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Pericytes L‘fJuLszjaéﬁawﬁaag}ﬁmﬁ’uwﬁfqé’muaﬂmamaamLﬁammmLﬁﬂ 1aun capillary uag
post-capillary venule L%aéﬁﬁﬂwﬁwﬁwé’ﬂiumié;ﬂ:guwaamLﬁaméﬁﬂa'n wazdinudidaydet
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Jaqtiuouaemesdszduuilumns (AuNPs) gniwlfiftedudanisadraaenidont tndudanis
wisia nsiadoudne wagnszuauns tube formation Tnssjatiunalugy endothelial cells Ligsag1g
Wea wied1elsinudslufinis@nwdiamavos AuNPs fadnwauzdugiulazn1svauees pericytes
AsAnuAiaai 20 nm AUNPs inanuidudi 30 pprm wmadeuiiy pericytes Tnsn1sindoutheves
waadnwlagldinadia transwell migration, WarsEAUNITUENIBDNVOIEY Ki-67 Fadususdinng
w0 uwad ay PDGFR- Faudusved pericytes Ingldinaila real-time RT-gPCR Layanuwee
duguinuidendesgansimisiiansousuudesriiu (TEM) uenanidnwnisairmaonidentes
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LENIDONITTAU MRNA U038 PDGFR-B 284 pericytes anasotniliodAgy waznansanwiniela
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# # 5974017130 : MAJOR MEDICAL SCIENCES
KEYWORD: Angiogenesis, Capillary tube formation, Endothelial cells, Gold nanoparticles,
Pericytes
Sasikarn Looprasertkul : EFFECT OF GOLD NANOPARTICLES ON CAPILLARY TUBE
FORMATION WITH SPECIAL REFERENCE TO THE ALTERATION OF PERICYTES. Advisor:
Asst. Prof. DEPICHA JINDATIP, Ph.D. Co-advisor: Asst. Prof. Amornpun Sereemaspun,
Ph.D., M.D.

Pericytes are perivascular cells that wrap around endothelial cells to form wall of
capillaries and post-capillary venules. These cells play important roles in physiological and
pathological processes, including angiogenesis. Nowadays, gold nanoparticles (AuNPs) are used
for anti-angiogenesis by inhibiting the activity of endothelial cell proliferation, migration, and
tube formation. Nevertheless, the effects of gold nanoparticles on the alteration of pericyte
morphology and their functions have not been well explored. In this study, 20 nm-AuNPs were
applied to human placenta pericyte monoculture with concentration of 30 ppm. Morphology
of pericytes was observed by transmission electron microscopy. Cell migration was evaluated
by transwell migration assay. Real-time RT-gPCR was used to assess Ki-67 and PDGFR—B MRNA
expression. Additionally, these AuNPs 30 ppm-treated pericytes were co-cultured with human
umbilical cord endothelial cells on Matrigel to explore the 3D tube formation. The results
showed that AuNPs significantly suppressed migration, proliferation, and PDGFR-3 mRNA
expression of pericytes. The ultrastructure of pericytes displayed AuNPs in several organelles,
i.e., engulfed late endosomes, lysosomes, and mitochondria. Interestingly, these mitochondria
were swollen or damaged. Furthermore, the number of capillary tube formations was
essentially reduced. A number of pericytes on these capillary tubes were round shape and did
not extend the processes along the tube, which in turn increased incomplete tube formation
compared with the control. In summary, AuNPs could affect pericyte biology, including
proliferation, migration, morphology, and tube formation property. These findings may help

support the potential application of AuNPs in anti-capillary tube formation by pericyte-targeted

therapy.
Field of Study: Medical Sciences Student's Signature ......coccoeeveririennee,
Academic Year: 2019 Advisor's Signature ........c.ccooeveveerceen.

Co-advisor's Signature ......cccceceeeeeeee
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uni 1
unin
nuuazaudAyvasdeyin (Background and Rationale)
nsasaviannlaonnae (capillary tube formation) Usgneulusie endothelial

= @ A R ] Y] & . = @ ca o v o
cells Faluwadnizesdsenudunilsnaonidon way pericytes Falulwadninutilou
a0 endothelial cells Ingdiu cytoplasmic process 90NNMATLATUTIANIAIT) UUNADA
= 1.2 ¢ & A a A o . . . = o
@onl? lnuwadvisansvriniin1sAnfodoa A UNIUNIS paracrine signaling waziin1sld
basement membrane 531U IA8NUININENUDY pericytes Av N155n819UIA (vascular
diameter)’ uazA11ULafigsvoIMARALADNR (microvascular stabilizer), AruANNIsinaie

A A [ s =2 1 (% A
voudonlunasaidanuuinian (microvascular blood flow), ns@udiulavesnasniden
(vessel permeability)’, @519 basement membrane, A7UALTATINITUUIFIVD
endothelial cells, Ldudrulsgnaunanves blood-brain barrier (BBB)/ blood-nerve
barrier (BNB) TuszuuUszaindiunalsiazdiulans Lazdunuimaifgaonisiin
angiogenesis® Yafiallumaanadnedsunsalassassviaeniion

Tutagtuulumealulad (nanotechnology) WWuwmelulagaeitesiunsiniand

= 1 o 6 v [ [y a 1 . ¥ o
fyuralug) urduaszvlvieynialdnsgauuiluluns 138031 nanoparticles tagniuun
Uszgnaldlumenisunndegainineing nedanldlunisnsinitadenasnisuntninw wu
lsAwnuany, lsatneaduiilaLasnaeniaon, 15a age-related macular degeneration
(AMD) wazlsruzise Wudu Tud 2005 Mukherjee wazane laldoynianasaszauuily
A3 (gold nanoparticles, AUNPs) U1§UEINITLULAT kazN1tAROUE18999 endothelial
cells Tngwua1 AUNPs @111509UNUSLI8 Cysteine residue 984 heparin binding domain
Y89 VEGF-Ags L019819911012431239° wananiilul 2016 Roh wazamig 11 AuNPs arlaly
n15§udanisiia angiogenesis lununaasangninilerurliiinn17e choroidal
neovascularization a.duannguadlsa AMD l9d5a lnananismaasinuiivasaiden
US1I8u choroid HUSinaanasegnslitudfny wazilelavinnsAnwluseduraonnnass (in-
vitro) WU AuNPs @1113508U§9n159LA0 tube formation, cell proliferation, ann13LAL
Woawnliify extracellular signal-regulated kinase (ERK) 1/2, protein kinase B (Akt) uag

focal adhesion kinase (FAK) signaling pathways U84 endothelial cells ﬁgﬂmﬁmﬁﬂm

VEGF ¢ lngliilufivneigadunifiogdrafes 91nauidednesuiingiuni aziuledn
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AUNPs @111508U89n15LAA angiogenesis 1nadltt11uie (target) Mo VEGF signaling 494

Aa o

endothelial cells usiogslsiniu elifinsfnulafisnaarunaves AuNPs Nilsionmdnuos

[

w84 pericytes nou Tuvae pericytes Wuwadnianuddyedrsinsenasndenias

o

v W A

duiustiunmsiiavasaidenluuzseds 80%
=3 s X = A o Aa
n1sAnwAseiliduni1sfineiusniiul AuNPs vu1a 20 uiluins (nm) NiA1AY
Y v av ¥ o o A ) al' a .
WuduanalavinnisAndenuinegay ieAnwiAuUasuklaInieginImees pericytes
sieBu PDGFR-f uenaniivhnisdrasdlassad1anasniden (tube formation) LuUaLAR
= o, . ° . a Yo & ] Y .
YuNlUIEAU in-vitro Iawin pericytes NLA5U AUNPs UWzLa8959unU endothelial cells
WUV co-cultured Ul Matrigel iiethdayaiilaniUssaianasiniun1sfnyinaved AuNPs
#o endothelial cells Adn1sAnwINoUNENE Fiuddganiadnazaimsatn AuNPs unlddu

NIRa0NNINEIM5U anti-capillary tube formation Taaiiitnueaeny endothelial cells

way pericytes lalusuan
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uni 2
NUNIUITIAUNTIY
Tassddranannidaneas (Capillaries)

Capillaries \Hunasndonnfivwimdnigaluszuulvaiswdon diduiumudnans
wasUsvaa 4-10 lulasiuns audireduilusisum3enin capillary bed Usgnaumie
endothelial cells Avutidulasas1avomasndion NUSIUNTAIULDNVDIADALEDAIE

f a A . a . . £ o . .. !
WULaanIuAAD pericytes InuUTuav94 capillaries FuAU metabolic activity vadusias
¥
WioLde
. . 1 I a v 1
Capillaries wuseanidu 3 ¥in lawn

- Continuous capillaries unaeadenii endothelial cells \SeafaRnnaiuagig
LUUNUI WAzl basement membrane ¥aVUAABAAIINENIVOINTINABALABA NS
wantUasuansuIung endothelial cells WuwuUNISUNS (diffusion) WAZAITVUAIAITINNR?

¢y = a v & v / ’ \ a a & PN ]
wadnunisludnatunils me pinocytotic vesicles naamdanviiniinuuinigalusianiy
gnFnaE1y Uan, ialdanednu, naiuiile, wWeldauseain wavsauivie Wusu (5U# 1a)

- Fenestrated capillaries Wunaeniden cytoplasm U84 endothelial cells

< A LY & 2 A a I 1 a
a1u1sanugnIuLanT Mndanaeaidenls iWeldlunisuanwdsuaisvuialidluguin &
basement membrane viaviunaanANgIvemTIvRanden dnnuluaietvndauinng

v

waniUaeuasviodansegeninga laun 1o, a1ld wazseulivie \usu (UN 1b)
. . a Y . . [ & aa 1 1 a
- Discontinuous (sinusoid) capillaries tJuvaoatdsanigesirsvuinlng, 8
basement membrane ﬁaﬁmwulﬁﬁmﬁm (discontinuous) +H 89311 AB LT IUNTT
wanwasuluanavuialvg) (macromolecules) visewasiiinidan (blood cells) deaziiny

A G wazdiy WWusu (UR 108
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Basement membrane —z
. f Discontinuous —=

Nugle;]o:‘ : basement ‘

endothefial membrane

Lumen —/.

cells

Erythrocyte

Erythrocyte 4
\{ f ~—Lumen
Intercellular <& 97/ Intercellular —

cleft 3 Nucleus of cleft Nucleus of

’ ) endothelial cell 3 . ; endothelial cell
a Continuous capillary b Fenestrated capillary ¢ Sinusoid

4
Intercellular
- cleft

3‘1/17/1 Capillaries ¥Hn#1499): Continuous capillary (a), Fenestrated capillary (b), Wag

Discontinuous (sinusoid) capillary (c)?

nsadavasadaniay (Capillary tube formation)

NSEUIUNITAS1IManAaen UTenauady 2 TUABU LA N1TE319aonLaen
(vasculogenesis) 910 primitive vascular cells %38 hemangioblasts @uinluszey embryo
waznsasaaendentminnnasadeniiiod iy (angiogenesis) Lunsinn1suanisann

a a A ] a I Y] &
asndenfueanun Welnlalassssremasadeniiesnie laeniludunsguiunis
vasculogenesis 3ENEANAIAINTINITHAUIAITOU UiNTasmaenidontndazduintuld

aa 9
AADATIN
$% = ) Sodla X A | |

N19a319Ma LA N8l UATEUIUNITULITILAATULN DA URBLATIT 19D 1A DN
= a v 1 & '3 dy al o 1 [ [ | [y '3 [y
doaalraelaugadLaziagavig1eniy tUN1TINIUTINAUYOIEINBIAUTENDUNAN
loun endothelial cells, pericytes ay extracellular matrix (ECM) 1aadl growth factors
#1199 WU vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF) Wag
platelet-derived growth factor (PDGF) \udu arupuliiiinisadanasmdentesldodis
auna JIUAUNTEUIUNITUUIRITRBUYad (cell proliferation) sauflsn1siafeudgveuead

(cell migration)?
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waaesAUsTnauYBIaaniaaniay
Endothelial cells

Endothelial cells @ L%aéqmﬁfmaamLﬁaﬂﬁﬁmﬁ'wiaﬁul,wu simple squamous
epithelium AaAAIILLIIVDINADALADA Imaﬁ@mauﬁaﬁqﬁ wandsu (exchange) 3o
Hustatu (barrier) sewinaansfilnadeulunasaidentuetoisngg, aruauanududen,
@319 growth factors 19U VEGF, angiopoietin (Ang), ephrin, wag PDGF, kagn15LAN
angiogenesis'! 1uAu

113037 endothelial cells luszAundesqanssatuuulduas (lisht microscope)
a5l 500UUUUSTTNANAY HRE Ima@&?fumﬂwmﬁamﬁ&lmmlﬁzﬁaéﬁéulﬁﬂﬂiu
lumen YaevasaLden uonaini NINABINITIZ YA DE19ITUNIZII129 8TN1511TD
Immunohistochemistry 1011114 1ag marker ﬁﬁwﬁﬁmﬁﬂ% endothelial cells laun von

Willebrand factor WF)!'! CD34" wae Isolectin B4 wumu

Pericytes
. I3 ¢ I a a v o N I3 I !
Pericytes LJulwadiogusIMRIA 1 uUBNYBIHTIaaationvuIalan Laun
. . a . A 1% % &

capillary waz post-capillary venule, § cytoplasmic process dulilavdsunisvasnidon
(5U7 27" a¥rauagld basement membrane $3ufUfiU endothelial cells LagAnsiodoans
Tunu adhesion plaque wazusnufldu peg-socket® Pericytes vimtnfilunssnwinau
afiesveanannldonvuinidn (microvascular stabilizer), AruAunisinaivuvendan
(microvascular blood flow) kagn133UH1UYDIE1T (vessel permeability)’, AIUANBATINTT
wU9F89 endothelial cells, WuaiuUsenaundnaad blood-brain barrier (BBB)/ blood-
nerve barrier (BNB) Tuszuuuszamaiunarsiazdiulany wazdunuimdiAgynonisiig
angiogenesis’ TABAIUNUILUUYDITIUIU pericytes i endothelial cells HANULANAY
Aulvluumnazusinu Yuduiunislagniiivomasnidonnasdus Wi Nszuulssa
d2unan4 (central nervous system, CNS) Wag retina WU pericytes:endothelial cells

Wndgn



18

U1 2 2w pericytes lusiaaildanesdiuvihiisnsnmsnondoansseididnnsouuuudes
N371A (scanning electron microscopy, SEM)? Primary processes fiduoanain cell body
@nesden), NSPUAMABULEN: the secondary processes (H1gnasaa1) wag small
processes (FagnAsdvm) (a) wazamduUszam sciatic fiaesendesqanssaididnasou
WUUABINIU (transmission electron microscopy, TEM)™ (b). 1ne) P fia pericytes. Scale

bars 1000 nm

=1 . Y] 1% ¢ aa Yy oy ' .

N15U4% pericytes TussAundasganssay markers NHeuld laun desmin,
platelet-derived growth factor receptor (PDGFR)—B, neuron-glia (NG)-2 proteoglycan,
alpha smooth muscle actin (O-SMA), regulator of G protein signaling 5 (RGS-5) wa e
CD146 Jusu® * Tuvuezddaldfl pan marker lafianunsaldszy pericytes lanng o¥aaz’
= v a v ° o & A A ° =
Josdenldlinungaud msuiiioenazunandne

Pericytes iU capillary-tube formation Tusgau in-vivo

lunszuiunisisuAureINIsIinasmaenliondse Wul pericytes wQNNTEAHU
TAunI5uU A TautAinn151a cytoplasmic processes Tduas 91010 basement
membrane NvasnldoniAuazgntesaay vl pericyte 1qA0oNINHTIMADALEDA

& . o Y o @ L) o Ao 1 = P o

wana il pericytes yiuthililumimislunismeundsiaslndvssvasaldeniiazyinnis

soneenly e pericytes lUlaudounasaidonln agiminfNasne basement membrane

$3AuiU endothelial cells wialdlumsvieviuvasnionsgeauysal'

N13ANADEDEANITZIINN endothelial cells wag pericytes

UINAINNITANROEDE15989 endothelial cells way pericytes W1UN19 adhesion

plague wagusalu peg-socket Fefnfodoa1siunIu receptors 2 ¥landne laun
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vascular endothelial growth factor receptor (VEGFR) it & ¢ platelet-derived growth
factor receptor (PDGFR) el u@a5u growth factors 2 ¥dim leiun VEGF wag PDGF
nuanu lnedsvazidennsaluil

Vascular endothelial growth factor (VEGF) and receptors (VEGFR)
VEGF family Usgnau #a8 VEGF-A, -B, -C, -D, -E, -F (Trimeresurus flavoviridis

SWEGF) uagPIGF (placental growth factor) lng VEGF receptor (VEGFR) \Uuaila tyrosine
kinase receptor (TKRs) Us¥nausiig VEGFR-1, -2 uag -3 1ag VEGF-A U pro-angiogenic
growth factor fifianuen AEYADNIILAM angiogenesis NTEUIUNTT alternative splicing dina
1% VEGF-A wiusoanuang subtypes U VEGF-Apr, 165, 180 W8T 206 W8TAI5U 2 vila laun
VEGFR-1 uag VEGFR-2"

- VEGF-A/VEGFR-2 signaling

N159UAUYDY VEGF-A iU VEGFR-2 vl LAa signaling pathway d 9w ali
endothelial cells fis3ag (survival), n1sLasayLaule, AaMSAA S e L wazaTUAYY
191An angiogenesis 521837 9ALAA vascular permeability™® uantilaain endothelial
cells 843 macrophage, activated T-cells’” 5714 pericytes fianuns0asne VEGF-A szau
{5131‘] pnuli endothelial cells Lﬁaiﬁag”l,uamwama Inednwg paracrine signaling® '

Platelet-derived growth factor (PDGF) and receptors (PDGFR)

PDGF 1¥u growth factor fiusgnausie di-sulfide-bonded homodimers ¥4 A-,
B-, C- way D-polypeptide chains taz heterodimers AB Ing PDGF receptors Usznausie
2 isoforms lawn PDGFR-OL Las PDGFR—B ‘1;13@ 2 isoforms 1Uu receptors ¥1a tyrosine
kinase receptor 7il src homology 2 (SH2) domain®

N15ANYITEAY in-vitro WUI1 PDGF Wweiag isoform @1u15a9uiu PDGFR 1ol
wanenari laun PDGF-AA, -AB, -BB, -CC agdufiu PDGFR-OLOL homodimers @31 PDGF-BB
way PDGF-DD 9zdufiu PDGFR-BP homodimers waz PDGF-AB, -BB, -CC uaz -DD 94y
fu PDGFR-OUP heterodimers (3Uf1 3a) usilusesfu in-vivo Wuin PDGF-AA uay ~CC azdu
fiu PDGFR-OLOL homodimers tag PDGF-BB 23U PDGFR—BB homodimers L‘Vi’ﬁfu (5U

7 3b)2
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Demonstrated PDGF-PDGFR interactions in vivo Demonstrated PDGF-PDGFR interactions in vitro

K%%K% N%&%%X

YYY YYY
AR R ENER

U7 3 M3duifues PDGF isoform #inaq fu PDGFR: 5¢87U in-vitro (a) wag in-vivo (b

)21

- PDGF-BB/PDGFR-3 signaling

PDGF-BB t¥u pro-angiogenic growth factor gﬂﬂ%%‘immﬂ endothelial cells
dieldfnsedoansiu mesenchymal cells $19t@8e 1wy pericytes wae fibroblasts H1u
paracrine signaling N15AnsoA8a1558%119 PDGF-BB fiu PDGFR-P finasionisiasguaz
ANULEDETYIaRALaEN %, wound healing® Wag tube formation yannERU3MYaTe
voanasndoniu 9z endothelial tip cells Fam&s PDGF-BB ponuidiewdufiy vl
wilead pericytes Indeufiufanasnmdendiudinidazsensenly (sprouting) iile
pericytes 113URU endothelial cells aevinliAinn15was VEGF waznseAuly endothelial
cells inmsuvsifiaTunaluge’

nalnn1sv19Iuve PDGF-BB findsaanuiann endothelial cells il dudu
PDGFR-3 du receptor 8¢ UURIVBY pericytes danalyiiin autophosphorylation wag

receptor dimerization 1Ug9 SH2-domain containing proteins NANYYNA bowA Src, Statb,
Grb2, PI3K, GAP, SHP-2 uag PLCY 1#u1dufiu phosphorylated cytoplasmic tyrosine

residues WAINIzAUNITYINUVDY PDGFR-3 Toids downstream signaling tlan 1svinausi

#1199 YBATAE LU AINBETON, NISWUISI, Larn1sindaudevas pericytes (FUT 4)
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PDGF-BB

l

PDGFR-B

Cytosol -Src (Y579)
y -Stat5 (Y579, Y581, Y775)

-Grb2 (Y716, Y775)
-PI3K év74o, Y751)
-GAP (Y771)

-SHP-2 (Y1009)
| »-PLCy (Y579, Y581, Y775)

oo ! | )

Stat5 Src ( Gsr:|2|;5.c2’5] (Gg;\/gos) PI3K PLCY
d ——
Ralf ____ Rhok PIP3 PKC-family
family
o % oy
| mTOR

ERK1/2 — Survival

— Migration

NFkB —— Proliferation/
> CREB — differentiation

g‘l/ﬁtl PDGF-BB-PDGFR-J3 signaling Fdatuly pericytes (AauUasguann™)

luvyvnaaeInuiinisuanioanyas PDGF-BB mm?iaqmﬁwaamﬁaﬂ
(endothelium) IAud1AYADN15H pericyte mﬁaﬁmﬁwﬁwaamLﬁaﬂéﬁ’muaﬂzs N30
n15dea15u09 PDGF-BB w3e PDGFR-B 581714 endothelial cell wag pericyte IRPIRER
waenidoniill pericyte Voruanas danalyiinanuiaunives endothelial junction, £n13
$2909MaRALAeATUIALEN, YasnlEonveesa, N15lnalisurnadenniat waznsaniaen

(hemorrhage)® %/
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uluwalulad (Nanotechnology)

[ aa Y o = 9 Yo Ao
JuwaluladMfeitesiunssuiunsfine 153N wagn1sussendldianid
unlng danduasizilidauisndnszdvuiluwns Sondn ayniassAuulumn g
(nanoparticle; NPs) 1usyniafifivuinsiawg 1-100 wrluwns Juflsumiduszduszaon

LLaBT,MLaqa 1wu micelle, liposome, dendrimer WD (E‘Uﬁ 5)

Glucose Protein DNA Cell Salt Grain Tennis Ball

Vi 2P ¢
(&) & G |
107 108

.
Nanometers

Micelle Liposome Dendrimer Gold Nanoshell Quantum Dot Polymers

31/7715 aymmsﬁ’uuﬂumm (nanoparticle) (N41: http://www.wichlab.com/research/)

Ua90u NPs gnimuiivedunldivdedidin 1Send1 nanobiotechnology kaznu
UszenAlEiuNINISUNTENaIE e wIUs LW nanoneurology Tulsaiifelfiussuulseam,

nanocardiology Tulsatngifiuniilauaznasniien, nanoortho-pedics lulsansegnuazde

13 = (%

waz nanoophthalmology Tulsawieaiuai Wudu® tnefiingusyasd Wien1snsiaidady

WarnsIAANTEININITWINE S, tialdaudsandngsienie (drug delivery)?, el du

Y

biomarker, wagldlun1ssnen gene therapy \Wudu (3‘0171' 6)


http://www.wichlab.com/research/
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Biotechnology | ‘ Nanotechnology ‘

Life sciences
genomics/proteomics

| Nanobiotechnology

Drug discovery

Nanoarrays

Drug delivery
Cell/gene Biomarkers ‘
thera
24 Molecular
— diagnostics

Nanobio-
pharmaceuticals
| Nanomedicine /

4’[ Personalized medicine }-—

U7 6 unuilawanan1sin nanobiotechnology snUsgendlunianisunng®

AUNIANDIATTAUUIIUNAT (Gold nanoparticles, AUNPs)

[y

Faquiluvdandefifouhuldfunenmsunndegraunsvats fe oynianesd
seuunlulns vie AuNPs esniauaui@iavatousens wu fanuannsalunisiy
Tl Sanudufiven fenandhiuldiusisnie (biocompatibility) anunsaduasiziils
18 wazganusatianstiluanaudislevaneguiuy (Uil 7)1 % AuNPs fifnsganduuasd
510-550 nm IagAnazanfumuauIaes AuNPs® wasdiavogmangs vhlannsngandu

429ARU X-rays Tadt

x = Aawitieey e ite gt

X DNA Peptide
vAg
LF
; Vs v Q
Antibody Protein Organic dye

Ui 7 msthanstiluianauiseniu AuNPs™
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ANEURUSVOI AUNPs AU intracellular organelles

INAITNUNIUITIUNTTUVS Panzarini E wazamglud 2018 wuin AuNPs i
YUIA, FNWULVDIND LLazgﬂi'Nﬁmemﬁ’u AINALNLITNILILYRALANHI9NY LAY
panlu 3 Uszian leun wuu passive penetration, pinocytosis Lay phagocytosi524 (E‘U‘ﬁ
8)

- Passive penetration Ao NPs anansaunsrnuindeviuimadliios Wuisnns
Fivadues NPs Aiduuinidn faust 4-10 nm

- Pinocytosis Ao NPs dui@niu plasma membrane uaandniinisiinglulu
wad auvaalugs wistdunisinyeasad (cell drinking) iuiSnsidieadues NPs il
YUIALEN Feus 10 nm wuseentdu 4 wuu TEun clathrin-mediated endocytosis,
caveolae-mediated endocytosis, clathrin and caveolae-independent endocytosis, Lag
macropinocytosis

- Phagocytosis A® n157 NPs L%ﬂL?jaﬁmL%aéimaﬁmumﬁwm plasma
membrane Sussnuileudeuuditidnvad Wuidnsdueadues NPs Aiflvunalugnin

100 nm MIpLNSIARDURMBEITEUS N9l NPs Jaualvg) warddnuwuzdiniy

Phagocytosis i Pinocytosis i Passive
i Macropinocytosis Clathrin-mediated Caveolae-mediated Clathrin and caveolae- H penetration
endocytosis endocytosis independent endocytosis
Agglomeration Agglomeration
5100 Am 5100 nm 10-100 nm 4-10 nm
e & e :
- : h H ;
Coating (PEG), Functionalization Neutra.l charge Functio:alization
SURFACE Glycans, etc. Cationic charge L
@  Proteinicorona @ i
Triangle A H
Rod i i
SHAPE star & i :
Rod O ;
Plasma membrane!
: H \ M
Y

@@ @B i, oo N .

a

FU 8 N3 waduuuieg 989 NPs Adyun, anwazueill uargusinuaneneiy

(Fiaudasguan™)
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£
o

wigslsAnaiBnindieadiuandreaiu Ssueyfuviavesvadfiunundnw
Wy Wy 990N15ANwIves Chithrani wasanilud 2006 wu31 AuNPs Aifidnuwazifunss
nau (spherical) fiflaun 14, 30, 50, 74 way 100 nm ansaingnisluwaduin Hela b
Hunaln receptor-mediated endocytosis (RME) 1414 vesicle U334 cytoplasm il

anansadniundedld® (Ui 9)

31/77 9 Transmission electron micrographs U483 AuNPs Aflvuraunnarsnuniely

cytoplasm wadwaa Hela; AUNPs aunn 14 (a), 30 (b), 50 (c), 74 (d) way 100 nm (e)*

NNTANYIVDS Guo wagamzlul 2016 51897431 AgNPs U1 75 nm LU1d

Y

agluias HUVECs Iagnuagniglu autolysosomes ag vesicles wanainiinuin AgNPs

lanududugs wazvuaivg danuannsalunsdieadlaiivgu®® (Ui 10)
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500 nm

31]17'/ 10 Transmission electron micrographs L& AgNPs au1m 75 nm anglu vesicles Tu

wwas HUVECs: ngumauna (a), ngu AgNPs 75 nm (b), waznnvenesy b (o)

ANNITIIVIUVDY Yang wazamy Tul 2017 WUl AuNPs Au@unsalunsidn

z;iﬁamﬁaa, mitochondria, endoplasmic reticulum, endosome 32409 lysosome WaLLINg

Y

waalnenaln endocytotic pathway>* (gﬂ‘ﬁ 11)

Au NPs

cellular uptake

Early |
endosome

Lysosome

g‘lli/q/ 11 Intracellular trafficking pathway ¥94 AuNPs>*

AMUFUNUSYDI AUNPs AUNNSAS19VIADRLE0RNBY

Tul 2005 Mukherjee wagamig L1 AuNPs 4U1R 5 nm 11vIN15ANYIAU
endothelial cells %Ha HUVECs #u31 AuNPs §A210@1181509UAY cysteine residue U84
heparin binding domain U89 VEGF-Ajgs IA089T N2 LLazmmﬁm‘i’U&ﬂﬁLawyj
Woaal# iU VEGFR-2 146 uona1nil AuNPs wu1a 5 nm amnsadud VEGF-induced
proliferation 52194 AUNPs 9U1@ 15 nm a1u1snann1swnaeudieves endothelial cells

35, 36

wag tube formation 19> % @enAdasnuNISANYIV8Y Roh wazane Tutl 2016 1911 AuNPs
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yu19 20 nm wllunssudanisifa angiogenesis lunynaaasiignnietiliAangy
choroidal neovascularization ¥1113¢15A AMD Han15MAABINUIIMABALE 0AUTII
choroid iUsunuanasedefideddn waglavinn1sAnenluseau in-vitro Wua1 AuNPs
mmmé’fug’qmﬂﬁm tube formation, proliferation waraan1stANNeaWalwA v
extracellular signal-regulated kinase (ERK) 1/2, protein kinase B (Akt), t & ¢ focal
adhesion kinase (FAK) signaling pathways %89 endothelial cells ﬁgﬂmﬁmﬁﬂm VEGF
1 Inelsiidufwsiowadunafiegtradns?

Tud 2011 Arvizo uazang 11 AuNPs 9u19 5, 10 Wag 20 nm N1YINA1TNAaBIAU
HUVECs wiuffu tilefineunuimessaunn uag surface charge woe AuNPs lun1sdudanis
An angiogenesis MNN15ANEANUTT AUNPs 4119 20 nm Tuu3unasin anunsaduds cell
proliferation 489 HUVECs l¢egrsiiuszdnsningagn Weiiisufuauin 5 uaz 10 nm
yonanifainmstudurnuansalumsiufiuues AuNPs fu VEGF-Aj¢s 18n15911 ELISA
WU AUNPs JUAYU VEGF-A¢s LLé”Jﬁ'}‘Lﬁ’IﬂiauLﬂﬁaugﬂéw {99910 AUNPs Suffu surface
charge laun v -NH, wag ~SH ¥84 heparin binding domain ¥84 VEGF-A, g5’

Tud 2014 Pan wazANE MAaDT AUNPs YU1A 15 nm AU HUVECs 7188 ¢lu
hepatic carcinoma-condition medium (HepG2-CM) uafia AuNPs fimanuidudy 2 nMm
(0.000394 ppm) waz 4 nM (0.000788 ppm) lildswaifufiuse HUVECs fideeiaeoms
Bongadund winuinduds proliferation way mieration lulwadiias sdne HepG2-CM
deosanluemsidsaradfivawsdnildl VEGF s1uauunn vl AuNps lUngedufiu VEGF
feufivzdiaad®

Tu¥ 2018 Shen wazAmiz WU31 AUNPS 2U1A 26 nm AiflAududy 10 way 20
ppm @1u130aa cell viability thagdu §4 cell proliferation, cell migration Wa¥ tube
formation saudevinlinsuanseanvesduiivindfiisadestunszuaunis autophasy
Wudu Tdwn ATG5, beclinl (autophagosome formation marker), p62 (degradation

marker), LC3-Il (autophagy activation marker) laognsidedAynieadia lnegideasuin

n3fudansianuees HUVECs wianiidunaann AuNPs #1unsyuiauns autophagy™
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[
v 1

INNTMUMIITIUNTIN ewiulaifiTedrulngasyadudnului nsdudsie
endothelial cells pgnslsimulunsAusyneuresvasndendadiwadndrAydnyianils fie

pericytes Miluwadndnvemasaionlsy uidalififidesielavinnis@nufwaves AuNps

$10 pericytes UINDU
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ANNNVDIUIRY (Research Questions)

1. ayniAnesA1sEAUNIlumnsdIRalinudnvuen1931A MY pericytes LAAIY
\Waguudamselsl
2. sun1anesArseAvUluunsdsaliiinauldauysaives tube formation 914

endothelial cells uag AuNPs-treated pericytes ussausynouvseli uaveensls

TgUTEaIAYaIUATY (Objectives)

WeYN5ANYINAYRIUNIANBIATEAUNL LA TN SR UL UAIT N BN
FIAMVDY pericytes TIUNINTITATN tube formation 13l endothelial cells Wag pericytes

WussAlsznau

ANNAFIUVE9UIY (Hypothesis)

1. sumAanesmsERuLlunsdRalinsUseadwaznsiadeudeves pericytes anas
a = ! '3 = . PN
WANTTUAsULUaIgUTNURIEEAR 59109 organelles LasWu vesicles NdzALDYNIA
neern1ely cytoplasm 89 pericytes UanNLsEAUNITUANW©LINVDY PDGFR-L
a = v )

WNsiasuLUaInIBLTUNY
2. aunANBIAsEAUNIUUATA11IASugan1sase tube formation 71l endothelial

cells oz AuNPs-treated pericytes Jussrusznau

5ULUUUTIRY (Research Design)

- MIIVULTIMAADY (Experimental Research)



N39UAUANIIUIVY (Conceptual Framework)

30

AuNPs

10 and 20 ppm

(Shen et al,, 2018)

Endothelial cells Pericytes
:
I
1 Maximum
! tolerated AUNPs
:4 _ _dose | 10, 20, 30, 40,
: and 50 ppm
I
¥

® B —
| I » Proliferation
Endothelial cell : » Migration
J Proliferation "' 3 PDGFR-f} mRNA expression
> Migration : > Morphological alteration !

» SR » - * -
VP r0@P @® (»oset' 900’ eia

4
Tube formation

|

Capillary
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unil 3
BANlun133dY

N137379e0UAMANUAVIBUNIANBIANTEAUUIIUIAT

WaUN1ANBIATERULIILLAT YU1R 20 Wluwns Tu citrate buffer 9InU3¥m
Sigma-Aldrich (741965, USA) 117513@8UWIALAYN1INITFANEFIV00UNA tAENITENEA N
ﬁ?ﬂﬂﬁ@ﬂﬁ;ﬁﬁ/]iiﬁﬂ transmission electron microscope (TEM; JEM-1400 plus, JEOL, USA)
sufensmnaseunuaniinisganduias Iagldiafia UV-Vis spectroscopy feiaiad
Multiskan GO spectrophotometer (Thermo Scientific, USA) lagA1  maximum

absorption A5agluYIe 518-522 wluims
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nMsiziAsaead (Cell culture)
_ weddldlunsinunid 2 vila eud
1) Human pericytes from placenta (hPC-PL) wrziaesluemisidsavaduiin
pericyte growth medium (Promocell, Germany)
2) Human umbilical vein endothelial cells (HUVECs) wsdssluomisiasuyad
¥1m endothelial cell growth medium (Lonza, Germany)
law Ll 1% antibiotic (Penicillin and streptomycin)-antimycotic
(Gibco, USA) uaztngideslugduuiiguugdl 37 ssanusaidoa (O uazfng
msuaulaeenlas 5 wWasidud (%)
- Trypsinization
yhmagrotmsiasssadeontivan Mntud e wnndsgadfindent dae
10 mM phosphate buffer saline (PBS; VWR Chemicals BDH Prolabo, Australia) 9@
PBS 80N L3 0.25% trypsin/EDTA (1 ml/75 cm? of surface area) Beanvugild
Welaee Lol trypsin NSYAETRIanTLY ﬁﬂﬂﬂﬂué’ﬂm%?%, 5% CO, LHuian
3 undi shandesléindesganssel inverted microscope Lilansiaaeuineadnanesn
INANFULNISL ATV INTUHLEMISIABTas USinanyiniu trypsin 7l adly
Tunvugidionsad wagvinsualidfuiiongaufier arsazaneanungngaain
aauzdearad ldaslunaeannass warihluunisaiioliwadanazneufinanungs

1500 revolutions per minute (rpm) 1UuLIa1 3 UMl WwalsazatgaIuuuean iU

waryinng resuspend LwaaMEBIMSIABNTaARINIIUIUAR WL
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Experimental design

AN._\,_mm:N.Ez_vm::_.mw.ma_.m__mxzo-.vce:_.umvc_.mu:_.mF
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A5NAAR9W 1 ANSANEIAMUFUNUSIZHI AUNPs NUANWMZNNSTININUDY pericytes

waz PDGFR-f3

- nMsneaetinUsanisnaaeseandu 2 ngu laun
1. ngu Control fia NauNlAsUBIMNSRLLgATALUNR

2. Ngu AuNPs-treated pericytes Aa NUAYARIATU 20 nm-AuNPs 133Ut 30

ppm

1.1 M3Anwdnsnisagsanvadas (Cell viability)

WoAnwInaves AuNPs fiagnsIN1segsonvodTadlunguAIuANLALNFUNAGDY

Tnaly PrestoBlue™ cell viability reagent (Molecular Probes, Invitrogen, USA) 1a &l

[

TUNDUAIL
N15NIELAYY pericytes WUU monoculture Tun1vugldgswaasin 96-well
plate (10,000 cells/100 pL/well) 1utaan 24 F3lua 9 nduvinIsnsEu LN IANBIAIT

ALLTNTY 10, 20, 30, 40 war 50 ppm lwemnsidegas wagldadlulunauinizides vy

al

luguuil 37°C, 5% CO, \Uuian 24 dalu9 990 1uL PrestoBlue™ naufu media Tu

v oA

951871 10x (1:9) USu1ms 100 pl/well wazunluguuy 37°C, 5% CO, Junan 4 SEYCIR

U
U bUTR UV absorbance A311871908U 570 wag normalized absorbance 600 nm

Feieded microplate reader (Multiskan GO spectrophotometer, Thermo Scientific)

PANN15989 PrestoBlue™ Ao N1sTwaaNnidinazidnisv191uvued mitochondria

(%
[

lnelanenasAInuYtn resazurin FIUAUIRY WwadNNTInazyiUfATen reduction e

nan AU resorufin ﬁﬁﬁ%m‘wﬂ ('g‘dﬁ 12)

NAD'/H,0 .

Resorufin

Resazurin Viable cell

JU7 12 winnn39@4 PrestoBlue™
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wagtanAnuSavarn1segTonvetas Iasldgnsnsaunis Aweludl

v 1 6 a_b
Sosarnisegsonvaawad (%) = —— *x 100
v average of ¢

a = absorbance (570 nm-600 nm) of control and treatment
b = average of absorbance (570 nm-600 nm) of blank

C = absorbance (570 nm-600 nm) of control subtract with average of absorbance

(570 nm-600 nm) of blank

delfarfovarnisegsenveeadudazngy azumiduiamial IC50 Ingld
TUsunsu Graphpad version 5.01 (GraphPad Software Inc., USA) fdunounisiuan
Faseluil
1. Wmseauwuu XY Tnefmueld ¥ idu 9 fr arnidusmuslduny X iduan
uduves AuNPs wazsunu Y 1usesaznisegsenveswaduiaznagu (9 @) lneged
gavneveddn Y iimune 50 yingad
2. s Analyze lagld XY analyses>Fit spline/LOWESS
3. @80 Method to create curve>LOWESS (20 (fine), Number of segments: 100)
wag Standard curve calculations 1&en Standard Curve X from Y

4. nuuazlaan 1IC50 agjﬁ Result>Spline of data>Interpolated X values
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1.2 AsAnEINSHUIR2va9aa (Cell proliferation)

Wlafnunaues AuNPs densuisfued pericytes lunduaiunuuazngumaaes
Tnerinsinnisuanseenszdiu mRNA 1098 Ki-67 Gy proliferation marker #rewmadin
real-time reverse transcription-quantitative PCR (real-time RT-gPCR) Iﬂﬁﬁ%umau v\‘i‘ﬁu
- NIATBULTAE

FnswLaes pericytes (1x10° cells/well) Uty monoculture Tunwusiaes
wadvdin 24-well plate WWuiian 24 $2luq 'ﬁ]Wﬂﬁuﬁ’mWim%‘&maymﬂwmﬁﬂﬁmmL%’u%’u
30 ppm (Fupudatuiildannisvaaedt 1.1) luemsidoasad wagldansasiulungy
Usilugail 37°C, 5% CO, unan 24 Falus
- N15anA RNA

1d Trizol® aslUlunquildeaead druau 1 mL Wwnan 5 wiil Tolalastilndgn

1% (%
(Y = &Y

wwadviavnnlavann microcentrifuge falifigamniites 3 urit aantuld chloroform 200
uL gl Wunan 15 3t asufivuyeun wegddlifigumnites 3 unit tiludy
wiesit 12,000 ¢, 4°C Huraan 15 wadt 1iteld RNA, DNA wazlusiu wontuainiu Tnodiu
94 RNA \udauladuuugn MHlulastindgaatsazareduuugn Yssana 200 pL Tuld
naonlnd vinn1smnaznou RNA Aa8 100% isopropanol 250 L (saufduaisazany
glycogen 2 pL) (??ﬂl”iﬁqmmﬁﬁm 10 wiudrFailudumiod 12,000 g, 4°C WWuan 10
Wl Mndumansavateenanuaen microcentrifuge warduveunarlunasndaun1sain
asuunsEATEiFunleR 9ndurin1sans RNA pellet #28 75% EtOH 1 mL waziiludu
W3Badl 7,500 ¢, 4°C Wuian 5wl wmansazawesnainvasn wazviily RNA pellet Wi
TneUarivasn microcentrifuge Wuuiuds WWuan 30 undt arntuldansazans DEPC
w38 RNA-free ultrapure water 30 L vilinzneuazaie Tnethluvyluades heat block

60°C \uwian 15 uil RNA Narialaazgninusnuiigaumgll -80°C ielddwiunsiesizi

Y

Tudeudaly
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- MTINAMANLAZUTUIUYDI RNA

U1 RNA fiafinla W1iInAINIIAANAULAY (optical density, O.D.) ens19deu
AN MLarUTIMvesansada TngldinTes NanoDrop 2000/2000C spectrophotometer
(Thermofisher, Friendship, ME, USA)

- MLUABU RNA 10U cDNA ¢e3s reverse transcription

111 RNA fiafnld 11v1n15 reverse transcription 1a#ld RevertAid First Strand

(%
1Y [

cDNA Synthesis Kit (K1622, Thermofisher) Tneiidunoussi

o

11 template Y31184 100 ng
(ltAin 11 pL), Oligo dT18 primer 1 pL tauSussgavinewindu 12 pL ntu sty
A3 thermocycler (Eppendorf Mastercycler pro Gradient S, Germany) #i 65°C 1uraan
5 unit iield Olico dT18 primer duffu template RNA wioasu 5 w1dl Tuii RNA Tdlu
tudsednesings Wunan 2 Uit antunIeunas 5x reaction buffer 4 L, ribolock
RNase inhibitor (20 U/pL) 1 pL, 10 mM dNTP mix 2 pL wag revertAid M-MuLV RT (200
U/ul) 1 pl #ie 1 reaction museaIsazats RNA sadu Urludaasisy cONA droiedas
thermocycler ﬁqmm:ﬁ 42°C Hunan 60 urdi way 94°C \Junian 5 unil lovgaUfizen
UBINIT reverse transcription
- 1159 529E0UYSINRL RNA Sdu #2633 real-time RT gPCR

\iensI9d0UNITLANIEaNTEAU RNA 1098U Ki-67 1933 realtime RT-gPCR lun1s
n5297AUS I RNA Gafuluuduims (relative gene expression) Tneld8u GAPDH 1Ju
internal control $¢ primer dwSulfinUSunadu Ki-67 uandlunisnsd 1 neanswadiaildlu
N15vUHAT81 gPCR A AccuPower® 2X Greenstar qPCR Master Mix (BIONEER, Korea)
Tu 1 UfAsen Usums 12.5 pl Usenausie 2X GreenStar Master Mix Lag primer 0.8 puM
(m151991 2) wazidunoudeil Pre-denaturation @ 95°C WWuaan 15 wuait wilelsd DNA
template wonanseenlu single-stranded DNA E]Ei’l\iamuviiﬂ ¥1n15 denaturation 7 95°C
Jurian 15 3undl siedaenis annealing 7 60°C 1uiaan 20 3undi waz extension 7 72°C
Funan 20 3wt diteriiudSunas DNA Wdy 40 50U @aewa3as CFX 96 thermocycler (Bio-

rad Laboratories, USA) Tngldf SYBR green tufisnaaudygiauuy real-time uagyinis

1aA1 Melt curve analysis La21101ATUIUMIAT Relative gene expression Aae3s delta Ct



- A8M3AUIUAT Relative gene expression Ae3s delta Ct
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ACt (sample) = Ct (target gene of sample) — Ct (reference gene of sample)

ACt (calibrator) = Ct (target gene of calibrator) — Ct (reference gene of calibrator)

AACt = ACtgamp[e ‘Athanrator

Ratio = 28ACT

#1599 1 forward Uag reverse primer Y8481 Ki-67 ag GAPDH

Product size

Sequence Name Sequence (5°-3’) Accession
(bases)
Kl67_F96 GATCGTCCCAGTGGAAGAGTT
195 NM_002417.5
Ki67_R290 CCCCTTCCAAACAAGCAGGT
GAPDH_F85 GTGAAGGTCGGAGTCAACGG
107 NM_002046.7
GAPDH_R191 TCAATGAAGGGGTCATTGATGG

#7509 2 vilauasUsuiaeansiaiilyi real-time reverse transcription-quantitative

PCR (real-time RT-qPCR)

d151adl USuas (uL) aadudugaiine
2X GreenStar Master Mix 6.25 1X
Template DNA 1 100 ng/pl
Forward primer (10 pmol/pl) 0.5 0.4 uM
Reverse primer (10 pmol/ul) 0.5 0.4 uM

PCR grade water 4.25
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1.3 nsAnwInsndsudevacad (Cell migration)

WioAnwinares AUNPs dan1sindeudioues pericytes TunguaiuAuuAzna
NAas #1938 transwell membrane assay (37 13) Insfusiutulsadfiunsntiug
membrane U84 transwell compartment FaUusenaudivdiu insert 713 microporous
membrane w9 8 um Tneiiduneusal

M ATBETOTBEIR pericytes (1x10° cells/well) Uy monoculture Tunwuziaes
waduda 24-well plate 1uiaan 24 203 61 20 nm-AuNPs fiasrududy 30 ppm Tu

(%
0y

9WNTLAsaAS laadlulungy ﬂuluﬁﬁu‘ﬁ' 37°C, 5% CO, Wuran 24 F2lus 91ntuii 20
wileniuaznszduly pericytes IAAN1TLAADUIY LagyiINNT trypsinized 1wadRuufy
AuNPs 24 $1as uvldadly chamber AuvudIy insert 104 transwell wagunluguud
37°C, 5% CO, Wunan 24 $7lug

dlomsu 24 §3lua 11013 fix wad ¢e 4% paraformaldehyde 1uian 10 Wi
maéﬁagj J1UL microporous membrane fewadiiliianiswdaudne asld cotton swap
\inoon druwadiiegsnuansues membrane dwndousie 1% crystal violet Tu 2% EtOH

Juan 20wl anduihlududuusgadimuniegiiuaiwntu lngldnde inverted-

phase contrast microscope (CKX53, Olympus, Japan)

Upper compartment: Media

Cells: hPC-PLs
Lower compartment:

Microporous membrane Media, PDGF-BB

3‘1/77/ 13 Transwell membrane assay
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1.4 Ms5ANBINSHENIDDNSTAU MRNA ¥838U PDGFR-f3
WoAnwINaves AuNPs AONISUENIBONTEAU MRNA 988U PDGFR-f Tu

1a

pericytes Wiosan PDGFR—B W receptor fiogu3ians cell membrane 184 pericytes

Y

\Ae1U99U PDGF-BB—PDGFR-P signaling Ninason1suusda, nsindsudie sauils tube

£%
=2

formation ¥4 pericytes n1snaaeslidsldivaila real-time RT-gPCR Tun19ns1ainusunu
RNA f3suUuaNwns loedliaunau aall
a [

- NTLAIBULTAD

MNITLINNZIABY pericytes (1x10° cells/well) wuy monoculture Tun1vuziaes
waaviln 24-well plate 1Wulian 24 Falus anduvinswisueynianesifiaududu
30 ppm Tuermsideawad uwagldarsadiulunay duluduun 37°C, 5% CO, 1Wuwian 24
S IBTR
- Asafia RNA, nM1sTnaun1niazUIuiuues RNA, n15v1 DNase treatment, n1siUfigy
RNA 10U cDNA 1835 reverse transcription

aa v YV d'

AuAsNsneaesluiten 1.2
- NNIRTIVEOUUINIAL RNA FlIRU A875 real-time RT-gPCR kazion15AUIUAT Relative
gene expression A8 delta Ct

AASN1TNAaelUITeN 1.2 19azidunves primer Alglunismaassll wanslu

AN 3

ﬁ77’:‘7\7771'3 forward Uag reverse primer V98U PDGFR—,B oy GAPDH

Product size Accession/
Sequence Name Sequence (5’-3")
(bases) Reference
PDGFR-B_F5312 ACTGCCCAGACCTAGCAGTG
179 NM_002609.4
PDGFR-B_R549O CAGGGAAGTAAGGTGCCAAC
GAPDH_F85 GTGAAGGTCGGAGTCAACGG
107 NM_002046.7

GAPDH_R191 TCAATGAAGGGGTCATTGATGG
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1.5 nsAnwanwazdugIuvas pericyte (Cell morphology)

Wofnwinaves AUNPs dednuuydugiuvenradszdunisluwad dae
transmission electron microscope (TEM) ¥n1smzLaes pericytes (2.5x10° cells/well)
WUy monoculture Tunwuzidsugaduin 6-well plate Wuan 24 Falue vhn1smien
oumanase Idud 20 nm AuNPs fianaidiudu 30 ppm luewnsidsaead 1d adlulunay
ﬁmiué}:ﬂuﬁ 37°C, 5% CO, 1Jutian 24 42lus WeNaNG NMIneasshsuiumsvaaauas
ﬁwm‘gmﬂwaqﬁﬂﬁﬁmmLsﬁwﬁuqasﬁu 1#un 50 ppm tieuandlyiiudnunsdus v svadi
uansafusEnINanaNAIuAN (control) nguilviliwadiinsuasundaunlsinie (20 nm-
AUNPs 30 ppm) wagnguiviTlaadnig (20 nm-AuNPs 50 ppm)

- NTEUIUNTRIBULTAGAS epon resin block
¥1s trypsinization wad wazthludulddu pellet anniuims fix wadlngld

a

2.5% glutaraldehyde ﬁqmwgu a°C 1 Jwaan 2 Falua d1967 0.1 M phosphate buffer
(PB) pH 7.4 97u7U 4 nds afaaz 30 wad 91nTuI post-fixation 18 1% Osmium
tetroxide (0sOq, EMS, USA) t8utian 90 unil dra0endnornnduly s dehydration
é’aULLaaﬂaaaéﬁﬁmmL%'m%umaﬂﬂé’mmm%’m%uqa 910 50%-100% ethanol (EtOH;
Merck Millipore, Germany) a1un18A13 clearing Tu EtOH:propylene oxide mixture 5 ﬁ%’jﬁ
a¥iay 10 unit audls 100% propylene oxide (Merck Millipore) ﬁ]’]ﬂﬁ?uvﬁﬂéﬂizuaumi
infiltration A28 propylene oxide:epon mixture WAlATUAY WAIYIINTT infiltration sodae

100% epon resin (EMS, USA) 3 A33 A33ag 20 w19l w1 100% epon resin M3l i8naqu

Ia [ 1 b4 6 [ I a & a
aslulUANA (capsule mold) ngauneu pellet GuaaLezjaamlﬂaqmaqmaumwmwmnm

4 I

nataniden Wrldiddeuiomngil 60°C Weasu 3 Tu 11 epon resin block 88n11310
ra ¢ A a o v Y = . !
WHTNAW LiVOLWFBRINNRAAIBLATEY ultramicrotome sialy
- N156A epon resin block WU semi-thin sections
iLaddslu epon resin block 1MARAIBLATEY ultramicrotome (Leica EM UC6,

Leica, Singapore) lnga1auwInazAALUY semi-thin AMunLIUsZAI 1500 nm Adeiin

w2 daure toluidine blue BRI IFILAUIUSIUVBUTAA
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- 1138 epon resin block WUU ultrathin sections @msuiluaieniw denass TEM

148 ames (diamond knife) Fazutiewuy ultrathin AAINWUIYUTELR 70 nm
98U grid uazdeudne 2% uranyl acetate Wuian 5 Uit arseandaetindu 4 Ass
9ntuth lead citrate 1ndan Wurian 5 Uit drseondaetindu 3 ade Heliauuisadn

wanhludnwaiendes TEM LileAnwiesausenausniee) nuluwaaues pericytes



43

ms‘maae‘ﬁ 2 NMSANEINAVDY AuNPs ¢d capillary tube formation
1N1591899n15LA0 tube formation wuvamdfluszAuananaass (in-vitro)
1aun15 co-culture 581119 endothelial cells (HUVECs) wag pericytes (hPC-PL) Taadl
Supousisl
- NILAIBU Matrigel®
141 Matrigel® (growth factor reduced, phenol red-free, Cat.No.356231,
Corning, USA) JARRUUS UMY A LYad (100 uL/well) ﬂuiuéjﬂmﬁ 37°C, 5% CO,
Hunan 1 9lus Wield Matrieel® Sai3eeh
- MATPULTAR
1. HUVECs Alg3uommsiasseadund unan 24 $2lua
2. hPC-PL AlgZuommsiasseadung Wunan 24 $luq
3. hPC-PL 7il§i5U 20 nm AuNPs avsdudu 30 ppm 1Suwan 24 Falus

WIBASU 24 97139 YINN15889MUU co-culture Tuansiaiu 20:1 (2 x 10° cells: 1 x

10* cells) Tngldnvuzidsawaduuu 8-well chamber cover glass (Eppendorf) ANty

a

Tuguui 37°C, 5% CO, Wuian 4 43lug tieliifin tube Nauysal wdvn1sa1Ea NI
well Inglenany inverted-phrase contrast microscope IafnuINauas AuNPs AoN15831

1AM (tube formation)

& 1 Id 1 i {
- ﬂ’]imﬂa@QULLUﬂﬁmﬂq5WWa@Q@@ﬂLUU 2 naa lﬂLLﬂ
1. gy endothelial cells uaz pericytes NAsUaMTHBNTAGUNR WA co-culture
2. nqu endothelial cells MlAsuMIdewadUnd way pericytes NASU 20 nm

AUNPs; 30 ppm 1141 co-culture

2.1 Immunofluorescence staining

IOANYIFILAUINITINNFIVDY pericytes FIUDIANUULVDINADALEDATITIADIUU
VYBINFUATUANKALNFUNAADY LT TunouAtll 11115 fix LARNAUAIUANKALNGNVINADIRIEY
4% paraformaldehyde (PFA) U315 200 pl 1utaan 20 urdl arawadsae PBS seuUay 5

U9, 3 59U ¥1n15 blocking non-specific binding @78 2% normal goat serum (NGS)
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U303 200 pl fenmgivionduian 20 w1t &1awaddae PBS 1 50U 9Intumen primary
antibody 1@ W A monoclonal rabbit IgG anti-PDGFRB antibody (1:100, 28E1; Cell
signaling, USA) @au8iu marker wos pericytes asluusiaz well Unfl 4°C falidudu dradne
PBS 50UAY 5 U7, 3 50U 91nTunen secondary antibody TéuA alexa fluor® 488 goat
anti-rabbit igG conjugated secondary antibody (1:200, A11008, Invitrogen) Uit 30°C Tu
fsla Wuan 30 undl d1a@ae PBS souay 5 W1l 3 58U e prolong diamond antifade
mountant with DAPI (P36962, Invitrogen) tiialasfiuni1sansmievesduardadunisdas

dgoutlemasa aren nlnegldnasy confocal laser scanning microscope (LSM900, ZEISS,

Germany) $aAUIUSATUAATIZAATN Imaris (Bitplane, USA)
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n1sATIeidaya (Data analysis)

Tuustazniannaes awvinsmaaesiTanan 3 ass deyagniuauslusuuuuves
AlRdY + AINLARIALAREULIATEINTBINTTIA (mean=SEM) Tunisi3suiisuaade
581919 2 nqunAaesazld student’s t-test wagNITIUSHUWIBUAIINLANAIIN9ATAVDY

AladeNiuInnin 2 ngunnass azld Analysis of variance (ANOVA) wagld post-hoc

o v a

Tukey HSD Tun1smanuduiusarglunguudazngu lngimuardedAynieadan o

o

value < 0.05 lagyin153tAs1eidayanielusunsy Graphpad version 5.01 (USA) wag

SPSS 23.0 (SPSS Inc., USA)
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uni 4
Nan133AIzdaya
HANIIATIFDUAMENURYDIBUYNIANDIAITEAUUITULUAT

Weoeuntanasrsauuluunsildlunisfiner unsivaeuauaudn

Lo 2u1a U519 1130521807 wAAINITAANTULEY AI8LA38Y TEM wag UV-Vis

spectrophotometer Wu31 AuNPs uualduRIuANENa1 WU 20.04+0.13 nm
1 [ = Y ° 1 [ 1% £ LY Qll

sunadunsenay Insnseremadiaus linzsunduiou deuiuiu (FUN 14a)

LagdlANsAANAULANEIEAil 522 nm (FUN 14b)

0.7+
0.6+ — AuNPs
Y
<
=
<
2
T
2
=
<«
0-0 ] T L) 1
400 500 600 700 800
2 Wavelength (nm)

JUT 14 n1sasi3aeuAnatdfvesoynIanesdseauuluins adginses TEM (a) wag

UV-Vis spectrophotometer (b). Scale bar 100 nm
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NANISNAABIN 1 NISANYIANUFUNUSTLIN19 AUNPS NUANWAILNINTINTNYDY
pericytes
1.1 HaN1sANEIANNBETBAYBY pericyte (Cell viability)

¥msenwnudufivues AuNPs fio pericyte @38 Presto Blue® a1ntu
thundnumissazanuegsonveawad lnsIsufisuiunguaiuuiinan 24
Halus Fawadilallézu AuNPs aziidsaznsegsenveseadiviiiy 100

nansfnwauufiviowadiievn pericyte die AUNPs WWuian 24
4las w31 AuNPs 7 10, 20, 30, 40, wa 50 ppm ﬁ@i’naﬁ's%@aazmmagiamaa
WARLYIIAU 96.98+ 1.42, 98.83+ 1.51, 95.33+2.38, 57.27+4.40 (p<0.001), hae
8.61+2.54 (p<0.001) Imaﬂzjuﬁlé’%’u AUNPs A1uudy 30 ppm Wuaududui

= I o

qqﬁqmaumm IC50 (41.517 ppm) 1ummz1‘7imwwi’m%’uqaﬂdw 40 ppm lA1Y

[
o a o

| . oA ) ‘:4' S v =~ A
@Q'ﬁ@@sﬂaﬂ pericyte anaagINUUyEIALY (E‘U‘Vl 15) 1nHaN1TNAansu I}\le'?l gNLasn

AMULTNTUN 30 ppm d@usun1Tmnaesialy

1507

*kk

Cell Viability (%)

Treatments

JU7 15 Souazaiuaysenve pericytenatanntasu 20 nm-AuNPs Wuiaan 24 43lus g

T¥mnududuii 0, 10, 20, 30, 40 way 50 ppm; ***p<0.001
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1.2 Han1sANEINISUUIRvawas (Cell proliferation)

{09910 Ki-67 Wudunkanseanilafin1suuaesadiusess G1, S wag M 39

Y1 l9EnwINav09 AUNPs f9N1SwaRI0anYe8U Ki-67 taeldau GAPDH 1udu

internal control #7835 realtime RT-qPCR Tnauiwadnguiildyu AuNPs

9

WiguWisuiunguaIuay Maan 24 93l

INHANITNAABINUIT AUNPs ¥NlAN15wanIaonve9du Ki-67 anadagadl

C)

Hod1Agyn9ata lae AuNPs 30 ppm JALaasY0INISLAAIOBNYINAY 0.037+0.004

(p<0.001) (3U7 16)

1.54

104

Relative expression of Ki-67

0.54
* %%
0.0 r OYTTTTYTTYIT™NDN
o &
S &
C »
eq‘:
©
C Treatmemts

FU7l 16 HavBIBUNIANDIANTEAUUNTUILATHENITUAAIBONTBIEY Ki-67 ndanlasu 20
nm-AuNPs 0 uiaa 24 49u9; nqu control (a), N§u AuNPs 30 ppm (b), s¥AUNTS

WARIBBNVDIBU Ki-67 (C); ***p<0.001. Scale bar 100 um
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1.3 wan1sAnenIsiaeudigvaawas (Cell migration)

ANNAINNNANITNAABINUIT AUNPs viNlAaUILwaaMPADUINEHIY insert

o a

¥84 transwell membrane anatag1alited1Ayn19ada laungualuay wag nay

o

AuNPs 30 ppm Hllwadiliadeudgasgaiuaieiiniaie 3022+80 Wad way 365=10

a8 (p<0.001) MU (FU 17)

e
‘l' s
' g .
: ., . J
% ’ b G it s oy
. ¥ i . = - - o
P - " 5 - v & 'o." 4 . . i . g
“os oy . o 58° ® e e
° : o e W " g (g e o*® e
=7 . T o v o “e
W \ g " . ° ° 2
) .'g & & P e o .y ° ‘,o- y Lo
o % e ® %0 3 ® .4 - o P
s 3 . o . G . o %
‘ . o) gre, . » 0o % * 5.8
.O - o (4 4 ° L]
. Y N ‘ {',o.o ¥ 6 g et & !o s
"o o haEN o ‘i . oo o o .
e ‘ ° W > 2 1 o 5178 *.
- ° R o, ) e ) e fo o 2
P . (R B S e 5T gm
. .0 °s A . > . v @,
Y W' ol . o W
5 A 5 % R R R . & P
'O.o . . = A o % cw
.  ad - g
CU-“".’ 2 :-:W’ 7 .'d s @ e o == =
« 4000+
=)
(V]
v}
el —————
@ 30004
&
©
2
20
£ 2000
“
o]
@
Q9 10004
£
=1
=
0 T
N
,éo
S
e Treatmemts

FUT 17 wavedayn1anedmseauuilulunsaeduiugadiindoud1gn1y insert ¥4
transwell membrane #8931n pericyteld$U 20 nm-AuNPs 1 uLaan 24 F2lus; nau
control (a, ¢;ANF9YY1889TUYBY a), NGN AuNPs 30 ppm (b, d;ANd9v818gIAUVBY b),

Suwaanansadeuie () **5<0.001. Scale bars 100 pm
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1.4 NANSANYINITHENIDDNTZAU MRNA V838U PDGFR-8
INNANITNAABINUIT AUNPs vilinsuansoonvesdu PDGFR-L anas

pglded1AyN19ads 1oy AuNPs 30 ppm HALAAEIDINITUAAIDDNLUIAY

0.363+0.028 (p<0.001) (3071 18)
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U7 18 HAOIRUNIANDIATEAULIUATHONTLENI08NYeBY PDGFR-S ndannleisu

20 nm-AuNPs 19u11a1 24 §2las; nga control (a), gy AUNPs 30 ppm (b), 52FUNNS

wangoenvesBu PDGFR-L3 (c); ***p<0.001. Scale bar 100 um
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1.5 nansAnwranuazdugiuneluiwaduas pericytes

- N§u control Wuinwaail plasma membrane (’3‘1.117‘1' 19a) wag intracellular
organelles 1%U nucleus, nuclear membrane (E‘U‘ﬁ' 19b), ER, mitochondria (E‘U‘Vi 19c,
19d) fanweugUnf

- mjuﬁlﬁ%"u 20 nm-AUNPs 7 30 ppm Wudwadadl plasma membrane,
nucleus U nuclear membrane (37 20a) A&N8RUNGLAIUAN, WU AuNPs 18y late
endosome (gﬂﬁ 20b), lysosome (gﬂﬁ 20c) wagautolysosome (E‘U‘ﬁ' 20d) hagdinu
autophagosome U339 mitochondria aganelu (5Uf 20e-f) uananiny AuNPs nnely
mitochondria @ mitochondria matuaziAnnsltnasiogen wagyilhdssusnely
(U7 21)

- ngulFFu 20 nm-AUNPs 71 50 ppm nuTNTAdTENuMEAAUNR wiseeniu 2
YILNN USTLANwsNnunIskandalsvad plasma membrane, kag organelles A5LM
nszawoonIIMBuenwad dududnuaizyeawadfineuds (Al 22a), wu mitochondria 7
fisusrsiiaunAilofisuiungu control wagsnagwu AuNPs agthantelu cytoplasm (3Uf
22b), WUl plasma membrane fin plasmalemmal blebs veawadfirdunnaas (g‘dﬁ
22¢) wagnyu mitochondria fiilanwaizRnUNANgABBNINANNLYAS (gﬂﬁ 22d-e) Usziamitaes

[y

WULAaNEl plasma membrane Un@ (3U# 23a, ), WU mitochondria Nfldnuaiziiauniile
Wigunungu control wagwu autophagic vesicles (5U# 23b), Wu multilamellar whorl
bodies Mwadai1a@iu (FUN 23d) swudamutesdnniglu cytoplasm wualug) (5 23a,

23¢)
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FUT 19 nomag9inndosganssaldiannseuua pericyte nga control; §nwalE Yy
pericyte 1Un# (a, b), organelles Y84 pericyte MianwalzUnf; ER (endoplasmic
reticulum), MT (mitochondria) (c, d). Scale bars 5000 nm (a, b), 1000 nm (c, d)



FUT 20 AANe189INNARIaNIIANBIANATOUTRY pericyte NquILATU 20 nm-AUNPs 91 30

ppm tJuan 24 ‘fibﬂm; WU AUNPs (electron-dense dots) a1y late endosome 71l

e

multivesicular bodies (black arrows) (b), lysosome (c), wae autolysosome (d), usnainu

=

WU autophagosome 7§ mitochondria agn1elu (e-. Scale bars 1000 nm (a), 100 nm
(b-f)
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JUT 21 A8 INNABIanssAuBIannsouTes pericyte nqutlasu 20 nm-AuNPs #1 30
ppm W ut1a1 24 ¥2lus; wu mitochondria 15 n151Uanas (white arrows) (@), Wu
mitochondria Adlvunlngaudsanin azwu AuNPs (electron-dense dots) nnelu (b-c).

Scale bars 500 nm
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JUT 22 AANe189INNARIRaNIIALBIANATOUTRY pericyte NqUTILATU 20 nm-AUNPs #1 50

3 ) & ] 1 1
ppm tJutan 24 $2lu; 1waadl plasma membrane Wan@ane (a, o), NWUFDIINVUIALAYY
n1eluiwad (a), Wu mitochondria NildnwaisdaUn® (black arows) wletisuiungy
control kagNu AuNPs (electron-dense dots) niaamdsagunenglu cytoplasm (b), Wy
plasmalemmal blebs (black arrowheads) TodtgaannIaskandane (d) wagny
mitochondria MlanwugAnUNAareenuIuenead (e). Scale bars 1000 nm (a, ¢, d), 500

nm (b, e)



56

U7 23 A maeLisiiuINnaeeganssaudLannsouyes pericyte nquTlasu 20 nm-AuNPs
= I Y ¢ o =~ o ¢ | ]

1 50 ppm UuLIan 24 921a9; waddaredl plasma membrane NUIDULTREA LAENUYDIINY
vuelngn1eluad (a, o), Wu mitochondria NidnwagAnUN@ (black arrows) Weliteuiu
ndu control kagwu autophagic vesicles (white arrows) (b), WuUlAT9a35199 0 ¢
multilamellar whorl bodies (double black arrows) n181u cytoplasm (d). Scale bars

5000 nm (c), 1000 nm (a, b, d)
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nan1sNAail 2 N15AnYI capillary tube formation 1838 3D co-culture 52914

endothelial cells LLas pericytes

2.1 uan15AN¥191UU capillary tube formation

Wa1N15HUTIUIY tubes Ad8lUIUNTY Imaris® WudINguAIuAY (Intact

endothelial cells + Intact pericytes) H1UUMIAY 467.70+26.76 tubes Iummzﬁﬂdu

Nnae4 (Intact endothelial cells + AuNPs 30 ppm-treated pericytes) fisauituldiies

290.80+19.56 (3U71 24)
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JUT 24 0aves0uynIAneIn1srAvUlluLluasee capilary tube formation;

ﬂfjm Intact endothelial cells + Intact pericytes (a), ﬂfjll Intact endothelial cells +

AUNPs 30 ppm-treated pericytes (b), N5 1WLUT8ULNIBUTIUIU tubes (0); ***p<0.001.

Scale bar 500 um
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2.2 HaNISANE capillary tube formation meldndas confocal laser-scanning
microscope

- NAY Intact endothelial cells + Intact pericytes WU Ngasfidoudind
PDGFR-P @a1lu marker 1849 pericytes fifumiseguiiansuinsmes endothelial
cells wazlifnsunsndadrunsendteduves endothelium, pericytes 15U314
wemen Ba process TUvuIuAy tube (U 25) Tnssunanazgusnsdsnani
AAUNAOALEDATLII9NTY

- NGy Intact endothelial cells + AuNPs 30 ppm-treated pericytes WU

| & a

wadndoufnd PDGFR-P ddnwauziluminan liidia cytoplasm wag process oon

[

waNaNTFInUIIN5as tubes lalauysahdudiuiuuin uazdnwu endothelial

cells uaz pericytes Taumogilungu lindeuiluiiioadns tubes (3UN 26)
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PDGFR-f}/ DAPI

Ju 7 25 n1na1891nna83 confocal laser-scanning microscope U840 a4 Intact
endothelial cells + Intact pericytes; Wultaa pericytes NgouUAnd PDGFR—B UM tube
Mdwrsauysal (a-c), waalin158ma process aan (white arrows) wazilfuwnuiagusiin

AUT19V99 endothelial cells (d-f). Scale bars; 100 pm
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DIC PDGFR-f3/ DAPI Merged

3‘1/ 1 26 nawa1891nnaeod confocal laser-scanning microscope U840 tj 4 Intact
endothelial cells + AuNPs 30 ppm-treated pericytes; WU LG a a7 691 f a PDGFR—B
(white arrows) fidnwauzidusanau ldda cytoplasm wag process eon wagnu endothelial

cells uaz pericytes Taumagilunguliiade tubes (af). Scale bars; 100 um
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ANSANWIASaL

a v

nUszasdLilovnsAnwinaveseynIAnesAsziuulungse
n15Asunlasdnuan19T10 1MV pericytes IuTen15ad1amanndenlon il
endothelial cells way pericytes 1ussdusznau THeynanesdszduulumnsidyuin
Usgua 20 nm Tpedlans sodium citrate 1Wuassnwiniuiaios 9nnme1em1endes
qansIAdidnnseu wansliiiulddn AuNPs Miden danummzaunsanudnuusias
dnldvinismaass Ae gusiadunsanay finsnsraneasiane Lingsutududou
wIedousiudu wazaInnisnsIaasvauantAAIN1sAnduLasFI8IATDe UV-Vis
spectroscopy WundiAnsganauuasgeaail 522 nm dudufuansdnuazignioses
AUNPs flgeuiuAnisganaunasgsanil 500-550 nm iesannisAnuineuniiiisioau
31 AuNPs fiflaunalngndn 5 nm azfidnuazvesanuduaisifinanuides (chemically
inert)!? danaliAnanudufivdeiwadan lnenudn AuNPs fidawin 20 nm SUseansanlu
N17aANI1TLUIAIUDY human umbilical vein endothelial cell (HUVECS) ’53\1‘17]'?191 Wle
Wisuifleufuauin 5 uway 10 nm? wazlddnuduiivdowadaolull loud retina
pigment epithelium (ARPE-19 cells)™?, retinal vascular endothelial cells, nonmalignant
NIH3T3 fibroblast cells®® uag neural retinal tissue® ¥l AuNPs fiflaun 20 nm angn
Fenullunsfinvnieaiunisadraasaden (tube formation) kagnisai1vasniden
vl (angiogenesis) Tngl¥iwadein HUVECs uanainiffimuin AuNPs aunn 20 nm Ay
Wuduliigeann arunsaviali HUVECs flanudsuudasdednuaznisdinmldosil

Y

HedrAey 1wy ylrnsuusivessasanad, N1SARDUIIBVLTARANAY, WAENITAS1IVaDA

12,39

WWoaHoaeNileana endothelial cells anas 281915AMIU NaVDI AUNPs ©lan1s

¥
o

Wasuulaswaswad §a9usgiu 5Use, surface charge, AULINTY, N15NT2A8MAIVBY
o o ) a A A o & Ao o oA

aunAlufYnarans, seeEaIN1siuans, a1svseluianadus NuAdeu wavid1Ayhe

AU TadNLANANAWY fatu Tuwrazauidedasududesardedadesnannll urfasun

d‘ U ¥ 1
WeosnuuuMIneasskazUsuLnlatymlasgramnuizas
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n1sidenANNTLTUTINNzaNAoIad pericytes §I38IsUAUNTNAADIlAY LY

AuNPs 7191 5 Aududy taun 10, 20, 30, 40 wag 50 ppm wmageuadtiuiivae
wadgfiian 24 $3lus wudn AuNPs firanududu 40 war 50 ppm Wuenudududivile
waainauluivedditedfy druwadfisenainnisnie Wensiageunionasy light
. (% I3 a < 1 Va o = = PN
microscope WUANwMrAIgusnvaradldsullautuagiwin giJedaien AuNPs 1

Yy v oA = @ Yy v oA a ' = ! I3 ! .

AU TUT 30 ppm Faluaududungeiaanauiean IC50, WuA1 maximum

Y

tolerated dose waglivihlvimuegsenvenwadanatedviiteddgliaisuiuigaanlale

o

$u AuNPs Sisnea1uainnisAnwineuntiily endothelial cells wuin AuNPs fiansdudu 5
ppm anunsavilviauegenvegananatedeildydd sy’ foriu navessuselunded
wandliiiudn pericytes fAnumunIumo AuNPs gand1 endothelial cells

nsAnudaundunsAn¥INISLUIRIUeEad pericytes Inevitn1sinseAunns
waneanvasdu Ki-67 Faduduiinaneendlefinsuuasadlussos G1, S way M NHANTS
NAABINUI1 AUNPs 30 ppm 7111 pericytes wudslanategwilted Ay donndeiiu
n1sAnenlu endothelial cells® saufielutead human papillary thyroid carcinoma
(BCPCP way TPC-1)*, waa human pancreatic cancer cells (PANC-1 wag AsPC-1)* %
\waa human embryonic kidney 293 cells (HEK-293) wazigasa human liver cancer cell
line (HepG2)" Aifinss1eaueanu1in AUNPs vhlin1suUsresadanaauiy

Msfnensndeudieveusad pericytes 1inaila transwell membrane Tngld
PDGF-BB siuansimileniilyl pericytes lAnnsindeudnsansuuuasgiuans uazld
nan 48 Falus ieliAnnnsindeudsuaziwadukegsanysal anHanITMAADINU
AUNPs danavilsnunuieadiindoudesniiu insert ¥a9 transwell membrane Hognings
lallesu AuNPs egnefifedde WWulvlumadeatusiunisfineives Shen wazanelul
2018 #Anud1 AuNPs arunsadudinisindoudieves endothelial cells® saudsluiead
human pancreatic cancer cells"

PDGF-BB—PDGFR-3 signaling 1w signaling ﬁﬁmma"ﬂﬁwiami‘vﬁmueuaq
pericytes Tuldva4n1s proliferation, migration, maturation, differentiation wag survival

Tunisas1avaendoniles lneg PDGF-BB ad99nu121n endothelial cells 9g3unU
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PDGFR-f3 7y receptor 9gUUHIVDY pericytes danalyitin autophosphorylation wag
non-covalent dimerization #i@ cytoplasmic tyrosine residues W 13 6 v PDGFR—B i
N52fuN15%191u03 PDGFR-P 19de downstream signaling Fupnd1afuiion1sieud
wanensfurenad Tnonsuusiivesead Wunszurumsiiianiy PI3K pathway Wagn13

wwasud1gvengad unszurun1siAaNIu SHP-2-mediated MAPK pathway®® 3¢

v a 1

fuflugruinnisuanteonyes PDGFR-B mRNA Tuwad pericytes fianasiiios fiidauddny
Hon1suUsiiuazindeudereasad pericytes fianad

uannfgATeviinsAnymares AuNPs sio pericytes Tusedu ultrastructure
iWiefnw13Usrsuazdnvaznislulwadues pericytes 9nAma18N1anE0a9anIIAY
Bldnnseu nguilldsy AUNPs 71 30 ppm @slalvilfwadiianisnie wazldvinli plasma
membrane, nucleus wag nuclear membrane ﬁé’ﬂwmmﬂﬁaﬂﬂmﬂﬂdmmuw weivin 1o
mitochondria finsTuanesfuazidogusng mudiuandluzuil 21 waswu AuNPs $1u7N

aelu organelles WY mitochondria, late endosome, lysosome Wa¥ autolysosome g

3

i ldulivgiuladn AuNps Nazauegaigluwadil inannszurunisdigwad (cellular

[y

uptake) lugUuwuy endocytosis pathway™ uananiinuIdedany vesicles Nn1gluussy

mitochondria #34fw organelles 8w mufiuanslugun 20 dudwgruindu

‘:1' ¢ v A v v Aa a a & v
autophagosomes N3EUIUNINGAGAS1UE0YL WM organelles NTAMURAUNG Lo

Y

nszuIuNsSERenglu autolysosome mald

'
1 )

Wednwiindulunquinldsu AuNps fiadududu 50 ppm Fadungui AuNPs

q

[y

iliwadiiannuluiiv wagiiansaevesgadidusg1ewnn wuiwadidnwuzuaneng
INNGUALALLAZNEN 30 ppm aguwiuladn Tnenunisuanaaneues plasma membrane,
mitochondria figUshsiiaund, nuwaddidnsdiinnduanaandesgfisadntes saudany
P9971199un ka1l cytoplasm Lﬁaﬁwmssamwﬁa;ﬂaﬁuaaNamﬂmsmaaqﬁ inlvidive
fuflugrumsmeveneadlailu 2 Snvaedeluid Ae AuNPs fihlfeadiinnismeuuy

necrosis Lunsaeludnuusiwadlasuansiall udvilmAnnisuas pro-inflammatory

proteins 141 nuclear factor-kB @sualif cell membrane anviauazunnaans wlu
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diuusgnaulu cytoplasm 19U intracellular organelles Man@dNUIINGAS SIUDA
cascade of inflammation aanuaae Wuauginliiianissniauludusadseudne® lu

[
& a v

S¥AU ultrastructure WuILgAAUINLAZLAN 3 vacuoles SuaNINAAnTUAlUad BnYie

°051 Fapsatuwanisneasslugui 22 du

awudn mitochondria UlsLAEgEYLEENTN9Y
a (% U a 1 3 a (% <
n1sAedndnvay dulygIuIneane1uinnIIRIgLUY autophagy aekandlugy 23 1u
A o Ay yo = a a aa [N
N32UIUN15911 organelles Nlasuauidene selusAuniengunidig autophagosome
Igovaauaz recycle Lalulandsnundvunlaluieas® uanainddinu multilamellar
whorl bodies ﬁﬂLLaqug‘Uﬁ 23d Fa.01 membrane-bound cellular organelles Agnwuluy
autophagic vesicles™ i 8ils N13ANWIT0 Shen wavauy lalvidoyaiiiuiiuil AuNPs ¥
1% endothelial cells 1inN15AN1BUWUL autophagy IABBUTUINAITIANTUVDINTTLEAIDDN
= v [ a o Y o a v ) 39
V38U lawn LC3l, p62, ATGS wag Beclinl MvuiniliNg1Me9iunszuIun1g autophagy
At TuduuIn1sMIBues pericytes NA5U AUNPs 81391N150519IR52AUNITUAASDON
vosdueduduiuAuandnwazn1eldnass TEM lunsinwdalulusuian
1n15An®1n1591884 endothelial cell tube formation LUUANAR WU AUNPs
danalitadng tube anased1siidudAy 1n9189UINAAINNITANLVDIIAAUUU autophagy
-] Y v 5 . N . 39 1 = % = =
waganusatnunlegues retinal angiogenesis® 1@uLABANUN1SANYIVES Roh wazmue Tudl
2016 1A AuNPs 118U gs choroidal neovascularization 1ien155nw1lsA age-related

macular degeneration (AMD) H1UN5UAUNTEUTINTITLAN phosphate 983 ERK1/2, Akt,

and FAK!?2 gziiiulainieananis@ned 1un1s@nen tube formation Nilasausznautdy

(%
a

endothelial cell Wipamadifon unsuidelunssiidunisdnen capillary tube formation
1n835 3D co-culture 5211914 endothelial cells Way pericytes Ul Matrigel® F9v1n1I9
a I . A o P ) ¢ a
wilouldu extracellular matrix tiadnasslilnaAssnuasAUsznovveItasndandoylu
41172953 91ARNANTIIANINUIT 97U capillary tube formation NHTIUIUAAAIUU 819
\AnA1N pericytes N1A5U AuNPs d@aulugiianwuznan lida cytoplasm way process
ponlUnU tube Usznauiunan1snaasnie molecular kag morphological study ke
FI89ULMAIT AU i Ansulaandialdl endothelial cells azdinauund wanan pericytes

aglun1eliundty aunsadawalvinszuiunis capillary tube formation fiaseuiiaiy
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¥ &

liauysalld venannddmunissiudaogidungulngvesis endothelial cells uas
pericytes lnglaifinmsindeuiluiiieadns tubes dufiugiulédn wihilunisidusa guiding
tube® 489 pericytes 1ty Anunnsessegaidslundminlasusyunianese
nnan1sAneaSsiaziiuladn AuNPs dealst pericyte proliferation, migration
L8y tube formation amay Lﬁa\‘lmﬂ pericytes ﬁUV}U’mﬁ’WﬁcyGiawaamﬁam ‘flgfl vessel
stabilization, vessel maturation Wa¥ angiogenesis 398123 &18150W1 AuNPs LU

Uszendldnun1iengiganiniidesnisannissyviseadiavaeniionlny 1wy etennse

1159 lnawdu anti-angiogenesis IugﬂLL‘U‘U targeted-therapy 1‘U‘17‘i pericytes QI
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1. WadNuNISANYIATY
d' o‘d' a’:’cz o‘d'd av o ] = 1 ) ¥
Wasannwadnislunisnasssiiduwaaniuiseddumedneiuineu vinla

§913m97U condition kaTaNBULNITAUIAYLYAE N A LTI ANAITIUNIT
& o va a
AIVANNITNARBINNG ATILTIAIIUAST
2. MIMAUAAIANUINTUYDT AUNPs Tun1snnasd

WHI8991NANANUILTUTBS AUNPS TuN1SNAaDY ABULELDIATISINUARY b9
ANN1IAINAITNUNIUITIAUNTTY FuduAanwadudndu wazaAIfInatduaINen
uniuly Fddavinlrifanisiasundasne pericytes ¥8all (human placenta

pericytes) FauAtymilaen1svin cell viability assay Asn1svnassit 1.1
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