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PART 1 (COUNCIL DECISION 2002/813/EC) 

 

 

SUMMARY NOTIFICATION INFORMATION FORMAT FOR THE RELEASE OF 

GENETICALLY MODIFIED ORGANISMS OTHER THAN HIGHER PLANTS IN 

ACCORDANCE WITH ARTICLE 11 OF DIRECTIVE 2001/18/EC 

 

In order to tick one or several possibilities, please use crosses (meaning x or X) into the space 

provided as (.) 

 

A. General information 

 

1. Details of notification 

 

(a) Member State of notification Spain 

(b) Notification number  B/ES/22/20 

(c) Date of acknowledgement of notification 22 July 2022  

(d) Title of the project  

A Phase 1/2, Open-Label, Dose-Escalation Study to Determine the Safety, Tolerability, and 

Efficacy of BMN 331, an Adeno-Associated Virus (AAV) Vector-Mediated Gene Transfer 

of Human SERPING1, in Subjects with Hereditary Angioedema (HAE) due to Human C1 

Esterase Inhibitor (C1-INH) Deficiency     

(e) Proposed period of release  

June 2023-September 2028 

 

2. Notifier 

 

Name of institution or company:  BioMarin Pharmaceutical Inc.  

      105 Digital Drive, Novato, CA, 94949, USA 

 

3. GMO characterisation  

 

BMN 331 is an in vivo gene therapy intended for the treatment of Hereditary Angioedema. 

This recombinant replication-incompetent vector (BMN 331) is a genetically modified organism 

(GMO) based on an adeno-associated virus (AAV) serotype 5 (AAV5) containing a sequence that 

codes for wild type (WT) human C1 esterase inhibitor (C1-INH). 

 

(a) Indicate whether the GMO is a: 

 

 viroid   (.) 

 RNA virus  (.) 

 DNA virus  (X) 

 bacterium   (.) 

 fungus    (.) 

 animal     

- mammals   (.) 

- insect   (.) 

- fish   (.) 

- other animal  (.)  
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specify phylum, class  … 

(b) Identity of the GMO (genus and species) 

Genus: Dependoparvovirus,  

Species: Adeno-associated virus/ serotype 5 (AAV 5) 

 

(c) Genetic stability – according to Annex IIIa, II, A(10) 

The genetic stability of BMN 331 is expected to be similar to wild-type AAV. 

 

After a natural infection with wild-type AAV, viral genomes mainly persist as circular 

episomes in human tissues. Similarly to wild-type AAV, the single-stranded genomes of 

AAV-based vectors become converted into double-stranded, circularised, monomeric or 

concatemeric, episomes after transducing the cells. These stable DNA forms maintain the 

long-term expression of the transgene. 

 

Certain wild-type AAVs can stably integrate at a specific locus of the host cell genome 

(AAVS1 in human chromosome 19 long arm); in case of integration, they remain non-

pathogenic. In contrast, due to the lack of viral rep and cap genes, the recombinant AAVs 

(such as BMN 331) have lost the ability to integrate at specific sites in the host cell genome 

and are expected to remain present in the cells in episomal forms. The absence of the AAV 

rep and cap genes in the BMN 331 genome also means the vector cannot replicate and 

produce viral particles even in the presence of a helper virus such as an adenovirus (unlike 

its parental organism AAV5). 

 

In general, DNA viruses have greater genetic stability than RNA viruses. DNA is more 

thermodynamically stable than RNA and DNA replication is a less error prone process than 

is replication of RNA. 

 

Genetic stability of BMN 331 is supported by production under cGMP regulations, and 

verified by testing for purity, potency and composition. Genetic stability was demonstrated 

on three levels: stability of the vector genome sequence, stability indicated by protein 

production in vitro, and stability indicated by functional protein production in vivo. 

 

DNA sequencing of BMN 331 demonstrated that vector genome integrity is maintained at 

the end of the manufacturing process. A cell-based potency assay verified that BMN 331 

makes human C1-INH in vitro, and mouse studies demonstrated that BMN 331 makes 

functional human C1-INH in a dose dependent manner in vivo. 

 

BMN 331 is replication deficient and has been tested for purity to demonstrate that no 

detectable replication-competent AAV is present. Homologous recombination may occur if a 

host cell is co-infected with wild type AAV plus a helper virus and BMN 331 Drug Product 

(DP), requiring a triple infection. However, such recombination could only result in the 

exchange of the hSERPING1 expression cassette with the rep and cap genes of the wild type 

virus. It is not possible for the AAV genome to contain both rep and cap genes and the 

transgene, as the size of such a genome would significantly exceed the packaging limit of the 

virion. 
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4. Is the same GMO release planned elsewhere in the Community (in conformity with Article 

6(1)), by the same notifier? 

Yes (X)  No (.) 

If yes, insert the country code(s) FR  

 

5. Has the same GMO been notified for release elsewhere in the Community by the same 

notifier? 

 Yes (.)  No (X) 

 If yes: 

- Member State of notification   

- Notification number    

6. Has the same GMO been notified for release or placing on the market outside the 

Community by the same or other notifier? 

 Yes (.)  No (X) 

 If yes: 

- Member State of notification  … 

- Notification number    

 

7. Summary of the potential environmental impact of the release of the GMOs. 

According to the Good Practice on the Assessment of GMO-Related Aspects in the Context of Clinical 

Trials with AAV Clinical Vectors, the following hazards and risks are evaluated. 

 

Hazards to the environment:  

Like the parental wild-type AAV5, BMN 331 vector is not known to infect any organisms in 

the environment except primates. The absence of the AAV rep and cap genes in the BMN 331 

genome also means the vector cannot replicate and produce viral particles even in the presence 

of a helper virus such as an adenovirus (unlike its parental organism AAV5). There is a chance 

that gene transfer could be made to unintended human recipients, however because the amount 

would be so low the result would be negligible.  

 

Hazards associated with the release of replication competent AAVs:  

Unlike the parent virus, the vector is not replication-competent even in the presence of a helper 

virus. The absence of wild-type AAV genome, with the exception of two short AAV ITR 

sequences, reduces the probability of homologous recombination with related viruses that 

could lead to variants of the GMO. The only condition under which the vector would be able 

to replicate is a simultaneous infection of the same cell by the vector, by a wild-type AAV able 

to provide compatible rep and cap genes, and a helper virus. This scenario is expected to be a 

rare event, especially since the vector target cells (liver) are not the natural target cells of helper 

viruses. If it did occur, it would only result in the production of more wild type AAV and more 

BMN 331 vector particles (which would still lack rep and cap genes and consequently could 

not be self-sustaining).  

 

Determination of the overall risk and conclusions 

Given the very narrow host range, the very low probability of acquiring replication 

competence, and the control measures adopted by the sponsor, the overall risks for human 

health and to the environment from the BMN 331 vector can be considered negligible. 

 

B. Information relating to the recipient or parental organism from which the GMO is 

derived 

 



Page 4 of 19 

1. Recipient or parental organism characterisation: 

 

(a) Indicate whether the recipient or parental organism is a: 

 

(select one only) 

 

 viroid   (.) 

 RNA virus  (.) 

 DNA virus  (X) Serotype 5 (AAV5) for capsid 

 bacterium   (.) 

 fungus    (.) 

 animal     

- mammals   (.) 

- insect   (.) 

- fish   (.) 

- other animal  (.) 

(specify phylum, class)  … 

 

 other, specify  … 

 

2. Name 

(i) order and/or higher taxon (for animals) … 

(ii) genus      Dependoparvovirus 

(iii) species      Adeno-associated virus  

(iv) subspecies     serotype 5 (AAV5) 

(v) strain      … 

(vi) pathovar (biotype, ecotype, race, etc.)  … 

(vii) common name     Adeno-associated virus  

 

3. Geographical distribution of the organism 

 

 (a) Indigenous to, or otherwise established in, the country where the notification is made: 

  Yes (X)  No (.)  Not known (.) 

 

(b) Indigenous to, or otherwise established in, other EC countries: 

  (i) Yes   X 

 

If yes, indicate the type of ecosystem in which it is found: 

 

Atlantic  X 

Mediteranean  X 

Boreal   X 

Alpine   X 

Continental  X 

Macaronesian  X 

 

(ii) No   (.) 

(iii) Not known  (.) 

 

 (c) Is it frequently used in the country where the notification is made? 
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  Yes (.)  No (X) 

 

(d) Is it frequently kept in the country where the notification is made? 

Yes (.)  No (X) 

 

4. Natural habitat of the organism 

 

(a) If the organism is a microorganism 

 

water      (.) 

soil, free-living    (.) 

soil in association with plant-root systems (.) 

in association with plant leaf/stem systems (.) 

other, specify     (X) 

Specific hosts are humans and non-human primates. 

 

(b) If the organism is an animal: natural habitat or usual agroecosystem: 

Not applicable 

 

5. (a) Detection techniques 

The presence of AAV may be detected in clinical samples in three ways: 

1. Polymerase Chain Reaction (PCR).  

2. Viral culture  

3. Enzyme-Linked Immunosorbent Assay (ELISA) methods 

 

 (b) Identification techniques 

  See 5a 

 

6. Is the recipient organism classified under existing Community rules relating to the protection 

of human health and/or the environment? 

 Yes (.)  No (X)  

 If yes, specify 

  

  

7. Is the recipient organism significantly pathogenic or harmful in any other way (including its 

extracellular products), either living or dead? 

 Yes (.)  No (X)  Not known (.) 

 

 If yes: 

 

(a) to which of the following organisms: 

 

humans (.) 

animals (.) 

plants  (.) 

other  (.) 

 

(b) give the relevant information specified under Annex III A, point II. (A)(11)(d) of 

Directive 2001/18/EC… 
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8. Information concerning reproduction 

 

(a) Generation time in natural ecosystems:  

AAV5 requires the co-infection of a helper virus so replication in an infected host can 

take from 24 to 48 hrs but does not occur in the absence of an appropriate helper 

virus. 

 

(b) Generation time in the ecosystem where the release will take place: 

AAV5 requires the co-infection of a helper virus so replication in an infected host can 

take from 24 to 48 hrs but does not occur in the absence of an appropriate helper 

virus. 

 

(c) Way of reproduction: N/A (X)            Sexual..      Asexual..  

 

(d) Factors affecting reproduction: 

The only way that an AAV5 vector might be replicated would be in the presence of a 

helper virus, such as adenovirus. 

 

9. Survivability 

 

(a) ability to form structures enhancing survival or dormancy: 

 

(i) endospores   (.) 

(ii) cysts    (.) 

(iii) sclerotia   (.) 

(iv) asexual spores (fungi)  (.) 

(v) sexual spores (funghi)  (.) 

(vi) eggs    (.) 

(vii) pupae    (.) 

(viii) larvae    (.) 

(ix) other, specify    

AAV does not form survival structures but can remain infectious for at least a 

month at room temperature following simple desiccation or lyophilization. 

 

(b) relevant factors affecting survivability: 

Replication of wild-type AAV is dependent on co-infection of helper viruses such as 

adenovirus. AAV can remain infectious for at least a month at room temperature 

following simple desiccation or lyophilization. 

 

10. (a) Ways of dissemination 

 AAV is thought to be spread in nature via inhalation of aerosolized droplets, mucous 

membrane contact or ingestion. 

 

 (b) Factors affecting dissemination 

 Environmental conditions which may affect survival of AAV5 outside the host are 

temperature, pH and environmental humidity. 

 

11. Previous genetic modifications of the recipient or parental organism already notified for 

release in the country where the notification is made (give notification numbers) 
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 Notification of genetic modifications of the parental organism has been notified by BioMarin 

Pharmaceutical Inc. in Spain with the notification number B/ES/20/05 

C. Information relating to the genetic modification 

 

1. Type of the genetic modification 

 

(i) insertion of genetic material  X 

(ii) deletion of genetic material  X 

(iii) base substitution   (.) 

(iv) cell fusion    (.) 

(v) others, specify  … 

 

2. Intended outcome of the genetic modification 

 The outcome of the genetic modifications is to replace the wild-type AAV genome with an 

engineered, synthetic genome. This substitution eliminates the rep and cap gene sequences, 

leading to the loss of replication ability, and instead introduces the human SERPING1 

transgene expression cassette leading to the expression of functional C1-INH in the liver. 

 

The encoded human C1-INH amino acid sequence is identical to wild type.  The other 

sequences in the vector genome are synthetic.  

 

3. (a) Has a vector been used in the process of modification? 

 Yes (X)  No (.) 

 

 If no, go straight to question 5. 

 

 (b) If yes, is the vector wholly or partially present in the modified organism? 

 Yes (X)  No (.) 

 

 If no, go straight to question 5. 

 

4. If the answer to 3(b) is yes, supply the following information 

 

 (a) Type of vector 

 

  plasmid   (X) 

  bacteriophage   (.) 

  virus    (X) 

  cosmid    (.) 

  transposable element  (.) 

  other, specify  … 

 

 (b) Identity of the vector 

BMN 331 is manufactured in a baculovirus expression vector system by co-infecting insect 

host cells with hSERPNG1 and rep/cap recombinant baculoviruses (rBVs). These 

baculoviruses are derived from hSERPING1 and rep/cap recombinant bacmids.  The 

bacmids are circular, double stranded DNA encoding the rBV genome. The hSERPING1 

bacmid carries the source sequence for the BMN 331 vector genome. The rep/cap bacmid 

carries the AAV rep and cap genes required for BMN 331 production. 
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Therefore, the vectors in this context are the hSERPING1 and rep/cap bacmids and the 

corresponding hSERPING1 and rep/cap rBVs. 

 

 (c) Host range of the vector 

The bacmids were constructed using standard molecular biological techniques and are 

propagated in E. coli cells. The rBVs infect and can be propagated in lepidopteran insect cells. 
 

 (d) Presence in the vector of sequences giving a selectable or identifiable phenotype 

 Yes (X)  No (.) 

 

  antibiotic resistance (X)  

  other, specify   

 

 Constituent fragments of the vector 

The hSERPING1 bacmid carries the source sequence for the BMN 331 vector genome 

consisting of AAV ITRs and the hSERPING1 expression cassette. The rep/cap bacmid carries 

the AAV rep and cap genes required for BMN 331 production. 

 

 (f) Method for introducing the vector into the recipient organism 

 

(i) transformation  (.) 

(ii) electroporation (.) 

(iii) macroinjection (.) 

(iv) microinjection  (.) 

(v) infection  (X) 

(vi) other, specify …transfection 

 

The bacmids are transfected into insect cells to generate rBVs. 

rBVs infect insect host cells during the production of BMN 331. 

 

5. If the answer to question B.3(a) and (b) is no, what was the method used in the process of 

modification? 

 

(i) transformation  (.) 

(ii) microinjection  (.) 

(iii) microencapsulation (.) 

(iv) macroinjection (.) 

(v) other, specify … 

 

6. Composition of the insert 

 

 (a) Composition of the insert 

 The hSERPING1 expression cassette comprises the coding sequence for human C1-INH, 

which is under the control of a liver selective promoter and is terminated by a 

polyadenylation sequence. The cassette is flanked by AAV ITRs.  

 

 (b) Source of each constituent part of the insert 

 The encoded human C1-INH amino acid sequence is identical to wild type. The other 

sequences in the genome and promoter are synthetic:  
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The expression cassette is flanked by ITRs derived from AAV that are necessary for genome 

rescue and packaging during the production. 

 

 (c) Intended function of each constituent part of the insert in the GMO 

The expression cassette is limited to the required elements designed to optimize expression of 

functional human CI-INH under control of a liver-selective promoter and human-derived 

intron.  

The inverted terminal repeats are necessary for the packaging of the vector genome into the 

capsid and the formation of the episomal concatemers in the transduced cells. 

 

(e) Location of the insert in the host organism 

 

  - on a free plasmid   (.) 

  - integrated in the chromosome  (.) 

- other, specify: as single stranded DNA encapsidated in an AAV5 capsid 

 

(f) Does the insert contain parts whose product or function are not known? 

Yes (.)  No (X) 

 If yes, specify  … 

 

D. Information on the organism(s) from which the insert is derived 

The following information relates to the organism from which the inserted gene 

(hSERPING1) is derived. 

 

1. Indicate whether it is a: 

 

viroid   (.) 

 RNA virus  (.) 

 DNA virus  (.) 

 bacterium   (.) 

 fungus    (.) 

 animal     

- mammals   (X) 

- insect   (.) 

- fish   (.) 

- other animal  (.) 

(specify phylum, class)  … 

 other, specify   

 

2. Complete name 

 

(i) order and/or higher taxon (for animals) …Primates 

(ii) family name for plants   …N/A 

(iii) genus      …Homo 

(iv) species      …sapiens 

(v) subspecies     …sapiens 

(vi) strain      …N/A 

(vii) cultivar/breeding line    …N/A 

(viii) pathovar      …N/A 

(ix) common name     …Human 
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3. Is the organism significantly pathogenic or harmful in any other way (including its 

extracellular products), either living or dead? 

Yes (.)  No (X)  Not known (.) 

 If yes, specify the following: 

(b) to which of the following organisms: 

 

humans (.) 

animals (.) 

plants  (.) 

other   

 

(b) are the donated sequences involved in any way to the pathogenic or harmful 

properties of the organism 

  Yes (.)  No (X)  Not known (.) 

 

  If yes, give the relevant information under Annex III A, point II(A)(11)(d): 

 

4. Is the donor organism classified under existing Community rules relating to the protection of 

human health and the environment, such as Directive 90/679/EEC on the protection of 

workers from risks to exposure to biological agents at work? 

Yes (.)  No (X) 

 If yes, specify  … 

 

5. Do the donor and recipient organism exchange genetic material naturally? 

 Yes (X)  No (.)  Not known (.) 

 After a natural infection with wild-type AAV, it was demonstrated that viral genomes are 

mainly present as circular episomes in human tissues, but integration into the host genome can 

also occur at some level. 

 

E. Information relating to the genetically modified organism 

 

1. Genetic traits and phenotypic characteristics of the recipient or parental organism which have 

been changed as a result of the genetic modification 

 

 (a) is the GMO different from the recipient as far as survivability is concerned? 

Yes (.)  No (X)  Not known (.) 

    

BMN 331, if secreted by shedding, will have similar survival/stability characteristics 

to the wild type virus (AAV5). 

 

(b) is the GMO in any way different from the recipient as far as mode and/or rate of 

reproduction is concerned? 

  Yes (X)  No (.)  Unknown (.) 

 

Due to the lack of AAV rep and cap genes, the recombinant AAVs (such as BMN 331) 

have lost the ability to integrate at specific sites in the host cell genome and are expected 

to remain present in the cells in episomal forms. The absence of the AAV rep and cap 

genes in the BMN 331 genome also means the vector cannot replicate and produce viral 
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particles even in the presence of a helper virus such as an adenovirus (unlike its parental 

organism AAV5). 

  

(c) is the GMO in any way different from the recipient as far as dissemination is 

concerned? 

Yes (X)  No (.)  Not known (.) 

   

As BMN 331 cannot replicate, dissemination will be limited to its 

administration to the patients in the clinical study. 
 

(d) is the GMO in any way different from the recipient as far as pathogenicity is 

concerned? 

Yes (.)  No (X)  Not known (.) 

 Specify  

Neither wild type AAV5 nor the experimental vector BMN 331 is known to be 

pathogenic to humans. 

   

2. Genetic stability of the genetically modified organism 
  

 The genetic stability of BMN 331 is expected to be similar to wild-type AAV.  

 BMN 331 cannot replicate, even in the presence of a helper virus, since it lacks the rep and 

cap genes required for rescue/packaging. Based on the fact that long term therapeutic activity 

of the investigational drug is not dependent on replication of the recombinant AAV, and the 

known genetic stability of the parent wild type AAV, the genetic traits of the organism are 

expected to be stable. 

See also section A.3c 
 

3. Is the GMO significantly pathogenic or harmful in any way (including its extracellular 

products), either living or dead? 

Yes (.)  No (X)  Unknown (.) 

 

 (a) to which of the following organisms? 

 

  humans (.) 

  animals (.) 

  plants  (.) 

  other  … 

 

(b) give the relevant information specified under Annex III A, point II(A)(11)(d) and 

II(C)(2)(i) 

Not applicable. 
 

4. Description of identification and detection methods 

 

 (a) Techniques used to detect the GMO in the environment 

Polymerase chain reaction (PCR) based methods using vector genome specific 

primers can be used to detect GMO genetic elements.  
 

 (b) Techniques used to identify the GMO 
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Polymerase chain reaction based methods using vector genome specific primers can 

be used to detect GMO genetic elements.  

 

 

F. Information relating to the release 

 

1. Purpose of the release (including any significant potential environmental benefits that may be 

expected) 

The purpose of the release is a Phase 1/2, Open-Label, Dose-Escalation Study to Determine 

the Safety, Tolerability, and Efficacy of BMN 331, an Adeno-Associated Virus (AAV) Vector-

Mediated Gene Transfer of Human SERPING1, in Subjects with Hereditary Angioedema 

(HAE) due to Human C1 Esterase Inhibitor (C1-INH) Deficiency. 

 

A single administration of BMN 331 in humans is expected to restore C1-INH(f) levels at or 

above the lower limit of normal (LLN) C1-INH(f) (Longhurst 2017), thus reducing the need 

for on-demand and prophylactic medications and allowing for reduction or prevention of 

HAE attacks. 

 

2. Is the site of the release different from the natural habitat or from the ecosystem in which the 

recipient or parental organism is regularly used, kept or found? 

Yes (.)  No (X) 

 If yes, specify:   

 

3. Information concerning the release and the surrounding area 

 

(a) Geographical location (administrative region and where appropriate grid reference): 

 

The IMP dosing will take place at the dosing facility: 

 

Site 
Hospital Universitario La Paz 
Hospital Universitari Vall d'Hebron 

 

 

 (b) Size of the site (m2):   … m2 

  (i) actual release site (m2): Not applicable 

 (ii) wider release site (m2): Not applicable 

 

(c) Proximity to internationally recognized biotopes or protected areas (including 

drinking water reservoirs), which could be affected: 

Not applicable considering that shed material, if any at all, is non-infectious.  
 

(d) Flora and fauna including crops, livestock and migratory species which may 

potentially interact with the GMO 
None. 

 

4. Method and amount of release 

 

(a) Quantities of GMOs to be released: 
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Maximum concentration of GMO planned to be administered per patient is 6E14 vg/kg. 

A total of 4  patients will be treated in Spain in this trial.. 

 

(c) Duration of the operation:  

Following a 28-day screening period and a 4-week baseline period, subjects in Part A and 

Part B will be followed for 5 years after administration of BMN 331 to assess long-term 

safety and efficacy 

 

(c) Methods and procedures to avoid and/or minimise the spread of the GMOs beyond 

the site of the release 

Preparation of the investigational product will take place in an approved hospital environment. 

The administration of the investigational product will be made by authorized trained personnel 

at the study dosing site according to good clinical practice and the study protocol. At the 

Hospital Universitario La Paz it will be received and stored in the Pharmacy Facility in the 

Clinical Trials Unit. The preparation will be carried out there. It will be transported to the 

Clinical Trials Unit in an anti-spill box, at a distance of less than 50 meters. Administration to 

the patient will be performed at the Clinical Trial Unit. All leftover/disposable material will be 

sent for destruction according to the usual internal procedure of Hospital Universitario La Paz 

At Hospital Universitario Vall d'Hebron it will be received and stored at the Pharmacy Facility 

in the Clinical Trials Unit. Preparation, transport, storage and administration of BMN331 will 

be carried out according to the usual internal procedure of the Hospital Universitario Vall 

d'Hebron.   

 

The primary mode of containment during the IV administration procedure is application of 

Standard/Universal Precautions for infectious materials. Personnel handling the GMO will 

wear disposable apron, gloves, eye protection and surgical masks. Labs for processing clinical 

samples, e.g. bloods etc. would use standard precautions for bodily fluids. Samples will not be 

analysed in Spain. 

 

All personnel involved in the administration of investigational product must attend an in-

service training on the proper method for administration and participate in a dry run of its setup 

and operation prior to infusing the first subject. The investigational sites abide by all EU, 

country and self-imposed guidelines regarding the conduct of clinical trials.We believe that 

research conducted within this framework adequately mitigates the risks of such research to 

the public health and therefore no additional measures will be undertaken. Only qualified 

personnel who are familiar with procedures that minimize undue exposure to themselves and 

to the environment will undertake the preparation, handling and safe disposal of BMN 331.  

 

Destruction of unused investigational product and destruction or decontamination of all 

materials that may have been contaminated by the investigational product is discussed in the 

section on waste treatment. 

 

5. Short description of average environmental conditions (weather, temperature, etc.) 

The clinical trial will occur in Spain in treatment rooms with ambient indoor conditions.  

 

6. Relevant data regarding previous releases carried out with the same GMO, if any, specially 

related to the potential environmental and human health impacts from the release. 

None. 
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G. Interactions of the GMO with the environment and potential impact on the 

environment, if significantly different from the recipient or parent organism 

 

1. Name of target organism (if applicable) 

(i) order and/or higher taxon (for animals)  Primates 

(ii) family name for plants   N/A 

(iii) genus      Homo 

(iv) species      sapiens 

(v) subspecies     sapiens 

(vi) strain      N/A 

(vii) cultivar/breeding line    N/A 

(viii) pathovar      N/A 

(ix) common name     Human 

 

2. Anticipated mechanism and result of interaction between the released GMOs and the target 

organism (if applicable) 

BMN 331 is a vector coding for a functional form of human C1-INH. The vector is brought 

into hepatocytes via binding to viral capsid receptors on the surface of liver cells, then the 

capsid translocates to the nucleus, uncoating of the viral capsid proteins occurs, then the DNA 

is released, where it is thought to remain in a stable episomal form. In the nucleus, the liver 

specific promoter driven transgene codes for the human C1-INH protein that is secreted from 

the hepatocytes. A similar process is anticipated for other cell types in which the vector 

distributes to a lower extent. 

 

In the case of transfer of vector to an unintended human recipient, the risks are expected to be 

considerably reduced, since the vector is not able to replicate and the ‘dose’ which may 

conceivably be transferred (from e.g. aerosol, splashing or fomites) will be orders of magnitude 

lower than that received by patients.  

 

The possibility of inadvertent transfer of the vector has been directly examined (Croteau, 

2004). In this study an AAV vector was administered by nebulized aerosol to patients with 

cystic fibrosis and the exposure of health care workers involved in the vector administration 

was examined. Some low airborne vector particles were detected and the estimated dose to 

which the health care workers were potentially exposed was estimated to be 0.0006% of the 

administered dose of 1013 vg.  No negative health effects were reported and the health care 

workers serologic status for AAV2 did not change. Nebulization might be considered a “worst 

case” for dissemination of the vector to others. 

 

3. Any other potentially significant interactions with other organisms in the environment 

AAV5 is not known to infect any organisms in the environment except primates.  

 

4. Is post-release selection such as increased competitiveness, increased invasiveness for the 

GMO likely to occur? 

 Yes (.)  No (X)  Not known (.) 

 Give details 

 

5. Types of ecosystems to which the GMO could be disseminated from the site of release and in 

which it could become established 
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Refer to points G (2 and 3). As the GMO is replication incompetent, if dissemination were to 

occur from the site of release, for example via shedding, the GMO won´t be able to establish 

in the ecosystem. 

The host range or cell tropism of the GMO is solely determined by the capsid, and the 

substitution of the AAV5 genome by an engineered genome encoding human C1-INH is not 

expected to affect host range or cell tropism in any way. 

 

6. Complete name of non-target organisms which (taking into account the nature of the 

receiving environment) may be unintentionally significantly harmed by the release of the 

GMO                             

Not applicable 

 

(i) order and/or higher taxon (for animals) … 

(ii) family name for plants   … 

(iii) genus      … 

(iv) species      … 

(v) subspecies     … 

(vi) strain      … 

(vii) cultivar/breeding line    … 

(viii) pathovar      … 

(ix) common name     … 

 

7. Likelihood of genetic exchange in vivo 

 

 (a) from the GMO to other organisms in the release ecosystem: 

BMN 331 is a replication-incompetent virus derived from AAV5. The genetic modifications 

do not affect its natural host and tissue tropism. In the clinical trial, genetic transfer of BMN 

331 to liver cells for endogenous protein expression of human C1-INH is the intended 

mechanism of action in recipient human subjects.  

No transfer of genetic material between the GMO and other organisms is predicted.  

 

It is not possible for the AAV genome to contain both rep and cap genes and the transgene, as 

the size of such a genome would significantly exceed the packaging limit of the virion.  

 

 (b) from other organisms to the GMO: 
The same theoretical scenario described above for genetic exchange of GMO DNA with wild 

type AAV applies also here. 

 

(d) likely consequences of gene transfer: 

It is not possible for the AAV genome to contain both rep and cap genes and the transgene, as 

the size of such a genome would significantly exceed the packaging limit of the AAV capsid.  

 

8. Give references to relevant results (if available) from studies of the behaviour and 

characteristics of the GMO and its ecological impact carried out in stimulated natural 

environments (e.g. microcosms, etc.): 

No specific studies have been conducted regarding transmission of BMN 331 between humans 

or animals.  

 

9. Possible environmentally significant interactions with biogeochemical processes (if different 

from the recipient or parental organism) 
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None known or predicted. AAV is not known to be involved in any biogeochemical processes. 

It does not respire and does not contribute to primary production or decomposition processes. 

In its virion form, it does not display any metabolic activity. 

 

H. Information relating to monitoring 

 

1. Methods for monitoring the GMOs 

Vector shedding in blood, saliva, urine, stool and semen will be monitored at several time 

points after administration utilizing polymerase chain reaction (PCR). 

 

2. Methods for monitoring ecosystem effects 

 No monitoring of the environment or unintended recipients is planned or considered necessary. 

 

3.  Methods for detecting transfer of the donated genetic material from the GMO to other 

organisms 

Bodily samples will be tested by PCR. However, it has been shown that the material from 

shedding is not infectious and thus transfer of donated genetic material from the patient to other 

organisms is not envisaged. 

 

4. Size of the monitoring area (m2) 

 Not applicable 

 

5. Duration of the monitoring 

 Testing of each sample (Blood, saliva, urine, and semen) will continue until at least 3 

consecutive negative results are obtained for that fluid. 

 

Matrices tested include blood, saliva, semen, urine, stool. Testing of individual matrices 

should continue until 3 consecutive samples below the limit of detection are documented (or 

upon consultation between the investigator and the BioMarin medical monitor). If a positive 

result is obtained in a matrix after 3 consecutive results below the limit of detection have 

already been recorded, testing in that matrix should restart and continue until an additional 

3 consecutive results below the limit of detection have been obtained in order to confirm 

clearance. Testing of semen will continue at least through Week 12, even if 3 consecutive 

results below the limit of detection have been recorded in that compartment prior to that 

timepoint. For subjects who have not had 3 consecutive semen samples below the limit of 

detection by Week 48, 2 additional semen samples should be obtained (after the first result 

below the limit of detection has been obtained) to confirm a negative result (approximately 

1 to 2 weeks apart). 

 

6. Frequency of the monitoring 

 Duration of vector genomes in blood, saliva, urine, stool, and semen will be checked at pre-

infusion, weekly up to week 2, biweekly from week 2 to week 4, monthly from week 4 to 

week 48, every three months from week 48 to week 240 following BMN 331 administration.  

 

I. Information on post-release and waste treatment 

 

1. Post-release treatment of the site 

All disposable materials (including but not limited to gloves, masks, syringes, needles, catheter 

and tubing) that come into contact with the investigational product will be disposed of as 
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biohazardous materials. The materials will be disposed of in sharps containers or biohazard 

bags and decontaminated by autoclave and/or incineration.  

 

The unused investigational product and vials, stopper and crimp seal will be decontaminated 

with a fresh 10% bleach solution and autoclaved and/or incinerated. Following 

decontamination, materials will be disposed of as biohazardous waste. If excess investigational 

product is inactivated by chemical means it can be poured down a sink with running water.  

Non-disposable materials, equipment and surfaces will be decontaminated with 10% bleach 

solution. 

 

2. Post-release treatment of the GMOs 

 Instructions for, and worksheets documenting the destruction of unused undiluted 

investigational product, along with associated generated waste, will be followed and 

documented by the hospital staff in the dosing site. Treatment with 10% bleach solution, 

autoclave, and/or incineration will be used for destruction of the GMO. 

 

3. (a) Type and amount of waste generated 

BMN 331 will be administered by a single intravenous infusion into eligible, consenting 

adult males and females with Hereditary Angioedema (HAE) due to Human C1 Esterase 

Inhibitor (C1-INH) Deficiency 

 

Waste generated from the preparation and infusion of BMN 331 will be limited to:  

• Used vials of the Investigational Medicinal Product  

• Used preparation equipment in the pharmacy; syringes, needles, vials  

• Used Infusion bags and infusion kits  

• Bags used to transport potentially contaminated equipment to and from the pharmacy  

• Used swabs and items used to clean injected area  

• Personal Protective Equipment used during dose preparation and administration  

 

3. (b) Treatment of waste 

BMN 331 is a replication-deficient non-pathogenic virus which is considered to present a much 

lower hazard to human health than other human biological waste which is frequently disposed 

of in medical facilities. BMN 331 is sensitive to inactivation by a variety of commonly 

available physical and chemical methods.  

Any unused or partially used BMN 331 will be retained at the dosing facility for investigational 

drug accountability and monitoring. BMN 331 may be destroyed at the dosing facility, using 

either 10% bleach solution, autoclave, or incineration. Any other disposable instruments or 

other materials used during the dose preparation procedure will be disposed of as potentially 

biohazardous materials. 

 

J. Information on emergency response plans 

 

1. Methods and procedures for controlling the dissemination of the GMO(s) in case of 

unexpected spread 

No specific procedures for controlling the dissemination of the GMO in the case of unexpected 

spread are deemed necessary beyond the current risk management strategy.  

Any spread of BMN 331 to unintended human recipients is therefore highly unlikely and would 

be isolated to single cases in discrete geographical locations. The risk of widespread infection 

is considered negligible. 
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The current risk management strategy includes use of secure storage to limit access, training 

all personnel at the sites, handling and application being restricted to trained personnel, patients 

to be instructed to use basic hygiene measure, recording of any accidental human exposure, 

use of the material safety data sheet and pharmacy manual for providing instructions on dealing 

with spills (see Section J.2 below for example). 

 

The potential for unexpected spread of BMN 331 in the environment is negligible for the 

following reasons:  

• The parental organism, wild-type AAV, is a non-pathogenic, single-stranded DNA 

Dependoparvovirus, requiring co-infection with a helper virus for replication. 

• The GMO, the BMN 331 vector, contains no capsid and replication genes in its 

engineered genome, and cannot therefore replicate even in the presence of a helper 

virus. The only condition under which the BMN 331 vector would be able to replicate 

is a simultaneous infection of the same cell by the vector, by a wild-type AAV able 

to provide the requisite rep and cap gene products, and a helper virus such as 

adenovirus or herpes simplex virus. This scenario is expected to be a rare event, 

especially since the vector target cells (liver) are not the natural target cells of helper 

viruses. If it did occur, it would only result in the production of more wild type AAV 

and more BMN 331 vector particles (which would still lack rep and cap genes and 

consequently could not be self-sustaining).  

• Intravenous administration to eligible patients will be performed by authorized, 

trained medical professionals in a medical facility.  

• Limited host tropism (human/primate) of the parental virus (AAV5)  

• Low and declining amounts of noninfectious vector DNA in shedding matrices from 

treated individuals  

• High levels of existing adaptive immunity in the human population  

 

2. Methods for removal of the GMO(s) of the areas potentially affected 

The chance of dissemination of the vector is negligible outside of the contained hospital 

pharmacy or lab. Should the investigational product be spilled or otherwise dispersed during 

the preparation or administration, the procedures in the Material Safety Data Sheet and the 

Study Pharmacy Manual, which are both distributed to sites, should be performed in 

accordance with standard practices for cleaning up biohazard waste spills, like those for 

treating potential blood borne pathogens.  

Accidental spills will be cleaned up according to the Material Safety Data Sheet and the 

Pharmacy Manual. For example, as follows from the Pharmacy Manual: 

• Notify others and isolate the area.  

• If not already wearing, put on appropriate personal protective equipment: aprons, 

gloves, surgical or procedure mask and safety glasses, shield or goggles.  

• Remove any broken glass or sharps with forceps or applicable tool and place into a 

sharps container.  

• Decontaminate the area of the spill.  

o Place absorbent material over the spill.  

o Allow to stand for at least 5 minutes.  

o Sweep up and place the absorbent material in infectious waste bag for disposal  

o Wash the area with 10% bleach solution and disposable materials  

 

3. Methods for disposal or sanitation of plants, animals, soils, etc. that could be exposed during 

or after the spread 

 Decontamination of plants, (non-human) animals and soils will not be required. 
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4. Plans for protecting human health and the environment in the event of an undesirable effect 

The Inter-ministerial Council of Genetically Modified Organisms and the National Biosafety 

Commission will be notified of any incident or accident that could occur with repercussions for human 

or animal health, or for the environment. 


