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Antiangiogenesis has been the focus of a new strategy for the management of obesity. We herein describe a
novel concept of vascular-targeted nanotherapy to obesity control. The surface of nanoparticulate system was
first modified with an adipose tissue-specific linear peptide ligand (KGGRAKD) via a short polyethylene
glycol (PEG) spacer. To evaluate the specificity of the carrier, we purified primary endothelial cells from
adipose tissue (pcEC-IWAT). The nanoparticulate system (Pep-PEGap.-NP) bound only to pcEC-IWAT and
not to other endothelial cell lines, such as MBEC4 and MFLM-4. The mechanism for the intracellular uptake
of Pep-PEG;p.-NPs into pcEC-IWAT was mediated via prohibitin-mediated endocytosis, as evidenced by
three independent experiments, saturation of receptor binding sites by excess free peptide, the blocking of
receptors by an anti-prohibitin antibody and low temperature (4°C) experiments. In vivo evaluation of targeting
activity of nanoparticles to white fat vessels (WFV) indicated that the targeted accumulation of NPs modified
with this prohibitin-homing peptide via a long PEGsyp,-linker in WFV of mice were significantly increased by
co-modification with a hydrophilic PEGyp, polymer, whereas the undesired accumulation of PEGylated
targeted NPs in the liver was considerably reduced. These results demonstrate that the PEGylation of targeted
NPs is a critical factor in maximizing the in vivo targeted delivery of NPs, a process that can be attributed to a
significant decrease in recognition by the reticuloendothelial system. Thus, we denoted this in vivo optimized
PEGylated targeted NPs as prohibitin targeted nanoparticles (PTNP). In addition, the co-localization of double
labeled-PTNP [an integrated lipid membrane (NBD-DOPE) and .aﬁueous core (thodamine) in the same
nanoparticle] to WFV indicates that PTNP remains intact inside the circulation and therefore show promise for
the successful delivery of an aqueous phase marker to a target using a system that mimics the delivery of

small-molecule drugs, proteins, peptides and nucleic acids.

Cytochrome C (CytC), a proapoptotic protein which is rapidly cleared from the circulation (t1/2: 4 min), is
loaded in PTNP using a strategy that permitted it to be shielded from extemal inactivating effects, thus
permitting its delivery to the site of action. The functional activity of CytC-loaded PTNP was confirmed in
vitro and in vivo by the observations that CytC-loaded PTNP could cause endothelial cell apoptosis, resulting
in the destruction of the vascular architecture in adipose tissue. Treatment with CytC-loaded PTNP resulted in
a significant weight loss in a dose-dependent manner in high-fat diet fed wr mice, as evidenced by the decrease

in fat mass and serum leptin levels. We also confirmed that no detectable hepatotoxicity accompanied the
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observation. Thus, this finding may unveil a promising potential of CytC as a novel anti-obesity drug for the
prevention of diet-induced obesity.

Furthermore, to extend the applicability of the PTNP system in terms of treating obesity, a proapoptotic
peptide, [((KLAKLAK),, KLLA] was encapsulated, as denoted by KLA-PTNP and then the advantages of the
KLA-PTNP over the conjugate system (Adipotide) composed of the same targeting peptide and proapoptotic
domain was investigated. Compared to the use of Adipotide, KLA-PTNP caused a significant reduction in
body weight, adipocyte hypertrophy, adipose tissue hyperplasia, ectopic fat deposition in liver and muscle as
well as infiltrated macrophage contents in DIO mice. Surprisely, we found that PTNP had the attractive
potential to passively accumulate around the angiogenic regions that particularly appeared in obese white fat.
Therefore, the targeted nanotherapy is mechanistically superior vis-a-vis peptidomimetic for obesity treatment,
in that the targeted delivery of nanoscaled carriers into the angiogenic region of obese adipose tissue could be
passively promoted via a physical property (enhanced permeability) of a discontinuous architecture in
angiogenic vessels. Taken together, this work may, in the near future, offer a paradigm shift in the discovery

and development of anti-obesity drugs for the management of obesity.
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Vascular-targeted nanotherapy with a dual-targeting
strategy to obesity control
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. BIRELCCERR S VO ZERHEROBBERIIBMO—REZW>THD, KEAD
CAREREN INTVWAEN, IS OEBHIBROE BN, HFICHNBEFNEREERELT
RIETHZEMPHOMIINTHBY ., BEERICHERD D VIITH T2 I ENEETEROER
EPHTORDANEHFEEEZSNTVS, LA LANS, BEETIZEBEKIEA N T SHB
REOE T, PRHERICEAL TEREANT TS, bLIMHEEICBIT2EHERNEZEET
ZEVOREBRIZETHTED, WTFhbadilt - ZeoE TREERATHS, #->T, &2
TRHRNZBHRBRDO/=DOF /-2 E TN EERT 52 D0FH R HNBRIT. O TEER
MEBEELSR 5.
FRT. BEOEETHIRBEBIRELBREME/TIONEOEEHICER L. BHAR
OMmMENETHMOMBOME &IIRZIHEEERA L GRS EYXZ R 0ERICT 2 ¥ ik
EIATLAOBRREMEZENE T H5EHKEFBROAEEZANE LZHO T, ZRNIZHED T
A OBNFETHS. FiZ. EMEESATLOREREE WISBAHSIT. ENMRICHL
TEWEIRZRTATSFREVH S RELTERLAEZVRY —LABEYT Y U7 —ORRBICRK
L7z, FORE. invivo IZBIT DREBIMZEMEEIZEBNT, BIEMMEU H D REERT 2T
TRAT2TH D . PEG EHOHRICE > TRV —LDNBRLEREZEHD D I EMEBO TEE
ThdEzRH L, ZNSRAKRETDIBRIMBIOIR VBN S —7 7 4 > ZIZB T < BIRNE
MEEI AT LAOUARMIBNTED TARBARTH 5. ZhTA, FEI TIEHHAGO M
BEENETIEMWIBR] WO HREBEOERERZRIET 572D, #iIBNICRVAENS
ZETTRP—IAEFHRTD2EDHTF (DEKLAKLAK)2 X7 F K. cytochrome ¢) %M\,
INEEHALLZBHOERNMYRY —L2BBETINVIUACERIREDBS L. BERE
EEICERIEREBTHEERNEEDIRERBTES I LE2EH L, 5T, BHEDOTHIC
PERTHDILERLAEETI TR, EERAEMMIIEEERIFIRVIEEZHSMILT
B0, BEKISALHED THRAROBEVWAREEZA S, BiIZ. BEAOEYEREIIBLTL, BT
£ 100nm BEOMBHERNEF /KT HZHNCEBLOTIEE (enhanced permeability and
retention (EPR)ZIER) 2FIRAT 200 —HRHTH 225 EMEMOIEHRAKICBNTHREROBER
BROENDHZEERH L. 2, ERAENZERNSLBD TENRRRTH S LFAKIZ,
SHEOEEBEEAMNE U815 - BFBARICHIT S gold standard 272D B WO THBRAIRE
A%
CNEET DI, FEIL BHEGOOLEZENETIEMEET Y U T - BREVNOIBE
REBEBOBENFRICL > TZHNAEREEBNTENZRONFORFEHIHE O L
R, BORTRE A ERNBA T BROATLAEL TR TH D LOFNRES
ZHbOTHO, BREDDHDENEREFEOR L, FiIi, 2HFANEBTL TNWIAYRY v
PO RO-LADBRETRRT HIRERELZOAMIIEMRT 2L I AR HDNH 5,
Lo TEHEIL MEXEEL (EHRE) ORMEREINI2BRHIZ2HOEBD S,
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