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      Abstract


      Bone giant-cell granuloma (GCG) is a non-neoplastic lesion. Hypoxia induces drug resistance in clinical tumors. The concept between drug resistance and apoptosis has been well defined but the relationship between reduced oxygen species and apoptosis is not a one-way story. Therefore, this study is an attempt to investigate the anti-apoptotic role of Bcl2 gene and Bcl2 protein in the hypoxia induced chemo-resistance of aggressive GCG. Forty cases of buffered formalin-fixed, paraffin embedded tissues of previously diagnosed cases of aggressive CGG were selected. Serial sections of 3 μm thickness were utilized for the detection of Bcl2 using t (14;18) (q32;q21) IGH/Bcl2 interphase Fluorescent in situ hybridization (FISH) and to assess the immunohistochemical expression of CAIX, MDR-1 and Bcl2. All studied cases were positive for CAIX and MDR-1 while they were negative for Bcl2 protein. FISH revealed normal Bcl2 gene with no cytogenetic aberrations among the studied cases. In the light of the findings of this study, we could conclude that hypoxia might play a role in the pathogenesis of aggressive GCG and could induce their chemo-resistance. Thus, tissue oxygenation could participate in the treatment of these lesions and might inhibit their expansion. Moreover, Bcl2 pathways haven't been implicated in aggressive GCG as Bcl2 gene is normal in all cases. Therefore, any treatment options based on the anti-apoptotic Bcl2 pathways for aggressive GCG must be avoided as they are ineffective.
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      Introduction


      Giant-cell (GC) lesions form a group of clinicopathologic entities that differ in their behavior and may present substantial problems in differential diagnosis. Some are true neoplasms, whereas others represent a heterogeneous group of reparative or reactive reactions. The ubiquitous presence of multinucleated giant cells (MNGCs) in many unrelated lesions complicates their classification [1,2]. Clinical behavior and radiographical appearance of aggressive GCG are closely similar to that of giant cell tumor [3]. Chemotherapy and irradiation affect only the cycling cells. Giant cells are arrested, and such treatment does not influence them. They become resistant to the applied drug or irradiation and can give rise to new cells possessing an inherited drug resistance. Moreover, giant cells could reenter the cell cycle, and this leads to multinucleation and polyploidization. Therefore, the number of giant cells increases, and they can survive in such state during further treatments, producing new cells or even reverting to the parental cell type which become resistant to chemotherapy [4]. Lately, GC is termed neosis mother cell, undergoes karyokinesis via nuclear budding and can give rise up to 10 Raju cells/neosis mother cell. The Raju cell clones immediately start dividing via mitosis, may inherit aneuploidy, and display transient stem cell properties [5,6]. The human multidrug resistance protein (MRP) family contains at least six members: MRP-1, the godfather of the family and well known as the multidrug resistance protein, and five homologs, called MRP2-6 [7]. Hypoxia induces drug resistance in clinical tumors, although the mechanism is not clearly elucidated [8]. Carbonic anhydrase IX (CAIX), which is hypoxia inducible factor, is present in only few normal tissues. It is induced and overexpressed in a broad variety of cancers. It contributes to acidification of tumor environment by catalyzing the hydration of carbonic dioxide to bicarbonate ions and protons. This reaction has an impact on promoting cancer progression [9] and subsequent failure to respond to classic tumor therapy [10,11]. The concept between drug resistance and apoptosis has been well defined, by which drug resistance of chemotherapeutic agents is thought to be the result from inhibition of apoptosis. But the relationship between reduced oxygen species and apoptosis is not a one-way story [12,13]. Bcl2 proto-oncogene encodes an inner mitochondrial membrane protein that blocks programmed cell death (apoptosis) [14-16]. In future, it will be of importance to determine which molecular mechanisms are involved in giant cell formation and whether these mechanisms are reversible or whether they lead to cell death [17]. This study is an attempt to investigate the anti-apoptotic role of Bcl2 gene and Bcl2 protein in the hypoxia induced chemo-resistance of aggressive CGCG.


      Materials and Methods


      A total of 40 cases of buffered formalin-fixed, paraffin embedded tissues of previously diagnosed aggressive CGCG after exclusion of mimicker lesions as brown tumor of hyperthyroidism were selected from the archives of Oral Pathology Department, Faculty of Dentistry, Mansoura University, Egypt. Serial sections of 3 μm thickness were taken on silanised slides (S 4651, SIGMA DIAGNOSTICS, USA) for the detection of Bcl2 using t (14; 18) (q32; q21) IGH/Bcl2 interphase Fluorescent in situ hybridization (FISH) and to assess the immunohistochemical expression of MDR-1, CAIX and Bcl2.


      Immunohistochemical staining procedures


      The sections were deparaffinized in xylene for 5 minutes, hydrated through graded alcohols for 3 minutes each and washed with Tris buffer saline (TBS). Endogenous peroxidase activity was blocked with 3% H2O2 in methanol for 10 minutes. The antigen retrieval was performed by heating the slides in a pressure cooker containing 10 ml citrate buffer (pH 6.0) solution for 5 minutes. The sections were incubated with the utilized primary antibodies against MDR-1 (Monoclonal mouse anti-human, with 1:50 working dilution, Bio-Genex, Emergo Europe, Molenstraat 15, NL-2513 BH The Hague, The Netherlands, CAIX (polyclonal rabbit anti-human at dilution 1:50, Catalog no. YPA 1250, clone P28, Biospes Co., Ltd) and anti-Bcl2 oncoprotein (Monoclonal mouse anti-human, clone 124, DAKO, CA, USA)], for 3 to 4 hours at 30 ℃ in a humidifying chamber. The subsequent procedures were done according to manufacturer's protocol. Immunoperoxidase method was performed using ImmunoPure Ultra-Sensitive ABC Peroxidase (catalog no. TL-060-PHJ, Thermo-scientific, UK), using diaminobenzidine as chromogen (catalog no. TA-125-HDX, Thermo-scientific, UK). All slides were counterstained with Gill's hematoxylin, dehydrated and coverslips mounted with Permount. Negative controls, carried out on consecutive tissue sections using either an isotype antibody (IgG1 and IgG2a, Coulter, Hialeah, FL, USA) or omission of the primary antibody, resulted in no detectable staining. The reaction products were visualized using 0.3% diaminobenzidine solution. The specificity of immunohistochemical staining was noted by replacing the primary antibody with TBS (negative control).


      Evaluation of the immunostain


      MDR-1 and CAIX expressions were semi-quantitatively assessed for each case. The membranous as well as the cytoplasmic immune-reactivity were detected in lesional cells. The proportion of positively stained cells was estimated on a 4-point scale (¹, under 20%; ¹¹, 20-50%; ¹¹¹, 50-80%; ¹¹¹¹, more than 80%). Statistical analysis was performed by the Pearson's correlation test. The level of significance was significant at P value ≤ 0.05.


      Fluorescent in situ hybridization (FISH) method


      Probes: Cytocell aquarius dual fusion probe for IGH/Bcl2 translocation (catalogue no. LPH018-Cambridge-UK) consists of a mixture of locus-specific fluorophore-labeled DNA probes containing sequences homologous to the IgH and Bcl2 genes. The IgH probe labeled in spectrum green includes nearly the entire IgH locus. The locus-specific Bcl2 probe labeled in spectrum red spans the entire Bcl2 gene sequence.


      Pretreatment protocol: The sections were de-waxed by placing slides in coplin jars of Xylene for 2 × 5 minutes. The slides were dehydrated in 100% Ethanol for 2 × 1 minute each. The slides were washed in distilled water (dH2O) for 2 minutes. Then the slides were cooked in the pressure cooker with 1 litre of dH2O for 3 minutes washed in cold tap water, followed by dH2O for 2 minutes. The sections were digested in a coplin jar with 0.1% Pepsin in 0.016N HCl at 37 ℃ for 10-20 minutes followed by wash in dH2O for 2 minutes. The slides were dehydrated through 70%, 85% and 100% Ethanol for 1 minute each. The slides were air dried in the oven or on a hotplate for 10 minutes at 40-50°. 8 μl of probe applied to the area of hybridization then coverslip applied, using 18 mm2 or 22 mm2 coverslips then sealed with rubber cement. Slides were then placed on slide hybridizer (Vysis hybrite, Garden Grove CA), lid closed and run program, which is set to 85 ℃ for 25 min, followed by 45 ℃ for up to 80 hours. After slide removal from hybridizer, rubber cement was removed and slides placed into 2 × SSC to remove coverslips. When all coverslips have been removed, slides washed in heated 0.4 × SSC/0.3% NP40 buffer for 2 minutes. The slides were transferred to a second jar of 2 × SSC/0.1% NP40 buffer at room temperature for 1 minute. Then to another coplin jar of 2 × SSC and wash for 2-5 minutes at room temperature. 1-2 drops of DAPI antifade stain were added then coverslip large enough to cover the hybridization area. Any air bubbles were removed by gentle tapping over the coverslip and the color was allowed to develop in the dark for 10 minutes. The edges of the coverslip were sealed with nail varnish and analyzed under a fluorescence microscope (Olympus BX61).


      Interpretation of FISH results: Representative images were captured using Cytovision software. Cases were defined as normal if there were two green (IgH) and two red (Bcl2) signals.


      Results


      Microscopically, multinucleated giant cells of the studied cases were arranged in focal aggregates around vascular channels or areas of hemorrhage (Figure 1A) or be scattered diffusely throughout the lesion (Figure 1B). Their stromal elements were vascular and rich in small, mononuclear spindle shaped cells having oval or fusiform nuclei (Figure 1A and Figure 1B). All MNGCs of the studied cases were stained positive for CAIX (Figure 2A) and for MDR-1 (Figure 2B). Meanwhile, the stromal cells were positive for CAIX (Figure 2A) and negative for MDR-1 (Figure 2B). Statistically, Pearson's correlation test revealed significant positive correlation between CAIX and MDR-1. Regarding Bcl2 protein, all studied cases were negative. FISH showed normal Bcl2 gene among all studied cases (Figure 3).


      
        [image: ] Figure 1: A) Shows focal aggregations of MNGCs (arrows) around vascular channels (arrow head) or areas of hemorrhage (cross arrow); B) Or scattered diffusely throughout the lesion (arrows). View Figure 1

      

      

      
        [image: ] Figure 2: A) Shows positive MNGCs (arrows) and stromal cells (arrow heads) for CAIX; B) Shows positive MNGCs (arrows) and negative stromal cells for MDR-1. View Figure 2

      

      

      
        [image: ] Figure 3: Shows normal Bcl2 gene in the studied cases. View Figure 3

      


      Discussion


      In the present study, multinucleated giant cells were arranged in focal aggregates around vascular channels or areas of hemorrhage or be scattered diffusely throughout the lesion. The stroma was vascular and rich in mononuclear spindle shaped cells with oval or fusiform nuclei. This agrees with Anthony, [18] and Deepanshu Gulati, et al. [19] who observed the distinctive microscopical appearance of aggressive CGCG [18,19]. The focal aggregation of MNGCs around blood vessels or areas of hemorrhage could be interpreted by Atkins, et al. [20] who reported an interesting finding of bone stromal cells due to local hemorrhage or trauma to the bone with resultant extravasation of these aberrant giant cells of bone into the blood vessels [20].


      In the present study, lesional cells (MNGCs and the stromal cells) were positive for CAIX. This is in agreement with Knowles and Athanasou, 2008 who demonstrated expression of hypoxia-inducible factor (HIF) in MNGCs and in the mononuclear stromal cells [21]. Also, Muzylak, et al. [22], Arnett, et al. [23], and Hiraga, et al. [24] found that hypoxia enhances differentiation of monocytes to osteoclasts and osteoclast like cells [22-24]. Furthermore, Wulling, et al. [25] suggested that hypoxia and subsequent growth factor production within the bone microenvironment might contribute to the initiation and pathogenesis of giant cell tumor of bone [25]. In addition, Knowles and Athanasou, [21] explained that hypoxic regulation of osteoclast formation and function, whether directly or via stroma-derived growth factors, could offer a wide-ranging mechanism propagating the osteolytic phenotype [21]. Moreover, Broxmeyer, et al. [26] and Lewis, et al. [27] concluded that hypoxia stimulates the formation and activation of cells of the monocyte/macrophage lineage from which osteoclasts derive [26,27].


      In the current study, MNGCs only were positive for MDR-1 while the stromal cells were negative. This could be supported by Wheatley, [4] who stated that chemotherapy affects only the cycling cells [4]. Also, Pammer, et al. [28] indicated that the proliferative ability of giant cell granulomas is restricted to the mononuclear cell compartment, whereas multinucleated giant cells lack mitotic activity [28]. Moreover, Rostyslav Horbay and Rostyslav Stoika, [17] reported that giant cells can develop from either G1/G0-arrested or G2/M-arrested cells [17]. Furthermore, studies have shown that spindle cells are the active cells in aggressive CGCG [29].


      In the current work, statistical analysis revealed significant positive correlation between CAIX and MDR-1. This is consistent with Wouters, et al. [30] who reported that hypoxia is correlated with malignant progression and resistance to conventional chemo- and radio-therapies in many cancer types [30]. In addition, Lynda, et al. [31] found that the most important determining factor for development of resistance is the presence of hypoxia during the treatment period, not prior to treatment thus highlighting the potential importance of simultaneously reducing tumor hypoxia and treating with chemotherapy [31]. In the same context, Selvendiran, et al. [32] stated that hypoxia induces resistance to a wide range of cytotoxic agents in a number of different cancer types including ovarian cancer [32]. Also, Comerford, et al. [33] and Rohwer and Cramer, [34] mentioned that HIF-1 is able to activate the MDR-1 gene in response to hypoxia. They attributed this resistance to poor perfusion, which limits drug delivery and tumor penetration. Moreover, since chemotherapeutic agents target rapidly dividing cells, often they fail to target cells in hypoxic areas which are more slowly growing or non-proliferating [33,34]. Additionally, several researchers explained that hypoxia has been shown to induce platinum resistance through interference with a number of biological molecules such as L1-cell adhesion molecule (L1-CAM) [35], signal transducer and activator of transcription 3 (STAT3) [32] and p53 [36]. Other reasons for chemoresistance of cells in hypoxic tumors include acidosis, nutrient starvation that inhibits cell proliferation and increased interstitial fluid pressure [34].


      Regarding Bcl2 protein among cases of the present study, all cases were negative and FISH showed normal Bcl2 gene. This is could be supported by Rostyslav Horbay and Rostyslav Stoika, [17] who demonstrated increased or decreased activity of pro- and anti-apoptotic proteins [17]. They reported deficiency of p53 in giant cells. Also, Pammer, et al. [28] reported that giant cells were negative to weakly positive for Bcl2 in peripheral giant cell granulomas and lesions containing osteoclast-like giant cells [28]. Furthermore Christoph Wohlkönig, [37] showed that hypoxia-induced chemotherapy resistance was associated with down-regulation of the pro-apoptotic Bcl2-family-protein BAX [37].


      Conclusion


      From the findings of the present study, we can conclude that hypoxia might play a role in the pathogenesis of aggressive CGCG and could induce their chemo-resistance. Thus, tissue oxygenation could participate in the treatment of these lesions and might inhibit their expansion. Moreover, Bcl2 pathways haven't been implicated in aggressive CGCG as Bcl2 gene is normal in all cases. Therefore, any treatment options based on the anti-apoptotic Bcl2 pathways for aggressive CGCG must be avoided because they are ineffective.
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