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Format of Thesis

The thesis consists of six chapters. Chapter 1 introduces the biological fundamentals of
multicellular spheroids and organoids and reviews the state-of-art microfluidic
technology of spheroid and organoid culture. Chapters 2~5 cover the research in my PhD
course that utilize microfluidic chips to culture spheroids and organoids and the sequential
application of these models. Chapter 6 summarizes all the work and gives a brief

perspective for potential future work. The thesis flow chat is illustrated below.
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My PhD work aims to develop novel multicellular spheroids and organoids culture
methods utilizing the microfluidic and microfabrication technology, also named on-chip
technology. Chapter 2~3 focus on the spheroids and chapter 4~5 focus on the organoids.
Chapter 2 describes a method to generate multicellular spheroids with gradient sizes on a
single chip. Chapter 3 designed cell co-culture chip, which allows unidirectional signal

communication, to investigate interactions between tumour spheroids and stromal cells.
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In chapter 4, peristalsis is mimicked on microfluidic chips for the mechano-stimulated
culture of human colon tumour organoids. In chapter 5, alginate is found to be a good
candidate material for establishing the culture of mouse mammary tumour organoids.
Taking the advantages of the droplet technique, we achieved high-throughput generation
of mammary tumour organoids. Moreover, this model can be used to measure the luminal
pressure during culture. In the last chapter, I conclude my PhD research work and briefly

describe the potential future work.

il



List of Publications

> Articles

1.

G. Fang, H. Lu’, R. Al-Nakashli, R. Chapman, G. Lin, D. Jin". Enabling peristalsis
of human colon tumour organoids on microfluidic chips. (Under revision in

Biofabrication)

G. Fang, H. Lu” L. Fuente, A. Law, G. Lin, D. Jin, D. Gallego-Ortega’. Mammary
tumour organoids culture in non-adhesive alginate for luminal mechanics and drug
screening. Advanced Science (2021) (DOI: 10.1002/advs.202102418).

G. Fang, H. Lu", D. Jin". Advances in spheroids and organoids on a chip. (In
preparation).

G. Fang, H. Lu", HA. Es, D. Wang, Y. Liu, ME. Warkiani, G. Lin, D. Jin",
Unidirectional intercellular communication on a microfluidic chip._Biosensors and
Bioelectronics (2020) 175, 112833.

G. Fang, H. Lu", A. Law, D. Gallego-Ortega, D. Jin, G. Lin, Gradient-sized control
of tumour spheroids on a single chip._Lab on a chip (2019) 19 (24), 4093-4103.

A. Law, J. Chen, Y. Colino-Sanguino, S. Grimes, H. Lu, G. Fang, ..., H. Ji and D.
Gallego-Ortega®, ALTEN: a high-fidelity primary tissue-engineering platform to
assess cellular responses in situ, submitted to Advanced Science, 2021

Y. Liu, F. Wang, H. Lu, G. Fang, S. Wen, ..., L. Zhang, M. Stenzel, D. Jin". Super-
Resolution Mapping of Single Nanoparticles inside Tumour Spheroids._Small (2020)
16 (6), 2070030.

S. Jiang, M. Guan, J. Wu, G. Fang, X. Xu, ..., S.Wang, P. Xi", Frequency-domain
diagonal extension imaging. Advanced Photonics (2020) 2 (3), 036005.

. P. Jia", G. Fang', Z. Li, H. Liang, Y. Hong, T. Liang, J. Xiong". Bellows spring-

shaped ultrasensitive fiber-optic Fabry-Perot interferometric strain sensor. Sensors
and Actuators A: Physical (2018) 277, 85-91.

([1-5] are closely related to my PhD program)

v



Abbreviations

2D
3D
aSCs
BME
BMP4
BSA
CAF
CAGR
CE
CPA
DMD
DOX
ECM
EGF
ESCs
FACS
FBS
FoV
HR
HUVECs
ICCP
IDTs
iPSCs

MSCs

two-dimensional
three-dimensional
adult stem cells
based membrane extract
bone morphogenetic protein 4
bovine serum albumin
cancer-associated fibroblast
compound annual growth rate
counter electrode
chlorpromazine
digital micromirror device
doxorubicin
extracellular matrix
epithelial growth factor
embryonic stem cells
fluorescence-activated cell sorting
fetal bovine serum
field of view
hormone receptor
human umbilical vein endothelial cells
interactive co-culture plates
interdigital transducers
induced pluripotent stem cells

mesenchyme stem cells



NA
NK
PAAmM
PBS
PDMS
PEG
PHPMA
PSCs
RE
RGD
SIM
SPR
SSAW
STORM
TGF-p1
TWPV
uv
WE
WNT

o-SMA

numerical aperture
natural killer
prepolymer polyamide
phosphate buffer saline
polydimethylsiloxane
polyethylene glycol
poly (N-(2-hydroxypropyl)methacrylamid)
pluripotent stem cells
reference electrode
arginylglycylaspartic acid
structured illumination microscopy
surface plasma resonance
Surface acoustic wave
stochastic optical reconstruction microscopy
transforming growth factor beta 1
thick-wall pressure vessel
ultraviolet
working electrode
proto-oncogene protein

o-smooth muscle actin

vi



Table of Contents

Certificate of Original Authorship ii

Acknowledgements i

Format of Thesis ii

List of Publications iv

Abbreviations v

Table of Contents vii

List of Figures xi
N ] T xiv

Chapter 1 Introduction xiv

1.1  Multicellular spheroids and Organoids ............ccceeeieriieciiiieiieriere ettt 1

1.2 Advances in spheroids and organoids on a Chip.........cecceeeeerierienieiieeee e 3

1.2.1  Spatial and temporal CONIOL..........coiiiiiiiiiiiiiee e 4

1.2.2  Mechanical cue MOdElliNg.........cccoiiuiiiiiiiiiiiiee e 8

1.2.3  High-throughput analysis .........ccceereeiieieiieiiere ettt 12

1.2.4  Co-culture and multi-tiSSUE INtETACTIONS .....c..euerverveuirrerieririeieienieneeierereeeeerereeeeereseeaeerens 15

1.2.5 Integration of biosensing and bioIMAZING .........cceevvieiieierierieniieieeie et sae e eenees 19

1.3 AImS aNd OULHIE ....veiiiiiiiicieiiceete ettt 21

Chapter 2 Gradient-sized multicellular spheroids on a single chip 23

2.1 INIOAUCTION ...ttt ettt ettt sttt ettt b et et s b et be e eae bt ne 24

2.2 AImS and QPPIOACKES .......eiiiiiiieiiieiieit ettt ettt ettt ettt ettt e et e ne e neenean 25

2.3 Materials and MEthOdS .........ccooeiiiiiiii et 26

2.3.1  Chip fabrication and characterization ...........c.cceceeeeieienienenineneeeeeeteene e 26

232 Cell SEEAING ...cveveieeiieiieteteetere ettt ettt sttt ettt st st 28

2.3.3  Dome shape simulation and analysis..........cccccevvieriieriieriieiienienreesieere e seeseesseesseeneens 29

2314 Cell CUIUIE ...ttt sttt ettt st ene e 30

2.3.5  Drug penetration EXPETIMENT ........ueerueerueerireerreerreesreenseesseesseesseessseessseesssessssesssseens 32

2.3.6  Cell viability after drug treatment. ..........ceccveiverieriierieeie et eee e e se s e 32



2.3.7  Spheroids with cells from mMouUSe tUMOUT .........cc.ecoiiiiiiiiriei e 32

2.4 Results and dISCUSSION ..c..c.eruirieuiriirieiirienieieteneeie ettt ettt et sttt sttt ae e aeenesaeneenens 33
2.4.1  Size distribution of the spheroids on the chip .......c.cccevieriiriiciiiieeeee e, 33
2.4.2  Size-dependent growth rate of the Spheroids ..........occevvieririieiiinierieeeeee e 34
2.4.3  Size-dependent co-culture of different Cells..........covvrviiriiiriiiiienieieeeeee e, 37
2.4.4  Size-dependent drug Penetration .........ccoueeeeruiertieriierieeie ettt ettt 41
2.4.5  Size-dependent response to anti-Cancer AIUZS........ccoevverierienienieeniieieeieneenieeeeaeseees 43

2.5 CONCIUSIONS .ttt sttt ettt ettt st e b et a e sae b bt essesneaenaenes 44

Chapter 3  Unidirectional cellular communication on a microfluidic chip................... 47

T B 57 o1 < {01 T USSP 48

3.2 AIMS and aPPrOACHES ... .cueiiieiieiiee ettt ettt et ettt sttt ettt e ne et et e 50

3.3 Materials and MEthOdS.......c.cocoveiiiniiiiiiiicec ettt e 53
TR T8 B O ¥ oI5 221 75 (< 15T} 1 R UURSRPSR PSP 53
3.3.2  Cell Signal molecule diffusion in the chamber .............ccccvveiiveiiiiieniiniee e 54
3.3.3  Cell culture and cell SEEAING .......eceerrieruieiieiieieeeieee e 56
3.3.4  Characterization Of Cell TESPONSE .....c.eeiuieiiieiiiiieiieiee e 57

3.4  Results and diSCUSSION ......coruieiuieiieiieie ettt ettt ettt ee et saeesbe e aeeeeemeeeneeeseenseenneas 58
34.1 MDA-MB-231 and MCF-7 spheroids are different to influence stromal cell................ 58
3.42  Unidirectional communication of MDA-MB-231 and MSCs........cccceecvvvinevninenenenne. 60
343  TGF-BI secreted from MAD-MB-231 cells induced MRC-5 fibroblasts into CAFs.....63
344 DISCUSSION ..venveitinieiieteteetetert ettt ettt ettt eb ettt sttt b e s s st sb e s seeaenens 64

3.5 COMCIUSIONS ..ttt ettt ettt ebe et 67

Chapter 4 Enabling peristalsis of human colon tumour organoids on microfluidic

L0l 11 1 s 69
4.1 BACKGIOUNG......eiiiiiiiieeiieeite ettt ettt ettt et e et e e stte e taeestteesaeessbeessseessseensaeenssaensseensseennseens 70
4.2 AImS and aPPIOACHES ......coueiuiiiiiiiiiriinterte ettt ettt sttt ettt ettt eae 71
4.3  Materials and MeEthOdS..........cocueriiiiriiiiie e e 73

4.3.1  Chip fabrication and characteriZation..............coceeerererierienieninenceeeteteene e 73
4.3.2  Organoid culture and cell 10ading .........ccccovevieninininiiiiiiiceececeeee e 74



4.3.3  SYSEEIM SCUP ...ttt ettt ettt et ettt h et ettt e bbb et et eeaeeeneeebe e beenaean 76
4.3.4  Penetration and deformation SIMUlation ...........ccceeereerierieninienenineeeeese e 76
4.3.5 Immunostaining and quantification of the organoids .........c.cccceveververieviecirecieeieeenen. 77
4.3.6  Synthesizing ellipticine-loaded Micelles ............ccerierieiiiriieiieriee e 78
4377  BloCKING ENAOCYLOSIS. . cuuietieiieriiesiieriieteeteeteetesseeteeteeaeseaessaesseesseessesnsesssesseanseenseensens 78
4.4 Results and diSCUSSION......ceiuiiitieiieiieieitierteett ettt ettt ettt sb ettt saeesaeenaeenneas 79
4.4.1  Organoid array on chip and its VIability .........ccccceeriieiieriiieieeec e 79
4.4.2  Characterization of organoid periStalSis .........ccccvveerirerieeiiririeeiie e eee e eae s 79
4.43  Characterization the growth and development of organoids...........ccccceeveeviieniencenn. 81
4.4.4  Anticancer-drug screening on the Chip ........ceevierieriienieiiisie e 83
4.5 CONCIUSIONS ...ttt ettt ettt b e st b et be et et et saesbe s bt bt eseeneen 85

Chapter 5 Mammary tumour organoids in alginate microbeads for luminal mechanics

and drug screening 87
5.1 BACKEIOUNG .....ooiiiiiiiicie ettt ettt et et ettt e et et e et e esseesbessbessaesseesseeseenseessens 88
5.2 AImS aNd @PPIOACHES .....eeevvieeiiriieiieieeieete e ste st et ebeete et esteesteesseesseessessaessaesseesseesseenseessenns 89
5.3 Materials and MeEthods .......c..cceviriiiiiniiiiicce ettt 90

5.3.1  Chip fabrication and characterization .............ccecueeuieieriesiesieee et see e 90
5.3.2  MOUSE tUMOUL tISSUE PIOCESS ...veuvvereerierreerueateaeeaneeaneesseesseanseenseessesseesneesseesseesseensesnseens 92
5.3.3  Alginate microbeads generation and cOIleCtion ............ccceveeiiieiiiriiiriieiieeie e 92
5.3.4  Mammary tumour organoid CUItUIE ..........ccouiiiiiieiiee e 93
5.3.5 IMMUNOSAINING .....ccuieriietieiieteeiesiesteseesteeteeseessesseesseesseesseessesssesssesseesseessessseessensenns 93
5.3.6  FlOW CYtOMELrY ANalYSIS.....c.eecvieiirieriierieerieeteeteeteseeesseesseesseessesssesssesssessaesseessesssensenns 93
5.3.7  Synthesis of fluorescent al@iNate ............cccvverueeeiieiieierierieeieere et seeeaeere e e 94
5.3.8  Cell viability and drug treatment ............ceoeerieiieiiee e 94
5.4 Result and diSCUSSION ...c.eiiuiiiiieiieiiee ettt ettt ettt ee et e st e e e saeesaeeseenneas 95
54.1  Growth of mammary tumour organoids in alginate microbeads ..............cccocververereenne 95
5.4.2  Physiological characterization ..........cccueeeerierieeriieie et eiieste et see e 97
5.4.3  Cell compartments of organoids in alginate microbeads ............cccceeeververiereerieerreenenns 97
5.4.4  Mechanics of the luminal 0rganoids...........ccocveriieriiecieiienieriere et sie e 99

X



5.4.5  Anti-cancer drug SCIEEMING .......c.eeuiiieiiiriieiieit et eteette et eest et eteettesieesbeeseeebeeeeeneeeae 103

540 DISCUSSION ...vinviniiirieieicrteiete ettt ettt ettt ettt et sttt et et sa e enen 105

5.5 CONCIUSIONS ..eueiiiieiirtiieiete ettt ettt ae 106
Chapter 6 Conclusions and future work 107
6.1  ConCIUSIONS .........oooiiiiiiiiiiiii e 107
6.2 Future WOrK ..ot 109
6.2.1  Patient-derived organoids on the chip for more characterization............c.cceccvererueenee. 109

6.2.2  Matrigel droplet for human colon tumour organoids ............cccceevverierienieneeniieeeee 109

6.2.3  Heterogeneous uptake of nanoparticles in human colon tumour organoids................. 110

BN 0] 013 111 10, 112
L] 5 1 T 115



List of Figures

Figure 1-1 | Schematic establishment of spheroid and organoid, and their characteristics..

Figure 1-2 | Overall advances of spheroids and organoids on a chip........c.cccccccvveennennnee. 3

Figure 1-3 | Concentration control and temporal control of spheroids and organoids on a

(41111 o DTSSR 5
Figure 14 | Spatial control of the spheroids- and organoids-on-a-chip technology.. ...... 7
Figure 1-5 | Flow force control of the spheroids- and organoids-on-a-chip..................... 9

Figure 1-6 | Compression and stretch control of the spheroids- and organoids-on-a-chip

1110 11110 (0 T 2R 10

Figure 1-7 | Mechanical sensing of the spheroids- and organoids-on-a-chip technology..

......................................................................................................................................... 11
Figure 1-8 | Microwell and droplet strategy for high-throughput culture. .................... 13
Figure 1-9 | Micropillar and acrostic strategy for high-throughput culture.................... 14

Figure 1-10 | Vascularization by co-culturing spheroids and organoids with HUVECs..

......................................................................................................................................... 16
Figure 1-11 | Co-culture spheroids and organoids with immune cells.............c...cc.c...... 17
Figure 1-12 | Co-culture spheroids and organoids with stromal cells.. .........c...ccccceeee. 18
Figure 1-13 | Integration with biosensing device.. ........ccccerviieniiriiiiniciieenieeieeneeeeene 19
Figure 1-14 | Integration with imaging devicCe.. .......c.cceeeriiririiriiniinieierece e 21

Figure 2—1 | Schematics showing the liquid dome-assisted formation of gradient-sized

Spheroids 0N an agaroSe CHIP........ccccuiiiiiiiiiiie ettt et e e e s e e sebee e eaee e 25

Figure 2-2| Schematic of the dynamic irrigation culture system integrated with the

peristaltic pump and commercial cell culture plate..........cccceoeeviriiniiiiniiniicieeeee 26
Figure 23 | 3D-printed mould........c.cooiiiiiiiiniiiiiiceee e 27
Figure 2—4 | Agarose chip and characterization.. ...........ceeceervieenieiiiienienieenieecesee e 28


file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030852
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030852
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030853
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030854
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030854
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030855
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030856
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030857
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030857
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030858
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030858
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030859
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030860
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030861
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030861
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030862
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030863
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030864
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030865
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030866
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030866
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030867
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030867
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030868
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030869

Figure 2—-5 | Cell seeding and characterization on the chip.. ........ccoccevveiveiiiniiincnnennn. 29
Figure 2—6 | Liquid dome shape analysis and simulation. .............ccccovceeveriienienencienenne 30
Figure 2—7 | Size distribution of the MCF-7 spheroids on agarose chips.. .......c.ccccuue.... 33

Figure 2—8 | Roundness of each spheroid (1-day-old) (a) on the round chip and (b) on the

SQUATE CHIP. 1eeiiiiiiiieeiieeie ettt ettt et e et e et eebeesabeesbeeesbeesaeensaensneenseennns 34
Figure 2-9 | Growth profile of the MCF-7 spheroids with different initial sizes.. ......... 35
Figure 2—10 | Roundness of the MCF-7 spheroids on the chip..........cccccceeeeiiiiciieennnnns 36
Figure 2—11 | Dynamic culture of the MCF-7 spheroids on the agarose chip.. .............. 37
Figure 2—12 | Coculture MCF-7 and fibroblasts in the spheroids.........c..cccccevveereriennnn. 39
Figure 2—13 | Coculture MCF-7, fibroblast and HUVEC in the spheroids..................... 40
Figure 2—14 | Spheroid formation derived from the 4T1.2 tisSues.. .....cccccecvereereruennnene 41
Figure 2—15 | DOX penetration in gradient-sized MCF-7 spheroids.. ..........ccccceeruennee 42

Figure 2—-16 | Size-dependent cellular responses to latrunculin A in MCF-7 spheroids..

Figure 3—1 | Co-culture approaches to study the cellular communications. ................... 48

Figure 3—2 | Mechanism of the unidirectional cellular communication on the microfluidic

(6111 o TSRS 52
Figure 3—3 | Chip design and itS IMaZe. ........c.ceevuieeiiieeiiieeiee et evee e 53
Figure 3—4 | Molecule diffusion on the Chip. .......cccccvveiiiieiiiiieiieeeeeee e, 55
Figure 3—5 | Cell distribution after cell seeding.. ........ccccceverieneriiiniiiniiiniiiericrenienee 56

Figure 3—6 | Unidirectional communication between MRC-5 fibroblasts and MDA-MB-
231 OF MCF=T CeIIS.. c.etiiiiiiiiiieitetee ettt 59

Figure 3—7 | 3D profile of MDA-MB-231 and MCF-7 spheroids that were either
influenced or uninfluenced by MRC-5 fibroblasts. ...........cccceeeeriiiiniiniiienieeieeieeene 60

Figure 3-8 | Unidirectional communication between MSCs and MDA-MB-231 cells.. 61

Figure 3—9 | Control eXPperiments. ........c.coouierieeiiierieeiienie ettt et 62

Xii


file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030870
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030871
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030872
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030873
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030873
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030874
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030875
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030876
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030877
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030878
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030879
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030880
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030881
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030881
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030882
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030883
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030883
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030884
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030885
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030886
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030887
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030887
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030888
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030888
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030889
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030890

Figure 3—10 | Injection of TGF-B1 antibodies through the blocking channel ceased the
transformation of MCR-5 fibroblasts into CAFs-like cells.........c.ccooceevinieniincnencnnene 63

Figure 3—11 | Potential extension of the unidirectional microfluidic chip...................... 65

Figure 4—1| Concept design to contract the human colon tumour organoids mimicking the

PETISTALSIS. 1.vteiiietieeiie ettt ettt ettt e et esteeebeesaeeesbeessbesabeesseeesbeensaeenseensbeenbeensseenseens 72
Figure 4—2| Chip deSIZN. ....ccueieiieiiieiieiieeie ettt ettt seesbeesseeebeesseesnseens 73
Figure 4-3 | Cell SEEAINE. ....ccuiiiiiiieiie ettt e e e e eavee e aeeeaaee e 75
Figure 4-4 | Setup of the pressure control and the medium perfusion.............c.ccceeneen. 76
Figure 4-5 | Penetration and deformation simulation. ...........ccccceeeviierieenieenieenieenieeneans 77
Figure 4-6 | Organoid developed on the Chip. .......ccccoeevieiiiiiiiiniieiee e 79
Figure 4-7 | Characterization of the deformation of organoids. ...........cccceeveieiieniennce. 80
Figure 4-8| Lgr5 expression in large-lumen organoids. .........ccoceevieeniiiiieenieenieenieeiene 81
Figure 4-9| Organoid response to drug-loaded nanoparticles...........cccoeeverrieirienreennnn. 84

Figure 5-1 | Concept design of the mammary tumour organoids in alginate microbeads.

......................................................................................................................................... 90
Figure 5-2 | Plastic mask fabricated by commercial printer...........ccccoeevvereenieneeneennen. 91
Figure 5-3 | Growth of the mammary tumour organoids in alginate microbeads. ......... 95
Figure 5—4 | MCF-7 cells in alginate microbeads. .........cccccoveeniiiiiiinieniecnieeiienieeene 96

Figure 5-5| Immunostaining of the organoids developed in the alginate microbeads....98

Figure 5-6| Organoid components characterization by FACS...........ccccooiviiiiniinnnnen. 99
Figure 5-7 | Luminal mechanics analysis based on the microbeads.............cccccccuenee. 101
Figure 5-8 | Organoids released from microbeads grew in the dish.............c....c.ccc.e. 102
Figure 5-9 | Schematic of the drug screening. ..........ccccoeveeiiiiiiiniiiniinceeeeeee, 104
Figure 6-1 | Matrigel microbeads generation................oeieviiiniiiiiiiiiiienann 105

Figure 6-2 | Heterogeneous uptake of the micelle nanoparticle in human colon tumour

0] 215 0 16 1 106

Xiii


file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030891
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030891
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030892
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030893
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030893
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030894
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030895
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030896
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030897
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030898
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030899
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030900
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030901
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030902
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030902
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030903
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030904
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030905
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030906
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030907
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030908
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030909
file:///E:/IBMD%20project/18%20thesis/response/Guocheng%20Fang%20PhD%20Thesis%200420%20Final-HL.docx%23_Toc81030910

Abstract

Multicellular spheroids and organoids are typical in vitro models widely used in
developmental biology, drug screening, precision medicine etc. Regulation and
optimisation of these models and their residential microenvironments are crucial to
maintaining their functions and behaviours. With the advances in microfabrication
technology, microfluidic devices gradually become a useful tool for biomedical
engineering of cultured spheroids and organoids. Building the complex multicellular
systems on the microfluidic chips offers apparent advantages on these models (showcases
in Chapter 1). The aim of this thesis is to implement a series of new designs of
microfluidics devices and materials to improve the state-of-art cell co-culture and

engineering of spheroids and organoids.

Multicellular spheroids are commonly used in vitro tumour models as they replicate the
in vivo tumour. The size of spheroids plays a crucial role in cell responses during drug
screening. Chapter 2 reports a method that can generate gradient-sized spheroids on a
single chip with microwell arrays. As a liquid dome of cell suspension was formed on the
chip, the size of spheroids can be regulated by the position of the microwells under the

liquid dome.

Though tumour cells in the native microenvironment can be influenced by neighbouring
stromal cells, the conventional co-culture cannot reveal the directional communications
due to the random signal diffusion. In Chapter 3, a novel type of microfluidic chip was
developed for the unidirectional communication between breast tumour spheroids and

stromal cells.

The conventional culture of in vitro models lacks the mechanical cues, especially for the
gastrointestinal organoids. In Chapter 4, a microfluidic chip that can mimic intestinal
peristalsis was developed for human colon tumour organoids. The chip allows organoids’

high-throughput dynamic culture individually and parallelly in a microwell array.

The matrix that supports 3D cell growth poses another challenge that currently hinders
the developments of organoid culture, due to the high cost and batch-to-batch variations.
Chapter 5 found that the naturally-derived polymer, alginate, can be used for the mouse

mammary tumour organoids, especially for the luminal organoids.
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In summary, this thesis has developed a series of microfluidic designs and techniques for
spheroids/organoids culture towards their applications in drug screening, cell biology and
nanomedicine. This thesis advances the potential of on-chip technology, materials and

devices for biomedical engineering.
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