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1. Back ground

Nano sized car ri ers are prime can di dates for the deliv ery of 

highly toxic and/or hydro pho bic ther a peu tic agents. These deliv ery 

vehi cles have the potential to aug ment the phar ma co dy namic and 

phar ma co ki netic pro files of drug mol e cules, thereby enhanc ing 

the ther a peu tic effi cacy of the phar ma ceu ti cal agents [1]. Fur ther, 

encap su lat ing the drug mol e cule in a deliv ery sys tem can increase 

in vivo sta bil ity, extend its blood cir cu la tion time, and fur ther pro-

vide a means for con trol ling the release of the agent [1]. More over, 

the deliv ery sys tem can alter the bio dis tri bu tion of the drug mol e-

cule by allow ing the agent to accu mu late at the tumor site, either 

pas sively or actively with tar get ing [1]. In addi tion to ther a peu tic 

drug deliv ery, serv ing as diag nos tics tools, nano sized car ri ers can 

deliver imag ing agents to detect and non-inva sively diag nose dis-

ease.

Poly mer somes, poly mer ves i cles self-assem bled from a diverse 

array of syn thetic amphi philic block copoly mers con tain ing hydro-

philic and hydro pho bic blocks [2–4], have been shown to pos sess 

supe rior bio ma te rial prop er ties, includ ing greater sta bil ity and 

stor age capa bil i ties [5–7], as well as pro longed cir cu la tion time, 

as com pared to lip o somes (ves i cles derived from phos pho lip ids) 

[8]. A par tic u larly attrac tive stor age fea ture, high lighted in Fig. 1, is 

the large hydro pho bic core of the polym er some mem brane, which 

fol lows from the mem brane-form ing amphi philic poly mers being 

larger than con ven tional phos pho lip ids [9]. Fur ther, block copoly-

mer chem is tries can be tuned through poly mer syn the sis to yield 

poly mer somes with diverse func tion al ity [10]. A vast major ity of 

ves i cles made of syn thetic copoly mers have dense poly eth yl ene 

oxide (PEO) outer shells, which affords them “stealth” like char ac-

ter that may lead to increased cir cu la tion times and in vivo bio com-

pat i bil ity [5]. Thus, although lip o somes are pres ently used in var i-

ous bio tech no log i cal and phar ma ceu ti cal appli ca tions to improve 

ther a peu tic indi ces and enhance cel lu lar uptake [4], it appears that 

poly mer somes can offer supe rior advan ta ges for future clin i cal 

ther a peu tic and diag nos tic imag ing appli ca tions.

In aque ous solu tions, amphi philic block copoly mers can self-

assem ble into mes o scop ic struc tures (6200 nm–50 lm in diam e-

ter) [3]. The ratio of hydro philic to hydro pho bic block vol ume frac-

tion deter mines whether micelles (spher i cal, pro late, or oblate), 

or ves i cles (poly mer somes) will form [2,11–13]. As a gen eral 

rule, how ever, a ratio of hydro philic block to total poly mer mass 

of approx i mately 635% ± 10% yields mem brane struc tures, while 

copoly mers with ratios greater than 45% gen er ally form micelles; 

those with ratios less than 25% form inverted micro struc tures [14]. 
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Micel lar struc tures have been used as intra cel lu lar and sys temic 

deliv ery sys tems [15–18] but pres ent sig nifi  cant lim i ta tions when 

com pared to poly mer somes. In aque ous solu tions, they can only 

encap su late hydro pho bic mol e cules unless strong bind ing or cova-

lent link ing strat e gies are incor po rated for seques ter ing aque ous-

sol u ble com po nents.

In con trast, poly mer somes can simul ta neously encap su late 

hydro philic com po nents in their aque ous inte rior and hydro pho-

bic mol e cules within their thick lamel lar mem branes [10]. In addi-

tion, bio log i cally active ligands, such as anti bod ies, can be read ily 

con ju gated to the exte rior brush sur face to tar get the ves i cles or 

to pro vide a ther a peu tic response [19–22]. These prop er ties of 

the ves i cle archi tec ture effec tively cre ate a mul ti modal plat form, 

which can be used for ther a peu tic (drug deliv ery) and/or diag nos-

tic (imag ing) appli ca tions (Fig. 2).

Although ves i cles can be tar geted to spe cific sites using bio-

log i cally active ligands, the ana tom i cal and path o phys i o log i cal 

abnor mal i ties of the tumor tis sue alone can be uti lized to aid in 

the local ized deliv ery of mac ro mol e cules [23]. The tumor vas cu la-

ture, char ac ter ized by irreg u larly shaped, dilated, defec tive, and/or 

leaky blood ves sels, dis or ga nized endo the lial cells with fene stra-

tions, as well as other abnor mal i ties, allows for the pas sive accu-

mu la tion of mac ro mol e cules at the tumor site [24]. Fur ther, due 

to the poor lymphatic drain age, nano par ti cles can accu mu late and 

remain at the tumor site even in the absence of a tar get ing moi-

ety [25]. This phe nom e non is known as the enhanced per me abil ity 

and reten tion (EPR) effect and makes it pos si ble to achieve high 

local  con cen tra tions of mac ro mol e cules at the tumor site with-

out spe cific tar get ing [24]. How ever, a ques tion that has yet to be 

addressed with poly mer somes is how much addi tional accu mu la-

tion is pos si ble with tar get ing.

2. Di block copoly mers form ing ves i cles and release 

mech a nisms

In this sec tion, we high light some of the poly mer for mu la tions, 

which have led to the for ma tion of poly mer somes, that have dem-

on strated prom ise for con trolled release of phar ma ceu ti cals.

Ini tial polym er some research by Ham mer and Di scher used 

poly(eth yl ene oxide)-block-poly(eth yl eth yl ene) (PEO-b-PEE) 

di block copoly mers to dem on strate the for ma tion of poly mer-

somes in aque ous solu tion, as well as to char ac ter ize the ves i cles 

mate rial and phys i cal prop er ties [3]. Addi tional work in the field 

has led to the syn the sis of a num ber of bio com pat i ble PEO-based 

amphi philic block copoly mers that form aque ous ves i cles dis per-

sions, includ ing poly(eth yl ene oxide)-block-poly(buta di ene) (PEO-

b-PBD) [7].

A sig nifi  cant lim i ta tion of these poly mers for in vivo ther a peu-

tics is that they are not bio de grad able and likely not fully bio com-

pat i ble. In an effort to cre ate ves i cles that degrade and release 

their con tents in vivo, PEO-b-PBD poly mers have been blended 

with hy dro ly sa ble block copoly mers, such as poly(eth yl ene oxide)-

block-poly(lac tic acid) (PEO-b-PLA) or poly(eth yl ene oxide)-block-

poly(cap ro lac tone) (PEO-b-PCL); these ves i cles have been shown 

Fig. 1. Schematic rep re sen ta tions of NIR-emis sive poly mer somes. (A) In aque ous solu tion, amphi philic di block copoly mers of poly eth yl ene ox ide-1,2 poly bu ta di ene (PEO30–

PBD46) self-assem ble into poly mer ves i cles (poly mer somes) with the hydro pho bic PBD tails ori ent ing end-to-end to form bilayer mem branes. The depicted uni la mel lar 

polym er some dis plays an excised cross-sec tional slice illus trat ing the bilayer PBD mem brane (gray) con tain ing the hydro pho bic (por ph i na to)zinc(II) (PZn)-based near-IR 

fluo ro phores (NIR Fs, red). (B) CAChe-gen er ated sec tional schematic of the NIR-emis sive polym er some mem brane indi cat ing the molec u lar dimen sions of: (i) the PBD com-

po nent of the bilayer (9.6 nm); (ii) the large, dis persed PZn-based NIR Fs (2.1–5.4 nm); and, (iii) a typ i cal lipo some mem brane (3–4 nm) com prised of phos pho lip ids (1-ste a-

royl-2-oleoyl-sn-Gly ce ro-3-Pho soph o-cho line—SOPC). (C) Chem i cal struc tures of NIR fluo ro phores PZn2–PZn5. [This image was repro duced from Ghorogh chian et al. [9] with 

per mis sion from Copy right (2005) National Acad emy of Sci ences, USA.]
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