanded to reach a concentration of
1000·106 cells. Every batch of the WCB was composed of at
least 50 cryotubes totaling ≥ 150 cryotubes for WCB. Qual-
ity control tests were run for every WCB batch.

Sterility test and growth promotion test
Cell cultures and TSB media were subjected to a growth
promotion test according to Chap. 2.6.1 of the European
Pharmacopoeia to ensure that growth media met the
proper sterility requirements.
Sterility tests on TSB, MCB, and WCB samples were

performed by using the direct inoculation method
described in Chap. 2.6.1 and 2.2.27 of the European
Pharmacopoeia [16].

Mycoplasma test
Venor®GeM qOneStep kit (Minerva Biolabs®, Berlin,
Germany) was used for the detection and identification of
Mycoplasma in TSB, MCB, and WCB samples. The
method is based on the amplification of the Mycoplasma
16S rRNA coding region in agreement with the method de-
scribed in Chap. 2.6.7 of the European Pharmacopoeia [16].

Karyotype test
Karyotype was determined by G-band staining. HEK293T
were seeded and incubated until 80% confluence was
observed. 12 µl of KaryoMAX™ Colcemid™ (Thermo
Fisher Scientific) was diluted in 6 ml of DMEM. Subse-
quently, 6 ml of KaryoMAX™ Colcemid™ working solution
was added to the cell culture and incubated at 37 °C/5%
CO2 for an hour. Cell culture medium was removed, and
cells were washed with 3 ml of PBS (Thermo Fisher Scien-
tific). After removing PBS, 1 ml of TrypLE™ (Thermo
Fisher Scientific) was added and cells were incubated for 1
minute at 37 °C. Then, 5 ml of culture medium was added,
and cells were collected by centrifugation for 5 minutes at
1250 rpm. After removing the supernatant, the pellet was
washed with PBS and centrifuged again for 5 minutes at
1250 rpm. 10 ml of pre-warmed (37 °C) 0.075M Karyo-
MAx™ KCl solution was gently added to the cells and,
after 10 minutes of incubation at 37 °C, cells were fixed
with Carnoy fixative solution.

Adventitious viruses test
Adventitious viruses testing is based on the analysis of
cytopathic effects in host cells. HEK293T cell samples
from MCB and WCB were disrupted by shaking with
0.2- and 3-mm stainless steel beads. Cell homogenate
was centrifuged (1250 rpm, 5 min, 4 °C) and 0.9 ml of
supernatant was added to MR5, VERO and RD cell cultures
(Vircell, Granada, Spain) and incubated at 35–37 °C. Cell
cultures were analyzed 14 days after inoculation. Positive
and negative controls were included in the analysis. Real
Time (RT)-PCR for Enterovirus identification was per-
formed on samples with no cytopathic effects.

In-Process Controls (IPCs): cell morphology, cell
confluence and viability
Cell morphology, cell confluence and cell viability were
used as IPCs during the entire process of MCB and WCB
generation. Morphological inspections of HEK293T cells
and cell confluence were carried out visually under a
microscope. Trypan blue exclusion test was carried out at
every cell passage step to test cell viability. Samples with a
viability < 80% were not used in the following production
steps.

MCB/WCB stability after cryopreservation: viability and
cell number
Trypan blue exclusion test was carried out on each
batch of MCB and WCB to test cell viability after cryo-
preservation. To ensure the optimal cryopreservation
conditions, the acceptance criteria of the viability test
after thawing were set equal or greater than 50%.
A stability program has been carried out over a period of

37 months after WCB generation to determine the optimal
storage conditions of cell banks. Trypan blue exclusion
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assay was used to determine cell viability and cell number
of the WCB during the ongoing stability program.

Results
MCB process validation
MCB validation was performed as shown in Fig. 2a.
Environmental controls and IPCs were carried out
during the entire procedure of MCB generation
(Table 1). No incidents were detected and, concerning
MCB specifications, all batches met defined accept-
ance criteria (Table 2). Sterility tests indicated that all
batches were negative for bacterial and fungal con-
taminations. All batches tested negative for Myco-
plasma. No cytopathic effects were detected in any of

the three batches indicating the absence of viruses in
the final product. Morphological analysis by visual in-
spection showed adherent cells with the presence of
thin extensions. Complex karyotypes were detected in
all batches, in agreement with previous studies [17,
18]. Results showed a hypertriploid cell line with the
following alterations: der (1) t (1;5) (p10;q10); der (1)t
(1;15) (q42;q13)x2; dup (13)q14q34); der (22) t (17;22)
(q21;q13). These alterations were observed in the
three MCB batches. Cell viability after thawing was
over 90%, in line with the specifications. In general
terms, the MCB met all defined acceptance criteria,
thereby demonstrating that the process is robust and
homogenous.

Fig. 2 a MCB workflow. MCB was composed of 3 independent batches containing 20 or more cryotubes. The HEK293T cell line cryovial was
thawed and expanded until reaching 200·106 cells. Two cell passages were needed to obtain the final number of 200·106 cells. After the
second passage, cells were transferred in cryotubes at a concentration of 10·106 cells per tube and frozen using a ramp program that lowers
the temperature 1 °C/minute. MCB cryotubes were transferred to a gas phase nitrogen tank at -180 °C ± 20° C. WCB was composed of 3
independent batches containing 50 or more cryotubes. Environmental controls, IPCs and quality control test results are shown in the image. b
WCB workflow. MCB HEK293T were thawed and expanded to reach 1000·106 cells. Only one cell passage was needed to obtain 1000·106 cells.
Cells were transferred into cryotubes at a concentration of 20·106 cells per tube and frozen using a ramp program that lowers the
temperature 1 °C/minute. WCB cryotubes were transferred to a gas phase nitrogen tank at -180 °C ± 20° (C) Environmental controls, IPCs and
quality control test results are represented in the image
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WCB process validation
WCB production process validation was performed as
shown in Fig. 2b. Environmental controls and IPCs were
carried out during the entire process of WCB prepar-
ation (Table 3). No incidents were detected, and all
batches met defined acceptance criteria. Regarding WCB

specifications, all batches met the acceptance criteria
(Table 4). Sterility tests indicated that all batches were
negative for bacterial and fungal contaminations. All
batches tested negative for Mycoplasma. Morphological
analysis by visual inspection showed adherent cells with
the presence of thin extensions. Complex karyotypes

Table 1 Environmental parameters of MCB process validation. Table summarizing the environmental parameters obtained during
the production of MCB batches. Airborne particles concentration in the sterile cabinet (Grade A) was measured at each step of the
procedure. Particles equal or greater than 0.5 µm met defined acceptance criteria. Particles equal or greater than 5 µm met defined
acceptance criteria. Glove prints of personnel operating in the cabinet (Grade A) were sampled at each step of the procedure. No
microorganisms were detected in agreement with the acceptance criteria. The presence of airborne microorganisms in the cabinet
(Grade A) was monitored at each step of the procedure by using settle plates. No microorganisms were detected on the plates,
meeting defined acceptance criteria

Environmental Parameters Culture Day Batch code:
MCB-HE-01

Batch code:
MCB-HE-02

Batch code:
MCB-HE-03

≥ 0.5 µm particles/m3 HEK293T Thawing Pass Pass Pass

1st passage Pass Pass Pass

2nd passage Pass Pass Pass

MCB Generation Pass Pass Pass

≥ 5 µm particles/m3 HEK293T Thawing Pass Pass Pass

1st passage Pass Pass Pass

2nd passage Pass Pass Pass

MCB generation Pass Pass Pass

Glove Print CFU HEK293T Thawing 0 0 0

1st passage 0 0 0

2nd passage 0 0 0

MCB generation 0 0 0

Settle plates CFU HEK293T Thawing 0 0 0

1st passage 0 0 0

2nd passage 0 0 0

MCB generation 0 0 0

Table 2 MCB specifications. Table summarizing results collected during MCB batch analyses. All MCB batches met defined
acceptance criteria

Parameter Method Acceptance Criteria MCB-HE-01 MCB-HE-02 MCB-HE-03

Morphology Visual Inspection Adherent cells with
thin extensions

Adherent cells with
thin extensions

Adherent cells with
thin extensions

Adherent cells with
thin extensions

Identification PCR Presence of:
D5S818: 8/9
D13S317: 12/14
D7S820: 11
D16S539: 9/13
vWA: 16/18/19
TH01: 7/9/3
Amelogenin: X
TPOX:11
CSF1PO: 11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

Sterility Eu. Ph 2.6.1 Sterile Sterile Sterile Sterile

Mycoplasma Eu. Ph 2.6.7 Absent Absent Absent Absent

Karyotype G-Band Staining Informative Complex Complex Complex

Adventitious viruses Internal method Absence of cytopathic effect Absence Absence Absence

Viability after thawing Trypan Blue Assay ≥ 50.0% 91.9% 96.9% 93.8%
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were detected in all batches, in agreement with previous
studies [17, 18]. Cell viability after thawing was over
90%, in line with the specifications. In general terms,
WCB met defined acceptance criteria and the manufac-
turing process was robust and homogenous.

Simulation tests validation
Before starting the validation process, operating
personnel was involved in the validation of aseptic pro-
cessing conditions by reproducing all steps of MCB and

WCB production with TSB medium. All samples from
simulation batches remained sterile throughout the
process (Table 5). During the simulation process, glove
print and settle plate analyses demonstrated the absence
of viable particles meeting the acceptance criteria for
Grade A working areas (Table 5). These results indicate
that the manufacturing staff was properly trained to
carry out aseptic productions and were not source of
contamination.

Table 3 Environmental parameters of WCB validation. Table summarizing the environmental parameters collected during the
analyses of WCB batches. The concentration of airborne particles in cabinet (Grade A) was measured at each step of the procedure.
Particles equal or greater than 0.5 µm met defined acceptance criteria. Particles equal or greater than 5 µm met defined acceptance
criteria. Glove prints of personnel operating in the cabinet (Grade A) were sampled at each step of the procedure. No
microorganisms were detected, in line with the acceptance criteria. The presence of airborne microorganisms in the cabinet (Grade
A) was monitored at each step of the procedure by using settle plates. No microorganisms were detected meeting defined
acceptance criteria

Environmental Parameters Culture Day Batch code:
MCB-HE-01

Batch code:
MCB-HE-02

Batch code:
MCB-HE-03

≥ 0.5 µm particles/m3 MCB Thawing Pass Pass Pass

1st passage Pass Pass Pass

WCB Generation Pass Pass Pass

≥ 5 µm particles/m3 MCB Thawing Pass Pass Pass

1st passage Pass Pass Pass

WCB generation Pass Pass Pass

Glove Print CFU MCB Thawing 0 0 0

1st passage 0 0 0

WCB generation 0 0 0

Settle plates CFU HEK293T Thawing 0 0 0

1st passage 0 0 0

WCB generation 0 0 0

Table 4 WCB specifications. Table summarizing results obtained during the analyses of WCB batches. All WCB batches met the
acceptance criteria

Parameter Method Acceptance Criteria WCB-HE-01 WCB-HE-02 WCB-HE-03

Morphology Visual Inspection Adherent cells with
thin extensions

Adherent cells with
thin extensions

Adherent cells with
thin extensions

Adherent cells with
thin extensions

Identification PCR Presence of:
D5S818: 8/9
D13S317: 12/14
D7S820: 11
D16S539: 9/13
vWA: 16/18/19
TH01: 7/9/3
Amelogenin: X
TPOX:11
CSF1PO: 11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

8/9
12/14
11
9/13
16/18/19
7/9.3
X
11
11/12

Sterility Eu. Ph 2.6.1 Sterile Sterile Sterile Sterile

Mycoplasma Eu. Ph 2.6.7 Absent Absent Absent Absent

Karyotype G-Band Staining Informative Complex Complex Complex

Adventitious viruses Internal method Absence of cytopathic effect Absence Absence Absence

Viability after thawing Trypan Blue Assay ≥ 50.0% 97% 94.4% 96.4%
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HEK293T cell bank stability over time
Thawing tests of MCB and WCB batches showed an
average cell viability of 94.2% and 95.3% respectively, in-
dicating that the cryopreservation procedure did not
affect cell viability. WCB cryovials were regularly thawed
over a period of 37 months after cryopreservation to test
cell viability. Over time, cell viability was always > 50%,
meeting specifications (Fig. 3a and b), and cell number
was > 10 million cells per batch (Fig. 3c and d).
Altogether, these results confirmed the stability of the
cell line after cryopreservation.

Discussion
In the present work we demonstrated the feasibility, but
also the potential issues, of generating MCB and WCB
under current GMP regulations [15] in academic institu-
tions. According to current regulations, it is crucial to
first implement a risk-based assessment to evaluate every
stage of the manufacturing process (cell culture condi-
tions, cell passages, quality controls and IPCs require-
ments) as well as to evaluate the need of scaling up the
procedure to reach a required cell number per batch.
The main objective of the risk-based assessment is to de-
tect those steps in the manufacturing procedure that
may require mitigation actions to obtain homogeneous
and robust products. In this regard, it is important to

involve in these evaluations all key workers in the manu-
facturing process (i.e. quality control personnel, manu-
facturing personnel, quality assurance personnel and
qualified persons). The present work shows the ap-
proach established at Creatio to validate the production
of GMP-compliant MCB and WCB of the HEK293T cell
line which are currently being used as packaging cells
for GMP-grade lentivirus manufacturing in several CAR
T-cell clinical trials [11, 19].
When a basic research protocol is applied to clinical

studies, the quality of the reagents and starting materials
has to be changed. Frequently, new ATMPs developed
in academic institutions with research-grade reagents
and non-tested starting materials do not achieve the
minimum quality standards required to start the
manufacturing step. The HEK293T are widely used in
research as packaging cells for different viral-vector
production systems such as adeno-associated viruses
(AAVs), retroviruses, adenoviruses (AD) or lentivi-
ruses [20]. For this reason, before using any packaging
cell line such as HEK293T, it is mandatory to analyze its
quality parameters and attributes. In this regard, al-
though according to Chap. 8 of current GMP for ATMP
manufacturing the generation of cell banks is not
mandatory, [15] it is highly recommended when they are
used as starting materials in manufacturing processes,

Table 5 Simulation tests results. Table summarizing results obtained with the three simulation test batches. Particles equal or
greater than 0.5 µm and particles equal or greater than 5 µm in the cabinet (Grade A) met defined acceptance criteria. Gloves of the
operating personnel and airborne microorganisms in cabinet (A grade) were monitored at each step of the simulation test. No
microorganisms were detected in agreement with the acceptance criteria. Samples of the TSB, used throughout the simulation,
were subjected to sterility tests

Parameter Culture Day Batch code:
MF-HE-01

Batch code:
MF-HE-02

Batch code:
MF-HE-03

≥ 0.5 µm particles/m3 1st entrance Pass Pass Pass

2nd entrance Pass Pass Pass

3rd entrance Pass Pass Pass

4th entrance Pass Pass Pass

≥ 5 µm particles/m3 1st entrance Pass Pass Pass

2nd entrance Pass Pass Pass

3rd entrance Pass Pass Pass

4th entrance Pass Pass Pass

Glove Print CFU 1st entrance 0 0 0

2nd entrance 0 0 0

3rd entrance 0 0 0

4th entrance 0 0 0

Settle plates CFU 1st entrance 0 0 0

2nd entrance 0 0 0

3rd entrance 0 0 0

4th entrance 0 0 0

TSB sterility test TSB used during the entire procedure Sterile Sterile Sterile
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since this guarantees the product robustness and
homogeneity.
We analyzed the sterility of three independent batches

from MCB and WCB. The results showed that all the
tested batches of HEK293T MCB and WCB were sterile.
Due to the nature of ATMPs, which are considered as
live products, sterility must be kept throughout the
manufacturing process. Accordingly, cleanrooms must
be validated to guarantee the adequate environment in
terms of pressure, temperature and humidity conditions
as well as of viable and non-viable particles contents. In
addition, a personnel training program, which includes
the simulation of the aseptic process, should be estab-
lished in every pharmaceutical quality system because
workers participating in the manufacturing process are
considered the main source of contamination [15]. Crea-
tio’s personnel involved in MCB and WCB generation
was successfully trained and validated to carry out the
processes under current GMP regulations. Importantly,
a cleaning validation of the Creatio facility was

previously performed to guarantee and keep record of
the cleaning procedures, considered as a critical step.
Another critical aspect is the presence of Mycoplasma in
the raw materials used for ATMPs manufacturing. For
this reason, Mycoplasma test is a mandatory quality con-
trol test. According to the current GMP regulation for
ATMPs manufacturing, [15] the presence of Myco-
plasma in raw materials must be evaluated before
starting the manufacturing process under a risk-based
approach. The original HEK293T stock and the three in-
dependent batches of MCB and WCB were free of
Mycoplasma. In terms of safety, MCB and WCB must
be also free of adventitious viruses. No cytopathic effects
were detected in any batch analyzed, so we can guaran-
tee that raw materials such as FBS or HEK293T cells
used in the manufacturing process were not a source of
adventitious viruses.
Even though the HEK293T cell line will not be used as

a final product, it is necessary to characterize the iden-
tity of this line to ensure its biological properties such as

Fig. 3 Stability program of the WCB. Table (a) and graph (b) showing cell viability after thawing of WCB over a period of 37 months after
cryopreservation. Table (c) and graph (d) showing cell number after thawing of WCB over a period of 37 months after cryopreservation
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growth rates and packaging functions. In this sense, the
presence of specific STRs in MCB and WCB cells coin-
cides with those reported in the certificate of analysis of
the original HEK293T line. Thus, no alterations of the
STRs Amelogenin: X; CSF1PO: 11, 12; D13S317: 12, 14;
D16S539: 9, 13; D5S818: 8, 9; D7S820: 11; THO1: 7, 9.3;
TPOX: 11; vWA: 16, 18, 19 were detected after the
passages performed during the cell banking processes.
Moreover, we also analyzed the karyotype to detect any
alterations caused by cell manipulation and cell amplifi-
cation. The HEK293T line has a complex karyotype
which remains constant between batches. HEK293T
MCB and WCB showed a hypertriploid karyotype with
numerous aberrant chromosomic alterations such as
duplication and chromosomic derivation, as described
elsewhere [17, 18]. These alterations are mainly due to
the genetic instability of this cell line. For this reason,
karyotype testing results are only indicative and do not
need to meet specific acceptance criteria. Nonetheless,
we consider mandatory reporting and documenting karyo-
type information in order to correlate possible alterations
in viral vectors packaging yield with chromosomic
alterations.
Other crucial aspects of cell banking are cryopreserva-

tion and storage conditions [21, 22]. The cryopreservation
of HEK293T MCB and WCB was obtained using a freez-
ing ramp of 1 °C/min. Cell viability after thawing was over
90% indicating that cryopreservation procedure did not
affect the quality of the product. However, different freez-
ing ramps and cryopreservation media should be evalu-
ated when the banking of new cell lines is planned [23].
Creatio’s cryopreservation tanks use a gas phase liquid
nitrogen system that reduces cross-contaminations and
ensure a more homogeneous temperature than those
using liquid phase nitrogen systems. By using this system,
cryopreserved HEK293T cells displayed a long-term
stability > 37 months. Taken together these data show that
cell banking of HEK293T offers an adequate approach to
generate homogeneous cellular products and GMP-grade
MCB and WCB banks with a long-lasting stability which
can help researchers to design ATMPs manufacturing
protocols.
The present approach indicates the minimal require-

ments academic institutions should meet when using
non-GMP cell lines as starting material in a manufactur-
ing process. Although the present work focuses on the
banking of an adherent cell line, it would be equally
possible to establish MCB/WCB of suspension cells
following the same strategy [24–26]. The development
of new technologies for cell therapy products involving
adherent or suspension cell culture is currently under-
way. Bioreactors are emerging as closed systems which
reduce reagent consumption and handling time [27, 28].
In this sense, the present procedure can be applied to

generate cell banks in bioreactor systems. MCBs and
WCBs have been successfully used in different ATMP
manufacturing processes including, among others, mes-
enchymal stem cells, [29, 30] fibroblasts, [31] induced
pluripotent stem cells, or embryonic stem cells [32, 33]
which have been used as a final product ready for ad-
ministration. We would like to highlight the importance
of GMP-compliant cell banking for ATMP manufactur-
ing and translational research.

Conclusions
The manufacturing of a vast majority of ATMPs re-
quires the use of specific cell lines to generate cell or
gene therapy delivery products such as lentivirus- or
adenovirus-based vectors. In this sense, cell banking is a
powerful tool to generate and preserve high-quality cell
lines. Most of the advancements on ATMPs are usually
generated in academic contexts, therefore it is crucial for
researchers to be aware of the regulations applying to
ATMP manufacturing processes. However, academia
seems unaware about the most common regulatory
frameworks governing ATMPs manufacturing in pharma-
ceutical industry. This work presents a GMP-compliant
approach for the cell banking of HEK293T cells in an
academic context. Our work may help academic scientists
understand the rationale behind manufacturing process
design and quality control testing for the generation of cell
banks, an approach that can be adapted to other manufac-
turing processes.
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