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A STRACT: One of tle primary challenges in breast carcer
diagnosis and treatnent is inhatumor heterogeneity (ITH), t.e., 6" .*l *r**
coexistence of dilferent getretically and epigenetically ai.tina 
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malignant cells within the same tuDror. Thus, the identifcation of 
-p6i[y-*

ITH is critical for designing better treatments and hence 1o rxr -1ffi5 I
bcrease patient survival rates. Herein, we report a noDinvasive ;:T*'
hybrid- imaging technology that integrates multitargeted aDd

T!! ipI*"0PatchyPol} 'rnericPhotoacousticcontr;stagents(MTMPppcAs) witL single-impulse panoramic photoaco-ustic d '**"*.''.-''-

"9T!ll:1_Ti.C""ph_y 
(SIP-PACT). The rarger gpecificity ability

of MTMPPP€As to distinguieh estrogen and progisterone recepior-positive breast tumors was demonstrated through brro ursurgur8n esEogen anq Prog€stelone recePtof-Positive breast tumors was demonstrated through both
fluorescence aDd photoacoustic meirsurimeqts and validated !y tissuie pathology analysis. This 'to*l p"oJa", O" pioof-of"
concept ofthe MTMPPPCAs/SIP'PACT system to identiry ITH in nonmetastati-c tumois, wtth both higil molecular sleci6city
aDd real-time detection capability.
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reast cancer accounts for dre second leading cause of and 15% of breast cancers, respectively.r2-to TNBC is the
cancer death globaly (11.6%) with an alarming most agglessive subtype and has a worse prognosis than the
mortality rate of 6.6Vo as per 2018 global cancer other tiiee.,s

including molecular subtypes,xs locations, metastatrc stages,
previous treatments, and other parameters.3,l'6 lumnai A R.:(eil-{'dr Jub' 15,2020
(L{), luminal B (LB), hunan epidermal gro\ath factor A.capted: Jaauar}' 14 2021
recePtor.2 (HEM)-enriched cells, and triple-negative breast lublislcd: January r9,2o2l
cancer (TNBC) are the main subt'?es treatea in clinical
settings.' ,LA and LB are present in 70% of breast cancer
tumors,'" " whereas FIER2 and TNBC are found in lS-30%

statisticr."" One of the primary challenges in breast cancer Currently, posibon emission tomography/computed tomog_diagnosis and treatment is intratumor heterogeneity (ITH)' ,"prry (prrzcr) is the only imaging modality that is capableITH is the coexkteoce of difrerent genetically.and eqigeneti- .f ,lJ1*g ITH irformation based on metabolic activ-cally distinct malignant cells within the sarne tumor.J-r lt is ,- ;i;"
responsible for 30% of .*."r-r"1","J iitir' *..ii*a"' ,,, 

iry,'" '' cell proliferatiory,and estrogen recePtor (ER) status in
women, as it is closely associated with cance! progression, Dreast cancer tumols' "_ Howevet the main challenges of
resistance to therap, and recurrences.6 The cunerit tieatmen; using PET/CT include the high cost, long-term exposure to
options for breast cancer are guided by critical factors, radiation, and the side effects of radiotracers. Furthermore,
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FiSure 6' PA sPecEa of MTMPPPCA'' (A-c)^PAcr im.g$ of oanoparticld with ,IcG, &roparticles with se6s0, .sd MTMpppc& itrsilicoDe tubes at naveletrgrhs of660, 7r0;aad 7so nm, respictivery. scai" r*,i --l1o; ne 
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of MaMpppcAc.

F
t

t

t

{
-

l50o

1200

900

a0t

300

0
ilDA{S"231

ffi;J;,*t$-*:x*'":fff;tTffill"T.r*HH,11H--""::l",lj.-l-ry-23r breest cancer cerrs. (A) rae55_ _ln"l .t,*"- ,"urt"a "n"" a fo]-tnl,i"uoi .;;;"'o''fr,f,H*-on'Cll""-T1 -l ry'23r breest cancer cells. (A) rhemrcrorcopv tmages of MTMPPPCA! ccl optar" ro r-+zo .u" 
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il,trjT:[:"T#H*",,H'-T_:i"Rtt."ll:show th.at the sharp shape of thJ sensorgrams iq the associationstage of the.interaction indicates ttre iinaing .t Nii,-pii_
ii*il ,9__fi1!_h-"gm recombinant f,r_"" "".o"g"", 

";h;i""i1lli..l{Lr-yl at di.Ferenr micromorar concenkarions
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(Kp) rate constant. Assqning f:l bin;-;;
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excellent binding afinity between the

:.J:i"J *d +: r,g;i i'". iiui.dlf;:g'; ff;ii,"';r-E G-eskone shows little binding or 
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negligiile u*L". il,esrrogen-rerated.receptor beta (rih_/) fep" o"l 
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c,oyrols) (Figure 4C), respiaivetyi, d"nror,,t 
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binding of NHr_pEc-estrone to Fl"ER_c. Wirh

:::p"1 
,o dre molecular inreraction f"**" N+_pi'C-_
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rnd the pR, we observed .p".,n" i"i"g"iiolrerent concentrations, as shown in Figure 4 D_F. Fo[oiinq

::^:T-"_.."0*"t". g"scribed above, wJfou"a O" O,i r".?"?plogesrerone wEs t0 /M (Figurc 4D_F). The ila"g #"iy;ii)'? ;fr ,TB'rx** rn:#:t#jji
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which suggesrs its molecular specifcity with

^ ure progesterone receDtor.

..,Physicochemical Characterization of MTMpppcAs. Aset-assembled construct with the Inr.ca,u"u*,r""""i-J;J;iff .:T::;::rffi1f;il1*:
lining of the MTMpppCAs, core was successfully achiwed.
j:;"_T::i diameters of MrMpppcAs ;;d 
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Tl.-rop,*"o-p..-,.hy polymeric pA contrast agenrs (UfUlpp_
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surface and patcir, but it_is more prornineniin-
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shown in FiSures SB and C, ,".p."oi"Jy.-ff,lsrngle-hbeted e.xpeliments served as control ,._pt"r.i.. G"rwo-cotor experiment. The dual STOI
rs presented in Figule so. tn this pt.toY3agng 
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