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Abstract 

Improvement of cancer treatment is a major challenge of medical research. 

Despite the immense efforts made in the improvement of diagnosis and treatment, 

cancer remains a major concern and cause of morbidity and mortality. Most of the 

modern anti-neoplastic therapies have severe side effects, and tumor cells often 

develop drug resistance. There is promise in the new generation of treatments (gene 

therapy, immunotherapy, vaccines, etc) that are under development, but the efficacies 

and side effects of such therapies have so far been disappointing. Receptor-based 

therapies are not new, but many normal cells also present the same receptors reducing 

the specificity of such approaches. Several lytic peptides have been investigated 

because of they appear to kill cancer cells due to changes of their membrane potential. 

Thus, linking receptor-specific ligands to lytic peptides is expected to augment the 

specificity of targeting and decrease the toxicity of lytic peptides on normal cells. One 

such polypeptide is hecate (an analogue to the bee venom main component, melittin) 

that preferentially kills cancer cells at low doses. When this peptide is fused with the 

81-95 amino acid fragment of chorionic gonadotropin-β (CGβ) subunit (hecate-CGβ), 

it targets cells expressing luteinizing hormone receptor (LHR), even at very low 

doses, or when LHR is expressed at low level. Our recent data showed that this 

peptide conjugate is efficient in destroying LHR-positive cells in xenografts and more 

importantly in transgenic mouse models developing LHR-positive somatic cell tumors 

in gonads. The mechanism of action of hecate-CGβ after binding to LHR is 

destruction of cell membranes resulting in rapid cell death by necrosis with minimal 

side effects. This review summarizes our findings on the action of this novel peptide 

and considers the future potential of this family of targeting peptides in the treatment 

of neoplasias. 
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1. Introduction 

The concept of the “magic bullet”, a drug or therapy that will only act on 

cancer cells while leaving healthy cells unharmed, has existed for more than 100 

years, however, its implementation still remains a major challenge for cancer therapy. 

Modern chemotherapy is often limited by the severity of its side effects. The 

difference between the therapeutic and toxic dose is narrow, so it is critical for 

succesful therapy to enable the recovery of the healthy tissues before the treatment 

becomes too toxic. The major limitations for classical chemotherapy are that they act 

on all dividing cells, both malignant and normal, their effect is restricted by inherited 

or acquired resistance of cancer cells, and the difficulties of delivering drugs or 

therapies (e.g. gene therapy, selective peptide therapy) only to cancer cells and in 

particular to intracellular targets. In this article, we will briefly review the different 

aspects, modes and scopes of different direct drug delivery systems with the final 

emphasis on our specific drug of interest, the lytic peptide hecate-CGβ. 

 

2. Directed therapeutic drug delivery 

In 1898, Paul Ehrlich envisioned that “bodies which possessed a particular 

affinity” could deliver “therapeutically active groups” to selected organs. This 

assumes that cancer cells have specific antigens, which could be used as targets for 

example to antibodies. Indeed, with the advent of monoclonal antibodies important 

steps in targeted therapy were made as they recognized antigens associated with many 

types of cancers (Kohler and Milstein 1975). Furthermore, antibody-toxin conjugates 

(also known as immunotoxins) and other chimeric toxins (such as epidermal growth 

factor [EGF] or interleukins) conjugated to various toxins were constructed as novel 

forms of therapy (Hertler and Frankel 1989, Pastan and FitzGerald 1991) (about 

eventual success of these attempts, see below). 

 

2.1 Toxins conjugated to antibodies, or growth factors 

Toxins conjugated to antibodies include ricin, diphtheria toxin, and 

Pseudomonas exotoxin, which upon delivery to specific cells induce irreversible 

arrest of protein synthesis (Pastan and FitzGerald 1991). Doxorubicin and other 

antineoplastic agents have also been linked to antibodies or growth factors to be 

delivered to cancer cells (Yeh et al. 1992). Moreover, several antibodies carrying 
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radioactive material have been developed and are already in clinical use (e.g. Zevalin, 

Bexxar) (Bohdiewicz 1998). The theory behind this technology is identical to the one 

where antibodies conjugated with toxins, in this case radioactive isotopes, act on cells 

recognized by the antibody. There are major limitations of antibody-related therapy 

(linked to toxins, enzymes, radioactive material), for example the antibodies’ poor 

tumor penetration due to their molecular size (Halin et al. 2002), the toxicity of non-

specific uptake of antibody in liver and reticuloendothelial system (Halpern et al. 

1983, Pimm et al. 1985), and the need for tumor-specific antigens. There are few 

antigens specific for cancer cells a(exploited in vaccination therapy) resulting in 

possible toxicity to other normal cells possessing similar antigens.  

 

2.2. Gene therapy approach 

A newer approach is gene therapy (addition, replacement or deletion of a 

specific gene by introducing a foreign DNA molecule) and its new branch of siRNA 

targeting vectors (silencing of a specific gene). This has created great expectations for 

their application in cancer therapy. However, this technology requires the intracellular 

delivery of genetic material, usually achieved by viruses or liposomes, in order to 

replace, express, activate or inhibit a specific (set of) gene(s). The difficult delivery 

into cells, lack of cell specificity, the immune reaction and inflammation created by 

viral antigens, the safety risks of viral use, and the random integration of these vectors 

into the target cell (in the case of gene-amendment), have resulted in more problems 

than anticipated (Hacein-Bey-Abina et al. 2002a). As an example, a clinical trial in 

France where correction of X-linked severe combined immunodeficiency in 9 out of 

10 patients by retrovirus-mediated gene transfer was successful (Hacein-Bey-Abina et 

al. 2002b), 3 years later 2 of those children developed T-cell acute leukemia (Hacein-

Bey-Abina et al. 2003). Unfortunately, as yet there is no a safe and reliable method to 

integrate foreign DNA into selective areas of the genome. 

 

2.3. Membrane receptors as therapeutic targets 

A more efficient and selective approach would be to use membrane receptors 

as potential targets, which actually has been suggested for some time as an alternative 

to chemotherapy. Indeed, the discovery of the death-inducing receptors (TNF, Fas, 

TRAIL) was brought to particular attention, but their therapeutic use has 

unfortunately been suspended due to drastic side effects towards the liver cells 
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(Kakinuma et al. 1999, Lawrence et al. 2001) , among others, and the resistance of 

some cancer cells to the apoptotic pathway induced by these receptors (Timmer et al. 

2002). One major advantage of membrane receptors is that there is no need of 

intracellular delivery for cell selection, as the receptor is exposed to the extracellular 

environment. Membrane receptors usually have high specific affinity to the targeting 

ligands. Thus mimicking the receptor’s natural ligand structure in a fusion peptide 

with the toxin would result in highly specific targeting. Genetically modifying viral 

vectors to bind and deliver their genetic contents into specific cell types has been 

reported (Kasahara et al. 1994, Yoon et al. 2001). However, this modification of gene 

therapy is still in its early stage, as the low integration rates especially in non-dividing 

cells together with their random integration into the genome have the potential of 

resulting in other genetically unwanted modifications. 

 

2.4 Cationic peptides 

Recently, attention has been directed to a particular group of cationic peptides 

as an alternative therapy for cancer. Cationic lytic peptides play an important role in 

the innate immunity of multicellular organisms (Boman 1995, Zasloff 2002). They 

serve as defense molecules against microorganisms (bacteria, fungi and viruses) 

especially in insects that do not possess an immune system (lymphocytes or 

antibodies). Despite the diversity of these peptides, they share common 

characteristics: positive charge, linearity, amphipathic and α-helical structure in a 

hydrophobic environment and rapid destruction of negatively charged membranes 

(Leuschner and Hansel 2004) (Figure 1). Most of these peptides are toxic to bacteria 

but elude normal eukaryotic cells. This is because of clear fundamental differences in 

their membrane composition. Bacterial membranes are heavily populated with 

negatively charged phospholipid headgroups while the animal and plant cell 

membranes (mainly zwitterionic phospholipids, phosphatydylcholine, cholesterol, 

sphingomyelin, phosphatidylethanolamine) on the outer leaflet [for a review, see 

(Matsuzaki 1999)] have no net charge. Cancer cells also have a different membrane 

composition, containing 3-7 times more phosphatidylserine (PS) (normally located 

only in the inner leaflet of the membrane) resulting in negative charged outer 

membrane (Utsugi et al. 1991) making them more susceptible to the lytic activity of 

cationic peptides. 
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2.4.1. Cationic lytic peptides melittin and hecate 

Some lytic peptides bind and act on both types of membranes (negatively and 

positively charged), including the main component of the honeybee (Apis mellifera) 

venom melittin, the neurotoxin pardaxin from Mosses sole fish, and amoebapore 

isolated from Entamoeba histolytica [for a review, see (Leuschner and Hansel 2004)]. 

However some changes in their structure may increase their specific activity against 

negatively charged membranes. Hecate, an analogue of melittin, was designed to 

retain the α-helical structure with altered charge distribution. As a result of these 

changes this peptide destroys bacterial cells (Henk et al. 1995) but has limited 

haemolytic properties (21%), and for example does not destroy African green monkey 

cells at low concentrations. In contrast, hecate was shown to be toxic towards a 

number of cancer cell lines (breast, ovarian and prostate) at low concentrations (2-

12µM) (Leuschner et al. 2001, Leuschner et al. 2003b). 

 

2.4.2. Lytic peptide hecate conjugated to CGβ (hecate-CGβ) 

Hecate-conjugate is a fusion polypeptide of the 23-amino acid hecate tethered 

with a 15 amino acid (81-95) fragment of the CGβ �subunit responsible for luteinizing 

hormone receptor (LHR) binding (Morbeck et al. 1993). This polypeptide directly 

targets LHR expressing cells and the therapeutic efficacy has been shown to be 

dependent on the number of LHR in target cells (Gawronska et al. 2002). Hence, cells 

expressing more LHR molecules are more likely to be killed by this drug. Moreover, 

hecate-CGβ, as many other cationic peptides, has per se a high specific affinity for 

prokaryotic and cancer cells but very low affinity for normal cells. This has been 

attributed to the similar membrane potential of prokaryotic and cancer cells which 

differs from normal eukaryotic cells [Figure 1, modified from (Shai 1999) and 

(Matsuzaki 1999)]. 

In vitro, lytic peptides are shown to be highly specific for cancer cells with 

relatively low toxicity for normal cells (Papo and Shai 2003). They are usually small 

molecules and can easily penetrate solid tumor tissues. The limitation of lytic peptides 

as in vivo therapeutics is their quick inactivation in serum before reaching the target 

(Peck-Miller et al. 1993, Oren et al. 1997). Hecate has also demonstrated higher 

affinity for cancer cells in in vitro tests, but no effect on tumor cells could be found in 
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vivo (Leuschner and Hansel 2004, Bodek et al. 2005), which could be due to its low 

stability in serum. Hecate-CGβ instead has been reported to be specific in vitro and in 

vivo for cells expressing LHR, making this drug feasible for therapy of tumors 

expressing such receptors. Hecate-CGβ has specific affinity for the LHR, as it 

competes with LH/hCG for receptor binding and blocks the receptor when binding to 

it (Hansel et al. 2001, Leuschner et al. 2001). Hypothetically, it is possible that 

hecate-CGβ becomes more stable upon binding to the LHR, exposing the hecate 

molecule in a close proximity to the cell membrane. Cancer cell membranes possess 

high membrane potential, thus the hecate α-helix binds and disrupts the adjacent 

membrane (Figure 2). In rat mammary gland tumors induced by combined prenatal-

exposure to synthetic estrogen ditehylstilbestrol (DES) and additional postnatal-

exposure to 7,12-dimethylbenz(a)anthracene (DMBA), we showed that targeted 

ablation of mammary gland tumors by hecate-CGβ conjugate is possible, even in 

tumor tissues that have very low or below the detectable levels of LHR expression 

(Zaleska et al. 2003). These findings emphasize the need for further exploration of the 

in vivo mechanisms of action of the hecate-CGβ conjugate in mammary tumors and 

the putative systemic effects induced by this treatment which may have affected the 

treatment outcome. 

 

2.4.3. Hormonal receptors (i.e. LHR) as specific targets for hecate 

Hormonal receptors such as the LHR, follicle-stimulating hormone receptor 

(FSHR), and thyroid-stimulating hormone receptor (TSHR), are characterized by a 

large N-terminal extracellular domain with high-affinity binding of their cognate 

glycoprotein hormone. This high affinity and specificity of hormone binding and the 

selective expression of the receptors in specific cells make them perfect candidates for 

the delivery of receptor-directed drugs. LHR plays an essential role in reproductive 

physiology of males and females and is mainly expressed in gonadal somatic cells. In 

testes, it is expressed in Leydig cells, and in the ovary, the expression occurs in theca, 

interstitial, differentiated granulosa and luteal cells. The main physiological roles of 

LHR are confined to its actions in the testes and ovaries. Therefore, gonadal somatic 

cell tumors (granulosa and Leydig cell) express high levels of LHR. Under 

therapeutic circumstances the main expected therapeutic effects of hecate-

CGβ conjugate would be to destroy these LHR expressing cells with very mild or 
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absent collateral damage outside the target cells compared to any modern anticancer 

drugs. Moreover, animal experiments carrying cancer cell xenografts, where hecate-

CGβ or Phor21/CGβ(ala) were used for treatment, showed minor to no side effects on 

gonadal tissues at low doses (Hansel et al. 2001). This is the result of the preferential 

action of cationic lytic peptides for cancer cells membranes. In the case of gonadal 

tumors (specifically normally LHR-positive cells after malignant transformation, see 

below) hecate-CGβ treatment results in total ablation of these cells from the tissue 

without detectable side effects in vital organs (Bodek et al. 2005). 

 

2.4.4. Gonadal somatic cell tumors and LHR 

Gonadal somatic cell tumors are relatively rare but as their diagnosis and 

treatment are difficult, they form a particularly fatal group of malignancies. Testicular 

tumors are the most common malignancy in men between 15-34 years of age 

(Kinkade 1999), even if such tumors account only for 1% of all tumors in males. 

Leydig cell tumors are generally benign and account for about 2% of all testicular 

tumors, with malignancy occurring in about 10% of the cases (Kinkade 1999). 

Ovarian carcinomas are difficult to detect, and usually they are only detected at the 

late stages (II or IV) due to a lack of diagnostic tests and clear symptoms, and are 

often called the "silent killer" (Crayford et al. 2000, Goff et al. 2000). Among the 

ovarian tumors, those of granulosa cell origin are rare, 3.0% - 7.6% of primary 

ovarian tumors, but the life expectancy after treatment is short in comparison to other 

ovarian cancers (Cronje et al. 1999, Crayford et al. 2000), the tumor-related mortality 

rate is 37.3% (Cronje et al. 1999), and approximately 80% of patients die of recurrent 

disease (Young et al. 1984, Cronje et al. 1999). The majority of human ovarian 

cancers are ovarian surface epithelial tumors, and 70% of them are shown to express 

LHR (Mandai et al. 1997, Konishi et al. 1999, Lu et al. 2000, Auersperg et al. 2001, 

Kuroda et al. 2001). 

 

2.4.5. In vivo trials of hecate-CGβ conjugate 

In vivo testing of hecate-CGβ has shown promising results on cancer cell 

xenografts (Hansel et al. 2001, Leuschner et al. 2001, Gawronska et al. 2002, 

Leuschner et al. 2003a, Leuschner et al. 2003b). Xenograft tumors are generally 

established by the subcutaneous inoculation of tumor cells into athymic nude mice. 
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Growth of solid tumors is monitored using in situ caliper measurements. In most 

cases, drug activity is defined by the delay in tumor growth, or net number of cells 

killed. Drug-related deaths and body weight loss are used as parameters of toxicity. 

However, many agents with promising activity in xenograft models produced 

disappointing results when subjected to clinical phase studies [for a review, see 

(Sharpless and Depinho 2006)]. Thus, there has been considerable controversy 

regarding the value of xenograft models (Suggitt and Bibby 2005). Often xenograft 

models contain monoclonal cells, which in many cases are chemoresistant or 

chemosensitive as their environment is depleted, for example of hormones and growth 

factors. In order to study tumor progression and development in vivo and to monitor 

the methods of treatment, and their overall efficacy, there is a need of animal models 

that develop somatic cell tumors.  

In comparison to xenograft-models, animal tumor models provide an 

opportunity for precise investigation of molecular, genetic, hormonal and cellular 

changes of neoplastic transformation at different stages. In addition they serve as 

experimental models resembling human diseases for prevention, diagnostic screening 

and treatment (Vanderhyden et al. 2003). This is because tumor formation is more 

physiological/pathophysiological as the cancer cells develop directly in the 

environment where the tumor is expected or would normally arise in humans. 

In our laboratory, we have developed a transgenic murine model that 

expresses the SV40 T antigen proteins under the inhibin-α promoter (Inhα/Tag) 

(Kananen et al. 1995). These mice develop malignant Leydig and granulosa cell 

tumors (both expressing LHRs) with 100% penetrance at the age of 5 months 

(Kananen et al. 1995, Kananen et al. 1996). Tumor cell lines immortalized from these 

tumors (Leydig and granulosa) produced high levels of progesterone, and the  

resulting high serum level of progesterone and reduced gonadotropins (Kananen et al. 

1996, Rahman and Huhtaniemi 2001) were used as a markers of endocrine 

consequences of the treatment. We hypothesized that hecate-CGβ conjugate should 

suppress tumorigenesis by killing the LHR expressing tumor cells in this in vivo 

transgenic mouse model. Indeed, hecate-CGβ conjugate treatment reduced the 

testicular and ovarian tumor burden (tumor volume/body weight) significantly, 

whereas during hecate treatment there was a significant concomitant increase in 

testicular, but no change in ovarian volumes. Figure 3 shows a representative image 
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of testicular tumor before and after hecate-CGβ conjugate treatment. In addition, there 

was a drop in serum progesterone, produced by the tumors, and increase in LH levels 

in hecate-CGβ conjugate treated mice, in comparison with TG control and hecate 

treated groups, highlighting the positive treatment results (Bodek et al. 2005). In 

female Inhα/Tag mice treated with hecate-CGβ, the therapeutic effect was less 

pronounced than  in treated males (Bodek et al. 2005). This could have been the result 

of higher circulating LH levels in female animals, which compete with the injected 

drug, or of a smaller number of LHR in granulosa cell than in Leydig cell tumors. 

Reduction of circulating serum LH levels, e.g. by GnRH agonist or antagonist pre-

treatment, or by increasing the number of LHRs in the tumor e.g. by pre-treatment 

with estradiol (Gawronska et al. 1999), could enhance the treatment outcome in 

granulosa cell tumors.  

 

2.4.6. Molecular mechanisms underlying hecate-CGβ mode of cell death 

As many pathways were discovered in the last 30 years for programmed cell 

death or apoptosis, it looked an obvious therapeutic approach (see above, death 

receptors) for inducing cell specific deletion. Apoptosis is initiated by a plethora of 

stimuli, which finally converge on a common effector’s cell-dismantlement process 

mediated by caspases. This process is balanced by inhibitors and antagonists 

(inhibitors of Apoptosis (IAPs), survivin, BcL-2, FLIP), which often are over-

expressed in cancer cells (Jaattela 1999, Chawla-Sarkar et al. 2004, Nomura et al. 

2005). An increasing number of reports on cancer cell escape or block of apoptosis 

has undermined the therapeutic applicability of apoptosis. We have recently found 

that hecate-CGβ conjugate induced a rapid and cell-specific membrane 

permeabilization of LHR expressing cells in vitro, suggesting a necrotic mode of cell 

death, without activation of apoptosis (Bodek et al. 2005), as determined by flow 

cytometry, caspase-3 activation, and by the pan-caspase inhibitor Z-VAD treatment 

(Figures 4 and 5). Lytic hecate-CGβ peptide action, in contrast to other therapies, 

seems to act by perforating the cell membrane, resulting in swelling and bursting, in 

other words by inducing necrosis or necrosis-like cell death. The induction of a 

combination between apoptosis and necrosis or necrosis alone could be a beneficial 

therapeutic outcome (Los et al. 2002, Burek et al. 2003, Los et al. 2003, Lin et al. 

2004, Rosal et al. 2005) to overcome multiple drug resistance.  
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As an example, where targeted-necrosis is induced, vascular targeting agents 

(VTAs) specifically target pre-existing blood vessels of tumors causing rapid necrosis 

by vascular shutdown. This mode of action allows VTAs to kill tumor cells resistant 

to conventional chemotherapy and radiotherapy as well as destruction of the tumor 

core, which are usually hypoxic (Gaya and Rustin 2005). However, its action is 

limited in tumor metastases and non-solid tumors, so while targeting the integrity of 

the cancer cell membrane is a rapid and destructive  process, the treatment also acts at 

the single cell basis (Papo et al. 2003). Several lytic peptides have been reported per 

se to have preference for cancer cell membranes (see above), however their stability 

and efficacy in vivo still remain unknown (Papo et al. 2003). These peptides linked to 

a ligand for a specific receptor (such as the hecate-CGβ conjugate) increase the 

specificity, reduced toxicity and improved their anti-neoplastic activity.  

 

3. Conclusions and future goals 

The more we know about this novel drug, the clearer it seems that lytic-

peptides delivered to membrane receptors have a potential of a drug for targeted 

therapy, which might overcome many of the limitations of current therapies. Also the 

better we understand the function of these drugs and the potential receptors that could 

be used as their targets, the better are our chances to modify them to specifically kill 

tumor cells. The mode of action of lytic peptides, disruption of charged-cell 

membrane, and thus necrosis or necrosis-like cell death, raises a new possibility for 

the treatment of apoptosis- and multi-drug-resistant tumors, which otherwise would 

not be killed by conventional therapy. What at first glance seemed like a 

disappointing finding, the non-apoptotic mode of cell death (Bodek et al. 2005), may 

after all be a beneficial effect. The single cell action of lytic-targeted peptides is a 

major advantage in tumor metastases and non-dividing tumors (e.g. early stages). The 

minimal side effects, resulting from the high specificity of the hormone peptide for 

their receptors and the preference for cells with altered membrane potential, suggest 

that many other receptors can be used as targets in cancer cells. Clinical studies of 

hecate-CGβ and Phor21/CGβ(ala) will soon provide us with more evidence on their 

uses and limitations in human LHR expressing endocrine cancer therapy. As several 

of the human endocrine cancer tissues, such as mammary gland (Meduri et al. 1997), 

prostate (Tao et al. 1997), and adrenal cortical tumor (Rao et al. 2004) express LHR, 
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hecate-βCG conjugate could be highly effective in treating other types of human 

cancers through their LHR, at least as adjuvant therapy. Of course follow-up studies 

and tumor recurrence after hecate-βCG treatments, and other lytic complexes, should 

be priority research areas in the future. 
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Figure legends 

Figure 1. Characteristics of lytic peptides. 

Lytic peptides are positively charged, linear, amphipathic and α-helical in a 

hydrophobic environment, and are able to destroy rapidly negatively charged 

membranes (bacteria or cancer cells) with much less effect on positively charged 

membranes (normal somatic/eukaryotic cells). 

 

Figure 2. Hecate-CGβ conjugate structure and mode of action.  

Hecate-CGβ conjugate is a fusion polypeptide conformed of 23 amino acids of hecate 

and the 15 amino acids of the chorionic gonadotropin β (CGβ) chain responsible for 

luteinizing hormone receptor (LHR) high affinity binding. Thus it binds to the LHR 

(a) and becomes more stable, exposing the hecate α-helix molecule in a close 

proximity of the cell membrane (b). Cancer cell membranes possess high membrane 

potential which helps the hecate α-helix to bind and disrupt the adjacent membrane 

(c). 

 

Figure 3. Testicular tumor before and after hecate-CGβ treatment. 

A representative image of testicular tumors (both) in inhα/Tag TG mice connected 

with adhesions “before” (during the longitudinal laparotopy) (left panel), and the 

same tumors “after” hecate-CGβ conjugate treatment (right panel). 

 

Figure 4. Flow-cytometric analysis of murine Leydig tumor BLT-1 nuclei as a marker 

for apoptosis. 

Murine Leydig tumor BLT-1 cells were treated for 4h with 1 µM of hecate-CGβ 

conjugate or hecate. Cells treated with 0.1% H2O2 were used as positive apoptotic 

controls. Percentage of cells undergoing apoptosis by nuclear fragmentation was 

analyzed by flow cytometry. The number of fragmented nuclei (top left quadrant) 

represents the percentage of apoptotic cells (marked as % on each case). Neither 

hecate-CGβ conjugate nor hecate treatment induced nuclear fragmentation in BLT-1 

cells but cells were dead as determined by a cell viability test (see next figure). 

 

Figure 5. Inhibition of apoptosis does not protect from hecate-CGβ action. 
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Cells were pre-treated with pan-caspase inhibitor Z-VAD (Calbiochem) and incubated 

for 1h before treatment with hecate or hecate-CGβ conjugate at different 

concentrations. Cells were then incubated overnight. 0.1% H2O2 was used as the 

positive control for apoptosis. A colorimetric MTT assay was then performed to 

measure cell survival. Viability in the treated cells was expressed as percentage of 

controls. The untreated controls were assigned a value of 100%. Presence or absence 

of Z-VAD did not significantly change BLT-1 and mLTC-1 cells viability after 

treatment of the hecate-CGβ conjugate, while in the positive control for apoptosis the 

presence of Z-VAD was able to block apoptosis significantly (50%). These results 

further proved that the mode of cell death caused by the hecate or hecate-CGβ 

conjugate was not apoptosis. 
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