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Figure 1

icm

Fig. 1. THustration of the EPR effect. {a) Tumor-selective accumulation of the putative macromolecular drug
Evans blue-albumin complex (MW 67 kDa). The blue color in the macroscopic image indicates
macromolecular drug delivery to S-180 tumor implanted in the skin of mice at 24 h after 1.v. injection of Evans
blue (10 mg/ke) The tumor sites (T, circles, and arrows) show progressive accumulation of Evans
blue-albumin, in both small and large tumor. (b} Scanmning electron microscopic image of metastatic liver
cancer. The wmor (T, circle) is a micrometastatic tumor nodule; even this small nodule shows leakage of a
polymer (polyarylate), which is not seen in the surrounding normal tissue (N, in the liver). (Adapted from refs

[237). Dewhirst et al showed that tumor angiogenesis becomes visible when 100-300 tumor cells present [100].
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Figure 2.
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Fig, 2. Influence of the size and charge of macromolecules on their distribution in tumers and plasma
concentration. (1) HPMA copolymers, labeled with "I and of different sizes, were injected iv. into
twmor-bearing mice. The percentage of the mnjected dose of HPMA in tumor and in urine was calculated.
{Adapted from ref [16,23,247). (b) L-Asparaginase devivatives (MW 120 kDa) with different isoelectric points
{ph} after chemical modification were injected Lv. into rabbits (2300 IU/kg), after which the remaining activity
of each L-asparaginase derivative was measured and their hali-life values in systemic circulation were

calenlated. {Adapted from ref [39])
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Figure 3

Fig. 3. Diagrammatic representation of the EPR effect and the effect of AT-ll-induced enhancement of
macromolecular drug delivery to normal and tumor tissue. In the lower part (tumor tissue), angiotensin I
(AT-1I} infusion induced high blood pressure (¢.g.,
cell-cell junctions in the tumor to open and blood {low to increase, with leakage of the macromolecular drug
(dark dots). In contrast, normal blood vessels (upper part) constricts in response to AT-ll, and tighten the
endothelial cell-cell junctions that cause high blood pressure, with no leakage of the drug. AT--induced

hypertension thus resulted in greater (2-3 fold) leakage of drug into the tumor without increased drug

{a} Normal vascuiature;

no leakage

(BP: 100 mmHg) | Normal | (BP: 160 mmHg)
tissue

EPR effect e+

+

{b) Tumor vasculature:

leakage

Tumor
tissue Passive dilatation

accumulation into normal tissue. (Adapted from ret [247)

100 mmHg — 160 mumHg), which caused endothelial



Figure 4

{Control {no treatment)
AT alone
B AT + enatapril

% Doselg

Fig. 4. Augmentation of the EPR effect and delivery of monocional antibedy fo the tumor by using AT-81
and the ACE inhibitor enalapril. Human SW11116 colon cancer-bearing nude mice were injected i.v. with

*1-jabeled monoclonal antibody A7 with or without AT-1I and enalapril. (Adapted from ref [57])
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Figure 5
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Fig. 5. Nitroglycerin (NG)-induced increase in accumulation of polymer-conjugated drug in tumors.

{2) Mechanism of selective NO generation in tumor. NO was generated from nitrite, predominantly in hypoxic
tumor tissue, not i normal tissue. (b} In vivo evaluation of the potentiation of drug delivery to tumor by
nitroglveerin that was applied as an ointment to anywhere on the skin of 8-180 tumor-bearing mice at a dose of
1.0 mg/mouse. Pegylated-"Zn-labeled Zn-protoporphyrin was then injected i.v. into the tumor-bearing mice.
After 24 h, anesthetized mice were dissected and radioactivity of each tissue was counted. (Adapted from refs

[23,697)
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Figure 6
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Fig. 6. Biodistribution of free ADR, Doxil, and ADR-micelles in the pancreatic cancer BxPC3 model in
mice. Distributions of free ADR, Doxil, and ADR-micelles (each at 8 mg/kg) with or without TGF-§ receptor
inhibitor (LY364947) (1 mg/kg) were evaluated via fluorescent microscopy at 24 h after drug administration.
Bar graphs at the right show relative quantitative results for the accumulation of drugs in tumors obtained by
high-performance liquid chromatography (HPLC). Treatment with TGF- receptor inhibitor resulted in about a
two-fold enhancement of accumulation of Doxil and ADR micelles. Error bars in the graphs represent standard
errors, P values were calculated by using Student’s 7 test. T, nests of tumor cells in tumor tissues; Doxil,

pegylated liposome; Ctrl, control without the inhibitor; Inhib, inhibitor. See text for detail. (Adapted from ref

(871
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Fig. 7. CO-enhanced accumulation of Evans blue-albumin complex in tumors. (a) Different
concentrations of the CO-releasing agent CORM-2 were administered subcutaneously, followed by i.v.
injection of Evans blue (10 mg/kg). The dye-albumin complex was allowed to extravasate for 2h. (b}At24h
after the i.v. injection of an HO-! inducer, pegylated hemin (10 mg/kg hemin equivalent), Evans blue was
injected as in (a). After another 24 b, mice were killed and dissected to obtain the tissues. Conirol mice were
not treated with pegylated hemin. The blue dye complexed with albumin in each tissue was extracted with

formamide, and the degree of extravasation was quantified by means of absorbance at 620 nm. (Adapted from

1ef [25])
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Table 1. Characteristics of the EPR effect of nanomedicine or macromolecular drugs

No interaction with blood components or blood vessels, no
Biocompatibility antigenicity, no clearance by the reticuloendothelial system,
no cell lysis

Molecular size Greater than 40 kDa (larger than the renal clearance threshold)
Surface charge Weakly negative o near neutral
Time required fo achieve Longer than several howrs in systemic circulation in mice

Mostly days to weeks, in great contrast to passive targeting (in
which low-MW molecules are rapidly cleared into the
systeniic circulation in a few min. of low molecular weight
contrast ageut (see text),

Drog retention time
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Table 2. Plasma clearance times of selected modified and native proteins n vive

nolvanionic, Xenogeneic

Protein Species difference,  Probe pi* MW tin” Note ot
oviginal/test apimal  modification {kDa}
» Albumin Mouse/mouse Nane 4.8 68 7296 h Native, syngeneic
) Stightly surface modified,
Albumin Mouse/mouse DTRA ('O =48 - &h loss of amino group,
syngeneic
‘ Stightly surface modified,  [20:94]
Atbumdn Cow/mouse DTPA &0 =48 - ih loss of amino group,
xenogeneic
. Denatured,
Formaldehyde i Formaldehyde - . R T
N . . Human/rat 135 ‘ =48 - 25 min toss of amino group,
madified albumin i L
xenogeneic
> Qr-Macroglebulin Human/mouse 2 53 180%4 1405 Mative, xenogeneic
e tobull tahibit ; 1 (20941
Gip-Tdaey - 25 . . shibitor-protein complex, ’
r-Macroglobulin Human/mouse 35y ) 180x4 S min shibitor-protein complex,
plasmin compley Xenogeneie
Slightly surface modified,
« Immunagiobulin g6y Mouse/mouse DIEa 159 80h toss of amino group, (20,941
sysgeneie
= Interferon g Human/haman Mone 18 85 Lse)° tin 4 min
Pegyiated 201
Pegyiate ; . .
regyated Humao/human PEG 52 %0 h (s
interfersn ala
Adeﬁmﬂm' deaminase Cow/mouse None 4.9 38 <{(L.5h MNative, xenogeneic
{ADAY
28 &, 60% of primary smine {951
Pegviated ADA Bovine/mouse PEG” - »38 3-6 days in conjugated with PEG (3000
humans Da), xenogeneic
= Arginine delminase Mycoplasma . c = . . .
g i 5 i 'p e Native 5.5 46 <Ak Mative, xenogeneic
{ADD hominisimouse ¥
1012 PEG (20,000 Da) {96]
Pegyiated AN M. howinisimouse PEGH - >46 ~7 days attached to each ADi,
AEROZONEC
= Bitirubin oxidase - s . g
B . idase, Microbial/mouse 52 0.25h
native .
[98.59]
itiruiin oxidase . . o N
Biti 9 A idase Microbial/mouse 110 5B
PEG conjugate
« Damino acld oxidase _— . N i
5 Pigfinouse 39 id4h
native
411
§}~fx}§ssna.aixai axidase Pig/mouse &3 36n
PESG conjugate :
« Neoos reinostatin Slightly surface modified,
) NCS T Streplomyces/inouse DTPA 'Oy 34 12 18 min toss of amino group,
(NES3 senogeneic
Two chains of SMA (1200 (201,947
SMA-conjugated NCS . svcesinouse DTEACCH, 20 7 19 min D3a) atiached to sach amino
oy A ORIV CESS ~ 3. I At ik g o .
(SMANCS) PO SMA > groap of NOS; SMA is

“Isoelectric poiat.

"Half-1life in systemic cireulation (rainutes, hours, or days), given 1.v. unless otherwise stated.
“From microbe, Myrothecium verrucaria

2 " < .. N . - . N . . .
“DTPA or PEG was reacted with the primary amine group of o lysine residue or N-terminal residue, which made the

group nrach less cationic.

“Subcutaneous.






