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1. Introduction 

Cancer is one of the leading causes of death worldwide besides heart and other 

circulatory diseases. According to the data of the Hungarian Central Statistical Office, 25% of 

death was caused by cancer in 2011 in Hungary. The most common cancer types in Hungary 

are lung, skin, prostate, colon and breast cancer [1]. 

Targeted tumor therapy is increasingly coming into view, because it is more effective 

and has less toxic side effects. Tumor targeting with the hormone peptides GnRH and 

somatostatin or their analogs is based on the discovery that their receptors are highly 

expressed in many tumor cells (e.g., prostate, ovarian, breast, endometrial), compared with 

their expression level in normal tissues. Therefore, these peptides could be used as carriers to 

which therapeutic agents are attached leading to the formation of conjugates which target the 

cancer cells directly resulting in increased selectivity [2]. The lamprey GnRH-III is especially 

suitable as a targeting moiety because of its antiproliferative effect and weak endocrine 

activity in mammals. So does the somatostatin agonist RC-121 and TT-232. 

During my work, prepared in the MTA-ELTE Research Group of Peptide Chemistry, 20 

new bioconjugates, suitable for target tumor therapy were synthesized and evaluated 

chemically and biologically. 

 

2. Aims 

The aim of my thesis was the synthesis of new bioconjugates with elevated anticancer effect 

and less side effects. The targeting moieties of the conjugates were different derivatives of 

GnRH (GnRH-I, GnRH-II, GnRH-III) and somatostatin (RC-121, TT-232) [3] and the drug 

molecules were daunorubicin [4], 2-pyrrolino-daunorubicin (PyrDau) [5], and the 

phytochemical curcumin [6], respectively. Nevertheless, the GnRH molecules were modified 

with short chain fatty acids (SCFA) which, in particularly butyric acid, induce apoptosis in 

several types of cancer cells [7]. The intention of my doctoral thesis was to investigate the 

influence of the carrier molecules, the modifications in them, the type of the bond between the 

targeting compound and the drug, primary on the in vitro cytostatic effect (alone and in 

combination) and on the structure, stability, cellular uptake, lipophilicity and receptor affinity 

of the conjugates as well as on their in vivo antitumor activity. 

The planned synthesises and investigations are summarized on the following scheme. 



 
Figure 1. Aims of the thesis 

 

3. Methods 

Solid phase peptide synthesis (SPPS): The targeting peptide moieties were synthesized via 

SPPS using Fmoc/tBu strategy manually or by automated peptide synthesizer. All peptides 

and bioconjugates were characterized by analytical RP-HPLC and ESI mass spectrometry. 

Circular dichroism spectroscopy (CD): The influence of the fatty acid chains on the 

secondary structures of the GnRH-III-daunorubicin conjugates (1-7) were examined by CD 

spectroscopy. 

Langmuir balance technique: The membrane affinity of the bioconjugates or their 

compatibility with the lipid molecules was determined by Langmuir monolayer model 

method. 

Solubility studies: The solubility studies of bioconjugates 8-11 were based on weight 

measurements on one hand, and on HPLC on the other hand. The aim of the investigation was 

to determine the role of the ethylene glycol compounds on the solubility of the conjugates. 

Enzymatic degradation studies: The enzymatic stability of conjugates 1-7 in the presence of 

chymotrypsin and the degradation of conjugates 1-11 in rat lysosomal homogenate was 

measured by an LC-MS technique. 

MTT-assay: the in vitro cytostatic effect of the bioconjugates was determined by 3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. 

Cellular uptake: The cellular uptake of conjugates 1-7 was investigated by flow cytometry. 

Radioligand binding studies: To determine the binding affinity of GnRH-

III(4Lys(nBu)),8Lys(Dau=Aoa)) (3) bioconjugates to GnRH receptors, heterologous 

displacement experiments were performed. 

In  vivo  antitumor  effect:  The in  vivo  antitumor  effect  of  GnRH-

III(4Lys(nBu)),8Lys(Dau=Aoa)) (3) bioconjugate was measured on NSG female mice bearing 

orthotopically implanted colon cancer. 

 

4. Results and discussion: 

4.1. Short-chain fatty acid acylated daunorubicin-GnRH-III bioconjugates (1-7))  

GnRH-III-daunorubicin bioconjugates modified with SCFAs in position 4 (GnRH-

III(4Lys(X), 8Lys(Dau=Aoa)) with enhanced enzymatic stability, cellular uptake and in vitro 

cytotstatic effect were synthesized. The stability of the compounds in the present of 

α−chymotrypsin strongly depended on the type of the fatty acid. The degradation of the 

bioconjugates in the presence of rat liver lysosomal homogenate was also investigated. In all 

cases, the smallest drug containing fragment identified by LC–MS was H-Lys(Dau=Aoa)-OH, 

which fragment is able to bind to DNA; however, no free daunorubicin release was detected. 

The highest in vitro cytostatic effect was observed in case of bioconjugates containing 

butyric acid (2) and isobutyric acid (3). These two compounds were also most effectively 

taken up by both tested cancer cell lines (HT-29, MCF-7). Based on the results of the cellular 

uptake, in vitro cytostatic effect, enzymatic stability and receptor binding affinity studies, 

GnRH-III(4Lys(nBu), 8Lys(Dau=Aoa)) was selected for further investigation of its tumor 

growth inhibitory effect in vivo. The compound had significant antitumor effect in colon 

cancer bearing mice. 

4.2. GnRH-III based bioconjugates modified with butyric acid in position 4 

containing two copies of daunorubicin (8-11) 

In order to enhance the antitumor effect of the butyric acid containing GnRH-III 

bioconjugate, two copies of daunorubicin was attached to the compound (GnRH-

III(4Lys(nBu), 8Lys(Dau=Aoa-X-Y-Lys(Dau=Aoa-X-Y))), X= Ø or GFLG: cathepsin B labile 

sequence, Y= Ø or O2Oc: ethylene glycol derivative). The in vitro cytostatic effect of the 

bioconjugates were lower than the parental compound GnRH-III(4Lys(nBu), 8Lys(Dau=Aoa)) 



(3) on both investigated cell types (HT-29, MCF-7). The bioconjugates modified with an 

ethylene glycol moiety had elevated solubility compared to the non ethylene glycolated ones. 

These findings were supported by the solubility studies. The smallest daunorubicin containing 

metabolite identified in the degradation experiments was strongly dependent on the structure 

of the conjugate. The bioconjugates bearing the GFLG spacer or the ethylene glycol 

derivative were degraded in a higher manner. 

4.3. 2-pyrrolino-daunorubicin-GnRH-III bioconjugate modified with butyric acid in 

position 4 (12) 

2-pyrrolino-daunorubicin was attached to the GnRH-III analogue modified with butyric 

acid in position 4 via oxime bond. The in vitro cytostatic effect of the bioconjugate was one 

order of magnitude higher than the parental compound GnRH-III(4Lys(nBu), 8Lys(Dau=Aoa)) 

(3) on HT-29 and MCF-7 cells. 

4.4. GnRH-I and GnRH-II daunorubicin conjugates modified with butyric acid in 

position 4 (13-14) 

[D-Lys6]GnRH-I-daunorubicin and [D-Lys6]GnRH-II-daunorubicin conjugates were 

prepared. In both cases serine in position 4 was replaced by lysine acetylated with butyric acid 

in order to investigate the influence of the 4Ser – 4Lys(nBu) exchange on the antitumor effect 

of the conjugates. In case of the conjugate GnRH-I(4Lys(nBu), D-6Lys(Dau=Aoa)) (13) the 

modification caused minimal improvement in the cytostatic effect, while in case of the 

GnRH-II conjugate (14) the modification resulted in significant increase. However the in vitro 

cytostatic effect of GnRH-III(4Lys(nBu), 8Lys(Dau=Aoa)) (3) conjugate was better than both 

compound mentioned above. 

4.5. The synthesis of a curcumin containing conjugate used in target tumor therapy 

(15) 

A GnRH-III-curcumin conjugate (GnRH-III(8Lys(curcumin)) (3)) was synthesized via 

click chemistry. Because of the poor yield of the compound and for the improvement of the 

bioavailability of the curcumin, the future plan is to prepare curcumin containing lyposomes 

with GnRH-III as targeting molecule. 

4.6. Daunorubicin-somatostatin bioconjugates (16-20) 

Different somatostatin analogs (RC-121, TT-232) having antitumor activity alone were 

used as targeting compounds in daunorubicin containing conjugates. In case of the RC-121 



the drug molecule was bound via oxime bond to the N-terminal of the peptide. In spite of the 

modification of the N-terminal, the peptide preserved its anitumor activity in the conjugate, 

however it was one order of magnitude lower, than the effect of the free drug. 

Daunorubicin was attached to the TT-232 analogs either via hydrazone or oxime bond 

directly or through a cathepsin B labile spacer (YRRL or LRRY): Dau=hidrazon-TT-232 (17) 

Dau=Aoa-TT-232 (18) Dau=Aoa-LRRY-TT-232 (19) Dau=Aoa-YRRL-TT-232 (20). The in 

vitro cytostatic effect of the conjugates was measured on HT-29 cells. The TT-232 preserved 

its anitumor activity in the conjugate as well. All four compounds had better cytostatic effect 

than the peptide itself. The Dau=Aoa-LRRY-TT-232 (19) inhibited the proliferation of the 

tumor cells the most. 

4.7. Combination of GnRH- and somatostatin-drug conjugates in targeted tumor 

therapy 

In case of the combined targeted therapeutic approaches different hormone receptors 

can be aimed at with the combination of conjugates containing different targeting moieties. 

A GnRH-III conjugate (GnRH-III(4Lys(nBu), 8Lys(Dau=Aoa)) (3) and a somatostatin 

bioconjugate (Dau=Aoa-LRRY-TT-232 (19)) was used in combination. 

The combinational therapy could not exceed the efficacy of the TT-232 conjugates, 

however the results were better, than the antiproliferative effect of the GnRH-III conjugate 

itself. 

 

5. Summary 

In summary, based on the results of my doctoral thesis, one can conclude, that some of 

the prepared conjugates had increased stability, were taken up by tumor cells more effectively 

and had enhanced antitumor activity in vitro and in vivo. 

The antiproliferative effect of some of these bioconjugates was comparable with the 

drug molecule itself. Found on the chemical and biological experiments, the developed new 

peptide hormon based conjugates are suitable for targeted drug delivery for the treatment of 

cancer. The most promising ones are the GnRH-III(4Lys(nBu), 8Lys(PyrDau=Aoa)) (12) and 

the Dau=Aoa-LRRY-TT-232 (19), respectively. 
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