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Welcome to IBCA 2013
Dear Friends of Impedance-Based Cellular Assays,

More than three years have passed since the first meeting that brought together people using electrical impedance measurements to study cells in vitro. The aim was to link together the growing number of researchers of this area, to share ideas and protocols and to discuss future directions of the technology. Originally the meeting was named ECIS Research Meeting as 'ECIS' is the well-known acronym for the pioneer technique to perform impedance-based cell monitoring. The first ECIS Meeting was held at Regensburg University (Germany) in 2009; the second ECIS Meeting was organized at Rensselaerville (NY, USA) in 2010. The high number of participants and the multidisciplinary presentations of different fields (biophysics, chemistry, cell biology, genetics, pathology, clinical sciences) as well as appearance of novel types of equipments dedicated for impedimetric measurements explained that the meeting next in the line was the 1st Meeting of Impedance-Based Cellular Assays (IBCA) - in 2011, the host institute was again Regensburg University.

Reviewing references of the last one and a half year indicate that the scientific community of impedance-based cellular assays is a rather active one. The number of publications focused on biological/clinical approaches of impedance was about 5000 in the last two years. This high activity as well as the positive feedbacks from the participants of the previous meetings encouraged us to organize the forthcoming IBCA2013 at Semmelweis University in Budapest (Hungary).

As the host of IBCA2013 it is my pleasure to greet you at IBCA2013 in Budapest. On the basis of our preparatory work on the scientific program I can assure you that your decision to attend the meeting was right - Sessions addressed to various aspects of impedance-based cellular assays with a wide scale of oral or poster presentations will hopefully show you novel faces of the extensive research fields of impedimetry.  
Our beautiful city Budapest is ready to host you with science itself and with several attractions like the medieval Castle district, Danube and museums.

Welcome to Budapest – Welcome to IBCA2013 !
       László Kőhidai

Chair of IBCA2013
Organizing Committee

	L. Kőhidai XE "Kőhidai, L"  – Chairman

Chemotaxis Research Group
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Department of Genetics, Cell- and Immunobiology,
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Email: kohlasz2@gmail.com
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München (Germany)

Email: uraedler@ibidi.de

	
	

	C. Renken XE "Renken, C" 
Applied BioPhysics, Inc.   Troy, NY (USA)

Email: renken@biophysics.com
	M. Trebak XE "Trebak, M" 
SUNY College of Nanoscale Science and Engineering, 

State University of New York, (USA)

Email: mtrebak@albany.edu

	
	

	J. Wegener XE "Wegener, J" 
Institute of Analytical Chemistry, 

Chemo- and Biosensors,

University of Regensburg, Regensburg (Germany)

Email: joachim. wegener@chemie.uni-regensburg.de

	
	


Local Organizing Committee
L. Kőhidai XE "Kőhidai, L"  – Chairman

Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
Email: kohlasz2@gmail.com 

O. Láng XE "Láng, O" 
Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
Email: langorsi@gmail.com 
E. Lajkó XE "Lajkó, E" 
Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
Email: lajesz@gmail.com

J. Láng XE "Láng, J" 
Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
Email: zizou1013@gmail.com

L. Polgár XE "Polgár, L" 
Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
Email: gorlicze@gmail.com
P. Soós

Heart and Vascular Center,
Semmelweis University, Budapest (Hungary)
Email: soospal@gmail.com
S. Slezák XE "Slezák, S" 
Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest (Hungary)
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General Information

Congress Venue

Theoretical Building (NET), Semmelweis University

Nagyvárad tér 4.

H-1089 Budapest, Hungary

Tel.: +36-1-210-2930 Ext. 56232

Fax:  +36-1-303-6968 

Email: kohlasz2@gmail.com
Language

The official language of IBCA2013 is English.
Registration and Service Desk

Desk will operate as follows: 
Monday, August 19,
from 12:00 – 18:30

Tuesday, August 20, 
from 08:00 – 18.30 
Wednesday, August 21,   from 08:00 – 18:30
Thursday, August 22, 
from 08:00 – 18:30
Friday, August 23, 

from 08:00 – 15:00
Congress Kit and Badges

You received your Congress kit, containing the program and abstract book and name badge. Please wear your name badge to all sessions and events. If there is any error on your badge, please have it corrected at the registration desk.
Safety and Security
Please do not leave bags and suitcases unattended at any time, whether inside or outside the session room. Hotels strongly recommend that you use their safety deposit boxes for your valuables. 
Smoking

Participants are kindly requested to refrain from smoking inside the building of the meeting.

Information for Presenters

Please check your program in case of last minute scheduling changes.
Slide Service

All speakers are requested to check their presentations at least 30 minutes prior to their session of if possible the day before their session. 
Poster Printing Service

Organizers of the meeting are pleased to provide a convenient, priced poster printing service that allows you to electronically submit your poster for printing then pick it up on-site at the Meeting. You may upload your own single-page posters in ppt, pptx and pdf file formats.  To upload your poster please send files to „braunlajos@gmail.com” with subject message „Author name-IBCA”.  Please send your name, address and ZIP code with the mail to facilitate filling invoices.  
Prices of printing (incl. VAT):

matte paper 

8.200 HUF/m2 (28 EUR) - size 120x90 cm
glossy paper
 9 200 HUF/m2 (30.5 EUR) - size 120x90 cm
You can pick up your poster and pay next to the registration desk at Legendus bookshop. Please prepare the exact price, change only possible in HUF.   

Poster Set-up

Young organizers are available to help installation of posters; tools (scissors, tapes etc.) are provided at the Poster Session.  

Poster presenters should refer to the list of Poster Presentations (pages 26-35) for their board numbers. Authors of posters are requested to be present at their posters during the Poster Session and breaks to answer questions.  

Social Events

Lunch Reception – ˝Welcome to Budapest˝

Wednesday, August 21, 2013 at 12:00

A chance to meet old friends and make new ones at the ˝Welcome to Budapest˝ reception held at site of the meeting. (Included in the the registration fee)

Conference Dinner 

Thursday, August 22, 2013 at 19:30

A great opportunity to visit one of the noble hotels situated on the Danube riverbank, at the foot of Gellért Hill host the dinner. The impressive Art-Nouveau building with large, light corridors shares its building with the famous Gellért Spa.  Panorama Restaurant with terrace offers finest dishes of Hungarian cuisine. 
The Conference Dinner  will be complemented with a Keynote Talk given by the Nobel Laureate Ivar Giaever XE "Giaever, I"  – the father of ECIS. 
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Practical Information for Hungary
Language

The official language of the country is Hungarian, but English and German are widely spoken.
Currency

The official currency is Hungarian Forint (HUF – Ft). The exchange rate is cca: 1EUR – 300 HUF, 1 USD – 250 HUF.  Hungary is not a member of the Euro Zone, however, you may use EUR cash for payment in hotels and some shops, supermarkets and petrol stations. Please see special signs indicating this possibility.
Banking

In Hungary, banks are usually open 8:00 – 16:00 on weekdays, although some close an hour earlier on Fridays. With the exception of some shopping mall bank branches, Hungarian banks are not open on Saturdays. ATM machines and currency exchange machines are available throughout the country. Credit cards – Diners Club, Euro/MasterCard and Visa – can be used to withdraw cash from banks and ATM machines and to pay bills in hotels, restaurants and shops. 
Climate

The climate is continental. The weather in August is usually warm. The average daytime temperature is 21⁰ C.
Time Zone

In August clocks are on Greenwich Mean Time (GMT) plus 1 hour.
Electric Current

Electricity is supplied at 220 Volts. Two-pin electric outlets (220 V, 50 Hz) are used.
Telephone

Telephones operate by phone card or coins. Cards are available at post offices. 

Country code for Hungary is +36 │Area code for Budapest is 1. 
General Emergencies: 112

Ambulance: 104 
Fire Brigade: 105
Police: 107

Transportation
From the downtown area to the IBCA2013 Meeting (Nagyvárad tér 4.):
Deák Ferenc tér is the main underground (Metro) crossing point in the city where all 3 underground lines cross each other serving a direct connection to each part of the city. Take the blue underground line (M3) till Nagyvárad tér station. Leaving the station turn right. The Theoretical Building of Semmelweis University is cca 2 minutes’ away.

Please note that in the underground system the validated ticket is valid for changing the underground lines (for 60 min.) – but when you change to bus, tram etc. you have to validate a new ticket. 
Tickets are available at underground stations.

(For detailed information about the transportation – taxi, trains, boats – please visit the homepage of IBCA2013 - http://www.ibca2013.net/Travelling.html)  
Maps
Underground lines in Budapest

[image: image3.png]Gydngysi utca  Ujpest, varoskapu

Budapest

Astoria
Blaha Lujza tér

Vorosmarty
e
Stadionok

Pillangé utca

Kébanya-
Kispest

by Somebody
www.someblog.hu




SEMMELWEIS UNIVERSITY - IBCA2013 

[image: image4.png]Felnatt Haziorvosi
Ugyelet Vil

_'ﬂlemm

Bty
Tresselaneien

De
(o) PARANET '8
4P szerviz”

Heim Pal
Gyermekksrhaz




[image: image5.png]Lecture Hall
IBCA Lectures

Seminar rms. [EES Seminarrms. | |

Workshop.
a
b
°
v
Green Brown a
1BCA Auditory Auditory :
Registration .
desk ;
e
Laboratories s

Tower
Nagyvérad

Metro

- station
Blue Line -M3





[image: image6]
Scientific Program

	Tuesday, August 20th 2013

Tutorial on Impedance-Based Cellular Assays

	
	
	

	
	
	

	9:00 – 10:00
	Charles Keese XE "Keese, CR"  (USA)
	

	
	ECIS Theory
	

	
	
	

	10:00 – 11:00
	Christian Renken XE "Renken, C"  (USA)
	

	
	ECIS Array conditioning and pre-treatments
	

	
	
	

	11:00 – 12:00
	Judith Stolwijk XE "Stolwijk, J"  (USA)
	

	
	ECIS Signal Transduction assays
	

	
	
	

	12:00 – 13:00
	Lunch
	

	
	
	

	
	
	

	13:00 – 14:00
	László Kőhidai XE "Kőhidai, L"  (Hungary)
	

	
	ECIS Migration
	

	
	
	

	14:00 – 15:00
	Joachim Wegener XE "Wegener, J"  (Germany)
	

	
	ECIS EFM applications
	

	
	
	

	15:00 – 16:00
	Christian Renken XE "Renken, C"  (USA)
	

	
	ECIS Data Analysis/Software Training
	

	
	
	

	16:00 –
	Joachim Wegener XE "Wegener, J" , Christian Renken XE "Renken, C" , Judith Stolwijk XE "Stolwijk, J" , 

László Kőhidai XE "Kőhidai, L" , Charles Keese XE "Keese, CR" 
	

	
	ECIS Roundtable
	

	
	
	


	Wednesday, August 21st 2013

	
	
	

	8:30 – 9:00
	Welcomes - Opening Ceremony
	

	
	
	

	
	
	

	
	Cell Migration
	

	
	
	page of abstract

	9:00 - 9:30
	L. Kőhidai XE "Kőhidai, L" , O. Láng XE "Láng, O" , E. Lajkó XE "Lajkó, E" , J. Láng XE "Láng, J" , L. Polgár XE "Polgár, L"  and G. Mező XE "Mező, G"  (Hungary)
	37

	
	Impedimetry Assays – Dedicated Ways to Evaluate Migratory Behavior of Cells 
	

	
	
	

	9:30 – 9:55
	A. Janshoff XE "Janshoff, A"  (Germany)
	38

	
	Collective Behavior of Dictyostelium discoideum Monitored by Impedance Analysis
	

	
	
	

	9:55 – 10:20
	O. Láng XE "Láng, O" , K. Nagy XE "Nagy, K" , J. Láng XE "Láng, J" , K. Perczel-Kovách XE "Perczel-Kovách, K" , G. Varga XE "Varga, G"  and L. Kőhidai XE "Kőhidai, L"  (Hungary)
	39

	
	Monitoring Dental Stem Cells on Self-Assembling Peptide Hydrogel Scaffold by Impedance Based Techniques
	

	
	
	

	10:20 – 10:35
	F. Graf XE "Graf, F" , P. Horn XE "Horn, P" , C. Maercker XE "Maercker, C" , A. Ho XE "Ho, A."  and  M. Boutros XE "Boutros, M"  (Germany)
	40

	
	Screening for Mediators of Bone Metastasis
	

	
	
	

	10:35 – 10:50
	E. Lajkó XE "Lajkó, E" , P. Bányai XE "Bányai, P" , Zs. Zámbó XE "Zámbó, Zs" , É. Szőke XE "Szőke, É"  and L. Kőhidai XE "Kőhidai, L"  (Hungary)
	41

	
	Natural Cancer Therapeutics – The Effects of Anthraquinones Derived from Rubia Tinctorum L. on Melanoma Cell Lines
	

	
	
	

	10:50 – 11:05
	Y. Amoozadeh XE "Amoozadeh, Y" , F. Waheed XE "Waheed, F" , Q. Dan XE "Dan, Q"  and K. Szaszi XE "Szaszi, K"  (Canada)
	42

	
	Molecular Mechanisms Mediating TNF-α-Induced Barrier and Migration Changes in Tubular Epithelial Cells  
	

	
	
	

	11:05 – 11:15
	Coffee Break
	

	
	
	

	
	
	

	
	Nanoparticles / Pulmonary Applications
	

	
	
	

	11:15 – 11:45
	M. Sperber XE "Sperber, M" , S. Michaelis XE "Michaelis, S" , J. Stolwijk XE "Stolwijk, J" , B. Goricnik XE "Goricnik, B"  and J. Wegener XE "Wegener, J"  (Germany)
	43

	
	Advanced Toxicity Profiling Using Individual or Sequences of Impedance-Based Cellular Assays
	

	
	
	

	11:45 – 12:00
	C. Hupf XE "Hupf, C"  and J. Wegener XE "Wegener, J"  (Germany)
	44

	
	A Sequence of Impedance-Based Assays to Analyze the Cytocompatibility of Silica Particles
	

	
	
	

	12:00 – 12:15
	M.A. Deli XE "Deli, MA" , S. Veszelka XE "Veszelka, S" , L. Kiss XE "Kiss, L" , A. Bocsik XE "Bocsik, A" , F.R. Walter XE "Walter, FR" , P. Sipos XE "Sipos, P" , P. Szabó XE "Szabó, K" -Révész XE "Szabó-Révész, P"  (Hungary)
	45

	
	Measurement of Nanoparticle Toxicity on Different Barrier Cell Ttypes with Colorimetric and Impedimetry Based Cellular Assays
	

	
	
	

	12:15 – 12:30
	M.-M. Lemberger XE "Lemberger, MM" ; Th. Hirsch XE "Hirsch, Th" , O.S. Wolfbeis XE "Wolfbeis, OS"  and J. Wegener XE "Wegener, J"  (Germany)
	46

	
	Monitoring the Influence of Carbon Dots on Animal Cells via Impedance Analysis
	

	
	
	

	12:30 – 14:00
	‘Welcome to Budapest’ - Lunch
	

	
	
	

	
	
	

	
	Advanced Data Analysis
	

	
	
	

	14:00 – 14:30
	C.-M. Lo XE "Lo, CM"  (Taiwan)
	47

	
	Analysis of Impedance Fluctuations due to Cell Micromotion
	

	
	
	

	14:30 – 14:45
	M. Sperber XE "Sperber, M"  and J. Wegener XE "Wegener, J"  (Germany)
	48

	
	Resistance Readings as a Measure for Epithelial Barrier Function: Watch out for Misinterpretations!
	

	
	
	

	14:45 – 15:15
	F. J. Bonetto XE "Bonetto, FJ"  and M.I. Bellotti XE "Bellotti, MI"  (Argentina)
	49

	
	The use of Programmable Logic Devices in ECIS
	

	
	
	

	15:15 – 15:30
	M.I. Bellotti XE "Bellotti, MI" , W. Bast XE "Bast, W"  and F.J. Bonetto XE "Bonetto, FJ"  (Argentina)
	50

	
	Measurement of a Single Cell in a Confluent Monolayer using a Microelectrode and the ECIS Technique.
	

	
	
	

	15:30 – 15:45
	T.H. Tung XE "Tung, TH"  and C.M. Lo XE "Lo, CM"  (Taiwan)
	51

	
	Use of Discrete Wavelet Transform to Analyze Impedance Fluctuation Obtained from Cellular Micromotion
	

	
	
	

	16:00 – 18:00
	Poster Session 1
(P1 – P25)
Wine and Cheese Party


	


	Thursday, August 22nd 2013

	
	
	

	
	Vascular Applications
	

	
	
	

	9:00 – 9:30
	G.P. van Nieuw Amerongen XE "van Nieuw Amerongen, GP"  (The Netherlands)
	52

	
	Electrical Cell Impedance Sensing in vascular permeability research
	

	
	
	

	9:30 – 10:00
	D.J. Grab XE "Grab, DJ" , T. Moriguchi XE "Moriguchi, T" , G. Chitragari XE "Chitragari, G" , A. Rathakrishnan XE "Rathakrishnan, A" , Y.Q. Tang XE "Tang, YQ" , A.M. Khan XE "Khan, AM" , N.A. Azhar XE "Azhar, NA" , C.C. Talbot Jr XE "Talbot Jr, CC" , V. Pappas-Brown XE "Pappas-Brown, V" , B. Sumpio XE "Sumpio, B" , S.D. Sekaran XE "Sekaran, SD" , B.E. Sumpio XE "Sumpio, BE"  (USA)
	53

	
	Blood-Brain Barrier Responses to African Trypanosome Infection
	

	
	
	

	10:00 – 10:15
	A. Kosztin XE "Kosztin, A" , L. Polgár XE "Polgár, L" , L. Kőhidai XE "Kőhidai, L"  and  G. Földes XE "Földes, G"  (Hungary)
	54

	
	Angiogenic Effect of Human Pluripotent Stem Cell-derived Endothelial Cells 
	

	
	
	

	10:15 – 10:30
	L. Polgár, P. Soós, E. Lajkó, O. Láng, B. Merkely and L. Kőhidai (Hungary)
	55

	
	Measurement of Platelet Function with Impedimetry
- The Effect of Agonists and Heparin on Adhesion and Spreading of Human Platelets
	

	
	
	

	10:30 – 11:00
	Coffee Break
	

	
	
	

	11:00 – 11:30
	K. Itagaki XE "Itagaki, K"  and C. J. Hauser XE "Hauser, CJ"  (USA)
	56

	
	Mitochondrial DAMPs on Endothelial Permeability
-The Role of Neutrophil-
	

	
	
	

	11:30 – 11:45
	R. Szulcek XE "Szulcek, R" , J. van Bezu XE "van Bezu, J" , J.J.W.A. van Loon XE "van Loon, JJWA"  and G.P. van Nieuw Amerongen XE "van Nieuw Amerongen, GP"  (The Netherlands)
	57

	
	Transient Intervals of Hyper-gravity Enhance the Endothelial Barrier by Improvement of Junctional Integrity
	

	
	
	

	11:45 – 12:00
	A. Dietrich XE "Dietrich, A" , H. Kalwa XE "Kalwa, H" , A. Sydykov XE "Sydykov, A" , B. Fuchs XE "Fuchs, B" , U. Storch XE "Storch, U" , T. Gudermann XE "Gudermann, T"  and N. Weissmann XE "Weissmann, N"  (Germany)
	58

	
	Loss of Barrier Function in Lung Endothelial Cells Induced by TRPC6 Activation During Lung Ischemia-Reperfusion-Induced Edema (LIRE)
	

	
	
	

	12:00 – 12:15
	A.E. Tóth XE "Tóth, AE" , F.R. Walter XE "Walter, FR" , A. Bocsik XE "Bocsik, A" , S. Veszelka XE "Veszelka, S" , L. Kiss XE "Kiss, L" , L. Nagy XE "Nagy, L" , B. Ózsvári XE "Ózsvári, B" , L.G. Puskás XE "Puskás, LG" , S. Dohgu XE "Dohgu, S" , Y. Kataoka XE "Kataoka, Y"  and M.A. Deli XE "Deli, MA"  (Hungary)
	59

	
	Carbonyl Stress in Human Brain Endothelial Cells and 
Potential Therapeutic Agents
	

	
	
	

	12:15 – 14:00
	Lunch
	

	
	
	

	
	
	

	
	Signal Transduction
	

	
	
	

	14:00 – 14:30
	M. Trebak XE "Trebak, M"  (USA)
	60

	
	Receptor-evoked Ca2+ Signaling and Endothelial Permeability
	

	
	
	

	14:30 – 15:00
	K. Groschner XE "Groschner, K" , M. Schernthaner XE "Schernthaner, M"  and J. Heitz XE "Heitz, J"  (Austria)
	61

	
	Novel Insights into the Control of Endothelial Phenotype by Adhesion Contacts  - Role of Matrix Architecture, Ca2+ Entry and Beta-Catenin Signaling
	

	
	
	

	15:00 – 15:15
	J.A. Stolwijk XE "Stolwijk, J" , M.Trebak XE "Trebak, M"  and C. Renken XE "Renken, C"  (USA)
	62

	
	Challenges in ECIS Assay Development
	

	
	
	

	15:15 – 15:30
	K. Szabó XE "Szabó, K" , G. Tax XE "Tax, G" , L. Erdei XE "Erdei, L" , B.Sz. Bolla XE "Bolla, BSz" , E. Urbán XE "Urbán, E"  and L. Kemény XE "Kemény, L"  (Hungary)
	63

	
	Analysis of the Strain and Dose Specific Effect of Various Propionibacterium Acnes Strains on the Cellular Functions of HPV‑KER Cells Using Impedance Measurement-Based Technologies
	

	
	
	

	15:30 – 15:45
	P. Babica XE "Babica, P" , J. Novák XE "Novák, J"  and I. Sovadinová XE "Sovadinová, I"  (Czech Republic)
	64

	
	Study of Paracrine Signaling between Leydig and Sertoli Cells Using Impedance Analysis
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Impedimetry Assays– Dedicated Ways to Evaluate Migratory Behavior of Cells 
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Migratory behavior of cells belongs to the most essential cellular responses which activity well characterizes cell physiological stages (e.g. differentiation of cells) as well as pathological conditions (e.g. inflammatory responses, metastases of tumors). The wide range significance of migratory behavior of cells explain the broad variety of techniques developed to measure cell migration (e.g. capillary assays, agar layers, chamber-assays); however, the majority of the classical methods represents end-point techniques and their sensitivity is sometimes rather low. 

Introduction of impedimetry (ECIS) to this field [1, 2] has changed fundamentally research in cell migration as it has more significant advantages in monitoring of random (e.g. chemokinesis) and vectorial (e.g. chemotaxis) cellular locomotionor responses. Among others (i) impedimetry provides the possibility to register consecutive elements “cell adhesion-chemotaxis-phagocytosis” as identical members of a complex cell physiological phenomenon; (ii) the real-time measurement allows us to register rapid, on-off responses which remain hidden to end-point evaluations; (iii) sensitivity of the evaluation makes possible to register milling around like, micromotion activity of cells, even in confluent layers; (iv) instead of the highly inaccurate scratch wound healing assays impedimetry offers a highly accurate one to evaluate chemokinetic activity of the model cells; (v) Boyden-type chambers with filters furnished with electrodes (xCELLigence DP) are ready to substitute the classical ones; (vi) as complex effects on migration and proliferation are also detectable impedimetry based assays are also dedicated to evaluate novel targeted drug delivery (TDD) conjugates; (vii) special impedimetry arrays are also dedicated appropriate
 to measure hard to trace cellular motions like creeping of protozoa or aggregometry of platelets [3, 4]. 

The presentation gives an example of workflow using the above listed facilities of impedimetry based assays/arrays to develop and evaluate peptide based antitumor TDD conjugates. 
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Fig. 1 Impedimetry based complementary cellular assays of migration tests
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Collective Behavior of Dictyostelium discoideum Monitored by Impedance Analysis.
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Dictyostelium discoideum cells respond to periodic signals of extracellular cAMP by collective changes of cell-cell and cell-substrate contacts. This was confirmed by dielectric analysis employing electric cell-substrate impedance sensing (ECIS) and impedance measurements involving cell-filled micro channels in conjunction with optical microscopy providing a comprehensive picture of chemotaxis under conditions of starvation.
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Monitoring Dental Stem Cells on Self-Assembling Peptide Hydrogel Scaffold by Impedance Based Techniques
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Since 2000, several types of human dental stem cells (SCs) have been identified including dental pulp SCs (DPSC) from adult dental pulp [1] and the periodontal ligament SCs (PDLSC) from the root of adult teeth [2]. Recent studies, both in vitro and in vivo have revealed their wide range of plasticity – from odontogenic or osteogenic to neurogenic differentiation potential [3, 4] – therefore demonstrated their promising application for regenerative dentistry and medicine. However, successful utilization of these dental SCs requires optimal 3D scaffold as well.

In the present study we demonstrate that impedance based techniques provide useful and adequate complementary tools in the dental SC and scaffold research.  Our approach is focused on (i) the optimization of the culturing conditions; (ii) monitoring of the gel formation  of hydrogels by tools of impedimetry (iii) comparison of the self-assembling peptide hydrogels applied as scaffolds for cell adhesion, proliferation and differentiation; (iv) the test of the presumably applied chemical compounds during the dental intervention.

Beyond the real-time monitoring of the impedance in ECIS or xCELLigence systems, viability of the SC was evaluated by WST-1 test. Biological characterization of the SC was based on immunocytochemistry (detection of STRO-1 mesenchymal stem cell marker), measurement of the alkaline phosphatase activity and identification of the mineralization focuses by von Kossa staining.

Results: (i) The adhesion and proliferation characteristics of the DPSC and PDLSC were slightly different, adhesion and osteogenic differentiation potential of PDLSC was increased. (ii) Impedimetry proved to be a sensitive tool to distinguish different phases of gel formation resulted by chemical reactions. (iii) Based on the results obtained in proliferation and differentiation tests, HydroMatrix bare out as an ideal scaffold among the six tested self-assembling peptide gels for application of dental SC (both PDL and DP) in regenerative medicine. Peptide-amphiphile hydrogel scaffold [5] was identified as another potential candidate. (iv) The chemical compounds (e.g. H2O2  and chlorhexidine) – that are actually applied in the clinical routine for the periodontitis management - had toxic effect on these SC; while a relatively novel compound, ClO2 seemed to be less toxic and the SC were able to regenerate after the treatment.
In dental stem cell research impedimetry is a dedicated technique for evaluation of physicochemical properties of self-assembling 3D scaffolds, while impedance based cellular assays represent valuable technical background for the characterization of the SC and the environmental factors as well. 
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Screening for Mediators of Bone Metastasis
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Introduction: Mesenchymal stromal cells (MSC) have been reported to migrate towards tumor tissue and to show the capability to differentiate into tumor-associated fibroblasts. In contrast to this tumorigenic effect, MSC have also been reported to inhibit tumor growth. Furthermore, some cancers show a strong tendency to metastasize to bone, a tissue of mesenchymal origin and a prominent site of MSC in an adult. Recent reports have suggested that bone-metastasizing cancers, such as prostate and breast cancer, may mimic the process of homing of hematopoietic stem cells to their bone niche, in which MSC play a crucial role. In light of the growing awareness that MSC play a potentially important role in cancer, we aim to dissect the interaction and the dynamics between tumor cells and MSC in metastasis formation.

Material & Methods: With the help of the Roche xCELLigence system we have established a cell-based assay to measure migration of cancer cell lines towards signals emitted by primary bone marrow derived human MSC. It is based on Roche CIM-Plate trans-well migration chambers combined with impedance measurements for quantitative measurements of cell migration in a time-resolved fashion and high-throughput format. Furthermore, we have established a cell culture regime to culture MSC under protein-free and chemically defined conditions, after which the cell culture supernatant is subjected to fractionation by ion exchange as well as subsequent size exclusion chromatography. Chromatography fractions harboring chemotactic activity towards the cell lines investigated are then analyzed by mass spectrometry to reveal the proteins responsible for the observed migratory interaction between MSC and cancer cell lines harboring the potential to metastasize to bone.

Results & Conclusions: We found that both breast and prostate cancer cell lines which are shown to form bone metastasis in mouse models show a characteristic migration pattern towards MSC, displaying dose dependency along a protein-based chemotactic gradient. This effect was stronger towards naïve MSC compared to MSC undergoing differentiation, fibroblasts and other cell types tested. This indicates that specific molecules secreted by naïve MSC are responsible for stimulating migration.

In conclusion, we have established a protocol that allows us to investigate the secretome of MSC in an unbiased high-throughput format and aim to identify paracrine- and endocrine-signaling molecules triggering cell migration towards MSC.
Natural Cancer Therapeutics – The Effects of Anthraquinones Derived from Rubia Tinctorum L. on Melanoma Cell Lines
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Despite the effectiveness of synthetic anthraquinones (e.g. doxorubicin) in tumor growth inhibition, their systemic administration is associated with significant adverse effects. The alizarin and purpurin, the natural di- and trihydroxyanthraquinones of Rubia tinctorium L. showed certain degree of selective inhibitory effects towards cancer cells [1, 2], laying the basis for their application as antitumor agents as well as for development of targeted therapy.

In this present work our aim was to investigate, and compare the effects of alizarin, purpurin and an aqueous extract of Rubia tinctorum on (i) cell proliferation, (ii) cell adhesion and (iii) chemotaxis in two melanoma cell lines and in normal fibroblast cells, as well as (iv) to analytically characterize this extract to find an ideal anthraquinone for targeted therapy.

Our model cells were two human melanoma cell lines (A2058, HT-168-M1), with different metastatic potency and MRC-5, a normal, human fibroblast cells. The cytotoxicity of anthraquinones was evaluated by MTT-assay. The adhesion ability of model cells was measured by the impedance based xCELLigence SP. The NeuroProbe® chamber was used for the chemotaxis assay. The aqueous extract was prepared from R. tinctorum hairy root culture. The qualitative analysis of the extract was achieved by HPLC and ESI-MS.

According to our results the concentration dependent cytotoxic effects of purpurin was much more significant in melanoma cell lines than in normal fibroblasts, revealing some level of selective cytotoxicity of purpurin to malignant cells. The alizarin elicited a proliferation inducer activity in both melanoma cells, and was ineffective in MRC-5 cells. Regarding the cell adhesion the purpurin had a positive effect in A2058 cells at 10-5 M, while the adhesion of HT-168-M1 cells was decreased at 10-7 M. The extract proved to be more cytotoxic than the pure compounds in equimolar concentrations, but failed to affect the melanoma cell adhesion. All of the tested substances elicited chemorepellent effect in A2058. The analysis of aqueous extract by HPLC-MS led to the identification of munjistin as principal component. 
In conclusion, the effective inhibitory activity of Rubia-derived anthraquinones towards melanoma cells, enable them to act as anticancer agents in targeted tumor therapy. Furthermore, the presence of moiety suitable for conjugation in compounds (e.g. munjistin) of the extract suggested their application in drug delivery systems.
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Molecular Mechanisms Mediating TNF-α-Induced Barrier and Migration Changes in Tubular Epithelial Cells  

Y. Amoozadeh XE "Amoozadeh, Y" , F. Waheed XE "Waheed, F" , Q. Dan XE "Dan, Q"  and K. Szaszi XE "Szaszi, K" 
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Tubulointerstitial inflammation (TI) is a general response in the kidney triggered by harmful stimuli including ischemia-reperfusion, albuminuria, toxins and infectious agents. The inflammatory cytokine Tumor Necrosis Factor-α (TNF-α) was found to play a central role in TI and kidney injury under various pathological states. The tubular epithelium is both a target and a source of TNF-α, since upon injury these cells can release cytokines that in turn alter epithelial functions. The overall objective of our work was to uncover the molecular mechanisms mediating the effects of TNF-α on tubular epithelial cells. Using Electric Cell-substrate Impedance Sensing (ECIS) we explored two important TNF-α-induced functional changes: alteration in the tight junctions (barrier functions) and enhanced epithelial sheet migration (wound healing). In studies exploring barrier changes, we found that TNF-α induces complex changes in the resistance of the proximal tubular cell line LLC-PK1. A small early transient decrease peaking around 1 h after the addition of TNF-α was followed by a larger increase in resistance peaking around 3h. Resistance remained elevated for up to 24h. TNF-α also altered the expression of various tight junction proteins and this effect showed significant time-dependent differences. Specifically, short-term (1-3h) TNF-α treatment induced an increase in the total level of claudin-2, a cation channel forming tight junction protein. Expression of claudin-7, a protein with controversial function, decreased while claudin-1 and 4 remained unaltered. In contrast, long-term (>8h) treatment induced a marked reduction in claudin-2 levels, and an elevation in claudin 7. We found that the initial increase in claudin-2 expression was due to protein stabilization and was independent of altered synthesis. In contrast, long-term TNF-α treatment decreased claudin-2 mRNA levels and promoter activity. Since claudin-2 is a main determinant of cation permeability, we next sought to test how its downregulation affects TNF-α-induced changes in monolayer resistance. Cells transfected with claudin-2 siRNA grew significantly slower on the ECIS electrode than cells transfected with control siRNA. However, the layer developed higher basal resistance, in line with the role of claudin-2 as a channel forming protein. Importantly, claudin-2 downregulation significantly altered the pattern of TNF-α-induced resistance changes, suggesting that alteration is claudin-2 levels contribute to the effect of TNF-α on the barrier. In addition to its barrier-modulating effects, TNF-α also enhanced migration of LLC-PK1 cells, as shown by an ECIS wound healing assay. Live time-lapse imaging verified that LLC-PK1 cells close a wound via sheet migration. Our previous work has characterized TNF-α-induced Rac and Rho activation in tubular epithelial cells. Since these proteins play a key role in migration, we studied their contribution. Using siRNA-mediated downregulation and specific pharmacological inhibitors we showed that the migration-enhancing effect of TNF-α required the Rho activator exchange factor GEF-H1 and the Rho effector Rho kinase. Further, TNF-α-induced GEF-H1 and Rho activation and enhanced migration was mediated by the Epidermal Growth Factor Receptor and ERK. 

Taken together, ECIS proved to be a useful tool for dissecting various stages of complex barrier-altering and migration-enhancing effects of a key inflammatory cytokine and to identify the underlying mechanisms.  
Advanced Toxicity Profiling Using Individual or Sequences of Impedance-Based Cellular Assays
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In vitro studies addressing the biological response of environmental pollutants, drugs and other xenobiotics are most often reduced to probing cell death after a given exposure time. Several well-established colorimetric assays are commercially available to perform such studies. These assays report on an irreversible loss of membrane integrity (e.g. Trypane Blue or LDH assay) or metabolic activity (MTT-, WST- or PrestoBlue-assay) of the cells that are used as sensors. Less fatal but still harmful impacts on cell physiology are most often ignored in particular as they are harder to identify experimentally. This is particularly true for the impact of nanomaterials on cell physiology. But if a given compounds affects cell volume, cytoskeleton dynamics, cell motility, cell differentiation or a cell’s ability to release signal transduction cascades this is supposedly of critical importance for the cell’s functionality within the tissue and the organism.

Impedance-based cellular assays can be tailored to probe several other biological responses of adherent cells besides cell death. Due to its label-free and non-invasive nature it provides continuous, time-resolved information and several different assays can be performed sequentially so that a more detailed response profile may become available. The presentation will highlight the strengths and limitations of impedance-based cellular assays as a platform to study the biological response of xenobiotics with special emphasis on nano- and mesoscale materials. 
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A Sequence of Impedance-Based Assays to Analyze the Cytocompatibility of Silica Particles
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In recent years, nanotechnology has become the basis of an important and fast growing key industry as nanomaterials are more and more part of our daily life e.g. as components in textiles, cosmetics and even in food products. Therefore, it is of public concern to evaluate possible risks of nanoparticle exposure to humans.

It was the objective of this study to investigate the cytocompatibility of nano- to microscale silica particles on MCF-7 breast cancer cells with respect to acute cytotoxicity, changes in motility and impact on cell migration. The toxicity, motility and wound healing capacity of MCF-7 cells in the presence of particles was determined using electric cell-substrate impedance sensing (ECIS) in different, sequentially applied data acquisition modes. The cells were grown to confluence on ECIS electrodes before they were incubated with silica particles of varying sizes (Ø = 0.15 μm, 0.5 μm, 2 μm, 3 μm) and in different concentrations (0.025 pM, 0.12 pM, 0.25 pM) in serum-containing medium. Particle uptake was verified using confocal laser scanning microscopy.

The small particles with sub-µm diameter (0.15 μm, 0.5 μm) showed no acute cytotoxicity along the observation period of 24 h for all concentrations applied. The same behavior was observed for the small concentration (0.025 pM) of the big particles (2 μm, 3 μm). However, addition of higher concentrations (0.12 pM, 0.25 pM) of these particles caused a significant and persistent decrease in impedance indicating a cellular stress reaction and eventually cell death. Those silica particles that were found to be non-toxic did neither affect cellular motility nor their wound healing capacity. 
Measurement of Nanoparticle Toxicity on Different Barrier Cell Types with Colorimetric and Impedimetry Based Cellular Assays
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Nanoparticles are promising tools to achieve efficient and targeted drug delivery. To fully exploit their potential the interaction of nanoparticles with biological barriers should be explored. Culture models of the nasal, intestinal and blood-brain barriers were established and characterized in our laboratory to study nanoparticle toxicity and permeability.

Two different nanoparticles were tested. Amorph solid nanoparticles from the anti-inflammatory drug meloxicam were prepared by cogrinding with excipients [1]. Nanovesicles were made from non-ionic surfactants and lipids and contained glucose analogue or amino acid for targeted delivery by blood-brain barrier transporters. Vesicles were loaded with Evans blue-albumin as a model molecule. Several methods were used to follow cell toxicity. Cell metabolic activity (MTT dye reduction) and plasma membrane damage (lactate dehydrogenase release) were assayed by colorimetric endpoint tests. Real time kinetic of cell behaviour was followed by an RTCA-SP instrument (ACEA Biosciences). The nasal barrier was modelled by RPMI 2650 human epithelial cell line [1], the intestinal barrier by vinblastine-selected human Caco-2 cells [2]. The blood-brain barrier model is a triple co-culture made from primary rat brain endothelial cells, pericytes and glial cells, which was extensively characterized and validated [2,3]. These models were also used to test the permeability of the nanoparticles across cell layers. 

In the case of meloxicam nanoparticles results of the MTT assay and impedance measurement on nasal epithelial cells correlated well. However Evans blue-albumin containing nanovesicle uptake in cells interfered with the colorimetric MTT assay, therefore kinetical data from impedance measurements were more informative on toxic concentrations of these nanoparticles in Caco-2 epithelial and brain endothelial cells. In further cell culture and in vivo studies the non-toxic doses determined by the cell viability tests proved to be optimal to study permeability.

The main conclusions from our studies: (i) as a first step in the investigation of nanoparticle-cell interactions toxicity tests to determine optimal nanoparticle doses are crucial; (ii) impedance based toxicity tests can be more appropriate for nanoparticle studies than colorimetric tests .
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Monitoring the Influence of Carbon Dots on Animal Cells via Impedance Analysis
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Carbon dots (CDs) are the most recently discovered nano allotropes of carbon. [1] Typically, CDs are several nm in a size and show a strong intrinsic fluorescence. These properties suggest similar bioanalytical applications as they have been developed for Q-dots. [2] In this study CDs were synthesized by dehydration of starch via hydrothermal synthesis. Amino acids were selected as additives to catalyze the dehydration reaction, since they contain both amino and carboxyl groups and are likely to affect spectral properties. [3]
Impedance-based cellular assays using Normal Rat Kidney Cells (NRK) revealed that these CDs can be used even in long term experiments without being harmful to the cells as long as they are applied below a certain threshold concentration. The EC50 value (toxicity index) was determined to be 620 µg/mL for 24 hours of exposure in serum-containing medium. Microscopic experiments suggest that CDs are spontaneously taken up via membrane-mediated mechanisms most likely by endocytosis. Moreover, CDs can be introduced into adherent cells by means of in situ electroporation using the ECIS setup. The intracellular distribution of CDs was distinctly different dependent on the mechanism of uptake: spontaneous or electroporation mediated. Due to their small size, luminescent properties and - last but not least - low price these particles may be used as model particles in studies addressing the delivery of nanoobjects into living cells by means of in situ electroporation using Electric Cell Substrate Impedance Sensing (ECIS).

The ECIS device was also used to study the impact of CDs on wound healing characteristics and proliferation rates of NRK cells. The experiments revealed that CDs do not interfere with these fundamental processes of cell physiology within the concentration range under study.
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Figure 1: left: Synthesis of luminescent CDs from starch and amino acids. right: Time course of the impedance (4 kHz) along the incubation of NRK cells with CDs in concentrations between 0.4 and 0.6 mg/mL.
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Analysis of Impedance Fluctuations Due to Cell Micromotion
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Resistance Readings as a Measure for Epithelial Barrier Function: Watch out for Misinterpretations! 

M. Sperber XE "Sperber, M"  and J. Wegener XE "Wegener, J" 
University of Regensburg (Germany) 

Michaela.Sperber XE "Sperber, M" @chemie.uni-regensburg.de
Throughout the ECIS literature resistance readings are commonly used as a measure for epithelial barrier function. An increase in resistance is interpreted as a strengthening of epithelial barrier function and vice versa. This interpretation is straightforward and intuitive in particular as the transepithelial electrical resistance (TER) has been used as a measure for epithelial tightness for decades. However, according to theoretical considerations and a set of supporting experiments this interpretation may fail in certain cases when the native resistance readings recorded by ECIS are used for analysis. In ECIS the measured resistance is frequency dependent (in contrast to TER) and for some epithelial and endothelial cell types the relation between resistance and barrier function may inverse. Thus, we suggest using the magnitude of impedance |Z| as a measure for barrier function instead as |Z| is not affected to the same degree by the mechanisms that lead to the ambiguities of resistance readings.
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To confirm this conclusion we simulated several experimental scenarios by using the ECIS model provided by Giaever and Keese (1991) [1]. In this model cells are regarded as circular disks with a radius rc and an average distance d above the electrode surface. As illustrated in figure 1 the impedance of the cell layer arises from three sources: (i) the resistance between cells Rb (barrier function); (ii) the impedance from the cell-electrode junction α and (iii) the membrane capacitance Cm. 

Fig.1 Schematic re-presentation of the ECIS model. Sources of the cell layer impedance are quantified by three parameters Rb,  and Cm. 
Based on the ECIS model we simulated the opening and closing of epithelial cell junctions (Rb) for different types of barrier forming cell layers and extracted the accompanying changes in resistance and impedance at various frequencies. The results of these model calculations clearly showed the ambiguities of resistance interpretation as described above. Readings of the impedance magnitude are largely unaffected. These theoretical studies also pointed towards to a strongly frequency dependent sensitivity of resistance and impedance for changes in barrier function.

Experimental support for our conclusion was gathered in two ways: (i) Established epithelial cell layers were treated with Cytochalasin D, an actin binding drug that opens intercellular junctions. ECIS data was recorded during exposure and analyzed for the frequency-dependent changes in resistance and impedance. (ii) Suspended epithelial cells were seeded on ECIS electrode and the formation of epithelial junctions was monitored for 24 hours by multi-frequency ECIS readings in presence and absence of Ca2+. It is well-known that Ca2+ is needed in the medium for cell-cell junctions to form. Both experimental approaches confirmed that for some cell types and some frequencies resistance readings may be misleading with respect to barrier formation.
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The use of Programmable Logic Devices in ECIS

F.J. Bonetto XE "Bonetto, FJ"  and M.I. Bellotti XE "Bellotti, MI" 
Laboratorio de Cavitacion y Biotecnologia-Instituto Balseiro, S.C. de Bariloche (Argentina)

bonetto@cab.cnea.gov.ar

Since the introduction of the 96 wells ECIS assay by ABP a need for faster, scalable measurement arquitectures arose. The goal is to measure the maximum number of electrical impedance spectra per unit time for all wells to capture fast phenomena without sacrificing accuracy and precision.

We have used DSP (Digital Signal Processors) and FPGA (Field Programmable Gate Arrays) to perform the functions required by an ECIS system. Those include sine wave synthesis, analog-to-digital conversion, digital-to-analog conversion, convolution and filtering.

We made extensive measurements with 3 Lock-Ins programmed in a single DSP chip and 5 Lock-Ins programmed in a single FPGA chip.

In this talk we first describe briefly the use of FPGAs and DSPs with special emphasis on their performance and limitations.

We show results of ECIS spectra obtained with a DSP system and MDCK cells. In particular we use small microelectrodes (30 microns in diameter) to study single cells in a monolayer. Also the use of variable radius microelectrodes allowed us to determine the microelectrode size with maximum cell signal sensitivity (ie maximum normalized resistance). This optimum sized microelectrode resulted to be 130 microns in diameter and the maximum normalized resistance for this size was equal to 48 for MDCK cells. We developed a model that takes into account the finite size of the microelectrodes that compares well with the experimental results.

Finally we report ECIS spectra with a FPGA in a device we developed and used in human trials to detect ocular pathologies in patients.

Measurement of a Single Cell in a Confluent Monolayer using a Microelectrode and the ECIS Technique.

M.I. Bellotti XE "Bellotti, MI" , W. Bast XE "Bast, W"  and F.J. Bonetto XE "Bonetto, FJ" 
Laboratorio de Cavitacion y Biotecnologia-Instituto Balseiro, S.C. de Bariloche (Argentina)

bellotti@cab.cnea.gov.ar

Cellular differentiation is a valuable goal in microbiology and requires the ability to measure single cell properties. In these heterogeneous cell mixtures it is important to measure a single cell as part of the culture and that requires of microelectrodes (in ECIS) with sizes smaller or equal than the diameter of a cell.

We report spectral electrical properties of a single cell (that is part of a confluent monolayer) measured with a microelectrode. We have used the Electrical-Cell Impedance Sensing technique (ECIS) to characterize the electrical signals produced by such a particular cell in a cell line confluent monolayer. We use the WI38-VA13 cell line which is a transformed (cancer-like) epithelial human lung line cell. The cell has an equivalent diameter of approximately 22 microns. The cell sits on a circular gold microelectrode that has a diameter of 30 microns. The rest of the monolayer sits on photoresist. We compare the results obtained in the WI38-VA13 experiments with experiments run using the MDCK cell line. We also show results with a large diameter microelectrode (250 microns) for comparison with experimental and theoretical results present in the literature.

Specifically we measured the electrical impedance as a function of the frequency sweep for: 1) naked microelectrodes (ie microelectrodes without cells and in the presence of culture media), 2) covered microelectrodes (ie microelectrodes covered with a confluent monolayer of cells, with the monolayer sitting on both microelectrodes simultaneously),we  performed these measurements for two different cell types: WI38-VA13 and MDCK. The latter is one of the most commonly used cell lines in ECIS. We take the naked microelectrode as a reference to which we compare the electrical impedance of the covered microelectrode data. The small microelectrode diameter was chosen to be close to the equivalent cell diameter for the WI38-VA13 cell line. The large microelectrode diameter was chosen to compare our data with the results of other laboratories. The values for the 250 microns microelectrode are consistent with values from the literature for both cell lines.

The use of microelectrodes smaller than the cell diameter implies very high resistances (higher than 10MOhms at low frequencies) and very small capacitances (of the order of 100pF).

The electrical normalized properties of the WI38-VA13 cell are significantly different when we compare both cell lines. The normalized resistance for the 30 microns microelectrode and the WI38-VA13 cell has a maximum value of 2.5 for a 4kHz frequency while the MDCK presents a maximum value of 4 for a 700Hz frequency. This shows that differenciation at the cell level can be obtained with ECIS.

Use of Discrete Wavelet Transform to Analyze Impedance Fluctuation Obtained from Cellular Micromotion
T.H. Tung XE "Tung, TH"  and C.-M. Lo XE "Lo, CM" 
Department of Biomedical Engineering, National Yang-Ming University, Taipei (Taiwan)

tsehuatung@gmail.com
We applied electric cell-substrate impedance sensing (ECIS) to assess in vitro cytotoxicity of human umbilical vein endothelial cells (HUVECs) exposed to different concentrations of cytochalasin B[1][2][3][4][5][6]. To detect the alternation of cell micromotion in response to cytotoxic challenge, time-series impedance fluctuations of cell-covered electrodes were monitored and the discrete wavelet transform (DWT) was used to verify the difference[7]. We previously used values of power spectrum, variance, and Hurst coefficient to distinguish toxin levels in HUVECs. Our goal here is to see if DWT can be used for the same purpose. While a dose-dependent relationship was generally observed from the overall resistance of the cell monolayer, the analysis of impedance fluctuations by the Standard deviations (Std.) and Signal Magnitude Area (SMA) of DWT details distinguished cytochalasin B levels as low as 0.1 micromole (P<0.0001.)[8] This technique is as good as the variance calculation for detecting such a low level of cytochalasin B in HUVECs.
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ECIS micromotion data obtained from confluent HUVEC layers 20hrs after exposed to cytochalasin B,

Conc(uM] | Res(kQ) | % | Vars2(x10°) | % | Vol32(x 10°) | % |DWI/SIdI0D] % | DWI/SMAXIOY) | %
Control | 6.11%047 | 100 | 837090 | 100 | 7134043 |100] 3.0120.05 100 1.1820.05 100
TE7M | 6457036 | 104 | 5062052 | 71 | 6302030 | 88 | 2.2280.03 74 0.8720.03 74
SE7M | 8.25:1.09 | 102 | 468063 | 56 | 555£0.32 | 78 | 1.9930.07 66 0.7720.06 66
TE6M | 642067 | 79 | 2862060 | 34 | 4.33+049 | 61 | 144%0.05 48 0550.05 47

25E-6M | 3201016 | 30 | 0302007 | 4 | 1304025 | 18 | 05120.02 17 0.1920.03 16
SE-6M | 3101033 | 30 | 0224005 | 3 | 110&015 | 16 | 0.5620.03 19 0.2120.03 18
TE5M | 2467020 | 31 | 0072001 | 1 | 0582000 | 8 0452001 15 0.1720.01 14

The column labeled Res. is the average resistance value of the cell layer over a 2048-s run. The column labeled Var32 is the

statistical variance forthe 32-point intervals of the normalized 2048-s data set. The column labeled Vol32 is the variance of the

increments for the 32-point sampling intervals of the 2048-s data set. The column labeled DVWT/stdis the averaged standard

deviations of the level 1 discrete wavelet transform of the 2048-s data set. The column labeled DWT/SMA is the averaged Signal

magnitude Area of the level 1 discrete wavelet transform of the 2048-s data set. Values are shown as mean 1 standard error.

Each value is also expressed as percentages
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Electrical Cell Impedance Sensing in Vascular Permeability Research
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Dept of Pharmacology UIC-Chicago, IL USA & Dept of Physiology VU University Medical Center, Amsterdam (The Netherlands) 
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Vascular leak is a hallmark of many inflammatory diseases including sepsis and acute lung injury (ALI).[1] Although these diseases often carry high mortality rates, no treatment options are available counteracting vascular hyperpermeability. The only drug available for the treatment of sepsis has been withdrawn from the market in 2011. Recent clinical trials testing novel immunomodulatory agents have failed. The endothelium –forming the inner lining of all blood vessels- has drawn renewed (pharmaceutical) interest as a target for therapy.[1,2] The extent and severity of vascular leakage is broadly determined by the integrity of the endothelial cell (EC) monolayer, which in turn is governed by three major interactions: cell-cell and cell-substrate contacts, soluble mediators, and biomechanical forces. Current pharmaceutical efforts to stabilize or repair the endothelial barrier aim at enhancing endothelial junctions, reinforcing the endothelial cytoskeleton, targeting endothelial regeneration and repair and identification of novel drugable targets.[1] Assays to evaluate the various aspects of the endothelial barrier are of key importance. In this lecture we will discuss the clinical relevance and pitfalls of electrical cell impedance measurements in vascular permeability research.[3-5] 

References:

[1] 
N.M. Goldenberg et al. Sci Transl Med. 3 (2011) 88ps25.

[2]
W.L. Lee and A.S. Slutsky N Engl J Med. 363 (2010) 689-691

[3]
M. van der Heijden et al. PLoS One 6 (2011) e23448.

[4]
J. Aman et al. Effective treatment of edema and endothelial barrier dysfunction with imatinib. Circulation. 126 (2012) 2728-2738.

[5]
J. Aman et al. American Journal of Respiratory and Critical Care Medicine 2013 (in press).

Blood-Brain Barrier Responses to African Trypanosome Infection
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Trypanosoma brucei gambiense and T. b. rhodesiense are African trypanosomes responsible for the fatal tsetse fly borne disease known as human African trypanosomiasis (HAT). At the fly bite site, the parasites disseminate from the skin through the hemolymphatic system to infect several organ systems including the heart [1]. The parasites also enter the brain by passage across the blood brain barrier (BBB) and produce central nervous system disease [1]. Through electric cell-substrate impedance sensing (ECIS) studies based on static in vitro models of the BBB, we demonstrated that T. brucei-derived cysteine proteases interact with human brain microvascular endothelial cell (HBMEC) G protein-coupled receptors (e.g., protease-activated receptor-2, PAR-2) to induce increase of intracellular Ca2+ within HBMEC [2,3]. This results in transient changes in BBB permeability that are predicted to promote early parasite entry into the brain [4]. How these findings translate to the microvasculature under conditions of physiologic blood flow in the brain is important as T. brucei cross the BBB at the level of post-capillary venules (PCV), not capillaries [4]. Different types of mechanical and shear stress (SS) regimens (laminar, pulsatile, to-fro) differentially regulate hemodynamic endothelial responses [5,6]. In the brain, blood flow through the arterioles is pulsatile, which increases in intensity across the capillaries, and decreases in post capillary venules (PCVs) where it can be either steady or pulsatile. Pilot ECIS studies showed that trans-endothelial electrical resistance (TEER) values of HBMEC, taken under static conditions, increased significantly when exposed to steady SS flow as found in PCVs. Addition of T. b. rhodesiense caused a rapid drop in TEER. Increasing SS to conditions as found in capillaries, caused a transient tightening of the barrier. To better understand BBB factors that allow trypanosome entry into the brain, we initiated a gene transcriptional study comparing HBMEC infected with the parasites under static versus SS conditions that might allow or impede HBMEC crossing, respectively. Through this analysis, we identified 43 candidate genes, spanning 25 pathways, whose expression levels differ by 3SD in capillary SS flow versus static conditions with trypanosomes. Overall, our data support previous findings and accentuate the importance of ECIS for elucidating the pathophysiological events that are signature to central nervous system HAT.
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Angiogenic Effect of Human Pluripotent Stem Cell-derived Endothelial Cells 
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Background: In stem cell therapy function and survival of implanted cells may rely on the formation of new vascular structures and their connection to host circulation. Several paracrine factors were shown to play important role in this process, such as VEGF, angiopoietin and apelin. The physiological and cardiovascular effects of apelin, including its effects on endothelial cell migration have been proven. However, its proangiogenic effect in the arterial and venous system has not been clarified yet.

Aims: In this study we have differentiated endothelial cells from human embryonic stem cells (hESC-EC), and investigated their function and angiogenic potential with the treatment of different fragments of apelin (apelin 13, pyr-Glu-apelin 13, apelin 36).

Results: As assessed by quantitative PCR apelin/APJ receptor mRNA levels in hESC-EC cells are comparable to HUVEC and showed an increase during the differentiation process toward hESC-EC. After in vivo implantation of hESC-EC and HUVEC cells we detected a significant increase in apelin mRNA levels (n=3, p<0.001). By testing the effects of three apelin fragments (AP-13, -13pyr, -36) on angiogenic gene expressions, we found comparable changes in mRNA levels of angiopoietin-2, a key mediator in vascular development in hESC-EC (0.29±0.08; 0.56±0.21; 0.46±0.2, n=4), coronary artery endothelial cells (HCAEC:0.44±0.01, 0.59±0.38, 0.86±0.55, n=4) and in veins (HUVEC: 0.68±0.4, 1.1±0.39, 1.51±0.54 compared to control, n=4). As assessed by automated microscopy and immunochemistry, an increase in cell number and proliferation were found after 24 hours (n=6, cell number AP13 p=0.0051, pyrAP13 p=0.0011). Metabolic changes were not observed, while apelin showed a protective effect and reduced necrosis(n=6, necrosis AP13 p=0.0029, pyrAP13 p=0.0166). Proangiogenic effects of apelin were assessed by Matrigel tube formation assay. In response to pyr-apelin13 the number and length of hESC-EC tubes were both increased after 24 hours(n=4, p<0.001). As a key feature in angiogenesis, adhesion of hESC-EC cells was also investigated. Changes in impedance measured on Roche xCELLigence suggest that adhesion of hESC-EC were increased in response to different apelin fragments (0.78±0.06, 0.81±0.05, 0.72±0.02, n=2, p<0.001).
Conclusions: Based on our findings, apelin is essential in vascular maturation and may have a proangiogenic role in differentiated hESC-EC as well as mature arterial and venous cells. Due to their angiogenic affinity and paracrine effects, use of hESC-EC could be considered as potential therapeutic approach in cardiovascular regeneration.
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Measurement of Platelet Function with Impedimetry
- The Effect of Agonists and Heparin on Adhesion and Spreading of Human Platelets
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Background: Defects of platelet function and abnormalities of thrombogenesis play a major role in today’s morbidity and mortality, however, no well standardized technique for isolated measurement of platelet adhesion, a separate process of thrombogenesis, has yet been invented. Impedimetry has been used for decades for the measurement of cell adhesion, proliferation, viability and cytotoxicity.

Aim: We propose platelet impedimetry as a novel method for the isolated measurement of platelet adhesion.

Method: Platelet samples were isolated from the blood of healthy individuals under no current medical treatment. We examined the effect of activators used as reference in platelet function testing (epinephrine, ADP and collagen), and clinically applied UFH (unfractionated heparin) on platelet adhesion and spreading by impedimetry. The xCELLigence SP (Roche) system was used, which applies the measurement of electric impedance. The level of adhesion was quantified by calculating the difference between the slopes of the sample curve and control curve (delta slope, DS). For measurement of spreading, platelets were adhering onto the bottom of wells when the drug was introduced to the system. For measurement of adhesion, platelets were added to the wells where the drug had been previously added.

Results: ADP increased platelet spreading, with 10uM ADP 0.0733/h DS (p=0.0114) and with 5uM ADP 0.0510/h DS (p=0.0077) was measured; epinephrine and collagen showed inhibitory trends. Epinephrine increased platelet adhesion, with 10uM 0.0682/h DS (p=0.0025), with 5uM 0.0673/h DS (p<0.001) was measured. ADP also increased platelet adhesion in a concentration dependent manner (Figure 1), with 10uM ADP 0.1371/h DS (p<0.001) and with 5uM ADP 0.1157/h DS (p<0.001) was measured. Collagen had no significant effect on platelet adhesion. UFH had no significant effect on platelet spreading, while decreased adhesion on pharmacological concentration, with 250IU/mL UFH -0.0062/h DS (p=0.0018) was measured, on lower concentrations there was no significant effect.

Conclusions: The effect of laboratory reference drugs and clinically applied drugs were qualitatively and quantitatively measureable by impedimetry. Thus in the future this novel technique could be a useful tool for the more accurate examination of platelet function and to monitor efficacy of medical antithrombotic therapies.
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Figure 1 - Effect of ADP on platelet adhesion





Mitochondrial DAMPs on Endothelial Permeability

-The Role of Neutrophil-
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Trauma and sepsis can cause acute lung injury (ALI) and Acute Respiratory Distress Syndrome (ARDS) in part by triggering neutrophil (PMN)-mediated increases in endothelial cell (EC) permeability. We had shown that mitochondrial (mt) damage associated molecular patterns (DAMPs) appear in the blood after injury or shock and activate human PMN[1]. So we now hypothesized that mitochondrial DAMPs (MTD) like mitochondrial DNA (mtDNA) and peptides might play a role in increased EC permeability during systemic inflammation and proceeded to evaluate the underlying mechanisms. MtDNA induced changes in EC permeability occurred in two phases: a brief, PMN-independent ‘spike’ in permeability was followed by a prolonged PMN-dependent increase in permeability. Fragmented mitochondria (MTD) caused PMN-independent increase in EC permeability that were abolished with protease treatment. Exposure to mtDNA caused PMN-EC adherence by activating expression of adherence molecule expression in both cell types. Cellular activation was manifested as an increase in PMN calcium flux and EC MAPK phosphorylation. Permeability and PMN adherence were attenuated by endosomal TLR inhibitors. EC lacked formyl peptide receptors but were nonetheless activated by mt-proteins, showing that non-formylated mt-protein DAMPs can activate EC. Mitochondrial DAMPs can be released into the circulation by many processes that cause cell injury and lead to pathologic endothelial permeability. We show here that mitochondria contain multiple DAMP motifs that can act on EC and/or PMN via multiple pathways. This can enhance PMN adherence to EC, activate PMN-EC interactions and subsequently increase systemic endothelial permeability. Mitochondrial DAMPs may be important therapeutic targets in conditions where inflammation pathologically increases endothelial permeability[2].
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Transient Intervals of Hyper-gravity Enhance the Endothelial Barrier by Improvement of Junctional Integrity 
R. Szulcek XE "Szulcek, R" 1; J. van Bezu XE "van Bezu, J" 1; J.J.W.A. van Loon XE "van Loon, JJWA" 2 and G.P. van Nieuw Amerongen XE "van Nieuw Amerongen, GP" 1
1 Department of Physiology and Department of Pulmonary Diseases, Institute for Cardiovascular Research (ICaR-VU), VU University Medical Center, Amsterdam (The Netherlands)

2 Dutch Experiment Support Center (DESC), Department Oral and Maxillofacial Surgery/Oral Pathology, VU; University Medical Center & Department Oral Cell Biology, Academic Centre for Dentistry Amsterdam (ACTA) & European Space Agency, ESA, ESTEC, MMG-Lab, Noordwijk (The Netherlands) 
r.szulcek@vumc.nl

Introduction - Vascular functions like fluid homeostasis and cellular transport mechanisms depend on the fast adaptation of the endothelial barrier to classical mechanical stimuli, such as shear stress, stretch and pressure. Furthermore micro-gravity is known to affect junctional integrity and cytoskeletal organization of endothelial cells (EC) and thereby permeability. Surprisingly no study has addressed the effect of hyper-gravity on EC junctions yet. Therefore we investigated whether stimulated hyper-gravity influences integrity and function of EC junctions.
Methods - The electrical impedance of confluent human umbilical vein endothelial cells (HUVECs) was recorded with Electric Cell-Substrate Impedance Sensing (ECIS, 8W10E). G-forces of 1, 2 or 4 g were applied in alternating intervals of 15 minutes. To this end, the entire measurement hardware, including ECIS, PC and incubator, was placed in a gondola of the large diameter centrifuge (LDC) of the European Space Agency (ESA-ESTEC, Noordwijk, NL). ECs were fixed at the end or during the experiment and stained for the junction proteins VE-cadherin and β-catenin. 

Results - Impedance was analyzed as a measure of barrier function. The resistance of the confluent, stable monolayers ranged from 700 to 800 ohms. Three minutes after onset of the centrifuge resistance increased, by 50 to 80 ohms from baseline and reached peak value within eight minutes. Thereafter resistance declined till a plateau at ca. 30 ohms over baseline, even when the centrifuge was stopped. Successive centrifugation cycles caused an additive increase in resistance to an overall improvement of ca. 100 ohms after 90 minutes, independent from the absolute value of the applied gravitational force. Modeling of the impedance data showed an increased cell-cell interaction (Rb) whereas the distance between ECs and underlying matrix (α) remained largely unaffected. VE-cadherin and β-catenin staining showed an increase in fluorescence intensity and protein accumulation at the cell periphery after application of increased g-forces. Interestingly, neither pre-conditioning nor simultaneous application of hyper-gravity did alter the endothelial responsiveness to the hyper-permeability inducer thrombin, which caused an acute and transient decrease in resistance similar to the 1 g control. 

Conclusion - Hyper-gravity improves the endothelial barrier. This improvement is driven by active remodeling of the cell-cell junctions and not by mechanical deformation of the EC. Importantly, the endothelium remains functional and sensitive to vasoactive stimulation during and after application of high g-forces. In summary, our data suggest that the absolute amplitude of g-force is irrelevant compared to the force vector and much to the joy of everyone involved, the ECIS was able to withstand extreme g-forces up to 8 g. Consequently utilization of ECIS technology at the international space station (ISS) is currently in planning.  

Loss of Barrier Function in Lung Endothelial Cells Induced by TRPC6 Activation During Lung Ischemia-Reperfusion-Induced Edema (LIRE)
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Lung ischemia–reperfusion-injury is a life-threatening condition that causes pulmonary edema induced by endothelial dysfunction. We were able to demonstrate that lungs from mice lacking nicotinamide adenine dinucleotide phosphate (NADPH) oxidase (Nox2y/−) or the classical transient receptor potential channel 6 (TRPC6−/−) are protected from LIRE [1]. Generation of chimeric mice by bone marrow cell transplantation and endothelial-specific Nox2 deletion showed that endothelial Nox2, but not leukocytic Nox2 or TRPC6, are responsible for LIRE. Murine lung endothelial cells (MLEC) from Nox2- or TRPC6-deficient mice showed attenuated ischemia-induced Ca2+ influx, cellular shape changes and impaired barrier function analyzed by electric cell impedance sensing (ECIS). Loss of barrier function was detected after adding hypoxic solution to endothelial cells growing in ECIS chambers or by perfusion of endothelial cells in a single channel ECIS flow array with hypoxic solutions. Along this line, the TRPC6 activator OAG was able to increase endothelial permeability in WT and Nox2y/− MLEC, but not in TRPC6−/− cells. Moreover, MLEC from TRPC6−/− mice expressing a recombinant TRPC6 fused to the enhanced green fluorescent protein (eGFP) reacted to hypoxic solutions with a significantly pronounced decrease in cell monolayer resistance, compared with cells transfected with eGFP cDNA alone, emphasizing an essential role of TRPC6 for endothelial cell shape change. A novel mechanistic model comprising endothelial Nox2-derived production of superoxide, activation of phospholipase C-γ, inhibition of diacylglycerol (DAG) kinase, DAG-mediated activation of TRPC6 and ensuing LIRE is supported by pharmacological and molecular evidence. In the future new activation mechanisms of TRPC6 in lung endothelial cells will be identified by using small interference (si) RNAs and other gene-deficient mouse models. These newly identified mechanisms highlight novel pharmacological targets for the treatment of LIRE.
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Carbonyl stress is implicated in several diseases associated with cognitive decline and at the same time also with cerebral endothelial injury. Such conditions and diseases include aging, Alzeimer’s disease, cardiovascular diseases, like atherosclerosis, dementia, diabetes mellitus, hypertension, kidney diseases and stroke. Reactive carbonyl compounds triggering carbonyl stress, such as methylglyoxal, activate a series of inflammatory responses leading to accelerated vascular damage.

Our aim was to describe the effects of methylglyoxal on human brain endothelial cells (hCMEC/D3) and search for protective molecules to prevent cerebrovascular damage. 

Cell viability was examined by impedance-based cell electronic sensing (RTCA-SP, ACEA Biosciences) and 3-(4,5-dimethyltiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) dye reduction assay. Living cells convert the yellow MTT dye to purple, insoluble formazan crystals. Therefore, decrease in dye conversion reflects cellular damage. The tight barrier of the brain endothelial monolayer is a fundamental characteristic and is necessary for it’s healthy function. The barrier function of the monolayer was characterized by permeability assays for two markers: fluorescein isothiocyanate labeled dextran (FITC-dextran; 4.4 kDa) and Evans blue-labeled albumin (67 kDa). Reactive oxygen species (ROS) production was measured using the fluorometric detection probe chloromethyl-dichloro-dihydro-fluorescein diacetate (DCFDA). DCFDA indicator penetrates the cells by diffusion and becomes deacetylated by intracellular esterases. Oxidation of DCFDA by reactive oxygen species yields a fluorescent molecule.

Methylglyoxal exerted a time- and dose-dependent toxicity on human brain endothelial cells: a dose of 600 µM resulted in about 50% toxicity in a reproducible way by both viability assays. The optimal time point of further investigations was determined based on the kinetic data from impedance measurements. The 600 µM concentration significantly reduced the barrier integrity and increased the permeability; the flux of the paracellular marker of FITC-dextran was elevated by 1.5 fold and the permeability for albumin has doubled after 4 hours. Treatment with methylglyoxal caused significantly higher ROS production compared to the untreated group. 

Methylglyoxal-induced toxicity in human brain endothelial cells could be prevented by antioxidant molecules and agents inhibiting protein glycation, such as edaravone aminoguanidine, all-trans-retinal. U0126, a MAP kinase signal pathway inhibitor was also an effective protective molecule. Due to the strong orange color reaction between methylglyoxal and edaravone, the effect of edaravone could not be measured by colorimetric assays, such as MTT and DCFDA probes, only by impedance measurement.

Impedance based cell analysis on adherent cell monolayers helped to determine optimal time points and concentrations for other assays. It was also very useful to determine the protective effect of those agents which have a strong color reaction. These results may contribute to the development of compounds for the therapy of brain endothelial dysfunction
 in carbonyl stress related diseases.

Receptor-evoked Ca2+ Signaling and Endothelial Permeability
M. Trebak XE "Trebak, M" 
SUNY College of Nanoscale Science and Engineering, State University of New York, (USA)

mtrebak@albany.edu 

Endothelial permeability is critical for tissue fluid homeostasis, and its disruption contributes to a number of vascular, lung and inflammatory diseases. Endogenous agonists that modulate endothelial barrier function by changing endothelial permeability have been suggested to mediate their effects through store-operated Ca2+ entry (SOCE). Earlier studies from the 90s suggested that transient receptor potential canonical (TRPC) channels encode the molecular components of SOCE. However, the recent discovery of the Ca2+ sensor stromal interacting molecule 1 (STIM1) and the Ca2+ channel Orai1 as central mediators of SOCE, activated by depletion of internal Ca2+ stores, have challenged this earlier view. We have used agonist-induced decrease in transendothelial electric resistance of human endothelial cells to carefully evaluate the role of STIM1, Orai1 and TRPC channels in endothelial permeability. Our studies reveal unexpected and divergent roles for these proteins in controling downstream signaling pathways that cause RhoA activation, stimulation of myosin light chain phosphorylation, formation of actin stress fibers, and loss of cell-cell adhesion. 

Novel Insights into the Control of Endothelial Phenotype by Adhesion Contacts  

- Role of Matrix Architecture, Ca2+ Entry and Beta-Catenin Signaling
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1Institute of Biophysics, Medical University of Graz (Austria)

2Institute of Applied Physics, University of Linz (Austria)

Klaus.groschner@medunigraz.at 

Cell-cell and cell-matrix adhesions determine proliferation and differentiation and govern phenotype transitions. We have previously shown that stability of endothelial adherens junctions impacts on the function of Ca2+ entry channels, and interfere with transcriptional control via alterations in beta-catenin signalling [1]. In response to proliferative stimuli, junctional beta-catenin translocates to the nucleus to control transcriptional programs. Recently, we discovered that adhesion of endothelial cells to certain nanostructured surfaces substantially affects cellular localization and function of beta-catenin [2]. 
Nanostructured surfaces were generated on PET (polyethylene terephtalate) with a periodicity of 300 nm. Adhesion to this substrate resulted in profound nuclear translocation of beta-catenin along with induction of a highly proliferative state in human microvascular endothelial cells as well as human endothelial progenitor cells. Confocal and electron microscopy revealed size-dependent physical contact of endothelial cells to nanostructured substrates. Attachment of cells to the 300 nm spaced surface protrusions promoted endothelial mechanosensitive Ca2+ entry and generated a highly specific tyrosine phosphorylation pattern of beta-catenin, thereby initiating its translocation into the nucleus, expression of the target gene cyclin D1 and consequently cellular transition from quiescent barrier-forming to a proliferative state. 

Our results demonstrate that laser-generated nanostructures interfere selectively and in a highly size-dependent manner with the endothelial differentiation/proliferation switch, and may be useful for transient promotion of endothelial growth in tissue engineering strategies. 
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ECIS is a versatile and extremely sensitive method to probe for cell behavior as a response to a huge variety of biological, chemical and physical challenges. Even slight changes within the cell layer arising from minute cell shape alterations and transitions in cell-cell and cell-substrate architecture can be detected. These reach down to morphology related cell responses that result from cell signaling events, changes in metabolic activity and the cytoskeleton. 

But the extreme sensitivity can be a curse, as far as reproducibility of results is concerned. The ECIS signal measures the complete integrated response of the cell to external stimuli. Experimental details such as cell density, the age of the cell layer, medium composition, temperature fluctuations and liquid handling influence this integration as does the genetics and epigenetics of the cell. The signal integration within the cell is temporal and spatial. It is also non-linear, where small differences between cells or experiments can amplify and drastically alter the ECIS signal.

Therefore, a careful setup of ECIS experiments, taking into account the history of the cells used for an ECIS experiment (e.g. source, passage number and cell density) as well as the treatment of the cell layers after plating on the ECIS electrode and during the actual measurement become important when stable results are desired. 

Also, the non-invasive nature of the ECIS measurement allows to classify cells according to their functional activity prior to an assay and thus provides a powerful tool to probe for cell heterogeneity and quality.

A selection of exemplary data will be presented which illustrate easily neglected traps as well as tricks that help to increase accuracy and reproducibility of ECIS experiments.

Analysis of the Strain and Dose Specific Effect of Various Propionibacterium Acnes Strains on the Cellular Functions of HPV‑KER Cells Using Impedance Measurement-Based Technologies
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The Propionibacterium acnes (P. acnes) bacterium is a member of the skin’s commensal bacterial flora, but under special circumstances it can also affect the cellular properties of human skin cells, and contribute to acne lesion formation. 

In order to investigate this phenomenon in more detail, we monitored the effect of three P. acnes strains (pathogenic 889, and ATCC 11828; non-pathogenic 6609, belonging to various phylogenetic groups within the P. acnes species) on the proliferation, viability and barrier properties of immortalized human keratinocytes (HPV-KER). For that, actively proliferating and confluent HPV-KER cultures were treated with live P. acnes bacterium, and cellular changes were followed using the xCELLigence system. 

Our results suggests that in actively proliferating cells the pathogenic P. acnes 889 strain caused increased proliferation of the HPV-KER cells soon after the addition of the bacterium. At later time points, both of the pathogenic strains (889 and ATCC 11828) applied at high doses resulted in the death of HPV-KER cells, in contrast to the non-pathogenic 6609 one, that exhibited no such effect during the time course of the measurements using the same MOIs. According to the light microscopic analysis, dying cells exhibited an altered morphology. Currently, we hypothesize that this effect may be due to the strain-specific expression differences of the P. acnes-secreted CAMP factors (Christie, Atkins, Munch-Peterson factors) possibly inducing the cytotoxicity of human keratinocytes. 

Next, we investigated how the HPV-KER cells react to different dose P. acnes treatments at the molecular level, whether we can detect any dose or strain-specific signaling differences in these cells. Our results indicate that the mRNA expression of key pro-inflammatory cytokines (TNFα, IL-1α) increases parallel to the elevating P. acnes dose at 6 hours after the bacterial treatment. In parallel with this, the dose dependent nuclear translocation and NF-(B activation could be demonstrated.

We are also monitoring the effect of the above three P. acnes strains on confluent HPV-KER monolayers, in order to analyze the effect of the bacterium on the barrier properties of the epidermal cultures. Similarly to what we found on growing cultures, the three strains had different effect, and the significance of these findings is currently being investigated. 

Our results suggest that the P. acnes bacterium actively modulates the cellular properties and functions of the human keratinocytes, and these effects appear to be strain and dose specific. Currently we analyze if such differences may act as determinants of the induced inflammation, and parallel to that the severity of individual acne symptoms.

The specialized microbial flora of the human skin appears to have a dual character. In one hand, it seems to be crucial for the maintenance of the epidermal homeostasis, but under special circumstances it can also contribute to the pathogenesis of skin diseases, such as the P. acnes bacterium in acne. Interpretation of this dual role is still difficult, but these studies may help to shed some light on these questions.

Study of Paracrine Signaling between Leydig and Sertoli Cells Using Impedance Analysis
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Leydig and Sertoli cells are somatic testicular cells, whose reciprocal interactions play a crucial role in proper testicular steroidogenesis, testicular development and subsequently spermatogenesis. Since Leydig and Sertoli cells are located in two different tissue compartments of testis separated by the blood-testis barrier, their interactions occur via  paracrine signaling mediated by release of soluble factors and signals. In our study, cellular responses of Leydig cells to paracrine signaling of Sertoli cells (and vice versa) were investigated in vitro in co-culture experiments. Either mouse Leydig cell line TM3 or mouse Sertoli cell line TM4 was seeded onto E-Plate Insert and then placed into E-Plate VIEW 96 with a culture of target cells, i.e. either TM4 or TM3. Continuous, label-free monitoring of target cells was performed using RTCA xCelligence SP System. We observed that factors secreted by Sertoli TM4 cells growing in the E-Plate Insert significantly increased target TM3 cell proliferation during the exponential phase of cell cycle in a TM4 cell seeding density-dependent manner. This Sertoli/Leydig co-culture model represents a valuable in vitro tool not only for further research of cellular interactions of testicular cells, but also to study disruption of testicular paracrine signaling by various environmental contaminants, including known endocrine disruptors and male reproductive toxicants.

Improving Impedance Cell Analysis: High Frequency Dielectric Spectroscopy in Combination with Multivariate Data Analysis and Complementary Assays 
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We have developed a novel lab-on-a-chip system for continuous and non-invasive monitoring of microfluidic cell cultures using integrated high-frequency contactless impedance spectroscopy (see Figure 1). Electrically insulated (passivated) microfabricated interdigitated electrode structures [1] were embedded into four individually addressable microchambers to reliably and reproducibly detect cell-substrate interactions, cell viability and intracellular conductivity changes. Additionally, multivariate data analysis method such as partial least square (PLS) is implemented to analyze impedance spectra (1 kHz to 10 MHz), thus providing sensitive and selective information on intracellular pathway activation, up and down-regulation of protein synthesis as well as global cellular stress responses. Performance evaluation include the sensing of cellular responses to (a) repeated starvation, (b) sub-lethal concentrations of the cytotoxic compound cisplatin, (c) inhibition of the cellular protein biosynthesis activity using cycloheximide (CHX) and (d) targeted activation of β-adrenergic receptors using isoproterenol. Practical application is demonstrated by combining high-frequency contactless impedance spectroscopy with time-resolved ELISA for IL-6 quantitation in the cell culture supernatant to analyze stress responses of connective tissue cells (human dermal and synovial fibroblasts) to systemic stress factors. The ability to identify transient cell responses to circulating proinflammatory cytokines IL-1β and TNFα using integrated high-frequency impedance spectroscopy in microfluidic cell cultures could provide cell biologists with a new tool to characterize the onset of chronic inflammation under physiologically relevant measurement conditions.
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Figure 1: The newly developed impedance cell monitoring system comprises of 4 individually addressable cell cultivation chambers with integrated passivated impedance electrodes (1). Cell impedance signals are measured over a wide frequency range (kHz to MHz) (2). Then multivariate data analysis is applied to reduce data and highlight cellular events (3). Finally, complementary ELISA analysis of supernatants is performed to confirm the biological relevance of the measurement (4).  
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Current electrical cell-substrate impedance sensing (ECIS) systems use Au electrodes that have high interfacial impedance due to their polarizability. This limits the minimum frequency measureable with common measurement systems and restricts the minimum dimensions of electrodes. We have fabricated ECIS devices that use a conducting polymer, poly (3,4 diethylenedioxythiophene) : poly styrene sulfonate ,“PEDOT:PSS”, as the electrode material [1]. These electrodes are transparent and have lower interfacial impedance than Au electrodes. We have demonstrated their use in cell impedance measurements and the monitoring of human embryonic stem cell differentiation. The measurement instrument setup used custom software designed on Labview that controlled a Quadtech 1420 LCR meter and a custom made multiplexer circuit that also provided connection to the fabricated device. The device was fabricated using photolithographic methods and used SU-8 photo resist as an insulations layer.
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Electrochemical comparisons between Au and PEDOT:PSS electrodes show interfacial impedance of the conducting polymer being lower by almost a factor of 35 at a measurement frequency of 20 Hz [1]. This lower interfacial impedance is due to the low charge transfer resistance and higher interfacial capacitance of the conducting polymer [2]. Experiments with cells (shown in the figure) demonstrate the use of such electrode for ECIS successfully and the improved microscopy due to their transparency. The results of this research have proven that conducting polymers are a viable option for electrode material in ECIS.

Figure 1: Results of an experiment with MDCK cells cultured. The cell grew from the top of the well onto the electrode over time and the graphs show changes in the absolute impedance and phase of the impedance over 48 hours. The blue line show measurements at lower frequencies (40 Hz) and the red line shows measurements at higher frequencies. Pictures were taken at time points specified in the graphs.
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Electric cell-substrate impedance sensing with field-effect transistors with single cell and subcellular lateral resolution 
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Electric cell-substrate impedance sensing (ECIS) is known for almost 30 years [1] and meanwhile different commercial systems are available. In parallel, a complementary research direction for interfacing electrogenic cells with planar substrate-embedded microelectrodes has evolved, where two device types are commonly used. These are the metal-microelectrode arrays (MEA) quite comparable with the current devices for ECIS and non-metallized field-effect transistor arrays (FET). The latter can be found in ultrahigh integration levels with up to 16.384 transistors in a large array with 7,8 µm spacing [2]. These FET devices where optimized for low noise analog sensing of electrical field potentials generated by electrogenic cell types like neurons, brain slices, and cardiac cells. Therefore these systems typically possess a bandwidth from around 1 Hz up to 5 kHz.

In ECIS sensing assays typically tissue forming cell types are used enabling studies of cell spreading, wound healing etc. One limitation of all ECIS systems in common is that because of the relatively large electrode sizes compared to the size of an individual cell, a single cell or subcellular resolution is very difficult to achieve. This permits studies with cell types usually not forming confluent tissue like neurons or individual cells from the immune system. 

This talk will provide an overview of how FET devices could be used for ECIS studies with single-cell and sub-cellular resolution. The devices and the readout electronics were optimized in terms of large bandwidth. The attachment of cells to the open gate of an FET structure (Fig. 1) is leading to a low-pass filter effect quite comparable to the readout principle of ECIS. The FET-ECIS method will be explained, different FET device types for single-cell ECIS will be introduced and proof-of-principle experiments for single cell applications will be discussed [3,4].

In summary the FET- ECIS method can provide researchers with a novel tool expanding the potential of traditional ECIS for future assays.
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Figure 1: Single HEK293 cell in contact with an open-gate FET device (colored SEM image)
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Label-Free Monitoring of Cell-Based Assays: Combining Impedance Analysis with SPR for Multiparametric Cell Profiling
S. Michaelis XE "Michaelis, S" , J. Wegener XE "Wegener, J"  and R. Robelek XE "Robelek, R" 
Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg, 
Universitätsstr. 31, 93053 Regensburg (Germany)

Stefanie.Michaelis@chemie.uni-regensburg.de
Non-invasive and label-free sensor technologies are very potent and versatile research tools for monitoring mammalian cells and their response to a given stimulus in real time, as useful in drug development or toxicity screenings. 

Two well-established techniques in this field are electric cell-substrate impedance sensing (ECIS) and surface plasmon resonance (SPR) spectroscopy. SPR is an emerging technique as far as cell monitoring is concerned but it has a long history as a transducer in biomolecular adsorption studies [1].

The SPR technique is based on the phenomenon of total internal reflection of an incident laser beam and the generation of an evanescent electric field at the reflecting interface. The laser beam is directed to the interface between a glass substrate and a metal surface (most often gold) with an angle of incidence that is greater than the angle of total reflection. When the resonance conditions are precisely met, the evanescent field of the transmitted light excites surface plasmons (i.e. electron density fluctuations) in the gold film. The surface plasmon wave decays exponentially with the distance from the substrate surface and has a penetration depth in the order of 100 – 200 nm perpendicular from the surface when using visible light [2]. With constant instrument parameters, the method reports on changes in the refractive index within the material close to the substrate surface by measuring the intensity of the reflected light (reflectivity). When cells are grown on the SPR sensor surface, they are probed by the evanescent field, penetrating into the cytoplasm for 100 – 200 nm. Recorded changes in the reflectivity and, thus, in the refractive index originate from dynamic mass redistribution induced inside the cell body or outside [3], i.e. cells or parts of cells that enter or leave the evanescent field.

Here, we describe a novel dual biosensor platform which relies on the combination of these two well-known techniques, ECIS and SPR, on a single sensor chip to monitor living animal cells simultaneously for electrical and optical changes in real time, label-free and non-invasively. A special electrode layout was established on a standard gold-coated SPR chip by means of photolithography to provide a pair of electrodes for impedance readings and locally distinct gold areas for plasmon excitation and SPR detection on the same substrate.

This study shows proof-of-concept experiments of the dual biosensor platform following the time course of cell attachment and spreading onto the sensor surface, as well as cell differentiation of initially suspended epithelial cells. Similarly, the biological response of the mature cells to an actin cytoskeleton disrupting drug is monitored with the dual sensor.

The experimental data shows that neither of the two measuring modes affects the other. The information from both devices is complementary providing time-resolved information on cell shape changes (ECIS) and dynamic mass redistribution (SPR) from one and the same cell population [4]. The ECIS-SPR dual biosensor provides a detailed, spatially-resolved look into cellular processes that may allow for a more robust data interpretation in two instead of only one dimension.
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Combining ECIS with the Quartz Crystal Microbalance (ECIS-QCM):
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Electric Cell-Substrate Impedance Sensing (ECIS) is a well-established, non-invasive, and label-free sensor approach to follow changes in the three-dimensional shape of adherent cells in real time [1,2,3]. ECIS-based whole-cell biosensing has been successfully applied in a multitude of different assays. The number of applications was further increased by combining ECIS with other sensing or actuating principles. We refer to this family of combined approaches as ‘hyphenated-ECIS’. For instance, integrating the application of short-term electrical pulses into an ECIS experiment has been used for in situ electroporation and electric field-mediated introduction of xenobiotics into the cytoplasm (ECIS-ELPO) [4]. When ECIS electrodes are part of a gold-coated chip used for surface plasmon resonance analysis (SPR), the readout parameters of both techniques are available for one cell population and provide multi-parametric cell monitoring (ECIS-SPR) [5].

The Quartz Crystal Microbalance (QCM) technique is, like ECIS and SPR, another non-invasive and label-free sensor technology. It is based on measuring the acoustic impedance of a piezoelectric quartz crystal performing shear oscillations at resonance (5 MHz). Parameters of the resonant oscillation are affected by changes in the mechanical properties of the material in contact to the resonator surface. Thus, QCM-readings are capable of reporting sensitively and in real time on changes in the cytomechanics of the cells under study [6].

It was the objective of this project to combine and functionally couple the transducer principles of ECIS and QCM in one experimental setup (ECIS-QCM) to allow for multi-parametric description of a given cell population. Technically we prepared an electrode layout similar to commercial ECIS electrodes on the surface of a 5 MHz AT-cut quartz resonator. These goldfilm electrodes are used to record ECIS-like data reporting on cell shape changes (ECIS-mode) but also to drive the shear oscillation of the resonator and provide the cells’ micromechanics by analysis of the resonance parameters (QCM-mode). Thus, when cells are grown on the surface of these modified resonators, a given cell population can be monitored and analyzed by ECIS- and QCM-mode measurements simultaneously and in real-time. The information obtained from ECIS-only experiments is extended by information on the cellular micromechanics using this hyphenated ECIS-QCM approach. The novel dual sensor was successfully applied to monitor a multitude of cellular responses in both channels, and it has also been used in combination with in situ electroporation of cells on the surface of these shear wave resonator (ELPO-ECIS-QCM). The presentation will discuss the technical details of the device and demonstrate proof-of-concept experiments.
References:

[1]
I. Giaever and C.R. Keese, Nature 366 (1993) 591–592.

[2]
J. Wegener et al., Experimental Cell Research 259 (2000) 158–166.

[3]
J.A. Stolwijk et al., in Electric Cell-Substrate Impedance Sensing and Cancer Metastasis (Ed.: W.G. Jiang), Springer Netherlands (2012) 85–117.

[4]
J.A. Stolwijk, et al., Biosensors & Bioelectronics 26 (2011) 4720–4727.

[5]
S. Michaelis et al., Biosensors & Bioelectronics 49 (2013) 63–70.

[6]
J. Wegener et al., Cell Biochemistry and Biophysics 34 (2001) 121–151.

Differential Adhesion of Single Human Cytotoxic T Cells
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Cellular adhesion involves membrane binding proteins which their expression levels can be associated at a sign of cell maturation or cell activation [1]. Tedious and time-consuming immunofluorescence imaging and protein quantifying analysis are commonly used techniques for assessing the expression levels. However, there is no direct measurement of the cellular adhesion strength regarding the expression and subtypes of the target membrane binding proteins. In the present study, we used our in-house fabricated field-effect transistors (FETs) to study the importance of different receptors expressed on human cytotoxic T cells for cellular adhesion. With our FET system we have previously shown that we are able to achieve single-cell resolution in an impedimetric method comparable to the standard ECIS approach [2, 3].
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Cytotoxic T cells were isolated from human donors and were magnetically enriched using CD8 MicroBeads. Surfaces of the FETs were coated with different antibodies. Cells were added and incubated for 1 h before measuring the impedance of the transistors. Differential adhesion strengths of the T cells on different antibodies-bounded surfaces were reflected by differences in impedance. SEM images and real-time video recording showed that the cytotoxic T cells migrated on the FET surfaces and formed tight junction to the surfaces. A tight contact, named immunological synapse, will be formed in between the T cells and the threating pathogens or cells which carry specific antibodies [4]. From the present data, we can evaluate the importance of the receptor subtypes involved for the formation of the tight immunological junction.

Figure 1: A migrating cytotoxic T cell towards one of the 
transistor gate on a 4×4 FET device.

The FETs used in the present study are sensitive enough for measuring the impedimetric changes of single cell adhesion and might be a very useful tool for further studies with respect to immune cell adhesion as well as activation.
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A novel multiparametric biosensor system based on living cells will be presented. The biosensor system includes two biosensing techniques; resonant frequency measurements and electric cell-substrate impedance sensing (ECIS) on a single device. The integration of two sensors enhances the detection accuracy and minimizes the false-positive rate, since simultaneous responses from two sensors will be considered. The multiparametric sensor system is based on the innovative use of the upper electrode of a quartz crystal microbalance (QCM) resonator as working microelectrode for ECIS technique. 

In this research, the QCM upper gold electrode has dual functions; to generate the acoustic wave and to perform ECIS measurements on the cultured live cells. This hybrid biosensor will be employed in the future for water toxicity detection and it is illustrated in Fig.1 [1]. 
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Figure 1. Images of multiparametric
sensor array combined with cell culture
microwells for water toxicity detection (a),
and magnified picture showing the sensor
structure (b) [1].
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	Bovine aortic endothelial live cells (BAECs) were successfully cultured on this hybrid biosensor. The biosensor is able to simultaneously perform in real-time two different types of electric measurements on the same BAECs cell monolayer: (1) monitoring the resonant frequency of the QCM resonator that inform about the progression of cells adhesion, viability and number of the attached cells and, (2) recording the impedance spectra of the cells, that contains information on cell attachment and viability. The hybrid biosensor was fabricated on an AT-cut quartz substrate, using microfabrication techniques. An array of six identical hybrid biosensors with high-throughput were fabricated on the quartz substrate as illustrated in Fig. 1. 

Several BAECs densities were used for gravimetric and impedimetric measurements performed over a period of time. It was demonstrated that the BAECs can be cultured on the sensor and precise electric measurements could be recorded. The time necessary for the cells to attach and form a compact monolayer is the same in the case of gravimetric and impedimetric measurements. The hybrid biosensor was tested with ammonia. Cell damages induced by ammonia were observed as a decrease of impedance values, as well as an increase in the resonant frequency. 


Electric Cell-Substrate Impedance Sensing with Silicon Nanowire Transistors Could Possibly Enable Ultrahigh Lateral Resolution
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University of Applied Sciences Kaiserslautern, Zweibrücken (Germany)

sven.ingebrandt@fh-kl.de 

 (SiNW) transistors are ultimately downscaled devices and are typically used for the very sensitive detection of biomolecules such as DNA or proteins (1-3). Due to the very tight sealing of cells on top of such structures high signal-to-noise ratios for the recording of extracellular potentials from electrogenic cells in vitro was demonstrated (4). For some application it was even possible to record the intracellular potential of such cells penetrating the membrane with some part of the nanowire (5). 

In our project, we employ an array of individually contacted SiNWs to study the cell adhesion of individual cells. The SiNW arrays were fabricated by a top-down approach on 4” wafers as previously described (2). The SiNW chip was then encapsulated for the long term cell culture and subsequent electronic measurements (fig.1 left). We employ an impedance readout approach based on recording of the electronic transfer function of the SiNW arrays quite similar to the well-known electrical impedance spectroscopy to investigate the adhesion properties of a cell to the device.

We cultured the HEK293 cell line on the encapsulated SiNW chip and the transfer functions were recorded after 3-5 days in culture. The adherent cells were removed using trypsin and the transfer functions were recorded again. In these preliminary experiments it can be seen that the transfer function of the SiNW was strongly depending on the coupling between the cell and the SiNW (fig. 1 right).

Further investigations will be carried out to understand more about the coupling between the cell and the devices. We also investigate the effects of the chip parameters such as the size of the SiNW, the number of the wires per sensor spot to the signal. With this approach we aim to provide more information of the adhesion at subcellular level with high spatial resolution for drug screening purposes.
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Figure 1. (Left) Photograph of the encapsulated SiNW sensor. (Right) Transfer function of a SiNW recorded with a cell attached (blue curve) and after removal of the cell (red curve).
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Commercial impedance sensing systems nowadays contain only one electrode or a connected set of electrodes per well. For some applications it would be of great interest to measure the impedance spectrum of areas of a cell culture separately, e.g. in large culture flasks or for cells that do not form homogeneous cell layers. 

Fraunhofer IPA is developing an integrated impedance analyzer for spatially resolved measurements. An impedance analyzer circuit with multiplexers to address several sensors sequentially that is small enough to be integrated in a microwell plate was already designed and validated. The frequency range of the impedance analyzer is 100Hz to 100kHz and thus coveres the range required for cell analysis [1]. For the sensors, interdigitated electrode structures (IDES) on the surface of the well were used [2]. In order to realize an array of individually addressable electrodes, it is essential to build up isolated crossings of traces. This necessitated a manufacturing method which could create a structured composite of isolating and conducting layers. In order to enable optical monitoring of the cell culture, the substrate should be transparent. 

Inkjet printing was identified as a promising technology for this task. Using a silver-ink, very fine electrode structures (line/spacing: 50µm) could be applied on the substrate. To reinforce the silver layer, a copper layer was added galvanically and covered with a gold coating. The biocompatible substrate was a polyethylennaphthalat (PEN) foil which is transparent in the visible spectrum. The insulating layer necessary for conductor path crossings were not yet implemented. In a first trial, cultivation of 3T3 fibroblasts on the printed electrode structures was successful (see figure).
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Wound-Healing Process on the Mammal Cells Monitored by Electric Cell-Substrate Impedance Sensing.
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The wound-healing assay provides valuable data to describe in vitro cell behaviour.

The method traditionally is: cultured under standard conditions, Madin-Darby Canine Kidney (MDCK) cells [1] spread to form a monolayer over the substrate surface [2]. Interrupted cell monolayer by removing with the tip of a micropipette a small amount of cells, leaving a portion of the substrate surface devoid of cells (wounding process). Cell migration and proliferation over the wound are afterwards evaluated (healing process), normally by optic microscope examination. The time needed for the cells to re-cover the damaged surface is  registered. This healing time depends on the cell type, the culture conditions and the extension of the damaged zone.

In this work, we employ the Electric Cell-substrate Impedance Sensing (ECIS) technique to study this wound-healing process  on Madin-Darby Canine Kidney (MDCK) cells.

ECIS, is a technique first described in 1984 by Giaever and Keese [3] that electrically and noninvasively monitors cell impedance in real time as a function of excitation frequency.
We use this technique as a simple and sensitive method to study cell monolayer electrical properties. When cells attach and spread over the small microelectrodes, the resistance increases as the insulating cell membranes force current into the narrow spaces beneath the cells and through the intercellular junctions. The monitoring of cell behavior is noninvasive for practical purposes. 

In this work the wound on the cell monolayer was achieved using an alternating current (AC).The extension of the damaged zone is determined by the electrode diameter, in this case was 250 μm. After that, the cell healing process was monitored electrically at high speed and multiple frequences until confluence impedance was achieved. 

The cells were then wounded again and the whole experiment was repeated for multiple wells containing cells.  The technique ECIS we followed the wounding process as well as cell migration and proliferation (resistance and capacitance as a function of time).

The cell proliferation and migration were determined from capacitance measurements. We used the fact that capacitance values at high frequencies are directly proportional to the area occupied [4].The formation of a new confluent monolayer can be therefore associated with the the complete healing of the wound, wich was verified by this method.With this data we were able to obtain healing curves.

We also calculated the parameters of the ECIS model Giaever and Keese applied to MDCK cells.
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S100A4 is a member of the vertebrate specific S100 family of EF-hand calcium binding proteins. Elevated expression of S100A4 is observed in a number of human cancers (breast, colorectal, pancreatic and lung) and correlates with poor prognosis. Overexpression of S100A4 promotes cell migration, while its suppression results in a decrease of cell motility [1]. Due to its role in cell migration and invasion, it has an important role in the development of the metastatic phenotype of cancer cells.
The biological function of S100A4 is due toexerted through its interactions with binding partners:;, tthe most characterized target protein of S100A4 is non-muscle myosin IIA (NMIIA). S100A4 binds to the C-terminal end of the coiled-coil tail of NMIIA and regulates its assembly state, thus controls cellular motility by changing the balance between the forward and reverse forces at the leading edge of polarized cells [2]. 

The aim of our study is to charactarize investigate the role of S100A4 in cell adhesion and both random and directed motility. 
HT1080 fibrosarcoma cell line was transfected with a plasmid expressing GFP-tagged S100A4 (a plasmid expressing GFP alone was used as a control). The impedance-based xCELLigence SP system (Roche) was used for measuring adhesion. Random motility was studied by time-lapse video microscopy assay (using a Leica inverted microscope coupled to an Olympus CCD camera) followed by manual cell tracking, evaluating the average displacement in different time frames. Directional motility was measured using the impedance based xCELLigence cell motility plates (CIM-plate, Roche).
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Our results show that the expression of S100A4 increased the adhesion of cells compared to control cells on an uncoated surface. Coating with fibronectin significantly elevated adhesion in both cases (Fig.1.). The impedance-based cell motility assay did not show any significant difference between S100A4- and GFP-expressing cells. Though in random motility an increase in the average displacement could be detected in the case of S100A4-expressing cells.

In conclusion, the impedance-based adhesion and random motility assays can be used for characterizing the effect of S100A4-binding small molecule inhibitors and other binding partners in further experiments.
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Microelectrode Array System for Electrically Driven Cell Migration Studies
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Electrical stimulation (ES) has previously been shown to control cell migration [1]. By guiding cells towards injury sites, electrically driven cell migration has great potential in applications such as wound healing [2] and regenerative medicine. The purpose of this work is to integrate planar microelectrode arrays (MEAs) into an electrically stimulating microfluidic system and demonstrate their ability to monitor and control cell migration.

Electrical Cell-Substrate Impedance Sensing (ECIS) is widely used to characterise and quantify cell migration [3]. In this study, the change in impedance following wounding of cell monolayers was measured using ECIS commercial 8W1E plates.  From this, the migration rates of Adult Human Epidermal Keratinocytes (HEKa) and Retinal Pigment Epithelium (RPE) were determined. Similar measurements were then obtained using MEAs that were designed and fabricated in-house having 16 microelectrodes inside the same culture chamber. Finally, the potential of using the MEAs to measure the DC potential across intact epithelial monolayers was investigated.

In conclusion, impedance-based wound healing assays have been used to calculate migration rates of HEKa and RPE. More investigation is still required for DC measurements of cell monolayers. In the future, the proposed integrated system will allow the study of the effects of externally applied electrical fields on cell migration and regeneration.
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In vivo cell migration is a crucial process contributing to various physiological and pathological processes such as wound healing, organogenesis or tumor development. Cell migration in vivo is tightly regulated by complex chemical and mechanical guiding cues. On the cellular side this is the coordinated function of the mechanosensing elements (e.g. integrins) and the cytoskeletal components (e.g. actin microfilaments, microtubules and myosin motors) that is required for the adhesion and motion of cells.

In the present work we describe an innovative and complex approach for the investigation of the intricate relationship between cell adhesion, migration and mechanosensing. We demonstrate the use of a well-defined elasticity tunable gel system [1] as a novel durotaxis platform coupled to the application of the ECIS [2] system which is a highly sensitive and real time technique to follow cell viability, adhesive and migratory capacity. 

The aims of the present study are: i) to unfold contribution of different cytoskeletal elements to cellular mechanosensing by using 7 specific inhibitors; ii) to test the effect of some common drugs (nonsteroidal anti-inflammatory drugs and -adrenerg antagonists) on this capacity; iii) to compare the responses and sensitivity of two major cell types involved in wound repair in vivo i.e. fibroblasts (3T3) and keratinocytes (HaCaT). 

Cytotoxic effect of the 11 tested drugs was first checked by alamarBlue and mitochondrial dehydrogenase (MTT) colorimetric assays. Then cells were pretreated for durotaxis assay with different drug concentrations that caused no significant decrease in viability during the previous tests. The ability of cells to respond to matrix elasticity gradient was challenged on stiffness gradient containing topographically patterned polyacrylamide hydrogels. Then cells were treated with drugs at concentration which abolished durotaxis in the ECIS system as well. Effect of treatment on adhesion as well as on the wound healing after removal of the drugs was followed in real time.

Specific inhibitors of the cytoskeletal elements were all able to inhibit durotaxis at the 0.25-10 M range; however, at these levels they (e.g. cytochalasin-D, colchicin, nocodazol) also interfered with cell adhesion and delayed wound-healing in both cell types. Interestingly, -blocker propranolol and metoprolol could inhibit durotaxis of both cell types at low micromolar concentrations without considerably affecting their viabaility, adhesion or migratory capacity. However, antiinflammatory ibuprofen and diclofenac had no effect on the studied cell biological responses. Comparison of the two cell lines revealed higher sensitivity of 3T3 fibroblasts towards drug effects in both viability and durotaxis assay as well as in the ECIS wound healing assay.
The presented workflow might be a valuable approach to manage complexity of cell migration studies. Moreover, the innovative durotaxis platform applied may be used in the future for bio-mechano-phramacological screening purposes.
References:

[1] 
R.C.H. Kuo  et al., Adv. Mater. 24 (2012) 6059-6064

[2] 
C.M. Lo et al., Biophys. J. 69 (1995) 2800-2807

Monitoring Dynamic Interactions of  Tumor Cells with Tissue and Immune Cells in a Lab-on-a-Chip 
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We have developed a complementary cell analysis method to assess the dynamic interaction of tumour cells with resident tissue and immune cells using optical light scattering and impedance spectroscopy to shed light on tumour malignancy. The combination of electroanalytical and optical biosensing technologies integrated in a lab-on-a-chip (see Figure 1) allows for continuous, label-free and non-invasive probing of dynamic cell-to-cell interactions between adherent and non-adherent co-cultures, thus providing real-time insights how cancer cells interact and respond with their microenvironment under physiologically relevant conditions. While the study of adherent co-cultures is important for the understanding and suppression of tumour invasion, the analysis of the interaction of tumour cells with non-adherent immune cells plays a vital role in cancer immunotherapy research. For the first time direct cell-to-cell interactions of tumour cells with bead-activated primary T cells was continuously assessed using effector cell to target cell ratio (E:T) of 10:1.
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Figure 1: The newly developed impedance cell monitoring system comprises of individually addressable impedance sensor arrays (IDES) and integrated organic photodetector (OPD) arrays. 

Impedance Spectroscopy Studies of Poly(ethylenimine)s-Mediated Cytotoxicity During Gene Transfection.
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Poly(ethylenimine)s (PEIs) are capable of condensing DNA and RNA into stable toroidal and globular nanostructures (Poliplexes) [1]. They are among the most efficient and promising synthetic transfectants but they induce severe cytotoxicity. The mechanisms of PEI-mediated cytotoxicity have not been fully delineated. Electrochemical Impedance Spectroscopy (EIS) is used as a non-invasive biophysical approach for the investigation of the electrical properties of biological materials. In this study EIS has been used to evaluate impedance changes due to the polycation perturbations on a cell population. HeLa cells have been cultured on laminin-coated gold interdigitated electrode arrays integrated into a 12 chambers tailor-made microfluidic cell culture platform. Multiplexed EIS data were acquired using a 24-channel miniaturized potentiostat (30 points between 100 Hz and 100k-Hz) [2]. To provide optimal detection conditions two alternative sensing configurations (a single working electrode (WE) versus a large, distant counter electrode (CE) (vertical), and the interdigitated configuration (WEa comb versus WEb comb) (coplanar) ) have been used. The experiments have been performed by initially seeding about 103 cells in each chamber. After 24 hours, different concentrations of PEIs have been introduced and the incubation continued. Cell adhesion, growth and PEI-cytotoxicity have been detected in real-time by following impedance changes [Fig. 1]. Microscopic imaging and MTS assays are used as complementary parameters. Ongoing experiments aim to real-time monitoring of gene transfection in order to detect onsets of apoptosis/necrosis induced by different cationic polyplexes. This approach can contributes to a clearer mechanistic understanding of polycation-modulated cellular functions and cell death and could initiate rational approaches for engineering of safer vectors for nucleic acid transfection.
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Figure 1: (a) SEM images of HeLa cells on the microelectrode chip; (b) example of Cell Index (CI) tracking over time at 24kHz for the vertical sensing configuration).
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Real-Time Impedance Analysis of the Toxic Effect of Nanoparticles on Mammalian Cell Lines 
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Nanoparticles are widely used for many applications nowadays. Tunherefore the amount of technological products becoming available to the customers has been increased constantly. On the other hand concerns have been raised regarding the harm and the potential health risk of nanoparticles. Hence the determination of the toxic effect of nanoparticles is both scientific and public interest. Especially it needs further investigation which potential risk nanoparticles pose to humans and to the environment. Previous studies showed possible hazardous effects of nanoparticles therefore it is important to get a better knowledge of the potential risks.

In this study titanium dioxide and zinc oxide nanoparticles were examined for their toxic effects on different cell lines. Concentrating on the possible adsorption of the nanoparticles into the human organism, via the skin and via the respiratory tract, commonly used cell lines such as fibroblasts (NIH-3T3) and human lung adenocarcinoma epithelial cell line (A549) are tested.  To measure the active metabolism indicating cell viability the MTT assay is a standard photometric endpoint assay. Therefore the viability of the cells cultivated with different concentration of nanoparticles in the medium was determined by MTT assay. Based on the results dose-dependent curves were approached and the inhibitory concentration (IC50) values were calculated. Afterwards the observed IC50 values via endpoint assay were used for electric cell-substrate impedance sensing (ECIS). Clearly the advantage of this method is the on-line and continuous monitoring of the cellular behavior.

First results demonstrate a significant deterioration of the cell viability after cultivation with zinc oxide nanoparticles. NIH-3T3 cells with an IC50 value of 15 µg/cm² are more sensitive than A549 cells with 20 µg/cm². Moreover ECIS shows an impedance signal decrease after addition of zinc oxide nanoparticles. This indicates that the toxic effect occurs immediately. Up to now both cell lines exhibited no significant cytotoxicity up to 100 µg/cm² with TiO2 nanoparticles.

Determination of the Limit of Validity of the Giaever and Keese Model for very Small Microelectrodes in ECIS.
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The Giaever and Keese model allows the estimation of parameters with physical meaning based on electrical impedance spectra measurements in ECIS. The model assumes a symmetry consistent with an microelectrode of infinite size. Or in other words that a large number of individual cells sit on the cell monolayer. This is a very good assumption for the standard microelectrode of 250 microns diameter. Depending on the cell size on this microelectrode sit hundreds of cells.

However as the microelectrode size is reduced border effects appear. For the limit case of microelectrode diameters that are of the order of the cell size we expect this border effects to be important.

The objective of this work is two fold. On one hand we want to quantify the border effects experimentally to find out how important they are for microelectrode sizes of the order of a single cell diameter . On the other hand we want to determine the smaller microelectrode diameter for which the border effects are small enough to be accurately modeled by Giaever and Keese model.

We measured ECIS electrical impedance spectra for 24 microelectrode diameters in the range 30 microns-500 microns for the same confluent MDCK cells monolayer. We established that for  microelectrode diameters smaller than 110 microns the experimental results (normalized resistances and capacitances) departure from the Giaever and Keese model.

We believe that the reason for the discrepancy is the existence of a “leakage current”. That is near the edge of the microelectrode the spatially averaged electrical current is not longer in the vertical direction but it exists a lateral (radial) component not taken into account by the model. We extended the Giaever and Keese model to take this finite size effect of the microelectrodes into account and we obtained a better agreement with the experiment results.

Electrical Fluctuation Analysis of Cell Micromotion by 
Hilbert-Huang Transform
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Electric cell-based impedance sensing (ECIS) has been widely used in biomedical research. As cells attach and spread on the sensing electrode, they restrict the current flow and hence cause the increase of electrical impedance. Furthermore, cell motion may reveal itself as a fluctuation in the measured impedance, which is always associated with living cells and persists even when the cells grow into a confluent layer. The impedance fluctuations are mainly due to a change in the size of the cell-substrate space as cells persistently rearrange their cell-substrate adhesion sites. The magnitude of this sort of vertical motion detected by ECIS is of the order of nanometers and referred to as micromotion. In this study, Hilbert-Huang transform ADDIN EN.CITE <EndNote><Cite><Author>N.E. Huang</Author><Year>1998</Year><RecNum>1</RecNum><record><rec-number>1</rec-number><foreign-keys><key app="EN" db-id="s220rrdwpwarayetprqxeew895a5rdwdwdtr">1</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>N.E. Huang, </author><author>Z. Shen,</author><author>S.R. Long,</author><author>M.C. Wu,</author><author>H.H. Shih,</author><author>Q. Zheng,</author><author>N.C. Yen,</author><author>C.C. Tung,</author><author>H.H. Liu,</author></authors></contributors><titles><title>The empirical mode decomposition and the Hilbert spectrum for nonlinear and non-stationary time series analysis</title><secondary-title>Proceedings of the Royal Society of London. Series A: Mathematical, Physical and Engineering Sciences</secondary-title></titles><periodical><full-title>Proceedings of the Royal Society of London. Series A: Mathematical, Physical and Engineering Sciences</full-title></periodical><pages>903-995</pages><volume>454</volume><number>1971</number><dates><year>1998</year></dates><isbn>1364-5021</isbn><urls></urls></record></Cite></EndNote> was applied to distinguish the effect of TFG-β on MDA-MB-231 and MCF-7 cell layers, a highly invasive and a non-invasive human breast carcinoma cell lines. This method consists of two procedures: empirical mode decomposition (EMD) and Hilbert spectral analysis. The measured impedance fluctuations were decomposed into several intrinsic mode functions (IMFs) by EMD, and then these IMFs were transferred to instantaneous frequencies by Hilbert spectral analysis. While the analysis demonstrated similar pattern of IMFs and Hilbert spectrum, it was difficult to distinguish the difference between the effect of TFG-β on MDA-MB-231 and MCF-7 cells. In order to quantify the Hilbert spectrum, we used accumulating power spectral density as a spectral index to illustrate the spectrum differences. The analysis shown that TGF-β treated MDA-MB-231 cells had lower spectral index than that of control group; in contrast, there were no significant index changes between TGF-β treated MCF-7 cells and the control. Our results suggest that treatment of MDA-MB-231 cells with TGF-β facilitates their scattering behavior.
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Toxicity of Surfactants on Cultured Human Cells: Comparison of Different Methods
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Determination of the toxic effects of drug candidates and excipients is important in drug development. Cell based assays are suitable to investigate adverse effects of substances by screening and correlate well with in vivo studies. Colorimetric end-point tests (tetrazolium dye conversion, measurement of enzyme release from damaged cells), morphological examinations (fluorescent stainings of cell organelles, light and electron microscopy) and recently impedance based cell microelectronic sensing are widely used to determine cell viability or death.

Surface active agents are widely used by food and cosmetic industry, and they also enhance drug dissolution and permeability through biological barriers. Tween 80 and cremophors are clinically applied drug excipients, which increase the dissolution of highly lipophilic drugs and improve the uptake of active agents. Sucrose esters are increasingly investigated as novel excipients. Because of their potential clinical application the toxicity and side effects of these molecules should be carefully tested.

Our aim was to compare (i) the cellular toxicity of sucrose esters with reference surfactants, and (ii) the applicability of end-point cytotoxicity assays with impedance based real-time cell microelectric sensing (RTCA-SP, ACEA). The following end-point colorimetric and morphological assays were used: 

· MTT dye conversion: viable cells convert the yellow MTT dye to purple formazan crystals. The conversion depends on the metabolic activity of cells.

· Lactate dehydrogenase enzyme release: if the plasma membrane is damaged the enzyme is released into the extracellular space. The amount of released enzyme is determined by a commercially avaible kit (Cytotoxicity Detection Kit, Roche).

· Double cell nuclei staining: cells are stained simultanously by ethidium homodimer-1 (nucleus of dead cells) and Hoechest 33342 (nucleus of all cells) and examined by fluorescent microscopy. The ratio of dead/viable cells can be calculated.

Human intestinal epithelial Caco-2, nasal epithelial RPMI 2650 and endothelial hCMEC/D3 cell lines were used for the toxicity tests. Examined surfactants: M1695, D-1216 sucrose esters, Tween 80, Cremophor EL and RH40.

All surfactants caused dose- and time-dependent cellular toxicity. Surfactants interfered with colorimetric end-point assays at high concentrations. Impedance measurement gave kinetic information on cell viability and correlated well with the other methods [1,2]. Based on our results novel cell microelectric sensing is a sensitive and reliable tool to measure real-time the toxic effect of substances at a broad range of concentrations in cultured cells.
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Cell Adhesion and Proliferation of BeWo Choriocarcinoma Cell Line Induced by GnRH-III Based Targeted Systems 
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The gonadotropin-releasing hormone (GnRH) and its heptahelical type GnRH receptor have been found in tumors of reproductive tissues. The direct application of GnRH analogs (e.g. GnRH-III) to reproductive tumor cells causes an attenuation of cell proliferation as well as modulation of cell adhesion [1, 2]. The GnRH analog, recognizing GnRH receptor on cancer cells could be utilized to deliver a cytotoxic drug selectively to the tumors (targeted drug delivery) [2].
In our present work (i) the effect on the cell adhesion, and (ii) antiproliferative/cytotoxic property of the GnRH-III derivatives and their drug-containing conjugates were evaluated.
The tested ligands were various monomer and dimer GnRH-III peptides with tumor targeting potency and their conjugates where cytotoxic agents (doxorubicin – Dox, daunomicin - Dau) were linked directly or through enzyme-labile GFLG sequence to the peptide carrier. The BeWo, a human choriocarcinoma cell line served as our in vitro model. To analyze the antiproliferative effects of the ligands MTT assay was used after 48 and 72 h of incubation. Adhesion of model cells was evaluated by the impedance-based technique of ECIS.

Our results showed that the native GnRH-III had slight, but significant antiproliferative effects after 72 h, while the GnRH-III dimer, in which two GnRH-III derivatives were directly coupled via disulfide bridge ([GnRH-III(C)]2) was ineffective. The GnRH-III(Dox) conjugate without spacer proved to more cytotoxic than the Dau containing analog (GnRH-III(Dau)). Neither the presence of GFLG spacer in GnRH-III(Dau-GFLG) nor the dimerization ([GnRH-III(Dau-C)]2) failed to improve the cytotoxic activity of GnRH-III(Dau) conjugate. Both of the GnRH-III variants employed as delivery unit and the drug-containing conjugates could influence the cell adhesion properties of choriocarcinoma cells. 
In conclusion, the notable antiproliferative effect of GnRH-III peptides and conjugates and the favorably changed adhesive ability in tumor cells underlines the prospective significance of GnRH based conjugates in treatment of tumours related to reproductive system.
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Monitoring of the Effect of Oligotuftsin Derivatives on the Adhesion of Crevicular Fluid Cells
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Backgrounds: Gingival sulcus is a preformed, 1-2 mm deep physiological space between the gingiva and the teeth. Gingivitis, periodontitis etc. cause characteristic changes in sulcus depth as well as in the cellular composition of the crevicular fluid (CF), therefore this space and its elements are also in the focus of prevention of periodontitis, gingivitis and plaque formation.

Objectives: The aims of the present work were: (i) whether impedance based techniques are appropriate to detect adhesion of CF-cells; (ii) do members of an oligotusftsin library (TX5-TX55) have significant effects on CF-cell adhesion; (iii) is there any difference in responsiveness in samples representing different diseases; (iv) is there any correlation between cell populations/CD markers and responsiveness of CF-cells?

Materials and methods: Members of the tested oligotusftsin library were representing modifications of the parent oligomer peptide [TKPKG] sequence. Cell adhesion of CF-cells was monitored in a real-time mode (24h) by xCELLigence SP (Roche). CD marker profiling (CD3, 11b-c, 14, 16, 18, 45, 49d, 62L, HLA-DR) of samples of CF-cells was carried out by direct immunocytochemistry and evaluation was done by flow cytometry (FACSCalibur, Beckton Dickinson). Samples of 120 patients were analysed. ANOVA test was used for statistical evaluation of data. 
Results: Strong cell adhesion of CF-cell samples was detected on 1 µl/cm2 fibronectin coated surfaces, which property was influenced/blocked by the TX5-TX55 oligotuftsin derivatives, out of which TX45 10-6M was the most effective. Diverse responsiveness was detected in samples of different pathological backgrounds (periodontitis, gingivitis, dental plaque, caries, cancer).

Conclusions: We conclude that (i) some oligotuftsin ligands are able to modulate cell adhesion of CF-cells in a disease/clinical stage dependent way; (ii) the effect of oligituftsins is dependent on the size and sequence of the molecule; (iii) it is presumed that differences in molecular structures expressed in surface membrane are responsible for diversities detected in CF cell adhesion (e.g. CD49d) and in effector functions (CD11b and c) depending on clinical conditions.
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Fig. 1 Inhibitory effect of TX35-55 oligotuftsin derivatives on cell adhesion of CF cells

Effect of Heart Scaffold ECM Proteins on Cell Adhesion of Cardiac Myocytes - Model Experiments on Cell Adhesion Based Loading of Porcine Heart Scaffold 
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Introduction: Experiments on porcine heart-scaffold represent significant pilot assays in development bioequivalent and immunologically inert materials of human cardiac surgery. Characterization the molecular backgrounds of cell-cell (cardiac myocyte – endothel) and cell-scaffold (ECM - cardiac myocyte or endothel) interactions are essential to design optimal scaffold loading and to have histologically proper, working structures. Impedimetry is one of the most dedicated techniques to measure cell-cell and cell-ECM interactions. Sensitivity of detector systems is high enough to distinguish molecule dependent responses of cell adhesion in a real-time mode. 

Method and materials: The model cells of our experiments were: HT1080 fibrosarcoma cell line, HMEC-1 human endothelial cells and HCM human cardiac myocytes (Promo Cell). In the present experiments xCELLigence SP analysis was applied in E-plates. Values of impedance were expressed in cell index (CI), which corresponds well the cell adhesion activity. The gold-plated microelectrodes of the 96 well plate were coated in 1:100, 1:10 and 1:1 concentrations for 30 min with: (i) heart-substance (HS) which was derived from a porcine de-cellularized heart solved in distilled water and (ii) fibronectin (FN) as adhesion enhancer and modifier. Control wells were non-treated. Culture medium of the investigated cell lines was used for calibration of equipment.  For the statistical evaluation of data ANOVA one-way tests were performed.

Results: Cell adhesion of HT1080 fibrosarcoma cells was increased significantly on FN coated surfaces (CI mean 0.812 + 0.058) compared both to the control (distilled water; CI mean 0.447 + 0.054) and HS coated samples (CI mean 0.471 + 0.066).  Surfaces coated in  combination with FN+HS proved to induce similar cell adhesion of HT1080 cells (CI mean 0.801 + 0.062) as surfaces coated with only FN (values in the short run). Assays evaluating ECM peptide effects on the adhesion of endothels or cardiac myocytes resulted similar adhesion profiles.
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Figure 1 Cell adhesion of HT1080 cells on electrodes coated ECM proteins A: red – fibronectin (FN), blue - control; B: green – fibronectin (FN) + heart substance (HS), red – fibronectin (FN), blue - heart substance (HS)
Conclusions: Our study shows that the extract prepared from the porcine heart scaffold containing mixture (HS) of ECM peptides has a characteristic cell adhesion blocker effect on normal and pathological myocytes and on endothels. In contrast, fibronectin (FN), has a strong cell adhesion inducer behavior alone and in combinations on the originally adhesion blocker heart substance (HS). The experiment calls attention to the absolute practical importance of fibronectin in scaffold loading. 

Barrier Changes in L-Ornithine Induced Acute Pancreatitis and in L-Ornithine Treated Cultured Brain Endothelial Cells
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The early steps in the pathogenesis of severe acute pancreatitis is not known in details. Pancreatic encephalopathy characterised by brain oedema and neuronal death develops in 20 % of patients with acute necrotising pancreatitis. Our group previously described an elevated blood-brain barrier (BBB) permeability in parallel with increased blood cytokine levels especially interleukin-6 and tumor necrosis factor-α in taurocholate induced acute pancreatitis in rats [1]. A new non-invasive animal model has been recently developed and characterised in which acute pancreatitis is induced by the intraperitoneal injection of cationic amino acids (L-ornithine, L-lysine, L-arginine) [2].

Our team demonstrated for the first time that BBB function and morphology were damaged in L-ornithine induced pancreatitis in male Wistar rats. An elevated dye extravasation to the brain was detected by in vivo permeability experiments, but no change in lung and liver permeability was measured. 

The goal of the study was also to reveal whether L-ornithine has a direct effect on brain microvessel endothelial cells forming the BBB. Primary cultures of rat cerebral endothelial cells were monitored by real time cell electronic sensing. Parallelly cell viability was also monitored by MTT assay. Transendothelial and paracellular permeability was tested with dye marker molecules to investigate the effects of L-ornithine on the barrier integrity of brain endothelial cells. 

In high concentration L-ornithine decreased the impedance of brain endothelial cell layers measured by by RTCA-SP equipment (ACEA). The biologically less active isomer D-ornithine had a smaller effect. This toxic effect of L-ornithin was confirmed by MTT assay. Transendothelial electronic resistance measured across cell monolayers by EVOM Volt-ohm meter (WPI) was also dropped after L-ornithine treatment. Permeability of cell monolayers for para- and transcellular marker molecules were also elevated by ornithine. In conclusion the blood-brain barrier damage seen in L-ornithine induced acute pancreatitis model was confirmed on L-ornithine treated cultured brain endothelial cells indicating that a direct effect of L-ornithine contributes to the BBB dysfunction.
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Comparing the Effects of VEGF and Angiotensin II on Endothelial Permeability Measured by ECIS and Transwell Assay
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Permeability of vascular endothelium mediates blood-tissue exchange of plasma fluids, nutrients, and metabolic wastes, hence playing a pivotal role both under physiological and pathophysiological conditions. However, the regulation of this vascular permeability remains to be fully understood. Recently, we have demonstrated that angiotensin increases both the fenestration and permeability of human umbilical vein endothelial cell culture when measured with transwell assay and ECIS. These increases compared with the effects of VEGF revealed different dynamism and efficacy in short term. This study was prompted to uncover the effects of the same agents during long treatment (48 hours administration time) and to systemically compare the two in vitro permeability measurement techniques i.e. the transwell assay and the ECIS. Results demonstrated that using 40 kD FITC dextran for the assay, both techniques showed similar direction and magnitude in changes, while they provide different additional information. ECIS is a quantitative and real-time method for following the changes in electrical impedance to characterize the permeability. Employing FITC dextran provides detailed information on the molecular size which can get through membrane and can be used in distinct time points. Thus, the combined use of these two methods are recommended to get more in depth information on endothelial permeability.
Microvascular Endothelial Cells Responses towards Dengue Virus Infection
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Increased vascular permeability, plasma leakage, microvascular bleeding and impaired coagulation system are key features of dengue infections [1]. The endothelium is the primary fluid barrier of the vasculature. Despite finding DENV infections in endothelial cells (ECs), little evidence have shown these cells to be direct targets of DENV, and hence, it has been postulated that ECs responses including inappropriate cytokine signaling and modulation of complement pathways [2] that lead to disruptions in the endothelial glycocalyx layer functions [3]. With the lack of proper animal models to represent dengue manifestation in human, the role of DENV-infected ECs in the aspect of infection kinetics, timing, and effects remains obscure.
In our study, we applied the electrical cell-substrate impedance sensing (ECIS) system to understand the endothelium immunopathology during DENV infections. We used two different microvascular endothelial cells, (i) transfected human brain microvascular (THBMEC) and (ii) human pulmonary microvascular endothelial cells (HPMECs). Both the brain and lung have been previously shown to be infected with DENV [4-5]. We noted that infection with all 4 DENV serotypes at MOI 5.0 displayed an immediate response in both ECs tested. In the THMBEC, the resistance (R) of DENV-infected cells decreased immediately upon infection. The R of infected-THMBEC remained below the control, however with a constant increase; by 24 hours the barrier function infected cells recovered and remained well-over the controls up to 72 hours. Conversely, the R of DENV-infected HPMECs increased immediately upon infection and within 1.5 hours, a drastic drop in R occurred. In these cells,  the R persisted below the controls throughout the 72 hours indicating impaired barrier function. Using the ECIS model, we noted that the changes in DENV-infected ECs were mainly attributed by barrier resistance (Rb) in both THMBEC and HPMEC. In THMBEC, cell-substrate resistance also displayed minor alteration after 24 hours. Overall, our findings indicate that the microvascular ECs were activated upon DENV-infection and these activation within minutes may have stimulated host response differentially in different target organs. These findings provides the first support to show DENV are likely to disrupt the barrier functions of ECs immediately upon infection. The underlying mechanism and changes that occur within first 24 hours of infection are currently being investigated via whole-genome microarray and cytokine detection.
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Characterization of Cell Based Drug Delivery Models by Microelectric Sensing and Permeability Assays
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Cell-based models are important to understand drug penetration across the blood-brain, the intestinal and nasal barriers. Recently we have developed several cell culture models suitable for drug transport studies [1; 2]. The aim of our investigations was to determine the effects of a drug candidate, tesmilifene and of potential novel pharmaceutical excipients on three cell culture-based models by microelectric sensing (RTCA-SP, ACEA Biosciences) and permeability assays. 

Tesmilifene is a tamoxifen-related compound which has chemopotentiating properties both in experimental and in clinical cancer studies. In patients, treatment with tesmilifene caused temporary, acute central nervous system side-effects indicating the opening of the blood-brain barrier (BBB). Previous studies from our laboratory have shown that tesmilifene increases the permeability of the BBB in rats. Sucrose esters are non-ionic surfactants and promising candidates for improving solubility and permeability of drugs and therapeutical molecules across biological barriers. Tween 80 and Cremophor RH40, effective solubilizers widely used in food and drug industry, were employed as reference surfactants. Primary rat brain endothelial cells, RPMI 2650 human nasal and Caco-2 human intestinal epithelial cell lines were directly grown either on microelectrodes (96-well E-Plates) to measure impedance or on cell culture inserts with porous membranes (Transwell, Costar) to test compound permeability.

At low concentrations, sucrose esters decreased impedance in a dose and time dependent manner, which proved to be reversible. The reference and novel surfactants increased the paracellular flux of marker molecules in both epithelial cell lines. Tesmilifene decreased the impedance of brain endothelial monolayers, and this effect was reversed by 18 hours. Short term treatment with tesmilifene increased the permeability of marker molecules across brain endothelial monolayers.

Real-time impedance measurements on adherent cell monolayers helped to determine optimal time points and concentrations for permeability assays. Barrier integrity changes measured by microelectric sensing and permeability data were in agreement in all three models.
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Influences of Different Blood Brain Barrier (BBB) Basement Membrane ECM Molecules on Brain Trans-endothelial Electrical Resistance
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Introduction: The Blood Brain Barrier (BBB) consists of endothelial cells (ECs) with specialised tight junctions (TJs), astrocytes, pericytes and specific ECM molecules. While much is known concerning the cells that make up the BBB and the important role of each to BBB function, little is recognised in regard to the contribution of the extracellular matrix (ECM) proteins that make up the basement membranes (BM), a dynamic thin sheet-like structures of extracellular matrix that provide a supporting structure. 

Aims: To determine the effect of BM-ECM components on endothelial cell proliferation, adhesion and trans-endothelial electrical resistance (TEER) values. 

Methods: Human brain cerebral microvascular endothelial cells (hCMEC/D3) were used in the present study. Cell seeding number was optimized for high TEER values and then plated on different ECM molecules such as laminin (25-75 µg/ml), fibronectin (1-5 µg/ml), collagen type IV (7-10 µg/ml), agrin (1-3.5 µg/ml), and perlecan (2.5-10 µg/ml) under increasing concentrations and assessed for proliferation, adhesion and TEER changes using an Electric Cell-Substrate Impedance Sensing (ECIS) system using 8W10E+ plates. Tight Junction protein expression was examined using Western blot. 

Results: The individual optimal ECM concentrations for the highest and longest TEER values differed depending on ECM molecule and concentration. Cells plated on fibronectin and collagen type IV demonstrated highest TEER values compared to others. Interestingly, agrin at only 1 µg/ml had a significant effect on endothelial cell TEER values. Cell adhesion (%) correlated with TEER values obtained. Western blotting revealed that ECM molecules enhanced tight junction protein expression. 

Conclusion: Our preliminary results demonstrate that different BBB basement membrane molecules have varied and profound effects on TEER values, one indicator of BBB function. In addition, information concerning agrin and perlecan and their influence on brain endothelial cells in this context is novel. We are now looking at the effects of different ECM molecules on astrocytes and pericytes. 

Non-Invasive Impedance Readings to Monitor Intracellular Signal Transduction Cascades
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Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg, Regensburg (Germany) 

sonja.lukic@chemie.uni-r.de 

Most cell-surface receptors are functionally coupled to intracellular signaling cascades. Within these cascades, second messenger molecules are produced that amplify the extracellular signal (ligand) and transmit it to its intracellular target. Commonly the activation of a given signaling pathway is monitored by measuring the concentration of the corresponding second messenger with the help of specific labels or probes. Whenever a given signaling cascade induces minute changes in cell shape upon activation, ECIS can be used as a label-free and time-resolved monitoring technology. It provides an entirely unbiased perspective on the cell response and may even disclose the activation of more than one signaling cascade.

It was the objective of this project to study the response of different mammalian cell types to the activation of intracellular signaling pathways by (i) applying a receptor agonist to the extracellular medium, (ii) introducing membrane-permeable second messenger derivatives or (iii) electroporation of unmodified, membrane-impermeable second messengers. 

To establish the assay, bovine aortic endothelial cells (BAEC) were first used as cellular model system as they are known express β-adrenergic receptors on their membrane surface, which are coupled to the cAMP second messenger cascade. Thus, cAMP can be used as a membrane-impermeable, biologically active probe to be introduced into the cells by in situ electroporation. Previous experiments [1] could show strong response of these cells to membrane-permeable derivatives of cAMP like CPT-cAMP (8-(4-Chlorophenylthio)-cAMP).

Optimization of the electroporation process for bovine aortic endothelial cells was first explored using fluorescein-isothiocyanate-dextran (FITC-dextran, 250 kDa) as membrane-impermeable probe before cAMP experiments were conducted. Different electroporation assays were performed where single parameters (amplitude of voltage, pulse duration, incubation time, repetition of pulses) were varied in order to find the most efficient conditions for this specific cell line in terms of probe uptake and non-invasiveness of the procedure. Besides cAMP, BAEC cells were tested to other types of second messengers, such as: cGMP, cCMP, Ca2+ and their corresponding membrane-permeable agonists. 

Along with BAEC cells as the first model system, several other cell lines (NRK, U373, MDCK II, HaCaT, MCF-7 and CHO cells) have been studied with respect to their response to second messengers and their membrane-permeable agonists. 

For all experiments included in this study, commercially available ECISTM electrode arrays with 8 wells and 4 electrodes in each well (8W4E-micro) have been used.
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Comparison of Real-Time Impedance-Based Analysis in Mouse Leydig cells with Traditional Cytotoxicity Approach 
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The aim of this study was to compare different approaches for cytotoxicity detection in mouse Leydig TM3 cell line. The effects of three model toxicants with different cytotoxicity mechanisms (Triton X-100, chloroquine, sodium azide) were evaluated using an electrical impedance-based, dye-free, real-time system (RTCA xCelligence SP) and also using traditional cytoxicity assays based on colorimetric and fluorescent dyes, namely: (1) alamar blue assay for metabolic activity, (2) CFDA-AM assay for membrane integrity, and (3) neutral red uptake assay for lysosomal function. Traditional assays were performed in semi-unison design, when evaluated within the same multiwell plate and read at three different wavelengths. Depending on the assay used, major differences were observed in the calculated EC50-values for the cytotoxic effects of all three model toxicants: Triton X-100 (2-h exposure: from 0.02 up to 0.24 mM; 24-h exposure: from 0.14 up to 0.05 mM), chloroquine (2-h exposure: from 1 up to 5 mM; 24-h exposure: from 0.1 up to 0.5 mM) and sodium azide (2-h exposure: from 50 up to 399 mM; 24-h exposure: from 5 up to 58 mM). Our results confirmed that sensitivity of different cytotoxicity assays strongly depends on mechanism of cytotoxicity and cell death, however, neutral red uptake assay and impedance-based measurements were generally able to detect cytotoxic effects most sensitively after 24-h exposure, the latter method with the benefit of being non-destructive and providing continuous and real-time data on cytotoxicity. 
Cell Adhesion Measured with Reduced Graphene Oxide Microribbons 
L.E. Delle XE "Delle, LE" , J.K.Y. Law XE "Law, JKY" , M. Weil XE "Weil, M" , X.T. Vu XE "Vu, XT"  and S. Ingebrandt XE "Ingebrandt, S" 
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Recently, graphene has been identified as one of the most promising materials because of its extraordinary physicochemical and structural properties. With an extremely high charge carrier mobility and capacity, graphene gained enormous interest in the field of electronic sensor applications. Nevertheless, it is still a challenge to manufacture layers of graphene with minimum thickness in the nanometer scale [1]. 
In the present work, reduced graphene oxide (rGO) serves as a transducer for the impedimetric detection of cell adhesion of human embryonic kidney cells (HEK 293). A fast, substrate-independent and low-cost soft-lithographic method called “Micromolding in capillaries” (MIMIC) [2] was used for the production of graphene oxide (GO) microribbons. GO lines (length: 1 cm, width 10 µm) were deposited on a silanized glass substrate using the MIMIC technique and could be reduced by L-ascorbic acid to rGO. The lines were contacted at both ends by 300 nm thick gold pads, which have been deposited by sputtering through a shadow mask. The conductive rGO lines were characterized physically by atomic force microscopy and scanning electron microscopy (SEM), and electrochemically characterized using impedance spectroscopy. A patterned cells growth on the rGO structures was observed (fig. 1 a) [3]. Cell adhesion on the rGO lines was detected by a change in impedance as well as in phase over a frequency range from 100 Hz – 10,000 kHz. 
Within the sensor setup the rGO microribbons served as the transducer material of the sensor connected to the working electrode (WE) of the impedance analyzer. Measurements were performed vs. an Ag/AgCl reference electrode (RE) immersed in the cell culture medium (fig. 1 b). 

This approach can be regarded as a low-cost alternative of sensors for ECIS.
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Figure 2: a) Colored SEM image of HEK 293 cells growing on rGO microribbons (width 10µm). b) Sensor setup for impedimetric detection of cell adhesion on rGO microribbons.
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PEDOT/PSS as Electrode Material for Impedance and QCM Analysis of Adherent Cell Monolayers 
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Conducting Polymers have recently gained increasing attention for their use as electrode material in various applications, replacing well-established metals and semimetals like gold and indium tin oxide. Among all conducting polymers PEDOT/PSS has emerged as the one with the greatest potential due to its high conductivity, stability and transmissivity for visible light. Its availability as aqueous dispersion makes it accessible to various processing techniques like spin coating, inkjet printing and screen printing. A thin film of PEDOT/PSS shows water and ion uptake when exposed to aqueous media, therefore drastically reducing the charge transfer resistance at the electrode solution interface. This results in a reduction of the electrode impedance at frequencies below 1 kHz, hence enabling impedance measurements of adherent cells in the lower frequency region [1].

In our present work, we are developing a dual system for ECIS and QCM analysis using PEDOT/PSS as electrode material. Visible light transmissivity allows to conduct transmitted-light microscopy simultaneously to ECIS-QCM-recordings and thus an improved correlation between the impedance signal and morphological changes of the cells. Initial QCM measurements of PEDOT/PSS electrodes swelling in cell medium show favorable results with only minor damping of the oscillation compared to gold, shifted to slightly higher frequencies. Both results indicate the suitability of PEDOT/PSS to serve as electrode material in ECIS-QCM dual sensors.
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Figure: Swelling of a PEDOT/PSS QCM-Electrode in MDCK II cell medium within 3 days
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Monitoring Cell Adhesion and Spreading on Porous Membranes 
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Porous filter membranes are commonly used to characterize the electrical properties of adherent cell layers. The transendothelial or transepithelial electric resistance (TER) as well as the cell layer capacitance (CCl) can be determined by extracting the specific values from the frequency-dependent impedance by means of equivalent circuit modelling [1].

Equivalent circuit modelling is, however, only meaningful, when the monolayer is confluent. Otherwise the parameters of the equivalent circuit are ambiguous with respect to their interpretation. We have transferred the concept commonly applied in ECIS-based assays to use the impedance raw data (impedance, resistance, capacitance) to monitor the cells without any modelling involved. 

When ECIS is used to monitor the attachment and spreading of suspended cells or the increasing coverage of the electrode in general, high frequency capacitance readings (f > 10 kHz) are favorably used. These kind of assays are difficult on porous membranes due to their extended surface area. With the commonly used filters with a surface area of more than 0.5 cm² the resistance of the bulk masks the cell-based impedance.

In this project an additional serial capacitor is integrated in the experimental setup to observe cell attachment on porous polycarbonate filter inserts. The permeable membrane is placed between two disc shaped steel electrodes in defined distances. A bipolar capacitor is connected in series (Cser) to the electrode system and the impedance is recorded in a frequency dependent manner. MDCKII cells are seeded to confluence and the capacitance is observed in real time to follow cell attachment and spreading. The additional capacitor increases the imaginary part of the impedance at this high frequency, so that the time course of the capacitance is significantly less noisy and makes readings accessible. The poster shows proof-of-concept experiments and demonstrates the availability of time course capacitance measurements even for filter grown cells with filter surfaces bigger than 0.5 cm². 
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Interfacing Neurons with Reduced Graphene Oxide Lines for ECIS
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Abstract: Ever since the research field of biosensing is growing steadily, new materials for sensors with advanced properties are in great demand. Graphene and graphene oxide has gained more interest due to their unique and superior characteristics. In the present study, reduced graphene oxide (rGO) devices were fabricated by the micromolding in capillaries (MiMiC) technique. Primary neurons were cultured on top of the encapsulated rGO chips to perform impedance measurements. The change in impedance caused by the neuron adhesion was measured. The results indicated that the rGO devices are suitable biocompatible material and can be used as low-cost alternative sensors for ECIS. 

Introduction

Choices of materials for sensor fabrications are important especially when they have direct interface with biological cells. Graphene and graphene oxide (GO) become the focus in material research due to their superior electrical, mechanical, physicochemical, thermal, and biocompatible properties 1[]
. By using the MiMiC technique, GO lines can be generated and further reduced to rGO for sensing applications. Primary neurons were chosen as the cell model for this study since they are very sensitive to the culture environment and the sensor materials. Sensors for neuronal sensing, therefore, have to show special properties including good biocompatibility in structures and surfaces, as well as high sensitivity for electrical changes in applications. 
[image: image39.png]IBCA




Results and Discussion
The rGO sensors were characterized physically (water contact angle, AFM and SEM) and electrically (IVIUM impedance analyser) before they were used for the measurements. Water contact angle measurements showed the hydrophilicity of the rGO lines, while AFM and SEM measurements confirmed the flat topography of the chips and the adhesion of the cells to the surface (figure 1). Those properties enhance the suitability for the neuronal experiments. In impedance measurements (1 Hz-10 kHz) we found significant changes in impedance when neurons were attached to the surface. 

Conclusions

The performed measurements showed the excellent features of the rGO lines produced by MiMiC. This offers a promising platform for various applications, especially in the field of neuronal biosensing.  
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Neurodegeneration and Neuroprotection - Analyzing the Effects of Oxidative Stress on Neurons Using Impedance Measurements with Field-Effect Transistors
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Diseases like Alzheimer’s, Huntington’s or Parkinson’s disease are some of the most common forms of dementia (4.5 million persons in the United States in 2000 [1]) with occurring cell death having a reported connection to elevated levels of oxidative stress [2, 3]. In the case of Alzheimer’s disease this metabolically imbalance leads to dire consequences like apraxia, agnosia or sundowning.

We propose the use of a field-effect transistor (FET) based testing platform to analyze the possible influence of antioxidants like glutathione on oxidative stress mediated neurodegeneration. Field-effect devices are promising tools for pharmacological research, which have already been used for a variety of different applications ranging from cytotoxicity studies [4, 5] or cancer marker detection [6]. Our device platform does have the advantage that we achieve single cell resolution, which enables studies with cell types not forming confluent tissues.
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In this study neurons from the subventricular zone (SVZ) of mice have been cultivated on FET surfaces coated with poly-D-lysine and laminin and have been in culture for 48 hours before measurement. Impedance spectra analysis was used to examine the effects of oxidative stress (induced by H2O2) on SVZ neurons and possible neuroprotective effects of glutathione treatment.

We were able to observe a distinct impedance difference between neuron covered and non-covered transistor gates, which is correlated to cellular detachment caused by cell damage. Our results indicate the usefulness of our proposed system to monitor degenerative processes in neuronal tissues.

References:

[1] 

L. E. Hebert  et al., Arch Neurol. 60 (2003) 1119-1122

[2] 
J. K. Andersen, Nature Reviews Neuroscience 5 (2004) S18–S25 

[3] 
J. F. Harrison, et al., Nucleic Acids Research 33 (2005) 4660–4671

[4] 
D. Koppenhöfer et al., Biosensors & bioelectronics  40 (2013) 89-95

[5] 
A. Susloparova, et al., Biosensors & bioelectronics 40 (2013) 50-56

[6] 
J. P. Kim et al., Biosensors & bioelectronics 24 (2009) 3372–3378

Study of Long Term Cell Viability using Impedance Spectroscopy Technique
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Biosensors that employ live mammalian cells as sensing elements require precise information about the cell longevity. These biosensors could be stored in an incubator and used during the lifetime of the cells. In this research bovine aortic endothelial cells (BAECs) were used as sensing component for a cell based biosensor. The electric cell-substrate impedance (ECIS) technique was used to monitor BAECs viability over extended time periods. Polydimethylsiloxane (PDMS) cell culturing chambers were fabricated and glued on the commercial ECIS electrodes (Applied Biophysics, Troy, USA). Media was automatically recirculated over the cells by a portable pump, in order to create the conditions required for testing the sensor in the field. By using ECIS technique, it was demonstrated that the BAECs could survive up to 37 days, see Fig. 1 [1].
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Figure 1: Impedance measurements taken over 37 days, during the BAECs viability experiment. Impedance measurements of control media without cell is a straight line. Media was automatically renewed using a micropump and media and waste were steadily flowed over the cells. (a) After 10 hours in culture, the cells formed a uniform monolayer with constant impedance values of 2500 Ω. (b) Impedance measurements starting on the twenty eight day of the experiment. The impedance values were at 2400 Ω, as a proof that the cells were still alive and formed a uniform monolayer. (c) Impedance measurements in the last 60 hours of the BAECs viability experiment. The impedance decreased with larger values as a sign that the BAECs were not alive. The end of the experiment was during the day 37, when all the cells were apoptotic and the impedance value of 300 Ω was generated only by the media.  
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Extended Infectivity Assay – Amplification and Detection of Retroviral Contaminations in a Lab-on-a-Chip
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Retroviral vectors are the most commonly used gene-delivery system in biomedical research due to their stabile integration into the host’s genome and inheritance during cell replication. Despite the recently achieved safety developments using replication-defective retroviral vectors, they still pose a hazard potential of obtaining replication-competent viruses due to recombination events during vector preparation. Consequently, stringent governmental regulations mandate extensive screening for replication-competent retroviruses in all products, vectors and transduced cell lines. Among others cell-based infectivity assays are routinely performed to determine the presence of viral infections or to demonstrate viral clearance. Although cell-based assays are widely used as a quality control tool they still suffer from poor reproducibility, reliability and are time and labor-intensive.

To overcome existing technological limitations we have developed a miniaturized and automated a cell-based microsystem consisting of embedded impedance microsensors enabling non-invasive monitoring of virus infections in cell cultures. Our extended infectivity assay is based on simultaneous cellular virus amplification und cellular virus recognition by combining two microfluidic cell cultures on a single chip platform. While virus amplification and release is performed by M. dunni cells derived from tail skin of a normal female mouse while the resulting viral infection is detected using the indicator cell line PG-4 (cat brain Moloney sarcoma virus-transformed cells). We demonstrated that the integration of two cell cultures in a lab-on-a-chip containing embedded impedance microsensors allows for reliable identification of retrovirus activity within 70 hours using Murine Leukemia Virus based assay.

Next generation Cellular Impedance Spectroscopy? Nanolayer Passivated Impedance Electrodes for Cell Analysis
D. Sticker XE "Sticker, D" 1; M. Rothbauer XE "Rothbauer, M" 1; O. Bethge XE "Bethge, O" 2; H. D. Wanzenboeck XE "Wanzenboeck, HD" 2 and P. Ertl XE "Ertl, P" 1

1 AIT Austrian Institute of Technology GmbH, Muthgasse 11, Vienna (Austria)

2 Vienna University of Technology, Floragasse 7, 1040 Vienna (Austria)
peter.ertl@ait.ac.at
A general electrode design approach for impedance spectroscopy is to minimize the electrode impedance to increases the sensor sensitivity. Therefore all classical systems use metal electrodes which provide a direct conducting electrical contact to the analyte. Because of the physical demand of electrical conductivity only limited number of materials is available today. To overcome this material limitation, we have developed nanolayer passivated impedance electrodes and investigated the effects metal oxide coating on obtained impedance signals. Our approach applies a nanometer thin insulating zirconium and titanium dioxide layers that is deposited using atomic layer deposition (ALD) technique on-top of interdigitated electrode structures. FEM simulations revealed decreased electrical field edge-spikes on the passivated electrode surface compared to classical open electrodes. In other words the electrical current density is distributed more homogeneous across the electrode surface, thus resulting in an increase in cellular sensitivity over the electrode area as seen in Figure 1 [1-3]. The application of a single biocompatible material further allows for uniform surface coatings and modifications to generate improved biointerfaces for cell analysis. Performance evaluation is conducted using ZrO2 passivated electrodes coated with different S-layer proteins and polymers to study the cell-surface interactions. Practical application of nanolayer passivated impedance sensors are demonstrated for nanotoxicological investigations using lung epithelial cells. 
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Figure 1: Normalized current density distribution across a single passivated and unpassivated electrode surface branch embedded in an IDES array.
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Impedance Spectroscopy with Organic Field-effect Transistors for the Analysis of Cell Adhesion
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In the context of the further development of ECIS sensors, the use of polymer materials for sensors fabrication is a very interesting option. Organic field-effect transistors (OFETs) can be used as a sensor for ions, a pH sensor, a glucose sensor, a DNA sensor or a cell sensor [1]. Compared to silicon-based transistors (FETs), polymer-based field effect transistors have significant advantages especially their low fabrication cost and their optical transparency. 
In this work, we present the fabrication and the application of OFET devices to study cell adhesion. Poly(3,4-ethylenedioxythiophene) doped with poly(styrene sulfonate) (PEDOT:PSS) was used as the polymer material. 4×4 arrays of gold interdigitated electrodes were fabricated by a lift-off process on glass substrates. After passivation of the gold contact lines by PECVD, the interdigitated electrode areas were opened and used as the electric contact to the polymer layer. The PEDOT:PSS solution was inkjet-printed on top of the interdigitated electrodes and subsequently annealed in vacuum environment. A thin layer of ethylene glycol was then spin coated on top of the PEDOT:PSS layer and subsequently annealed as well. The use of ethylene glycol increases the electronic performance and enhances the durability of the PEDOT:PSS in aqueous media.
Transfer characteristics of the devices were performed in Phosphate Buffered Saline (PBS). The electrical characterization confirmed that our devices function as OFETs with transconductance values ranging from 0.5 mS up to 20 mS depending on the structure of the interdigitated electrodes with negligible gate leakage currents. The stability and biocompatibility of the fabricated devices were systematically investigated. To study the cell adhesion, HEK cells were cultured on the encapsulated OFETs and impedance spectra of the sensor were measured from 1Hz to 1MHz. 
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Fig. 1 (a) Microscopic image of the OFET device. (b) Transfer characteristics of the OFET device in PBS solution)
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In this work we report the results of a finite element analysis of an impedance based flow cytometry system. 2D and 3D simulations were implemented by Matlab 7.6 and Comsol Multiphysics 4.2, respectively. The results were applied to characterize and forecast the impedance functions when a biologic cell travels along of the vicinity of the measuring electrodes for optimization the further geometric design of detector chips including microfluidic channels and platinum electrodes also.

Impedance based flow cytometry is a well-known and wide spread used cell-counting and characterising method which is powerful to count, sort or differentiate biologic cells, or larger particles which have diverse characteristic physical properties. In our work we modeled the electromagnetic field evolving in the microfluidic environment containing platinum electrodes deposited on borosilicate glass surface and fluidic channel formed in crystalline Silicon. As boundary condition we applied simple Dirichlet-boundary for the electrodes and Neumann-boundaries on the channel walls defining as non-conducting elements.

The impedance characteristics were computed as the single cell travelled along the channel between the electrodes considering different geometric parameters as channel width, electrode lengths, electrode distance of each other, or the distance of the biological cell from the electrodes. DC and AC impedances and lifting forces acting on the biological cell were also computed. In our case Red Blood Cell was dispersed in physiologic saline water as model system. After the optimisation made by FEM we can conclude that for efficient cell detection and differentiation we should provide low applied input voltage on the system. The cells have to be positioned by hydrodynamic focusing close to the electrodes being on the same side of the channel (till cell lysis occurs) although into the middle region if the electrodes are on the opposite sides. Moreover the channel height and the width of the electrodes should be decreased (till clogging danger occurs).
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Fig. 1. Simulated electric field and current density evolving in a microfluidic channel (left) and the DC impedance of the system as the function of the cell position (right).
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Figure 1: Effect of ADP on platelet adhesion





Fig.1. Adhesion of S100A4-GFP and GFP-expressing HT1080 cell line on fibronectin-coated surface.








Figure 1: Colored SEM image of rGO lines with primary neurons





Fig. � SEQ Fig. \* ARABIC �1� Subventricular zone neurons on FET surface (3 days in vitro)
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