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SUMMARY

This industrial Ph.D. thesis aimed to illustrate the presence of the cell-based bioassays
throughout the whole life of a drug product and to demonstrate its importance for a complete
characterization of a pharmaceutical product, ensuring its quality, effectiveness, and safety. To
do so, the assays performed for the analysis of three different products under study in Reig Jofre
were analysed to illustrate the importance of this assays to guarantee the obtention of high-

quality products in the pharmaceutical industry.

In the first place, the candidates to be used as active ingredients for a cream to treat acne
outbreaks were analysed. The first step taken was to characterize the impact of an infection
produced by heat inactivated Cutibacterium acnes, associated with acne, in the HaCaT cell line.
To do so, the modification of the expression of the toll like receptors 2 and 4, and the
inflammatory response caused in response to the activation of these two receptors in the
infection, were evaluated. After that, the anti-inflammatory capacity of a Camellia sinensis plant
extract, a Morinda citrifolia plant extract and a combination of both, achieving a reduction of

the inflammatory response caused by Cutibacterium acnes, was illustrated.

In the second place, different analysis for the demonstration of biosimilarity and for the
evaluation of the potency of a new thrombopoietin receptor agonist biosimilar, under
development at Reig Jofre, for the treatment of immune thrombocytopenia were performed.
The first thing done was to demonstrate equivalent receptor binding between the reference
material product and the biosimilar to the thrombopoietin receptor, using a biacore analysis.
The second step performed was to develop two assays for the evaluation of the potency of the
thrombopoietin receptor agonist biosimilar based on two modified cell lines to overexpress in
their membranes the thrombopoietin receptor. All the assays performed for the demonstration
of the adequate responsiveness of the cell line to the stimulation with the biosimilar, the steps
taken for the optimization process of the two bioassays and the validation exercises for the
demonstration of adequate linearity, precision, accuracy, selectivity, and robustness of the two
developed assays are presented in this industrial Ph.D. thesis. The bioassays developed have
been used for the demonstration of biosimilarity of the new Reig Jofre product, for the
demonstration of batch-to-batch equivalency and of the stability of the product and for the

evaluation of the impact of manufacturing modifications in the final product obtained.

Finally, the cytotoxicity produced by a cream for scabies treatment, based on disulfiram and

benzyl benzoate as active ingredients, which is already in the marked, was characterized,
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illustrating the importance of continuing evaluating the products after their launching to the
marked to gain new information, which may be useful to find new possibilities for the product.
For the characterization of the cytotoxicity occurring after the application of the treatment, a
cytotoxicity assay was performed to evaluate the effect of the different cream components on
HEKOO01, a keratinocytes cell line, and, after that, a microarray analysis was performed to
provided information on the cellular signalling pathways affected after the 24 h treatment with

the cream.

Altogether, the analysis presented for the evaluation of different drug products’ biological
activities at different stages of the drug development process illustrate the essentiality of this

kind of assays to ensure the production of high-quality products for patients’ treatment.
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General introduction

1. GENERAL INTRODUCTION

1.1. INTRODUCTION TO THE PHARMACEUTICAL INDUSTRY

The pharmaceutical industry carries out activities for the discovery, development, production,
and delivery to the market of drugs or other pharmaceutical products, useful for the diagnosis,
cure, or mitigation of the symptomatology of the patients receiving these products. Additionally,
pharmaceutical companies ensure determined quality standard for the products developed,

guarantying its efficacy and safety.

Laboratories Reig Jofre, hereafter RIJF, is one of the many pharmaceutical companies that

compromise with the generation of high-quality pharmaceutical specialities for consumers.

1.1.1. REIG JOFRE LABORATORIES

The projects discussed in this dissertation have been developed under RIJF initiative. RFJ is a
Catalan pharmaceutical company that has been working in the pharmaceutical context since its
foundation in 1929. Its business activities are focused on the development of pharmaceutical
technologies, such as antibiotics and lyophilized injectables, which suppose the 48 % of its total
sales, the development of specialty pharma care, focused on dermatology, osteoarticular and
gynaecological health, representing the 29 % of its total sales, and the development of
nutritional supplements for weight control, beauty, and stress & sleep disorders, among others,
that represent the 23 % of its total sales. Apart from the production of pharmaceutical products

of its own, RJF also offers specialized production services for third parties (1).

RJF accounts with more than 1,100 employees, distributed among its 4 production centres, 1 in
Barcelona, 2 in Toledo and 1 in Malmo (Sweden), orientated to the distribution and
manufacturing of the pharmaceutical products. Additionally, RJF directly sales to 7 countries and

has more than 130 business partners around the globe, located in more than 70 countries (1).

During the last decade, RIF has shown special interest in its introduction to the development
and manufacturing of biological products, which present growing positive perspectives in the
future of medicine. Accordingly, the interest of the company in the development of methods for

the characterization and evaluation of these new products has also expanded.
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1.2. DEVELOPMENT PROCES OF A PHARMACEUTICAL PRODUCT

According to the definition provided by the food and drug administration, a drug is a product
which is intended for use in the diagnosis, cure, mitigation, treatment, or prevention of disease.
Additionally, FDA defines a drug product as the final dosage form of a pharmaceutical product,
the drug substance as the active pharmaceutical ingredient in a drug product, and the excipients

as the inactive ingredients associated with the drug substance in the drug product (2,3).

The journey for developing a new drug product and launching it into the market is typically long
and challenging and requires a high investment of time and monetary costs. The average time
required to get one pharmaceutical new product into the market is 12 years (4). Despite this,
enormous differences can be observed depending on the therapeutic area (5). In terms of
economic expenses, the average cost of getting a drug product into the market is around

1,000,000,000 € (6).

The drug development process can be divided in different stages which can be seen as a funnel
with a huge number of compounds at the beginning, from which, luckily, one gets into the

market (Figure 1) (7).

The steps generally included in a development process of a new pharmaceutical product are the

following:

- New medical need definition and target identification and validation: the
development of a new pharmaceutical entity starts when an unreasoned medical
necessity is identified. After this, it is necessary to identify a molecular structure within
the organism, which is important for the disease, known as target, and to demonstrate

the capability of impacting on the disease outcome by the modulation of this target (8).

- Hit discovery: the second step is to identify compounds capable of interacting with the
identified target. This process is usually performed by the evaluation of huge compound

libraries, using high throughput screening (HTS) analysis techniques (9).

- Assay development: together with the hit discovery phase, it is important to develop
an assay useful for determining the affinity of the candidate for the target and to tests
the candidate’s potency. Nowadays, most assays are based on stable cell lines which
overexpress the molecule of interest for the candidates to interact with (10). During the

initial phases of the development this assay is going to be used to identify the most
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promising candidates and to test their evolution trough the different optimization steps,
while in the most advanced steps in the drug development process and after the
launching of the product to the market, this assay is going to be used to for the validation

of new batches, for proving batch-to-batch consistency, for stability controls and for the

evaluation of any changes produced on the manufacturing process.

Stages Alin drug
in drug development
development

Identification of new

targets
Prediction target’s role
Identification and Validation of targets in disease
Prediction of signalling
system
Identification and/or design
of hits compounds ~  -—-—-ooooomeeo
Stage 1 {5000-10000 compounds)
(Basic s
research) Prediction of new
Synthesis and Dﬂm?m_.mds
Optimization of lead Prediction of ADMET
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Predicti synthetic
In vive routes
models
Preclinical
Stage 2
lPrec?inica! phase -[Pmdiction toxicity
Phase) (5 compounds)
------------- BB YBAIS - o ieiaeeiiiiiacecieensessesnesreen e
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I
8.5 years Drug repurposing
Stage 3 Selection of patient
(Clinical Phase population
Phase) ] Adherence control
10.5 years —
Phase
1]
cmntits et U v s eI i o i S R RN S
Regulatory s
_p_hasa_ 1,52 YOS — - - - - e
Slagnd Phase IV
(et e Pharmacovigilance
surveillance)

- Figure 1: Drug development process (7).

- Hit to lead and lead optimization phases: several steps are performed for the
generation of the leads, which consist of the selection of the best compounds among all
selected hits. Firstly, dose response curves are generated for each hit to select the ones
with a best binding profile to the target. Secondly, an assay for the detection of the
functional response of the best hits selected in the first step are performed. The hits

identified as the most potent and selective are optimized to improve its absorption,
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distribution, metabolism, and excretion (ADME) profile, for the generation of the leads
(10). The optimization process continues for the leads obtained to improve their
potency, specificity, selectivity, and safety characteristics. Additionally, the productivity
and purification costs of the candidates are also evaluated for the selection of the best

lead which will become the preclinical development candidate (11).

- Preclinical drug development: the preclinical development candidate is generally tested
in a rodent and in a non-rodent species through different studies for the determination
of the therapeutic window and for the evaluation of the toxicity of the new
pharmacological candidate and its metabolites. Additionally, studies for the

determination of genotoxicity and teratogenesis are also performed (9,10).

- Clinical drug development: If the candidates prove sufficient efficacy and safety during
preclinical evaluation, authorization for starting clinical development is granted. The
economic cost of failure once the clinical drug development phase is reached is huge.
Because of this, it is important to develop good preclinical testing to fail fast and cheap.

The phases included in clinical testing are the following:

o Phase l: it is usually performed on a small group of healthy volunteers, and it is
the first contact of the product with the human organism. Because of this, the
main purposes of Phase | studies are the assessment of safety and the
evaluation of the pharmacokinetic (ADME) and the pharmacodynamic profile of
the product (8).

o Phase II: it is performed in a small group of patients, and additionally to
continue evaluating safety, the effectivity of the product is assessed (8).

o Phase lll: it is the last phase before the product commercialization, and it
evaluates the safety and effectivity of the candidate in a large group of patients.
It usually involves several hospitals of diverse geographical areas (8).

o Phase IV: it occurs when the product gets to the market and it includes the
whole population receiving the treatment, and it is used for continuing
evaluating the safety of the product with a larger number of treated subjects
(8).

o Pharmacovigilance: is the discipline responsible to continue monitoring the less
common adverse reactions, the interaction with other drugs, etc during the

whole life of a pharmaceutical product (12).
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- Regulatory phase: the developer of a new pharmaceutical candidate shall submit all the
documentation regarding the new candidate to the corresponding authorities, from the
identification of the medical need to phase Ill studies results. Among other
documentation, all the information generated during de drug discovery and
development process must be presented in a standardized form, the Common Technical

Document (CTD) (Figure 2) (9).

The CTD Triangle

NOT Part of
the CTD

Reqgiona
Admin
Informalion

Module 1

The CTD

Quality 1 Menclinical | Clinical
Overall | Overview Overview

Summary | [
| Nenctinical |  Clinical

Summary Summary

Nonchnical Clinical
Quality Study Reports Study Reports

Module 3 Module 4 Module 5

Figure 2: The Common Technical Document (9).

In parallel with the development and optimization of the new compound structure and its
formulation, it is essential to develop adequate methodologies for the evaluation of this new
pharmaceutical product, to be able to identify any change occurring in the product or in its
functioning, which may have a critical impact in the quality. The information regarding all the
assays to be performed to ensure the quality of the product under development must also be

submitted to the registration organ.

Additionally, the manufacturing method of the product shall also be parametrically described
and presented with the documentation required for the authorities. The impact of any change
required in the production method should be reported and its impact in the quality of the final

product must be evaluated.
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1.2.1. Sources of new drug candidates

Regarding the sources of the molecules necessary for starting the drug development process,
there are three main groups of compounds suitable to be used for the development of a new

drug product. Those are:

- Natural sources compounds, which are compounds which have directly been obtained
from nature, for example, from a biological source such as plants and microorganisms
or from a mineral source (9). This type of products has been widely used historically and
they have proven its effectiveness for the treatment of several medical conditions, as
they present a great variability in terms of structure and mechanism of action. On the
other hand, this kind of products are difficult to purify, and this makes its therapeutic
range harder to determine (13), what limits their use in the development of new

pharmaceuticals.

- Small chemical molecules, which are chemical synthesis compounds of typically less
than 500 Daltons which are registered in libraries of molecules and that can be easily
used for high throughput screening (13). The main disadvantage of this type of
molecules is that they can interact with a limited number of biological processes, since
most of these compounds interact with a reduced number of receptor families,

including nuclear receptors, G-protein coupled receptors and ion channels (14).

- Biologics, which are biotechnological products synthesized in living cell through the
modification of their complex natural metabolically pathways allowing the generation
of new products, including recombinant proteins, hormones, monoclonal antibodies,
gene therapies, cellular therapies, growth factors... (15,16) Biologics are large and
complex molecules, what make their characterization highly difficult. Additionally, they
usually are less stable than chemical drugs, which result in stricter monitorization
requirements for their storage conditions. This, together with their complex
manufacturing process, to which any small variation can result in a modification in the
final product obtained, makes them very expensive products. On the other hand,
biologics have demonstrated to be capable of affecting on biological processes
considered “undruggable”, which offers promising perspective to new therapeutic

opportunities (13).
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1.2.2. Generics and Biosimilars

After the discovery of a new pharmaceutical product, designated as reference material, the
discoverer has a time in which the product is protected by a patent or as intellectual property
to recover the economic investment made during the process of development. After this period
other laboratories can start to develop generics or biosimilars to the reference product, which

is a cheaper and faster alternative to the development of a new drug product.

Generics are products formulated with the same active ingredients, but possibly with different
excipients, as the reference material. To register a product as a generic to a pre-registered
pharmaceutical formula, the posology and the specifications need to be equivalent to the ones
for the reference material. The quality attributes required for generics are the same as for any
other pharmaceutical products, but neither preclinical nor clinical studies are required, as the
demonstration of bioequivalence for the generic product, together with the knowledge gained
during the development of the reference material can be used for efficacy and safety verification

(17).

Biosimilars are biotechnological products developed to present equivalent biological activity,
efficacy, and safety to an original biological product. Despite this, the high complexity of
biologics and its production process, make the exact replication of the reference product
impossible. Because of this, even though the scientific knowledge generated during the
reference product development can be used, biosimilars are controled under its own
development process and full quality dossier is required for registration (18,19). A biosimilar is
a biological product which, even though it might present minor differences related with its
production process, is highly similar with a priorly authorized biological product in terms of

composition, both for the active substance, efficacy, and safety (18,20).

Considering the high complexity of biologics and biosimilars, to prove biosimilarity, the generic
approach, which only requires the demonstration of bioequivalence, that is the demonstration
of equivalent availability of the product after administration, is not sufficient, and the
demonstration of equivalent effect produced by the same dose is also required. Additionally,
the demonstration of similarity in the manufacturing process is also desirable as, as mentioned
before, changes occurring during the manufacturing or storage of a biological product may cause
dramatic changes in the final product obtained. Finally, purity and impurities profiles of the
biosimilar and the reference material should be compared, considering the specific degradation

pathways and the post-transcriptional modifications specifically expected for the product. The
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submission of a full quality dossier is required, and this should be supplemented with the
demonstration of biosimilar comparability, where any differences identified shall be reported

and properly justified (18,21).

1.2.3. Drug repositioning

Another alternative to the expensive process of new drug development is drug repositioning.
Drug repositioning consists in rescuing existing pharmaceutical products or drug candidates that
did not get to the market, for a different medical purpose (22). Even though most of the drug
repositioning past achievements occurred serendipitously and without a strategy supporting
them, nowadays, pharmaceutical companies may opt for this approach as it supposes a cheaper
alternative to traditional drug development, and it presents a reduced risk of failure due to the
existence of previous information regarding the drug substance itself and its possible adverse
effects (23). It is also a good alternative for those pharmaceuticals with a patent expiration date
near or already completed, as finding them a new medical use may allow the generation of a

new patent, increasing the economic benefits obtained for that product.

1.3. CELL-BASED BIOASSAYS

With the increase of the complexity of the new molecules used for drug development, the
necessity of developing assays capable of predicting the molecules mechanism of action also
increased. Additionally, the aim of reducing the number of animals required for preclinical drug

testing also observed an upward trend.

Cell-based bioassays allow for the determination of the biological activity elicited by a
pharmaceutical product, mimicking the drugs mechanism of action within the organism if the
adequate cell line is used, and they are a good alternative to the use of animals in the
pharmaceutical industry. Cell-based bioassays have a greater variability that the traditional
physicochemical techniques, as they use living organisms, the cell, as reagents, but they offer as
advantage that they provide essential information about the effect that a drug will have within
the organism. This has special importance when talking about biologics and biosimilars, but cell-
based bioassays can also provide useful information about the mechanism of action and the

adverse effects associated with chemical synthesis products.
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In this dissertation, the importance of cell-based bioassays in the whole life of a drug product is
evidenced through the analysis of the information provided by this kind of assays for three
products of RJF that are in different stages of a pharmaceutical product life. Cell-based assays

can be used for:

- The characterization of new candidates during the drug development for the selection
of those with the most desirable characteristics for the final product. This is exemplified
in chapter 1, were the anti-inflammatory characteristics of different plant extract

candidates for the development of an anti-acneic cream are evaluated.

- The assessment of the required quality attributes of a manufactured drug product,
both during development and after the commercialization of the product. During drug
development, cell-based bioassays can be used for the comparison of different
formulation option, for the determination of the product’s stability and for the
verification of the manufacturing method suitability and the evaluation of the impact of
any modification occurring in it. After commercialization, cell-based bioassays are used
for the demonstration of batch-to-batch consistency and for the confirmation of the
product’s stability during its whole self-life (9). This is exemplified in chapter 2, were two
cell-based bioassays for the evaluation of the potency of a biosimilar product are

developed.

- The generation of new information about drugs already in the market for the
prediction of non-expected adverse effects or for drug repositioning. This is exemplified
in chapter 3, were the mechanisms of cytotoxicity of an already commercial cream for
the treatment of scabies are evaluated in perspective of a possible future market

expansion or drug repositioning.

1.4. REGULATORY FRAMEWORK

One of the most critical aspects of the drug development process is the insurance of quality and
safety to be maintained through the whole development and production process, as medical
products are first necessity products that can be used to heal the organism but that may also be
subject to severe adverse effects if not properly controlled. To guaranty the patients’ safety, all

the processes occurring in a pharmaceutical industry are highly regulated.
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After the thalidomide tragedy in 1960-1961, the evidence of the necessity for the establishment
of properly defined regulatory requirements for proper drug products testing before those to
be launched to the market. The Good Manufacturing Practices (GMP) are a compendium of
requirements, that were firstly proposed by the government of the United States in 1963, which
establish the essentials for the production, packaging, and distribution of medicines and medical
products, and define the minimum requirements in terms of safety, physicochemical and

biological activity qualities for the products (24,25).

According to GMPs, all the procedures required for the production and the assessment of the
quality of the pharmaceutical products must be parametrically defined in system operator
procedures (SOPs), which must have been defined during the product’s development process,
together with the acceptance criteria limits for every step. Additionally, every task performed
must be traceable, ensuring that every step is registered for its revision in the future. The
personnel responsible for carrying on any procedure must be correctly qualified according to its
position. The equipment required for the performance of the manufacturing and the testing of
the products must be qualified and calibrated, and the personnel must be provided with proper
personal protection equipment. The existence of risk management documentation is also
essential. All the procedures and documentation generated shall be closely monitored by the
quality assurance department of the company, which has as main responsibilities the insurance
of the GMP compliance in all company’s areas and the application of preventive and correction

actions in case of any deviation being detected (24,25).

All these requirements ensure the production of high-quality manufacturing products, and
therefore, GMP compliance shall be seen as an insurance for the maintenance of patients’ health
and the prevention of future litigations for the company, instead of seeing it as a regulatory

burden.

GMP compliance is essential for the production and commercialization of pharmaceuticals in
the main markets around the globe, the compliance of the demanded regulatory requirements
is controlled by multiple agencies, including the European Medicines Agency (EMA), the United
Kingdom Medicines and Health Care Products regulatory agency (MHRA), Pharmaceutical
Inspection and Co-operation Scheme (PIC/S), the United States Food and Drug Administration

(FDA) and the Japanese Pharmaceutical and Medical Devices Agency (PMDA).

Considering the elevated number of agencies controlling the compliance of the regulatory

requirements for pharmaceutical industry, and harmonization of the it became necessary to
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prevent de request of duplicated studies and to facilitate pharmaceuticals access to more than
one market. The unification of the regulatory requirements was defined and compiled during
the International Council for Harmonization of Technical Requirements for Pharmaceuticals for

Human Use (ICH) (26).

As the GMPs and ICHs evolve for the inclusion of the most advanced medicines and medical
products, it is important to be updated to the most recent version of the guidelines to ensure

the adequate compliance of the requirements.
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2. OBJECTIVES

This industrial Ph.D. thesis aimed to demonstrate the importance of cell-based bioassays in the
pharmaceutical industry, and that they have a crucial role in all the parts of a pharmaceutical

product self-life.

This main objective was achieved through the analysis of the cell-based assays performed on
three RJF products, found in different stages of the drug development process, which were used
as an example of the importance of cell-based bioassays in the pharmaceutical industry. The

specific objectives for the characterization of the different products were:

- Toanalyse the effect of an infection with inactivated C. acnes on the HaCaT cell line and
evaluate the anti-inflammatory profile of a Camellia sinensis and a Morinda citrifolia
plant extracts and of a combination of both, to study their potential as active ingredients

of a cream for acne treatment.

- To develop and validate two potency assays, one based on a proliferation assay for the
determination of the late response, and one based on a reporter gene assay for the
determination of the early response, for the assessment of the potency of a TPO-RA

biosimilar being developed in RIJF.

- To characterize the cytotoxic response elicited in the skin by the treatment with an

already commercial disulfiram / benzyl benzoate cream.

32



Materials

3. MATERIALS

The reagents used in the realization of the different analysis described in this industrial Ph.D.

thesis are summarized in Table 1.

Table 1: Reagents.

Reagent Reference Brand Use
DMEM High Glucose 11500596 F;S:;Ligi:’nlzgi:’ Cell culture
s | sy | T | s
Keratino&yéziii:um Free 11510366 FS:;L?::”JELS Cell culture
FBS Heat inactivated. 11550356 Fisher Scientific, Cell culture

Hampton, USA

Penicillin / Streptomycin 11548876 F;S:;Ligi:’nlzgi:’ Cell culture
Sodium Pyruvate 12539059 FE:;L?;L?”SEE' Cell culture
IL-3 10670154 Fﬁ:;;ig':”&g: Cell culture
GM-CSF 215-GM-010 Mﬁ'zasgjimjs A Cell culture
Puromycin A1113803 w:I;T:rlr:\i,SBEZ Cell culture
Blasticidin S 12172530 Fisher Scientific, Cell culture

Hampton, USA
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Reagent Reference Brand Use
. Fisher Scientific,
Hygromycin B 10453982 Hampton, USA Cell culture
Human Recombinant Fisher Scientific
Epidermal Growth Factor 10134762 Hambton USA, Cell culture
(EGF 1-53) pron,
Glutamax 11574466 Fisher Scientific, Cell culture
Hampton, USA
Fisher Scientific
in- 0, ’
Trypsin-EDTA 0.25% 11580626 Hampton, USA Cell culture
Fisher Scientific,
Trypan blue 11538886 Hampton, USA Cell culture
PBS pH 7.4 11503387 Fisher Scientific, General use
PR 7. Hampton, USA
Cultibacterium acnes 0170L TISELAB, Cornella de Cell treatment

Llobregat, Spain

Benzil Benzoate

Kingly gifted by Bioglan AB (Malmo,

Sweden)

Cell treatment

Disulfiram

Kingly gifted by Bioglan AB (Malmo,

Sweden)

Cell treatment

D/ BB cream

Kingly gifted by Bioglan AB (Malmo,

Sweden)

Cell treatment

Sigma-Aldrich, Sant

Cytotoxicity /

Cell Counting Kit-8 96992-19 Louis, USA Proliferation assay
Rneasy Mini Kit 74104 WERFEN, Barcelona, gPCR
Spain
iScript RT-PCR Supermix 170-8841 Bio-Rad, Hercules, 4PCR

100

USA
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Reagent Reference Brand Use
LightCycler 480 Probes 4887301001 Roche, Basel, PCR
Master Switzerland q
Nucelase Free Water 171786 F:::\Ligl:njgi:' qPCR
Hs00174103_m1 (IL-8)
Hs00174128_m1 (TNFa) .
H500174131_m1 (IL6 4331182 ThermoFisher, GPCR
—m1 (IL6) Waltham, USA
Hs00236937_m1 (CXCL1)
Hs02786624_g1 (GADPH)
Becton Dick
Antibody anti-TLR2 565349 Frzillflinn Llack:snSSQ’A Flow cytometry
Antibody anti-TLR4 564251 I?r;tlflinn ?_;Cli(;nSSgA Flow cytometry
Anti-CD110 antibody 562416 l?rziltlflinn ?_Iacli(:snSSgA Flow cytometry
PE Mouse IgG1, k Isotype Becton Dickenson,
Control 254680 Franklin Lakes, USA Flow cytometry
Anti-lgG2b antibody Becton Dickenson,
(isotype control) >62305 Franklin Lakes, USA Flow cytometry
. ThermoFisher, Flow cytometry / NF-k
DAPI solution 1 mg / mL 62248 Waltham, USA Translocation assay
BSA Fraction V IgG Free 15755993 Fisher Scientific, Flow cytomgtry / NF-kB
Hampton, USA Translocation assay
16% Formaldehyde (w/v), 11586711 Fisher Scientific, NF-kf Translocation
Methanol-free Hampton, USA assay
Triton™ X-100 18787 Slgma—A!drlch, Sant | NF-kP Translocation
Louis, USA assay
Tween-20 2287 Sigma-Aldrich, Sant NF-kf Translocation

Louis, USA

assay / Western blot
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Reagent Reference Brand Use
. . Santa Cruz ,
Antl;;lFATeBXF;GF?Lﬁ:gZC;dSy (F- sc-8008 AF488 Biotechnology, Inc., NF-«B T;j:aslocatlon
Dallas, USA y
Biacore amine coupling kit BR100050 GE-Healthcare, Biacore
Uppsala, Sweden
Biacore CM5 (?ptlcal sensor BR100012 GE-Healthcare, Biacore
chip Uppsala, Sweden
Biacore human a‘ntlbody BR100893 GE-Healthcare, Biacore
caprure kit Uppsala, Sweden
. ThermoFisher,
Lysis Buffer 87787 Waltham, USA Western blot
Phosphatase and protease ThermoFisher,
inhibitor 78442 Waltham, USA Western blot
. Santa Cruz
Antl_s;—nAtEO(dA_g) AC sc-74442-AC Biotechnology, Inc., Western blot
y Dallas, USA
Sample Buffer 1610747 B|o—Rale:AercuIes, Western blot
DTT 646563 Sigma-Aldrich, Sant Western blot
Louis, USA
4-15% Mini-PROTEAN® Bio-Rad, Hercules,
TGX™ Precast Protein Gels 4561083 USA Western blot
. ThermoFisher,
Running Buffer LC2675 Waltham, USA Western blot
Nitrocellulose Blotting GE10600001 Slgma-A!drlch, Sant Western blot
Membrane Louis, USA
Transfer Buffer LC3675 ThermoFisher, Western blot

Waltham, USA
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Reagent Reference Brand Use
Santa Cruz
Antibody anti-STAT5 sc-74442 Biotechnology, Inc., Western blot
Dallas, USA
Santa Cruz
Antibody anti-p-TYR sc-508 Biotechnology, Inc., Western blot
Dallas, USA
Antibody anti-a-tubulin T8203 Slgma-A!drlch, Sant Western blot
Louis, USA
Antibody Anti-Mouse 1gG . .
(y-chain specific) - Alkaline A3438 S|gma—A!dr|ch, Sant Western blot
Louis, USA
Phosphatase
Novex AP Chromogenic Invitrogen,
Substrate (BCIP/NBT) WP20001 Waltham, USA Western blot
Bio-Glo™ Luciferase Assay Promega, Madison,
System G7940 USA Reporter gene assay
Cell Titer Glo® G7570 Promega, Madison, Cytotoxicity assay

USA
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The equipment used in the realization of the different analysis described in this industrial Ph.D.

thesis are summarized in Table 2.

Table 2: Equipment.

Equipment Brand Use
Biological safety cabinet Bio Il | Azvil Telstar, S.L.U., Terrassa,

. General Use

Advance Spain
CO; incubator ThermoFisher, Waltham, USA General Use
Thermostatic bath VWR International, Radnor, General Use

USA
Inverted Microscope ThermoFisher, Waltham, USA General Use
Centrifuge VWR International, Radnor, General Use

USA

Gallios Cytometer

Beckman Coulter, Brea, USA

Flow cytometry

Victor 2030

Perkin Elmer, Waltham, USA

Cytotoxicity / Potency assays

Lightcycler 480°®

Roche, Basel, Switzerland

qPCR

NanoDrop Lite

ThermoFisher, Waltham, USA

gPCR / immunoprecipitation /
micorarrays

PxE Thermal Cycler

ThermoFisher, Waltham, USA

gPCR / microarrays

Spectral confocal microscope
Leica TCS-SPE

Leica Microsystems, Wetzlar,
Germany

NF-kf Translocation assay

ChemiDoc ™ MP Imaging
System

Bio-Rad, Hercules, USA

Western Blot
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4. METHODS
4.1. CELL LINES
4.1.1. HaCaT

The transformed immortal keratinocyte HaCaT cell line was kindly gifted by the Department of
Biochemistry and Molecular Biomedicine of the Faculty of Biology of the Universitat de
Barcelona. A cell bank was generated and maintained in liquid nitrogen at the RIJF facilities. The

bank was tested against mycoplasma and other microorganisms.

After thawing, the cells were cultured for two weeks before to its use, to guarantee the integrity
of the cells and their correct growth. The cells were grown in monolayer on solid support, at
379C in a humified atmosphere with 5 % CO;, and maintained in DMEM media supplemented

with 10 % FBS and 1 % Penicillin / Streptomycin antibiotic, from here HaCaT medium.

4.1.2. BA/F3-hMPL

4.1.2.1. Cell line development

The cell line development was outsourced to GenScript, a biotechnological company with high
experience in developing recombinant stable cell lines using its platform of lentiviral-based

expression cassette.

The first step taken for GenScript was the subcloning of the target gene, the human
thrombopoietin receptor gene, into Lenti-EFla-puro vector, property of GenScript. This vector
uses EF1 promoter as the target for the hMPL gene insertion and includes puromycin resistance
gen for cell selection after transfection. After that, the plasmid vector was subcloned into a

lentivirus.
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In the second place, the viral vector generated was used for the Ba/F3 cell line infection. The
resulting cell line, named BA/F3-hMPL, grew in selective medium with puromycin and under the
stimulation of the cytokine IL3 and expressed in its membrane the receptor of human

thrombopoietin.

To ensure the generation of a fully transduced population of cells the cell pools produced were
screened with puromycin. The single-cell-derived stable clones were obtained by limiting
dilution. After that, the target gene expression in the resulting stable pool cells was determined
by gPCR. Based on the hMPL gene sequence (see ANNEX I) the following Forward and Reverse

primers were designed:

- Forward primer -> CCCAAGAACTCCACTGGTCC
- Reverse primer - TGCTTTGGTCCATCTTGCCA

For the performance of the gqPCR, for each reaction, 10 pL of SYBER Green, 0.8 puL of forward
primer at 10 uM, 0.8 pL of reverse primer at 10 uM, 0.4 pL of ROX Dye, 4 uL of DNA template
and 4 pL of Mili-Q water were used. After the preparation of the samples, 40 cycles of increasing
the temperature to 959C for denaturation of the two strands of DNA, decreasing the
temperature to 602C for annealing of the primers to the template, and increasing it to 722C for
the elongation of the primers, were performed. Fluorescence signals were acquired for the

quantification of hMPL expression.

The two best clones obtained, based on receptor expression levels, were selected. Two cryovials

containing 1 x 107 cells for each clone and supplied to RIF.

4.1.2.2. Thawing and maintenance

For cell expansion, a cells cryovial was thawed with thawing medium, consisting of RPMI media
supplemented with 10 % FBS, 1 % Sodium Pyruvate and 3 ng / mL IL-3. The cells were maintained
in culture, not exceeding passage 30, and were generally subcultured three times a week. After
thawing, the complete medium supplemented with the selection antibiotic was used. The
compete medium consisted of RPMI media supplemented with 10 % FBS, 1 % Sodium Pyruvate,

3ng/ mLIL-3 and 1.5 ng / mL Puromycin.

For the performance of the assays, the selection antibiotic and the growth factor IL-3 were

eliminated from the media was performed, as it could have an interference in the assays results.
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4.1.2.3. Master Cell Bank and Working Cell Bank establishment

When developing a cell-based assay to evaluate any of the parameters required to ensure the
quality of a pharmaceutical product it is important to ensure enough cell availability to cover the
complete self-life of the product (27). To guarantee this, after the reception of the two clones
provided by GenScript, one cryovial of each clone was thawed, maintained, and expanded under
defined conditions to passage 14. Then, the cells were preserved in multiple cryovials to
generate the Master Cell Bank. After the generation of the MCBs, one cryovial of each clone was
thawed, maintained, and expanded under defined conditions to passage 18. Then the cells were

preserved in multiple cryovials to generate the Working Cell Bank.

After the establishment of the MCBs and the WCBs at RJF, the cell banks were characterised to
ensure absence of mycoplasma, sterility, viability after freezing and the expression of the
receptor of interest. Every time that a new WCB was required a comparison of it with the WCB

in use was made in addition to the characterization of the bank.

The MCB ensures the availability of cell through the whole self-life of the product, while the

W(CB is the one used for the performance of the assays.

4.1.3. TF1 - Stat5 - Luc 2P - TPO-R

4.1.3.1. Cell line development

The cell line development was outsourced to Promega, a specialized manufacturer of multiple
biotechnological products and with experience in the field of development of recombinant

stable cell lines.

The first step taken for Promega was the introduction of its already developed transfection
vector based on Luc2P/STAT5-RE/Hygro in the TF-1 cell line. The resulting cell line expressed the
Luciferase reporter gene under the regulation of STAT5 promoter. For the selection of those
cells which had successfully incorporated the vector the selection antibiotic hygromycin was

used.
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Secondly, Promega developed an expression vector encoding for the TPO receptor together with
the gen of resistance to blasticidin and used it for the transfection of TF-1 cells stably expressing

STATS5-Luc2P reporter gene.

The resulting cell line, named TF1 - Stat5 - Luc 2P - TPOR, grow in selective medium with
hygromycin and blasticidin and under the stimulation of the cytokine GM-CSF, and expresses in

its membrane the receptor of human thrombopoietin.

To ensure the generation of a fully transduced population of cells, the cell pools produced were
screened with blasticidin and hygromycin. The single-cell-derived stable clones were obtained

by limiting dilution.

After the selection of the satisfactorily transfected clones, those were assessed in front of a
thrombopoietin analogue to determine the induction of the STAT5-Luc2P reporter in response
to TPO-R activation. The best two clones, based on relative luminescence units’ induction, were

selected, and delivered to RIF in form of two cryovials containing 1 x 107 cells for each clone.

4.1.3.2. Thawing and maintenance

For cell expansion, a cells cryovial was thawed with thawing medium, consisting of RPMI media
supplemented with 10 % FBS and 2 ng / mL GM-CSF. The cells were maintained in culture, not
exceeding passage 30, and were generally subcultured three times a week. After thawing, the
complete medium supplemented with the selection antibiotics was used. The compete medium
consisted of RPMI media supplemented with 10 % FBS, 2 ng / mL GM-CSF, 200 pug / mL
hygromycin B and 10 pu g / mL blasticidin.

For the performance of the assays, the selection antibiotics, and the growth factor GM- CSF were

eliminated from the medium, as it could have an interference in the assays results.

4.1.3.3. Master Cell Bank and Working Cell Bank establishment

To guarantee cell availability, after the reception of the two clones provided by Promega, one
cryovial of each clone was thawed, maintained, and expanded under defined conditions to
passage 13. Then, the cells were preserved in multiple cryovials to generate the Master Cell

Bank. After the generation of the MCBs, one cryovial of each clone was thawed, maintained, and
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expanded under defined conditions to passage 21. Then the cells were preserved in multiple

cryovials to generate the Working Cell Bank.

After the establishment of the MCBs and the WCBs at RJF, the cell banks were characterised to
ensure absence of mycoplasma, sterility, viability after freezing and the expression of the
receptor of interest. Every time that a new WCB was required a comparison of it with the WCB

in use was made in addition to the characterization of the bank.

4.1.4. HEKO001

The HEKOO1 (human epidermal keratinocyte 001) cell line, obtained from ATCC®, CRL2404™, was
used. A MCB and a posterior WCB were generated and maintained in liquid nitrogen at RJF
before the beginning of the assays. The banks were tested against mycoplasma and other

microorganisms for suitability control.

The cells were maintained for at least two weeks after the thawing of the WCB cryovials, before
its use in the performance of any assays. The cells were maintained growing in monolayer on a
solid support, at 379C in a humified atmosphere with 5 % CO; in KSFM supplemented with 1%
Glutamax and 5 ng/ml hEGF.

4.2, CYTOTOXICITY ASSAY OF THE PLANT EXTRACTS ON HaCaT CELL LINE

24 hours before the assay, nine 96-well clear flat bottom culture treated polystyrene microplate
were seeded with 10,000 HaCaT cells / well in 100 pL of medium, equivalent to half of the
desired final volume for each well. Only the central 60 wells of the plates were used for the
assay. The rest of the wells were filled with PBS. The plates were incubated at 372C in a humified

atmosphere with 5 % CO,.

The following day, cells were treated with the plant extracts. 3 plates were incubated with the
Camellia sinensis extract (C), 3 plates were incubated with the Morinda citrifolia extract (Q) and
3 plates were incubated with a preparation consisting in a Ratio 1:1 of the two extracts (C:Q
(1:1)). 10 concentrations of the corresponding extract were assessed in each plate in
sextuplicate. The concentrations tested were the following: 2.000, 1.500, 1.000, 0.750, 0.500,
0.250, 0.125, 0.063, 0.031 and 0.000 %. The dilutions were prepared at twice the desired
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concentration and the same volume used to seed the cells was loaded into the plates, thereby
making a % dilution on the plate. After treatment, the plates were incubated for 24 h at 372Cin

humidified atmosphere with 5 % CO,.

1 2 2 4 5 6 7 8 9 10 11 12
A PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS
B PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
C PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
D PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
E PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
F PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
G PBS 2.000% 1.500% 1.000% 0.750% 0.500% 0.250% 0.125% 0.063% 0.031% 0.000% PBS
H PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS PBS

Figure 3: Plate layout.

After 24 hours of incubation, the cells were added with the CCK8 reagent in a volume equivalent
to 10 % of the final volume in the wells, that was 20 uL of CCK8 reagent, and incubated for 3.5 h
before reading the absorbance at 450 nm. CCK8 is a reagent based on tetrazolium salt
(WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt]) which in the presence of an electron mediator is reduced by dehydrogenase
generating an orange-coloured product, formazan, in an amount directly proportional to the

viable cells number (Figure 4 and Figure 5) (28).
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Figure 4: WST-8 reduction to WST-8 formazan (28).
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Figure 5: Cell viability detection with CCK8 (28).
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With the results obtained, the percentage of cell viability was calculated with respect to the 0

concentration, corresponding to the negative control, according to the following formula:

" val = 0D Sample 100
o survival = o X
4.3. EVALUATION OF THE EXPRESSION OF PROTEINS IN THE CELL MEMBRANE

BY FLOW CYTOMETRY

For each flow cytometry performed, 6 samples were used. For each sample, 5 x 10° cells were
loaded in an Eppendorf tub. The cell suspensions were centrifuged at 800 x g, and the
supernatants were eliminated by aspiration. The pellets were washed two times with the
cytometry buffer (PBS, 5% BSA, 0.5% sodium azide). Then the pellets were resuspended in 100
uL of the cytometry buffer and the labellers were added as appropriate, using two samples for
each condition, and labelling them with nothing, the isotype control antibody, or the antibody
for the detection of the protein of interest. The samples were incubated for 30 min protected
from light. The cell suspensions were centrifuged at 800 x g, and the supernatants were
eliminated by aspiration. The pellets were washed two times with the cytometry buffer and then
resuspended in 500 pL of the cytometry buffer and labelled with DAPI at a final concentration
of 8 ug / mL. The flow cytometry acquisition was performed using a Gallios Cytometer (Beckman

Coulter).

4.4, EVALUATION OF THE PLANT EXTRACTS ANTI-INFLAMMATORY EFFICACY
ON HaCaT CELL LINE AFTER THE STIMULATION WITH C. acnes BY qPCR

24 h before cell treatment, 5 wells of three different 6-well plates were seeded with 500,000
HaCaT cells on HaCaT medium. Each of the plates was seeded with cells originating from a
different expansion from cells originating from the thawing of a single cryovial. Plates were
incubated at 372C in humidified atmosphere with 5 % CO,. After 24 hours, the following

conditions were tested on each of the plates:

- Negative control (untreated cells).

- Cells treated with C. acnes 10 bact. / cell for 6 h.
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- Cells treated with C. acnes 10 bact. / cell + C at 0.25% for 6 h.
- Cells treated with C. acnes 10 bact. / cell + Q at 0.25% for 6 h.

- Cells treated with C. acnes 10 bact. / cell + C:Q 1:1 at 0.25 % for 6 h.

After the treatment, a lysate of the cells was obtained and the RNA from the samples was
extracted using the Rneasy Mini Kit, according with suppliers’ instructions. The mRNA obtained

was quantified using the NanoDrop Lite.

For the generation of the cDNA, a preparation for each sample was made with sufficient sample
volume to have 1 pg of mRNA. The volume was adjusted to 16 pL with nuclease free water. 4 plL
of iScript RT-PCR Supermix were added to each preparation and the samples were placed in the
thermocycler for the reverse transcription of mRNA to cDNA. At the end of the process, cDNA
originates was contained in a volume of 20 pL was obtained. Each sample was brought to a final

volume of 100 pL to reach the working concentration of approximately 10 ng / pL.

After the obtention of the cDNA a qPCR was performed to determine the expression of 3
inflammatory mediators, an interleukin, IL-8, a cytokine, TNFa, and a chemokine, CXCL1. For the
performance of the gPCR, for each reaction, 10 uL of LightCycler 480 Probes Master, containing
the FastStart Tag DNA Polymerase, the reaction buffer, the deoxyribonucleotide mix, and
6.4 mM MgCls, 5 plL of Nuclease Free Water, 1 uL of the corresponding TagMan Gene Expression
assays mix, consisting of a pair of the selected gene unlabelled primers and a fluorescent labelled
TagMan probe, and finally 4 pL of the corresponding sample. After the preparation of the
samples, 40 cycles of increasing the temperature to 95 2C for denaturation of the two strands
of DNA, decreasing the temperature to 60 2C for annealing of the primers to the template, and
increasing it to 72 2C for the elongation of the primers, were performed. Fluorescence signals
were acquired for the quantification of the inflammatory mediators’ expression. One qPCR plate

(Figure 6) was used for each biological triplicate.

1

2

3 M3 - GADPH M3 - GADPH M3 - GADPH M3 -TNFa M3 -TNFa M3 -TNFa M3 -IL8 M3 -IL8 M3 -IL8 M3 -ILe M3 -ILe M3 -ILe
4 M4- GADPH M94- GADPH M94- GADPH M4 -TNFa M4 -TNFa M4 -TNFa M4 -1L8 M4 -1L8 M4 -1L8 M4 -IL6 M4 -IL6 M4 -IL6
5 M5 - GADPH M5 - GADPH M5 - GADPH M5 -TNFa M5 -TNFa M5 -TNFa M5 -1L8 M5 -1L8 M5 -IL8 M5 -IL6 M5 -IL6 M5 -IL6
6 M3 -CXCL1 M3 -CXCL1 M3 -CCL20 M4 -CXCL1 M4 -CXCL1 M4 -CXCL1
& M5 -CXCL1 M5 -CXCL1 M5 -CXCL1

5 \ \ \ \ \ \

CELLS (Ctrl)
Cells + C. acnes

M3 Cells + C. acnes + C (0.25%)
M4 Cells + C. acnes +Q (0.25%)
M5 Cells + C. acnes + C:Q (1:1) (0.25%)

Figure 6: gPCR plate layout.

46



Methods

4.5. EVALUATION OF THE TRANSLOCATION TO NUCLEUS OF NF-«kp AFTER THE
STIMULATION WITH C. acnes ON HaCaT CELL LINE

24 h before cell treatment 5 wells of a 6-well plate, in which a glass cover slip had been placed
at the bottom, were seeded with 500,000 cells on HaCaT medium and the plates were incubated
at 372C in humidified atmosphere with 5 % CO,. After 24 hours, the following conditions were

tested:

- Negative control (untreated cells).

- Cells treated with C. acnes 10 bact. / cell for 1 h.

- Cells treated with C. acnes 10 bact. / cell + C at 0.25 % for 1 h.

- Cells treated with C. acnes 10 bact. / cell + Q at 0.25 % for 1 h.

- Cells treated with C. acnes 10 bact. / cell + C:Q 1:1 at 0.25 % for 1 h.

After the corresponding incubation time, cells were washed with PBS and fixated with a solution
of diluted PFA at 4 % for 10 min at RT. Then the cells were washed 3 times with PBS and then
incubated with a solution 0.2 % Triton X-100 in PBS for 15 min at RT for cell permeabilization.
After that, the cells were incubated in a solution of 3 % BSA, 0.1 % Tween-20 in PBS for 30 min

at RT for blocking.

For staining, the samples were incubated with the antibody anti-NFkB p65, conjugated with
Alexa Fluor® 488, diluted 1 / 50 in blocking solution, for 1 h at RT, protected from light. After
that, 5 washes of 5 minutes with PBS were performed and posteriorly, the cells were incubated
for 10 min with a solution of DAPI at a concentration of 1 pg / mL, diluted in PBS. Finally, the

cells were washed 2 times with PBS for the elimination of the exceeding DAPI.

The glass cover slips were taken from the bottom of the wells and mounted on microscope slides
with MOWIOL mounting medium. The slides were maintained overnight at RT for MOWIOL

drying and then the samples were visualized using confocal microscopy for image capturing.

The images were analysed using the Software image-J for channel merging and for the
evaluation in the cell nuclei of the green and blue fluorescence intensities, and the ratio between
them. This analysis allowed a semi-quantitative evaluation of the translocation of NF-kB
produced in each condition. For the analysis, a line was drawn across each of the assessed nuclei
to determine the blue and green fluorescence at each of the pixels forming the line. The total
fluorescence of each colour for the whole line, and the graph representing both fluorescence

intensities were evaluated.
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4.6. COMPARISON OF THE RECEPTOR BINDING PROFILES BETWEEN THE
TPO-RA RMP AND ITS BIOSIMILAR BY BIACORE

In the first place, the anti-human 1gG(Fc) monoclonal antibody provided with the “Biacore
human antibody capture kit” was covalently coupled to the surface of a CM5 sensor chip
following the kit protocol. Then, the reference TPO-RA was passed over the ahlgG(Fc) mAb
sensor chip surface in a serial dilution range between 155 ng / mL and 2.4 ng / mL, to stablish a
linear relationship between TPO-RA concentration and its binding with the ahlgG(Fc) mAb
sensor chip. The analyte flow applied was of 30 puL / min and the concentration report point was

seated at 320 seconds after injection time.

In the second place, the TPO-R was coupled to a CM5 sensor chip surface, through amine
coupling (Figure 7), at a TPO-R immobilization on the surface of the sensor chip of 824 RU. Amine
coupling consists in the activation of the carboxyl groups present on the surface of the chip for
the generation of ester groups which will be able to interact with amine groups in the ligand,

producing the attachment of the ligand to the sensor chip surface.
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Figure 7: TPO-R coupling to the CM5 sensor chip surface

After that, the TPO-RA reference material was applied as analyte in a serial dilution range
between 1,235 ng / mL and 0.3 ng / mL, to detect the sensitive linear range of the logarithmic
dose response curve. The analyte flow applied was of 30 puL / min and the concentration report

points were set at 320 seconds and 340 seconds after injection time.

To investigate the capability of the biacore system to detect differences in the potency a set of
serial dilutions parting from 80 % (320 pg / mL), 100 % (400 pg / mL) and 125 % (500 pg / mL)

concentrations of the TPO-RA reference material were assessed.
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Finally, 3 batches of RIJF biosimilar DS and 3 batches of RJF biosimilar DP were assessed in front
of 3 batches of the reference material product, to determine if they presented a similar

behaviour.

For the analysis of the results sensorgrams were analyzed by mathematical curve fitting using
BiaEvaluation 4.1 software. Sensorgram fitting was carried out by applying a Langmuir 1:1 and a

bivalent analyte algorithm, respectively.

4.7. EVALUATION OF THE THROMBOPOIETIN RECEPTOR RESPONSIVENESS TO
STIMULATION IN BA/F3-HMPL AND IN TF1 - STAT5 - LUC 2P - TPO-R
SELECTED CLONES

Two WB, one for the identification of total STATS in the sample and another for the identification
of phosphorylated STAT5 after the treatment with thrombopoietin analogue were performed.
24h before the treatment 4 T25 flasks were seeded with 5x10° cells in 5 mL of cell medium
(RPMI; 10% FBS) and incubated at 372C in humidified atmosphere with 5 % CO,. After 24 h,
medium was removed by aspiration and replaced with 5 mL of fresh medium. Cells in each flask
were treated with 100 ng / mL of TPO-RA for 0 min, 5 min, 10 min or 30 min. After the treatment
cells were centrifuged at 800 x g, the supernatant was eliminated by aspiration and the pellet
was frozen in dry ice for 10 seconds. The pellet was washed with ice cold PBS and the incubated
with 600 pL of lysis buffer supplemented with 10 uL / mL of a phosphatase and protease inhibitor
for 5 minutes on ice. The cell lysate was centrifuged for 10 min at 13000 x g for the elimination
of cell debris. The supernatant was transferred to a new Eppendorf tube. Once the cell lysates
were obtained, the protein concentration of each sample was determined through the
measurement of absorbance 280 nm using nanodrop. Sufficient lysate volume of each sample
to have 12,000 ug of total protein was separated and incubated with 50 uL of anti-STAT5 (A-9)
AC antibody to make the conjugation with agarose. The samples were incubated over night at

42C with gentle agitation. The rest of the lysate volume was conserved at 42C.

One day after the samples conjugated with agarose were centrifuged at 800 x g for 60 s for
immunoprecipitation of STATS. The supernatant was eliminated by aspiration and the pellet was

resuspended by adding 26 pL H,0 Mili-Q, 10 puL Sample Buffer and 4 pL of DTT.

The cell lysates were used to prepared by mixing 26 pL of Sample, 10 uL of Sample Buffer and 4

pL of DTT. The samples prepared were heated ad 959C for denaturation and then temperate 5
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min at RT. One polyacrylamide gel was loaded with the samples prepared form the cell lysate

and the other gel was loaded with the samples resulting from immunoprecipitation.

The gels were run for 30 min at 200 V. After the separation of the proteins through
electrophoresis, the proteins were transferred to a nitrocellulose membrane by electroblotting
using a 0.31 A current for 30 min. After the transference, the membranes were incubated in
blocking solution (PBS, 0.1 % Tween-20) for 2h. Once blocked, the membrane with the proteins
from the cell lysate was incubated with the primary antibody anti-STAT5 and the membrane
with STAT5 from immunoprecipitation was incubated with the primary antibody anti-p-TYR. The
antibodies were diluted in blocking solution 1 / 200, achieving a final concentration of 1 pg / mL.

The membranes were incubated overnight at 42C with gentle agitation.

After the overnight incubation, the membrane with proteins from the cell lysate was washed for
15 min at RT with TPBS 0.1 % and then the membrane and then incubated for 1 h at RT in gentle
agitation, with the primary antibody anti-o-tubulin, diluted 1 / 2,000 achieving a final
concentration of 1 pg / mL. After that, the two membranes, the one with the proteins from the
cell lysate and the one with STAT5 from immunoprecipitation were washed 3 times for 15 min
at RT with TPBS 0.1 %. The membranes were incubated for 45 min at RT in gentle agitation with
the Anti-Mouse IgG (y-chain specific) conjugated with Alkaline Phosphatase secondary antibody,
diluted 1 / 20,000, and then washed 3 times for 15 min at RT with TPBS 0.1 % and one time with
PBS. The membranes were revealed with Novex AP Chromogenic Substrate (BCIP / NBT) and the

images were captured with ChemiDoc ™ MP Imaging System.

4.8. BA/F3-HMPL PROLIFERATION ASSAY DEVELOPMENT AND OPTIMIZATION
OF THE ASSAY CONDITIONS

For all the assays performed, 96-well clear flat bottom culture treated polystyrene microplate
were loaded with the desired number of cells in 125 uL of medium, equivalent to half of the
desired final volume for each well. Only the central 60 wells of the plates were used for the
assay. The rest of the wells were filled with PBS. The plates were incubated at 372C in humidified
atmosphere with 5 % CO,. 3 hours after plating the cells, the corresponding stimulus were
loaded into each well. The dilutions were prepared at twice the desired concentration and the

same volume used to seed the cells was loaded into the plates, thereby making a % dilution on
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the plate. After treatment, the plates were placed at the incubator at 372C in humidified

atmosphere with 5 % CO,.

For the determination of the cell proliferation the CCK8 reagent was added to the wells in a
volume equivalent to 10 % of the final volume, that was 25 uL of CCK8 reagent and incubated

for 3.5 h before reading the absorbance at 450 nm.

The results were analysed using the software UNISTATS and a 4-parameter logistic model, a
regression model often used to analyse assays which follows a sigmoidal shape curve, useful for

characterizing bioassays, as they are often only linear across a specific range of concentrations.

Due to the intrinsic variability of cell-based assays, to be able to compare results obtained in
different assays, the absolute potency measurement is not adequate, and the results must be
presented as relative to a Standard, with biological behaviour similar or identical to the Test
sample, loaded in the same plate, for which a Potency of 100 % is assumed (29,30). For the
calculation of the relative potency one complete dilutions curve is loaded for the standard and
another complete dilution curve for the test sample, then both curves are superposed and the
horizontal displacement between them is calculated to determine the relative potency of the
sample. When data is introduced in the UNISTAT software indicating that one of the
preparations must be used as standard and the other one as sample, UNISTAT gives a result in

form of percentage, indicating the relative potency of the Sample compared with the Standard.

4.9. TF1 - STAT5 - LUC 2P - TPOR REPORTER GENE ASSAY DEVELOPMENT AND
OPTIMIZATION OF THE ASSAY CONDITIONS

For all the assays performed, 96-well clear flat bottom culture treated white polystyrene
microplates were loaded with the desired number of cells in 50 pL of medium, equivalent to half
of the desired final volume for each well. Only the central 60 wells of the plates were used for
the assay. The rest of the wells were filled with PBS. The plates were incubated at 379C in
humidified atmosphere with 5 % CO;, overnight. The day after plating the cells, the
corresponding stimulus were loaded into each well. The dilutions were prepared at twice the
desired concentration and the same volume used to seed the cells was loaded into the plates,
thereby making a % dilution on the plate. After treatment, the plates were placed at the

incubator at 372C in humidified atmosphere with 5 % CO,.
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For the determination of the cell proliferation 50 pL of Bio-Glo™ Luciferase Assay System reagent
was added to each well and incubated for 10 min. Then luminometry was measured. Bio-Glo™
Luciferase Assay System includes in its composition a luciferase substate, which after being
metabolized by the luciferase (Figure 8) produced in the sample as the reporter gene emits light

in a directly proportional way to the gene of interest expression (31).

The results were analysed using the software UNISTATS and a 4PL model.

Firefly Luciferase

Wf . g . o
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5 -Fluoroluciferin Oxyfluoroluciferin

Figure 8: 5’-Fluoroluciferin oxidation to Oxyfluoroluciferin (31).

4.10. BA/F3-HMPL PROLIFERATION ASSAY AND TF1 - STAT5 - LUC 2P - TPOR
REPORTER GENE ASSAY VALIDATIONS

Linearity, accuracy, precision, specificity, and robustness of the methods were evaluated.

Linearity was investigated after the calculation of relative potencies of curves diluted at 60 %,
80 %, 100 %, 120 % and 140 % in front of a control (100 %). For each concentration level, three
96-well plates were used. The corresponding assay was performed for each one of the plates.
For the assessment of the results, the relative potencies obtained were represented against
concentration to determine the linearity of the method. To consider the method as linear a R>

0.95 had to be obtained.

For the analysis of the methods precision, the variability between the results obtained for 9
assays was analysed. For each assay, one preparation of STD and one preparation of Test
solution at 100 % were prepared and loaded into a plate. For the assessment of the results, the
% RSD of the relative potencies obtained was calculated. For the method precision to comply

with acceptance criteria % RSD had to be lower than 20 %.

For the analysis of the intermediate precision, day-to-day precision and analyst-to-analyst-

precision were evaluated. To analyse this, the variability between the results obtained for 12
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assays performed by two different analysts in 3 independent days was analysed. Analyst 1
performed 3 independent assays on day 1, on day 2 and on day 3, and analyst 2 performed 3
independent assays on day 2. For each assay, one preparation of STD and one preparation of
Test solution at 100 % was prepared and loaded into a plate. For the assessment of the results,
the % RSD of the relative potencies obtained was calculated. For the method precision to comply

with acceptance criteria % RSD had to be lower than 30 %.

To evaluate accuracy, the relative potencies obtained for the analysis of curves diluted at 80 %,
100 %, and 120% in front of a control (100 %) were studied. For each concentration level, three
assays were performed. For the assessment of the results, the relative potency was calculated
for each assay and the percentage of the recovery for each dilution curve was calculated using

the following formula:

Relative EC50 real

100
Relative EC50 expected x

Recovery =

To consider accuracy as adequate, the % of the recovery of each dilution curve had to be

between 70 % and 130 %.

To assess selectivity, 3 plates were loaded with an STD curve (100 %) and a Tests solution curve
prepared using the DP excipients buffer. For the assessment of the results the response
generated for the excipients buffer dilutions curve was evaluated. For the selectivity of the
method to be considered as adequate, no response had to be observed for the buffer of
excipients and the OD values obtained at each concentration level had to be equivalent to the

OD values reported in cells treated with a 0 ng / mL concentration.

In the case of the BA/F3-hMPL proliferation assay, for the assessment of the robustness of the
method, the impact of a small modification in the incubation time of the plates after the
application of the CCK8 was assessed. To do so, the absorbance 450 nm of 9 plates, loaded with
a STD (100 %) and a Test sample (100 %) dilutions curve, was read 3 h; 3.5 h and 4 h after the
application of the CCK8. For the assessment of the results, the relative potencies obtained at
each incubation time were compared through the evaluation of % RSD and through an analysis

ANOVA comparing the 3 CCK8 incubation times under study.
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In the case of the TF1 - Stat5 - Luc 2P - TPOR reporter gene assay validation, for the analysis of
the robustness of the assay, the impact of a small modification in the incubation time of the
plates after the application of the stimuli and after the application of Bio-Glo™ Luciferase Assay
System were assessed. To do so, 3 independent preparations of Standard and Test Sample
dilution curves at 100 % were loaded in 3 plates each. From the 3 plates loaded with the same
combination of STD and Test Sample, one plate was incubated for 5:30 h, the second one was
incubated for 6 h, and the last one was incubated for 6:30 h. Luminescence of each of the 9
plates used was read at 10 min and at 25 min after the addition of Bio-Glo™ Luciferase Assay
System in the wells. For the assessment of the results, the comparison of the results obtained
at the different incubation times, through the evaluation of % RSD and through an ANOVA

analysis comparing the different groups under study, was performed.

4.11. CYTOTOXICITY ASSAY OF THE D / BB CREAM AND ITS COMPONENTS ON
HEKOO1 CELL LINE

24h before the assay, four 96-well clear flat bottom culture treated white polystyrene
microplates were seeded 10,000 cells / well in 50 pL of KSFM supplemented with 1% Glutamax,
from here HEKOO1 assay media, and incubated at 372C in humidified atmosphere with 5 % CO,.
Only the central 60 wells of the plates were used for the assay. The rest of the wells were filled
with PBS. After the incubation, the cells were treated with 10 concentrations of each product
under assessment, using 1 plate for each condition. The concentrations tested for BB tested
were 5,000.00, 1,666.67, 555.56, 185.19, 61.73, 20.58, 6.86, 2.29, 0.76, 0.25 and 0.00 uM while
the concentrations tested for D were 33.36, 22.24, 14.83, 9,88, 6.59, 4.39, 2.93, 1.95 1.30 and
0.00 uM, as BB is much more concentrated in the final product than disulfiram. The
concentrations tested for D / BB cream were for the active ingredients (D / BB) to be 32.10 /
504.76, 21.40 / 336.51, 14.27 / 224.34, 9.51 / 149.56, 6.34 / 99.76, 4.23 / 66.47, 2.82 [ 44.31,
1.88/29.54,0.94 / 14.77, and 0.00 uM / 0.00 uM. Finally, the placebo, composed by the matrix
of excipients, was assessed, prepared equivalently to D / BB cream. The dilution curve was
prepared on HEKOO1 medium at twice the desired concentration and loaded into the plates in
sextuplicate, using the same volume used to seed the cells, thereby making a % dilution on the
plate. After treatment, the plates were incubated for 24 h at 372C in humidified atmosphere

with 5 % CO..
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For the determination of the cell viability, after a 24 h incubation of the cells with the
compounds, 100 pl of CellTiter-Glo® reagent were added to each well and incubated for 10 min.

Then, luminescence in each well was measured using the luminometer Victor x3.

CellTiter-Glo® reagent mechanism of action is based on the metabolization of Luciferin to
Oxyluciferin, a light emitting compound, depending on the ATP presence in the sample, which is

directly related with the number of viable cells (Figure 9).
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Figure 9: CellTiter-Glo® reagent mechanism of action (32).

4.12. EVALUATION OF THE IMPACT OF THE TREATMENT WITH THE D / BB CREM
ON HEKOO01 GENE EXPRESSION THROUGH A TRANSCRIPTOMIC
MICROARRAY ANALYSIS

24 h before the performance of the assay, 6 wells of a 6-well plates were seeded with 250,000
cells on HEKOO1 assay medium. The plate was incubated at 372C in humidified atmosphere with
5 % CO,. The day after, the medium of the wells was removed and replaced with fresh HEKOO1
assay medium in 3 of the wells and a solution of with the combination of 6.59 uM of D and 99.77
UM BB, diluted on HEKOO1 assay medium, in the other 3 wells. The plate was incubated at 372C
in humidified atmosphere with 5 % CO,for 24 h.

After the treatment, the cells were lysate and the RNA from the samples was extracted using
the Rneasy Mini Kit, according with suppliers’ instructions. The mRNA obtained was quantified
using the NanoDrop Lite and the samples were prepared to achieve a final concentration of 500
ng in 5 pL. The samples were then delivered to Genomics core facility of the Institut

d’Investigacions Biomediques August Pi i Sunyer (IDIBAPS) for the microarray analysis using a
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Clariom_S_Human transcriptomic array (Afimetrix) for the analysis of the cell transcriptome

through the evaluation of 21,448 probe sets.

After the obtention of the results, gene expression data from the different samples were
compared using the software GeneSpring 14.9.1, applying a a one-way T-test and a stringent

cut-off criterion of transcripts with fold change (FC)> 1.5 and p-value < 0.05.
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CHAPTER 1: PROVE OF CONCEPT ASSAYS FOR THE DEVELOPMENT OF AN
ANTI-ACNEIC CREAM

5. INTRODUCTION TO CHAPTER 1

5.1. THE HUMAN SKIN

The human skin, with a mean extension between adult individuals of 1.8 m?, is the largest organ
in the body. It is the out covering of the rest of the organs and is responsible for the organism
protection against external harm, including the immunological defence against pathogenic

invasions (33). The skin of the face area corresponds to approximately a 4% of the total (34).

To fulfil its mission, the skin hosts a very specialized microbiome, which has a symbiotic
relationship with the organism, and that is responsible for the preservation of the skin’s
homeostasis and for the prevention of the colonization of its surface by pathogenic

microorganisms (35).

Skin a%
surface

Epidermis

Dermis

#Virus  + Bacterium = Fungus ﬂ Mite

Figure 10: The skin structure (6).
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The skin presents a high variety of structures, like hair follicles and diverse glands, which make
it an irregular surface, presenting a diversity of environments suitable for the proliferation of
specifically adapted microorganisms (36). Even though the microbiome presents variations
depending on the host physical and environmental factors, the four phyla with a higher
representation are Actinobacteria, Firmicutes, Bacteroidetes and Proteobacteria, from which

around a 60 % belong to genera Staphylococcus, Corynebacterium, and Cutibacterium (33).

Despite the symbiotic relationship stablished between the organism and its microbiome, the
loss of the balance between the microbes and the host may lead to the development of skin

pathologies (37).

5.2. ACNE

One of the most characteristic skin diseases caused by a disruption of the microbiota is acne. It
is a multifactorial chronic inflammatory disorder, which affects around 70 % of the population
during adolescence and that may persist in adulthood. Despite the non-severity of the disease,
it is associated with high physiological impact, which causes a reduction in life quality, due to
the stigma associated with the appearance of visible lesions, mostly in the face but also in other

regions reach in sebaceous follicles (38).

The development of acne is related with an excessive production of abnormal sebum, in the
sebaceous glands, which are associated with the hair follicles, leading to the apparition of initial
non-inflammatory lesions that may evolve to inflammatory lesions in form of papules, pustules,

and cysts, in the pilosebaceous units in the skin (39,40).

The inflammation of the skin in acne is associated with the tissue damage caused by the
obstruction and rupture of the ducts in the sebaceous gland, but also with the abnormal
proliferation of the pilosebaceous microbiome, mainly of Cutibacterium acnes, which may also

be related with the modifications in sebum composition and secretion by skin glands (41).

Pharmacological treatment of acne is usually reserved to moderate and severe cases, and its
main objectives are the elimination of the active lesions and the prevention of the apparition of
new ones (42). The two principal treatment options consist of retinoids, which aim to reduce
the inflammatory response (43), and antibiotics, destined to prevent C. acnes proliferation (44).

Usually, moderate cases are treated with a topical application of the drugs, while severe cases
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or those showing resistance to topical treatment require oral intake for systemic treatment.
Other anti-inflammatory products are also available, together with other non-drug alternatives

for the alleviation of the symptomatology in the mild cases (45).

5.3. Cutibacterium acnes

Cutibacterium acnes is a gram-positive, anaerobic bacteria, and it is the main representative of
the microbiome in the pilosebaceous unit. In a physiological situation, C. acnes is responsible for
the degradation of the lipids and the hydrolysation of the triglycerides present in the skin sebum,
generating free fatty acids which contribute to the maintenance of the acidic pH that difficult
the colonization of the skin by noxious microorganisms. Despite this, in pathological conditions,
when there is an excessive proliferation of microbiome, this bacterium contributes to the
development of acne through an excessive synthesis of molecules with inflammatory potential

(46,47).

5.4. INNATE IMMUNITY AND TLR

Innate immunity is the organisms first line of defence against pathogenic infections. The sensing
of invading pathogens is made through the detection of highly conserved structures of the
microbes, essential for the pathogens survival and not shared with the host’s cells, which are
denominated as pathogen associated molecular patterns (PAMPs). The receptors responsible

for the detection of PAMPs are known as pattern recognition receptors (PRR) (48).

Toll-like receptors, a type | transmembrane receptors family, are the main representatives of
PRRs. These receptors present an extracellular domain, reach in leucine residues, responsible
for receptor-ligand interaction, and an intracellular Toll / IL-1 domain, responsible for
downstream signalling. They are expressed in a high variety of cells, including skin cells, as
keratinocytes, and cells of the immune system, where they are responsible for infections
detection for the organism defence (49-51). The high conservation of PAMPs and the capability
of TLRs of recognizing more than one ligand, added to its activation through homo- or
heterodimerization, permitting the formation of different complexes, allows for a reduced

number of TLRs to be sufficient for the detection of any pathogenic invasion (52).
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The inflammatory response produced in acne is mediated through the detection of C. acnes
PAMPs, mainly peptidoglycan and lipoteichoic acid, by TLR2 and TLR4 (Figure 11), which after its
activation induce the NF-kB canonical pathway and the consequent inflammatory molecules
synthesis, which, at its turn, causes the recruitment of the immune system effector cells, that

induce the inflammatory symptomatology in the corresponding skin area (53,54).
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Figure 11: Inflammatory response caused by C. acnes infection (55).

5.4.1. Activation of the NF-kB the canonical pathway in response to C. acnes and

consequent inflammatory response

TLR2 and TLR4 share a common downstream signalling pathway. After the activation of the two
receptors in response to C. acnes’ PAMPs, the intracellular domain of the receptors induces the
requitement of the adaptor protein MAL, which at its turn is responsible for the interaction with
MyD88 protein. The consequent activation of IRAK through phosphorylation leads to the

activation of TRAF6 and the IKK phosphorylation, facilitating Ikp ubiquitination (56-58).
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In absence of receptor activation, Ik is bound to NF-kP and inhibits its translocation to the cell
nucleus. After its ubiquitination, Ikp is degraded by the 26S proteasome, freeing NF-kf3, which
rapidly migrates to the cell nucleus (59). The NF-kB can then directly bind to DNA in a sequence
present in the promoter region of several genes involved inimmune and inflammatory response,
activating their transcription (60,61), and inducing inflammatory cytokines and chemokines
secretion in the pilosebaceous unit and the consequent requitement of dendritic cells,

macrophages, and neutrophils, among other immune system cells (58).

( NF-KB dependent genes

Figure 12: NF-x8 canonical pathway (62).

5.5. DEVELOPMENT OF AN ANTI-ACNEIC CREAM

RJF aims to develop an anti-acne cream for the treatment of acne episodes. The approach sought
is to develop a plant-based treatment aimed to reduce the inflammatory response produced in
acne, as it is the main source of the appearance of uncomfortable symptoms and acne lesions.
Before the beginning of the development process, the company aims to demonstrate the anti-
inflammatory capacity of two different plant extract candidates to be used as active ingredients

of the cream.
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5.5.1. Camellia sinensis

Camellia sinensis is the main plant species used to produce green tea, one of the most popular
drinks worldwide (63,64) and, since antiquity, associated with health benefits (65). The main
components of Camellia sinensis are polyphenols (90 % of the content), amino acids, theanine,
proanthocyanins and caffeine (66). From these components, the polyphenol catechins are the
principal mediators of the biological effects, and their consumption is associated with a
reduction of the expression of inflammatory associated genes, an increase of the expression of

antioxidative genes and with antimicrobial activity, among other health benefits (67-70).

The anti-inflammatory capacity of Camellia sinensis makes it an ideal candidate for the
development of a treatment for acne outbreaks, as the inflammatory response generated is the

main responsible for the appearance of lesions and pustules on the skin.

5.5.2. Morinda citrifolia

Morinda citrifolia is a tropical tree and it is one of the most common species of the Morinda
genus. It has been part of the traditional medicine for over 2000 years (71) due to its association
with beneficial health properties, including, among others, antibiotic, and anti-inflammatory
properties (72—74). Apart from that, there is evidence suggesting that it can be also useful to

prevent the formation of biofilms (75,76).

Morinda citrifolia properties make it an optimal candidate for the development of a possible
acne treatment, not only because its anti-inflammatory properties which might be helpful for
the improvement of the symptomatology, but also because its antibiotic and anti-biofilm

formation properties, which can reduce the colonization of the pilosebaceous units by C. acnes.
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6. RESULTS OF CHAPTER 1
6.1. CYTOTOXICITY ASSAY OF THE PLANT EXTRACTS ON HaCaT CELL LINE

A cytotoxicity assay was performed for the determination of the non-cytotoxic threshold of the
compounds under assessment, for the determination of the working concentrations. The results
obtained after the 24 h treatment with the different plant extracts are presented in Table 3,

Table 4 and Table 5 while Figure 13 shows the graphic representation of the survival rates.

Table 3: OD values and % of survival after a 24 h treatment at different concentrations of the Camellia
sinensis extract.

(] % oD P1 oD P2 oD P3 % survival | % survival | % survival | % survival
> plate 1 plate 2 plate 3 Mean
2.00 % 0.705 0.709 0.715 84 % 83 % 84 % 84 %
1.50 % 0.669 0.730 0.735 80 % 86 % 86 % 84 %
1.00 % 0.678 0.696 0.711 81% 82 % 83% 82%
0.75% 0.681 0.708 0.726 81% 83 % 85 % 83%
0.50 % 0.703 0.746 0.762 84 % 88 % 89 % 87 %
0.25% 0.802 0.819 0.833 96 % 96 % 98 % 96 %
0.13% 0.830 0.844 0.852 9% 99 % 100 % 99 %
0.06 % 0.831 0.844 0.852 99 % 99 % 100 % 99 %
0.03 % 0.821 0.848 0.857 98 % 99 % 100 % 99 %
0% 0.838 0.852 0.854 100 % 100 % 100 % 100 %

Table 4: OD values and % of survival after a 24 h treatment at different concentrations of the C:Q (1:1)
extract.

% survival | % survival | % survival | % survival
% oD P1 oD P2 oD P3

[ag % plate 1 plate 2 plate 3 Mean
2.00 % 0.728 0.649 0.658 81% 74% 74% 76%
1.50 % 0.849 0.811 0.812 95% 92% 91% 93%
1.00 % 0.765 0.683 0.691 86% 77% 77% 80%
0.75 % 0.793 0.698 0.712 89% 79% 80% 83%
0.50 % 0.746 0.751 0.773 84% 85% 86% 85%
0.25% 0.890 0.859 0.884 100% 97% 99% 99%
0.13% 0.962 0.854 0.911 108% 97% 102% 102%
0.06 % 0.973 0.852 0.896 109% 97% 100% 102%
0.03% 0.864 0.880 0.911 97% 100% 102% 100%

0% 0.893 0.882 0.894 100% 100% 100% 100%
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Table 5: OD values and % of survival after a 24 h treatment at different concentrations of the Camellia
sinensis extract.

[C:Q(1:1)] oD P1 oD P2 0D P3 % survival | % survival | % survival | % survival

% plate 1 plate 2 plate 3 Mean
2.00 % 0.805 0.732 0.711 94 % 86 % 84 % 88 %
1.50 % 0.929 0.868 0.840 109 % 102 % 99 % 103 %
1.00 % 0.847 0.794 0.746 99 % 94 % 88 % 94 %
0.75% 0.826 0.767 0.719 97 % 91 % 85 % 91 %
0.50 % 0.818 0.755 0.698 96 % 89 % 82 % 89 %
0.25% 0.825 0.768 0.713 97 % 91 % 84 % 90 %
0.13% 0.983 0.930 0.877 115% 110 % 103 % 109 %
0.06 % 0.957 0.917 0.889 112 % 108 % 105 % 108 %
0.03 % 0.897 0.873 0.854 105 % 103 % 100 % 103 %
0% 0.854 0.847 0.850 100 % 100 % 100 % 100 %
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Figure 13: Bar graphs representing the % of survival after a 24 h treatment at different concentrations of
the Camellia sinensis, Morinda citrifolia or C:Q (1:1) extracts.

The analysis of the presented results showed that, for both the Camellia sinensis and the
Morinda citrifolia extracts, the highest concentration that did not present significant differences
in cell survival compared with the control, is the 0.25 % concentration. In the case of the C:Q
(1:1) extract, none of the concentrations tested showed a significant difference in cell survival

compared with the control.

Based on these results, the concentration of 0.25 % was established as the optimal working
concentration because it was the highest concentration at which the cell survival was not
diminished for any of the plant extracts tested. In the case of the C:Q (1:1) extract a 0.25 %
concentration refers to a solution prepared with a 0.25 % of the Camellia sinensis extract and

0.25 % Morinda citrifolia extract.
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6.2. EVALUATION OF THE EXPRESSION OF THE TLR2 AND TLR4 RECEPTORS ON
HaCaT CELL LINE BY FLOW CYTOMETRY

TLR2 and TLR4 are responsible for the recognition of C. acnes (77), and the triggering of the
consequent inflammatory response, during an acne episode. The expression of TLR2 and TLR4
in the HaCaT cell line was evaluated trough a flow cytometry assay, under basal conditions and

after the stimulation with C. acnes.

Flow cytometry is an analytical methodology which can be used for the characterization of cell
populations. The technic is based on the injection of the sample fluid into the cytometer in a one
cell at a time flow. Cells are then illuminated with a laser. The light scattered after the interaction
with the cell, give information about cell characteristics. Apart from that, the cells can be marked
fluorescent labels which, after its excitation by the laser beam, emit at a concrete wavelength,
giving information about cell components. Flow cytometry technic allows the analysis of
thousands of cells in a short period of time, which makes its use helpful for the analysis of whole

cell populations (78).

The results presented in Table 6 and in Figure 14 proved that the HaCaT cell line express the two
receptors responsible for C. acnes recognition. The results also demonstrated that a 48-h
treatment with C. acnes increases the expression of both TLR2 and TLR4, providing evidence of

the interaction of the bacteria with the two receptors.

Table 6: Tabulated results of the TLR2 and TLR4 expression

Relative expression of TLR2 (Compared

SSp S TLR2 Expression with the basal expression)
Non treated cells (Basal) 77 % 100%
Cells treated with C. acnes o o
10 bact./cell 3% 121%
. Relative expression of TLR4 (Compared
SSp S TLR4 Expression with the basal expression)
Non treated cells (Basal) 37% 100%

Cells treated with C. acnes

9 0,
10 bact./cell 59% 159%
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Figure 14: Cytometry histograms: a) DAPI control; b) Isotype control; c) TLR2 expression in basal
conditions; d) TLR2 expression after the stimulation with C. acnes 10 bact. / cell; e) TLR4 expression in
basal conditions; f) TLR4 expression after the stimulation with C. acnes 10 bact. / cell

6.3. EVALUATION OF THE PLANT EXTRACTS ANTI-INFLAMMATORY EFFICACY
ON HaCaT CELL LINE AFTER THE STIMULATION WITH C. acnes BY qPCR

To determine the anti-inflammatory capacity of C, Q, and C:Q (1:1) in an infection caused by
C. acnes, the extracts were tested at a concentration of 0.25 % on cells in which the inflammatory
response had been induced by stimulation with C. acnes to study if there was a reduction in the
production of inflammatory mediators in relation with cells stimulated with C. acnes and not
treated. The evaluation of the expression of the inflammatory mediators was performed by
gPCR. Biological triplicates were performed, using 3 independent expansions from cells

originating from the thawing of a single cryovial.

The relative quantification results obtained for the inflammatory mediators evaluated, IL-8,
TNFa and CXCL1, after the HaCaT cells stimulation with C. acnes and after the stimulation with
C. acnes together with the treatment with the plant extracts under assessment are presented in

Table 7.
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Table 7: Relative quantification results for the expression of inflammatory mediators IL-8, TNFa and
CXCL1

RQ (Relative to negative control)

IL-8 TNFa CXCL1

Rep.1 | Rep.2 | Rep.3 [ Rep.1 | Rep.2 | Rep.3 | Rep.1 | Rep. 2 | Rep. 3

Negative control

(untreated cells) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Cells + C. acnes 4.2 3.3 2.7 3.6 3.0 3.3 2.7 4.5 1.5

Cells + C. aches +

C (0.25%) 1.4 2.0 11 1.7 13 15 1.2 3.0 0.8

Cells + C. aches +

Q (0.25%) 2.1 14 0.9 1.8 1.2 1.5 1.4 1.5 0.6

Cells + C. aches +

C:Q1:1 (0.25%) 2.5 14 11 1.2 1.0 1.3 1.7 2.7 0.8

Relative quantification results

* * W ‘ ® ns
5' . * ns

L * ns
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Bl Cells+ C. acnes+ C0.25 %

Cells + C. acnes + Q 0.25%
M Cells + C. acnes + C:Q (1:1) 0.25%

N

&
W o v
A 0‘0

Figure 15: Graphic representation of the relative quantification results (RQ) obtained for the expression
of inflammatory mediators IL-8, TNFa and CXCL1 after the HaCaT cells stimulation with C. acnes and
after the stimulation with C. acnes and the treatment with the Camellia sinensis extract at 0.25%, the

Morinda citrifolia extract at 0.25% or the C:Q (1:1) extract at 0.25%

The graphic representation of the results and its statistical analysis by ANOVA (Figure 15), show
that there are statistically significative differences between the expression of all three evaluated
inflammatory mediators between the negative control, consisting in cells without any

treatment, and the positive control, consisting in the HaCaT cells stimulated with C. acnes. On
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the other hand, all three treatments a significative reduction in the expression of the
inflammatory mediators IL-8 and TNFa is observed, but none of the treatments achieve to

significatively reduce the expression of CXCL1, even though a tendency can be observed.

Posteriorly, a pos-hoc analysis of the results was performed using Fisher Pairwise Comparison.
In this statistical analysis, the different experimental conditions are grouped using letters, which
indicate if there exist significative differences between the treatments. The treatments not

sharing a letter present significative differences between them.

In the case of IL-8 (Table 8), it can be observed that all three treatments were grouped together
with the negative control (letter A), indicating that the treatments achieved a reduction of IL-8
expression to the basal level, and the positive control was grouped separately (letter B), showing

that the stimulation with C. acnes increased significatively the expression of this cytokine.

Table 8: Fisher Pairwise Comparisons for IL-8 expression. Grouping Information Using the Fisher Method
and 95% Confidence. Means that do not share a letter are significantly different

Condition N Mean Grouping
Negative control (untreated cells) 3 1.00 A
Cells + C. acnes + C (0.25%) 3 1.52 A
Cells + C. acnes + Q (0.25%) 3 1.50 A
Cells + C. acnes + C:Q 1:1 (0.25%) 3 1.66 A
Cells + C. acnes 3 3.39 B

For TNFa (Table 9), there was also a significant reduction of TNFa expression with all three
treatments, but only the treatment with C:Q (1:1) achieved to recover the negative control
expression levels (letter A). Despite this, the treatments with C and Q extracts (letter B)
presented significative differences with the positive control (letter C), indicating that they also
caused a significative reduction of TNFa expression. It has also to be considered that the
reduction caused by the treatment with C:Q (1:1) was not sufficient to be significatively different

to the one achieved with the other two treatments.
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Table 9: Fisher Pairwise Comparisons for TNFa expression. Grouping Information Using the Fisher
Method and 95% Confidence. Means that do not share a letter are significantly different

Condition N Mean Grouping
Negative control (untreated cells) 3 1.00 A
Cells + C. acnes + C (0.25%) 3 1.52 B
Cells + C. acnes + Q (0.25%) 3 1.50 B
Cells + C. acnes + C:Q 1:1 (0.25%) 3 1.18 A B
Cells + C. acnes 3 3.31 C

Finally, in the case of CXCL1 (Table 10), only the negative control (letter A) and the positive
control (letter B) presented significant differences between them. The three treatments were
shown to be in an intermediate situation (group AB) which indicated that there was a tendency
of reducing the expression of the chemokine after the stimulation with C. acnes, but this
reduction was not sufficient to be significative. This tendency might become a significant

difference with an increase of the amount of analysis performed.

Table 10: Fisher Pairwise Comparisons for CXCL1 expression. Grouping Information Using the Fisher
Method and 95% Confidence. Means that do not share a letter are significantly different.

Condition N Mean Grouping
Negative control (untreated cells) 3 1.00 A
Cells + C. acnes + C (0.25%) 3 1.69 A B
Cells + C. acnes + Q (0.25%) 3 1.16 A B
Cells + C. acnes + C:Q 1:1 (0.25%) 3 1.75 A B
Cells + C. acnes 3 2.89 B
6.4. EVALUATION OF THE TRANSLOCATION TO NUCLEUS OF NF-«kp AFTER THE

STIMULATION WITH C. acnes ON HaCaT CELL LINE

As a final step for the evaluation of the C, Q, and C:Q (1:1) capacity to inhibit the inflammatory
response, an assay was designed to evaluate the induction of NF-kB transcription factor
translocation to nucleus after the stimulation of the HaCaT cells with C. acnes and the inhibition

of this translocation caused by a treatment with C, Q, and C:Q (1:1) extracts at 0.25%
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concentration, as the activation of the NF-kf3 canonical pathway is one of the principal mediators

of the inflammatory reaction caused by the over proliferation of C. acnes.

Figure 16 shows the images obtained with the Leica TCS-SPE confocal microscope, located in the
advanced microscopy service in the Diagonal Campus of Universitat de Barcelona. In the images,
it can be observed how the cells without treatment presented a perfectly defined nucleus,
stained with DAPI and shown in blue, in which no green fluorescence was observed. On the other
hand, cells stimulated with C. acnes showed a high presence of NF-kB, stained with Alexa Fluor®
488 and shown in green, in the cell nuclei. Finally, the cells stimulated with C. acnes and treated
with the plant extracts of Camellia sinensis, Morinda citrifolia or C:Q (1:1), presented a greater
amount of green fluorescence in the nuclei compared with the control cells, but it was clearly

inferior to the amount observed in the cells stimulated with C. aches and without treatment.

Figure 16: Leica TCS-SPE confocal microscope images. a) Negative control (untreated cells); b) Cells + C.
acnes 1h; c) Cells + C. acnes + Camellia sinensis 1h; d) Cells + C. acnes + Morinda citrifolia 1h; e) Cells + C.
acnes + C:Q (1:1) 1h.
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The analysis of the blue and green fluorescence intensities obtained for 6 cell nuclei of each
condition can be observed in Table 11, while Figure 17 shows an example of the fluorescence
profiles obtained in each case. The results presented show how, in the case of the control cells,
the blue fluorescence in the nucleus was much higher than the green fluorescence, while in the
case of the cells stimulated with C. acnes, the intensity of both fluorescences were practically
equivalent. The cells stimulated with C. acnes and treated with one of the plant extracts under
assessment, presented an intermediate situation, proving that the three candidates had an
impact in the reduction of NF-kP translocation to the cell nucleus, reducing the inflammatory

response produced in a C. acnes infection.

Table 11: Intensity results obtained for the analysis of 6 nuclei of each condition.

Green Blue .
) Ratio .
Sample Replicate | fluorescence | fluorescence Mean Ratio
. . ) . Blue/Green
intensity intensity

1 3,421 31,971 9.3
2 6,412 28,383 4.4
3 5,484 34,158 6.2

CTRL 7.1
4 4,956 37,684 7.6
5 4,610 37,047 8.0
6 5,016 35,006 7.0
1 9,409 14,414 1.5
2 9,383 15,522 1.7
3 11,626 10,875 0.9

C. acnes 1.4
4 10,846 13,321 1.2
7 6,728 9,423 1.4
8 6,231 8,769 1.4
1 10,959 30,536 2.8
2 7,190 25,094 3.5
3 11,260 17,270 1.5

C. acnes + C 0.25% 3.2
4 7,459 32,124 4.3
5 8,225 26,703 3.2
6 9,047 32,542 3.6
1 9,064 17,797 2.0
2 6,057 25,040 4.1
3 7,763 25,273 3.3

C. acnes + Q0.25% 3.6
4 5,699 23,973 4.2
5 5,301 26,310 5.0
6 5,511 15,766 2.9
1 5,850 21,348 3.6
2 4,924 33,831 6.9

C. acnes + C:Q (1:1) 3 9,779 22,485 2.3 3.9

0.25% 4 9,086 26,776 2.9 )

5 5,476 18,968 3.5
6 3,828 15,056 3.9
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Figure 17: Analysis of the fluorescence profile in the cell nuclei. a) Negative control (untreated cells); b)
Cells + C. acnes 1h; c) Cells + C. acnes + Camellia sinensis 1h; d) Cells + C. acnes + Morinda citrifolia 1h; e)
Cells + C. acnes + C:Q (1:1) 1h.
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8. DISCUSSION OF CHAPTER 1

The skin is the organism’s first protection barrier against external harm, and it accounts with a
specialized community of microorganisms, which prevent other microbes for its colonization,
and specific cellular structures for the detection of pathogen associated molecules to trigger the
corresponding innate immune response in case of microbial invasion (33,35). One of the main

receptor families responsible for the detection of foreign pathogens are the TLRs (48).

The disruption of the equilibrium stablished between the microbiome and its host can cause the
recognition of the symbiotic microorganisms as noxious, which may lead to the development of
skin pathologies such as acne, one of the most common skin disorders, which is mediated
though the over proliferation of C. acnes and the interaction of its PAMPs with TLR2 and TLR4,

triggering an inflammatory reaction in the skin (41,48).

Inflammation is one of the main biological processes related with the symptomatology of
diseases and, many times, the main cause of the adverse effects of pathologies. Because of that,
a lot of research has been performed, focused on the discovery of new pharmaceutical products
capable of modulating the inflammatory response produced in the organism (79). On the other
hand, many of the products used for this purpose over the years, such as NSAIDs and
corticosteroids, have been proved to cause severe adverse effects, which make its chronical use

non recommended (80).

Considering that acne is not a sever pathology and adding to this the fact that the anti-
inflammatory chemicals abuse is non-recommended, the recuperation of the use of traditional

medicine, based on natural active ingredients, is a good option for consideration.

RJF aims to develop a skin cream, based on plant extracts as active ingredient, for the treatment
of outbreaks of acne, which have an impact in the quality of life of the subjects suffering them
due to the stigmatization related with the appearance of skin lesions. Plant extracts from
medicinal plants, such as Camellia sinensis or Morinda citrifolia, contain molecules with known
anti-inflammatory potential, which make them good candidates for the development of that
new therapeutic product. Besides to the consideration of the two extracts separately, the

efficacy of a combination of both was also evaluated.

HaCaT cell line was chosen as the study model since keratinocytes are, together with sebocytes,
the main cells responsible for the triggering of the inflammatory response in the pilosebaceous

units in consequence of C. acnes over proliferation sensing (55).
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The assessment of the anti-inflammatory capacity of the two plant extracts separately and
combined proved that the three candidates to be the active ingredient of the cream in
development achieved a significant reduction for IL-8 and TNFa cytokines expression in an
infection caused by C. acnes. These two cytokines are two important mediators of the
inflammatory response triggered, and their reduction will probably relate with an improvement
of the symptomatology. Additionally, even though its reduction was non-significant, a tendency
in the decrease of the chemokine CXCL1 was also observed after the cells’ treatment with the
compounds. Chemokines are important recruiters of the immune cells in an inflammatory

reaction, and its reduction is expected to also have a positive impact in an acne outbreak.

Added to the quantitative reduction in the chemokine expression caused by the three
treatments tested, a qualitative decrease of the NF-kB nuclear translocation after a C. acnes
infection was also observed after the treatment of the cells with the plant extracts. NF-kp in one
of the main mediators of the inflammatory reaction in the organism and the blocking of this
signalling pathway is expected to have a major effect on the reduction of the inflammatory
response, probably on most inflammation mediators, additionally to the ones studied, as NF-«[3

in implicated in the activation of their genes’ transcription.

Even though a synergy in the anti-inflammatory efficacy of the two plant extracts is not evidently
observed in the C:Q (1:1) treatment, as there is only an increased non-significant reduction in
the case of TNFa, compared with the effect obtained with the two extracts separately, it would
be interesting to include both compounds in the final product. This observation comes from the
fact that, additionally to the anti-inflammatory effect, the extracts present other characteristics
which might be attractive for the final product. There is evidence that Camellia sinensis presents
antimicrobial and antioxidant properties (70), while Morinda citrifolia has antimicrobial effect
and prevents the biofilms formation (75,76). As mentioned, the antimicrobial activity and the
capacity of impeding the formation of biofilms are desirable as acne is characterized by an
excessive proliferation of microbiome on human skin and these properties of the extracts would
help to minimize this proliferation. On the other hand, the formation of reactive oxygen species
is one of the consequences associated with the activation of the NF-kf3 (81), and its presence
contributes to an increment in the inflammatory response in the area, generating a positive
feedback loop, negative for the progression of acne symptomatology. The antioxidant
properties of Camellia sinensis may contribute to the interruption of this positive feedback loop,

improving the symptoms on the skin.
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With all this in mind, the next step will be to develop a cream for the treatment of acne that
contains as active ingredients a combination of the extracts of Camellia sinensis and Morinda
citrifolia in a ratio of 1 to 1. Once the final product is developed, proper bioassays for the testing

of the efficacy and safety of the anti-acne cream will be required.
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CHAPTER 2: DEVELOPMENT OF TWO IN-VITRO ASSAYS FOR THE
ASSESSMENT OF THE POTENCY OF A ROMIPLOSTIM BIOSIMILAR

9. INTRODUCTION TO CHAPTER 2

9.1. IMMUNE THROMBOCYTOPENIA

Immune Thrombocytopenia is a bleeding disorder characterized for the presentation of a low
platelet count, inferior to 100 x 10° platelets per litre of blood (82,83). It can appear in both
children and adults, although the usual onset of the disease occurs during childhood,
adolescence or in elderly (84). The disease can be presented as primary ITP if it is not associated
with any other condition, or as secondary ITP if it has an underlying cause (85). Most of the ITP
cases correspond to primary IPT, while only the 20% are secondary (82). The incidence of
primary ITP oscillates between 2 and 4 cases per year per 100,000 people presenting a
prevalence in the adult population around 9.5 cases per 100,000 people. The impact in women
is slightly superior during adulthood, even though the prevalence of the disease equilibrates

between men and women in the elderly (85-87).

9.1.1. Causes of Immune Thrombocytopenia

Most cases of primary ITP are mediated by two different mechanisms. In the first place, in
around 60% of the patients suffering from primary ITP, the presence of pathologic anti-platelet
IgG antibodies can be observed (88). These antibodies are mainly directed against GPlIb/lla and
GP1b/IX/V glycoproteins, abundant in the platelet surface (89), and contribute to the
opsonization of the platelets marking them for their destruction (90) by splenic macrophages,
clearing them from circulation (91). After the degradation of the platelets, macrophages present
the derived peptides to CD4+ autoreactive T cells (91,92), which then interact with B cells, which
become differentiated antiplatelet antibody producing cells (93). The pathologic ITP mechanism
varies between different patients mainly depending on the antigenic determinant to which the

autoreactive antibodies are targeted (94).
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The second main cause of primary IPT, is the recognition of the glycoproteins expressed by the
platelets also in megakaryocytes surface (95,96). The presence of autoantibodies directed to
these proteins leads to megakaryocytes destruction which causes defective
megakaryocytopoiesis (97), abnormal megakaryocytes apoptosis or reduced megakaryocytes

growth (98,99). These mechanisms lead to an inhibition of the production of new platelets (90).

The development of secondary ITP is associated with the presence of underlying causes. The
conditions most connected with secondary ITP are systemic autoimmune diseases,
immunodeficiencies, infections and malignancies (87,100). Each disease presents different
mechanisms which may lead to secondary ITP onset, but generally, the pathology of secondary
ITP can be explained by the generation of cross-reactive antibodies, able to recognise platelets,
developed as a consequence of a previous infection or vaccination (101,102), and by the
existence of direct cytotoxicity against platelets or megakaryocytes due to the underlying

pathology (103,104).

9.1.2. Symptomatology of Immune Thrombocytopenia

Even though one-third of ITP patients do not present symptoms (83), bleeding, derived from the
thrombocytopenia is common. Bleeding symptoms occurring in mucous membranes, appearing
in the form of bruising, petechiae and epistaxis, and the appearance of blisters in the oral cavity
are the most observed (105), but in the most severe cases of the disease patients can also suffer
from gastrointestinal, intracranial, or genitourinary haemorrhages (106,107). Bleeding

symptoms are usually accompanied with fatigue and anaemia (108).

In the cases in which ITP becomes chronic, patients present a higher risk of suffering from
thromboembolism (109). The risk of mortality appears to be approximately 1.5-fold superior in
patients suffering from ITP than in the general population (110). The causes of death which
present a higher impact in patients suffering from ITP are cardiovascular events, haemorrhages,

infections, and blood related neoplasia (111).

All together, these symptoms contribute to poor quality of life scores for the patients suffering

from ITP (112,113).
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9.1.3. Diagnosis of Immune Thrombocytopenia

The diagnosis of ITP is mainly based in the analysis of the patient’s clinical history and in a
peripheral blood smear, in which a blood sample is examined under a microscope to evaluate
the blood cell count. Tests for the evaluation of the existence of underlying diseases which could
be related with secondary ITP are also recommended, along with an analysis of the patient’s

antiglobulins (114,115).

9.1.4. Treatment of Imnmune Thrombocytopenia

The first line management for primary ITP has been for many years the immunosuppression for
the reduction of the production of anti-platelet auto-antibodies with a treatment with
Prednisone in a dose of 1Img/kg/day during between 2 and 4 weeks (116,117). This treatment is
highly effective in most of the patients, but it commonly associates with severe adverse effects

(118).

Splenectomy has been for long the procedure of choice for second line management of the
disease, as the removal of the spleen decreases platelet destruction as it has a role in the
elimination of platelets marked, and in the production of anti-platelet antibodies (114).
However, there is recent evidence suggesting that patients that undergo splenectomy present
a higher risk of suffering from infection, thrombosis, haemorrhage, venous thromboembolism,
and pulmonary hypertension, together with a high risk of immediate complications directly

derived from the surgery (119,120).

More recent approaches investigated the benefits of alternative treatments, as for example the
treatment with dexamethasone or rituximab (117), but, even though these treatments,
presented better remission rates than the ones obtained for prednisolone, (121-123) they do

not achieve remission rates as good as the ones obtained with splenectomy (124).

New approaches for ITP treatment, using thrombopoietin receptor agonists, which aim to
increase the platelet number instead of seeking for the prevention of platelet destruction,

present new opportunities for the patients (125).

The treatment of secondary IPT is usually focused on the treatment of the underlying cause,
despite this, the most severe cases require specific treatment for the thrombocytopenia to

control the platelet number (82).
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9.2. THROMBOPOIETIN

In 1958, the existence of a growth factor responsible for causing an increase in platelet synthesis
was firstly proposed by Professor Endre Kelemen. The term used to describe this substance was
thrombopoietin (TPO) (126). In the following years, many efforts were made to purify this
hematopoietic growth factor, but it was not until 1994 when several research groups achieved,
almost at the same time, the purification the hormone (127-131). Following this achievement,

the structure of the protein was elucidated.

TPO is produced in the form of a precursor which consists in a 353 amino acids peptide (132).
After its secretion, the pre-protein suffers several modifications, including the elimination of the
21 amino acids forming the secretory leader sequences and a posterior glycosylation (133),
which leads to the formation of a two-domain glycoprotein, composed by 332 amino acids (134),

which is the mature TPO.

The TPO amino-terminal domain consists in the first 153 amino acids in the protein sequence,
and it contains an EPO-like domain formed by a four alpha helixes bundle, which presents high
homology with human erythropoietin binding domain (134). This domain is the one responsible
for the protein binding to its receptor (127), concretely through the residues Argl10, Lys14 and
Argl7, located in the first a-helix, and His133, GIn132, Lys138 and Phel41, located in the fourth
a-helix (135,136). Despite the high similarities between TPO and EPO the specificity of each of
these two proteins for its receptor is high and they do not compete for each other receptor

binding (137).

The TPO carboxy-terminal domain is found between amino acids 154 and 332 of the sequence
(58) and it is responsible for conferring stability to the molecule (139), thanks to the addition to
its carbons of multiple N- and O- residues during the glycosylation of the molecule (140,141).
The carboxy-terminal domain is also important for the correct folding of the protein, due to its

function as chaperone (142,143).

79



Introduction Chapter 2

Nonpolar W5 DS DD 8
Polar ‘s)y,g),!) NQIG)

Acidic e
Basic R K H
Thrombi N-Gly 1
Ak
)‘QI"H X / HWQ\D\@

&

X
@
©
@
5 ©
b%
&

s

9/ y

(9/3

egle
t@@%@@ﬁ

310

i
&

g

3

1+ §
@

dn,
N

§

PRk ele:dtkozetboactt

N
5
S

LeRLEEeCReEuEEE0E et
%EW@(@@@@@%%@
g@@e@@-»%@t&%@»@t@wu@z 4

“apapeeteat e et xcEebe
mb@@x&ému@@meme@
So
ey
M

zw§ 5. 9 k?; é §
. a ) e L : 120
e 4 ‘-I)*""§J D W' e Dilnd
17
‘Thrombin

Figure 18: TPO structure (144).

TPO is produced mainly by the liver, specifically by the parenchymal cells, and delivered to the
blood flow directly from hepatocytes with no previous storage. In physiologic conditions TPO
liver production is constant (145). Secondary sites of TPO production, with a much lower

production rate, are the kidneys and the bone marrow (146).

9.3. THROMBOPOIETIN RECEPTOR

The action of TPO is mediated though the binding of the hormone to its receptor, the
thrombopoietin receptor (TPO-R), also known as c-Mpl, as it is encoded by the
myeloproliferative leukaemia virus oncogene (147). TPO-R expression occurs mainly in the
hematopoietic cells, including megakaryocytes, platelets, and hematopoietic stem cells. The
TPO-R is formed by a sequence of 635 amino acids, and it presents three distinguished domains,

the extracellular domain, the transmembrane domain, and the cytoplasmic domain (148).

The domain responsible for the binding of TPO is the extracellular domain. It is formed by two
cytokine receptor homology modules, each formed at its turn by two fibronectin-IlI-like
domains, each of which consists in seven antiparallel B-strands piling to form a B-sandwich. TPO
binds to the region formed in the connection between the two fibronectin-lll-like domains in

ECD (149,150).
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The transmembrane domain of the TPO-R presents a helical structure and it is responsible for
fixing the receptor to the cell membrane and it also has an important role in determining the
state of activation of the receptor (150), as it presents residues and regions both in the
C-terminal and the N-terminal of the domain, which change of conformation after TPO binding
allowing the dimerization and activation of the TPO-R (151). The orientation of the
transmembrane domain residues in absence of TPO is responsible for the prevention of the

constitutive activation of the receptor (152,153).

The cytoplasmatic domain does not present a defined secondary structure (146) and it is

responsible for the intracellular signalling after TPO binding.
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Figure 19: TPO-R structure. A) TPO-R inactive monomer; B) TPO-R inactive dimer; and C) TPO-R active
dimer (148).
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9.4. THROMBOPOIETIN — THROMBOPOIETIN RECEPTOR BINDING

When thrombopoietin binds its receptor in the most distal CRH of the two CRH present in the
receptor’s extracellular region, it produces a change of receptors conformation which causes
the activation of JAK, JAK2 and TYK2 kinases (154), which are united with the TPO-R
cytoplasmatic portion. These kinases are responsible for the phosphorylation of the receptor in
five tyrosine residues (Y521, Y542, Y591, Y626, and Y631) present in the intracellular domain
(148). The phosphorylation of Y521 an Y591 activates negative feedback pathways (155) as it
induces the receptor internalization (156) and its destruction trough lysosomal digestion and
ubiquitin mediated proteasomal degradation (157). On the other hand, the phosphorylation of
Y626 and Y631 induces the activation of the MAPK signalling pathway, important for cell
maturation, trough the phosphorylation of Shc adaptor protein (158,159). Additionally, TPO
binding with its receptor is also responsible for activation of the kinase pathways PI3K/AKT and

Raf/MAP, which are important pathways involved in cell survival (160).

Finally, the kinases associated with the receptor also cause the phosphorylation of STAT1, 3 and
5 transcription factors, initiating the signalling cascade for the transduction of the signal to the

cell nucleus and the induction of cell proliferation (161).

9.5. THROMBOPOIETIN BIOLOGICAL ACTIVITY

The two main roles of TPO are the conservation of the HSC and the induction of platelet
formation. The activation of anti-apoptotic pathways after the activation of TPO-R by its union
with TPO it important for the HSC survival, ensuring the maintenance of the hematopoietic stem
cells and precursors reservoir (162). In the second place, TPO is responsible for the generation
of megakaryocytes from HSC. Additionally, it has been shown to play a role in the early
maturation of the stem cells into other hematopoietic linages (163). The activation MAPK
signalling pathway induces megakaryocytic maturation into polyploid cells by the initiation of
endomitosis, which consists in the repetitive duplication of the genetic material with no cell

division occurring between the different DNA replication cycles (164).
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Figure 20: Thrombopoietin receptor activation signaling cascade

9.6. REGULATION OF THROMBOPOIETIN AVAILABILITY

As mentioned, TPO shows a continuous production which makes the existence of mechanisms
for the regulation of its availability in blood essential. TPO availableness presents a directly
proportional relationship between the platelet blood counts and the TPO removal from blood.
Platelets present TPO receptor in its surface which internalize and degrade TPO after its binding,
therefore at lower platelet amounts there is less TPO elimination and consequently there is
more of it available for platelet production induction. When platelet counts are high the invers

situation occurs (165).

9.7. NEW APPROACHES FOR ITP TREATMENT

9.7.1. First generation thrombopoietic drugs

Shortly after the cloning on TPO, the first generation of thrombopoietic drugs appear. The two
products included in this group of drugs, which achieved clinical trials stage in its development,
were RhTPO, a recombinant human thrombopoietin identical to the endogenous form, and PEG-
rHUMGDF, a truncated form of recombinant TPO, consisting in the 163 amino terminal amino

acids conjugated with polyethylene glycol through a process denominated pegylation (166).
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Both products were able to induce an increase of the platelet counts after its administration to
subjects suffering from chemotherapy related thrombocytopenia. Despite this a significant
number of the subjects involved in the clinical trial for PEG-rHUMGDF developed antibodies
against the drug, which cross-reacted with endogenous TPO, inducing a worsening of the pre-

existing thrombocytopenia days after the initiation of the treatment (133).

The detection of this adverse effect produced by PEG-rHUMGDF caused the discontinuity of all

the clinical trials involving products related with a recombinant form of TPO.

9.7.2. Second generation thrombopoietic drugs

After the failure of the first generation thrombopoietic drugs the efforts were focused on the
discovery of products with no homology with endogenous TPO but capable of inducing
thrombopoiesis. The result of these efforts was the discovery of two novel drugs which were
approved in 2008 by the FDA for the treatment of ITP in those cases in which the first line

treatments were failing (167,168).

The first one of this two drugs was romiplostim. It was developed after the identification of a
short peptide, formed by a sequence of 14 amino acids (ARAALWQRLTPGEI), capable of binding
with the TPO-R. To increase the stability and the self-life in the organism, the final molecule was
developed by conjugating the peptide with the human IgG1 Fc region. The dimerization of the
peptide was necessary for the achievement of a biological activity equivalent to the one
obtained with endogenous TPO. The final molecule consisted in two dimers, each of which
formed by two identical chains, united through disulphide bonds, bound to the human IgG1 Fc
region (Figure 21) (169).

Romiplostim acts as a TPO agonist through its high affinity union with the TPO-R which induces
the activation of the same signalling pathways and cellular responses as TPO, increasing the
platelet counts due to a stimulated production and a maximized platelet and platelet precursors

survival (170).

During clinical trials and after, no significant adverse effects were detected. Apart from that,
even though some patients presented antibodies against TPO and romiplostim, its presence did
not show an impact neither in efficacy nor in safety of the developing drug, as those antibodies

did not show neutralizing activity (171,172).
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Figure 21: Romiplostim structure (167).

Chapter 2

The second product developed was eltrombopag, which is a small molecule that conducts its

effect through its interaction with the transmembrane domain of the TPO receptor, producing

a modification of the receptor conformation, activating it. Even though eltombopag does not

bind the receptor through the TPO binding site, its effect is specific on the TPO-R and the

signalling cascade, and the cellular response produced by the drug is identical to the one

observed for TPO (168).

Clinical trials showed the capability of eltrombopag of rising platelet representation in blood

without the induction of severe adverse effects. The positive effect was maintained after ending

the treatment (168).

OH
flerH
H.C 0]
O
N=N
CH,
CH

Figure 22: Eltrombopag structure (168).
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9.8. DEVELOPMENT OF A ROMIPLOSTIM BIOSIMILAR IN RJF

RJF aims to develop a drug product intended to be a biosimilar to the reference product

romiplostim, licensed and commercialized by Amgen under the trade name Nplate®.

For the development of the RJF biosimilar, three initial batches where manufactured based on
the available information on the reference material product. Then, these three batches were
compared with the reference product in a head-to-head study and optimized from there until
the obtention of the final drug substance and drug product formula. Even though the reference
product is presented in 3 different strengths, 125 pg, 250 pug and 500 ug, the strategy for product
development was to start with the development of a 500-ug product with the possibility of

moving to the other two strengths if desirable.

The steps taken for the assessment of RIJF biosimilar quality aspects relate with the TPO-RA
binding with TPO-R and with the biological activity of the product are discussed further in this
thesis. The physicochemical characteristics of the product were assessed in a different

department of the company and therefore not included.

9.8.1. Binding analysis by Biacore

Biacore systems are based on the surface plasmon resonance, which is an optical event that
occurs in a layer of conducting material, commonly gold, placed between two media of distinct
refractive indices. When a light beam with a concrete wavelength impact on the conducting
material in the correct angle, produces the excitation of the plasmons in the surface, what

causes a drop in the reflected light intensity (Figure 23)(173).

This phenomenon can be used to study molecular interactions as, for example, the ones
occurring between a receptor and its ligand. The technique is based on the attachment of one
of the two interacting components, denominated ligand, to the surface of a chip, then, the other
component, denominated analyte, is injected in a constant and non-turbulent flow which passes
over the chip. The interaction between the ligand and the analyte causes changes in mass on

the sensor chip surface which modifies the refractive index of the surface (174).
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Figure 23: SPR technique principle (175).

These changes are registered in real time, creating a sensorgram which can be studied for the
evaluation of the molecular interaction of the two compounds. Different stages of the
interaction can be identified (Figure 24). When the injection of the analyte in solution starts, the
binding of the analyte with the ligand produces an increase of the response, which is
denominated the association phase. After saturation, an equilibrium between association and
dissociation is achieved. After finishing the injection, the separation of the two molecules occurs,
producing a decrease of the response, which corresponds with the dissociation phase. If
dissociation is not complete, regeneration, which consists in a forced dissociation of the analyte
from the ligand, is required to return to basal conditions. The analysis of the generated data
using an adequate model permits the determination of the association and dissociation

constants (176).
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Figure 24: Sensorgram phases scheme (176)
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9.8.2. Potency assays development

Potency is defined as the as the quantitative determination of the biological activity of a
substance. Potency is related with therapeutic efficacy, and, because of this, its evaluation is

essential for grating the quality attributes of the final pharmaceutical product (177).

The assessment of the biological function of an active ingredient and/or the final pharmaceutical
product are evaluated though potency assays, which should be able to demonstrate that the
final product presents the desired biological activity. The potency assays are also used for the
confirmation of batch-to-batch consistency and for the detection of any loss of activity of the

product during its self-life (178).

Before starting to develop a potency assay it is important to decide the information desired to
obtain at the end of the treatment period (179). Depending on the type of response that wants

to be measured the assays can be classified in different types:

- Early response assays: the assay endpoint occurs minutes after the application of the
stimuli. An example of this type of assays would be a phosphorylation assay.

- Intermediate response assays: the assay endpoint occurs hours after the application of
the stimuli. An example of this type of assays would be the study of changes in the gene
expression.

- Lateresponse assays: the assay endpoint occurs days after the application of the stimuli.

An example of this type of assays would be a proliferation assay.

The advantages of using early or intermediate response assays are that they are less time-
consuming and that, since a reasonably immediate effect is measured, the effect detected is
more specific to the action of the drug. The main disadvantage is the fact that it is not possible
to know if this first effect measured will end up causing a final effect in the cell, that is, the

phosphorylation of the receptor may not end in cell division.

On the other hand, late-response assays have the advantage that they give information about
the final effect produced by the product of interest, but they have the disadvantages that they

require a longer assay time and that they are more likely to be affected by nonspecific effects.

Considering all of this, the ideal scenario, whenever possible, is to carry out an assay of each

type to guarantee that the drug produces a specific response and that it leads to the desired
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final effect. In the cases of the romiplostim biosimilar, two independent assays, a proliferation

assay, and a gen-reporter assay, were developed.

9.8.3. Methods validation

Method validation consists in the process of demonstrating by the generation of documented
evidence that the characteristics of an analytical procedure satisfy the necessities of its intended
purpose. Method validation has the objective of assuring that the results which are going to be
generated during methods use are reliable by proving that the method is linear, accurate,
precise, specific, and robust within the range in which the samples will be analysed. The
performance of an analytical method validation is required whenever a new method is
developed but also when major modifications are made in the analysis technic or in the product
formula, to guarantee the goodness of the procedure for the generation of adequate results

(180).

The linearity of an analytical method is described as the capability of the procedure of providing
a directly proportional response to the concentration of the sample being analysed within a
defined sample’s concentration range (180). The analysis of linearity allows the determination
of the range where there is a linear dependency between de concentrations applied, and the
response obtained, which is the maximum and minimum concentrations at which it is acceptable

to work.

Precision indicates the closeness of agreement between a series of results obtained for a
determined amount of analysis of a homogeneous test sample and under equivalent assay
conditions. The analysis of precision determines the variability of the assay method. The
precision of the method studies the variability intrinsic to the procedure, also known as
repeatability, and it is determined by the repeated analysis of a unique sample under the exact
same conditions. The intermediate precision studies not only repeatability but also

reproducibility, and it considers causes of variability other than the method itself (180).

The accuracy of a method evaluates the similarity between the expected result of an assay, being
this expected value the known potency of the reference product, and the experimental result

(180).
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Selectivity is defined as the method’s capability of measuring the substance of interest without
interference of the rest of compounds which might be present in the mixture, as for example,

impurities, substances of degradation or the excipients matrix (180).

Robustness shows the capacity of the method to persist unaltered despite the occurrence of

minor alterations in the procedure parameters (180).
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10. RESULTS OF CHAPTER 2

10.1. COMPARISON OF THE RECEPTOR BINDING PROFILES BETWEEN THE
TPO-RA RMP AND ITS BIOSIMILAR BY BIACORE

10.1.1. Determination of the active concentration of the samples

To determine the active concentration of the samples being analysed, a biacore system was
designed to analyse test samples capacity to bind to ahlgG(Fc) mAb via their Fcy fusion parts,
irrespective of their TPO-R target binding potency. The correct quantification of the
concentration of the products under assessment was essential to ensure that the differences
obtained in the following assays were due to changes in the potency and not related with

differences in the concentrations.

To do so, it was necessary to prove that there was a linear relationship between TPO-RA
concentration and its binding with the ahlgG(Fc) mAb sensor chip. With this purpose, the
reference TPO-RA was injected over the ahlgG(Fc) mAb sensor chip surface in a serial dilution
range between 155 ng/ mLand 2.4 ng / mL. The sensorgram obtained for the assay is presented
in Figure 25 and the relative units results obtained at 320 report point after injection are

presented in Table 12.

300

269 -

238
— 155ng/ mL
207 4
— 77.4ng/mL

176
- 387ng/ mL

145 19.4 ng / mL

Resp. Diff
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— 24ng/mL

T T T T
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Figure 25: Serial Analyte Dilution Sensorgram for the the demonstration of a linear relationship between
TPO-RA concentration and its binding with the ahlgG(Fc) mAb sensor chip.
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Table 12: Relative units results obtained at 320 report point after injection for the demonstration of a
linear relationship between TPO-RA concentration and its binding with the ahlgG(Fc) mAb sensor chip.

TPO-RA (ng / mL) RU320
155.0 235.6
77.4 125.9

38.7 66.5

19.4 32.1

9.7 16.5

4.8 7.9

2.4 3.3

The representation of the relative unit values obtained from the sensorgram (Figure 26) showed
a linear relationship between the TPO-RA concentration and the binding with the ahlgG(Fc) mAb
sensor chip, which proved the suitability of the method for the determination of the active

concentration of TPO-RA in the samples to be analysed.

250
200

150

RU320
e

100

50

0 20 40 60 80 100 120 140 160
TPO-RA (ng / mL)

Figure 26: Representation of the 320 relative unit results obtained from the sensorgrams for the
demonstration of a linear relationship between TPO-RA concentration and its binding with the ahlgG(Fc)
mAb sensor chip.

10.1.2. Thrombopoietin-Thrombopoietin receptor binding characterization

To characterize the interaction occurring between TPO-R and TPO-RA, the first step taken was
the determination of the linear range of the dose response curve. In SPR based assays dose
response curves are derived from serial analyte dilution sensorgram plots by setting report
points at defined sensorgram positions and plotting bound response units against sample

concentration. Serial dilution sensorgrams were generated after the application of the reference
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material in a serial dilution range between 1,235 ng / mL and 0.3 ng / mL. The report points after
the injection time at 320 seconds, representative for equilibrium phase, and at 340 seconds,

representative for the dissociation phase, were studied.

Figure 27 presents the sensorgrams obtained for the different dilutions of the TPO-RA tested,

while Table 13 presents de relative unit values obtained at 320 and 340 seconds after the

injection time.
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Figure 27: Serial Analyte Dilution Sensorgram for the determination of the linear range of the curve.

Table 13: Relative units results obtained at 320 and 340 report points after injection for the
determination of the linear range of the curve.

TPO-RA (ng / mL) RU320 RU340
1235.0 183.7 166.8
618.0 172.7 159.9
309.0 162.0 153.1
154.0 150.8 145.1

77.0 133.7 130.2
39.0 94.3 97.7
19.0 46.7 49.0
9.6 26.1 22.1
4.8 11.5 11.9
24 4.3 4.3
1.2 3.2 3.3
0.6 1.2 1.1
0.3 0.9 0.7
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The representation of the 320 and 340 relative unit values obtained for the analysis of the
sensorgram allows for the drawing of a dose response curve for the binding between the TPO
and the TPO-RA and the calculation of the ECso. Based on the results presented in Figure 28, the
sensitive linear range of the logarithmic dose response curve can be seated between 10 and 100
ng / mL and the ECsos obtained for the analysis of the results at 320 and 340 seconds after the

injection were 37.6 ng / mL and 31.5 ng / mL, respectively.

250 -

200 -

150 4

& 100

50

® RU320
¢ RU340

0.1 1 10 100 1000
TPO-RA ng / mL

Figure 28: Representation of the 320 and 340 relative unit results obtained from the sensorgrams for the
determination of the linear range of the curve.

To determine the capability of the system to discriminate between differences in the potencies
of the compounds under assessment, dose response curves were generated on 824 RU TPO-R
sensor chip surface density by applying serial analyte dilution curves prepared with the TPO-RA
reference material corresponding to 80 %, 100 % and 120 % relative concentration. The report

point at 340 seconds after the injection time was studied.

Figure 29, Figure 30 and Figure 31 show the sensorgrams obtained for the 3 dilution curves
prepared, and Table 14 presents de relative unit values obtained at 340 seconds after the

injection time.
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Figure 29: Serial Analyte Dilution Sensorgram (“100 % Potency”) for the assessment of the accuracy of
the method.
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Figure 30: Serial Analyte Dilution Sensorgram (“80 % Potency”) for the assessment of the accuracy of the
method.
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Figure 31: Serial Analyte Dilution Sensorgram (“120 % Potency”) for the assessment of the accuracy of
the method.
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Table 14: Relative units results obtained at 320 and 340 report points after injection for the assessment
of the accuracy of the method.

TPO-RA (ng / mL) Analyte serial Analyte serial Analyte serial
(equivalent [ ]in 80% / dilution curve at dilution curve at dilution curve at
equivalent [ ] in 120%) 100% 80% 120%

1235 (988 / 1482) 157.1 162.9 172.1

618 (494 / 742) 147.2 142.2 149.6
309 (247 / 371) 138.6 133.6 141.9
154 (123 / 185) 129.1 122.6 133.4
77 (62/ 92) 106.0 88.3 121.3
39 (31/47) 57.5 43.4 89.6
19 (15 / 23) 24.6 18.3 40
9.6 (7.7 / 12) 9.5 8.6 17.2
4.8 (3.8/5.8) 4.1 3.7 7.5
2.4(1.9/2.9) 0.9 1.6 5
1.2 (0.96/ 1.4) 0.9 0.5 1.9

The 340 relative unit values obtained for the analysis of the sensorgram were represented
(Figure 32) and the ECso of the 3 curves were calculated. The ECso obtained for the curve
corresponding to the sample at 100 % was 48.9 ng / mL, the one obtained for the sample at
80 % was 60.8 ng / mL and the one obtained for the sample at 120 % was 38.5 ng / mL. Relative
to the 100 % potency sample, the ECso value of the 80 % potency sample was 24 % higher, which
indicates that the sample was 24 % less potent, and the EDsp value of the 120 % potency sample
was 21 % lower, which indicates that the sample was 21 % more potent. With this results, it was
determined that the method was suficiently accurate to detect differences in the interacction

between the TPO-R and the analyte under analysis.

RU340

®  Sample 100% Potency
® Sample 120% Potency
A Sample 80% Potency

1 ‘ "””10 I I ‘I.”1Il;[) I bHI”1'CII{JCD
TPO-RA [ng/ml]

Figure 32: Representation of the 340 relative unit results obtained from the sensorgrams of the analyte
serial dilutions at potency 100 %, 80 % and 120 % for the determination of the accuracy of the method.
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10.1.3. Comparison between the reference material product and the biosimilar

Finally, after proving the adequacy of the biacore system to discriminate between differences in
the potency, three batches of RJF TPO-RA biosimilar DS and three batches of RJF TPO-RA
biosimilar DP were assessed. The results obtained were compared with the results of three
batches of the reference material product to demonstrate similarity. Each sample was assessed

twice, and the mean values obtained were used for the comparison.

For the analysis, all 9 samples were treated assuming its theorical concentration as correct. After
the obtention of the ECsp of the samples, the results were corrected by the concentration
obtained for each sample when assessed on the ahlgG(Fc) mAb sensor chip. The results
presented in Table 15 show that the 9 samples analysed are comparable in terms of potency
after the correction for the relative active concentration, proving equivalence between RMP and

the RJF TPO-RA biosimilar drug substance and drug product.

Table 15: Results comparison between 3 batches of RJF TPO-RA biosimilar DS and 3 batches of RJF TPO-
RA biosimilar DP with the TPO-RA reference material product.

il Relative Active
Result1 | Result2 | Mean Potency % Active concentration % Corrected
Sample | (ECso (ECso (ECso (To the concentration °| Relative
(To the mean of
ng / mL) | ng / mL) | ng / mL) | mean of the ng / mL Potency %
the RMP)
RMP)
RMP 1 38.3 41.2 39.8 90 80.9 95 95
RMP 2 35.7 38.1 36.9 97 77.9 99 98
RMP 3 25.9 36.3 31.1 115 72.2 107 108
DS1 31.9 28.1 30.0 120 65.2 118 101
DS 2 35.3 27.7 31.5 114 70.3 110 104
DS3 28.8 32.8 30.8 117 63.3 122 96
DP1 37.8 43.2 40.5 89 79.2 97 91
DP 2 29.9 24.3 27.1 133 63.6 121 109
DP 3 31.3 26.1 28.7 125 60.2 128 98

To demonstrate that the 9 samples present a similar behaviour in terms of association and
dissociation with the TPO receptor the sensorgrams obtained for the concentration of
154 ng / mL of all samples were compared. The results obtained are presented in Figure 33 and
demonstrate a similar behaviour in terms of affinity with the TPO-R for the 9 samples under

study.
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Figure 33: Superposition of the sensorgrams obtained for the concentration of 154 ng/mL for the 9
samples used in the similarity study.

10.2. DEVELOPMENT OF A POTENCY ASSAY BASED ON CELL PROLIFERATION

10.2.1. Cell line development

The first objective in the development of a cell proliferation bioassay capable of testing the
potency of romiplostim biosimilar products was the development of a cell line intrinsically and
stably expressing a functional human thrombopoietin receptor. The cell line of choice was the
Ba/F3 cell line, which is a murine cell line, derived from BALB/c mouse strain, and dependent on
IL-3 for its growth. The hMPL was introduced to the cell line by means of an infection with a

lentivirus that had been transfected with a vector in which the TPO-R gene had ben subcloned.

The resulting cell line, named BA/F3-hMPL, grew in selective medium with puromycin and under
the stimulation of the cytokine IL-3 and expressed in its membrane the receptor of human
thrombopoietin which, after its activation through its union to TPO or to an analogue to this,
induced cell proliferation. Cell proliferation measurement and quantification can be used for the

determination of the potency of the products.

After the generation of single-cell-derived stable clones, the hMPL expression in the resulting
cell clones was determined by qPCR for GeneScript to be able to select the two best clones

obtained, based on receptor expression levels.

The results of relative expression of the transfected clones compared with non-transfected

BA/F3 cell line are presented in Figure 34.
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Figure 34: hMPL gene expression in BaF3/hMPL Clone 4 and Clone 8

After the identification of the best clones depending on its expression of the TPO-RA, two
cryovials of cells for Clone 4 and 2 for Clone 8, containing 1 x 107 cells each, were supplied to

RJF.

10.2.2. Evaluation of the thrombopoietin receptor expression in BA/F3-hMPL selected

clones

The confirmation of the expression of the human MPL receptor in the BA/F3-hMPL selected
clones cell membrane was performed before starting with the development of the cell
proliferation potency bioassay. To do so, two flow cytometry assays, one just after thawing the
cells and one three passages after thawing, were performed for each one of the two clones. The

anti-CD110 antibody was used for the detection of the protein of interest, the TPO-RA.

The flow cytometry results obtained for BA/F3-hMPL Clone 4 and Clone 8 at passage 18, just
after tawing, and at passage 21, after 1 passage with thawing medium and 2 passages with
complete medium, are presented in Figure 35. The diagrams show the CD110 receptor

expression for the selected clones at the two passages mentioned.
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Figure 35: Cytometry diagrams for hMPL expression in Clone 4 and in Clone 8 at two different passages

The tabulated results for CD110 receptor expression are presented in Table 16.
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Table 16: Receptor % of expression obtained for clone 4 and clone 8 at two different passages

Clone Passage hMPL % Expression
Clone 4 P18 (passage 0 post-thawing) 98%
Clone 4 P21 (passage 3 post-thawing) 98%
Clone 8 P18 (passage 0 post-thawing) 97%
Clone 8 P21 (passage 3 post-thawing) 97%

No differences could be observed in terms of expression neither between the two clones nor

between the cell passages. Thus, both clones can be considered adequate for its purpose.

Even though both clones’ suitability was demonstrated, the decision of using only one of the
two clones for the development of the potency assay was made, to minimize potential

differences between assays and increase comparability. Clone 4 was selected for this purpose.

10.2.3. Evaluation of the thrombopoietin receptor responsiveness to stimulation in

BA/F3-hMPL selected clones

After the confirmation of the expression of hMPL receptor in the membrane of BA/F3-hMPL cell
line, it was necessary to determine that this receptor was functional and capable of being
activated through its binding with its ligand. The activation of the TPO receptor through its
binding with thrombopoietin or with a thrombopoietin analogue induces the phosphorylation
of the STATS kinase, what initiates the signalling cascade. The detection of the phosphorylation
of STATS produced after the stimulation of BA/F3-hMPL cells with a thrombopoietin analogue

was used for the confirmation of the presence of a functional TPO receptor in the cells.

To do so, the BA/F3-hMPL cell were treated with the biosimilar for 0, 5, 10 or 30 minutes. Then
STATS and STATS5-P, through the detection of P-Tyr, were measured by means of WB technique.

The samples were loaded as presented in Table 17:

Table 17: Samples loading sequence.

LANE 1 LANE 2 LANE 3 LANE 4 LANE 5 LANE 6

SAMPLE MW O(EI_)I_i_LF;A 5'TPO-RA | 10' TPO-RA | 30' TPO-RA MW
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As it can be observed in Figure 36, two bands appear in each lane of image A. The first band
presents a molecular weight of around 90 kDa and corresponds to STAT5 and the second band
presents a molecular weight of approximately 50 kDa and corresponds to tubulin. In image B no
band can be observed in lane 2, corresponding with the control, as TPO receptor was not
activated and there was no phosphorylation of STATS5, so no phosphorylated tyrosine could be
detected, in lanes 3, 4 and 5 a band can be observed at 90 kDa, indicating that the
phosphorylation of STAT5 occurs as soon as 5 minutes after cellular stimulation with TPO-RA

and that this phosphorylation is maintained for at least 30 minutes.
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Figure 36: STAT5 phosphorylation after TPO agonist stimulation in BA/F3-hMPL cell line. A) Membrane
transferred from a gel loaded with samples proceeding directly from cell lysate and reveled with a primary
antibody anti-STAT5 and with a primary antibody anti-a-tubulin. B) Membrane transferred from a gel
loaded with samples proceeding from immunoprecipitation of STAT5 (non-phosphorylated and
phosphorylated) from the cell lysate, using an anti-STAT5 antibody conjugated with agarose, and reveled
with a primary antibody anti-P-Tyr.

10.2.4. BA/F3-hMPL proliferation assay development and optimization of the assay

conditions

The development of a bioassay for the determination of the potency of a pharmaceutical
product requires a parametric definition of all the steps followed for the performance of the

assay, meaning that all the steps undertaken need to be properly described and monitored.
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To address the aim of developing a proliferation assay based on the BA/F3-hMPL cell line capable
of determining the potency of romiplostim biosimilar DS, DP, DP intermediate samples and RMP
samples, to identify batch-to-batch differences and detect if a loss of potency of the products
occurs, a series of steps were taken for the determination of the most appropriate assay

characteristics to guarantee the obtention of adequate results.

The first step taken was the determination of the most appropriate working range. To do so, a
wide range of concentrations was applied to the cells to identify the linear range and the lower
and upper asymptotes of the dose-response curve. The concentrations tested were: 2,000.0000,
666.4000, 222.0445, 73.9852, 24.6519, 8.2140, 2.7369, 0.9119, 0.3039, 0.1012, 0.0337, 0.0112,
0.0037, 0.0012, 0.0004 and 0.0001 ng / mL.
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Figure 37: Dose-response graphs for the proliferation assay range determination. Doses in ng / mL.

The results presented in Figure 37 show that the most appropriate working range, in which the
linear part of the curve and the lower and upper asymptotes are comprised, goes from dilution
4 (74.00 ng / mL) to dilution 11 (0.034 ng / mL) approximately. The results presented illustrate
the need of adjusting the concentration levels to be tested to have more representation in the

linear part of the curve. The adjustment of the dilutions curve is described in subsequent steps.

The aspects determined in the second place were the most adequate cell number to be used in

the assays and the incubation time of the plates after the application of the tested substance to

obtain consistent results. To do so, 3 assays were performed. In the first assay, 3 plates were seeded
with a concentration of 1,000 cells / plates, 3 plates were seeded with a concentration of

2,000 cells / plate, 3 plates were seeded with a concentration of 4,000 cells / plate and 3 plates
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were seeded with a concentration of 8,000 cells / plate. The cells in each plate were treated with 5
different concentrations of the compound: 9.00, 3.00, 1.00, 0.33 and 0.00 ng / mL. After the
application of the stimuli one plate of each cell concentration was incubated for 72 h, one for 96 h

and one for 120 h before the application of CCKS.
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Figure 38: Dose-response graphs for the determination of cell number to be used in the proliferation
assay and of the incubation time of the plates after the application of the tested substances (Assay 1).
Doses in ng / mL.

The results presented in Figure 38 show that the best dose-response curves were obtained with
the cell concentration between 2,000 cells / well and 4,000 cells / well. The optimal incubation time

for the plates was found to be between 72 h and 96 h. Considering these results, a second assay
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was performed, in which the conditions that obtained most promising results were assessed. In
this assay 2 plates were seeded with a concentration of 1,500 cells / plate and 2 plates were
seeded with a concentration of 3,000 cells / plate. The cells in each plate were treated with 7
different concentrations of the compound: 270.00, 2.70, 9.00, 3.00, 1.00, 0.33, 0.03 and
0.00 ng / mL. One plate of each cell concentration was incubated for 72 h and the other for

96 h.
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Figure 39: Dose-response graphs for the determination of cell number to be used in the proliferation
assay and of the incubation time of the plates after the application of the tested substances (Assay 2).
Doses in ng / mL.

Figure 39 shows that, although a curve was formed when a concentration of 1,500 cells / well
was used, this curve was flat and did not allow for a correct estimation of the cell response to
the compound. The results obtained with a cell concentration of 3,000 cells / well were adequate
at both incubation times, 72 h and 96 h, but at 96 h there was a high accumulation of results at

the upper asymptote which made it more adequate to use an incubation time of 72 h.

Considering the results obtained, the number of cells to be used in the ongoing assays was
established at 3,000 cells / well and the incubation time of the plates after the application of the

compounds was established at 72 h.
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After having defined the working range, the cell number to be seeded per well and the

incubation time of the plates after the application of the compounds, the elimination of the FBS

from the assay medium was evaluated. FBS is an important component of most cell culture

medium, and it is usually essential for cell growth. On the other hand, it is formed by many
components which present a high batch-to-batch variability. Bioassays are sensitive methods
which may be affected by this composition changes, leading to abnormal results. The aim of the
assays described in this section was to test if it was possible to eliminate FBS from the assay
medium to avoid this problem or, if it was not possible, to reduce the amount of FBS in the assay

medium to minimize the impact of batch-to-batch variations.

To assess if it was possible to perform the assay without adding FBS in the assay medium, one
plate was seeded with a concentration of 3,000 cells / plate, proceeding from cells in culture.
Half of the plate, dividing it horizontally, was seeded with normal assay medium and the other
with assay medium without FBS. Two independent dilution curves were prepared, one with
normal assay medium and the other with assay medium without FBS. The cells were treated
with 7 different concentrations of the compound: 270.00, 2.70, 9.00, 3.00, 1.00, 0.33, 0.03 and
0.00 ng / mL and the plates were incubated for 72 h before the addition of CCK8 detection

reagent.
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Figure 40: Dose-response graph for the comparison of using the 10 % FBS medium with the FBS free
medium in the proliferation assay. Doses in ng / mL.
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The results presented in Figure 40 show that the curve prepared with FBS free culture medium
(curve in red) did not produce a response in the cells, providing evidence of the impossibility of

eliminating the FBS from the culture medium for the performance of the assays.

After it was seen that the elimination of FBS from the assay medium was not possible, the

viability of the reduction of FBS from the assay medium to 1 % was tested. To assess this, three

plates were seeded with a concentration of 3,000 cells / plate. Half of the plate, dividing it
horizontally, was seeded with normal assay medium and the other with assay medium with 1 %
FBS. Two independent dilution curves were prepared, one with normal assay medium and the
other with assay medium with 1 % FBS. The cells were treated with the 7 concentrations
described for the previous assay and incubated for 72 h before the addition of CCK8 detection

reagent.
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Figure 41: Dose-response graph for the comparison of using the 10% FBS medium with the 1% FBS
medium in the proliferation assay. Doses in ng/mL.

The results presented in Figure 41 show that comparable curves in terms of behaviour were
obtained when using assay medium containing 10 % or 1 % FBS. It can be observed that when
cells were treated with the assay medium containing 1 % FBS (curve in red) the maximum
response obtained was reduced compared with the one obtained when using 10 % FBS assay
medium (curve in blue), but this has no impact in the shape of the curve. Considering this, in

subsequent experiments, a reduction of the FBS in the assay medium to 1 % was applied as both
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standard and sample dilution curves were going to be prepared with the same assay medium so

no differences in the response would be observed.

In the fourth place, the assessment of the capability of the cells of responding to the

stimulation of the TPO receptor just after thawing was performed. A first assay was performed

using the conditions established in previous assays. In this assay, 3 plates were seeded with
3,000 cells / well in 1 % FBS medium. The cells were treated with 7 different concentrations of
the compound: 270.00, 2.70, 9.00, 3.00, 1.00, 0.33, 0.03 and 0.00 ng / mL and the plates were

incubated for 72 h before the addition of CCK8 detection reagent.
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Figure 42: Representative dose-response graphs for the determination of the response capability of
BA/F3-hMPL cell line used just after thawing when seeded at a concentration of 3,000 cells / well. Doses
inng/mL.

Figure 42 shows that BA/F3-hMPL cells were able to respond to the stimulation with the drug
just after thawing even though the response obtained was lower than expected. To improve the
response obtained from the cells, a second assay was performed, increasing the number of cells
seeded in each well to test if it was possible to mitigate the low response capability of the cells.
This second assay was performed using 5,000 cells / well instead of 3,000 cells / well seeded in
1 % FBS medium. A total of 3 plates were used in this assay. The cells were treated with 7
different concentrations of the compound: 270.00, 2.70, 9.00, 3.00, 1.00, 0.33, 0.03 and
0.00 ng / mL and the plates were incubated for 72 h before the addition of CCK8 detection

reagent.
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Figure 43: Representative dose-response graphs for the determination of the response capability of
BA/F3-hMPL cell line used just after thawing when seeded at a concentration of 5000 cells / well. Doses
inng/mL.

Figure 43 shows that BA/F3-hMPL can be used as just after thawing and still give an adequate
response to the stimulation with the drug, even though the cell concentration required for this
was more elevated than the one required when using cells which had been previously cultured.
The use of cells just after thawing (T&U cells) presents many benefits, since it reduces the cost
of the assays as less material and time are required, and since it reduces the variability between
assays as all the cells come from the same cellular expansion, minimizing the differences due to
culture conditions. A cell bank, named BA/F3-hMPL T&U cell bank, ready for its thawing and
resuspension in a defined medium volume for the generation of a cell suspension adequate for

its use on the performance of the proliferation assay, was generated.

Finally, the optimization of the dilutions curve was performed. The aim of this optimization was

to achieve a higher accumulation of points in the linear part of the curve. Apart from that, two
extra dilution levels were added to the curve, passing from a 7 dilution levels curve to a 9 dilution
levels dilution curve. After diverse optimization steps, the dilutions curve presented in Figure 44
was established. The concentration levels included in the optimized dilutions curve were 27.00,

2.70, 1.35,0.90, 0.68, 0.45, 0.23, 0.11, 0.02 and 0.00 ng / mL.
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Figure 44: Dose-response graphs obtained after the optimization of the dilution levels to be used in the

BA/F3-hMPL proliferation potency assay. Doses in ng / mL.

After the performance of multiple assays to determine the optimal assay conditions for the

evaluation of the potency of the products included in the project by means of a proliferation

assay based on BA/F3-hMPL, the following assay procedure was established:

Avial of the BA/F3-hMPL T&U cell bank should be thawed just before the assay. The cell
pellet is then resuspended in 1 % FBS assay medium (98 % RPMI, 1 % FBS, 1 % Sodium
Pyruvate), to have a cell suspension with a concentration of 40,000 cells / mL.

For plates seeding, 125 uL of the cell suspension prepared are pipetted into the central
60 wells of a 96 well plate. The rest of the wells are filled with 250 uL of PBS. After
seeding, the plates are incubated for 3 h at 372Cin a humified atmosphere with 5 % CO,.
For cell treatment, the cells must be treated with one dilution curve for the Standard
and one for the Test Sample in each plate. The dilution curves need to be prepared as
described in Table 18 and applied to the plates in a volume of 125 pL / well as shown in
Figure 45, as the decision of loading the standard and the test sample dilution curve
triplicates intercalated was made to minimize any possible effect related with the
position in the plate. After treatment, plates are incubated for 72 h at 372C in a humified

atmosphere with 5 % CO,.
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Table 18: STD and Test Sample dilution curves for BA/F3-hMPL proliferation assay

Chapter 2

Method of dilution
. Standard / Test sample Cell Culture
Concentration . .
No. Solution medium
(ng/mt) Sampling Sampling
Pre-dilution Volume (uL) | Volume (pL)
Stock 500,000.00 NA NA NA
A 5,000.00 Stock 15.0 1,485
B 500.00 A 100.0 900
C 54.00 B 432.0 3,568
S1/T1 54.00 C 1,500.0 0
S2/T12 5.40 C 150.0 1,350
S3/T3 2.70 C 75.0 1,425
S4/T4 1.80 C 50.0 1,450
S5/T5 1.35 C 37.5 1,463
S6/T6 0.90 C 25.0 1,475
S7/7T7 0.45 C 12.5 1,488
S8 /T8 0.23 C 12.5 2,988
S9/T9 0.04 C 8.0 9,992
S10/T10 0.00 C 0.0 1,500
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Figure 45: BA/F3-hMPL proliferation assay plate design

For cell proliferation measurement, 25 pL of CCK8 detection reagent are added to each

well. The plates are incubated for 3.5 h at 372C in a humified atmosphere with 5 % CO,.

Then absorbance at OD 450 nm is recorded.

10.2.5. BA/F3-hMPL proliferation assay validation

After de optimization of the method and the definition of the final conditions, the BA/F3-hMPL

proliferation assay was validated. The validation exercise consisted in 42 plates, described in

Table 19, in which range, linearity, accuracy, method precision, intermediate precision,
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selectivity, and robustness of the assay was evaluated. In some cases, one plate was used for

the assessment of more than one parameter.

Table 19: Proliferation assay validation. Summary of the plates.

CCK8
. Test . . Parameters
Plate id. Day Analyst incubation
compounds . assessed
time
STD 100% . )
PLATE 1, 2,3 S e 60% 1 1 3.5h Linearity
ample 60%
PLATE 4, 5, 6 >TD 100% 1 1 3.5h Linearity and
Y Sample 80% ' accuracy
STD 100% Linearity,
PLATE 7, 8, 9 1 1 3.5h accuracy, and
Sample 100% intermediate
precision
PLATE 10, 11, 12 |0 100% 1 1 3.5h Linearity and
Sample 120% accuracy
STD 100% o
PLATE 13, 14, 15 S e 140% 1 1 3.5h Linearity
ample A
STD 100% . Method ;
PLATE 16, 17, 18 2 1 3.5h rrecision an
Sample 100% intermediate
precision
STD 100%
PLATE 19, 20, 21 - 2 1 3.5h Method
Sample 100% Precision
STD 100%
PLATE 22, 23, 24 - 2 1 3.5h Method
Sample 100% Precision
SIS Y5, S8 57 STD 100% 5 5 3.5h Intermediate
T Sample 100% precision
PLATE 28, 29, 30 |0 100% 3 1 3.5h Intermediate
T Sample 100% ' precision
STD 100%
PLATE 31, 32, 33 4 1 3.5h Selectivity
Excipients
PLATE 34, 35, 36, STD 100%
37, 38, 39, 40, 5 1 3h, 3.5h, 4h Robustness
41,42 Sample 100%
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10.2.5.2. BA/F3-hMPL proliferation assay linearity

Linearity was assessed trough the representation of the relative potencies obtained against the
concentration applied in the plates. The range covered in the assessment of linearity went from
60 % to 140 % of the standard’s curve concentration. For each concentration level tested, a
dilutions curve consisting in 10 concentration levels was used. The concentrations tested in the
dilutions curve at 60 % were 16.20, 1.62, 0.81, 0.54, 0.41, 0.27, 0.14, 0.07, 0.01 and 0.00 ng /
mL. The concentrations tested in the dilutions curve at 80 % were 21.60, 2.16, 1.08, 0.72, 0.54,
0.36, 0.18, 0.09, 0.02 and 0.00 ng / mL. The concentrations tested in the dilutions curve at
100 % and in the standard’s dilutions curve were 27.00, 2.70, 1.35, 0.90, 0.68, 0.45, 0.23, 0.11,
0.02 and 0.00 ng / mL. The concentrations tested in the dilutions curve at 120 % were 32.40,
3.24,1.62,1.08, 0.81, 0.54, 0.27, 0.14, 0.03 and 0.00 ng / mL. The concentrations tested in the
dilutions curve at 140 % were 37.80, 3.78, 1.86, 1.26, 0.95, 0.63, 0.32, 0.16, 0.03 and 0.00 ng /
mL. Three independent assays were performed for each concentration level. All the dilution

curves were prepared by the same analyst and on the same day.

The results obtained for the linearity plates performed during the validation are presented in

Table 20.

Table 20: Proliferation assay validation. Linearity results.

Plate Id. Com(::%lievel Relatlvg%?otency Mean (%) % RSD
Plate 1 60%
Plate 2 60% 70% 62% 10%
Plate 3 55%
Plate 4 83%
Plate 5 80% 76% 80% 4%
Plate 6 81%
Plate 7 111%
Plate 8 100% 111% 110% 2%
Plate 9 107%
Plate 10 106%
Plate 11 120% 125% 114% 7%
Plate 12 110%
Plate 13 161%
Plate 14 140% 148% 154% 3%
Plate 15 153%
Correlation coefficient 0.9532
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Figure 46 shows the representation of the calculated potencies against the theorical values. The
results presented illustrated moderate differences in the relative potencies obtained for the
triplicates, these differences were related with the inherent variability of the assay. The results
presented show a linear relationship between the concentrations applied and the relative

responses obtained for the complete tested range.

Linearity
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150

y =1.0933x - 0.0561
R?=0.9532

125

100

Calculated Potency (%)
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50 60 70 80 90 100 110 120 130 140
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Figure 46: Proliferation assay validation. Linearity results.

The evaluation of the residuals plot, presented in Figure 47, showed that no tendency in the
distribution of the results through the different concentrations evaluated.
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Figure 47: Linearity residuals plot.
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10.2.5.3. BA/F3-hMPL proliferation assay precision

10.2.5.3.1. BA/F3-hMPL proliferation assay method precision

Precision of the method or method repeatability was assessed trough the analysis of a unique
sample 9 independent times. Each assay consisted in one plate in which a standard curve at
100 % and a sample curve at 100 % were loaded. The concentrations tested for the standard and
the sample were 27.00, 2.70, 1.35, 0.90, 0.68, 0.45, 0.23, 0.11, 0.02 and 0.00 ng / mL. The 9
dilution curves for the standard and the 9 for the sample were prepared for the same analyst in
the same day. The relative potencies obtained for the sample in each assay and de % RSD

obtained are presented in Table 21.

Table 21: Proliferation assay validation. Method precision results.

Plates id. Analyst Day I;zltaetr:\é: Av(eo/:?ge % RSD
Plate 16 111%

Plate 17 111%

Plate 18 107%

Plate 19 96%

Plate 20 Analyst 1 Day 2 97% 103% 5%
Plate 21 97%

Plate 22 105%

Plate 23 103%

Plate 24 102%

The results showed that the % RSD between the results obtained for the 9 independent assays
of a unique test sample was below the threshold established (% RSD < 20 %). Therefore, the

precision of the method was considered adequate for its intended purpose.

10.2.5.3.2. BA/F3-hMPL proliferation assay Intermediate precision

Intermediate precision or method reproducibility was assessed trough the analysis of a unique
sample 12 independent times in 3 different days and by 2 different analysts. Each assay

consisted in one plate in which a standard curve at 100 % and a sample curve at 100 % were
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loaded. The concentrations tested for the standard and the sample were the ones indicated in

section 10.2.5.1 for concentration level 100 %.

For the analysis of the intermediate precision between analysts (Table 22), analyst 1 prepared 3
dilution curves for the standard and the 3 for the sample, which were loaded in pairs in 3

independent plates. The same day, analyst 2 performed the exact same procedure.

For the analysis of the intermediate precision between days (Table 23), analyst 1 prepared 3
dilution curves for the standard and the 3 for the sample, which were loaded in pairs in 3

independent plates. The same exact procedure was performed for 3 consecutive days.

Table 22: Proliferation assay validation. Intermediate precision between analysts results.

Relative Average
Pl id. Anal D % RSD
ates id nalyst ay Potency (%) % RS
Plate 16 Analyst 1 111%
Plate 17 Analyst 1 111% 110% 2%
Plate 18 Analyst 1 107%
Day 2
Plate 25 Analyst 2 115%
Plate 26 Analyst 2 127% 117% 6%
Plate 27 Analyst 2 110%
Intermediate precision (Analysts) 113% 3%

Table 23: Proliferation assay validation. Intermediate precision between days results.

Plates id. Analyst Day I;zltaetr:\é: Av(eo/:?ge % RSD
Plate 7 Day 1 87%
Plate 8 Day 1 98% 93% 5%
Plate 9 Day 1 95%
Plate 16 Day 2 111%
Plate 17 Analyst 1 Day 2 111% 110% 2%
Plate 18 Day 2 107%
Plate 28 Day 3 103%
Plate 29 Day 3 105% 104% 1%
Plate 30 Day 3 105%
Intermediate precision (Days) 102% 7%
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The results presented showed that there were not remarkable differences in the results
obtained for plates prepared by different analysts or in different days, as the % RSD between
the results obtained was below the threshold established for intermediate precision (% RSD <
30%). Therefore, the intermediate precision was considered adequate for the performance of

the potency assay.

10.2.5.4. BA/F3-hMPL proliferation assay Accuracy

For the evaluation of the accuracy of the method three different dilution curves with a 20 % shift
between them where evaluated. The concentrations tested in the dilutions curve at test sample
80 %, standards and test sample at 100 %, and test sample at 120 % were the ones indicated in
section 10.2.5.1. Three independent assays were performed for each concentration level. All the
dilution curves were prepared by the same analyst and on the same day. After the performance
of the proliferation potency assay the percentage of recovery was calculated using the relative

potency obtained and the theorical value. The results obtained for the recoveries are presented

in Table 24.
Table 24: Proliferation assay validation. Accuracy results.
Relative
Plate Id. Com(:%lievel potency Rec(;v)ery Av;/roa)\ge % RSD
(%)
Plate 4 83% 104%
Plate 5 80% 76% 95% 100% 4%
Plate 6 81% 101%
Plate 7 111% 111%
Plate 8 100% 111% 111% 110% 2%
Plate 9 107% 107%
Plate 10 106% 88%
Plate 11 120% 125% 104% 95% 7%
Plate 12 110% 92%
Accuracy 101% 6%

As it can be observed in the results presented, the recoveries obtained for all the plates assessed
fitted the acceptance criteria established, as all the recoveries fitted between 70 % and 130 %.

Apart from that, no tendency in the recoveries depending on the level of concentrations of the
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dilutions curve was observed. With these considerations, it was possible to determined that the

method presented an accuracy compatible with its use as a potency assay.

10.2.5.5. BA/F3-hMPL proliferation assay Selectivity

To assess selectivity, 3 plates were loaded with an STD curve prepared at 100 % and a test sample
solution curve prepared using the DP excipients buffer. The response generated for the
excipients buffer dilutions curve after the performance of the cell proliferation potency assay

was evaluated (Figure 48).
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Figure 48: Proliferation assay validation. Selectivity results.

It can be observed in the graphic that no response was obtained when the dilution curve was

prepared using the DP buffer of excipients.

On the other hand, the OD values obtained for the different concentrations of romiplostim
biosimilar excipients buffer were compared with the OD values obtained for cells without
treatment (Table 25). The results showed that no remarkable differences between the OD values

obtained at the different concentration levels.
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Table 25: OD values obtained for the assessment of selectivity in the cell proliferation potency assay.

Concentration |, 4| 70 | 1.35 | 0.90 | 0.68 | 0.45 | 0.23 | 0.11 | 0.02 | 0.00
(ng/mL)
0.362|0.402 | 0.442 | 0.401 | 0.446 | 0.429 | 0.424 | 0.400 | 0.399 | 0.465
OP?a‘::':is 0.251|0.387]0.397]0.409 | 0.430 | 0.435 | 0.399 | 0.410 | 0.431 | 0.472
0.359|0.405 | 0.389 | 0.417 | 0.349 | 0.372 | 0.359 | 0.370 | 0.459 | 0.394
oD values | 0-367 [0.403]0.389]0.3590.4410.403 | 0.405 | 0.395  0.443 [ 0.480 | Selectivity
blre3y | 0:3680.391]0386]0.398(0409]0.3870.379]0.409 | 0.433 [0.490
0.271]0.420|0.414|0.431|0.423 | 0.406 | 0.408 | 0.418 | 0.470 | 0.461
0.364|0.394|0.384|0.392 | 0.427 | 0.390 | 0.391 | 0.391 | 0.438 | 0.479
op[l)a‘;:':gs 0.371|0.382 | 0.3760.392 | 0.403 | 0.380| 0.370 | 0.397 | 0.427 | 0.491
0.270|0.421|0.414 | 0.430 | 0.422 | 0.401 | 0.404 | 0.412 | 0.466 | 0.457
Average (%) |0.331|0.4010.399 |0.408 |0.417 |0.400|0.393 | 0.400 | 0.441|0.465| 0.406
% RSD 15% | 3% | 5% | 4% | 7% | 5% | 5% | 3% | 5% | 6% 2%

Table 26 shows the composition of the excipients buffer of romiplostim biosimilar DP and DS. It

can be observed that the buffer of excipients of the DS presents the exact same components

that the DP excipients buffer but at half the concentration, which means that when the assay is

performed on DS samples the excipients are going to be diluted to half the concentration.

Considering this, it can be determined that if no interference of the components of the

excipient’s matrix is observed for romiplostim biosimilar DP excipients buffer, no interference is

going to occurred for romiplostim biosimilar DS excipients buffer.

Table 26: DP excipients buffer and DS excipients buffer composition.

Component DP Excipients Buffer DS Excipients Buffer
D-Mannitol 4% w/v 2% w/v
Sucrose 2% w/v 1% w/v
L-Histidine 10 mM 5mM
Polysorbate 20 0.004% w/v 0.002% w/v
HClI g.s. pH 5.0 g.s. pH 5.0
Water for injections qg.s. qg.s.

All in all, the results presented showed the selectivity of the assay method for the active

substance in romiplostim biosimilar products.
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10.2.5.6. BA/F3-hMPL proliferation assay Robustness

Robustness was assessed through the reading of the absorbance at 450 nm in 9 plates 3.0 h;
3.5 hand 4.0 h after the application of CCK8 detection reagent. The plates had been loaded with
a standard curve at 100 % and a sample curve at 100 %. The concentrations tested for the
standard and the sample were the ones indicated in section 10.2.5.1 for concentration level

100 %.

The results presented in Table 27 show the differences in the results observed for the different

incubation times with CCKS8.

Table 27: Proliferation assay validation. Robustness results.

CCK8 Relative e

Plate Id. | incubation | potency (%) % RSD

time (h) (%)
Plate 34 3 99%
Plate 34 3.5 109% 102% 5%
Plate 34 4 97%
Plate 35 3 112%
Plate 35 3.5 107% 108% 2%
Plate 35 4 106%
Plate 36 3 98%
Plate 36 3.5 100% 100% 1%
Plate 36 4 101%
Plate 37 3 102%
Plate 37 3.5 102% 102% 0%
Plate 37 4 103%
Plate 38 3 106%
Plate 38 3.5 108% 106% 2%
Plate 38 4 104%
Plate 39 3 89%
Plate 39 3.5 87% 88% 1%
Plate 39 4 87%
Plate 40 3 93%
Plate 40 3.5 93% 91% 3%
Plate 40 4 88%
Plate 41 3 108%
Plate 41 3.5 102% 104% 3%
Plate 41 4 101%
Plate 42 3 87%
Plate 42 3.5 85% 87% 1%
Plate 42 4 88%
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The results showed that the % RSD observed between the different incubation times was
equivalent, as no major changes could be observed in the relative potencies obtained at

different incubation times with CCK8 detection reagent.

Individual Value Plot of Relative potency (%) vs CCK8 incubation time (h)
115,00%

110,00%

=)

105,00%

%,

100,00%

Relative potency (
|
J
J
|

95,00%
90,00%
85,00%

3,0 3,5 4,0
CCK8 incubation time (h)

Figure 49: Proliferation assay validation. Results distribution for the different CCK8 incubation times

A p-value of 0.836 was obtained for the ANOVA analysis of the results, showing with 95 %
confidence that there were no significant differences between the results obtained after 3.0 h,
3.5 h or 4.0 h of incubation with CCK8 detection reagent. Apart from that, the results presented
in Figure 49 illustrate that there was no tendency in the distribution of the results for any of the

incubation times.

Analysed all together, the results presented proved that the assay is robust for CCK8 incubation

time 3.5 h + 30 min.
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10.2.5.7. Summary of the cell proliferation potency assay validation results

Table 28: Proliferation assay validation. Results summary.

Parameters Acce:pta.nce Results Complles./
criteria No Complies
—_ No response .
Specificity observed No response observed Complies
Linearity R?2>0.95 R?=0.95 Complies
Method | o, 25D <20% %RSD =5 % Complies
Precision
Intermediate Analysts % RSD=3% Complies
Precision % RSD<30%
Days % RSD=7% Complies
Plate 4 Recovery 104 % Complies
Plate 5 Recovery 95 % Complies
Plate 6 Recovery 101 % Complies
Plate 7 Recovery 111 % Complies
Recovery
Accuracy between Plate 8 Recovery 111 % Complies
o/ _ o,
70%-130% Plate 9 Recovery 107 % Complies
Plate 10 Recovery 88 % Complies
Plate 11 Recovery 104 % Complies
Plate 12 Recovery 92 % Complies
Robustness | P-Value >0.05 p=0.836 Complies
10.3. DEVELOPMENT OF A POTENCY ASSAY BASED ON A REPORTER GENE
10.3.1. TF1 - Stat5 - Luc 2P - TPOR cell line development

The first objective in the development of a potency gene reporter-based bioassay capable of
testing the potency of romiplostim biosimilar products was the development of a cell line
intrinsically and stably expressing a functional human thrombopoietin receptor. The cell line of
choice for the expression of TPO-R was the TF-1 cell line, which is a human cell line, derived from

human erythroleukemia, which is dependent on GM-CSF for its growth. The TPO-R gen was
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introduced into the TF-1 cells by means of a Promega’s already developed expression vector

based on Luc2P/STAT5-RE/Hygro.

The resulting cell line, named TF1 - Stat5 - Luc 2P - TPOR, grew in selective medium with
hygromycin and blasticidin and under the stimulation of the cytokine GM-CSF, and expressed in
its membrane the receptor of human thrombopoietin which, after its activation through its
union to TPO or to an analogue, activated a signalling cascade which triggered the transcription
of STATS5 and, therefore, also of luciferase through STAT5 response element (STAT5-RE). The
addition of the luciferase substrate, after the appropriate incubation time, triggered the
substrate oxidation generating light, which could be measured, allowing for the quantification

of the luciferase gene transcription, which was, in turn, proportional to the activation of the

thrombopoietin receptor (Figure 50).

Cytoplasm

Figure 50: Schema of the principle of the potency assay based on a reporter gene under development.

After the generation of single-cell-derived stable clones, Promega determined the
responsiveness of the generated clones to stimulation with TPO for the selection of the two best
clones obtained. The responsiveness of the clones was determined based on the relative

luminescence unit’s induction produced by TPO stimulation.
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Figure 51: Responsiveness of the survival single-cell-derived stable clones to TPO stimulation

After the identification of the best clones, two cryovials of cells for Clone 9 and two for Clone

10, containing 1 x 107 cells each, were supplied to RIF.

10.3.2. Evaluation of the thrombopoietin receptor expression in the TF1 - Stat5 - Luc 2P -

TPOR selected clones

Two flow cytometry were performed to confirm the correct expression of the TOPR in the two
clones obtained from Promega. The flow cytometry results obtained for TF1 - Stat5 - Luc 2P -
TPOR Clone 9 and Clone 10 at passage 21, just after tawing, and at passage 24, after 1 passage
without the selection antibiotics and 2 passages with blasticidin S and hygromycin B, are
presented in Figure 52. The anti-CD110 antibody was used for the detection of the protein of
interest, the TPO-R.

The diagrams show the CD110 receptor expression for the selected clones at the two passages

mentioned.
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Figure 52: Cytometry diagrams for hMPL expression in TF1 - Stat5 - Luc 2P - TPOR Clone 9 and in Clone 10
at two different passages

The tabulated results for CD110 receptor expression are presented in Table 29.
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Table 29: Receptor % of expression obtained for TF1 - Stat5 - Luc 2P - TPOR Clone 9 and Clone 10 at two

different passages
Clone Passage hMPL % Expression
Clone 9 P21 (passage 0 post-thawing) 86%
Clone 9 P24 (passage 3 post-thawing) 85%
Clone 10 P21 (passage 0 post-thawing) 94%
Clone 10 P24 (passage 3 post-thawing) 94%

No differences were observed in terms of expression between the cell passages. Clone 10

presented approximately a 10% higher expression than Clone 9. Considering this,

of working with Clone 10 for the development of the assay was made.

10.3.3.
TF1 - Stat5 - Luc 2P - TPO-R

the decision

Evaluation of the thrombopoietin receptor responsiveness to stimulation in

Equivalently to the observations made for BA/F3-hMPL cell line, it was also confirmed that TF1

- Stat5 - Luc 2P — TPO-R cell line presents a functional TPO-R, capable of responding to the

stimulation with TPO-RA. The phosphorylation kinetics is also comparable to the one observed

for the TPO receptor in BA/F3-hMPL cell line as STAT5 phosphorylation occurs 5 minutes after

the treatment and is maintained for a minimum of 30 minutes (Figure 53).

The samples were loaded as presented in Table 30Table 17:

Table 30: Samples loading sequence.

LANE 1 LANE 2 LANE 3 LANE 4 LANE 5 LANE 6
SAMPLE MW 0 (El?rng 5'TPO-RA | 10' TPO-RA | 30' TPO-RA MW
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Figure 53: STAT5 phosphorylation after TPO agonist stimulation in TF1 - Stat5 - Luc 2P — TPO-R cells.

A) Membrane transferred from a gel loaded with samples proceeding directly from cell lysate and reveled
with a primary antibody anti-STAT5 and with a primary antibody anti-a-tubulin. B) Membrane transferred
from a gel loaded with samples proceeding from immunoprecipitation of STAT5 (non-phosphorylated and
phosphorylated) from the cell lysate, using an anti-STAT5 antibody conjugated with agarose, and reveled
with a primary antibody anti-P-Tyr.

10.3.4. TF1 - Stat5 - Luc 2P - TPOR reporter gene assay development and optimization of

the assay conditions

For the determination of the optimal TF1 - Stat5 - Luc 2P - TPOR reporter gene assay conditions,
the first step taken was the determination of the most appropriate working range. To do so, an
assay was performed seeding 30,000 cells in 50 pL of medium and a wide range of
concentrations was applied to the cells to identify the linear range and the lower and upper
asymptotes of the dose-response curve. The concentrations tested were: 1,000.00, 500.00,
250.00, 125.00, 62.50, 31.30, 15.60,7.81, 3.91, 1.95, 0.98, 0.49, 0.24, 0.12, 0.06, 0.03, 0.02, 0.01
and 0.00 ng / mL.
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Figure 54: Dose-response graphs for the reporter gene assay range determination. Doses in ng/mL.

The results presented in Figure 54 show that the whole range tested was necessary to be able
to observe both the upper and the lower asymptotes of the sigmoidal curve, therefore the
appropriate range to work with was comprised between dilution 1 (1,000 ng / mL) and dilution
18 (0.01 ng / mL). Even though the whole range evaluated was considered important for the
curve to present the desired shape, it was determined that a reduction of the number of
concentration levels to be assessed in each assay could be reduced to 9, allowing the loading of
two complete curves on the plates to be able to test the standard and the sample on the same
plate. Therefore, to cover the full range and ensure a correct formation of both asymptotes, it
was decided to work with a 9-points curve in which a 1 / 10 dilution was made between dilutions
1 and 2 and between dilutions 9 and 10, and a dilution 1 / 3 was made between the rest of
dilutions. Considering this, the concentration levels which were decided to be included in the

plates were: 1,000.00, 100.00, 33.33, 11.11, 3.70, 1.24, 0.41, 0.14, 0.01 and 0.00 ng / mL.

In the second place, the evaluation of the cell number to be seeded in each well to obtain

consistent results was performed. The objective of developing a cellular assay based on a
reporter gene was to have a quicker assay to determine the potency of the compound under
evaluation. Protein synthesis in response to the activation of a membrane receptor is a fast
process, which causes that no cell duplication occurs during the time course of the assay. It was
decided to seed a relatively large number of cells in each well. During the set-up of the method,
various cellular concentrations were tested, and equivalent results were obtained for all of
them. Considering this, it was decided to maintain initial conditions tested, seeding

30,000 cells / well in 50 pL of medium.
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Regarding the incubation time of the plates after the application of the compounds, an

incubation time of 6 h and an overnight incubation time of approximately 16 h were assessed.
An assay was performed using the conditions established in previous assays. In this assay, 2
plates were seeded with 30,000 cells/well. The cells were treated with the following
concentrations of the compound: 1,000.00, 100.00, 33.33, 11.11, 3.70, 1.24, 0.41,0.14, 0.01 and
0.00 ng / mL. Then, one of the plates was incubated for 6 h and the other for 16 h after which

Bio-Glo™ Luciferase Assay System was added to the wells to quantify luciferase synthesis.
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Figure 55: Dose-response graphs obtained for 6h and 16h incubation times with the test compound in
the reporter gene assay. Doses in ng/mL.

The results presented in Figure 55 showed that the dose-response curves obtained at the two
different incubation times assessed had an equivalent shape, nevertheless, the distribution of
the points in the dose-response curve obtained for the plate incubated 6 h after the application
of the compounds presented a more balanced distribution of the points in the curve than the
plate incubated 16 h. Apart from that, a shorter incubation time was preferable, as it let to the
faster obtention of results. Considering all, an incubation time of 6 h after the application of the

compounds was established.

Finally, the testing of the capability of the TF1 - Stat5 - Luc 2P - TPOR cell line of responding to

the stimulation with the compound just after thawing was assessed. An assay was performed

seeding 3 plates with 30,000 cells / well. The cells were treated with 1,000.00, 100.00, 33.33,
11.11, 3.70, 1.24, 0.41, 0.14, 0.01 and 0.00 ng/mL of the compound and then incubated for 6 h

before the detection of luciferase synthesis with Bio-Glo™ Luciferase Assay System.
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Figure 56: Representative dose-response graph of the results obtained for TF1 - Stat5 - Luc 2P - TPOR

cells, used as T&U. Doses in ng/mL.

Figure 56 illustrates the capability of TF1 - Stat5 - Luc 2P - TPOR cells of responding to the

thrombopoietin agonists immediately after thawing, as the dose-response curve obtained

behaves equivalently to the one obtained when using cells in culture. As mentioned before, the

use of T&U cells is desirable as it eliminates the variability due to cell maintenance, and as it is

less time and material requiring. Because of this, the use of TF1 - Stat5 - Luc 2P - TPOR T&U cells

was established and a TF1 - Stat5 - Luc 2P — TPOR T&U cell bank was created.

After the performance of the assays required for the set-up of the method, the following assay

procedure was determined:

A vial of the TF1 - Stat5 - Luc 2P - TPOR T&U cell bank should be thawed just before the
assay and a cell suspension with a concentration of 600,000 cells / mL is prepared, using
a predefined resuspension volume of the TF1 - Stat5 - Luc 2P - TPOR reporter gene assay
medium (90 % RPMI, 10 % FBS).

For plates seeding, 50 uL of the cell suspension prepared are pipetted into the central
60 wells of a 96 well plate. The rest of the wells are filled with 100 pL of PBS. After
seeding, the plates are going to be incubated at 372C in a humified atmosphere with
5 % CO; overnight.

For cell treatment, the cells are treated with one dilution curve for the Standard and
one for the Test Sample in each plate. The dilution curves are prepared as described in
Table 31 and applied to the plates in a volume of 50 puL / well as shown in Figure 57. The

plates are incubated at 372C in a humified atmosphere with 5 % CO; for 6 h.
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Table 31: Optimized dilutions curve for STD and Test Sample

Chapter 2

Method of dilution
. Standard / Test sample Cell Culture
Concentration . .
No. Solution medium
(ng/mL) Sampling Sampling
Pre-dilution Volume (uL) | Volume (uL)
Stock 500000.00 NA NA Na
A 5000.00 Stock 15 1,485
B 2000.00 A 800 1,200
C 20.00 B 20 1,980
S1/T1 2000.00 B 1,500 0
S2/T2 200.00 B 150 1,350
S3/T3 67.00 B 50 1,450
S4 /T4 22.00 B 17 1,483
S5/T5 7.40 C 555 945
S6/T6 2.50 C 188 1,312
S7/7T7 0.82 C 62 1,438
S8/T8 0.27 C 20 1,480
S9/T9 0.03 C 11 6,989
S$10/T10 0.00 C 0 1,500
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Figure 57: TF1 - Stat5 - Luc 2P - TPOR reporter gene assay plate design

For luciferase expression measurement, 50 pL of Bio-Glo™ Luciferase Assay System

detection reagent is added to each well. The plates are incubated for 10 min and then

luminescence emitted by each well is recorded.

10.3.5. TF1 - Stat5 - Luc 2P - TPOR reporter gene assay validation

The TF1 - Stat5 - Luc 2P - TPOR reporter gene validation exercise consisted in 42 plates, described

in Table 32, in which range, linearity, accuracy, method precision, intermediate precision,

selectivity, and robustness of the assay was evaluated. In some cases, one plate was used for

the assessment of more than one parameter.
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Table 32: Reporter gene assay validation. Summary of the plates.
Plate Bio-Glo Parameters
Plate Test compounds Day | Analyst | incubation | incubation
. . assessed
time time
STD 100% . . .
PLATE1, 2,3 Sample 60% 1 1 6h 10 min Linearity
p X -
PLATE 4, 5, 6 STD 100% 1 1 6h 10 min Linearity and
Sample 80% accuracy
STD 100% Linearity, .
PLATE 7, 8, 9 1 1 6h 10 min ?rftc::;‘;ydlaa;‘e
Sample 100% .
precision
STD 100% . Linearity and
PLATE 10, 11, 12 Sample 120% 1 1 6h 10 min accuracy
STD 100%
PLATE 13, 14,1 1 1 6h 10 mi Li it
3, 14,15 Sample 140% min inearity
STD 100% . Method ;
PLATE 16, 17, 18 2 1 6h 10 min mr'?ecrI:rI\c:er:j;:e
Sample 100% .
precision
STD 100% . Method
PLATE 19, 20, 21 Sample 100% 2 1 6h 10 min Precision
STD 100% . Method
PLATE 22, 23, 24 Sample 100% 2 1 6h 10 min Precision
STD 100% . Intermediate
PLATE 25, 26, 27 Sample 100% 2 2 6h 10 min precision
STD 100% . Intermediate
PLATE 28, 29, 30 Sample 100% 3 2 6h 10 min precision
0,
PLATE 31, 32, 33 STD 100% 4 1 6h 10 min Selectivity
Excipients buffer
STD 100% (prep 1) 10 min
PLATE 34 5 1 5:30h Robust
3 Sample 100% (prep 1) 25 min obustness
STD 100% (prep 1) 10 min
PLATE 35 5 1 6h . Robust
Sample 100% (prep 1) 25 min obustness
STD 100% (prep 1) 10 min
PLATE 36 5 1 6:30h . Robust
Sample 100% (prep 1) 25 min obustness
STD 100% (prep 2) 10 min
PLATE 37 5 1 5:30h . Robust
Sample 100% (prep 2) 25 min obustness
STD 100% (prep 2) 10 min
PLATE 38 5 1 6h . Robust
Sample 100% (prep 2) 25 min obustness
STD 100% (prep 2) 10 min
PLATE 39 5 1 6:30h . Robust
Sample 100% (prep 2) 25 min obusthess
STD 100% (prep 3) 10 min
PLATE 40 5 1 5:30h . Robust
Sample 100% (prep 3) 25 min obustness
STD 100% (prep 3) 10 min
PLATE 41 5 1 6h . Robust
Sample 100% (prep 3) 25 min obustness
STD 100% (prep 3) 10 min
PLATE 42 5 1 6:30h . Robust
Sample 100% (prep 3) 25 min obustness
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10.3.5.1.  TF1 - Stat5 - Luc 2P - TPOR reporter gene Linearity

Linearity was assessed trough the representation of the relative potencies obtained against the
concentration applied in the plates. The range covered in the assessment of linearity went from
60 % to 140 % of the standard’s curve concentration. The concentrations tested in the dilutions
curve at 60 % were 600.00, 60.00, 20.01, 6.66, 2.22, 0.75, 0.25, 0.08, 0.01 and 0.00 ng / mL. The
concentrations tested in the dilutions curve at 80 % were 800.00, 80.00, 26.68, 8.88, 2.96, 1.00
0.33, 0.11, 0.01 and 0.00 ng / mL. The concentrations tested in the dilutions curve at 100 %, and
in the standard’s dilutions curve were 1,000.00, 100.00, 33.35, 11.10, 3.70, 1.25,0.41, 0.14, 0.02
and 0.00 ng / mL. The concentrations tested in the dilutions curve at 120% were 1200, 120,
40.02, 13.32, 4.44,1.50, 0.49,0.16 0.02 and 0.00 ng / mL. The concentrations tested in the
dilutions curve at 140% were 1400.00, 140.00, 46.69, 15.54,5.18, 1.75, 0.57, 0.19, 0.02 and 0.00

ng/ mL.

The results obtained for the linearity plates performed during the validation are presented in

Table 33.

Table 33: Reporter gene assay validation. Linearity results.

Plate Id. Conc. Level Relative Mean (%) % RSD
(%) potency

Plate 1 62%

Plate 2 60% 62% 63% 2%

Plate 3 65%

Plate 4 70%

Plate 5 80% 71% 72% 4%

Plate 6 76%

Plate 7 101%

Plate 8 100% 92% 99% 5%

Plate 9 105%

Plate 10 128%

Plate 11 120% 102% 115% 9%

Plate 12 114%

Plate 13 149%

Plate 14 140% 139% 152% 8%

Plate 15 168%

Correlation coefficient 0.9757
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Figure 58 shows a directly proportional relationship between the concentrations applied to the

plates and the results obtained, proving the linearity of the method through the whole evaluated

range.
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Figure 58: Reporter gen assay validation. Linearity results.

Figure 59 shows a random distribution of linearity results residuals, which indicates that there
is no tendency in the results obtained.
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Figure 59: Reporter gen assay validation. Linearity residuals plot.
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10.3.5.2.  TF1 - Stat5 - Luc 2P - TPOR reporter gene Precision

10.3.5.2.1. TF1 - Stat5 - Luc 2P - TPOR reporter gene Method precision

Precision of the method was assessed trough the repeated analysis of a unique sample a total
of 9. Each assay consisted in one plate in which a standard curve at 100 % and a sample curve at
100 % were loaded. The concentrations tested for the standard and the sample were the ones

indicated in section 10.3.5.1 for concentration level 100 %.

The relative potencies obtained for the sample in each assay and de % RSD obtained are

presented in Table 34.

Table 34: Reporter gene assay validation. Method precision results.

Plates id. Analyst Day I;zltaetr:\é: Av(eo/:?ge % RSD
Plate 16 111%

Plate 17 109%

Plate 18 108%

Plate 19 107%

Plate 20 Analyst 1 Day 2 103% 102% 7%
Plate 21 103%

Plate 22 92%

Plate 23 93%

Plate 24 91%

The results presented a compliant % RSD between the 9 results obtained, as a % RSD < 20% was

established as a threshold. Therefore, the precision of the method suitability was demonstrated.

10.3.5.2.2. TF1 - Stat5 - Luc 2P - TPOR reporter gene Intermediate precision

For the study of the intermediate precision, the analysis of the same sample was performed
three times by each one of two independent analysts on the same day (Table 35) and 3 times by
a single analyst each one of 3 independent days (Table 36). Each assay consisted in one plate in

which a standard curve at 100 % and a sample curve at 100 % were loaded. The concentrations
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tested for the standard and the sample were the ones indicated in section 10.3.5.1 for

concentration level 100 %.

Table 35: Reporter gene assay validation. Intermediate precision between analysts results.

Relative Average
Pl id. Anal D % RSD
ates id nalyst ay Potency (%) % RS
Plate 16 Analyst 1 111%
Plate 17 Analyst 1 109% 109% 1%
Plate 18 Analyst 1 108%
Day 2
Plate 25 Analyst 2 86%
Plate 26 Analyst 2 93% 90% 3%
Plate 27 Analyst 2 90%
Intermediate precision (Analysts) 100% 10%

Table 36: Reporter gene assay validation. Intermediate precision between days results.

. Relative Average
Pl . Anal D % RSD
ates id nalyst ay Potency (%) % RS
Plate 7 Day 1 101%
Plate 8 Day 1 92% 99% 5%
Plate 9 Day 1 105%
Plate 16 Day 2 111%
Plate 17 Analyst 1 Day 2 109% 109% 1%
Plate 18 Day 2 108%
Plate 28 Day 3 102%
Plate 29 Day 3 102% 102% 0%
Plate 30 Day 3 103%
Intermediate precision (Days) 104% 4%

The results presented show that the performance of the assay by independent analysts or in

different days was not a major cause of variability in the results obtained, as the % RSDs were in

both cases kept lower than the 30 % established limit. This proves the adequacy of the

intermediate precision of the method.
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10.3.5.3.  TF1 - Stat5 - Luc 2P - TPOR reporter gene Accuracy

The accuracy of the method was evaluated through the calculation of the recovery percentage
of 3 preparations of each of 3 concentration levels, 80 %, 100 %, and 120 %. The concentrations
tested in the dilutions curve at test sample 80 %, standards and test sample at 100 %, and test

sample at 120 % were the ones indicated in section 10.3.5.1.

Table 37: Reporter gene assay validation. Accuracy results.

Conc. Level Relative Recovery Average
Plate Id. (%) potency (%) (%) % RSD
(%)

Plate 4 70% 87%
Plate 5 80% 71% 88% 90% 1%
Plate 6 76% 95%
Plate 7 101% 101%
Plate 8 100% 92% 92% 99% 5%
Plate 9 105% 105%
Plate 10 128% 106%
Plate 11 120% 102% 85% 95% 9%
Plate 12 114% 95%

Accuracy 95% 4%

The recoveries obtained, as shown in Table 37, meet the requirements of recovery between
70 % and 130%. Additionally, no tendency was observed between the recoveries at the different
dilution curve concentrations prepared. All in all, these results demonstrated that the method
presented adequate accuracy for the determination of the potency of the product samples

which testing is going to be required.

10.3.5.4.

TF1 - Stat5 - Luc 2P - TPOR reporter gene Selectivity

For the assessment of methods selectivity, the preparation and loading in 3 plates of 3 STD
dilutions curves and 3 DP excipients buffer dilutions curves, used as test samples was performed.

Figure 60 shows the response generated for the STD in contrast with the DP excipients buffer.
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Figure 60: Reporter gene assay validation. Selectivity results.

It can be observed in the graphics that no response was obtained when the dilution curve was

prepared using the DP buffer of excipients.

On the other hand, the OD values obtained for the different concentrations of romiplostim
biosimilar excipients buffer were compared with the OD values obtained for cells without

treatment (Table 38).

Table 38: OD values obtained for the assessment of selectivity in the reporter gene assay.

Concentration | , 145 00100.00| 33.35 | 11.11 | 3.70 | 1.25 | 0.41 | 0.14 | 0.02 | 0.00
(ng/mL)
Luminometry | 648 624 | 520 | 508 | 436 | 404 | 402 | 358 | 382 | 406
values 550 552 | 552 | 586 | 454 | 398 | 394 | 412 | 314 | 342
Plate 31 478 474 | 398 | 454 | 456 | 402 | 364 | 358 | 434 | 392
Luminometry | 532 500 | 568 | 468 | 522 | 468 | 374 | 350 | 328 | 388 |Selectivity
values 518 506 | 564 | 500 | 452 | 378 | 388 | 354 | 320 | 436
Plate 32 472 470 | 482 | 440 | 410 | 418 | 404 | 376 | 404 | 422
Luminometry | 524 500 | 538 | 472 | 492 | 410 | 356 | 342 | 328 | 314
values 532 516 | 528 | 530 | 456 | 368 | 384 | 384 | 326 | 416
Plate 33 452 436 | 460 | 492 | 400 | 448 | 342 | 364 | 364 | 384
Average 523 509 | 512 | 494 | 453 | 410 | 379 | 366 | 356 | 389 439
% RSD 10% 10% | 10% | 8% | 8% | 7% | 5% | 5% | 11% | 9% 14%

Even though a small tendency of obtaining higher luminometry values at higher product

concentrations, these variations are not sufficient for causing differences in the results obtained

as a high signal to noise ratio is observed.
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As explained in the validation of the proliferation potency assay, the DS excipients buffer is
equivalent to DP excipients buffer but at half the excipients concentration, which makes it

adequate to assume that no interference is going to be observed for DS either.

With everything considered, the results presented show the methods selectivity in the

determination of the products of interest potency, without interference of the excipients matrix.

10.3.5.5.  TF1 - Stat5 - Luc 2P - TPOR reporter gene Robustness

TF1 - Stat5 - Luc 2P - TPOR reporter gene assay robustness was assessed through the reading of
the luminescence of 9 plates, incubated for 5.5 h, 6.0 h or 6.5 h after the application of the
stimuli, 10 min and 25 min after the application of the Bio-Glo™ Luciferase Assay System
detection reagent. The plates had been loaded with a standard curve at 100 % and a sample
curve at 100 %. The concentrations tested for the standard and the sample were the ones

indicated in section 10.3.5.1 for concentration level 100 %.

To determine if there were differences in the results obtained caused by the different incubation
times of the plates after the application of the stimuli the % RSD between the mean of the results
obtained at the 3 incubation times was calculated (Table 39). Apart from that an ANOVA was

performed to detect significant differences between the 3 groups.

Table 39: Reporter gene assay validation. Robustness results for the plates incubation time after the
application of the stimuli.

Plate Relative PR
Plate Id int-:ubation potency (%) % RSD
time (h) (%)

Plate 34 5.5 89%
Plate 37 5.5 103% 92% 9%
Plate 40 5.5 83%
Plate 35 6 117%
Plate 38 6 92% 101% 11%
Plate 41 6 93%
Plate 36 6.5 95%
Plate 39 6.5 88% 88% 6%
Plate 42 6.5 82%

Robustness 94% 6%
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The results presented show that there were not important variations due to changes in the

incubation time of the plates after the application of the stimuli in the evaluated times range.

Individual Value Plot of Relative Potency (%) vs Plate incubation time (h)
120,00%

110,00%

100,00%

Relative Potency (%)

90,00% . . e

80,00% ¥
5,5 6,0 6,5
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Figure 61: Reporter gene assay validation. Results distribution for the different incubation times of the
plates after the application of the stimuli.

The p-value resulting from the ANOVA analysis of the results obtained when incubating the
plates 5.5 h; 6.0 h or 6.5 h after the application of the stimuli was 0.610, showing with a 95%
confidence that there were no significant differences between the three incubation times, since

p > 0.05. Additionally, no tendency in the distribution of the results was observed for the 3

incubation times.

To determine if any differences were observed between the results obtained when incubating
the plates with for the Bio-Glo™ Luciferase Assay System reagent for 10 min or for 25 min the
% RSD between the results obtained for each plate at the 2 incubation times was calculated

(Table 40). Additionally, an ANOVA was performed to determine that there were not significant

differences between the 2 incubation times.

140



Results

Chapter 2

Table 40: Reporter gene assay validation. Robustness results for the Bio-Glo™ Luciferase Assay System

reagent incubation time.

Bio-Glo Relative Average
Plate Id incubation | potency (y)g SD (%) % RSD
time (min) (%) ?

Plate 34 10 89%

91% 2% 2%
Plate 34 25 92%
Plate 35 10 117%

106% 11% 11%
Plate 35 25 94%
Plate 36 10 95%

97% 2% 2%
Plate 36 25 99%
Plate 37 10 103%

98% 5% 5%
Plate 37 25 93%
Plate 38 10 92%

88% 4% 4%
Plate 38 25 85%
Plate 39 10 88%

89% 1% 1%
Plate 39 25 90%
Plate 40 10 83%

93% 10% 11%
Plate 40 25 103%
Plate 41 10 93%

92% 1% 2%
Plate 41 25 90%
Plate 42 10 82%

85% 3% 3%
Plate 42 25 88%

The analysis of the results showed that there were no major changes in the results due to

alterations in the incubation time with Bio-Glo™ Luciferase Assay System between 10 and 25

minutes, as a p-value of 0.835 was obtained. Apart from that, a p-value of 0.835 was obtained

for the ANOVA analysis comparing the two groups, showing with a 95% confidence that there

were no significant differences between them. Figure 62 shows no tendency in the distribution

of the results for any of the incubation times tested.
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Individual Value Plot of Relative Potency (%) vs BioGlo incubation time (min)
120,00%

110,00%

100,00%

Relative Potency (%)

90,00%

80,00%

BioGlo incubation time (min)

Chapter 2

Figure 62: Reporter gene assay validation. Results distribution for the different the Bio-Glo™ Luciferase

Assay System incubation times.

Analysed all together, the results presented prove that the assay is robust for plats incubation

after the application of the stimuli for 6h + 30 min and for Bio-Glo™ Luciferase Assay System

incubation times between 10 and 25 min.
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10.3.5.6. Summary of the reporter gene potency assay validation results
Table 41: Reporter gene assay validation. Results summary.
Parameters Acce.pta.nce Results Complles_/
criteria No Complies
R No response ]
Specificity observed No response observed Complies
Linearity R?>0.95 R?2=0.98 Complies
Method = | o/ oo < 20% % RSD = 7% Complies
Precision

Intermediate Analysts % RSD = 10% Complies

Precision % RSD <30%
Days % RSD = 4% Complies
Plate 4 Recovery 87% Complies
Plate 5 Recovery 88% Complies
Plate 6 Recovery 95% Complies
Plate 7 Recovery 101% Complies

Recovery
Accuracy between Plate 8 Recovery 92% Complies
o/ _ 0,
70%-130% Plate 9 Recovery 105% Complies
Plate 10 Recovery 106% Complies
Plate 11 Recovery 85% Complies
Plate 12 Recovery 95% Complies
Plate incubation time p =0.610 Complies
Robustness | P-Value >0.05

Bio-Glo incubation time p =0.835 Complies
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11. DISCUSSION OF CHAPTER 2

Immune Thrombocytopenia is a bleeding disorder, mild or moderated in most of the cases but
that can evolve to sever in some patients, associated with low platelet counts in those who suffer
from it (83). Even in those individuals exempt from the most severe symptoms, poor life quality

is associated with ITP (112).

The association of the existing treatments with severe adverse effects and the failure, in some
patients, of the first line treatments (117) (119), together with the discovery and purification of
the growth factor thrombopoietin, responsible for increasing the platelet synthesis, motivated
the research focused on the development of new alternatives, but the first generation of
thrombopoietic drugs, composed by recombined thrombopoietin forms, failed due to the
induction, in some of the participants in the clinical trials, of neutralizing antibodies against the
pharmaceutical products which cross-reacted with endogenous thrombopoietin, leading to a

worsened thrombocytopenia after the treatment (166).

The second generation of thrombopoietic drugs, consisting in TPO receptor agonists, capable of
activating TPO-R, but with no sequence similarity with endogenous TPO, achieved more
successful results, ending with the FDA approval in 2008 of romiplostim and eltrombopag as

second line treatments for ITP (167) (168).

After the success of romiplostim in the market, RIF decided to develop a biosimilar for
romiplostim. The development of biosimilar products is a good strategy for pharmaceutical
companies, as it represents the reduction of the costs associated with the development of
pharmaceutical products, which is especially high for biologics, and it is also advantageous for
the society as it increases the accessibility to the novel therapy without a reduction in efficacy

and safety (19).

The comparison of 3 batches of the biosimilar DP and 3 batches of the biosimilar DS with 3
batches of the RMP proved similarity in the kinetics of the molecular interaction with the TPO-
R, demonstrating that at equal effective sample concentrations, comparable binding with
equivalent association and dissociation phases was obtained for the biosimilar DP, biosimilar DS

and RMP.

The proving of the similarity between the biosimilar and the RMP in terms of receptor binding
allowed the start of a next step in the project, consisting in the development of adequate

potency measurement methodology, as evidencing comparable biological activity between the
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biosimilar and the RMP is essential for the demonstration of biosimilarity. Additionally,
adequate validated procedures for the assessment of the potency of the product are essential

for any pharmaceutical formula commercialization.

Two complementary assays have been developed to assess the potency of the product. Both
assays are based on modified cell lines which belong to the hematopoietic linage, and which are
dependent on hematopoietic growth factors. This is important for mimicking the physiological

process as much as possible.

The first assay is a proliferation assay useful for the confirmation of the ability of the biosimilar
under development to complete its purpose, which is cell proliferation, for the increasement of
the platelet counts in the ITP patients. The main disadvantage of the proliferation assay is that
it is time consuming as 72 h are required for the obtention of the result. The second assay
consists in a reporter gene-based assay, which is useful to confirm the activation of the receptor
and the consequent gene transcription but does not provide evidence about the final response
caused by the drug. On the other hand, the reporter gene base assay presents the advantage
that it allows for the obtention of results just 6 h after the treatment of the cells, which may be
useful for the performance of studies on the product which may require the analysis of many

samples in a short period of time.

The decision of working with the two potency assays makes sense during the development of
the product, as it allows for the accumulation of more information about the developing product
and its mechanism of action. After the accumulation of sufficient data, the evaluation of the
necessity of maintaining the two assays for ensuring the quality of the final product will be

required.

For both cell lines a confirmation of an adequate receptor expression, a verification of the
functionality of the receptors expressed and a parametric definition of all the considerations to
be followed for the performance of the assay were made before the definition of a validation

plan.

The validation of both potency assays developed demonstrated for the assays to be specific, as
no response was shown for the excipients buffer, linear, as the results obtained were directly
proportional to the active concentration, accurate, as the calculated result was proximal to the
theoretical result, and precise, as acceptable differences were obtained for different assays

performed on the same sample.
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Apart from that for the proliferation assay, proved to be robust to variations in the incubation
time after the application of CCK8 between 3.0 h and 4.0 h, as no significant differences were

observed between 3.0 h, 3.5 h and 4.0 h incubation times.

On the other hand, the gene reporter assay proved to be robust to variations in the incubation
time of the plates after the application of Bio-Glo™ Luciferase Assay System reagent between
10 and 25 min, as no significant differences where observed between these two incubation
times, and also to variations in the incubation time of the plates after the application of the
stimuli between 5.5 and 6.5 h, as no significant differences were detected between 5.5 h, 6.0 h

and 6.5 h incubation times.

Both assays have been used after its validation for the analysis of the RIJF biosimilar products
generated from different fabrications and maintained in distinct stability conditions. If adequate
results are met for all the parameters described in the quality target product profile, those
results will be used for the determination of the commercial pharmaceutical product

specifications.
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CHAPTER 3: ASSESSMENT OF THE CITOTOXICITY CAUSED BY AN ALREADY
COMMERCIAL DISULFIRAM / BENZIL BENZOATE CREAM FOR THE

TREATMENT OF SCABIES
12. INTRODUCTION TO CHAPTER 3
12.1. SCABIES

Scabies is a pathology of the human skin caused by the infestation of the epidermis and the
dermis layers by the mite Sarcopters scabiei var. homins (181). It is strongly associated with
poverty and with neglected hygienic conditions, which makes it more prevalent in developing
counties, and with overcrowded areas, due to the easy transmissibility of the diseases. Despite
this, scabies is a worldwide health issue, with an incidence of approximately 300,000,000 cases
per year, which received the World Health Organization designation as a neglected disease in

2009 (182).

The pathology is highly contagious, and the transmission occurs trough skin-to-skin contact or
through contact with infected fomites, as the mites can survive for around 48 h separated from
the human organism (183). The complete cycle of the mite (Figure 63) occurs on the human
host. The infection starts when the pregnant adult female of the mite colonizes the epidermis,
digging tunnels in the stratum corneum, and laying 2-3 eggs daily, which hatch 2-3 days after.
The larvae develop into nymphs and finally to adult individuals after approximately 21 days after

hatching, which mate and proliferate, before dying approximately 60 days after birth (181).

The most common presentation of scabies is classic scabies, where the number of mites
infecting an individual is usually reduced to 10-15 mites. Other forms of scabies are the nodular
scabies, characterized for the apparition of pruritic nodules caused by a hypersensitivity
reaction, usually related with a reinfection, and crusted scabies, characterised by a high density

of infecting mites in the individual and usually related with immunodeficiencies (184).
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Figure 63: Sarcopters scabiei var. homins life cycle (185).

The symptomatology starts around 3-4 weeks after the first infection, but this time is reduced
to 1-2 days in cases of reinfestation. The most characteristic symptom of scabies is a constant
itch which worsens at night (184), and it is mainly caused by the inflammatory response
generated after the detection of the mite itself and its secretion and excretion products by the
immune system cells (186). The skin lesions are produced mainly in the skin folds and are caused
by the penetration of the mite in the skin and the secretion of a lytic substance which dissolves
the skin tissue allowing the tunnel digging, these lesions are associated with stigmatization of
the patients (187). Other symptoms associated with the pathology are the difficulty for sleeping,
related with the itching, and debility, because of the incapability to rest (188). All these

symptoms conduct to a decreased life quality.

Scabies is usually associated with secondary infections, responsible for complications in the
disease, as the mites’ secretion products inhibit the complement system, providing a favourable

environment for bacterial proliferation (189).

The diagnosis of the disease is usually hard due to the difficulty for the observation of the mite,
because of the reduced number of infecting mites per individual. This causes that most of the
times the diagnosis is made through the analysis of the skin symptoms together with the
patient's medical history. The delay in the apparition of the symptoms after the infection causes
that the detection of the pathology occurs too late for the prevention of an outbreak, which
makes the treatment of the close contacts essential for the prevention of reinfestation and

increases the disease management cost (182,184,190).
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12.1.1. Scabies treatment

After the detection of a scabies infection, the pharmacological treatment of the patient and their
close contacts is required. Together with the medication of the patients, the decontamination
of the beddings and the clothes of the infected individuals, washing them at a temperature
superior to 602C, is required for the elimination of the potentially infecting fomites (188). Severe
outbreaks may require prophylactic population treatment to prevent the reinfestation of the
cured patients and to guarantee the outbreak control. The remission of the symptomatology
after the end of the treatment may take around 6 weeks (191,192). There are several options
with proven effectiveness against scabies. Three of the most used are permethrin, ivermectin

and benzyl benzoate.

The first line treatment in many industrialized countries is the application of a topical Permethrin
5% cream covering the complete body surface excluding the head, as this area is usually
unaffected in adults (193). The treatment is applied at night and removed in the morning.
Permethrin acts through the disruption of the sodium channels in the cells of the nervous system
of the mites, causing its death. The treatment presents low toxicology and minimum adverse
effects (187,194). Despite this, the use of this treatment has as a negative point that it is not
accessible for developing countries, which are the most affected by the pathology, and an

increase in the development of resistances.

A second option of treatment is the use of ivermectin 200 pg / kg (188), which causes the death
of the parasite by interfering with the normal function of its chloride channels, important for
the normal function of the cells of the muscular and the nervous system. One of the advantages
of this treatment is that it can be taken orally, which makes its use easier and a good option for

prophylactic treatment for close contacts (182).

The third option for scabies treatment consists in the topical application of a benzyl benzoate
cream at 10-25 % concentration covering the full body surface, excluding the head, and letting

it to act for 24 h (195).

All the treatments have in common that a second application is recommended 1 or 2 weeks after
the first application. This is because the treatments are less effective on the eggs, and the second

application ensures the elimination of all the infecting individuals.
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Bioglan, the Swedish subsidiary of RJF, has a formula, available in the market, composed by a
combination of disulfiram (2 %) and benzyl benzoate (22.5 %) for the treatment of scabies, this
combination is believed to present an enhancer effect achieving an improved activity compared
with a treatment with benzyl benzoate alone. A series of experiments were performed in RJF to

gain more information about the pharmaceutical formula cytotoxicity profile.

12.1.1.1. Disulfiram

Disulfiram is mostly known for its use in the treatment of chronic alcoholism dishabituation, as
it is an inhibitor of the enzyme aldehyde dehydrogenase, which causes the accumulation in
blood of acetaldehyde after alcohol consumption, that produces disconformable effects on the

patient (196).

Despite its importance in the treatment of alcoholism, disulfiram initial use was for other
purposes. In the early 40s, its use was destined to the vulcanization of rubber in industry, and
the first application of the chemical for medical purposes was in 1942, when the efficacy of
disulfiram against scabies was firstly reported. After the determination of its ability for the
chelation of cooper as the mechanism of action as scabicide, its effectiveness against intestinal

warms was also evaluated with positive results (197).

In recent years, the perspective of another repositioning for disulfiram has emerged. In the one
hand, the potential of disulfiram for the treatment of cancer is being studied due to its
antiproliferative activity and due to its effects on oxidative stress (198—-200). On the other hand,
its effectiveness as antibiotic and for the treatment of other parasitic infections is also under

study (201-203).

Figure 64: Disulfiram structure (204).

150



Introduction Chapter 3

12.1.1.2.  Benzyl benzoate

Benzyl benzoate (BB) is an ester derived from benzoic acid and benzyl alcohol (205) and it is one
of the oldest options for scabies treatment (206). It is believed to cause the Sarcopters scabiei
var. homins mite death trough impairment of the correct nervous system functioning by

interfering with the ion channels (195).

Even though BB presents better in-vitro results against scabies than other treatment options
(207,208), the positive results are reduced in-vivo, because BB is a potent skin irritant which
causes intense skin burning sensation after its application, which have a negative effect on

patients’ compliance (205).

Although BB mechanism of action lacks complete comprehension and even considering the
adverse effects produced by it and the reduced compliance, topical BB application is one of the
preferable options for scabies treatment, mainly due to its affordable price, which makes it the
best option in developing countries, in which permethrin availability is limited and in which

scabies is a major health concern (188).

Figure 65: Benzyl benzoate structure (209).
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12. RESULTS OF CHAPTER 3

12.1. CYTOTOXICITY ASSAY OF THE D / BB CREAM AND ITS COMPONENTS ON
HEKOO1 CELL LINE

A cytotoxicity assay was performed to determine the response of the cells to the stimulation
with the active ingredients of the cream, disulfiram (D) and benzyl benzoate (BB), the D / BB
cream and the placebo of the cream, and for the determination of non-cytotoxic threshold for
the establishment of the most adequate concentrations to be used in the posterior steps. The
results obtained after the 24 h treatment with the active ingredients of D / BB cream are

presented in Table 42, and graphically represented in Figure 66 and in Figure 67.

Table 42: Survival rates obtained for the cells after a 24 h exposure to different concentrations of
disulfiram and benzyl benzoate.

[D] uMm % Survival [BB] pM % Survival
33.36 0.10 5000 94.23
22.24 0.19 1666.67 96.47
14.83 1.61 555.56 93.35
9.88 17.79 185.19 92.50
6.59 53.36 61.73 99.98
4.39 89.59 20.58 98.11
2.93 99.82 6.86 92.23
1.95 102.95 2.29 90.11

1.3 100.00 0.76 87.88
0 100.00 0 100.00
Disulfiram cytotoxicity
120.00
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Figure 66: Graphic representation of the cytotoxicity profile of disulfiram.
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Benzyl benzoate cytotoxicity
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Figure 67: Graphic representation of the cytotoxicity profile of benzyl benzoate.

The analysis of the cytotoxicity produced by the two active ingredients when tested separately
illustrated that while D caused a decrease in cell viability starting at the concentration of 6.59
UM, BB was not cytotoxic for keratinocytes, as the highest concentration tested was innocuous
for cell viability. These observations led us to think that the cytotoxicity observed for D / BB

cream was related with disulfiram and not with benzyl benzoate.

Additionally, to the analysis of the impact in cell viability produced by the two active ingredients,
the cytotoxicity of the placebo was also evaluated. The results obtained after the 24 h treatment
with different concentration of the placebo are presented in Table 43, and graphically
represented in Figure 68. Considering that disulfiram was the active ingredients causing a

reduction in cell viability, the results were plotted considering the concentration of D.

Table 43: Survival rates obtained for the cells after a 24 h exposure to different concentrations of the

placebo.
[PLACEBO] % Survival
Cc1 86.40
c2 100.60
c3 106.04
ca 102.01
cs5 113.63
Cé6 109.71
c7 105.93
c8 112.21
(o) 111.38
C10 100.00
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Figure 68: Graphic representation of the cytotoxicity profile of Placebo.

The cytotoxicity results obtained for the placebo showed that a reduction in cell viability should

neither be expected for the components of the cream’s placebo.

The results obtained after the 24 h treatment with different concentration of the D / BB cream

are presented in Table 44, and graphically represented in Figure 68.

Table 44: Survival rates obtained for the cells after a 24 h exposure to different concentrations of the

D/BB cream.
[D/BB] uM % Survival
32.10 / 504.76 0.09
21.40 / 336.51 0.20
14.27 / 224.34 1.33
9.51 / 149.56 6.45
6.34 /99.76 36.43
4.23 / 66.47 92.51
2.82 /44.31 99.24
1.88 /29.54 105.71
0.94 / 14.77 107.70
0.00/0.00 100.00
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D / BB emulsion cytotoxicity
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Figure 69: Graphic representation of the cytotoxicity profile of D/BB cream

The results showed that the treatment with the cream caused a reduction in cell viability at
concentrations equal or higher than 6.34 uM for D and equal of higher than 99.76 uM for BB,
which was consistent with the results obtained for D when assessed separately from the rest of
the components. Considering this, together with the fact that none of the other components of
the cream showed any cytotoxicity, it can be assumed that the cytotoxicity caused by the D / BB

cream is only related with the presence of D in it.

12.2. EVALUATION OF THE IMPACT OF THE TREATMENT WITH THE D / BB CREM
ON HEKO01 GENE EXPRESSION THROUGH A TRANSCRIPTOMIC
MICROARRAY ANALYSIS

To assess the impact of the treatment in gene expression, HEKOO1 cells were treated for 24 h
with the D / BB cream, using a concentration corresponding to a dose of 6.59 uM for D and of
99.77 uM for BB. The selection of the concentration for the treatment was performed based on

the results of the cytotoxicity assay.

According to the filtering criteria (p < 0.05 and fold change >/ < 1.5), 95 genes were identified
to present differential expression between the cells treated with the cream compared with the
cells without treatment. Those genes were classified in two groups, depending on if they were
down-regulated genes (fold change < 1.5, Table 45), or up-regulated genes (Fold change > 1.5,
Table 46).

155



Results

Chapter 3

Table 45: Down-regulated genes after the treatment with D / BB cream. The genes were ordered
according to their p-value.

Gene Symbol Fold |[CTRL]|[D/BB]
-val FUNCTION
(Name) p-value Change | (raw) | (raw) UNCTIO
AOX1 (Aldehyde Important for the metabolism of
Oxidase 1) 7-40E-06 | -182 | 199 110 drugs with aromatic residues (210).
Control of the cell cycle, being able
IL24 (Interleukin to cause the cell cycle arrest and
24) 9.478:06 | -1.77 | 572 325 induce cell death after the detection
of cell damage (211).
HIST1H2AE
(Histone H2A type | 4.06E-05 | -1.68 | 2028 | 1208 | Component of the nucleosome.
1-B/E)
NRlR[:(l:éNtl:)crlear Role in the regulation of cytokines
. P 4.58E-05 | -1.60 465 289 |and chemokines in inflammatory
subfamily 1 group response (212)
D member 1) P )
KRTAP2-3 (Keratin Keratin associated protein.
Associated Protein | 6.59E-05 | -1.89 484 258 |Important for the cytoskeletal
2-3) functioning (213).
CDC45 (Cell Essential for the initiation of the
Division Cycle 45) 6.88E-05 | -1.57 ) 447 | 282 | Na replication (214).
TMEM105
(Transmembrane | 9.01E-05 | -1.71 79 46 | Component of the cell membrane.
protein 105)
HIST2H3A (Histone
cluster 2 H3 family | 1.03E-04 | -1.67 537 321 | Component of the nucleosome.
member)
e 512 e oy S
domain-binding | 1.09E-04 | -1.51 | 929 | 612 | ena@ling patnway of Shc. Fay
rotein 1) role in cell proliferation and
P differentiation (215).
HIST2H3C (Histone 1.18E-04 | -1.62 509 313 | Component of the nucleosome.

H3.2)
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
Promoter of the cell proliferation.
KIAA9101 (PCNA- 130E-04 | -1.61 337 213 Regulator of DNA repair and of the
associated factor) control of centrosome number
during DNA replication (216).
Involved in the Wnt signalling
csme cosi o
Kinase 1 Gamma | 1.30E-04 | -1.61 | 332 | 213 |P aroem’
1) cell cycle arrest after identification
of DNA damage and involved in DNA
repair (217).
RRM2 Deoxyribonucleotides synthesis
(Ribonucleotide catalyser. Essential for the synthesis
reductase subunit 1.46E-04 1.66 | 1533 | 923 of DNA. Inhibitor of Wnt signalling
M2) pathway (218).
CPED1 (Cadherin
like and PC- . 1.486-04 | -1.74 129 78 Ex.pressed ina dlver5|t'y of tissues but
Esterase Domain with not known function (219).
Containing 1)
Chemokine. Participates in
CXCL5 (C-X-C Motif neutrophil requitement and
Chemokine Ligand | 1.95E-04 | -1.50 | 2006 | 1359 |activation. Involved in angiogenesis
5) and in the generation of connections
within the tissues (220).
EXO1 (Exonuclease 5 056-04 | -165 436 265 Involved in DNA mismatch repair
1) (221).
RAB33A (Ras-
related protein | 2.14E-04 | -1.52 51 34 | Vesicular transport (222).
Rab-33A)
FAML11B sy, Regulstor of the eell ycl
(FAM111 Trypsin | 2.14E-04 | -1.56 | 564 | 361 |" y- neg v

Like Peptidase B)

and apoptosis by controlling the
expression of BAG3 and BCL2 (223).
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
HIST1H2B)
(Histone H2B type | 2.24E-04 | -1.51 638 423 | Component of the nucleosome.
1-J)
HIST1H2AB
(Histone H2A type | 2.24E-04 | -1.71 313 181 | Component of the nucleosome.
1-B/E)
Regulator of the cell cycle trough
Esxrtt(:‘r’]”E’;‘Zi’)ox 2.56E-04 | -1.55 | 197 | 128 |arrest at phase M by inhibition of
P cyclin A an B1 degradation (224).
PTGS2 . Involved in the synthesis of
(Prostaglandin- . .
. 3.16E-04 | -1.56 | 1488 | 984 |prostanoids, important for the
endoperoxide inflammatory response (225)
synthase 2) yresp )
IL7R (Interleukin 7 4.24E-04 | -151 977 662 Critical role in  lymphocytes
receptor) development (226).
HISTIH2AM |
HIST1H3 (Histone 6.72E-04 | -1.55 898 578 | Component of the nucleosome.
H2A type 1 |
Histone H3.1)
HIST1H2AG
(Histone H2A type | 7.25E-04 | -1.56 | 1659 | 1057 | Component of the nucleosome.
1)
HIST1H2BG
(Histone H2B type | 8.02E-04 | -1.54 | 1014 | 649 |Component of the nucleosome.
1-C/E/F/G/1)
ADAMTS].' Association with the inflammatory
(Metalloproteinase response Inhibitor of cell
with 8.56E-04 | -1.54 | 357 | 245 | eSPOnse , ;
. proliferation and angiogenesis
thrombospondin (227)
motifs 1) )
EPHX3 (Epoxide 1.09E-03 | -1.54 120 83 Conversion of epoxides into diols

Hydrolase 3)

and tiols (228).
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
Sensor of the integrity of DNA.
CLSPN (Claspin) | 1.13E-03 | -1.75 325 205 | Mediator of the arrest of the cell
cycle (229).
HISTIHJIBS(;IIStone 1.15E-03 | -1.62 | 1770 | 1085 |Component of the nucleosome.
HISTIH:: il)-llstone 1.59E-03 | -1.67 189 119 | Component of the nucleosome.
KRTAP2-1
(Keratin- Important for the cytoskeletal
Associated Protein 1.71E-03 1.57-) 421 277 functioning (213).
2-1)
HIST1H:§1(I)-||stone 2.46E-03 | -1.75 114 71 | Component of the nucleosome.
HISTlH:gil(;-Ilstone 2.65E-03 | -1.56 280 183 | Component of the nucleosome.
Lo Involved in T-cells and platelets
FYB (PFr\;Te?:;dmg 2.76E-03 | -1.53 | 439 310 |activation cascades. Role in
cytoskeleton rearrangement (230).
HIST1HlIl_|A4)(H|stone 3.00E-03 | -1.68 74 40 | Component of the nucleosome.
HIST3H2BB
(Histone H2B type | 3.08E-03 | -1.52 194 128 | Component of the nucleosome.
3-B)

HISTlH:;-Il(;-hstone 3.21E-03 | -1.64 127 82 |Component of the nucleosome.
Essential for the synthesis of
hyaluronan, important component

HAS2 (Hyaluronan 3.22E-03 | -1.69 267 152 |of the ECM, and a regulator of cells

Synthase 2)

adhesion, migration, and

differentiation (231).
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
GINS2 (DNA
replication 3.74E-03 | -1.57 302 208 | Essential for DNA replication (232).
complex GINS
protein PSF2)

FBXO5 (F-.box only 4.48E-03 | -1.68 338 297 Regulator of anaphase promoting
protein 5) complex during cell cycle (233).
HIST1H2BI

(Histone H2B type | 4.63E-03 | -1.62 186 125 | Component of the nucleosome.

1-C/E/F/G/)
HISTIH2BM
(Histone H2B type | 4.98E-03 | -1.54 620 344 | Component of the nucleosome.
1-M)
ESAM (Endothelial Promotes cell to cell interactions and
Cell Adhesion 6.14E-03 | -1.57 85 60 |aggregation, important for
Molecule) endothelial integrity (234).
Participates in DNA and RNA related
YBX1 (Y-Box 5 056-02 | -1.62 70 4 | Processes such as repression,

Binding Protein 1)

stabilization,
repair (235).

splicing and DNA

Table 46: Up-regulated genes after the treatment with D / BB cream. The genes were ordered according
to their p-value.

Member C2)

Gene Symbol Fold |[CTRL]|[D/BB]
-val FUNCTION

(Name) p-value Change | (raw) | (raw) UNCTIO
CLU | MIR6843 Involved in cellular processes such as
(Clusterin | 5.68E-09 | 5.56 106 564 |ubiquitination, apoptosis, cell

MicroRNA 6843) proliferation and cell death (236).

Acwic2 oot Deonfctn s ot

Reductase Family 1 | 1.48E-06 | 2.20 172 368 ¥

groups into alcohols using NADP or
NADPH (237).
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
Acsics ot
Reductase Family 1 | 1.51E-06 | 2.26 157 342 . Y .
Member C1) groups into alcohols using NADP or
NADPH (237).
PHGDH Catalyses the reaction for the
(Phosphoglycerate | 2.65E-06 | 2.04 151 314 |starting of L-serine, cysteine,
Dehydrogenase) and glycine synthesis (238).
ASI\;S éﬁ;g:;:fme Aspartate and glutamine conversion
y . 4.85E-06 | 2.46 491 | 1297 |into asparagine and glutamate
(Glutamine- (239)
Hydrolyzing)) ’
Metallothionein. Involved in the
MT1F heavy metals’ metabolism and in
(Metallothionein | 6.21E-06 | 2.03 | 2011 | 3913 v . . .
1F) the protection against the toxicity
caused by them (240).
. Production of glutathione, which
GLS2 (Glutaminase 8.76E-06 | 1.82 29 55 |has antioxidant and detoxifying
2) .
function (241).
Part of a transport system
SLC7ALL (Solute coetene. for glutamate, Imparant
Carrier Family7 | 9.01€-06 | 1.75 | 728 | 1294 |¥Y g .
for the correct cell metabolism and
Member 11) .
the progression of the cell cycle
(242).
(PhosP::}TIdrox i Catalyses  the  synthesis  of
P y Y=l 112605 | 1.86 1227 | 2445 | phosphohydroxythreonine and
threonine
. (243).
aminotransferase)
CHAC1 (ChaC
Glutathione Pro-apoptotic factor trough the
Specific Gamma- | 2.03E-05 | 1.85 252 468 | catalysation of glutathione cleavage

Glutamylcyclo-
transferase 1)

(244).

161




Results Chapter 3
Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
TEF (TthOtrOph 2.94E-05| 1.76 65 115 | Transcription factor.
Embryonic Factor)
SLC6A9 (Solute Regulation of the expression of
Carrier Family6 | 6.25E-05 | 1.63 528 851 |proteins implicated in DNA repair
Member 9) (245).
TCP11l2 Promotes muscle-derived satellite
(T-Comp;x 11 like | 6.38E-05 | 1.66 162 284 cells differentiation (246),
TNFSF10 (TNF . S
superfamily | 8.23E-05 | 1.55 | 360 | 553 ﬁ]y;‘j('l:ea /thf;ski’:&”% Its receptor
member 10) pop )
NQO1 (NAD(P)H
Quinone 1.05E-04 | 1.54 1174 | 1781 | Cell detoxification processes (248).
Dehydrogenase 1)
Self-recycling of the endoplasmic
GABARAPL1 (GABA reticulum trough the formation of
typg A receptor' 120604 | 1.51 450 688 autophaygosome vacuoles.
associated protein Regulation of processes such as cell
like 1) death and cell proliferation and
migration (249).
Participates in the adaptation to
TRIB3 ('Ijnbbles 132E-04 | 166 459 754 different types of ftress, acting as a
Pseudokinase 3) regulator of the integrated stress
response (250).
trcam el s e o
Cell Adhesion 1.48E-04 | 1.60 223 353 |P . . . :
Molecule) Formation of interactions between
epithelial cells (251).
e o Coi St e o
Leak Channel, Non- | 1.656-04 | 1.52 | 125 | 186 | ) resP

Selective)

regulating the cell membrane’s

potential (252).
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) PRELE Change | (raw) | (raw) FLLdgile,.
RASSF6 (Ras
Asso'aatlon' 171604 | 1.59 33 51 Apoptosis inducer and cell cycle
Domain Family regulator (253).
member 6)
ERBB3 (Erb-B2 . .
Receptor Tyrosine | 1.756-04 | 1.64 | 64 | 114 |Se  proliferation and
. differentiation regulation (254).
Kinase 3)
ZSCAN31 (Zinc
Finger and SCAN \ J gee 04 | 164 | 32 | 54 |Transcription factor.
Domain Containing
31)
Long noncoding RNA (255). Its
expression reduces the expression of
BVES, which is important for the
BVFS-ASI (BVES 2.01E-04 | 1.60 36 57 |correct formation of junctions in
Antisense RNA 1) . - .
several tissues and participates in
the regulation of cAMP, Wnt
signalling pathways (256).
acc o it e for e s o
Cysteine Ligase | 2.23E-04 | 158 | 504 | 799 |% i ) =
Catalytic Subunit) for the antioxidant and detoxifying
y functions in the cell (257).
REPS2 (RALBP1 Involved in Ral signalling pathway,
Assguated Eps 2927604 | 1.63 55 90 which  makes it af\ mTportant
Domain Containing controller of cell proliferation and
2) survival (258).
CPT1A (Carnitine Fatty acid oxidation, for energy
Palmitoyl- 2.68E-04 | 1.69 156 270 |production, in the mitochondria
transferase 1A) (259).
ADPRM (ADP-
RITIEE{SIDP_ Synthesis of the second messenger
. 2.99E-04 | 1.66 42 70 |ADP-ribose through hydrolysation
Diphosphatase,
(260).
Manganese
Dependent)
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) PRELE Change | (raw) | (raw) FLLdgile,.
EPHX1 (Epoxide Metabolism of endogenous lipids
Hydrolase 1) 4.10E-04 | 1.52 236 388 (261).
e ot
Reductase Family 1 | 8.39E-04 | 1.53 129 192 . Y .
Member C3) groups into alcohols using NADP or
NADPH (237).
UST (Uronyl2- 1 g oce0a| 152 | 97 | 147 |Sulfotransferase.
Sulfotransferase)
DNASE2 Responsible for the DNA
(Deoxyribonuclease | 8.99E-04 | 1.51 336 483 |degradation in apoptotic processes
2, Lysosomal) (262).
TTLLL (TTL Family
Tubulin Able to induce the reprograming of
Polyglutamylase | 9.08E-04 | 1.62 68 104 |somatic cell for pluripotency
Complex Subunit induction (263).
L1)
Receptor involved in the innate
immunity. When activated by
TLR6 (Toll like 104603 | 1.69 60 105 (%|acylate'd or N t.rlacylated
receptor 6) lipopeptides recognition triggers the
inflammatory response trough NF-
kP activation (264).
TP5P3rIOI\::i1n(;';;nor In response to cell stress inhibits cell
. 1.37E-03 | 1.50 75 113 | proliferation and induces apoptosis
Inducible Nuclear (265)
Protein 1) )
Give cells protection against
CAT (Catalase) 1.39E-03 | 1.63 232 349 oxidative stress (266).
IRAK1BP1 Involved in the NF-kB signalling
(nterleukin 1 pathway and essential for cell
Receptor 1.75E-03 | 1.62 113 181 | survival. Essential for the prevention

Associated Kinase 1
Binding Protein 1)

of an excessive
response (267).

inflammatory
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Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
FAM129A (Niban Rsitsjlal::j: IationOtri\r(\er res oi;c;telss
Apoptosis 1.81€-03 | 1.55 | 58 | gz |Pnosphoryiatior P
Regulator 1) stress, protecting the cells from
& apoptosis (268).
GsT™A gutathiony grous from gletathone
(Glutathione S- | 1.82E-03 | 1.54 | 192 | 291 |8 .
promoting the detoxifying action of
Transferase Mu 4) .
glutathione (269).
6 Polrsho B g e
inositide 234603 | 1.62 | 97 | 158 2175, ImP Y
Phosphatase) and vesicular transport normal
P function (270).
CXCL10 (C-X-C
Motif Chemokine | 2.43E-03 | 1.51 129 193 | Pro-inflammatory chemokine (271).
Ligand 10)
Activates the canonical Wnt
DENNDAC (DENN signalling pathway, important for
Domain Containing | 3.04E-03 | 1.50 251 400 (the induction of cell fate
4C) specification and cell proliferation
and migration (272).
LRRC8B (Leucine Compon‘ent of the channel
Rich Repeat responsible for the maintenance of a
. P 3.24E-03 | 1.58 79 115 |content intracellular volume.
Containing 8 VRAC . L .
Subunit B) Alterations in its expression may
lead to apoptosis (273).
ZNF483 (Zinc L
Finger Protein 483) 4.10E-03 | 1.56 46 72 | Transcriptional regulator.
DOCK11 (Dedicator Participates in B-cells development
of Cytokinesis 11) 429803 | 1.56 108 153 (274).
UHRF1BP1 (UHRF1 4.76E-03 | 1.50 93 139 | Anti-apoptotic (274).

Binding Protein 1)

165




Results Chapter 3

Gene Symbol Fold |[CTRL]|[D/BB]
(Name) REIT Change | (raw) | (raw) FUNCTION
PER2 (Period Repressor of the transcription for
Circadian Regulator | 4.93E-03 | 1.50 65 93 |the control of the circadian rhythms
2) related metabolic pathways (275).
PIK3C2§ Involved in EGF and PDGF pathways.
(Phosphatidy-
. Induces rearrangements of the
linositol-4-

6.23E-03 | 1.54 50 79 |cytoskeleton, important for cell
proliferation, survival, and
migration (276).

Phosphate 3-Kinase
Catalytic Subunit
Type 2 Beta)

GRB14 (Growth Inhibits a tyrosine kinase receptor
Factor Receptor | 6.96E-03 | 1.53 40 61 |involved in cell growth and in
Bound Protein 14) cellular metabolism (277).

Metabolic regulator involved in
several cellular functions, including
the protection against oxidative and
genotoxic stress (278).

SESN3 (Sestrin 3) | 7.62E-03 | 1.51 297 423

MCOLN3
(Mucolipin TRP 2.38E-02 | 1.83 53 83 | Cation channel (279).
Cation Channel 3)

The interactions between the genes whose expression was altered by the treatment were

explored using the software String , v11.5 (https://string-db.org) and are presented in Figure 70.
Several groups can be identified in the image. In the first place, the group marked in red
corresponds to genes of response to cell damage, including genes for the adaptation to oxidative
stress and pro-apoptotic genes and genes of protection against apoptosis. Secondly, the group
marked in yellow includes genes responsible for the detoxification of the cell and for the drug
metabolism. Thirdly, the group marked in green is composed by genes implicated in the
inflammatory response. Finally, the groups marked in black, and blue correspond to genes
important for the cell cycle arrest in response to cell damage. The group marked in black includes
genes implicated in the progression of DNA synthesis, while the group marked in blue
corresponds to histones, which are important for the cell cycle progression and, as it can be

observed, are highly affected for the treatment.

166



Results Chapter 3

Figure 70: String DB gene interactions representation.
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13. DISCUSSION OF CHAPTER 3

The formula available in the market based on disulfiram and benzyl benzoate is one of the
treatment options for scabies, a neglected skin disease, highly related with crowded
environments and with poverty, which has a high impact in patients life quality (182,187,188).
This pharmaceutical product is registered in Sweden and in Iceland, but its use in the rest of the
globe has been limited. The recent increase in the scabies incidence in the industrialized
countries, probably related with the increase of migration (280), and the apparition of
resistances to other scabies treatments (281-284), makes the evaluation of an extension of the
geographical area of use of the disulfiram / benzyl benzoate cream interesting, as its limited use,
together with the fact that it has more than one active ingredient, offer good perspective in

terms of restraining the development of resistances (281).

The analysis of the cytotoxicity caused by the different components of the pharmaceutical
formula, when analysed separately, illustrated that neither benzyl benzoate nor the placebo
where responsible for the cell death observed for the complete product. On the other hand,
disulfiram caused elevated cytotoxicity in keratinocytes at concentrations equal to 6.59 uM or
higher. These results lead to the conclusion that disulfiram is the main responsible for the cell
cytotoxicity produced by the D / BB. The results presented are representative of the situation
that occurs in the patients after the application of the treatment, as the cytotoxicity is evaluated
in keratinocytes, which are one of the first cells with which the product comes in contact to, and
therefore, those that will be exposed to a highest dose. The cytotoxicity is evaluated at 24 hours,

which is the time of exposure to treatment.

The microarrays analysis provided information on the cellular signalling pathways affected after
the 24 h treatment with the D / BB cream. This information allows for a better prediction of the
adverse effects to be expected and provides clues as to how to prevent them. Most of the
pharmaceutical products available in the market present adverse effects, and the important
issue is to know them to be able to control them and to make a proper risk assessment for the

evaluation of the risk / benefit ratio for informed decision making.

The analysis of the genes whose expression is affected by the treatment shows that the D / BB
cream causes an alteration of several pathways important for proper cell functioning. The genes
altered can be divided in two groups, in the first place, the genes directly affected by the
treatment, which are representative for the cytotoxicity caused in the cell, and, in the second

place, the genes responsible for protecting the cell from this cytotoxicity.
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The application of the D / BB cream to the cells causes an inflammatory response, illustrated,
for example, by the downregulation of NR1D1, associated with an inflammatory phenotype and
a reduced cell survival (285), and the upregulation of pro-inflammatory chemokines such as

CXcCL1o0.

Additionally, there is a clear induction of apoptosis, represented by the downregulation of
interleukin 24, promoting the expression of proapoptotic BCL proteins (286); RAB33, impairing
the recycling of damaged or unneeded proteins, promoting their accumulation, and leading to
apoptosis (287); and CLSPN (288); and the upregulation of pro-apoptotic genes such as CHAC1,
which induces the apoptosis of the cell trough the catalysation of glutathione cleavage (244);
BVES-AS1, whose overexpression inhibits cell proliferation while promotes apoptosis (255);
TP53INP1, that induces apoptosis in response to stress (265); REPS2, that enhances apoptosis
through the NF-kB signalling pathway inhibition (289); TNSF10, FASSF6 and LRRC8B.

Finally, an alteration in the expression of several genes involved in metal ions metabolism, such
as ADAMTS1 or MT1F (227,240), can be observed, probably because of disulfiram’s metals

chelation properties (197).

As a result of altered gene expression for the genes in the first group, defence mechanisms are
activated in the cell to minimize the effects of cytotoxicity. First, there is a cell cycle arrest for
the cell to be able to repair the damage suffered before cell division, this cell cycle arrest is
mediated through the inhibition of the expression of genes such as CDC45, essential for the
initiation of DNA replication (214); GINS2, also required for the DNA replication (232); and
SHCBP1, together with and overexpression of several genes which causes the inhibition of
proliferation, such as FAM111B (223), among other genes. Additionally, there is an important
down regulation of histone genes, whose expression is associated with the S phase of the cell
cycle and the increase of its synthesis is essential for the DNA replication and the cell cycle

progression, so the reduction of its expression implies the cell cycle arrest (290).

Mechanisms for DNA repair are also activated, promoted by the inhibition of the expression of
genes such as EXO1, which is downregulated after the occurrence of double-strand breaks to
ensure proper DNA repair (291), and the overexpression of genes such as PHGDH, which
improves the response to DNA damage (292); and SLC6A9, the overexpression of which results

in an increase of DNA repair proteins (245).

There is also a modulation of the expression of genes to promote cell survival, such as anti-

apoptotic genes and genes of protection against oxidative stress, for example CLU, secreted to

169



Discussion Chapter 3

prevent apoptosis in a situation of stress, FAM111B, whose downregulation reduces the
expression of pro-apoptotic proteins such as BAG3 and BCL2; SLC7A11, that when upregulated
confers protection against ferroptosis to the cell; and CAT, FAM129A and SESN3, which conferee

protection against oxidative stress (266,268,278).

Finally, the expression of genes for cell detoxification and drug metabolism, such as various
AKRs, which are important for the detoxification of numerous carbonyl substrates, with both
endogen and exogen origin, through their reduction using NAD(P)H as cofactor (293);EPHX1,
which is involved in the detoxification of epoxides (294), alkylating agents that can be related
with high toxicity, and finally genes involved in glutathione synthesis, such as GLS2 and GCLC
(241,257).

Even though the activation of several cytotoxicity pathways after the application of the D / BB
can be a source of concern, an internal study performed in RJF for the analysis of the drug
absorption (data not shown) showed diffusion to be the principal drug absorbance mechanism.
This study illustrated that BB presents good permeability, but the detection of D was only
possible in the most external layers of the skin. These results are positive in the case of scabies
treatment, as they guarantee a high concentration of the active ingredient where the parasitic
infestation occurs, and a proper elimination of the cream after the accomplishment of its
function through washing and skin desquamation, while preventing a systemic accumulation of
disulfiram, which is strongly believed to be the responsible of the cytotoxicity observed in the
cells and which may be related with adverse effects, as the aldehyde dehydrogenase inhibition
can conduct to undesirable events occurring on the dermis, the nervous and the cardiac systems,
the liver, and the gastrointestinal tract (295), even though the safety profile of disulfiram is well
studied and shows a good tolerability for disulfiram oral consumption for several months or even

years (296).

Apart from an extension of the geographical area of use of the D / BB crema, the pharmaceutical
product also presents interesting perspectives for drug repositioning, considering the new

mechanism of action findings of its active ingredients, especially disulfiram.

As previously mentioned, a topical application of disulfiram containing products is preferable,
as several adverse effects might be related with a systemic accumulation of this chemical.
Considering this, one of the most promising options for D / BB cream repositioning is the study

of its effectiveness in other ectopic parasitic infection with structural and physiological
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similarities with Sarcopters scabiei var. homins. In fact, its use is already approved for the

treatment of head and pubic lices.

Additionally, the D / BB cream might be useful for the treatment of skin bacterial infections, as
a potential antimicrobial effect of disulfiram has already been described (201,203,297). The
mechanism of action of disulfiram against bacterial infections has not been defined yet, but it
might be related with the chelation properties of disulfiram (298), as many bacteria use metals
as cofactors in many processes essential for their survival. The effect of disulfiram in the
disruption of the bacterial membrane, reducing its flexibility has been also hypothesized (299).
Finally, the bacterial growth impairment might be mediated by the inhibition of the membrane
channels, having an impact on cell potential, which maintenance is essential for proper bacterial

functioning.

In summary, the D / BB cream presents interesting options for both a geographic extend of its
use and a drug repositioning to increase its therapeutic uses. Additional studies will be required
to gain knowledge on the cytotoxicity of the product and the mechanisms of action for its

antibiotic and antiparasitic activities.
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14. GENERAL DISCUSSION

Pharmaceutical products are essential for the maintenance of a healthy population, as they are
necessary for the prevention and treatment of diseases. Despite this, the discovery and
development process of a new pharmaceutical product is highly expensive and time requiring
since thousands of compounds need to be tested for one of them to get into the market.
Additionally, the insurance of developing high-quality products is also essential to guarantee the
safety of the patients under treatment, which makes the establishment of severe quality
controls through the whole discovery, development, and manufacturing process of

pharmaceuticals, mandatory.

The limitations of chemical synthesis products in the treatment of multiple medical conditions
have favoured an increase in recent years in the development of products based on biologics as
active ingredients, which provide with many new treatment possibilities but also present a much
more complex manufacturing, purification, and characterization process, which represents an

even greater increase in their discovery and development cost.

The development of generic or biosimilar products to an innovator is a good alternative, which
implies benefits for both the pharmaceutical company, which profits with a cheapest and fastest
new pharmaceutical product production, and the patients, as it implies a reduction in the cost
of the treatments, but the requirements of time and money to develop this type of product is

still very high.

In any case, for the generation new pharmaceutical products to be profitable for the
pharmaceutical companies, it is essential to stablish control mechanisms in all the steps of the
development process to be able to detect, as soon as possible, that a new candidate is not
suitable for its intended purpose and, therefore, stop investing money on it. Considering that it
is inevitable to test a big number of compounds for the selection of the final candidate, failing

fast and cheap is the best option for companies.

The increase in the complexity of the new molecules being used as active ingredients and the
increment of the regulatory authorities’ requirements in terms of providing information about
the new product mechanism of action for characterization and quality controls, before being
able to bring a new product to market, the development of more complex assays, additional to

the traditional physicochemical tests, has become necessary.
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Cell-based bioassays are an excellent tool for the obtention of information of the biological
activity of the pharmaceutical products, and their use in the evaluation of pharmaceuticals has

become more important with the increase of the complexity of the molecules to be evaluated.

Cell-based bioassays are important for the determination of the characteristics of new drug
candidates and for the selection of the best candidate for its progression in the development of
the final drug product. The importance of the cell-based bioassays in the first steps of new
products discovery and development has been evidenced through the evaluation of the anti-
inflammatory potential of several plant extracts, which were candidates for the development of
a cream for the treatment of acne outbreaks. The cell-based assays used were useful both for
the characterization of the cell line in terms of receptor expression in the cell membrane and for

the assessment of the plant extracts characteristics, for the selection of the best candidate.

After the selection of the lead, the availability of a validated cell-based bioassay with
demonstrated linearity, precision, accuracy, selectivity, and robustness is essential for the
progression of the development process of many pharmaceutical products. This cell-based
bioassay is going to ensure that that the final drug product elicits the desired biological activity
and to demonstrate batch-to-batch comparability and the stability of the product’s potency
through its whole self-life. As exemplified in this dissertation, the development of adequate
analytical methods for the determination of the potency of a new product is a complex process
which requires for the characterization of the cell line that is going to be used in the assay, to
prove its suitability for the mimicking of the desired biological response, the optimization of the
assay method that allows, for the obtention of the most reliable results with the minimum time
and economic expenses, and finally, the demonstration, through the generation of documented
results during the methods validation, of the adequacy of the method for all the required
parameters to ensure the obtention of reliable results in the drug substance, the drug product

and the intermediate samples generated during the manufacturing process.

Once the product has got into the market, additional studies might be performed to generate
more information about the product, which can be useful to explore new possibilities for the
pharmaceutical of for its active ingredients. Drug repositioning is another alternative to the long
and expensive development of the new product and may help to increase the commercial
benefits obtained from a product. An example of the possibilities offered by the continuation of
the analysis of a product after the obtention of its authorization into the market is discussed
through the evaluation of the cytotoxicity elicited by an already commercial cream based on

disulfiram and benzyl benzoate as active ingredients, that allowed to determine the most
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probable component of the cream to be responsible for the cytotoxicity observed in
keratinocytes, which is disulfiram, and to hypothesize about the mechanisms through which this
cytotoxicity occurs. The information obtained will be useful to discuss in the future the adequacy
of an extension of the geographical area of use of the cream or the extension of its use for the

treatment of other pathologies.

In summary, the cell-based bioassays are an essential tool for pharmaceutical companies not
only during the discovery and development of new compounds, but also, for the quality controls
essential for the release of new batches and for the performance of additional studies once the
product is in the market. The importance of the cell-based bioassays through the whole lifespan
of pharmaceutical products is expected to rise even more in the future, as the complexity of the
new molecular candidates for the development of new products is also increasing. Therefore,
the capability of the pharmaceutical companies to efficiently and parametrically develop

methods to test this new compound is essential.
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15.

CONCLUSIONS

Cell-based assays are essential in the pharmaceutical industry in all the drug
development phases, as they are necessary to ensure a complete characterization of the

products and for a proper potency determination.

The infection of HaCaT cells with heat inactivated C. acnes causes the increase of the
expression in the cell membrane of the toll like receptors 2 and 4, induces the expression
of the inflammatory mediators IL-8, TNFa and CXCL1 and causes the migration of the

NF-kf transcription factor to the cell nucleus.

The treatment of the cells with a Camellia sinensis plant extract, a Mornida citrifolia
plant extract or a combination of both, after the infection of HaCaT cells with heat
inactivated C. acnes causes a reduction of the expression of the inflammatory mediators
IL-8, TNFa and CXCL1 and decreases the migration of the NF-kB transcription factor to

the cell nucleus.

The potency assay developed based on cell proliferation for the determination of the
late response generated by the RJF TPO-RA biosimilar for the evaluation of its biological

activity, is linear, precise, accurate, selective, and robust.

The potency assay developed based on a reporter gene for the determination of the
early response generated by the RJF TPO-RA biosimilar for the evaluation of its biological

activity, is linear, precise, accurate, selective, and robust.

Disulfiram is the component of the already commercial disulfiram / benzyl benzoate

cream responsible for the cytotoxicity observed in keratinocytes after the treatment.

The treatment of keratinocytes with the disulfiram / benzyl benzoate cream causes the
activation in the cells of cytotoxicity pathways, related with the inflammatory response
and the induction of apoptosis, and protection pathways, related with a cell cycle arrest,
DNA repair, protection against apoptosis and oxidative stress and detoxification and

drugs metabolism.
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Annexes

ANNEX I: Human Thrombopoietin Receptor gene sequence

ATGCCCTCCTGGGCCCTCTTCATGGTCACCTCCTGCCTCCTCCTGGCCCCTCAAAACCTGGCCCAAGTCA
GCAGCCAAGATGTCTCCTTGCTGGCATCAGACTCAGAGCCCCTGAAGTGTTTCTCCCGAACATTTGAGG
ACCTCACTTGCTTCTGGGATGAGGAAGAGGCAGCGCCCAGTGGGACATACCAGCTGCTGTATGCCTAC
CCGCGGGAGAAGCCCCGTGCTTGCCCCCTGAGTTCCCAGAGCATGCCCCACTTTGGAACCCGATACGTG
TGCCAGTTTCCAGACCAGGAGGAAGTGCGTCTCTTCTTTCCGCTGCACCTCTGGGTGAAGAATGTGTTC
CTAAACCAGACTCGGACTCAGCGAGTCCTCTTTGTGGACAGTGTAGGCCTGCCGGCTCCCCCCAGTATC
ATCAAGGCCATGGGTGGGAGCCAGCCAGGGGAACTTCAGATCAGCTGGGAGGAGCCAGCTCCAGAAA
TCAGTGATTTCCTGAGGTACGAACTCCGCTATGGCCCCAGAGATCCCAAGAACTCCACTGGTCCCACGG
TCATACAGCTGATTGCCACAGAAACCTGCTGCCCTGCTCTGCAGAGGCCTCACTCAGCCTCTGCTCTGG
ACCAGTCTCCATGTGCTCAGCCCACAATGCCCTGGCAAGATGGACCAAAGCAGACCTCCCCAAGTAGA
GAAGCTTCAGCTCTGACAGCAGAGGGTGGAAGCTGCCTCATCTCAGGACTCCAGCCTGGCAACTCCTA
CTGGCTGCAGCTGCGCAGCGAACCTGATGGGATCTCCCTCGGTGGCTCCTGGGGATCCTGGTCCCTCCC
TGTGACTGTGGACCTGCCTGGAGATGCAGTGGCACTTGGACTGCAATGCTTTACCTTGGACCTGAAGA
ATGTTACCTGTCAATGGCAGCAACAGGACCATGCTAGCTCCCAAGGCTTCTTCTACCACAGCAGGGCAC
GGTGCTGCCCCAGAGACAGGTACCCCATCTGGGAGAACTGCGAAGAGGAAGAGAAAACAAATCGAAG
AGAAAACAAATCCAGGACTACAGACCCCACAGTTCTCTCGCTGCCACTTCAAGTCACGAAATGACAGCA
GGACTACAGACCCCACAGTTCTCTCGCTGCCACTTCAAGTCACGAAATGACAGCATTATTCACATCCTTG
TGGAGGTGACCACAGCCCCGGGTACTGTTCACAGCTACCTGGGCTCCCCTTTCTGGCATTATTCACATCC
TTGTGGAGGTGACCACAGCCCCGGGTACTGTTCACAGCTACCTGGGCTCCCCTTTCTGGATCCACCAGG
CTGTGCGCCTCCCCACCCCAAACTTGCACTGGAGGGAGATCTCCAGTGGGCATCTGGAATTGATCCACC
AGGCTGTGCGCCTCCCCACCCCAAACTTGCACTGGAGGGAGATCTCCAGTGGGCATCTGGAATTGGAG
TGGCAGCACCCATCGTCCTGGGCAGCCCAAGAGACCTGTTATCAACTCCGATAGAGTGGCAGCACCCA
TCGTCCTGGGCAGCCCAAGAGACCTGTTATCAACTCCGATACACAGGAGAAGGCCATCACAGGAGAAG
GCCATCAGGACTGGAAGGTGCTGGAGCCGCCTCTCGGGGCCCGAGGAGGGACCCTGGAGCLTGLGCLCC
GCGATCTCGCAGGACTGGAAGGTGCTGGAGCCGCCTCTCGGGGCCCGAGGAGGGACCCTGGAGCTGC
GCCCGCGATCTCGCTACCGTTTACAGCTGCGCGCCAGGCTCAACGGCCCCACCTACCAAGGTCCCTGGA
GCTCGTGGTCGGACCCCTACCGTTTACAGCTGCGCGCCAGGCTCAACGGCCCCACCTACCAAGGTCCCT
GGAGCTCGTGGTCGGACCCAACTAGGGTGGAGACCGCCACCGAGACCGCCTGGATCTCCTTGGTGACC
GCTCTGCATCTAGTGCTGGGCCTAACTAGGGTGGAGACCGCCACCGAGACCGCCTGGATCTCCTTGGT
GACCGCTCTGCATCTAGTGCTGGGCCTCAGCGCCGTCCTGGGCCTGCTGCTGCAGCGCCGTCCTGGGCC
TGCTGCTGCTGAGGTGGCAGTTTCCTGCACACTACAGGAGACTGAGGCATGCCCTCTGAGGTGGCAGT
TTCCTGCACACTACAGGAGACTGAGGCATGCCCTGTGGCCCTCACTTCCAGACCTGCACCGGGTCCTAG
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GCCAGTACCTTAGGGACACTGCAGCCCTGAGCCCGCCGTGGCCCTCACTTCCAGACCTGCACCGGGTCC
TAGGCCAGTACCTTAGGGACACTGCAGCCCTGAGCCCGCCCAAGGCCACAGTCTCAGATACCTGTGAA
GAAGTGGAACCCAGCCTCCTTGAAATCCTCCCCAAGTCCTCAGACAAGGCCACAGTCTCAGATACCTGT
GAAGAAGTGGAACCCAGCCTCCTTGAAATCCTCCCCAAGTCCTCAGAGAGGACTCCTTTGCCCCTGTGT
TCCTCCCAGGCCCAGATGGACTACCGAAGATTGCAGCCTTCTTGAGGACTCCTTTGCCCCTGTGTTCCTC
CCAGGCCCAGATGGACTACCGAAGATTGCAGCCTTCTTGCCTGGGGGCCTGGGGACCATGCCCCTGTC
TGTGTGCCCACCCATGGCTGAGTCAGGGTCCTGCTGTACCACCCACATTGCCAACCATTACCATGCCCCT
GTCTGTGTGCCCACCCATGGCTGAGTCAGGGTCCTGCTGTACCACCCACATTGCCAACCATTCCTACCTA
CCACTAAGCTATTGGCAGCAGCCTTGACCTACCTACCACTAAGCTATTGGCAGCAGCCTTGA
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ANNEX II: The efficacy and biopharmaceutical properties of a

fixed-dose combination of disulfiram and benzyl benzoate
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Abstract: Scabies and hair lice are parasitic diseases that affect human skin and hair,
respectively. The incidence of infections is increasing, as well as the number of
reported cases of resistance to current treatments such as permethrin. Tenutex®, a
fixed-dose combination of disulfiram and benzyl benzoate emulsion, is available on
the market in some European countries and is an interesting alternative to standard
insecticides due to its unique combination of two active ingredients, providing a
chance to avoid or delay resistance to treatment. Although the product has been
available for many years, transdermal absorption and in vitro efficacy have not been
reported previously. The dermal absorption of the emulsion active ingredients was
evaluated, and only benzyl benzoate was found in the receptor compartment. An ex
vivo anti scabies study demonstrated that exposure for 6 or 24 h completely
eradicated the parasite. The in vitro pediculicidal activity showed superior efficacy
against double-resistant (permethrin and malathion) strains. The positive results
obtained here suggest that Tenutex® is a good treatment option, especially in
situations where drug resistance has been encountered with other drugs.

Keywords: disulfiram; benzyl benzoate; skin permeation; topical medication;
antiparasitic agents; scabies; lice.
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1. Introduction

Scabies is a superficial skin disease caused by Sarcoptes scabiei mites.
It is a world-wide infection, estimated to affect from 130 million [1] to 300
million [2] people per year. Other authors estimated the global prevalence
at 0.2-70%, depending on the geographical location [3]. It spreads easily in
crowded areas (including elderly care homes and military environment) and
those with poor sanitation; due to migration pressure, cases are increasing
in developed countries [4]. The parasites produce tunnels under the skin
with erythematous and pruritic lesions, which could present as pustules,
vesicles, and nodules. Furthermore, scratching of pruritic lesions can lead to
bacterial infection (Staphylococcus aureus and Streptococcus pyogenes), which
further worsens the pathology [3]. Skin symptoms usually appear four
weeks after the primary infection, together with unspecific signs
(discomfort, eruptions, eczema, etc.), common to other skin diseases.
Furthermore, the frequent low number of adult parasites present on the skin
makes diagnosis difficult; microscopic observation of parasite eggs and/or
feces is usually required [5]. Sarcoptes are usually observed in skin folds (i.e.,
fingers, arms, wrist, genital area, axillae) and around the trunk in general.
The neck and face are not usually affected in adults but could be affected in
infants [6]. The entire life cycle of the mite occurs in humans. Adult
individuals” mate on the skin surface and females lay their eggs in skin
burrows within the stratum corneum. After 2-3 weeks, eggs hatch into
larvae that after several days transform into nymphs (with two
developmental stages, the protonymph and tritonymph) that will
eventually become adults. The development time from egg to adult can be
up to 21 days, and the adult life span ranges from 26 to 40 days [7].

Several hygiene measures should be considered to reduce the
recurrence and spread of the infection, e.g., the treatment of sexual partners
and washing clothes and bedsheets at high temperatures [6]. Apart from
these precautions, there are several pharmacological treatments to eradicate
mites, generally insecticides that are given either topically or orally.
Recommended treatments, according to the European Academy of
Dermatology and Venereology [8], include topical permethrin (5% cream)
or benzyl benzoate lotion (10-25%), or oral treatment with ivermectin. As an
alternative treatment, the topical administration of malathion, ivermectin,
sulfur, or synergized pyrethrin has been suggested. Other remedies to treat
scabies include topical treatment with crotamiton, monosulfiram, and
lindane. The more severe form of infestation, crusted scabies, occurring
mainly in immune-compromised patients, requires a combination of topical
scabicides and oral ivermectin. The gold standard of pharmacological
treatment of scabies is topical 5% permethrin. Treatment usually consists of
a single dose, covering the entire body surface except the face. It is a
multidose regimen, i.e., one dose per day for five days, or two single doses
separated by one week, obtaining, in most cases, the complete eradication
of the disease and very good tolerance [3].

Drug resistance has not been widely studied; however, it has been
described in literature [7]. There is increasing evidence of drug resistance
and several case studies report lower-than-expected topical permethrin
effectiveness [9-13]. Thus, the availability of alternative treatments is of
increasing concern.

Pediculus humanus var. capitis, commonly known as hair lice, is an
ectoparasite that infests the human scalp. It feeds from blood from the
infestation site. Female lice produce eggs that attach to the hair and hatch in
approximately one week. Within 7-10 days after hatching, the nymph
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becomes an adult that can live up to approximately 30 days [14]. Pediculosis,
or infestation by Pediculus humanus, usually affects up to 13% of children 5-
13 years old. Although it is not a severe disease, it is bothersome and can
cause irritation, itching, social rejection, school access limitations, and a
secondary skin infection due to scratching—for example, pyoderma by
Streptococcus or Staphylococcus spp [15)]. The main principles for the
treatment of head lice include the use of noninsecticide agents, insecticide
agents, and wet combing. In many European countries, the use of
noninsecticide agents has become the treatment of choice and has overtaken
insecticide-based products, probably due to safety concerns and increasing
drug resistance [16]. Noninsecticide pediculicides have a physical mode of
action, coating the lice and causing them to die by suffocation and/or
dehydration. Most noninsecticide products contain either synthetic silicon
oils such as dimeticones, or isopropyl myristate or 1,2-octanediol as active
ingredients.

The heavy use of neurotoxic insecticides as pediculicides has led to
the emergence and spread of drug resistance in many parts of the world [17].
For example, resistance to permethrin has been reported, and the success
rate of permethrin as a pediculicide in some parts of the UK is only 30—40%.
The reported frequency of permethrin-resistant head lice is extremely high
in Denmark [18, 19]. Resistance to malathion has been reported in Denmark,
France, the UK, and Australia, although resistance to malathion seems to be
less common compared to pyrethroids [19-22]. Double resistance to
permethrin and malathion in head lice has also been documented among
school children in the UK [21]. Resistance to lindane is well known from
many countries and has been reported for many years [23, 24]. Resistance to
insecticides is linked to a reduction in the sensitivity of drugs due to genetic
mutations in the target genes, P-glycoprotein mediated efflux, and the
increased metabolic activities of enzymes such as esterases, cytochrome
P450, and glutathione S-transferase [25].

Tenutex® is a cutaneous emulsion consisting of a combination of
benzyl benzoate (BB) (22.5%) and disulfiram (D) (2.0%) that has been
registered in Sweden since 1982 and in Iceland since 1997 for the treatment
of scabies and pediculosis (head lice, crab lice) in adults and children [26,
27]. Thus, the use of this product is geographically restricted today. Both
active substances in Tenutex®, benzyl benzoate and disulfiram, have been
used individually to treat lice and scabies. Benzyl benzoate is a well-known
antiparasitic agent used in many countries to treat lice and scabies, and it is
one of the recommended treatments in the European guidelines for the
management of scabies [8]. Disulfiram was the active compound in Tenurid,
a historical product that was registered in Sweden until 1957 for the
treatment of lice and scabies [28]. Disulfiram has been classically used orally
as an aldehyde dehydrogenase inhibitor to support alcoholism
dishabituation because it produces an increase of acetaldehyde in the blood,
leading to patient discomfort, known as the antabuse reaction [29]. In
addition, disulfiram exhibits another mechanism of action, as a chelating
agent, with alteration of the cell redox profile and antiproliferative activity,
and potential indications as an antimicrobial [30, 31] or anticancer [32, 33]
agent.

The geographically restricted use of Tenutex® and the fact that the
product contains two active ingredients may be opportunities to avoid or
delay resistance to treatment [13]. Although Tenutex® is a well-established
drug in Sweden, its biopharmaceutical properties such as skin absorption
and its in vitro effects on scabies have yet to be described in the literature,
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3 1404

while in vitro effects on human head lice were reported in the early 1980s
[34].

The aim of this study is to characterize the skin absorption profile of
Tenutex® cutaneous emulsion and to study its in vitro efficacy against
scabies and human head lice resistant to common insecticides. Since human
scabies mites are not easily accessed, tests were performed using sheep
scabies (Psoroptes ovis) mites as proxy. In addition, the effect of emulsion
exposure time on scabies was tested.

2. Results and Discussion
2.1. Analytical method validation

A high-performance liquid chromatography (HPLC) method for the
simultaneous analysis of D and BB in samples from the in vitro permeation
test was validated according to the ICH Q2 guidelines. Figure 1 is a
representative chromatogram of an analytical standard in the receptor
medium at a concentration of 31.7 pg/mL for D and 356.5 pg/mL for BB. The
method’s specificity was confirmed by the lack of an interfering peak at the
retention times of both drug standards (diluted in mobile phase) after the
injection of a receptor medium blank and excipients of BB/D emulsion
(diluted in mobile phase and in the receptor medium). The stability of the
drug solution in the HPLC injector was evaluated for 48 h at 25 °C, being the
difference in peak area between the two time points; if it is below 2%, then
samples are considered stable for this period.
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Figure 71: Chromatogram of an analytical standard in the receptor
medium at a concentration of 31.7 pg/mL for D and 356.5 pug/mL for BB.

Linearity was assured at the analytical range, with an regression
coefficient (12) value higher than 0.990. An acceptable coefficient of variation
(CV) of response factor (relationship between response and concentration)
was obtained (<10%) considering the high concentration range (3—4 log
between the lower and higher concentration). There was a lack of tendency
in residual plots. Finally, a significantly slope was found for the p-value of
regression for both drugs (meaning the slope is significantly different from
zero), with a nonsignificant p-value for the BB intercept (no statistical
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difference between zero and the intercept) but a significant one with a
borderline value of D (Table 1).

Table 47: Regression line for D and BB, range, slope, intercept, coefficient of variation
(CV) of response factor, residual plot tendency, and regression coefficient. The
distribution was assessed by an equal variance test, Levene’s test (a = 0.05).

Parameter D BB Specification
Range 0.08-15.70 ug/mL  0.90-182.70 pg/mL -
137,322.71 (p < 84,127.02
. Slope 0.05) (p <0.05) p<0.05
Linearity 704971 (p =
Intercept 0.04) P ~16,389.67 (p>0.05)  p>0.05
R? 0.99980 0.99997 >0.990
CV response factor 8.71% 0.71% <10%
Homoskedasticity
=0.31 =0. .
(Levene’s test) p=03 p=08 p>005
Residual plot No tendency No tendency No tendency

Intermediate precision (Table 2 for D and Table 3 for BB) was used
as a precision parameter since it had the highest variability (two different
analyses on two different days), obtaining global mean values of 104.60%
and 95.87% with variation coefficients of 2.61% and 4.01% for D and BB,
respectively. Considering a threshold CV value of 6.71%, the method is
deemed precise.

Table 48: Results of intermediate precision for disulfiram at three different
concentration levels. Mean and CV values are reported.

Concle::iltlon Sa;?)ple Disulfiram
Analyst1  Mean: 101.20% Mean:
day 1 CV=2.52% 103.12%
0.08 pg/mL Anal}}lzst 2 Mean:105.00% cv =
day 2 CV =254% 3.03%
Analyst1  Mean:104.20% Mean: Mean:
day 1 CV =1.92% 103.95% oo
038 pg/mbk )\ alyst2  Mean: 103.70% Cv - 104.60%
’ ’ CV:2.61%
day 2 CV =0.94% 1.37%
Analyst1  Mean: 104.80% Mean:
day 1 CV=0.27% 106.62%
635 pg/mL Anal};lst 2 Mean: 108.40% Cv =
day 2 CV =1.84% 2.19%
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Table 49: Results of intermediate precision for benzyl benzoate.

Concentratio
Sample
n Benzyl Benzoate
Id.
level
Analyst1 Mean: 91.70%
day 1 CV=198%  Mean: 91.02%
. L
089 pg/m Analyst2 Mean: 90.30%  CV =1.88%
day 2 CV=181%
Analyst1 Mean: 96.30%
day 1 CV=037% Mean: 98.90%
3:57 pg/mL Analyst2 Mean: 97.60% CV=059% e
day 2 CV =0.49% 95-80%
Y s CV =4.01%
Analyst 1 Mean:
Y 104.80%
day 1 CV = 0.27% Mean:
71.42 pg/mL Meom, ’ 100.10%
Ar;lalyszt 2 108.40% CV =0.86%
v CV =1.84%

To calculate the accuracy, results from analysis 1 on day 1 were used
(Tables 2 and 3). Global mean values of 103.40% for D and 95.60% for BB,
with CV =2.25% and 3.47% for D and BB, were obtained. Levene’s test was
carried out to confirm that no statistical differences were found between the
concentration levels (p > 0.05 for D and BB), and the confidence interval of
global percentage recovery was, in both cases, within the 90.0-110.0% range,
showing that the method is accurate between the assayed concentration
values.

Finally, the limit of quantification (LOQ) value was established at a
concentration of 0.080 pg/mL for D and 0.8997 ug/mL for BB.

The analytical method could be considered successfully validated
for the analysis of both drug substances in permeation experiments.

2.2. Human skin permeation

An ex vivo permeation experiment with dermatomed human skin
(two different skin donors) was used to characterize the skin absorption
profile of D and BB in vertical diffusion Franz cells. Before and after the
experiment, the skin integrity was evaluated by measuring the
transepidermal water loss (TEWL) value, in all samples and at both testing
times; a value below 15 g/m?h indicates that the skin maintains integrity. The
drug dose evaluated corresponds to the prescribed therapeutic dose
(approximately 3.65 mg/cm?). According to the technical information
available on Tenutex®, 60 g of the product should be applied to the entire
body surface except the head, which is approximately 16,340 cm? [35]. The
results are shown in Figure 2. Only BB was able to penetrate the skin; D was
not detected in the chromatogram in any replicate at any time. The
permeation parameters are listed in Table 4.
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Figure 72: Permeation profile of BB in human skin (n = 9) after administration of 3.65
mg/cm? emulsion.

Table 50: Permeation parameters of benzyl benzoate in human skin.

Mean SD
Jsup (pg/h*cm?) 1.3014 0.3366
R? 0.9963 0.0067
Kp (cm/h) 5.78E-06 1.50E-06
Tlag (h) 0.7755 0.7059
P (cm/h?) 3.5978E-05 1.3657E-05
Dif (1/h) 0.1252 0.0183

BB had a very good permeation profile, achieving steady state
within the first hour after administration. This skin absorption is probably
caused by the favorable physicochemical properties of the compound,
according to the Lipinski rule of five [36]: low molecular weight (212.24 Da),
logP value 3.9, low melting point (21 °C), and fewer than five hydrogen bond
donor and acceptors [37]. The high diffusion coefficient (Dif) revealed that
drug diffusivity is the main absorption mechanism, and confirmed the
permeability of BB. As previously described, BB has been classically used as
a scabicide and was reported to have a good safety profile in its clinical use
[5]. In addition, BB is a common ingredient in fragrances, and its safety was
previously evaluated [38] and confirmed. Two previous studies [39, 40]
studied the BB transdermal absorption (in a set of experiments to evaluate
the transdermal absorption of compounds used in fragrances), but none of
them studied the percutaneous kinetics or the transdermal flux. In addition,
the different methodological approaches (dose applied, different vehicles,
the use of occlusive material, in vitro or in vivo studies, etc.) in each study
make it difficult to compare the results. Although D had good potential
permeability, a molecular weight of 296 Da, log P of 3.88, melting point
under 200 °C (71.5 °C), and fewer than five hydrogen bond donor and
acceptors [41], there was no peak observed in any of the permeation
samples’ chromatograms. This may be due to the relatively low
concentration of D in the emulsion (2%) compared with 22.5% BB.
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Considering that D could cause several adverse effects if it is systemically
available after oral administration (such as dermatological, neurological,
hepatic, gastrointestinal, cardiac, and psychiatric events), mainly due to the
inhibition of aldehyde dehydrogenase and dopamine beta hydroxylase [42],
the lack of permeability is an advantageous property in terms of treatment
safety. D would only be available on the outermost skin layer to develop its
antiparasitic effect.

2.3. In vitro cytotoxicity evaluation

According to the human skin permeation results, BB was the only
component that permeated. The first cells that would come in contact with
BB would be skin keratinocytes, so cytotoxicity was tested in human-
transformed keratinocyte (HEK001) cells. The concentration tested ranged
between 0.305 and 5000 uM, which correspond to 0.647 and 1060 pg/mL,
respectively. Seventy-two hours posttreatment, BB had no cytotoxic effect at
any concentration (Figure 3).
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Figure 73: Cell viability 72 h posttreatment with BB. Results show the mean value +
standard deviation (SE).

In the range of concentrations tested, the cell viability was over 85%,
with low variability (CV = 5.58%). Luminometric assay determined the
number of viable cells in culture based on quantitation of the ATP present,
which signals the presence of metabolically active cells [43].

2.4. In vitro and ex vivo efficacy against scabies.

Tenutex®, consisting of a BB/D emulsion (22.5% BB/2.0% D), was
tested for acaricidal activity in sheep scabies mites in vitro, by exposing the
mites directly to the drug emulsion, and via an indirect assay using skin
sections excised from sheep. Thus, excised skin sections from sheep were
exposed to the emulsion for different lengths of time and then washed off,
followed by placing the mites on the skin sections; after incubation, the
acaricidal activity was assessed. This ex vivo assay was considered to better
mimic exposure to the drug after treatment in humans than the direct in
vitro test on scabies mites, and it was used to compare with the current
prescribed treatment of Tenutex®, which states that the emulsion should be
applied to the skin for 24 h before rinsing it off [26].
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In vitro study (Table 5). The mites exposed to the negative control
were unaffected, with a 100% survival rate 24 h post-exposure. Mites
exposed to the test product showed mortality rates of 100% at 1 h in both the
thin- and thick-layer treatment.

Table 51: Mean percentage mortality across three replicates following exposure to
Tenutex® emulsion or placebo. With incubation at 28 °C with 75% relative humidity
for0,1,8,and 24 h.

Mean % mortality

Test solution

0h 1h 8h 24h
Placebo—thl'n layer (N =91 0 0 0 0
mites)
Placebo—thlc.:k layer (N =88 0 0 0 0
mites)
Tenutex emulsion—thin layer
1 1 1
(N =91 mites) 0 00 00 00
Tenutex emulsion —thick layer 0 100 100 100

(N =90 mites)

Ex vivo study. The efficacy of the Tenutex® emulsion after a 24-h
exposure was demonstrated based on clinical evidence [27]. This long
period of time with no possibility of rinsing could be inconvenient for the
patient. In addition, sweat could remove some of the product. To test if a
reduced exposure time is sufficient to obtain the desired efficacy, the
pharmaceutical product was washed from the ex vivo skin surface after 10
min, 60 min, or 6 h after application.

Skin mites exposed to the test product for 10 min before washing
showed an initially high level of mean mortality/unresponsiveness of 93.6%
1 h post-exposure. However, mites showed recovery at 8 hours and 24 hours
post-exposure  (34.2% and 5.8% mean mortality/unresponsiveness,
respectively). The final 24-h mean mite mortality for the 10-min treatment
was not significantly different to the mean mite mortality of the negative
control (p = 1.000). A similar trend was observed in mites that had been
exposed to skin sections that were treated for 60 min before washing. A
mean mortality/unresponsiveness of 89.9% was observed 1 h postexposure;
followed by 40.6% and 14.7% mean mortality/unresponsiveness at 8 and 24
h, respectively. The final 24-h mean mite mortality for the 1-h treatment was
not significantly different from the mean mite mortality of the negative
control (x2=0.410, df =1, p = 0.529) (Figure 4).

Mites exposed to skin sections treated for 6 h prior to washing
showed 100% mean mortality/unresponsiveness at 1 h and 8 h post-
exposure, and 98.8% mean mortality/unresponsiveness at 24 h post-
exposure. The final 24-h mean mite mortality for the 6-h treatment was
significantly different from the mean mite mortality of the negative control
(x2=77.687, df =1, p <0.001) (Figure 4).

The negative control (on skin section) showed mean
mortalities/levels of unresponsiveness of 7.9%, 7.0%, 7.3%, and 8.3% at 1 h,
8 h, 24 h and 30 h post-exposure, respectively. The positive control on the
skin showed 100% mean mortality/unresponsiveness at all time points (Fig.
4).
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Figure 74: Mean (+S.E.) mortality/unresponsiveness of P. ovis mites exposed to the
test compound in vitro (“—skin’) or ex vivo (‘+skin’), expressed as a percentage (%) of
mites exposed (n = 3 replicates per treatment; n = 2 replicates per control). All
treatments were incubated at 28 °C and 75% HR at checked at 1, 8, and 24 h post-
exposure. ‘NEG + skin’ = negative control on the skin section (1 = 47-51 mites per
replicate); ‘POS + Skin’ = positive control on skin section (1 = 50-55 mites per
replicate); “‘POS — Skin = positive control on petri dish only (7 = 50-53 mites per
replicate); “Treated + Skin (10 min)'= test compound in skin washed after 10 min (1 =
47-52 mites per replicate); “Treated + Skin (1 h)” = test compound on skin washed
after 60 min (1 = 46-52 mites per replicate); “Treated + Skin (6 h)’ = test compound in
skin washed after 6 h (n = 46-56 mites per replicate).

Mites may need a minimum contact of 6 h with the product on the
skin in order for us to obtain complete mortality. This fact could potentially
be evaluated in a future clinical trial, but it is a promising result, and could
facilitate patient compliance. For example, patients could apply the product
at night before going to sleep, and on the following morning they could have
a shower.

2.5. In vitro efficacy against adults and eggs of the human BH-RL strain of lice,
resistant to both permethrin and malathion

Adulticidal efficacy: Following an 8-h incubation, BB/D emulsion
resulted in an average mortality response (Figure 5) of 74% 10 min after the
rinsing procedure; after 15 h, the value increased to 86% but the difference
was not significant (t-test, p <0.05).
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Figure 75: Percentage of young adults observed at a specific vitality classification
after 8 h of incubation with Tenutex® emulsion. The treatment was replicated a total
of five times, with five males and five females per replication (n = 10).

To show that the lice were resistant to permethrin, the same
procedure was carried out with a commercial 1% permethrin product
(Nix®) (Fig. 6). Ten minutes post-rinse, a 12% mortality response was
obtained, and it remained the same for the following 7 h. After 10 h, there
was a significant mortality increase, up to 55% (p < 0.05), and after 23 h the
mortality response was 60% —not significant compared to the 10-h response.
The vitality result for permethrin treatment showed a significantly lower
pediculicidal effect compared to the BB/D treatment.
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Figure 76: Percentage of young adults observed at specific vitality classification after
10 min of incubation with Nix®. Treatment was replicated a total of five times, with
five males and five females per replicate (n = 10).

Finally, the negative control (distilled water) did not show mortality

after 15 h and the mortality response increased to 2% after 23 h. This was
significantly different from the Tenutex® and Nix® results. Under the
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experimental conditions, the Tenutex® emulsion was significantly more
toxic than Nix®.

Ovicidal efficacy: Table 6 shows the cumulative hatch rate after
treatment with Tenutex® and the negative control (distilled water (ddH-0)).
Exposure to the test product for 1 h was not enough to obtain an adequate
mortality rate (around 14-15% hatch after five days of follow-up). However,
a single exposure to Tenutex® for 8 h produced a cumulative hatch rate of
0.2% (corresponding to only one hatch). Finally, exposure to the test product
for 24 h achieved complete egg eradication. The egg hatch of the negative
control was higher than 98% after exposure to water for 1 or 8 h. The survival
of the negative control exposed for 24 h was 87%.

Table 52: Average % hatchability with standard deviation of eggs for three replicates
following tuft submersion in either Tenutex or distilled water (the negative control)
for 1,8, or 24

Average % Hatchability = SD

Tenutex, 1 h 15+18
ddH:0,1h 96 +2
Tenutex, 8 h 02+04
ddH:20, 8 h 98 +1
Tenutex, 24 h 0+0
ddH:0, 24 h 87 +4

3. Materials and Methods

3.1. Materials

The Tenutex® emulsion, placebo, and drug substances (disulfiram
and benzyl benzoate) were kindly gifted by Bioglan AB (Malmo, Sweden).
Standard of disulfiram and benzyl benzoate (Sigma-Aldrich, Burlington,
MA, USA) were used for validation of the analytical method. Methanol and
KH2POs (Scharlab, S.L., Sentmenat, Spain) were used for the mobile phase.
Phosphate-buffered saline (PBS) (Sigma-Aldrich) and hydroxypropyl-beta-
cyclodextrin (HPCD) (Pracofar, S.L., Martorell, Spain) were used for the
preparation of the receptor medium. Dimethyl sulfoxide (DMSO) (Sigma-
Aldrich), Gibco keratinocyte medium with L-glutamine, and epidermal
growth factor (EGF) (Thermo Fisher Scientific, Barcelona, Spain) were used
for the cytotoxic evaluation.

3.2. High-performance liquid chromatography quantification and validation of
disulfiram and benzyl benzoate

The simultaneous quantification of disulfiram and benzyl benzoate
was carried out with HPLC-UV equipment (Water Alliance 2695,
Cerdanyola del Valles, Spain). Mobile phase (KH2POs 1.7 mg/mL, pH 5.5:
methanol (30:70 v/v)) flowed isocratically at 1.2 mL/min through a C18
column (4.6 x 150 mm, 3 um, Thermo Scientific, Barcelona, Spain) kept at 30
°C. The injection volume was 40 pL. The method validation was carried out
according to the ICH Q2 guidelines. The analytical range was set from 0.080
to 15.85 pg/mL for D and from 0.0899 to 71.97 pg/mL for BB. The linearity,
intermediate precision, and accuracy were studied within this range. In
addition, the LOQ and solution stability in the HPLC autosampler were
determined.
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3.3. Ex vivo skin absorption experiment with human skin

Dermatomed human skin (approximately 0.5 mm thick), used in the
ex vivo permeation test, was obtained from the abdominal region of two
different woman during plastic surgery (Condalab, Madrid, Spain). Written
consent was obtained from the skin donors. Permeation studies were
performed in vertical Franz diffusion cells (VidraFoc, Barcelona, Spain) with
a permeation area of 1.54 cm?2. BB/D emulsion (Tenutex®) was dosed in the
donor compartment at an equivalent prescription dose (approximately 3.65
mg/cm?). Skin was kept frozen at -20 °C until use (six months maximum
storage period). At the day of the experiment, skin was thawed at room
temperature, and placed between the donor and receptor compartment of
Franz cells. A 15% w/w HPCD solution in PBS (pH 5.5) was used as the
receptor medium; to maintain sink conditions during the experiment, the
temperature was kept at 32 + 1 °C, with continuous stirring at 700 rpm. Skin
integrity was evaluated at the beginning and end of the experiment by
TEWL measurement (Delfin Technologies, Kuopio, Finland). Samples from
the receptor compartment (300 pL) were taken at regular time intervals up
to 24 h and replenished with the same volume of fresh receptor medium.
Samples were analyzed and quantified using the method described in the
previous section.

After drug quantification, the following permeation parameters
were calculated: the transdermal flux (J, ug/cm?h) (Equation (1)),
permeability coefficient (Kp, cm/h) (Equation (2)), lag time (tlag, h)
(obtained by linear extrapolation of the x-axis of the points at steady state),
diffusion parameter (Dif, 1/h) (Equation (3)) and partitioning parameter (P,
cm/h?) (Equation (4)).

J =G ()

= dr-sy

where ] is the transdermal flux, dQ is the permeated amount
differential, dT is the time differential, and S is the membrane diffusion
surface.

Kp = C]—d (2

where Cd (ug/mL) is the concentration of the drug in the donor

compartment.
1

Dif = P )
— kp
P=— 4)

3.4. In vitro cytotoxicity evaluation

Cell treatments (n = 6): human-transformed keratinocyte (CRL2404,
ATCC, Manassas, VA, USA) cells were seeded in 96-well plates at 10,000
cells/fwell in 50 pL of medium (keratinocyte serum-free medium,
supplemented with 2 mM L-glutamine and 5 ng/mL Epidermal Growth
Factor (hEGF)). The cells were incubated at 37 °C in a 5% COz, 95% air-
humidified atmosphere for 24 h. After 24 h of incubation, the cells were
treated with increasing doses of BB (0.305 to 5000 pM; a stock solution was
prepared in DMSO and the final concentration of DMSO in the wells was
below 1%). A medium with DMSO at 1%, sodium dodecyl sulfate at 10%,
and a cell culture medium were used as the experimental control. The
exposure period was 72 h.

At the end of the incubation time, cytotoxicity was evaluated using
the CellTiter-Glo® Luminescent Cell Viability Assay (Dojindo Molecular
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Technologies, Rockville, MD, USA). One hundred microliters of CellTiter-
Glo® reagent were added directly to every well plate, cultured in serum-
free medium and incubated for 10 min. The luminescence was measured
immediately by a Victor X3 luminometer (Perkin Elmer, Waltham, MA,
USA).

3.5. In vitro and ex vivo efficacy against scabies

To evaluate the in vitro and ex vivo efficacy of BB/D emulsion
against scabies, Psoroptes ovis mites (sheep scabies) were selected as the
model, since the ethical sourcing of human scabies is almost impossible.

One-year-old Scotch Mule lambs (n = 3) were infested with P. ovis
mites and housed indoors for a period of six weeks. After that time, animals
were sacrificed via an anesthetic overdose. The study protocol
(1258/CC1406) was approved by the London School of Hygiene and Tropical
Medicine ethics committee (reference 2020-07A, approval date: 26 May
2020). Skin sections (5 cm x 5 cm) were taken with a scalpel and deposited
in a petri dish at room temperature to harvest live mobile mites. Once
obtained, mites were washed with purified water on a 63-pum filter and dried
with blotting paper and stored in an Eppendorf tube until the study (within
2 h).

In vitro study. Petri dishes were coated with a thin or thick layer of
BB/D emulsion or the placebo. Collected mites were placed on
corresponding dishes (20-30 mites per replicate and three replicates per
condition) and incubated at 28 °C/75% relative humidity (HR) for 1, 8, and
24 h. After this period, acaricidal activity was assessed by stereomicroscopic
examination (mites were considered viable if any movement was observed).

Ex vivo study. Single sheep scab naive was sacrificed and skin
sections (4 cm x 4 cm) were excised with a scalpel and placed on a petri dish.
Adult female mites were obtained from the collected mites previously
described. Around 50 P. ovis mites were immediately applied to ex vivo skin
sections (positive and negative control and test samples) and incubated at
28 °C/75% HR. Two positive controls were used: product on petri dish (not
washed off) with mites applied directly to the product, and product on skin
(not washed off) with mites applied directly to the skin. The negative control
was the skin with no product and mites applied directly to the skin. In the
experimental condition, a thin layer of emulsion was applied to the skin and
washed with purified water after 10 min, 1 h and 6 h after exposure.

Acaricidal activity was assessed by microscopic examination after 1, 8, and
24 h.

3.6. In vitro efficacy against permethrin-resistant head lice and its eggs

To evaluate the efficacy of the BB/D emulsion against lice adults and
eggs, permethrin- and malathion-resistant human head lice (Pediculus
humanis capitis, BR-HL strain) were used [44, 45].

Blood-fed adults, half or fully engorged (n = 10; 5 males and 5
females), were transferred to hair tufts. Five milliliters of BB/D emulsion or
distilled water (used as a negative control) were gently rubbed for 60 s and
incubated at room temperature for 8 h. Then the tuft was washed with a
commercial shampoo diluted at 5% (w/w) in distilled water for 60 s to
remove the excess product and subsequently rinsed carefully with distilled
water so as not to detach the adult lice. Finally, the hair was allowed to dry
on filter paper and lice were examined for viability at different time points.
A total of five replicates were carried out for each condition. Lice were
classified as: 1 (living lice with no change in activity or behavior), 2 (lice with
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minor changes in vital signs), 3 (lice with major changes in vital signs, i.e.,
not walking but gut, leg, and/or antennae movement present) and 4 (no vital
signs at all). To validate that the lice were resistant to permethrin, the same
study was conducted with a permethrin 1% commercial product (Nix ®)
with observation for up to 23 h.

Eggs were obtained from female adults that were placed on a tuft of
human hair and left until approximately 50 eggs were laid per hair tuft. Then
the adults were removed. BB/D emulsion or distilled water (5 mL) was
applied as previously described in the adult experiment. Incubation was
carried out at room temperature in a dark fume hood for 1, 8, and 24 h. Then
the hair tuft with the eggs was washed and rinsed as previously described.
Dried tufts with the eggs were placed in a Petri dish and incubated at 31 °C
and 70-80% relative humidity. Egg viability (%hatchability) was evaluated
for 11 days, according to (Equation 5). A total of three replicates was carried
out.

% Hatchability = Number eggs hatched/total eggs oviposited * 100  (5)

3.7. Statistical analysis

To assess the in vitro efficacy against scabies, a survival curve
analysis was performed on data using STATA (version 15.1) with a log rank
(Mantel-Cox) test applied to compare survival curves.

To test ex vivo efficacy, a Chi-square test (or Fisher’s exact test) was
performed in R studio to compare the mean proportion of the negative
control against each washing interval treatment after conducting a test of
homogeneity between replicates.

4. Conclusions

An analytical method validation was successfully developed for the
quantification of D and BB permeation studies and is fit for purpose. The
permeation profiles for dermatomed human skin revealed fast permeation
of BB and nonpermeation of D. Moreover, the cytotoxicity assay showed the
noncytotoxic effect of BB and confirmed the safe topical use of this
compound, together with the low adverse effects reported in the literature
for this treatment.

The results of in vitro and ex vivo efficacy demonstrated that
Tenutex® had a strong knockdown effect on P. ovis within 1 h of exposure
on all the skin sections treated. However, on the skin sections treated for the
shortest periods of time, mite recovery was observed over time. In contrast,
mites exposed to the skin sections treated for 6 h before washing showed
almost 100% mean mortality/unresponsiveness across all time points.

The in vitro efficacy studies against the adults and eggs of human
lice showed that Tenutex was substantially adulticidal on the permethrin-
resistant BR-HL strain following an 8-h exposure. Moreover, the product
was 100% ovicidal following a 24-h exposure. The BB/D emulsion killed
almost all of the lice eggs after an 8-h exposure (99.8%).

This study has provided more information on the efficacy,
biopharmaceutical properties, and safety of Tenutex®, a cutaneous
emulsion containing a fixed-dose combination of the active ingredients
benzyl benzoate and disulfiram and used for the topical treatment of human
scabies and lice. The balance of properties of this unique combination makes
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Tenutex® a good treatment option, especially in situations where resistance
to other drugs has been encountered.
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