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INTRODUCTION 

 

According to the statistics of WHO (2008), cancer is one of the leading cause of death. 

Several strategies exist for the treatment of cancer: radiotherapy, immunotherapy, 

chemotherapy, surgical intervention or their combination. Nowadays a lot of antitumor agents 

are known. During my PhD studies two chemotherapeutical agents used in therapy were 

studied: these are pemetrexed and daunomycin. 

Daunomycin (Dau) is an anthracycline type antibiotics, which is one of the most effective 

drugs mainly used for leukemia patients. Pemetrexed is an antimetabolite mostly used in case 

of non-small cell lung carcinoma and pleural mesothelioma. None of these compounds are 

selective, therefore they have severe side-effects. 

Several publications suggest that the selectivity of chemotherapeutical agents could be 

increased, thus side-effects could be decreased with the conjugation of the drug to a peptide 

carrier. There are receptors and other cell surface structures overexpressed on tumor cells 

compared to normal cells. Durnig my PhD work, peptides binding to cell surface structures 

were considered as targeting moieties. Thus the drug-peptide conjugate could be delivered 

mainly to cancer cells, while the uptake of the conjugate might be less efficient in case of 

non-tumorous cells. One of the targeting peptides used in my work was gonadotropoin-

releasing hormone (GnRH), which binds to GnRH receptors overexpressed on several types 

of tumorcells. In addition, two other oligopeptides, IELLQAR and LTVSPWY were applied 

as a cell surface molecule-targeting peptide. IELLQAR binds to E-selectin, while one of the 

potential binding partner of peptide LTVSPWY is the ErbB-2 receptor highly expressed on 

cancer cells. Other peptides modify the selectivity of the chemotherapeutical agent in a 

different way, for example they modify the mechanism of cellular uptake. Oligoarginine 

peptides were also used as a carrier peptide in our studies. According to the literautre, 

oligoarginine conjugates might be delivered by macropinocytosis, while free drug (Dau) 

could be taken up by diffusion. Pinocytotic activity of the cells are different, therefore the 

uptake rate of the conjugate is limited in case of cells with low pinocytotic activity (eg. 

cardiomyocytes). 

 

 

 



AIMS 
 

My plan was to prepare and characterize new antitumor agent-peptide conjugates and 

investigate their in vitro biological properties. 

In the conjugates the chemotherapeutical agent (daunomycin or pemetrexed) was coupled to 

peptides with different covalent linkage. In case of daunomycin-conjugates cell penetrating 

peptide (oligoarginine), gonadotropin-releasing hormone-III (GnRH-III) or peptide 

LTVSPWY was used as a carrier moiety. 

Pemetrexed conjugates were planned to be prepared using IELLQAR and/or oligoarginine 

peptides as a targeting moiety.  

The following conjugates were planned to prepare: 

a) daunomycin-oligoarginine conjugates with different types of covalent bond and different 

number of arginine residues 

b) daunomycin-LTSVPWY conjugate 

c) daunomycin-GnRH-III conjugates with or without spacers (YRRL or GFLG) 

d) pemetrexed-conjugates containing oligoarginine and/or IELLQAR peptide 

 

Furthermore chemical and in vitro biological properties of the conjugates were planned to be 

characterized. During my PhD work mainly the following aims were focused on: 

a) Daunomycin-oligoarginine conjugates: 

- Investigation of the influence of the number of argnine residues and the type of the covalent 

linkage between daunomycin and oligoarginine on in vitro cytostatic effect, fluorescence and 

cellular uptake properties. 

b) Dau=Aoa-LTVSPWY-NH2 conjugate: 

- Characterization of the stability, in vitro cytostatic effect and cellular uptake properties of 

the conjugate. 

- Identification of the metabolic fragments formed during lysosmal digestion and 

characterization of DNA-binding ability of the metabolite and the conjugate. 

c) Daunomycin-GnRH-III conjugates: 

- Study the influence of the spacers on in vitro cytostatic effect 

- Identification of metabolic fragments formed during lysosmal digestion and determination of 

DNA-binding ability of the metabolites. 

d) Pemetrexed-conjugates: 



- Investigation of in vitro cytostatic effect of pemetrexed-conjugates and comparison of the 

effect of the conjugates containing different targeting peptides.  

e) The analysis of the effect of conjugates on the protein expression profile of HL-60 cells: 

- Comparison of the protein expression profile of HL-60 cells treated with daunomycin or its 

conjugates with that of non-treated. 

- Selection of the most effective daunomycin-conjugates, determination of optimal treating 

time and concentration. 

- Identification of proteins with changed expression level due to the treatment. 

 

METHODS 

 

Preparation of Dau=Aoa-LTVSPWY-NH2 conjugate 

The peptide was synthesized with solid phase peptide synthesis on Rink-Amide MBHA resin 

using Fmoc/ tBu strategy. Fmoc protecting group was cleaved from peptide-resin and Boc-

aminooxy-acetic acid was coupled to the free N-terminus of the peptide. After chemical 

characterization, this derivative was conjugated to daunomycin via oxime bond. The product 

was purified using semipreparative RP-HPLC. The purified conjugate was chemically 

characterized with analytical RP-HPLC, ESI-MS and aminoacid analysis. 

 

Stability of Dau=Aoa-LTVSPWY-NH2 conjugate 

The stability of Dau=Aoa-LTVSPWY-NH2 conjugate was analyzed with analytical RP-

HPLC. For these stability experiments sodium-citrate/citric acid buffers (pH: 2.5; 5.0 és 7.0) 

or 10% serum containing cell culture medium was used as solvent. The stability was 

monitored and aliquots from the solution were analyzed after 0, 3 and 24 hrs. 

 

Degradation of  daunomycin-conjugates in rat liver lysosomal homogenate 

Stability of Dau=Aoa-LTVSPWY-NH2, GnRH-III(Dau=Aoa), GnRH-III(Dau=Aoa–GFLG) 

and GnRH-III(Dau=Aoa–YRRL) conjugates were determined in rat liver lysosomal 

homogenate. From the rection mixture aliquots were taken after 5 minutes, 1, 2, 4, 6, 8 and 24 

hrs. Samples were analyzed with LC-MS. 

 

Absorption and emission properties of daunomycin conjugates and metabolites formed during 

lysosomal digestion 



From the daunomycin-derivatives 10 μM solutions were prepared in Tris buffer (pH = 7.4). 

Absorption and emission spectra of the solutions were recorded with Cary 4E 

spectrophotometer and FluoroLog-3 spectrofluorimeter, respectively. Prior to the flow 

cytometry studies the fluorescence of the compounds have been studied. In the flow 

cytometer as well as in these experiments, excitation wavelength was 488 nm. Emission 

spectra of the daunomycin-derivatives were recorded between 495 and 800 nm. 

 

Determination of DNA-bindig ability of daunomycin-derivatives 

Absorption and emission spectra were recorded in the presence and absence of chicken 

erythrocyte DNA as written above. Apparent bining constant was calculated based on the 

emission spectra according to the model of McGhee and Von Hippel. 

 

Determination of in vitro cytostatic and cytotoxic effect with MTT-assay 

In vitro cytostatic and cytotoxic effect of the conjugates were studied with MTT-assay. Cell 

lines and conditions of the treatment were selected taking into account the type of the 

targeting moiety and the drug. 

Cells were treated with the solution of the conjugates in the 2,56 x 10-4 - 100 μM 

concentration range. In case of cytotoxicity studies after treatment, MTT-assay was carried 

out. To determine cytostatic effect of the compounds, cells were cultured for further 72 hrs 

after treatment. (Treatment time was 6h in case of Dau=GnRH-III conjugates, while  in other 

cases cells were treated for 3 h.) After 72 hrs cytostatic effect was determined with MTT-

assay. Cytostasis % or cytotoxicity % was illustrated in the function of the concentration and 

sigmoidal curve was fitted. IC50 value was determined, which is the concentration belongs to 

the 50% cytostasis or cytotoxictiy. 

 

Determination of cellular uptake properties of daunomycin-conjugates with flow cytometry 

Cells were treated for 90 minutes or 6 hrs (depending on the type of the conjugate) with the 

solution of the conjugates in the 0,8-100 μM concentration range. After treatment and 

washing, cells were treated with trypsin to remove the fluorescent compounds from the cell 

surface. After trypsinization and washing, fluorescence intensity of the cells was measured by 

flow cytometry. Data were corrected with the fluorescence of untreated control cells. The 

corrected fluorescence intensity is proportional to the uptake rates of the compounds. The 

ratio of the daunomycin-positive cells was calculated and compared in case of different 

compounds. 



 

Determination of protein expression profile after treatment with daunomycin or its conjugates 

The two most effective conjugates were selected for proteomical studies. After the 

optimalization of the treatment, HL-60 cells were treated with daunomycin, Dau=Aoa-

LTVSPWY-NH2 or Dau=Aoa-R6-NH2 conjugate for 24 or 48 hrs. Proteins were isolated from 

the treated and non-treated cells and two-dimensional gel electrophoresis was carried out with 

these samples. Gels were compared and significantly different spots were cut from the gels. 

After tryptic in-gel digestion, samples were analyzed with OrbiTrap nano LC-MS/MS. For the 

identification of the proteins, MASCOT searching engine was used. 

 

RESULTS AND DISCUSSION 

 

A.) Daunomyin-oligoarginine conjugates 

1. In vitro cytostatic effect and cellular uptake profile of daunomycin-oligoarginine 

conjugates with different number of arginine residues was compared on HL-60 human 

leukemia and HepG2 human hepatoma cells. In case of oxime-bond containing daunomycin-

conjugates (Dau=Aoa-Argn; n= 4, 6 or 8) no significant difference in cytostatic effect was 

observed. The cellular uptake profile was different on HepG2 cells: the conjugate with eight 

arginine residues could be taken up more efficiently in case of 20 μM concentration. 

In the group of daunomycin-oligoarginine conjugates containing squaric acid linker (Dau-�-

Argn-NH2; n= 4, 6 or 8), the conjugate with six arginine residues was the most effective. The 

highest cellular uptake was observed also in case of this conjugate (Dau-�-Arg6-NH2) on HL-

60 cells. 

There was no significant difference in cytostatic effect of Dau-hydrazone-oligoarginine 

conjugates. Cellular uptake of the conjugate with eight arginine residues (Dau-hydrazone-

Arg8-NH2) was the highest on HL-60 cells compared to the other daunomycin-hydrazone-

oligoarginine conjugates. 

Among Dau-succinyl-oligoarginine (Dau-Suc-Argn-NH2; n= 4, 6 or 8) conjugates Dau-Suc-

Arg8-NH2 was the most effective on both cell lines, while the Dau-Suc-Arg6-NH2 conjugate 

could be taken up most efficiently by HL-60 cells. 

 

2. Biological properties (in vitro cytostatic effect, cellular uptake) of daunomycin-

oligoarginine conjugates with different type of covalent bond between daunomycin and 



oligoarginine was determined. Dau=Aoa-Argn-NH2 and Dau-hydrazone-Argn-NH2 conjugates 

had similar in vitro cytostatic effect on HL-60 and HepG2 cells. These conjugates were more 

effective compared to Dau-Suc-Argn-NH2 and Dau-�-Argn-NH2 conjugates (the cellular 

uptake rate of these conjugates was also significantly lower). The highest cellular uptake rate 

was observed in case of oxime- and hydrazone-bond containing conjugates on HL-60 cells, 

while the uptake rate of Dau-�-Argn-NH2 conjugates was the highest on HepG2 cells. 

Our data suggest that cellular uptake is necessary, but not sufficient for the efficacy, 

intracellular processes and release of an active form in the cells are also important. Our 

experiments demonstrate that the type of covalent bond between daunomycin and 

oligoarginine, the number of arginine residues, and the type of the studied cell line influence 

the in vitro cytostatic effect and cellular uptake properties. 

 

3. Based on data obtained, Dau=Aoa-R6-NH2 conjugate was selected for further studies. 

Protein expression profile of HL-60 cells after treating with this conjugate was determined 

and compared to daunomycin-treated and non-treated control samples. Proteins with altered 

expression level were identified and classified. Due to the treatment, the expression of the 

following protein groups altered: chaperons (HSP60, HSP90), proteins involved in 

signalization (Rho GDP-dissotiation inhibitor 2), cytoskeletal proteins (different forms of 

actin and tubulin) and proteins involved in metabolic processes (lactate dehydrogenase, 

aminopeptidase, phosphoglycerate kinase, fructose-bisphosphate aldolase). 

 

B.) LTVSPWY-containing daunomycin-conjugate 

1. Dau=Aoa-LTVSPWY-NH2 conjugate was synthesized and chemically characterized. The 

stability of this compound was monitored in sodium-citrate/citric acid buffers (pH 2.5, 5.0 and 

7.0) and in cell culture medium used for in vitro biological experiments. We observed that the 

conjugate was stable in the above mentioned solutions for 24 hrs. However, in rat liver 

lysosomal homogenate the conjugate could be degraded, therefore active metabolite might be 

released in the cells. 

 

2. Metabolite formed during lysosmal digestion was identified. DNA-binding ability of the 

conjugate and the metabolite was determined. We observed DNA-binding in both cases. The 

strength of the binding was lower in case of these compounds compared to free daunomycin. 

 



3. In vitro cytostatic effect of the conjugate was determined on HepG2, HL-60, MCF-7 and 

SK-BR-3 cells. The Dau=Aoa-LTVSPWY-NH2 conjugate was remarkably effective 

compared to the other oxime-bond containing daunomycin-conjugates. This conjugate was 

one of the most efficient compound from the cellular uptake point of view. The conjugate was 

more effective on cells with lower ErbB2 receptor expression (MCF-7) compared to ErbB2-

overexpressing cells (SK-BR-3). However, it should also be taken account that the free 

daunomycin had lower in vitro cytostatic effect on SK-BR-3 cells compared to MCF-7. 

 

4. Cellular uptake properties of the conjugate were determined on HepG2, HL-60, MCF-7 and 

SK-BR-3 cells. SK-BR-3 cells could take up this conjugate more efficiently compared to 

MCF-7. Based on this observation we suppose that the conjugate could bind to ErbB2 

receptors on SK-BR-3 cells. Cellular uptake was also observed on MCF-7 cells. These data 

suggest that more than one mechanism is involved in the uptake of Dau=Aoa-LTVSPWY-

NH2. 

 

5. Protein expression profile of HL-60 cells after treating with the conjugate was determined 

and compared to daunomycin-treated and non-treated control samples. Proteins with altered 

expression level was identified and classified. Due to the treatment, the expression of the 

following protein groups altered: chaperons (HSP70), proteins involved in signalization (Ran-

specific GTPase activating protein, Rho GDP-dissotiation inhibitor 2), and proteins involved 

in metabolic processes (phosphoglycerate dehydrogenase, fructose-bisphosphate aldolase). 

 

C.) GnRH-III-containing daunomycin-conjugates 

1. In vitro cytostatic effect of GnRH-III(Dau=Aoa), GnRH-III(Dau=Aoa-GFLG) and GnRH-

III(Dau=Aoa-YRRL) conjugates were determined on HT-29 and MCF-7 cells. These 

conjugates had higher effect on MCF-7 cells compared to HT-29. There was no significant 

difference in the activity of spacer-containing and non-containing GnRH-III conjugates on 

MCF-7. GnRH-III(Dau=Aoa-YRRL) conjugate was less effective compared to the other two 

conjugates on HT-29 cells. 

 

2. Metabolites relesaed from GnRH-III conjugates during lysosomal digestion were identified. 

H–Lys(Dau=Aoa)-OH was released from the GnRH-III(Dau=Aoa) conjugate, while 

Dau=Aoa-Tyr-OH and Dau=Aoa-Gly-OH were identified as a metabolite of GnRH-

III(Dau=Aoa-YRRL) and GnRH-III(Dau=Aoa-GFLG) conjugate, respectively. These 



metabolites were able to bind to DNA. The strength of the binding was slightly lower in case 

of Dau=Aoa-Tyr-OH compared to the other metabolites. 

  

D.) Pemetrexed-containing conjugates 

New octaarginine and/or IELLQAR containing pemetrexed-conjugates were synthesized and 

in vitro cytostatic effect of the conjugates was determined on NCI-H358 and HL-60 cells. No 

significant difference was observed in the effect of the conjugates with different peptide 

carrier. 
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