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/LNH�WKH�\HDU�2020��2021�ZDV�WDLQWHG�
E\� &29,'�� -XVW� ZKHQ� ZH� WKRXJKW�
WKH� SDQGHPLF� ZDV� RYHU� DIWHU� WZR�
ORQJ� \HDUV�� DQG� WKH� RXWORRN� ZDV�
EULJKW�� ZH� IRXQG� RXUVHOYHV� LQ� D�
SROLWLFDO�QLJKWPDUH�ZLWK�ZDU�VWULNLQJ�
LQ� WKH� PLGVW� RI� (XURSH�� $JDLQVW�
GUDPDWLF� ZRUOGZLGH� FKDOOHQJHV� RXU�
OLWWOH� ZRUOG� RI� VFLHQFH� PD\� VHHP�

LQVLJQLILFDQW�� EXW� LW� LVQäW�� %ULOOLDQW� UHVHDUFK� KDV� HQGHG� WKH�
&29,'� WKUHDW� E\� SURYLGLQJ� YDFFLQHV� LQ� æOLJKWVSHHGç�� DQG�
UHVHDUFK�LQ�RWKHU�DUHDV�PD\�KHOS�DOOHYLDWH�WKH�HQYLURQPHQWDO�
DQG�VRFLHWDO� LOOV� WKDW�GULYH�FRQIOLFWV�DURXQG� WKH�ZRUOG��&DQ�
IHWXLQ� RU� ELRPDWHULDO� UHVHDUFK� PDNH� D� GLIIHUHQFH"� ,� GRQäW�
NQRZ�� EXW� ,� GR� NQRZ� WKDW� RXU� UHVHDUFK� OLNH� DQ\� RWKHU� LV�
DERXW�UHDVRQLQJ�DQG�HPEUDFLQJ� WKH�XQNQRZQ�á�VRPHWKLQJ�
WKDW� IULJKWHQV� DOO� GHPDQGLQJ� æVLPSOH� DQVZHUVç�� 7KHUH� DUH�
QRQH��6R�RQFH�DJDLQ�OHW�XV�VKDUH�SURJUHVV�PDGH�LQ�WKH�SDVW�
\HDU��KRZHYHU�OLWWOH�LW�PD\�EH��
:H� VHFXUHG� FRQWLQXHG� H[WHUQDO� IXQGLQJ� WR� VWXG\� WKH�
VWUXFWXUH� DQG� IXQFWLRQ� RI� WKH�PLQHUDO� FKDSHURQH� IHWXLQ-$��
WKH� GHYHORSPHQW� RI� D�PLQLDWXUL]HG� GHYLFH� IRU� FDOFLILFDWLRQ�
WHVWLQJ��WKH�UROH�RI�SHULRGRQWDO�OLJDPHQW�FHOOV�LQ�DOYHRODU�ERQH�
KHDOLQJ��ELR-IXQFWLRQDOL]HG�PLFURJHOV�DQG�WKHLU� LQIOXHQFH�RQ�
PHVHQFK\PDO� VWURPDO� FHOO� GLIIHUHQWLDWLRQ�� FHUDPLF-EDVHG�
LPSODQWV� IRU� FDUGLRYDVFXODU� WLVVXH�HQJLQHHULQJ�� DOO�RI�ZKLFK�
LV�SUHVHQWHG�EHORZ�
$IWHU� PDQ\� VXFFHVVIXO� \HDUV� RI� UHVHDUFK� RQ� WKH� UROH� RI�
IHWXLQ-%�LQ�UHSURGXFWLYH�ELRORJ\��-XOLD�)ORHKU��&DUOR�6FKPLW]�
DQG� 6H\QDE� 6DGU� DOO� H[SHUWO\� ILQLVKHG� WKHLU� SURMHFWV�� 7KH\�
KDYH�DOUHDG\�OHIW�IRU�QHZ�MREV�RU�ZLOO�VRRQ�WDNH�HPSOR\PHQW�
HOVHZKHUH�� )HWXLQ-$� UHVHDUFKHUV� 6LQD� .RHSSHUW� OHIW� DIWHU�
FRPSOHWLQJ� KHU� 3K'� GHIHQVH� æZLWK� GLVWLQFWLRQç�� $QGUHD�
*RUJHOV�FRPSOHWHG�DOO�3K'�H[DPV�MXVW�LQ�WLPH�EHIRUH�WDNLQJ�
PDWHUQDO�OHDYH��:H�WKDQN�DOO�WKHVH�JUHDW�FROOHDJXHV�IRU�WKHLU�
FRQWULEXWLRQV� LQ� DQG� RXWVLGH� WKH� ODE�� ,W� LV� DOZD\V� D� ELW� VDG�
WR� VHH� HVWDEOLVKHG� \RXQJ� VFLHQWLVWV� OHDYH� WKH� JURXS�� %XW�
LVQäW�WKDW�ZKDW�8QLYHUVLW\�WUDLQLQJ�LV�DOO�DERXW"�$OO�WKH�PRUH�
UHZDUGLQJ�WR�VHH�DOXPQL�WKULYH�LQ�WKHLU�QHZ�SURIHVVLRQDO�DQG�
SHUVRQDO�FDUHHUV��:H�DUH�SURXG�DQG�PRVW� LPSRUWDQWO\��ZH�
VWD\�LQ�WRXFK�
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2XU� ZRUN� FRQWLQXHV� WR� IRFXV� RQ�
WKUHH� PDLQ� UHVHDUFK� WRSLFV�� �L��
PHVHQFK\PDO� VWHP� FHOOV� �06&��
DQG� SHULRGRQWDO� OLJDPHQW� VWHP� FHOOV�
�3'/� FHOOV�� LQ� ZRXQG� KHDOLQJ� DQG�

WLVVXH� UHJHQHUDWLRQ�� �LL�� ERQH� WLVVXH� HQJLQHHULQJ� DQG� �LLL��
FDUGLRYDVFXODU�WLVVXH�HQJLQHHULQJ�
7RJHWKHU� ZLWK� WKH� JURXS� RI� 0LFKDHO� :ROI� �&OLQLF� IRU�

2UWKRGRQWLFV�� ZH� LGHQWLILHG� VWULNLQJ� GLIIHUHQFHV� LQ� NLQDVH-
GHSHQGHQW�VLJQDOLQJ�RI�SHULRGRQWDO�OLJDPHQW��3'/��FHOOV�IURP�
WKH�XSSHU�DQG�ORZHU�MDZ�WR�VXSSRUW�KHDOLQJ�RI�WKH�DOYHRODU�
ERQHV��:H�VWDUWHG�D�SURMHFW�RQ�XQGHUVWDQGLQJ�WKH�3'/�FHOO-
FHPHQWXP� LQWHUSKDVH� WR� SURYLGH� D� EDVLV� IRU� SHULRGRQWDO-
FHPHQWXP� UHVHDUFK�� &KOR«� 5DGHUPDFKHU� SUHVHQWV� WKH�
UHVXOWV�RI�KHU�0DVWHU�WKHVLV�EHORZ��6KH�FRQWLQXHV�KHU�ZRUN�
DV�D�3K'�FDQGLGDWH�
7KH� VHFRQG� SKDVH� RI� RXU� H[WHUQDOO\� IXQGHG� SURMHFW� ZLWK�
$QGULM� 3LFK� �,QVWLWXWH� RI� 7H[WLOH� DQG� 0DFURPROHFXODU�
&KHPLVWU\�� VWXGLHV� ILEULQ-EDVHG� K\GURJHOV� FRQWDLQLQJ�
GH[WUDQ�RU�H[WUDFHOOXODU�PDWUL[�PROHFXOHV�WR�IRUP�IXQFWLRQDO�
PLFURJHOV��ILJXUH�1���7KHVH�PLFURJHOV�DUH�IXUWKHU�GHFRUDWHG�
ZLWK� JURZWK� IDFWRUV� DQG� F\WRNLQHV� WR� UHJXODWH� �VWHP�� FHOO�
UHFUXLWPHQW�DQG�GLIIHUHQWLDWLRQ��,Q�DGGLWLRQ��OLSLG-PHPEUDQH�
FRDWHG�PLFURJHOV�KRXVLQJ�VHQVRUV�DQG�'1$�DUH�FRPSDUHG�
DJDLQVW� HVWDEOLVKHG� FHOO� OLQHV� WR� UHSODFH� OLSLG-PHPEUDQH�
EDVHG�æDUWLILFLDO�FHOOVç�IRU�OLYH�FHOOV�LQ�FHOO-EDVHG�DVVD\V�

Fig. 1: Development of hierarchical and compartmentalized hydrogels 
for stem cell recruitment, targeted cell growth and differentiation using 
microgels.

:H�DOVR�FRQWLQXH�RXU�ZRUN�ZLWK�RXU�ORQJ-ODVWLQJ�FRRSHUDWLRQ�
SDUWQHU�.DUROLQD�6FKLFNOH��,QVWLWXWH�RI�0LQHUDO�(QJLQHHULQJ��
WR�GHYHORS�FHUDPLF-EDVHG�LPSODQWV�IRU�FDUGLRYDVFXODU�WLVVXH�
HQJLQHHULQJ��+HUH�ZH�IRXQG�WKDW�PRQRFU\VWDOOLQH�FHUDPLFV�
RI� GLIIHUHQW� DQDWRPLFDO� OD\HUV� DUH� KHPRFRPSDWLEOH� DQG�
KDYH� GLIIHUHQW� LPSDFW� RQ� FHOO� EHKDYLRXU�� LQ� SDUWLFXODU� RQ�
WKURPERF\WH�DGKHVLRQ�DQG�DFWLYDWLRQ��
%HVLGHV�� ZH� GHYHORS� *03� SURWRFROV� IRU� WUDQVODWLRQDO�
UHVHDUFK� ZLWKLQ� WKH� QHZO\� IRXQGHG� )L7-FHQWHU� �æILUVW� LQ�
WUDQVODWLRQç�� MRLQWO\� RSHUDWHG� E\� WKH� /HLEQL]� ,QVWLWXWH� IRU�
,QWHUDFWLYH�0DWHULDOV�DQG�WKH�&HQWHU�IRU�%LRK\EULG�0HGLFDO�
6\VWHPV� �&%06��� ZKLFK� DUH� ORFDWHG� LQ� FORVH� SUR[LPLW\�
RQ� WKH� 5:7+� $DFKHQ� 5HVHDUFK� &DPSXV� æ0HODWHQç�� )L7�
DGGUHVVHV� WKH� JDS� EHWZHHQ� UHVHDUFK� SURMHFWV� DQG� FOLQLFDO�
WUDQVODWLRQ��6SHFLILFDOO\��RXU�VDWHOOLWH�SURMHFW�VWXGLHV�FHUDPLF�
VXUIDFHV�ORDGHG�ZLWK�ELRDFWLYH�PROHFXOHV�WR�EHWWHU�LQWHJUDWH�
LQWR�ERQH�WLVVXH�
:KDW� VWDUWHG� RXW� DV� D� IXQ� SURMHFW� IXHOOHG� E\� D� ORW� RI�
HQWKXVLDVP�DQG�VRPH�FURZG�IXQGLQJ�KDV�TXLFNO\�WXUQHG�LQWR�
DQ�H[FLWLQJ�ELRPDWHULDO�SURMHFW�IRU�ERQH�WLVVXH�HQJLQHHULQJ��
/HDUQ�PRUH�DERXW�$QQD�%DUW]äV�ZRUN�ZLWK�VSLGHU�VLON�EHORZ�
DQG� ZDWFK� KHU� RQ� <RX7XEH� �KWWSV���ZZZ�\RXWXEH�FRP�
ZDWFK"Y 1</:L2KFTN8��

30

2021
Helmholtz-Institute for Biomedical Engineering 
RWTH Aachen University

How to reach us

Address

Helmholtz-Institute for Biomedical Engineering
Pauwelsstrasse 20
52074 Aachen
Germany

By car

· Follow the motorway from Cologne or Netherlands to 
Aachen (A4) and take the exit towards Laurensberg. 

· Turn right into Kohlscheider Strasse and follow the signs 
Uniklinik.

· After approximately 750 m turn right on Toledoring/Pariser 
Ring, take the fifth exit (Uniklinik).

· In the roundabout take the exit towards RWTH Melaten 
and follow the Forckenbeckstrasse for 250 m.

· Opposite the restaurant Forckenbeck turn left into 
Pauwelsstrasse. After approximately 100 m the Helmholtz-
Institute is on the right hand side. 

By train/bus

Our Institute is well connected by public transport from 
the main train station, the train station ‘Aachen West’ or the 
main bus terminal in the city centre. Several bus lines lead 
to University Hospital (from the main train station line 3B; 
from the train station ‘Aachen West’ line 3A, 33, 73 from 
the bus terminal line 73, 33, 4, 5). Line 33, 73 and 3A stop 
directly at the Helmholtz-Institute, the other lines stop in 
front of the main entrance of the University Hospital. A 
short walk back over the bridge will take you straight to the 
Helmholtz-Institute.

By plane

Regular train service connects Aachen to major airports in 
Germany, Belgium and the Netherlands. 
· From Düsseldorf airport the travel time by car is approxi-

mately 1.25 hours and 1.5 hours by train. 
· From Cologne/Bonn airport travelling to Aachen takes 

about 1 hour by car and 1.25 hours by train. 
· Travel time by fast train (ICE) from Frankfurt airport is 

approximately 2 hours.
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8nderstanding the 3'/ cell�
cementum interphase� their 
interpla\ under mechanical stress 
and periodontal remodelling to 
proYide a Easis for periodontal-
cementum research�

&hlo« Radermacher� 
3h' candidate 

2UWKRGRQWLF� WUHDWPHQWV� WRJHWKHU�
ZLWK�WKHLU�UHVXOWLQJ�VLGH�HIIHFWV�SOD\�
DQ�LPSRUWDQW�UROH�LQ�WKH�21VW�FHQWXU\�
EHFDXVH�RI� SV\FKRVRFLDO�� IXQFWLRQDO��
DQG�GHQWDO�LVVXHV��7KHVH�WUHDWPHQWV�
FDXVH� D�SDWKRORJLFDO� SURFHVV� IRU�XS�
WR�4���RI�SDWLHQWV�GHSHQGLQJ�RQ�WKH�
EUDFH�W\SH�� ,Q� WKLV�FDVH�� WKH�SDWLHQW�

LV�DIIHFWHG�E\�LQIODPPDWRU\�URRW�UHVRUSWLRQ��ZKLFK�FDQ�OHDG�
WR�SHUPDQHQW� ORVV�RI�GHQWDO�URRW�VWUXFWXUH��7RGD\��WKHUH�LV�
QR�PHFKDQLVWLF�H[SODQDWLRQ�IRU�RUWKRGRQWLFDOO\�LQIODPPDWRU\�
URRW� UHVRUSWLRQ�� EXW� WKH� IROORZLQJ� IDFWRUV� DUH� LPSOLFDWHG��
PHFKDQLFDO�IRUFHV��WKH�PRUSKRORJ\�RI�WRRWK�URRWV��DOYHRODU�
ERQH��SHULRGRQWDO�OLJDPHQW��FHPHQWXP��DQG�VHYHUDO�ELRORJLFDO�
PHVVHQJHUV�� 7KH� FHPHQWXP� LV� D� NH\� WLVVXH� LQ� WKH� LQLWLDO�
SHULRGRQWDO�GHYHORSPHQW�SURFHVV�DV�ZHOO�DV�LQ�UHJHQHUDWLRQ�
DIWHU� SHULRGRQWDO� GLVHDVHV�� ,QGHHG�� WKLV� PLQHUDOL]HG� WLVVXH�
LV�FRYHUHG�E\�URRW� OLQLQJ�FHOOV�FDOOHG�FHPHQWREODVWV��7KHVH�
FHOOV�FDQ�EH�VWLPXODWHG�E\�PHFKDQLFDO�RU�ELRORJLFDO�VLJQDOV�WR�
EXLOG�XS�QHZ�FHPHQWXP�DQG�UHSDLU�WRRWK�URRWV��7KH�SURMHFW�
DLPV� DW� LQYHVWLJDWLQJ� WKH� UROH� RI� FHPHQWREODVWV� DQG� WKHLU�
LQWHUDFWLRQ�ZLWK�WKH�SHULRGRQWDO�OLJDPHQW��0\�PDVWHU�WKHVLVv�
JRDO�LV�WR�HVWDEOLVK�DQ�LVRODWLRQ�PHWKRG�RI�FHPHQWREODVWV�DQG�
SHULRGRQWDO� OLJDPHQW� FHOOV� IURP� WKH� VDPH� SDWLHQW� DQG� WKH�
FKDUDFWHUL]DWLRQ�RI�WKHVH�FHOO�W\SHV��

)LJ��2�� �$��$QDWRPLFDO�VFKHPH�RI� WKH�WRRWK�ZLWK�SDUWLFXODU�
IRFXV�RQ�WKH�WLVVXHV�RI�LQWHUHVW��FHPHQWXP�DQG�SHULRGRQWDO�
OLJDPHQW�� �%�� &HPHQWREODVW� FRORQ\� VXUURXQGHG� E\�
SHULRGRQWDO� OLJDPHQW� FHOOV� WKUHH� GD\V� DIWHU� LVRODWLRQ�� 6FDOH�
EDU��80�wP

1eZ concepts in regeneratiYe 
medicine - spider silN-Eased 
scaffolds for Eone replacement 
strategies

Anna Bartz� 3h' candidate
6SLGHU� VLON� KDV� VSHFLDO� ELRPHGLFDO�
SURSHUWLHV� �YHU\� KLJK� WHQVLOH�
VWUHQJWK�� KLJK� HODVWLFLW\�� DQWLEDFWHULDO�
HIIHFW�� F\WR-� DQG� ELRFRPSDWLELOLW\��
GHJUDGDELOLW\�� KHDW� VWDELOLW\�� WKDW�
PDNH� LW� SDUWLFXODUO\� LQWHUHVWLQJ� DV� D�
PDWUL[�IRU�VXSSRUWLQJ�FHOO�IXQFWLRQV�LQ�
ERQH�UHSODFHPHQW�PDWHULDO��7KH�DLP�
RI�RXU�UHVHDUFK�SURMHFW�LV�WR�SURGXFH�
D� IXQFWLRQDO� ELRK\EULG�� WKUHH-

GLPHQVLRQDO� FRQVWUXFW�� FRQVLVWLQJ�RI� D�FDUULHU�PDWHULDO� �VLON�
IURP� VSLGHU� DQG�RU� FDWHUSLOODU�� VXUURXQGHG� E\� D� K\GURJHO�
�ILEULQ-�RU�FROODJHQ-EDVHG��ZLWK�LQWHJUDWHG�ERQH�FHOOV��ZKLFK�
DUH� GLIIHUHQWLDWHG� LQ� YLWUR� IURP� PHVHQFK\PDO� VWHP� FHOOV�
�06&��RU�SHULRGRQWDO� OLJDPHQW�FHOOV� �3'/�FHOOV���DV�ZHOO�DV�
FDSLOODULHV�IURP�FR-FXOWXUHG�HQGRWKHOLDO�FHOOV�IRU�VXEVHTXHQW�
FRQQHFWLRQ�WR�WKH�YDVFXODU�V\VWHP�
$V� WKHUH� DUH� QR� SUH-IDEULFDWHG� GHYLFHV� DYDLODEOH� RQ� WKH�
PDUNHW�ZKLFK�FRXOG�EH�XVHG�IRU�æPLONLQJç�WKH�VSLGHUV�DQG�IRU�
ZLQGLQJ�WKH�VLON�WKUHDGV�RQWR�PLQLDWXUH�IUDPHV��WKH�SURMHFW�
KDG�WR�VWDUW�IURP�VFUDWFK�E\�GHYHORSLQJ�DQG�WHVWLQJ�VHYHUDO�
DSSOLDQFHV�ZKLFK�DUH�FXUUHQWO\�RSWLPLVHG�ZLWK�VXSSRUW�IURP�
WKH�FRPSDQ\�6WDWXV�SUR�0DVFKLQHQWHFKQLN�*PE+��7KLV�ZLOO�
DOORZ�XV�WR�ZLQG�WKH�VSLGHU�VLON�LQ�DQ�H[DFW�DQG�UHSURGXFLEOH�
ZD\�RQWR�WKH�ZHDYLQJ�IUDPHV�

Fig. 3: Miniature weaving frame with the machine-wound spider silk 
used in this study (Photo: University Hospital RWTH Aachen)
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52074 Aachen
Germany

By car

· Follow the motorway from Cologne or Netherlands to 
Aachen (A4) and take the exit towards Laurensberg. 

· Turn right into Kohlscheider Strasse and follow the signs 
Uniklinik.

· After approximately 750 m turn right on Toledoring/Pariser 
Ring, take the fifth exit (Uniklinik).

· In the roundabout take the exit towards RWTH Melaten 
and follow the Forckenbeckstrasse for 250 m.

· Opposite the restaurant Forckenbeck turn left into 
Pauwelsstrasse. After approximately 100 m the Helmholtz-
Institute is on the right hand side. 

By train/bus

Our Institute is well connected by public transport from 
the main train station, the train station ‘Aachen West’ or the 
main bus terminal in the city centre. Several bus lines lead 
to University Hospital (from the main train station line 3B; 
from the train station ‘Aachen West’ line 3A, 33, 73 from 
the bus terminal line 73, 33, 4, 5). Line 33, 73 and 3A stop 
directly at the Helmholtz-Institute, the other lines stop in 
front of the main entrance of the University Hospital. A 
short walk back over the bridge will take you straight to the 
Helmholtz-Institute.

By plane

Regular train service connects Aachen to major airports in 
Germany, Belgium and the Netherlands. 
· From Düsseldorf airport the travel time by car is approxi-

mately 1.25 hours and 1.5 hours by train. 
· From Cologne/Bonn airport travelling to Aachen takes 

about 1 hour by car and 1.25 hours by train. 
· Travel time by fast train (ICE) from Frankfurt airport is 

approximately 2 hours.
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Ring, take the fifth exit (Uniklinik).

· In the roundabout take the exit towards RWTH Melaten 
and follow the Forckenbeckstrasse for 250 m.

· Opposite the restaurant Forckenbeck turn left into 
Pauwelsstrasse. After approximately 100 m the Helmholtz-
Institute is on the right hand side. 

By train/bus

Our Institute is well connected by public transport from 
the main train station, the train station ‘Aachen West’ or the 
main bus terminal in the city centre. Several bus lines lead 
to University Hospital (from the main train station line 3B; 
from the train station ‘Aachen West’ line 3A, 33, 73 from 
the bus terminal line 73, 33, 4, 5). Line 33, 73 and 3A stop 
directly at the Helmholtz-Institute, the other lines stop in 
front of the main entrance of the University Hospital. A 
short walk back over the bridge will take you straight to the 
Helmholtz-Institute.

By plane

Regular train service connects Aachen to major airports in 
Germany, Belgium and the Netherlands. 
· From Düsseldorf airport the travel time by car is approxi-

mately 1.25 hours and 1.5 hours by train. 
· From Cologne/Bonn airport travelling to Aachen takes 

about 1 hour by car and 1.25 hours by train. 
· Travel time by fast train (ICE) from Frankfurt airport is 

approximately 2 hours.
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)LUVW�UHVXOWV�GHPRQVWUDWH�WKDW�VSLGHU�VLON� LV�F\WRFRPSDWLEOH�
DQG�WKDW�WKH�06&�UHPDLQ�ORQJ-WHUP�YLDEOH�ZKHQ�DGKHULQJ�WR�
WKH�VSLGHU�VLON� ILEUHV��3URPLVLQJ�UHVXOWV�ZHUH�DOVR�DFKLHYHG�
ZLWK�06&�HPEHGGHG�LQ�D�ILEULQ-EDVHG�K\GURJHO�VXUURXQGLQJ�
WKH�VLON�ILEUHV�

Fig. 4: Two-Photon-Microscopy (2PM) of spider silk in combination with 
MSC embedded in a fibrin-based hydrogel

$QRWKHU� QRYHO� VFDIIROG� PDWHULDO� IRU� FXOWXULQJ� ERQH�
UHSODFHPHQW� ELRK\EULG� VFDIIROGV�LV� WHVWHG� LQ� SDUDOOHO�� ZH�
FXUUHQWO\� XVH� ILVK� VNLQ� [HQRJUDIWV� IURP� $WODQWLF� FRG� WR�
YHULI\� LWV� VXLWDELOLW\� IRU� RVWHRJHQLF� GLIIHUHQWLDWLRQ� RI� 06&��
)LUVW� UHVXOWV� LQGLFDWH� WKDW� WKH� ILVK� VNLQ� KDV� YHU\� JRRG�
F\WRFRPSDWLELOLW\�DQG� WKDW� WKH�06&�SUHIHUHQWLDOO\�FRORQL]H�
WKH� ILVK� VFDOH� VLGH� DQG� PLJUDWH� LQWR� WKH� ILVK� VNLQ�� $OVR� LQ�
WKLV� FDVH�� WKH� FRPELQDWLRQ� ZLWK� D� ILEULQ-EDVHG� K\GURJHO�
VXSSRUWHG� D�PRUH� HIIHFWLYH� FHOO� JURZWK� DQG� SUROLIHUDWLRQ��
)LUVW� UHVXOWV� LQGLFDWH� WKDW� VSLGHU� VLON� DQG� ILVK� VNLQ� DUH�
SURPLVLQJ�ELRPDWHULDOV�IRU�ERQH�UHSODFLQJ�VWUDWHJLHV�
,Q� WKLV� UHVHDUFK� SURMHFW�� ZH� FROODERUDWH� ZLWK� GLIIHUHQW�
FRRSHUDWLRQ� SDUWQHUV�� $TXD]RR� /¸EEHFNH� 0XVHXP�
'¾VVHOGRUI�� 7LHUSDUN� +� )RVVLOLXP� %RFKXP�� &OLQLF� IRU�
2UWKRGRQWLFV� DW� 5:7+� $DFKHQ� 8QLYHUVLW\�� ,QVWLWXWH� IRU�
7H[WLOH�0DFKLQHU\� DQG� 7H[WLOH�+LJK� 3HUIRUPDQFH�0DWHULDOV�
7HFKQRORJ\��,70��DW�WKH�8QLYHUVLW\�RI�'UHVGHQ��6WDWXV�3UR�
0DVFKLQHQPHVVWHFKQLN� *PE+� DQG� WKH� ,FHODQGLF� 6WDUWXS�
.HUHFLV�
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7KH�ZRUG�SURWHLQ�
ZDV� GHULYHG� IURP�
WKH� *UHHN� ZRUG�
æSURWHLRVç� IRU�
EDVLF�� SULPDU\��

7KH� DOO-LPSRUWDQW� VWUXFWXUH� RI� D� SURWHLQ� LV� GHWHUPLQHG� E\�
WKH�VHTXHQFH�RI� LWV�EXLOGLQJ�EORFNV�� WKH�DPLQR�DFLGV��$IWHU�
V\QWKHVLV� LQ�WKH�FHOOV��SURWHLQV�IROG�IURP�D�WKUHDG�RI�DPLQR�
DFLGV�LQWR�KHOLFHV�DQG�ORRSV��DQG�XOWLPDWHO\�EHQG�LQWR�GHILQHG�
WKUHH-GLPHQVLRQDO�VWUXFWXUHV��ZKLFK�GHWHUPLQH�WKH�IXQFWLRQ�
RI�D�SURWHLQ�
7ZR�SURWHLQV�RI�WKH�F\VWDWLQ�VXSHUIDPLO\��IHWXLQ-$�DQG�IHWXLQ-%�
DUH� WKH� IRFXV� RI� RXU� VWUXFWXUH-IXQFWLRQ� UHVHDUFK�� %RWK�
IHWXLQV�DUH�VLPLODU�LQ�VWUXFWXUH�DQG�FRQVLVW�RI�WKUHH�GRPDLQV��
7KH�ILUVW�WZR�GRPDLQV�DUH�F\VWDWLQ-OLNH�&<6�GRPDLQV��ZKLFK�
FRQVLVW�RI�DQ�DOSKD�KHOL[�VXUURXQGHG�E\���DQWL-SDUDOOHO�EHWD�
VKHHWV��7KH�WKLUG�GRPDLQ�LV�FDOOHG�WKH�&-WHUPLQDO�UHJLRQ�&75��
)HWXLQV� DUH� SUHGRPLQDQWO\�PDGH� LQ� WKH� OLYHU� DQG� VHFUHWHG�
LQWR�WKH�EORRG�VWUHDP��'HVSLWH�WKHLU�VWUXFWXUDO�VLPLODULW\��WKH�
IXQFWLRQV� RI� IHWXLQ-$� DQG� IHWXLQ-%� VWURQJO\� GLIIHU�� )HWXLQ-$�
LV�D�ELQGLQJ�SURWHLQ�UHJXODWLQJ�PLQHUDOL]DWLRQ�DQG�VFDYHQJLQJ�
H[FHVV� FDOFLXP� SKRVSKDWH� IURP� WKH� FLUFXODWLRQ� DQG� WKXV�
SURWHFWLQJ�DJDLQVW�HFWRSLF�FDOFLILFDWLRQ��)HWXLQ-%�LV�D�SRWHQW�
LQKLELWRU�RI�WKH�RRF\WHV-VSHFLILF�SURWHLQDVH�RYDVWDFLQ��ZKLFK�
UHJXODWHV�RRF\WH�IHUWLOLW\��

)RU�VWUXFWXUH-IXQFWLRQ�VWXGLHV�RXU�JURXS�SURGXFHG�ZLWK�WKH�
KHOS�RI�UHFRPELQDQW�SURWHLQ�WHFKQRORJ\�IHWXLQV�DQG�UHODWHG�
SURWHLQV�LQ�(��FROL�EDFWHULD��LQ�FKLQHVH�KDPVWHU�RYDU\��&+2���
DQG� LQ�KXPDQ�HPEU\RQLF�NLGQH\��+(.��FHOOV��7KH�SURWHLQV�
SRVVHVV� ELQGLQJ� WDJV� WR� IDFLOLWDWH� SURWHLQ� SXULILFDWLRQ� DQG�
IOXRUHVFHQW�WDJV�WR�DLG�WKHLU�GHWHFWLRQ��

Fig. 5: Scheme of recombinant protein expression and purification. 

8VLQJ�HVWDEOLVKHG�PROHFXODU�ELRORJ\�URXWLQHV��ZH�VXEVWLWXWH�
DPLQR� DFLGV� GHHPHG� LPSRUWDQW� IRU� SURWHLQ� IXQFWLRQ�� )RU�
LQVWDQFH��ZH�UHSODFHG�F\VWHLQH�UHVLGXHV�OLQNLQJ�IHWXLQ�&<61�
WR� &75� WR� VWXG\� WKH� LQIOXHQFH� RI� WKLV� GRPDLQ-EULGJLQJ�
GLVXOILGH� ERQG� RQ� RYHUDOO� SURWHLQ� VWDELOLW\�� 2WKHU� SURWHLQ�
PXWDQWV�VWXG\�WKH�UROH�RI�SKRVSKRU\ODWLRQ�DQG�JO\FRV\ODWLRQ�
LQ� IHWXLQ�IXQFWLRQ��8S�WR�QRZ��ZH�SURGXFHG�PRUH�WKDQ��0�
IHWXLQ�YDULDQWV��ZKLFK�DOORZ�XV�WR�SLQSRLQW�IHDWXUHV�UHJXODWLQJ�
WKH�IXQFWLRQ�DQG�DFWLYLW\�RI�WKHVH�SURWHLQV��

$OWKRXJK�WKH�DPLQR�DFLG�VHTXHQFH�IRU�WKH�IHWXLQV�KDV�EHHQ�
NQRZQ�IRU�D�ORQJ�WLPH��QR�FRPSOHWH�3'-VWUXFWXUH�RI�IHWXLQ-$�
ZDV�NQRZQ��5HFHQWO\�ZH�SXEOLVKHG�WKH�VWUXFWXUH�RI�IHWXLQ-%�
LQ�FROODERUDWLRQ�ZLWK�3URIIV�*RPLV-5¾WK�DQG�6WRHFNHU�IURP�
%DUFHORQD� DQG� 0DLQ]�� UHVSHFWLYHO\�� %DVHG� RQ� WKH� IHWXLQ-%�
VWUXFWXUH�ZH�FRXOG�DOVR�PRGHO�D�FRPSOHWH�3'�VWUXFWXUH�RI�
IHWXLQ-$�� ,Q� PLG-2021� WKH� $OSKD)ROG� VWUXFWXUDO� PRGHOLQJ�
VXLWH�UHYROXWLRQL]HG�WKH�YLVXDOL]DWLRQ�RI�DOPRVW�DQ\�SURWHLQ�
SXUHO\�EDVHG�RQ�WKH�DPLQR�DFLG�VHTXHQFH��)RU�WKH�ILUVW�WLPH�
ZH�FDQ�QRZ�DQ\�YLVXDOL]H�IHWXLQ�YDULDQWV�WR�PDNH�LQIRUPHG�
GHFLVLRQV�DERXW�RSWLPL]HG�YHUVLRQV�RI�IXQFWLRQDO�IHWXLQV��
Fig. 6: Computer models of recombinant fetuin-A variants. Small amino 
acid sequence changes in these proteins dramatically change their 
surface charge and mineral binding capacity.
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9essel-2n-A-&hip� A miniaturized 
deYice for calcification testing

Aaron 0organ� 3h' candidate
%LRK\EULG� LPSODQWV� �WKRVH� PDGH�
IURP� ERWK� ELRORJLFDO� DQG� QRQ-
ELRORJLFDO� FRPSRQHQWV�� DUH� D�
SURPLVLQJ� GHYHORSPHQW� LQ� PHGLFDO�
WHFKQRORJ\� EXW� RIWHQ� VXIIHU� IURP�
LVVXHV� OLNH� WKURPERJHQHVLV� �WKH�
IRUPDWLRQ� RI� EORRG� FORWV�� DQG�
FDOFLILFDWLRQ� �FDOFLXP� EXLOG-XS��
FDXVLQJ� WLVVXH� KDUGHQLQJ��� 7HVWLQJ�
IRU� WKHVH� W\SHV�RI�PDWHULDOV� FDQ�EH�

GLIILFXOW�DQG�H[SHQVLYH��GXH�WR�WKH�QDWXUH�RI� WKH�PDWHULDOV��
IDEULFDWLRQ� PHWKRGV�� RU� VSHFLDO� UHDJHQWV�� 7R� IDFLOLWDWH� WKH�
WHVWLQJ�DQG�YDOLGDWLRQ�RI�WKHVH�PDWHULDOV��ZH�KDYH�GHYHORSHG�
D�PLQLDWXUL]HG�FDOFLILFDWLRQ�FKDPEHU�WKDW�UHFUHDWHV�WKH�IORZ�
FRQGLWLRQV�IRXQG�LQ�DUWHULDO�EORRG�YHVVHOV�

Fig. 7: (Left) Blood vessel cross-section with the cells of interest 
indicated. (Right) Simplified schematic view of the cell environment 
recreated in the chip.

7KLV� FKDPEHU� KROGV� D�PDWHULDO� VDPSOH� EHWZHHQ� WZR� IOXLG�
FKDQQHOV��(DFK�IOXLG�FKDQQHO�PD\�FRQWDLQ�D�GLIIHUHQW�PHGLXP�
DQG�EH�SXPSHG�LQGHSHQGHQWO\��WKRXJK�WKH�GHYLFH�LV�GHVLJQHG�
WR�EH�GULYHQ�E\� D� VLQJOH� SXPS��7KH� æKLJK� IORZç� VLGH� XVHV�
IORZLQJ� PHGLXP� WR� H[HUW� SK\VLRORJLFDO� VKHDU� VWUHVV� RQWR�
WKH�PDWHULDO�VXUIDFH��1-12�G\QH�FP2���ZKLOH�WKH�æORZ�IORZç�

VLGH� FLUFXODWHV� WKH�PHGLXP�ZLWKRXW� H[SRVLQJ� WKH�PDWHULDO�
WR�VLJQLILFDQW�VKHDU�VWUHVV��7KLV�PRUH�FORVHO\�UHSURGXFHV�WKH�
SK\VLRORJLFDO�FRQGLWLRQV�RI�ERWK� WKH�EORRG-IDFLQJ� OD\HU�� WKH�
HQGRWKHOLXP��DQG�WKH�VPRRWK�PXVFOH�FHOOV�XQGHUQHDWK�

Fig.8: (Left) One complete chip, ready for use. (Right) The medium 
in the chips is driven using two syringe pumps, each with unique cell 
medium.

8VLQJ� WKLV� GHYLFH��ZH� FRQGXFWHG� FDOFLILFDWLRQ� H[SHULPHQWV�
WR�FRPSDUH�WKH�GHYLFH�ZLWK�D�ODUJHU��PRUH�H[SHQVLYH�WHVWLQJ�
GHYLFH�WKDW�LV�URXWLQHO\�XVHG��7KH�UHVXOWV�VKRZHG�FRPSDUDEOH�
SRVLWLYH� FDOFLILFDWLRQ� LQ� VDPSOHV� RI� ERYLQH� SHULFDUGLXP��
ZKLOH� VKRZLQJ�QR� VLJQV�RI� FDOFLILFDWLRQ� LQ� VDPSOHV�RQ�3&8�
�QHJDWLYH�FRQWURO���$GGLWLRQDOO\��WKH�ERYLQH�SHULFDUGLXP�ZDV�
WKHQ�VHFWLRQHG�WR�GHWHUPLQH�WKH�ORFDWLRQ�RI�WKH�FDOFLILFDWLRQ��
8VLQJ�YRQ�.RVVD�VWDLQLQJ��ZH�FDQ�VHH�WKDW�WKH�FDOFLILHG�OHVLRQV�
DUH�ORFDWHG�MXVW�EHORZ�WKH�RXWHUPRVW�OD\HU�DQG�FDQ�FOHDUO\�
EH�VHHQ�LQ�WKH�GHHSHU�OD\HUV�RI�WKH�PDWHULDO�
*RLQJ� IRUZDUG�� ZH� SODQ� WR� ZRUN� DORQJVLGH� RWKHU� JURXSV�
WR� WHVW�D�ZLGH�UDQJH�RI�ELRK\EULG�PDWHULDOV�DQG�K\GURJHOV��
:H� LQWHQG� WR� LQYHVWLJDWH� WKH� PHFKDQLVPV� WKDW� DOORZ�
FDOFLILFDWLRQ� WR� EHJLQ� XVLQJ� OLYH-LPDJLQJ� DQG� IOXRUHVFHQW�
PDUNHUV�� VSHFLILFDOO\� WKURXJK� LQVLJKWV� LQWR� WKH�SK\VLRORJLFDO�
DQG�SDWKRSK\VLRORJLFDO�HQGRWKHOLXP�DQG�WKH�UROH�WKLV�EDUULHU�
SOD\V�LQ�WKH�SURFHVV�

Fig. 9: Bovine pericardium (heart tissue) sections after seven days in the 
chip, under flow. Calcified lesions can be seen on the side exposed to 
calcification medium, while the other side remains uncalcified.
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How to reach us

Address

Helmholtz-Institute for Biomedical Engineering
Pauwelsstrasse 20
52074 Aachen
Germany

By car

· Follow the motorway from Cologne or Netherlands to 
Aachen (A4) and take the exit towards Laurensberg. 

· Turn right into Kohlscheider Strasse and follow the signs 
Uniklinik.

· After approximately 750 m turn right on Toledoring/Pariser 
Ring, take the fifth exit (Uniklinik).

· In the roundabout take the exit towards RWTH Melaten 
and follow the Forckenbeckstrasse for 250 m.

· Opposite the restaurant Forckenbeck turn left into 
Pauwelsstrasse. After approximately 100 m the Helmholtz-
Institute is on the right hand side. 

By train/bus

Our Institute is well connected by public transport from 
the main train station, the train station ‘Aachen West’ or the 
main bus terminal in the city centre. Several bus lines lead 
to University Hospital (from the main train station line 3B; 
from the train station ‘Aachen West’ line 3A, 33, 73 from 
the bus terminal line 73, 33, 4, 5). Line 33, 73 and 3A stop 
directly at the Helmholtz-Institute, the other lines stop in 
front of the main entrance of the University Hospital. A 
short walk back over the bridge will take you straight to the 
Helmholtz-Institute.

By plane

Regular train service connects Aachen to major airports in 
Germany, Belgium and the Netherlands. 
· From Düsseldorf airport the travel time by car is approxi-

mately 1.25 hours and 1.5 hours by train. 
· From Cologne/Bonn airport travelling to Aachen takes 

about 1 hour by car and 1.25 hours by train. 
· Travel time by fast train (ICE) from Frankfurt airport is 

approximately 2 hours.
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