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Abstract

Gold nanoj art’_tes (AI'T‘" ) have h=_u widely us :d fr drug de ive'y and have recently been
explored for a»_iications ‘. cancer immunothera,yy. Al**2Lgh ArNPs are known to accumulate
heavily in the sple :n, the particle distribution withn, mmi=_ cells %us not been thoroughly
studied. Here, ' ve c.aracterize the cellular distribution of y5 labelel ~0 nm AuNPs within the
immune populat ons »f the spleer £.om naive and tun or be~.ing mic 2 us ng flow cytometry.
Surprisingly, app1oximately 30% of “..c detected AuNPs were taken 7 vy B cells at 24 hours, with
about 10% in granulc cytes oY in dendritic cells, and 8% i~ 1 cells. In a!ition, 3% of the
particles were detect :d w ithin myeloid ~..1vea suppresso * ce!’;, an imm ne : uppressive
population that coula be ta-oet=J ror canc~. immunotherapy. Furth<.more, v e observed that, over

time, the particles travel=d from *..c red pulp and marginal zne to t=:. rollic'es « f the spleen.
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Taking into consideration that the particle cellnlar distribution did not chzuge at 1, 6 and 24 hours,
it is highly suggestive tha the immune populations arry the pe-iicles and Zugrate through the
spleen instead of the particles mi, rati g through *ie tissue by ce'! cell transfer. Finclly, we
observed no difference in particle listr.outio”. between naive and t mor bear ng 1.ice in the spleen
and detected nanoparticles withir 3.7% <« dendritic ell: of the tu110r micreen...onn ent. Overall,
these results can help inform a1 d inf.uence future AuNP (elivery des.n criteriz i..cluding fiture
applications for nanoparticle-mediated immunoth 2. apy.
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Supplementary information available
Particle characterization data, percentage of markerJrCyS+ data in ti < spleen. »~u nis’ology Jf spleens treated with AuNPs coated with
unlabeled PEG. This material is available from the Wiley Online Lib 2=, or from *.«¢ aut® ors.
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1. Introduction

G~1d nwoparticles (AuNPs  hav¢ bee. applied in a number of cancer treatment modalities
inci 1din drug delivery, rene ther-py, and photothermal ablation.l!'=#] AuNPs can be easily
syntl.2siz~d and can be .nodif cd with a vari..y of materials including drugs,[2! polymers,[?]
argetiug ¥ zands,[®] aad rucleic aris.t/] Recezudy, AuNPs have been used for cancer
immy..other 1py as deliver, vehicles fo - cancer antigens and immune adjuvants.[®- %1 Gold
ranopa~.ucles are well suite? jor immune cell tarez ing, for they are naturally taken up by the
im~.une system upon in vivo injectio \, ariu 1t has b= 2n shown that AuNP mediated delivery
enhonz e el et of tumor artigens!® 191" and immune adjuvants.[% 12]

Yet, despite numerous studies tocused uu the bie-.. trib.tion of gold nanoparticles, very little
has been done to nnderstand tl < cellular ! *vel distrit 1tio. of nanoparticles in vivo,
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particularly within ce'ls of the i..mune sys em. Biodi: trib :tion studies have focused on gold
ac >um latic, at th- organ level, demonstrati ~_ tnat AuNPs show the highest accumulation
in tae li.er ans spleen.l13-16] Shah et al. obser+22 “hat gold nanoparticles traversed from the
red pulp t~ the white pulr of the spleen < ver time but a.d not identify the immune cells
uvol* ed in part_ic uptake [17]In the "iver Bartneck anc colleagues observed 30 fold higher
accumziation of e<iu nanorods in imn atu. = macr<phas s as opposed to Kupffer cells; given
that imm~.iure macrophages can cause i.flammator;, tiver injury, their finding emphasizes
the . mpc tance of identifying immune cell subsete ‘Lt take :p nanoparticles.[!8! Therefore,
in thi. stuly, we sought te Zlarasterize the uistribut o o1 golc nanoparticles within the
major . m~.ane n~pulations ~7 we spleen, wiuch is both the 1272 st immune organ and one of
the sites of "ughest “.uNP accumulation.

In the sple =n, « rteries ent~. wne red ™ Ip--a framzwork of col'zgen ind reticular fibers
containing .ibrobiasts, mae+spnages, and reticular r=lis-- and hranc: into smaller

. ~AT . .
arterioles.[!% =" Tl.c blood progresses into the ver or= sinuses, ar d mst of it passes through
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the white pulp, »hich 22w vl we penarteriolar lymph-ia sheath (PALS), the marginal
zone, and the fo'liclee The DALS. Liso k=own as the T-cell —une, surraunds the arterioles
and is composed of T | 'mp.or ytes th.at interact with dend~.uc olls and niigrating B cells.
The follicles are mainly ompos~d of B cells but also cc ntaiv. rlic Uar der dritic cells and T
cells. Finally, the margmal 7une is an efficient area of blod “orr_ partici’ate capture, where
marginal zone macrob-ges, dendritic cells anc B cells cz ( act a= .uuiger presenucg cells
(APCs) and migrate into the follic'<, to interact vith T celly.«*% 20]

Characterizing the distril utior o1 AuNPs withi. we spleen is valt able for un lerstandn.
nanoparticle immune effects and for develori.,g nanc particle mediate S immunnthe rapies.
For instance, Yen and colleagues h~~ ¢ shown *.at AuNPs in the ". nm *, 40 nm size range
can induce macrophage expr.'ssion of Jutrlamm~tz oenes for TNSo wad TL-6 in vitre [21]
Sumbayev et al., in turn, show that ArZ«Ps can sinoress “L-1f depen‘.ent i~ fla nme tor-
responses in vitro and in vivo in a s.ze dependent maner.l 2! Finally Ts i ani c>'lcag .es
have demonstrated that treatment witk particles in the 4 to 45 nm rang= can ‘n\ibit

macrophage toll like receptor 9 re pones to CpG. ~vith s aaller particles having 2 s.onger
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effect than larger particles.[23] AuN™ mediated theraries have nrogressed iuto clinirn!
trials,[24] and thus it is important to furtuc, wauerstan® AuNP ir.teractions ~in the immuuc
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1 1

system. On the ~*h~r 12,8, wanopartcle uotake by immune cells could be exploited in the
devel. pment of mmunotherapivs, . 20] < gain illustrating the importance of characterizing
such in eractions. Here, we « ss_ssed “ue splenic distribution of gold nanoparticles in naive
and ‘umur bearing mice ¢ nd shov. ed that AuNPs distributed widely across splenic immune
cells, incl.ding B cell-, T ce'is, granulory ies, ¢ endritic cells, myeloid derived suppressor

<ells, anr n acrophage s

2. Results and Discussion

2.1 Ge'.d na~.oparticl~ -1, acterization

S0 =1, guia uanoparticles coates with polvetiylene gly ~ol (PEG) were chosen as a design
representative of particles that weriiu be typic-iy u. ed 1.\ cancer applications. The size,
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chors 200 suilace coating can e ortunizad to oroloi g ne noparticle circulation so that the
nanopa+=!2; . .n re~_h the target tumor sitc 13- 14 27) 11ydrophilic methylated polyethylene
glycol \mPG) ruating protects particles from opsonization and subsequent blood clearance,
and Perrault und colleagues have shown th~.. PEGyla.>d particles with core sizes in the 20 to
54 nm r.age are optirial i9r increased 's1ood Lait-u.[2 1 Additionally, it has been shown
t1at 50 nm i< e optim~ size for man ma ian cell urtak : of AuNPs.[2°] Finally, particles in

thic s1ze range L.ave been used in a nur.ber u. applicat ons including photothermal
32]

the. apy, >V siRNA delivery,?!! vaccine acii2r;, 4 ard arcg delivery.!
There ore, 50 nm gold c~liuid nonoparticle s conirzaed with ('y5-terminated PEG-SH
(5,000 M'w) we-. used for cur studies. Conjugation of the PCC on the gold surface was
confirmed .y obs~:ving a shift in absorbance wher _omparec . * the absorbance of citrate
stabilized 50 n n gold colloids ‘Supy lementary Figi=z 1). The spectrum and the red color of
the solutio 1 als. indicz.ed that the particles did not aggrezate. Th-. hydrodynamic diameter
and zeta potuntial of th» Ty5-PEGylated particles were ale~ comyparahle to that of normal
mPEG coated AuNPs, thus indicating that incorpoiating Cy5 o~..0 PF G-AuNPs did not alter
the particle cha-acteristics (Supplementar 7 Table 1). Tl.c PEG c~.ung increased the
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diameter of the parucl: by ~ 30 r.a cor.pared to the ¢it..e stabiliz¢ a AcNPs.

2.2 Particle injection does not alt¢ r spl-aic cell diziribution

Naive C57BL/6J mice we.e injected with : oprc ximately 1.5 x 10! n~zuclee in PRS, a dose
in the range of previous studies.[>337) *.7ice that did not re.e¥, ¢ particle iujectione ~vere
used as controls. After 1, 6. =4 24 houre, we sple >ns were har~csted and 5oxine 1 for the
following immune cell populati<.s and markei=: TD3™ (T cells), 5220% (B c:lls,, CL:1b*
(monocytes and macrophages), CD11b*, Gr-1* (my«¢ loid derive s supr-ossor cells) Gr-1"
(granulocytes), and CD11c* (dendrit_ cells). A'Lough there is v idesprzau exp. ossion of
CD21 and CD23 markers, C7>217*CD?5  popnlations are indicai've £ m=.gimal zo.= B
cells while CD21*CD23" pop..iations ~.¢ indicative of 1>llicular B celss (Toblo 1), 38 %01
The spleen is mainly composed of .D3* T cells and 226" B cells ( figr.re 1). b~ my zloid
populations of CD11b* monocyte ;s anr. macrophages, (“D11b*Gr-1" 11yelon 1- ferivza
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suppressor cells (MDSCs), Gr-1" zrariilocytes, and CD1'c" dendritic ceis vach com.prise
less than 10% of splenocytes. We a'so nowcu wnat the runoparticle injectior; caused no
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contrc s.

2.3 P=:licles tra 'el 1rom the red pup to tr.e white pulp of the spleen over time

Histo. ogi- al samples ot the Lpleen were ,uamec with hematoxolin and eosin, and the gold
uanopar;cls were visv.uized &, dark fie!Z inicroscopy, while their location was correlated
with, origh* rield micros copy of *h.¢ tissi e (Figure 2). Untreated spleens displayed only
norm- tissue scattering wud none ot the har~_.eris‘ic scattering from nanoparticles. At 1
Four post-injection, the particles anr~_ared and '-calized mainly within the red pulp and
marginal zone o1 the spleen (ed circles) (Figure ?Z). At 6 hours, the particles were still
present in the marginal zone ~.u red pulr, vut thev wet » also visible within the follicles (red

arrows) (Figure 2C). Finally, at 2+ hours. the particl's w 're mainly located at the center of
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uie 1o1licles while reimaining patizics wer stil visib. ¢ in the red pulp and marginal zone
{Tlgut - 2v). " nese woservations indicated ti at ».ost of the particles moved from the red pulp
to the n ~.ginal _one and to the middle of the follicle, and were consistent with previous

find ngs bv shah and colleagues.[!7] To f.ither ensure ‘hat the presence of Cy5 does not
~afect e distribut ou of ti e particles, “nis Faperimes t w s repeated with AuNPs coated with
u~labeled .uPEG (Srpplementary Figire 0 ). The p-.ticl ;s showed the same pattern over
tir.e, with ~.ust of the particles appeari. g in the red ~ ulp at 1 hour and progressing to the
foll. cles by 24 hours. Therefore, the presence or Cv= l.ad ne 3ligible effect on the

distrHutic n.

s

2.4 Nanoparticle signal ', widelv Jistributed but mainly dete~icd in B cells

To identif - the Cy5 positive cells L. mice that eceived =anop. rtic'e injections, gates for Cy5
events we. e es.ablished ‘.. untreate< .nice. The percentage ~7 mar} er' Cy5™ in the spleen
(e.g., B220 Cy5™ divided t, all events) was comr-.cd betwe== trea:=d and untreated mice
for the immune populations mentioned in Table 1 .r2 at all time poin s (Supplementary
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Figure 2). All 2. ccuages were significantly different th~.. control {p < 0.01), showing that
the Cy5* events w=== “ron e mi~cted ranoparticles

Next, we evaluated the cistributiza of Cy5 events withir the “:omune c lls, i.e. the percent of
the nanoparticle dose “uat is “.1 each immu ne population. Fo. inst 1ce, the percent of dose
detected within B22( " c.ils is given by B220"('y5" events divided Ly all Ty. " ¢v~nts. The
distribution of the nanoparticle Cy5 Zuse in the rospective  ~pulatiors at 1, 6, a=i 24 hours
post-injection are shown ir Tigure 3. A: 1 hour, th highest pe-cent of Zy5 ¢v-..ss was found
within B220™ B cells (32%) =ud this percentage 1s cignificanly h cher than *aat found "2
CD3" T cells (12%, p < 0.0001), CD11b" ~ounocytes and macrophszcs (7.7% v < 0.0001),
Gr-1" granulocytes (15.8%, p <0 £jul), CD'i¢' dendritic cells 13.¢%0, p<0.0001),
CD11b*Gr-1" MDSCs (3%, » < 0.0251), an” CDZi7CD23 ™ celle (22.8%, p < 0.000L ). This
finding indicates that the nanoparticle, were det~~*~d manly in B cel's 1 k. ur ~ftet

injection. A detectable percentage »f the events (13.6%5) was present in ('end. itic cells

despite the low percentage of CD 1c" cells in the sple :n. /. measureacle pe ccnt~ze was
l+
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also found in other low percentag. popdations si'zu as C¢-1" granulocytes and
CD11b*Gr-1" MDSCs, with 15.8% nd 3% of the si_nal detezted within wnese poriiaucns,
respectively.
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At 6 hours, 58.5%4 o450 Ty 5 siguat was etected in B220™ cells, and the percentage within
this population vras sienificzilly 1w aer than that found in all other populations (p < 0.0276)
iyure 3B). The trend \7as : iruar at z4 hours with the highest percentages of CyS5 dose
four d w.thin B220*CD2 "*CD?3 *, CD21*CD23", and CD11c" cells (Figure 3C).

Intere stins ly, the perc.atage .a B cells ir<,case 1 significantly from 1 hour to 6 hours, going
trom 32°51) 58.5% (} =0.0377; (rigure 2T). The percentage was then significantly
decr_ased . 24 hours t~. 51.4% (r = 0.0 415). In turn, the dose in Gr-1" cells significantly
aecrered from 15.8% a. : nourto s 3% at 6 hzurs The only other change over time was
okserved in CD217CD23" cells, whe ¢ the perce=.iage dropped from 36.6% at 6 hours to
17.170 at 24 hou's (p=0.0065;. t'he car<_ of these ~l.anges was not evident and may be the
Zeoun vl TIUOrescence differc s over tir < ur experim ntal variability.

1

There wera =2 520, significan differc.ces in Ty5 distrib ition within each population, and

yduosnuep Joyiny vd-HIN

more imnortantly the pattern of distributior ren ained .o same across the different time

po nts. The uisto! sgy images showed that the particles traveled through the spleen over time,
and given th-. the distribution pattern did n~% cnang. n the 24 hour period, the particles
wree likeiy to have miz.a‘ed with the c.ils incicau of tre nsferring from one cell population
1) arother. Tk. moveme! of the parti :les may resul. frc m cells such as marginal zone B
celle und dendri“ic cells taking up nanc varii2'~2 and th.n migrating to the follicle.[20 Of
course, nechanisms of cellular transfer suzh a< +,gocvto,i. [41] and exocytosis could also be
at ploy, ad these potential mechanisms merit - wer stud;. Che presence of nanoparticles
withit the marginal zor< s cons stent with their ~,sociatic n w th MDSCs, as MDSCs have
been sk.own to b localize within the margmal zone.[*2] T-_ markers used here are not
exclusive t, one zupulation, and there may be ove:iap within susets of dendritic cells, B
cells, and >the - immune por!.uons but the resulte [Liustrate fat the nanoparticles were
distributed acroce » =uge of m~:,r immune cells includi.g CD3" T cells, B220" B cells,
CD1l1c" dend-itic cell, CD11b" monocytes and 1. acropbzges, CO115"Gr-11 MDSCs, and
Gr-17 granulocytes. Cy5™ signal within CD21*"CL23™ cells .ay inc.cate involvement of

yduosnuep Joyiny Vd-HIN

marginal zone .3 cells while CD217CD23 " cells may udicate f~liicular B cells;[38: 3]
however, uptake by thd se s ibset. need:, to be further « ~.p1ored in fu ure s‘udies.

Various biodistribution s_udies .ave showr it despite AulP n.ndiic-.tior s aimed at
avoiding spleen and “tver 1 ptake, such as i'EG -oating, ta:oeu..g tigande, and size and
charge variations, a s\ Lstantial portion of tLie in)>cted dose will Luevitablv be retain: 1 in the
spleen.l13] Studies show a wide “.uge of sr'_>n accumulation, wi*l, reports vary ing between

4,431 7 e conrtyuement of

10% to over 60% of the ‘njected A=.e reaching the spleen.[27:
such accumulation are sti_. unclear. A previous <*.u" in rats by T=.entyr'z and collegues has
shown that 50 nm PEGylated gold nan~particles c~.. cause blood _ongesti~.. in th< red pulp
and damage to the white pulp '*"i Balasn*.amanian et al. studied Aul P effect: .. ~ene
expression in rat spleens and .eroied dew, u-regulation ~f genes associ .ted with 2=alir.g and
other defense responses.[3%] Further-.iore, »= aroremcntior.2d, there is on,0i ¢ s‘ud; in o the
effects of AuNPs on inflammators resr onses in vitro a1d i vivo. [21" 23] [ +h s studv, the

histology slides were reviewed by an ndependent pa’aolc zist, and the a221vis snowe? w0t
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nanoparticle treatment caused no 1. flam.2ti~= ur sign< of splenotoxicity su~l ds apoptus.c
or atrophy. However, the particle trea.ment resn!*_u in vac_ula1 congestio 1 as ™. vil as rec
pulp expansion, indicated by an increased preser_c of histiocv.es, lymphocytes, and
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megakaryocytes Thc ri,uie prosented he e elucidate which splenic immune populations
mtera 't with nar. onarticles ~2 . un-aveneus injection as well as how the spleen reacts to a
ypicaliv used nanopart.:le (esign ar< thus can be used to inform future studies on AuNP

imn une =ffects.

2.5 Percent o" eacn i~..mune pcovlation risitive for Cy5 signal

Ne., we r.amined the nercentaz. »f e: ch cell population that was Cy5 positive (Figure 4).
At 1 Four post injection, approximaizly . .9% Li C1)217TCD23~ cells were positive for Cy5,
<Zgnificantly higher than the percent~ges withir .u other populations (p < 0.0086). This
nigher proportioi as well ac we localiz.uon of na=up: tticles in the marginal zone (Figure 2)
again suggests that the partic'cs are taker up by marginil zone B cells. The involvement of
marginal zone B cells is likely “ui this ponularion ir. mic= can uptake blood borne
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paruculates that have been coat > “vith opsonirs.140] ,\uN s are known to be opsonized once
< terii g e riood steaml!3: 141 and may the's b recognized by marginal zone B cells in the
spl ren.

P, 24 boars, about 2 £70 f CD11c* deadrifie cells, 3.1'% of Gr-17 granulocytes, and 1.4%
(fMOSCs v ore positive ror CyS. Inte rest ngly, thes 2 pe ‘centages were comparable to the
perzentage of ©220" B cells positive for CyZ, ven th-ugh the percentage of B cells in the
splien i significantly higher. There were . ~:z.airicant Ginerences in the percentages of
cells assc ziated with CyS over *ime, again suczosting thai u.> nanoparticles did not transfer
from (ne c=1l populati~., to anot. er but ins.2ad ~_inained " vith n respective populations that
migratc over t.ue. Over-li, the distribution of the nanop»=:.cie ('ose and the percentage of
each cell popul>tion involved indicate that nanor . ucles primar.lv interact with B cells, T
cells, grar uloc vtes, and der-.wuc cel's in the sp'eew. importan’.y, ¢ measureable percentage
of the nancrartic!~ Ty signal I, detected within MDSZ,. Given .2« comparable percentage
of cells positi = for ', 5 between myeloid cells ar. 1 B27%" 8 cell: , th : myeloid populations
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may be more efficient at canturine =~ - articles and could ro.ential'y be targets for
nanoparticle mc diated drug delivery

2.6 Nanoparticle distribution is uafizcte” in a B16F10 melar.oma mudel

To assess whether the¢ distr.oution patte.us v-ould be ti ¢ scme i+ a disear e model, we
tested the nanopartic.=s *.1 mice bearing a k 16F 10 melanor.a tumer. U572 L/0 T wi~e were
implanted with subcutaneous B16F 'S wmors and' injected \“ith the s~z.¢ dose ~* particles
once the tumors reached arpioximate!; 1 cm* in s'ze. The spl.ens wer: Lar »<.-d after 24
hours and analyzed as be ‘ore 7 ne distribution ur srlenic pop laticas showe~ a signifie at
drop in CD3" T cells when compared to new.-wumor t zaring mice (r~ 5.0324) (Migu-e 5A).
Interestingly, there was no signifi~.ut differe=_c 1 either CyS5 ev 2nts Zistribution or the
percent of cells positive for C'y5 whz.. comr~rod w 27ive mice exorunes 24 hours ai.2r
nanoparticle injection (Figures 5B an~. 5C). The=>#are, th > nanopartic.e di-.ibitior wi hin
major immune cells does not chan‘.e in *umor bearing mic. .

It is worth noting that approximat ly ~2% of CyS5 e ents "vere found in Coilc™ dendiitic
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cells, with 15% in Gr-17 granulocy ‘s ana +.0% in CT 1 1b*Gr-17 MDSCs .1 tumor he=ring
mice. Importantly, the nanoparticles reac’ *~22c popul=tiuns by passive ta ‘czung, withor.:
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the aid of ligand= ~= ztiUodios specirie ter these cells. The involvement of these populations
mdica‘es that thcv conld be £oivuu . targn s for nanoparticle mediated immunotherapy. The
paiticles” high associati n w itk dend~.ac cells makes them promising vehicles for delivery
of i1 1mu 1e antigens and . djuvan*s.t1%- 23] In addition, Niikura and colleagues recently

repor ed thrat 40 nm srueric2l AuNPs car wct a. adjuvants for vaccines, for they can induce
~atigen speific antibod;, prodir=iion in vivs and bone marrow derived dendritic cell
infl>.amate. y response: 1 vitro.l'l Th involvement of granulocytes and myeloid derived
suppressor cells is also i.wportant be aus * grar-.ioc vtic and myeloid progenitor populations
ir «he spleen have been shown to pre ide cancer 2.es with tumor associated macrophages
auu neutrophils that promote (umor gre+, w.143] In ~Zcition, it has been well established that
LIC5Cs are recruited to the (.ur microe+, ironment ad suppress anti-tumor immune
responses by inhibiting T cell ac*, ity and prc notinr an.igen tolerance.[42- 46] Targeting

A AT~~~

LI258s tor immune modulatio is o prom sing immu ne t.erapy approach that is a subject of
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~ngoir g wuik 481 Given the association »f M DSCs with nanoparticle signal, this
poy'ulai’o”. coul~ potentially be targeted with AuNP mediated delivery of drugs that have
beer showr .0 suppress MDSC activity, .cn as sunitiib49] or CpG.[48: 501

Ve ~.1s0 assecsod particle yistribution n tt e immune cel s of the tumor microenvironment,
char. ierizing ', 5 events within CD8 " cywct~ic T celss, CD4" helper T cells, CD11c*t

der driti : cells, CD11b* monocytes and n.a~ronkzes, arZ (D11b"Gr-17 MDSCs. To ensure
that "y5 =vents were accuratelv captured, the rz.cent of M. ~ker"Cy5" cells in the entire
tumor was calculated ir uutreate 1 mice and in m*_¢ treate 1 wi h AuNPs, as was done in the
spleen. Tne per.cntage of Tullc Cy5* cells was significa=iiy igher than in untreated
controls (p -0.0375), indicating that the Cy5 events were due w ‘he particle injection (Figure
6). This d fferc nce was not sig.urica.'t in the ot er i=unune por ula ions, and, as such, we
could only detect the anoparti~lc Cy5 signal within CPXic" der ritic cells. Approximately
1.8% of the \omor mi~uenvironment was compo. ed of CT 1 1c” (encritic cells, and about
0.01% of all cells in the microenvironment were CU11ctCy5s*. dowr ver, 36 +/— 10% of all
Cy5 events det. cted were found within C)11c* cellr, indicatins wat a large portion of the
AuNP dose that reachcs the tum~e resi<es within dend'7.uc cells. Acditiovally, 0.7 +/— 0.2%
of CD11c" cells were pcsitive for Zy5. We could not acrount for \he re ma.ning Cy5 signal,

yduosnuep Joyiny Vd-HIN

but the tumor microenv.ronm~.it is a com sex milieu of inflamm.tor ;- cells, fibroblasts,
blood vessels, and tunor ~ells,>!: 52 and t1e d.stribution S AuNPs wiiun 2 v-rious cell
types merits further work. Overall, nar 2 particles reach den 1r'2ic cells b~ in the <z.cen and
the tumor, again illustrating th_ir potenti~} 10 targ eting this por uiation.

3. Conclusions

This study elucidates the immr .. cell dist=Lution of 50 nm PEG coa ed gold r~~anarticles
in the spleen, showing that th * n2~.upartic', associate vith a range of i-amune r~nula‘ions.
The signal from the particles is most uighlv z.osen B ¢=lls, granu’ocy’es, deadri ic « ells,
and T cells, and it appears that the sign.! remains asso ‘iate d with these p~muations i, the 1
hour to 24 hour range examined i 1 thi: study. The pa~.icle, show high <soc at cu with

)duosnuep Joyiny vd-HIN

CD21*"CD23" cells, indicating uj take “v mar~ial zor . B cells, but these ob=.: vations
need to be further explored. The ana.omical locati<i of the Lat ‘icles vary with *i.e, witi
AuNPs mainly localizing to the red pulp and mar<...al zone at * hour and appearing in the
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marginal zone 2~ 211010 Lewween o and 24 hours after injection. The consistent particle
distril ution ovel time abse~ 3 usi-.g flov. cytometry suggests that the particles may migrate
~vi.h the immune cells as thev *.avers. the spleen. It is possible that marginal zone B cells
and dencritic cells take u» partic’cs and migrate into the follicle following uptake. Finally,
the distrit 1tion patter~s obse.ved did not -, ary setween tumor bearing and non-tumor
Learing *.u e, and a dite_table »L.centage ~T CyS5 signal was present in dendritic cells,
grarutocyt-s, and MDS Cs of the <;leet s of tumor bearing mice. In addition, AuNPs can be
setect~d in the dendritic -cus of the fumur mic~yen vironment. These populations and others
c~uld potentially be targeted for cane >r immuneth.crapy, and the distribution characterized
ucie could prove informative (or future .anopartic!- «xicity studies.

4. Experimental Section

yduosnuep Joyiny vd-HIN

Nanopaiticle conjugation

50 nm citre.e stakiiized gold nanoparticles (1ed Pella) were conjugated with 5,000 MW
polyethylene glycol terminated with Cy5 przonasea Som NanoCS, MA. Absorbance was
m-asure”. using the C2zy 30 UV-Vis (A zgilent Tecuoologies), hydrodynamic diameter was
11ea-ared usi=g a 90 Plr- carticle Sizc Aralyzer (Brook 1aven), and the zeta potential was
me2cured with =~ zen 3600 Zetasizer (1 1alve Listrun cnts).

Animal studies ¢ nd 'umor model

C57B../6]) mice (Jackez. Labor:‘tories, Bat Harbor, ME) v/ere kept in the Animal Resource
Facility of Ri~_ Universi*,, and the study was approved b7 wne institutional Animal Care and
Use Comn.ittee 1ne particles were suspended i» I 8S and iniec.od intravenously at a
concentra ion Hf 1.5x10M n~_ucles  2r injection. Afer 1 (n=6, 6 (n=6), or 24 hours (n=5),
the mice w>re eut-z.uzed, and Lie spleens were harves*_u by pas.:ng through a 70 um cell
strainer. The «~11 snez_usion underwent red blood cell 132is (Sign 2) ¢ -ior to staining with
antibodies. The following antihndi~~ ==-2 o obtained from BT DHiosciraces and used for flow
cytometry analysis: anti-CD11e PF anti-}'220 PE, a w-CD3 FIi C, anti-CD11b PE, anti-
Gr-1 FITC, anti-CD23 PE, wnd =ati-C">21 FITC. The sained ~ampl 3s we e then analyzed

using a BD FACSCanto. flow cv.ometer.

yduosnuep Joyiny Vd-HIN

For the tumor study, mice ‘vere injected subcut neously with 5<10° B14-£10 melanoma
cells in PBS (n=7). O..ce the tumors re»<led ap} roximatel * 1 z.u* in size, the mice  cceived
an intravenous injection of narzparticles Tw 10r vearing mice th.u. did not vece. ve particle
injections were used as ¢ontrols ©2.—4). The spize+, were harv 2ster’ arter 24 k ,ur. ana
analyzed as previously described. The tumors ™ cre « [so harves* 4, paseza through . cell
strainer, and treated with red blood ce'! iysis buffz.. I'he followin s antibrZies w=2c used for
flow cytometry: anti-CD8 PF, anti-CD? 1 1'C, anti-CD11c¢ PE, a:ti-CDI11k T aund anti-
GR-1 FITC (BD Biosciences, Tue B167 (U cells were yrown in Dulbr.cco’s Mouified Zagle
Medium (DMEM), supplemented v «th 10° retal Bo rine Serum (FE S) ~.nd '% pe-ici' lin/
streptomycin. The cells were kept at 37 °C and 5% CO,.

)duosnuep Joyiny vd-HIN
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Histological imaoes

Spleer tissue wa. fuiu.alin rixed ~.1d det.ydrated in ethanol prior to sectioning. The sections
we.e pt *pared as 3 um t aral “.a-emkcdded slides stained with hematoxylin and eosin (H&E)
at th» Ba /lor College of 'Iedici..c Pathology Core. Brightfield images were taken with a
Zeiss Aviuskop 2 Plus micruscope, ar~ uarkfie d images were taken with a Cytoviva
enhanc-u d. rkfield mi-.oscez..

Statistics

All comnarie~=- were done usine . significa=ce level of a=0.05, and the Tukey’s HSD test
on JMP Pro Soft sare.

Supplementary Material

yduosnuep Joyiny vd-HIN

Pofer (. Vveu ve.sion o1 PubMed Central for sup nlen entary material.
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follicles. A) Untreated spleen. 1) Spleri: 1 hour follown.s AuNP inje~.cion. C) spicen

hours after AuNP injection. D) Spl-.en 24 Liours after AuNP injectior . Ir iages a.e

representative of 3 samples. (Scal : bar = 100 pm)
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Distribution of AuNP associ. ed Cy5 rusitive sional within immu ue » oprr'auons au ifferent

time points. A) 1 hour, B) 6 hcurs, and Z) 24 hours after AuNP intrav nous in, ectin. 1))

Distribution of Cy5 signal within ir immun~ population. at &'l time po’ats. *,  <0.95. **

p<0.01. *** p<0.0001.
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g' associated with Cy5 signal 24 hou ts a.ter AuNP ini<ctior m tumor free aud wumor »_aring
~

mice. *, p<0.05.
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