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Abstract―Immunoliposomes have been actively studied over the past two decades. However, researcher’s 
attention has still been limited to intensive preclinical trials and no one immunoliposomal formulation has 
passed clinical trials. This fact can be explained by a fear of complications, when mouse monoclonal antibodies 
are used as delivery vehicles. The situation has radically changed over the past few years. Nonimmunogenic 
single-chain antibodies have become an accessible research tool. Moreover, antibodies can be easily modified 
and conjugated with liposomes. Therefore, a vigorous breakthrough in the field of development of new-
generation immuno-liposomal formulations for oncological practice can be expected. 

Nanocarriers as new systems used to deliver 
chemotherapeutics to body cells and organs are 
presently a focus of translational research in oncology 
[1, 2]. The idea to encapsulate drugs into nanoparticles 
to extend therapeutic possibilities in oncology and 
allow drug release in the extracellular matrix or 
penetration through the cytoplasmatic membranes of 
tumor cells has been realized [3–5]. Liposomes are just 
such particles that are able to encapsulate various 
therapeutic substances, thereby increasing their 
bioavailability [6]. 

The main disadvantage of liposomes as drug 
carriers is that are actively entrapped by the reticulo-
endothelial system and rapidly eliminated from the 
blood stream. To overcome this drawback, liposomes 
are coated with polyethylene glycol (pegilation) which 
creates increased osmotic pressure around liposomes, 
which prevents other cells from closely approaching 
the latter. Pegylated liposomes longer circulate in 
blood and are accumulated in tumor tissues to a greater 
extent than in normal tissues and organs, and enhance 
the permeability and retention effect [7]. Pegylated 
liposomes allow the dose of a drug to be increased 
several times. For example, the minimal cumulative 
dose of a pegylated antitumor drug doxorubicin, which 
does not cause cardiovascular complications, is 500–
1500 mg/m2 against 350–400 mg/m2 for free doxo-

rubicin [8, 9]. At the same time, pegylation hinders 
endosomal release of protein preparations and siRNA 
(double-stranded RNA) [10, 11]. 

Apart from drugs, such substances as magnetic 
nanoparticles, colloid gold, silver nanoparticles, and 
fluorescent labels can, too, be encapsulated in 
liposomes for diagnostics and microscopy analysis 
[12]. Magnetoliposomes ensure drug targeting to 
tumor and increased drug concentrations in the 
magnetic field region. 

Liposomes are widely used in the development of 
various photosensitizers which are presently under 
preclinical and clinical trials [13–19]. They are also 
used as antigen carriers [20, 21]. 

The accumulation of liposomes in tumor tissues 
occurs due to enhanced permeability of tumor vessels. 
The reason for this phenomenon consists in that the 
endothelial cells of tumor vessels tend to proliferate 
30–40 times faster than the endothelial cells of normal 
vessels, and therefore, solid tumor capillaries have 
large pores between endothelial cells (from 380 nm to 
1.2 µm depending on the tumor type). Tumor 
capillaries are permeable for particles up to 300 nm in 
size, whereas the functional permeability barrier of 
normal capillaries can only be overcome by 7-nm 
nanoparticles [25]. In view of this difference in 
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permeability, liposomes are accumulated in tumor 
tissues but fail to break through the endothelial barrier 
in healthy tissues [22–24]. 

Vessel pores allow passive delivery of liposome-
encapsulated drugs to tumor. This process can be 
intensified by means of ligand-assisted targeting. The 
role of such ligands can be played by oligosaccharides, 
peptides, proteins, vitamins, and antibodies [26]. The 
most promising of them are monoclonal antibodies or 
antibody fragments, which bind to antigens selectively 
expressed or overexpressed on tumor cells [27]. The 
cytotoxic effect of immunoliposomes is enhanced with 
increasing number of monoclonal antibodies on the 
surface of a pegylated liposome [28]. However, the 
low density and heterogenicity of antigen expression 
can pose limits to the efficiency of immunoliposomal 
formulations. Certain monoclonal antibodies used for 
liposome targeting can induce apoptosis of tumor cells, 
thereby enhancing the killing effect [29]. 

Immunoliposomes can carry more drug than 
antibody drug conjugates. Thus, for example, one 
antibody molecule can be conjugated with 10 drug 
molecules, whereas immunoliposomes can encapsulate 
several hundreds of such molecules. This increases the 
therapeutic efficiency of the drug, reduces antibody-
induced side effects, and decreases the cost of 
treatment [2]. 

Normally, tumors accumulate 7–8% of the injected 
dose per 1 g of tumor tissue [30]. Experiments with 
gold-labeled liposomes showed that immunoliposomes 
are accumulated around tumor tissues, whereas ordinary 
liposomes are localized in stroma and macrophages. In 
the case of antigen-negative tumors, immunoliposomes, 
too, are localized in stroma. At the same time, in the 
case of antigen-positive tumor cells, the accumulation of 
immunoliposomes is 6 times greater compared to ordinary 
liposomes. 

Immunoliposomes are delivered to tumor cells via 
monoclonal antibody-mediated endocytosis. If im-
munoliposomes include monoclonal antibodies to 
antigens which undergo no pinocytosis after antigen–
antibody complex formation, drug release from 
liposomes occurs in the intercellular space rather than 
inside the tumor cell. Therefore, the therapeutic 
efficiency of immunoliposomes is due to selective 
accumulation of drug in tumor [31]. 

The procedure of binding monoclonal antigens to 
lipids is based on three fairly efficient and selective 

reactions: (1) reaction between activated carboxy and 
amido groups to form an amide bond, (2) reaction 
between pyridinedithiols and thiols to form disulfide 
bonds, and (3) reaction between maleimide derivatives 
and thiols to form thioester bonds [32]. Other 
approaches have also been reported, for instance, 
carbamate bond formation by the reaction of p-
nitrophenylcarbonyl and amino groups [33]. Further-
more, ligands are noncovalently bound to liposome 
surface via biotin–avidin complex formation [34]. A 
recombinant antibody-binding protein was obtained 
from lipid-modified streptococcal protein G site-
targeted by genetic engineering [35]. This lipoproteid 
was attached to liposome surface by simple mixing. 

The immunoliposome targets can be various 
surface membrane antigens which are absent on 
normal cells but abundant on tumor cells or formed de 
novo on tumor blood vessels. Immunoliposomes which 
will target CD19, CD20, CD22, CD34, CD72, CD133, 
EGFR, Her2/neu, HB-EGF, VEGF-A, GD2, CA19-9, 
Muc-1, HLA-DR CD25, CD105, VGFR, VCAM, 
ICAM-1, and other antigens are presently under 
development [2, 36–41]. 

The В-cell antigen CD19 is expressed at all staged 
of differentiation of B cells and in all В-cell leukemias 
and lymphomas. Antigen–antibody complexes are 
subject to pinocytosis. All these features make the 
CD19 antigen an attractive target for immuno-
liposomes. 

Several research groups used monoclonal anti-
bodies targeting CD19 in immunoliposomal formula-
tions targeting В-cell lymphoma [42–44]. The model 
of xenografts of a Namalwa (human В lymphoma) cell 
line in athymic mice was used to demonstrate a higher 
therapeutic efficiency of anti-СD19-immunoliposomes 
loaded with doxorubicin compared to conventional 
liposomal doxorubicin. Immunoliposomes were con-
structed using whole anti-СD19 monoclonal antibodies 
and their Fab' fragments or single-chain antibodies. 
Immunoliposomes on the basis of single-chain 
antibodies were found to better bind to cells and 
exhibit higher cytotoxicity with respect to the В cell 
line compared to conventional liposomes. The 
researchers expect that such immunoliposomes will 
find clinical application in therapy of В-cell leukemias 
and lymphomas. 

Another В-cell antigen CD20 was expressed at the 
mature stages of differentiation of В cells and is not 
expressed on other cell types, and, therefore, it is an 
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attractive target for immunoliposomes. However, this 
antigen undergoes no pinocytosis on contact with 
monoclonal antibodies. Khugaeva et al. [45] prepared 
immunoliposomes using an anti-CD20 monoclonal 
antibody ICO-180 and the antitumor drug mitoxantrone. 
The obtained immunoliposomes specifically bound 
with antigen-positive cells Raji and did not bind with 
antigen-negative cells Jurkat. Triple washing of cells 
had no effect on immunoliposome binding but re-
moved liposomes and free mitoxantrone. Comparative 
in vitro cytotoxicity tests of anti-CD20-immuno-
liposomes and free and liposomal mitoxantrone gave 
the following results. Liposomal mitoxantrone showed 
a lower cytotoxic activity with respect to the antigen-
positive cells Raji compared to free mitoxantrone on 
incubation for 24 h; however, after 72-h incubation 
these two formulations showed close cytotoxicities. 
Immunoliposomes compared in cytotoxicity with free 
mitoxantrone already after 24 h [45]. 

The CD22 antigen is a В-cell-specific glycoproteid 
expressed at all stages of differentiation of В 
lymphocytes, except for their terminal differentiation 
to plasma cells. It functions as an adhesive molecule 
and also modulates signal transduction through the B-
cell receptor. The CD22 antigen is internalized after 
binding with antibody [46]. Since В-cell lymphomas 
almost always express the CD22 antigen, the latter can 
be considered as an attractive target for immuno-
liposomes. O’Donnell and Martin [47] conjugated 
doxorubicin-loaded pegylated liposomes with 
monoclonal antibodies targeting the CD22 antigen. 
Specific binding of the obtained immunoliposomes 
with antigen-positive cells and lack of reaction with 
antigen-negative cells were noted. Immunoliposomes 
are more cytotoxic with respect to antigen-positive 
cells than pegylated liposomes. The half-inhibition 
concentration IC50 of immunoliposomes against 
antigen-negative cells is 3.1–5.4 times lower than 
against antigen-positive cells. However, the IC50 of 
immunoliposomes does not differ from the IC50 of 
liposomal doxorubicin in antigen-negative cells. 
Moreover, immunoliposomes remain to be bound with 
CD22+ cells after washing, unlike liposomal and free 
doxorubicin. 

Monoclonal antibodies Му10 targeting the CD34 
antigen (marker of hemopoetic stem cells) were used 
to develop immunoliposomes for the therapy of acute 
myeloblastic leukemia. In vitro experiments gave 
evidence showing that such immunoliposomes are able 
to selectively deliver doxorubicin [48]. 

The transferrin receptor СD72 is a target of 
immunoliposomal preparations in the case of 
pancreatic cancer. Immunoliposomes prepared with 
single-chain antibody fragments were further used to 
develop systems for delivery gens to tumor cells [49]. 

The epidermal growth factor receptor (EGFR) 
exhibits over expression on various tumor cells, and, 
therewith, its expression correlates with an unfavorable 
disease course. This receptor is considered as a good 
target for immunoliposomes [50]. Gao et al. [11] made 
use of anti-EGFR immunoliposomes loaded with small 
interfering RNA to block in vitro and in vivo the gen 
which cause EGFR overexpression in breast cancer 
cells. 

Much effort has been put on the development of 
immunoliposomes targeting the epidermal growth 
factor receptor Her2/neu. This receptor is over-
expressed on breast cancer cells and associated with a 
bad disease prognosis. Monoclonal antibodies block 
the HER2/neu receptor and induce apoptosis of tumor 
cells. The humanized monoclonal antibodies trast-
uzumab (Herceptin) are used to success in the therapy 
of a HER2/neu-positive breast cancer, and, therefore, 
this receptor can be considered an attractive target for 
immunoliposomes. Immunoliposomes with whole 
monoclonal antibodies and their F(ab)2 and Fab' 
fragments, as well as single-chain antibodies have been 
designed [51]. The conjugation of antibodies and their 
fragments with liposomes has no effect on the 
biodistribution and circulation time of intravenously 
injected liposomes. Such immunoliposomes exhibit 
good therapeutic efficacy. The entrapment of 
immunoliposomes by tumor cells depends on the 
concentration of lipids and temperature and time of 
incubation, and, therewith, they are preferentially 
localized in lysosomes. It was found that the cytotoxic 
effect of doxorubicin-loaded immunoliposomes 
targeting the HER2/neu receptor is stronger compared 
to conventional liposomes loaded with the same drug. 
The internalization of immunoliposomes into tumor 
cells is blocked by endocytosis inhibitors, such as 
clathrin or caveol. Furthermore, immunoliposomes 
bind to umbilical vein cells. These immunoliposomes 
are suggested to act directly on tumor cells or by 
destroying newly formed vessels [52]. 

Lytic immunoliposomes with anti-HER2/neu 
monoclonal antibodies have been developed [53]. The 
term “lytic” in the name of such immunoliposomes 
means that they include a lytic peptide melittin. These 
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liposomes were found to target selectively the EpCAM 
adhesion antigen. Both types of immunoliposomes 
have a strong cytotoxic effect on breast cancer cell 
lines. 

Bandekar et al. prepared doxorubicin-loaded рН-
sensitive immunoliposomes targeting the HER2/neu 
receptor [54] and observed their good antitumor 
activity in subcutaneously growing ВТ474 tumor 
xenografts. According to the results of examination of 
the tumor node, the antitumor effect of immuno-
liposomes is associated with release of doxorubicin in 
an acidic intercellular space rather than with inter-
nalization of immunoliposomes into tumor cells. 

The main drawback of anthracycline antibiotics 
used in the chemotherapy of breast cancer is their 
cardiotoxicity. Clinical trials showed that liposomal 
doxorubicin exhibits no cardiotoxicity. However, no 
information is available concerning cardiotoxicity of 
immunoliposomal doxorubicin: It has not yet passed 
clinical trials, and there is no validated in vitro test for 
cardiotoxicity. Reynolds et al. [55] made use of an 
experimental model on the basis of human stem cells 
to show that the immunoliposomal doxorubicin 
targeting the HER2/neu antigen does not bind to 
cardiomyocytes and causes no dysfunction. 

The heparin-binding epidermal growth factor (HB-
EGF) is frequently overexpressed in breast and ovarian 
tumors. This protein is considered a good target for 
antitumor drugs [56]. Doxorubicin-loaded immuno-
liposomes targeting the HB-EGF receptor react with 
antigen-positive Vero-H and MDA-MB-231 human 
breast cancer cells and do not react with antigen-
negative cells. Intravenous injection of these immuno-
liposomes in MDA-MB-231 tumor-bearing mice 
caused regression of the tumor [56]. 

Endothelial cells of blood vessels formed de novo 
in tumors are a good target for immunoliposomes. 
Resent research showed that de novo blood vessels 
have antigens which are either lacking or present at 
undetectable levels in normal blood vessels. One of the 
representatives of such targets is type 1 matrix metallo-
proteinase. Monoclonal antibodies to type 1 matrix 
metalloproteinase react with tumor cells and endo-
thelial cells of de novo blood vessels. Immuno-
liposomes with these antibodies showed good results 
in in vitro experiments [57]. 

The vascular endothelial growth factor А (VEGF-A) 
is a target for immunoliposomes based on the 

recombinant humanized monoclonal antibody 
bevacizumab (Avastin). Kuesters and Campbell [58] 
conjugated this antibody with pegylated cationic 
liposomes and tested them as a delivery vehicle to 
target human pancreatic cancer cells. Immuno-
liposomes targeting Р-selectin were used to deliver 
VEGF in a damaged myocardium region in rats with 
induced experimental myocardial infarction [59]. 

The epidermal growth factor receptor (EGFR) is a 
validated target in cancer therapy [60]. This receptor is 
overexpressed on head and neck epidermoid car-
cinoma, non-small-cell lung cancer, large and small 
bowel cancer, as well as pancreatic cancer cells. The 
set of drugs used in the targeted therapy of these 
diseases includes tyrosine kinase inhibitors and 
monoclonal antibodies. However, the disadvantage of 
targeted therapy is rapidly developing resistance. This 
disadvantage can be overcome by means of dual-active 
anti-EGFR immunoliposomes with encapsulated 
kinase inhibitor AG538. Monoclonal antibodies block 
the EGFR receptor, whereas the immunoliposome-
encapsulated kinase inhibitor blocks the insulin-like 
growth factor 1 receptor (IGF-1R). The immuno-
liposomes strongly inhibited tumor cell proliferation 
even upon short-term exposure [60]. 

The disialoganglioside receptor GD2 is a marker of 
neuroblastoma. Immunoliposomes targeting the GD2 
receptor were injected in nude mice with human 
neuroblastoma xenograft. A good therapeutic effect 
was observed, specifically, tumor regression, destruct-
tion of tumor vessels, and prolonged lifespan of mice 
with orthotopic human neuroblastoma grafts [61]. 

In one of the first works on the preparation of 
immunoliposomes, Akaishi et al. [62] conjugated 
monoclonal antibodies to the СА19-9 antigene with 
adriamycin-loaded liposomes [62]. These immuno-
liposomes proved to be more active than pegylated 
liposomes. 

A nonglycosylated antigen Muc-1 is a specific 
marker of breast and ovarian cancer cells, it is strongly 
expressed on tumor cells and slightly cells on normal 
cells. Sokolova et al. [63] prepared doxorubicin-loaded 
immunoliposomes using the monoclonal antibodies 
ICO-25 to the Мuc-1 antigen. These immunolipo-
somes react with antigen-positive cells and do not react 
with antigen-negative cells. It was found that washing 
free from antigen-positive cells have no effect on their 
binding and cytotoxicity but adversely affects the 
binding and cytotoxic effect of liposomal or free 
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doxorubicin. The cytotoxicity of immunoliposomal 
doxorubicin to antigen-negative cells compares with 
that of liposomal doxorubicin. 

The antigen Mucin-16 (Мuc-16) is a stable marker 
of ovarian cancer. Antibodies to Muc-16 were used to 
create immunoliposomes for ovarian cancer dia-
gnostics [64]. 

Sokolova et al. [65] prepared doxorubicin-loaded 
immunoliposomes targeted at the HLA-DR antigen, 
using the monoclonal antibodies ICO-1. On the 
average, one immunoliposome comprised 23 mole-
cules of the ICO-1 antibodies. Such immunoliposomes 
react with 98% of antigen-positive cells. In vitro 
experiments showed that the highest cytotoxic effect is 
characteristic of doxorubicin in a traditional dosage 
form (IC50 2.5 µg/ml). In this respect, immuno-
liposomal doxorubicin is close to liposomal doxoru-
bicin: IC50 5.5 and 6.1 µg/ml, respectively. This 
finding can be explained by the fact that the HLA-DR 
antigen is incapable for intracellular internalization, 
and, therefore, the drug releases to the extracellular 
space, like with a sterically stabilized formulation of 
doxorubicin. Similar results were obtained by Kirpotin 
et al. [66]. 

Stem tumor cells are a good target for immuno-
liposomes, because they express their CD133 antigen. 
Sokolova et al. [63] prepared immunoliposomes using 
monoclonal antibodies to CD133. These immuno-
liposomes react with antigen-positive cells and do not 
bind to antigen-negative cells. These immuno-
liposomes are suggested to be useful for siRNA 
delivery to tumor stem cells [67]. 

The efficiency of immunoliposomes can be 
enhanced by directing them to two targets [68]. To this 
end, either two monoclonal antibodies or one antibody 
targeted at both tumor and endothelial cells can be 
used. Another approach to the enhancement of the 
therapeutic effect of immunoliposomes consists in 
mixing immunoliposomes of two types, one targeted at 
tumor-associated antigens and the other, at blood 
vessel antigens. 

REFERENCES 
 1. Lopez-Davila, V., Seifalian, A.M., and Loizidon, M., 
 Curr. Opin. Pharmacol., 2012, vol. 14, pp. 414–419. 
 2. Baryshnikov, A.Yu., Vest. Ross. Akad. Med. Nauk, 
 2012, no. 3, pp. 23–32. 
 3. Oborotova, N., Bagirova, V., and Ryshkova, N., Vedom. 
 Nauch. Tsentra Ekspertizy Gos. Kontrolya Lekarstv. 
 Sredstv Minzdrava Rossii, 2000, vol. 1, no. 4, pp. 86–90. 

 4. Jain, K.K., BMC Med., 2010, vol. 8, pp. 83. 
 5. Bae, K.H., Chung, H.J., and Park, T.G., Mol. Cells, 
 2011, vol. 31, pp. 295–302. 
 6. Oborotova, N.A., Pharm. Chem. J., 2001, vol. 35, no. 4, 
 pp. 209–215. 
 7. Tseng, Y.C., Mozumdar, S., and Huang, L., Adv. Drug 
 Deliv. Rev., 2009, vol. 61, pp. 721–731. 
 8. Carvalho, C., Samos, R.X., Cardoso, S., et al., Curr. 
 Med. Chem., 2009, vol. 16, pp. 3267–3285. 
 9. Kizek R., Adam V., Hrabeta J., et al., Pharmacol. Ther., 
 2012, vol. 133, pp. 26–39. 
10. Dominska, M. and Dikxhoorn, D.M., J. Cell Sci., 2010, 
 vol. 123, pp. 1183–1189. 
11. Gao, J., Yu, Y., Zhang, Y., et al., Biomaterials, 2012, 
 vol. 33, pp. 270–282. 
12. Yang, F., Jin, C., Jiang, Y., et al., Cancer Treat. Rev., 
 2011, vol. 37, pp. 633–642. 
13. Meerovich, I.G. and Oborotova, N.A., Ross. Bioterapev. 
 Zh., 2003, vol. 2, no. 4, pp. 3–8. 
14. Meerovich, I.G. and Oborotova, N.A., Ibid., 2004,                 
 vol. 3, no. 1, pp. 6–12. 
15. Smirnova, Z.S., Oborotova, N.A., Makarova, O.A.,               
 et al., Pharm. Chem. J.., 2005, vol. 39, no. 7, pp. 341–
 344. 
16. Smirnova, Z.S., Sanarova, E.V., Borisova, L.M., et al., 
 Ross. Bioterapevt. Zh., 2011, vol. 10, no. 4, pp. 55–60. 
17. Kortava, M.A., Ryabova, A.V., Ignat'eva, E.V., et al., 
 Ibid., 2005, vol. 4, no. 4, pp. 96–101. 
18. Gurevich, D.G., Meerovich, I.G., Meerovich, G.A.,       
 et al., Ibid., 2007, vol. 6, no. 2, pp. 45–49. 
19. Tazina, E.V., Kostin, K.V., and Oborotova, N.A., 
 Pharm. Chem. J.., 2011, vol. 45, no. 8, pp. 481–490. 
20. Mikhailova, T.V., Baryshnikov, M.A., Klimenko, O.V., 
 et al., Ross. Bioterapevt. Zh., 2011, vol. 10, no. 4,              
 pp. 61–65. 
21. Mikhailova, T.V., Baryshnikova, M.A., Bagirova, N.S., 
 et al., Ibid., 2011, vol. 10, no. 4, pp. 13–17. 
22. Gardikis, K., Fessas, D., Signorelli, M., J. Nanosci. 
 Nanotech., 2011, vol. 11, no. 5, pp. 3764–3767. 
23. Johnston, M.J., Semple, S.C., Klimuk, S.K., et al., 
 Biochim. Biophys. Acta, 2007, vol. 1768, pp. 1121–
 1127. 
24. Sakvina, O.I. and Baryshnikov, A.Yu., Ross. 
 Bioterapevt. Zh., 2004, vol. 3, no. 2, pp. 22–25. 
25. Elbayoumi, T.A. and Torchilin, V.P., Int. J. Pharm., 
 2008, vol. 357, nos. 1–2, pp. 272––279. 
26. Manjappa, A.S., Chaudhari, K.R., Venkataraju M.P.,      
 et al., J. Control. Release, 2011, vol. 150, pp. 2–22. 
27. Tolcheva, E.V., Baryshnikov, A.Yu., Oborotova, N.A., 
 et al., Ross. Biofarmats. Zh., 2005, vol. 4, no. 4, pp. 38–
 43. 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  83   No.  12   2013 

BARYSHNIKOVA, BARYSHNIKOV 2570 

28. Liu, J., Li, K., and Feng, S.S., Biomaterials, 2010,           
 vol. 31, pp. 9145–9155. 
29. Niedzwiecki, D., Bertagnolli, M., and Warren, R.,                 
 J. Clin. Oncol., 2011, vol. 29, no. 23, pp. 3146–3152. 
30. Eisenbrey, J.R., Burstein, M., Kambhampati, R., et al., 
 J. Control. Release, 2011, vol. 143, no. 1, pp. 38–44. 
31. Kenji, K., Toshiaki, O., Tomohide, Y., et al., Bio-
 materials, 2010, vol. 31, no. 27, p.. 7096–7105. 
32. Hansen, C.B., Kao, G.Y., Moese, E.H., et al., Biochim. 
 Biophys. Acta, 1995, vol. 1239, pp. 133–144. 
33. Torchilin, V.P., Levchenko, T.S., Lukyanov, A.N.,               
 et al., Ibid., 2001, vol. 1511, pp. 397–411. 
34. Schyder, A., Krahenbuhl, S., Torok, M., et al., Biochem. 
 J., 2004, vol. 377, pp. 61–57. 
35. Kobatake, E., Yamano, R., and Mie, M., Appl. Biochem. 
 Biotech., 2011, vol. 163, pp. 296–303. 
36. Veiseh, O., Sun, C., Fang, C., et al., Cancer Res., 2009, 
 vol. 69, no. 15, pp. 6200–6207. 
37. Du, J. and Lu, W., Mol. Pharmacol., 2009, vol. 6, no. 3, 
 pp. 905–917. 
38. Markoutsa, E., Pampalakis, G., Niarakis A., et al., Eur. 
 J. Pharm. Biopharm., 2011, vol. 77, no. 2, pp. 265–274. 
39. Torchilin, V.P., Exp. Pharmacol., 2009, vol. 197, no. 1, 
 pp. 3–53. 
40. Hee Dong, H., Byung, C., and Ho, S., Eur. J. Pharm. 
 Biopharm., 2006, vol. 62, no. 1, pp. 110–116. 
41. Lapolombella, R., Yu, B., Triantafillou, G., et al., 
 Blood, 2008, vol. 112, pp. 5180–5189. 
42. Allen, T.M., Mumbengegwi, D.R., and Charrois, G.J., 
 Clin. Cancer Res., 2005, vol. 11, pp. 3567–3573. 
43. Sapra, P. and Allen, T.M., Ibid., 2004, vol. 10,                    
 pp. 2530–2537. 
44. Kesavan, K., Ratliff, J., Johnson, E.W., et al., J. Biol. 
 Chem., 2010, vol. 285, no. 7, pp. 4366–4374. 
45. Khugaeva, O.V., Yavorskaya, N.P., Golubeva, I.S.,                 
 et al., Ross. Bioterapevt. Zh., 2010, vol. 9, no. 3, pp. 51–
 54. 
46. Tuscano, J.M., Riva, A., Toscano, S.N., et al., Blood, 
 1999, vol. 94, pp. 1384–1392. 
47. O’Donnell, R.T. and Martin, S.M., Invest. New Drug, 
 2010, vol. 28, pp. 260–267. 

48. Carrion, C., de Madariaga, M.A., and Domingo, J.C., 
 Life Sci., 2004, vol. 75, pp. 313–328. 
49. Pirollo, K.F., Rait, A., Zhou, Q., et al., Cancer Res., 
 2007, vol. 67, pp. 2938–2943. 
50. Giannelli, G., Sgarra, C., Porcelli, L., et al., Cancer 
 Lett., 2008, vol. 262, pp. 257–264. 
51. Kooiman, K., Böhmer, M.R., Emmer, M., et al.,                     
 J. Control. Release, 2009, vol. 133, pp. 109–118. 
52. Zambon, W.C., Strychor, S., Joseph, E., et al., Clin. 
 Cancer Res., 2007, vol. 13, no. 23, pp. 7217–7223. 
53. Barrajon-Catalan, E., Menendez-Gutierrez, M.P., et al., 
 Cancer Lett., 2010, vol. 290, pp. 192–203. 
54. Bandekar, A., Karve, S., Chang, M.-Y., et al., Bio-
 materials, 2012, vol. 33, pp. 4345–4352. 
55. Reynolds, J.G., Geretti, E., Hendriks, B.S., et al., 
 Toxicol. Appl. Pharmacol., 2012, vol. 262, pp. 1–10. 
56. Nishikawa, K., Asai, T., Shigematsu, H., et al.,                      
 J. Control. Release, vol. 160, no. 2, pp. 274–280. 
57. Koning, G.A., Eggermont, A.M., Lindner, L.H., Phar-
 macol. Res., 2010, vol. 27, pp. 1750–1754. 
58. Kuesters, G.M. and Campbell, R.B., Nanomedicine, 
 2010, vol. 5, pp. 181–192. 
59. Rosano, J., Cheheltani, R., Wang, B., et al., Cardiovasc. 
 Eng. Technol., 2012, vol. 3, pp. 237–247. 
60. Van der Meel, R., Oliveira, S., Altintas, I., et al.,                   
 J. Control. Release, 2012, vol. 159, pp. 281–289. 
61. Tatsuaki, T., Ernstinga, M., Li, S. Ibid., 2011, vol. 154, 
 no. 3, pp. 290–297. 
62. Akaishi, S., Schulz, P., Scholz, A., et al., Tohoku J. Exp. 
 Med., 1995, vol. 175, pp. P29–42. 
63. Sokolova, D.V., Tazina, E.V., Kortava, M.A., et al., 
 Ross. Bioterapevt. Zh., 2010, vol. 9, no. 3, pp. 21. 
64. Viswanathan, S., Rani, C., and Delerue-Matos, C., Anal. 
 Chim. Acta, 2012, vol. 726, pp. 79–84. 
65. Sokolova, D.V., Tazina, E.V., Kortava, M.A., et al., 
 Ross. Bioterapevt. Zh., 2010, vol. 9, no. 2, pp. 90. 
66. Kirpotin, D., Park, J.W., Hong, K., et al., Biochemistry, 
 1997, vol. 36, pp. 66–75. 
67. Bourseau-Guilmain, E., Bejaud, J., Griveau, A., et al., 
 Int. J. Pharm., 2012, vol. 423, pp. 93–101. 
68. Markoutsa, E., Papadia, K., Clemente, C., et al., Eur. J. 
 Pharm. Biopharm., 2012, vol. 81, pp. 49–56. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


