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QualityNano (formerly QNano) is a Research Infrastructure for nanosafety assessment. 

QualityNano’s core aim is the creation of a ‘neutral’ scientific & technical space in which 

all stakeholder groups can engage, develop, and share scientific best practice in the 

field. Initially it will harness resources from across Europe and develop efficient, 

transparent and effective processes. Thereby it will enable provision of services to its 

users, and the broader community, all in the context of a best-practice ethos. This will 

encourage evidence-based dialogue to prosper between all stakeholders. However, 

QualityNano will also pro-actively seek to drive, develop and promote the highest quality 

research and practices via its Joint Research Activities (JRA), Networking Activities 

(NA) and provision of Transnational Access (TA) functions, with a global perspective 

and mode of implementation. 

 

 

 

 

 

 

 

 

 

 

 

Contact 
For more information, please contact: 
  
QualityNano Research Infrastructure 
Science Centre South, 
University College Dublin,  
Belfield, Dublin 4, Ireland. 
  
Phone: +353 1 716 2459 
Email: info@qualitynano.eu   
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Dear Colleagues, 

I would like to welcome you all to Heraklion Crete and to the 1rst International QualityNano 
Conference and Training Workshop. The Institute of Electronic Structure and Laser (IESL) 

of the Foundation for Research and Technology – Hellas (FORTH) is proud and honored to 

act as the local Organizer of the Conference.  

Nanosafety has brought an unprecedented interest to the scientific and industrial 

communities, especially over the last decade. The recent revolutionary advances for safe 

industrial innovation open new avenues in research with the hope to meet nanosafety needs 

and address the objectives for safe products. Progress in this field can have a tremendous 

impact on science and technology and critical global issues such as human health, energy 

and environment.  

The major objective of the 1rst International QualityNano Conference and Training 
Workshop is to discuss knowledge gained within the broader nanosafety community, 

identify future challenging research directions as well as barriers to progress. It is our goal to 

provide the environment for collaboration, interaction and cross-project discussions between 

the participants, who have been or are involved with nanosafety issues.  A transfer of 

knowledge is anticipated between the very successful QualityNano Research Infrastructure, 

whose goal has been the development and implementation of best practices and quality in 

all aspects of nanosafety assessment, towards the NANoREG, on one hand, which is the 

first FP7 project to deliver the answers needed by regulators and legislators on 

Environmental Health and Safety issues, and to the new Horizon 2020 Research 

Infrastructure project EU-NCL, on the other, which aims at performing preclinical efficacy of 

nanomaterials thus accelerating the transition into clinical applications. 

We believe that the 1rst International QualityNano Conference and Training Workshop 

will be a unique opportunity, especially for younger scientists, for networking with renowned 

scientists and regulators from the EU and beyond and interaction with the stakeholders of 

the nanosafety community. 

I am sure we will have a very successful meeting.  I am looking forward to welcoming you all 

on our beautiful island. 

On behalf of the Local Organization Committee  

Professor Spiros H. Anastasiadis 
Director of FORTH/IESL  
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WELCOME 
 

Professor Fotakis, Alternate Minister of Research and Innovation, Mr. Arnaoutakis, Governor 

of the Region of Crete, Professor Anastasiadis, Director of FORTH-IESL, Colleagues from 

European and International agencies, scholars and researchers it is a great pleasure for our 

international community to meet here in this beautiful location to assess our achievements, 

and form future plans. We will need to peer into the future, ask ourselves how we will face 

the next phase, and make the necessary scientific advances. Where better to do that than 

here, at the very heart and foundation of European Civilization. We deeply appreciate the 

warmth and efficiency with which we have been received in Crete, and warmly welcome all 

to this exciting meeting.  

 

Wishing all an excellent conference, 

Kenneth Dawson 

Coordinator of QualityNano Infrastructure Program   
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Conference Schedule

 

Wed 15th July 
Start 
time 

Duration End 
time 

Item  Speaker 

08:00 04:00 12:00 Meeting registration 
12:00 01:00 13:00 Lunch 
     

Session 1 [A]: Current status, outstanding challenges and organizational approach to their resolution 
Chair Dr. Hermann Stamm 
Chair Dr. Peter Kearns 
13:00 00:05 13:05 Opening Prof. Kenneth Dawson, CBNI & Dr. 

Georgios Katalagarianakis, EC 

13:05 00:05 13:10 Welcome by Local Organiser Prof. Spiros H. Anastasiadis, Director of 
IESL-FORTH 

13:10 00:05 13:15 Welcome Mr. Stavros Arnaoutakis, Governor of 
the region of Crete  

13:15 00:10 13:25 Research and education in Greece Prof. Costas Fotakis, Greek Alternate 
Minister of  Research and Innovation  

13:25 00:10 13:35 European Commission outlook Dr. Georgios Katalagarianakis, EC 
13:35 00:20 13:55 Background and outstanding 

challenges in quality and 
reproducibility  in nano research.  

Prof. Kenneth Dawson, CBNI 

13:55 00:30 14:25 Regulatory science research in 
nanotechnology: the known and 
unknown 

Dr. Anil Patri, FDA 

14:25 00:20 14:45 ProSafe-NANoREG Dr. Tom Van Teunenbroek (NANoREG), 
Ministry of Infrastructure and the 
Environment, Netherlands 

14:45 00:30 15:15 Coffee Break 
Chair Dr. Tom Van Teunenbroek 
Chair Dr. Anil Patri 
15:15 00:20 15:35 The current status of the OECD 

efforts: safety testing and 
assessment 

Dr. Peter Kearns, OECD 

15:35 00:15 15:50 Presentation of the European 
nanomedicine characterisation 
laboratory (EU NCL) 

Dr. Francois Rossi, NCL-EU 

15:50 01:00 16:50 Open panel discussion, round table, 
all projects 

Panel: Anil Patri,  Peter Kearns, 
Hermann Stamm, Tom Van 
Teunenbroek, Andrej Kobe, Hendrik 
Emons, others to be announced  

16:50 00:10 17:00 Close of the session Prof. Kenneth Dawson, CBNI 

     

20:00   Gala Dinner - Knossos Royal hotel 
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Thur 16th July 

Session 2: Greek and Crete Nano Research 

Chair Prof. Kenneth Dawson 
Chair Dr. Anil Patri 
08:00 00:20 08:20 FORTH/IESL highlights and 

perspectives 
Prof. Spiros H. Anastasiadis, Director of 
IESL-FORTH & University of Crete 

08:20 00:20 08:40 Novel biomaterials development, 
characterization and diagnostics for 
nanosafety studies 

Dr. Emmanuel Stratakis, IESL-FORTH 

08:40 00:20 09:00 Brain-on-Chip: developing new CNS 
drug screening platforms 

Prof. Achilleas Gravanis, University of 
Crete 

          

Highlight Session 

Chair Prof. Kenneth Dawson 
Chair Dr. Anil Patri 
09:00 00:40 09:40 Critical reflections on nanosafety Dr.  Günter Oberdörster, Emeritus 

Professor of Toxicology, Dept. of 
Environmental Medicine, University of 
Rochester, NY, USA 

     

Session 3: Progress on “Quality” to date; operational activity 
Chair Dr. Tom Van Teunenbroek 
Chair Dr. Peter Kearns 
09:45 00:20 10:05 Nature nano reproducibility 

initiative 
Dr. Ai Lin Chun, Nature 

10:05 00:30 10:35 Nanosafety research-are we on the 
right track? 

Prof. Harald Krug, Empa 

10:35 00:30 11:05 Measurement benchmarks for 
reliable nanomaterial 
characterisation  

Prof. Dr. Hendrik Emons, JRC 

11:05 00:30 11:35 Coffee Break 
11:35 00:20 11:55 Characterising and quantifying 

nanoparticle interactions with cells 
Dr. Anna Salvati, University of 
Groningen 

11:55 00:20 12:15 Reproducibility in characterizing 
nanomaterials using optical 
techniques 

Prof Dominique Langevin,Centre 
national de la recherche scientifique 

12:15 00:20 12:35 Community governance for nano 
innovation  

Dr. Iseult Lynch, The University of 
Birmingham 

12:35 00:05 12:40 Close of session 
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Session 4: Round Robins, inter laboratory comparison and tools for the community governance 

Chair Prof. Liming Xie 
Chair Prof Dominique Langevin 
12:40 00:20 13:00 Synthesis, variability and stability of 

nanoparticles 
Dr. Hans Rudolf Paur, Karlsruher 
Institut für Technologie  

13:00 00:20 13:20 Round robins as a tool to measure 
and improve quality 

Dr. Andrea Haase, BfR 

13:20 00:20 13:40 Introducing best practice in 
nanomaterials’ biological 
characterization 

Dr. Inge Nelissen, VITO 

13:40 00:20 14:00 Improving repeatability and 
reproducibility of size and 
concentration measurements using 
nanoparticle tracking analysis  

Dr. Patrick Hole, Malvern Instruments 
Limited  

14:00 01:00 15:00 Lunch 
Chair Prof. Dr. Hendrik Emons 
Chair Prof. Emmanuel P. Giannelis 
15:00 00:20 15:20 Measuring nanoparticles in 

complex media  
Dr. Anna Undas , Wageningen 
University 

15:20 00:20 15:40 The importance of reproducible 
high quality data and metadata for 
modelling efforts 

Dr. Christoffer Aberg, University of 
Groningen 

15:40 00:20 16:00 Knowledge-based integration 
supporting risk assessment in nano 
safety 

Dr. Barry Hardy, Douglas Connect 

16:00 00:30 16:30 Coffee Break 
Chair Prof. Harald Krug 
Chair Dr. Emmanuel Stratakis 
16:30 00:20 16:50 Use of published toxicology facing 

risk assessors. Thoughts from a risk 
assessor and editor of the journal 
Nanotoxicology 

Dr. Håkan Wallin, National Research 
Centre for the Working Environment 

16:50 00:20 17:10 Training for a European nano safety 
base 

Dr. Marco Monopoli, University 
College Dublin 

17:10 00:10 17:20 Advancing actionable collaboration 
across the US-EU Communities of 
Research (Part I) 

Dr. Barry Hardy, Douglas Connect 

17:20 00:10 17:30 Advancing actionable collaboration 
across the US-EU Communities of 
Research (Part II) 

Prof. Teresa F Fernandes, Heriot-Watt 
University, Edinburgh 

17:30 00:30 18:00 Open panel discussion, round table, all projects 

     

19:00 02:00 21:00 Poster Session & Refreshments  
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Friday 17th July 
Session 5: Crete Nano Research network 
Chair Prof Spiros Anastasiadis 
Chair Dr. Andrea Haase 
08:30 00:20 08:50 Regenerative dentistry using stem 

cells and nanotechnology 
Prof. Thimios Mitsiadis, University of 
Zurich 

08:50 00:20 09:10 Design of Nanoparticles for 
Environmental Monitoring and 
Remediation 

Prof. Emmanuel P. Giannelis, Cornell 
University 

09:10 00:20 09:30 Novel Methodologies to Induce 
Osteodifferentiation of Human 
Adult Mesenchymal Stem Cells 

Prof. Rena Bizios, The University of 
Texas at San Antonio 

     
Session 6: International perspective on nano research 
Chair Prof. Kenneth Dawson 
Chair Prof. Rena Bizios 
09:30 00:10 09:40 Chinese perspective on nano 

research 
Prof. Liming Xie, National Center for 
Nanoscience and Technology (NCNST), 
China 

09:40 00:10 09:50 Brazilian perspective on nano 
research 

Mr Ary Correa 

     Session 7: Policy to Standards 
Chair Dr. Anil Patri  
Chair Dr. Georgios Katalagarianakis 
09:50 00:20 10:10 Policy Issues in Nanosafety Dr. Hermann Stamm, JRC 
10:10 00:20 10:30 Standards supporting Regulation 

and Industrial Application  
Mr. Patrice Conner, AFNOR, Secretary 
of CEN/TC 352 “Nanotechnologies 

10:30 00:20 10:50 The quest for reliable regulatory 
relevant data 

Dr. Tom Van Teunenbroek (NANoREG) 
, Ministry of Infrastructure and the 
Environment, Netherlands 

10:50 00:20 11:10 Regulatory needs for verifiable data Andrej Kobe, European Commission, 
DG Environment 

     
11:10 00:30 11:40 Coffee Break 
    
Session 8: The way forward 
Chair Prof. Kenneth Dawson 
Chair Dr. Tom Van Teunenbroek 
11:40 01:30 13:10 Open panel discussion, round table, 

all projects 
Closing remarks from: A. Patri, H. 
Stamm, A. Kobe, T.V Teunenbroek, K. 
Dawson, others to be announced  

13:10 00:25 13:35 Summary & Close Prof. K. Dawson & Dr. T.VTeunenbroek 
     13:35 00:40 14:15 Lunch 
     14:30   Trip to Archaeological site of Knossos 
20:00   Dinner - FORTH 
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Session 1 
 

Current Status, Outstanding Challenges and Organizational Approach to 
Their Resolution 

 

Chairs: Dr. Hermann Stamm & Dr. Scott E. McNeil 
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Background and Outstanding Challenges in Quality and Reproducibility 
in Nano Research  

Prof. Kenneth Dawson 

Centre for BioNano Interactions, University College Dublin, Belfield, Dublin 4, Ireland 

Email: Kenneth.A.Dawson@cbni.ucd.ie 

Research into, and understanding of, engineered nanomaterial interactions with living 

organisms is at a key moment where much has been achieved, but where most feel that the 

time has arrived to review our current status, and plan for the future. It is useful to 

summarize what we, as a community, have achieved, especially in being able to delivery 

reproducible and trustworthy toxicity data. We will discuss that question. 

  

Despite the achievements, many challenges have not been faced, some of them canonical. 

We will outline some possible areas of future focus.   

 

Regulatory Science Research in Nanotechnology: The Known and 
Unknown 

Anil K. Patri, Ph.D. 

NCTR-ORA Nanotechnology Core Facility,  National Center for Toxicological Research,  

U.S. Food and Drug Administration, Jefferson, Arkansas, USA 

Email: anil.patri@fda.hhs.gov 

 

The gradual increases in nanotechnology research and sustained international funding by 

government agencies and private industry is resulting in many novel consumer and 

healthcare products. The U.S. Food and Drug Administration (FDA) has experience in 

Nanotechnology regulatory science research and reviewed submission based on 

nanomaterial, with many of these products in clinical use and dozens currently in clinical 

trials.  FDA has established the Nanotechnology Task Force (NTF) in 2006 [1] to coordinate 

the research efforts both within and outside the agency and to facilitate advancement safer 

and effective technologies for human and animal use. Several guidance documents have 

mailto:Kenneth.A.Dawson@cbni.ucd.ie
mailto:anil.patri@fda.hhs.gov
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been published by the FDA to enable responsible development of Nanotechnology to aid 

industry.  

 

Even with significant increase in research, challenges exist in our fundamental 

understanding of existing drugs, new, and multifunctional nanomaterial, devices, and their 

use in FDA regulated products. Reproducible science is important for any research but a 

fundamental requirement for regulatory decision process. This presentation will cover FDA 

perspective in Nanotechnology, the need for appropriate methods that can define product 

consistency and collaborative consensus standards development to facilitate regulatory 

review. 

 

 [1] www.fda.gov/scienceresearch/specialtopics/nanotechnology/default.htm 

 

 ProSafe - NANoREG -via NANoREG and ProSafe to Solutions?  

Tom van Teunenbroek 

Ministry of Infrastructure and the Environment, The Hague, The Netherlands 

Email: tom.van.teunenbroek@minienm.nl 

Are nanomaterials (NMs) a serious threat to environment and health?  

NMs are part of the 21st century and daily life:  

• Nanotechnology is one of the six “Key Enabling Technologies” (KET’s) in the EC  

• Nanotechnology shows unlimited possibilities  

• Nanotechnology is of paramount importance for the transition to a knowledge-based and 

low carbon resource-efficient economy  

• Nanotechnology is important for the competitiveness of European industries in the 

knowledge economy.  

The limited understanding of the Environmental Health and Safety (EHS) aspects of NMs is 

a threat to capitalization of the potentials of nanotechnology. It leads to uncertainty on how to 

judge the EHS aspects of these materials in a regulatory context. This has a negative impact 

on the investment climate and on societal appreciation of products containing NMs. There is 

a lot of research on characterization, release, kinetics, mode of action, etc. on NMs. It is 

shown in the increase of number of publications on EHS aspects.  

http://www.fda.gov/scienceresearch/specialtopics/nanotechnology/default.htm
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The FP7 project NANoREG is an approach to collect and establish scientific knowledge 

(reliable data) on EHS aspects of NMs. It's a top-down approach to assure the value of 

generated data, which is a basic condition for linking in vitro-in vivo experiments, 

categorization, read across, etc.  

The H2020-ProSafe project is designed to have a central, supporting and coordinating 

position in the chain of EU, member states and international relationships, including ongoing 

initiatives such as NANoREG. ProSafe will, among others, promote the acceptance/uptake 

of Safe by Design at all levels of the NMs value chain, following the complete life-cycle.  

ProSafe will have its 'grand finale' in the development of a White Paper which should:  

• Convince regulators there is a need and a possibility to regulate NMs in such a way that 

the innovation potential of nanotechnology can be fully exploited while at the same time 

unacceptable risks for human health and the environment can be avoided.  

• Present a feasible philosophy and accompanying set of instruments to measure and 

assess the effects of NMs and their applications, that has the support of stakeholders and 

that can be implemented in regulation. The Joint Document summarising the regulatory 

relevant results of NANoREG, OECD WPMN and selected FP7 projects by the ProSafe task 

Force, will provide the input for this activity.  

• Present –for the long(er) term- a way forward to integrate the safety aspects of 

nanomaterials in the innovation process.  

 

Chairs: Dr. Tom Van Teunenbroek & Dr. Anil Patri 

 

Nanotechnology Characterization Lab: Lessons Learned 

Scott McNeil, PhD   

Nanotechnology Characterization Laboratory, Cancer Research Technology Program, 

Leidos Biomedical Research, Inc., Frederick National Laboratory for Cancer Research, 

Frederick, MD 21702 

Email: ncl@mail.nih.gov 

 

The Nanotechnology Characterization Lab (NCL) was established in 2004 as a partnership 

among the National Cancer Institute (NCI), Food and Drug Administration (FDA), and 

National Institute of Standards and Technology (NIST).  Together, these agencies formed 

mailto:ncl@mail.nih.gov
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the NCL to accelerate the translation of novel nanomedicines for improved cancer therapy 

and enhanced diagnostic capabilities.  Since its inception over ten years ago, the NCL has 

characterized more than 300 different nanoparticles and worked with more than 100 of the 

foremost nanotech research organizations throughout the world.  The NCL provides a variety 

of preclinical characterization services in an effort to help these investigators secure 

Investigational New Drug (IND) or Investigational Device Exemption (IDE) approvals with the 

US FDA.  Nearly a dozen NCL collaborators are now in clinical trials with novel treatment 

strategies afforded through nanotechnology.  

Traditional chemotherapeutics are highly hydrophobic, non-selective towards cancer cells, 

and can have a multitude of dose-limiting off-target toxicities.  Formulation using nano-

platforms, however, can improve solubility, bioavailability and biodistribution, and reduce 

adverse side effects, by serving as a depot for controlled drug release.  This talk will provide 

an overview of the NCL, the lessons learned from ten years of nanoparticle characterization, 

discuss trends in nanoparticle ADMET, and illustrate how physical parameters influence 

nanoparticle biocompatibility, PK and toxicity. 
Funded by NCI Contract No. HHSN261200800001E. 

 

The Current Status of the OECD Efforts: Safety Testing and Assessment 

 
Peter Kearns, Presenting Author1, Mar Gonzalez, Asako Aoyagi, Hoseok Song, Jihane El 

Gaouzi and James Pitman 1  
1OECD, Environment, Health and Safety Division, Paris, France 

Email: peter.kearns@oecd.org 
 
Since 2006, the OECD has been working on human health and environmental safety issues 

related to manufactured nanomaterials. This work is managed by OECD’s Working Party on 

Manufactured Nanomaterials (WPMN) which comprises delegates from governments of 

OECD member countries, certain non-members, as well as other stakeholders.   OECD’s 

work nanosafety is an integral part of its Chemicals Programme.  A key aspect of the 

Chemical Programme is the mutual acceptance of data (MAD), which has been established 

over the years by a series of OECD Council Acts [1], [2], [3]. The OECD Council is the 

                                                
1 The opinions expressed and arguments employed herein are those of the authors and do not necessarily reflect the 
official views of the OECD or of the governments of its member countries. 
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governing body of OECD and comprises the ambassadors of OECD countries to OECD.  

The MAD system is legally binding on OECD countries and other countries that have agreed 

to it.  The MAD system states that ‘data generated in the testing of chemicals in an OECD 

Member country in accordance with OECD Test Guidelines and OECD Principles of Good 

Laboratory Practice [GLP] shall be accepted in other Member countries…..’  In 2013, the 

OECD Council adopted a Council Act related to the safety of nanomaterials [4] which had a 

number of recommendations including the use of OECD test guidelines and principles of 

GLP when testing nanomaterials.  In other words, data generated for the safety of 

nanomaterials could be subject to MAD.  While the majority of OECD test guidelines are 

suitable for nanomaterials, some may need to be adapted and work is currently underway to 

adapt certain test guidelines using data collected from OECD’s testing programme as well as 

other sources.     
[1]  OECD Council Decision concerning the Mutual Acceptance of Data in the Assessment of Chemicals 
[C(81)30(Final), as amended]; 
[2] OECD Council Decision-Recommendation on Compliance with Principles of Good Laboratory Practice 
[C(89)87(Final), as amended]; 
[3] OECD Council Decision concerning the Adherence of non-Member Countries to the Council Acts Related to 
the Mutual Acceptance of Data in the Assessment of Chemicals [C(81)30(Final) and C(89)87(Final)] 
[C(97)114/FINAL];  
[4]  OECD Council Recommendation on the Safety Testing and Assessment of Manufactured Nanomaterials 
[C(2013)107].  
[5] Testing Programme of Manufactured Nanomaterials http://www.oecd.org/chemicalsafety/nanosafety/testing-
programme-manufactured-nanomaterials.htm 

 

Presentation of the European Nanomedicine Characterisation 
Laboratory (EU NCL) 

Dr. Francois Rossi 

NCL-EU 

 

In order to accelerate the development of the nanomedicine business in Europe, EU-NCL 

interconnects 8 European and 1 American key reference facilities with a proven expertise in 

physical, chemical, in vitro and in vivo biological characterisation of nanoparticles for medical 

applications. The objective is to reach a level of international excellence in nanomedicine 

characterization for all medical indication, and make it accessible to all organisations 

developing candidate nanomedicines prior to their submission to the regulatory agencies in 

order to get the approval for clinical trials and later the marketing authorization. EU-NCL is 

partnered with the sole international reference facility namely the Nanotechnology 

Characterisation Lab of the USA to get a faster international harmonization of analytical 

http://www.oecd.org/chemicalsafety/nanosafety/testing-programme-manufactured-nanomaterials.htm
http://www.oecd.org/chemicalsafety/nanosafety/testing-programme-manufactured-nanomaterials.htm
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protocols. EU-NCL is closely connected to national medicine agencies and to the European 

Medicine Agency in order to permanently adapt its analytical services to the need and 

requests of the regulators. EU-NCL is designed, organized and operated according to the 

highest EU regulatory and quality standards in order to provide a full analytical cascade of 

42 assays. Within EU-NCL, 6 analytical facilities will offer a Trans National Access to their 

existing analytical services but they will also develop new or improved analytical assays 

under the Joint Research Activities in order to keep EU-NCL at the cutting edge of the 

nanomedicine characterisation. A complementary set of networking activities will make EU-

NCL able to deliver to the European academic or industrial scientists the best analytical 

services they dramatically require for accelerating the industrial development of their 

candidate nanomedicines. An exploitation and business plan will be proposed at the end of 

the project in order to submit a sustainable development plan beyond the initial period of 4 

years. 

 

Highlight Session 
 

Critical Reflections on Nanosafety 

Dr. Günter Oberdörster 

Emeritus Professor of Toxicology, Dept. of Environmental Medicine, University of Rochester, 

NY, USA  

Email:  gunter_oberdorster@urmc.rochester.edu 
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Session 2 
 

Greek and Crete Nano Research 

 

Chairs: Prof. Kenneth Dawson & Dr. Anil Patri 
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FORTH-IESL Highlights and Perspectives 

Spiros H. Anastasiadis1,2 

1 Institute of Electronic Structure and Laser, Foundation for Research and Technology-

Hellas, Heraklion Crete, Greece 
2 Department of Chemistry, University of Crete, Heraklion, Greece 

E-mail: spiros@iesl.forth.gr  

 

The Foundation for Research and Technology – Hellas (FORTH), established in 1983, is 

one of the largest Research Centers in Greece with well organized facilities, highly qualified 

personnel and a reputation as a top-level Research foundation worldwide. FORTH, with 

headquarters in Heraklion, consists of six closely collaborating Research Institutes: Institute 

of Electronic Structure and Laser, Institute of Molecular Biology and Biotechnology, Institute 

of Computer Science, Institute of Applied and Computational Mathematics, Institute for 

Mediterranean Studies and Institute of Chemical Engineering Sciences. 

The Institute of Electronic Structure and Laser (IESL) is one of the founding members of 

FORTH.  In its 32 years of existence, it has established its international presence in the 

areas of Laser Science, Micro/nano-electronics, Polymer Science, Materials Science and 

Astrophysics. Nowadays, IESL occupies a distinct position in the international scientific map 

in several of these fields.   

 

Activities in the area of laser science and applications cover the areas of strong field physics, 

atomic and molecular physics and chemical dynamics, theoretical atomic, molecular and 

optical physics and chemistry, micro- and nano-processing of materials, photonics for 

cultural heritage, photonic materials and devices, biophotonics and biomedical applications, 

and quantum optics. Activities on materials and devices include micro/nano-electronics of 

compound semiconductors and their devices, nanomaterials and nanophotonics, polymers 

and soft matter, biomaterials, electronic, magnetic and photonic materials, hybrid 

nanomaterials and meta-materials.  Finally, activities in astrophysics and astronomy include 

studies in a broad range of astrophysical phenomena utilizing observational data from 

ground-based and space facilities. 

 

FORTH has been ranked first (1st) in every comparative evaluation of all the National 

Research Centers organized by the Greek General Secretariat of Research & Technology 

and performed by external committees of international Experts.  During the most recent 

mailto:spiros@iesl.forth.gr
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evaluation (January-February 2014), FORTH-IESL was ranked first (1st) in the thematic area 

Physics and (1st) among All the Research Institutes in Greece. 

 

An overview of research activities of FORTH-IESL will be presented with emphasis on efforts 

on nanoscience/nanotechnology and nanomedicine. 

 

Novel Biomaterials Development, Characterization and Diagnostics for 
Nanosafety Studies 

Dr. Emmanuel Stratakis,  

IESL-FORTH 

Nanomaterials interaction with biological systems is a process of ever increasing complexity 

and of significant scientific interest, especially in terms of nanosafety. Nanosafety studies at 

FORTH-IESL aim at implementing a multidisciplinary approach towards understanding of 

such complex interaction. More specifically we aim to the implementation of three different 

approaches: first we develop methods for new biomaterials synthesis, including 2D 

substrates and 3D scaffolds for tissue engineering, biosensing and drug delivery. Second, 

we conduct in-vivo and in-vitro cell compatibility studies using animal and human cell lines 

as well as human stem cells. Finally, we have developed novel spectroscopic and 

biophotonics imaging techniques for in-vivo and in-vitro characterization and quantification of 

the interaction of nanomaterials with biological systems. The activities described above 

together with results from our studies will be presented and discussed. 

 

Brain-on-Chip: Developing New CNS Drug Screening Platforms 

Achilleas Gravanis 

Dept. of Pharmacology, Medical School University of Crete 

Institute of Molecular Biology & Biotechnology IMBB-FORTH 

 

Clinical development and testing of new drugs targeting the diseases and trauma of the 

nervous system are costly and time consuming. One other challenge CNS drug development 

faces is the lack of appropriate animal models and very important differences in the brain 
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and in behavior between experimental animals and humans. The recent significant advances 

in human stem cell technologies, polymer and material science and nanobioengineering 

were an important impetus to develop ex vivo microdevices, populated with human neuronal 

and glia cells, as experimental models of human brain pathologies. These microdevices are 

reliable platforms to study the pathophysiology (cell to cell interactions, cellular and 

molecular dynamics) of human brain diseases, to high-throughput screen for new drugs and 

to assess their side effects and toxicity. We are developing synthetic small agonists of 

neurotrophin receptors (microneurotrophins) with potential therapeutic applications in 

neurodegenerative diseases (Multiple Sclerosis, Amyotrophic Lateral Sclerosis, diabetic and 

age retinal degeneration) and brain trauma. The pre-clinical efficacy of microneurotrophins is 

tested in animal and human neuronal and glial 3D cultures in silicon or collagen scaffolds 

and in microfluidics brain-on-chip devices. Human neurons and glia cells are deriving from 

induced-pluripotent stem cells (iPS) from healthy volunteers or patients with 

neurodegenerative diseases. 
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Session 3 
 

Progress on “Quality” to Date; Operational Activity 

 

Chairs: Dr. Tom Van Teunenbroek & Dr. Peter Kearns 
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Nature Nano Reproducibility Initiative 

Ai Lin Chun   

Nature Publishing Group, Nature Nanotechnology 

Email: a.chun@nature.com 

 

 

Since 2012, there has been a lot of debate around the reproducibility of published results in 

the life sciences. The Nature journals have been very active in this area, fostering debate 

and promoting initiatives. In 2013, several Nature journals updated their editorial policies 

aimed at improving transparency and reproducibility. In 2015, Nature Nanotechnology joined 

the reproducibility initiative1. In this talk, I will give you an overview of the measures 

introduced in NPG journals to promote robustness and reproducibility, and speak about the 

reactions of the research community.  
 

 [1] 2015. Joining the reproducibility initiative. Nature Nanotechnology 9:949 
 

 

Nanosafety Research-Are We on the Right Track? 

Harald F. Krug 

Empa – Federal Institute of Materials Science & Technology, St. Gallen, Switzerland 

Email: harald.krug@empa.ch 

 

Safety aspects become more and more a crucial and integral part of new technologies. 

Nanotechnology is the first example for a sustainable development of new applications for 

technical, medical and environmental issues which is accompanied by an intense risk 

research [1]. During the last decade a huge amount of publications have shown possible 

adverse effects for health and environment, but on the other side, the multitude of papers 

has demonstrated also that international standards and harmonization of test protocols are 

urgently needed. We have demonstrated that without the in depth characterization of the 

investigated material and the use of standard operation procedures most of the studies are 

not useful for a risk assessment [2]. The last 5-6 years have witnessed an exponential 

increase in the numbers of publications on "Nanotoxicology" [2,3]. More and more it 

becomes apparent that many of these publications contain shortcomings in characterization 

mailto:a.chun@nature.com
mailto:harald.krug@empa.ch
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of the tested material, experimental design and the conclusions drawn [4]. Obviously, these 

limitations offer difficulties in issuing clear statements on “Safety Aspects of Nanomaterials”. 

What is missing is the reliability on the data presented in the studies as many published data 

are inconsistent with each other or are based on wrong conclusions [2,4]. Not only we could 

demonstrate the interference of NP with the assay systems which often is neglected, and 

besides other pitfalls the appropriate controls are missing [5]. 

Thus, solutions will be shown how we can proceed in the future with handling 

nanotechnology in a safe and sustainable way by providing in depth information to 

everybody [6]. 

 
[1] Som, C et al. 2013. Toward the Development of Decision Supporting Tools That Can Be Used for Safe 

Production and Use of Nanomaterials. Acc. Chem. Res. 46: 863-872 
[2] Krug, HF 2014 Nanosafety Research-Are We on the Right Track? Angew. Chem. Int. Ed. 53: 12304-

12319 (open access) 
[3] Krug, HF & Wick, P 2011: Nanotoxicology: an interdisciplinary challenge. Angew. Chem. Int. Ed. 50. 1260-

1278 
[4] Hirsch, C et al. 2011 Nanomaterial cell interactions: are current in vitro tests reliable? Nanomedicine 

(Lond) 6: 837-847 
[5] Rösslein, M et al. 2015 Use of Cause-and-Effect Analysis to Design a High-Quality Nanocytotoxicology 

Assay. Chem. Res. Toxicol. 28: 21-30 
[6] Kühnel, D et al. 2014 Environmental impacts of nanomaterials: providing comprehensive information on 

exposure, transport and ecotoxicity - the project DaNa2.0. Environ. Sci. Eur. 26: 21 
 
 

Measurement Benchmarks for Reliable Nanomaterial Characterisation 

Hendrik Emons 
 

European Commission, Joint Research Centre,  
Institute for Reference Materials and Measurements, Geel, Belgium 

 
Email: hendrik.emons@ec.europa.eu 

 

Measurement results on nanomaterial properties are reported in an almost exploding 

amount and can be of crucial importance. Many of them are forming the basis of decisions, 

from basic science detecting new phenomena via industrial process control to regulatory 

acts such as decisions about the compliance or non-compliance of products or services with 

legal requirements. It is taken for granted in many analytical laboratories as well as by most 

of the decision makers that the measurement results are providing correct information on the 

parameter intended to be identified or quantified. But the differences in underlying physical, 

chemical and biological phenomena, the dynamical behaviour of nanomaterials, the need to 

characterise functional properties of such materials, etc. create already significant 

challenges for the identification and definition of the relevant measurands, i.e. the quantities 

mailto:hendrik.emons@ec.europa.eu
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intended to be measured. Further challenges are connected with requirements on the 

comparability and reliability of such measurement results.  

Therefore, problem-tailored measurement systems have to be established, operated and 

maintained. They require, among others, material measurement standards, providing in fact 

the characteristics of certified reference materials (CRMs), as metrological anchor points for 

the measurement scales. Moreover, an adequate method validation and quality control of 

measurement procedures and laboratories have to rely on reference materials which are 

used as benchmarks for the measurement under investigation. 

This presentation will outline and discuss requirements on and recent experiences with 

metrologically sound concepts and approaches for the physico-chemical characterisation of 

nanomaterials, in particular nanoparticles. Aspects such as the definition of the measurand, 

estimations of measurement uncertainties and establishment of metrological traceability of 

measurement results with consequences for their comparability will be highlighted. 

 

Characterising and Quantifying Nanoparticle Interactions with Cells 

Anna Salvati 

University of Groningen, Groningen, Netherlands 

Email: a.salvati@rug.nl 

 

Characterising and quantifying nanoparticle interactions with living systems are central 

challenges in the context of both nanosafety and the applications of nanotechnology in 

nanomedicine. Indeed research on the biological properties of nanosized objects and the 

parameters affecting and determining their interaction with cells has seen a considerable 

expansion in the last decade. 

Considerable efforts have been focused on the development of methods to enable 

quantitative and reproducible nanoparticle-cell studies to be performed, including methods 

which have been optimised and tested within the Research Infrastructure QualityNano.  

Several lessons have been learnt on the factors affecting nanoparticle-cell interactions, 

including nanoparticle properties, cell status and characteristics, but also the details of how 

nanoparticles are exposed to cells and the surrounding biological environment. Thus for 

instance the biological medium in which nanoparticles are dispersed strongly affects the 

resulting interactions with cells. As an example of this, the same nanoparticles, even when 

applied at the same dose, can lead to very different outcomes depending on the exposure 

conditions. [1-4] 
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First conclusions can be drawn on some general outcomes which have been reported for 

multiple nanoparticle-cell systems.  

 

Reproducibility in Characterizing Nanomaterials Using Optical 
Techniques 

Prof Dominique Langevin  

Laboratoire de Physique des Solides, Université Paris Sud 11, Orsay, France 

Email : dominique.langevin@u-psud.fr 

 

 

Dispersions of particles scatter light and by measuring the time correlation function of the 

scattered intensity, the particle size can be obtained. This method is called Dynamic Light 

Scattering (DLS). A related method makes use of particle tracking analysis and requires 

dilution of the dispersion as the motion of single particles is tracked.  Today, many 

commercial instruments can be purchased (Zetasizers, NanoSight..). The measurements 

with Zetasizers are automatized to a large extent, which can produce errors in size 

determinations. The present talk intends to describe the problems that can arise and 

propose solutions to avoid them. In particular, the establishment of standard operation 

procedures (SOPs) was found very useful to ensure reproducibility.  We will also describe 

extensions of the DLS method such as depolarized light scattering (for the measurement of 

the dimensions of elongated particles such as nanotubes) and multiple light scattering (for 

the detection of nanoparticles in turbid media).   

 

Community Governance for Nano Innovation 

Iseult Lynch1   

1University of Birmingham, Birmingham B15 2TTy, United Kingdom 

Email: i.lynch@bham.ac.uk    

 

With the era of acute nanotoxicity studies drawing to a close, and the hunt for viable and 

realistic alternatives to animal testing including models for long-term exposures in full swing, 

new approaches to community governance are required.  Applications of nanomaterials / 

nanotechnologies in medicine, renewable energy, construction as well as consumer 

mailto:dominique.langevin@u-psud.fr
mailto:i.lynch@bham.ac.uk
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Figure 1: Priority areas for development of 
best practice in nanosafety within QualityNano 

products, while numerous, are still in their infancy compared to the potential as a key 

enabling technology. Thus the time for true engagement across communities and traditional 

divides is here, with a critical need to transfer knowledge and learning from the nanosafety 

community into the application sectors, and more importantly, to preserve the hard-won 

knowledge, experience, and best-practice that emerged from a decade of nanosafety 

research successes and failures. QualityNano, as a driver of best-practice and quality in all 

aspects of nanosafety has a duty of care to preserve and pass-on this knowledge, and drive 

the establishment of community governance procedures to preserve its legacy. 

One potential model to achieve this is that of the Human Proteome Organisation (HUPO) an 

umbrella organisation for the proteomics community. One of HUPO’s stated goals is to 

coordinate the development of standard operating 

procedures related to:  

• Sample preparation, analysis, and repetitions; 

• Data collection, analysis, storage, and sharing; 

This is achieved, in part, via the Human Proteome 

Standards Initiative, a working group which defines community standards for data 

representation in proteomics to facilitate data comparison, exchange and verification. Note 

however, that this initiative expressly does not address 

quality, which is something that governance of 

nanosafety assessment data must.   

WG7 of the EU Nanosafety Cluster (NSC) has a sub-group dedicated to standardisation 

which could form the basis of an international effort on nanosafety quality standards, 

linked to the existing EU-US Communities of Research and expanded internationally via the 

activities of ProSafe and NanoREG. An unrealised aim of the NSC has been the 

development of a charter of best practice for researchers in this field, outlining lessons 

learned and best practice, and perhaps now is an appropriate time to drive this forward to 

ensure the lessons learned are engraved in the minds of the rapidly expanding research and 

translational community, embedded into the publication guidelines of nano-related journals 

(irrespective of whether their focus is on new materials or applications), and enshrined as a  

condition of funding for all activities in this arena.  

The output from this final QualityNano conference will be a special issue capturing the 

lessons learned within QualityNano and related activities, as a first step towards this.  

QualityNano’s remit covered raising the overall quality of nanosafety research by provision of 
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access to state of the art characterisation equipment to toxicology and ecotoxicology 

laboratories and networking and training events, as well as driving best practice in 5 key 

areas identified as roadblocks to progress, as shown in Figure 1 above.  We propose here 

several “next steps” towards establishment of ongoing community governance strategies, 

driven via the EU NSC and the EU-US CoRs.  
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Session 4 
 

Round Robins, Inter-Laboratory Comparison and Tools for the 
Community Governance 

 

Chairs: Prof. Liming Xie & Prof. Dominique Langevin 
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Synthesis, Variability and Stability of Nanoparticles 

Hanns-Rudolf Paur1, Eugene Mahon2, Iseult Lynch6, Thomas Bergfeldt1, Silvia Diabaté1, 

Johan Forsgren4, Sonja Mülhopt1, Jordi Piella Bagaria 3, Victor Puntes3, Reinhard 

Schneider1, Carsten Weiss1, Terry Wilkins5, Yunhong Jiang5 
1 Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany. 2 University College Dublin 

(UCD, CBNI) , Dublin, Ireland, 3 Institute Català de Nanotecnologia, Bellaterra (Barcelona), 

Spain, 4 Uppsala University, Department of Engineering sciences, Uppsala, Sweden 
5 University of Leeds, Leeds, UK, 6 University of Birmingham, Birmingham, UK 

Email: paur@kit.edu 

 

 

Reports concerning toxic effects of nanomaterials undermine consumer confidence and 

threaten promising future applications of nanotechnology and the profitability of established 

products. The testing procedures for nanostructured products by bioassays are under close 

scrutiny. Standard operation procedures have been developed to prepare samples and to 

conduct bioassays involving the use of positive and negative controls.  

To improve the quality of the tests a detailed understanding of the parameters is required, 

which may cause variability of nanomaterials. Detailed investigation to determine the effects 

of synthesis, long term stability of solid nanomaterials and application on chemical 

composition, size distributions and dose/effect variability of nanoparticles has been 

performed.  

SiO2, TiO2 and ZnO are among the most widely used nanoparticles used in consumer 

products. The first part of the project aims at the identification of potential sources of their 

variability, that can have biological implications. Thirty batches of the materials investigated 

have been synthesized under carefully controlled reaction conditions and specific 

parameters were varied. A wide range of pristine and standard solution property 

physiochemical properties have been evaluated, to correlate reaction conditions to variation 

in physico-chemical properties. These include most of the relevant OECD proposed 

parameters such agglomeration, aggregation by SEM, TEM, crystallinity by XRD, particle 

size distribution in aqueous suspension by DLS, surface charge by zeta potential, solubility 

and gas-sorption, and electrospray/SMPS for determination of particle size distributions in 

air. The trace metal contents of the materials were determined by ICP-MS and ICP-OES.  In 

parallel the NP were tested for the potential to produce reactive oxygen species by DCF-test. 

The second part of the project concentrates on the long-term stability of suspensions of 
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several well characterised nanoparticle batches at various storage conditions.  DLS-

measurements were conducted over a time period of 600 days. Despite carefully controlled 

conditions TiO2 and ZnO particles in suspension show significant changes of their size 

distributions. SiO2 and Polystyrene samples exhibit a better stability. The stability depending 

on storage conditions will be discussed. 

To improve quality control in NP testing a documentation of their source and synthetic 

method is advised. The storage conditions and age of particle samples should be 

documented. Prior to application in biological assaysthe particles should be characterized 

with respect to their size distributions (DLS, TEM, SMPS), chemical composition (ICP-MS) 

and radical formation potential (DCF, ESR).  

 

Round Robins as a Tool to Measure and Improve Quality 

Andrea Haase and Andreas Luch 

German Federal Institute for Risk Assessment (BfR), Department of Chemical & Product 

Safety, Berlin, Germany 

Email: andrea.haase@bfr.bund.de  

 

Nanotechnology is generally perceived as one of the key innovations of the 21st century with 

an enormous expected commercial, societal and scientific impact. Already by now plenty of 

products being enabled by nanotechnology are available on the market, among them also 

plenty of different consumer products such as cosmetics, packaging materials, textiles or 

others. The European Commission has recently published a recommendation for a definition 

of the term nanomaterial (2011/696/EU) and several fields such as cosmetic products, food 

or biocides already have existing regulations, which include specific regulation on the use of 

nanomaterials and which require a specific labelling of nanoscaled ingredients (refer to 

regulation on cosmetic products EC 1223/ 2009, regulation on the provision of food 

information to consumers EU 1169/ 2011, regulation on biocidal products EU 528/2012).  

This has important implications for industry, for regulation, for market surveillance and thus 

also for the sustainable and safe use of nanomaterials in general. An obvious first implication 

is the need for robust, harmonized and validated test methods. This refers not only to 

reliable test methods to characterize nanomaterials after their synthesis but also needs to 

include test methods, which will allow characterization in the product matrix (e.g. inside a 

mailto:andrea.haase@bfr.bund.de
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cosmetic formulation). Clearly, it also includes the need of reliable methods for hazard 

characterization.  

Despite the fact that the nanotechnology community certainly has achieved substantial 

progress and knowledge, as measured in terms of published studies, has been growing 

exponentially within the last ten years, still many challenges are remaining as also pointed 

out by others recently1,2. This talk will present lessons we have learned in the last ten years 

of nanosafety research and will highlight the importance of quality management tools in 

order to achieve, to measure and to sustain quality in nanosafety research. Most importantly 

this talk will focus on round robins as a useful and versatile tool for various different 

purposes including method development, method (pre-)validation but also for laboratory 

proficiency testing as a quality management tool or for other purposes such as for instance 

the development of nanomaterial positive or negative controls. 
 [1]  Warheit D.B. and Donner E.M. 2015, How meaningful are risk determinations in the absence of a complete dataset? 

Making the case for publishing standardized test guideline and ‘no effect’ studies for evaluating the safety of nanoparticulates 

versus spurious ‘high effect’ results from single investigative studies. Sci. Technol. Adv. Mater. 16, 5pp 

[2] Krug H. 2014 Nanosafety Research - Are We on the Right Track? Angew. Chem. Int. Ed. 53, 12304pp 

 

Introducing Best Practice in Nanomaterials’ Biological Characterization 

Inge Nelissen  

VITO NV (Flemish Institute for Technological Research), Mol, Belgium 

Email: inge.nelissen@vito.be 

 

Quality and relevance of nanosafety studies constitute major challenges to ensure their key 

role as a supporting tool in sustainable innovation and subsequent competitive economic 

advantage. In the FP7 QualityNano Research Infrastructure best practices in nanosafety 

research have been disseminated as part of its networking activities. 

To this end standard operating procedures (SOPs) for in vitro assessment of established 

biological endpoints have been developed and validated in a multi-step process. By means 

of round robins in a small group of expert laboratories SOPs were optimized and verified, to 

disseminate them to the nanosafety research community. The SOPs were further used for 

interlaboratory comparison (ILC) studies among >10 laboratories to evaluate proficiency of 

the participating laboratories, and to test candidate positive and negative control 

nanomaterials as assay controls and determine their response ranges. 

 Based on the outcome of ILC studies and a questionnaire on the study performance training 

needs for research laboratories were identified and SOPs refined. The results of these pre-

mailto:inge.nelissen@vito.be
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normative activities will be proposed for standardization. Such process has been adopted for 

determination of nanomaterial-induced cytotoxicity using the MTS assay and will be 

presented here. Similar activities related to other biological assays will be highlighted. 

 

Improving Repeatability and Reproducibility of Size and Concentration 
Measurement Using Nanoparticle Tracking Analysis 

Katy Sillence1, Patrick Hole1 
1Malvern Instruments Ltd., Amesbury, UK 

Email: patrick.hole@malvern.com 

 

Significant improvements in accuracy and precision of both size and concentration 

measurements, by Nanoparticle Tracking Analysis (NTA) from Malvern Instruments Ltd., 

were achieved with the use of an interlaboratory round robin of 12 international partners. 

Over 10 rounds the introduction and development of robust protocols and methods along 

with new developments increased measurement repeatability and reproducibility over a 

range of nanoparticle sample types. 

Sizing results showed improvements in %CV values from 33.3% to 3.1% for 100 nm latex 

with the introduction of a protocol, with sizing results of a bimodal mix of 80 nm gold and 200 

nm latex of 5.5 and 5.2 %cv respectively [1]. NTAs ability to resolve complex mixes was 

interrogated, with mixes of 100, 200, 300 and 400 nm latex being accurately sized, as shown 

in Figure 1.   

 
Figure 1: Multimodal size distribution graphs and modal particle sizes of mixtures of 100, 200 300 and 400 nm polystyrene latex 

(PSL) NPs as measured by 10 laboratories. 

 

Concentration measurement repeatability and reproducibility improvements will be 

discussed, including improved repeatability of 3% (from 15%) and interlaboratory 

reproducibility of 10% (from 44%), with the application of the NTA concentration 

measurement upgrade. 

mailto:patrick.hole@malvern.com
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The talk will discuss the motivation, assembly, initiation, sample analysis and dissemination 

of the ILC as well as describing some of the technical improvements to the NTA 

measurements observed.  
 [1]  Hole, P et al.  2013.  Interlaboratory comparison of size measurements on nanoparticles using nanoparticle 

tracking analysis (NTA). Journal of Nanoparticle Research 15: 2101 

 

Chairs: Prof. Dr. Hendrik Emons & Prof. Emmanuel P. Giannelis 

 

Measuring Nanoparticles in Complex Media 

Hans JP Marvin1, Ruud JB Peters1, Anna K Undas1  
1RIKILT Wageningen UR, Wageningen, The Netherlands 

Email: hans.marvin@wur.nl 
 

Nanomaterials are being used in many fields of industry, agriculture, consumer products, 

food and feed.  However, due to the special properties of these materials, there are 

concerns about their safety. The development of analytical techniques to measure and 

characterise nanomaterials in complex matrices is a key element to understand the benefits 

as well as the risks of the application of such nanomaterials. 

Many approaches have been tested (e.g. light scattering (DLS, PALS, MALS, SLS), 

analytical centrifugation (DCS), microscopy (TEM, SEM, AFM), fluorescence correlation 

spectroscopy (FCS), particle induced x-ray emission (PIXE), single particle ICPMS, and 

many others), and all have their pros and cons.  

Single particle inductively coupled mass spectrometry (spICPMS) has shown to be very 

suitable for the quantification and characterisation of nanometals in complex matrices. 

spICPMS is characterized by excellent elemental sensitivity, specificity and allows not only 

for the determination of particle size distribution, but also of particle number concentration 

[1]. 
 [1] Peters, R et al.  2014.  Advanced analytical techniques for the measurement of nanomaterials in complex 
samples: a comparison. Quality Assurance and Safety of Crops and Foods, 6 (3) 281-290 
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The Importance of Reproducible High Quality Data and Metadata for 
Modelling Efforts 

Dr Christoffer Åberg   

University of Groningen, Groningen, Netherlands 

Email: christoffer.aberg@rug.nl 

 

Unique characteristics of the nano-scale challenges paradigms underlying safety 

assessment when applied to nanoparticles, and this must also be reflected in models built to 

capture, understand and – ultimately – predict nanoparticle impact. Notably, an 

environmentally defined biological identity and cell-energy driven internalisation suggest the 

need to revisit the basic principles of how these objects interact with cells and barriers. 

Naturally, no model is better than the data upon which it is built, and data of sufficient quality 

consequently plays a key role in setting up the general framework. We will discuss efforts to 

build quantitative models for describing nanoparticle-cell interactions, emphasising the need 

for high quality data. Several examples comparing model predictions and high quality 

experimental data will be given, in notable cases showing excellent agreement between 

experiments and theoretical parameter-free predictions[1,2]. We stress also the availability of 

corresponding metadata, and give a few illustrations highlighting this aspect.   

 

Knowledge-Based Integration Supporting Risk Assessment in Nano 
Safety 

Dr. Barry Hardy 

Douglas Connect 

Email: barry.hardy@douglasconnect.com 

 

This presentation with discuss systemic principles strengthening the mobilisation of 

community resources and knowledge flows supporting risk assessment goals in nano safety. 

 

 

 

mailto:christoffer.aberg@rug.nl
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Chairs: Prof. Harald Krug & Dr. Emmanuel Stratakis 

 

Use of Published Toxicology Facing Risk Assessors. Thoughts from a 
Risk Assessor and Editor of the Journal Nanotoxicology 

Dr Håkan Wallin   

National Research Centre for the Working Environment 

 

Training for a European Nanosafety Base 

Dr. Marco Monopoli 

Centre for Bionano Interactions (CBNI), University College of Dublin, School of Chemistry 

and Chemical Biology, Dublin, Ireland 

Email: marco.monopoli@cbni.ucd.ie 

Rapid advances in synthetic chemistry have enabled the large-scale production of 

nanomaterials which possess novel exciting properties, that have the potentials to be used in 

a broad range of sectors.  

Despite their great potential, there is the need to fully evaluate their toxicity from direct and 

indirect exposure to humans, animal species and the environment to ensure the safe 

implementation of nanoparticles in modern society pointing towards their safe applications 

with long lasting benefits to the society.  

 

Recent studies have shown that the nanoparticles interact with biological machineries in a 

completely different way than chemicals as these materials can engage and interact with the 

living system rather than diffuse through membranes. As such there has been an urgent 

need to develop a new platform to study their behaviour in biological and environmental 

milieu. The development of protocols and meaningful methods to assess the potential 

toxicity of nanomaterials is highly challenging, and it requires multidisciplinary scientists in 

different fields such as in physico-chemistry, cell biology, ‘omics’, toxicology, among others 

to ensure a comprehensive understanding of their biological response. 

 

It is now clear that scientists of the nanosafety community are required to develop a clear 

understanding of a wide range of these techniques, along with the capabilities to interact 



   

39 
 

with colleagues with significantly different background. It is our obligation to transfer this 

knowledge to other scientists, especially the young ones, to ensure the community to grow 

evenly, to increase the quality of the scientific publications and to ensure its sustainability 

over time.  

 

Transnational Access of Qualitynano is an example of a European platform dedicated to 

provide users of the nanosafety community access and training to state of the art facilities to 

nanomaterial processing, characterization, exposure assessments and to be trained by 

experts in the field.  

 

Advancing Actionable Collaboration Across the US-EU Communities of 
Research, Part I 

Dr. Barry Hardy 

Coordinator OpenTox 

Email: barry.hardy@douglasconnect.com 

 

Discussions at the Spring 2015 US-EU Communities of Research (CoR) meeting in Venice 

included strong themes of increasing the utilisation of existing resources and making them 

actionable in supporting the interdisciplinary interactions required to progress challenging 

discussions and decisions supporting nano safety goals. A case-based scrimmage format for 

inter-CoR discussion was trialled at the meeting which in turn inspired an exploratory cross-

CoR international collaborative project codenamed "Taj Mahal". The initiative has the 

ambitious goal of integrating the crafted components of heterogenous contributions into a 

holistically designed whole with longevity and impact on scientific-based nano safety 

decision making. The current actions aim to support the collection and development of 

specifications and the prototyping of an integrating research application that would attempt 

to put as much current relevant knowledge on the table during the discussion of questions as 

supported by the scrimmage interaction between different experts and teams gathered from 

across the CoRs. We will briefly review here the emerging actions and plans for this initiative 

and open up the topic to the audience for feedback and suggestions. 
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Advancing Actionable Collaboration Across the US-EU Communities of 
Research, Part II 

Dr. Teresa Fernandes 

Head of Environment Dept., School of Life Sciences, Heriott-Watt University 

Email: T.Fernandes@hw.ac.uk 
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Crete Nano Research Network 

 

Chairs: Prof S.Anastasiadis & Dr. Andrea Haase 
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Regenerative Dentistry Using Stem Cells and Nanotechnology 

Thimios Mitsiadis 

Institute of Oral Biology, ZZM, Medical Faculty, University Zurich, Switzerland 

Novel cell-based regenerative therapies for the reconstruction/repair of teeth and alveolar 

bone require interdisciplinary approaches that bring together biologists, engineers and 

dentists. Repair or reconstruction of teeth and the surrounding alveolar bone remains a 

significant clinical problem because in human dental tissues do not spontaneously heal. To 

date there is not an established and reliable cell-based treatment for the repair of teeth. 

Stem cells have been identified in deciduous and adult permanent teeth. These cells are 

able to differentiate into odontoblasts, osteoblasts, chondrocytes, adipocytes, and neuronal 

cells. The close association of mesenchymal cells and neo- vessels in dental diseases and 

their relation to molecular signaling pathways is important in the regulation of stem cells to 

form tooth specific cells (e.g. odontoblasts, periodontal ligament cells).  

The formation of new dentin, enamel, and alveolar bone using regenerative therapy 

approaches would be a major improvement for the treatment of the patients. These tissues 

are complex since they are composed of multiple cells and molecules. Their regeneration 

depends on a complex orchestration of a variety of physical and biomolecular signals with 

spatio-temporal control. The importance of these cues has been recognized, and the aim 

within the biomaterials community has been to tailor them to elicit specific biological 

responses. 

 

Design of Nanoparticles for Environmental Monitoring and Remediation 

Emmanuel P. Giannelis  

Cornell University, Ithaca, NY, USA 

Email: epg2@cornell.edu 

 

Understanding flow in the subsurface is critical in a number of diverse fields including 

groundwater contaminant monitoring, geothermal engineering, soil science, carbon 

sequestration, radioactive waster management, and enhanced oil recovery. In this 

presentation I will highlight a new concept based on the biomedical paradigm of controlled 

delivery to develop nanoparticle tracers for subsurface flow monitoring and evaluation. In 

particular, I will discuss the requirements for designing and synthesizing nanoparticle 

mailto:epg2@cornell.edu
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systems that are stable and avoid sticking or being retained in the typically demanding 

reservoir conditions. In addition, I will discuss strategies for monitoring and evaluating flow 

through the subsurface and present our initial results from field tests.  

 

 

Novel Methodologies to Induce Osteodifferentiation of Adult Human 
Mesenchymal Stem Cells 

Marissa E. Wechsler1, Brian P. Hermann, Rena Bizios  

1Department of Biomedical Engineering, 2 Department of Biology, 

The University of Texas at San Antonio, San Antonio, TX 78249, USA 

E-mail:  rena.bizios@utsa.ed 

 

Differentiation of pluripotent stem cells into a specific phenotype is a sought-after outcome 

for advancing bone-related tissue engineering and tissue regeneration applications of these 

most promising cells. To date, biochemical compounds (e. g., bone morphogenetic proteins) 

have been utilized to promote the differentiation of mesenchymal stem cells (which have the 

potential to differentiate into osteoblasts, chondrocytes, and adipocytes) into osteoblasts. In 

contrast, the effects of biophysical stimuli on such outcomes remain unknown. Justification 

for these endeavors was provided by the physiological milieu: bone and its constituent cells 

exist, and function, in an environment containing biochemical and biophysical (specifically, 

mechanical and electrical) stimuli.  

The present in vitro study examined and optimized the effects of alternating electric current 

(AC) alone (i. e., in the absence of supplemented exogenous growth factors) on the 

differentiation of adult human mesenchymal stem cells (hMSCs) at the population and 

single-cell levels. For this purpose, hMSCs were cultured on flat, indium-tin-oxide-coated 

glass (pre-coated with fibronectin) in the absence of supplemented exogenous growth 

factors. A custom-made laboratory set-up was used to expose these cells (passage 3-5) to 

alternating electric current (5-40 μA, 5-10 Hz frequency, sinusoidal waveform), for 1 – 24 

hours daily for up to 21 consecutive days.  

Compared to results obtained from the respective controls (cells cultured in parallel under 

similar conditions but not exposed to AC), cell exposure to the chosen biophysical stimulus 

alone (in the absence of exogenous growth factors) expressed genes (specifically, TAZ, 

Runx-2, Osterix, Osteopontin and Osteocalcin) indicative of exclusive osteodifferentiation 

since genes for the chondrocyte (Collagen II) and adipocyte (FABP-4) lineages were not 

mailto:rena.bizios@utsa.ed
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expressed. Optimal evidence of osteodifferentiation was achieved when hMSCs were 

exposed to a 10 μA, 10 Hz alternating electric current for 6 hours daily for at least 7, and up 

to 21, days. Single cell qRT-PCR measurement of mRNAs for 45 genes (indicative of hMSC 

differentiation) were monitored using Fluidigm Systems. Similar heterogeneous gene 

expression for bone morphogenetic protein 2, bone sialoprotein, and osteonectin was 

observed for hMSCs under control (no AC) and the AC conditions tested. In contrast, 

homogeneous expression of the early osteodifferentiation genes (specifically, TAZ and 

Runx-2) was observed in cells exposed to AC at 7 and 21 days. These results provide the 

first glimpse of gene expression heterogeneity in differentiating MSCs and suggest that cell 

exposure to AC promotes a homogeneous response towards early osteoblastic 

differentiation (but not the latter part of this differentiation process). 

In summary, the present study exemplifies novel approaches for enhancing bone cell 

functions pertinent to new tissue formation. Osteodifferentiation of hMSCs under the unique 

biophysical conditions examined in the present study can provide critically-needed 

differentiated cells (e.g., osteoblasts) for tissue engineering and tissue regeneration 

applications; such outcomes could have major clinical impact.  
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International Perspective on Nano Research 

 

Chairs: Prof. Kenneth Dawson & Prof. Rena Bizios 
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Chinese Perspective on Nano Research 

Liming Xie 

National Center for Nanoscience and Technology, Beijing, China 

Email: xielm@nanoctr.cn  

 

In 2006, China initiated National Nanotechnology Research Project with annual budget of $1 

billion per year. After then, nano research is rapidly expanding in China. Now China ranks 

No. 1 in publications in nano research. After 10 years of the National Nanotechnology 

Research Project, China now faces the challenge in nanotechnology innovation. 

Government intends to enable nanotechnology to upgrade manufactory and then stimulate 

economic growth.  

For more and more nanotechnology applications in daily life and medical cares, one 

importance concern is safety of nanomaterials. At one side, government’s administration and 

regulation on nanomaterials is the most important. At the other side, reliable methods are 

needed to evaluate safety of nanomaterials, in which standard samples, procedures and 

evaluation criteria are needed. In 2013, Chinese Academy of Science (CAS) initiated five-

year “Strategic Priority Research Program” with annual buget of $30 million to acelerate 

nanotechnology innovation as well to fill the gap between government’s admistration on 

usage of nanomaterials and academic safety evaluation of nanomaterials. This 

nanotechnoloy innovation project is leaded by National Center for Nanoscience and 

Technology (NCNST). In the project, NCNST will establish safety evaluation methods and 

criterias for nanomaterials together with many government agencies, including CFDA. 
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Figure 1: China’s publications in nano. Data from Web of ScienceTM. Searching keyword: 

nano*. 
 

[1]  www.most.gov.cn/kjjh 

[2] http://www.bmrdp.cas.cn/alzx/XDA_08/ 

mailto:xielm@nanoctr.cn
http://www.most.gov.cn/kjjh
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Brazilian Perspective on Nano Research 

Ary Correa Junior 

UFMG/Brazil 

Nanotechnology in Brazil is treated as a national strategic initiative coordinated by the 

Ministry of Science Technology and Innovation.  The federal government created in 2012 the 

National Committee of Nanotechnology, congregating 10 Ministries such as: Environment, 

Agriculture, Defense, Commerce and Industry, Education, Energy and Mineral Resources, 

Health, Labor, International Relations and Science and Technology.  Fourteen other 

regulatory and legislative national agencies are also part of the council.  The Committee 

outlined several strategic economic sectors that would benefit from the use of 

nanotechnologies such as Aerospace Industries, Agribusiness, Energy, Pharmaceuticals 

and Cosmetics, Environment, Polymers, Medicine and Oil and Gas.  The first survey of the 

national capabilities for the development of a nanotechnology framework depict the need for 

investments in some strategic areas such as: Physical-chemical characterization, 

Nanotoxicology and Regulatory Sciences.  Also the need of a more active collaboration with 

international partners was highlighted.  That survey resulted in the creation of SisNano, a 

network of 28 characterization laboratories and a Nanotoxicology initiative (Nanotox) 

congregating 6 networks in 5 Brazilian states. The country has more than 260 scientific 

academic groups working with nanotechnology and around 300 companies involved in the 

development of products with nanomaterials.  The federal government invested in 2013-

2014 around US$ 200 million in the area.  Nanotechnology is acknowledged in the country 

as a key factor for a sustainable economic development that we believe will contribute for 

the improvement of the live quality of our citizens.   
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Policy to Standards 

 

Chairs: Dr. Scott E. McNeil & Dr. Georgios Katalagarianakis 
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Policy Issues in Nanosafety 

 
Hermann Stamm 

European Commission, Joint Research Centre Institute for Health and Consumer Protection 

I 21027 Ispra (VA), Italy 

Email: hermann.stamm@ec.europa.eu 

 

Responding to societal concerns and the need for a clear regulatory framework allowing 

innovation by addressing safety issues while enabling industry to enhance its 

competitiveness, the European Commission faces considerable challenges in adapting 

legislation to manage the potential risks of nanomaterials. A flexible regulatory system 

keeping pace with innovation and fostering citizen’s trust in health and environment-friendly 

technologies is needed to allow industrial development and creation of new markets 

promoting fair competition and respecting workers’ and consumers’ safety. 

 

EU legislation applies in principle to nanotechnology and nanomaterials. Some specific 

provisions for nanomaterials have already been introduced into regulation, e.g., for biocidal 

and cosmetic products, food labelling and materials in contact with foodstuff. Issues 

concerning the safety assessment of nanomaterials and the implementation of related EU 

legislation as required by the European Parliament are and remain challenging. Any nano-

specific provisions must take into account that our current understanding of physiological 

responses to engineered nanomaterials is far from comprehensive. Validated testing 

methods must be made available including also analytical methods for the implementation of 

labelling requirements and of the Commission recommendation for a regulatory definition of 

nanomaterials. 

 

JRC is continuing safety research for nanomaterials to answer to regulatory demands by 

developing and providing appropriate implementation tools and strategies. This comprises 

validated test methods as well as guidance on information requirements and decision criteria 

for risk assessment. In this context, harmonised and mutually accepted standards and 

guidelines are essential for guiding industrial innovation processes and avoiding regulatory 

uncertainties. For this reason JRC work is carried out in close EU and international 

cooperation with universities and research organisations, Member State authorities, the 

OECD, ISO and CEN, and Agencies of the European Union such as ECHA and EFSA. 

 

mailto:hermann.stamm@ec.europa.eu
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Next generation active nanomaterials will entail rationally designed properties with 

functionalized surfaces and carrier functions and will invade new emerging application areas 

such as healthcare, environment monitoring, threat detection, etc. Regarding citizen's health, 

nanomedicine promises to address unmet health care needs such as design of patient 

specific therapies, reduction of systemic effects of drugs by increasing efficiency, and 

monitoring therapy success in real time. In order to cope with the emerging regulatory 

challenges, JRC will support the design and validation of novel test strategies to address the 

characteristics of nanomedicines aiming to translate laboratory findings into clinical 

applications and to support the regulatory authorisation process with respect to efficiency 

and safety. 

 

Standards Supporting Regulation and Industrial Application 

Patrice Conner 

AFNOR Standardization, La Plaine Saint-Denis, France 

Email: patrice.conner@afnor.org 

 

Nanotechnologies have enormous potential to contribute to human flourishing in responsible 

and sustainable ways. They are rapidly developing field of science, technology and 

innovation. As enabling technologies, their full scope of applications is potentially very wide. 

Major implications are expected in many areas, e.g. healthcare, information and 

communication technologies, energy production and storage, materials science/chemical 

engineering, manufacturing, environmental protection, consumer products, etc.  

However, nanotechnologies are unlikely to realize their full potential unless their associated 

societal and ethical issues are adequately attended. Namely nanotechnologies and 

nanoparticles may expose humans and the environment to new health risks, possibly 

involving quite different mechanisms of interference with the physiology of human and 

environmental species. 

One of the building blocks of the “safe, integrated and responsible” approach is 

standardization. Both the Economic and Social Committee and the European Parliament 

have highlighted the importance to be attached to standardization as a means to accompany 

the introduction on the market of nanotechnologies and nanomaterials, and a means to 

facilitate the implementation of regulation.  

ISO and CEN have respectively started in 2005 and 2006 to deal with selected topics related 

to this emerging and enabling technology.  

mailto:patrice.conner@afnor.org
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In the beginning of 2010, EC DG "Enterprise and Industry" (now EC DG GROWTH) 

addressed the mandate M/461 to CEN, CENELEC and ETSI for standardization activities 

regarding nanotechnologies and nanomaterials. Thus CEN/TC 352 "Nanotechnologies" has 

been asked to take the leadership for the coordination in the execution of M/461 (46 topics to 

be standardized) and to contact relevant European and International Technical Committees 

and interested stakeholders as appropriate (55 structures have been identified).  

Prior requests from M/461 deal with characterization and exposure of nanomaterials and any 

matters related to Health, Safety and Environment.  

Answers will be given to: What are the structures and how they work? Where are we right 

now and how work is going from now onwards? How CEN’s work and targets deal with and 

interact with global matters in this field? 

 

The quest for reliable regulatory relevant data  

Tom van Teunenbroek 

Ministry of Infrastructure and the Environment, The Hague, The Netherlands 

Email: tom.van.teunenbroek@minienm.nl 

 

The capitalisation of the innovative and economic potential of nanotechnology is hampered 

by the uncertainty regarding the Environmental, Health and Safety (EHS) aspects of 

nanomaterials and –linked to that- the regulation of these aspects. These uncertainties are, 

among others, strongly related to a lack of reliable, comparable and assessable EHS data 

for nanomaterials caused by the character of most of the research carried out so far: science 

oriented and not regulatory oriented. The FP7 NANoREG project is aimed at reducing the 

uncertainties mentioned above by delivering answers needed by regulators and legislators 

on EHS aspects. Important NANoREG deliverables are robust sets of reliable EHS data, a 

regulatory framework, a toolbox with reliable standard test methods and methods for risk 

assessing, characterising, etc. These deliverables, together with the results from other 

nanosafety projects will be input for the H2020 ProSafe project. The ProSafe project is a 

Coordination and Support Action funded by the EC. It is aimed at evaluating the NANoREG 

results and the results of a number of other nanosafety project among which OECD WPNM 

projects. The outcome of this evaluation will be the basis for a Joint Document; a reference 

document for a Scientific Conference that will be co-organised by OECD and ProSafe. The 

Joint Document will be an important element of the White Paper that will provide policy 
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makers and regulators with building blocks for the regulation of nanomaterials for the 

short/mid-term and the long term. 

 

Regulatory Needs for Verifiable Data 

 
Andrej Kobe1 

  1European Commission, DG Environment 
Email: andrej.kobe@ec.europa.eu 

 
'Evidence-based decision-making' is a long-standing standard in EU policy. The concept 

features prominently in chemicals and environmental legislation. REACH, for example, 

pursues its objective to protect human health and the environment by entrusting the 

manufacturers and importers to ensure safe handling of their substances. It provides tools to 

generate data/evidence (information requirements, chemicals safety assessment) supporting 

the decisions on safe handling and sets a registration obligation to document them.  

 

Even when requirements steer towards the generation of relevant data, data is of not much 

use as evidence for making appropriate decisions if it is not reproducible, hence the reliance 

on standard operating procedures, standards and/or test guidelines in regulation. These 

enable the 'level playing field' and application of legal norms such as limit values or 

classification thresholds on one hand, and on the other the ability to check the registrant's 

claims as part of the enforcement of the regulation. To increase the confidence in the results 

and minimize the need of actually repeating the experiments as part of enforcement, 

additional requirements are set with regard to the implementation and documentation such 

as laboratory accreditation and Good Laboratory Practice (GLP).  

 

This approach works very well but is challenged when any of the elements in the chain (test 

selection, application, reproducibility and interpretation) is under question. This may happen 

with advanced materials which were not in the initial validation set of the standard. There is 

of course a continuous institutional (CEN, OECD) need to keep and develop standards that 

are fit for purpose. But it is also user's responsibility; it becomes even more important to 

ensure proper consideration of all usually more generic 'contingency' provisions which 

accompany most test guidance and the supporting documentation (e.g. OECD Guidance on 

Sampling and Dosimetry). Additional effort may be required, in particular when it comes to 

characterisation of samples and interpretation; rather than thinking of it as an additional 

mailto:andrej.kobe@ec.europa.eu
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regulatory cost, it should be considered as a natural extension of the applied principles. Also 

in regulation, the end objective is not the performance of the test itself but an adequate 

interpretation of its results. This becomes even more important as more complex but often 

necessary approaches such as read-across and weight-of-evidence are being used.  

 

In addition to the need for verifiable data in the implementation and enforcement of the 

regulation, there is an important further aspect that might often not be recognized as a 

regulatory need: information used in evidence-based policy development. Research is the 

main generator of this evidence. Of course there are also many other considerations in 

policy development, but while many researchers may not share this perception, data from 

research is actually pivotal in speed and steer of policy making. Which may therefore suffer 

from similar weaknesses (reproducibility, publication bias etc.), often exacerbated by the 

need to 'fill the gaps' and interpret existing knowledge into policy action. Many pitfalls can be 

avoided by proper translation, but while this has been in focus of QNano and such links with 

the regulation are obvious in NanoREG, it should not be forgotten that policy on 

nanomaterials has been evolving well prior to it and that information (and conclusions) on 

nanomaterials is closely intertwined with the information on their 'bulk' counterparts, where 

available.  
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The Way Forward 

 

Chairs: Prof. Kenneth Dawson, Dr. Tom Van Teunenbroek 
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Transnational Access of QualityNano 

Transnational Access (TA) has been an exciting pillar of QualityNano dedicated to provide 

users of the European nanosafety community access to state of the art facilities to 

nanomaterial processing, characterization and exposure assessment facilities. The 

instruments available for TA were quite unique and impressive and it has been reflected in a 

high interest from the scientific community. The programme offered the users a full range of 

services from standard nanomaterials, tuition in best practice, laboratory support and 

training, and a suite of protocols for all aspects of nanomaterials processing and 

characterisation in a biological context. 

16 laboratories have adhered to the TA programme and they were located in 9 European 

countries, such as Belgium, Germany, Ireland, Italy, the Netherlands, Norway, Slovakia, 

Spain, Sweden and United Kingdom. QualityNano quite generously covered the flight costs, 

accommodation, sustainability and more importantly the costs related to have access to the 

infrastructure. Access to the TA Facility required submission of a single application, which 

was peer reviewed by an expert panel. 

The users of the European community had a wide selection of excellent infrastructure that 

would allow them to perform wide ranges of studies. The most important outcome of this 

activity has been the transfer of knowledge, the training provided to the visitors by leading 

expert in the field, and the fruitful collaboration that arise after the visit.  

Transnational access programme has received more than 300 applicants from 30 countries 

and nearly 200 visitors have benefited from this program. Applicants were located in different 

parts of Europe, from industry or academia and from different levels of expertise. The 

scientific community has highly appreciated the TA and it is reflected in a large 

dissemination of the findings by different dissemination routes.  

The poster session at the QualityNano Conference and Training Workshop 
showcases some of the groundbreaking work that was generated from these visits.  
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Poster Session  
1. Marco P. Monopoli, Centre for BioNano Interactions, University College 

Dublin, Ireland.  

Poster title: Transnational Access of QualityNano at a glance.   

 

2. Marco P. Monopoli1, Eva Valsami Jones2, Iseult Lynch2, Sikha Ray3  

1Centre for Bionano Interactions, UCD, Dublin, 2School of Geography, Earth and 
Environmental Sciences 
University of Birmingham Edgbaston, Birmingham, 3Science and technology of 
Nanosystem, Karlsruhe Institute of Technology 
 
Poster title: Transnational Access of QualityNano activity across Europe.  

 

Transnational Access Facilities (TAF) case studies 

3. TAF Centro de Investigación Cooperativa en Biomateriales (CIC), San 
Sebastian, Spain 

 
4. TAF Facultés Universitaires Notre-Dame de la Paix /University of Namur 

(FUNDP), Namur, Belgium.  
 

5. TAF Institute of Nanoscience and Nanotechnology (ICN2), Barcelona, Spain. 
 

6. TAF Joint Research Centre (JRC), Ispra, Italy.  
 

7. TAF Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany. 
 

8. TAF National History Museum (NHM) and University of Birmingam (UoB), UK 
 

9. TAF Norwegian Institute for Air Research (NILU), Kjeller, Norway. 
 

10. TAF Slovenská zdravotnícka univerzita v Bratislave (SMU), Bratislava, 
Slovakia.  

 
11. TAF Trinity College Dublin (TCD), Ireland 

 
12. TAF Centre for BioNano Interactions, University College Dublin (UCD), 

Ireland 
 

13. TAF University of Leeds (UNIVLEEDS), Leeds, UK.  
 

14. TAF University of Exeter, Exeter (UoE), Devon, UK.  
 

15. TAF Uppsala University (UU), Uppsala, Sweden 
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16. TAF Vlaamse Instelling voor Technologisch Onderzoek (VITO), Mol, Belgium 

 

Transnational Access of QualityNano - Users 

 
17. Safety evaluation of nanoparticles synthesized by Laser Ablation 

process 

Ch. Yiannakou1, M. Monopoli2, K. Dawson2, E. Stratakis1 
1Institute of Electronic Structure and Laser, Foundation for Research & Technology Hellas, 
(IESL-FORTH), Heraklion 711 10, Greece. 
2UCD –CBNI School of Chemistry and Chemical Biology, University College Dublin, Belfield, 
Dublin 4, Ireland. 
 
Laser ablation of a solid target material in a liquid offers a direct, quick and simple physical 
synthesis method for the synthesis nanoparticles of practically any material.  Nanoparticles 
can potentially have important applications in biomedicine. In a biological fluid, proteins 
interact with nanoparticles and presentation of the proteins on the surface of the particles 
leads to specific in vivo responses. Proteins are attached to the surface of Nanoparticles 
leading to a protein “corona” that largely defines the biological identity of the particle. Thus 
the characterization of the laser synthesized nanoparticles is important to understand the 
effect of their properties on the protein corona formation. Laser ablation in liquid can be 
performed in a clean, well-controlled environment providing pure nanoparticles that are free 
of surfactants or surface active coatings. This in turn minimizes the NPs toxicity risks, which 
is important for in vivo applications. The aim of this work is to perform a complete 
characterization of laser synthesized Au and Si nanoparticles and compare their properties 
with chemically synthesized counterparts. For this purpose, investigation of the properties of 
dispersion of NPs in water  and corona formation is perform and discussed. Our results can 
be potentially useful to evaluate the use of laser synthesized NPs for nanomedicine 
applications. 
 
 
 

18. Synthesis, characterization and safe assessments of nanoparticles 
functionalized with D-amino acid oxidase for biomedical applications. 

 
Riccardo Balzaretti1, Fabian Meder2, Marco Monopoli P.2, Ilaria Armenia1, Giovanni 
Bernardini1, Rosalba Gornati1  
1 Dipartimento di Biotecnologie & Scienze della Vita, Università degli Studi dell’Insubria, Via 
Dunant 3, Varese, Italy. 2 Centre for Bionano Interactions, University College Dublin, Dublin, 
Ireland. 
 
We present an improvement of the magnetic nanoparticle-enzyme system previously 
proposed by Bava et al., Future Med, 2012. This magnetic nanoparticle-enzyme system, 
thought for cancer therapy, utilizes magnetic Fe3O4 nanoparticles conjugated with D-amino 
acid oxidase (DAAO) aimed to produce reactive oxygen species directly in a tumor, with the 
aim of reducing side effects and improving the patient’s life quality. In order to understand 
whether these particles can be used for nanomedicine purpose, it is important to optimize 
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their synthetic route, their dispersion properties and to evaluate their toxicity on different cell 
lines.  
After synthesizing Fe3O4 nanoparticles (NPs) and functionalising them with 3-amino-
propyltriethoxysilane (APTES), we conjugated the Fe3O4-APTES to DAAO by coupling with 
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) and N-
hydroxysulfosuccinimide (NHS). Every step of the synthesis of this magnetic nanoparticle-
enzyme system, namely bare Fe3O4, coated Fe3O4 and DAAO conjugated Fe3O4-APTES, 
have been carefully evaluated by dynamic light scattering (DLS) and differential centrifugal 
sedimentation (DCS) analysis.  
Improved enzymatic activity of the present system has been enabled by the smaller size of 
our Fe3O4 NPs that allowed us to bind more DAAO per mass unit as shown by enzyme 
activity assays. We tested the efficacy and safety of our system on tumor cell lines and 
observed a substantial decrease in cell viability greatly augmented when D-alanine, a DAAO 
substrate, was added. Finally, Fe3O4-APTES-DAAO was demonstrated to be more effective 
than free DAAO, confirming a possible validity of the system in cancer therapy.  
During my visit at CBNI I had access to expertise and equipment for particle synthesis and 
characterization and the Transnational Access visit to UCD will have an immediate impact 
on my PhD project and it has helped building collaboration with the UCD team. 
 
 
 

19. Salvia officinalis extract enhances the adhesion of surface-modified 
magnetite nanoparticles onto the cell membrane 

 
Barbora Buliaková1, Annamária Srančíková1, Alena Gábelová1 ,Mária Dušinská2, Elise 
Rundén-Pran2 
1Laboratory of Mutagenesis and Carcinogenesis, Department of Genetics, Cancer Research 
Institute, SAS, Vlárska 7, 833 91 Bratislava, Slovakia 
2Health Effects Laboratory, Environmental Chemistry Department, NILU-Norwegian Institute 
for Air Research, Instituttvn. 18, 2027 Kjeller, Norway 
 
Magnetite nanoparticles (MNPs) are one of the most promising types of nanoparticles for 
variety of biomedical applications, both diagnostic and therapeutic. They are supposed to be 
non-toxic as the iron metabolism is under a strict control of the body. Although the benefit of 
biomedical applications of MNPs is obvious, their potential adverse biological effects and 
their impact on basic cellular processes are not sufficiently explored. The treatment of A549 
cells with the surface modified MNPs was found to affect the cell morphology and induced 
ROS formation. Salvia officinalis (SO) and Thymus vulgaris (TV), the members of the 
Lamiaceae family, are plants well known for their antioxidant, antimicrobial and therapeutic 
benefits.  
Using the confocal microscopy, the aim of this study was to evaluate the impact of the 
surface-modified MNPs on the cell morphology in the human lung cancer A549 cells and to 
investigate whether the pre-treatment of cells with plant extracts can protect A549 cells 
against MNPs adverse effects. The Health effect Laboratory (HEL) at NILU belongs to the 
leading organizations in Europe dealing with the risk assessment and bio-safety of 
engineered nanomaterials. This laboratory is equipped with a confocal laser scanning 
microscope which was essential to study the impact of MNPs on the cells.  
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20. The effect of lead and cadmium nanoparticles on immune response of 
nanoparticle-inhaling mice 

 
Lukas Capka1, Jana Tulinska2, Anton Kebis2, Aurelia Liskova2, Miroslava Kuricova2, Pavel 
Mikuska1, Zbynek Vecera1, Buhumil Docekal1, Kamil Krumal1, Pavel Coufalik1 

1Institute of Analytical Chemistry of the Czech Academy of Sciences, v. v. i., Brno, Czech 
Republic. 2Department of Immunology and Immunotoxicology and Department of 
Experimental and Applied Genetics, Slovak Medical University, Bratislava, Slovakia 
 
Nanoparticles (NPs) of heavy metals can enter the human body mainly by direct inhalation of 
particles. Outdoor sources of exposure could be distance to the traffic road, power plants, 
industry, and other combustion sources. Indoor sources such as painting the walls or 
cigarette smoking including second-hand tobacco smoke can also significantly contribute to 
the exposure. Gastrointestinal absorption is also reported to be significant source of 
exposure to heavy metals. 
The main objective of the project was to assess possible effects of CdO and PbO 
nanoparticles on systemic immune response of inhaled mice: to investigate the influence of 
size modifications on cytotoxicity of several NPs, to evaluate inflammatory potential, to 
assess possible effects of NPs on innate and induced immune response. 
 

21. Towards development of safe and effective nanoparticulate drug 
delivery systems: formulation design and evaluation of bio-nano 
interactions 
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Goracinova1 
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Several types of polymeric nanoparticles were prepared by the method of nanoprecipitation 
using four different co-polymers: PLGA-PEG-PLGA (L:G 1:1, Mw 70000:8000:70000)(NP1), 
PLGA-PEG-PLGA (L:G 7:3,Mw 6000:10000:6000) (NP2), P(DL)LCL (NP3, NP3*), PAA-
PCL-PAA (NP4) and Lutrol® F127 as a surfactant. D-optimal design was used to define the 
design space of drug/polymer/surfactant concentrations for highest drug loading and 
appropriate particle size for passive targeting. 
Hydrodynamic diameter and zeta potential of all formulations were determined using 
Dynamic light scattering. Differential centrifugal sedimentation measurements were also 
performed. The samples morphology was analyzed using Transmission Electron 
Microscopy. SDS Polyacrylamide Gel Electrophoresis (PAGE) gel (4% stacking gel and 10% 
resolving gel) was used to estimate the affinity to human plasma proteins and protein corona 
composition of the polymeric nanoparticles. In order to perform. The particles were 
fluorescently labeled using FTSC and 5-DTAF as suitable dyes. The labeling efficacy was 
further evaluated. Cellular uptake studies were conducted on A549 cell lines. Cells were 
treated with fluorescently labeled NPs for different exposure times, in complete and serum 
free cell culture medium. After cell fixation, fluorescence levels were detected using flow 
cytometry. Intracellular localization studies were performed by confocal microscopy.  
The studies have shown that the size of the prepared NPs is within the range of 60-100nm, 
suitable for passive targeting. No significant changes of particle size were observed in 
different biorelevant media. Zeta potential was negative in the interval of -45 to -8mV. TEM 
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images revealed that the NPs have spherical shape and core-shell structure. The results 
from PAGE have shown some differences in the protein corona composition. However, the 
most abundant protein was the one with a molecular mass of 46-50KDa that could match 
apolipoprotein AIV. The fluorescent labeling techniques have provided stable labeling of 
several types of nanoparticles allowing retention of sufficient amount of dye for effective 
visualization by confocal microscopy. The results from the cellular internalization studies 
pointed out the influence of the proteins in the cell media upon the internalization rate of 
different NPs. Moreover, the presence of proteins in all cases significantly reduced the 
internalization rate. 
Nanoparticle surface characteristics have proven to affect their biological impact. Cellular 
uptake studies of the labeled nanoparticles made it possible to establish a detailed picture of 
NPs behavior in cellular environment, having in mind that processes of internalization of 
nanoparticles play a key role in its cytotoxicity profile. It can be concluded that using an 
experimental design and evaluation of bio-nano interactions in the early phase of formulation 
is a systematic approach for development of safe and effective nanoparticulate drug delivery 
systems. 
 

22. Investigation of the mechanisms linking cell cycle arrest and lysosomal 
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This project has been proposed on the basis of previous experiments using High Content 
Analysis (HCA)1,2 and Flow cytometry which had showed that that increasing concentrations 
of cationic trimethylamonium functionalized polystyrene nanoparticles (PS-N(CH3)3 NPs) 
caused increase in lysosomal fluorescence after exposure to PS-N(CH3)3 NPs that was not 
associated to cell death, but the effect was evident on lysosomes (acidification). PS-N(CH3)3 
NPs are functionalized with a chemical residue that displays a constant positive charge to 
the NPs surface, therefore the lysosomal damaged caused by PS-N(CH3)3 NPs cannot be 
explained through the proton sponge effect leading to retention of Cl- ions.3,4 
The present study was focus on the expression or activity of the chloride channels, 
particularly ClC-7, on the lysosomal membrane upon exposure to PS-N(CH3)3 NPs. Little is 
known about the interactions of cationic NPs with lysosomal membrane-bound proteins, 
therefore this study aimed at elucidating such mechanisms.  
Human alveolar adenocarcinoma cells (A549) were exposed to PS-N(CH3)3 NPs 
(concentration range: 1 to 250 µg/mL), for 24 and 72 hours. In order to assess the effect of 
selected NPs on the chloride channel proteins, methodology based HCA, 
immunofluorescence and confocal microscopy were applied. The selected antibody for the 
chloride channels on lysosomal membrane (Anti-CLC7 antibody-C-terminal; Abcam®) was 
observed to react non-specifically with the A549 cell line (following a combination of selected 
immunostaining procedures), therefore the results on altered expression and/or distribution 
of chloride channels on lysosomal membranes were not achieved. Nevertheless, 
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immunostaining with lysosomal associated membrane protein (Lamp-1, Abcam®) provided 
favourable confocal micrographs showing substantial alterations in lysosomal 
morphology/functionality after exposure to PS-N(CH3)3 NPs. The effect considerably differed 
from the response to amino-modified PS-NPs used as a positive reference material which 
has been shown to promote lysosomal swelling.5 

By further characterising the biological effects of PS-N(CH3)3 NPs on living cells we have 
contributed to understanding the complex relationships between NP-surface properties and 
their effects on living system, a field that still is not very well defined. Moreover, the study 
has contributed to the state-of-the-art regarding the widely used immunofluorescence 
staining protocols, although further optimisation of the protocols is still required for the 
specific application used in the study. The outcomes on altered lysosomal 
functionality/morphology greatly contributed to the conclusions of the PhD thesis (Drasler, 
2014).  
1 O’Brien et al. 2006. Arch. Toxicol., 80: 580–604. 
2 Anguissola et al. 2014. PLoS ONE, 9(9). 
3 Nel et al. 2009. Nature materials, 8: 543–557. 
4 Frohlich et al. 2012. Part. Fibre Toxicol., 9(26): 1–13. 
5 Wang et al. 2013. Nanoscale, 5: 10868–10876. 
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Ultrafine superparamagnetic iron oxide nanoparticles (USPION) are ideal for a number of 
biomedical applications. It is vital that the potential toxicity of these nano-entities is 
assessed, with particular emphasis on geno/immuno toxicity. This study evaluated the ability 
of 2 different chemical forms of iron oxides i.e. Fe2O3 and Fe3O4 dextran coated USPION to 
promote an immune response and genotoxicity in 2 cell types - bronchial cell line 16HBE140- 
and in macrophages derived from the THP-1 cell line, which are relevant to inhalation 
exposure of USPION. Thorough physico-chemical characterisation on both the different 
forms of USPIONs was also performed. Due to the potential ability of nanomaterials to 
agglomerate in situ (serum containing cell culture medium) sizing was performed by dynamic 
light scattering (DLS) and differential centrifugation sedimentation (DCS). In addition to this, 
assessment of hard protein corona (representing USPION – protein interactions) by SDS 
PAGE and mass spectrometry was performed in order to determine the protein closely 
associated to the USPIONs. Genotoxicity in 16HBE140- cells was assessed by the 
micronucleus assay, while inflammation was investigated in both cell lines by ELISA for IL-8. 
Both agglomerate sizing techniques demonstrated Fe3O4 to form smaller particle 
agglomerates than Fe2O3 however sizes provided by DLS were significantly larger. This 
difference is likely due to interference of serum proteins during DLS measurements 
illustrating the importance of utilising secondary sizing techniques for particle 
characterisation. The hard protein corona of both types of USPIONs consisted of one 56 kDa 
protein identified as bovine serum albumin (BSA). Both materials promoted a significant 
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immune response in both cell types however only Fe2O3 was capable promoting a significant 
increase in micronucleus frequency in the bronchial cell line. Despite no differences in the 
protein corona (which play a role in USPION- cell interactions and uptake)  for the 2 different 
USPIONs, there seems to be differences in toxicity between the 2 iron oxide nanoparticles 
which may indicate the influence of agglomeration and/or cellular uptake in influencing the 
genotoxic response. 
 
 

24. Pulse current deposition and characterization of silver and zinc loaded 
calcium phosphate coatings on metallic implant materials 
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The post-operative infection of metallic implants is an emerging threat in orthopaedic 
surgery. Recently intensive researches are carried out to develop such coatings that prevent 
the dissolution of toxic metals and simultaneously possess biocompatible and antimicrobial 
properties. In view of these, metallic implants are commonly coated with hydroxyapatite 
(Ca10(PO4)6(OH)2, HAp) and other calcium phosphate (CaP) layer which similar to the 
mineral constituents of human bones. The incorporation of silver (Ag) and zinc (Zn) into CaP 
may enhance the biocompatibility. The Ag ions released from the coating exhibit 
antimicrobial activity and thus preventing and minimizing initial bacterial adhesion while the 
Zn ions can promote the wound healing process. Zn deficiency may cause skeletal growth 
retardation, prolonged bone recovery. The main requirements for medical implants are 
excellent mechanical strength, chemical stability, corrosion resistance and biocompatibility 
under physiological conditions.  
The aim of my visits at UNIVLEEDS was to investigate the morphology and particle structure 
of electrochemically deposited silver and zinc doped CaP bioceramic coatings on metallic 
implant materials. We studied the effect of different deposition parameters on the surface 
morphologies, the shape and the size of the formed grains in the coating. In addition 
elemental composition and ratio in the layer were determined by energy dispersive X-ray 
spectroscopy (EDX). These measurements were performed by SEM (Hitachi SU8230 FE-
SEM)-EDX and TEM (Philips CM200 FEGTEM, FEI Tecnai F20) equipment. 
 
References: 
M. Lakatos-Varsányi, M. Furko, T. Pozman: Electrochemical impedance spectroscopy study 
on silver coated metallic implants, Electrochimica Acta, 56, (23) 7787-7795. (2011) 
 Nikolett Oláh, Zsolt Fogarassy, Mónika Furkó, Csaba Balázsi, Katalin Balázsi: Sputtered 
nanocrystalline ceramic TiC/amorphous C thin films as potential materials for medical 
applications, Ceramics International, Ceramics International 41 (4) 5863-5871. (2015) 
M. Furko, M. Lakatos-Varsányi1, C. Balázsi: Comparative corrosion study on silver coated 
metallic implants, Materials Science Forum 812, 327-332. (2015) 
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Biodistribution studies are important tool in the unraveling of the in vivo behavior of 
nanoparticles, and as such are of great importance in the evaluation of safety and 
therapeutic potential of nanomedicines. Radiolabeling and dynamic nuclear imaging 
combined are major utility in the evaluation of the biodistribution pattern of the nanoparticles, 
because of their high signal/nose ratio, possibility of accurate quantification of the amount of 
the labeled nanoparticles in each organ, as well as simultaneous visualization of their route 
in vivo.  
In order to reveal the in vivo pattern of four different polymeric nanocarriers with similar size 
(PLGA-PEO-PLGA 70000:8000:70000Da – NP1, PLGA-PEO-PLGA Mw 
6000:10000:6000Da – NP2, P(DL)LA-CL/PEO-PPO-PEO – NP3, PAA-PCL-PAA – NP4), 
direct 99mTc radiolabeling was performed using sodium dithionite as reducing agent. The 
radiolabeled complexes were washed three times with 0,9% saline on ultrafiltration 
cartridges (MWCO 100KDa) and further evaluated for labeling efficacy and stability. The 
labeled nanoparticles were injected into the tail vein of healthy male Wistar rats. SPECT/CT 
imaging was performed at 1, 3 and 24h p.i. Also blood samples were withdrawn in several 
time intervals p.i. for gamma counting in order to determine the concentration of circulating 
NP in the blood. 
The efficacy of 99mTc labeling was satisfactory for all the formulations and it was in the range 
of 84.4-95.6%. Also, the radiocomplexes were stable for the tested period of 24h.  The 
gamma counting results of the blood samples revealed that the percent of injected dose 
circulating in blood 1h p.i was 7.53±0.71, 46.98±2.13, 73.07±3.78 and 1.59±0.31 for NP1, 
NP2, NP3 and NP4, respectively. While 24 p.i., the percent of injected dose was 2.20±0.11, 
17.42±0.02, 9.71±2.67 and 0.59±0.15 for NP1, NP2, NP3 and NP4, respectively. The 
SPECT images showed that the nanoparticles were dominantly cumulated into the liver, 
most probably as a consequence of the recognition and uptake by the reticuloendothelial 
(RES) system.  
The blood profiles clearly distinguish among the surface properties of the nanoparticles. The 
formulations that were sufficiently covered with hydrophilic PEO chains (NP2 and NP3) 
presented longer blood circulation time relative to the poorly PEO covered formulation NP1, 
and the highly bioreactive NP4, with surface exposed polyacrilic chains. All formulations 
were subsequently recognized and taken up by the RES system. 
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Detection and quantification of engineered nanoparticles (NPs) in complex environmental 
media is a major challenge since NP concentrations are generally expected to be low 
compared to elemental background levels. Therefore, radiolabeling of engineered NPs 
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provides a unique option for highly sensitive detection and localization of NPs in e.g. highly 
complex environmental systems such as sediments, soils or plants as well as in 
nanocomposites e.g. special surface coatings without any extensive sample pretreatment 
compared to conventional NP detection techniques. TAF JRC and HZDR, both institutions 
have experience in radiolabeling NPs with different  methods whereby JRC had the unique 
opportunity of operating the cyclotron MC-40 with well adapted target systems for 
nanomaterials that offered various options for radiolabeling of engineered NP powders, e.g. 
by direct activation or recoil labeling. Within the transnational access, radiolabeling of TiO2, 
Ag0 and MWCNT was performed at JRC and radiolabel stability as well as consistency of 
important particle properties such as size and morphology was tested and compared to other 
radiolabeling strategies [1]. Radiolabeled NPs were used in column percolation experiments, 
release studies from nanocomposites and plant uptake studies.  
[1] Hildebrand, H., Schymura, S., Holzwarth, U., Gibson, N., Dalmiglio, M., Franke, K.: 
Strategies for radiolabeling of commercial TiO2 nanopowder as a tool for sensitive 
nanoparticle detection in complex matrices, J. Nanopart. Res. (2015) 17:278. 
 

27. Characterizing and quantifying the impact of the biomolecular corona 
formed around nanoparticles in the human respiratory tract lining fluid 
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“How do respiratory cells perceive inhaled particles?” is a fundamental question equally 
applicable to environmental pollutants, occupational dusts and poorly soluble therapeutic 
aerosols. When inhaled nanoparticles deposit in the lung, they transit through respiratory 
tract lining fluid (RTLF) and acquire a biomolecular corona reflecting the composition of the 
RTLF. To date, no detailed characterization of the biomolecular corona of particles in human 
RTLF has been published. The aim of this study was to visualize, characterize and assess 
the impact of the biomolecular corona formed around inhaled nanoparticles in the human 
RTLF. Towards achieving these aims a visit to TAF facilities at Uppsala University, 
University College Dublin and VITO-Belgium was organized.  
 

28. Silica nanoparticles characterization and toxicity assessment  
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Nowadays nanoparticles of different chemical compositions, sizes, shapes, coatings and 
functionalities are employed for several applications. However, despite the enormous growth 
of products containing nanoparticles, the toxicology of these materials has not been 
thoroughly evaluated. Currently, there is a knowledge gap between the increasing 
development and use of nanomaterials and the prediction of their possible risks for human 
health and environment, in turn, requires an essential characterization of nanoparticles. It’s 
important to know the state of the nanoparticles to be used and in particular their size and 
size distribution in water and in the appropriate biological media. Poorly characterized 
nanoparticles have the potential to lead to confusing and mis-interpreted results.  
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The aim of the study is to improve the silica nanoparticles (SiO2NPs) characterization and 
evaluate NPs interactions with proteins when incubated in cell culture media, to have 
informations on the protein corona around nanoparticles. Different techniques have been 
used to characterize the samples: DLS, TEM, Zeta Potential and Differential Centrifugal 
Sedimentation (DCS), the latter thanks to the visit at QNano infrastructure. Silicon dioxide 
showing different sizes and surface properties were produced, characterized and all of these 
particles have been evaluated for their toxicity by a range of assays. This work indicates that 
a fundamental step in the toxicity evaluation of NPs is the characterization both in water and 
cell culture medium, using different techniques, because give us a complete idea of what we 
are evaluating and monodisperse and stable SiO2NPs are not toxic when used at 
concentration less than 2.5 nM. 
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Nanoparticles (NPs) in polluted environments are of the current concern because of their 
strong link with several health effects. The majority of NPs are derived from diesel exhaust 
fumes and from manipulation of matter at the nanoscale. Ninety percent of these NPs 
present in the air pollution are smaller than 50 nm in diameter. With such a small size, NPs 
easily pass the physiological barriers (mucosa, bronchus and pulmonary alveolus) and enter 
the blood circulation system, thus giving rise to inflammatory processes with detrimental 
consequences on cardiac function. Although epidemiological studies consistently suggest 
the link of ambient particulate with cardiovascular morbidity and mortality, they cannot 
directly prove a direct causation and cannot correlate the time of exposure with the abnormal 
heart function. We showed, in-vitro, that TiO2 NPs affect cardiac impulse conduction, disrupt 
myofibrils organization and produce ROS. The intriguing perspective emerges that NPs in 
hearts might be involved in arrhythmogenesis much more directly than previously thought. 
The research proposal aims to conduct a detailed characterization of the boundary 
conditions and mechanisms permitting NPs to exert their arrhythmogenesis in-vivo. 
Preliminary data shows that tracheal instillation of TiO2 in rats modifies cardiac excitability in 
the subsequent 4 hrs of monitoring while this is absent in rats instilled with saline media only. 
However we cannot prove a direct evidence of the presence of TiO2 in the cardio-respiratory 
pathway. The aim of this subproject funded by QualityNano Research Infrastructure and 
conducted at FUNDP-TAF was to measure the presence and the concentration of TiO2 
directly in the rat target noromtensive and hypertensive subjected organs. 
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30. Nanoparticle Release during Drilling of Graphene/Epoxy/Fibre 
Reinforced Nanocomposites  
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In this study, the nanorelease from graphene oxide/epoxy nanocomposite is investigated 
through a life cycle scenario through mechanical drilling process.  The enhanced mechanical 
properties of various graphene oxide concentrations ranging from 0.01 - 1 wt. %, were 
studied for nanoparticle release using specialised test chambers. Measurements were taken 
using CPC, SMPS and DMS50 equipment for real-time characterization and measurements.  
The particle number concentration (of particles <100nm) and particle size distribution 
(4.87nm – 562.34nm) of the particles emitted during drilling on the samples were evaluated 
to investigate the effect of the graphene/graphene oxide concentrations on the particles 
released. The study results indicate that the graphene oxide nanofiller concentrations 
caused a significant increase on the particle number concentration compared to the neat 
epoxy but little effect of the nanofillers choice in the particle size distribution. Full results and 
discussions will be presented. 
The work is part of European Commission Life project named Simulation of the release of 
nanomaterials from consumer products for environmental exposure assessment (SIRENA, 
Pr. No. LIFE 11 ENV/ES/596).  
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31. Interactions between nanoparticles and erythrocytes and nanoparticles 
and cells of digestive glands of model invertebrate organisms 

Sara Novak 
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Ljubljana 
 
Nanoparticles (NPs) interact with cells what is manifested as adsorption of aggregates of 
different nanoparticles on cell surfaces, morphological alterations of cells and internalization 
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of nanoparticles. We hypothesise that interactions between aggregates of nanoparticles and 
cells depend on chemical composition of particles, their surface characteristics, shape and 
size. In proposed work we will investigate adsorption of aggregates of tungsten (Wox 
nanowires) and molibden (Mo nanotubes) NPs on cell surfaces with scanning electron 
microscope (SEM) and perform chemical analyses of aggregates with Energy-dispersive X-
ray spectroscopy (EDX). We expect to see morphological alterations of cells due to 
nanoparticles.  
 

32. Multi-walled carbon nanotubes (NM401) induce ROS and HPRT 
mutations in Chinese hamster lung fibroblast cells 

 
Laura Rubio1, Naouale El Yamani2, Ricard Marcos1, Maria Dusinska2 
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Although there is an important set of data showing potential genotoxic effects of 
nanomaterials (NMs) at both DNA (comet assay) and chromosome (micronucleus test) 
levels, few studies have been conducted to analyze their potential effects at gene level. The 
aim of this study was to determine the ability of multi-walled carbon nanotubes to induce 
mutations in the HPRT gene in Chinese hamster lung (V79) fibroblasts. 
 

33. Nano-Bio interaction: addressing the interaction between blood proteins 
and nanoparticles 
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The non-spectific adsorption of proteins in the nanoparticles surface (protein corona) has 
been explored traditionally in particles sized above 50 nm. This is due to their size is easier 
to separate these particles with their corona from the remaining free proteins. Here, we 
explore the protein corona formation in small nanoparticles in human plasma using different 
techniques such as Differential Centrifugal Sedimentation (DCS) or SDS-PAGE to fully 
evaluate their behaviour in solution and to understand their behaviour in biological fluids.  
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34. Subcellular localization and intracellular trafficking of carbon nanotubes 
in human alveolar lung epithelial A549 cells in vitro 
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Due to the unique combination of physical-chemical properties of carbon nanotubes (CNTs) 
they have been successfully applied in pharmacy and medicine. However, there has been 
conflicting data reported regarding their safety and biocompatibility, especially concerning 
their cellular binding, routes of internalization, and intracellular trafficking. The aim of our 
study was to characterize nonfunctionalized and carboxylated bovine serum albumin (BSA) 
–stabilized MWCNT using transmission electron microscopy, atomic force microscopy, 
differential centrifugal sedimentation, and zeta-potential measurements and to elucidate 
MWCNTs’ internalization and fate in human alveolar lung epithelial A549 cells in vitro. To 
assess role of clathrin-mediated and caveolin-dependent endocytosis in the internalization of 
MWCNTs in A549, Caveolin-1 and AP-2 were knocked down using siRNA and decrease of 
the MWCNTs’ internalization was studied by confocal microscopy with reflectance based 
detection of MWCNTs. 
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Nanoparticles have been worldwide applied in the technological and consumer products 
during the last years. These materials significantly improve quality of the many consumer 
products. On the other hand the fate of nanoparticles in the environment after use is not well 
documented and their health risks are not completely clear. After use, the nanoparticles 
enter into environment, whereupon they can contaminate water and soil and subsequently 
food chains of all organisms. The important source of food for mammals is plant food. 
Therefore the investigation of possible contamination of plants is needed because the 
adverse effects of nanoparticles on human and animal health are often described in the 
literature. The determination of nanoparticles plant uptake and translocation is complicated 
by the presence of naturally occurring nanoparticles which cannot be reliably distinguished 
form naturally occurring ones. For these purpose it seems to be unique the use of 
radioactively labelled nanoparticles for plant uptake studies. In these experiments the 
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radioactivity originating from the nanoparticles can be measured unambiguously and with 
high sensitivity. The method is especially useful for the rapid testing of uptake and 
translocation of nanoparticles by agriculturally interesting plants.  
The TiO2 and CeO2 nanoparticles labelled with 48V and 139Ce were prepared by direct 
cyclotron activation of corresponding nanomaterials using a Scanditronix MC-40 cyclotron. 
Ag nanoparticles were prepared by radiochemical synthesis. Phytoextraction of these 
labelled nanoparticles was tested using in vitro cultures of common cultivated plants (Zea 
mays, Helianthus annuus, Cucumis sativus, etc.). The nanoparticles were added to the 2-3 
weeks old sterile seedlings cultures cultivated on half-strength Murashige-Skoog medium. 
After next 7 days the resulting plants were removed, root system gently washed with distilled 
water and the radioactivity measured using electronic autoradiography. 
The results show that both used nanoparticles are adsorbed and/or absorbed by the root 
system and some translocation was observed using electronic autoradiography. Although 
about 99 % of radioactivity was typically found in the root area, the remaining activity was 
distributed between stem and leaf parts. This fact uniquely determined possibility of 
contamination of plants with nanoparticle material.  
From the obtained results it is clear, that the possible contamination of plants is evident. But 
in these simple experiments we cannot distinguish the contamination caused with true 
nanoparticles from the radioactivity of dissolved ionic forms which could be produced by the 
interaction of the nanoparticles with some acidic compounds in plant tissues. For these 
purposes the advanced core-shell double labelled nanoparticles 104Ag/110Ag were prepared. 
The uptake experiments showed the presence of some nanoparticles also in shoot part of 
cultivated plants.  
 This work was supported by QualityNano projects JRC-TAF 79, 180, and 327. The 
results were obtained by using cyclotron, electron microscope, radioactivity measurement 
devices and know-how of the cyclotron group in JRC Ispra. 
 

36. In vivo toxicity of copper nanoparticles in three freshwater fish species 
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 c Biosciences, College of Life and Environmental Sciences, University of Exeter, UK. 
 
The potential toxicological impacts of nanoparticles (NPs) are of high concern due to the 
widespread application and high reactivity of NPs. Little is known however on the 
comparative sensitivity of different fish species to the effects of Copper nanoparticles 
(CuNPs). In this study, we evaluate the fate CuNPs (50 nm spherical) in the test medium 
and their comparative acute toxicity in three fish species (rainbow trout, fathead minnow and 
zebrafish) exposed via water by adopting OECD 203 test guidelines for supporting risk 
assessment of this material.  
University of Exeter (UOE) has dedicated facilities for characterization of NPs and exposure 
of fish species. More importantly, the experienced researchers and technicians in UOE are 
able to provide detailed guidance in experimental design and the examination of fish 
histology, which makes this TAF the perfect choice for this study. 
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Gold nanoparticles (AuNPs) are attracting considerable interest as viable biomedical 
materials, and research into them is growing due to their unique physical and chemical 
properties (Movia et al , 2014;Cui et al 2008).  
Here we report the synthesis of doxorubicin-loaded PEGylated AuNPs (DOX-PEGAuNPs) by 
a simple one-step method, and their further functionalization with an anti-potassium channel 
monoclonal antibody (mAb) by terminal carboxylic acid groups for their future application in 
the treatment of pancreatic cancer. The mAb efficiently recognizes a specific antigen 
expressed on the membrane of pancreatic cancer cells, with positive effects on the drug 
delivery efficiency. The relevance and major interest of the so-obtained nanoparticles in the 
presence of terminal carboxylic acid groups at their surface, as confirmed by infrared X-Ray 
Diffraction (XRD), and X-ray Photoelectron Spectroscopy (XPS), and Polarization 
Modulation-Reflection-Adsorption-Infrared-Spectroscopy (PM-IRRAS), in addition to the 
surrounding PEG chains, is essential to avoid non-specific protein adsorption (Spadavecchia 
et al 2014). In parallel, biocompatibility, as well as the therapeutic efficacy, were evaluated in 
Proof-of-Concept (PoC) in vitro studies by means of a high throughput technique (namely, 
flow cytometry analysis) (Figure 1). Data gathered from this study may have further 
applications for the safe design of nanostructures to be applied for therapeutic purposes in 
the treatment of cancer. 

 
Figure 1: Technology Readiness Level (TRL) for pharmaceutical products development. 
References: 
D. Movia, V. Gerard, C. Manus Maguire, N. Jain, A. P. Bell, V. Nicolosi, T. O'Neill, D.Scholz, 
Y.Gun'ko, Y. Volkov, A.Prina-Mello. A safe-by-design approach to the development of gold 
nanoboxes as carriers for internalization into cancer cells. Biomaterials, 2014. 35(9):  2543-
2557. 
Cui, C. Liu, J. Shen, D. Gao, J. Zhu, H-Y Chen. Gold Nanoparticle–Colloidal Carbon 
Nanosphere Hybrid Material: Preparation, Characterization, and Application for an Amplified 
Electrochemical Immunoassay. Advanced Functional Materials, 2008. 18(15): 2197-2204. 
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J. Spadavecchia, R. Perumal, A.Barras, J. Lyskawa, P.Woisel, W. Laure, C-M Pradier, R. 
Boukherroub, S. Szunerits. Amplified plasmonic detection of DNA hybridization using 
doxorubicin-capped gold particles. Analyst, 2014. 139(1): 157-164. 
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In this study, we investigate the effect of size, surface coating and charge of silver 
nanoparticles (Ag NPs) on the bioaccumulation in and toxicity to the red earthworm 
Lumbricus rubellus. AgNPs (20, 35 and 50 nm) were coated with either chitosan (CHIT), 
bovine serum albumin (BSA), or polyvinylpyrrolidone (PVP) to produce positive, negative 
and neutral particles respectively. During a 28-day sub-chronic reproduction toxicity test, 
earthworms were exposed to varying concentrations of AgNPs in soil, including controls of 
AgNO3 at concentrations below EC50. Total Ag tissue burden indicated a concentration-
dependent uptake in earthworms.. Preliminary indications of speciation of tissue-extracted 
Ag suggest most Ag in the organisms to be in the ionic form. However, detailed observations 
are needed to resolve whether dissolution occurred in the soil or in the organism. 
Reproduction (cocoon production) was diminshed at high concentrations of all NPs tested, 
with BSA-coated particles being the most toxic (EC50 for the 20 nm NPs was 66.8 mg Ag/kg 
soil). Nominal soil exposure concentrations explaining the observed effects better than 
internal burden. The present study provides further evidence of the influence of surface 
coating (charge) as well as size in driving bioaccumulation and toxicity. 
 

39. Toxicogenomics screening of AgNP exposure in Caco-2 and MCF-7 
cells: Should we test in extensive cell panels for screening studies? 
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Nanoparticles (NPs) are widely used in various types of industries. Consequently, 
consumers are likely being exposed to NPs. To study the effects of NPs, often only one cell 
type is used in in vitro toxicity studies, raising the question whether these results can be 
extrapolated to other cell types. Here, we compared the effects on the transcriptome of four 
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sizes of silver (Ag)NPs (i.e. 20, 30, 60, and 110 nm) on Caco-2 intestinal and MCF-7 breast 
cancer cells. Silver nitrate (AgNO3) was used as an ionic silver control.  The cells were 
exposed for 6 and 24h at a non-cytotoxic dose of 25 µg/ml. As it is of crucial importance to 
know whether the NPs were taken up into the cells for correct interpretation of 
transcriptomics data we studied the uptake of the NPs in detail at UCD, which was facilitated 
through the QualityNano Transnational Access (TA). 
NP uptake in the cells was studied with ICP-MS measurements, which indicated that AgNPs 
were taken up in a dose dependent manner where the smallest NPs were taken up highest. 
However, this technique can’t differentiate between Ag+ and AgNPs and also not between 
NPs that are attached to the outside of the membrane and NPs that are inside the cells. 
Therefore, uptake of the NPs was also studied with TEM and confocal microscopy (CM) 
during a TA visit at UCD. Both techniques confirmed that AgNPs were taken up. TEM 
showed strong degradation of the NPs already after 6 hours exposure, likely due to 
dissolution. CM showed co-localization of the NPs with the lysozomes, indicating that the 
NPs are mainly taken up in the lysosomes, but TEM showed that the NPs were also present 
in the cytoplasm. The smallest 20nm NPs could not be identified within the cells with 
absolute certainty, as the resolution of CM was too low and TEM could not discriminate 
between the NPs and naturally present electron dense structures in the cell. Gene 
expression data showed that AgNPs induced pronounced effects in both MCF-7 and Caco-2 
cells and in general more genes were up- than downregulated. However, overlap in gene 
expression between AgNP and AgNO3 exposure in MCF-7 and Caco-2 cells indicated that 
the cellular responses were most likely mainly induced by silver ions released from the NPs. 
The list of individual genes that were mutually affected by AgNO3 and AgNPs was only partly 
similar between MCF-7 and Caco-2 cells, but the affected gene ontology processes 
appeared to be very similar in both cell types. They were mainly related to metal exposure, 
and (oxidative) stress and no novel “NP specific” processes were found. 
 

40. Cytotoxicity assessment of the emission of a CdTe Quantum Dot based 
fluorescent ink 
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The fluorescent properties of CdTe quantum dots (QDs) lead to novel products and 
applications in the ink and pigment industry. To this aim, Plasmachem has developed a 
water based printing ink containing polyethyleneglycol-coated (PEG-CdTe) QDs to be used 
in household printers. It is widely acknowledged that, in general, the use of printers has an 
influence on indoor air quality, including the concentration of ozone, volatile organic 
compounds (VOCs) and ultrafine particles (UFPs), depending on the printer type and 
printing conditions. Furthermore, from a life cycle perspective, the toxic effects of emissions 
of printing ink during the use phase might differ from those of conventional formulations 
which do not integrate engineered nanomaterials as CdTe QDs might be emitted. This is 
especially relevant since several authors have reported the toxicity associated to CdTe QDs. 
Within this work, emissions of a water soluble fluorescent ink containing PEG-CdTe QDs 
(3.2 nm, 3.6 nm with coating) at a theoretical concentration of 8 mg/mL have been evaluated 
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in terms of their cytotoxicological potential in contrast to the solvent ink. The pulmonary cell 
line BEAS-2B has been selected both for in vitro air-liquid interface cell exposure and in 
submerged conditions. Preliminary results indicate that the Cd2+ concentration determines 
the toxicity observed. Additional work is actually on progress. 
Present assessment provides a realistic view of the toxicity associated to Nanotechnology 
Enabled Products from a holistic perspective, while contributing to balancing the benefits 
and risks of this Key Enabling Technology. 
 

41. Immune response of airborne brake wear debris 
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Particulate air pollution from road traffic currently represents significant environmental issue. 
Attention is also paid to the “non-exhaust pollution sources” from road traffic, which includes 
brake wear debris (airborne and nonairborne particles). The high temperatures and 
pressures on the friction surfaces initiate chemical and morphological changes of the 
components of brake pads. Therefore, determination of potential health impact is very 
important. Numerous studies clearly demonstrated that particulate matter caused potential 
adverse effects related to cytotoxicity, oxidative stress, stimulation of proinflammatory 
factors, and mutagenicity on the cellular level. This study addressed the effect of airborne 
brake wear particles on immune response. The brake wear particles were generated using 
an automotive brake dynamometer simulating urban driving conditions. In vitro human 
peripheral blood cell model was used to evaluate the effect of airborne brake wear on innate 
and acquired immune response. The assessment of immuno safety of particles released 
from brake pads was performed using two different immune bioassays: proliferative 
response of lymphocytes in vitro stimulated with mitogens and phagocytic activity and 
respiratory burst of leukocytes. The obtained results point to potency of immunotoxicity 
related to the generated wear debris. It is speculated that nanoparticles present play 
important role. Also the particles were analyzed by transmission electron microscopy and by 
Raman microspectroscopy. 
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CuO nanoparticles (NPs) released into the aquatic environment will likely accumulate in the 
sediment. Here we synthesized and characterized CuO NPs with different shapes and thus 
sizes: spheres, rods and spindles. Nereis diversicolor were exposed for 10 days to control 
sediment or sediment spiked with CuO NPs or aqueous Cu (Cu-Aq, CuCl2) at 7, 70 and 
140µg Cu g-1 dw sediment. Cu from all Cu treatments accumulated in worms in a 
concentration-dependent manner. Only Cu-Aq decreased burrowing, suggesting that worms 
avoid Cu when added to sediment as Cu-Aq, but not CuO NPs. Transmission Electron 
Microscopy of gut sections indicated limited presence of CuO NP-like objects in the gut 
lumen, but evidence on whether accumulated Cu from CuO NP exposure was internalized 
as particles was not conclusive. Overall, bioavailability and avoidance was not influenced by 
particle shape or size, whereas Cu form (Cu-Aq vs particulate) and exposure concentration 
had significant impact.  
 

43. PEGylated AuNPs for CT imaging: in vitro evaluation of their cellular 
behavior 
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d Soft Matter Nanotechnology group, CICbiomaGUNE , San Sebastian, Gipuzkoa, Spain  
 
Among the candidates for the next generation of CT contrast agents, AuNPs play a crucial 
role. Despite the potentiality of this material,[1] a routine application of AuNPs in diagnostics 
could be achievable only developing a reproducible, high yield and low cost procedure for 
their production. Recently at CNR-ISTM laboratories in Milan, we developed a preparative 
protocol to address these main drawbacks, allowing to prepare large quantities of size-
controlled PEGylated AuNPs [2]. The regime of preparation exploited a combination of gram-
scale synthesis of AuNPs by metal vapour synthesis (MVS) technique, and morphology and 
dimension control by digestive ripening process in aqueous media. Moreover the AuNPs 
obtained with the described protocol, were designed to permit prolonged blood circulation 
and low impact on the liver [3]. The combination of MVS technique and surface 
functionalization permitted to obtain an unexpected shrinkage of hydrodynamic radius, which 
resulted in nano-contrast agents characterized by an increased renal clearance, 
fundamental data for an improved contrast agent. To better understand the inter and 
intracellular behavior of the PEGylated AuNPs, we synthesized fluorescently labeled AuNP 
by means of the same innovative protocol based on MVS technique. In this work is reported 
the full in vitro characterization of the rhodamine-labeled AuNPs, carried out in collaboration 
with Dr. Sergio Moya’s labs at CICbiomaGUNE, performed thanks to the support of the 
transitional access program of QNANO.  Fluorescence correlation spectroscopy (FCS) has 
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been used to evaluate the stability of the AuNPs in biological media, while the internalization 
of the nanoparticles inside cells of type A549 has been studied by mean of flow cytometry 
and confocal microscopy. The cytotoxicity of the nanoparticles was studied as well. The 
nanoparticles resulted to be no cytotoxic and stable in cell culture media, in the presence of 
proteins. Moreover the data relative to the internalization of the nanoparticles are of 
particular interest also in prevision of their possible applications in the therapy and drug 
delivery field.  
 
References 
[1] E. Boisselier, D. Astruc, Chem. Soc. Rev., 38 (2009) 1759-1782. 
[2] A. Silvestri, L. Polito, C. Evangelisti, Journal of Colloid and Interface Science 439 (2015) 
28–33 
[3] C. Pérez-Campaña, J. Llop, ACS Nano, 7 (2013) 3498–3505. 
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Triple negative breast cancers (TNBC) are among the most aggressive and deadly breast 
cancer subtypes. TNBC is characterized by biological aggressiveness and poor prognosis 
mostly due to the lack of any validated therapeutic target. The Epidermal Growth Factor 
Receptor (EGFR) has been known to be overexpressed in TNBC, however, clinical trials 
with anti-EGFR therapies have not been promising. Phosphorylated EGFR constitutively 
expressed and translocated to the mitochondria and nucleus, can enhance resistance to 
anti-EGFR therapies and is correlated with poor overall survival in breast cancer.Targeting 
the translocated EGFR can be a promising approach towards the management of resistance 
of TNBC. 
We introduce citric acid functionalized silica-coated magnetite nanoparticles, rhodamine-
doped, NH2- or COOH – end-functionalized, covalently grafted with irreversible anti-EGFR 
tyrosine kinase inhibitors, as potential carriers of anti-EGFR attributes to the mitochondria 
and nucleus of MDA-MB 231 TNBC cells. 
Using both confocal microscopy (live and fixed) and transmission electron microscopy we 
managed to obtain data showing the internalization and localization of non-grafted NPs 
inside the cells. NP cytotoxicity was evaluated and the results showed that the non- grafted 
NPs tested did not inhibit cell proliferation and did not affect colony formation of the cells 
even after long-term exposure for 15 days. 
The alteration of the nanoparticle surface in biological media with the formation of the protein 
corona changes their chemical-physical properties. The NPs protein corona was preliminary 
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characterized by SDS-PAGE. The results revealed that more proteins bind to the NH2 - NPs 
comparing to the COOH-NPs. With this initial approach we confirmed that the composition 
and amount of proteins that form the hard corona depend on the surface charge and 
functional groups of NPs. Confocal and TEM imaging verified that the NH2 functionalized 
NPs were always enclosed in organelle structures. By contrast, the COOH-NPs seemed to 
be distributed in the cytosol. Thus, we propose that the protein corona plays a significant role 
in NP internalization. 
Additional experiments using TKI-grafted nanoparticles that target the phosphor-EGFR will 
provide data on their cellular distribution, their protein corona composition and the 
mechanism of cellular uptake.  
Acknowledgements: EC FP7 for MC IAPP Grant “NANORESISTANCE” and QualityNano 
TA Project EC FP7 "Capacities" Program. 

 

45. Toxicity of size-fractionated airborne particulate matter in A549 cells 
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Many recent studies demonstrated the toxicity of air particles occuring as pollutants in 
ambient air. In the present study, we investigated the effect of size-fractionated airborne 
particulate matter (PM) collected in polluted areas of the Czech Republic (Ostrava and 
Prague city). We focused on the potency of four PM fractions with different aerodynamic 
diameters (1 – 10 µm; 0.5 – 1 µm; 0.17 – 0.5 µm and < 0.17 µm) to induce genotoxic effects 
in human lung A549 cells. The size distribution of different PM fractions detected by 
NanoSight was surprisingly similar suggesting predominant presence of small particles in all 
fractions (about 100 nm) probably due to the breaking of aggregates constituting coarse and 
fine PM fractions. For toxicity testing, A549 cells were incubated with different concentrations 
of PM suspensions (0.1 – 50 ng/cm2) for 24h. After the exposure, A549 cells exhibited a 
concentration-dependent decrease in cell viability. However, the effects on DNA (evaluated 
as the level of DNA strand breaks formation and oxidized nucleotides evaluated by Comet 
assay) were not observed, only ultrafine PM fraction (<0.17) subtly increased the level of 
oxidized nucleotides in dose-dependent manner. Our study revealed the similar toxic effects 
of PM fractions with different aerodynamic diameters in A549 cells suggesting the change of 
physicochemical properties of size-fractionated PM after their extraction and dispersion. New 
methods for collection and extraction of size-fractionated ambient air particles should be 
developed and tested.  

Supported by EU grant QualityNano. 
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46. Poly(ethylene oxide) / SiO2 Nanocomposites 
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Polymer morphology, crystallization and chain conformation are investigated in hydrophilic 
poly(ethylene oxide)/SiO2 nanocomposites. The nanohybrids were synthesized in water 
followed by the slow solvent evaporation. Silica nanoparticles of different sizes as well as 
mixtures of SiO2 were utilized. Both the size of all nanoparticles and their dispersion in the 
polymer matrix were investigated with Dynamic Light Scattering, DLS, and Transmission 
Electron Microscopy (TEM), resepctively. Figure 1 shows DLS measurements of the 
particles in water dispersion that results in a hydrodynamic radius RH=6nm.  

  
Figure 1: Intensity correlation functions of SiO2 
nanoparticles in water at different scattering angles  

Figure 2: TEM image of a cryotomed hybrid composed 
of 80wt% PEO and 20wt% SiO2 

  
Figure 2 shows an image of a cryomicrotomed hybrid with 80wt% PEO and 20wt%of the 
above SiO2 nanoparticles veryfying their good dispersion within the polymer matrix. Polymer 
crystallization and chain conformation were investigated by X-ray Diffraction, Differential 
Scanning Calorimetry and Raman and ATR-FTIR spectroscopies at temperatures both 
below and above the melting temperature to study the effects of the presence of the 
inorganic additive, its size and of the confinement it induces to the polymer. The results 
show crystallization in all cases; nevertheless differences were observed for high silica 
content hybrids. The crystallization process as well as the conformation of the chains close 
to the inorganic surfaces exhibit different characteristics than those of the neat polymer melt. 

This work was performed in the framework of PROENYL research project, Action KRIPIS, project MIS-448305 
(2013SE01380034), funded by the General Secretariat for Research and Technology, Ministry of Education, 
Greece and the European Regional Development Fund (Sectoral Operational Programme: Competitiveness and 
Entrepreneurship, NSRF 2007-2013)/ European Commission 
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47. Advanced characterization methods for multiscale organic/inorganic 
structures 

 
M.A. Frysali1,2, L. Papoutsakis2, S. H. Anastasiadis1,2 
1Institute of Electronic Structure and Laser, Foundation for Research and Technology - 
Hellas, P. O. Box 1527, 711 10 Heraklion Crete, Greece 
2Department of Chemistry, University of Crete, Heraklion Crete, Greece 
Email: melina@iesl.forth.gr 
 
Functional surfaces have gained the focus of considerable scientific interest because of their 
numerous applications in various industrial branches.  Such surfaces, may exhibit controlled 
wettability, catalytic activity, easy-to-clean or self-cleaning ability, switchability and long-term 
stability. Thus, the development of functional coatings is required [1]. The behaviour of 
polymeric (nano)structures on surfaces alone and/or in combination with inorganic 
nanoparticles will be presented and discussed herein. 
Polymeric microgels impregnated with metal nanoparticles are anchored on inorganic 
surfaces to be utilized as nanocatalysts in microfluidic devices. Extended and well developed 
characterization methods have been used for the analysis of the polymeric microgels. 
Dynamic Light Scattering for their size distribution, Transmission Electron Microscopy (TEM) 
for the successful encapsulation of metal nano-catalysts and Scanning Electron Microscopy 
(SEM) for examining the successful stabilization of the microgels onto the silicon substrates. 
Surfaces that combine controlled wettability together with photocatalytic behaviour have also 
been developed, using chemically active inorganic layers (ZnO) together with responsive 
polymer films on rough surfaces. The formation of ZnO crystals on the rough surfaces was 
verified using X-ray diffraction (XRD), SEM and Atomic Force Microscopy (AFM). Contact 
angle measurements were conducted to investigate the wettability control of the polymeric 
surfaces.  The photocatalytic activity of the ZnO coated surfaces were investigated using 
UV-Vis spectroscopy and Fourier transform infrared spectroscopy (FT-IR) (Figure 1). 

 

Figure 1: Examples of surface characterization (a) Water contact angle measurements for controlled wettability, 
(b) Scanning electron microscopy (SEM) for hierarchical surface roughness characterization, (c) X-ray 
diffractogram of a ZnO layer on glass substrate denotes the crystalline form of ZnO.  

This research was partially supported by the European Union (ESF) and Greek national 
funds through the "ARISTEIA II" Action (SMART_SURF) of the Operational Programme 
“Education and Lifelong Learning”, NSRF 2007-2013, via the General Secretariat for 
Research & Technology, Ministry of Education and Religious Affairs, Greece. 
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[1] Anastasiadis, SH 2013.  Development of functional polymer surfaces with controlled 
wettability. Langmuir 29: 9277-9290 
 

48. Atomic Force Microscpy on Biomedical Science and Applications 
 
Emmanouil Glynos1, Vasileios Koutsos2, 
1Institure of Electronics Structure and Laser, Foundation for Research and Technology- 
Hellas, Herakion, Crete, Greece 
2Center for Materials Science and Engineering, University of Edinburgh, UK 
Email: eglynos@iesl.forth.gr 
 
Atomic force microscopy (AFM) is a powerful technique that can be successfully employed 
to study the morphology, mechanical and adshesion properties of biomedicale thin-shell 
hollow polymer microspheres (MS). Such MS can used as ultrasound contrast agents, 
normally referred to as microbubbles, while with the appropriate surface modification such 
microobjects can acquire targeting capability for certain cell types (e.g. cancer cells) and 
may be used as carriers for drug/gene delivery. Their nano/micromechanical properties are 
extremely important since they have to be stable for considerable time until they 
rupture/degrade under specific conditions in order to release their load in the right place and 
at the right time. Nevertheless, materials at the nanoscale (such as thin-shell structures) may 
behave differently to those on the macroscale, so predicting their mechanical properties 
presents a challenge.  
We have conducted a systematic AFM study of both hard-shelled, polymeric-based [1,2] and 
soft-shelled, phospholipid-based [3] microbubbles  to assess both their structrural 
information on microbubble topograpy as well as their mechanical robustness and measured 
their stiffness. Furthermore, as microbubble science is expanding to biological targeting and 
drug/gene delivery, we investigated the characteristics of molecular targeting using modified 
lipid-shelled microbubbles (biotin–avidin chemistry and the CD31 antibody) to probe 
individual Sk-Hep1 hepatic endothelial cells. The modified (targeted) microbubbles provide a 
single distribution of adhesion forces with a median of 93 pN. This interaction was assigned 
to the CD31 antibody–antigen unbinding event and proves the capability of single 
microbubbles to target cell lines [4]. 
 
 
 
 
 
 
 
 
Figure 1: (left) AMF topography of a MB, (middle) optical microscopy image of the cantilever 
placed on top of a MB, and (right) experimental force-deformation curve during compression 
of a MB..  
[1] E. Glynos, V. Koutsos et al. . Nanomechanics of Biocompatible Hollow Thin-Shell 
Polymer Microspheres. Langmuir 2009, 25 (13), 7514−7522 
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[2] E. Glynos, V. Sboros, V. Koutsos. Polymeric thin shells: Measurement of elastic 
properties at the nanometre scale using atomic force microscopy. Materials Science and 
Engineering: B 2009, 165 (3), 231−234 
[3] E. Bucher, E. Glynos, V. Koutsos et al. Nanomechanical Properties of Phosholipid 
Microbubbles. Lagmuir 2012, 28 (13), 5753-5760. 
[4] V. Sbroros, E. Glynos, V. Koutsos et. al. Probing Microbubble Targeting with AFM. 
Colloids and Surfaces B: Bioniterfaces 2010, 80 (1), 12-17 
 

49. Antimicrobial activity of bare and capped with PVP Ag NPs prepared by 
Microwave synthesis against Escherichia coli 

 
Maria Kalyva,1* Anastasios Anagnostakis,1,2 Kwnstantina Psatha,3 Michalis Aivaliotis and 
Spiros H. Anastasiadis1,2 
1 Institute of Electronic Structure and Laser, Foundation for Research and Technology - 
Hellas, (FORTH/IESL), GR-711 10 Heraklion Crete, Greece 
2 Department of Chemistry, University of Crete, GR-710 03 Heraklion Crete, Greece 
3 Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology 
- Hellas, (FORTH/IMBB), GR-711 10 Heraklion Crete, Greece 
*Email: mkalyva@iesl.forth.gr 
 
Green chemistry in nanotechnology and nanoscience fields is very significant in the 
synthesis of diverse nanomaterials.[1,2] Here, we present a green chemistry method for the 
synthesis of colloidal silver nanoparticles (Ag NPs) by using microwaves.[3] The colloidal Ag 
NPs were synthesized in a mixture of distilled water and ethylene glycol using silver nitrate 
(AgNO3) as silver precursor and β-D-glucose as reducing agent. The same synthesis was 
attempted with the addition of the polymer polyvinylpyrrolidone (PVP) known to be stabilizing 
the NPs. The whole process was extremely fast and within 30 s the colour of the solution 
turned pale yellow, characteristic of the formation of Ag NPs. Therefore, we were able to 
prepare bare and capped with PVP Ag NPs. Appearance of surface plasmon band at 418 
nm confirms the formation of silver nanoparticles.[4] The plasmon peak is broad which 
indicates a non-uniform distribution of the NPs. In agreement transmission electron 
microscopy (TEM) studies show sphere shape of size ~ 50 nm and a small percentage of 
rod shape NPs, as shown in Figure 1. The Ag NPs were characterized by utilizing X-ray 
diffraction (XRD), were the peaks can be attributed to the crystalline face centered cubic 
(fcc) structure. The antimicrobial activity of the Ag NPs was tested against Escherichia coli 
(E.coli). The same concentration of the bare and capped with PVP Ag NPs was introduced in 
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a healthy colony of E.coli. The concentration of the colony after 1 day was monitored 
showing that the antimicrobial activity of the bare Ag NPs was stronger. Therefore the 
surface chemistry of the NPs seems to be critical for its antimicrobial properties while further 
research is in progress.  
Figure 1. Silver NPs a) of spherical shape, b) rods and c) their corresponding surface plasmon prepared by 
microwave synthesis. 
 
 [1] C.J. Murphy, Sustainability as an emerging design criterion in nanoparticle synthesis 
andapplications. J. Mater. Chem. 2008, 18, 2173–2176. 
[2] N. Aihara, K. Torigoe, K. Esumi, Preparation and characterization of gold and silver 
nanoparticles in layered laponite suspensions. Langmuir 1998, 14, 4945–4949. 
[3] A. Pal, S. Shah, S. Devi, Materials Chemistry and Physics 2009, 114 530–532.  
[4] K. Shameli, M. B. Ahmad, S. D. Jazayeri, S. Sedaghat, P. Shabanzadeh, H. Jahangirian, 
M. Mahdavi and Y. Abdollahi, Int. J. Mol. Sci. 2012, 13, 6639-6650. 
 
 

50. In-situ FTIR and UV-VIS characterization possibilities using custom 
flow-cell and controlled temperature setups and apparatuses 

 
Konstantinos C. Vasilopoulos1

, George Kenanakis1, and Spiros H. Anastasiadis 1,2 
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2 Department of Chemistry, University of Crete, 710 03 Heraklion Crete, Greece 
Email: kovasil@iesl.forth.gr, gkenanak@iesl.forth.gr 
 
Nanomaterials have long ago escaped the controlled and confined environment of research 
laboratories and have become common ingredients in commercial products such as medical 
equipment, textiles, fuel additives, cosmetics, plastics and more. This change demands the 
adaptation of their characterization methods, protocols and techniques in order to deflect 
how they may interact with the environment or affect human health. 
 
In that sense, FT-IR and UV-Vis spectroscopy techniques must evolve from their classical 
experimental setups in order to examine the nanoparticles’ behaviour at temperatures other 
than RT, recording their IR or UV-Vis spectra without influencing the kinetics of the reactions 
that take place. The experimental scientists must have the flexibility to design and implement 
custom apparatuses in cooperation with nanotoxicology specialists.  
 
A modified Bruker Vertex 70v FT-IR spectrometer attached to a Bruker HYPERION 2000 
FT-IR microscope is installed in IESL, acting as an open design platform for custom 
measurements implementation. The sample chamber has been equipped with custom 
vacuum-sealed feedthroughs allowing the transfer of signals, electrical currents and fluids to 
custom measuring cells, performing Transmission/Reflection/Absorption measurements in a 
wide range of frequencies  (50cm-1- 24000cm-1) with the option of temperature control (-
196°C to 600°C) when coupled with a heating stage. Attenuated Total Reflection (ATR) 
measurements are also possible to temperatures up to 150°C.  
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Moreover, a number of UV-Visible spectrometers equipped with several types of optical 
fibers can be used in order to characterize nanomaterial based samples in different 
measurement modes (absorbance & transmittance, fluorescence & reflectance, irradiance), 
in the UV and Visible frequency range. 
 
The close cooperation with the in-house machine workshop of the Institute, which 
specializes in the manufacturing of custom cells and apparatuses for more than 25 years, 
allows the production of tailored made flow cells to adopt for specific sample forms or 
simulated processes.  
 
 

51. Fabrication and Characterization of Alginate Hydrogels 3D Scaffolds for 
Skin Tissue Engineering 

 
Georgina Kaklamani1, Anna Woloszyk2, Thimios.A.Mitsiadis2, Spiros.H.Anastasiadis1,3 
1FORTH/IESL, P.O. Box 1527, VasilikaVouton, 711 10 Heraklion Crete, Greece 
2Institute of Oral Biology, Department of Orofacial Development and Regeneration, Center of 
Dental Medicine, University of Zurich, Plattenstrasse 11, 8032 Zurich, Switzerland 
3Department of Chemistry, University of Crete, 710 03 Heraklion Crete, Greece 
Email: georgina@iesl.forth.gr 
 
Biopolymeric hydrogels have been extensively studied in the field of biomaterials, tissue 
engineering, drug delivery and regenerative medicine. They have been proved excellent 
vehicles for cell encapsulation offering a 3D environment that mimics the natural 
environment of the cells, allowing them to function similarly to their environment in vivo. 
Moreover, their physical and chemical characteristics can be tailored according to the use 
and type of encapsulated cells. Alginate is one of the most commonly used hydrogel due to 
the fast gelation time and ease of manipulation. It is a naturally occurring polysaccharide, 
non-toxic, biodegradable and can be used to form hydrogels under cytocompatible 
conditions. The cross-links within the alginate hydrogel typically utilize divalent cations to co-
ordinate carboxyl and hydroxyl moieties on the polymer chain. Altering the concentration of 
the polymer in solution, the number and sequence of monomers and the number and density 
of cross-links between the chains, as well as the mechanical properties of the hydrogel can 
be tailored. 
 
Here we describe a novel system geometry and external gelation method that were 
employed for 3D alginate hydrogels scaffolds fabrication. An in depth-study of the variables 
that can be used to modulate the physical and chemical characteristics of the resultant 
tissues is reported. More specifically, we investigate the influence of the divalent cation, the 
cation concentration, the alginate concentration, and the composition of the aqueous 
medium on the hydrogel mechanical properties. All hydrogels were extensively characterized 
using mechanical and rheological tests. Moreover, we examine the influence of 3D alginate 
hydrogels properties and cation concentration on the behavior of human fibroblasts, human 
dental pulp stem cells and their co-culture within the alginate 3D matrix. Cytotoxicity studies 
including cell viability tests, colorimetric assays and confocal microscopy were employed to 
evaluate the effect of the different 3D scaffolds on the cells fate. 
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52. Effect of the geometrical characteristics of micropatterned Si on 
Schwann cells outgrowth and orientation 

Despoina Angelaki1,2, Paraskevi Kavatzikidou2, Chara Simitzi2, Anthi Ranella2, Costas 
Fotakis1,2 Emmanuel Stratakis1,2 
1 Foundation for Research and Technology-Hellas (F.O.R.T.H.), Institute of Electronic 
Structure and Laser (I.E.S.L.), Heraklion, Crete, Greece 
2 University of Crete, Heraklion, Crete, Greece 

Email: angelaki@iesl.forth.gr 
 
The necessity for neurons to connect distant (at the scale of a soma) target sites implies the 
presence of guidance cues and of a sensory machinery located at the growth cone. Directing 
neurons in vitro requires a microenvironment offering a combination of guidance, adhesion 
and migration conditions [1]. Material micro-nanoprocessing by ultra-short pulsed lasers 
allows patterning via non-linear absorption processes, providing excellent control over the 
regularity and uniformity of micron and submicron features [2]. Proper tuning of the laser 
parameters, including laser fluence and the irradiation environment, can lead to different 
morphologies of the fabricated scaffolds. Femtosecond laser irradiation of crystalline Si in 
the presence of a reactive gas leads to the formation of arrays of high-aspect ratio 
microcones (MCs) onto its surface [3]. 
 
The goal of this study is to investigate the Schwann cells response on micropatterned Si 
scaffolds in order to identify specific surface morphologies that promote or inhibit cell 
adhesion and growth. The developed surfaces were fabricated using two-step irradiation by 
an ultra-short pulsed laser. In the first step, the Si surface is irradiated in water at low laser 
fluence, giving rise to the creation of periodic ripples. Then, the substrates are textured, on 
top of ripples, at higher laser fluence, that give rise to arrays of microcones with different 
roughness (low, intermediate and high). 
 
Murine Schwann cells were cultured on the micropatterned substrates and it is observed that 
cells exhibited good attachment, outgrowth and network formation on the flat Si and 
microcone areas. On the contrary, on the areas covered with ripples cells did not grow 
normally and mostly formed aggregates. Besides that, it is observed that the cells network 
on the microcones areas exhibited a preferential orientation and alignment. 
 
Our results suggest that the characteristics of the micropatterned Si surfaces can influence 
neural cells growth and orientation. The ability of our technique to control the cellular 
adhesion and growth and create neuron cell patterns could be potentially useful for the 
formation of biomaterial interfaces for neural applications in the field of regenerative 
medicine.  
 
[1] Tomba et Villard, 2015, Microelectronic Engineering, 132, 176–191 
[2] Stratakis, 2011, Biomicrofluidics, 5, 013411 
[3] Zorba et al., 2006, Nanotechnology, 17, 3234 
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53. Nerve cellular behavior (adhesion, orientation/migration and 
differentiation) on micropatterned structures fabricated via ultrashort 
pulsed laser irradiation 

 
P. Kavatzikidou1, A. Ranella1, C. Simitzi1, D. Angelaki1, K. Karali1,2, S. Aslanoglou1, X. 
Yannakou1, S. Spanou1, I. Charalampopoulos2, A.Gravanis1,2, C. Fotakis1,2, E. Stratakis1 
1 Foundation for Research and Technology-Hellas (F.O.R.T.H.)-I.E.S.L., Heraklion, Crete, 
2. University of Crete, Heraklion, Crete, Greece 
Email: ekavatzi@iesl.forth.gr 
 
Generally cells take decisions on survival, proliferation and migration depending on the 
stimuli relative to their surrounding environment (cellular-substrate interface). The 
extracellular matrix (ECM) provides the cues at micro and nano-scale necessary to maintain 
the cells phenotype and response (adhesion, orientation, proliferation and differentiation). In 
the case of nervous tissue, which is a complex multilayer environment, there are important 
features to be considered in order to design and develop a structure in terms of topography, 
morphology, chemistry and scale. Ultrashort pulsed laser irradiation is considered as a 
simple and effective method to fabricate structures over a large area with the main 
advantage the control in structure geometry and pattern regularity (high aspect ratio spikes) 
[1,2]. Here, a series of micro-patterned silicon (Si) structures were fabricated by using the 
ultrashort laser irradiation at a range of laser fluences resulting at different roughnesses 
(low, intermediate and high) and geometrical characteristics (spike’s shape). Furthermore, 
positive replicas on a biodegradable (poly(lactide-co-glycolide)) polymer and on PDMS have 
been successfully reproduced [3]. The in-vitro cytocompatibility behavior of these structures 
was investigated on immortalized cell lines such as NIH 3T3 fibroblasts and primary cells 
such as Schwann cells and embryonic cortical stem cells at different time points to assess 
adhesion, proliferation and differentiation. The main findings showed a preferred cellular 
adhesion, orientation and proliferation with enhancing the micro-roughness. This is an 
important finding for the field of Nerve Tissue Engineering, and especially for the treatment 
of axon degeneration and therefore of injured nerves.  
 
[1] Stratakis, E et al.  2011, Biomimetic micro/nanostructured functional surfaces  
for microfluidic and tissue engineering applications, Biomicrofluidics, 5:013411  
[2] Ranella, A et al. 2010, Tuning Cell Adhesion by controlling the roughness and wettability 
of 3D micro/nano silicon structures, Acta Biomaterialia, 6: 2711 
[3] Koufaki, N et al. 2011, Controlling cell adhesion via replication of laser micro/nano-
textured surfaces on polymers. Biofabrication 3: 045004 
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54. Laser based fabricated micro/nano substrates as new model scaffolds 
to control the adhesion and differentiation 

 
A. Ranella1, P. Kavatzikidou1, C. Simitzi1, K. Terzaki1, A. Selimis1, M. Farsari1, E. Stratakis1, 
I.Charalampopoulos2, I. Athanassakis2, A.Gravanis1,2, C. Fotakis1,2 
1 Foundation for Research and Technology-Hellas (F.O.R.T.H.)-I.E.S.L., Heraklion, Crete, 
2. University of Crete, Heraklion, Crete, Greece 
 
Nowadays, a highly interdisciplinary field lying on the interface of Biology, Chemistry and 
Engineering has been developed allowing the profound investigation of cellular functions vis-
à-vis material topography. This field takes advantage of more elaborate techniques that 
make feasible the fabrication of culture platforms with specific patterning at micron and sub-
micron scale onto a plethora of different materials. The material-guided topography towards 
controlled patterning of cell adhesion can be useful to a wide spectrum of regenerative 
medicine subfields, ranging from basic research to clinical applications. Therefore, it is of 
major importance to control the outgrowth of cultured cells and to develop scaffolds including 
pre-defined areas that could either promote or inhibit the cell growth, adherence and 
differentiation. Towards this aim, the ultrafast pulsed laser micro/nano engineering has 
established a strong foothold, since it enables the fabrication of structures with different 
geometrical characteristics and nanoscale spatial resolution. Here, we report on the 
fabrication of high resolution 3D scaffolds deploying three laser based techniques: a) two-
photon polymerization (2PP) and b) ultrafast laser micro/nano structuring (ULMNS) and c) 
single pulse UV laser irradiation of biopolymers (UVLIB). The 2PP technique relies on two-
photon polymerization enabling the 3D bioactive structures fabrication with submicron 
resolution. The ULMNS technique is an effective direct-write method to fabricate hierarchical 
micro/nano structures on Si surfaces with superior control over structure geometry and 
pattern regularity. On the other hand, UVLIB offers the opportunity of natural biopolymer-
made scaffolds: foam like structures are induced upon the single pulse UV laser irradiation 
of biopolymers. Thus, using laser precision 3D micro/nano fabrication techniques, well 
characterized cell platforms were structured in order to examine the influence of the synergy 
of surface topography and chemistry on viability, adhesion, alignment and differentiation of 
different cell populations. For this purpose, established cell lines (e.g. 3T3/NIH, PC12, 
Neuro2A, SW10), primary cells (e.g. DRG/SCG) and stem cells (e.g. MSCs and NSCs) were 
used. The experiments with the aforementioned cells showed a good attachment, outgrowth 
and network formation on all the substrates. Remarkably, there was a differential orientation 
of the cells on the various substrates. In particular, controllable cells orientation can be 
achieved varying from a random orientation to a trend for a parallel alignment. Our results 
suggest that the geometrical characteristics themselves of 3D micro/nano structured 
surfaces can influence specific cellular functions. In other words, the laser-patterned 
scaffolds presented here could potentially be a useful platform for patterning neurons into 
artificial networks allowing the study of neuronal cells interactions under 3D ex-vivo 
conditions. 
References 
 [1] Ranella, A et al. 2010, Tuning Cell Adhesion by controlling the roughness and wettability 
of 3D micro/nano silicon structures, Acta Biomaterialia, 6: 2711 
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55. Micro-structured Si substrates fabricated via ultrashort pulsed laser 
patterning enable the study of neural outgrowth and network formation 
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Micro- and nanofabrication techniques provide the opportunity to develop new types of cell 
culture platforms, where the effect of various topographical cues on cellular functions can be 
studied. Microstructuring by ultrashort pulsed lasers is an especially attractive approach, 
because it leads to the formation of arrays of high-aspect ratio microcones (MCs) on solid 
surfaces. Variation of laser fluence gives rise to MCs of arbitrary or elliptical (i.e. anisotropic) 
shape. MCs present an alternate type of discontinuous topographical cues, intended to test 
the effect of surface architecture on cellular development and morphology, beyond the well 
studied horizontal (grooves, ridges) or vertical (pillars,pores) to the substrate plane features 
The in vitro experiments showed that both Schwann cells and axons of sympathetic neurons 
were parallel oriented onto the MCs of elliptical shape, while they exhibited a random 
orientation onto the MCs of arbitrary shape. Notably, this topography-induced guidance 
effect was also observed in more complex cell culture systems, such as the organotypic 
culture whole dorsal root ganglia (DRG) explants. Our results suggest that a discontinuous 
topographical pattern could promote Schwann cell and axonal alignment, provided that it 
hosts anisotropic geometrical features. The laser-patterned arrays of MCs presented here 
could potentially be a useful platform for patterning neurons into artificial networks, allowing 
the study of neuronal cells interactions under 3D ex-vivo conditions. 
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56. pH-responsive Hollow Polymer Capsules 
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Hollow polymer capsules have stimulated increasing scientific and technological interest in 
the field of materials science and engineering because of their numerous potential 
applications in drug delivery, catalysis, paints and electronic materials [1]. Their preparation 
has been reported using different synthetic methods such as the layer-by-layer assembly of 
oppositively charged polyelectrolytes onto inorganic nanoparticles or the use of a 
polymerization process to form a polymer shell onto organic or inorganic nanoparticles, 
followed by the selective degradation of the nanoparticle core [2]. The synthesis of hollow 
capsules that respond to changes of external stimuli, i.e. solution temperature and pH [3], 
electric or magnetic field, etc, by altering the size and permeability of the capsule wall, is 
particularly attractive. 
In this work, we report the synthesis of ionizable hollow capsules based on a cross-linked 
polyacid (poly(methacrylic acid), PMAA), or polybase, (poly(2-(diethylamino)ethyl 
methacrylate), PDEA), shell, which respond to changes of the solution pH. The preparation 
of the ionizable hollow capsules involved first the synthesis of polymer microgels particles 
with a core-shell topology, using a two-step emulsion polymerization process, followed by 
the selective removal of the microgels’ cores. The latter was achieved by either using an 
acid labile cross-linker in the core or the synthesis of non-cross-linked latex core particles 
surrounded by a cross-linked polymer shell using a non-degradable cross-linker. [4] After 
synthesis, the core was removed by hydrolysis of the labile cross-linker followed by washing 
of the particles in a common solvent for the core and the shell of the particles.  
Finally, the hollow capsules were characterized by dynamic light scattering, potentiometric 
titrations and electron microscopy in order to confirm their hollow structure and verify their 
pH-responsive behaviour (Figure 1).   

 
Figure 1: SEM images of the PDEA and PMAA hollow capsules 
[1] D. G. Shchukin, et al. 2003. Angew. Chem. Int. Ed. 4: 4472-4475. 
[2] W. Meier, et al 2000. Chem. Soc. Rev. 29: 295-303. 
[3] M. Sauer, et al. 2001. Adv. Mater. 13: 1649-1651. 
[4] L. Xie, et al. 2009. J. Polym. Sci. A Polym. Chem. 47: 4919-4926.  
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57. Synthesis and Aqueous Solution Behavior of pH-sensitive Hybrid Janus 
Nanoparticles 
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Janus nanoparticles [1], named after the double-faced Roman god, are compartmentalized 
colloids with two sides of different chemistry or polarity. These particles have attracted 
significant attention in the recent years due to their unique properties which are derived from 
their anisotropic character. In this study, we present the synthesis and aqueous solution 
properrties of polyampholyte hybrid janus nanoparticles comprising an inorganic silica core 
and a polymer shell consisting of compartmentalized poly(acrylic acid) (PAA) and poly (2-
(dimethylamino)ethyl methacrylate) (PDMAEMA) polymer chains.  
In the first step, silica nanoparticles (D = 100 nm) were used to stabilize polystyrene 
colloidosomes [Figure 1]. The exposed surface of the silica nanoparticles was modified with 
an atom transfer radical polymerization (ATRP) initiator. After the functionalization, 
polystyrene was dissolved yielding janus nanoparticles bearing ATRP initiating sites. Next, 
surface-initiated ATRP of tert-butyl acrylate (t-BuA) was carried- out from the one 
hemisphere of the initiator-functionalized silica nanoparticles followed by functionalization of 
the second hemisphere with the ATRP initiator. Finally, ATRP of DMAEMA was conducted 
to obtain amphiphilic hybrid janus nanoparticles. Acidic hydrolysis of the P(t-BuA) ester 
groups led to oppositely charged polyampholyte janus particles  decorated with PAA and 
PDMAEMA polymer chains. 
The Janus character of the particles was confirmed by thermogravimetric analysis and 
scanning and transmission electron microscopies (SEM and TEM), whereas the molecular 
weights and molecular weight distributions of the P(t-BuA) and PDMAEMA polymer brushes 
were determined by gel permeation chromatography. The dual responsive behavior of the 
janus nanoparticles in water as a function of temperature and pH was investigated by 
dynamic light scattering, potentiometric titrations and zeta potential measurements. 

 
 
Figure 1: SEM image of the polystyrene-SiO2 colloidosomes 
 
 [1]  de Gennes P.G. 1992. Science 256: 495-497 
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58. Novel polyacetal-based photodegradable nanocarriers in anticancer 
therapy 
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2Department of Materials Science and Technology, University of Crete, 71003 Heraklion, 
Greece 
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The development of polymers or other type of materials that degrade upon application of a 
light-stimulus is highly desirable in a number of applications in nanomedicine and 
biofabrication such as exogenous activated drug delivery, and handling/manipulation of 
precious biological samples at the microscale (i.e. cell sorting, on-chip patterning, light 
directed cell migration, etc.) [1]. In the present study, we demonstrate for the first time, the 
application of photochemical internalization in combinatorial photo-chemotherapy against 
cancer cells using a new class of dual degradable polymeric nanoparticles loaded with a 
potent chemotherapeutic anticancer compound (camptothecin, CPT) and a phototoxic drug 
(hematoporphyrin, HP).  
We recently reported on a new class of polymers based on the ketal family [2] that exhibit 
remarkably low ablation thresholds owing to their very low photolysis threshold. Furthermore, 
polyacetals have a well-established hydrolysis profile under the mildly acidic conditions (pH 
5.5) found in the late endosome. Herein we report the synthesis of amphiphilic 
poly(ethylene-glycol)-b-polyacetal block copolymers which form spontaneously micellar 
structures in water. In an effort to introduce red shifted photo-lability on the backbone of the 
polymer, 2-nitroresorcinol-based monomers were used. The drug loaded polymer micelles 
can be activated using visible and potentially infrared wavelengths at very low doses and 
exhibit simultaneous photo- and chemo- degradation, ideal for concerted light and pH 
controlled intracellular trafficking of drug cocktails, allowing for aggressive photo-induced 
cancer cell death. 
In conclusion, we have developed new materials that exhibit mild and tunable photolytic 
cleavage under clinically relevant conditions. We also demonstrated the use of dual photo- 
and chemo degradable NPs in photochemical internalization-mediated delivery of cytotoxic 
agents and proved the concept of enhanced cytotoxicity against cancer cell lines in vitro [3]. 
 

 
Figure 1: Self-assembly and degradation of the drug loaded nanoparticles  
 
[1] G. Pasparakis, T. Manouras, P. Argitis and M. Vamvakaki, 2012. Macromol. Rapid. 
Commun. 33 : 183-198. 
[2] G. Pasparakis, T. Manouras, A. Selimis, M. Vamvakaki and P. Argitis, 2011. Angewandte 
Chemie International Edition 50: 4142-4145. 
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[3] G. Pasparakis, T. Manouras, M. Vamvakaki and P. Argitis, 2014. Nature Comm., 5: 3623. 
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Two dimensional nano-flakes are an entirely novel nano material available for chemical [1], 
electrical and structural studies. Their most abundant form is in the form of nano-flakes 
dispersed and deposited in the form of solutions. Typically those materials are placed on top 
of rigid substrates to obtain a solid form usable in detection [2] devices.  

Here we use dispersed nano-flakes in conjunction with polymeric substrates that 
encapsulate electrodes to form complex detectors. The techniques used are easily scalable 
in size and complexity including typical lithographic techniques for metallic electrodes and 
biocompatible polymer encapsulation. The 2D materials are then casted using dip-coating, 
drop casting or similar techniques. The resulting devices and the deposited material are 
characterised using Raman, micro photo-luminescence, electron microscopy and other 
characterisation to obtain their detailed structure and performance. 
 

  
 

Figure 1: Schematic of the detector architecture, (center) Raman analysis of MoS2 material and (right) image of 
the completed polymeric devices 

 
The resulting devices can be used in biological studies to pick up electrical, optical or stress 
stimuli from live tissues or cell cultures. The nano-flakes although exposed to the 
environment, are robustly attached on the detector fixture thus providing a functional yet 
stable material. 

[1]  F. Yavari, N. Koratkar, Graphene-Based Chemical Sensors. J. Phys. Chem. Lett. 3, 
1746–1753 (2012). 

[2]  R. Lu, C. Christianson, B. Weintrub, J. Z. Wu, High Photoresponse in Hybrid Graphene–
Carbon Nanotube Infrared Detectors. ACS Appl. Mater. Interfaces. 5, 11703–11707 
(2013). 
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60. Energy resolved optical imaging of surfaces using tomographic 
microscopy 
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Imaging of macroscopic wavefunctions and dynamics of extended Bose-Einstein 
condensates is very challenging task and is usually obtained using optical methods. 
Typically the commonly used absorption imaging technique leads to heating and thus is 
intrinsically invasive [1].  Here we use a different platform which mixes excitons and cavity 
photons to form new bosonic quasiparticles called polaritons. In a condensed phase, 
polaritons exhibit superfluid behaviour favouring the establishment of long range order. 
Using optically imprinted external potentials we create parabolic trap for polaritons and 
implement tomography technique to directly visualise formation of such spontaneously 
created quantum fluid in confined potential. We obtain high resolution real space cross-
sections showing polaritonic densities at specific energy, showing individual macroscopic 
wavefunctions of each quantum state (Fig. 1). 

 
Figure 1: Spatially mapped polariton-condensate wavefunctions [2].  (a) Tomographic images of polariton 
emission between two interacting polariton condensates. (b) Real space spectra along the line between the pump 
spots. 
 
The developed methodology can be readily applied to other systems and in particular for 
imaging biofunctional surfaces. In particular nanoparticle tagged [3] tissue where emission 
wavelength even weakly depends on local environment such as electric fields or 
temperature can be used for sensing and detection applications. Furthermore the above 
optical technique can be used for determining nanoparticles size or their distribution along 
the surface (clusters). 
 
[1] M. Artoni and I. Carusotto 2003. In situ velocity imaging of ultracold atoms using slow 
light. Phys. Rev. A 67, 011602(R), 2003 
[2] G. Tosi, et al. 2012. Sculpting oscillators with light within a nonlinear quantum fluid Nature 
Physics, 8(3):190-194, 2012. 
[3] OV Salata 2004 Applications of nanoparticles in biology and medicine Journal of 
Nanobiotechnology 2(3) 1477-3155, 2004 
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61. Optimizing the growth of ZnO nanowires by chemical bath deposition 
for energy applications 
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Zinc oxide (ZnO) is a wide band gap semiconductor which has received enormous amount 
of interest over the last decade owing to its flexibility to be grown in a large variety of low-
dimensional nanostructures. Nanostructures of ZnO have demonstrated the potential for a 
wide range of applications in energy, sensing, photonic and optoelectronic devices, etc. This 
potential arises from a number of advantages such as the low cost of preparation, easy 
scale up, wide variety of preparation techniques exhibiting different morphologies with high 
surface area and enhanced light harvesting ability [1]. Arrays of 1D ZnO nanostructures, 
such as nanowires (NWs), emerge as the preferred assembly for energy harvesting and 
conversion. 
Among the different preparation techniques [1] chemical bath deposition (CBD) is a facile 
and low-cost technique used frequently to prepare ZnO NWs with good control over the 
mean diameter and the aspect ratio. In the CBD method the substrate is usually immersed in 
an alkaline solution containing a zinc salt and under supersaturation conditions a thin film is 
deposited on the substrate. A great body of experimental and theoretical investigations has 

been undertaken over the last decade 
in order to understand the growth 
mechanism and how this mechanism 
is affected by different parameters. 
Despite this, there are still obstacles to 
be overcome to achieve large surface 
area and high aspect ratio of well 
aligned ZnO NW arrays due to the 
multi-parametric nature of the growth 
process. The morphology of the seed 
layer, the reactants concentrations, 
the growth time, the bath temperature, 
the position of the substrate into the 
reactor, the pH of the solution, the 
presence of capping agents, 
mechanical stirring, etc. are among the 

parameters that affect the morphology of ZnO NWs. In the present study, we systematically 
explore the role of several of the aforementioned parameters which affect the growth 
mechanism of NWs and provide some general rules for the controlled growth of ZnO NW 
arrays with tailored properties. Figure 1 illustrates a typical example of the optimization of the 
ZnO NWs length vs. the concentration of ammonia in the solution.  
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Figure 1: ZnO NW length variation vs. the ammonia 
concentration in the solution. Representative SEM images 
of the NW morphology are shown as insets. 
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[1] Govatsi A et al. 2015 in P. Petkov et al. (eds.), Nanoscience Advances in CBRN Agents 
Detection, Information and Energy Security, NATO Science for Peace and Security Series A: 
Chemistry and Biology, pp. 129–149, (Springer Science, Dordrecht). 
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Surface Enhanced Raman is a phenomenon describing the enhancement of the inelastic 
(Raman) scattering signal from a molecular species when the latter is in close proximity to a 
nanostructured plasmonic material. The enhancement may be of several orders of 
magnitude enabling a sensitivity of even single molecule detection and depends among 
other factors on the excitation wavelength, size and agglomeration state of the plasmonic 
nanoparticles, etc.  The unique capabilities of SERS as an ultrasensitive sensing technique 
that accomplishes both low detection limits as well as molecular identification are being 
explored for the specific case of identification, characterization and quantification of 
nanostructures. Several examples are considered: (a) The characterization of the 
agglomeration state of plasmonic colloidal nanoparticles taking into account its influence on 
the scattered intensity from a selected prototype scattering molecule. (b) The identification 
and quantification of nanostructures used as barrier promoters in food packaging materials, 
which are being released in food simulants. (c) The identification and quantification of carbon 
based materials [1] that are being released from composite membranes used for water 
purification processes (Fig. 1). For the last two cases optimized conditions for maximum 
SERS signal using appropriate silver colloids are being considered.  
 

Figure 1. Representative SERS spectra of MWCNT-pyridine in TDW of different concentrations (left) and 
correlation between concentration of MWCNT-pyridine in TDW and SERS intensity of characteristic pyridine and 
carbon nanotubes’ bands (right). 
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[1] J.A. Anastasopoulos, A. Soto Beobide, L. Sygellou, S. N. Yannopoulos and G.A. 
Voyiatzis, “Surface-enhanced Raman scattering of pyridine-functionalized multi-walled 
carbon nanotubes”, J. Raman Spectr. 45 (2014) 424–430. 
 

63. Structure and Function Correlations in Hybrid Nanocrystals 
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By employing wet chemical techniques for the fabrication of functional, hybrid nanoparticles 
of transition metal oxides [1],  our main interest remains devoted to the utilization of these 
colloidal nanoscale entities as building blocks for the creation of complex, self-assembled 
nanostructures with novel or enhanced properties. The constantly growing demand for more 
environmentally friendly materials implies the need to utilize green processes for the 
synthesis of the nanoparticles, which include not only the use of lower temperature synthetic 
protocols, but also the replacement of toxic reagents and solvents with other safer materials, 
where possible. Essential for our work is the capability of performing high quality 
characterization exploiting an armory of complementary methods. Among our routine 
techniques worth mentioning (i) High Resolution Transmission Electron Microscopy, which 
provides us with detailed information on the atomic structure as well as morphological 
characteristics, (ii) powder X-ray diffraction combined with electron-diffraction for the phase 
identification, (iii) Scanning Electron Microscopy and Energy-dispersive X-ray spectroscopy 
revealing the morphology of extended structures and their chemical composition, 
respectively. These are complemented by thermal analysis (DSC-TGA) to identify and 
quantify phase transformations. Methods such as zeta potential help us to evaluate the 
quality/stability of the nano-colloids, while Dynamic Light Scattering is used in combination 
with TEM to estimate size distribution profiles, which are critical for the application potential 
of nanomaterials. Spectroscopic techniques such as FTIR, UV/V, which are focused mainly 
on the quality evaluation of in-house synthesized precursors, are available anytime. 
Importantly, our work is benefited by state-of-the-art methods based on large-scale neutron 
and synchrotron X-ray facilities. For example, the unique atomic Pair Distribution Function 
(PDF) method, together with advanced modeling has been shown to unveil simultaneously 
nano- and meso- scale structural modifications that are instrumental in shaping up the 
application potential of all in-house developed nanomaterials. 
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Figure 1: Different types of hybrid nanocrystals: a) PDF analysis with corresponding TEM, X-ray and e-diffraction 
analysis of FeO@Fe3O4 cubic nanocrystals b) ZnO-Fe@FexOy hybrid nanocrystal, c) Fe2O3 – Au nanoclusters. 
 
[1]  Kostopoulou, A et al. 2012 . Chem. Mater. 24, 2722  
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Understanding the enhanced or collective magnetic properties of nanoscale systems 
composed by multiple or/and heterostructured nanoparticles (NPs), is a key in their 
exploitation in various application fields extending from photocatalysis and magnetic storage 
to MRI contrast agents [1]. In this pathway, detailed characterization of their magnetic and 
electric properties is essential. Our Lab is equipped with two experimental stations build 
around superconducting magnets that allow us to explore and study the chemical nature of 
different states of complex oxidic materials in both bulk and nanoscale forms. That entails, a 
7 Tesla SQUID for AC and DC magnetometry (Quantum Design) with temperature 
capabilities between 1.9 – 800 K and a home-made set up which incorporates a 7 Tesla 
magnet system (American Magnetic Inc) able to perform magneto-transport measurements 
as well as impedance spectroscopy experiments in a range of temperatures (4.2 – 300 K) 
and frequencies (20 Hz – 2 MHz). The latter is being operated by an automated computer-
controlled Labview console which provides the flexibility to implement custom-made 
measurements. Static magnetic characterization (DC) could provide the basic magnetic 
features of a studied nanomaterial. Saturation magnetization, coercivity and susceptibility 
(Fig. 1a, 1b) are directly affected by nanomaterials’ chemical nature, cation valence state, 
the defects and the interface of the phases involved, as well as the interactions between the 
nanoparticles.  Additionally, the study of magnetic dynamics (AC) allows addressing memory 
effects as well as slow-relaxation processes which may span multiple length-scales in the 
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nanomaterials of interest [2]. Further on, probing magneto-electric interactions in 
appropriately designed composite materials or organized nanoparticle ensembles deciphers 
the role of intermediate and longer length-scale electronic modifications (including those of 
charges and orbitals), which are necessary for the development of sensors in a broad field of 
biomedical applications (Fig. 1c). Understanding the complex impedance characteristics of 
such systems provides avenues for the design of technological useful nanomaterials.  
 

 
 
Figure 1: (a) core@shell cubic FeO@Fe3O4 NPs (right FFT), with ZFC-FC χ(T) (left), (b) clusters of oriented γ-
Fe2O3 NPs, with ZFC-FC χ(T), for 50 nm and 86 nm diameters, (c) a superlattice of FeO@Fe3O4 spherical NPs 
and a home-made magnetoelectric device (inset). 
 
[1] Kostopoulou, A et al., 2014. Dalton Trans. 43: 8395-8404 
[2] Kostopoulou, A et al., 2014. Nanoscale 6: 3764-3776 
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nanoparticle recognition by target proteins of medical importance  
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UPMC, 75005, Paris, France.  
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Nanotheranostics have sparked a new era of collaboration between biologists, chemists and 
medical doctors. Biological targeting and specificity of action, combined with low toxicity is 
commonly desired. To accommodate this need, it is necessary to develop efficient, fast and 
cost-effective in vitro methods to screen the functionality of nanoparticles (NPs), before they 
are applied to cell or animal studies. Here, we demonstrate the development of a Surface 
Plasmon Resonance (SPR) platform for real time in vitro studies of NP-protein interactions 
using ProteOn XPR36, a unique multiplex biosensor system.  
During the first phase of this study, we produced magnetic nanometric particles[1] that have 
a maghemite core embedded in a functionalized fluorescent silica shell (γFe2O3@SiO2-
Rho), bearing free surface carboxylic (-COOH) or amino (–NH2) groups. NP dispersion and 
surface charge properties were assessed with Dynamic Light Scattering (DLS), highly 
sensitive fluorescent scans and Z-potential measurements.  
These magnetic NPs were used to build our nano-SPR platform. We developed and report 
here selective surface chemistry and immobilization protocols which were used to obtain 
high density and stable tethering of both -COOH and –NH2 type NPs on biosensors chip 
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surfaces. To obtain a measure of non-specific protein interaction to our NP surfaces, the 
effect of variable NP surface types on bovine serum albumin (BSA) binding was 
investigated. To further validate our platform, we aimed to investigate the interaction of 
tethered NPs with recombinant EGFR kinase (mutant L858R). Selected -COOH and –NH2 
type NPs were functionalized with anilinoquinazoline derivatives, which are among the most 
potent EGFR kinase inhibitors[2], under proprietary conditions. Non-functionalized NPs were 
used as control. Our preliminary results demonstrated the feasibility of the approach and 
provided experimental avenues for future fine-tuning.  
The biosensor platform presented offers a rapid and efficient technology for a wide panel of 
in vitro interaction studies between functionalized nanoparticles and biological targets.  
[1] T. Georgelin, S. Bombard, J.-M. Siaugue and V. Cabuil, Angewandte Chemie 
International Edition 2010, 49, 8897-8901.  
[2] a) J. B. Smaill, G. W. Rewcastle, J. A. Loo, K. D. Greis, O. H. Chan, E. L. Reyner, E. 
Lipka, H. D. H. Showalter, P. W. Vincent, W. L. Elliott and W. A. Denny, Journal of Medicinal 
Chemistry 2000, 43, 1380-1397; b) G. W. Rewcastle, B. D. Palmer, A. J. Bridges, H. D. H. 
Showalter, L. Sun, J. Nelson, A. McMichael, A. J. Kraker, D. W. Fry and W. A. Denny, 
Journal of Medicinal Chemistry 1996, 39, 918-928.  
The authors gratefully acknowledge EU for funding FP7 IAPP/NANORESISTANCE/Grant 
Agreement 286125. 
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Apart from a wide range of potential benefits, the use of engineered nanoparticles 

may also endanger human health through the potential induction of cytogenetic, mutagenic 
and/or carcinogenic effects. However it is still largely unknown, which properties determine 
and influence the toxicity of particular nanoparticles.  
The need for development novel, fast, and inexpensive procedures for risk assessment that 
not only eliminate the necessity of extensive animal testing but, in addition, provide 
molecular level details that could be used to reveal mechanisms of toxicity was stressed in 
REACH and OECD. The most promising approaches that could be applied for this purpose 
are: (i) quantitative structure-activity relationships (QSAR) as well as (ii) chemical category 
formation and read-across.  
The concept of Nano-QSAR was already proved. However, there are serious limitations 
related to developing Nano-QSARs. The most significant limitations derive from the limited 
number and low quality of the available experimental data. In the absence of relevant, 
reliable and sufficient data to build an appropriately validated Nano-QSAR model one may 
apply read-across.  
This study has demonstrated that by applying a nano-read-across, the cytotoxicity of metal 
oxides nanoparticles towards bacteria E. coli and human keratinocytes cell line could be 
estimated with a similar level of accuracy as provided by nano-QSAR model(s). Proposed 
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approach provides a capable tool allowing for predictions of various properties of unknown 
nanomaterials based on information extracted from very few known species. It opens new 
opportunities to evaluate their properties without necessity of performing expensive 
experimental studies on large pool of nanomaterials. 
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