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Introduction

This position statement assesses the risk of genetically modified organisms (GMOs) into which
nucleic acid fragments with transforming potential have been introduced.

Nucleic acid fragments with these properties might cause the development of malignant tu-
mours in test animals after injection or application to skin lesions. Therefore, a ‘Position state-
ment of the ZKBS on safety measures for handling nucleic acids with neoplastic transformation
potential’ (Ref. 6790-10-01, updated in December 2016) was published in September 1991 for
generic engineering operations with such nucleic acid sequences.

This current statement complements the one mentioned above from September 1991 with a
risk assessment of handling GMOs into which nucleic acid fragments with transforming poten-
tial have been introduced, and updates the ‘Position statement of the ZKBS on the assessment
of genetically modified organisms into which nucleic acid fragments have been introduced that
code for proteins with gene regulatory function’ (Ref. 6790-10-36) of February 1996.

Assessment of the ZKBS
If

— nucleic acid fragments coding for proteins with transforming potential for mammalian
cells which are under the control of promoters active in mammalian cells, or

— non-coding RNAs (e.g. siRNA, shRNA, miRNA) or non-coding DNA fragments that ex-
ert a transforming effect via the stable deregulation of cellular factors, or nucleic acid
fragments that code for such non-coding RNAs,

are introduced into recipient organisms assigned to risk group 1, the GMOs produced are clas-
sified in risk group 1 if the vector-recipient system used consists of recognised biological safety
measures in accordance with § 7 (3) and (5) GenTSV. Information about the suitability of bac-
teria or fungi as recipient strains for biological safety measures can be found in the database
of recipient strains for biological safety measures. Additionally, according to § 7 (3) GenTSV,

1 former reference number: 6790-10-36
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primary cells and established cell lines can be recognised as part of a biological safety meas-
ure if they do not regenerate into an organism spontaneously or during the intended genetic
engineering operation, and are not contaminated with microorganisms and exogenous viruses.
Information on testing primary cells for exogenous viruses is summarised in the ‘Position state-
ment of the ZKBS on classifying genetic engineering operations with primary cells from verte-
brates’ (Ref. 6790-10-03, updated December 2009, issued May 2010). Information on virus
release of established cell lines is published in the cell line database.

If such nucleic acid fragments are introduced into Escherichia coli BL21 strains, the GMOs are
classified as risk group 1 if the vectors used fulfil the conditions of § 8 (2) GenTSV.

Genetic engineering operations with the abovementioned GMOs are assigned to biosafety
level 1 and are to be carried out in compliance with biosafety level 1 safety measures. When
working with such GMOs, the same personal protection measures must be taken as for han-
dling nucleic acids with neoplastic transforming potential (cf. Position statement of the ZKBS,
Ref. 6790-10-01):

1. Disposable gloves should be worn when working with nucleic acids with the above-
mentioned hazard potential.

2. As specified in Annex 2 Part A I. b. No. 5 of GenTSV, pointed or sharp objects should
only be used when absolutely necessary.

3. Laboratory space and equipment that come into contact with these nucleic acids should
be carefully cleaned after the activity has ended.

4. Laboratory waste containing such nucleic acids should be autoclaved or chemically
denatured.

5. This work should not be carried out by people with skin barrier disorders.

These additional safety measures are not required if the recipient organisms are established
cell lines or primary cells of risk group 1 and all transferred nucleic acid fragments are inte-
grated into the host genome and not stably present in episomes.

If the vector-recipient system used is not a biological safety measure in accordance with § 8 (1)
and (2) GenTSV or a E. coli BL21 strain in combination with vectors that fulfil the conditions of
§ 8 (2) GenTSV, the classification of the GMOs into a risk group must be reviewed on a case-
by-case basis, unless the classification can be made on the basis of the position statements
below.

Reasons

GMOs into which the nucleic acids described above have been inserted could pose a potential
risk to humans if these nucleic acids were transferred to body cells and persist there and are
possibly expressed. In the event of accidental absorption of GMOs through inhalation, inges-
tion, injection or contact with injured skin, there are two principal routes for potential nucleic
acid transfer to human cells:

a) a nucleic acid transfer from the GMOs to the body cells occurs through cell-cell con-
tacts, microvesicles or through cell fusions, or
b) the GMOs are lysed and free nucleic acid is absorbed by the body cells.

regarding a) Nucleic acid transfer from GMOs to body cells
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Direct nucleic acid transfer from E. coli K12 and E. coli BL21 to body cells under in
vivo conditions is not known. Furthermore, E. coli K12, just like E. coli BL21, cannot
establish itself in the body and is quickly eliminated by the body's own defence mech-
anisms such as complement reaction or phagocytosis. E. coli BL21 does not fully
comply with the requirements for recognition as part of biological safety measures, as
no data is available on its ability to propagate outside genetic engineering facilities.
However, E. coli BL21 is a well-characterised strain that is derived from E. coli B and
has been used in microbiological laboratories for decades. Furthermore, E. coli BL21
is closely related to E. coli K122 and is also assigned to phylogroup A. Like E. coli K12,
E. coli BL21 strains are non-pathogenic and unable to establish themself in the mam-
malian body3.

The transfer of nucleic acids from eukaryotic cells requires cell fusion. Although this
can be induced experimentally in vitro, under in vivo conditions the fusion of body
cells with eukaryotic cells is only possible in presence of specific chemical agents that
do not occur in body tissue. Therefore, under normal conditions a direct transfer of
nucleic acids from GMOs to body cells does not need to be considered.

regarding b) Uptake of free nucleic acids from lysed GMOs:

Eukaryotic cells can take up nucleic acids from their environment. This has been
demonstrated both in cell culture and in vivo. However, the efficiency of uptake by
mammalian cells in vitro is low and requires concentrated DNA as well as specific
experimental conditions. The incorporated nucleic acid fragment usually only exists in
the cells in vivo for a short period of time. Furthermore, under in vivo conditions, ex-
tracellular nucleases are expected to rapidly and significantly reduce the availability
of free nucleic acids. Hence, in vivo uptake by cells, persistence and expression of
nucleic acids released from GMOs after lysis is unlikely.

The probability of the events mentioned under a) and b) is considered to be very low if the
recommended personal protection measures, which are also recommended for working with
nucleic acids possessing oncogenic potential, are followed.

Additional precautionary measures are recommended for episomal plasmids due to their rela-
tively small size and high copy numbers, potentially resulting in increased transferability. The
precautionary measures stated above are not necessary when working with eukaryotic cell
lines or primary cells containing transforming nucleic acids stably integrated into the genome,
as a transfer out of the chromosomal context is less likely to occur.

Further information specific to the respective genetic engineering operations are to be found

in the general position statements of the ZKBS below:

Position statement of the ZKBS on safety measures for handling nucleic acids with
neoplastic transformation potential (Ref. 6790-10-01, updated in December 2016)

Recommendation of the ZKBS on adenoviral and AAV-derived replication-defective vi-
ral particles which transfer a nucleic acid segment with neoplastic transformation po-

tential (Ref. 6790-10-83, updated in April 2020)

2 Studier FW, et al. (2009) J Mol Biol 394(4):653-680.
Jeong H, et al. (2009) J Mol Biol 394(4):644-652.
3 Chart H, et al. (2000) J App! Microbiol 89(6):1048-1058.
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General position statement of the ZKBS on frequently carried out genetic engineering
operations based on the criteria of comparability: Stable and transient gene expression
using y-retroviral and lentiviral vectors (Ref. 6790-10-41, updated in February 2020)

General position statement of the ZKBS on frequently carried out genetic engineering
operations based on the criteria of comparability: Genetic engineering work with RNA
viruses derived from Minigenomes, replicons and virus-like particles for introduction
into human or animal cells (Ref. 45310.0118, February 2021)

Position statement of the ZKBS on classifying genetic engineering operations with pri-
mary cells from vertebrates (Ref. 6790-10-03, updated in December 2009, issued May
2010)
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