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Consensus Conference on Biocompatibility (CCB)
Kdnigswinter, Germany, March 1993
Nephrol Dial Transplant, 9 (Suppl 2): 1-186 (1994)

Biostability

......the ability of a substance to
remain unchanged in a given
biological environment.”
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,Blood, a very peculiar liquid**

...and a perfect medium for extraction!

Plasma

> 900 different compounds

1. Proteins —
= Albumin (60%)
* Immunoglobulins (35%)
" Fibrinogen ( 5%)
2. Water &=

3 Anorganic salts <=m

4. Transport entities

Blood Cells
1. Erythrocytes 4 - 5 x 102
2. Platelets 200-300 x 10° /I

3. Leukocytes 6-8 x 10°/

> 17 different Types
e.g., T,-, T,-cells

— B-cells

; pormons Granulocytes
» Fats _

= Carbohydrates Monocytes

» Enzyms Killer cells

/l

*Johann Wolfgang von Goethe

Faust | (1806)



Extraction:

EUROPAISCHE NORM EN ISO 109934 .

EUROPEAN STANDARD Media and prOCEdureS
NORME EUROPEENNE Mai 2009

ICS5 11.100.20 Ersatz fur EN |50 10583-4:2002 The SOIVentS SeleCted

as extractants shall

Deutsche Fassung

Biclogische Beurteilung von Medizinprodukten —

T e |8 oncal teat ystems.
IR~ TEETESERE- | ) simulate the extraction which
occurs during clinical use of the
device and/or
C) maximize the amount of extract

Deesa Eurcpasche Norm wurde vom CEN am 28, Apnl 2008 angenommen

Extraction media:
1. Polar solutions: Water, saline (0.9%) culture media without serum
2. Unpolar solutions: Vegetable oil (e.g. Sesamoil)

3. Additionally: Ethanol/water (17,5% w/w), PEG 400, DMSO,
culture media & serum



7039

Nano-scaled Biomaterials

Radius Surface Volume

Sphere L
r: 8nm A : 804 nm?2 V:2.144 nm3
r: 6nm A : 452 nm?2 V:904 nm3
- ] 7

r:2nm A : 50 nm2 V: 35nms3
(25%) (6.2%) (1.6%)

&

With decreasing radius
magnitudes for Volume
drop faster than

for areas!

Radius dependence:

3 vs r2

Nanoeffects
always
Surface effects
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Particle Size and Number of Molecules

Expressed at Surface
Consequences for leachables

60[
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Surface molecules

| | | |
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Diameter nm

Re: A Nel et al.,
Science, 311:622 (2006)



RECHA

ECHA — Model Calculation
for Substances
of Very High Concern (SVHC)

Requirements for substances in articles

Example 7: Calculation of the average concentration of a SVHC in an article

A chair consists of a wooden part and a plastic part. The weight of the chair is 2.001 kg.
The wooden part of the chair contains 10 mg of an SVHC. The weight of the wooden part
is 2 kg. The plastic part of the chair contains 1 mg of the same SVHC and weighs 1 g.

The concentration of the SVHC in the chair is calculated using the formula above.

" -3 " _]
CGHCSVHF in whole article [%] > 10 ] 0 25{;-11 10 g . l 0{] - 00005%
g

Conclusion: The average concentration of the SVHC in the chair does not exceed 0.1%
(w/w). Obligations according to Article 7(2) and 33 do not apply.
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Re: I Lynch

Nature Nanotechn, 4:546-547 (2009)
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Protein Deposition on Biomaterials
Sequence under Flow-Conditions

Depositiontime [s]

Timefactor for
boundary layer

a=50% :
formation [s]
) Albumir 0,050 9 -
Fibrinogen 7,4 13
Factor XI| 140,0 8
HMWK 68,0 8
Platelets 260,0 18

D Basmadijian et al.,
Biomaterials, 18: 1511-1522 (1997)



Agglomeration Behaviour of WC and TIN Particles
- at a concentration of 10 pg/mil -

800
- ® TiN in DMEM without serum
3 700 -
| -
2 500 WC in DMEM without serum
) O
& O

@ @
._g 500 \ @
@

@ e @
G 400 o@®® ©
b= ® o ®%
S 300 P
- .
8 200 TiN in DMEM with 10% serum
= m-mmmmﬂmmu

100 WC in DMEM with 10% serum

0 : : : : : :
0 10 20 30 40 50 60

. . Re: A Potthoff et al.,
9680 Time MmN ooy state Phenomena, 15:183-189 (2009)



C3b Complement Binding to Microorganisms

: I
overview

OVERVIEW OF COMPLEMENT C3 C3a C3b C3b
BIOLOGY ‘ ‘ ‘ 1

A queet revalution is paking ‘l|.'||.r in \.rr'nl ment
|L the srucrural, Functiomal amd o -iu.....m

nahips among the mumerous s I|I
. |I-d

C3a
; can csb
with 8 mare e evebaped regulaine - - & |'. .:
et aad cocpenpec imwene oo [N Bt
:ll-:la..rll--iu-.;:lnl- 1 the bislogr of the .u.—|||I:-l||I|::|| ! o ‘:
WySIEm . dtan
C3 convertase
Biology of complement: ghe overture

S—C O

Taroh Kinoshi;

Alternative complement pathway
IS part of innate immunity!

Tebiy 3G Vel 12 8

Re: T Kinoshita,

Immunol Today, 12:291-294 (1991)



C3b Complement Binding
to Biomaterials with OH-Groups

-

Complement activation \ Anhydride modification

¢

C
=0
(=1 = &5 o
(@)

C3b deposition on the surface ﬁ;‘?ﬁg;;agcguz . Jl
X 'o-c-n-c-oi
-0
C5C3 Cab ﬂ
) g
Factor H,
-
Leuk
scvaon RRISEN.  § b C5a* 'ug-n-%-oi
cardiopulmonary
response

C3 and C5 convertases
Surface modification that may alter enzyme
formation (C3b-, C3bBb), protein interaction
(factor H), and the binding of biological
mediators (C5a)

Re: R Johnson et al.,
Blood Purif, 8:318-328 (1990)



Complement Activation by Polysaccharides (PS)
- PS linked to microtiter plates (solid phase) -

A Ca.80 pg/ml
60
n=2x4+SD
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pyranose
PS linked to microtiter plates precoated with K1: no poly-saccharide (PS)
activated human serum albumin (mHSA). K2: no PS, serum with complement and activator

K3: blank (no PS, no serum)



Complement Activation by Polysaccharides
- PS exposed to serum in solution -
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Source for C3: human serum (A113)
K4: no sugar, control for spontaneous complement activation



Synergistic Effects of C5a and Endotoxins (ET)

Need to avoid the simultaneous presence of both stimuli

Stimulus
Cha ET

ng/ml

50| 1

50| 0

25 10

251 1

IL-1 U/ml

S. Okusawa et al,
0699 J Immunol, 139:2635-2640 (1987)



Blood Pressure Regulation
through negatively charged surfaces
and subsequent contact-phase activation

Endotoxins,
neg. charged

surfaces

i Prekallikrein
Factor Xlla m:u::>u HMW Kininogen
Kallikrein ito———— PhOSphSMﬂdS
Bradykinin o0 >ﬂ
ACE-Inhibitors

Prostaglandins

‘Il‘ Stop PgE,, Pgl,
ACE ﬂ

(Angiotensin converting enzyme,

ACE from lungs and tissue, :
> Short half-life of bradykinin) Blood Pressure Regulation ‘

0222



Bradykinin Generation in Plasma
by negatively charged surfaces

400

5 min after onset of dialysis 3276 g arterial
= : 'r\lflia{‘OJf SEM I Venous
O 300fF
E
- No charge +charge -charge No charge
‘= 200
=
>
e
©  100F
m

0
Cellulose DEAE PAN (AN69) Polysulfone
-Cellulose

Verresen et al,
0225 Kidney Int; 45: 1497-1503 (1994)



ACE-Inhibitors and Anaphylactoid Reactions

Systolic blood pressure mm/hg
Heart rate beats/min

1244

Sheep Model

160 -

120 +

80-:

R e

rt rate
ANG69 (0) = no ACE-inhibitors

40

160 -
1204
80

! N :
0 Systolic blood pressure ANG69 (20) = 20 mg/day Enalapril

160 1 *
-:’_4...___ I _I.. -/.Heartrate CL..I..
NG e gt S+ S S EE 20 T8
40 1 ANG9 (30) =30 mg/day Enalapril

0 5 10 15 20 25 30 35 40 45 50 55 60

* * \ %
Systolic blood pressure

Membrane: AN69 (PAN) Time min

Krieter et al,
Kidney Int, 53: 1026-35 (1998)



ACE-Inhibitor Arelix

Warnhinweise: Warning

Bei der gleichzeitigen Anwendung von Arelix ACE
und bestimmten Behandlungsmethoden (extra-

l 1—5 _ kor takt
mrd!x ACE) (negatively chargedonfg|yt mit negativ geladenen Oberflachen fiih-

surfaces)

ren (z B. Dialyse oder Hamofiltration mit be-
stimmten Dialysemembranen oder LDL-Apherese
mit Dextransulfat), besteht die Gefahr, dass
schwere Uberempfindlichkeitsreaktionen (ana-
phylaktoide Reaktionen) bis hin zum lebensbe-
drohlichen Schock auftreten konnen. Dies gilt

no PAN-methallylsulfonatgych fiir eine Therapie zur Schwéchung bzw. Auf-

no dextransulfate \
. ¥Aventis

Sehr geehrte Patientin, sehr geehrter Patient,
bitte lesen Sie die folgende Gebrauchsinforma-
tion — auch vor Anbruch jeder neuen Packung -
aufmerksam durch. Sie enthdlt wichtige Informa-
tionen dariiber, was Sie bei der Anwendung
dieses Arzneimittels beachten sollen. Diese Pa-
ckungsbeilage wird regelmaBig neuen Erkennt-
nissen angepasst (siehe unter »Stand der Informa-
tion«), Wenden Sie sich bel Fragen bitte an Ihren
Arzt oder Apotheker.

hebung der allergischen Reaktionsbereitschaft
(Desensibilisierungstherapie) gegen Insektengifte.

Arelix ACE nicht zusammen mit Poly(acrylonitnl,
natrium-2-methylallylsulfonat)- high-flux-Mem-
branen (z.B. »AN 69¢«), wahrend einer LDL-Aphe:

3815

rese mit Dextransulfat oder wahrend einer De-
sensibilisierungsbehandlung mit Insektengiften
anwenden (siehe auch unter »Gegenanzeigen«).
Wenn plotzlich Gewebeschwellungen (angioneu-
rotische Odeme) wahrend der Behandlung auf-
treten, muss Arelix ACE sofort abgesetzt werden.
Ein durch ACE-Hemmer ausgelostes angioneuroti-
sches Odem kann mit Beteiligung von Kehlkopf,
Rachen und/oder Zunge verlaufen (siehe Gegen-
maRnahmen unter »Nebenwirkungen«!)




Platelet - Adhesion

Various polymers

4 1. Polyethylene
Hydrophilic Hydrophobic | 2. Polypropylene

| 3. Polytetrafluoro-
Ethylene

4. Hexafluoro-
Propylene

5. Polyethylene
Terephthalate

6. Nylon 6,6

7. Polymethyl-
methacrylate

8. Vinyl-A, alcohol-
ethylene copolymer

L %10 : . : . : _ 9. Cellulose

10.Polyvinylalcohol

Adhered Platelets (x 109%)

0 &0 &0 1010 11.Polydimethyl-
Contact angle Siloxane
(Degrees) Y Ikada.

0030 Proc. 5. PIMS-Meeting, pp. 6/1-6/8 (1986)



- Optimization of Surfaces with Nanoparticl
- Attachment of Osteoblasts

0 mm
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s AlEE _ i L,
no particles Thermanox
Position on gradient [mm]

Cell seading with 3.500 RCO-cells/cm?, cultivation: 7 days

Red: Vinculin, green: Actin, blue: cell nuclei T Kunzler et al.,
7427 Biomaterials, 28:5000-5006 (2007)



NANOBIOLOGY

Particles slip cell security

MNanoparticles with alternating striations of hydrophobic and hydrophilic ligands cross the cell
memkbrane by a direct mechanism — a route that delivers them to the main compartment of
the cell while leaving the membrane undisrupted.

Re: T Xia et al.,
7963 Nature Materials, 7:519-520 (2008)




Mechanisms of Cell-Activation by Nanoparticles

Oxidative Stress
through Nanoparticles
:64, attached to cell surface

£FyA

vAyg
1!!:

Signaling via
Mitogen-activated
proteinkinases (MAPK)
and NF-xB

%

Phagocytosis and
uptake of Nano-
particles by the cell

‘ Inflammation

8446



Postulated Mechanism for Inflammatory Reactions
after cell exposition to Nanoparticles

. Particle ralogses
Activation of e
i p Eﬂ‘@/tmnsnmn matals
‘ Rise of [Ca?'] .
1N Cytosol and PRl w111 PR BT

oxidative Stress causes oxidativa
strass

i
1111111

Inflammatary madiators

Inflammation
Oberdorster et al.,
7336 Environ Health Perspect, 113:823-839 (2005)



Phagocytozed microspheres

no/Cell

0032

12

10

Phagocytosis and Contact Angles

Cell type: Macrophages

© © N o Ok~ wbdPE

Contact angle °

none
Methylamine
Ethylamine
n-Propylamine
n-Butylamine
n-Hexylamine
n-Octylamine
n-Decylamine
n-Dodecylamine

.n-Hexadecylamine
.n-Octadecylamine
12. Anilin

l l l l l l 13.

Cyclohexylamin

Y lkada,

Biomaterials, 15: 725-36 (1994)



Nanoparticles and Endothelial Cells

TEM (48 h Nanoparticle Exposition)
HDMEC*

Untreated
control

TiO, Particles

Co - Particles

*Human mckrovascular skin-endothelial cells Re: Peters et al.,
7957 ~-Human dermal microvascular endothelial cells jMS MIM 15:319-323 (2004)



HDMEC and Nanoparticles

Pro-inflammatory Cytokines (IL-8 release)

2500
2000 1 1 Nanoparticle
Polymeres
S 1500 PVC (130 nm)
0 TiO, (20-160nm)
S 1000 SiO, (4 — 40 nm)
© Co (50 -200nm)
® 500 1 Ni (40- 420nm)
— —
()‘-ri_‘L i , — [ ==
s 3 58 %8R8 9B 3
=0 S ~ O ~ O Q@ O Z
> o O g O @»n ©
S & =

ng/ml Cell culture medium

Re: Peters et al.,
7959 JMS MIM (2004) 15: 319-323



ARTICLES nature

PUBLISHED ONLINE: 6 NOVEMBER 2011 | DOI: 10.1038/NNANO.2011.188 na’nOteChn()lOgy

Signalling of DNA damage and cytokines across
cell barriers exposed to nanoparticles depends
on barrier thickness

A. Sood', S. Salih', D. Roh?, L. Lacharme-Lora’', M. Parry', B. Hardiman', R. Keehan', R. Grummer3,
E. Winterhager3, P. J. Gokhale?, P. W. Andrews?*, C. Abbott>, K. Forbes®, M. Westwood®, J. D. Aplin¢,
E. Ingham’, I. Papageorgiou’, M. Berry8, J. Liug, A. D. Dick?, R. J. Garland®, N. Williams®, R. Singh'°,
A. K. Simon", M. Lewis'?, J. Ham'%, L. Roger®™, D. M. Baird3, L. A. Crompton™, M. A. Caldwell'4,

H. Swalwell®>, M. Birch-Machin™, G. Lopez-Castejon'®, A. Randall'’, H. Lin'®, M-S. Suleiman’@,

W. H. Evans'’, R. Newson?° and C. P. Case'*

The use of nanoparticles in medicine is ever increasing, and it is important to understand their targeted and non-targeted
effects. We have previously shown that nanoparticles can cause DNA damage to cells cultured below a cellular barrier
without crossing this barrier. Here, we show that this indirect DNA damage depends on the thickness of the cellular
barrier, and it is mediated by signalling through gap junction proteins following the generation of mitochondrial free
radicals. Indirect damage was seen across both trophoblast and corneal barriers. Signalling, including cytokine release,
occurred only across bilayer and multilayer barriers, but not across monolayer barriers. Indirect toxicity was also observed
in mice and using ex vivo explants of the human placenta. If the importance of barrier thickness in signalling is a general
feature for all types of barriers, our results may offer a principle with which to limit the adverse effects of nanoparticle
exposure and offer new therapeutic approaches.




Nano-Particle Size
- with impact on cell viability -

%
% -128 nm ° 10 nm
nm
100 150 nm
100 | - [ ]
80
= 80
S S 60]
> 60 <
3 £ 40
3 40 5
> < 20
T 201 Z 4V
@) 8 0
0. _ 8
- 0,2 2 20 50 100 200 10-8 10-7 10-6 10-5 10-4 10-3 10-2
Mass concentration of particles (ug/ml) Total surface area of particles per well (m?)

H Yin et al.,
7612 Biomaterials, 26:5818-5826 (2005)



Phagocytosis of TiO, - Nanopatrticles

TiO,-Particles
@: 30 nm

Gliacell

Re: FAZ-Sonntagszeitung
6979 25.06.2006



Viability of WC particles exposed to rat brain cells
- short term viabllity, 2 days exposure -

1008~ % o8 & O
%

L)

8 75

O @ Astrocytes

O 50 @ Oligodentrocytes (OLN 93)

© © neurons

>

L 25
0 : : : : :
0 5 10 15 20 25 30

WC in pg/ml

Re: A Potthoff et al.,
9681 Solid State Phen, 15:183-189 (2009)



Gliacell and Uptake of Tungsten carbide

Nanoparticles,
Synergistic effects between W and Co

*Mitachondrien

-
WCSEin muiu.s.seﬁ_

Na-::h ba rzelte i " Zytoplasma

Aee V. unthf Det WD 1-—--—-——| & pm
lsuwm 12500% BSE {14 ~

Magnification: x 12.500

.bTungsten carbide particles without acute toxicity
when present alone.
Toxicity observed, however, if Cobalt nanoparticles present.

8225



‘ Rat Lung Cell
Attempts to ingest a carbon nanotube

Re: R Service
Science,321:1036-37 (2008)



Internalisation of Nanofibres
by living cells

Manowire \ Nanowire
{segmented line) / {Lina}
N e

&

[Tt T il il M

without nanowire

Re: A Prina-Mello et al.,
J Nanobiotechnol, 4:9 (2006)



Fibre-length and -diameter of Nanotubes:
Determinants for inflammatory processes

Inflammatory response Granuloma response
(24 h post-instillation) (7 days post-instillation)
" 0.35 .
b P d| !
3.0 H 3 e 1 0.30 M
P - !
T 25- ] E 0251 '
E I [ ] E zmu
g opd i E 020 v
£ 20 } £ :%
.a " m * R
1.5 i £ 015 1 M
£ 1o s P9
= : 2 i :
E 1.0 4 H 8 0.10 :
0.5+ © © : 0.03 t
' o © 0 i ' <} .
00 L , wi o o o o I}
q“?’ f:?% f\\ S i @g' \\‘3\ Qg@ & S «{6‘9' \3 «v"% «@g’
Shr;: angled Long fibres Shart or tangled Long fibres
res present present ibres present present
Diafneter as supplied by the manufacturer (nm, mean +s.e.m.)
15+5 15+5 40-50 20-100
Diameter as determined hy authors (nm, mean +s.e.m)
1484+ 0.50 10.40+0.32 84.89+19 165.02 + 4.68
Length as supplied by the manufacturer (pumj
1-5 5-20 Mean 13 Max 56
NTtangl NTtang?2 NTlongl NTlong2
* Carbon nanotubes inserted in the abdominal cavity of rats Re: CA Poland et al

1746 + NT nanotubes Nature Nanotech, 3: 423-428 (2008)



The New England
Journal of Medicine

© 2002 by the Massachuserts Medical Sociery

Copyright

VOLUME 346 FErrUuARY 14, 2002 NUMEBER 7

PURE RED-CELL APLASIA AND ANTIERYTHROPOIETIN ANTIBODIES
IN PATIENTS TREATED WITH RECOMBINANT ERYTHROPOIETIN

NicoLe CasapevaLL, M.D., JoeLLe NaTar, M.D., BeaTrice Viron, M.D., AMir KoLta, M.D.,
Jean-Jacaues KiLapJian, M.D., PHiLiPPE MARTIN-DuPONT, M.D., PaTrick MicHaup, M.D., THomas Paro, M.D.,
VALERIE Uco, M.D., IRENE TEYssanDIER, B.S., BRuno VARET, M.D., aND PaTrick Maveux, PH.D.

Conclusions Neutralizing antierythropoietin anti-
bodies and pure red-cell aplasia can develop In pa-
tients with the anemia of chronic renal failure during

treatment with epoetin. (N Engl J Med 2002;346:

469-75.)
Copyright © 2002 Massachusetts Medical Society.
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The increased incidence of pure red cell aplasia with an Eprex
formulation in uncoated rubber stopper syringes

Katia Boves, ScoTT STRYKER. Jouy KyicHT, Apriax THoaas, MARC vany REGENMORTEL.
Davip M. Kemexsy, Davin Power., JErRoOME RossERT, and NICoLE CASADEVALL

Jafison and Jolwson, Pharmacensical Research and Development, L.L.C, Raritan, New Jfersey; Centre National de la Recherche
Scientifique, Ecole Supérieure de Biotechnologie de Strashourg, France; Department of Microbiology, National University of
Singupore, Singapore; Kidney Laboratory, Austin Research Institute, Austin, Australia; Service de Néphrologle, Hipial Temon,
Fuaris, France; and Service d " Hématologie Biologique, Hapital Hatel-Dien, Paris, France

EPREX exposure, person-years

160,000

140,000

120,000

100,000

80,000

60,000

40,000

20,000

PRCA case count, in period

=3 PRCA =@= |\ all forms o~ SC HSA
=&~ 5C polysorbate 80 uncoated siopper == SC polysorbate 80 vials === 5C polysorbate 80 coated stopper

K Boven et al.,
Kidney Int, 67:2346 - 2353 (2005)



Aplasia (PRCA) in Dialysis Patients

- Analysis of Extractables by ,Reverse Phase HPLC" -

2347

Boven et al: Identifving the probable cause of Eprex immunogenicity

EPO {

6545

mAU ]
140 -
] EPREX syringe
120{ with rubber stopper:
] multiple extra peaks
100 ~ EPREX syringe
: with coated stopper:
80 - no extra peaks
60 -
40 -
0] )
0] = HPLC — Elution profile of EPREX from syringes prefilled with
1 Polysorbate 80 Stabilisers and untreated rubber stoppers
25 30 35 40 45 50 55 60 65 70 min
PRCA: - acute severe isolated Anaemia

-no red precursor cells in bone marrow

- Reticulocyte number < 10x10°/L K Boven et al.

Kidney Int, 67:2346-2353 (2005)
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Kidnev International, Vol 67 (2003), pp. 2346-2353

The increased incidence of pure red cell aplasia with an Eprex
formulation in uncoated rubber stopper syringes

KATiA BOVEN, SCOTT STRYKER, JOHN KNIGHT, ADRIAN THOMAS, MARC VAN REGENMORTEL,
Davip M. KEmMeENY, DaviD POwER., JEROME RosSSERT, and NicOLE CASADEVALL

Johnson and Johnson, Pharmaceutical Research and Development, L.L.C, Raritan, New Jersey; Cenire National de la Recherche
Scientifique, Ecole Supérieure de Biotechnologie de Strasbourg, France; Department of Microbiology, National University of
Singapore, Singapore; Kidney Laboraiory, Austin Research Instituie, Austin, Australia; Service de Nephrologie, Hapital Tenon,
Paris, France; and Service d'Hématologie Biologique, Hopital Horel-Dieu, Paris, France

The increased incidence of pure red cell aplasia with an Eprex
formulation in uncoated rubber stopper syringes.

Background. The incidence of pure red cell aplasia (PRCA)
in chronie kidney discase patients treated with epoctins in-
creased substantially in 1998, was shown to be antibody me-
diated. and was associated predominantly with subcutaneous
administration of Eprex®™. A technical investigation identified
organic compounds leached [rom uncoated rubber stoppers in
prefilled syringes containing polysorbate 80 as the most proba-
ble cause of the increased immunogenicity.

Methods. This study investigated whether the incidence of
PRCA was higher for exposure to the product form contain-

Pure red cell aplasia (PRCA) is a rare disorder that
manifests itsell as a severe. isolated anemia of sudden
onsel. characlerized by an almost complete absence of
red cell precursors in the bone marrow and a reticulo-
cyte count below 10 x 10%/L [1]. Many potential causes
for PRCA have been reported. but most concern only
isolated case reports, and about 50% of cases have no
known cause [2]. Over the decade following its introduc-
tionin 1989, three cases of PRCA were associated with re-
combinant human erythropoietin (epoetin) treatment for

Conclusion. The epidemiologic data, together with the
chemical and immunologic data, support the hypothesis that
leachates from uncoated rubber syringe stoppers caused the in-
creased incidence of PRCA associated with Eprex. Currently,
all Eprex prefilled syringes contain fluoro-resin coated stop-
pers, which has contributed to decreased incidence of PRCA

with continued surveillance.
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Possible Pathological Risks of Nanoparticles

Experimental
NM effects

Possible pathophysiological
outcomes

ROS generation®
Oxidative stress*

Mitochondrial perturbation®

Inflammation®

Uptake by reticulo-endothelial system®

Protein denaturation, degradation®

Muclear uptake*

Uptake in neuronal tissue*

Perturbation of phagocytic function,*
“particle overload,” mediator release

Endothelial dysfunction, effects on
blood clotting*

Generation of neoantigens, breakdown
in immune tolerance

Altered cell cycle regulation

DNA damage

Protein, DNA and membrane injury,*
oxidative stresst

Phase Il enzyme induction, inflammation, 1
mitochondrial perturbation®

Inner membrane damage,* permeability transition (PT)
pore opening,* energy failure,* apoptosis,*
apo-necrosis, cytotoxicty

Tissue infiltration with inflammatory cells, { fibrosis,
granulomas,t atherogenesis,t acute phase protein
expression (e.g., C-reactive protein)

Asymptomatic sequestration and storage in liver,*
spleen, lymph nodes,t possible organ enlargement
and dysfunction

Loss of enzyme activity,* auto-antigenicity

DNA damage, nucleoprotein clumping,* autoantigens

Brain and peripheral nervous system injury

Chronic inflammation,t fibrosis,t granulomas,
interference in clearance of infectious agentst

Atherogenesis,* thrombosis,* stroke, myocardial
infarction

Autoimmunity, adjuvant effects

Proliferation, cell cycle arrest, senescence
Mutagenesis, metaplasia, carcinogenesis

A Nel et al.
Science, 311:622-627 (2006)



Questions to be answered

7005

How to standardise test-procedures
and assays for risk analysis?
Are there dose-response principles?

- Individual particles / Agglomerates?
- Mass or particlenumber?

- Limits for cell activation?

-In vitro / In vivo differences

- Biokinetiks? Bioburden?

Criteria for approval of medical devices:
Should they refer to case-related situation
or be defined by a general approach?



Impact factors for market success of nanoscaled
medical devices

Approval:
Harmonisation of approval procedures and shortening of
approval time

Safety: Acute vs chronic effects

Definitions:

A nanoparticle must have been engineered
VS

A nanoparticle can be a leachable

Funding Spin-off companies / SMEs
Exclusivity reasonable?
or. model to be envisaged that involves large multinational

companies
9687



Challenges for NanoMed-Tech Companies
Strategy and Operations, an enquiry.
Bl Today

Bl In the future

Patent Protection
R&D Productivity and Efficiency

Integration management after fusion
Tax optimization Recruiting of management personel

- - - ‘f "'._._._.
Global tax optimization a4

Regulatory affairs & Sales | ///

Exit preparation // ;’r I’
f{ /

Recruiting of scientists

\ Finding optimal cooperation-partners
\\ Efficient management of alliances

| \ Precise patent evaluation of partners

Capital recruitment at stock market

Development of marketing strategies \\x
\ ‘x -
/ VC capital recruitment

Cost/Price pressure \
Management of clinical trials \ *x;:'--————--"f
Management of_regul_atory affa_urs — Partnering management
in regard to financial reporting
Product and patient safety Expansion in global markets
Management of global affairs
Re: Nanotechnology in Medicine
Report Ernst & Young 2007
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The Experts” Opinion
“Who measures is right!”

“When you can measure what you are
speaking about, and express it into
numbers, you know something about it!

When you cannot express it in numbers
your knowledge is of meager and
unsatisfactory kind.”

Lord Kelvin, physicist (1824 — 1907)

"You cannot control what you cannot measure."

Tom deMarco, modern software-guru, (*1940)
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Detection of Nanoparticles in Biological Cells

aalalm ey

&2 |
&7 -
q&@ i : - Control
E E'ﬁ%,, e — 5 electornics
5

W

Teflan PZT —

Re: L Tetard et al.,
7764 Nature Nanotechn, 3:505-505 (2008)



A Riskfactor 1s not a disease!

R Glassock & C Winearls
7777 Nephron Clin Pract, 110:¢39-c47 (2008)
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