
US 20150004077Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0004077 A1 

Wikswo et al. (43) Pub. Date: Jan. 1, 2015 

(54) 

(71) 

(72) 

INTEGRATED HUMAN ORGAN-ON-CHIP 
MICROPHYSIOLOGICAL SYSTEMS 

Applicants:PRESIDENT AND FELLOWS OF 
HARVARD COLLEGE, Cambridge, 
MA (US); VANDERBILT 
UNIVERSITY, Nashville, TN (US) 

Inventors: John P. Wikswo, Brentwood, TN (US); 
Philip C. Samson, Nashville, TN (US); 
Frank Emmanuel Block, III, Nashville, 
TN (US); Ronald S. Reiserer, Nashville, 
TN (US); Kevin Kit Parker, Waltham, 
MA (US); John A. McLean, Nashville, 
TN (US); Lisa Joy McCaney, 
Nashville, TN (US); Dmitry Markov, 
Nashville, TN (US); Daniel Levner, 
Boston, MA (US); Donald E. Ingber, 
Boston, MA (US); Geraldine A. 
Hamilton, Cambridge, MA (US); Josue 
A. Goss, Somerville, MA (US); Robert 
Cunningham, Cohasset, MA (US); 
David E. Cliffel, Nashville, TN (US); 
Jennifer Robin McKenzie, Nashville, 
TN (US); Anthony Bahinski, 
Wilmington, DE (US); Christopher 
David Hinojosa, Cambridge, MA (US) 

(21) 

(22) 

(86) 

(60) 

(51) 

(52) 

(57) 

Appl. No.: 14/362,841 

PCT Filed: Dec. 10, 2012 

PCT No.: PCT/US2012/068725 

§ 371 (0X1)’ 
(2) Date: Jun. 4, 2014 

Related U.S. Application Data 

Provisional application No. 61/569,004, ?led on Dec. 
9, 2011. 

Publication Classi?cation 

Int. Cl. 
G01N 33/50 (2006.01) 
U.S. Cl. 
CPC ................................ .. G01N33/5088 (2013.01) 

USPC ........................................................ .. 422/502 

ABSTRACT 

The invention provides integrated Organ-on-Chip micro 
physiological systems representations of living Organs and 
support structures for such microphysiological systems. 



US 2015/0004077 A1 Jan. 1, 2015 Sheet 1 0f 40 Patent Application Publication 



Patent Application Publication Jan. 1, 2015 Sheet 2 0f 40 US 2015/0004077 A1 

Ii@ BONE MARROW 
BLOOO BRAIN BARRIER NEURONAL NETWORK BRAIN 

| FIG. 2 

GUI 

UVER 

HEARI 

ALVEO LUS LUNG BROOHIOLE 



US 2015/0004077 A1 Jan. 1, 2015 Sheet 3 0f 40 Patent Application Publication 

QM .whm 



Patent Application Publication Jan. 1, 2015 Sheet 4 0f 40 US 2015/0004077 A1 

LUNG< Q 

CAPILLARY< Q 0 O 

FIG. 4 





Um 6H“ Mn .65“ 

“>552 555% .. . 

E2: .35 53:2 

US 2015/0004077 A1 Jan. 1, 2015 Sheet 6 0f 40 Patent Application Publication 



US 2015/0004077 A1 

G. 6B FI 

) TIME (SEC 

V 

FIG. 6D 

Jan. 1, 2015 Sheet 7 0f 40 Patent Application Publication 

FIG. 6A 

FIG. 6C 



US 2015/0004077 A1 Jan. 1, 2015 Sheet 8 0f 40 Patent Application Publication 



Patent Application Publication Jan. 1, 2015 Sheet 9 0f 40 US 2015/0004077 A1 

HUMAN INTESTINAL VILLUS 

' H ; mucus 
\ ABSO TIVE ,\ SECRETORY , LAYER 

\[PnHEuuM/ \EPITHELIIIM/ / 

\ 0R / PERMEABLE 
‘ \ MEMBRANE 

|\ CAPILLARY \ LYMPHATIC ‘ 

\ENIJOTHELIIIM/ \ENIJOTHELIIIM/ 
BLOOD SIDE 

FIG. 8A 



Patent Application Publication Jan. 1, 2015 Sheet 10 0f 40 US 2015/0004077 A1 

FLEXIBLE, 
POROUS MEMBRANE 

INTERSTITIAL CHANNELJ/ 

VACUUM VACUUM 
CHAMBER CHAMBER 

I-______ 
FIG. 8C FIG. 8D 



Patent Application Publication Jan. 1, 2015 Sheet 11 0f 40 US 2015/0004077 A1 

PERISTALSING 
GUT-UN-A-CHIP 



Patent Application Publication Jan. 1, 2015 Sheet 12 0f 40 US 2015/0004077 A1 

I 
TIOHT JUNOTION I ASTRUBYTEJ 

PLATINUM ELECTRODE 

ENDOTHELIIIL OELL 

250p.m 

ZOOpm 

5OOI1|11 
CROSS SECTION DEVICE 

kl . . 

TOP VIEW DEVICE TRANSWELL VS OHIP 

Flé. 9 



Patent Application Publication Jan. 1, 2015 Sheet 13 0f 40 US 2015/0004077 A1 

/ 

IIIT CELLS Sca-1 
B CELLS III cKit 
Mac/Gr I HSBs 
GRANULUCYTES CD34 

E] MACRUPHAGES |I|C|1135 
I RED BLOUIJ CELLS 

HEMATUPUIETIG STEM 
DIFFERENTIATED BLUUD CELLS ANI] PRUGENITUR CELLS 

100% 

“ sBM Bwk mBM mPB 

FIGV. 10 



US 2015/0004077 A1 Jan. 1, 2015 Sheet 14 0f 40 Patent Application Publication 

H H .35“ 

$2 3: a: S: ./ ........ l I “55522:” I / 
558 n 523 _ 3,: \ . $3255 :58 ".EEZ.=W=.€. L. 5.25 \_ :2; 3 a“: 3 as: _ Ema \ x mg a: 3: D 

\\\ V AV 

msixx g: \ 

\\\ 

Jw \ Av 

55225: 3. $22222;sz _ 

A 

. JW§JW\. AW “Ti 
N __ \ 

ms: .8: ii . . 

g: g: 1/8: 



Patent Application Publication Jan. 1, 2015 Sheet 15 0f 40 US 2015/0004077 A1 

Via“ 

0 

3 .3 FIG. 12C 

FIG. 12E 

FIG. 12B 

FIG. 12A FIG. 12D 



Patent Application Publication Jan. 1, 2015 Sheet 16 0f 40 US 2015/0004077 A1 

FIG. 13A 



Patent Application Publication Jan. 1, 2015 Sheet 17 0f 40 US 2015/0004077 A1 

PUMP 1 PUMP 2 PUMP 3 PUMP 4 

F|_| El: El: 5: 

FIG. 13C 



Patent Application Publication Jan. 1, 2015 Sheet 18 0f 40 US 2015/0004077 A1 

FIG. 13E 

FIG. 13D 



Patent Application Publication Jan. 1, 2015 Sheet 19 0f 40 US 2015/0004077 A1 

W W W W W W 
CUSTOMER PART# CMC PART# 

RRPEZIIZI PT 707PN 

IDESCRIPTIUN: | 5-ELECTRUDE SPE - Pt I 

LOT#: MFG DATE: P0#: QTY: 
2660 9/17/08 31547 15!] 

Hwy H1118! Hwy mm W HEM 
FIG. 14A 

FIG. 14B 
















































































































