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Immunity in responses to nanoparticles

Patcharaporn Tippayawat', Sukanya Srijampa’, Parichart Boueroy®*

Abstract

Nanotechnology is widely used for current industry, health sciences and medicine in the different
utilization such as drug delivery materials, safe vaccines, cosmetics, material replacement organs or tissue,
biosensors. Human may have chance to expose to nanoparticles divectly or indirectly. The understanding of
immune system in response to nanoparticles is important. The mechanism of the immune responses are
related to the characteristics of nanoparticles such as sizes, shapes, surface charges, and molecular connectivity
on nanoparticles. Interestingly, these properties can be conducted on to the immune responses in both
immunostimulation and immunosuppression. This review article focuses on the functions and effects of the
immune system in responses to nanoparticles. Therefore, this knowledge gives advantage for the development
of nanoparticles for application in health, as well as in devices used in everyday life, in order to promote a

better quality of life.
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MIMNUYBITLUUYHANAU Ysznoume 2 53Uy
g0y Ao Qﬁﬁuﬁ’mmu innate Wag adaptive immunity
1ay innate immunity 1W3guiadioulnMsmuLIAYed
Jumeivhwihisuiuasihmedunlandasumssuiie
dautlantaonordellsiudifuandigluuy (pattern
recognition receptors, PRRs) ‘711;\1 PRRs ﬁﬁ?ﬁﬂg I@un
Toll-like receptors (TLRs), NOD-like receptors (NLRs)
waz RIG-I-like receptors (RLRs) Su3dogiunulaseain
TuanamusssundvesdaulanaouiiGondn patho-
gen-associated molecular patterns (PAMPs) 134 lalw
Tsfiu TaldTwdusaalsd wagansiugnisuvoadolsn
wennniigsuieguuluianavesadignimenie
1adme (damage-associated molecular patterns;
DAMPs) %390 alarmins l@un aﬁﬁugﬂssmmmaéﬁ
me Tsiu viemslulamsafignldeseeninuenisad
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idﬂdauﬂizﬂﬂmaﬂmaqa (nanoparticle-associated
molecular patterns (NAMPs))® ﬂﬁzéjummauaum
vousaaluszuuil 1aun Tlasila(neutrophils) Tululsd
(monocytes) uazunAlasva (macrophages) Tunguvh
Tnls@nisad (phagocytic cells) Uon1NEIN dendritic
cells (DCs) uag natural killer cells (NK cells) 1T

isadNNUNUMINIZUY innate immunity
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povauedlugluuugiduiuuuuanmieg (specific
. . 2 Ay o & I3 .
immunity) 2 HJU A9 HNANNUUVVNIEAA (cell-mediated
immunity) 91AMIMNNUYBA specific T cell uazRANM
d! a = . ) . .
BUVUWALBUAVDA (antibody ¥13® humoral immunity)
NAMIMNUVON specific B cell HANE1TADAUULY
da oA 4, X
RWIZNITYNI UBUAVDA (antibody) odamuselsa
AT
Tagnalnmsmauvesszuugiduiudesonde
VNI IMYINvesaanaluszuy innate uag
adaptive immunity Hasenlesduiusdonsnszgums
AovaUBIYBINULAZAY 15U Tumshauves T cell 5u
Souandnunuuinmezld Taserdel)sausuindms
d’ 14 d 4! o 1
(receptor) VULIDVUIBAQVOIT cell BINUWILAD
weuAnustaagIvimy Tumssuddensufnuues T
cell ziAavUINoUUG UMD IsaduanaangniuAu
(phagocytosis) @28 macrophage cells %30 DCs %3a4
wanlasungnivivewiihusadveuselid naiiisy
A ¢ g A X A ¢ ¢ & v
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1 1WUlnd (antigen processing) naziinausliny T cell

AWM major histocompatibility complex (MHC) class
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Nanoparticles interact with immunity
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ﬂigﬂiﬂﬂﬂﬂ?l’e]ﬁ‘lﬂﬂd (gold nanoparticles; AuNPs) Uagidu
(silver nanoparticles; AgNPs) ﬁ’jwmﬂmgmﬂ 3N uag
1529 domnevauetesszULRdNTT luLYesMIN

¥

JEAUITUUANANAY (immunostimulation) 15U M3

INIINIUYY active cells MIasansialnlad (chem-
okines) waglslalail (cytokines) Myt nihmsoniay
i uazmsdugaszungRAuA (immunosuppression)
19U MINTLAUMIMNNUYBA suppressive cells lazanmMs
o Ay o I [ 4{ ]
Mmamveasadluszuugiduiu Wudu (GUR 1) 50
fmednmsilszgndlfinlumalulagmamsunnd

— Tmmunostimulation
- Vaccines
- Cancer therapies
- Antimicrobial effects

Immunosuppression

- Treatment inflammation disorders,
autoimmune disease

- Prevention of allergic response

- Reducing organ-transplant effects
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i visemduiluianamhniFonsdouueyma [NAMPs; nanoparticle-associated molecular patterns,

PRRs; pattern recognition receptors, DCs; dendritic cell, T; lymphocytic T cell] (Aaui/as91n Fadeel

(2012) uay Kononenko Hagaaly (2015))
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siinvesayma WA frednndnm
ayMA Uk
5 uag 28 Monocytes,
nm peripheral
mononuclear
cells (PBMCs)
15, 30 uag Rat alveolar
55 nm macrophages
68.9 nm RAW 264.7
macrophages
20, 80 uay RAW 264.7
113 nm macrophages
aymAmnlunas
3, 6 uag Macrophages
40 nm
13 nm RAW 264.7
macrophages
60 nm Murine macro-

phage cells

Immunostimulation

nszduMIas IL-1B, aymamly
P o I a
Runving 5 nm Aanuiuiy
NNNNVNA 28 nm

YMATINA 15 nm ANNAINID
Tumanszdumsaiin TNF-q,
MIP-2 uag IL-1p annnheymaiis
WA g

ATEANMIEIN ROS uag TNF-a

auMArNALEnT 20 nm Hufinde
wadinnnheumavinafiilngin,
aymaaumnAiaNuasaly
mMInseeu IL-6, TNF-aL uag
G-CSF

Immunostimulation
nsgduldiinga$s IL-1, IL-6 uay
TNF-a

Immunosuppression

aymanlunesliiinalumanszdu
M363519 IFN-B

aymamnlunedliiinalumsnszdu
M3a IL-6, TNF-Q, nitric oxide
ag ROS

Yang uazaae (2012)

Carlson Lagaay

(2008)

Park uazaue
(2009)

Park nazaue
(2011)

Yen uazaaly (2009)

Matthew Uasague

(2009)

Zhang lagae
(2010)

AgNPs iflueymadigaihunlfedaunsnany
TasmmzedudslumalszandlfiiiomashiFeyad ud
dnnumsneanuisenuilufivde isadvsoduius i
msdniay Insnuhvinaveseymaituildendnlszms
wﬁwiﬂmimuauﬂﬁﬁ?mﬁm%aa‘ puMAvINALATNG
faanuanInsalumagnIuiulae phagocytic cells 8E19
unalasvha 1danheymannalng) uagidiooymainly
gnivAvazanmnsanszduunalasiha sy signal trans-
duction pathway darasiomInszdumsoniausioll nag
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ondnalumauiivdesadlagmienihliiannisme
VOUBAAUIZUUYRENAY IAMIANEIgNTUBI AgNPs
YPNALAN Ao 5 1Az 28 nm AEMINNUVBITZVUYAAN
AUUUY innate immunity Tuiad primary human

1 =) v
monocytes WU AgNPs ummmmﬁaﬁlumsﬂizqumi
a3 intereukin-1p (IL-1p) #ilu pro-inflammatory
cytokines swthinFumMNNIuMINIzgugRAnAuluTzY
innate immunity Ipsfnthillumsnszdumamnaives
unalasna uag endothelial cells iveliaslslala
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voaralanafilFlumstainz® Tasmsada IL-1p
9$QNAIUANHIY inflammasomes'” uazyhliiamsme
YOUBAUVY apoptosis MNMINAABINTIN 1FNT
AgNPs 9@ 5 nm fianuduiivananeymaving
28 nm lag AgNPs 9119 5 nm azmanglulaaouinse
(mitochondria) daraliiin3iase mitochondrial DNA
naglldaiaiunssdueny inflammasomes e 2 naln
fo rumshivaves cathepsin anlalslsu (yso-
somes) iflsannnmathmeiderulalslsuves AgNPs
nagdnnalanilifumnszdu K- efflux shl¥iagmie
vuisadean AgNPs #aifis AgNPs 911@ 5 nm anansa
nszfumsaalelalad IL-1p indu Fedenadems
mangisad"”

AgNPs 911@ 15, 30 uag 55 nm AANNE1N15a
GlumiﬂﬁﬁUf‘lﬁa%'N reactive oxygen species (ROS)
uazmzéﬁumm%’n tumor necrosis factor-Q (TNF-QU),
macrophage inflammatory proteins (MIP-2) tiag IL-1p
Tag AgNPs 911@ 15 nm 9a3130NIZHUNIA3NT
ihlslalmimailldgenheumannadu’™ AgNPs 7
Tajndh 50 nm 19U Ve 68.9 nm Hgninszdums
uaateonves TNE-a lumadimsidsaunalasvn
(RAW 264.7) ﬁmuauﬂmﬁﬂmsé’mau Tnameniag
MIAANTZVIUMITUAY AgNPs UaznIziumIaing
ROS meluunalasvhadenalifiinmnds TNF-o Tag
wuhmstintuves TNF-Q ihlgmahmeideduisad
uazﬂizéjumﬁmmmu apoptosis ﬁzﬁﬂmﬂmi ionization
299 AgNPs'"? wenAll TNF-Q daulngjansaaig
ldnnisadunalasvhasidimadaglumsainaumsain
Tslalmioulunssuoumaiiamssnias™ wivanems
Anmaliiun AgNPs wnaidnifndawasemanazdu
mssniay uddiidmdFylumsnszdumssvhmeise
Igavu duiuldn AgNPs ana 3, 6 uag 40 nm
ansanseguliimandslslalod 16un IL-1, 1L-6 uaz
TNF-0t mnunalasvhaifinsnndy nazdaudsumsvuds
AgNPs fign endocytosis iiluisad ieluiinandy
il phagosome ﬁﬁt%aiﬁﬂagj wlFiAamsfingnoam
vousadunalasvtholumsshizeldasesu

wonnnd lumsdnugnaves AgNPs fivng
uanshafu fe 20, 80 uaz 113 nm Tneny AgNPs fi

'

va 20 nm Agqusanuiiufisannnd AgNPs fifloina
Tnajnd 1ileaain AgNPs 9119 20 nm NMINTTAUMNT
%19 ROS husadunalasuhs RAW 264.7 ifistuiiio
WEeuifieufueyMaing 80 uag 113 nm WenINtY
ganun AgNPs pavnadanuannsalumsnszduln
1AAM 38319 IL-6, TNF- uag granulocyte-colony
stimulating factor (G-CSF) guiiulalaladddaly
AszIuMssaan? 1 AgNPs flvunauandiaiiy
annsanszdulfsadunalasvhe RAW 264.7 1Aams
DALEURIUMINTZAY ROS 1a¥NILdU transcription
factor NF-kB signaling pathway Tagdanaldiianmsn
izﬁumiﬂ%ﬁ& cyclooxygenase 2 (COX-2), TNF-Q lag
IL-6 ifinn@u’® nag AgNPs nszguliiaamsaiils
Tnlmigug fiRerdeeiumssniaushn NE-kB signaling
pathway"” slumiiamau%au“aﬁ%alﬁ'tﬁuﬁwmmm

]
J o

AgNPs NiradamManuveszuugiin lasmsneu
avosdlngduiusiumsnszdumsahalslalainn
iwadluszu innate immunity HAeTeRDATZIAUMS
onLaY

uenan AgNPs fignihanlfiseTemimams
uwndudr AuNPs Aifludanilanlumaluladiignihan
UszgndlFeshaunsvaneiguiu mamsdniniiineides
AUYNAYBY AuNPs fDIzUUANANAY nucleic acid-gold
nanoparticle conjugates WnAlda 13 nm Lignsa
A3zAUMIEN interferon-B (IFN-B) 16"® vauzidieniu
AuNPs 910 60 nm hifinasemsifinveszdy 1L-6,
TNF-Q, nitric oxide waz ROS MiAmadeafumsniay

19 &analnyeq

lu murine macrophage cells 1BULAYIAY
manAsenves AuNPs Tumsdugannevuanetves
a v o gj S ¥ = o v ¥ o
ssuugiduiuidealumanlilsdesdumsiaie
X A A o 1 A o A a
ieienieaivdzlumslgnarenieldlugirend
piduAuluAuld® adrlsimulunmsdnmives Yen
uazane (2009) WU AuNPs N9wna 3, 6 uag 40 nm
Nanuannsalumsnszdumsadalslala IL-1, 1L-6
wag TNF-o :nunalaspa"
uandNil AuNPs gaiamnielFlumsvudan
Tséiu wiensatiiaddnidrgisad San1s@nwias
paantamaigisadveseymamlu mliidlanaln
mammegwadrsomsiasuuasmamnauvedsadi
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wiiamevdmnmsiuauveseymarsetiiooymaid
disad swihlugdniseudiluianaiidesnisedisd
U32anTA Chithrani wazaa (2006) 1A31ATIZHANS
ihdisadues AuNPs fiewmauanshedu dud vina 14,
50 uag 74 nm wuh AuNPs fivnauaneafudanad
auanialumaiddisadiuandeiu namstusiou
aumavdnnidusad wsnnueymaiidisadldi
U 3000, 6160 uaz 2988 eyma muaeu”
wennnimuhvnaveseymaduiuiliieiidikade
m3nszngveteymMameluiumedndie msdnuved
De Jong uazaniz (2008) aHuayUNANIIANEIYY
Chithrani uazami Taswuirwmaiuand19fues
AuNPs 10, 50, 100 uag 250 nm NWadeINTENY
voseymaluiamehmueioizine ludainaass lae
wuheymannadniigade 10 nm fmsnszngla
9787126199 15U 1800 @U T la 599 denlnda wala
Joanazanes luvaiiinumsuninszneveseymaii
WAy Ao 50, 100 uaz 250 nm EIITANTIINY
wwngluden dunagihn namsAnmdananmlimsy
$1 AuNPs fflmnaidnianuannsalumsminszae
TumueTezdnqldanioymaiivnalng® an
Foyamaillasliiuheymanluifomadnansa
gniuAulae phagocytic cells ladnTuaziinunlinazi
ansemuiiufiviiganheumannalyg eewlsiauds
Hanudandaluuamsdneinanuuana1Yesa
aymaldfinadeaiiuiivdesadudiinanons
aszdUMIMaIYeszUUgiduAL Taslfaseimenda
910 AuNPs 1ihguadimlmfamnszduunalasvhn 1d
6379 pro-inflammatory cytokines 1¥u IL-1, IL-6,
TNF-a ua¢ macrophage inflammatory protein 2
(MIP2) dawasiomsnszduliiianssuiumsoniaunay
lunalasvh shareqadwldasarn guderiums
An1999 Yen nazame (2009) Wy AuNPs @mnsa
nszdumaailslala IL-1, IL-6 waz TNF-a lu
unalasvhe edalsimumnanmemsfnmnitldnaiin
Tudraduinerdosiuvmares AuNPs i Wi
UgAsevesoumamnlunesszimnlinlumailiae
msfudagiduiu Tasdnalinumsnszduasaing
TslalaviihlAamssniay
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313199999y M AN IUABNISTINNIUTBITSLY
gﬁﬁuﬁu (Effect of nanoparticle shape to
immune responses)

! I A = [
sUnwwassymaitiudnniaihivveseymamlu

1
1 o

niidhwdagseljisemesszuugiiduiy laammems
disad MIduAuveasadluszuU)RANAULaZNS
nagfumsasilslalaiinstesiuiAsemsdaiay
Tumsiengiqaauifenuiuiviazmnszduaiidu
Al (cytotoxicity and immunogenic effects) Y99 AuNPs
ﬁﬁgﬂi’ﬁﬂau (spheres) 119 3.5 £ 0.7 nm WUMILEN
IsadIuaNNY pinocytotic uptake Uae AuNPs ;Jﬂi'n
naNNANNaRNIalNMIAnMIaTNeYYaddsz ROS uaz
reactive nitrogen species (RNS) uaﬂawﬂﬁuﬁqwudw
AuNPs Vlaimzéjumsa%w pro-inflammatory cytokines
1U TNF- nag IL1-B lwsadunalashs RAW
264.7% yannnillumsfinuiSeuiiiey AuNps 315
naNuazui (rods) lumsthidisadveusadunalas
9 RAW 264.7 wudl AuNPs Luunananinsagniy
Aulddnheumaiifugiuumia® Wuderfufums
Anmqaianiiives AuNPs fifigUsaianannazuely
maiindusaduesdaiifesgndasun AuNPs gilsunan
famannsalumsidhdisadvesdndideagnirounld
fnhghadiuue® dafu lumaiann AuNps iield
lumsvudeedelslumsiannmsine gUsaves
aymadsiidddglumaigsad nenmiionngiina
nauuazuiaud) AuNPs Safiqsnuuusuiifinadoms
Mmauszpugiduay Tudegnmaliangizlinves
AuNPs fifigiuansai 3 m fo nau uia uag
Aandiviw (urchins) wuhnalalumsmugasenserig
sumaeszuLgRdNTedfugI e nansheiu Tae
AuNPs JU5naniimnuansanszdumnanioanved
TLR-2 l&dnthunnurs AuNPs stagusnnannazums
ﬂszéjumsaﬁyn granulocyte macrophage-colony
stimulating factor (GM-CSF) Lﬁ'uqﬁu 1umm:ﬁﬁﬂ31u
Wuduveslslnlatiianamnmanszdudne AuNps 31
Mananimnu®

uennil eymernludsiinadensivonleans
ThaesssuugAGUAUTINIY innate uag adaptive
immunity s?éq Villiers uazaaiz (2009) An¥INavq
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v a

AuNPs jUsnnanvng 10 nm lumsnsgdugiduiu
dendritic cells (DCs) ¥99 C57BL/6 mice Wu31 AuNPs
Tifluiiusie DCs Taglinumsmiieniliiiamsme
WUL apoptosis uaz;ﬁ%’as‘]’q‘lﬁmaaqu%ﬂm AuNPs
domanszdumsadn IL-12p70 ffinademsnszdini
Auved T lymphocytes waz IL-6 1Husslalslalail
(auto-cytokine) ?Jmmiﬂizﬁumiﬁmmm DCs lu
NIZVIUNMIONIEUVDY innate immunity WU AuNPs
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charges of nanoparticle to immune responses)
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fuadluseme gy awasnsalumsazaneh ms
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ﬁjmimuaumiuﬁmﬂaﬂﬂm co-stimulatory molecules
w94 APC nag AuNPs Usgquinannsamiienims
ﬂizéju antigen-specific CD4" T cell 1#@n31 AuNPs
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antigen-specific CD4" T cell® qauaniianananansa
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g6 ¥ \ o
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szuunNANNY (Applications of nanoparticles

u Q
for immunity)
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P3] (Aaui/asnin Douglas uazanis (2013))

108 MIssmaiansunnduazmeniniine e U1 28 allufl 2 « WoBAIAN - RINIAY 2559



M3 AuNPs Miadoudreniusadves
wedienlithsaduilosiumsandounaiiite wuh
finsnszdumsaiunoufuedldd nazdamienihms
519 IFN-g wag IL-17 iindu uaadlviiiudemanazdu
MIMNUYed T helper 1 (Thl) uaz Thl7 aeudusy
domahameuuaiise® uennaiifaimaheymeniy
upulwdines (polymer nanoparticles) 15U poly
lactide-co-glycolic acid (PLGA) NPs wilonhmsaey
auaNved DCs %uﬂu APCs Lﬁﬂmﬁﬂmmﬁa Ty
maheymamnTuigensufuneudsuvesnsi3anas
small interference RNA (siRNA) Lﬁﬂﬁu Ej’j\‘lmi LEANDDN
veedulu DCs 081 suppressor of cytokine signaling
1 (SOCS1) 1 negative regulator AILANNINDUAUDY
magfiduiu ille DCs JuAuueudiauiignihdslag
PLGA-NPs udrdeeiiuiliInduaziausueudinulu
JUUUY cross-presentation mﬁmﬁﬂﬁ’ cytotoxic T
lymphocyte Y111 UAINAMIUENIDDNVDIBU SOCS1
ﬁﬂﬁ'ﬁmmamaamﬁu%mm pro-inflammatory
cytokines 13U TNF-Q, IL-6, IL-12 uag IL-2 §aif
msdudamsudaivenvesdu SOCST Fefianusuiiy
§wisy DCs Tumsingnalumsdunzide Fannh
sumamnTunlszgndldfeernidumamalmiiions
SnwugiSesiingen

Tumsasanuduuenannmstheymamnumls
Wiemsnszfumahauvesssuugiduiu eymamly
deanansainlyldlunsaanienansmaueeeszuy
afiguiuld Taenanmaenalailiendesiumaiugu
msThauvesszuugiduin eitlumsdaaiuliaials
Tnlahietaluiananfiqaaniflumsanmahauves
szuuqﬁﬁ'uﬁ’u 1% transforming growth factor-B
(TGE-p) iilslalmifinssdulviiamaifindues COX-
2, prostangandin E2 (PGE2) uag IL-10 91n APCs @4
nasemsdudanisiauees B cells uaz T cells
wennnitlumsthdslaseymamnluenimsizenseriy
aINAYHAANAY 15U sirolimus aamsada IL-2 Ml
U B cells uag T cells anad uag steroids AANS
uaAIeDNYBY nuclear factor-kB (NF-kB) wazaaiain
MIUEAIDDNYDY forkhead box P83 (FOXP3) danali
1AM INNUY regulatory T cell (Treg)™”

J Med Tech Phy Ther e Vol 28 No 2 e May - August 2016

sumanTuadeudo i Indveslusiusamendiius
Avlsa LLﬁQﬁWuLaQ (autoimmune disease) 3UlaAU MHC
class T nuhwiyitldsueymemnlufimanlaeuulasms
¥amwea Thi cells &l receptor fsumzAvnlylng
Tasmamilenhmahauves specific T cells (Thl
cells) ﬁ%’ui@ia self-protein aduiann i regulatory
(T 1-like) T cells R anti-inflammatory cytokine 8¢9
IL-10 ﬂizﬁuﬂmﬂéauuﬂawm B cells Thilu regula-
tory B cells finda IL-10 uas T 1-like cells daanansa
YSuideu APCs MhwihihiauendInduazadials
Talend IL-10 ste Th cells ¥ldiAamstudamahan
999 T helper cells (CD4™ T cells) uag cytotoxic T
cells (CD8" T cells) (glh‘/’i 3) daitu mgmﬂuﬂmﬁ'ami
Pzgndlflumsasmamauvesssuugliduiu Tagen
oderdnmamsidenithrianeeea Th cells Wio APCs
iR Lﬂﬁauuﬂamﬁﬁ“‘%ﬂwm autoimmune reac-
tions luwnTiufianas uazdemail eymanTuiion
defumiennagiiduiuuaziufunhlIndiduiusiy
autoimmune disease 3uhlgmstudamsdniauves

. . 3
autoimmune dlSCaSC( )

unesil
wlumaluladiflumaluladildsuanuion
peaunIraglummAMMeduTNTIG UMM i
enenanigunm lasmsilszgndldaaanifiTimnzye
oumanTu muanmdeamslumaihhiseToni 3
mahan$pdomanidedlldfsdosiuiaiogn
nlflasasaduseme mMssiuazmsneuausaves
stupfdufuvasiumenudiaiudihidgiamndle
symanluustazaiiafigndaansyitu fanuuandhaiy
ﬁy’qgﬂﬁm VPNA Uazlszquuiy danadomMIMNUYeN
ssuugiduiuiinandhaii Tnemsneuauevesnidui
dooumanuiicluudvesmsnssqussuugiduiunas

q
[

MITVGTZUUAHANM A8 NYBIMINTZAUAHANA
1 a = -Q‘ v Y Q'J d
15U oyman uRuilgnsnszduisadliiallslalaiuas
a513 ROS nemihliiszgndlslumsidsumsmauves
pRdguAulumahaeseuuaiiselduddesinsanany

(2
U4

Huibdeisadimie eymamlunesiignsndiums

1
o/ =

AOUAUDINALIUEINITABUAUBIVDINHANAY &3

Q

109



AIANTRAANINOUAUDIYBITEDUYRANAUEINsaTh ]
lfinemsilasumeaisizizesnmanzgiduiulinu
18 wenmnileymamluamnsagnaeiFeniuasiigd
Tolndvsenh/lndndesmsieimuniuiadudaudiy
m3nevdauoveniauiunsumnzlFlumsinmugise
2 a X 14 ' < [ v A [
veliadngeld agnlsimu anuianmdilaneny
UfAseveseymamludeszuugiduiudiaadiany
o o g Aw = = ' - 1% J

Maguazdniundesiimsdnmdeld elildosdaiu

vV yos a 4 1 o o 1 174
snlasumsiigaiegrsanuammsarllgmatssgndld

U Y

aymamn luegiszanimmuazasadslusmnan

1ONAITINDY

1. Zhang L, Gu FX, Chan JM, Wang AZ, Langer
RS, Farokhzad OC. Nanoparticles in medicine:
therapeutic applications and developments. Clin-
Pharmacol Ther 2008; 83: 761-9.

2. Sanvicens N, Marco MP. Multifunctional nanoparti-
cles — properties and prospects for their use in human
medicine. Trends Biotechnol 2008; 26: 425-33.

3. Cupaioli FA, Zucca FA, Boraschi D, Zecca L.
Engineered nanoparticles. How brain friendly is this
new guest? Prog Neurobiol 2014; 119-120: 20-38.

4. Nace G, Evankovich J, Eid R, Tsung A. Dendritic
cells and damage-associated molecular patterns:
endogenous danger signals linking innate and adap-
tive immunity. J Innate Immun 2012; 4: 6-15.

5. Fadeel B. Clear and present danger? Engineered
nanoparticles and the immune system. Swiss Med
Wkly 2012; 142:1-9.

6. Abbas AK, Lichtman AH, Pillai S. Cellular and
Molecular Immunology. Philadelphia, PA, USA:
Elsevier; 2009.

7. Turvey SE, Broide DH. Innate immunity. J Al-
lergy Clin Immunol 2010; 125: 24-32.

8. Karin N. Induction of protective therapy for au-
toimmune diseases by targeted DNA vaccines
encoding pro-inflammatory cytokines and chem-
okines. Curr Opin Mol Ther 2004; 6: 27-33.

9. Kepp O, Galluzzi L, Kroemer G. Mitochondrial

110

10.

11.

12.

13.

14.

15.

16.

17.

18.

control of the NLRP3 inflammasome. Nat Im-
munol 2011; 12: 199-200.

Yang EJ, Kim S, Kim JS, Choi IH. Inflammasome
formation and IL-1b release by human blood
monocytes in response to silver nanoparticles.
Biomaterials 2012; 33: 6858-67.

Carlson C, Hussain SM, Schrand AM, Braydich-
Stolle LK, Hess KL, Jones RL, et al. Unique
cellular interaction of silver nanoparticles: size-
dependent generation of reactive oxygen species.
J Phys Chem B 2008; 112: 13608-19.

Park EJ, Yi J, Kim Y, Choi K, Park K. Silver
nanoparticles induce cytotoxicity by a Trojan-horse
type mechanism. Toxicol In Vitro 2010; 24:
872-8.

Parameswaran N, Patial S. Tumor necrosis factor-
a signaling in macrophages. Crit Rev Eukaryot
Gene 2010; 20: 87-103.

Yen HJ, Hsu SH, Tsai CL. Cytotoxicity and im-
munological response of gold and silver nanopar-
ticles of different sizes. Small 2009; 5: 1553-61.
Park MV, Neigh AM, Vermeulen JP, de la Fon-
teyne LJ, Verharen HW, Briedé JJ, et al. The effect
of particle size on the cytotoxicity, inflammation,
developmental toxicity and genotoxicity of silver
nanoparticles. Biomaterials 2011; 32: 9810-7.
Nishanth RP, Jyotsna RG, Schlager JJ, Hussain
SM, Reddanna P. Inflammatory responses of RAW
264.7 macrophages upon exposure to nanoparti-
cles: Role of ROS-NFkB signaling pathway. Na-
notoxicology 2011; 5: 502-16.

Deng ZJ, Liang M, Monteiro M, Toth I, Minchin
RF. Nanoparticle-induced unfolding of fibrinogen
promotes Mac-1 receptor activation and inflam-
mation. Nat Nanotechnol 2011; 6: 39-44.
Massich MD, Giljohann DA, Seferos DS, Ludlow
LE, Horvath CM, Mirkin CA. Regulating immune
response using polyvalent nucleic acid-gold nano-

particle conjugates. Mol Pharm 2009; 6: 1934-40.

Nsmanadamsunwnduazmenwiinga e U0 28 auf 2 « WEEAAN - FIRIAN 2559



19.

20.

21.

22.

23.

24.

2b.

26.

27.

J Med Tech Phy Ther e Vol 28 No 2 e May - August 2016

Zhang Q, Hitchins VM, Schrand AM, Hussain SM
GP. Uptake of gold nanoparticles in murine mac-
rophage cells without cytotoxicity or production
of pro-inflammatory mediators. Nanotoxicology
2011; 5: 284-95.

Kononenko V, Narat M, Drobne D. Nanoparticle
interaction with the immune system. Arh Hig Rada
Toksikol 2015; 66: 97-108.

Chithrani BD, Ghazani AA, Chan WC. Determin-
ing the size and shape dependence of gold nano-
particle uptake into mammalian cells. Nano Lett
American Chemical Society; 2006; 6: 662-8.
De Jong WH, Hagens WI, Krystek P, Burger
MC, Sips Al, Geertsma RE. Particle size-depend-
ent organ distribution of gold nanoparticles after
intravenous administration. Biomaterials 2008; 29:
1912-9.

Shukla R, Bansal V, Chaudhary M, Basu A,
Bhonde RR, Sastry M. Biocompatibility of gold
nanoparticles and their endocytotic fate inside the
cellular compartment: a microscopic overview.
Langmuir 2005; 21: 10644-54.

Arnida, Janat-Amsbury MM, Ray A, Peterson
CM, Ghandehari H. Geometry and surface char-
acteristics of gold nanoparticles influence their
biodistribution and uptake by macrophages. Eur J
Pharm Biopharm 2011; 77: 417-23.

Hutter E, Boridy S, Labrecque S, Lalancette-Hebert
M, Kriz J, Winnik FM, et al. Microglial response
to gold nanoparticles. ACS Nano 2010; 4: 2595-
606.

Villiers C, Freitas H, Couderc R, Villiers MB,
Marche P. Analysis of the toxicity of gold nano
particles on the immune system: effect on den-
dritic cell functions. J Nanopart Res 2010; 12:
55-60.

Wang P, Wang X, Wang L, Hou X, Liu W, Chen
C. Interaction of gold nanoparticles with proteins

and cells. Sci Technol Adv Mater 2015; 16: 1-15.

28.

29.

30.

31.

32.

33.

34.

3b.

36.

Lin J, Zhang H, Chen Z, Zheng Y. Penetration of
lipid membranes by gold nanoparticles: Insights
into cellular uptake, cytotoxicity, and their relation-
ship. ACS Nano 2010; 4: 5421-9.

Marquis BJ, Liu Z, Braun KL, Haynes CL. Inves-
tigation of noble metal nanoparticle C-potential
effects on single-cell exocytosis function in vitro
with carbon-fiber microelectrode amperometry.
Analyst 2011; 136: 3478-86.

Seydoux E, Rodriguez-Lorenzo L, Blom RAM,
Stumbles PA, Petri-Fink A, Rutishauser BR, et al.
Pulmonary delivery of cationic gold nanoparticles
boost antigen-specific CD4(+) T Cell Proliferation.
Nanomedicine 2016; 12: 1815-26.

Gao W, Fang RH, Thamphiwatana S, Luk BT, Li
J, Angsantikul P, et al. Modulating antibacterial
immunity via bacterial membrane-coated nanopar-
ticles. Nano Lett 2015; 15: 1403-9.

Heo MB, Cho MY, Lim YT. Polymer nanoparticles
for enhanced immune response: combined delivery
of tumor antigen and small interference RNA for
immunosuppressive gene to dendritic cells. Acta
Biomater 2014; 10: 2169-76.

Sabatos-Peyton CA, Verhagen J, Wraith DC.
Antigen-specific immunotherapy of autoimmune
and allergic diseases. Curr Opin Immunol 2010;
22: 609-15.

Smith DM, Simon JK, Baker JR Jr. Applications
of nanotechnology for immunology. Nat Rev
Immunol 2013; 13: 592-605.

Clemente-Casares X, Blanco J, Ambalavanan P,
Yamanouchi J, Singha S, Fandos C, et al. Expand-
ing antigen-specific regulatory networks to treat
autoimmunity. Nature 2016; 530: 434-40.

Oh N, Park JH. Endocytosis and exocytosis of na-
noparticles in mammalian cells. Int J] Nanomedi-
cine 2014; 6: 51-63.

111



