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Chapter 1 
 

 

Scope of the Thesis 
Endothelial cells (ECs) line the vessels of the entire circulatory system, in arteries, veins and 

capillaries in each and every organ. In contrast to a previous assumption that the endothelium is only 
a physical barrier, research in the last four decades has shown that it presents a complex organ-system 
[1]. This organ is not only involved in many physiological but also pathophysiological processes like 
e.g., in chronic inflammation or malignant disease. In chronic inflammatory disorders, ECs express a 
number of cell adhesion molecules leading to an abundant leukocyte infiltration in the inflamed tissue 
[2]. In cancer tissue ECs are stimulated to constantly build new blood vessels, a process called 
angiogenesis, to nurture tumor growth [3]. Both inflamed endothelium and angiogenic ECs differ 
from dormant endothelium by e.g. expression of several receptors and growth factors [2].  

The acceptance of the endothelium as a key player in inflammation and cancer was followed by 
the development of therapeutics that affect extracellular matrix (ECM) degradation, cell migration 
and proliferation, and vessel stabilization (e.g., kinase inhibitors, tubulin binding agents, matrix 
metalloproteinase inhibitors) [4, 5]. These therapeutics, however, show neither homing to endothelial 
cells in general nor to activated or angiogenic endothelial cells in particular. Thus, they are widely 
distributed to most tissues in the body. In the present thesis I aimed at improving the tissue 
distribution of anti-inflammatory, anti-angiogenic or antivascular therapeutics by redirecting such 
compounds to activated and angiogenic endothelial cells. A drug targeting approach can increase the 
drug concentration within the target cell while it reduces the concentration in the rest of the body, 
which eventually may lead to an improved therapeutic effect and a reduction in side effects. I 
exploited the fact that activated and angiogenic EC have a high expression of αvβ3-integrin in 
common [6] and dormant EC hardly express αv-integrins on the cell surface [7]. Adding the excellent 
accessibility of the endothelium for systemically administered macromolecular therapeutics, αvβ3-
integrin is an optimal target receptor for an intracellular drug targeting approach. Cyclic peptides with 
a arginine-glycine-aspartic acid sequence (RGD) have been shown to bind with high affinity to this 
integrin [8]. Chapter 2 summarizes how the RGD-peptide has been exploited as a drug targeting 
ligand for αvβ3-integrin [8]. The structural requirements for RGD-peptides and RGD-mimetics are 
reviewed and it is shown how they have been introduced into various drug carrier constructs by 
chemical and recombinant means. It is furthermore important that αvβ3-integrin internalizes together 
with bound RGD-peptide ligands and routes these to the lysosomes in order to trigger release of the 
drug from its carrier [9]. Examples for in vitro and in vivo efficacy of RGD-targeted therapeutics and 
diagnostics demonstrate the value of RGD-mediated drug targeting.  

In this thesis I developed novel αvβ3-integrin-targeted conjugates consisting of cyclic RGD-
peptides as targeting moiety, different drugs, and human serum albumin (HSA) as a carrier. HSA was 
chosen as carrier since it is a long circulating and biodegradable protein, and available in large 
amounts of well-characterized material, which can be modified with RGD-peptides and drug 
molecules. The same carrier and targeting ligand were used throughout this thesis but different small 
molecule drugs were attached to the core molecule. These drugs can be divided into two categories: 
kinase inhibitors and antimitotic agents. Kinase inhibitors are small molecule drugs that bind to the 
ATP-binding pocket of kinases and thereby block phosphorylation of kinases and further downstream 
signaling. Kinases have been identified to play pivotal roles in chronic inflammatory disorders [10-12] 
or in the progression of cancer [13-16]. Some kinase inhibitors, developed to block signaling via 
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VEGFR, PDGFR, Raf/MEK/ERK or c-Kit, are already on the market [17-19]. However, the efficacy 
and safety of kinase inhibitors are lagging behind the expectations due to  

(A) the relative similarity of ATP-binding sites on all kinases 
(B) the role of the targeted kinases in physiological processes 
(C) the lack of specificity for the target tissue und widespread distribution in the body. 
Incorporation of kinase inhibitors in targeted drug delivery systems will provide the essential 

target cell specificity and thereby in theory improve therapeutic outcome. However, the lack of 
functional groups for chemical conjugation (e.g. carboxyl- or amino-groups) is a common feature for 
kinase inhibitors. Attachment of these drugs to carriers is therefore troublesome if not impossible and 
impedes the application of conventional drug linkers for use in conjugation chemistry. I therefore 
applied a novel type of platinum-based linkage chemistry, named Universal Linkage System (ULS), 
to couple kinase inhibitors to RGD-albumin constructs. In chapters 3 and 4 I describe details of the 
platinum based coupling chemistry, ease of coupling, and broad applicability of the linkage system 
[20, 21].  

Chapters 5 and 6 of the thesis are devoted to the delivery of antimitotic agents to αvβ3-integrin 
expressing cells. Auristatins are synthetic analogs of dolastatin 10, a natural product isolated from the 
mollusc Dolabella auricularia with potent anti-tumor activity [22]. Dolastatin derivatives act via 
inhibition of tubulin polymerization, and may cause intratumoral vascular damage, but are also 
associated with adverse events in clinical trials including severe neutropenia and hypertension. This 
was combined with no or limited efficacy in these trials [23-28]. Since it was recognized that both of 
these problems – side effects and lack of efficacy – can be improved by drug delivery, a series of 
dolastatin derivatives with optimized structural features for coupling to carriers for intracellular 
delivery have been developed [29, 30]. The use of a cathepsin cleavable linker sequence in these 
derivatives allowed for a  high stability of the final conjugate in serum, combined with rapid drug 
release by lysosomal enzymes [31-33]. I now have developed auristatin conjugates with the RGD-
albumin carrier, and studied the efficacy of this drug in angiogenic endothelial cells. 

Chapters 3 to 6 of this thesis describe apart form the different linking technologies and synthesis 
issues also in vitro characteristics of the developed drug targeting conjugates. Special attention is paid 
to binding, internalization, and efficacy. Finally, the most promising drug targeting conjugates were 
tested in vivo for tumor growth inhibitory effects. The outcome of these studies is discussed in 
chapter 7. 

A short overview about the current status of antiangiogenic and antivascular compounds that have 
advanced into the clinic or into late stages of clinical testing is given in chapter 8. New targets for 
antiangiogenic treatment are discussed, highlighting a recent paper of Shaked et al [34]. 

In chapter 9, a comprehensive summary of the results and conclusions is provided along with 
perspectives for RGD-peptide-mediated targeting and the use of the Universal Linkage System in 
drug targeting. 

In summary, the aim of the research described in this thesis was the development of novel drug 
targeting conjugates aiming at the angiogenic endothelial cell. The application of novel drug linkers 
expanded the spectrum of ‘linkable drugs’ and allowed the evaluation of a series of conjugates with 
different pharmacological agents.  
 
 
 

11 



Chapter 1 
 

 

Reference List 
 

 (1)  Aird WC. Endothelium as an organ system. Crit Care Med 2004 May;32(5 Suppl):S271-S279. 
 (2)  Middleton J, Americh L, Gayon R, Julien D, Aguilar L, Amalric F, et al. Endothelial cell phenotypes in the 

rheumatoid synovium: activated, angiogenic, apoptotic and leaky. Arthritis Res Ther 2004;6(2):60-72. 
 (3)  Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J Med 1971 Nov 18;285(21):1182-1186. 
 (4)  Kuldo JM, Ogawara KI, Werner N, Asgeirsdottir SA, Kamps JA, Kok RJ, et al. Molecular pathways of endothelial 

cell activation for (targeted) pharmacological intervention of chronic inflammatory diseases. Curr Vasc Pharmacol 
2005 Jan;3(1):11-39. 

 (5)  Chaplin DJ, Horsman MR, Siemann DW. Current development status of small-molecule vascular disrupting agents. 
Curr Opin Investig Drugs 2006 Jun;7(6):522-528. 

 (6)  Brooks PC, Montgomery AM, Rosenfeld M, Reisfeld RA, Hu T, Klier G, et al. Integrin alpha v beta 3 antagonists 
promote tumor regression by inducing apoptosis of angiogenic blood vessels. Cell 1994 Dec 30;79(7):1157-1164. 

 (7)  Brooks PC, Clark RA, Cheresh DA. Requirement of vascular integrin alpha v beta 3 for angiogenesis. Science 1994 
Apr 22;264(5158):569-571. 

 (8)  Pierschbacher MD, Ruoslahti E. Cell attachment activity of fibronectin can be duplicated by small synthetic 
fragments of the molecule. Nature 1984 May 3;309(5963):30-33. 

 (9)  Schraa AJ, Kok RJ, Berendsen AD, Moorlag HE, Bos EJ, Meijer DK, et al. Endothelial cells internalize and degrade 
RGD-modified proteins developed for tumor vasculature targeting. J Control Release 2002 Oct 4;83(2):241-251. 

 (10)  Barnes PJ. Emerging targets for COPD therapy. Curr Drug Targets Inflamm Allergy 2005 Dec;4(6):675-683. 
 (11)  Rommel C, Camps M, Ji H. PI3K delta and PI3K gamma: partners in crime in inflammation in rheumatoid arthritis 

and beyond? Nat Rev Immunol 2007 Mar;7(3):191-201. 
 (12)  Kulkarni RG, Achaiah G, Sastry GN. Novel targets for antiinflammatory and antiarthritic agents. Curr Pharm Des 

2006;12(19):2437-2454. 
 (13)  Gollob JA, Wilhelm S, Carter C, Kelley SL. Role of Raf kinase in cancer: therapeutic potential of targeting the 

Raf/MEK/ERK signal transduction pathway. Semin Oncol 2006 Aug;33(4):392-406. 
 (14)  Johnston JB, Navaratnam S, Pitz MW, Maniate JM, Wiechec E, Baust H, et al. Targeting the EGFR pathway for 

cancer therapy. Curr Med Chem 2006;13(29):3483-3492. 
 (15)  Dancey JE. Therapeutic targets: MTOR and related pathways. Cancer Biol Ther 2006 Sep;5(9):1065-1073. 
 (16)  Goswami A, Ranganathan P, Rangnekar VM. The phosphoinositide 3-kinase/Akt1/Par-4 axis: a cancer-selective 

therapeutic target. Cancer Res 2006 Mar 15;66(6):2889-2892. 
 (17)  Goodman VL, Rock EP, Dagher R, Ramchandani RP, Abraham S, Gobburu JV, et al. Approval summary: sunitinib 

for the treatment of imatinib refractory or intolerant gastrointestinal stromal tumors and advanced renal cell carcinoma. 
Clin Cancer Res 2007 Mar 1;13(5):1367-1373. 

 (18)  Wilhelm S, Carter C, Lynch M, Lowinger T, Dumas J, Smith RA, et al. Discovery and development of sorafenib: a 
multikinase inhibitor for treating cancer. Nat Rev Drug Discov 2006 Oct;5(10):835-844. 

 (19)  Deininger M, Buchdunger E, Druker BJ. The development of imatinib as a therapeutic agent for chronic myeloid 
leukemia. Blood 2005 Apr 1;105(7):2640-2653. 

 (20)  Temming K, Lacombe M, van der Hoeven P, Prakash J, Gonzalo T, Dijkers ECF, et al. Delivery of the p38 
MAPkinase inhibitor SB202190 to angiogenic endothelial cells: development of novel RGD-equipped and pegylated 
drug-albumin conjugates using platinum(II) based drug linker technology. Bioconjug Chem 2006 Sep 20;17(5):1246-
1255. 

 (21)  Temming K, Lacombe M, Schaapveld RQJ, Orfi L, Keri G, Poelstra K, et al. Rational Design of RGD-albumin 
conjugates for targeted delivery of the VEGF-R kinase inhibitor PTK787 to angiogenic endothelium. ChemMedChem 
2006;11:1200-1203. 

 (22)  Pettit GR. The dolastatins. Fortschr Chem Org Naturst 1997;70:1-79. 
 (23)  Saad ED, Kraut EH, Hoff PM, Moore DF, Jr., Jones D, Pazdur R, et al. Phase II study of dolastatin-10 as first-line 

treatment for advanced colorectal cancer. Am J Clin Oncol 2002 Oct;25(5):451-453. 
 (24)  Kindler HL, Tothy PK, Wolff R, McCormack RA, Abbruzzese JL, Mani S, et al. Phase II trials of dolastatin-10 in 

advanced pancreaticobiliary cancers. Invest New Drugs 2005 Oct;23(5):489-493. 
 (25)  Margolin K, Longmate J, Synold TW, Gandara DR, Weber J, Gonzalez R, et al. Dolastatin-10 in metastatic 

melanoma: a phase II and pharmokinetic trial of the California Cancer Consortium. Invest New Drugs 
2001;19(4):335-340. 

 (26)  Greystoke A, Blagden S, Thomas AL, Scott E, Attard G, Molife R, et al. A phase I study of intravenous TZT-1027 
administered on day 1 and day 8 of a three-weekly cycle in combination with carboplatin given on day 1 alone in 
patients with advanced solid tumours. Ann Oncol 2006 Aug;17(8):1313-1319. 

 (27)  Patel S, Keohan ML, Saif MW, Rushing D, Baez L, Feit K, et al. Phase II study of intravenous TZT-1027 in patients 
with advanced or metastatic soft-tissue sarcomas with prior exposure to anthracycline-based chemotherapy. Cancer 
2006 Dec 15;107(12):2881-2887. 

 (28)  Riely GJ, Gadgeel S, Rothman I, Saidman B, Sabbath K, Feit K, et al. A phase 2 study of TZT-1027, administered 
weekly to patients with advanced non-small cell lung cancer following treatment with platinum-based chemotherapy. 
Lung Cancer 2007 Feb;55(2):181-185. 

 (29)  Doronina SO, Toki BE, Torgov MY, Mendelsohn BA, Cerveny CG, Chace DF, et al. Development of potent 
monoclonal antibody auristatin conjugates for cancer therapy. Nat Biotechnol 2003 Jul;21(7):778-784. 

 (30)  Doronina SO, Mendelsohn BA, Bovee TD, Cerveny CG, Alley SC, Meyer DL, et al. Enhanced activity of 
monomethylauristatin F through monoclonal antibody delivery: effects of linker technology on efficacy and toxicity. 
Bioconjug Chem 2006 Jan;17(1):114-124. 

12 



Scope of the Thesis 
 

 

 (31)  Dubowchik GM, Mosure K, Knipe JO, Firestone RA. Cathepsin B-sensitive dipeptide prodrugs. 2. Models of 
anticancer drugs paclitaxel (Taxol), mitomycin C and doxorubicin. Bioorg Med Chem Lett 1998 Dec 1;8(23):3347-
3352. 

 (32)  Dubowchik GM, Firestone RA, Padilla L, Willner D, Hofstead SJ, Mosure K, et al. Cathepsin B-labile dipeptide 
linkers for lysosomal release of doxorubicin from internalizing immunoconjugates: model studies of enzymatic drug 
release and antigen-specific in vitro anticancer activity. Bioconjug Chem 2002 Jul;13(4):855-869. 

 (33)  Sanderson RJ, Hering MA, James SF, Sun MM, Doronina SO, Siadak AW, et al. In vivo drug-linker stability of an 
anti-CD30 dipeptide-linked auristatin immunoconjugate. Clin Cancer Res 2005 Jan 15;11(2 Pt 1):843-852. 

 (34)  Shaked Y, Ciarrocchi A, Franco M, Lee CR, Man S, Cheung AM, et al. Therapy-induced acute recruitment of 
circulating endothelial progenitor cells to tumors. Science 2006 Sep 22;313(5794):1785-1787. 

 
 

13 



Chapter 1 
 

 

 

14 


