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Abstract:



Malignant mesothelioma (MM) is an aggressive malignancy of the serosal membranes, with poor overall survival and quality of life. Limited targeted treatment strategies exist due to restricted knowledge of pathogenic pathways. Vasculogenic mimicry (VM) is a newly described phenomenon associated with increased aggressiveness in other malignancies, and has been characterized in MM. Normal mesothelium expresses aquaporin 1 (AQP1) and retained expression has been associated with improved survival in MM. AQP1 is expressed by normal vascular endothelium and is involved in mediating MM cell motility and proliferation. We investigated the role of AQP1 in VM, and its interaction with the pro-angiogenic factor vascular endothelial growth factor A (VEGFA), which is variably expressed in MM. Matrigel VM assays were performed using NCI-H226 and NCI-H28 MM cell lines and primary cells in hypoxia and normoxia. The synthetic blocker AqB050 and siRNA were used to inhibit AQP1, and bevacizumab was used to inhibit VEGF. Inhibition of AQP1 resulted in increased VEGFA secretion by MM cells and reduced VM in MM cell lines in hypoxia but not normoxia. No change in VM was seen in MM primary cells. Combined inhibition of AQP1 and VEGF had no effect on VM in normoxia. In a heterotopic xenograft mouse model, AqB050 treatment did not alter vessel formation. AQP1 may interact with VEGFA and play a role in VM, especially under hypoxic conditions, but the heterogeneity of MM cells may result in different dominant pathways between patients.
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1. Introduction


Malignant mesothelioma is an aggressive malignancy of the serosal membranes, primarily attributable to asbestos exposure. Mean survival time is 12–18 months post-diagnosis. Response to current therapies such as chemotherapy, radiotherapy and surgery is poor. Limited targeted treatments exist for malignant mesothelioma (MM) due to the lack of definitive driver mutations, predictive markers and incomplete understanding of pathogenic pathways. Traditional pathways of angiogenesis have been suggested as targets for therapy due to adverse prognostication associated with increased serum and pleural effusion levels of the pro-angiogenic marker vascular endothelial growth factor A (VEGFA). VEGFA also contributes directly to MM tumour growth and progression [1,2]. Additionally, intratumoural microvessel density is associated with poor prognosis [3]. Clinical inhibition of this pathway utilises bevacizumab (Avastin™, Genentech, South San Francisco, CA, USA) and tyrosine kinase inhibitors of VEGF receptors; however, improvements to overall survival have been limited [4,5,6,7,8,9]. This indicates the requirement for identification of novel targets to improve treatment efficacy and quality of life.



Vasculogenic mimicry (VM) is a process whereby tumour cells form tumour cell-lined vasculature, meeting nutritional requirements at least in part, by adopting an endothelium-like phenotype [10]. This phenomenon has been associated with increased aggressiveness and decreased overall survival in a number of malignancies [11,12,13,14] and has recently been described in MM tumours [15]. Inhibition of VEGF has resulted in suppression of VM in some malignancies, including high-grade glial tumours [16] and osteosarcoma [17]. Schnegg et al. observed that VEGF silencing did not modulate VM in melanoma cell lines in vitro [18]. Conversely, increased VM was observed in an in vivo model where melanoma cell line WM1617 infected with VEGFA siRNA was introduced into SCID mice; however, use of other melanoma cell lines C8161 and A2058 did not result in any difference in VM in this in vivo model [18]. This suggests that the potential modulating activity of VEGF in VM may vary depending on cell type or cell line, or may possibly be related to activation of alternative pathways. The presence of multiple pathways involved in angiogenesis may be the reason why inhibition of VEGF in MM has not slowed disease progression significantly. The potential effects of VEGF inhibitors, or other molecules potentially involved in regulating VM, have not been studied in MM.



Aquaporin 1 (AQP1) is a water channel protein expressed on cell membranes throughout the body, including vascular endothelial cells [19]. AQP1 has been implicated in MM cell proliferation, adhesion and motility, as well as stabilisation of the cytoskeleton [20,21]. AQP1 activity has been implicated in modulation of pleural fluid volumes through osmotic equilibration [22]. This is potentially significant in MM, which commonly presents with large pleural effusions, which interfere with breathing and thus contribute to poor quality of life. Retained expression of AQP1 by immunohistochemistry in MM histology specimens has been associated with better overall survival, indicating a potential role in pathogenesis [23,24]. Furthermore, increased AQP1 protein and mRNA expression have been observed in epithelioid MM subtypes, which have a better prognosis when compared to biphasic and sarcomatoid subtypes [24,25]. Saadoun et al. explored the effect of AQP1 on tumour cell angiogenesis in a mouse model of melanoma, observing reduced microvessel density in AQP1-null mice, and detecting AQP1 expression in tumour vasculature in wild-type mice [26]. Additionally, they observed a reduction in vessel formation in AQP1-null mice compared to wildtype mice regardless of VEGF addition, using an in vivo Matrigel plug assay. Due to its established role in cell migration in MM, and in angiogenesis in other tumour types, we proposed that blockade of AQP1 may inhibit VM in MM cells.



The aim of this study was to investigate the potential role of AQP1 in VM of MM cell lines and primary cells under normoxic and hypoxic conditions to mimic the tumour microenvironment. Inhibition of AQP1 was achieved using a synthetic AQP1-specific pharmaceutical blocker (AqB050) and AQP1-specific siRNA. Inhibition of VEGFA was achieved by treatment with bevacizumab (Avastin™, Genentech, USA), a recombinant monoclonal antibody against VEGFA. We also investigated the effect of AQP1 blockade on vessel development in vivo in a heterotopic xenograft model of MM. We also aimed to determine the combined effect of AQP1 and VEGF inhibition on VM in MM cell lines and primary cells. This may provide insight into pathways of MM tumour progression and angiogenesis, and identify candidates for therapeutic intervention in MM patients.




2. Results


2.1. AQP1 Treatment Inhibits VM in Cell Lines under Hypoxic Conditions In Vitro, but not Does Inhibit VM under Normoxic Conditions in Cell Lines or Primary Cells, or Microvessel Formation In Vivo


Matrigel VM assays were performed using the VEGFA high- and low-MM cell lines NCI-H28 and NCI-H226 respectively (1878 pg/mL vs. 109 pg/mL seeded at 2.0 × 105 cells/mL under normoxic conditions after 24 h), to observe potential differences in growth patterns depending on VEGFA status. The cells were treated with 20 μM and 40 μM of AqB050 under both normoxic (21% O2) and hypoxic (0.1% O2) conditions. Branch sites and loop counts were used to measure and compare VM [27,28]. Under normoxic conditions, AqB050 treatment did not inhibit VM in NCI-H226 or NCI-H28 cells compared with dimethyl sulfoxide (DMSO) control (Figure 1). Under hypoxic conditions, addition of 20 μM of AqB050 reduced branch count (p = 0.015) and loop count (p = 0.015) in NCI-H226 cells. In NCI-H28 cells, 40 μM of AqB050 was required to significantly reduce the branch count (p = 0.01) and the loop count (p = 0.002). AQP1 blockade did not inhibit VM in the three epithelioid primary cells tested under normoxia. Hypoxic experiments could not be performed in primary cells due to departmental safety regulations with regards to unknown mycoplasma status of primary samples. VEGF ELISAs were performed on cell supernatants to establish the VEGF status of each primary cell sample, despite showing no difference in VM under normoxic conditions. Of the primary cells tested, two patients had lower VEGFA protein levels (<2000 pg/mL) and one patient had high VEGFA levels (12,094 pg/mL) under normoxia.


Figure 1. Vasculogenic mimicry (VM) assays on malignant mesothelioma (MM) cell lines and primary cells, Dimethyl sulfoxide (DMSO) control vs. AqB050 treatment. (a) control; and (b) treatment: AqB050 treatment (40 μM) does not inhibit VM in NCI-H226 cells under normoxic conditions; (c) control; and (d) treatment: AqB050 treatment (20 μM) significantly reduced branch count (p = 0.015) and loop count (p = 0.015) in NCI-H226 cells under hypoxic conditions; (e) control; and (f): treatment: AqB050 treatment (40 μM) does not inhibit VM in NCI-H28 cells under normoxic conditions; (g) control; and (h) treatment: AqB050 treatment (40 μM) significantly reduced branch count (p = 0.01) and loop count (p = 0.002) in NCI-H28 cells under hypoxic conditions; (i) control; and (j) treatment: AqB050 treatment (40 μM) does not inhibit VM in any of the MM primary cell lines tested under normoxic conditions. Analysed by Kruskal-Wallis test followed by Mann-Whitney U post hoc analysis.
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In an in vivo xenograft model where NCI-H226 cells were injected subcutaneously into nude mice, AqB050 treatment (8.7 ± 4 counts/field) did not affect mean microvessel counts in vivo compared to DMSO-treated (8.6 ± 2.1) and untreated mice (9.6 ± 2.2) (Figure 2).


Figure 2. Mean microvessel counts in a MM xenograft model treated with AqB050. No difference in intratumoural vascular density per field was observed between untreated (range 8–12; n = 4), DMSO-treated (range 6–12; n = 4) and AqB050-treated (range 4–16; n = 4) groups in the in vivo mouse xenograft model. Analysed by one-way Analysis of variance (ANOVA), error bars: Standard error of mean (SEM).
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2.2. VEGFA Is Upregulated in NCI-H28 Cells When AQP1 Is Inhibited


The addition of 40 μM AqB050 significantly increased VEGFA protein levels compared to DMSO control in NCI-H28 cells under normoxic conditions after 24 h incubation (p = 0.002, Figure 3a). Analysis of mRNA levels by qPCR showed that VEGFA mRNA expression increased 3.5–4.3 fold when treated with 40 μM AqB050 (p = 0.002), compared to DMSO control at 24 h (Figure 3b). In NCI-H226 cells, no significant difference was seen in VEGFA protein or mRNA levels with AqB050 treatment (data not shown).


Figure 3. Treatment with 40 μM AqB050 alters (a) VEGFA protein secretion (p = 0.002) in NCI-H28 cells after 24 h; (b) confirmed by PCR where AqB050 treatment resulted in a 3.5–4.3 fold increase in VEGFA mRNA levels after 24 h (p = 0.002). Analysed by one-way ANOVA, followed by Tukey’s post-hoc analysis, error Bars: standard deviation (SD), n = 3; * indicates significance.



[image: Ijms 18 02293 g003]







2.3. Inhibition of VEGFA Alone Has No Effect on VM in NCI-H28 Cells and Combined Inhibition of AQP1 and VEGF Does Not Inhibit VM in NCI-H226 Cells


AQP1 inhibition using AqB050 was not sufficient to block VM under normoxia. To confirm this result, we used siRNA under the same conditions, alone and in combination with anti-VEGF antibody bevacizumab. Hypoxic conditions are known to upregulate VEGF, which to a degree negates potential effects of VEGF inhibition at clinically relevant concentrations, therefore normoxic conditions were used to further understand potential interaction between the two molecules. Treatment with bevacizumab at 10 μg/mL alone did not alter VM in either cell line compared to control human IgG. AQP1-specific siRNA, which had previously shown to functionally inhibit AQP1 in MM cells comparable to 40 μM AqB050 [20], was used to treat NCI-H226 cells. Cells were treated with 20 nM AQP1-specific siRNA ± 10 μg/mL bevacizumab, with negative control siRNA and human IgG used as controls. NCI-H226 cells treated with 20 nM AQP-1 specific siRNA and 10 μg/mL bevacizumab alone or in combination did not alter VM branch or loop counts compared to control (Figure 4).


Figure 4. NCI-H226 cells in a Matrigel VM assay were treated with (a) DMSO control; (b) AQP1-specific siRNA alone; (c) bevacizumab alone; (d) a combination of AQP1-specific siRNA and bevacizumab. Treatment with 20 nM of AQP1 siRNA and 10 μg/mL of bevacizumab in combination or alone does not inhibit vasculogenic mimicry in NCI-H226 cells under normoxic conditions.
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3. Discussion


Retained AQP1 expression in MM surgical specimens has been associated with more favourable prognosis [24]. Although AQP1 is expressed by normal mesothelium, the expression of AQP1 is heterogeneous between tumours and it was initially hypothesised that retained AQP1 expression indicated greater differentiation. AQP1 was first described as a water channel, but has since been found to be involved in cell migration and proliferation [21,29,30]. It has also been observed that overexpression of AQP1 not only increases plasma cell membrane permeability by approximately 41% in colorectal cancer cells, and consequently promotes cell migration [31,32]. Blocking this channel, such as through the use of AqB050 in the current study, inhibits transmembrane water flux, and in turn this may inhibit dynamic shape changes in the cell that would usually favour a migratory phenotype that may aid in accommodating vessel formation. We have previously shown that inhibition of AQP1 by AqB050 or AQP1-specific siRNA decreases MM cell line motility, proliferation and colony formation [20]. The role of AQP1 in MM appears to be multifactorial. Due to its expression on vascular endothelial cells, where it may respond to hypoxic stimuli, and its role in cell motility, we proposed that there may be involvement of AQP1 in VM molecular pathways. As AQP1 has a documented role in proliferation of MM cells [20], to ensure primary focus on motility rather than proliferative activity, the VM experiments concluded after 6 h incubation. Additionally, cells can further migrate and ‘pile up’ after this time period, making analysis of vascular patterns difficult. Both NCI-H226 and NCI-H28 cell lines, which have very different baseline VEGFA levels, undergo VM under normoxic and hypoxic conditions within a 6 h period. It has been previously shown that AQP1 is expressed in NCI-H226 cells [20], and AQP1 protein expression in NCI-H28 cells was confirmed by immunohistochemistry before commencing in vitro experiments. Blockade of AQP1 with AqB050 inhibited VM under hypoxic conditions in both cell lines, but did not alter VM under normoxic conditions with either AqB050 or AQP1-specific siRNA. This may be attributed to the regulation of AQP1 by hypoxia-inducible factor-1α (HIF-1α). HIF-1 is a heterodimer comprised of an α and β subunit, the latter unaffected by oxygen levels [33,34]. Levels of HIF-1α are low in normoxia due to continuous proteasomal degradation, but are increased and stable under hypoxic conditions [34,35]. Expression of HIF-1α by immunohistochemistry has been observed in MM cells, but not in normal mesothelium [36]. Kaneko et al. studied the role of AQP1 in hypoxia-induced angiogenesis in human retinal vascular endothelial cells, finding a significant increase in AQP1 mRNA expression on exposure to hypoxia after 24 h, and a significant increase in AQP1 protein after 72 h [37]. They also reported a decrease in angiogenesis in cells transfected with AQP1-specific siRNA under hypoxic conditions in a Matrigel VM assay. This, in conjunction with our results, suggests that AQP1 may play a role in hypoxia-induced VM but is perhaps less involved in VM under normoxic conditions. It has been suggested that AQP1 may play a role in O2 homeostasis and transport, and thus inhibition of AQP1 may potentially imitate the effects of hypoxia and thus cause upregulation of hypoxia-sensitive molecules such as VEGF [38]. The presence of VEGF in normoxic or hypoxic conditions in human retinal vascular endothelial cells does not appear to have any direct effect on AQP1 expression [37]; however, Echevarría et al. reported increased VEGF mRNA expression with siRNA-modulated knockdown of AQP1 in a non-metastatic murine hemangioendothelioma cell line, comparable in vitro with microvascular endothelial cells [38], which is consistent with the results from NCI-H28 cells. Blockade of AQP1 may play a role in reducing VM in vivo due to the hypoxic tumour microenvironment, as was previously reported in a melanoma xenograft model [26]. To further investigate this, vascular density counts were performed on tumours from our mouse xenograft model, but no change was found in vascular density between AqB050 treatment and control groups. There was a large standard deviation within the treatment group, perhaps indicating that host factors may alter angiogenic pathways and response to the tumour in the presence of AqB050. An accurate depiction of the MM tumour microenvironment is also difficult to achieve in vivo with the previously mentioned typical heterogeneity of MM tumours and, therefore, variation in treatment response is expected. From the in vivo data, it is evident that AQP1 blockade may not be effective for reducing VM in vivo, perhaps due to individual variation and tumour cell heterogeneity.



It is clear that an abundance of pathways are implicated in MM pathogenesis, and specifically, angiogenesis, which stimulated our interest in the combined effect of AQP1 and VEGF inhibition. Increased VEGF levels in pleural effusions of MM patients are associated with adverse prognosis [39], and VEGF has been implicated in the development in malignant pleural effusion by increasing vascular permeability, not dissimilar to the function of AQP1 [40]. Despite this, the use of anti-VEGF agents in vivo in MM patients has yielded relatively unremarkable responses [5,6,7]. It was observed that NCI-H28 cells express up to 17 times more VEGF than NCI-H226 cells, and perhaps differences in VEGF expression between the two cell lines used in this study may help explain differences in behaviour. In vitro studies with MM cell lines have reported a reduction in cell viability and proliferation over 72 h with addition of VEGF neutralizing antibodies [41,42]. Additionally, treatment with 10 μg bevacizumab reduced endothelial cell proliferation and MM tumour microvessel density in an in vivo mouse xenograft model [42]. It was important for the purposes of measuring VM to stay within this time period to ensure any reductions in VM were not due to decreased cell viability. VEGFA blockade alone did not inhibit VM in either MM cell line. It was hypothesised that in NCI-H28 cells, which already produce high amounts of VEGF, more VEGF produced in response to AQP1 would saturate the available bevacizumab in solution, unless one would be prepared to go to clinically unachievable concentrations. This finding suggests that this cell line has a high dependency on VEGFA. This also suggests that the cells use high VEGF to co-opt native vessels more successfully and that VM is less likely to play a role clinically. However, it was possible that an effect may be seen on the VEGF-low NCI-H226 cells, where it was conceivable that both AQP1 and VEGF play a role. However, this did not occur, suggesting that neither the AQP1 nor the VEGF pathways are dominant in VM in normoxia, potentially explaining why anti-angiogenic strategies trialled in MM have been largely unsuccessful [4,5,6,7]. In clinical practice, tumour heterogeneity may be a potential issue for targeting specific molecules involved in VM. A lower concentration of AQP1 blocker was required to inhibit VM in NCI-H226 cells under hypoxic conditions, indicating that heterogeneity may account for differences in cell behaviour.



There is a clear association between VM, detected in patient samples by immunohistochemistry, and poor survival in hepatocellular carcinoma, gallbladder carcinoma, non-small cell lung cancer and osteosarcoma [43,44]. In other tumours, VM is associated with increased metastatic potential and increased tumour grade. An association between VM and patient survival has not yet been established in MM. In MM the number of reported cases was too low for definite prognostication but a majority of the reported cases were of sarcomatoid type which has a poor prognosis [15]. Testing primary cells from more patients would have been useful in interpretation of results; however, the availability of suitable primary cells is often limited. Many pleural effusions do not contain sufficient cells to successfully culture. We have previously seen that primary cells are quite heterogeneous even within the same subtype, exhibiting different behaviour between different time points when individuals were sampled. It is quite possible that different pathways are dominant in different individuals, as suggested by the different behaviour between NCI-H226 and NCI-H28 cell lines. Testing patient cells to determine VM status and subsequently targeting this process in VM-positive patients may have the potential to improve survival and quality of life.



In conclusion, we have established that inhibition of AQP1 suppresses VM under hypoxic conditions. It has long been suggested that pro-angiogenic VEGF is upregulated by HIF-1α, but it is evident that inhibition of AQP1 also results in upregulation VEGF in MM cells. Further investigation into the interaction between AQP1, VEGF and hypoxia may lead to a greater understanding of VM and angiogenic processes. Like angiogenesis, VM appears to be a result of a highly redundant and complex interaction of different molecules. It is conceivable that different cell lines and individual tumours will differ in their dependency on VM and/or angiogenesis for blood supply. Clinically, inhibition of tumour progression through limiting blood supply will likely require knockdown of multiple molecular pathways and will be dependent on individual tumour cell responsiveness.




4. Materials and Methods


4.1. Cell Culture


NCI-H226 and NCI-H28 cell lines were obtained from ATCC (Manassas, VA, USA). Human umbilical vein endothelial cells (HUVECs) were used as positive controls in VM assays, and were obtained from consenting donors. Primary cells were isolated from pleural effusion samples by centrifugation at 500× g for 5 min at 25 °C. The remaining cell pellet was cultured. This work was approved by the Southern Adelaide Clinical Human Research Ethics Committee (approval number 381.09, 20 April 2015). Cells were washed after 24 h with PBS to eliminate inflammatory cells and debris. Primary and MM cell lines were cultured in complete DMEM (10% foetal bovine serum, 50 U/mL penicillin, and 50 μg/mL streptomycin; Thermofisher, Waltham, MA, USA) and incubated at 37 °C in 5% CO2. HUVEC’s were cultured in in M199 media supplemented with 20% FCS, 50 U/mL penicillin, 50 μg/mL streptomycin, 1 μM sodium pyruvate, 1% v/v non-essential amino acids and 1% v/v GlutaMAX and incubated at 37 °C in 5% CO2. Hypoxia was achieved through the use of a Coy Laboratory Hypoxic workstation glove box (Coy Laboratory Products, Grass Lake, MI, USA). The chamber was kept at a controlled humidified temperature of 37 °C and was supplemented with 5% CO2, room air and N2 as required to maintain controlled O2 levels (0.1%). Cells were exposed to 0.1% O2 levels overnight before beginning experimentation. Hypoxia was confirmed by CaIX PCR.




4.2. AqB050 Aquaporin Blocker


The AQP1 specific pharmaceutical blocker, AqB050, was purchased from Prof Andrea Yool, University of Adelaide, South Australia, (US patent 7,906,555B2). The stock solution (40 mM) of AqB050 was prepared in DMSO and diluted to desired concentration for experiments. Previous investigations had confirmed that AqB050 was not cytotoxic to cells at working concentration [20].




4.3. siRNA Treatment


Cells were seeded in a 6-well plate at 1.4 × 105 cells/well and allowed to adhere for 24 h before transfection with siRNA (Silencer Select siRNA, Life Technologies, Carlsbad, CA, USA) as per manufacturer’s instructions. Treatments of siRNA (AQP1, GAPDH and Negative Control) were complexed with Lipofectamine RNAiMAX (Thermofisher) in Opti-MEM (Gibco by Life Technologies, Carlsbad, CA, USA) and were administered at 20 nM. Cells were incubated for 72 h and then harvested for subsequent Matrigel VM assays and RNA extraction to confirm knockdown.




4.4. Matrigel VM Assay


To investigate the impact of AQP1 inhibition on vasculogenic mimicry, we treated the cells with AqB050, as well as AQP1-specific siRNA. We also used a combination of AQP1 siRNA (Cat # s1515, Life Technologies, Carlsbad, CA, USA) and bevacizumab (Avastin™, Genentech, USA) to investigate whether knockdown of AQP1 and VEGF would completely inhibit VM. Growth factor-reduced Matrigel (BD, North Ryde, NSW, Australia) was added to wells of a 15-well angiogenesis slides (Ibidi, Martinsried, Germany) and was allowed to polymerise for 30 min at 37 °C. AqB050 treatments (20 μM and 40 μM) and equivalent control DMSO (40 μM) (Sigma-Aldrich, St. Louis, MO, USA) were added to cells prior to seeding. For bevacizumab treatments, a concentration of 10 μg/mL of either bevacizumab or IgG isotype control was administered. Cell suspensions were then added to wells and were incubated for 6 h at 37 °C. Photos were taken one h and six h post incubation using AnalySIS getIT software (Olympus, Tokyo, Japan) and an F-view camera attached to the Olympus IX71 inverted fluorescence microscope (Olympus, Tokyo, Japan) with a 4× objective. Photos were saved as TIFF files and consecutive images stitched together using Photoshop CS5 software (Adobe, San Jose, CA, USA). Images were analysed for VM manually using ImageJ software (National Institute of Health, Rockville, MD, USA).




4.5. VEGFA ELISA


For comparison of NCI-H226 and NCI-H28 VEGFA secretion, cells were seeded at 1.6 × 105 cells/mL in a 6-well plate and incubated for 24 h before supernatants were collected for ELISA analysis. For VEGFA quantification in the presence of AqB050, cells were seeded at 2.0 × 105 cells/mL in a 6-well plate, and were incubated for 24 h before addition of 20 μM and 40 μM AqB050 or equivalent volume of DMSO. Cells were incubated for a further 24 h before supernatants were removed and cell pellets were harvested for RNA extraction. VEGFA protein was quantified using the DY293B Human VEGF DuoSet ELISA (R&D Systems, Minneapolis, MN, USA) according to manufacturer’s instructions. Sample concentrations were quantified by comparison to a standard curve.




4.6. Quantitative RT-PCR


Quantification of VEGFA and AQP1 in AqB050 treated cells and CaIX in hypoxic experiments was carried out using qRT-PCR. PPIA and B2M were used as housekeeping genes. RNA was extracted from cell pellets using the RNeasy RNA Extraction Kit (QIAGEN) with subsequent Turbo DNA-free (Ambion, ThermoFisher, Waltham, MA, USA) treatment to remove DNA contamination. The SuperScript III First-Strand Synthesis System (Invitrogen, ThermoFisher) was used for cDNA synthesis. TaqMan Gene Expression Assays (ThermoFisher) VEGFA (Hs00900055_m1), AQP1 (Hs01028916_m1), CAIX (Hs00154208_m), PPIA (Hs04194521_s1) and B2M (Hs00187842_m1) were used with TaqMan Fast Mastermix (ThermoFisher) in a StepOne Plus real-time PCR System (Applied Biosystems, Foster City, CA, USA). Reaction conditions were as follows: denaturation at 50 °C for 2 min, 95 °C for 20 s, then 40 cycles of 95 °C for 1 s, then 60 °C for 20 s.




4.7. Mouse Xenograft MM Model


We have previously described a subcutaneous xenograft model of MM [20]. NCI-H226 cells were injected subcutaneously into BALB/c nude mice. The three groups of animals examined included the untreated control group (n = 4), AqB050 treated group (20 μM, n = 4) and DMSO treated group (n = 4). Treatments were administered daily by intratumoural injection after tumours had reached approximately 100 mm3. Tumour size was calculated as previously described [20]. Animals were euthanised after tumours had reached 500 mm3 in size and xenografts were embedded and processed for histology. The work was approved by Flinders University and Southern Adelaide Local Health Network Animal Welfare Committee (805/12). Suitable tumour blocks with sufficient vascularisation were cut into 0.1 μM sections and stained with CD31 vascular marker. Sections were assessed by an RCPA-qualified Pathologist for intratumoural vascular density as previously described [45]. Three different fields were assessed at ×200 magnification for vessels with an identifiable lumen and counting vessels positively labelled with CD31 antibody.




4.8. Statistics


Statistical analysis was performed on IBM SPSS statistics version 2.22 (IBM, Armonk, NY, USA). Data which was normally distributed was analysed by one-way ANOVA with Tukey post-hoc analysis. Data which was not normally distributed was subjected to a non-parametric Kruskal-Wallis test followed by Mann-Whitney U post hoc analysis. A significant difference was accepted if p < 0.05.
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Carrageenans-Sulfated Polysaccharides from Red Seaweeds as Matrices for the Inclusion of Echinochromeby Irina M. Yermak, Natalia P. Mischchenko, Viktoria N. Davydova, Valery P. Glazunov, Daria V. Tarbeeva, Anna O. Kravchenko, Evgeniya A. Pimenova and Irina V. Sorokina
Mar. Drugs 2017, 15(11), 337; doi:10.3390/md15110337  (registering DOI) - 1 November 2017
Abstract The possibility of using different types of carrageenans (CRG) as matrixes for incorporating of echinochrome A (Ech) was investigated. Ech interacts with carrageenans and is incorporated into the macromolecular structure of the polysaccharide. The inclusion of Ech in carrageenan matrices decreased its oxidative
[...] Read more.

                The possibility of using different types of carrageenans (CRG) as matrixes for incorporating of echinochrome A (Ech) was investigated. Ech interacts with carrageenans and is incorporated into the macromolecular structure of the polysaccharide. The inclusion of Ech in carrageenan matrices decreased its oxidative degradation and improved its solubility. The changing in the charge and morphology of CRGs during binding with Ech was observed. The rate of Ech release from CRG matrices depended on the structure of the used polysaccharide and the presence of specific ions. The gastroprotective effect of CRG/Ech complexes was investigated on the model of stomach ulcers induced by indomethacin in rats. Complexes of CRG/Ech exhibited significant gastroprotective activity that exceeded the activity of the reference drug Phosphalugel. The gastroprotective effect of the complexes can be associated with their protective layer on the surface of the mucous membrane of a stomach.
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Qualitative and Quantitative Changes of Carbonate Rocks Exposed to SC CO2 (Basque-Cantabrian Basin, Northern Spain)by Edgar Berrezueta, Timea Kovacs and Linda Luquot
Appl. Sci. 2017, 7(11), 1124; doi:10.3390/app7111124  (registering DOI) - 1 November 2017
Abstract This study aims at the qualitative and quantitative determination of porosity, mineralogical and textural changes in carbonate rock samples after injection of (i) supercritical CO2-rich brine and (ii) dry supercritical CO2, under similar experimental conditions (P ≈ 75
[...] Read more.

                This study aims at the qualitative and quantitative determination of porosity, mineralogical and textural changes in carbonate rock samples after injection of (i) supercritical CO2-rich brine and (ii) dry supercritical CO2, under similar experimental conditions (P ≈ 75 bar, T ≈ 35 °C, 970 h exposure time and no CO2 flow). The studied rocks were sampled in the western Basque-Cantabrian Basin, North Spain, and consist of vuggy carbonates (“Carniolas”) of the Puerto de la Palombera formation (Hettangian). Mineralogical and pore space characterization is completed using optical microscopy, scanning electron microscopy and optical image analysis. In addition, X-ray fluorescence analyses are performed to refine the mineralogical information and to obtain whole rock geochemical data and the brine composition is analysed before and after the experiment. Mineralogical and chemical results indicate that the carbonate rocks exposed to supercritical CO2 in dry conditions do not suffer significant changes. However, the injection of supercritical CO2-rich brine induces chemical and physical changes in the rock due to the high reactivity of calcite at the low pH conditions produced by the acidified brine. Numerical modelling validates the experimental observations. These results can be used to characterize the behaviour of carbonate rocks under conditions similar to the vicinity of a CO2 injection well. The results should be considered only at the scale of the studied samples and not at reservoir scale.
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Partial Discharge of Needle-Plane Defect in Oil-Paper Insulation under AC and DC Combined Voltages: Developing Processes and Characteristicsby Jiantao Sun, Xining Li, Lingyu Zhu, Shengchang Ji and Yanjie Cui
Energies 2017, 10(11), 1759; doi:10.3390/en10111759  (registering DOI) - 1 November 2017
Abstract Partial discharge (PD) behaviors of oil-paper insulation is distinctive in AC and DC combined electric fields in converter transformers from PD behaviors in pure AC or DC electric fields. The present study focuses on the PD developing processes and characteristics of oil-paper insulation
[...] Read more.

                Partial discharge (PD) behaviors of oil-paper insulation is distinctive in AC and DC combined electric fields in converter transformers from PD behaviors in pure AC or DC electric fields. The present study focuses on the PD developing processes and characteristics of oil-paper insulation systems with needle-plane defects under different AC/DC proportions. The degradation of oil-paper insulation can be accelerated by PD pulses incurred by needle-plane defects. AC-DC combined voltages are applied to the needle-plane defect model simultaneously in the established experimental platform, and the proportions of AC/DC voltages are decided according to the cases in actual converter transformers. The developing processes from the initiation of partial discharge until final breakdown were observed for each AC/DC proportion. PD parameters and patterns were acquired by a detector using the pulse current method. The test results indicate that the inception and breakdown voltages increase with the increase of the DC component in AC-DC combined voltages. However, pulse repetition rate and amplitude of PD shows a descending trend when AC/DC proportion decreases. Meanwhile, the PD recurrence rate in the phase between 180° and 360° becomes higher than that in the phase between 0° and 180° at the initial stage as the DC proportion increases; high-amplitude discharges mainly occur in the phase range between 180° and 360° when the pressboard is close to breakdown. The current study is useful in further research on fault diagnosis in converter transformers.
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Seeing Beings: “Dog” Looks Back at “God”: Unfixing Canis familiaris in Kornél Mundruczó’s Film Fehér isten/White God (2014)by Lesley C. Pleasant
Humanities 2017, 6(4), 82; doi:10.3390/h6040082  (registering DOI) - 1 November 2017
Abstract Kornél Mundruczó’s film Fehér isten/White God (2014) portrays the human decreed options of mixed breed, abandoned dogs in the streets of Budapest in order to encourage its viewers to rethink their relationship with dogs particularly and animals in general in their own lives.
[...] Read more.

                Kornél Mundruczó’s film Fehér isten/White God (2014) portrays the human decreed options of mixed breed, abandoned dogs in the streets of Budapest in order to encourage its viewers to rethink their relationship with dogs particularly and animals in general in their own lives. By defamiliarizing the familiar ways humans gaze at dogs, White God models the empathetic gaze between species as a potential way out of the dead end of indifference and the impasse of anthropocentric sympathy toward less hierarchical, co-created urban animal publics.
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Nanoindentation of HMX and Idoxuridine to Determine Mechanical Similarityby Alexandra C. Burch, John D. Yeager and David F. Bahr
Crystals 2017, 7(11), 335; doi:10.3390/cryst7110335  (registering DOI) - 1 November 2017
Abstract Assessing the mechanical behavior (elastic properties, plastic properties, and fracture phenomena) of molecular crystals is often complicated by the difficulty in preparing samples. Pharmaceuticals and energetic materials in particular are often used in composite structures or tablets, where the individual grains can strongly
[...] Read more.

                Assessing the mechanical behavior (elastic properties, plastic properties, and fracture phenomena) of molecular crystals is often complicated by the difficulty in preparing samples. Pharmaceuticals and energetic materials in particular are often used in composite structures or tablets, where the individual grains can strongly impact the solid behavior. Nanoindentation is a convenient method to experimentally assess these properties, and it is used here to demonstrate the similarity in the mechanical properties of two distinct systems: individual crystals of the explosive cyclotetramethylene tetranitramine (HMX) and the pharmaceutical idoxuridine were tested in their as-precipitated state, and the effective average modulus and hardness (which can be orientation dependent) were determined. Both exhibit a hardness of 1.0 GPa, with an effective reduced modulus of 25 and 23 GPa for the HMX and idoxuridine, respectively. They also exhibit similar yield point behavior. This indicates idoxuridine may be a suitable mechanical surrogate (or “mock”) for HMX. While the methodology to assess elastic and plastic properties was relatively insensitive to specific crystal orientation (i.e., a uniform distribution in properties was observed for all random crystals tested), the indentation-induced fracture properties appear to be much more sensitive to tip-crystal orientation, and an unloading slope analysis is used to demonstrate the need for further refinement in relating toughness to orientation in these materials with relatively complex slip systems and crystal structures.
                Full article


►▼
             Figures
         

[image: ]Figure 1





                    

                                
                        Open AccessArticle

                        
Buddhism and Legislative Measures on Theft in Mongolia (The 18th Century–the Early 20th Century)by Vesna Wallace
Religions 2017, 8(11), 240; doi:10.3390/rel8110240  (registering DOI) - 1 November 2017
Abstract This article examines the issue of theft as addressed in two legal texts—the Khalkha Regulations and the Laws and Regulations to Actually Follow—which functioned as the customary and statutory laws for Khalkha Mongolia at different periods, and which governed the life of lay
[...] Read more.

                This article examines the issue of theft as addressed in two legal texts—the Khalkha Regulations and the Laws and Regulations to Actually Follow—which functioned as the customary and statutory laws for Khalkha Mongolia at different periods, and which governed the life of lay and monastic Buddhists. The article approaches the concept of theft as a broader category that encompasses both the direct and indirect modes of theft that involve various types of deception and fraud, whereby a person can defraud the another of his rightful belongings. The analysis of the given topic in this paper is based on the two texts from that administered the conduct of monks and laity who belonged to the personal estate, or Great Shavi, to Jebtsundamba Khutukhtus of Mongolia, the record of actual course cases dealt by the Ministry of Great Shavi, and the Mongol Code of Law instituted by the Qing administration for its Mongolian colony. Although a comparative analysis of these laws with the minor banner laws or those instituted among Oirats may reveal some important differences, it is beyond the scope of the article and deserves a through study.
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Elliptic Fourier Analysis in the Study of the Male Genitalia to Discriminate Three Macrolophus Species (Hemiptera: Miridae)by A. M. Jauset, E. Edo-Tena, P. M. Parés-Casanova, C. Castañé, N. Agustí and O. Alomar
Insects 2017, 8(4), 120; doi:10.3390/insects8040120  (registering DOI) - 1 November 2017
Abstract Within the genus Macrolophus (Heteroptera: Miridae), the species M. costalis (Fieber), M. melanotoma (Costa) and M. pygmaeus (Rambur) are present in the Mediterranean region on a wide variety of plant species. While M. costalis can easily be separated from the other two by
[...] Read more.

                Within the genus Macrolophus (Heteroptera: Miridae), the species M. costalis (Fieber), M. melanotoma (Costa) and M. pygmaeus (Rambur) are present in the Mediterranean region on a wide variety of plant species. While M. costalis can easily be separated from the other two by the black tip at the scutellum, M. pygmaeus and M. melanotoma are cryptic species, extremely similar to one another in external traits, which has resulted in misidentifications. M. pygmaeus is an efficient biological control agent, both in greenhouse and field crops. The misidentification of these cryptic species could limit the effectiveness of biological control programs. Although the morphology of the left paramere of the male genitalia has been used as a character for identification of these two cryptic species, there is controversy surrounding the reliability of this character as a taxonomic tool for these species. Using geometric morphometric techniques, which are a powerful approach in detecting slight shape variations, the left parameres from these three Macrolophus species were compared. The paramere of M. costalis was larger and had a different shape to that of M. melanotoma and M. pygmaeus; however, no differences in size or shape were found between the left paramere of M. melanotoma and that of M. pygmaeus. Therefore, our results confirm that this character is too similar and it cannot be used to discriminate between these two cryptic species.
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Laws 2017, 6(4), 24; doi:10.3390/laws6040024  (registering DOI) - 1 November 2017
Abstract Australian citizens or permanent residents can sponsor a spouse or prospective spouse for immigration, and concerns have been raised particularly in regards to serial or repeat sponsorship and the rights to safety for sponsored partners who are victims of domestic violence. There has
[...] Read more.

                Australian citizens or permanent residents can sponsor a spouse or prospective spouse for immigration, and concerns have been raised particularly in regards to serial or repeat sponsorship and the rights to safety for sponsored partners who are victims of domestic violence. There has been little research to date though on this type of family migration. By bringing together immigration statistics and policies from current national and international literature, this paper provides a more nuanced portrayal of patterns of spouse sponsorship and the potential problems of serial sponsorship and protection of those sponsored from intimate partner violence (IPV). We identify the limitation of the existing immigration policy and law for protecting the right of sponsored spouses who are mainly women. Some recommendations to better support these sponsored people are also explored.
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The Emerging Role of the Major Histocompatibility Complex Class I in Amyotrophic Lateral Sclerosisby Gabriela Bortolança Chiarotto, Giovanni Nardo, Maria Chiara Trolese, Marcondes Cavalcante França, Jr., Caterina Bendotti and Alexandre Leite Rodrigues de Oliveira
Int. J. Mol. Sci. 2017, 18(11), 2298; doi:10.3390/ijms18112298  (registering DOI) - 1 November 2017
Abstract Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease affecting upper and lower motoneurons (MNs). The etiology of the disease is still unknown for most patients with sporadic ALS, while in 5–10% of the familial cases, several gene mutations have been linked to
[...] Read more.

                Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease affecting upper and lower motoneurons (MNs). The etiology of the disease is still unknown for most patients with sporadic ALS, while in 5–10% of the familial cases, several gene mutations have been linked to the disease. Mutations in the gene encoding Cu, Zn superoxide dismutase (SOD1), reproducing in animal models a pathological scenario similar to that found in ALS patients, have allowed for the identification of mechanisms relevant to the ALS pathogenesis. Among them, neuroinflammation mediated by glial cells and systemic immune activation play a key role in the progression of the disease, through mechanisms that can be either neuroprotective or neurodetrimental depending on the type of cells and the MN compartment involved. In this review, we will examine and discuss the involvement of major histocompatibility complex class I (MHCI) in ALS concerning its function in the adaptive immunity and its role in modulating the neural plasticity in the central and peripheral nervous system. The evidence indicates that the overexpression of MHCI into MNs protect them from astrocytes’ toxicity in the central nervous system (CNS) and promote the removal of degenerating motor axons accelerating collateral reinnervation of muscles.
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