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    The tenth volume of Topics in Anti-Cancer Research covers new developments in the field of cancer. It comprises six comprehensive chapters covering exciting contributions in frontier areas of anti-cancer research.




    Tehrani, in chapter 1, discusses the mechanism of anticancer activity of the peptides that can play a major role in combating cancer diseases. Rezaei and Rostami in chapter 2 of the book, present an appropriate model for investigating the possibility of chronic lymphocytic leukemia (CLL) control using fractal parameter. Veena et al. discuss the mechanistic insight of rhenium-based compounds as anti-cancer agents in the next chapter of the book. Veena et al., in the fourth chapter of the book, provide insights on targeting cancer-specific inflammatory components in cancer therapeutics. Mandlik and Mandlik in the fifth chapter, discuss the anticancer potential of marine natural products in a diversity of flora and fauna, as well as their probable mechanisms of action. In the last chapter, Kajbafzadeh et al. address patient-derived xenograft (PDX) clinical trial designs in anti-cancer research.




    I am thankful to the authors for their excellent contributions and to the reviewers for their in-depth and comprehensive comments for the improvement of the chapters. I am also grateful to Mr. Mahmood Alam (Editorial Director), Mr. Obaid Sadiq (Incharge Books Department), Ms. Asma Ahmed (Senior Manager Publications) and other colleagues for their support and assistance in the finalization of this volume.
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      Abstract




      Cancer diseases affecting many organs of human body have caused a major concern among the people all over the world. The conventional anticancer drugs, although have given some relief in the patient conditions, still cannot provide reliable treatment. Moreover, these drugs produce side effects in patients and in the worse cases, the problem of rising resistance phenomena against such drugs gradually put the patients’ lives even in more serious situation. Therefore, identifying and introducing compounds with new identities to produce effective treatment with low side effects are highly demanded. Small peptides with anticancer activity have been shown to fulfill this demand. Peptides, with naturally or synthetic origin, have several advantages over common drug molecules such as low toxicity, low immunogenicity, amenable to several changes in their sequences and thus giving various homologues or analogues. Moreover, peptides in conjugation with heterocyclic active compounds and/or known anticancer drugs may result in molecules with new identities which show both benefits of individual components within their unit structures. In this regard, peptide conjugates may play a role, not only as anticancer agents but also as cell-membrane penetrating and/ or cell targeting agents to help direct cancerous tissue internalization of the known anticancer agents, and so, preventing or lowering the incidence of side effects of the anticancer drugs on healthy tissues. In this chapter on the basis of several experiments, information about various peptide categories, their analogues and conjugation with other bioactive compounds is given. The discussion is focused on the anticancer activity of peptides, those primarily known for other biological activities. Understanding the cause of these activities may help to find out and make clearer the mechanism of anticancer activity of the peptides.


    




    

      Keywords: Anticancer, Bioactive compounds, Cell-membrane penetrating, Cell targeting agents, Peptides, Peptide conjugation.


    




    


    * Corresponding author Mohammad Hassan Houshdar Tehrani: School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran; E-mail: m-houshdar@sbmu.ac.ir


    


  




  

    

      INTRODUCTION




      Cancer is defined as an uncontrollable growth and division of cells involving nearly every part ofthe body. The cancerous cells can even migrate and invade




      other organ tissues, which cause a phenomenon called metastasis [1]. Cancer metastasis involving many organs eventually leads patients to face death.




      According to the World Health Organization (WHO) reports, it was estimated that 9.6 million deaths due to cancer occurred in 2018 and the incidence of cancer involved 18.1 million new cases worldwide and the cases will rise up to 29.5 million by 2040 [2]. In the world, 1 in 6 deaths occurs due to cancer [3]. Cancer can also cause enormous economic pressure along with immense social and emotional stress on patients and their families, especially in underdeveloped or developing countries with low-income people [4]. Cancer treatment with the conventional chemotherapy although shows effectiveness but presents side effects in healthy tissues of the body. The other important drawback of the chemotherapy regimen is the occurrence of drug resistance among cancer variants [5]. Peptides nowadays have been considered for application in many diseases and abnormal conditions including, infection, pain, inflammation, immune problems, diabetes and hypertension [6, 7]. Application of peptides has also been suggested in various cancers [8]. Compared with the conventional drugs, peptides have many advantages such as easily preparation, low toxicity and immunogenicity content, easily amenable to several changes in their sequences, good biocompatibility, high tissue penetration and low probability of raising resistance [8, 9]. The main disadvantage of peptides is their low stability against enzymatic lysis in gastrointestinal (GI) tract when they are administered for oral application. However, this unfavorable property of the peptides can be improved by employing several ways including peptide cyclization [10, 11], rearrangement of amino acid residues in the peptide chains [12], L-amino acids exchange by D- congeners [13, 14] and N- or C- terminal capping of the peptides in order to be stable against aminopeptidase or carboxypeptidase enzymes [10]. The N- or C- terminal modification of the peptides by different bioactive molecules may also be employed for several purposes or diseases, where such peptides are considered as conjugated peptides [15, 16] or hybrid peptides [10]. Peptides can be used not only as bioactive molecules by their own, but also as carrier of other bioactive agents for enhancing entrance into the target cells (thus, such peptides are so-called cell penetrating peptides, CPP) or targeting specific body organs with the aim of recognizing or even treating infected organs/tissues (so, the peptide are named tumor targeting peptides, TPP, or Radionuclide-Labeled Peptides) [17].




      The main focus of this subject is on the use of peptides as anticancer agents in cancer research. Meanwhile, considering other activities of these peptides, the attempt is made to correlate such activities with anticancer properties of the peptides through which the kind of mechanism of anticancer activities involved may be deduced for the peptides. To organize the discussion, at first the characteristics of cancer cells will be overviewed. Several mechanisms of action suggested for anticancer molecules will then be discussed. Different classes of anticancer peptides already designed and used for other biological activities, will make the other parts of this subject followed by summary and concluding remarks which come at the end.




      

        Cancer Cells versus Normal Cells




        The main characteristic of cancer cells is fast growing and dividing in an earlier and unusual time compared with normal cells, so that they make tumor (the mass of abnormal cells) which may often migrate from the initial place to the other parts of body and invade healthy tissues (metastasis) [9, 18]. On the other hand, normal cells grow and divide in time and remain wherever the body needs them. Normal cells need feeding for proliferation and therefore, new blood vessels are produced to afford this demand accordingly (angiogenesis phenomenon). Normal cells die whenever they are old or damaged in a programming manner (apoptosis phenomenon) or may be repaired when needed. Cancer cells, by capturing and employing angiogenesis mechanism, do not die and often survive in an unlimited time [19]. Accordingly, some functions of cancer cells become different from those of normal cells. These functions as related to the unblocked apoptosis are down regulation of apoptotic-induced proteins Bax and tumor suppressor protein p53, overexpression of matrix metalloproteinase 2 (MMP2), upregulation of the anti-apoptotic proteins Bcl-2, Bcl-XL, Bcl-Xs, and XIAP [20]. Apart from these different phenomena, size and shape of cancer cells are different from those of normal cells. Moreover, cell membrane in cancerous cells is characterized by phosphatidylserine (PS) exposed mainly outside of the membrane (outer leaflet), while in normal cells PS is buried inside the cell membrane along with phosphatidylethanolamine (inner leaflet) [4]. Since PS is a lipid with negative charge, it causes the cancerous cell surface becomes anionic, while zwitterionic phosphatidylcholine (PC) and sphingomyelin (SM) make an overall neutral charge in the normal cell surface (outer leaflet) [21]. Moreover, negative charge of cancerous cell membrane is potentiated by sialic acid attached- glycoproteins like mucins overexpressed in cancer cells [20]. In addition, proteoglycans containing glycosaminoglycan as side chains, bearing high negative charge (because of presenting many sulfate groups) are expressed differently in cancerous cells compared with normal cells [20]. It is also reported that the glucose metabolism ends with the higher secretion of lactate ions in cancer cells. Lactate ions, by neutralizing positive ions environmentally distributed, stabilize the negative charge of cancer cell membrane [22]. Also, interestingly, a greater number of microvilli structures are presented in cancerous rather than normal cell surface area [20]. This latter property increases the membrane surface of the cancer cells in favor of attracting higher concentration of cationic amphipathic molecules like peptides, comparatively.


      




      

        Cell Membrane and Non-Membrane Involved Anti-Cancer Mechanisms of Peptides




        Generally, anticancer peptides can affect their toxicity on cancer cells by membrane- involved or non-membrane involved mechanisms [4]. However, considering the fast killing of the cancer cells by peptides makes this logical thinking that membrane lysis with no receptor involvement is the most probable mechanism of action implemented by anticancer peptides [20].


      




      

        Cell Membrane Involved Mechanism of Anticancer Peptides




        By the first mechanism, peptides trigger cancer cell membrane which contains higher surface anionic charge, compared with normal cells, due to the presence of increased level of Phosphatidylserine and other molecules such as proteoglycans as mentioned earlier. This mechanism of action is the same kind of mechanism assumed for the action of anti-microbial peptides (AMPs). Cationic as well as lipophilic characteristics are the two factors considered for the anticancer activities of peptides, thus the reason why these agents are named as cationic amphipathic peptides (CAPs) [23]. It is to be mentioned that the negative charge density on bacterial cell membrane is lower than that of human cancer cell membrane and, therefore, anti-microbial peptides with positive charge (+4) may show weaker action on human cancer cell membrane which effectively responds to anticancer peptides with higher positive charge (+7) [20]. However, negative charge of cancer cell membrane does not always determine the level of anti-cancer activity of the peptides and other characteristics of cancer cell membranes may also enhance the action of CAPs [24]. It has been assumed that anti-cancer peptides with membrane- involved mechanism, similar to AMPs, make cell membrane disruption through several models such as barrel-stave, toroidal, carpet [4] and Soft Membranes Adapt and Respond, also Transiently’ (SMART) models [25].


      




      

        Non-Membrane Involved Mechanisms of Anticancer Peptides




        Apart from interaction with cell membrane and disruption of cytoplasmic membrane, some peptides may enter the cancerous cells and interact with intracellular components such as mitochondria [4] and induce a programmed cell death, apoptosis, by a so-called intrinsic pathway [8]. Induced-apoptosis by peptides through interaction with mitochondria is assumed to involve cardiolipin, an anionic phospholipid occurred with a high amount in the mitochondrial membrane [20]. If cytoplasmic membrane disruption occurs with or without mitochondrial involvement, necrotic mechanism of peptide action results [8, 20]. Intrinsic pathway starts by the apoptotic proteins, e.g. cytochrome c, released from mitochondria and regulated by the Bcl-2 proteins. Through interaction of peptides with mitochondria, membrane potential rapidly decreases which indicates that the mitochondrial pores are open. This results in the intrinsic pathway of apoptosis by the increased release of pro-apoptotic Bax protein and the decreased release of anti-apoptotic proteins such as Bcls into cytosol [20, 26].


      




      

        Anticancer Peptides Categories




        Anticancer peptides can be subdivided into several classes from the point of their primary activities found at the time of discovery or designing. However, the present survey of anticancer peptide classes is limited to and focused on those previously employed for other applications in our lab, so far. These peptide categories include antimicrobial, anti-inflammatory and antioxidant peptides. Also carrier and homing peptides for cancer diagnostic agents will be discussed in the following sections. Through review of the peptides action, the probable relevant mechanism of anticancer activity will be put forward.


      




      

        Antimicrobial Peptides




        Antimicrobial peptides (AMPs) have been known as a part of defense immune system distributed in all prokaryotes and eukaryotes [27]. Although naturally occurred from the time of discovery, many AMPs have been modified and developed towards to enhance their activity as well as to reduce their instability against protease enzymes [18, 28, 29]. Due to negatively charged cell membranes of the microorganisms, the common mechanism of action of AMPs are assumed to be an electrostatic interaction between AMPs and the cell membrane of the microorganisms [18, 24]. This binding can be potentiated by a hydrophobic interaction of AMPs, with cell membrane as the most cell membranes contain lipophilic layers in their structures [28]. That is the reason why AMPs are classified as molecules with charged and lipophilic characteristic structures [27]. After this initial interaction, pore formation within cell membrane can be induced by AMPs which allows them to proceed cell membrane disruption [27]. This may be followed by further interactions of AMPs with components inside the cells [29]. As mentioned earlier, cancer cells are characterized by higher surface anionic charge, compared with normal cells due to several anionic molecules present in the outer leaflet of cancer cell membrane. Therefore, considering similarity in the mechanism of action, AMPs can be employed for cancer treatment, as well. Of course, not all AMPs are good candidates for such kind of application because some AMPs may show toxicity against not only cancerous but also normal cells, as this subject has been considered by some authors for classifying AMPs [27]. Plants are among the main resources of AMPs. Moreover, many AMPs with cyclic structures (e.g., cyclotides) identified and isolated from plants have been synthesized and optimized. Also, AMPs have been made by de novo designing, as reported in literature [30-34]. The plants of Caryophyllaceae family are composed of 81 genera from which Dianthus genus covers more than 300 species [35, 36]. Several cyclic peptides, generally called dianthins, isolated from the species of Dianthus, have shown various biological activities [36-39]. Moreover, the synthesis of some dianthins and their analogues has been attempted and the relevant biological activities have been examined according to several reports [40-42]. Among the various activities mentioned for dianthins are the antimicrobial and anthelmintic activities reported for Dianthin A [40] and Longicalycinin A [41]. Longicalycinin A, a cyclic peptide with the sequence of (cyclo-(Phe-Tyr-Pro-Phe-Gly)), was previously isolated from Dianthus superbus var. longicalycinus [43]. It was also synthesized by a solution phase method in 2007 [41]. It has been shown that Longicalycinin A possesses a high cytotoxic activity against several cancerous cell lines [41, 43]. The cytotoxicity of the solid-phase synthesized Longicalycinin A was also reported in 2013 [42]. Being interested for further studies, the synthesis of this cyclopeptide and its several linear and cyclic analogues was carried out in our lab [44, 45]. Using different assay experiments including MTT, flow cytometry and lysosomal membrane integrity methods, it was found that the most of the designed and synthesized Longicalycinin A analogues were cytotoxic against colon HT-29 and heptic HepG2 cancer cells. Among the analogues, two cyclic peptides with the structures of cyclo-(Thr-Val-Pro-Phe-Ala) and cyclo-(Phe-Ser-Pro-Phe-Ala) demonstrated better anticancer activities and their cytotoxic activities against normal fibroblast cells were negligible [45]. The mechanism of anticancer action of these cyclopeptides was assumed to be through apoptosis induction. In the other experiment a designed and synthesized heptapeptide analogue of Longicalycinin A with the linear sequence of Cys-Phe-Tyr-Pro-Phe-Gly-Cys and cyclized by the disulfide bond, also showed good anticancer activity against HepG2 and HT-29 cell lines while presented a safety profile against fibroblast cells [45].


      




      

        Anti-inflammatory Peptides




        Inhibitors of cyclooxygenase enzymes (COX enzymes) have been long time known as non-steroidal anti-inflammatory drugs (NSAIDs) [46]. Since these drugs generally inhibit non-specifically the action of the both COX-1 and COX-2 enzymes, some adverse effects, most importantly peptic ulcer and kidney damage, occur in patients who use these drugs [47, 48]. It has been shown that these side effects caused by NSAIDs are due to the inhibition of COX-1 enzyme activity [49]. COX-1 and COX-2 catalyze the production of prostaglandins from arachidonic acid which is a fatty acid [46]. Prostaglandins such as PGG2 and PGH2 mediate pain and inflammatory responses against some internal or external stimuli and so, COX inhibitors are used to make a relief from such unpleasant conditions in patients [50]. On the other hand, prostaglandins are necessary for protection of gastric lining, kidney tissue, etc [51]. Some prostaglandins such as PGE2 and PGI2 are responsible for the inhibition of gastric acid secretion caused by the release of gastrin or histamine [50]. COX-1, a constitutional isoenzyme, acts more specifically on arachidonic acid to produce prostaglandins, while COX-2, mainly an inducible isoenzyme produced by cytokines, generally catalyzes all the fatty acids including arachidonic acid [50]. Therefore, inhibition of COX-1, in addition to anti-inflammatory effect, may result in the increase of gastric acid secretion, decrease of gastric mucosa protection and induction of renal side effects. Whereas, it is assumed that inhibition of COX-2 selectively reduces prostaglandins in the inflammatory tissues [49]. As a result, to obtain more specific action, many COX-2 inhibitors have been introduced in market [52]. Unfortunately, COX-2 inhibitors have been shown to cause some adverse effects mainly on heart and kidney, as well [53]. On the other hand, some COX-2 inhibitors (i.e., celecoxib) have been shown to reduce polyp growth in colon and produce anticancer activity specifically against colon tumors, prostate and breast cancers [54]. The cause of this activity was described as the overexpression of COX-2 found in such tissues. To reduce side effects and meanwhile potentiate anticancer activity of COX-2 inhibitors, researchers have been encouraged to search for new compounds. Peptides, currently used in many pharmacological fields as antihypertensive agents, opioids, immune system modulators, antioxidative and anti-infective agents [55], have attracted scientists to find new anti-inflammatory agents based on peptide scaffolds [56, 57]. Moreover, anticancer activities of such compounds, if found, would be quite favorable. Considering the structure-activity relationship (SAR) studies of COX-2 inhibitors, some di, tri, and tetrapeptide analogues were designed and synthesized in our lab as COX-2 inhibitors. Of course, anticancer activities of these peptides were looked for, as well. The peptides were designed to contain the compulsory pharmacophoric moieties needed for COX-2 inhibitory action [58, 59]. These pharmacophoric parts were a phenyl ring containing N3 or SO2Me group connected at the para position, one or two amino acids bearing a ring structure and one amino acid with free carboxyl group to represent the C-terminal moiety of the molecules. For the simplest molecules, p-N3 (or p-SO2Me) Benzoyl moiety, as one amino acid analogue, was coupled with an amino acid though an amide (peptide) bond to produce some dipeptide analogues. Using a COX-1/COX-2 activity assay kit [60], the results showed that the both selectivity and potency could be affected depending on the kind of amino acid connected to the benzoyl moiety bearing N3 or SO2Me group at the para position. In the series of dipeptide analogues [61], the best result of COX-2 inhibitory activity was found for compound p-N3Bz-His with selectivity index SI (COX-1 IC50/COX-2 IC50) 351.2 which was comparatively less than that of celecoxib (SI; 405). Considering the tripeptide analogues, the COX-2 inhibitory results were more optimistic [62]. In these series of tripeptide analogues, compound p-MeSO2Bz-Tyr-Glu gave the best selectivity index (SI; >500). Compounds p-N3Bz-Pro-Glu and p-N3Bz-Phe-Glu gave SI equal to 439.2 and 463.6, respectively. All these three compounds showed higher SI compared to celecoxib. Following COX-2 inhibitory experiments, in vitro antiproliferative activity of the three peptide analogues using MTT test [63] showed that the best cytotoxic activity belongs to p-MeSO2Bz-Phe-Glu against Hep-G2, A549 and HELA, but not on MCF-7. Peptide p-MeSO2Bz-Tyr-Asp showed comparably a good cytotoxic activity on MCF-7, HepG2 and A549 cancer cells. Hela cells were not affected by this peptide. Compound p-N3Bz-Pro-Glu gave an inhibitory action against proliferation of MCF-7 and Hela cells better than HepG2 and A549 cells, in comparison with celecoxib [62]. Tetrapeptide analogues with the general formula p-MeSO4Bz-Y-X-Asp synthesized in our lab, demonstrated toxic activity (the growth inhibitory effect) against four different cancer cells; MCF-7, HepG2, HT-29 and A549, employing MTT assay [64]. Among these peptides, four compounds showed anticancer activity even better than celecoxib. Moreover, these compounds demonstrated weak or no toxicity on human skin fibroblast giving a desirable safety profile result. However, COX-2 inhibition by these peptides was not noticeable (the data are not published). Table 1 shows the di, tri and tetrapeptides formula which demonstrated noticeable COX-2 inhibitory and/or anticancer activity among the peptides synthesized in our lab. As a conclusion from these studies, tripeptide analogues designed as general formula p-N3 (or p-MeSO2)Bz-Amino Acid1(with a ring structure)-Amino Acid2 (acidic), may be good candidates as COX-2 inhibitors with peptide scaffolds which possess anticancer activity, as well.




        

          Table 1 The designed di, tri and tetrapeptides which showed noticeable activity as COX-2 inhibitor and /or anticancer agents.




          

            

              

                	Dipeptide


                Azide Analogues,


                COX-2 Inhibitor



                	Tripeptide


                Azide Analogues,


                COX-2 Inhibitors/anticancer Agents



                	Tripeptide


                Methylsulfone Analogues,


                COX-2 Inhibitors/anticancer Agents



                	Tetrapeptide


                Methylsulfone Analogues


                Anticancer Agents

              


            



            

              

                	
p-N3Bz-His



                	
p-N3Bz-Phe-Glu



                	
p-MeSO2Bz-Tyr-Glu



                	
p-MeSO4Bz-Ser-Tyr-Asp

              




              

                	-



                	
p-N3Bz-Pro-Glu



                	
p-MeSO2Bz-Tyr-Asp



                	
p-MeSO4Bz-Ser-Phe-Asp

              




              

                	-



                	-



                	
p-MeSO2Bz-Phe-Glu



                	
p-MeSO4Bz-Gly-His-Asp

              




              

                	-



                	-



                	-



                	
p-MeSO4Bz-Ile-His-Asp

              


            

          




        


      




      

        Antioxidant Peptides




        Internal and external oxidants may cause oxidative damage on body tissues leading to occur many diseases including cancer [55, 65]. In fact, cancerous condition can be produced by oxidative stress or by the action of oxidizing agents such as reactive oxygen species (ROS) which induce DNA damage or mutation [66]. By contrast, many biological molecules including glutathione (an endogen tripeptide), melatonin, carnosine and some other related dipeptides produced in biological system can inhibit such cellular damage and give protective shields against the harmful oxidizing agents. Carnosine (β- Alanine-L-histidine), discovered by Gulvich and Amiradzibi [67], is an unusual dipeptide biosynthesized and stored in high concentration inside animal organs, e.g., heart, brain and muscles. Many interesting chemical properties of carnosine such as zwitterionic characteristic, divalent metal ion chelating and good buffering activity at physiological pH, have made carnosine to play various favorable physiological roles in animal bodies. Carnosine is a natural antioxidant which acts as a scavenger to reduce ROS production and aldehyde formation resulted by the fatty acids oxidation in oxidative stress situations. Carnosine can also inhibit protein glycosylation. Both Protein glycation and ROS production are presumably involved in many degenerative diseases such as diabetes, atherosclerosis, austin and Alzheimer. Glycoproteins also promote the process of aging [68-71]. There are few reports considering the inhibitory action of carnosine against neoplastic cells [72-74]. The mode of inhibitory action of carnosine on tumor growth is still not clear, although some suggestions have been put forwards, so far [75, 76]. To investigate carnosine as anticancer agent, this peptide along with several relevant linear and cyclic dimer analogues were designed and synthesized in our lab and their cytotoxic activity on cancer cells HepG2 and HT-29 were evaluated using MTT assay, flow cytometry analysis and lysosomal membrane integrity determination method [77]. Among the synthesized peptides, one linear peptide, Pro-β-Ala-His-β-Ala-His, as well as two cyclopeptides, cyclo(β-Ala-His-Pro-β- Ala-His) and cyclo(Pro-β-Ala-His-β-Ala-His), were found to be cytotoxic on HepG2 and HT-29 cancer cells, compared with 5- Fluorouracil as control drug (Table 1). These peptides also showed safety profile results on fibroblast cells [77]. In the other experiment, carnosine and inversed sequence related peptide analogues were also synthesized and their biologic activities were examined [78]. Among the inversed peptide analogues, a linear peptide and its cyclic congener with the formula β-Ala-His-Pro-His-β-Ala showed considerable cytotoxicity on the hepatic and colon cancer cell lines. The other cyclic peptide with the structure cyclo(His-β-Ala-Pro-β-Ala-His) also showed promising as a cytotoxic agent (Table 2) [78]. In general, our results showed that carnosine and related designed peptides contain cytotoxicity activity on cancerous cells and produce their cytotoxicity, at least partly, by cell apoptosis induction.




        

          Table 2 Viability percentage of the cell lines, HepG2 and HT-29, exposed to the linear and cyclic Carnosine analogues by MTT and Flow cytometry assays.




          

            

              

                	Compounds



                	
Viability Percentage (HepG2)


                MTT (Flow Cytometry Assay)




                	
Viability Percentage (HT-29)


                MTT (Flow Cytometry Assay)


              


            



            

              

                	Carnosine



                	8.01 (7.86)



                	27.79 (0.42)

              




              

                	Pro-β-Ala-His-β-Ala-His



                	3.28 (0.33)



                	13.97 (32.43)

              




              

                	cyclo(β-Ala-His-Pro-β-Ala-His)



                	9.2 (0.55)



                	11.76 (0.18)

              




              

                	Cyclo(Pro-β-Ala-His-β-Ala-His)



                	19.31 (0.45)



                	12.44 (0.26)

              




              

                	β-Ala-His-Pro-His-β-Ala



                	7.03 (0.09)



                	11.49 (9.19)

              




              

                	Cyclo(β-Ala-His-Pro-His-β-Ala)



                	7.01 (0.9)



                	21.3 (0.29)

              




              

                	Cyclo(His-β-Ala-Pro-β-Ala-His)



                	9.36 (0.72)



                	10.75 (0.39)

              




              

                	5-FU



                	3.22



                	9.28

              


            

          




        


      




      

        Peptide Conjugates




        Some of the synthetic quinolone antibiotics including ciprofloxacin have shown anticancer activity in addition to their antimicrobial activity [79-82]. However, this extra activity needs higher doses of antibiotic which may raise the risk of toxicity against normal cells. On the other hand, some natural bioactive peptides found in plants may be considered as anticancer agents [86]. As an example, peptides detected in common bean non-digestible fractions have shown antiproliferative activity against human colorectal cancer cells [83]. In order to raise anticancer activity of the previously known agents and meanwhile keep their safety effect intact on normal cells, we chose two peptides already distinguished from the above-mentioned common bean fraction. The peptides were then synthesized and conjugated with ciprofloxacin through an amide (peptide) bond by solid phase peptide synthesis (SPPS) method. Anticancer activities of these ciprofloxacin- peptide conjugates examined on several cancer cells including HT-29, MCF-7, MDA-MB-231 showed that these conjugates can be promising candidates as anticancer agents which have low toxic activity against skin fibroblast cells [84] (Fig. 1).




        Many pharmaceutical compounds containing heterocyclic structure play a major role in treating diseases including cancer [85, 86]. Among them, compounds with triazole ring scaffold are considered as agents with medicinal significance [87, 88]. Moreover, chemical agents containing a triazole ring in their structures may give important lead compounds to be developed as several pharmaceutical products with various biological properties, exemplified by agents with antimicrobial, anti-inflammatory and anti-cancer activities [88]. Triazole scaffold, a five-membered heterocyclic ring can be constructed in chemical compounds which contain an azide (N3) group at one part and an alkyne group at the other part of their molecules. These groups can be condensed into a triazole ring favorably, catalyzed by copper (I) metal in click reaction introduced by Sharpless and colleagues [89]. Triazole ring from the point of chemistry has many favorite properties such as stability against hydrolysis in acidic/ basic conditions. Having formidable dipole moments characteristic and ability to make hydrogen binding with other molecules, lead them to be important part of bioactive compounds which show desired water solubility and amenability to interact with receptors in biological systems. Considering by a medicinal chemistry approach, triazole motif as a bioisosteric group can make a good substitution for amide bond structure in molecules such as peptides [88] and therefore, this motif has many applications in pharmaceutical sciences [90]. Designing and synthesizing bioactive peptides conjugated with triazole ring structure would be a good idea to obtain molecules with improved biological properties e.g. anticancer activities. To implement this idea, two bioactive anticancer peptides, GLTSK and GEGSGA, introduced before, were synthesized and connected to an amino acid analogue molecule containing a triazole ring structure (Fig. 2). Results of MTT tests showed that these designed and synthesized peptide-conjugate molecules demonstrate an improvement in their anticancer activities [91].
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Fig. (1))


        Ciprofloxacin-peptide conjugates.
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Fig. (2))


        Triazole- peptides conjugates.

      




      

        Peptides as Targeting Probes (Homing Peptides) for Cancer Detection




        Peptides are considered not only as bioactive molecules but also as carriers for enhancing penetration and delivering their cargo to the targeted tissue for various purposes. From the time of introducing cell penetrating peptides (CPPs) [92], because of their non-specific action on tissue delivering of therapeutic agents, advances have been made in discovering and /or designing cell targeting peptides (CTPs) [16] or so-called homing peptides [93], in order to specifically transfer bioactive molecules as well as diagnostic agents targeting body organs infected by different diseases including cancer. In this regard, cancer targeting peptides or tumor homing peptide (THPs) [10] have emerged as an important class of CTPs. Although, antibodies have been used as carriers for cancer diagnosis and/or anticancer drug delivery, some important drawbacks hamper their usage for such applications [94]. These disadvantages of antibodies can be numbered as, non-specific binding to the biological systems which may result toxic effects in the healthy tissues, poor diffusing into the tumor humps due to being macromolecules, evoking hypersensitivity reaction and imposing high cost production. By contrast, peptides as small molecules with low molecular weights can be designed and synthesized in favorable various sizes and structures and applied in such a way that to diffuse easily into the tumors and act specifically on the target cells. Peptides are not immunogenic and can be eliminated from body in fast speed and so having little chance to exert high toxic effects in otherwise healthy cells [94]. However, peptides are susceptible to degradation caused by digesting enzymes, a pitfall and common characteristic shared with macromolecules such as monoclonal antibodies. Fortunately, there are several improving ways to bypass this drawback feature of the peptides. These ways can be mentioned as cyclization, L-amino acids replacement by D-amino acids and unnatural amino acid employment in the peptide sequence [10]. Accordingly, peptides can be designed to carry and accommodate their vehicles inside the tumors during a period of time enough to allow detecting tumor by imaging instruments (e.g., PET, SPECT) and/ or for the purpose of tumor treatment [16]. In fact, peptides labeled with fluorophores or radioisotopes (nuclides) with short half-lives may be designed and synthesized in such a way that to take benefit of some differentiations existing in cancer cells, and employ them for diagnosis and treatment of cancer in a relatively short period of time [16, 95]. Such peptides can even be applied for initial diagnosis of suspected or early infected tissues. This obviously leads to the reduction of economic burden of treatment on patients [96]. In literature, there are several examples of peptides labeled with nuclides such as 18F, 64Cu, 44Sc and 99mTc for delivering into the target cells. The studies have been performed either by in-vitro or ex-vivo experiments [16 and refs therein]. Among the nuclides, the application of 99mTc in cancer diagnosis is very common. That is due to several advantages considered for this element which can be added to the properties of the carrier peptides. These advantages may be mentioned as, having a short half-life (7 hours), containing gamma radiation with low energy level (140 Kev), easily and highly availability through conversion of 99Mo to 99mTc by generator with imposing only low cost [97].




        Hypoxia is a common figure occurs in ischemic and tumor tissues. Detecting hypoxia, therefore, is one of the best recommended ways to diagnose hypoxic tissue including cancerous one, especially in the early stages. To do so, peptides should be designed in such a way that to be susceptible to redox condition in tissues with a reduced oxygen content. Nitro imidazole group and its congeners as moieties amenable to reduction have been used in several experiments reported in literature [98-100]. Peptides carrying nitroimidazole group were also used for hypoxia detection [101]. In our studies several small peptides carrying a nitro group (p-nitro-Benzoyl) and labeled with 99mTc were synthesized (Fig. 3) and used ex-vivo to study their absorption and cellular retention by MCF-7 cells compared with normal cells in aerobic (normal) and non-aerobic (hypoxic) conditions for 30 to 120 min. The results showed that such nitro carrying peptides labeled with 99mTc were remained longer time in cancerous cells with hypoxic conditions compared with normal cells being in aerobic conditions. These results were promising, although more experiments are needed for peptide designing as well as employing other cancerous cell lines in order to introduce good labeled peptide probes for detection and imaging hypoxic tumor tissues.
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Fig. (3))


        Schematic presentation of solid phase peptide synthesis of p-Nitro-Bz-Tyr-Phe-Cys labeled with 99mTc.

      




      

        Summary




        Peptides as anticancer agents have been originally found /designed as bioactive agents for various pharmacological activities interested or looked for by the researchers. However, studying the mechanism of action of these peptides for such purposes, in addition to be helpful for developing and employing them for the desired clinical application, may give a clue to find out the route of anticancer activity used by these peptides. Meanwhile, peptides as carrier of other bioactive agents for targeting infected tissues or cells may make clear the mechanism of entrance of the peptides into the cancerous cells. This would give us useful information to design peptides acting inside cells by disrupting crucial pathways for last-living employed by cancerous cells. The core goal of this study is to evaluate peptides for various categories of biological activity aimed towards discovering the mechanism of anticancer activities employed by these peptides. Fig. (4) summarizes the various mechanisms of action assumed for the peptides acting on cancerous cells, by membrane or non-membrane involvement, as discussed in this study.
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Fig. (4))


        Schematic presentation of a cancer cell and various ways of employing peptides acting as anticancer agents as well as a detecting probe in cancer treatment. 1) linear and cyclic peptides which induce apoptosis, 2, 3) peptides which disrupt cell membrane, 4) homing peptides carrying nuclide, 5) microvilli part of cancer cell membrane. The scheme is partly adapted from [20].
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