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Abbreviations 

 

A23187, 5-(methylamino)-2-({(2R,3R,6S,8S,9R,11R)-3,9,11-trimethyl-8-[(1S)-1-methyl-2-

oxo-2-(1H-pyrrol-2-yl)ethyl]-1,7-dioxaspiro[5.5]undec2-yl}methyl)-1,3-benzoxazole-4-

carboxylic acid; ADRP, adipose differentiation-related protein; AIF, apoptosis inducing 

factor; ANT, adenine nucleotide translocase; Bcl-2, B-cell lymphoma; C-400, 5-(and-6)-

carboxy-2', 7’-dichlorodihydrofluorescein diacetate; CIN, cervical intraepithelial neoplasia; 

CypD, cyclophilin D; cyt-c, cytochrome c; CsA, cyclosporine A; DIABLO, direct IAP–

binding protein of low isoelectric point [pI]; DMEM, Dulbecco’s modified Eagle’s medium; 

dsiRNA, diced small interfering ribonucleic acid; Endo G, endonuclease G; Etoposide, 4' - 

demethyl - epipodophyllotoxin 9 - [4,6-O-(R)-ethylidene-beta-D-glucopyranoside],  4' - 

(dihydrogen phosphate); FCS, fetal calf serum; FITC, fluorescein isothiocyanate; G418, 

(2R,3S,4R,5R,6S)-5-amino-6-[(1R,2S,3S,4R,6S)-4,6-diamino-3-[(2R,3R,4R,5R)-3,5-

dihydroxy-5-methyl-4-methylaminooxan-2-yl]oxy-2-hydroxycyclohexyl]oxy-2-(1-

hydroxyethyl)oxane-3,4-diol; GFP,  green fluorescent protein; GST, glutathione S-transferase; 

HBP22, heme binding protein 1; IPTG,  isopropyl-β-D-thiogalactopyranoside; JC-1, 5,5,6,6-

tetracloro-1,1,3,3 -tetraethylbenzimidazolyl-carbocyanine iodide; M6PR, mannose 6-

phosphate receptors; MMP, mitochondrial membrane permeabilization; MTT, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; mPT, mitochondrial permeability 

transition; ∆ψ mitochondrial membrane potential; NCBI, National Center for Biotechnology 

Information; PAT, perilipin, adipophilin, and TIP47; PBS, phosphate buffered saline; PCR, 

Polymerase Chain Reaction; pI, isoelectric point; PI, propidium iodide; PP17b, placental 

tissue protein 17b; PTP, permeability transition pore; PTPC, permeability transition pore 

complex; Rh-123, rhodamine-1,2,3; ROS, reactive oxygen species; siRNA, small interfering 

RNA; Smac, second mitochondrial activator of caspases; SOUL/HBP2, heme binding protein 

2; Taxol, (2α,4α,5β,7β,10β,13α)-4,10-bis (acetyloxy)-13-{[(2R,3S)-3-(benzoylamino)-2-

hydroxy-3-phenylpropanoyl]oxy}-1,7-dihydroxy-9-oxo-5,20-epoxytax-11-en-2-yl benzoate; 

TIP47, tail interacting protein of 47 kDa; t-TIP47, truncated-TIP47; VDAC , voltage-

dependent anionic channel 
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Introduction 

 

 For the past 15 years our laboratory has been involved of identified several genes with 

previously unknown functions that affected cell death processes such as tail interacting protein 

of 47 kDa (TIP47) or Heme Binding Protein 2 (HBP2/ SOUL). In this study the effect of these 

proteins in mitochondrial releated cell death is described.  

 This work provides compelling evidence of the protective effect of TIP47 which exerts an 

antiapoptotic effect on cell survival by inhibiting the activation of proapoptotic proteins, by 

assisting the effect of anti-apoptotic proteins and by the direct stabilization of the 

mitochondrial membrane potential. 

 We identified genes, which in contrast, destabilize the mitochondrial membrane system, 

such as SOUL, which sensitized fibroblast cells to cell death in the absence of elevated ROS 

formation. In the presence of subthreshold calcium, recombinant SOUL provoked 

mitochondrial permeability transition (mPT) in vitro, which was inhibited by cyclosporine A 

(CsA). In vivo, SOUL overexpression enhanced the dissipation of mitochondrial membrane 

potential, as well as SOUL promoted necrotic death in etoposide and A23187 treated cells, 

which effect was prevented by CsA.  

 

The role of mitochondria in cell death: 

 The cell’s decision to die from necrosis or apoptosis is dictated at least in part by the 

abundance of intracellular energy stores. Indeed, whereas apoptosis requires a minimal amount 

of intracellular ATP, necrosis is generally accompanied by its total depletion. 

 The intrinsic cell death pathway involves the initiation of apoptosis as a result of a 

disturbance of intracellular homeostasis. In this pathway, mitochondria are critical for the 

execution of cell death, and so this pathway has been referred to as the mitochondrial cell 

death pathway. 

 

Mitocondrial Membrane Polarization (∆ψ): 

 Mitochondrial membrane permeabilization (MMP) is frequently the decisive event that 

delimits the frontier between survival and death. Local players that determine the propensity to 

MMP include the pro- and antiapoptotic members of the B-cell lymphoma (Bcl-2) family, 

proteins from the mitochondrial permeability transition pore complex, as well as a plethora of 
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interacting partners including mitochondrial lipids. The inhibition of MMP constitutes an 

important strategy for the pharmaceutical prevention of unwarranted cell death. Conversely, 

induction of MMP in tumor cells constitutes the goal of anticancer chemotherapy . 

 MMP is characterized by several hallmarks that include:  

1) the release of cytochrome c (cyt-c), second mitochondria-derived activator of caspase/direct 

inhibitor of apoptosis binding protein (IAP) with a low isoelectric point (pI) (Smac/DIABLO), 

through the mitochondrial outer membrane and the subsequent activation of effector caspases;  

2) the release of caspase-independent apoptogenic death effectors, such as apoptosis inducing 

factor (AIF) and endonuclease G (EndoG);  

3) a bioenergetic catastrophe including the arrest of oxidative phosphorylation, as well as the 

accumulation of reactive oxygen species (ROS), 

4) an alteration of the ∆ψ of the mitochondrial inner membrane. 

 According to current knowledge, the principal mechanism leading to inner membrane 

permeabilization is the so-called “permeability transition.” 

 

The mitochondrial permeability transition (mPT): 

 The mitochondrial permeability transition (mPT) refers to a transition in the permeability 

of the mitochondrial inner membrane that occurs when mitochondria in vitro are treated with 

calcium [Ca2+] or reagents that increase oxidative stress. 

 The exact molecular nature of the permeability transition pore, the PTP is still a matter of 

debate, although an emerging consensus considers a multicomponent protein complex, the 

PTPC, and not a single protein, as being responsible for the opening of PTP. PTPC is 

assembled at the contact sites of the mitochondrial membranes and that its scaffold structure is 

based on the dynamic interaction between VDAC, ANT, and CypD. The voltage-dependent 

anionic channel, VDAC protein is a pore in the mitochondrial outer membrane that allows low 

molecular weight solutes to pass and gain access to inner membrane transport systems. The 

adenine nucleotide translocator, ANT is a structural component of the MPT, and matrix 

cyclophilin D (CyP-D) bound to complexes of VDAC and the ANT to form the MPT. 

 

BH3 domain proteins, the Bcl-2 family: 

BH3 domain-only proteins play a significant role in the processes of cell death and 

survival. Mammalian cells express a group of evolutionarily conserved proteins known as the 

Bcl-2 family. The effect of Bcl-2 proteins on the apoptotic process is due to the presence of 

one or more conserved regions of amino acid sequences, known as Bcl-2 homology (BH) 
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domains. Based on their function, Bcl-2 proteins can have either proapoptotic (Bax, Bad, Bak, 

Bim, and Bid) or antiapoptotic (Bcl-2 and Bcl-xL) properties. 

There are data indicating that proapoptotic Bcl-2 homologues can activate mPT in 

oxidative stress showing that an oxidant-damaged mitochondrial membrane system can react 

differently to BH3 domain proteins. In addition, the oligomer Bax alone can induce 

mitochondrial permeability transition and complete cyt-c release without oxidative stress, 

indicating that under certain conditions, BH3 domain proteins can contribute to mitochondrial 

inner membrane permeabilization, mPT, and necrotic death.  

It was also demonstrated that antiapoptotic Bcl-xL can bind to the VDAC-1 barrel 

laterally at strands 17 and 18 and can influence mitochondrial permeabilization. Therefore, 

antiapoptotic Bcl-2 protein can also influence (protect) the inner mitochondrial system, 

probably via interaction with VDAC. 

 

The TIP47 protein: 

Tail-interacting protein (TIP47) is a member of the perilipin/ adipophilin/TIP47 (PAT) 

family, which also includes perilipin, adipose differentiation-related protein (ADRP), S3-12 

and OXPAT proteins. PAT family surface proteins are components of the plasma membrane 

and they influence cellular lipid metabolism and also insulin signaling, by means of 

controlling access of lipases to stored lipid esters. PAT proteins are characterized by primary 

sequence homology, which is evolutionary conserved across all species. The distribution of 

PAT proteins varies among different tissues: while the expression of perilipin and S3-12 

proteins is restricted to adipose and steroidogenic tissues, ADRP and TIP47 are found 

ubiquitously. The critical role of PAT proteins in the packaging and storage of neutral lipids 

and as components of lipid droplets has been established by a number of studies.  

TIP47 was primarily identified as a possible cargo protein involved in the delivery of 

mannose 6-phosphate receptors (M6PR) from endosomes to the trans-Golgi network. It was 

shown to bind to the cytoplasmic domains of cation-independent and cation-dependent M6PR 

and to be transported to late endosomes by binding to Rab9 GTPase. The recognition of a 

sequence homology between ADRP and TIP47 led to the discovery that TIP47, like other PAT 

family members, associates with lipid droplets. Although this finding was initially questioned, 

the role of TIP47 in lipid metabolism was subsequently confirmed by various sources. Besides 

its apparent function in lipid metabolism, TIP47, along with other PAT proteins, influences 

insulin signaling. The combined knockout of ADRP and TIP47 was shown to lead to 

decreased insulin sensitivit. A recent study reported the possible role of TIP47 in Human 
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Immunodeficiency Virus (HIV-1) infection. TIP47, as a cellular cofactor, was found to play a 

part in Env incorporation, allowing the encounter and physical association between HIV-1 Gag 

and Env proteins during the viral assembly process.  

Parallel to studies conducted by other laboratories, our work-group carried out 

experiments to elucidate the role of TIP47, which shed new light on the function of this 

controversial protein. TIP47 was found to be identical to a soluble, pregnancy-related placental 

tissue protein 17b (PP17b). Of particular significance was the discovery, that, compared to 

normal cervical tissue, TIP47 is overexpressed in cervix carcinoma, as is its messenger RNA 

in the HeLa cancer cell line. Moreover, a correlation could be detected between the level of 

TIP47 expression and the different stages of cervical intraepithelial neoplasia (CIN). Moderate 

immunohistochemical staining of the dysplastic cells was apparent in CIN I-II, whereas strong 

staining was observed in CIN III and in situ carcinoma. Recently, the role of TIP47 as a 

potential tumor marker of cervical carcinoma was suggested. Since TIP47 is secreted into the 

serum, and its level is elevated in the progression of the tumor to invasive or metastatic 

carcinoma and mitigated after treatment, the monitoring of TIP47 by immunological methods 

may be beneficial for cervical cancer patients. 

 However, to this date, there is no data available for its possible role in tumor 

development, or in regulation of cell death.  

 

SOUL/HBP2, a novel BH3 domain protein: 

Role of heme-containing proteins in the regulation of cell death and survival are well 

characterized. They can affect formation of reactive oxygen species hence induction of direct 

oxidative damages as well as induction of mitochondrial permeability transition (mPT). 

Heme-binding protein 1 (HBP22) is an ubiquitously expressed protein having high 

affinity for heme and protoporphyrine. Human SOUL (SOUL) is a 23 kDa haem-binding 

protein that was first identified as the PP23 protein isolated from human full-term placentas. 

SOUL is expressed just in some specific tissues, has more than 40% sequence homology with 

HBP22, and has much higher binding affinity for porphyrines than HBP22.  

SOUL facilitates mitochondrial permeability transition and cell death without affecting 

reactive oxygen production. The data base search indicated that heme-binding protein 2/SOUL 

has a BH3 domain-like structure. The presence of a BH3 domain in SOUL and the above data 

indicate that this protein besides binding heme may have a role in the processes of cell death 

and survival. In present we provide evidence for the sensitization effect of SOUL in hydrogen-

peroxide-induced cell death, the facilitation of the release of pro-apoptotic mitochondrial 
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proteins and the promotion of the collapse of MMP both in living cells and in vitro in isolated 

mitochondria. SOUL promote the permeabilization of both outer and inner mitochondrial 

membranes in oxidative stress.  

SOUL can facilitate cell death in Taxol and A23187-treated cells. Taxol is a mitotic 

inhibitor used in cancer chemotherapy. Paclitaxel stabilizes microtubules and as a result, 

interferes with the normal breakdown of microtubules during cell division. A23187 is a mobile 

ion-carrier that forms stable complexes with divalent cations (ions with a charge of +2). 

A23187 is also known as Calcium ionophore. The ionophore is used to increase intracellular 

Ca2+ levels in intact cells and to induce apoptosis in some cells.  

Analyzing the protein sequence data base, we found that SOUL contained a sequence 

with a high similarity to BH3 domains, suggesting that this feature may account for its 

observed cell death-facilitating effect. Previously, SOUL was reported to be strongly 

expressed in retina, the pineal gland, and liver. We found that it was expressed in various 

tissues to different extents. 

 

 

Aims of study 

 

 The present study is aimed at a more in-depth study of these two regulator proteins, 

including: 

 

• To describe the effect of TIP47 on cell death by measuring cell viability of TIP47 

overexpressing and control cells treated by different types of cell death inducing agents 

• To show the effect of TIP47 suppression by siRNA technique on cell death in 

overexpressing and control cells using a Hela cell modell 

• To analyse in role of TIP47 of both apoptotic and necrotic cell death  

• To find intracellular localization of TIP47 in oxidative stress 

• To describe the effect of TIP47 on the mitochondrial permeability transition and on the 

stability of the Mitochondrial Membrane Potential (∆ψ) 

• To elucidate the effect of TIP47 on ROS-production in TIP47 overexpressing and 

control cells 

• To find the effect of TIP47 on the pro- and anti-apoptotic signaling pathways 
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• To show the effect of deletion of the putative BH3 domain on the cell death 

• To determine of the role of PTPC in the SOUL-induced sensitization toward oxidative 

stress  

• To describe the effect of SOUL on cell death is inhibited by the overexpression of anti-

apoptotic proteins 

• To describe the effect of SOUL on the hydrogen-peroxide-induced collapse of MMP 

 

 

Conclusions 

 

1. Effect of TIP47 on cell death 

  We examined effect of TIP47 in different conditions by treating cells with cell death 

inducing agents and detecting the living using MTT assay. Hydrogen-peroxide causes 

oxidative stress and Taxol affects the microtubule system. In the presence of excess TIP47 

cells seemed to have increased resistance against the above mentioned drugs in our 

experiment. This effect was statistically significant and was detected with all kinds of drugs 

used. 

 

2. Effect of TIP47 suppression by siRNA technique on cell death 

  Gene silencing is generally used to describe the "switching off" of a gene by a 

mechanism other than genetic modification. This process caused by the lack of this specific 

protein. When TIP47 was silenced using specific dsiRNAs in cells endogenously expressing it 

significant sensitization was observed against the cell death inducing agents as expected.  

 

3. Role of TIP47 in cell death 

  We used flow cytometry and fluorescent microscopy in this experiment. Cells were 

treated with different agent and were stained with propidium iodide and FITC-conjugated 

Annexin V to distinguish between the two types of cell death. When we treated the TIP47 

transfected cells, the cells died mainly by early apoptosis, and the number of late apoptotic and 

necrotic cells decreased drastically. Taxol treatment activated AIF and Endo G and induced 
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their translocation in mock-transfected fibroblast cells. It is of interest that, in TIP47-

transfected cells treatment with Taxol did not alter the intracellular localization of these 

proteins. 

 

4. Intracellular localization of TIP47 in oxidative stress 

  We detected TIP47’s subcellular localization with Western blot after fractionating cells 

endogenously producing high amount of TIP47. According to our results TIP47 was found in 

the cytoplasm, but after hydrogen peroxide treatment it was also present in the mitochondrial 

fraction in a smaller quantity. 

 

5. Effect of TIP47 on the mitochondrial permeability transition and on the 

Mitochondrial Membrane Potential (∆ψ) 

We provide that TIP47 can bind to mitochondria and protect mitochondrial membrane 

integrity, as well as prevent oxidative stress induced cell death. First we tracked the change of 

the mitochondrial membrane potential in TIP47-overexpressing NIH3T3 cells using 

fluorescent microscopy. In the TIP47 transfected cells the mitochondrial membrane potential 

remained stable after treatment. This result reised our interest and we isolated mitochondria 

from rat liver to detect direct effect of recombinant TIP47 in vitro.Recombinant TIP47 not 

induced mitochondrial permeability transition when we added subthreshold concentrations of 

calcium. These data supports our view that TIP47 protects cell by stabilizing mitochondrial 

membrane. 

 

6. Effect of TIP47 on ROS-production 

  We could not observe any significant difference between controls or TIP47-

overexpressing cells indicating that TIP47 did not contribute to ROS-formation. 

 

7. Effect of TIP47 on the pro- and anti-apoptotic signaling pathways 

  We investigated the effect of TIP47 on cell viability and on the pro- and anti-apoptotic 

signaling pathways in cells, following treatment with the chemotherapeutic agent, Taxol. We 

found, that TIP47 over-expressed cells increased levels of Bcl-2 and reduced levels of Bax and 

cleaved caspase-3, as opposed to the control cells. 
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8. Role of mPT complex in the SOUL-induced sensitization toward oxidative stress 

We observed that SOUL-overexpressing cells are sensitized to hydrogen-peroxide 

while the cyclophilin D suppressed cells had similar sensitivity toward it than the sham-

transfected cells. We performed similar experiments with ∆BH3-SOUL overexpressing cells. 

Blocking mPT by suppressing cyclophilin D inhibited mitochondrial permeability transition 

and blocked the cell death sensitizing effect of SOUL in oxidative stress. 

 

9. Effect of deletion of the putative BH3 domain on the cell death 

We showed that SOUL promotes the permeabilization of both outer and inner 

mitochondrial membranes in oxidative stress and that its effect can be reversed by deleting the 

putative BH3 sequence from SOUL. When we deleted a 9 amino acid (LREDGKVFD) 

sequence that was assumed to be functional in its putative BH3 domain, SOUL failed to 

sensitize H2O2 induced cell death. 

 

10. Effect of SOUL on cell death is inhibited by the overexpression of anti-apoptotic 

proteins 

When cells were co-overexpressing Bcl-2 or Bcl-xL, overexpressed SOUL could not 

facilitate necrotic cell death induced by hydrogen-peroxide. Data from flow cytometry showed 

that the cell death facilitated by SOUL was mainly necrotic. SOUL promoted necrotic cell 

death induced by oxidative stress, and this effect was counteracted by the presence of anti-

apoptotic Bcl-2 homologues. 

 

11. Effect of SOUL on the H2O2-induced collapse of MMP  

SOUL facilitated cell death by the promotion of the collapse of mitochondrial 

membrane potential (MMP) in living cells. This protein senzitized the cells to cell death by 

interacting with the mPT complex since cyclophilin D is integral protein of the complex and 

anti-apoptotic Bcl-2 analogues can inhibit mPT by binding to VDAC and other components of 

the complex. 


