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1 Description of task

Already in 2009 the OECD published a list of accepted invitro assays and how MNM may interfere
with data analysis in s  everal cases (OECD, 2009) . This task eval uates the suitability of in vitro
assays connected to the in vivo experiments performed in this project (WP4) or specific
regulatory questions (WP1). For several toxicological endpoints the most suitable assays from a
regulatory point of view will be ident ified and if necessary optimized for their predictive value for
regulatory purposes. In vitro immunotoxicity assays are part of the standard toxicity tests within

the regulatory framework for drug s almost exclusively (EMA, 2004; S8, 2006) . However,

immunotoxicity is a particularly relevant endpoint for nanomaterials as well, and will therefore be

one of the investigated endpoints in this task.

Other endpoints that could be considered are genotoxicity and carcinogenicit y, or a combi nation
of these endpoints ( e.g., simultaneous detection of immunotoxicity and genotoxicity). For each
(combination) of toxicological end points under investigation, the following steps will be

performed:

Step 1. evaluation of exiting in vitro assays and research on this topic, follow up of WPMN report

to be released during the NANoOREG proje ct (data gap analysis).

Step 2: Perform several in vitro toxicity t ests covering different cell types and endpoints.
Regarding immunotoxicity , endpoints may include: inflammatory properties ( e.g., ROS, cytokine
production, degranulation and histamine release), modulation o f immunological functions (eg.
differentiation, activation, proliferation and production of soluble factor s, inflammasome
activation), cytot  oxicity and apoptosis.

Step 3 . Comp are resultsto  in vivo toxicity study (if available from WP4) . For this point the reader
is referred to the dedicated deliverable D5.5.

Step4 : Identify the most suitable in vitro methodologies for its predictive value for regulatory
purposes.

The results of this task can be used in the development of the risk assessment decision tree (task
5.7), the regulatory framework/toolbox (Task 1.4) and WP6 (keeping pace with innovation).

2 Description of work & main achievements

2.1  Summary

D5.6 takes advantage of previously developed in vitro toxicity assays to further evaluate their
capability to predict toxicity of NM s. During the course of the NANOREG projec t further
development of some of the aforementioned tests was carried out i n order to make them more
suitable to NM toxicity screen s. Results of such investigations have been extensively published

during the project and highlight the potential use of in vitro methodologies to identify potential
product hazards at early developmen tal stages (eg. Rubio, 2016; Gabelova A, 2016). Such assays
include 1) the adaptation of the current LAL assay to detec t endotoxin in contaminated NMs. The
proposed protocol worked well for all core materials but for nanotubes, which showed interference

problems, 2) Modification of the human clonogenic assay to accommodate a more relevant cell

line to represent the inhalation route, 3) Evaluation of standard cytotoxicity assays for the

prediction of NM toxicity (MTS, Alamar blue, neutral red, CFE), 4) Evalu ation of standard
genotoxicity assays fo r prediction of NM genotoxicity, 5) Relevance of dispersion protocols ,
selected cell lines and exposure times and 6) the relevance of ROS detection and evaluation of
inflammation in a testing strategy. In general in vitro methodologies were able to rank NM by
toxicity outcomes though care should be taken with potential interferences of NM with detection
methodologies. Finally  a testing strategy is proposed with a series of assays and corresponding
protocols aim ed at h azard identification at early phases of product development. This strategy

may assist both Industry and Regulators to a) flag a NM at early stages of product development,

and/or b) guide future in vivo experimentation based on mechanistic understanding/mod e of
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action information collected by fast and economically feasible in vitro approaches. Several
protocols are provided as annexes to this document.

2.2 Background of the task

Requirements under the REACH regulation ask for a widespread toxicological safet y testing of
existing and new chemicals. Given the enormity of newly developed and standard chemicals that

fall under this new rule, obtaining toxicity data has unique challenges due to the complexity, time

and expense involved in conducting standardized t oxicity assessments in whole animals , including
acute and chronic testing guidelines. This situation is even more acute if NM are incorporated into

this scheme, since, as it stands, one chemical dossier may represent several NM types all derived

from the s ame chemical. It follows, therefore, that toxicological data submission covered under

the REACH dossier may not fully represent the particular toxicological implications for a given NM

of a particular chemical class. Producing toxicological data for all NM currently in the market and
those currently on the industrial pipeline will turn into a lengthy and costly process with important

ethical implications. In vitro methods have considerable potential both in terms of research and
innovation and in a regulato ry context. In addition, alternative methods are increasingly being
demanded by the Cosmetic industry, Pharma and more recently, from the novel field of
Nanotechnology. To ensure that these methods are predictive and reliable they must undergo

validation b ut as yet, despite considerable individual efforts, none has reached that point due

mainly to a lack of coordination of the main stakeholders involved in their development. This is an

issue since the methods 1) reduce the numbers of animals used in both re search and risk/ hazard
assessments, 2) Mimic more reliably aerosol exposure, 3) can investigate susceptible effects in
disease models and 4 ) Highly reduce experimental cost.

Task 5.5is addressed mainly to Q4 (metrics) , Q9 (mode of action) and Q10 (Hazard) . During this

reporting period almost all cytotoxicity experiments have been performed using different assays

to address cellular viability (MTS, Alamar blue, LDH, CFE). Potential genotoxic effects of most

core NM have been addressed and experiments are al most finalised for a group of relevant NM on
cells rep resenting exposure routes (intestine, immune system, inhalation route , spleen and liver ).
End points regarding genotoxic effects on cells include DNA damage, gene mutation, formation of
micronuclei, clo nogenic capacity). This task also looked into the capacity of NM to interact with

the immune system and to impair the metabolic capacity of the liver. At the time of writing this

work , it has been shown that SWCNT can be engulfed by macrophages, they also have the
capacity to impair the metabolic capacity of the liver by blocking CYP3A4, which is directly
involved with the modification of toxins prior to their removal from the body.

A MTS round -robin exercise was launched within task 5.5 and has been almost complete, results
will indicate how repro  ducible this assay is following the protocol designed within NANOREG.

All the aforementioned work will address Q9 and Q10 since it will identify the toxic mechanisms

behind NM exposure to relevant cells. Data extra polation (Q5) and metrics (Q4) will be addressed

once the whole set of toxicology data is available.

23 Description of the work carried out

2.3.1 PHYSICO-CHEMICAL CHARACTERIZATION (ALL)

Prior to the performance of any in vitro toxicity assay, a throughout charac terization of core
NM was carried out following principles agreed upon and covered under the Minimum
Guidance Document (ref. NANOREG Guidance Document). Within this task all co re materials
were used . Several vials of NM were ordered through the NIWO System (Nanoreg.eu) since

vials could only be used once unless once opened, they were closed in an Argon atmosphere.
(ENPRA protocol). In this case sub -sampled vials could only be used in one experimental

replicate. Prior to carrying out dispersions of NM, ca lib ration of the sonicators was performed
using a calorimetric protocol on the NM200 benchmark material. Dispersion of NM was
carried out following the Nanogenotox protocol and Mini mum Guidance Requirements
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(www.NANOREG.eu ).

(DLS) or centrifugal liquid sedimentation (CLS) in water T
culture medium at the beginning of the experiment (

h).

2.3.2

0 h) and at the end of the experim

ENDOTOXIN TESTING OF CORE NANOREG MATERIALS (CNR)

Size distribution of NPs was characterized by Dynamic Light Scattering
0.05% BSA stock solution and in cell

ent ( 24

Endotoxin contamination was assessed following a modified version of the LAL assay adapted to
NM. The aim was to provide a valid method for research laboratories.

Principle

The Limulus Amoeboc yte Lysate (LAL) assay is based on the blood cell extract of the horseshoe
crab (a marine arachnid), which results in clot formation upon interaction with bacterial endotoxin

through the activation of
gel-cl ot , tur bi

a clotting factor (Fig 1
di metric

and

). There are three major kinds
chromogeni c.

of basic LAL tests:
The

which provide information on the performance and acceptance criteria for LAL based endotoxin
testing, are issued by the regulatory agencies fr

Because of the peculiar physico

om several countries e.g.

(ISO, 2010)

(USP, 2005) .

-chemical properties of NPs (e.g., optical density, high surface
energy), the LAL assay parameters and components could significantly interfered with
(readouts, enzyme activity, substrate) leading to false results

NMs
. The 1SO 29701

regulation aims at providing guidelines for the use of the LAL assay for measuring endotoxin in

NP preparations. This regulation

mentions

the possibility that NM

s can interfere with the LAL

assay optical readouts and recommends the use of appropriate controls, but does not indicate
anything specifically. The following procedure describes the validation of different LAL assays for
a given NM preparation. It is recommended to perform the procedure for each NM batch or

preparation.

Endotoxin
) 4
FC FC

Proclotting
Enzyme

FB FB

Traditional LAL

Glucan
4
¥ N\

FG FG

Clotting
Enzyme

Chromogenic Chromogenic Product
Substrate Yellow Color
p-nitroaniline (pbNA)
405 nm
Gel Clot/ Coagulin (gel clot)
Coagulogen e
Turbidimetic guleg Turbidity (340 nm)

Fluorescent LAL

Recombinant Factor C

Endotoxin

\/

rFC rFC

Fluorogenic
Substrate

Product
Fluorescence

Ex/Em 380/440 nm

Fig 1 Cascade of events behind the LAL method (see text for more details).
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LAL assay comparison and validation

The gel -clot LAL assay (the semi -quantitative and easiest LAL method) is not suitable for
endotoxin testing in NM s, since huge interference was observed by several investigators (IS0,
2010; USP, 2005; RA, 2002)

The turbidimetric LAL assay is a kinetic method. Its wide application in nanosafety lab oratorie s
might be limited by the need of special equipment for its performance. In addition, since nano -
objects scatter light significantly (in particular those above 50 nm and with a different di electric
constant from that of the surroundi ng medium ), it is common practice in nanotechnology to avoid

measurements based on light di spersion (Smulders S, 2012; Dobrovolskaia MA, 2013)

The chromogenic LAL assay rel eases 4 -nitroaniline (pNA, yellow, OD detected at 405 nm) from a
synthetic substrate after endotoxin -dependent activation of the cleaving enzyme. The released

pNA can be modified by diazo reagents that shift the readout wavelength from 405 nm to 540 nm

(pi nk). This wavelength shift could be used to avoid the optical activity of some NM s at a
particular wavelength.

In the fluorescent assay, the recombinant Factor C is activated by endotoxin and cleaves a

fluorogenic substrate thereby releasing a fluorescent signal.

From a preliminary comparison between the LAL assays for endotoxin det ection in a limited
number of NM  preparations, the chromogenic LAL assay with readout at 540 nm (e.g.,
Pyrochrome®, cat. n. CD 060, Associates of Cape Cod, Inc., East Falmouth, MA, USA) turned out
to be the one less affected by NM interference (with enzyme, substrate or read out). Thus we
recommend to use this assay as an initi al assay to test endotoxin in NM preparations, and to
examine other assays in the case the modified chrom ogenic assay has failed.

2.3.3 VIABILITY ASSAYS (GAIKER; Kl, IEM, NILU, UAB, UNAMUR, LEITAT, TCD, INSA, ISS,
INSA -PToNANO, EMPA)

Cytotoxicity can be determined by different approache s based on membrane integrity, metabolic
competence or on relative cell growth (reflecting cell death together with inhibition of cell
proliferation).  This task evaluates the capability of standard viability assays to assess toxicity of
NMs. This task includes an MTS inter -laboratory exercise  (next section)

Viability assays selecte  d were based on standard OECD guidelines and practices a nd covered MT S
assay, neutral red uptake and Alamar blue.

2.3.3.1 MTS assay

The MTS assay is a colorimetric assay for assessing cell metabolic activity. NAD(P)H -dependent
cellular oxidoreductase enzymes may, under defined conditions, reflect the number of viable cells

present. These enzymes are capable of reducing the tetrazolium dye MTS 3-(4,5 -dimethyl thiazol -
2-yl) - )-5-(3-carboxymethoxyphenyl) - 2-(4-sulfophen yl) -2H-tetrazolium in conjunction with the
electron coupling reagent phenazine ethosulfate to its soluble formazan , which has a purple
colour. Other closely related tet razolium dyes inclu ding XTT, and the WSTs, are used in
conjunction with the intermediate electron acceptor, 1 -methoxy phenazine methosulfate (PMS).
With WST -1, which is cell -impermeable, reduction occurs outside the cell via plasma membrane

electron transport. Tetrazolium dy e assays can be used to measure cytotoxicity (loss of viable

cells) or cytostatic activity (shift from proliferation to quiescence) of potential medicinal agents
and toxic materials. In the NANOREG project, MTS assay was selected as interference of some
NMs(eg. carbon nanotubes) cwil Oh MATdl @& s s a YWorlea-Knirscke 2006) t. BITS
coloured formazan product is soluble in cell culture medium and can be easily measured without

extraction with isopropanol (such as in MTT).

2.3.3.2 Alamar Blue
The resazurin dye (7 -hydroxy -3H-phenoxazin -3-one 10 -oxide) has been broadly used as an
indicator of cell viability in proliferation and cytotoxicity assays. The assay is based on the ability

of viable, metabolically active cells to redu ce resazurin to resorufin and dihydroresorufin. This
conversion is intracellular, facilitated by mitochondrial, microsomal and cytosolic oxidoreductases.
The resorufin produced is measured colorimetrically or fluorometrically. Resazurin is non -toxic to

cells and it is s table in culture medium. Therefore it allows continuous measurement of cell
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proliferation in vitro as either a kinetic or an endpoint assay. Toxic insult that impairs cell viability

and proliferation also affects the capacity of cultures to r educe resazurin, and the rate of dye
reduction is directly proportional to the number of viable cells present. This assay is covered
under the OECD Guidance on testing Nanomaterials (OECD, Guidance Manual for the testing of
Manuf actured Nanomaterials, 2009) to assess cell viability and proliferation. This Guidance also
indicates that NM may absorb dyes and interfere with fluorescence/colour detection.

2.3.3.3 Neutral Red Uptake (NRU)

Neutral red (toluylene red , Basic Red 5, or C.l. 500 40) is a eurhodin dye used for staining in
histology . It stains lysosomes in red. It is used as a general stain in histology , as a counterstain
in combination with other dyes, and for many staining methods. Neutral red can be used as a

vital stain . Viable cells take up the dye b y active transport and incorporate the dye into
lysosomes, whereas non  -viable cells will not take up the dye. After the cells have been allowed to
incorporate the dye they are briefly washed or fixed. The incorporated dye is then liberated from

the cells i n an acidified ethanol solution. An increase or decrease in the number of cells or their
physiological state results in a concomitant change in the amount of dye incorporated by the cells

in the culture. This indicates the degree of cytotoxicity caused by the test material. Thus, loss of
neutral red uptake corresponds to loss of cell viability. This dye is covered by the Phototoxicity

OECD guideline 432 (OECD, Test No. 432: In Vitro 3T3 NRU Phototoxicity Test, 2004) and by the
OECD Guidance on testing Nanomaterials (OECD, Guidance Manual for the testing of
Manufactured Nanomaterials, 2009) , Which states that the detection methodology behind this test

may be influenced by the presence of NM.

2.3.3.4 Lactate Dehydrogenase (LDH)
Cytotoxicity test is a colorimetric assay that quantitatively measures lactate dehydrogenase
(LDH), a s table cytosolic enzyme that is released into the culture medium supernatant upon
damage of the cytoplasmic membrane. An increase in t he amount of dead or plasma membrane -
damaged cells during the assay results in an increase of LDH in the culture supernatant. The
released LDH in culture medium supernatants is measured with a 30 minutes coupled enzymatic
reaction: LDH oxidizes lactate to pyruvate which then reacts with the tetrazolium salt WST -1to
form formazan. The increase in the amount of formazan measured in the culture supernatant
directly correlates to the increase in the number of lysed cells (damage). The formazan dye is
water -soluble and can be measured by 490 -500 nm absorbances using a standard ELISA plate
reader (see Annex section for protocols).

2.3.3.5 Colony forming efficacy test (CFE)

The ultimate index of cytotoxicity is loss of cell viability, and this can be measured by their abi lity
to survive and form colonies (colony forming efficiency (CFE) or plating efficiency (PE) assay).
The PE or CFE assay is specifically suitable for assessment of NMs toxicity in vitro , as it is label -

free. Being non -colorimetric and non  -fluorescent the  method avoids possible interferences of NMs

with the readout. There are two ways to perform PE, depending on whether the cells are treated:

a) in cell population in monolayer (OECD, Test No. 476: In vitro Mammalian Cell Gene Muta tion

Test , 1997) or b) treatment of small humber of cells, usually 50 -200 hundred cells, known as

Colony Forming Efficiency (CFE). The CFE assay has been optimised and standardised for NMs

testing by the JRC6s Nanobi osci e nrtedaboratbry campadsordstudya | i d at e
of the CFE for assessing cytotoxicity of nanomaterials (Ponti, 2014) . Both assays were employed

in NANOREG to test several core NMs.

2.3.3.6 Dectection of Reactive Oxygen Species (ROS)
Reactive oxygen s pecies (ROS) occur as by -products of mitochondrial respiration and
inflammation processes. In addition, xenobiotics can induce ROS production, either directly or via
inflammation. The physi cochemical characteristics of NM s enable them, in many cases, to
catalyse ROS production and oxidative damage to biomolecules, with potential pathological
consequences. Most of the commercially available probes to monitor ROS production by flow
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cytometry in living cells are cell -permeating chemicals that undergo changes i n their fluorescence
spectral properties once oxidized by ROS. Two such probes are represented by dihydroethidium

(DHE, also called hydroethidine) and CM -H2DCFDA (chloromethyldichlorodihydrofluorescein
diacetate). DHE emits blue fluorescence in the cytopla sm until oxidized by superoxide to 2 -
hydroxyethidium, which intercalates within the DNA staining the cell nucleus a bright fluorescent

red. On the other hand, the nonfluorescent CM -H2DCFDA is first hydrolyzed to DCFH by
intracellular esterases and DCFH is then oxidized to form the highly fluorescent DCF in the
presence of ROS (Errico C, 2012) . Detection of ROS species by flow -cytometry coupled to a high -
throughput system allows the detection of several early intracellular indica tors at much lower NM
concentrations than those needed for standard cytotoxicity assays.

2.3.4 GENOTOXICITY ASSAYS (Gaiker, KI, NILU, FIOH, GAIKER, ISS -INAIL, ISQ-PToNANO,
UPM, Stora Enso )

2.3.41 Comet Assay

The assay evaluates the presence of DNA damage in eukaryot ic cells by agarose electrophoresis.

If DNA damage takes place, the pattern of DNA migration resembles a comet, hence the name

of this assay. The percentage of DNA in the tail (% tail DNA) is obtained from the analysis as
follows: for each experimental point, the mean % tail DNA of at least 100 comets from enzyme
untreated cells (% tail DNA) is calculated, which indicates the level of direct DNA damage, and
the mean % tail DNA of at least 100 comets from Fpg -enzyme treated cells (% tail DNA enz),
which eval uates the level of direct and oxidative DNA damage.

This assay, however, has not formally been validated, at present, whereas the in vivo counter
part of the comet assay is being evaluated internationally by the Japanese Center for the

Validation of Altern ative Methods (JaCVAM), with the cooperation of the U.S. NTP Interagency
Center for the Evaluation of Alternative Toxicological Methods (NICEATM)/the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM), the European
Centre for the Validation of Alternative Methods (ECVAM), and the Japanese Environmental
Mutagen Society/Mammalian Mutagenesis Study Group (JEMS/MMS). The principle behind this

exercise is to evaluate the reliability and relevance of the assay for identifying gen otoxic
carcinogens, using liver and stomach as target organs. The ultimate goal of this validation effort

is to establish an Organisation for Economic Co -operation and Development (OECD) test
guideline.

Within the NANOREG project  direct DNA damage was asse  ssed calculating for each experimental
point the % tail DNA values of exposed cells normalized in respect to unexposed cells (ratio %

tail DNA values of exposed cells vs % tail DNA values of control cells) and was expressed as fold

of control. Oxidative DN A damage was evaluated in terms of oxidized DNA bases (sites
recognized and cut by Fpg) and calculated deducting % tail DNA from the % tail DNA enz, both

in exposed and unexposed cells.

Fpg comet assay was performed according to the Collins protocol with minor modifications
(Azqueta A, 2014) . From here, a consensus protocol was agreed upon based on experience from
previous FP7 projects and  the expertise of the  partners (Table 1 ).
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Validated for

treatment

cytotoxicity

I . . » .
Cell type Reference product | Incubation time with NP Dosage Cytochalasin B FpG? Technique chemicals?
Comet Assay
RPD=55 + 5% .
AB Y Fl
v Beas-2B, A549 |KBrO3, MMS 24h cytotoxicity NO es uorescent microscopy |,
Cos-1, HEK 293, 75, 15, 3,0.6,0.12, 0 :
NILU TK6 H,0, 2h and 24h mg/cmz Yes Fluorescent microscopy No
INSA-PToNANO A549 EMS 3 and 24h 1 i 128 Og/lcm - Yes Fluorescent microscopy No
= 0,
GAIKER Any Mitomycin C (MMC) 4h RPD 55_i_ 5% No Fluorescent microscopy No
cytotoxicity
LEITAT BEAS-2B MMS 24h 40ug/mL - yes Fluorescent microscopy No
= 0,
Consensus ?? ” ?? RPD 55_i_ 5 % Yes Fluorescent microscopy
cytotoxicity
Micronucleus
assay
CaCo-2, . . RPD=55+5% ) ) OECD TG 487 (except for
ISS Lymphocytes Mitomycin C (MMC) 6 and 24h cytotoxicity Yes Optical microscopy the CaCo-2 cell line use)
TKS, . . ) .
NILU Lymphocytes Mitomycin C (MMC) 24,48 and 72 h Yes Optical Microscopy
TK6, V79, CHO- . . RPD=55+5% OECD TG 487 (except for
GAIKER K1 Mitomycin C (MMC) 1.5-2.0 cell cycles cytotoxicity No Flow Cytometry the TK6 cell line use)
INSA-PTONANO  |A549 MMC 48h RPD = 55+5% Yes - Optical microscopy OECD TG 487 (except for
cytotoxicity the A549 cells)
BEASZ2B, 16
HBE, A549
, f = 0
NANOGENOTOX CaCo-2, Mitomycin C (MMC) 1.5-2.0 cell cycles RPD 55_t_ 5% Yes Optical microscopy OECD TG 487 (except for
cytotoxicity the cell lines used)
Lymphocytes,
NHEK
= +59
Consensus ?? ves (6 after ?? RPD =55 £ 5% Yes Optical microscopy OECD TG 487 modified

Table 1 Consensus over protocols to be

used for comet and micronucleus assays in NANOREG
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2.3.4.2 Mammalian gene mutation test: Mouse lymphoma assay (OECD 490)

Two gene mutation tests have been used to analyse gene mutants namely - Hprt gene mutation
test (OECD, Test no. 4 76: In vitro Mammalian Cell Gene Mutation Test, 1997) and Mouse
Lymphoma test (OECD, Test No. 490: In Vitro Mammalian Cell Gene Mutation Tests Using the
Thymidine Kinase Gene, 2015)

H prt gene mutation test (OECD 476 )

This test was performed on the adherent cell line V79. The HPRT gene is X -linked, with only one
active copy per cell, so that a mutation in only one allele is needed for phenotypic expression.

HPRT (hypoxanthine phosphoribosyltransferase) is a purine salvage en zyme, which
phosphorylates purines and adds them to the cellular DNA precursor nucleotide pool. It is not an

essential enzyme for the cell, and so HPRT mutant cells survive. In the presence or absence of 6 -
thioguanine, a toxic purine analogue that is taken up by wild -type cells which die, HPRT mutant
cells survive and form colonies, which are scored. The mutant frequency is calculated from the

frequency of mutant colonies related to plating efficiency.

Mouse lymphoma gene mutation assay (OECD 490)

A second in vitro mammalian gene mutation test was also established - Mouse lymphoma assay
(MLA) using the thymidine kinase gene ( Tk) following recently approved OECD Guideline No 490
(2015). The assay is a fluctuation assay using microtitre 96 well plates and tr ifluorothymidine

(TFT) as the selective agent.

Thymidine monophosphate (TMP) occupies a unique position in DNA replication. TMP alone does

not undergo significant conversion to other nucleotides. This conservation makes the TMP pool

size quite small and ¢ onstant under normal growth condition, which serves as a regulator for DNA
synthesis. If the TMP is replaced by other lethal TMP analogues, the cell will die. The
phosphorylation of these analogues is mediated by the "salv age" enzyme thymidine kinase ( Tk),
which normally phosphorylates thymidine to TMP in most mammalian cells. Tk-deficient cells lack
this enzyme activity and therefore are resistant to the lethal analogues.

In the ML cel | forward mutation assay, the Tk-competent L5178Y (TK+/+ or TK+/ -) cell s are
treated with the test agents. After expression period (for L5178Y cells expression period is 2

days), the cells are shifted to a selective medium containing the lethal analogue TFT.

Two distinct types of mutant colonies are recognized: large (base -pair substitutions or small
deletions) and small (large deletions and changes involving chromosome 11b (suggesting

clastogenic activity)  (Fig 2) .
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Fig 2 Examples of small and large colonies. For assa y description see the above section

2.3.4.3 Micronucleus assay

The in vitro micronucleus test is one of the tests recommended for the regulatory assessment of
mutagens for pharmaceuticals, chemicals, pesticides and cosmetics. During cell division, if a

chromosome or a fragment of a chromosome is not incorporated into one of the daughter nuclei,
typically as a consequence of genetic damage, it may
micronucle i is traditionally performed on a counting -based methodology under fl uorescence
microscopy. Recently, the use of flow cytometry to detect micronucle i has been accepted by

OECD test guideline 487 (OECD, Test No 487: in vitro mammalian cell micronucleus test,

2014) (see paragraph 43 of  the currentl y adopted guideline from September 26 " 2014).

The flow cytometric  assay relies on two different fluorophores capable of labelling DNA. Ethyl
monoazide (EMA) can label only DNA in damaged cells as it cannot get through the intact or
healthy cell membrane, while SYTOX can label DNA in both damaged and healthy cells as it is
membrane permeable. This allows for the separation of DNA coming from unhealthy cells from
DNA that may come from healthy but still damaged cells.

After sequentially labelling the cells, the cell membrane is destroyed and all organelles, including

nuclei and micronucle i, are released into a buffer. Using differential centrifugation, nucle i and
micronucle i are recovered and either sorted using flow cytometry or scored under a fluorescence
microscope. The difference in size is used to separate nucle i and micronucle i and the differential
EMA or SYTOX staining is used to separate nucle i and micronucle i coming from healthy or
damaged cells. The ratio of micronucle i to nucleus is used to estimate the degree of genotoxicity
of a compound. Within the NANOREG project, a consensus exercise was carried out to agree on

key parameters of the protocol (Table 1 above section).

2.3.4.4 Cell transformation assay

Some of the multiwalled carbon nanotubes (Mirsui -7) a nd also ultrafine TiO , have been classified
as group 2B carcinogens by t  he International Agency for Research on Cancer (IARC) (Grosse Y,
2014) . This raises concern for possible adverse health effects in workers, especially  if t here are

insufficient dust control measures, and also general population. In the lack of human case and
epidemiological studies, m  uch of our knowledge of possible effects of MNMs linked to chronic
exposure of humans, is derived from animal models. There is however, increasing consensus on
restriction on the use of animals (the 3R principle) and substituting animal models with relevant

in vitro cell models, that can be used for testing the transformation and tumorigenicity ability of

MNMs. Mammalian In vitro cell transformation assays ( CTAs) can detect genotoxic, non -genotoxic
and promoter carcinogens. There are some mammalian CTA assays based on rodent cells,

whereas human CTAs are lacking.

The Bhas 42 assay based on Bhas 42 cells originated from BALB/c 3T3 clone transfected withv -
Ha-ras. It is a rodent in vitro carcinogenicity tests measuring morphological transformation of
cells derived from a single cell that can form foci. This CTA can detect both genotoxic and non -
genotoxic carcinogens depending on exp erimental design (cell density, time of exposure, etc.).
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When used as an initiation assay to test tumour  -initiating activity , cells at low -density are treated
with a test chemical for three days, whereas in  a promotion assay for tumour -promoting activity,
near -confluent cells are treated with a test chemical for a period of 1 0 days. The Bhas 42 CTA has
been validated and draft OECD guid eline has been developed. OECD Guidance document on in
vitro Bhas 42 cell transformation assay ( Series on Testing & Assessm  ent No. 231 was approved

on January 8, 2016 ). The assay has already been applied in testing various chemical and physical

agents including particles and NMs. We established protocol for 6 -well plate format . The
morphologically transformed cells in foci are characterized by criss -crossed, piled -up and spindle -
shaped cell growth in contrary with contact inhibited, non -transformed  cells, which grow in a
monolayer . So far several positive controls were tested (Fig 3a) and 5 NMs, two from the
NANOREG core group (NM300K and NM302). Experimental layout is shown in Fig 3b.

Fig 3a Bhas 42 transformation assay. 6 well format. Left part control, right part plates treated with 3 -
methylcholantrene (pg/ml).

Initiation assay:
Cells were seededat a density of 4 x 107 cells/well onto 6-well microplates.

Dayo 1 4 7 1 14 21
! Y AV AV AV

| ] | |
Growth phase Stationary phase

Promotion assay:
Cells were seededat a density of 14 x 10° cellstwell onto 6-well microplates.

Day 0 4 7 b il 14 21
— e — !

Growth phase Stationary phase

W . Medium change with the addition of a test chemical; W - Medium change

Fig 3b Bhas 42 invitro cell transforma  tion assay.

The Human lung transformation assay (hLCTA) developed in the NANOREG project is based on

cells from the bronchus . The cells are immortalized with overexpression of telomerase gene and

cyclin dependent kinase. The cells have normal karyotypes and normal genetic make up. Use of
these cells in the transformation assay will possibly reflect the potential of test MNMs in
neoplastic changes that may occur in the respiratory cells after exposure to the MNMs. The assay

is based on formation and growth of cells and formation of the colonies in soft -agar. Growth of
mammalian cells in soft agar indicates loss of contact inhibition, an important property of tumor

cells towards neoplastic growth (Fig 4).
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e
Fig 4 Human lung transformation assay (hLCTA). H uman Bronchial Epithelial Cells (HBEC -3KT) formed
colonies after 8 -weeks of continous exposure to NM400. Fig shows a representative image of one such
colony (unpublished data generated in NANoReg project)

2.3.5 [IMMUNOTOXICITY ASSAYS (ISS, KI, UNAMUR, FIOH,STORA ENSO, UPM, GAIKER)

The contribution of immunotoxicity studies to the activities of Ta sk 5.5 has been initially focus ed
on the following three aims: i) to evaluate if in vitro immunotoxicity assays performed in the
mouse system are able to give signi ficant results in the study of the impact of NMs on the innate

immune system, with reference to similar assays on human cell components of the immune

system (carried out by other partners in the s ame Task); ii) to evaluate, in selected assays, the

performa nce of primary ex vivo isolated and/or differentiated murine cells of the innate immune

system in comparison with murine cell lines (with the potential aim to reduce the number of

animal employed for primary cells isolation); iii) to evaluate the significa nce and the applicability

of the results obtained in i) and ii) to regulatory purposes, in a critical comparison with the use of

human cells.

Three major endpoints have been selected to assess the impact of four different NMs on the

functional response of  the innate immune system: induction of apoptosis/necrosis evaluated by

flow cytometry analysis (Annexin V/PI staining) ; pro -inflammatory cytokine secretion ( IL-1a JL-
6, IL-8 and TNF-U) as well as anti -inflammatory cytokines (IL -10) were evaluated by
commercially available ELISA systems on culture supernatants . Additional analysis of a panel of

27 human pro - and anti -inflammatory cytokines and chemokines - FGF basic, Eotaxin, G -CSF,
GM-CSF, IFN-A, -1&, -1faLlL -2, IL -4, IL-5,IL -6, IL-7,IL -8, IL -9, IL -10, IL -12 (p70), IL -13,
IL-15, IL -17, IP -10, MCP -1 (MCAF), MIP -1 U, MIar P-BE FRANTES, TNF -U, VEGF

performed on the culture supernatant using multip lex technique based LUMINEX (BioRad ©)
assay). Nitric Oxide (NO) production evaluated by Greiss Reagent Assay on culture supernatants.

Annexin V binds phospholipids (phosphatidylserine) found in the inner layer of cellular
membranes. At earlier stages of ap optosis phosphatidylserine  turn towards the outside of the

membranes, and can be detected by = Annexin V. On the other hand , Propidium iodine represents a
DNA dye only able to bind DNA molecules once membranes have been ruptured, indicating later
stages of a poptosis and necrosis.

Preliminary NMs cytotoxicity evaluation by MTS assay has been carried out to select sub -toxic
concentrations of NMs to be used in functional assays (see below). Three experimental replicates

of functional assays for each of the four NMs, as established in the work program, have been
performed.

The relevant SOPs for the functional assays listed above have been circulated by Partners

involved in the Task 5.5 (for apoptosis/necrosis and pro -inflammatory cytokine evaluation by
Gaiker and for MTS viability assay by UNamur - NanoValid MTS SOP -), or obtained from
Nanotechnology Characterization Laboratory (NO production). They have been adapted to the cell

line used and to the applied experimental conditions. During the set up phase of the functional
assays according to the relevant SOPs, it was reali zed that the use of murine primary peritoneal
macrophage was unfeasible. In fact, the number of cell needed to cover all the experimental

conditions reported in the SOPs (internal replicates, po sitive and negative controls, etc.) and to

produce measurable functional readouts was not compatible with the limited yield of primary cells

from naive mice, thus implicating the use of a too much high number of mice, discouraged for

ethical reasons. As a  consequence, the immunotoxicity studies have been performed on murine

RAW 264.7 cell line only. In parallel, pro -inflammatory effects of several NMs were evaluated on

human monocytic THP -1 cells or on primary gut tissue resident -like macrophages and primar vy
human monocytes by measuring release of several inflammatory cytokines (Table 2 ).
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GROUP

CELL SYSTEM

POSITIVE CONTROL

Time incubation

Suggested SOH

Method

Sample tested

Equipment
. . i 24h Nanonmune/N
GAIKER _Human PMBCs Lipopolysaccaride (LPS; SIGMA /01 ps | CL method ITA ELISA L[ mi £ L82bICLo
Differentiated THRL 1>g/ml. ) -
stimulation) 10
. NANOMMUNE
ISS RAW 2@.7 mouse macrophage cell line LPS (L6529 SIGMAYg/m 24h 3.16v3 Cytokine| ELISA IL10, IL6, TNF = L
measurement
. . Multiplexing
INERIS Differentiated THRL cells (PMA) LPS (L6529 SIGMAYd/ml 24h (ELISA) IL1b, TNFa, IL8 and IL
Immunotoxicity. UNAMUR Differentiated THRL cells (PMA) LPS$igma Cat.#2880) 24h ELISA IL1b, TNFa
Pro-inflammatory _ _
cytokines - TNFh SELINE §
test (TET; for endotoxin
testing).
- Differentiated THRL cells (PMA) Nanommune | - Plate reader. - CytokinesTNFh X-
Kl - Primary human macrophages (HMDM; only for LPS$igma Cat.#2880) 24h and - Multiplex 6, Il-mi =10, W-]12;
endotoxin testing). NanoSolutions | Luminex assay. ChemokineMCR1
(MCAF, CCL2), MiPi %]
MIP-mh ¥ w! b¢9
KC (It1, CXCL8)
CNR Primary human gunssue residerdike macrophages | LPS (from E.coli 055:B5, Sigma 24h In preparation ELISA IL-1b, IL-1Ra, It8, I1-6,
and primary human monocytes ng/ml TNFa
CNR Whole blood assay LPS (from E.coli 055:B5, Sigm 24 h Draft NANOREG ELISA IL-1b, IL-1Ra, It8, I1-6,

2.5 ng/ml

TNFa
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Consensus.

- Human PMBCs (GAIKER)

- Differentiated THRL into macrophages (INERI
UNAMUR, GAIKER)

- RAW 264.7 and mouse macrophages (ISS)

Elisa (GAIKER, IS

Cytokines (Al [ ™
TNFh B12, IL10,

Table 2 Summary of planned activities regarding Immunotoxicity assays.
protocol adapted from Nanomune/NCL method IT

Inflammation o - Primary human macrophag€sMDM) (K1) LPS 24h INERKlls’(l:J,\T%MUR IL6, IL8
- Primary human tissue residefike macrophageg ’ Chemokines (KI)
and primary human monocytes (CNR)
- Whole blood (CNR)
Staurosporine
GAIKER ' Human PBMCs (necrosis)/ Fasctivating ab and 24h Nanommune FACs Annexin V/PI
Differentiated THR cells - -
Fasor Camptothecir{apoptosis)
Immunotoxicity.
Apoptosis/Necrosis Staurosporine (necrosi§$5921,
detection . Sigma) p > a Nanommune )
ISS Mouse macrophages from peritoneal lavage Camptothecin (apoptosis) 24h 3.6v1 FACS Annexin V/PI
(C9911 SIGMA)et > a
INERIS Differentiated THR cells (PMA). Camptothecin (Apoptosis) 24h FACs Anrexin V/PI
° R AEAES (SR ) Stau?c?sp e:r?:eo(zg::?o(;?s")“(r(fAIKE
Consensus. - Differentiated THR cells into macrophages (INERI p Annexin V/PI (GAIKER
: . - ISS) 24h FACs
Apoptosis/Necrosis GAIKER) A q ISS, INERIS)
M it | h 1SS Camptothecin (apoptosis)SS,
ouse peritoneal macrophages (ISS) INERISGAIKER
UNAMUR Differentiated THRL cells (PMA) Stagrg;g(zrlne 24h Interlaboratory Plate reader Viability assays (MTS)
GAIKER Differentiated THR cells (PMA) Cds04 24h Interlaboratory Plate reader Viability assays (MTS)
Immunotoxicity.
Cytotoxicity DMSO will be evaluated as a
Kl Differentiated THR cells (PMA) positive control along with 24 and 48 h Nanommune Plate reader Alamar Blue
methotrexate and etoposide
NCL Method Greiss Reagent
ISS RAW 264.7 mouse macroage cell line LPS (L6529 SIGMA) 1@gml. 48h ITA7 Spectrophotomet NO
’ ric Method

Regarding immunotoxicity partners followed Gaiker’s
A-10). Where possible partners used LPS L2880
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2.4 Results

2.4.1 PHYSICO-CHEMICAL CHARACTERISATION
Data on physico -chemical analysis of NANOREG benchmark material (NM200) as well as for any
other core material under study is provided in each ISA -TAB sheet submitt ed to the Project Office
and will not be included in this document. All partners followed the Minimal Guidance Document
from NANOREG which imposes continuous monitoring of NM physical state prior, during and after
experimentation in both batch and cell cul ture mediaby CLS or DLS analysis and TEM analysis .

2.4.2 ENDOTOXIN TESTING OF CORE NANOREG MATERIALS

As a result from this activity, a protocol for endotoxin testing of NM has  been developed and it is
attached to this document in the Annex Section.

Results :

CORE MATERIALS NANoOREG

1 |NM100 (JRCNM1000a) | TiO2 <1.0 EU/mg
2 |NM101 (JRCNM1001a) | TiO2 0.52 EU/mg
3 |NM103 (JRCNM1003a) | TiO2 0.50 EU/mg
4 |NM110 (JRCNM1100a) | ZnO <0.4 EU/mg
5 |NM111 (JRCNM1101a) | ZnO <0.1 EU/mg
6 |NM200 (JRCNM2000a) | SiO2 0.27 EU/mg
7 |NM203 Sio2 <1.0 EU/mg
8 |NM212 (JRC2102a) Ce02 <0.8 EU/mg
9 |NM220 BaSO4 0.13 EU/mg
10 | NM300OK <20 nm Ag <3.2 EU/mg
11 | NM300Kdis fluid <0.1 EU/mg
12 | NM302 Ag rods <0.1 EU/mg
13 | NM400 MWCNT bad dispersion
14 | NM401 MWCNT bad dispersion
15 |NM411 SWCNT bad dispersion
16 | Fine NFC cellulose 2.42 EU/mg
17 | Medium coarse NFC cellulose 1.16 EU/mg
18 | UPM Biofibrils AS cellulose <0.2 EU/mg
19 | UPM Biofibrils NS cellulose <0.1 EU/mg
20 | Bleached birch pulp cellulose <0.1 EU/mg
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2.4.3 Viability assays

Cell lines an _d NM concentrations and exposure times

Cell lines were distributed by GAIKER (THP -1), ISS (Caco2), BAUA (A549) and Karolinska
Institutet  (Beas -2B). Other cell lines were obtained from partner “s cell culture repositories
(derived from commercial sources).

Cell culture Media:
1 Caco2 : cultured in DMEM high glucose with 10% of FBS (not inactivate), 1% of PEST and
1% of NEAA to 80 -90% confluence prior to experimentation.

HepG2 : cells were cultured in EMEM media supplemented with 10% serum.

3T3 : Balb/c 3T3 cells were used as test system (mouse fibroblasts. ECACC Catalogue No.
86110401). DMEM + Glut +5% FBS+ 5% NCS + 100 U/ml Pen /Strep. Once thawed, cells
were routinely grown as monolayer in tissue culture grade flasks in a humidified atmosphere

at 37°C and 5% CO 2/air, and they were sub  -cultured when they exceeded 50% confluence
(but less than 80%). 24 hours before the performance of the assay the cells were
trypsinized, counted and a cell suspension of 50,000 cells/ml was prepared. 200 pl/well of

the cell suspens ion were dispensed in 96 wells plates (10,000 cells/well) with a multichannel

pipette except in the peripheral wells. Plates were incubated at 37°C, 5% CO2/air for 24

hours in a humidified atmosphere.

1 BEAS-2B: cells were cultured in BEGM medium using flask coating with collagen and

albumin. Cells (8x10 4 cells/well) were seeded into 24 multi -well culture plate (15.6 mm well
diameter ) and cultured for 48 h before the exposure. S emiconfluent cell cultures were
exposed for 24 h to the previously identified conc entrations (0.1, 1, 10 and 100 pg/ml).

1 A549 : human | ung carcinoma cell line maintained in culture as monolayer following
BAUA protocols. In general cells were seeded at a concentration of 10° cells / 75 cm?in a
medium containing DMEM and FBS. Experiments were carried out when cells reached a
confluence of 80 -90%.

1 THP-1. Human monocytic THP -1 cells were maintained in culture following the NanoValid
THP-1 cell culture SOP. After agreement from NanoValid project, UNamur transferred this
SOP to Task 5.5 leade r for sharing between partners. A common FBS batch was used by all
partners working with this cell line . Cells were grown in RPMI 1640 containing glutamax and
Hepes (Gibco -Invitrogen) + 10 % FBS heat inactivated ( 30 min at 56°C) . THP-1 cells we re
maintaine d at 2 -8 10° cells/ml. Differentiation of THP -1 cells was induced by adding 0.5uM
phorbol 12 -myristate 13 -acetate (PMA, Sigma) for 24 h . Differentiated cells were washed

with Phosphate Buffer Saline (PBS, Sigma) before NPs exposure. For viability assays,
differentiated THP -1 cells were used at 50,000 cells/well into 96 -well plate. For measurement
of IL-1a an d-UTsétketion, THP -1 cells were seeded at 300,000 cells/well into 24 -well
plate to respect the same amount of cells per cm2? between different well -plate. 1%
antibiotics ( penicillin T streptomycin) was added into the med ia only during incubation with
NPs.
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2.4.3.1 MTS viability assay

The NanoValid procedure, including the control reagent CdSO 4, was followed. Experiments were
carried out with 6 different cell lines representing main exposure routes (3T3 fibroblast, liver

HepG2, intestinal Caco2, alveolar epithelia A549, bronchial BEAS -2B and monocytic cell line
THP-1). Several concentrations were considered for both positive control CdSO 4 (150, 125,
100, 75, 37.5 and 0 uM) and NPs (100, 50, 25, 10, 1 and 0 pg/ml). To ensure that all cells
were exposed to same amount of solvent, control (CTL) cells were incubated in cell culture

medium containing water T 0.05% BSA = dispersant (for NM300K and NM302 NPs provided as
suspension). The layout of the 96 wells plate used in this task is i llustrated in Fig 5  (Rosslein
et al., 2015)

112/ 314/ 516,718 9] 1011 12

" 000000000000
Bl (N CYANNNONC
ofel 17 QO 0nM CdSO  or O pg/ml NPs
G .I"H\f s -y :% ( { i I f
D —_— e 37.5uM CdSO 4 or 1 pg/ml NPs
P . 75 uM CdSO 4 or 10 pg/ml NPs
E S—=1 100 uM CdSO 4 or 25 pg/ml NPs
125 uM CdSO or 50 pg/ml NPs
G . H 4 Hg
H . 150 uM CdSO 4 or 100 pg/ml NPs
ARIER IR IEEIR IR IR
2l2lglglglBliplelelels 3
Gioio 2
CdsSQ, (Control +) NP
Fig5 96 well plate layou tused with in MTS assay . The blue and hatched wells contain cell culture medium
+ antibiotics with 3.9% of NPs solve nt ( 0.05% BSA -water = dispersant for NM300K and NM302) . On the
left section of the plate, cells were exposed to increasing concentrations o f positive control ( CdSO,,
columns 3 -5, red) whereas cells were incubated with increasing concentrations of NPs ( columns 8 -10) in
the right part (green) of well plate. Concentrations of NPs and BC considered in this study are indicated on

the right. Black wells are filled with medium or sterile PBS to avoid edge effects.

MTS cell survival determination was carried out following the procedure described in the

protocol. Corrected raw values by subtracting blank values (Absc) were calculated and the
percentage of cell survival was calculated as follow: % cell survival = (individual Absc treated

cells / average Absc non  -treated cells) x 100.

In NanoValid MTS viability assay SOP, several important points were considered in an effort to
minimize as much as possib  le risk of NMs interference with this assay:

1) After NMs exposure, cells are washed with culture medium in order to eliminate as much as
possible the sedimented NMs before incubation with MTS substrate.

2) Following the incubation of cells with MTS subst rate, colored solution is transfer red to a new
well plate to reduce risk of interference of potential NMs agglomerates that could still stick to
cell surface.

3) As shown in Fig 5, cell -free blank media containing the different NMs concentrations
(columns 11 and 12) have been included in the 96 cell plate layout. Subtraction of their O.D.

values to the absorbance values of corresponding cells incubated with the same NMs
concentrations allows to take into account the background absorbance of potential resid ual
NMs and therefore interference with MTS measurements.

Low cell survival values (2  -24%) were measured for all the experiments in the presence of the
highest CdSO , concentration (15 0 T M), confirming t he t prati this ef f e
concentration on the different tested cell lines.
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A total of 18 NMs were screened at 24 h. Results are shown in Fig 9 at the end of the viability
section. In general toxicity was only observed for NM110 a nd NM111 in all cell lines tested.
Particular organ dependent toxicity was found for NM401 in THP -1 and for NM300K in HepG2.

MTS interlaboratory study

As a follow up from the above section an interlaboratory exercise (IS ) was performed among 4
differe nt partners  with NM110, NM200, NM300K and NM400 and 2 cell lines ( A549 and THP -1).
Prior to the study, cell typi ng was carried out both in A549 cells and THP -1 for authentication
Results were collected and process ed by Empa from four different lab oratori es. Gaiker and IEM
did both cell lines, whereas TCD did t he A549 and Namur did the THP -1. Empa calcula ted for all
the results that have been received the TC g, values using a toll  that also calculated the proper
95% confidence interval. So it reflects quite well some differences,  between rounds or variability

of the three tec  hnical replicates on the plate.

1) CdSO,: Gaiker “s and TCD results are in line with the expected value for TC 50 of CdSO , with
A549 (Fig 6A) . It seems that there is some variability with the THP -1 cells (Fig 5B) . One can
assume that it could partly be caused by the differentiation of the THP -1 cells.

2) NMs: Gaiker has a quite good a  greement with the results of IEM on A549 cells with NM110
It is important to stress that some NPs were f ound non toxic in the strict sense. This means that
it was not possible to calculate a proper TC 50 value , and, even if some toxicity may be found at
the highest concentrations, it is difficult to calculate a toxicity level .

Results for the IS were produce d for THP-1 cells (UNAMUR, IEM, GAIKER) and A549 (TCD, IEM,
GAIKER). Results are indicated below:
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Fig 6 Results of the IS . A. A549 cell line with all 4 NM plus variability of results with positive control (A. upper
side of figure) and B. THP-1 cell line with all 4 NM plus variability of results with positive control ( B. upper side
of figure ). Color codes A section (red: NM110; green : NM200; blue : NM300K and purple : NM400). Color codes

B section (red: NM110; green -brown: NM200; green -blue: NM300K; blue: NM400 and purple: NM302).

2.4.3.2 Alamar blue

The Alamar blue assay was performed following the NANOMMUNE protocol. Loss of cell viability was

analysed for 3 h (NILU), 24 h (KI, NILU, GAl KER) and 48 h (KI) exposures
viability percentagedé for exposure versus negative contg ol
BaSO, CeO,, SWCNTs, and nanocellulose were non -cytotoxic at all the concentrations (1 -100
pg/mL) and time -points (24 h and 48 h) tested while cytotoxicity was e videnced for the other
nanomaterials. The cytotoxicity results were summarized in the Table s below (GAIKER) and as a
heatmap to more readily visualize the results (Kil).

Results after 3 h (NILV)

Alamar Blue was used together with the comet assay. NILU tes ted all NANOREG NMs (18 NMs
altogether).

In general no toxicity was observed but for NM300K, TiO,-NM100, CeO ,-NM212, ZnO -NM110 and
NM103 which were toxic after 3 h but recovery was already observed after 24 h. Ag-M300K showed

a significant decrease compar ed to negative control with 60% viability at a dose of 1lug/cm 2

decreasing to 50% at high concentration. Comparing the five nanomaterials after 3 h exposure,
silver is the most cytotoxic.

After 24 h, different patterns of behaviour of the NMs were observed . TiO ,-NM100 and CeO ,-NM212
showed no decrease in cell functionality and surprisingly cell functionality after exposure to Ag -
NM300K increased compared to 3 h, indicating that A549 cells were able to recover. On the other
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hand, we observed that with zinc N Ps, cell viability decreased to about 50% at 3 pg/cm 2 and 20% at
10 pg/em 2.

Interference with the assay was found for NM101 and NM212 for concentrations higher that 75
pg/cm 2 and for NM103 for concentrations of 50 pg/cm 2 Control for interference of NM wi th
detection methodologies includes incubation of NM with cell culture media only.

Results after 24 h. exposure (GAIKER)
Gaiker explore de suitability of the Alamar blue assays by exposing cells representing 6 target
body sites (liver, fibroblasts, immu ne, lung and intestinal) to 10 NANoOREG core materials.

Results are shown in the Table s underneath and may be summarized as follows

3T3 fibroblast cell line

Ranking toxicity NM110>NM400>NM401>NM100

No toxicity NM101=NM200=NM212=NM220=NM300K

HepgG2 liver cell line:

Toxicity ranking NM110> NM300K

No toxicity NM100=NM101=NM200=NM203==NM212=NM220=NM400

A549 lung alveolar cell line:
Toxicity ranking NM401>NM110

No toxicity NM100=NM101=NM200=NM203=NM212=NM220NM400

THP-1 Monocyte peripheral blood cell line :

Ranking toxicity NM401>NM400
No toxicity: NM100=NM101=NM203=NM212=NM220

Caco? intestinal cell line:
Toxicity ranking: NM300K>NM401>NM400

No toxicity: NM100=NM101=NM200=NM203=NM212=NM220

Results 24 h and 48 h (Kl)

Based upon IC 5, analysis (Fig 7), the toxicity of the NANOREG panel of nanomaterials can be
categorized accordingly: at 24 h: 100 ug I TiO2 (NM 100, NM 101, NM 103), SiO2 (NM 200, NM

203), Ce02 (NM 212), BaSO4 (NM 220), Carbon nanotubes (SWCNTSs), Nanocellulose (NFC ; Enso
Fine NFC, Ens o Medium Coarse NFC, UPM Biofibrils AS, UPM Biofibrils NS, and bulk sized UPM
Bleached Birch Pulp), and at 48 h: 100 pg T TiO2 (NM 100, NM 101, NM 103), CeO2 (NM 212),
BaS0O4 (NM 220), Carbon nanotubes (SWCNTSs), Nanocellulose (Enso Fine NFC, Enso Medium Coarse
NFC, UPM Biofibrils AS, UPM Biofibrils NS, and bulk sized UPM Bleached Birch Pulp).  Since the Ag
NPs were suspended in an organic dispersant (NM 300K: 10% w/w and NM 302: 8.6% wi/w), the

PMA transformed THP -1 cells were exposed to equivalent weight of d ispersants present in the Ag NP
samples. However, no loss of cell viability was observed in the PMA transformed THP -lcellsup to
the highest measured concentration and time -point. As a positive control we have applied 3
chemicals namely, DMSO (50 pL/mL), and the two chemotherapeutic drugs, Etoposide (30 uM) and
Methotrexate (100 uM). We found the DMSO as the most sui table positive control for the PMA
transformed THP -1 cells causing >50% loss of cell viability at 24 and 48 h while the other drugs

were not ¢ ytotoxic for the present cell model at the doses used.
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Fig 7 Heatmap depicting the loss of cell viability in PMA differentiated THP -1 cells (see immunotoxicity section)
exposed to different concentration s of the indicated NM  for 24 and 48 h. Cell viabil ity was measured using

Alamar blue assay. Based on these studies along with the exhaustive physicochemical characterization of the
nanomaterials provided by the JRC, one may begin to draw conclusions regarding the association between
cytotoxicity /immunotox icity in differentiated THP -1 cells (a model of human macrophages) and their
physicoche mical properties.

2.4.3.3 Neutral red uptake (NRU)
The following protocol is a modification from the OECD guideline 432 (OECD, Test No. 432: In Vi  tro
3T3 NRU Phototoxicity Test, 2004) performed without exposing the cells to a source of light. Cells
were exposed to NM for 24 h . Concentrations range from 01. -100 pg/mL. A control experiment to

detect interferences with detection methodologies was inc luded (incubation of  nanomaterials without
cells). The r esults are shown below:

3T3 cell line: Mouse fibroblast cell line

Toxicity ranking NM110
No toxicity NM100=NM101=NM200=NM203= NM300K =NM212=NM401
HepG2: Human hepatocellular carcinoma
Toxicity ranki ng NM300K>NM110
No tox icity NM100=NM101=NM200=NM203= NM212=NM220=NM400 =NM401

A549: Human lung carcinoma cell line

Toxicity ranking NM  110>NM300K
No toxicity NM100=NM101=NM200=NM203=NM212=NM220=NM400=NM401
THP-1: Human monocyte peripheral blood cell line d erived from acute monocytic leukaemia
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(further discussed under the immunotox section)
Ranking toxicity NM401>NM400
No toxicity: NM100=NM101=NM203=NM212=NM220
Caco2: colorectal adenocarcinoma cell line

Toxicity ranking: NM110>NM200

No Toxicity NM101=NM203 =NM212= NM400

2.4.3.4 Lactate Dehydrogen ase (LDH)

Nanofibrillar cellulose materials (1 -4) and bulk -sized reference material (5) were assessed for

cytotoxicity in human THP -1 derived macrophages at 1, 10, 100 and 1000 T g/ml after3 -h, 6 -h,
and 24 -h treatments. All celluloses were cytotoxic in THP -1 cellsat 1000 1 g/ml, which was,

however, not considered to be a biologically relevant dose. At the lower doses, cytotoxicity in THP -

1 cells was only found for NFC 2.

This as say was also used to assess the cytotoxicity potential of several NMs. Preliminary
toxicological experiments showed interference of the tested TiO » nanomaterials with the selected
cytotoxicity assays, namely absorption of LDH on the nanoparticle surface in the LDH assay at high
tested doses (reported by 1 partner) . This assay was found to interfere with the serum present in

the cell culture media and could only be use d with the bronchial cell line BEAS -2B since it grows
without serum  (as suggested by one pa rtner). R esults are summarized in Fig 9.

2.4.3.5 Colony forming efficacy
The CFE is a clonogenic assay that measures the ability of a single cell to form a colony. This invitro
assay can be used to determine cytotoxicity induced by NMs. It can be performed withan y adherent
cells that are able to form colonies (e.g. A549, V79 cells, etc).

NILU and INSA -PToNANO used CFE assay with A549 cells based on the cells seeded in a dish at a

low cell density, treated with the NMs and cultured for several days to allow the fo rmation of
colonies. Changes in cell viability after treatment with a NM will result in a decreased number of

colonies formed in comparison to the negative control (untreated cells) or solvent control (cells

exposed to the solvent used for NMs synthesis an d dispersion or for dissolution of chemicals).
Cytotoxicity (inhibition of colony formation) was expressed as percentage of CFE with respect to the
negative or solvent control. NILU and INSA -PToNANO tested 10 NMs. CFE of A549 cells exposed
with NM100, NM11 0O, NM212 and NM300K show cytotoxicity of NM300K and NM110 but not
NM100 and NM212 (Fig 8). In addition, INSA -PtoNano tested also NM400, NM401, NM402 and
NM403 and all MWCNTS were cytotoxic (Fig 9).

Cytotoxicity CFE
= 1
-
S508
=
g %0.6 —#—-NM110 ZnO
> =
7 £ 04 —o—NM300K Ag
o
T 202 —4—NM212 Ce02
059
S 0 —a—s——8—a—a—a—a——=

a —=8—NM100 TiO2
0

0 0 0 0 0 0 0 0 0
Concentration pg/cm?2

Fig 8 Colony forming efficiency of A549 cells expose d with NM100, NM110, NM212 and NM300K .
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Plating efficiency
Cytotoxic effects of NM100, NM10 1, NM212, NM302 and NM401 were also measured by the Plating

efficiency (PE %) in V79 cells as part of HPRT mutation test. Cells were treated in monolayer and
cytotox icity was examined  after 24 h exposure . Immediately after the exposure 50 cells per dish

were inoculated and the number of cell clones was calculated after 7 days of incubation. Cytotoxicity

of MMS has not been observed (PE = 97.99 + 6.14%). The same proto col was applied to A549 cells

that were exposed (24 h') to NM100, NM101, NM200, NM212, NM220, NM300K and NM401.

Overview of cytotoxicity assays
As explained above different methodologies were used to assess for basic cytotoxicity. In

general NRU and MTS we re more sensitive that Alamar blue. One partner reported interfere nce
of TiO, with the LDH assay and the serum present in the cell culture media. An overall
comparison between different cytotoxicity methodo logies is represented under Fig 6.
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>50 -100 pg/mL and green: no toxicity observed. CFE (Colony forming efficiency). Blue represents
inconsistencies between partner results. White: not tested.

Evaluation of different dispersion protocols on NM toxicity

Several studies have previously shown that the dispersion procedure could modify the toxic effect of

NMs (Vankoningsloo S, 2010) . In order to evaluate the impact of the dispersio n procedure on their
toxicity, w e compared the toxicity of selec ted NMs dispersed either by sonication (Nanogenotox
protocol) or by stirring (magnetic bar for the same time as sonication) or without any dispersion

method (Ag NMs) on THP-1 cells. Three experiments (run s) were conducted independently to
evaluate the intr a-laboratory reproducibility of the results. Comparison of sonicated and non -
sonicated NMs was done at each run.

NM200 NMs
SiO, NM200 induced a limited dose  -dependent toxic effect on THP -1 cells after 24 h of incubation

independently of th e dispersion p rocedure (Fig 10). Interestingly, a significant higher toxicity was
observed for sonicated SiO , NMs at the highest concen  tration (100 pg/mi, Fig 10C).

A 120 Sonicated $i02 NPs NM200 srun1 | B) o Stirred 5102 NPs NM200 ahunt
HRun2 BRun2
=100 - -
g ;
5 80 <
g g
£ 0 £
2 | E
g® g
S0 =
0 = R
0 1 10 25 50 100 5
NPs concentrations (pug/ml) NPs concentrations pg/ml)
Q) 1 5i02 NM110 (sonicated)
100 i T T W Si02 NM110 (stirred)
E *
%5 80 | 1
& I
:E- 60
S
Q
3- 20 +
0
0 1 10 25 50 100
NPs concentrations (pg/ml)
Fig 10 Evaluation of the toxicity of SiO, NMs. THP-1 cells were incubated with and without increasin g
concentrations of sonicated (A) or stirred SiO, NMs (B) for 24 h . (C) Average of three independent experiments
(run s). The impact of NMs on the THP -1 cell viability was studied using MTS assay. Results are expressed as
means + s.d. (n = 3), and presented as percentages of non -treated (CTL) cells. * P < 0.05 vs. s tirred

condition (Data were arn-dbtg)zed by Student bs

Impact of dispersion procedure on agglomeration state of SiO > NMs was evaluated by CLS.  Results
were expressed in relative weight to r eveal the size distribution of NMs agglomerates and in relative
particle number to distinguish the size distribution of individualized NMs. The maximal values in
each sample were arbitrarily set to 100% and correspon d to the main peak (see Fig 11) when
sev eral peaks were detected. Size distribution was analy zed on three independent experiments. One

or two asterisks (*) were indicated when one peak was observed in only one or two of the different

replicates respectively. We also considered the influence of ¢ ulture medium used as a blank in
measured size distributions.
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Fig 1 1 Size distribution analysis of sonicated and stirred SiO 2> NMs in water T 0.05 % BSA stock solutions or in
THP-1 cell culture medium by centrifugal liquid sedimentation. (A -B) Rep resentative Size distribution profiles
(one run). Results are displayed as relative SiO 2 NMs weight distribution against the hydrodynamic diameter.
Maximal values in each sample were arbitrarily normalized to 100. A) Size distribution profiles were obtaine d
for sonicated and stirred SiO  , NMs in water -BSA stock solutions or after dilution at 100 pg/ml in THP -1 cell
culture medium (0 h). (B) Size distribution profiles of sonicated and stirred SiO > NMs after dilution at 100 pg/ml

in THP -1 cell culture medium w  ere compared after 0 h or 24 h of incubation. (C -D) Size of peaks detected in
different solutions (water i 0.05 % BSA stock solution and THP -1 cell culture medium) after different
incubation times for both stirred (C) and sonicated (D) SiO » NMs. Main peak corresponds to the maximal values
measured in each sample. Size distribution was displayed in relative weight (w) or number (n). Results of 3

independent measurements are indicated. * corresponds to a peak detected in only one of the replicates. **

corresp onds to a peak detected in only two replicates. When no clear peak could be detected we indicated N.D.

= not detected. PDI is defined as the average diameter from the weight related distribution divided by the
average diametre  from the number related distr  ibution.

Analysis of both sonicated and stirred SiO > NM200 NMs size distribution in water stock solution
indicated SiO , NM200 NMs mainly formed  agglomerates. As shown in Fig 1 1, one main peak
centered on 1158 = 163 nm for sonicated NMs or on 1608.9 = 69.4 nm for stired NMs was
measured. Dilution at 100 pg/ml (highest concentration used in in vitro assays) in THP -1 cell culture
medium slightly reduced the size of both sonicated and stirred SiO > NM200 NMs agglomerates
suggesting a dAdisper dumn Figsell € and t1DD). inferestmgly, size of NM200 NMs
was always lower after sonication in comparison with stirred NMs regardless of incubation time and
nature of solution indicating a better dispersion after sonication. No important difference was

noti ced between NM200 NMs diluted ate either 100 or 10 pg/ml regardless of incubation time.

Analysis of size distribution in relative number revealed presence of one peak (corresponding to the

primary particles) around 30 -70 nm in all solutions with no big dif ference due to incubation time or
nature of solution.

All together, these data suggest that a better dispersion due to sonication (agglomerates with

smaller size) could explain in part the highest toxicity of sonicated SiO 2> NM200 NMs at 100 pg/ml on
THP-1 cells. All together these data suggest that dispersion method can impact on the toxicological

effect of SIO , NM200 NMs.

Toxicity of SiO , NM200 was also investigated on different cell type s such as human intestinal
Caco2 cells or human alveolar A549 cells. However, no or very limited toxicity of SiO > NM200 was
observed after 24 h or 48 h of incubation on either Caco2 cells ( Fig 12) or A549 cells ( Fig 13)
independently of the dispersion method suggesting a cell type  -depending effect of SIO , NM200 .
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Fig 12 Evaluation of the effect of SiO, NPs onthe Caco2 cell viability. Caco2 cells were incubated or not with
increasing concentrations of sonicated (A) orstirred SiO, NPs (B) for 24 h.C), Caco2 cells were incubated for
48 h in presence or not of increasing concentrations of sonicated or stirred SiO, NPs. The impact of NPs on
the Caco2 cell viability was studied using MTS assay. Results are expressed as means + s.d. (n = 3), and

presented as percentages of non -treated cells. *: P < 0.05 vs. stirred condition (Data were analyzed by
St ud e b-tesiss.
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Fig 13 Evaluation of the effect of SiO, NPs on the A549 cell viability. A549 cells were incubated or not with

increasing concentrations of sonicated or stired SiO, NPs for 24 h (A)or 48 h (B). The impact of NPs on the
Caco2 cell viability was studied using MTS assay. Results are expressed as means + sd. (n = 3), and
presented as percentages of non -treated cells.

Size distribution analysis of both sonicated and stirred SiO , NM200 in Caco2 cell and A549 cell
culture media revealed no significant difference related to dispersion method (Fig 14 and 15), SiO,
NM200 mainly forming agglomerates  with similar sizes . No important effect of 24 h of incubation
was noticed on NM200 size distribution. After 48 h of incuba tion in cell culture me dium, size of

NM200 agglomerates (without difference related to dispersion method) was lower suggesting a
idi spersant effectd of medium over ti me.
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A) Concentration Incubation Dtwctet pmk {ren) In
NM Dispersion method Dispersion medium . relative weight (w) or PDI
(mg/ml) time i
relative number (n)
1011.5 (w)
Stock solution 2.56 0 5.49
39,73 (n)
1140.76 (w)
Caco-2 cell culture medium 0.1 0 7.82
n.d.
Si02 NM200 No sonication 1019.71 (w)
Caco-2 cell culture medium 0.1 24 15.45
n.d.
759.03 (w)
Caco-2 cell culture medium 0.1 48 16.78
38.3(n)
B)
. . Detected peak (nm) in
NM Dispersion method Dispersion medium COnEEitan Incu.batlon relative weight (w) or PDI
(mg/ml) time .
relative number (n)
1068.62 (main peak, w)
Stock solution 2.56 0 146.54 (w) 7.44
64.02 (n)
977.15 (main peak, w)
140.05 (w)
NM200 SiOo, Sonicated Caco-2 cell culture medium 0.1 0 12.47
(Nanogenotox) 49.84 (n)
934.44 (w)
Caco-2 cell culture medium 0.1 24 15.14
n.d.
n.d.
Caco-2 cell culture medium 0.1 48 /
n.d.

Fig 14 Size distribution analysis of sonicated and stirred SiO

Caco2 cell culture medium by centrifugal liquid sedimentation. (A
solutions after different incu

weight (w) or number (n). When no clear peak
defined as the average diameter

number related distribution.

from the weight

> NMs in water

i 0.05 % BSA stock solutions or in
-B) Size of peaks detected in
bation times for both stirred (no sonication, A

the different

) and sonicated ( B) SiO , NMs. Main
peak corresponds to the maximal values measured in each sample. Size distribution was displayed in relative

could be detected we indicated n.d
related distribution divided by the average diametre

. = not detected.

PDI is
from the
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A
) Concentration Incubation Betetid pesk Jum} o
NM Dispersion method Dispersion medium . relative weight (w) or PDI
(mg/ml) time i
relative number (n)
1011.5 (w)
Stock solution 2.56 0 5.49
39.73 (n)
1177.46 (w)
A549 cell culture medium 0.1 0 5.69
Si02 NM200 No sonication N.D.
1122.7 (w)
A549 cell culture medium 0.1 24 13.32
N.D.
691.355 (w)
A549 cell culture medium 0.1 48 10.54
47.55 (n)
B) . . Detected peak (nm) in
NM Dispersion method Dispersion medium Consertration Incu‘batmn relative weight (w) or PDI
(mg/ml) time )
relative number (n)
1068.62 (main peak, w)
Stock solution 2.56 0 146.54 (w) 7.44
64.02 (n)
958.08 (w)
A549 cell culture medium 0.1 0 10.65
51.62 (n)
Si02 NM200 Sonicated 724.99 (main peak, w)
(Nanogenotox) 548.72 (w)
A549 cell culture medium 0.1 24 469.87 (w) 20.1
386.22 (w)
39.59 (n)
641.05 (w)
A549 cell culture medium 0.1 48 20.97
37.64 (n)
Fig 15 Size distribution analysis of sonicated and stirred SiO > NMs in water T 0.05 % BSA stock solutions or in
A549 cell culture medium by centrifugal liqui d sedimentation. (A -B) Size of peaks detected in the different
solutions after different incubation times for both stirred (no sonication, A) and sonicated (B) SiO 2 NMs. Main
peak corresponds to the maximal values measured in each sample. Size distribution was displayed in relative
weight (w) or number (n). When no clear peak could be detected we indicated n.d. = not detected. PDI is
from the

defined as the average diameter

number related

distribution.

from the weight related distribution divided by the average diametre

All together, these data suggest that dispersion method had no impact on the size distribution of

NM200 in case of experiments conducted on
of difference of toxic effect

between sonicated

and stirred NM200 on

Caco2 and A549 cells. This could explain the absence

Caco2 and A549 cells.
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NM110 NMs

A limited toxic effect of ZnO NM110 NMs was measured after 24 h of incubation independently of
the dispersion procedure ( Fig 16). As observed for NM200, sonication increased, at the highest
concentra tion, the toxic effect of ZnO NMs even if the difference with stirred NMs was not
statistically significant (  Fig 16C). However, this difference was observed between sonicated and

stirred ZnO NMs in each independent run at 100 pg/ml confirming the tendency of a more important
toxicity induced by sonication (compare  Figs16A and 1 6B).

A Sonicated ZnO NPs NM110 ®Run1 B Stirred ZnO NPs NM110 ®Run 1
WRun2 WRun2

Run3 100 - =Run3

8

&

Cytotoxicity (% of CTL)
]

Cytotoxicity (% of CTL)
3

=]

o 1 10 25 100 0 ¢ 10 5 50
NPs concentrations (ug/ml) INPs concentrations (pg/ml)
C 5 m ZnO NM110 (sonicated)
W ZnO NM110 (stirred)
E
£
o 1 10 25 50 100
INPs concentrations (pg/ml)
Fig 1 6 Evaluation of the toxicity of ZnO NMs. THP-1 cells were incubated with and without increasing
concentrations of sonicated (A) or stirred ZnO NMs (B) for 24 h. (C) Av erage of three independent experiments
(run s). The impact of NMs on the THP -1 cell viability was studied using MTS assay. Results are expressed as
means *s.d. (n = 3), and presented as percentages of non -treated cells.
Impact of dispersion procedure on a gglomeration state of ZnO NMs was evaluated by CLS. Analysis
of both sonicated and stirred ZnO NMs size distribution in water stock solution showed pr esence of
one main peak centered on 236.9 £ 45.1 nm for sonicated NMs or on 374.6 + 9.2 nm for stirred
NMs indicating a better dispersion after sonication (Fig 17) .
Dilution at 100 pg/ml (highest concentration used in in vitro assays) in THP -1 cell culture medium
slightly reduced the size of both sonicated and stirred ZnO NMs agglomerates suggesting a
idi ssppent effecto of 70madli7/Dm ( Fi g 1
Analysis of size distribution at 10 pg/ml in THP -1 cell culture medium was more challenging due to
too low NMs concentration.
A) 100 . B) 100
9 (! - 9
W —Stirred ZnO NPs (100pg) THP1 —Stirred ZnO NPs (100ug)
80 ‘ medium Oh 30 THP1 medium Oh
—Sonicated ZnO NPs — Sonicated ZnO NPs
70 | (100ug)THP1 medium Oh (100ug) THP1 medium Oh
= ‘ Stirred ZnO NPs stock o0 Stirred ZnO NPs (100ug)
2 60 [ 5 60 THP1 medium 24h
s —Sonicated ZnO NPs stock ﬁ _ﬁg'f?::?ﬁi:?g:s (100ug)
£ 50 2 50
= s
& 40 2 a0
30 30
20 20
10 10 .
0 0 i f
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Hydrodynamic diameter (nm) Hydrodynamic diameter (nm)
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<)

D)

Run 1 Run 2 Run3 Average
& Concentration Detected In relative Detected peak {nm) in relative DUfuEeE Do ) b b Detected peak [nm) In relatve wel
Dispersion method Dispersion medium s Incubation time uqmmmw;:mmmm »OI wﬂmluﬂ:‘l Imlmlnl POl mmth)w;;mnwbu pOI M: { }numbﬂ'(n] ehe voI POIS.D,
NM
366.6 (maln peak, w) 3724 (w) 3847 (w) 374.6 9.2 (maln peak, w)
2156 [ 22 4(w) 200 171 a2 22,4 (w)* 14.07 875
Stock solution
13.9(n) 13.6(n) ND. 13.840.2(n)
2002 [main pealk, w) 200.6 [w) 304.1 [w) 298 £ 6.8 [main peak, w)
THP-1 cedl culture medium o1 L] 54.2 [w) 12 0.6 14.7 [w) 6.9 54.2 {w)* 19.83 148
14.7 {w)*
N.D. N.D. N.D. N.D.
NML10ZnO No sonication 534.7 (w) 455.4 (main peak, w) 576.3 (w) 52214 61.4 (main peak, w)
THP-1 cell culture medi um 0.1 M 95 65.3 E] 195 5.9 ﬁ.llw . 11.63 T1.05
N.D. N.D. N.D. N.D.
2113 (w) 213.6(w) 275.8 (w) 233.6 4 36.6 [w)
30.9 (main peak, W) 437 w) 15.3 (main peak, w) 131 437 jw)*
THP-1 cell culture medium 0.01 L] 1 18.3 [main peak, w) 17 215+ 8.3 [main peak, w] 13.37 351
WD 125 [n) ND. 125 [n)
31(w) ND. N.D. 1w
THP- 1 cell culture medl um 0.01 k] 2 N.D. ND. 2.20
N.D. N.D. N.D. N.D.
Run 1 Run 2 Run3 Averags
Concentration Detected pesk (nm) in relative Detected peak {nm) in relative SRRyl Ll e it Detected pesk [nm) in relative weight
e TS - (mg/mi) | '"btOntme | ieht w) or relative number (n) e welght (w or relative number )] o M et e {w) orrelative number (n) o i
NM
289 (main peak, w) 209.4 (w) 2128 (main peak, w) 236.92 45.1 (main peak, wi
24.2(w) 150.8 (w) 150.8 {w)*
Stock solution 156 L] 113 17 4 24.2 {w)* 7.67 3.65
55.5(n) 55.5 [n)*
14 [n) 144 (n) 19.6 [main peak, n) 16+ 3.1 [n)
232.4 (main peak, w) 148.2 (w) 1262 (w) 175.6+ 49.2 (main peak, w)
THP-1 cell culture medium 0.1 L] 21.3[w) ar 8.1 74 2],3[0_!]‘ 807 0.65
N.D. ND. N.D. ND.
NM110Zn0 Sonicated 214.7 (w) 134.4 (w) 1305 [w) 160.2 £47.2 (w)
THP-1 el culture medium 01 2 64 s 67 763 188
N.D. ND. N.D. N.D.
a1(w) 269 (w) 516.5 (w) 516.8 (w)*
17.7 tw) 23.3 (main peak, w) 26.9(w)*
72 15.4 w) ] 75 25.9 1 14 (main peak, w)
THP-1 cafl culture medium o1 0 13.4 (main peak, w) 17.7 (w)* 757 0.40
15.4 (w)*
N.D. N.D. N.D. N.D,
ND. 4.7 (w) 6LE(w) 61.8(w)*
3132w 12w
THP-1 eell culture medium 001 4 N.D. 81 15.9 (main peak, w) 191 2031 6.2 (maln peak, w) 13.60 778
ND. N.D. 12.3(n} 12.3(n}

NANOREG Deliveral#e06
Page39of 105




Fig 1 7 Size distribution analysis of sonicated and stirred ZnO

THP-1 cell culture medium by centrifugal liquid sedimentation. (A

(one run). Results are displayed as relative ZnO

NMs in water 1 0.05 % BSA stock solutions or in
-B) Representative Size distribution profiles

NMs weight distribution against the hydrodynamic diameter.

Maxi mal values in each sample were arbitrarily normalized to 100. A) Size distribution profiles were obtained

for sonicated and stirred ZnO
culture medium (0 h). (B) Size distributio
in THP -1 cell culture medium were compared after
different solutions (water T

NMs in water -BSA stock solutions or after dilution at 100 pg/ml in THP
n profiles of sonicated and stirred ZnO

0 h or 24 h of incubation. (C
0.05 % BSA stock solution and THP

incubation times for both stirred (C) and sonicated (D) ZnO
measured in each sample and arbitrarily set to 100%. Size distribution was displayed in relative weight (w) or

number (n)

NMs after dilution at 100 pg/ml
-D) Size of peaks detected in

-1 cell cultur e medium) after different

NMs. Main peak corresponds to the maximal values

. Results of 3 independent measurements are indicated. * corresponds to a peak detected in only

one of the replicates. ** corresponds to a peak detected in only two replicates. When no clear peak could be

detected we indicated N.D. = not detected.
distribution divided by the average diametre

PDI is d efined as the average diameter
from the number related distribution.

from the weight related

All together, these data suggest that a better dispersion due to sonication (agglomerates with

smaller size) could ex plain in part the highest toxicity of sonicated ZnO

cells. All together these data suggest that
effect of ZnO NMs.

In parallel, toxicity of ZnO NM110

more important toxici  ty than stirred

NMs was also investigated
intestinal Caco 2 cells and human alveolar A549 cells. A dose

NMs was noticed after 24 h of incubation of Caco 2 cells. Interestingly sonicated ZnO
NMs (Fig 1 8A). The toxic effect of these sonicated and stirred
ZnO NMs was also inves tigated on A549 cells (Fig 1

sonicated NMs was also observed on A549 cells but

alveolar cells (compare Fig 1
independent experiment (Fig 1

NMs was still observed at the highest concentration

8A and 1 8C) and THP -1 cells (compare Fig 1

8B and 1 8D), effect of sonicated ZnO
A549 cells was less pronounced. However, a higher toxicity of s
S.

NMs at 100 pg/ml on THP

the dispersion method can impact on the toxicological

on different cell type s such as human
-dependent toxic effect of ZnO NM110

8C and D). A more important toxicity of
Caco2 cells appeared more sensible th
8A and 1 6C). In a second

onicated NMs compared to stirred

-1 cell

-1

NMs induced a

an

NMs on both Caco 2 cells and

A)
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Fig 18 Evaluation of the effect of
(C and D) were incubated or not with increasing co

percentages of non -treated cells. *:
condition (Data were analyzed by Stu

Similar toxicity profiles were obtained after

48 h of incubation of both
ZnO NM110 (characterized by a more pronounced toxic effect of ZnO NPs;

NMs on the Caco2 or A549 cell viability. Caco2 cells (A
ncentrations of sonicated or stirred
and D, Results of a second independent experiment. The impact of NMs on the
was studied using MTS assay. Staurosporine (STS, 500 nM) and benzalkonium chlo
shown) were used as positive control. Results are expressed as means

P < 0.05, **: P < 0.01 or ***: P < 0.001 vs. corresponding stirred
d e nt -dests).t

and B) or A549 cells
SiO, NMs for 24 h.
Caco2 and A549 cell viability
ride (Caco 2 cells, data not
+ s.d. (n = 3), and presented as

Caco2 and A549 cells with
Fig 19).

B

A
) Caco-2cells

*%

Viability (% of control

20

10 25

NPs concentrations (ug/ml)

50

M Sonicated

o Stirred

Q A549 cells
*

.

*¥

Viability (% of control

STS CTL 1 10 25 50 100

NPs concentrations (pg/ml)
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W Stirred

B)
i Caco-2 cells

100
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Fig 19 Evaluation of the effect of

ZnO NPs on the Caco2 or A549 cell viability after

D)
i A549 cells .

= i+

60

Viability (% of control)

20

STS CTL 1 10 25 50 100

NPs concentrations (pg/ml)

M Sonicated

| Stirred

48 h of incubation.

cells (A and B) or A549 cells (C and D) were incubated or not with increasing concentrations of sonicated or

stired SiO, NPs for 24 h. B and D, results of a second independent experiment. The impa

ct of NPs on the

Caco2 and A549 cell viability was studied using MTS assay. Staurosporine (STS, 500 nM for A549 cells) and

benzalkonium chloride
as means = s.d. (n = 3),

*oR K P < 0.001 vs.

Size distribution of NM110 was analyzed in parallel of the viability assays cond

20) and A549 cells (Fig 21) .

(for Caco2 cells, data not shown) were used as positive control. Results are expressed
and presented as percentages of non
corresponding

-treated cells. *:
stirred con-dest$).i on

P <0.05, *: P <0.01 or
(Dat

ucted on Caco2 (

As described above, sonication reduced the size of ZnO NMs agglomerates in water stock solution
with a peak centred on 210.2 + 9.1 nm for sonicated NPs or on 377.2 £ 5.8 nm for stirred NPs

(compare Fig 20-21A and 20 -21B) .

Dilution at 100 pg/ml (highest concentration used in

in vitro assays) in Caco2 cell culture medium

slightly reduced the size of both sonicated and stirred ZnO NPs agglomerates without effect of

incubationtime suggesting a

21B).

Caco2

a wer €

Fig

fidetspeafs ame died mFeg( 204k ang 20B) e. However,

dilution in A549 cell culture medium did not modify the size distribution (compare Fig 21A and
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A) Run 1 Run2 Average
NM Dispersion method Dispersion medium Concentration |\ vation time 32::?: sul;:kr:;}v: nlﬁ:.:: PDI Du:i:: :»T;ti?;t: r::lr:::: ppy | Detected peaknm)in rlative weight | |y o
(mg/ml) ) ) (w) or relative number (n)
373.07 (w) 381,27 (w) 37217458 (w)
Stock solution 2.56 0 10.68 204 15.54 6.87
37.84(n) 12.63(n) 25.2+17.8(n)
299.25 (w) 229.1(w) 260.2149.6 (w)
Caco-2 cell cutture medium 0.1 0 657 6.83 6.70 0.18
NM110 Zn0 No sonication nd. (n) n.d. (n) n.d. (n)
296.73 (w) 214.79 (w) 255.8+57.9 (w)
Caco-2 cell culture medium 0.1 i1 1522 i 1522 /
n.d. (n) n.d. (n) n.d. (n)
338,77 (w) 23278 (w) 338,77 (w)*
Caco-2 cell culture medium 0.1 48 312.97 (main peak, w) 272.9 £56.7 (main peak, w)
237.79 (w) 1782 12.58 237.79 (w)* 1521 370
n.d. (n) n.d. (n) n.d. (n)
B) Runl Run2 Average
— _— . Concentration . Detected peak (nm) in relative Detected peak (nm) in relative Detected peak (nm) in relative weight
NM Dispersion method Dispersion medium Incubation time B R PDI i _ POI i PDI PDIS.D,
(mg/ml) weight (w) or relative number (n) ‘weight (w) or relative number [n) {w) or relative number (n)
216.63 (w) 203.77 (main peak, w) 210.2£9.1 (main peak,w)
Stock solution 256 0 151.15 (w) 151.15 (w)*
3207 2474 {w) 741 24.74 (w)* 531 297
3861 n) 13.74n) 26.18 £ 17.6[n)
214.09 (w) 142,89 (main peak, w) 178.5£50.4 (w)
Sonicated Caco-2 cell culture medium 0.1 0 g 163 5.43 i
NM110Zn0 (Nanogenotox) n.d. (n) n.d. [n) nd. (n)
204,65 (w) 279.76 (w) 242,21 53.11 (w)
Caco-2 cell culture medium 0.1 2 436 11.03 7.695 an
n.d. n) n.d. [n) nd. (n)
209.56 (main peak, w) 148.01 (w) 178.8 £43.5 (main peak, w)
Caco-2 cell culture medium 0.1 28 167.16 (w) 167.16 (w)* 6.59 180
34.7(w) 7.86 532 34.7 (w)*
25.85 n) n.d. n) 25.85 [n)*
Fig 20 Size distribution analy sis of sonicated and stirred ZnO NMs in water 7 0.05 % BSA stock solu tions or in

Caco2 cell culture medium by centrifugal liquid sedimentation. (A
solutions after different incubation times for both stirred (no sonication, A) and sonicated (B

peak corresponds to the
weight (w) or number (n).

peak detected in only one of the replicates.

detected.

PDI is defined as the average diameter

diametre from the number related distribution.

-B) Size of peaks detected in the different

) ZnO NMs. Main
maximal values measured in each sample. Size distribution was displayed in relative
Results of the two independent measurements are indicated. * corresponds to a
When no clear peak coul
from the weight related distribution divided by the average

d be detected we indicated n.d. = not
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A

B)

Run1 Run2 Average
NM Dispersion method Dispersion medium Coscentraion Incubation time ﬁ::::;}’e;kr::ﬁ’v:‘ ;E:L:i PDI 32?:: :NT;er;:i’v: :::b,: PDI Dsfecte peck (n!nl et PDI PDIS.D.
[mg/ml) (w) or relative number (n)
(n) {n)
373.07 (w) 381.27 (w) 377.17+5.8 (w)
Stock solution 2.56 0 10.68 20.4 15.54 6.87
37.84(n) 12.63 (n) 25.2+17.8(n)
354.63 (w) 356.67 (w) 355.7 +1.4(w)
A543 cell culture medium 0.1 0 113 19.45 1538 5.76
NM110Zn0 No sonication n.d. [n) n.d.(n) n.d. (n)
543.66 (main peak, w) 379.16 (main peak, w) 461.4 +116.3 (main peak, w)
64.45 [w) 2432 20.52 w) 38.49 47+24.7(w)
A549 cell culture medium 0.1 24 17.8(w) 17.8 (w)* 3141 10.02
n.d. n.d. n.d.
361.15 (w) 242.29 (w) 301.7+ 84 (w)
A549 cell culture medium 0.1 48 18.95 42.64 30.80 16.75
n.d. n.d. n.d.
Run 1 Run 2 Average
Concentration Detected peak (nm) in relative Detected peak (nm) in relative Detected peak (nm) in relative weight
NM Dispersion method Dispersion medium {mg/mi) Incubation time weight (w] :I'elialivl meberinj PDI weight(w) ::m‘iﬁvl number (1] PDI wl zareltalivl ket € PDI PDIS.D.
216.63 (w) 203.77 (main peak, w) 210.2 £ 9.1(main peak,w)
Stock solution 256 0 151.15 (w) 151.15 (w)*
3.2071 2474 (w) 741 24.74 (w)* 531 297
38.61 (n) 13.74(n) 26.18%17.6(n)
214.85 (w) 206.39 [main peak, w) 210.6 £ 6 (main peak, w)
159.39 (w) 159.39 (w)*
Sonicated A543 cell culture medium 0.1 0 297 24,87 (w) 7.92 24,87 (w)* 5.445 3.50
NM110Zn0 (Nanogenotox) n.d. (n) 13.89(n) 13.89(n)*
212.11 (main peak, w) 213.31 (main peak, w) 212.7 + 0.8 (main peak, w)
162.93 (w) 161.96 (w) 162.40.7 (w)
A549 cell culture medium 0.1 u 41.11 (w) 5.38 17.96 41.11(w)* 11.67 8.90
31.12(n) nd. 3112 [n)*
206.83 (main peak, w) 214.15(w) 210.5+5.2 (w)
A549 cell culture medium 01 48 160.2 (w) 5.41 148.92 (main peak, w) 6.96 154.6% 8 (w) 6.185 110
nd. nd. nd.
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Fig 21 . Size distribution analy  sis of sonicated and stirr  ed ZnO NMs in water 1 0.05 % BSA stock solutions or in
A549 cell culture medium by centrifugal liquid sedimentation. (A -B) Size of peaks detected in the different
solutions after different incubation times for both stirred (no sonication, A) and sonicated (B) ZnO NMs. Main
peak corresponds to the maximal values measured in each sample. Size distribution was displayed in relative

weight (w) or number (n). Results of the two independent measurements are indicated. * corresponds to a

peak detected in only one of the replicates. When no clear peak could be detected we indicated n.d. = not

detected. PDI is defined as the average diameter from the weight related distribution divided by the average
diametre from the number related distribution.

NM302

Ag NMs (NM 302 and NM300K) were provided as suspensions dispersed in a specific vehicle. We
compared the toxic effect of these NMs after dispersion following the Nanogenotox protocol or after
dilution directly into culture medium (Ag NMs stock suspensions were vortex ed for 20 seconds at
mild speed -1800 rpm - to ensure a homogenous dispersion of NMs before use). Ag NM302 NMs did
not induce any toxicity on THP -1 cells independently of  the dispersion protocol (  Fig 22).

=) Sonicated Ag NPs lM302 wunt] B Non sonicated Ag NPs 1302 ARk

120 WRun 2 120 BRun?

WRun3

&

Cytotoxicity (% of CTL)
Cytotoxicity (% of CTL)

; 10 25 50 100
NPs concentrations (pg/ml)

W Ap NM302 (sonicated )

W Ag NM 3202 (non sonicated)

0 1 10 25 50 100
NPs concentrations (pug/ml)

Fig 22 Evaluation of the toxicity of Ag NM302 NMs. THP-1 cells were incubated or not with increasing

concentrations of sonicated (A) or non -sonicated NM302 NMs (B) for 24 h. (C) Average of three independent
experiments (run).The impact of NM302 NMs on the THP -1 cell viability was studied using MTS assa y. Results
are expressed as means of three independent experiments + s.d. and presented as percentages of non -treated
(CTL) cells.

As shown in Fig 23, sonication slightly improved the dispersion of NM302 NMs: a mean peak at
433.36 + 18.56 nm was measured in stock solution after sonication whereas a peak at 590.57 +

42.5 nm was identified in absence of sonication. Dilution at either 100 or 10 pg/ml in cell culture

medium did not greatly modify the size distribution of sonicated or non -sonicated NM302 NMs in
comparison with stock solution independently of the incubation time ( Figs 23C and 23D).
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<)

D)

Run 1 Hun 2 Run 3 Average
Detected peak (nm) in relative ol Detacted peak (nm) in relative - D-;‘-f“‘h::“wbm _— Detected peak (nm) in relative - FASD.
Concentration | incubation |welght (w) or relative number (n) welght (w] or relative number (n) R e welight (w) or relative number ()
M Dispersion mathod i jan mediurm g/ mi) time i
2148.06 (main peak, w) 569.59 (w) SEL66 (w) 2148.06 (w)*
2.56 0 639.47 (w) 6 f 590.57 + 42.5 (w) 160 /
Stock solution 405.61 (n) 434.5(n) 438.14 (m) ! 426.08 £ 17.82 |n)
104.23 [main peak, n) 105.23 (main peak, n) 113 86 (main peak, n) 107.77 £5.29 [n)
523.28 (w) 501 [w) 49857 [w) 507.62 £ 13.62 (w)
THP-1 cell culture medium 0.1 0 3 375.08 (main peak, n) 27 17 375.97 + 19,66 (n) 247 0.68
396.08 [n) 109.6{n) 356.79 [n) 109.6(n)*
Ag NM302 No sonication 544.84 (w) 484.9 [w) 498.34 [w) 500.36 £ 31.45 [w)
THP-1 cell culture medium 0.1 -1 15 385.51 (main peak, n) L I ! 389.72 412.31 (n) 245 134
/ 76,68 (n) 40358 (n) 76.68(n)*
555.03 (w) 484.6(w) 536.27 (w) 525.34 36.47 (w)
THP-1 coll culturs madium 0.01 0 22 23 L6 203 0.38
423.54 (n| ! 295.7 (n) 409.6 £19.7 (n)
475.16 (w) 479.09 (w) 464.31 [w) 472.85 1 1.66 (w)
THP-1 cell culture medium 0.01 24 16 19 13 160 0.30
! 387.76 (n) 393.19 [n) 390.5¢ 3.8 [n)
HRun 1 Run 2 Run 3 AVET3EE
Detected peak (nm) in relative i Delected peak (nm) in relative - mﬁ:: T—: o Detected peak (vm) in relative von S
welght w) or relative numbes (n) weeight [w) o relative num by (n) (") welght jw) or relative number (n)
Concentration | Incubation
NM Dispersion method Dispersion medium (mgfmi) time
A54.66 [w) 420,64 (w) 424.77 w) | 433,36 + 18.56 [w)
Stock solution 256 0 16 2 | 18 180 0.20
322.55 [n) 291.68 (n] 296.71 [n) | 303.56 £ 16.56 (n]
74.92 [n) | 74.92 {n)*
418.96 [w) 216.82 [w) 418.01 fw) | 417.931 1.07 fw)
THP-1 cell culture medium 01 ] | | 260 0.28
316.95 [n) / 289.21 (n) 2.8 322.78 [n) | 2.4 309.65 £ 17.94 fn]
AgNM302 | Soniated (Manogenotox) 421,97 [w) 409.61 [w) 406.36 [w) 414,65 £ 11.65 [w)
THP-1 cell culture medivm (51 E] 1 | 193 0.55
347.29 (n) 2.5 312,67 (n) 1.9 316.9 (n) | 1.4 325.62 1 18.89 (n)
245,19 (w) 390.57 [w) 401.99 |w) 21258 4 28.81 [w)
THP-1 cell culture medium o.m L] I 16 38 265 1.63
ND. »1.1(n) 297.05 [n) | 31174 £ 30.75 fn)
40587 [w) 384.42 [w) 384.16 [w) 391.48 £ 12.46 [w)
THP-1 cell culture medium o F- 15 1.6 15 153 0.06
128.39 [n) N.D. 309.82 [n) 319.12 £ 1313 n)
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Fig 23 Size distribution analysis of sonicated and non -sonicated Ag NM302  NMs in stock solutions or in THP -1
cell cultur e medium by centrifugal liquid sedimentation. (A -B) Representative Size distribution profiles (one

run). Results are displayed as relative Ag NM302 NMs weight distribution against the hydrodynamic diameter.
Maximal values in each sample were arbitrarily no rmalized to 100. A) Size distribution profiles were obtained

for sonicated and non  -sonicated Ag NM302 NMs in solutions or after dilution at 100 pg/ml in THP -1 cell culture
medium ( 0 h). (B) Size distribution profiles of sonicated and non -sonicated Ag NM302  NMs after dilution at 100
pg/ml in THP -1 cell culture medium were compared after 0 h or 24 h of incubation. (C -D) Size of peaks
detected in different solutions after different incubation times for both non -sonicated (C) and sonicated (D) Ag
NM302 NMs. Main peak corresponds to the maximal values measured in each sample and arbitrarily set to

100%. Size distribution was displayed in relative weight (w) or number (n). Results of 3 independent

measurements are indicated. * corresponds to a peak detected in onl y one of the replicates. When no clear
peak could be detected we indicated N.D. = not detected. ). PDI is defined as the average diameter from the
weight related distribution divided by the average diametre from the number related distribution.

In parall el, a slight dose -dependent toxicity of NM302 was observed on Caco2 cells after 24 h of
incubation without clear difference due to dispersion procedure except at the highest conce ntration

(100 pg/ml ) ( Fig 24).

o Ag NPs NM302 u Sonicated Ag NM302

® Non-sonicated Ag NM302

80 -

Cytotoxicity (% of CTL)
3

20 -

0 1 10 25 50 100
NPs concentrations (pg/ml)

Fig 24 Evaluation of the effect of sonicat ed or non -sonicated Ag NM302 on the Caco2 cell viability. Caco2
cells were incubated or not with increasing concentrations of sonicated or non -sonicated Ag NM302 for 24 h.
The impact of NM302 on the Caco2 cell viability was studied using MTS assay. Results are expressed as
means + s.d. (n = 3), and presented as percentages of non -treated cells. **: P < 0.01 vs. corresponding
non-soni cated condition (Data we+dtests)anal yzed by Studentds t

Analysis of size distribution revealed presence of agglomerates ch aracterized by a bigger size in
non - sonicated stock solution in comparison with sonicated NM302. However, after dilution i n Caco2
cell culture medium only slight difference in size distribution was noticed between sonicated and

non -sonicated NM302. No sign ificant impact of incubation time and NM concentration was
observed independently of dispersion method. Interestingly,  size of peaks measured in either
relative weight or in relative particle number in cell culture medium was very similar confirming a

mono modal size distribution of NM302.
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different incubation times for both non

-sonicated (no sonication, A) and sonicated (B) NM302. Main peak

X Concentration Incubation Dstactad pestinog)in
NM Dispersion method Dispersion medium i relative weight (w) or PDI
(mg/ml) time .,
relative number (n)
961.43 (w)
Stock solution
(NM302 dispersant) 2.56 0 442.9 (main peak, n) 3.04
74.93 (n)
1165.45 (w)
Caco-2 cell culture medium 0.1 0 431.69 (main peak, w) 4.43
336.44 (n)
Ag NM302 No sonication 547.82 (w)
Caco-2 cell culture medium 0.1 24 1.54
441.3 (n)
582.57 (w)
Caco-2 cell culture medium 0.01 0 1.743
466.8 (n)
602.49 (w)
Caco-2 cell culture medium 0.01 24 2.06
n.d.
B) . . Detected peak (nm) in
NM Dispersion method Dispersion medium Concentration Incu.batlon relative weight (w) or PDI
(mg/ml) time .
relative number (n)
454.66 (main peak, w)
Stock solution 2.56 0 72.33 (w) 1.5812
322.55 (n)
452.03 (w)
Caco-2 cell culture medium 0.1 0 /
337.74 (n)
Ag NM302 Sonicated 440.01 (w)
(Nanogenotox) Caco-2 cell culture medium 0.1 24 2.307
363.94 (n)
430.94 (w)
Caco-2 cell culture medium 0.01 0 /
313.36 (n)
507.56 (w)
Caco-2 cell culture medium 0.01 24 1.6513
278.71 (n)
Fig 25 Size distribution analysis of sonicated and non -sonicated Ag NM302 in stock solutions or in Caco2 cell
culture medium by centrifugal liquid sedimentation. (A -B) Size of peaks detected in the different solutions after

corresponds to the maximal values measured in each sample. Size distribution was displayed in relative weight
(w) or number (n). PDI is defined as the average diameter  from the weight related distribution divided by the
average diametre  from the number related distribution.

NANoREG Deliveral#e06
Page48of 105



NM300K

Both sonicated and non -sonicated Ag NM300K NMs induced a dose -dependent toxicity on THP -1
cells after 24 h of incuba tion ( Fig 26). A good reproducibility was observed between the three runs

for non -sonicated NM300K NMs whereas a higher variability was noticed a fter sonication (compare
Fig 26 A and 26B). This variability did not allow the observation of a clear difference of toxicity
between sonicated and non  -sonicated Ag NM300K  NMs.

A - Sonicated Ag NPs NM300K B Non-sonicated Ag NPs NM300K
T =Runl

| & i ®Run2
I Run3
J :
% | =) | [ el
[ 1 10 5 100

g
2

8

8
Cytotoxicity (% of CTL)

Cytotoxicity (% of CTL)
2

&8

0 1 10 25 50 100
INPs concentrations (ug/ml) NPs concentrations (ug/ml)

m Ag NM300K (sonicated;
C 120 9 ( )

m Ag NM30OK (non-sonicated)

60

40

Cytotoxicity (% of CTL)

N
S3

=)

0 1 10 25 50 100
NPs concentrations (ug/ml)

Fig 26 Evaluation of the toxicity of Ag NM300K NMs. THP-1 cells were incubated or not with increasing

concentrations of sonicated (A) or non -sonicated NM300K NMs (B) for 24 h. (C) Average of three independent
experiments (run). The impact of NM300K NMs on the THP -1 cell viability was studied using MTS assay. Results
are expressed as means  + s.d. (n = 3), and presented as percentages of non -treated (CTL) cells

In parallel, size distributi on of sonicated and non  -sonicated NM300K in stock solution (2.56 mg/ml in

water -0.05% BSA for sonicated NMs or 2.56 mg/ml in NM300K dispersant) or after dilution in THP -1

cell culture medium at 100 pg/ml or 10 pg/ml was analy zed by CLS ( Fig 27). Non -sonicated
NM300K NMs in stock solution showed two peaks: one peak around 420.75 + 112.9 nm

corresponding to agglomerates and a second main peak around 19.27 + 1.3 nm corresponding to

primary NMs (Fig 27C). Interestingly, this second peak showed a very similar si ze with the peak
measured in number (15.02 £ 0.4 nm) confirming the presence of an important part of well

dispersed NMs. After sonication, agglomeration of NM300K was reduced with a fiaggl omepaalat e s
detected at 149.33 + 11 nm and a main peak centred on 12.61 + 0.16 nm (compare Fig 27C and

27D). After dilution in cell culture medium (100 or 10 pg/ml), no difference in size distribution was

noticed between sonicated and non -sonicated NM300K NMs independently of incubation time with a

mean size around 10 nm suggesting that cells were exposed to similarly dispersed NMs regardless
of the dispersion procedure (compare Fig 27C and 27D).
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c) Run 1 Run2 Run3 Average
Detected peak (nm) in Detected peak (nm) in Detected peak (nm) in B B
ol i relative weight (w) or PDI relative weight (w) or PDI relative weight (w) or POI mm:"‘("“""""":‘] POI POIS.D.
M 2 thod Dissersion meditin mg/mi) tme relative number (n) relative number (n) relative number (n)
287.5 (w) 284,38 (w) 290.37 [main peak, w) 4207521129 (w)
256 L] 19.3 (main peak, w) / 18 (main peak, w) i 92.62 (w) 926 (w)* w1 !
20,51 (w) 101 19.27 £ 1.3 (mean peak, w)
Stock solution 15.39 (n) 15.02 (n) 14.66 (n) 1502204 [n)
10.65 (w) 1014 (w) 10.18 (w) 10,66 £ 0.5 {w)
THE-1 cell culture medium 01 0 12 2.7 ! 195 L0G0G60172
9.45 {n) 9.94 () 9.48 {n) 9.6240.3 (n)
Ag NM30OK No sanication 10.23 (w) 10.81 (w) 10.38 (w) 1047203 (w)
THP-1 cell culture medium 01 2l s 2.7 ! 6 0.141421356
9.63 (n) 10.01 {n) 977 (n) 9820.2(n)
10.13 (w) 9.89 (w) 10.46 (w) 1016203 (w)
THP-1 cell cultture medium (2 o 12 1.8 ! 15 0.424264069
9.43 (n) 9.29(n) 9.66 (n) 9.4640.2(n)
9.75 (w) 10.14 (w) 10 (w) 9,96 0.2 (w)
THI-1 cell culture medium 0.01 ] 11 1.3 ! 12 0.141421356
9.15 {n) 9.34 [n) 9(n) 9.16£0.2 (n)
D) Run 1 Run2 Run 3 Bverage
Datected peak (nm) in Detected peak (nm) in Detected peak (nm) in
ralative weight (w) or POl relative waight (w) or PI relative waight (w) or POl mm::""'“"‘"""" - POI POIS.D.
T relative number (n) relative number (n) relative number (n)
NM Dis persion method Dis persion medium mm time
160 (w) 150 (w) 138 (w) 149.33 £11.02 (w)
2.5% [} 12.5 (main paak, w) 33 12.72 (main peak, w) 4.1 12.46 (main peak, w) 12.61 £ 0.16 [main peak, w) 36 0435889894
34
Stock solution 1139 (n) | 11.62 n) 1135 [n) 11.45%0.15 in)
166 {w) | 148 (w) 154 (w) 1562 9.17 (w)
10,49 (main peak, w) 1186 (main peak,w) 10.99 (main peak, w) 11.11 £ 0.69 (main peak, w)
THP-1 call culture medium 01 o ! .8 2 24 0.565685425
9.59 [n) 0.7 (n) 958 {n) 9.96 2 0.64 (n)
AgNM30OK | Sonicated (Nanogenotox) 185 {w) 179 (w) 173 (w) 179 26 (w)
10.37 (w) 10.27 (main peak, w) 18.45 {main peak, w) 13.03 £ 4.69 (main peak, w)
THP-1 cell culture medium 01 24 22 3 10.8 [w) 31 2.766666667 0493288286,
9.67 (n) 957 (n) 9.9 (n) 9.71£0.17 (n)
106 {w) 142 (w) 383 (w) 212.33 £ 15405 (w)
THP-1 cell culture medium 0.0 [} 10.49 (main peak, w) ) 10.71 (main peak, w) 19 10.19 {main peak, w) 68 10.46 £ 0.26 (main peak, w) 435 3.464823228]
9.59 (n) 9.3(n) 9.49(n) 9.86+0.15 (n)
162 (w) | 158 [w) 201 (w) 201 (w)*
THP-1 cell culture medium 0.00 24 9.64 (main peak,w) | 21 9.81 [main peak, w} a2 170 (w) 153 163.33 £6.11 [w] 72 7.092954251|
| 16.01 (main peak, w) 11.82 £ 3.63 (main peak, w)
894 n) | 9.21 [n) 126{n) 10.25 £ 2.08 fn
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Fig 27 Size distribution analysis of sonicated and non -sonicated Ag NM300K  NMs in stock solutions or in THP -1
cell c ulture medium by centrifugal liquid sedimentation. (A -B) Representative Size distribution profiles (one

run). Results are displayed as relative Ag NM300K NMs weight distribution against the hydrodynamic diameter.
Maximal values in each sample were arbitrar ily normalized to 100. A) Size distribution profiles were obtained

for sonicated and non -sonicated Ag NM300K  NMs in stock solutions or after dilution at 100 pug/ml in THP -1 cell
culture medium (0 h). (B) Size distribution profiles of sonicated and non -sonic ated Ag NM300K NMs after
dilution at 100 pg/ml in THP -1 cell culture medium were compared after 0 h or 24 h ofincubation. (C -D) Size of
peaks detected in different solutions after different incubation times for both non -sonicated (C) and sonicated
(D) Ag NM300K NMs. Main peak corresponds to the maximal values measured in each sample. Size distribution

was displayed in relative weight (w) or number (n). Results of 3 independent measurements are indicated. *

corresponds to a peak detected in only one of the replicates. PDI is defined as the average diameter from the
weight related distribution divided by the average diametre from the number related distribution.

Toxic effect of Ag NM300K was also investigated on Caco2 cells. As described for THP -1 cells, a
dose -dependent toxicity was also observed on Caco2 cells independently of the dispersion
procedure. No clear difference of toxicity between sonicated and non -sonicated Ag NM300K was
measured ( Fig 28). In comparison with THP -1 cells, toxic effect of NM300K appeared more
important on  Caco2 cells.

Size distribution of both sonicated and non -sonicated NM300K in  Caco2 cell culture medium  (Fig
29) appeared to be very similar to the size distribution measured in THP -1 cell culture medium.

All together, t hese res ults confirm data obtained with other NMs suggesting that toxic effect of
NMs appear to be cell type  -dependent.

Ag NPs NM300K
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® Non-sonicated Ag NM300K
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Fig 28 Evaluation of the effect of sonicated or non -sonicated Ag NM300K on the Caco2 cell viability. Caco2

cells were incubated or not with i ncreasing concentrations of sonicated or non -sonicated Ag NM300K for 24 h .
The impact of NM300K on the Caco2 cell viability was studied using MTS assay. Results are expressed as
means = s.d. (n = 3), and presented as percentages of non -treated cells.
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A) Concentration | Incubation Detected peak (nm) in
NM Dispersion method Dispersion medium A relative weight (w) or PDI
(mg/ml) time )
relative number (n)
537.03 (w)
Stock solution 2.56 0 18.57 (main peak, w) /
(NM300K dispersant) 15.93 (n)
187.61 (w)
Caco-2 cell culture medium 0.1 0 11.08 (main peak, w) 2.65
10.88 (n)
Ag NM300K No sonication 11.35 (w)
Caco-2 cell culture medium 0.1 24 2.44
10.65 (n)
10.4 (w)
Caco-2 cell culture medium 0.01 0 1.001
10.4 (n)
9.57 (w)
Caco-2 cell culture medium 0.01 24 1.28
8.97 (n)
B)
. . Detected peak (nm) in
NM Dispersion method Dispersion medium Concentration Incgbatlon relative Wzight ((W) an PDI
(mg/ml) time .
relative number (n)
146.15 (w)
Stock solution 2.56 0 12.5 (main peak, w) 3.2915
11.39 (n)
157.95 (w)
Caco-2 cell culture medium 0.1 0 10.57 (main peak, w) 2.7303
9.67 (n)
Ag NM300K Sonicated 218.29 (w)
(Nanogenotox) Caco-2 cell culture medium 0.1 24 10.96 (main peak, w) 2.6031
10.36 (n)
373.04 (w)
Caco-2 cell culture medium 0.01 0 10.1 (main peak, w) 7.395
9.29 (n)
153.42 (w)
Caco-2 cell culture medium 0.01 24 9.22 (main peak, w) 1.6221
8.72 (n)
Fig 29 Size distribution analysis of sonicated and non -sonicayed Ag NM300K in stock solutions or in Caco2 cell
-B) Size of peaks detected in the different solut ions after

culture medium by centrifugal liquid sedimentation. (A

different incubatio

n times for both

non - sonicated

corresponds to the maximal values measured in each sample. Size distribution was displayed in relative weight
from the weight related distribution divided by the

(w) or number (n).
average diametre

PDI is defi ned as the average diameter
from the number related distribution.

(no sonication, A) and sonicated (B) NM300K. Main peak
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2.4.3.1 Generation of reactive oxygen species (ROS)

ROS generation was carried out on 11 NM and 4 cell lines representing r elevant exposure sites, eg.
Fibroblasts (3T3), intestine (Caco2), lung (A549) and liver (HepG2). Cells were exposed to 10

pg/mL of relevant NM for 24 prior to detection of ROS species using a flow cytometer (see Annex

section). Due to toxicity, NM110 and N M300K were used at two different concentrations (10 pg/mL

and 5 ug/mL). H ,0, was used as positive control. Results are summarized in the Table below:
3T3 CACO2 A549 HEGP2
Average Desvest [ Average Desvest | Average Desvest | Average Desvest
CONTROL 7.70 2.11 13.67 2.24 6.71 0.39 10.51 2.41
H202 51,51* 3.49 24,74* 3.02 29,11* 1.87 24,43 1.93
NM110 65,12** 4.92 39,01* 3.45 31,31* 271 11.50 0.51
NM110 0.5 69,52** 2.32 35,41* 2.29 26,20** 1.68 14.09 0.45
NM300k 13.08 1.87 39,81* 591 4.37 0.41 10.15 0.04
NM300k 0.5 5.07 1.14 35,74** 7.17 3.87 0.50 11.28 0.32
NM100 2.24 0.43 6.95 2.85 5.01 0.76 15.50 1.92
NM101 2.43 0.21 13.59 4.50 5.21 0.28 10.13 2.41
NM400 22,8* 1.35 31,425 10.58 5.18 0.53 23,01* 2.03
NM401 5.87 1.01 15.24 3.83 7.99 2.21 17.13 3.64
NM402 51,63** 2.05 34,25 3.02 13,67* 4.62 29,63** 7.76
NM200 6.60 0.25 20,80* 4.86 3.28 0.68 19,50* 1.76
NM203 14,25* 1.90 19,25* 2.99 10,29* 1.18 24,35 2.76
NM212 3.34 0.64 16.32 0.54 7.07 2.40 4.62 1.05
NM220 9.42 3.50 14.30 0.60 6.19 2.21 7.26 271

2.4.4 Genotoxicity assays

2.4.4.1 Comet Assay
Prior to the assay, a preliminary cytotoxicity experiment using eit her MTS , Alamar blue or Trypan
blue was performed by all partners to identify sub -toxic doses for testing in relevant cells.

Experiments with the bronchial cell line B EAS-2B in general did not produce a decrease in cell
viability after 3, 24 or 48 h of ex posure to doses 1 -100 pg/mL. In e xperiments with the comet
assay for 3 and 24 h exposure to the concentrations 1, 5 and 15 pg/mL, no induction of strand
breaks w as found for NM100, NM101 and NM103 (comet assay without FPG). However, when the

slides were ex posed to light for 3 min, a high induction of strand breaks was observed, especially

for NM100 (approx. 40% DNA in tail compared to 10% without light). This highlights the high
photocatalytic activity of the material and the need to carefully perform the a ssay in darkness.
Furthermore, an induction in oxidative DNA damage was observed, and again the most
pronounced effects were  seen for the NM100 material. The additional NMs (NM200, NM203, NM100

and NM101) were assessed for genotoxic ity following the Fpg -comet assay protocol on B EAS-2B
cells at concentrations 0.1, 1, 10 and 100 pg/mL with an exposure time of 24  h. H,0, at 100 pM
for 30 min was used as positive controls  (Fig 30 -24).
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Direct and oxidative DNA damage by NM200
The Fpg-comet assay results don ot show significant induction in direct or oxidative DNA damage for
NM200 (Fig 30 ).

Direct DNA damage Oxidative DNA damage
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Fig 30 Direct and oxidative DNA damage evaluated by thby fpg -comet assay on BEAS -2B cells exposed for 24 h
to NM200. Data represent the means of 3 independent experime nts. Cells exposed for 30 min to 100 pM H 20,
were used as positive control. The significance of differences between exposed and unexposed cells was
calculated by Kruskal -Wallis -test followed by post -hoc Bonferronitest. * P <0.05

Direct and  oxidative DNA damage by NM203

The results of the Fpg-comet assay show ed a signif icant dose -dependent increase in direct DNA

damage from 1 pg/ml reaching 5.3 fold the %DNA tail control value at 100 pg/ml and an induction of
oxidative DNA damage at lower concentrations of 0.1 and 10 pg/ml, particularly at the lowest dose
(Fig 31 ).

Direct DNA damage Oxidative DNA damage

% DNA tail (fold of control)

Fpgsites (:DNA tail)

C 0.1 1 10 100 H202 100
MICROMOL C 0.1 1 10 100 H202 100MM
30MIN 30MIN
NM203 pg/ml
NM203 (pg/ml)

Fig 31 Direct and oxidative DNA damage evaluated by the fpg-comet assay on BEAS -2B cells exposed for 24 h
to NM203. Data represent the means of 3 independent experiments. Cells exposed for 30 minto 100 hp(M H ,0,
were used as positive control. The significance of differences between exposed and unexposed cells was
calculated by Kruskal -Wallis -test followed by post -hoc Bonferroni test.  * P <0.05.

Direct and  oxidati ve DNA damage by NM100

The res ults of the Fpg-comet assay show ed an increase in  direct DNA damage at the higher
concentrations reaching 4.08 fold the %DNA tail control value at 100 pg/ml and an induction of
oxidative DNA damage at 10 pg/ml (Fig 32 ).
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Direct DNA damage NM100 Oxidative DNA damage NM100
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Fig 32 Direct and oxidative DNA damage evaluated by the fpg-comet assay on BEAS -2B cells exposed for 24 h
to NM100. Data represent the means of 2 independent experiments. Cells exposed for 30 min to 100 pM H 20,
were used as positive control. The significance of differences between expos ed and unexposed cells was
calculated by Kruskal -Wallis -test followed by post -hoc Bonferronitest .* P <0.05.

Direct and oxidative DNA damage by NM101

The results of the Fpg-comet a ssay show a moderate increase in direct DNA damage reaching a
plateau at 10 and 100 pg/ml with a value about 3.80 fold the %DNA tail control and an induction of
oxidative DNA damage att  he highest concentration (Fig 33 ).

Direct DNA damage Oxidative DNA damage

%DNA tail (fold of control)
|
Fpg sites (3: DNA tail)

c 01 1 10 100 H202 100
MICROMOL C 0.1 1 10 100 H202 100
NM101 (pg/ml) 30MIN MICROMOL

NM101 (pg/mi) FOMIN

Fig 33 Direct and oxidative DNA damage evaluated by the fpg-comet assay on BEAS -2B cells exposed for 24 h
to NM101. Data represent the means of 3 independent experiments. Cells exposed for 30 min to 100 pM H 205
were used as positive control. The significance of differences between exposed and unexposed cells was
calculated by Kruskal -Wallis -test followed by p ost-hoc Bonferroni test. * P <0.05.

This result was also found by a secon d partner (LEITAT) which reported genotoxicity at  the 25
pg/mL concentration of NM101 on BEAS -2B cell s after a 24 h incubation period. The e xperiments
followed the Fgp-comet assay prot ocol.

A two step experiment including 3 hand 24 hin TK -6 human lymphoblastoid cells was performed to
assess for potential DNA recovery upon initial DNA break induction. TK -6 cells were incubated with
the test material for 3 h or 24 h before measuring DN A damage 1 both DNA strand breaks and base
oxidation - using the comet assay in conjunction with Fpg. All experiments included positive and
negative control cells (i.e. aliquots of cells from a single batch, with a known amount of 8 -
oxoguanine induced by v isible light in the presence of photosensitiser, or untreated cells). Results
with three NMs are shown in Fig 34 to 36.
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Fig 34 DNA damage (mean % DNA in tail of comets) induced in TK -6 cells by NM101 incubated for 3 or 24 h:
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Fig 35 DNA damage (mean % DNA in tail of comets) induced in TK -6 cells by NM300K incubated for 3 or 24 h:
Strand breaks (6lysisd, blue bars) andéBRG&,ndorbarege sb grl su)s. o xi
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Fig 36 DNA damage (mean % DNA in tail of comets) induced in TK -6 cells by NM401 incubated for 3 or 24 h:
Strand breaks (6l ysisbo, bl ue bars) and strand breaks plus oxi

NM101 (Fig 34 ): at 3 h the re was a pronounced dose -dependent increase in FPG -sensitive sites,
indicating the presence of 0secon dirmucgdioxidhtversarase Byr2eéhs ul t i n

most of the damage ha d disappeared, even though nanoparticles are presumably still presen tin
some form.

In contrast, Fig 35  shows that NM300K (silver) after 3 h induce d strand breaks in a dose  -dependent
manner, with a constant (i.e. dose -independent) addition of oxidised bases. At the highest dose of

30 pg/em ?, the assay was saturated by the  strand breaks and additional F pg-sensitive sites ¢ ould
not accurately be estimated. By 24 h, damage of both kinds ha d decreased to near background
levels T except in the case of the highest dose, where there was no decrease at all. Thus there was
an extre me difference in behaviour with only a 3 -fold increase in concentration.

Yet a third pattern o f behaviour is evident in Fig 36 , describing NM401 (carbon). There was little
sign s of damage at 3  h, but significant (dose  -independent) base oxidation at 24 h T consistent with

a delayed effect of oxidative stress.
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Following the above negative results were found for B EAS-2B cell line following the comet and the
Fpg modified comet with the following nanomaterials: NM400, NM401, NM402 and NM403. Exposure
times wer e 3 hand 24 h.

Several other cell lines were studied following the comet/comet -Fgp modified protocol with an
incubation time of 24 ~ h: NM110, NM200, NM203, NM212, NM400, NM401, NM402, NM403 and NFC.
The r esults are summarised in Fig 37 (end of section).

2.4.4.2 Mammalian gene mutation test

HPRT gene mutation test

Altogether 5NMs were tested for induction of HPRT gene mutations, NM100, NM101, NM212,
NM302 and NM401.

For NM401 : HPRT gene mutation test was performed after the exposure of V79 cells to different
concentrations of NM401 for 24 h . Two mutant harvests and two independent experiments were

performed showing significant induction of gene mutants ( Fig 38) TiO , NM100, Cerium NM212 and
silver NM302 also show mutagenic potential. In contrary TiO » NM101 did no t show induction of gene
mutants after the exposure of V79 cells to different concentrations of NM101 (TiO ») for 24 h and

using two different dispersion protocols (ENPRA and NanoTEST).
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o
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c
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=
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> n
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Fig 38 Induction of HPRT gene mutants after the exposure of V79 cel Is to different concentrations of NM401 for
24 h . Results from two different harvests with two replicates. The mutant frequencies (x10 ®) are expressed as
the mean = SD of two independent harvests per experiment. HPRT gene mutant frequency in treated cells with

positive control MMS (0.1mM, 3 h), which gave 92.10 + 29.70 HPRT gene mutants. Significant difference from
unexposed cells (*p < 0.05, **p < 0.01).

Mouse lymphoma tests

MLA test was used to test mutagenicity of 13 NMs: NM100, NM101, NM103, NM104, N M110,
NM200, NM203, NM220, NM300K , NM302, NM401, and two fluorescent silica 25nm with
negative and positive charge.

The mutagenic activity of nanosilver was investigated at concentrations 1.44 1 144 1 g/Thel .
al kyl ating agent MMS (100 gitive) controh sThe uraiteand frequency p(MF)
determined for MMS was 1480 + 345 x 10 "®: MMS produced mostly small colonies (68 %). The
spontaneous MF detected in control cells and cells treated with the solvent was 120 + 36 x 10 ® and
111 + 8.9 x 10 "°, respect ively, in agreement with the acceptance criteria for the microwell method

for negative/vehicle controls (OECD, Test No. 490: In Vitro Mammalian Cell Gene Mutation Tests

Using the Thymidine Kinase Gene, 2015) . A slight, variable  increase in MF compared to control cells
was determined in cells exposed to Ag MN300k; these values, however, did not reach statistical

significance ( Fig 39 below ). This nanosilver increased mainly the number of small colonies. In
contrast, the Ag NM302 s ilver nanorods induced a significant increase in MF (p < 0.01) at all
concentrations except t he | owes't one, 1. 44 T g/ ml
NM302disp (solvents) showed no mutagenicity.
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2.4.4.3 Micronucleos A ssay
For the cytokinesis -block cytome version of the micronucleus assay, the total exposure time was
48 h. No sign of impaired cell proliferation (CBPI), decrease in nuclear replication (RI) or changes
in mitotic index (MI) was detected after the NM100, N M101, NM103 and NM200 exposures (B EAS-
2B). Furthermore, no significant change in micronucle us induction was observed. Regarding
NM203, a significant reduction of RI index (around 50%) was observed after treatment with the
highest dose (100 pg/ml) . The high est concentration of NM100 (15 png/mL) was difficult to score
due to the presence of fluorescent particle agglomerates close to the nuclei (that may be confused
with micronuclei). Both NM100 and NM101 impaired micronucleus scoring at 10 and 100 pug/mL.
To po ssibly overcome the difficulties in scoring, scoring using flow cytometry was carried out after
the 48 h exposure at concentrations up to 30 pg/mL (NM100, NM101, NM103). A clear induction in
micronuclei was found f  or the positive control mitomycin C, but n o effect was seen with  the TiO ,
exposures. Microscope scoring performed for NM101 and NM200 at concentrations 0.1 -100 pg/mL
did not show any increase of micronuclei.

Combined results from all genotoxicity assays are shown in Fig 37.
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HPRT
comet/comet-Fgp
micronucleus
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micronucleus
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micronucleus
comet/comet-Fgp
micronucleus
comet/comet-Fgp
micronucleus
HPRT
comet/comet-Fgp
micronucleus
comet/comet-Fgp
micronucleus

NM300K

comet/comet-Fgp
micronucleus

-comet/comet-ng

micronucleus

vio HPRT

NM402 comet/comet-Fgp
micronucleus
NM403 comet/comet-Fgp
micronucleus
NCF1 comet/comet-Fgp
micronucleus
NCF2 comet/comet-Fgp
micronucleus
NCF3 comet/comet-Fgp
micronucleus
NCF4 comet/comet-Fgp

micronucleus
NCF5 (bulk) comet/comet-Fgp
micronucleus

Fig 37 Combined results from genotoxicity and CTA studies. Cell lines are indicated in the boxes. Green

indicates no genotoxicity effect. Yellow indicates a genotoxic effect at a high dose. Red indicates genotoxic

effect at more than one dose. Blue indicates inconclusive results. Orange indicates genotoxicity observed at 3 h
but not at 24 h.
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2.4.5 CELL TRANSFORMATION ASSAY

Bhas 42 cells were used to investigate tumour initiation with series of positive controls and 5 NMs, 3
iron oxides with different coating and two of them were NANOREG core NMs, nanosilvers NM300K
(spherical) and NM302 (elongated rods). Additionally, the tumor -initiation activity of nanosilver
dispersants/solvents NM300Kdisp and NM302disp in the highest concentration of nanosilver were

tested as well. The re  sults are presented in Fig X. The average number of transformed foci per well
determined in control 1 was 0.5 + 0.5. The average number of transformed foci per well determined

in 3methyl colantrene was 23.2 + 2.4. Ag NM300 (Fig 40) did not increase substan tially the number
of transformed foci compared to their corresponding controls. In contrast, a significant increase in

the number of transformed foci was observed when Bhas 42 cells were exposed to silver nanorods

(AgNM302). No increase in the number of tr ansformed foci compared to control cells was detected
in cells treated with solvents.

AgNM300 AgNM302
30+ 30+
*k*k *k%k
25+ 25+
_ 20A1 _ 20A1
© ©
3 154 2 154 ok
.G .G 8_
& &
0 MMS 01 0.3 1 3 10 0 MMS 01 03 1 3 10
concentration [ pg/cm?] concentration [ pg/cm?]
Fig 40 Tumor -initiation activity of nanosilver in Bhas 42 cells. Significant difference with respect to the
corresponding control cells at *p < 0.05; **p < 0.01; ***p <0.001 .

2.4.5.1 Human Lung Cell Transformation Assay (hLCTA)

A SOP (attached as an appendix) was developed for the hLCTA following the probe sonication as

instructed in the Guidance document and particle dispersion protocol of Nanogenotox. The Cell lin e
used was HBEC3 -KT which was maintained in serum -free medium. The cells were exposed to the
nanomaterials NM400  (JRCNMO04000a) , NM401 (JRCNMO04001a, used as a common interlaboratory

NM), NM104 (JRCNM62002a) as well as  a positive control chemical (Benzoa(A)P yrene (BaP). The
cells were exposed chronically (see the SOP) for a maximum of 26 weeks to various doses as

detailed in the SOP. The cells were tested for colony formation in softagar every 4th week.

Cytotoxicity of the NMs was performed using Cell Countin g Kit -8 (CCK-8) and LDH but results
showed no significant cell death.

Cells that were exposed to NM0401 did not form colonies whereas cells exposed to NM400 formed
colonies (Fig 41A ) and although some colonies were observed with NM104 (Fig 41B ) at week 1 2
the number of colonies formed at week 16 were less than week 12 and therefore the results should

be interpreted with caution for this NM. The experiments at other laboratories did not observe
colonies in soft agar.
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Fig 41 A and B . See text for details
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