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ABSTRACT 

Although MYCN has been considered an undruggable target, MYCN alterations confer poor prog-

nosis in many pediatric and adult cancers. The novel MYCN-specific inhibitor BGA002 is an anti-

gene PNA oligonucleotide covalently bound to a nuclear-localization-signal peptide. 

In the present study, we characterized the pharmacokinetics of BGA002 by the setting-up of a novel 

specific ELISA assay. After single and repeated administration to mice, BGA002 concentrations in 

plasma showed linear pharmacokinetics, with dose proportional increase across the tested dose lev-
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els, and similar exposure between male and female, and between intravenous and subcutaneous 

route of administration. Repeated dosing resulted in no accumulation in plasma.  Biodistribution up 

to seven days after single subcutaneous administration of [14C]-radiolabeled BGA002, showed 

broad tissues and organ distribution (suggesting a potential capability to reach primary tumor and 

metastasis in several body sites), with high concentrations in kidney, liver, spleen, lymph nodes, ad-

renals, and bone marrow. 

Remarkably, we demonstrated that BGA002 concentrates in tumors after repeated systemic admin-

istrations in three mouse models with MYCN-amplification (neuroblastoma, rhabdomyosarcoma 

and small-cell-lung-cancer), leading to a significant reduction in tumor weight. Taking into account 

the available safety profile of BGA002, these data support further evaluation of BGA002 in patients 

with MYCN-positive tumors. 
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INTRODUCTION 

MYCN is a member of the MYC family of oncogenes, and is an oncogenic driver in many types of 

cancers1. Deregulation of MYCN occurs in both pediatric and adult cancers. MYCN-amplification 

(MNA) and/or overexpression have been found in pediatric cancers including neuroblastoma (NB), 

rhabdomyosarcoma (RMS), medulloblastoma, Wilms tumor and retinoblastoma. In particular, NB 

is one of the deadliest cancers that occur in early childhood and represents 7% of pediatric malig-

nancies1–3. About 25% of patients with NB present MNA which is linked to a poor prognosis, me-

tastasis, and advanced stage disease1–3. RMS is the most common pediatric soft tissue sarcoma, and 

a major cause of cancer death in children. MNA is present in about 25% of cases and MYCN over-

expression occurs in 55%. It is associated with adverse prognosis and is a feature of the more ag-

gressive alveolar subtype (ARMS)4. Similarly, MNA is also present in adult cancers, and occurs in 

small cell lung cancers (SCLC)1 (15-20%)5,6, in neuroendocrine prostate cancers (40%), in prostate 

adenocarcinomas (5%)7, and in basal cell carcinomas (17.5%)1, while overexpression of MYCN is 

present in a subset of T-cell acute lymphoblastic leukemias, glioblastoma multiforme and breast 

cancer1. Importantly, the amplification or overexpression of MYCN in the majority of these adult 

cancers is associated with a poor prognosis1. Normally, MYCN expression is restricted during em-

bryogenesis and has a very limited pattern of expression in normal cells after birth8. Given its cru-

cial role in MYCN-positive tumors, one should consider this as a promising target1. However, N-

Myc protein is deemed an undruggable target and drug discovery approaches aimed at blocking N-

Myc protein have largely failed9. While indirect strategies have been proposed, none of these has 

proven to be effective in standard clinical practice 1,3,10.  

We have previously demonstrated that an alternative approach consists in the specific gene expres-

sion inhibition at the level of chromosomal DNA through MYCN-specific antigene peptide nucleic 

acid (PNA) oligonucleotide covalently linked to a nuclear localization signal (NLS) peptide2,4,11–14. 

The antigene oligonucleotide approach (via persistent and specific block at the level of the target 

gene transcription) has shown advantages compared to the block of mRNA translation by antisense 
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PNA oligonucleotide strategies2,4,11–15. In particular, BGA002 is a MYCN specific antigene PNA 

that inhibits MYCN gene expression, yielding a potent and specific anti-tumor activity both in vitro 

and in vivo2,13,14. PNAs are oligonucleotide mimetics, in which the anionic sugar-phosphate back-

bone of the nucleic acids is replaced with an achiral, uncharged polyamide backbone16. PNAs 

showed promising results in diagnostic or therapeutic applications as antisense or antigene drugs, 

due to their extraordinary stability against enzymatic degradation by proteases and nucleases and 

their ability to potently and specifically bind with high affinity their target complementary sequenc-

es in DNA or RNA2,4,11,15. PNAs have distinctive characteristics, which allow them to be used for 

antigene application because their neutral backbone avoids the electrostatic repulsion normally en-

countered between the negatively charged double strand DNA2,4,11,17. PNAs are amenable to manip-

ulations more than other nucleic acid analogues, and a straightforward approach to improve its 

pharmacological properties lies in the conjugation of PNA to short synthetic carrier peptides18,19. 

Different type of peptides have been evaluated2,4,11,18,20–25, with the aim to improve the limited solu-

bility, low cellular uptake, poor biodistribution and rapid excretion of naked PNA oligonucleo-

tides26, which has prevented their broad application as oligonucleotide therapeutics.  

In an attempt to explore the pharmacokinetic-pharmacodynamic relationship of BGA002, and pre-

dict the exposure required for anti-tumor activity in humans, as well as establish the dosing re-

quirements for a first-time-in-human study, we investigated the pharmacokinetics (PK) and phar-

macodynamics (PD) profiles in pediatric and adult MYCN-positive tumor mouse models after sin-

gle and repeated systemic administration of BGA002. The characterization of the pharmacokinetics 

in plasma was complemented by the evaluation of the biodistribution in healthy tissues, organs, and 

blood, taking into accounts the potential effect of route of administration, sex, and accumulation. In 

addition, to overcome the lack of a standardized methodology, here we report the development and 

application of a novel hybridization-based ELISA approach for the quantification of the MYCN-

inhibitor BGA002 PNA-peptide in biofluids, as well as in murine tissues and tumors. We anticipate 

that, together with information on the safety profile of BGA002, these results provide the basis for 
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the design of oligonucleotide-based cancer therapeutics in a prospective first-time-in-human study. 

Characterization of the pharmacokinetics and pharmacodynamics of BGA002 may also give a 

benchmark for the development of other PNA-peptide inhibitors. 

 

RESULTS 

Pharmacokinetics of BGA002 in mice. 

The pharmacokinetic profile after single and repeated administration of BGA002 to mice was eval-

uated with a new specific hybridization-based ELISA assay of plasma. The concentration vs. time 

profiles were comparable after single dose and after 28 days of repeated SC administration, as 

demonstrated by both Cmax and AUC(0-t) values. Absorption following SC administration was fast, 

with Tmax  being achieved after 10 min.  Systemic exposure was similar between male and female, 

irrespective of the dose level, with comparable exposure between intravenous (IV) and subcutane-

ous (SC) route of administrations (Figure 1 a, b, c, S1, S2 and S3). BGA002 was quantifiable up to 

eight hours in plasma (Figure 1 a, b and c, Supplementary Table S1 and S2), after which drug levels 

were below the limited of detection. There was no accumulation after repeated dosing (daily for 28 

days) (Figure 1 d, Supplementary Table S3). In addition, exposure increased in a dose-proportional 

manner, despite interindividual variability (Figure 1 e, Supplementary Table S3). The AUC(0-t) after 

single SC administration of 2.5, 7.5 and 25 mg/kg dose were 478.1, 1331.1 and 3433.6 h*ng/mL, 

respectively. No accumulation, metabolic inhibition of induction was observed following repeated 

dosing, which resulted in similar exposure range (namely, 428.8, 1208.7 and 2801.5 h*ng/mL after 

2.5, 7.5 and 25 mg/kg dose, respectively) (Table 1). Cmax also increased in a dose-dependent manner 

after SC administration (198, 410, 1031 ng/mL after 2.5, 7.5 and 25 mg/kg dose, respectively). Sim-

ilar findings were observed between sexes (Table 1).  

The elimination half-life (t1/2) was short, but quite variable in the different dosing groups, but no 

significant differences were observed between males and females, for both IV and SC administra-

tion (Table 1). Volume of distribution (Vd) values indicate drug distribution beyond total body wa-
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ter. Systemic body clearance (Clb) estimates showed high clearance, even though results were not 

affected by induction or inhibition mechanisms (Table 1). The median of relative bioavailability (F) 

for the subcutaneous route, independently from the dose was calculated as 98.41 in male and 83.67 

in female (p-value = 0.6667) (Table 1). PK in rabbits showed a higher (up to ten fold) exposure 

compared to mice (Supp Fig. S5). Volume of distribution was higher in mice after SC administra-

tion (35218.41 mL/kg) than in rabbits after IV infusion (3086.70 mL/kg) at the same dose of 2.5 

mg/kg (this could indicate a higher distribution in tissue in mice than in rabbits) (supp Table S5). 

Clearance was higher in mice after SC administration (3261.74 ml/h/kg) than in rabbits after IV in-

fusion (694.43 ml/h/kg) (this indicates a higher elimination rate in mice compared to rabbits) (supp 

Table S5). 

 

BGA002 has a broad biodistribution in organs and tissues in mice 

In order to examine the tissue biodistribution of BGA002 after single subcutaneous administration, 

radioactive BGA002 containing a [14C]-acetylated at the C-terminus ([14C]-Ac-BGA002) was in-

jected into male and female CD-1 mice at a target dose of 15 mg/kg. Total radioactivity in selected 

tissues was investigated by quantitative whole body autoradiography (QWBA) at several time-

points (1, 4, 8, 24, 48 and 168 h post dose) (Figure S1 and S2). The concentrations of total radioac-

tivity in selected organs and tissues of male CD-1 mice are presented in Figure 2 a and b with a rep-

resentative example of the autoradiography shown in Figure 2 c. The results indicate a wide distri-

bution of BGA002 into several tissues and organs, with the kidney, liver, spleen, bone marrow, 

lymph nodes and adrenals (Figure 2 a and b) exposed to the highest levels of radioactivity. The re-

sults also confirmed fast clearance from plasma, with the highest concentrations of BGA002 detect-

ed at the first sampling time point (i.e., 1 h post dose, 1.20 µg equiv/g) and less than half the quanti-

ty at 4 h post dose, with further decrease in the subsequent time points. The majority of the tissues 

showed high concentration between 4-24 h post dose, but it was not possible to identify a clear 

Tmax. In both sexes, diffusion and biodistribution from the dose injection site was very slow, with 
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radioactivity still visible at the injection site and in the surrounding areas at 168 h post dose (last 

time point) (Figure 2 a and b). Radioactivity remained well above the limit of detection in most tis-

sues at this time point. The elimination half-life could not be estimated due to the high level of radi-

oactivity still present at the last time point. Concentrations of radioactivity in the spinal cord and 

brain in both male and female animals were low, indicating limited penetration through the blood-

brain barrier (Figure 2 a, b and c). 

 

BGA002 highly concentrates in tumors and correlates with efficacy in different xenograft 

mouse models 

The pharmacokinetic (PK) profile of BGA002 in tumors was investigated in three tumor xenograft 

mouse models with MNA and MYCN-expression (NB, RMS and SCLC). BGA002 was adminis-

tered subcutaneously (SC) for 15 days (15 mg/kg/day for RMS and 10 mg/kg/day for NB) or 9 days 

(5 mg/kg/day; 15 mg/kg/day for SCLC), and its concentration in the tumor was compared with the 

liver (a healthy organ showing the highest BGA002 concentration in biodistribution studies). These 

results reveal that BGA002 penetrated into the tumors in all the three mouse models (Figure 3). In 

particular, in NB tumors BGA002 reached a concentration 3-fold higher compared to the liver in the 

same animals. The anti-tumor activity of BGA002 was evaluated in vivo in the same three xenograft 

murine models. In the RMS model, treatment with BGA002 (SC administration of 15 mg/kg/day 

for 15 days) resulted in tumor weight decrease of more than 70% (p-value = 0.064) (Figure 4 b). In 

addition, BGA002 (SC administration for 9 days) at 5 and 15 mg/kg/day induced tumor weight de-

crease of 15% (p= 0.894) and 59% (p=0.032), respectively in the multidrug resistant SCLC mouse 

model (Figure 4 b). Similarly, significant reduction of the N-Myc protein (evaluated by Western 

blot) was observed in the RMS model and multidrug resistant SCLC mouse model (Figure 4 a and 

c). Moreover, a similar pattern of response was observed in a histological analysis of tumor vascu-

larization, leading to tumor vessels elimination after treatment at 15 mg/kg/day (Figure S4). Finally, 

we previously reported the in vivo efficacy of BGA002 in a MNA-NB murine model2, where we 
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found that SC administration for 15 days of 2.5, 5 or 10 mg/kg/day resulted in a potent dose – re-

sponse tumor growth inhibition, that reached tumor elimination after treatment with 10 mg/kg/day. 

In this MNA-NB mouse model, treatment with BGA002 at 5 mg/kg/day yielded a consistent reduc-

tion of the N-Myc protein (evaluated by IHC) and of the tumor vessels2. 

 

DISCUSSION 

It is well established that MYCN is a key oncogenic driver in many types of pediatric and adult 

cancers1. MYCN drives cancer cells towards a stem-like phenotype that affects many different pro-

cesses, including induction of proliferation, cell growth, immune escape, invasion, metastases, al-

teration of metabolism, and inhibition of apoptosis1. In particular, MNA and/or overexpression is a 

key feature of highly aggressive and deadliest cancer subtypes, and the majority of these tumors is 

associated with a poor prognosis1. Considering the differences in the pattern of expression in nor-

mal cells and its role in MYCN-positive tumors, MYCN can be considered tumor-specific and a 

promising target for therapeutic interventions8. We have previously reported an alternative approach 

based on a selective MYCN gene expression inhibition at the level of chromosomal DNA, through a 

potent specific antigene PNA oligonucleotide named BGA0022,4,11–14. The BGA002 sequence is 

complementary to a sequence of MYCN gene in murine and in human genomes, showing unique-

ness in the latter. In particular, compared to the first lead anti-MYCN antigene PNA BGA0014,11,12, 

BGA002 demonstrated a more potent and specific inhibition of MYCN expression2,13,14. BGA002 

caused the block of different MYCN-related tumorigenic elements that contribute to cell deregula-

tions, a dose dependent tumor growth inhibition and the induction of apoptosis in MYCN-positive 

NB and SCLC cells 2,14; in vivo systemic treatment with BGA002 leads to potent anti-tumor activity 

in MNA-NB and MNA-SCLC2,14. 

In previous studies, the antigene PNA oligonucleotide approach (via persistent and specific block at 

the level of the target gene transcription) showed pharmacological advantages compared to the 

block of mRNA translation by antisense PNA oligonucleotide strategies2,4,11,15. PNAs have unique 
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characteristics for antigene application, as their neutral backbone avoids the electrostatic repulsion 

normally encountered between the negatively charged double strand DNA. However, naked PNA 

oligonucleotides showed limited solubility, low cellular uptake, poor biodistribution, tend to exhibit 

low plasma protein binding and are rapidly excreted in the urine26,27, that prevented their broad ap-

plication as therapeutics. Because PNA oligonucleotides have a peptide backbone, the most 

straightforward approach to overcome these limitations and improve its physicochemical and bio-

logical properties is the conjugation of PNA to short synthetic carrier peptides. Different types of 

peptides have been evaluated, that conferred improved pharmacological properties, ranging from 

cell penetrating peptides focused to optimize the cellular delivery, to peptides that showed im-

provement to the PK and biodistribution18,19.  

Regarding the anti-MYCN BGA002, because of its pharmacological mechanism of action as an an-

tigene PNA oligonucleotide, delivery in the cell nucleus is a key point for selection of an optimal 

peptide. Therefore, BGA002 contains a covalently linked NLS peptide that we previously selected 

after experimental evaluation of different peptides. The NLS peptide sequence was previously re-

ported by us for the anti-MYCN antigene PNA BGA0014,11 and by others for an anti-MYC antigene 

PNA20,21. Unlike other reported NLS peptides linked to antigene PNAs4,11,20,21, the NLS peptide in 

BGA002 is made by D amino acids to improve its stability and limit degradation by proteases2,13,14. 

Our previous data showed that BGA002 has an efficient cellular and nuclear accessibility in cancer 

cells2. We previously showed that NLS peptide is important also to improve the pharmacodynamics 

properties for the target DNA sequence of the MYCN gene28. 

Here we report for the first time the development of a novel specific hybridization-based ELISA 

approach for the characterization of the PK profile of the MYCN-inhibitor BGA002, and its quanti-

fication in mouse and rabbit biofluids, as well as in the organs of healthy mice and tumor xeno-

grafts. 

PK analysis in plasma after single administration of BGA002 in mice showed dose independent, 

linear pharmacokinetics across the dose range tested, with no evidence of sex differences between 
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male and female animals. Results also show good bioavailability, as minor differences were ob-

served between IV and SC route of administration. The concentration range achieved after IV and 

SC is relevant because it provides evidence that SC administration does not contribute to interindi-

vidual variability in exposure. It also supports the use of SC route for further evaluation of efficacy, 

overcoming potential technical problems of daily IV administrations through tail vein in mice. 

Moreover, the relatively high biovailability of BGA002 following SC administration also opens the 

possibility to use SC as a route of BGA002 administration in human clinical studies. This would en-

sure better adherence to treatment and lower the burden of treatment due to the requirements for IV 

administration. 

The PK tissue biodistribution in mice after single subcutaneous administration of [14C]-Ac-BGA002 

at several time-points from 1 h up to 7 days, showed a broad biodistribution in several tissues and 

organs, with a principal exposure observed in the kidney, liver, spleen, bone marrow, lymph nodes 

and adrenals. This is in line with previous pharmacokinetic studies19, which indicated that PNA 

conjugated to short synthetic peptide carriers were rapidly cleared from circulation and distributed 

to a variety of tissues, with highest concentration in liver, kidney, spleen, mesenteric lymph nodes 

and adipose tissue (a very similar set of organs to the one we found for BGA002, except to the adi-

pose tissue which in our study is not one of the main organs where BGA002 accumulates). Overall, 

these data show that peptide-conjugated PNAs overcome the common issues associated with un-

modified PNAs, which include poor biodistribution, and they represent a synthetically feasible ap-

proach to improve their physicochemical and biological properties. 

 

The broad biodistribution of BGA002 in several organs and tissues could suggest its potential capa-

bility to reach primary tumor and metastasis in several different sites in the body. In this respect, it 

is relevant that BGA002 localized also in the adrenal medulla (that is a preferential primary site of 

origin for NB), and in the bone marrow (that is a preferential site of metastasis for NB and SCLC). 

Moreover, the broad biodistribution of BGA002 to several organs and tissues, suggest a wider con-
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sideration that the class of the PNAs oligonucleotides covalently bond to the positively charged 

NLS peptide could also treat other tumors in many different body sites, and even non-oncological 

diseases affecting these different body sites. 

The low biodistribution of BGA002 in the spinal cord and brain, indicate that the blood-brain barri-

er limits its access to the central nervous system (CNS), most probably because the NLS delivery 

peptide is positively charged (contain lysine and arginine amino acids). If required, for therapeutic 

indications requiring CNS biodistribution, naked PNA oligonucleotides for their neutral characteris-

tics can cross the blood brain barrier and reach the CNS27.  

In the present work, we investigated the PK profiles of BGA002 in different MNA and MYCN-

expressing tumors. We selected NB and RMS (as relevant examples for poor prognosis MYCN-

positive pediatric tumors), and multidrug resistant SCLC (among the poor prognosis MYCN-

positive adult tumors). Remarkably, the tumor PK profile showed that repeated systemic admin-

istration of BGA002 resulted in its localization in all the three highly aggressive MNA tumor mouse 

models, with a remarkable 3-fold higher concentration in NB tumor compared to liver. Moreover, 

the concentration of BGA002 in tumors was associated to an anti-tumor PD activity in all the three 

MNA tumors. In particular, among the three tumors, the highest PK concentration found in NB was 

also associated to the highest anti-tumor activity2, indicating a correlation of BGA002 PK with effi-

cacy in these tumors. MYCN plays a central role in driving tumor evolution, orchestrating several 

aggressive oncogenic features. Among them, it is well defined the role of MYCN in neovasculariza-

tion29,30. Therefore, our findings about BGA002 concentration in MYCN-expressing tumor might 

be also linked by the MYCN role in promoting the neovascularization (and thus accessibility) of the 

tumors. In this respect, it is relevant that treatment with BGA002 in the multidrug resistant SCLC 

model led to elimination of tumor vascularization, similarly to our previous findings in NB and 

SCLC2,13. 

As MNA tumors are characterized by a very high amount of N-Myc protein, high-risk and metastat-

ic conditions, we evaluated a daily treatment schedule in MNA mice model to face this dramatic 
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scenario. For the same reasons, in human clinical trials we would propose frequent administration, 

while considering the lower pk in human compared to mice. 

Preclinical toxicology studies of repeated administration of BGA002 (4 weeks daily) performed in 

healthy mice under GLP conditions by using concentrations higher than those reported in the pre-

sent work, showed that it is well tolerated (data not shown). 

BGA002 could be proposed in clinical trials as a monotherapy or in combination with selected anti-

cancer drugs. In this context, BGA002 already showed to act in synergy with retinoic acid (RA) in 

MYCN expressing NB, by overcoming RA resistance and restoring RA efficacy14. 

There are only a limited number of preclinical works describing the PK behaviour of administered 

oligonucleotides in tumors in vivo, and none evaluating the effect of systemic repeated dose treat-

ment31–33. Oligonucleotide therapeutics are emerging as promising anti-cancer precision medicines, 

especially for the targeting of the large number of undruggable proteins (such as that codified by 

MYCN) and non-coding RNAs34. Our new preclinical findings indicate that the MYCN-specific an-

tigene PNA-peptide BGA002 highly concentrates in aggressive MYCN-related tumors and gener-

ates anti-tumor efficacy. Our data reinforce the potential role of oligonucleotides in cancer therapy 

and pose the basis for the first-in-human clinical trials of BGA002 in these highly aggressive 

MYCN-positive tumors. BGA002 already obtained orphan drug designation for NB by the Food 

and Drug Administration (FDA) (orphan register: DRU-2017-6085) and the European Medicines 

Agency (EMA) (orphan drug application: EMA/OD/020/12), for Soft Tissue Sarcomas (including 

RMS) by EMA (orphan drug application: EMA/OD/037/16) and for SCLC by FDA (orphan regis-

ter: DRU-2018-6260). 

 

MATERIALS AND METHODS 

 

Chemicals and dose preparation 
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Biogenera produced BGA002. PNA-peptide was either available, stored at -20°C, and ready for use, 

or freshly produced by the chemistry department and delivered after purification and dilution to the 

biology department for non-GLP studies or to the CROs (GLPLife Test, Wil Research, Aptuit and 

Selcia) for GLP studies. PNA was designed and prepared according to previously published stud-

ies2,4,11,13,14. BGA002 was prepared starting from lyophilized BGA002 adding either vehicle 2.5% 

mannitol, 75 mM acetic acid, 25 mM sodium acetate in sterile water for injections or physiological 

solution 0,9% NaCl (Fresenius Kabi Italia S.r.l.) to reach the desired concentration (according to 

declare powder quantification). Solution of BGA002 was quantified through spectrophotometer 

(260=170300 L mol-1 cm-1) and adjusted to reach 3 mg/mL, then stored at +°4C. Biogenera synthe-

sized an acetylated form of BGA002. The radio labeled [14C]-Ac-BGA002 (Batch No. 

8249DCP006-6, radiochemical purity 99.8%) was supplied synthesized by Selcia Limited (UK) as a 

solution in acetic acid: sodium acetate: HCl (75 mM: 25 mM: 3.6 mM) with 2.5% mannitol at a 

concentration of 1.16 MBq/mL (3.35 mg [14C]-Ac-BGA002 /mL). The solution was stored in a 

fridge set to maintain a temperature of +4°C. 

 

Animals: mice 

NOD/SCID CB17 mice for PK analysis in tumor and liver and for efficacy studies were born in the 

animal facility of the Department of Veterinary Medical Science of the University of Bologna (Ita-

ly. All experiments were approved by the Scientific Ethical Committee of Bologna University ac-

cording to protocol no. 7/73/2012 and authorization 564/2018-PR. Pharmacokinetics plasma analy-

sis was performed in juvenile mice (CD1-Swiss) by Glp Life Test. Aptuit and Farefarma performed 

respectively ELISA analysis and pharmacokinetics analysis. Biodistribution analysis in mice (CD1-

Swiss) was performed by Charles River. Animals were maintained according to each CRO internal 

standard operating procedures. PK and biodistribution studies in mice were performed under GLP 

compliance. 

 



14 
 

In-vivo PK/TK experiments in mouse plasma 

The studies were conducted with the support of the following CRO: 

- In-vivo phase: Glp Life Test, Via Saliceto 3, 40010 Bentivoglio, Bologna, Italy 

- Bioanalysis: Aptuit Verona Srl, Via Alessandro Fleming, 4 - 37135 Verona, Italy 

- Pharmacokinetic Analysis: Farefarma Srl, Via Ferrari, 9 - 28045 Invorio, Italy 

The animals used for the studies include Swiss mice (CD1) (5 weeks old at start of treatment) from 

the Charles River Laboratories Italy Srl with a health certificate according to Legislative Decree 

24/20142. 

The rationale for the dose selection of the single dose PK study in mice was based on feasibility 

studies performed in Biogenera lab that showed good level of quantification at 15 mg/kg dose in 

tumor and liver, thus this dose and the 3-fold lower dose 5 mg/kg were selected to obtain data in 

plasma. Rational for the dose selection of the repeated dose PK studies in mice was based on the 

above mentioned single dose PK study; since the two tested doses of 5 and 15 mg/kg gave well sep-

arated kinetic curves, the following doses were selected for the repeated dose PK/TK study: 2.5, 

7.5, and 25 mg/kg/die. For the single dose study, two groups, each of 24 male and 24 female mice, 

were treated by single intravenous (bolus) injection in caudal vein of 100 µL solution containing 

BGA002 at the following doses: 5 or 15 mg/kg; another group (control) composed of 4 males and 4 

females was treated by intravenous (bolus) injection with 100 µL of vehicle; two additional groups, 

each of 24 male and 24 female mice, were treated by single subcutaneous injection on the back with 

100 µL of solution containing BGA002 at the same doses (5 or 15 mg/kg); and a last group (con-

trol) composed of 4 males and 4 females was treated by subcutaneous injection on the back with 

100 µL of vehicle. The animals were given a single administration and subsequently were sacrificed 

at 6 different time points for blood collection (time points IV: 5-15-30-60-240-480 minutes; time 

points SC: 10-30-60-90-180-480 minutes). 

For the repeated dose study, three groups each of 36 female mice were treated by SC injection on 

the back with BGA002 solutions at 25 mg/kg, 7.5 mg/kg or 2.5 mg/kg at a constant volume of 5 
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mL/kg/die. The volume of solution administered was calculated weekly using the last mean body 

weight for group. Eighteen animals per group were treated with a single injection while another 

eighteen animals per group were treated for 28 days with a once-a-day SC injection; all animals 

were then sacrificed at six (6) different time-points (10-30-60-90-180-480 minutes) for blood col-

lection. 

In both studies, the blood was collected from the cava vein before sacrifice of the animal that was 

anesthetized by inhalation of a mixture of CO2/O2 (70% and 30% respectively). A total of 0.3 mL of 

whole blood was drawn from each of 3 animals per time point and, due to technical sample limita-

tion in juvenile animals, the samples were pooled in a single tube containing enough lithium-

heparin to treat 1 ml of blood volume (APTACA company mod 2400/1). The plasma collected from 

each tube was frozen at about -20°C at least overnight and shipped on dry ice to the Test Site (Aptu-

it) for the analyses. 

 

Hybridization-based ELISA in plasma and organs (tumor/liver) 

To measure the concentration of BGA002 present in plasma samples and in tumor/liver samples a 

hybridization-based ELISA assay has been developed and validated. Neutravidin coated plates were 

incubated with a capture probe, biotin-labeled and partially complements BGA002. After incuba-

tion and washing, plasma samples were added to the plate where the complex is immobilized by the 

neutravidin-biotin-binding. After washing a detection probe, digoxigenin-labeled and complemen-

tary to the other part of BGA002, was added. Then a detection solution containing anti-digoxigenin-

peroxidase (anti-DIG-POD) was added, making possible visualization by addition of tetra-

methylbenzidine (TMB) that produces a colored product. The amount of color correlates to the 

amount of BGA002 present. Plates were washed 3 times with 300 µL 5X SSCT buffer; 100 µL of 

0.2 µM Capture probe solution in 5X SSCT buffer is added and incubated at RT for 30 minutes. 

Plates were washed 3 times with 300 µL 2X SSCT buffer; 100 µL of plasma samples/CS/QC were 

added and incubated at 37°C for 60 minutes. Plates were washed 4 times with 300 µL 2X SSCT 
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buffer; 100 µL of 0.2 µM of Detection probe solution in 5X SSCT buffer was added and incubated 

at RT for 60 minutes. Plates were washed 3 times with 300 µL 2X SSCT buffer and 3 times with 

300 µL of purified water; 100 µL of Anti-DIGPOD Fab fragments (1:8000) in PBST and incubated 

at RT for 60 minutes. Plates were washed 3 times with 300 µL 2X SSCT buffer; 100 µL of sub-

strate solution (1-step Ultra TMB ELISA) and incubated at RT for a period between 5 and 15 

minutes. Reaction was stopped by adding 100 µL of 0.5 M Sulfuric Acid. Reading is performed on 

Spectra Max 250 at 450 nm with reference at 750 nm. The method has been validated in mouse and 

rabbit plasma over a range of 20 - 200 ng/mL, in tumor mass over the range of 50 - 3200 ng/mL and 

in mouse liver over the range of 100 - 3200 ng/mL. 

 

Pharmacokinetic analysis 

Pharmacokinetics analysis was performed using a noncompartmental approach in Phoenix Win-

Nonlin 6.3 (Pharsight Corporation, USA). All concentration data points were weighted by the in-

verse square of the fitted value. The following parameters were evaluated: time to reach maximum 

concentration (Tmax), highest concentration (Cmax), area under curve (AUC), elimination half-time 

(t1/2 elim), volume of distribution (Vd), total clearance (Clb), bioavailability (F%). 

Peak concentration (Cmax) and the time to reach Cmax (Tmax) after administration of the PNA were 

determined from the observed data. The area under curve (AUC) was calculated using the linear 

trapezoidal rule (calculation method linear trapezoidal with linear interpolation). The first order 

constant (λz) associated with the terminal (log-linear) portion of the curve was estimated by linear 

regression of time vs. log concentration and the terminal half-life was calculated as ln(2)/λz. The 

volume of distribution (Vd) was calculated based on the terminal phase as Dose/ λz ·AUCINF_obs 

(where AUCINF_obs is the AUC from the time of dosing extrapolated to infinity). The total clear-

ance (Clb) was calculated as Dose/AUCINF_obs. The bioavailability (F) after subcutaneous admin-

istration was calculated as the ratio of the AUC after subcutaneous (AUCsc) and intravenous 

(AUCiv) administration as (AUCsc/AUCiv) multiplied by 100.  
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Biodistribution of BGA002 in mice (QWBA-Charles River/Selcia) 

The [14C]-Ac-BGA002 (Batch No. 8249DCP006-6, radiochemical purity 99.8%) was supplied by 

Selcia Limited (UK) as a solution in acetic acid: sodium acetate: HCl (75 mM: 25 mM: 3.6 mM) 

with 2.5% mannitol at a concentration of 1.16 MBq/mL (3.35 mg [14C]-Ac-BGA002 /mL). The so-

lution was stored in a fridge set to maintain a temperature of +4°C. CD-1 mice (28-35 days of age) 

were supplied by Charles River, UK and acclimatized to the experimental unit for 7 days prior to 

use on the study. The [14C]-Ac-BGA002 formulation was administered by injection into the nape of 

the neck (single subcutaneous administration) of 6 male and 6 female mice at a target volume of 4.5 

mL/kg, to achieve a nominal dose level of 15 mg/kg (target radioactive dose of 5 MBq/kg). One 

male and one female mouse were humanely killed by CO2 narcosis at each of 1, 4, 8, 24, 48 and 168 

h post dose.  

The carcass of each animal was then frozen by immersion in a mixture of solid CO2 in hexane for 

ca 15 min. The frozen carcass was then embedded in a block of carboxymethylcellulose, which was 

frozen in the same way. After equilibration at -20°C, sagittal sections (30 µm thick) were taken 

through each animal using a whole body cryomicrotome (Leica Instruments GmbH). The sections 

were freeze dried prior to storage at ambient temperature. All samples prepared in scintillation fluid 

were subjected to liquid scintillation counting (LSC) for 5 min, together with representative blank 

samples, using a Liquid Scintillation Analyzer with automatic quench correction by an external 

method. Where possible, samples were analyzed in duplicate and allowed to heat and light stabilize 

prior to analysis. Prior to calculation of each result, a background count rate was determined and 

subtracted from each sample count rate. For scintillation counting, a limit of reliable measurement 

(LRM) of 30 c.p.m. above background has been instituted in these laboratories. Where results have 

arisen from data below the LRM, the fact is noted. The radioactivity present in various organs and 

tissues in whole body sections was determined by QWBA using a Typhoon FLA7000 scanner and 

AIDA image analysis software (version 4.06, raytest isotopenmeβgerate GmbH, Germany). For 
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analysis, representative whole-body sections were placed into close contact with phosphor screens 

and left for a period of 7 days. On each phosphor screen, a set of external standards was also ex-

posed. These standards were prepared from blood spiked with a serial dilution of a [14C]-labeled 

reference solution, which was dispensed into holes drilled into a block of carboxymethylcellulose, 

frozen and then sectioned in the same way as the animal samples. After the phosphor screen was 

scanned, an image of the radioactivity in the sample was stored digitally. For quantitative analysis, 

six background areas were defined on each storage phosphor screen image. The software automati-

cally calculated the mean background and subsequently subtracted this from all standards and tis-

sues analyzed. A regression coefficient was derived by comparing the response of each standard 

with the nominal concentration over the range of radioactive concentrations used and forcing the re-

sponse curve through the origin. The concentrations of the standards used were in the range of 0.05 

to 258.48 µg equiv/g. The response curve is linear over these concentrations and was assumed to be 

linear to the limit of reliable determination. Each organ or tissue of interest was then identified and 

integrated, and the software automatically calculated the concentration (µg equiv/g) using the re-

gression equation derived from the standards. 

The limit of reliable measurement for each storage screen was calculated from the assessment of the 

mean background of the plate and defined as 3 times the standard deviation of the mean above 

background. At the specific activity used in this study, the limit of reliable measurement was in the 

range of 0.01 to 0.04 µg equiv/g. 

 

Xenograft mouse models 

Neuroblastoma luminescent cells (Kelly-luc) and xenograft ectopic neuroblastoma mouse models 

were prepared according to previously published studies2. Small Cell Lung Cancer and Rhabdomy-

osarcoma xenograft ectotopic mouse models were prepared with the same method starting from 

H69AR-Luc and RMZ-Luc cell lines respectively. Kelly cell line was originally established from a 

1 year old female patient with a stage IV NB with MYCN amplification and it has been purchased 
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from DSMZ (DSMZ Cat# ACC-355, RRID:CVCL_2092). The Alveolar Rhabdomyosarcoma cell 

line RMZ was kindly provided by Prof. Lollini (Department of Experimental Pathology at Universi-

ty of Bologna), and is characterized by MYCN amplification35. The Small Cell Lung Cancer 

H69AR cell line has been originally established from the pleural fluid of a 55 year old Caucasian 

male with small cell carcinoma of the lung and it has been purchased from ATCC (CRL-11351). 

The H69AR cell line is a multiple drug resistant cell line as compared to the parental NCI-H69 cell 

line. The H69AR cell line presents MYCN gene amplification, and high expression of MYCN 

mRNA and protein36,37. 

 

Pharmacokinetics evaluation of BGA002 in tumor and liver of xenograft NB, RMS and SCLC 

mouse models 

NB, SCLC and RMS mouse models were established as described above. In each mouse model, 

systemic treatment with BGA002 was administered subcutaneously and started when specific bio-

luminescent value (in NB and SCLC mouse model), or tumor volume (in RMS mouse model) was 

reached. When the starting point was reached, NB mouse model was treated with BGA002 daily at 

10 mg/kg/day or vehicle for 15 consecutively days, SCLC was treated with BGA002 at 15 

mg/kg/day or vehicle for 9 consecutive days, while RMS was treated with BGA002 at 15 

mg/kg/day or vehicle for 7, 8, 15, 20, 27, 34, 44, 49 days. Tumors and livers were extracted imme-

diately after animal euthanasia, weighted on a precision scale and homogenized with a probe soni-

cator in RIPA extraction buffer at concentration of 10 mg/mL. Concentrations of BGA002 in tumor 

and liver were evaluated by the hybridization-based ELISA assay as described above. Samples were 

stored frozen at -20°C. 

 

Pharmacodynamics evaluation of BGA002 in RMS and SCLC mouse models 

SCLC and RMS mouse models were established as described above. In both cases, treatment was 

administered subcutaneously and started when specific tumor volume (in RMS mouse model), or 
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bioluminescent value (in SCLC mouse model) was reached. RMS mouse model was treated with 

BGA002 at the dose of 15 mg/kg/day for (n=4) or vehicle (n=5) for 14 consecutive days, while 

SCLC mouse model was treated with BGA002 at 5 mg/kg/day (n=4), 15 mg/kg/day (n=3), or vehi-

cle (n=14) for 14 consecutive days. Twenty-four hours after the last injection, animals were eu-

thanized and necropsy was performed. 

Tumors were extracted and weighted on a precision scale and all organs collected for subsequent 

analysis and studies. Western blot Production of N-Myc protein was assessed in total protein ex-

tracts. Sample was removed from animal as quickly as possible after animal sacrifice and homoge-

nized with a probe sonicator on ice in sample lysing solution added with a Halt protease inhibitor 

cocktail (Cat# 78429, Thermofisher) in a 1:100 rate. Sample lysing solution volume must be at least 

200 uL and at maximum 2 mL and adjusted to a concentration of 100 mg/mL; Total protein extract 

was quantified with BCA method at NanoDrop ND-1000 spectrophotometer against a standard 

curve of BSA in sample lysing solution. Proteins were separated by one-dimensional precast poly-

acrylamide gel [Bolt Bis-Tris Plus Gels 10%], that provides a neutral pH environment with the aim 

to minimize protein modifications, under denaturing conditions. Samples containing 10 to 50 µg of 

proteins were denatured by incubation at 95°C for 10 min after the addition of 4X Sample buffer, 

10X Reducing Agent and water to a final volume of 30 µL. Samples were loaded and run at 200 V 

for about 15 min in electrophoresis buffer [Bolt MES SDS Running buffer] with the molecular 

weight marker SeeBlue Plus2 Pre-Stained Standard. They were transferred from gel to PVDF mem-

brane [IBlot Transfer Stack] using the IBlot Gel Transfer Device, a dry system that transfers pro-

teins in 7 minutes [all materials and reagent were purchased from Life Technologies]. The mem-

brane was subjected to overnight incubation at 4°C with blocking solution (5% milk in PBS-Tween 

0.1%). The day after it was incubated 1 hour with primary antibody, a mouse monoclonal anti-N-

Myc antibody [SC-53993_Santa Cruz] diluted 1:200 in 3.5% BSA in PBS-Tween 0.1%. After three 

washes in PBS-Tween 0.1%, the membrane was incubated one hour with the corresponding sec-

ondary antibody, a sheep anti-mouse IgG-HRP [Amersham Biosciences] diluted 1:10,000 in 3.5% 
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BSA in PBS-Tween 0.1%. The membrane was washed 3 times in PBS-Tween 0.1% for 5 min be-

fore detection. N-Myc chemiluminescent signal was measured adding the ECL Select Western Blot-

ting solution [GE Healthcare] at ChemiDoc-It [UVP] to the membrane. The signal quantification 

was carried out with Alliance software [Uvitec] and was performed following colloidal staining 

with Coomassie brilliant blue dyes. Immunohistochemistry analysis Immunohistochemistry was 

performed on formaldehyde fixed and paraffin embedded samples, cut on microtome. Antigen re-

trieval was performed with EDTA-NaOH. Antibody used were Anti-MYCN primary antibody 

(OP13 Calbiochem) and HRP conjugated secondary antibody (Dako). Staining was performed with 

the DAKO kit for HRP Colorimetric revelation using DAB and Haematoxylin contrast. 

 

Statistical analyses 

All statistical analysis were performed using GraphPad Prism software (GraphPad Software Inc.) 

version 6. Data from distinct groups were compared using the MannWhitney test. P < 0.05 was con-

sidered significant. 
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LIST OF FIGURE CAPTIONS/LEGENDS 

Figure 1. BGA002 pharmacokinetics in plasma of mice and rabbits. (A) Plasma concentration–time 

profiles of BGA002 over 8 hours in male and female murine blood, after a single intravenous injec-

tion with BGA002 at 15 mg/kg. (B) Plasma concentration–time profiles of BGA002 over 8 hours in 

male and female murine blood, after a single subcutaneous injection with BGA002 at 15 mg/kg. (C) 

Comparison of plasma concentration–time profiles between IV and SC administration routes in mu-

rine blood, after single treatment with BGA002 at 15 mg/kg. (D) Comparison of plasma concentra-

tion–time profiles in murine blood obtained after one day and after 28 days of once-daily repeated 

SC administration of BGA002 at 2.5 mg/kg. (E) Plasma concentration–time profiles in murine 

blood over 8 hours after single SC administration with BGA002 at 2.5 mg/kg, 7.5 mg/kg and 25 

mg/kg. In all the studies, due to technical sample limitation in juvenile animals, for each timepoint 

the samples from three different animals were pooled in a single tube and analyzed through hybridi-

zation-based ELISA. 

Figure 2. BGA002 biodistribution in male and female mice after single SC administration. (A) Bio-

distribution in wild type mice up to seven days after SC administration of [14C]-Ac-BGA002 (15 

mg/kg). Organs and tissues are divided in three groups. BGA002 concentration is reported as per-

centage of ug equiv/g normalized within each group. (B) Biodistribution of [14C]-Ac-BGA002 is 

reported as mean from male and female values for specific organ of interest. As expected, higher 

values can be found in kidney and liver, where oligonucleotides are commonly accumulated. (C) 

Example of radiographic section image of biodistribution in mouse (female) after eight hours after 

single SC administration of [14C]-Ac-BGA002 (15 mg/kg). 

Figure 3. BGA002 localizes in different MNA-positive tumors. PK concentration in tumor and liver 

in MNA-positive SCLC, NB and RMS mouse models, after systemic SC administration with 

BGA002 at 15 mg/kg for 9 days (in SCLC), 10 mg/kg for 15 days (in NB) and 15 mg/kg for 15 

days (in RMS). Mean value for SCLC are respectively N= 120 g/g and N=273 g/g (p-value = 
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0.0072); Mean values for NB are respectively N= 360.6 g/g and N=111.9 g/g (p-value = 0.0424); 

Mean values for RMS are respectively N= 121.4 g/g and N=754.6 g/g (p-value = 0.1000). Mann-

Whitney test was performed for statistical analysis (ns = p-value > 0.05; * = p-value ≤ 0.05; ** = p-

value ≤ 0.01).  

Figure 4. BGA002 induces reduction in tumor weight and N-Myc protein in MNA-positive tumor 

mouse models. (A) Evaluation by bioluminescence and immunohistochemistry (reconstruction and 

magnification) of tumor growth after 15 days of once daily systemic administration of BGA002 at 5 

or 15 mg/kg/days in MNA-positive SCLC mouse model. Data are reported at the experiment end. 

(B). Tumor weight is reported at the end of experiment in SCLC and RMS, after 15 days of once 

daily SC administration of BGA002. Mean value for SCLC are respectively N= 313.1 mg, N=267.0 

mg (p-value = 0.8944) and N= 128.7 (p-value = 0.0324); Mean values for RMS are respectively N= 

303.6 mg and N=90.8 mg (p-value = 0.0635). (C) N-Myc protein levels are reported at the end of 

experiment in SCLC (p-value = 0.1905 and 0.1429) and RMS (p-value = 0.0178), after treatment 

with BGA002. Mann-Whitney test was performed for statistical analysis (ns = p-value > 0.05; * = 

p-value ≤ 0.05). 

TABLES
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Table 1 Pharmacokinetics parameters in mouse and rabbit.  

Table reporting complete PK parameters calculated in mice .In order are reported data after subcutaneous (SC) or intravenous (IV) single dose administration in mouse and single versus repeated 

subcutaneous (SC) administration in mouse. Each value is reported as mean of multiple single values. Abbreviation: time to reach maximum concentration (Tmax), highest concentration (Cmax), area 

under curve (AUC0-t), AUC from the time of dosing extrapolated to infinity (AUCinf), elimination half-time (t1/2 elim), volume of distribution (Vd), total body clearance (Clb), bioavailability (F). 

 Mouse single administration Mouse repeated administration (SC) 

BGA002 Dose (mg/kg):  5.0 15.0  2.5 7.5 25 

Parameter Unit Administration route M F M F Day(s) F F F 

Tmax h 

SC 

0.16 0.50 0.50 0.16 

1 Day 

0.50 0.50 0.50 

Cmax ng/ml 259 296 487 558 198 410 1031 

AUC(0-t) h*ng/ml 566.07 408.80 1527.29 1545.21 478.17 1331.15 3433.62 

AUCinf h*ng/ml 711.09 586.01 1775.22 1848.95 766.46 1601.45 3951.81 

t1/2 elim h 4.10 1.88 3.06 3.33 7.48 3.28 2.76 

Vd ml/kg 41621.48 23155.77 37342.78 38928.76 35218.41 22169.39 25217.22 

Clb mg/h/kg 7031.42 8532.22 8449.65 8112.69 3261.74 4683.26 6326.21 

F % 85.81 59.29 111.01 108.05    

Tmax h 

IV 

0.25 0.08 0.50 0.08 

28 Days 

0.50 0.17 0.17 

Cmax ng/ml 520 571 492 557 182 356 1284 

AUC(0-t) h*ng/ml 659.69 689.55 1375.77 1430.13 428.83 1208.7 2801.54 

AUCinf h*ng/ml 742.48 761.47 1643.21 1601.74 652.03 1512.09 3378.25 

t1/2 elim h 1.43 1.31 3.75 2.80 6.19 3.42 3.20 

Vd ml/kg 13939.52 12363.09 49321.23 37815.86 34231.43 24468.71 34142.64 

Clb mg/h/kg 6734.15 6566.21 9128.45 9364.78 3834.19 4960.02 7400.28 
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Figure S1. BGA002 pharmacokinetics in mice after single intravenous (IV) administration. 

Comparison of plasma concentration–time profiles of BGA002 over 8 hours in male and female 

murine blood, after single IV administration of BGA002 at 5 mg/kg (A) and 15 mg/kg (B). 

Comparison of plasma concentration–time profiles of BGA002 over 8 hours, after single IV 

administration of BGA002 at 5 mg/kg and 15 mg/kg in murine blood for males (C), females (D) 

and the mean of males and females (E). Data for male and female mice at each dose and time point 

are obtained by the analysis of plasma derived from the blood withdrawn from 3 animals and 

pooled in the same tube, thus standard deviation values are not available except for the figure E, 

where the average is calculated on the values of males and females. 

  

Supplemental Information (PDF format) Click here to access/download;Supplemental Information (PDF
format);Supplementary Material.pdf
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Figure S2. BGA002 pharmacokinetics in mice after single subcutaneous (SC) administration. 

Comparison of plasma concentration–time profiles of BGA002 over 8 hours in male and female 

murine blood, after single SC administration of BGA002 at 5 mg/kg (A) and 15 mg/kg (B). 

Comparison of plasma concentration-time profiles of BGA002 over 8 hours, after single SC 

administration of BGA002 at 5 mg/kg and 15 mg/kg in murine blood for males (C), females (D) 

and the mean of values from males and females (E). Data for male and female mice at each dose 

and time point are obtained by the analysis of plasma derived from the blood withdrawn from 3 

animals and pooled in the same tube, thus standard deviation values are not available except for the 

figure E, where the average is calculated on the values of males and females. 
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Figure S3. Comparison of BGA002 pharmacokinetics in mice after single subcutaneous (SC) 

and intravenous (IV) administration, in male and female mice. Comparison of plasma 

concentration–time profiles of BGA002 over 8 hours after single SC and IV administration of 

BGA002 at 5 mg/kg (A) 15 mg/kg (B) in male and female murine blood. Comparison of plasma 

concentration–time profiles of BGA002 over 8 hours after single SC and IV administration of 

BGA002 at 5 mg/kg (C) and 15 mg/kg (D) reported as mean values of males and females. Data for 

male and female mice at each dose and time point are obtained by the analysis of plasma derived 

from the blood withdrawn from 3 animals and pooled in the same tube, thus standard deviation 

values are not available except for the figure C and D, where the average is calculated on the values 

of males and females. 
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Figure S4. BGA002 inhibits vascularization and cellular density in SCLC tumor masses. 

Images of tumor masses sections shown are stained with hematoxylin and eosin, after 9 days of 

once daily systemic administration of BGA002 at 5 or 15 mg/kg/day in a multidrug resistant MNA-

SCLC mouse model. Data are reported at the experiment end. Similar results were obtained from 

three independent mice. Black triangles indicate vascular structures, black arrows indicate areas of 

low cellular density. 
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Figure S5. Comparison of plasma concentration in rabbit vs mouse. Comparison of plasma 

concentration–time profiles of BGA002 at 2.5 mg/kg, after single IV administration in rabbits 

versus SC administration in mice. For each timepoint the samples from three different animals were 

pooled in a single tube and analyzed through hybridization-based ELISA, due to technical sample 

limitation in juvenile animals. 
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Sex Dose (mg/kg) Timepoint (minutes) Timepoint (hours) BGA002 concentration in blood (ng/ml) 

male 5 5 0,083 509 

male 5 15 0,25 520 

male 5 30 0,5 370 

male 5 60 1 153 

male 5 240 4 40 

male 5 480 8 <LLOQ 

female 5 5 0,083 571 

female 5 15 0,25 501 

female 5 30 0,5 357 

female 5 60 1 170 

female 5 240 4 38,2 

female 5 480 8 <LLOQ 

male 15 5 0,083 397 

male 15 15 0,25 411 

male 15 30 0,5 492 

male 15 60 1 359 

male 15 240 4 89,2 

male 15 480 8 49,5 

female 15 5 0,083 557 

female 15 15 0,25 495 

female 15 30 0,5 448 

female 15 60 1 370 

female 15 240 4 95 

female 15 480 8 42,5 

Table S1 BGA002 concentration in blood after single IV injection in mouse. Raw data of 

BGA002 blood concentration in mouse is reported for each time point in each sex and all doses 

tested. Data refers to single IV injection. Lower limit of quantitation (LLOQ). 
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Sex Dose (mg/kg) Timepoint (minutes) Timepoint (hours) BGA002 concentration in blood (ng/ml) 

male 5 5 0,083 259 

male 5 15 0,25 246 

male 5 30 0,5 83,1 

male 5 60 1 134 

male 5 240 4 49,6 

male 5 480 8 24,5 

female 5 5 0,083 220 

female 5 15 0,25 296 

female 5 30 0,5 141 

female 5 60 1 110 

female 5 240 4 65,3 

female 5 480 8 <LLOQ 

male 15 5 0,083 478 

male 15 15 0,25 487 

male 15 30 0,5 474 

male 15 60 1 306 

male 15 240 4 160 

male 15 480 8 56,1 

female 15 5 0,083 558 

female 15 15 0,25 538 

female 15 30 0,5 349 

female 15 60 1 379 

female 15 240 4 144 

female 15 480 8 63,3 

Table S2 BGA002 concentration in blood after single SC injection in mouse. Raw data of 

BGA002 blood concentration in mouse is reported for each time point in each sex and all doses 

tested. Data refers to single SC injection. Lower limit of quantitation (LLOQ). 
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Dose 

(mg/kg) 

Number of 

injection 
Timepoint (minutes) Timepoint (hours) BGA002 concentration in blood (ng/ml) 

25 1 10 0,17 731 

25 1 30 0,5 1031 

25 1 60 1 709 

25 1 90 1,5 668 

25 1 180 3 454 

25 1 480 8 130 

7,5 1 10 0,17 332 

7,5 1 30 0,5 410 

7,5 1 60 1 369 

7,5 1 90 1,5 299 

7,5 1 180 3 139 

7,5 1 480 8 57,1 

2,5 1 10 0,17 157 

2,5 1 30 0,5 198 

2,5 1 60 1 139 

2,5 1 90 1,5 110 

2,5 1 180 3 34 

2,5 1 480 8 26,7 

25 28 10 0,17 1284 

25 28 30 0,5 576 

25 28 60 1 433 

25 28 90 1,5 588 

25 28 180 3 346 

25 28 480 8 125 

7,5 28 10 0,17 356 

7,5 28 30 0,5 280 

7,5 28 60 1 134 

7,5 28 90 1,5 227 

7,5 28 180 3 171 

7,5 28 480 8 61,5 

2,5 28 10 0,17 113 
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2,5 28 30 0,5 182 

2,5 28 60 1 117 

2,5 28 90 1,5 91,6 

2,5 28 180 3 34,6 

2,5 28 480 8 25 

Table S3 BGA002 concentration in blood after dose escalation in single or repeated SC 

injections in mouse. Raw data of BGA002 blood concentration in mouse is reported for each time 

point after single or 28 daily consecutive injections. BGA002 incremental doses range from 2.5 

mg/kg to 25 mg/kg. 
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Dose (mg/kg) Timepoint (minutes) Timepoint (hours) BGA002 concentration in blood (ng/ml) 

2,5 10 0,17 1598 

2,5 30 0,5 1989 

2,5 90 1,5 656 

2,5 180 3 231 

2,5 360 6 82,2 

2,5 720 12 22,6 

Table S4 BGA002 concentration in blood after a 30 minutes IV infusion in rabbit. Raw data of 

BGA002 blood concentration in rabbit is reported for each time point after a 30 minutes IV 

infusion. 

  



11 
 

Parameter Unit Values 

Tmax h 0.50 

Cmax ng/ml 1989 

AUC(0-t) h*ng/ml 3499.64 

AUCinf h*ng/ml 3600.09 

t1/2 elim h 3.08 

Vd ml/kg 3086.70 

Clb mg/h/kg 694.43 

Table S5 Summary of PK parameters after single IV administration in rabbit. Complete PK 

data are reported after single IV administration of BGA002 in male rabbit treated with BGA002 at 

2.5 mg/kg. Each value is reported as mean of multiple single values. Abbreviations: time to reach 

maximum concentration (Tmax), highest concentration (Cmax), area under curve (AUC0-t), AUC from 

the time of dosing extrapolated to infinity (AUCinf), elimination half-time (t1/2 elim), volume of 

distribution (Vd), total body clearance (Clb). 
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SUPPLEMENTARY MATERIALS AND METHODS 

Animals: rabbits 

Pharmacokinetics plasma analysis was performed in juvenile rabbits (New Zealand White rabbit, 

LAGO: INRA 1077 (Nzw) EOPS) and Wil Research. Aptuit and Farefarma performed respectively 

ELISA analysis and pharmacokinetics analysis. Animals were maintained according to each CRO 

internal standard operating procedures. 

 

In-vivo PK/TK experiments in rabbit plasma 

The studies were conducted with the support of the following CRO: 

- In-vivo phase : WIL Research Europe - Lyon SAS, 329 Impasse du Domaine Rozier, 69210 

Saint-Germain-Nuelles, France (now Charles River) 

- Bioanalysis: Aptuit Verona Srl, Via Alessandro Fleming, 4 - 37135 Verona, Italy 

- Pharmacokinetic Analysis: Farefarma Srl, Via Ferrari, 9 - 28045 Invorio, Italy 

The animals used for the studies include Male New Zealand White rabbit (LAGO: INRA 1077 

(Nzw) EOPS) (6 weeks old at start of treatment) from Centre LAGO, 01540 Vonnas, France. 

The rationale for the dose selection is based on mice studies as described in materials and methods. 

In particular, for rabbits, which are known to have generally a slower metabolism and a higher 

exposition when compared to mice, the chosen dose was 2.5 mg/kg. Rabbits were treated with a 30-

minute intravenous infusion of 2.5 mg/kg BGA002 (volume administered: 0.625 mL/kg/day and 

rate of dosing: 1.25 mL/kg/h) using a microflex infusion set introduced into an ear vein (a 

preliminary compatibility test demonstrated that no compound was retained by the infusion system). 

Sampling time-points (6 time-points): 10, 30 (before the end of infusion) and 90 minutes, and 3, 6 

and 12 hours. Blood sampling time-points were considered from the start of infusion. Blood was 

sampled individually from the 3 rabbits and plasma was pooled for all 3 animals per time-point. 
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Control pooled mouse and rabbit plasma (Lithium Heparin-LiHe) are centrifuged for approximately 

10 minutes at 3000xg prior to use. 
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