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Abstract  
 
Antimicrobial peptides are part of the innate immune defence of many organisms and 

represent a novel class of therapeutics due to their broad-spectrum activities, including 

cytotoxic activity against cancer cells. It has recently been reported that small antimicrobial 

β2,2-amino acid derivatives (Mw<500), such as LTX-401, possess potent anticancer activity 

against Ramos human Burkitt’s lymphoma cells. In the present thesis, the anticancer 

properties displayed by LTX-401 became subject for a continued investigation. In vitro 

cytotoxicity studies revealed that LTX-401 was highly active against a panel of malignant cells 

including murine and human cancer cell lines. Moreover, LTX-401 was found to induce 

known features of immunogenic cell death as shown by the release of Damage-Associated 

Molecular Pattern molecules such as High-Mobility Group Box-1 protein, adenosine 

triphosphate and cytochrome c in vitro. Intralesional administration of LTX-401 into 

intradermally established B16 melanomas in syngeneic mice resulted in complete regression 

of the tumor. Moreover, cured animals that were given a second tumor challenge with live 

B16F1 cells did not develop tumor and displayed immune protection against the cancer. 

Altogether, these results underscore the therapeutic potential of LTX-401 in conveying local 

tumor control and generation of protective immunity, presumably by the engagement of 

immunogenic cell death.  
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1. Introduction – Antimicrobial peptides 

 
Multicellular organisms fend off a broad spectre of pathogens in a variety of ways resolving 

around immunological detection followed by protective immune responses. As an adaptive 

immune response requires the delayed actions of antigen-presentation and clonal 

proliferation of immunocytes, the evolutionary conserved mechanisms exerted by the innate 

immune system functions as an initial barricade, thus establishing a front line defence against 

foreign organisms. Integrated in this barricade are antimicrobial peptides (AMPs), which are 

highly evolutionary conserved molecules with broad antimicrobial activity, capable of eliciting 

early non-specific immune reactions towards a large spectre of pathogens such as bacteria, 

fungi, viruses and parasites [1-3]. In mammals, AMPs are often referred to as host-defence 

peptides based on their ability to modulate innate immune responses in addition to exert 

direct antimicrobial killing [4, 5]. Additionally, they are found in lower vertebrates such as 

amphibians, but also crustaceans, insects and even plants and fungi [6, 7]. To date, the 

Antimicrobial Peptide Database contains almost 2500 entries of naturally isolated AMPs 

displaying a wide variety of cytotoxic activities [8] and numbers are growing. Common 

features of AMPs include being relatively short, between 12-50 amino acid residues in length 

[1, 9], possessing the ability to adopt diverse amphipathic structures containing both 

hydrophobic and cationic regions [10, 11]. The elevated portions of basic amino acids such as 

lysine, arginine and histidine contrary to acidic residues (e.g glutamate or aspartate), yields a 

positive net charge typically varying between +2 and +9 [2, 12-14]. These characteristics 

enable AMPs to non-specifically interact with negatively charged microbial membranes, thus 

leading to membrane permeabilization/destabilization and lysis [15]. The swift mode-of-

action also decreases the probability of resistance development, which is why AMPs, either 

naturally occurring or synthetic, are considered a highly promising approach towards the 

issue of antibiotic resistant bacteria [16-18].  

 

Despite extensive sequence variability making up for a diversity of structurally different 

motifs, AMPs are normally divided into three classes based on their three-dimensional 

conformation (fig. 1.1) [19-21]; The first class is composed of linear peptides capable of 

adopting an amphipatic α-helical structure in a hydrophobic environment. Well-studied 

peptides from this class include the cecropins and magainins found in the Cecropia moth and 
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the African clawed frog, respectively [22]. Both peptides possess broad antimicrobial 

properties against a panel of both Gram-negative and positive microorganisms [22]. The 

human cathelicidin LL-37 also exhibits potent antimicrobial activity in addition to aid in 

regulation of the inflammatory response, chemoattraction of immune effector cells to wound 

sites and neutralization of the lipopolysaccharide component of Gram-negative bacterial cell 

walls [23]. As with cecropins and magainins, LL-37 also adopts an α-helical structure in a 

hydrophobic environment [24], a property believed to be responsible for their spontaneous 

insertion into membranes followed by membrane disruption [11, 25].  

 

The second class of AMPs consists of β-sheet peptides rich in cysteine residues that aid in 

stabilization by forming disulphide bonds. A well-known example from this class include the 

defensins, an evolutionary conserved group of vertebrate peptides that has received 

considerable attention and appreciation for its widespread ability to either suppress growth or 

exert direct killing of various bacterial strains [24, 26]. Defensins are further categorized into 

the subfamilies of α-and β-defensins according to structural differences deriving from 

alignment of the disulphide bridges [27, 28].  

 

Finally, the third class of AMPs involve peptides containing high proportions of certain amino 

acids such as proline, histidine, arginine and tryptophan that make up for highly variable 

secondary structures differing from the regular α-helical and β-sheet peptides [19, 29]. AMPs 

of this class are normally linear, although some may form extended coils [19]. However, as the 

available literature regarding this subject is rather limited, the structural behaviour of this 

class along with the mechanisms and selectivity criteria by which they kill target cells, is still a 

controversial subject. Nevertheless, one of the few well-documented examples include the 

AMP indolicidin, a small molecules of only 13 amino acids containing 5 tryptophan residues. 

Indolicidin has been shown to form an extended “boat-shaped” conformation upon 

interaction with biological membranes, including dodecylphosphocholine, a lipid often used 

in model membrane systems such as micelles [30].  
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Fig. 1.1 Secondary structural overview of the major classes of antimicrobial peptides including (a) α-helices, (b) 

β-sheets and (c) linear/extended structures. Figure was designed by adapting partial images from [35-37].  

 

Along with the numerous studies establishing a membrane-disrupting and permeating role of 

AMPs, emerging evidence also describes a potential immunomodulatory role, such as the 

stimulation of pro-inflammatory cytokines, suppression of anti-inflammatory mediators and 

modulation of both innate and adaptive immune cell differentiation [31-34]. In addition to 

their widespread bactericidal effects, a growing number of studies also suggest that several 

AMPs display cytotoxic activity against cancer cells, and are consequently referred to as 

anticancer peptides (ACPs).  

 

1.1 Anticancer peptides – Determinants of efficacy  
The ability of ACPs to kill cancer cells is a property believed to derive from biochemical 

features such as amphipathicity, cationicity and the secondary structure, allowing for 

membrane interactions that potentially causes loss of integrity and cell death [38, 39]. Most 

ACPs adopt either an α-helical (α-ACPs) or β-sheet (β-ACPs) conformation, albeit some 

linear and extended forms (E-ACPs) exist such as PR-39 (table. 1.1) [38, 40, 41]. Moreover, 

ACPs are divided into two major categories depending on their cell specificity. The first 

category includes ACPs that are only active against cancer cells, while not being cytotoxic 

against normal mammalian cells.  The second category encompasses APCs that display 

cytotoxic activity against both cancer and non-cancerous cells alike [42]. Despite still being a 

subject of debate, the mechanisms that allow for selective killing by ACPs seems to rely on 

fundamental differences in the plasma membrane composition on cancer cells compared to 

normal cells. The former often carries a higher net negative charge of their plasma membrane, 

thus rendering them susceptible for the potential electrostatic interaction with membrane 

disruptive cationic peptides. Components that contribute to the higher than normal anionicity 

a.  b.  c.  
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of cancer cells include elevated expression of phosphatidylserine [43, 44], sulfated 

glycosaminoglycans like heparin sulfate [45, 46] and O-glycosylated mucins [45, 47,]. In 

contrast, the plasma membrane of normal mammalian cells predominantly consists of 

zwitterionic components such as sphingomyelin and phosphatidylcholine [48, 49], thus 

conferring them an overall neutral charge that reduces the capacity of ACPs to bind via 

electrostatic forces. Moreover, cancer cells often have a greater membrane fluidity and 

increased surface area due to an abundance of microvilli on their plasma membrane [50, 51], 

which enables both membrane insertion and binding of more ACP molecules. It has been 

suggested that elevated levels of cholesterol-rich lipid rafts in normal eukaryotic cell 

membranes decreases the rate of peptide insertion, thereby reducing the cytolytic effect of 

membrane active peptides in general as membrane fluidity is reduced [52]. Consistent with 

this suggestion, recent studies have provided evidence of certain breast and prostate cancer 

cell lines possessing high levels of plasma membrane cholesterol [53-55], which may 

potentially inhibit binding and lysis by ACPs. To summarize, the interaction of ACPs with 

cancerous and non-cancerous cells is governed by differences in membrane composition 

resulting in a net negative charge and higher transmembrane potentials, increased membrane 

fluidity and surface area of neoplastic cells. These characteristics may collectively account for 

the specificity of some ACPs against cancer cells, while simultaneously sparing the healthy 

counterpart. 
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Table. 1.1. Naturally occurring ACPs  

 Peptide name Selectivity1 References 

 

 

α-helical peptides 

Cecropin A 

Cecropin B 

Dermaseptin B2 

LL-37 

Magainin 2 

Temporin-1CEa 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

59 

58 

57 

60 

61 

62 

 

β-sheet peptides 

HNP 1-3 

LfcinB 

Tachylepsin 

No 

Yes 

No 

38 

56 

63, 64 

Linear peptides PR-39 Nd2 65, 66 

1=normal vs cancer cells 

2=not determined 

 

 

1.2 Mode of action of ACPs – Membranolytic and non-membranolytic 
The negatively charged outer surface of cancer cell membranes is also an inherit characteristic 

displayed by bacterial cells, which led to the assumption that ACPs interact with target 

membranes in a similar manner to AMPs. Thus, the different models that have been 

developed to explain the membrane-disrupting properties of AMPs are also applied for ACPs. 

It should be noted, however, that the majority of available literature on the subject revolve 

around experiments conducted with α-helical peptides on bacterial membranes and it is 

therefore unknown whether the proposed mechanisms of action are transferable to ACP-

cancer cell membrane interactions. 

 

Any case involving ACP-membrane interactions, it is necessary to reach a critical threshold 

concentration for the induction of membranolytic events. The threshold concentration is not 

only dependent on the peptide-to-lipid ratio, but also involves other parameters such as the 

peptides’ molecular weight, amphipathicity, propensity to self-assemble, overall net charge, as 

well as membrane composition and fluidity of the target membrane [14, 67-70]. Possible 

alterations in membrane structure may include pore formation (barrel-stave or torodial pore 
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models), altered curvature (carpet/detergent model) and thinning of the lipid bilayers 

(molecular electroporation and sinking rafts models) (fig. 1.2) [41, 71]. In the “barrel-stave 

model”, monomers of amphipatic peptides (presumably α-helices) bind to the cell membrane 

and self-aggregate in bundles, ultimately forming cylindrical transmembrane pore channels 

whose inner lumen consists of the hydrophilic portions of the peptide with the lipophilic side 

aligned against the hydrophobic membrane bilayer [72]. It has been proposed that the “barrel-

stave” model cannot be used to explain the cytotoxic activity of peptides containing less than 

23 amino acids due to insufficient length to span cell membranes [39], but evidence indicates 

otherwise as illustrated by the amphipatic α-helix alamethicin (20-residues), a peptide widely 

agreed to conform to the forespoken model [73, 74]. The “torodial pore model” differs from 

the latter in that the peptides are initially oriented parallel to the membrane surface, but once 

inserted induce a continuous bend of phospholipid head groups of the monolayer. 

Consequently, the membrane curves inwards resulting in a pore lined by both inserted 

peptides and lipid headgroups [75]. As a result, cell death proceeds by the loss of 

transmembrane electrochemical gradients and metabolites. In the “carpet/detergent model”, 

peptides are thought to not insert themselves into the hydrophobic core of the lipid bilayer, 

but rather become aligned in parallel to the cells’ surface upon binding to anionic membrane 

components, thereby creating a carpet-like appearance. When the curvature stress exceeds the 

membrane’s ability to maintain physical integrity, typically upon reaching a critical threshold 

concentration, the membrane collapses causing cellular lysis [76]. The final modes of actions 

have received less attention but nonetheless demonstrate non-membranolytic mechanisms; in 

the “molecular electroporation model”, binding of cationic peptides to a target membrane 

generates membrane pores due to differences in electrical potential [77] while in the “sinking 

raft model”, bound peptides are believed to aggregate on the surface (like rafts) leading to a 

mass imbalance and local curvature as they sink into the membrane [78, 79]. In general, due 

to the direct and rapid membranolytic effect exerted by many ACPs, cell death is often 

accompanied by distinct cellular morphological alterations associated with necrosis, such as 

cell shrinkage, swelling and chromatin condensation [80-83]. However, cell death as induced 

by ACPs is not entirely restricted to necrotic cell death features, but may also proceed to 

induce apoptosis or a combination of the two [50, 84], presumably by interaction with 

intracellular targets such as mitochondria (outlined in the following section).  
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Fig. 1.2. Anticancer peptides – proposed models of cancer cell membrane permeabilization. Many ACPs are 

unstructured in aqueous solution and only adopt their secondary structure upon interaction with lipid bilayers. 

Interaction is driven by electrostatic differences in the positively charged peptides and negatively charged cancer 

cell membranes. Once reaching a critical threshold concentration, the peptide can exert its activity by a variety of 

mechanisms, e.g the “barrel-stave model”, the “carpet/detergent-like model”, the “torodial pore model”, the 

“molecular electroporation model” and the “sinking raft model”. The models were generated using Microsoft® 

PowerPoint® for Mac 2011.  

 

1.3 Intracellular targets 
Considering the nature of amphipatic molecules and their detergent-like properties at 

sufficiently high concentrations, it is tempting to assume an exclusively membrane-disrupting 

role of ACPs, or AMPs in general. However, recent studies suggest that cell death may also be 

accompanied by penetration of ACPs into the cytoplasmic compartment, thus targeting 

intracellular components and finally interfere with both necrotic and apoptotic pathways [50, 

85-87]. The well-studied β-ACP bovine lactoferricin (LfcinB), produced from lactoferrin by 

pepsin cleavage [88], is known to exhibit anticancer activity against a wide variety of cancer 

cell lines in vitro, including fibrosarcoma, melanoma, colon carcinoma [89] and 

neuroblastoma [90]. Furthermore, LfcinB inhibits growth of several tumor models in vivo [90, 

91]. The capacity of LfcinB to kill cancer cells has been shown to occur by induction of 
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apoptotic pathways associated with the production of intracellular ROS (reactive oxygen 

species) and activation of Ca2+/Mg2+-dependent endonucleases [92]. In another study, LfcinB 

was concluded to kill cancer cells by triggering the mitochondrial pathway of apoptosis [93], 

although a later report demonstrated induction of necrosis in neuroblastoma cells treated with 

LfcinB in vitro [90]. Another ACPs, buforin IIb, a synthetic analog of buforin II, displays 

cytotoxic activity against over 60 cancer cell lines in vitro, presumably via mitochondria-

dependent apoptosis [94, 95]. The α-ACP dermaseptin B2 derived from frog skin has been 

shown to aggregate and penetrate the cell surface of several human tumor cell types, and that 

cell death proceeds by necrotic means contrary to apoptosis, as indirectly demonstrated by no 

activation of caspase-3 and changes in mitochondrial transmembrane potential [57]. 

Considering the negative charge of mitochondrial membranes [96], it represents a preferential 

intracellular target for internalized cationic peptides whose actions may induce release of 

cytochrome c, followed by activation of downstream caspases that ultimately ends in 

apoptosis and death of the cell.   

 

1.4 Anticancer peptides and their therapeutic potential 
Despite several promising anticancer therapeutic approaches reaching the clinic, cancer is still 

among the leading causes of mortality worldwide, accounting for 8.2 million deaths in 2012 

[97]. The therapeutic arsenal against cancer has grown progressively more complex and 

includes treatments such as DNA alkylating antineoplastic agents, hormonal therapy, 

antitumor antibiotics, all of which may be utilized in concert with surgical procedures and 

radiation therapy [98-100]. Unfortunately, many conventionally used chemotherapeutics 

display poor selectivity towards transformed cells and rather impose immunosuppressive side 

effects due to unspecific targeting of rapidly dividing host cells (e.g myelosuppresion). More 

importantly, several chemotherapeutic drugs are known to eradicate tumor cells by induction 

of tolerogenic apoptosis, i.e silencing of immunological responses [101-103]. Therefore, much 

effort has been devoted in developing anticancer therapies with improved selectivity and 

preferably immunostimulatory properties. As previously shown, ACPs represents a novel class 

of therapeutics with selective cytotoxic activity and mode of actions that are independent of 

proliferative status, thus being capable of terminating both slowly growing and dormant 

neoplastic cells [41, 104-106]. Besides killing via disruption of plasma and/or mitochondrial 

membranes, ACPs have been found to display alternative mechanisms including anti-
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angiogenic effects [107], engagement of plasma membrane receptors [108] and inhibition of 

DNA polymerase [109]. Finally, it has become evident that some ACPs [110, 111], along with 

a small minority of chemotherapeutics and oncolytic viruses [112] are capable of inducing a 

type of cancer cell death associated with the release of endogenous danger molecules, notably 

immunogenic cell death (ICD). This scenario may help orchestrate an immune response in 

which the patients’ own dying cancer cells functions as an in situ vaccine, thus stimulating 

antitumor immune responses and generation of tumor-specific immunological memory. 

 

1.5 The ‘danger signal’ concept and DAMPs 
According to the ‘danger theory’ postulated by Polly Matzinger in 1994, self-constituents may 

trigger potent immune responses if perceived in the presence of endogenous danger signals 

[113, 114]. Nowadays, the ‘danger signal’ concept help explain why the immune system 

becomes activated upon situations such as tissue transplantation, autoimmunity or various 

cases of cellular stress and/or abnormal cell death [115-117], in the apparent absence of 

microbial infection. Danger signals, otherwise known as damage/danger-associated molecular 

patterns (DAMPs) are normally sequestered within cells where they perform non-

immunogenic functions, but acquire immunomodulatory properties once released and/or 

expressed by stressed or dying cells [118]. DAMPs may activate the immune system by similar 

means as the microbe-derived pathogen-associated molecular patterns (PAMPs) via 

corresponding/cognate pathogen-recognition receptors (PRRs) such as the toll-like receptors 

(TLR), NOD-like receptors (NLRs) and RIG-I-like receptors [119, 120]. Albeit argued to 

interact with different co-receptors resulting in a divergence of downstream effects [121], 

receptor ligation by either DAMPs or PAMPs on antigen presenting cells (APCs) collectively 

dictate the recruitment of immune effector cells, thus initiating innate responses.  

 

1.6 Immunogenic cell death 

Cell death can either be perceived as immunogenic or non-immunogenic, depending on the 

initial stimuli [112]. The concept of ICD was originally introduced to describe a new form of 

cell death that particullary occurred in cancer cells succumbing to/in response to conventional 

cytotoxic drugs such as doxorubicin, oxaliplatin and mitoxantrone, all of which may induce 

immunogenic apoptosis [122-124]. Due to these findings, the dogma that apoptosis is a non-

immunogenic (or at least poorly immunogenic) form of cell death compared to necrosis was 
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naturally invalidated [125]. In the context of cancer immunotherapy, ICD is characterized by 

the presence of DAMPs that, in company with cancer cell constituents (i.e tumor antigens), 

provide immunostimulatory APCs with maturation stimuli/signals necessary for activating 

and priming both CD4+ helper T cells and tumor-specific CD8+ cytotoxic T cells (CTLs) [101, 

126]. Studies have also shown that inducers of ICD may even favor an increased count of 

CTLs over FOXP3+ regulatory T cell (Tregs) [127, 128], the latter which in several types of 

cancer is linked to a poor prognosis [129]. Kroemer et al. has proposed that ICD must satisfy 

the following criteria; first, cancer cells that undergo ICD in vitro should, when administered 

in the absence of any adjuvant, elicit an immune response that protects mice against a re-

challenge with live and equivalent tumor cells. Secondly, in vivo ICD must drive an immune 

response featuring both innate and adaptive immunity that should contribute to direct 

anticancer effects (e.g inhibition/reduction of tumor growth), and in turn control and even 

eradicate residual cancer cells [130]. Biochemical analysis has revealed that in order for cell 

death to be perceived as immunogenic, cells must display distinct morphological and 

biochemical hallmarks. These include alterations in plasma membrane components caused by 

endoplasmic reticulum (ER) stress and subsequent trafficking and exposure of the pre-

apoptotic protein calreticulin (CRT) or other ER proteins, pre-apoptotic secretion of 

adenosine triphosphate (ATP) and the post-mortem release of the nuclear protein high-

mobility group box 1 (HMGB1) as membrane integrity becomes lost [131-133] (fig 1.3). These 

are to date considered hallmarks of ICD. As the work of this thesis partly dealt with screening 

for the release of ATP and HMGB1 from dying cancer cells, the next section will give an 

introduction to their role in ICD.  
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Fig. 1.3. Immunogenic cell death (ICD) and implications that follows – Various anticancer treatments induce 

ICD in cancer cells, which is characterized by the release and/or surface expression of DAMPs, including pre-

apoptotic surface expression of CRT, apoptotic secretion of ATP and the post-mortem (after death) release of 

HMGB1 as membrane integrity becomes lost during secondary necrosis. DAMPs bind to their respective 

receptors on immature DCs, which facilitate engulfment of tumor antigens (stimulated by CRT), recruitment of 

immune effector cells into the tumor bed (stimulated by ATP) and up-regulation of pro-inflammatory cytokines 

and co-stimulatory molecules necessary for optimal antigen presentation to T-cells (stimulated by HMGB1). 

DC-associated cross-priming results in potent IL-17 and IFN-γ mediated immune responses involving both γδ T 

cells and tumor-specific CTLs that potentially may eradicate residual therapy-resistant tumor cells. (DAMPs, 

damage-associated molecular pattern molecules; CRT, calreticulin; ATP, adenosine triphosphate; HMGB1, high-

mobility group box 1; DC, dendritic cell; IL, interleukin; IFN, interferon; CTLs, cytotoxic CD8+ T lymphocyte). 

Figure retrieved from [130] 

 

1.7 ATP in immunogenic cell death 
In addition to its widespread involvement in countless physiological processes, ATP has 

additionally become one of the main determinants of cell death to be perceived as 

immunogenic. During phagocytic clearance of apoptotic bodies, extracellular ATP also act as 

a ‘find-me’ signal by mediating the attraction of macrophage and DC precursors, presumably 
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upon binding to the metabotropic P2Y2 receptors [134]. Beyond its role as a chemoattractant, 

ATP induces potent pro-inflammatory effects when binding to the purinergic receptors P2X7, 

which are abundantly expressed on immune cells such as macrophages and DCs [135]. 

Chemotherapy-induced release of ATP from tumor cells has been shown to trigger K+ efflux 

and assembly of the NOD-like receptor family, pyrin domain containing-3 protein (NLRP3) 

in response to P2X7 activation on APCs. The NLRP3 inflammasome may in turn activate 

caspase-1, which results in proteolytic cleavage of pro-interleukin-1β into interleukin-1β (IL-

1β) in addition to secretion of IL-18. After being actively secreted, IL-1β further initiates pro-

inflammatory events by aiding in the maturation of tumor specific interferon-γ (IFN-γ) 

producing CTLs [136-139]. In mice tumor models, the immunological cross-talk between 

innate and adaptive immune cells leading to anti-tumor immune responses is abolished when 

subjecting the animals to neutralizing antibodies targeting IL-1β [133]. As accumulating 

evidence suggests, the release of ATP from dying cancer cells seems to be indispensible in 

order to establish immunogenicity against tumors.  

 

1.8 HMGB1 in immunogenic cell death 
HMGB1 is a highly conserved non-histone chromatin binding protein that is widely and 

abundantly expressed by nucleated cells [140]. As a nuclear protein, HMGB1 is involved in 

architectural operations due to its ability to facilitate chromatin remodelling during gene 

transcription [141]. Additionally, in response to bacterial exo- and endotoxins, TNF-α (tumor 

necrosis factor α), interleukin-1 (IL-1) and IFN-γ, cells of the innate immune system may 

actively secrete HMGB1 during regulated necrosis (i.e pyroptosis and pyronecrosis) [142-

144]. Mechanically injured cells also passively secrete HMGB1 as they succumb to primary or 

secondary (postapoptotic) necrosis [130]. Once released extracellulary, HMGB1 occupies a 

critical role as a proinflammatory mediator due to its ability to engage multiple surface 

receptors on both innate and non-immune cells. These include TLR2, TLR4, TLR9 and the 

receptor for advanced glycation end products (RAGE). One if its main adverse effects is seen 

upon binding with TLR4 on DCs and macrophages, which stimulates the myeloid 

differentiation primary-response protein 88 (MyD88) pathway resulting in the transcription 

and active secretion of proinflammatory mediators such as TNF-α and IL-6 [145]. In cancer, 

the importance of a functional MyD88 pathway is highlighted by knockout experiments in 

which macrophages deficient in either of these proteins (i.e TLR4-/- and MyD88-/-) displayed 
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impaired production of TNF-α [146]. Additionally, tumors established in TLR4 and MyD88 

deficient mice exhibited far less responsiveness to known inducers of ICD (anthracyclines, 

oxaliplatin) compared to non-immunocompromised mice [147]. Other important aspects of 

HMGB1 as a proinflammatory mediator (in cancer) include the ability to inhibit fusion of 

phagosomes, possibly containing tumor-antigens, with lysosomes, thereby increasing the 

change of antigen processing within APCs [148], induction of both maturation and migration 

of immature DCs via engagement of RAGE [149] and finally recruitment of mononuclear cells 

when signalling through the chemokine receptor CXCR4 [150]. However, there are also 

contradictory observations regarding HMGB1 in cancer. For instance, secretion of HMGB1 

by human malignant mesothelioma cells assisted in proliferation and prolonged their survival 

[151], whilst co-expression of RAGE and HMGB1 in prostate cancer is associated with poor 

survival rate [152]. Nonetheless, while some reports are consistent in the notion of HMGB1’s 

contribution to carcinogenesis, the majority of information points towards a pivotal role in 

inflammation and especially tumor cells undergoing ICD [122, 130, 131, 133].   

 

1.9 LTX-401  
Based on structure-relationship (SAR) studies on short cationic peptides (<9 amino acid 

residues) it was discovered that the introduction of large lipophilic groups compensated for 

the length of AMPs, which are commonly composed of 12-50 amino acids. Additionally, by 

coupling two aromatic side-chains to the same carbon atom, length could further be reduced 

to a minimum without loosing cytotoxic activity (Prof. Ø. Rekdal, personal communication). 

These discoveries led to the production and synthesis of a panel of β-peptidomimetics to 

confirm the pharmacophore model of short cationic AMPs [153], which dictates that such 

compounds should contain cationic charged residues in addition to bulky and lipophilic 

moieties for optimal activity [154, 155]. These β-peptidomimetics contained two large bulky 

lipophilic groups incorporated into a single β2,2-amino acid derivative and were shown to 

exhibit high antimicrobial activity. Moreover, some of the β2,2-amino acid derivatives also 

displayed potent anticancer activity [153, 156], which has led to a continued investigation on 

one particular derivative, namely LTX-401 (fig 1.4).  

 



! 14!

 
Fig. 1.4. Chemical structure of the β 2,2-amino acid derivative LTX-401. The molecule has an overall net charge 

of +2 with two lipophilic groups connected to the β-carbon (2. position).  

 

 

 

1. 10 Aims of the study  
The overall aim of this thesis was to investigate the anticancer activity and mechanisms of 

action of LTX-401 mainly by studying the in vitro effects on a hepatocellular carcinoma and 

melanoma cell line, but also study the in vivo effects against a murine B16F1 melanoma 

model. More specifically, the thesis aimed to: 

 

• Evaluate the cytotoxic activity of LTX-401 against a panel of both malignant and non-

malignant cells 

• Determine the mechanisms of action by LTX-401 

• Elucidate whether LTX-401 is capable of inducing features of immunogenic cell death 

by studying the release of ‘danger signals’ from tumor cells in vitro 

• Investigate the in vivo anti-tumor effects of LTX-401 in a syngeneic melanoma mouse 

model (pilot-study) 
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2. Materials  
 
 
Table 2.1 Cell lines and culture conditions 

Cell line Origin Culture 
Conditions 

Supplier 

JM1 Rat hepatocellular carcinoma DMEM1 Colleague5 

HEPG2 Human hepatocellular carcinoma DMEM1 Colleague5 

BEL7402 Human hepatocellular carcinoma DMEM1 Colleague5 

HT-29 Human colorectal adenocarcinoma RPMI-16402 ATCC6 (#HTB-38) 

B16F1 Murine skin malignant melanoma DMEM1 ATCC6(#CRL-6323) 

A375 Human skin malignant melanoma DMEM1 PHE7 (#88113005) 

SK-N-AS Human neuroblastoma RPMI-16402 ATCC6(#CRL-2137) 

MRC-5 Human lung fibroblasts MEM3 ATCC6  (#CCL-171) 

HUVEC Human vascular endothelium EGM-2 Bulletkit4 ATCC6(#CRL-1730) 

1 = With 4500 mg glucose/L, L-glutamine, NaHCO3, pyridoxine HCl and 10 % FBS, Sigma, #D5796 
2 = With L-glutamine, NaHCO3 and 10 % FBS, Sigma, #R8758 
3 = With 1500 mg glucose/L, 2 mM L-glutamine, 1 % non-essential amino acids and 10 % FBS, Sigma, #M4655 
4 = Lonza, MA, #CC-3162. See product site for complete list of ingredients 
5 = Kindly provided by Dr. Pål-Dag Line, Department of Transplantation Medicine, Oslo University Hospital 
6 = American Type Culture Collection, Rockville, MD, USA 
7 = Public Health England Culture Conditions, Porton, Down, Salisbury, UK 
# = Catalog number 
 
 
 
 
 
 
Table 2.2 Commercial kits used 

Kit Purpose Supplier 

ELISA® Cytochrome c Detection of cytochrome c R&D Systems (#MCTC0) 

ENLITEN® ATP Assay Detection of ATP Promega (#FF2000) 

# = Catalog number 
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Table 2.3 Antibodies  

Antibody Host Type Dilution Supplier 

Anti-HMGB1 

(Primary) 

Rabbit Polyclonal 1/1000 ChIP Grade, 

Abcam, UK 
(#ab18256) 

Anti-rabbit IgG 

(Secondary) 

Goat Polyclonal 1/5000 Abcam, UK 
(#ab6721) 

# = Catalog number 
 
 
Table. 2.4 Chemicals and reagents used 

(Continued) 
 

Type Purpose Supplier 

Heat inactivated fetal bovine 

serum (FBS) 

Growth media Gibco (#10500) 

1x Phosphate buffered saline 

(PBS) 

Washing of cells Biochrom AG (#L182-

05) 

0.25 % Trypsin EDTA Loosen adherent cells Sigma Aldrich (#T4049) 

3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazodium 

bromide (MTT) 

MTT1 assay Sigma Aldrich (#M2128) 

2-Propanol MTT assay Sigma Aldrich (#I9516) 

Hydrochloric acid (HCl), 

37 % 

MTT assay Sigma Aldrich (#258148) 

Triton X-100 MTT assay Sigma Aldrich (#T9284) 

Heparin Hemolytic assay Sigma Aldrich (#H3393) 

NuPAGE LDS Sample buffer 

(4x) 

Western blot Invitrogen (#NP0008) 

NuPAGE Sample Reducing 

Agent (DTT) 

Western blot Invitrogen (#NP0009) 

NuPAGE Running Buffer (20x), 

diluted 1:20 

Western blot Life Technologies 
(#NP0002) 
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Table. 2.4 Continued 

1 = MTT tetrazolium reduction assay 
# = Catalog number 
 
 
 
 
 
 
 
 
 
 
 

Type Purpose Supplier 

1x TBS-T (Tris buffered saline 

with Tween 20) 

Western blot Tween 20 ! Sigma 

Aldrich (#P9416) 

Blocking buffer Western blot Home made (see 

appendix A) 

Blotting buffer  Western blot Home made (see 

appendix A) 
Western Blotting Luminol 

Reagent 

     Western blot Santa Cruz  

Biotechnology (#sc-2048)  

4x 0.4 M PHEM buffer (pH = 

6.9), stock solution 

Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

1x Malachite Green fixative Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

1 % Osmium reduced 

ferrocyanide 

Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

1 % Tannic acid Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

1 % Uranyl acetate Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

Ethanol (EtOH); 25 %, 50 %, 70 

%, 90 % and absolute (100 %) 

Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 

Agar resin Sample preparation, electron 

microscopy 

Home made (see 

appendix A) 
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Table 2.5 Instruments and equipment used 

Instrument Purpose Manufacturer 

Gemini XPS Spectro-

photometric Microtiter Plate 

Reader 

MTT assay, cytochrome c assay, 

hemolytic assay 

ThermomaxMolecular 

Devices, NJ, USA 

ScepterTMHanheld Automated 

Cell Counter 

Cell counting EMD Millipore, 

Darmstadt, Germany 

SysmexK-1000 (haematology 

analyser) 

Hemolytic assay  Kobe, Japan 

Luminescence Microplate 

Reader 

Luciferase assay Luminoskan, Finland 

Amicon Ultra-0.5 Centrifugal 

Filter + Ultracel-50 membrane 

Western blot Milipore, Norway 

Immobilon®-P Transfer 

Membrane (0,45 µm) 

Western blot Milipore, Norway 

XCell SureLockTMMini-Cell Western blot Invitrogen, USA 

NuPAGE Novex 4-12% Bis-Tris 

Gels 

Western blot Invitrogen, USA 

ImageQuant LAS 4000 Western blot GE Healtcare, USA 

PHM210 Standard pH Meter PHEM buffer pH adjustment Radiometer Analytical, 

Lyon, France 

Pelco Biowave Pro laboratory 

microwave 

EM sample preparation Ted Pella, Redding, 

CA 

Reichert Ultracut FCS EM sample preparation Leica Microsystems, 

Vienna, Austria 

JEOL JEM-1010 TEM 

microscope 

Electron microscopy JEOL, Tokyo, Japan 

Leica DMI6000 B inverted 

microscope 

Phase-contrast microscopy Leica Microsystem, 

Wetzlar, Germany 
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Table 2.6 Software used 

Software Purpose 

SoftMax Pro 5.4.1 MTT and Hemolytic assay 

ImageQuant LAS 1.1 Western blot 

iTEM 5.0 Electron microscopy 

Leica Application Suite 4.4.0 Phase-contrast microscopy 

 
 
 

3. Methods 
This part describes the different methods applied in the thesis, and is briefly presented in a 

simple flowchart (fig. 3.1).  

 
   

 
Fig. 3.1. Flowchart illustrating the experimental design and methods of this thesis.  
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3.1 Synthesis and origin of LTX-401 
LTX-401 (2-((2-ammonioethyl)carbamoyl)-5-phenyl-2-(3-phenylpropyl)pentan-1-aminium 

chloride) was purchased on request from Syntethica AS (Oslo, Norway). Unless stated 

otherwise, LTX-401 was diluted in serum-free RPMI 1640 to yield various concentrations 

applied in this thesis. MwLTX-401 = 0.368 g/mol. 

 

 

3.2 Cell counting 
A preliminary task before many of the experiments conducted in this thesis was the seeding of 

cells into various types of flat-bottomed microtiter plates. All cell counting was performed 

using a ScepterTM Hanheld Automated Cell Counter with 60 µm Scepter sensors. After 

trypsizising cells a volume of 10 ml culture medium was added to the culture flask and 

distributed over the surface in order to collect as many cells as possible. 300 µl was transferred 

to an eppendorf tube to be used for automatic counting by the cell counter. After the count 

was completed, the instrument displayed a histogram of cell size or diameter on its screen in 

addition to cell concentration per ml. The obtained value was then multiplied with the volume 

of cell suspension before centrifugation in order to achieve total number of cells. The total 

number of cells needed was calculated using the standard equation C1V1 = C2V2. The 

unknown parameter (x) is the amount of cell suspension that needs to be extracted from the 

stock solution (1 ml). As followed, the number of cells needed per millilitre was multiplied 

with the total amount of culture medium required for a whole plate and then divided by the 

total number of cells obtained from cell counting. The cell suspension was then diluted in 

culture medium to achieve the desired concentration. An example of cell counting when 

needing 150 000 cells/ml, in a volume of 6 ml is shown beneath. 

 

 

4.897 ∗ 10! ∗ !9.7!!" = 4.75 ∗ 10! 

4.75 ∗ 10! ∗ ! = 1.5 ∗ 10! ∗ 6!!" 
! = 0.189!!" 
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3.3 Cell incubation conditions 
All cells used for various experiments in this thesis were, unless stated otherwise, incubated in 

a cell incubator at 37 °C, <95% humidity and 5% CO2 conditions.   

 

 

3.4 Colorimetric MTT assay 
The colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazodium bromide (MTT) 

viability assay (also called MTT tetrazolium reduction assay) is a simple, yet effective method 

for measuring cell proliferation and testing of cytotoxic compounds. The immense number of 

citations towards the original article published by Tim Mosmann in 1983 reflects its major 

popularity in academic laboratories around the world. During normal cellular respiration by 

viable cells, MTT is metabolized into an insoluble purple colored formazan product. Dead 

cells are naturally not capable of converting MTT into formazan, and consequently the 

amount of color formation provides information of viability, i.e fraction of dead compared to 

live cells.  Although still subject to debate, it is generally agreed that the conversion of MTT 

into formazan is likely to follow the actions by mitochondrial dehydrogenase enzymes. As 

formazan is only partially soluble in aqueous solution due to crystal formation, it needs to be 

solubilized in order to measure optical density. Preferred solvents include acidified 

isopropanol and dimethyl sulfoxide (DMSO), although dimethylformamide, sodium dodecyl 

sulphate (SDS) and other organic solvents like ethanol may also be utilized to completely 

dissolve formazan crystals prior to readings [157, 158].  

 

 

3.4.1 In vitro cytotoxicity of LTX-401 
The colorimetric MTT viability assay was employed to investigate the in vitro cytotoxic 

activity of LTX-401 against a panel of cancer cells and non-malignant cells. Pre-cultured cells 

were seeded (in triplicate) at a density between 1 x 104 – 1,5 x 104 cells/well in a volume of 100 

µl in 96-well flat-bottomed microtiter plates in culture medium (see table 2.1) and left to 

adhere overnight. LTX-401 was usually weighed in amounts of 1 mg and dissolved in serum-

free RPMI-1640 to yield a concentration of 0.4 mg/ml, which was used to prepare a series of 

dilutions ranging from 1-100 µg/ml. Cells were washed with 100 µl serum-free media one 

time before adding LTX-401 in increasing concentration at volumes of 100 µl before being 
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incubated for 4 hours. Cells incubated with serum-free RPMI 1640, were used as negative 

control, whereas cells treated with 1 % Triton X-100 diluted in serum-free media were used as 

a positive control. Ten µl MTT solution (5 mg MTT per ml PBS) was added to each well and 

incubated for an additional 2 hours. Seventy µl of solution was carefully aspired from each 

well before adding 100 µl of 0.04 M HCl in isopropanol to each well by thorough 

resuspension. The plates were put on an orbital shaker for ∼30 minutes at room temperature 

to continue facilitation of formazan crystal solubilization. Absorbance was measured at 590 

nm on a spectrophotometric microtiter plate reader (Thermomax Molecular Devices, NJ, 

USA). Cell survival was calculated as the A590 nm of peptide treated cells relative to the 

negative control (100% living cells) and expressed as a 50% inhibitory concentration (IC50).  

 

 

3.4.2 Killing kinetics study 
Killing kinetics of LTX-401 was studied against JM1 hepatocellular carcinoma and B16F1 

melanoma cells using both the 2 x IC50
4h and 4 x IC50

4h value of LTX-401 (54 µM and 108 µM, 

respectively). Cells were as previously described (section 3.4.1) seeded at a density between 1 x 

104 – 1,5 x 104 cells/well in a volume of 100 µl in 96-well flat bottomed microtiter trays in 

culture media and left overnight to adhere. LTX-401 was dissolved in serum free RPMI-1640 

to yield a series of dilutions ranging from 1-100 µg/ml. Cells were washed once with 100 µl 

serum free RPMI-1640 before being incubated with LTX-401 for specific time points (5, 15, 

30, 60, 90, 120 and 240 min). Serum free RPMI-1640 and a 1 % Triton X-100 served as 

negative and positive controls, respectively. Cells were washed once with 100 µl serum free 

RPMI-1640 after incubation and further incubated in a 10 % MTT solution (diluted in serum 

free RPMI-1640) for an additional 2 h. Seventy µl of solution was carefully removed from each 

well after incubation before thoroughly resuspending the cells in 100 µl acidified isopropanol. 

The plates were put on an orbital shaker for ∼30 minutes at room temperature to continue 

facilitation of formazan crystal solubilization. Absorbance was measured at 590 nm on a 

spectrophotometric microtiter plate reader (Thermomax Molecular Devices, NJ, USA). Cell 

survival was calculated as the A590 nm of peptide treated cells relative to the negative control 

(100% living cells). 
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3.5 Hemolytic acticity of LTX-401 
The cytotoxic activity of LTX-401 against human red blood cells (hRBCs) was determined by 

a hemolytic assay using freshly isolated blood from healthy individuals. Eight ml of venous 

blood was directly transferred and divided equally into two tubes; one EDTA (ethylene-

diamine-tetra-acetic acid, anti-coagulant) containing tube and one containing 40 µl heparin, 

to yield a final concentration of 10 U/ml. The donor’s hematocrit levels were determined from 

the EDTA tube using a SysmexK-1000 haematology analyser, while RBCs were isolated from 

the heparanized blood by centrifuging at 1,500 rpm for 10 min before removing the 

supernatant. The RBCs were further washed three times with pre-heated PBS (37 °C) and 

centrifuged between each washing step at 1,500 rpm for 10 min. Supernatant was discarded 

after the final wash while the pellet containing RBCs was resuspended to 10 % hematocrit 

before being incubated for 1 h at 37 °C with LTX-401 dissolved in PBS at concentrations 

ranging from 50 – 500 µg/ml (136 to 1358 µM). RBCs incubated with PBS and 10 % Triton 

solution alone served as negative and positive control, respectively. After centrifuging the 

samples at 4,000 rpm for 5 min, the absorbance of the supernatant was measured at 405 nm 

on a spectrophotometric microtiter plate reader (Thermomax Molecular Devices, NJ, USA). 

The percentage of hemolysis was calculated as the [(A405 nm of peptide treated RBCs- A405 nm 

of buffer treated RBCs)/(A405 nm of Triton treated RBCs-A405 nm of buffer treated RBCs)] x 

100 % and expressed as both an IC50 value (50 % inhibitory concentration) and a graphical 

plot.  

 

 

3.6 Transmission Electron Microscopy 
The use of electron microscopy (EM) has played an essential role in defining general cell 

biology. The high resolution (approximately 0.1 nm) makes it possible to visualize viruses, 

DNA and intracellular organelles. With new techniques like immune labeling of ultrathin 

sections of tissue or cells, one can even visualize and study cell functions at a molecular level. 

The electron microscope uses highly energetic electrons as an illumination source, while 

simultaneously exploiting its short wavelength. In transmission electron microscopy (TEM), 

these are accelerated from an electron gun in a column of electromagnetic fields 

(electromagnetic lenses) and then projected through a very thin slice of specimen to produce a 

2D picture on a phosphorescent screen. Since the brightness (or darkness) of a particular area 
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is directly proportional to the amount of electrons passing through the specimen, the picture 

that forms on the screen is a result of a contrast, or “shadow image”. The amount of electrons 

reaching the phosphorescent screen will make it send out visible light that is transferred to the 

computer. Since gasses may interfere with the electron beam, electron microscopes are 

therefore operated under vacuum conditions, and the samples used for analyses must be pre-

fixed to withstand this [166]. 

 

 

3.6.1 Conventional specimen preparation techniques  
A 2-4 % glutaraldehyde (GA) solution is often used as a fixing agent together with 

formaldehyde (FA) in a buffered solution for EM analyses. Regardless of its slower rate of 

penetration, GA is proven to inherit greater crosslinking capabilities than formaldehyde [167, 

168], which partly demonstrate the widespread use of buffered solutions consisting of 4 % GA 

and 1 % FA. To better preserve cellular membranes and glycogen, the specimen is usually 

fixated a second time in an osmium tetroxide solution that is reduced with ferrocyanide 

(hence osmium reduced ferrocyanide). However, over the course of years other staining 

techniques have been developed for use with either primary fixation or during dehydrations 

steps. Both malachite green and tannic acid for instance can both serve as en bloc stains while 

simultaneously provide improved visualisation and structural appearance of the specimen by 

targeting (of) phospholipids [169-171].  

 

 

The next step in the preparation scheme for EM involves step-wise dehydration with a graded 

series of ethanol (or acetone) to withdraw and replace water present in tissue/cells. This step, 

along with fixation, prevents sample distortion when subjecting the specimen for vacuum 

during post-analysis. As the dehydration solution is not miscible with the plastic embedding 

medium used in the end of the preparation process, it is normally replaced by a transitional 

solvent such as propylene oxide. Moreover, this will also enhance the dehydration of the 

specimen. The last step involves replacing the dehydrants or transition fluids with the plastic 

embedding medium (i.e resin infiltration) that is to permeate the specimen and form a solid 

matrix. Although different embedments exist (e.g araldite), an embedding medium consisting 

of resin, hardeners (DDSA, NMA) and accelerators (DMP-30) is used in the majority of cases. 



! 25!

After the resin block containing the specimen has polymerized and hardened sufficiently, it 

may be subjected to staining and sectioning into either ultrathin (50-100 nm) or 

survey/semithin sections (0.5-2 µm) by ultramicrotomy and microtomy, respectively. Routine 

staining and contrasting TEM samples involves using heavy metal such as uranyl acetate and 

lead citrate. As biological specimens are predominantly composed of atoms with low atomic 

number, the bulk of the electron beam will project straight through it unless it is impregnated 

with heavy metal salts [166]. 

 

 

Initially, the recently described processes for fixation and post-fixation were also utilized in 

this thesis. A standardized HEPES buffered solution containing 4 % GA and 1 % FA was used 

to fixate JM1 and B16F1 cells, while following routine post-fixation protocols including the 

use of osmium reduced ferrocyanide, alcohols, propylene oxide followed by traditional grid 

staining with uranyl acetate and lead citrate. Especially for JM1 cells, the contrast was rather 

poor and cell organelles such as mitochondria had little or no structural appearance. Instead 

of modifying the protocol by either increasing or decreasing the time samples were subjected 

to osmium reduced ferrocyanide, uranyl acetate and lead citrate, a new microwave-assisted 

staining protocol using malachite green fixation was employed. Non-treated cells were first 

subjected to a pilot study where it was shown that the quality and contrast of samples greatly 

exceeded the ones obtained with the previous protocol. This technique is described in the 

following section.  

 

 

3.6.2 Microwave-assisted processing for Transmission Electron Microscopy 
Conventional specimen preparation for TEM analysis is a time-consuming process. It has 

been proposed that by heating up the specimen, processing times may be decreased [172]. In 

this sense, the introduction of microwaves in the laboratory offered a more controlled 

procedure of subjecting specimens to heat during fixation. Although not fully understood, it is 

believed that the combination of microwaves and vacuum assists in accelerating perfusion of 

chemicals into the samples, thus reducing infiltration times drastically. The method is also 

commonly applied for paraffin embedding, antigen-retrieval and immunolabeling and in situ 

hybridization [173]. According to Electron Microscopy: Methods and Protocol, sec. edition, 



! 26!

several authors have reported equally satisfying results when comparing standardized 

preparation techniques to the microwave-assisted one, and some even report improved 

morphology and appearance of their specimens. However, some studies indicate a 

contradicting role of heat in the preparation process as demonstrated by subjecting specimens 

to microwaves in the absence of heat, and rather in a cooling environment, preparation time is 

yet decreased while simultaneously increasing ultrastructure [174, 175]. Modern microwave 

processors, including the PELCO Biowave® Pro machine used in this thesis, contain cooling 

systems combined with both timing of irradiation in short bursts and vacuum being enabled 

in cycles to minimize the risk of damage to specimens.  

 

 

Moreover, cells that are to be examined by electron microscopy are usually resuspended in the 

fixation reagents and centrifuged between each step, thus generating a cohesive pellet within a 

resin block in which cells become randomly scattered and not aligned according to a surface. 

In contrast, cells prepared for microwave-assisted processing on standard petri dishes are not 

necessarily pelleted between each step of chemical fixation. As both fixation and embedding of 

cells may occur directly on the petri dish (en bloc) when using this technique, cells are 

sectioned according to the horizontal plane in which they are seeded onto, i.e from basolateral 

to apical site. The latter technique was also applied in the preparation of ultra-thin sections in 

this thesis.  

 

 
3.6.3 Stimulation and fixation of JM1 and B16F1 cells 
 

• A complete overview of the PELCO Biowave® Pro program settings for malachite green 

fixation, as well as preparation of solutions for this experiment, are listed in appendix B 

and A, respectively. The EM preparation protocol used in this thesis is written by 

predoctoral fellow Anna Steyer, a member of the Schwab Team at the European 

Molecular Biology Laboratory (EMBL, Heidelberg, Germany), who kindly provided it to 

Randi Olsen, Head Engineer at the Electron Microscopic Department (University of 

Tromsø). Originally, the malachite green protocol descends from the laboratory of Dr. 

Raphael H. Valdivia [176]. 
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JM1 and B16F1 cells were seeded at a density of 1 x 104 cells/tissue culture dish (35 mm) in a 

volume of 2 ml culture media and left to adhere and proliferate until they reached a 

confluence of ∼80 % (normally taking 3-5 days). For TEM analysis, it is more beneficial to 

allow cells to form a subconfluent monolayer over several days rather than stimulating them 

the day after seeding since this will increase their morphological characteristics and 

appearance. Cells were treated with the 4 x IC50
4h value (108 µM) of LTX-401 at specific time 

points (5, 15, 30 and 60 min). Serum-free RPMI 1640 functioned as a negative control at 30 

and 60 min. Cells were immediately fixed in a PHEM buffered (0.1 M) solution containing 

0.05 % malachite green, 0.5 % GA and 4 % FA and kept on fixative until loaded in the PELCO 

Biowave® Pro machine (Ted Pella, Redding, CA), normally within 30 min.  

 

 

3.6.4 Processing and embedding of samples  
The 35 mm sterile plastic petri dishes containing the malachite green fixated cells were 

directly inserted into and processed with the aid of a PELCO Biowave® Pro laboratory 

microwave according to provided software settings. In all microwave steps, samples were kept 

between 23 °C – 27 °C with a set temperature of 50 °C meaning the system shuts down if the 

latter value was exceeded. Induction of vacuum and microwaves ranging between 100-250 W 

preceded either as constant or in cycles (vacuum cycles = 20 sec on, 20 sec off). While still 

immersed in malachite green fixative, all samples were run for an initial 14-minute cycle (2 

min on, 2 min off) followed by post-fixation in a cacodyl buffered osmium reduced 

ferrocyanide solution (0.8 % K3Fe(CN)6, 1 % OsO4), 1 % tannic acid and 1 % uranyl acetate. 

Samples were washed twice on bench with 0.1 M PHEM buffer between each fixating agent. 

Dehydration occurred through a graded series of ethanol starting at 25 % and ending with 

absolute concentration (100 %) while microwaving 40 sec at each grade. Finally, samples were 

subjected to a 1:2 solution of agar resin (dissolved in absolute ethanol) before immersed in 

pure resin. Each infiltration step lasted 3 min accompanied by constant wattage of 250 during 

vacuum cycles. After the program was completed, dummy blocks of resin (embedding 

capsules) were mounted directly onto the petri dishes now containing post-fixated cells and 

left in a incubator for polymerization at 60 °C overnight. 
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3.6.5 Ultra-thin sectioning of samples 
The following morning the resin dummy blocks containing cells on the basolateral side were 

removed from the petri dish and carefully trimmed around the sample using a glass knife 

mounted on a microtome (Leica Microsystems, Vienna, Austria). The samples were next cut 

in ultra-thin sections of 70 nm using a DiATOME diamond knife before collected from a 

water surface onto standard formvar, carbon-stabilized copper grids provided by the Electron 

Microscope department. After the grids were sufficiently dry they were ready for post-analysis 

using transmission electron microscope (JEOL, Tokyo, Japan). Images were taken with an 

Olympus Morada side-mounted TEM CCD camera and processed with iTEM 5.0 software.  

 

 

3.7 Phase-contrast imaging of JM1 and B16F1 cells treated with LTX-401 
JM1 and B16F1 cells were seeded in 6-well plates at a density of 2.0 x 105  cells per well in a 

volume of 2 ml (culture media) and allowed to adhere overnight. Cells were washed once with 

2 ml serum-free RPMI 1640 before treated with the 4 x IC50
4h value of LTX-401 (108 µM) for 

designated time points (15, 30 and 60 min). Non-treated control cells were incubated with 

serum-free RPMI 1640 until experimental endpoint (60 min). Cells were examined using the 

Leica DMI-6000B inverted microscope (Leica Microsystem, Wetzlar, Germany) and images 

were taken with a side-mounted camera (DFC 310 R2, Leica Microsystems) and processed 

with Leica Application Suite 4.4.0 Software. 

 

 

3.8 ATP bioluminescence assay 
The ATP bioluminescence assay is a bioluminescence method that requires two compounds; 

luciferin, a complex carboxylic acid, and the enzyme luciferase. Both compounds were 

originally isolated from the firefly beetle, a member of the Lampyridae family, by McElroy and 

colleagues in 1947 [159]. The chemical reaction is catalyzed by luciferase, which oxidizes its 

substrate luciferin to oxyluciferin in the presence of oxygen, ATP and Mg2+ (fig. 3.2). This 

enzymatic process is accompanied by emission of a yellow-green light at 560 nm. In the 

laboratory, luciferase has been widely used as a reporter gene to study gene expression at the 

transcriptional level in addition to detecting minute quantities of extracellular ATP as 
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determined by the intensity of light produced. In this thesis the ATP bioluminescence assay 

served to detect ATP release from JM1 and B16F1 cells when treated with LTX-401.  

 

 
Fig. 3.2. In the presence of ATP, oxygen and Mg2+, luciferin is oxidized to oxyluciferin by the enzyme luciferase 

in a reaction that yields light at 560 nm. Figure retrieved from [160].  

 

 

3.8.1 Release of ATP from JM1 and B16F1 cells 
JM1 and B16F1 cells were seeded into 96-well plates at a density of 1 x 104 cells/well in a 

volume of 100 µl (culture media) and allowed to adhere for overnight. All cells were washed 

twice with serum-free RPMI 1640 media before being treated with the 2 x IC50
4h value of LTX-

401 (54 µM) for designated time points (10, 30, 60, 90 and 120 min). Serum-free RPMI 1640 

was used as negative control. Samples were collected by carefully transferring the supernatant 

to a white 96-well microtiter plate. A modified luciferin-based ENLITEN ATP assay kit 

(Promega, Madison, WI) was employed to measure extracellular levels of ATP by mixing 100 

µl of pre-made, room temperatured, rL/L reagent with the samples and negative controls. The 

rL/L reagent was additionally mixed with serum-free RPMI 1640 alone in two wells to rule out 

unspecific ATP readings. Samples were immediately read on a Luminescence Microplate 

Reader (Luminoskan, Finland), in which light output was measured in relative luciferase units 

(RLUs). In this thesis, the extracellular levels of ATP after treatment with LTX-401 was 

measured by means of a modified commercial ATP assay kit (ENLITEN ATP Assay) meaning 

that the enclosed ATP standard was left out. Rather, extracellular levels of ATP were measured 

as RLUs, which is proportional to the amount of ATP in the solution. Preliminary pilot 

studies revealed that RPMI 1640 medium interfered with the ATP standard and inhibited the 

RLU signal, and could therefore not be compared to an ATP standard dissolved in ATP-free 
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water (all samples should be diluted in the same solution). Instead of quantifying the release of 

ATP, it was simply measured as RLUs.  

 

 
3.9 Western blotting 
The western blot (also referred to as immunoblot) is a well-established and commonly used 

technique to identify specific proteins from tissue extracts and cell lysates. The first step in a 

western blot procedure involves the separation of proteins by SDS-polyacrylamide gel 

electrophoresis. Next, proteins are transferred electrophoretically (blotted) from the gel to a 

membrane, typically being either a nitrocellulose or polyvinylidine fluoride (PDVF) 

membrane. The latter is achieved by assembling the gel together with the membrane, blotting 

pads and filter papers before an electric current is run through a blotting buffer-containing 

chamber. This causes the proteins to migrate from the gel to the membrane. The last step of a 

western blot procedure involves blocking of non-specific antibodies with a blocking buffer to 

reduce background interference. A blocking buffer normally contains a mixture of irrelevant 

proteins that binds to and block remaining binding surfaces on the membrane, thus 

increasing the likelihood of the primary antibody to specifically bind its target protein. In this 

thesis, the membranes were blocked using a solution of 5 % non-fat dried milk in TBS-T. The 

primary antibody may either be of monoclonal or polyclonal nature in which the main 

difference resides in its ability to recognize only one or multiple epitopes on an antigen, 

respectively. The secondary antibody is an enzyme-linked complex that binds specifically to 

the Fc region of the heavy chain on the primary antibody. This allows for signal amplification 

by the action of the conjugated enzyme such as alkaline phosphatase or horseradish 

peroxidase (HRP) when adding a certain substrate [161, 162].  

 

 

3.9.1 Release of HMGB1 from JM1 and B16F1 cells 

JM1 and B16F1 cells were seeded in 6-well plates at a density of 2.0 x 105  cells per well in a 

volume of 2 ml (culture media) and allowed to adhere overnight. Cells were either treated 

with either the 2 x IC50
4h or 4 x IC50

4h value of LTX-401 (54 µM and 108 µM, respectively) for 

different time points (10, 30, 60, 90, 120 and 240 min). Serum-free RPMI 1640 was used as 

negative control. Cells were washed twice with 2 ml serum-free RPMI 1640 before being 
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incubated with LTX-401. Supernatants were directly transferred to 1.5 ml centrifuge tubes and 

centrifuged at 5000g for 3 min to remove remaining cell debris before being up-concentrated 

using Amicon Ultra-0.5 Centrifugal Filter units with Ultracel-50 membrane (Milipore, 

Norway). Cell lysates were washed once with 2 mL serum-free RPMI 1640 and subjected to 

160 µl lysis buffer (mastermix) containing 2x NuPAGE LDS Sample buffer, a 1x NuPAGE 

Sample Reducing Agent (DTT) and 50 % sterile H20 (table 3.1). Next, lysates were harvested 

with a sterile cell scraper and transferred to 1.5 ml centrifuge tubes. Both lysates and 

supernatants were stored at -20 °C until used in western blots. All samples were on the day of 

use diluted to the same concentration using reducing NuPAGE LDS sample buffer and 

NuPAGE Sample Reducing Agent before being boiled at 70 °C for 10 min. Lysate samples 

were additionally sonicated for 8 cycles at 20 sec each. The samples (20 µl), together with a 

molecular marker and a protein standard (5 µl), were then loaded and immediately run on 

NuPAGE Novex 4-12% Bis-Tris Gels at 200 V for 40 min in the presence of a running buffer. 

After gel electrophoresis the gel cassettes were carefully opened to expose the gels before 

removing their lower part (edge) and wells. The gels were then assembled in a so-called 

transfer sandwich together with blotting pads, filter papers and PDVF membranes 

(Immobilon®-P Transfer Membrane). Both blotting pads and filter papers were pre-soaked in 

blotting buffer while PDVF membranes were wet in methanol for 10 sec to activate its protein 

binding capacity.  The transfer sandwich was sealed tightly and brought together in the XCell 

SureLockTM Mini-Cell chamber where it was covered with blotting buffer before proceeding 

with electrotransfer at 25 V for 1.5 h. The rest of the chamber surrounding the transfer 

sandwich was filled with water. After blotting, the membranes were moved to 50 ml tubes and 

washed once with ∼3 ml TBS-T before being blocked with 3 ml 5 % non-fat dry milk in TBS-T 

for 1 h at room temperature and further incubated with primary antibody overnight at 4 °C. 

The following day, membranes were washed for a total of 5 times with ~3 ml TBS-T, and 

further incubated with horseradish peroxidase conjugated secondary antibody for an 

additional two hours at room temperature. Both primary and secondary antibodies were 

diluted in 5 % non-fat dry milk in TBS-T (See table 2.3 for specific antibody dilutions). All 

blots were developed by with the western blotting luminol reagent kit according to the 

manufacturer’s instructions and imaged/scanned using ImageQuant LAS 4000 and 

ImageQuant software (GE Healthcare, USA). The HMBG1 protein is approximately 30 

kilodalton (kDa). A graphical illustration showing its correlation to the MagicMarkTM XP 
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Western Protein Standard (protein ladder) and blots developed by the supplier of the anti-

HMGB1 antibody (AbcamTM) is provided in figure 3.3.  

 

 

Table 3.1. Lysis buffer for cell harvesting 

Reagents Amount for six wells 

4x NuPAGE LDS buffer 384 µl 

1x NuPAGE DTT 

ddH2O 
96 µl 

480 µl 

Total volume       960 µL 
 

 

 

!
Fig. 3.3. Verification of the HMGB1 protein size. The HMGB1 protein is approximately 30 kilodalton (kDa). 

An unedited blot/picture (b) from this thesis is provided to demonstrate the location of HMGB1 on the PDVF 

membrane in correlation to the protein standard (a) and blots performed by supplier of the anti-HMGB1 

antibody (c). Figure a. and c. are retrieved from [163] and [164], respectively. (HMGB1, high mobility group box 

1) 
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3.10 Release of Cytochrome c from JM1 and B16F1 cells 
JM1 and B16F1 cells (1 x 104 cells/well) were plated onto 96-well culture plates in a volume of 

1 ml culture media and left to adhere overnight. Cells were treated with the 4 x IC50
4h value of 

LTX-401 (108 µM) for designated time points (30, 60, 90, 120 and 240 min) before collecting 

the supernatant for further analysis. Cells incubated with serum-free RPMI1640 served as 

negative control, while a blank sample consisted of RPMI 1640 alone. Quantification of 

cytochrome c was performed using the Rat/Mouse Cytochrome c Quantikine ELISA kit and 

all reagents were prepared according to the manufacturer’s instructions. The kit offers a 

sensitivity of 0.5 ng/ml while simultaneously allowing for the absolute detection of both 

reduced and oxidized forms of natural rat and mouse cytochrome c. Antibodies that are pre-

coated on a microplate captures cytochrome c present in the sample while a secondly added 

HRP-labeled antibody binds to the captured analyte-antibody complex, which allows for 

unbound substrate and antibodies to be washed away. After incubation, the substrate 

tetramethylbenzidine is added to each well that generates a blue colored solution that is 

proportional to the amount of cytochrome c in the sample [165]. Seventy five µl of Rat/Mouse 

Cytochrome c Conjugate was added to each well 10 min before adding 50 µl of standard 

(Rat/Mouse Cytochrome c Standard), controls (Rat/Mouse Cytochrome c Control) and 

samples. All samples were diluted 1/5 in serum-free RPMI 1640 as initial studies showed that 

the attained values were outside the standard range. The plate was covered with an adhesive 

strip provided with the kit and incubated for 2 h at room temperature. Next, each well was 

aspirated and washed for a total of five times with 300 µl of washing buffer before adding 100 

µl of Substrate Solution and allowing it to incubate for 30 min (protected from light). 

Hundred µl of Stop Solution was added to terminate the reaction, yielding a yellow color 

whose absorbance was measured at 450 nm on a spectrophotometric microtiter plate reader 

(Thermomax Molecular Devices, NJ, USA). 

 

 
3.11 The B16 mouse melanoma model 
In 1954, a melanoma tumor spontaneously arose in a C57BL/6J mouse at the Jackson 

Laboratories in Maine [177]. Since then, it has been isolated and maintained in vitro as a 

mixed population of heterogeneous cells consisting of both spindle-shaped and epithelial-like 

cells [178, 179]. The B16F1 cell line represents the original one, and has later been named 
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consecutively (e.g F2, F3 etc) according to different subcultures that were developed after a 

series of passages and isolation from metastatic tumors [177]. The subcutaneous B16 

melanoma model is notoriously difficult to treat, and has therefore been widely used in 

oncology research to evaluate certain anticancer therapies [180]. The murine B16F1 

melanoma model is well established in our research group and was therefore chosen to study 

the in vivo effects of LTX-401.  

 

 

3.11.1 Animals and ethical statement 
Female C57BL/6 wild-type mice, 5-6 weeks old, were obtained from Charles River, United 

Kingdom. All animals were housed in the same room and in cages (containing 2-5 mice) 

specially designed for mice, with 12h/12h day-night cycle, and allowed ad libitum access to 

high quality food and water. Each cage contained environmental enrichments such as nest 

material, chewing sticks and house. All experiments were approved by the Norwegian 

National Animal Research Authority (NARA) and conducted in accordance to local and 

European Ethical Committee guidelines. NARA/FOTS approval ID: 6586.  
 

 

3.11.2 Private statement 
PhD student Liv-Marie Eike and Dr. Ketil A. Camilio had the overall responsibility for the 

animals experiments. After obtaining the Felasa C certificate that allowed me of handling and 

working with laboratory animals (see Appendix D), I took part in planning the in vivo trials, 

culturing of cells, performing pre-experimental procedures such as weight measurements, 

shaving the abdomen and individually marking each animal by ear puncturing. The majority 

of injections were conducted by Liv-Marie Eike to avoid technical variation, but I occasionally 

contributed by injecting the non-treated animals with vehicle control (saline solution). Every 

injection performed by me was monitored and carefully instructed by my co-supervisor, Dr. 

Ketil A. Camilio.  

 

NOTE! All data from the animal experiments that are presented in this thesis descend from 

initial pilot studies where the aim was to obtain an optimal dose for LTX-401. The main 

experiment will be finished in Q3/Q4 2015.  
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Table. 3.2. Overview of in vivo experiments  

Groups Intralesional treatment LTX-401 concentration 

Group 1 (5 animals) 
 

0.25 mg LTX-401 in 50 µl 

saline (2-3 treatments) 

5 mg/ml 

Group 2 (5 animals) 
 
 
Group 3 (5 animals) 
 
 
Group 4 (5 animals) 
 
 
Group 5 (5 animals) 
 

0.1 mg LTX-401 in 50 µl 

saline (2-3 treatments) 

0.05 mg LTX-401 in 50 µl 
saline (2-3 treatments) 
0.025 mg LTX-401 in 50 µl 
saline (2-3 treatments) 
50 µl/ml vehicle control 

(saline) 

2 mg/ml 

 

1 mg/ml 

0.5 mg/ml 

- 

 

n=25 animals 

saline = 0.9 % NaCl in sterile H2O 

 
 

3.11.3 Preparation, intradermal injection and tumor treatment 
In addition to marking and weighing, each animal was prior to intradermal (i.d) injection of 

B16F1 cells shaved on the abdomen (4 cm2). Cells were harvested and prepared as previously 

described in section 3.2, but additionally washed in serum-free RPMI 1640 before being 

diluted to a final concentration of 1 million cells/ml in a cryotube. After gentle mixing to 

avoid sedimentation of cells, they were injected i.d in the right hand side of the abdomen (5 × 

104 B16F1 cells per mouse/50 μl RPMI 1640) using an insulin syringe (Braun Omnican 50). 

Leftover cells from i.d injection were occasionally brought back to the cell lab to test for cell 

viability. After reaching a size of around 20-30 mm2, palpable tumors were injected 

intralesionally with single doses of LTX-401 dissolved in saline (0.025-0.25 mg LTX-401/50 µl 

saline) (table. 3.2) once a day for 3 consecutive days. Vehicle control was saline only (0.9 % 

NaCl in sterile H2O). Tumor size was monitored by caliper measurements along the length 

and width of the tumors and expressed as the area of an ellipse [(maximum dimension/2) × 

(minimum dimension/2) × π].  
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3.11.4 Secondary tumor challenge  
Animals demonstrating complete regression of established B16 melanoma tumors after 

treatment with LTX-401 were 4-5 weeks later given a second i.d tumor challenge (5 × 104 

B16F1 cells per mouse/50 μl RPMI 1640) on the left hand side of the abdomen (contralateral 

to primary tumor position).  

 

 

3.11.5 Monitoring of animals and Human endpoint-criteria  
All mice were the following days after initial i.d inoculation monitored for tumor growth, 

body weight and overall physical condition, which were noted on a score scheme (Appendix 

C). The following Human endpoint-criteria (as stated in the FOTS/NARA application) were 

implemented in this study; 

• Weightloss < 10 % 

• Tumor exceeding a diameter of 12-13 mm or 130 mm2 

• Excessive wounds in the area of the tumor 

• General signs of discomfort including rouch hair coat and hunched posture 

 

If any of these criteria were met, or if metastasis was evident, the animal was euthanized. 

 

 

3.12 Statistical analysis 

Statistical analysis was performed using GraphPad Prism® software, version 6.0 for Mac.  

Results are presented as mean ± standard error of mean (SEM) or standard deviation (SD) of 

at least two or three independent experiments. Data from both ATP bioluminescence and 

cytochrome c assays was compared using Tukey’s Multiple Comparison Test, while animal 

survival curves (Kaplan-Meier Plot) were compared using a Log-rank (Mantel-Cox) test. 

P<0.05 was considered statistically significant.  
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4. Results  
 

 
4.1 LTX-401 displays cytotoxic activity against several cancer cell lines 
The cell viability assay (MTT) was adopted in order to evaluate the cytotoxic activity of LTX-

401 against a panel of both transformed and non-malignant cell lines, and elucidate whether 

LTX-401 displayed selective killing of tumor cells. A recent study by Hansen and colleagues 

demonstrated that similar β2,2-amino acid derivatives of LTX-401 showed high anticancer 

potency with selective killing of the human Burkitt’s lymphoma cell line Ramos compared to 

RBCs and MRC-5 cells [153]. As a result of the reported cytotoxic activity by these small 

amphipatic molecules, a continued investigation was conducted on two selected β2,2-amino 

acid derivatives, notably BAA-1 (now LTX-401) and BAA-2, for screening of anticancer 

activity [156]. By employing a rezasurin based cell viability assay to assess the cytotoxic 

activity against Ramos cells, the authors concluded that LTX-401 displayed anticancer activity 

comparable with the commonly used chemotherapeutic drug doxorubicin.  

 

 

In this study, LTX-401 effectively reduced the viability of several tumor cell lines in vitro, with 

a similar degree of cytotoxicity against non-malignant cells (table 4.1). In fact, the minimal 

cytotoxic activity of LTX-401 was observed against the hepatocellular carcinoma cell line 

HEPG2 (35.4 µM), while demonstrating almost twice the activity against the human 

endothelial cell line HUV-EC-C (18.4 µM). For the remaining cell lines, LTX-401 exhibited 

similar IC50 values varying slightly in the range of 22-30 µM, including the non-malignant cell 

line MRC-5. No in vitro hemolytic activity against RBCs was observed using high dosages of 

LTX-401 (400 µg/ml = 1087 µM), but a slight increase of hemolysis was observed at the 

maximum concentration tested (500 µg/ml = 1358 µM) (fig. 4.1). Overall, these results 

indicate that LTX-401 is capable of killing a wide range of cancer cell lines independent of 

their proliferative status as shown by similar IC50 values. Moreover, LTX-401 is also active 

against non-malignant cells, with the exception of erythrocytes.  
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Table 4.1. In vitro cell viability assay of LTX-401 against cancer cell lines and non-malignant cells. Cells were 

treated with concentrations ranging from 1-100 µg/ml for 4 hours. IC50 values are converted and given in micro 

molar (µM). Data are presented as mean and are representative of two or three independent experiments.  

Cell line Origin LTX-401 IC50
1 ±  SD (µM)   

JM1 

HEPG2 

BEL7402 

HT-29 

B16F1 

A375 

SK-N-AS 

MRC-5 

HUVEC 

RBC  

Rat hepatocellular carcinoma  

Human hepatocellular carcinoma 

Human hepatocellular carcinoma 

Human colorectal adenocarcinoma 

Murine skin malignant melanoma 

Human skin malignant melanoma 

Human neuroblastoma 

Human lung fibroblasts 

Human vascular endothelium  

Human 

22.8 ± 3.3 

35.4 ± 0.6 

26.7 ± 0.4 

31.7 ± 2.9 

23.3 ± 3.9 

30 ± 0.9 

30.6 ± 0 

22.9 ± 1.4 

18.4 ± 1.9 
>10872 

1 The peptide concentration killing 50 % of the cells  
2 Highest tested concentration of peptide before 50 % lysis of RBCs was 400 µg/ml (1087 µM) 
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Fig. 4.1. In vitro hemolytic 

activity of LTX-401. 

Freshly isolated hRBCs 

were incubated with 

increasing concentrations 

of LTX-401 (50 – 500 

µg/ml) for 1 h before the 

absorbance of the 

supernatant was measured 

at 405 nm. Cells incubated 

with PBS and 10 % Triton 

solution alone served as 

negative and positive 

control, respectively. 

(hRBCs, human red blood 

cells) 
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4.2 Time course of killing by LTX-401 against JM1 and B16F1 cells 
One of the main advantages of ACPs is their ability to induce rapid killing of tumors cells by 

facilitating membrane destabilization resulting in loss of its integrity. Kinetic experiments 

were in this thesis carried out to determine the time dependency of killing by LTX-401 against 

JM1 hepatocellular carcinoma cells and B16F1 melanoma cells. Two different concentrations 

representing the 2 x IC50
4h  and 4 x IC50

4h of LTX-401, i.e 54 µM and 108 µM, respectively, were 

chosen on the background of previously determined IC50 values of LTX-401 (∼26-27 µM). 

Figure 4.2 shows that treatment with both 54 µM and 108 µM of LTX-401 against JM1 cells 

display similar kinetics up to 30 min, with a kill ratio just beneath 50 %. Within 90 min, all 

JM1 cells were dead when treated with 108 µM, while a small fraction of cells (∼10 %) still 

remained metabolically active after 240 min when stimulated with 54 µM of LTX-401. B16F1 

cells treated with 108 µM of LTX-401 exhibited similar killing kinetics as JM1 cells with a kill 

ratio of 50 % after 15 min, followed by nearly 100 % cell death two hours after start of 

treatment. In contrast, cells incubated with 54 µM of LTX-401 followed a gradual inhibition 

of cell viability with 50 % cell survival after two hours.  
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Fig. 4.2 Killing kinetics of JM1 

hepatocellular carcinoma and B16F1 

melanoma cells treated with LTX-401. 

Cells were treated with 54 and 108 µM of 

LTX-401 for designated time points (5, 15, 

30, 60, 90, 120 and 240 min). Both 

concentrations represent the 2 x IC50
4h and 4 

x IC50
4h

 of LTX-401, respectively. Data 

represent the mean ± SEM of three 

independent experiments with duplicates for 

each.  

!
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4.3 Treatment with LTX-401 lead to ultrastructural changes in JM1 and B16F1 cells 
To further investigate the mechanism of action underlying the cytotoxic activity of LTX-401, 

both JM1 and B16F1 cells were incubated with the 4 x IC50
4h of LTX-401 (108 µM) for 5, 15, 30 

and 60 min. Untreated cells served as control and were incubated in serum-free RPMI 1640 

until the experimental end-point (60 min). After incubation, all cells were fixed and prepared 

for TEM studies. Electron microscopic examination of untreated JM1 cells (fig. 4.3a and b) 

revealed a rough cell surface provided with many microvillous-like pseudopods indicating 

highly active cells. The cytoplasm contained a relatively large amount of mitochondria with 

clearly visible morphology as seen by the normal cristae structure (fig. 4.3g). A majority of the 

cells had a nucleus mainly consisting of euchromatin with little or no apparent 

heterochromatin. By contrast, JM1 cells treated with LTX-401 displayed several ultrastructural 

differences that after 5 min manifested itself in loss or reduction of cell surface (microvillous-

like structures) and a moderate increase in cell volume due to swelling (fig. 4.3c and d). After 

60 min, TEM micrographs showed massive vacuolization of treated cells with clearly 

diminished plasma membrane integrity conferring to an almost “boiling-like” appearance (fig. 

4.3e, f and h). In addition, cells treated with LTX-401 showed no significant alterations in 

chromatin appearance/structure. Higher magnification also revealed clear changes in 

mitochondrial morphology (fig. 4.3g compared to fig. 4.3h), which included swelling of the 

internal compartment and overall loss of cristae structure. The majority of treated cells had 

the appearance of the single cell presented in figure. 4.3f, but TEM micrographs also revealed 

a small portion of cells with disrupted plasma membranes and leakage of cellular content 

(images not shown). Of note, cells that have lost their adhesion are likely to be washed away 

during sample preparation, which could help explain the low occupancy of cells with the 

endpoint morphology typical for necrosis.  
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Fig. 4.3. Representative TEM micrographs of JM1 hepatocellular carcinoma cells treated with LTX-401. Cells 

were seeded at a density of 1.0 x 104  in 35 mm tissue culture dishes and allowed to reach confluence of ∼80 % 

before being treated with the 4 x IC50
4h of LTX-401 (108 µM) for various time points (5, 15, 30 and 60 min), and 

finally fixed in a PHEM buffered malachite green fixative containing 0.05 % malachite green, 0.5 % 

glutaraldehyde and 4 % formaldehyde. Untreated control cells (a, b) were kept in serum-free RPMI 1640 until 

experimental end-point (60 min) and compared with cells treated for 5 min (c, d) and 60 min (e, f). Morphology 

of mitochondria in control cells (g) was compared to LTX-401 treated cells (h). Scale bares = 10 µm for a, c, e, 5 

µm for b, d, f and 1 µm for g and h.  

 

 

TEM images of untreated B16F1 cells also revealed a rough surface characterized by frequent 

microvillous-like protrusions on the plasma membrane. The cytoplasm consisted of several 

electron-dense mitochondria while also having visible smooth ER and Golgi apparatus. As 

with JM1 cells, the nucleus of B16F1 cells was primarily composed of euchromatin (fig. 4.4a 

and b). A small population of LTX-401 treated cells lost their surface morphology after 5 min 

(image not shown), but the majority of cells were without significant alterations except slight 

! ! !

! ! !!

! !

!

! ! !
! ! !

!

Control 60 min 5 min 60 min



! 43!

vacuolization of the cytoplasm (fig. 4.4c and d). At experimental end-point (60 min), TEM 

images demonstrated a heterogeneous population/mixture of cells including both heavily 

vacuolated and large non-vacuolated cells. A relatively large portion of cells was necrotic as 

clearly seen by the loss of plasma membrane integrity and leakage of cell constituents into the 

extracellular space (fig. 4.4e and f). While chromatin structure was more or less unaffected by 

LTX-401 treatment (albeit slightly condensed in some), a relatively large portion of cells 

displayed nuclear envelope invaginations, some even reaching deep into the nucleoplasm. 

Furthermore, higher magnification revealed no significant ultrastructural changes in 

mitochondria of the majority of LTX-401 treated cells (fig. 4.4h) compared to control (fig. 

4.4g), except containing more electron-dense cristae. In addition, images taken at 140,000x 

magnification (not shown) even exposed intact inner and outer mitochondrial membranes. 

Cells that were examined close to end-point treatment, however, contained mitochondria with 

some degree of swelling although these were difficult to image and interpret due to an even 

more electron-dense appearance. Overall, these observations demonstrate that LTX-401 kills 

via a lytic/disruptive mode of action, and that cell death is accompanied by cellular swelling 

and massive vacuolization of the cytoplasm in both JM1 and B16F1 cells but varies with 

respect to morphology of certain organelles (i.e. mitochondria).  
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Fig. 4.4. Representative TEM micrographs of B16F1 melanoma cells treated with LTX-401. Cells were seeded 

at a density of 1.0 x 104 in 35 mm tissue culture dishes and allowed to reach confluence of ∼80 % before being 

treated with the 4 x IC50
4h of LTX-401 (108 µM) for various time points (5, 15, 30 and 60 min), and finally fixed 

in a PHEM buffered malachite green fixative containing 0.05 % malachite green, 0.5 % glutaraldehyde and 4 % 

formaldehyde. Untreated control cells (a, b) were kept in serum-free RPMI 1640 until experimental end-point 

(60 min) and compared with cells treated for 5 min (c, d) and 60 min (e, f). Morphology of mitochondria in 

control cells (g) was compared to LTX-401 treated cells (h). Scale bares = 10 µm for a, c, e, 5 µm for b, d, f and 1 

µm for g and h.  

 

 
4.4 Morphological study by phase-contrast microscopy imaging 
Phase-contrast imaging was employed to substantiate electron microscopy studies and to 

study morphology of LTX-401 treated cells. After treated for 15 min, JM1 cells had lost their 

elongations/cell tips and started to appear more vacuolated and necrotic after 30 min. At 

experimental end-point (60 min), the majority of cells were lysed as seen by the presence of 

necrotic cell bodies and cellular debris (fig. 4.5). B16F1 cells followed similar morphological 
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changes, but seemed more viable after 15 compared to JM1 cells. After 30 min, B16F1 cells 

had lost their overall morphology and some necrotic cell bodies were observed. At 60 min, the 

majority cells were no longer capable of retaining membrane integrity, and thus succumbed to 

necrosis (fig. 4.6). Interestingly, B16F1 cells were, compared to JM1 cells, not only more 

adherent to the surface after 60 min of LTX-401 treatment, but also adherent to each other.  

 

 

 
Fig. 4.5. Phase-contrast imaging of JM1 hepatocellular carcinoma cells treated with LTX-401. Cells were 

seeded at a density of 2.0 x 105 cells/well on 6-well plates and treated with the 4 x IC50
4h of LTX-401 (108 µM) for 

15 (b), 30 (c) and 60 (d) min and compared with non-treated control cells (a) incubated in serum-free RPMI 

1640. All images were taken at 40x magnification.  

 

 

 
Fig. 4.6. Phase-contrast imaging of B16F1 melanoma cells treated with LTX-401. Cells were seeded at a 

density of 2.0 x 105 cells/well on 6-well plates and treated with the 4 x IC50
4h of LTX-401 (108 µM) for 15 (b), 30 

(c) and 60 (d) min and compared with non-treated control cells (a) incubated in serum-free RPMI 1640 for 60 

min. All images were taken at 40x magnification. 
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4.5 JM1 and B16F1 cells release ATP when treated with LTX-401 in vitro 
ATP is reported to have immunogenic properties when released from dying and/or stressed 

cells, including cancer cells succumbing to conventional chemotherapy [181], and has thus 

become one of the main determinants of ICD. To investigate whether LTX-401 was able to 

induce the release of ATP from JM1 and B16F1 cells a luciferin-luciferase based reaction assay 

was employed. In JM1 cells, the extracellular concentration of ATP quickly increased after 60 

min of LTX-401 treatment (fig. 4.6a) while, contrary to B16F1 cells, peaked at 90 min before 

the signal dropped after 120 min. The signal obtained at 120 min, however, was still 

significantly higher than control cells. As with JM1 cells, the extracellular concentration of 

ATP by B16F1 cells quickly rose 60 min after initiating treatment with a gradual increase 

towards 120 min (fig. 4.6b). Since all experiments were conducted during a two-hour period, a 

diminished signal was not observed as it was with JM1 cells. It is noteworthy that B16F1 cells 

display a 5-fold higher release of ATP than JM1 cells at time points 120 min and 90 min, 

respectively. Taken together, these observations indicate that LTX-401 induced cell death of 

JM1 and B16F1 cells is accompanied by the extracellular release of ATP into the culture 

supernatant and that the relative amount is dependent on cell type.  
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Fig. 4.6. Extracellular ATP levels 

following treatment with LTX-401. Both 

(a) JM1 hepatocellular carcinoma and (b) 

B16F1 melanoma cells were seeded (1 x 104 

cells/well) in 96-well plates and left to 

adhere overnight in a cell incubator before 

being incubated with 2 x IC50
4h value of 

LTX-401 (54 µM) for designated time 

points (10, 30, 60, 90 and 120 min). Cells 

preserved in serum-free RPMI 1640 for 

equal time points served as control. NB! 

Data from controls were gathered and 

organized into one single column. Culture 

supernatants were collected at end of 

treatment and subjected to an 

rLuciferase/Luciferin (rL/L) reagent to 

facilitate the chemiluminescent reaction. At 

the highest peak, release of ATP is 5-fold 

higher in B16F1 cells (b) compared to JM1 

cells (a). Values are expressed in relative 

light units (RLU) and represent the mean 

(with SEM) of duplicate samples from three 

representative experiments on each cell 

line. *Statistical significance (treated vs 

control), was determined using Tukeys 

multiple comparisons test where P < 0.05. 



! 48!

 4.6 JM1 and B16F1 cells release HMGB1 when treated with LTX-401 in vitro 
As with ATP, the cytokine-like DAMP activities of secreted HMGB1 from stressed and/or 

dying cells is also crucial in mounting an immunogenic response [182]. To further 

characterize the ability of LTX-401 to induce ICD, the release of HMGB1 from JM1 and 

B16F1 into cell culture supernatants was assessed by western blot analysis. Using a dosage of 

54 µM LTX-401 (2 x IC50
4h) over 2 h induced a late release of HMGB1 from JM1 cells, as seen 

by the translocation of the protein from the lysate to the supernatant (fig. 4.7a). LTX-401 

failed to stimulate HMGB1 translocation in B16F1 cells (fig. 4.7b), indicating that the 

response is cell type-specific. 

 

 
 

 
Fig. 4.7. Western blot analysis of HMGB1 following treatment with LTX-401. JM1 hepatocellular carcinoma 

(a) and B16F1 melanoma cells (b) were seeded in 6-well plates (2.0 x 105 cells per well) and treated with the 2 x 

IC50
4h value of LTX-401 (54 µM) for designated time points (10, 30, 60, 90 and 120 min). Control cells were 

during the whole experiment (120 min) preserved in serum-free RPMI 1640 medium only. The translocation of 

HMGB1 from the JM1 cell lysate (L) to the supernatant (S) is seen at 90 min while continuing/increasing in 

signal strength towards 120 min. For B16F1 cells, no translocation of HMGB1 was observed using a dosage of 54 

µM LTX-401. The figure is a representative image of several western blots attained for experimental validation. 

(HMGB1, high mobility group box 1) 
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To explore whether higher dosages of LTX-401 managed to induce release of HMGB1 from 

B16F1 cells, an experimental setup using increasingly higher concentrations of LTX-401 in the 

range of 12.5 µg/ml – 200 µg/ml (34-543 µM) with a fixed time period of 4 h was employed. 

Indeed, LTX-401 stimulated B16F1 cells to release HMGB1 in a dose-dependent manner (fig. 

4.8), in which translocation of the protein was initiated at a concentration of 25 µg/ml (68 

µM). The following concentrations all induced complete translocation of HMGB1 from the 

lysate to the supernatant.  

 

 

 
Fig. 4.8. LTX-401 induces the release of HMGB1 from B16F1 melanoma cells in a dose-dependent manner. 

B16F1 melanoma cells were seeded at a density of 2.0 x 105 cells per well in a volume of 2 ml medium in 6 well 

tissue culture plates and treated with increasing doses of LTX-401 (12.5 – 200 µg/ml) during a 4 h period. B16F1 

cells attained in serum-free RPMI 1640 alone served as a control. Western blot analysis of lysates (L) and 

supernatants (S) show the HMGB1 protein starting to appear in supernatants of cells treated with 25 µg/ml of 

LTX-401. Following doses of LTX-401 all show translocation of HMGB1 from cell lysate to supernatant. The 

figure is a representative image of several western blot analysis attained for experimental validation. (HMGB1, 

high mobility group box 1) 

 

 

As these experimental data indicated the need of higher concentrations of LTX-401 to induce 

complete release of HMBG1 into cell culture supernatants, additional experiments were 

performed on both JM1 and B16F1 cells. Using twice the 4 x IC50
4h value of LX-401 (108 µM) 

and increased time points as in preliminary studies, LTX-401 was able to stimulate a complete 

release of HMGB1 into the supernatant in both JM1 (fig. 4.9a) and B16F1 cells (fig. 4.9b). 

Furthermore, the translocation was initially faster in B16F1 cells compared to JM1 cells with 

release of HMGB1 occurring at 30 and 60 min, respectively. In contrast to earlier findings, it 

was interesting to observe a quicker release of HMGB1 in B16F1 cells compared to JM1 cells, 
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suggesting that not only is the release cell type-specific, but the inherent capability of LTX-401 

to induce such is dependent on the concentration. Untreated control cells displayed no release 

of HMGB1 into the supernatant, as seen by the complete retainment of the protein within the 

lysates in all experiments.  
 

 

 

 
Fig. 4.9. Western blot analysis of HMGB1 following treatment with LTX-401. JM1 hepatocellular carcinoma 

(a) and B16F1 melanoma cells (b) were seeded in 6-well plates and treated with the 4 x IC50
4h of LTX-401 (108 

µM) for designated time points (30, 60, 90, 120 and 240 min). Control cells were during the whole experiment 

(240 min) preserved in serum-free RPMI 1640 medium only. HMGB1 translocates from the cell lysate (L) to the 

supernatant (S) after 60 min for JM1 cells, while displaying slightly accelerated release into the supernatant for 

B16F1 cells after 30 min. The figure is a representative image of several western blot analysis attained for 

experimental validation. (HMGB1, high mobility group box 1) 
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4.7 JM1 and B16F1 cells release cytochrome c when treated with LTX-401 in vitro 
Although not typically associated with ICD, cytochrome c still marks one of the early events 

during apoptotic cell death where its release from the mitochondrial intermembrane space 

into the cytosol controls the assembly of the apoptosome and activation of procaspase-9 [183, 

184]. To study whether LTX-401 was able to induce release of cytochrome c from the 

mitochondria of JM1 and B16F1 cells, an ELISA assay was employed to measure the amounts 

of cytochrome c in the cell culture medium after treatment. Quantitative analysis 

demonstrated that cytochrome c was found in the supernatants of JM1 and B16F1 cells as 

early as 30 min into treatment with the 4 x IC50
4h value of LTX-401 (108 µM) (fig. 4.10). The 

absolute amount of cytochrome c was not, however, statistically significant when compared to 

control cells until 90 min into treatment for JM1 cells and 120 min for B16F1 cells. The release 

of cytochrome c from B16F1 cells followed a gradual increase over time, reaching a peak of 

around 40 ng/ml at experimental endpoint (fig. 4.10b). LTX-401 induced a slightly different 

pattern of cytochrome c release in JM1 cells displaying a drop after peaking at 90 min, before 

yet increasing at 240 min (fig. 4.10a). However, calculations (using Tukey’s multiple 

comparisons test, data not shown) revealed that the value obtained for 120 min was not 

statistically different compared to values obtained for 90 min and 120 min, respectively. As 

with ATP-release from JM1 and B16F1 cells after treatment with LTX-401, the release of 

cytochrome c is also cell type-specific as demonstrated by the 2-fold higher amount released 

from JM1 cells contrary to B16F1 cells. These data suggests that LTX-401 might traverse the 

plasma membrane and induce mitochondrial membrane permeabilization and/or swelling, 

leading to the release of cytochrome c into the cytosol, while later eventuating in the 

extracellular space as plasma membrane integrity becomes lost.  
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Fig. 4.10. Quantitative analysis of 

cytochrome c in cell culture supernatants 

after treatment with LTX-401. JM1 

hepatocellular carcinoma (a) and B16F1 

melanoma cells (b) were incubated with the 

4 x IC50
4h of LTX-401 (108 µM) for different 

time points (30, 60, 90, 120 and 240 min) 

before evaluating the amount of 

cytochrome c in supernatants using the 

‘Rat/Mouse Cytochrome c 

Quantikine®ELISA’ kit. Untreated cells 

incubated in RMPI 1640 served as a control. 

Values are expressed as ng/ml of 

cytochrome c and represent the mean (with 

SEM) of duplicate samples from two 

representative experiments on each cell line. 

*Statistical significance (treated vs control), 

was determined using Tukeys multiple 

comparisons test where P<0.05. ns=not 

significant 

!
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4.8 LTX-401 induces complete regression of B16 melanomas 
In order to identify the optimal dosage of LTX-401 in the murine B16 melanoma model, a 

pilot study was conducted using 5 groups of animals, in which four received different doses 

(0.5 mg/ml – 5 mg/ml) of LTX-401, while the final group served as a vehicle-injected group. 

Mice with i.d established B16 melanomas were injected intralesionally with 50 μl of either 

vehicle control (n = 5), 5 mg/ml LTX-401 (n = 5) 2 mg/ml LTX-401 (n=3), 1 mg/ml LTX-401 

(n=5) or 0,5 mg/ml LTX-401 (n = 5) for three consecutive days (fig. 4.11a). In the group 

receiving 2 mg/ml of LTX-401 only 3 animals were treated due to lack of primary tumor 

growth in 2 of the animals. Tumors in both the control group and group receiving 0.5 mg/ml 

of LTX-401 grew rapidly and all mice were euthanized due to excessive tumor growth (130 

mm2) within 22 days after tumor challenge. Likewise, all animals in the group receiving 1 

mg/ml of LTX-401 had to be euthanized due to tumor burden, albeit slightly prolonged 

survival in one individual who was not euthanized until 25 days after tumor challenge. Only 

one animal injected with a dosage of 2 mg/ml survived while the remaining two were 

euthanized after 15 and 17 days, respectively. All animals receiving the highest concentration 

of LTX-401 (5 mg/ml) displayed complete regression of tumors and showed no signs of 

relapse throughout the observation period of 4 weeks after treatment. 

 

 

Following the hypothesis that the durable response of LTX-401 was based on adaptive 

immune responses, cured animals (n=5), along with untreated control animals (n=2), were 

given a second i.d tumor challenge of 5 × 104 viable B16F1 cells in their abdomen contralateral 

to the primary tumor site (seven weeks post primary tumor challenge). As presented in figure 

4.11c, tumor growth was only observed in one individual while being completely absent in the 

remaining animals. In addition, tumor reoccurrence was not observed within the observation 

period of 50 days after secondary tumor challenge indicating protective immune responses. It 

should be noted, however, that this finding was not statistically significant as shown by a log-

rank (Mantel-Cox) test (data not shown), due to few animals in the control group as the 

current study was designed to test “proof-of-principle”. In contrast, all control animals 

developed tumor (fig. 4.11b).  
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Fig. 4.11. Anti-tumor activity of LTX-401 

in i.d established murine B16 

melanomas. Palpable melanoma tumors 

syngeneic with C57BL/6 mice were treated 

intralesionally with various concentrations 

of LTX-401 or with vehicle control (0.9 % 

NaCl) (a), presented as Kaplan-Meier 

survival curves, and analyzed using a log-

rank (Mantel-Cox) test (P < 0.05).  Mice 

that were previously cured using a 

concentration of 5 mg/ml LTX-401 were 

given a second i.d challenge (5 × 104 B16F1 

cells contralateral to primary tumor site) 

(c) and compared with non-treated control 

animals receiving vehicle control (saline 

solution only (b). (i.d, intradermal).   
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5. Discussion  
The present study aimed to investigate the mechanisms underlying the anticancer effect of the 

synthetic β2,2-amino acid derivative LTX-401. A central question to be answered was whether 

LTX-401 displayed cytotoxic activity against cancer cell lines other than the ones previously 

reported and if this effect was selective compared to non-cancerous cells. There are several 

reports on both naturally occurring and synthetic anticancer peptides (ACPs) with the 

capacity of selective killing [85, 93, 185], a property believed to derive from the fact that 

cancer cells often carry a higher net negative charge on their plasma membrane compared to 

non-transformed cells. This may in turn help facilitate binding and aggregation of cationic 

ACPs on the surface of cancer cells, thus causing membrane destabilization and lysis of the 

cell. Non-transformed cells are less likely to be targeted by ACPs as their plasma membrane is 

predominantly composed of electrically neutral (zwitterionic) molecules such as 

sphingomyelin and phosphatidylcholine [48, 49]. By contrast, the plasma membrane of cancer 

cells has been shown to carry a higher net negative charge due to a higher than normal 

amount of anionic molecules including phosphatidylserine [43, 44], sulfated 

glycosaminoglycans like heparin sulfate [45, 46] and O-glycosylated mucins [45, 47]. In 

addition to differences in membrane net charge, cancer and normal mammalian cells also 

vary with respect to membrane fluidity and increased surface area of cancer cells due to a 

higher number of microvilli [50, 51], which may increase their susceptibility to ACPs.  

 

As presented in this study, LTX-401 exhibited anticancer activity against a wide range of 

human cancer cell lines (HEPG2, BEL7402, HT-29, A375, SK-N-AS), as well as a rat 

hepatocellular carcinoma (JM1) and murine melanoma cell line (B16F1). However, despite 

the effectiveness in killing tumor cells, LTX-401 is equally potent against non-malignant cells 

as demonstrated by the IC50 value obtained on human fibroblasts and human umbilical cord 

endothelial cells. Our group has previously, through structure-activity relationship studies on 

bovine lactoferricin (LfcinB) derivatives, designed 9-mer peptides (the LTX-300 series) with a 

net positive charge of +6. Both LTX-302 and LTX-315 have the potential to adopt an α-helical 

coil structure (predicted by the Garnier-Osguthorpe-Robson V method [186]) and have been 

shown to kill cancer cells more effectively than the naturally occurring LfcinB (25-mer), both 

in vitro and in vivo [110, 111]. LTX-315 is, however, thought to be less selective than LTX-302 

due to the slightly larger aromatic sector, thus conferring it an overall higher hydrophobicity. 



! 56!

This notion is supported by recent observations in which α-ACPs with greater hydrophobicity 

were less selective and exhibited more cytotoxicity against normal cells [85, 187]. Such a 

structural parameter may (partly) help explain the lack of selectivity and hence an unspecific 

targeting of non-malignant cells by LTX-401 as the two aromatic side chains governs it a high 

hydrophobicity, thus making it more prone to interact with phospholipid bilayers. 

Furthermore, it is likely that the low positive charge of LTX-401 (+2) reduces its capacity of 

binding strongly to anionic surface components on cancer cells via electrostatic forces. It is 

plausible that a higher cationicity would render non-malignant cells less susceptible to killing, 

but since LTX-401 was designed for the local treatment of solid tumors, the selectivity against 

cancer cells is less important in contrast to anticancer drugs designed for systemic use.  

 

Despite being efficient in killing several cancer cell lines at low micromolar concentrations, 

LTX-401 displays insignificant IC50 hemolytic activity against human red blood cells (fig. 4.1). 

A number of ACPs are in fact ineffective against erythrocytes, which is believed to derive from 

both elevated levels of cholesterol in their membranes and a high content of zwitterionic 

plasma membrane components [188-191]. Studies have also indicated that increased 

hydrophobicity of ACPs correlates with an increase of hemolytic activity, which is consistent 

with membrane discrimination mechanisms on eukaryotic cells [85, 187, 192]. Due to its 

highly hydrophobic side chains, and overall amphipatic structure, it is likely that LTX-401 is 

capable of penetrating deep into, and even transverse cancer cell membranes. Whether cell 

death as induced by LTX-401 is accompanied by pore formation remains elusive, but chances 

are that the molecule is of insufficient size to initiate such events and may thereby constitute a 

new and unknown mechanism of action that needs to be further elucidated.  

 

Kinetic experiments were conducted in order to study the impact of different concentrations 

of LTX-401 against JM1 hepatocellular carcinoma cells and B16F1 melanoma cells over time. 

Both concentrations represented the 2 x IC50
4h and 4 x IC50

4h value (approximately). 

Surprisingly, both 2 x IC50
4h  and 4 x IC50

4h  value of LTX-401 caused a similar degree of 

reduced cell viability in JM1 cells while having a more severe impact on B16F1 cells (fig. 4.2). 

The cellular survival was, however, reduced to an absolute minimum in both cell lines after 

90-120 min using the 4 x IC50
4h value (108 µM). In contrast, commonly used 

chemotherapeutics are known to require much longer incubation periods to exert significant 
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anticancer effects due to its intercalating mode of action by targeting susceptible phases of the 

cell cycle. In addition, the use of chemotherapy alone is seldom effective and curative in solid 

tumors [193].  

 

Electron microscopy was employed to study morphological changes of LTX-401-treated 

cancer cells, but also to verify and substantiate further bioassay based results (i.e release of 

DAMPs). These studies revealed an early loss of surface morphology and slight vacuolization 

of the cytoplasm in both JM1 and B16F1 cells, albeit to a different extent in the two cell lines 

(fig. 4.3 and 4.4). An increase in cell size (i.e oncosis) was also evident shortly after start of 

LTX-401 treatment. The latter is regarded as an early morphological characteristic of necrosis, 

while the phenomenon of cells rounding-up is considered a morphological aspect of apoptosis 

[194]. By prolonging the incubation period (to 60 min) of treated cells, transmission electron 

microscopy (TEM) images demonstrated that cells were killed via a lytic mode of action 

resulting in loss of cell membrane integrity and subsequent leakage of intracellular contents 

into the extracellular milieu. Apoptotic cell bodies were not observed in either cell line treated 

with LTX-401. Cell death by necrosis was also observed by Ausbacher et al., in which LTX-401 

was tested against human Burkitt’s lymphoma (Ramos cells) [154]. Necrotic cell death was, 

however, more apparent in TEM micrographs of B16F1 cells compared to JM1 cells, which 

could reflect a shortcoming in the microwave assisted procedure; since both pre- and post-

fixation is carried out en bloc with several washing steps in between, it is reasonable to believe 

that a considerable amount of dead (and detached) cells are washed away during the process. 

Considering the equal experimental setup for both cell lines, one explanation as to why there 

are more B16F1 cells with endpoint morphology typical for necrosis than JM1 cells could 

derive from differences in adherence between the two cell lines, or that JM1 cells reach 

endpoint earlier than B16F1 cells. Moreover, phase-contrast imaging revealed that a 

substantial portion of JM1 cells were in fact necrotic, and detached cells appeared floating in 

the culture medium (fig. 4.5).  

 

Kroemer et al. has defined massive vacuolization of the cytoplasm (and absence of chromatin 

condensation) as a morphological aspect of autophagic cell death [194], a notion that is also 

supported in other literature [195, 196]. The contribution of autophagy to cell death is still 

somewhat controversial [197], but in this context, the formation of vacuoles containing 
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cytoplasmic material could perhaps constitute a transitional state in which cells respond to 

acute intracellular stress exerted by LTX-401 on different organelles. At higher magnification, 

TEM micrographs revealed that a substantial portion of LTX-401-treated JM1 cells contained 

significantly affected mitochondria, which was clearly seen by excessive swelling and loss of 

normal cristae structure (fig. 4.3h). In contrast, the mitochondria of B16F1 cells seemed less 

affected by treatment (fig. 4.4h), but swelling and formation of electron dense cristae was still 

evident. The observed differences could account for cell-specific (plasma membrane) 

differences that allows for quicker internalization of LTX-401 in JM1 cells compared to B16F1 

cells, and is thus given more time to act on organelles such as mitochondria before cellular 

lysis and death. The B16F1 cell line is moreover known to consist of a heterogeneous 

population of both spindle-shaped and epithelial like cells [178, 179, 198], which could 

respond differently to treatment with anticancer substances, including LTX-401.  

 

One of the major drawbacks of conventional cancer regiments is their inability to eradicate all 

tumor cells due to high heterogeneity of the tumor and thereby its non-targeted mode of 

action. Moreover, cell death as induced by many commonly used chemotherapeutics proceeds 

by triggering downstream events that ultimately results in programmed cell death (apoptosis). 

The latter is often regarded as a non-stimulatory event and may recreate an 

immunosuppressive environment that is detrimental to any potential anti-tumor immune 

responses [101, 122, 199, 200]. After the introduction of the concept of immunogenic cell 

death (ICD), it has become increasingly evident that the mode of cancer cell death represents 

a larger role in determining the outcome and success of selected anticancer therapies than 

previously anticipated [112, 122, 201]. The activation of potent anti-tumor immune responses 

has been shown to rely on a series of cellular and biochemical events culminating in the 

emission of Damage-Associated Molecular Pattern molecules (DAMPs) from dying and/or 

stressed tumor cells, including surface exposed calreticulin (CRT), secreted adenosine 

triphosphate (ATP) and passively released High Mobility Group Box-1 protein (HMGB1), 

which are among the requirements for cell death to be perceived as immunogenic. When 

interacting with their respective receptors, DAMPs (along with tumor antigens) orchestrate 

the recruitment and activation of dendritic cells (DCs) into the tumor bed, which may later 

home to draining lymph nodes to active tumors-specific CD8+ T cells [131-133]. In the 

present project, JM1 hepatocellular and B16F1 melanoma cells were screened for the release of 
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ATP and HMGB1 using a modified luciferase assay and western blot analysis, respectively, 

when treated with LTX-401 in vitro. All preliminary experiments were carried out using the 2 

x IC50
4h value of LTX-401 (54 µM) over a total time period of 1 h, which were parameters 

chosen based on the background of previously determined IC50 values of LTX-401. 

Accordingly, if the release of DAMPs from dying cancer cells was absent after treatment with 

LTX-401, the concentration was increased.  

 

Results showed that LTX-401 induced the release of ATP and HMGB1 from JM1 and B16F1 

cells (fig. 4.6 and 4.9). When rapidly released or secreted into the extracellular matrix by dying 

and/or stressed tumor cells, ATP has been shown to act on purinergic receptors to facilitate 

the recruitment of immune phagocytes and DCs into the tumor bed [134]. Furthermore, 

when binding to P2X7 receptors on DCs, ATP stimulates the assembly of NLRP3 

inflammasome causing a series of downstream events that ultimately result in the production 

and release of IL-1β, a cytokine required for the priming of IFN-γ producing tumor-specific 

CD8+ T cells [138, 202, 203]. The release of ATP was 5-fold higher in B16F1 cells compared to 

JM1 cells during the 2h treatment period with LTX-401 (54 µM). In addition, while 

extracellular levels of ATP continue to increase in B16F1 cells, an opposite trend was observed 

for JM1 cells. These observations may account for cell-specific, and perhaps, metabolic 

differences between the two cell lines. Moreover, due to the presence of extracellular ATP-

degrading enzymes [204], the extracellular levels of ATP are expected to drop after a given 

time period. Accordingly, by expanding the time course of the experiment, a drop in signal 

would probably have been observed for B16F1 as well. Interestingly, a similar pattern of ATP-

release from JM1 cells has been observed by treatment with a nonamer lytic peptide LTX-315 

(unpublished data/manuscript), in which extracellular ATP levels increased before gradually 

diminishing. These observations are consistent with results obtained with LTX-401, where an 

identical experimental setup was employed.  

 

The translocation of HMGB1 from the intracellular compartment to the extracellular space 

(supernatant) was also observed when treating JM1 and B16F1 cells with LTX-401, which is 

likely to have occurred after the disruption of the plasma membrane (confirmed by TEM 

studies). The extracellular release of HMGB1 from post-apoptotic and/or necrotic cells is 

capable of sustaining and augmenting an anti-tumorigenic environment by the attraction of 
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inflammatory leukocytes and stimulation of pro-inflammatory cytokines such as TNF-α and 

IL-6 [145, 205]. In addition, HMGB1 serves a pivotal role in the maturation of DCs and favors 

both processing and presentation of tumor antigens to naïve T cells, thus establishing a link 

between innate and adaptive anti-tumor immune responses [122, 206, 207]. However, the 

release of HMGB1 from dying cancer cells is not solely consistent with establishment of anti-

tumor immune responses as redox modifications induced either by the cell or the extracellular 

milieu might alter and even attenuate its DAMP activities [208, 209].  

 

A cytochrome c ELISA assay was performed to further assess the capability of LTX-401 to 

release mitochondrial DAMPs. The release of cytochrome c into the cytoplasm is considered 

one of the key initiative steps of the intrinsic apoptotic pathway [210, 211]. However, the 

extracellular functions of cytochrome c are less known, but evidence suggests that it may 

directly modulate the production of pro-inflammatory cytokines and chemokines via 

activation of the NF-κB pathway [212]. In this thesis, LTX-401 was shown to induce the 

extracellular release of cytochrome c from both JM1 hepatocellular carcinoma and B16F1 

melanoma cells, in vitro (fig. 4.10). Again, both cell lines displayed intrinsic differences as 

reflected by the 2-fold higher release of cytochrome c from JM1 cells compared to B16F1 cells. 

The observed variation could derive from the more adverse impact LTX-401 exercise on the 

mitochondria of JM1 cells (confirmed by TEM studies), thus releasing more cytochrome c 

into the cytosol which can be detected after the loss of plasma membrane integrity. In 

addition, while TEM micrographs confirmed the lysis of B16F1 cells after 60 min, the release 

of cytochrome c was not significantly different from controls until after 120 min, which could 

indicate that the mitochondria is still somewhat intact and continue to retain its cytochrome c 

a while after cellular dissolution. Altogether, the findings in this thesis suggest an ICD-

inducing role of LTX-401, as demonstrated by the release of ATP, HMGB1 and cytochrome c 

from cancer cells in vitro. Moreover, the potential cytotoxic effect exerted by LTX-401 on 

normal cells may lead to an augmentation of the immune response due to an increase in the 

amount of DAMPs being released, which ultimately results in an immune response against the 

more immunogenic tumor antigens. 
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It has recently been proposed that inducers of ICD can be classified based on their ability to 

trigger apoptosis via induction of endoplasmic reticulum (ER) stress [112]. Notably, type II 

ICD inducers such as hypercin-based photodynamic therapy specifically target the ER, while 

type I inducers including anthracyclines (e.g doxorubicin and mitoxantrone), oxaliplatin and 

cyclophosphamide primarly target cytosolic proteins, components of the plasma membrane 

or nucleic proteins [112, 182]. Many studies have demonstrated in vivo anticancer effects of 

both type I and II ICD inducers, mainly through prophylactic tumor vaccination models with 

transplantable tumors [182]. However, little attention has been given to ACPs in the context 

of ICD and cancer therapy. This is despite reports on inhibition of tumor growth and 

metastasis [89, 90, 107], which indicates a potential involvement of the immune system.  

 

As the work conducted in this thesis indicated the potential use of LTX-401 in a therapeutic 

setting, our group conducted a pilot-study (‘proof-of-principle’) to assess the anticancer 

effects against the highly aggressive and poorly immunogenic murine B16 melanomas. Mice 

that were given the highest dosage of LTX-401 (5 mg/ml) once a day for 3 consecutive days all 

displayed complete regression of intradermally (i.d) established B16 melanoma tumors (fig. 

4.11a). To assess whether this effect was systemic, all cured animals were subjected to a second 

tumor challenge with live tumor cells (seven weeks after primary tumor challenge), but this 

time inoculated at a different site on the abdomen. Interestingly, 80 % of previously cured 

animals displayed no signs of tumor growth, meaning that B16F1 cells were rejected (fig. 

4.11c). All control animals, however, developed tumors (fig. 4.11b). Accordingly, this 

indicates that treatment with LTX-401 induced a secondary (adaptive) immune response with 

persistence of anti-tumor immunity, thus demonstrating an in situ vaccination effect. 

Histological examinations of tumors treated with LTX-401 revealed increased infiltration of 

CD3+ T cells (Prof. B. Sveinbjørnsson, personal communication), which also correlates with 

activation of an immune response established by ICD. Therefore, the cytolytic effect exerted 

by LTX-401 may provide a favourable immunogenic environment due to the release of several 

DAMPs along with tumor antigens, which together orchestrate long-lasting tumor immune 

protection. A failure to induce the release of endogenous adjuvants in the form of DAMPs will 

abolish the perception of ICD by the immune system and hence compromise the immune 

response [213]. Our group has previously demonstrated that complete regression and 

systemic protection against rechallenge of i.d established murine A20 lymphomas after 
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treatment with the lytic ACPs LTX-302, is dependent on the involvement of both CD4+ and 

CD8+ T cells [111]. As the mechanism of action by LTX-401 is similar to LTX-302, it strongly 

suggests a T-cell based immunity, which is consistent with the model of ICD [214].  

 

 

6. Conclusions and future perspectives 
The work of this thesis has attempted to investigate the mechanisms underlying the anticancer 

activity of the β2,2-amino acid derivative LTX-401. This was achieved by utilizing biological 

assays followed by a ‘proof-of-principle’ study in the B16 mouse melanoma model to assess its 

clinical potential for use in solid tumors. In vitro cytotoxicity studies demonstrated that LTX-

401 displays potent activity against several cancer cell lines. Further analysis revealed a lytic 

mechanism of action by LTX-401 that is accompanied by the release of DAMPs such as ATP, 

HMGB1 and cytochrome c. Moreover, mice that were treated intralesionally with LTX-401 

displayed complete regression of tumors and were protected against relapse of the cancer. The 

combined observations (both in vitro and in vivo) suggest that the therapeutic effect of LTX-

401 is achieved by two distinct modalities. First, LTX-401 exerts a direct cytotoxic effect 

against cancer cells that ultimately leads to the irreversible loss of plasma membrane integrity, 

thus releasing intracellular content. Second, as a result of the direct effect, the extracellular 

milieu becomes enriched with tumor antigens and DAMPs that initiates the activation and 

maturation of antigen-presenting cells. This may lead to cross-priming of tumor-specific 

CD8+ cytotoxic T lymphocytes and subsequent generation of protective antitumor immunity.  

 

In conclusion, the obtained results support LTX-401 as a novel and promising drug candidate 

for the treatment of solid tumors. 

 

To further study the role of LTX-401 as an anticancer- and ICD-inducing agent, 

complementary studies should be aimed at investigating the potential role of other DAMPs in 

vitro, including surface exposure of CRT but also newly discovered contributors to the 

immunogenicity of cell death such as interferon-α and various chaperones of the heat-shock 

protein family. While the latter can be studied by using Western Blot analysis on cells treated 

with LTX-401, assays for the evaluation of ICD in vivo are naturally more demanding, and 

also limited to the number of syngeneic tumor models. As of today, the primary approach to 
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assess ICD in vivo consists of prophylactic vaccination assays with ex vivo treated cancer cells. 

Nonetheless, assays that monitors cell death-associated parameters and patterns of pro-

inflammatory cytokines will strengthen the hypothesis of LTX-401 functioning as an inducer 

of ICD. Finally, it would also be of great interest to study the effects of LTX-401 in 

combination with other anticancer regiments to improve the chances of therapeutic success. 
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Appendix A - Solutions 
 
Table. A.1. 1x PBS 
Solution Amount 

PBS tablets 2 

Milli-Q water 1000 ml 

 
 
 
Table. A.2. MTT stock solution (5 mg/ml) 

Solution Amount 

MTT 50 mg 

1X PBS 10.0 ml 

 
 
 
Table. A.3. 0.04 M HCl in isopropanol 

Solution Amount 

Isopropanol (Absolute) 1 L 

HCl (37%, 12.08 M) 0.33 L 

 
 
 
Table. A.4. 1x Running Buffer 

Solution Amount 

Running buffer (20x) 35.0 ml 

dH2O 675 ml 

 
 
Table. A.6. Blotting Buffer 

Solution Amount 

Tris 5.8 g 

Glycin 29 g 

MeOH 100 ml 

dH2O 900 ml 
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Table. A.7. 1x TBS-T 

Solution Amount 

1 M Tris (pH 7.5) 20.0 ml 

Tween 20 1.0 ml 

5 M NaCl 100 ml 

dH2O 879 ml 

 
 
 
Table. A.8. 5 % Blocking Buffer 

Solution Amount 

Low fat milk powder 2.5 g 

1x TBS-T 50.0 ml  

 
 
 
Table. A.9. 4x PHEM Buffer (for 100 ml), pH 6.9 

Solution Amount 

PIPES 240 mM 7.26 g 

HEPES 100 mM 2.38 g 

MgCl2*6H2O 8 mM 0.16 g 

EGTA 40 mM (Ethylene 

glycol tetraacetic acid)  

1.52 g 

 
 
 
Table. A.10. 1x Malachite Green fixative 

Solution Amount 

1 % Malachite Green 0.2 ml 

25 % Glutaraldehyde 0.8 ml 

16 % Formaldehyde  1.0 ml 

0.1 M PHEM Buffer 2.0 ml 

 

! Since PIPES does not dissolve 

until pH is raised, drops of NaOH 

were applied to the solution while 

mixing to yield pH 6.9 (monitored 

by pH-meter). A 1x solution (0.1 

M) was made by diluting in 300 ml 

! The 1 % Malachite Green stock 

solution was prepared by mixing 0.1 

g of the salt in 10.0 ml dH2O 

 
!

! pH was adjusted to 8.4 by adding 

37 % HCl 

!
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Table. A.11. Cacodyl buffer (0.2 M), pH 7.4 
Solution Amount 

Sodium cacodylate 4.28 g 

dH2O 80 ml 

 
 
 
Table. A.12. 1 % Osmium reduced ferrocyanide   
Solution Amount 

4 % Osmium tetroxide 2.5 ml 

4 % Ferrocyanide 2.0 ml 

0.2 M Cacodyl buffer 5.0 ml 

dH2O 0.5 ml 

 
 
 
Table. A.13. Agar resin 
Solution Amount 

Agar 100 10.0 ml 

DDSA (dodecenyl succinic 

anhydride) 

6.0 ml 

 

NMA (nadic methyl 

anhydride) 

7.5 ml 

DMP-30 (2,4,6-

trimethylamine 

methylphenol) 

0.5 ml 

 
 
 
 
 
 
 
 
 
 
 
 

! pH was adjusted to 7.4 with 

HCl 

 

! The 4 % stock solution of 

ferrocyanide (K3Fe(CN)6) was 

prepared by mixing 0.4 g of the 

salt with 10.0 ml dH2O. Osmium 

tetroxide is commercially 

available as a 4 % solution 
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Appendix B 
 
Program settings for the PELCO Biowave® Pro 
 

Step# Description 

User 
Prompt 
(on/off) 

Time 
(Hr:min:sec) 

Power 
(Watts) 

Temp 
(ºC) 

Load Cooler 
(off/auto/on) 

Vacuum/ 
Bubbler Pump 
(off/ bub/ vac 
cycle/ vac on/ 
vap) 

SteadyTemp 
pump 
(on/off) 

SteadyTemp 
temp (ºC) 

Protocol #9 Mal Green Fixation 
    1" MalGreen"GA"fix" Off" "0:"2:"0" 100" 50" Off" vacuum"on" On" 23"

2" MalGreen"GA"fix" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
3" MalGreen"GA"fix" Off" "0:"2:"0" 100" 50" Off" vacuum"on" On" 23"
4" MalGreen"GA"fix" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
5" MalGreen"GA"fix" Off" "0:"2:"0" 100" 50" Off" vacuum"on" On" 23"
6" MalGreen"GA"fix" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
7" MalGreen"GA"fix" Off" "0:"2:"0" 100" 50" Off" vacuum"cycle" On" 23"

"
2"bench"washes"

" " " " " " " "8" PHEM"Buffer" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
9" PHEM"Buffer" On" "0:"0:"40" 250" 50" Off" Off" On" 23"

10" Osmium" On" "0:"2:"0" 100" 50" Off" vacuum"cycle" On" 23"
11" Osmium" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
12" Osmium" Off" "0:"2:"0" 100" 50" Off" vacuum"on" On" 23"
13" Osmium" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
14" Osmium" Off" "0:"2:"0" 100" 50" Off" vacuum"on" On" 23"
15" Osmium" Off" "0:"2:"0" 0" 50" Off" vacuum"on" On" 23"
16" Osmium" Off" "0:"2:"0" 100" 50" Off" vacuum"cycle" On" 23"

"
2"bench"washes"

" " " " " " " "17" PHEM"Buffer" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
18" PHEM"Buffer" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
19" Tannic"Acid" On" "0:"1:"0" 150" 50" Off" vacuum"cycle" On" 23"
20" Tannic"Acid" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
21" Tannic"Acid" Off" "0:"1:"0" 150" 50" Off" vacuum"on" On" 23"
22" Tannic"Acid" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
23" Tannic"Acid" Off" "0:"1:"0" 150" 50" Off" vacuum"on" On" 23"
24" Tannic"Acid" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
25" Tannic"Acid" Off" "0:"1:"0" 150" 50" Off" vacuum"cycle" On" 23"

"
2"bench"washes"

" " " " " " " "26" PHEM"Buffer" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
27" Water" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
28" Water" On" "0:"0:"40" 250" 50" Off" Off" On" 23"

"
2"bench"washes"

" " " " " " " "29" UA" On" "0:"1:"0" 150" 50" Off" vacuum"cycle" On" 23"
30" UA" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
31" UA" On" "0:"1:"0" 150" 50" Off" vacuum"on" On" 23"
32" UA" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
33" UA" Off" "0:"1:"0" 150" 50" Off" vacuum"on" On" 23"
34" UA" Off" "0:"1:"0" 0" 50" Off" vacuum"on" On" 23"
35" UA" Off" "0:"1:"0" 150" 50" Off" vacuum"cycle" On" 23"
36" Water" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
37" Water" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
38" 25%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
39" 50%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
40" 70%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
41" 90%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
42" 100%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
43" 100%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"
44" 100%"ETOH" On" "0:"0:"40" 250" 50" Off" Off" On" 23"

Protocol"#11"N"Resin"infiltration"
" " " " " " " "1" Resin"1:2" On" "0:"3:"0" 250" 50" Off" vacuum"cycle" On" 23"

2" Resin"100" On" "0:"3:"0" 250" 50" Off" vacuum"cycle" On" 23"
3" Resin"100" On" "0:"3:"0" 250" 50" Off" vacuum"cycle" On" 23"
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Appendix C – Assessment of human endpoints (in vivo experiments) 
 
 
Score N =  Normal, nothing out of the ordinary 
Score 1 =  Slightly influenced, animals must be followed closely 
Score 2 =  Significantly influenced, animals must be euthanized  
 
 
 
 
Examples of score 1 

o Weightloss < 10 % 
o Visible tumor, but less than maximal allowed size (i.e. < 

12-13 mm i diameter) 
o Necrosis, but without ulceration 

 
 
 
Examples of Score 2: 

o Weightloss �  10 % 
o Tumor  �  12-13 mm i diameter 
o Ulceration of the tumor 
o Bristling fur, inactivity, hunched posture 

 
 
 
 
The form is filled out for each animal three times per week, in connection with bodyweight 
measurements. If any symptoms are observed in between these day by the animal care 
workers, the local competent person and responsible scientist must be notified.  
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Prosjekt ID (FOTS nr og lokal forsøksnr):  

Mus nummer (bur og øremerke):                          

Start kroppsvekt (dag 0 av forsøket):   

Datoer og tid for injeksjoner: 
 

Inj. 1: 

Inj. 2: 

Inj. 3 

Inj. 4 

Inj. 5 

Vurdering av dyrets tilstand gjennom forsøket (Score N, 1 eller 2) 

Uke nr. i eksperimentet 1 2 3 4 5 6 7 8 9 10 11 

   Dag av eksperimentet                                    

Observasjoner (påfør N, 1 eller 2 etter angitte kriterier) 

Uforstyrret aktivitet                                  

Oppførsel                                  

Kroppsholdning                                  

Utseende, pels, egenpleie                                  

Kroppsvekt (g)                                  

    % av utgangsvekt                                  

Generell status muskler/fett                                  

Bukomfang                                  

Tumorstørrelse                                  

Tumorutseende                                  

INITIALER (Observatør)                                  
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Appendix D – Confirmation of Felasa C certificate 
 
NB! Not receiving course diploma/certificate before summer of 2015 
 
 
Copy of email: 
 
“CONFIDENTIAL FELASA Examination 
 
Jeffrey Roy Needham Add to contacts 4/19/2015  
To: Brynjar Mauseth 
 

 
 
 
 
 
Dear"Brynjar"
""
Congratulations.""
""
I"am"very"happy"to"be"able"to"inform"you"that"your"hard"work"was"
worthwhile"and"you"passed"the"recent"FELASA"examination."
""
Well"done"and"good"luck"in"the"future."
""
Best"wishes”"
" 


