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Cancer is entangled with metabolic alterations. 
 
Despite altered metabolism was one of the first hallmarks of cancer identified, only recent technical 
development allowed us to analyze the complexity of the metabolic networks in tumors. Growth, 
survival, and stromal crosstalk are only few of the processes that requires alterations in the cell 
metabolism.  Indeed, metabolic fluxes are also governing a plethora of other processes, such as cell 
signaling and epigenetic pathways. 
 
Cancers are characterized by a high metabolic heterogeneity to foster cancer cell survival and 
proliferation in extreme microenvironmental conditions, including hypoxia, depletion of metabolic 
resources, and acidosis. Therefore, this uniquely harsh microenvironment represents a valuable 
target for diagnosis and therapy, which still needs to reach its full potential. 
 
The principal aim of this congress is to present the most recent advances on cancer metabolism, 
with a special focus on the interactions between stromal and cancer cells and on the alterations of 
the various hallmarks of cancer 
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The altered metabolism of a tumorigenic tissue promotes its progression at the expense of healthy tissues. 

Many therapeutic strategies have been adopted against tumor metabolism; one of these involves 

alkalinization therapies to raise tumor pH to inhibit tumor progression, improve immune surveillance, and 

overcome resistance to chemotherapies. Chemical exchange saturation transfer-magnetic resonance 

imaging (CEST-MRI) is a non-invasive technique that can measure pH in vivo using pH-sensitive contrast 

agents. Iopamidol, an iodinated contrast agent, clinically used for Computed Tomography (CT), contains 

amide group protons with pH-dependent exchange rates, that can be interrogated to measure the 

extracellular pH of the tumor microenvironment. In this study, we optimized intraperitoneal (IP) delivery of 

iopamidol to facilitate longitudinal assessments of orthotopic pancreatic tumor (KPC961) pHe by CEST MRI. 

Following IV-infusion and IP-bolus injections, we compared the two protocols for assessing tumor pH. Time-

resolved CT imaging was used to evaluate the uptake of iopamidol in the tumor, revealing that IP-bolus 

delivered concentrations of 11 ± 2 mM 40 minutes post-injection, which were similar to the concentrations 

reached with the IV-infusion protocol (Fig 1A). Comparing the CEST pH mean values obtained with both 

injection protocols, there was no statistical difference (p=0.92), which was confirmed in further analysis that 



 
 
compared the histogram pHe distributions between groups (p>0.10), using empirical cumulative distribution 

functions (eCDF) coupled with two-sample Anderson-Darling (AD) test. In addition, bicarbonate treatment 

(200 mmol/L) provided in drinking water for 2 weeks showed a tendency to increase tumor pHe (Fig 1B-C). 

There was no statistically significant difference between groups when comparing the mean values (6.67 ± 

0.03 for control vs. 6.71 ± 0.06 for bicarb; p=0.33), but the eCDFs differed significantly (A-D test p< 0.001) (Fig 

1D). In conclusion, this study shows the capability to measure pHe using an IP delivery of iopamidol into 

orthotopic pancreatic tumors.  

 

Fig.1 (A) Iopamidol concentration measured in vivo after IP-bolus and IV-infusion injections. (B) pH maps for 

control and treated mice, and (C) corresponding histograms showing the number of pixels that populate a 

range of pH. (D) eCDF curves for the two mice groups, black arrows indicate the two-sample Anderson-Darling 

(AD) statistic. 
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The acidosis of the tumor microenvironment may have profound impact on cancer progression and on the 

efficacy of treatments.   

The effects of two different pharmacological treatments on tumor extracellular pH (pHe) have been studied. 

First, we evaluated the impact of a treatment with UK-5099, a mitochondrial pyruvate carrier (MPC) inhibitor 

as MPC disruption can either promote or inhibit cancer progression and impact the extracellular acidification. 

Second, we investigated the effect of a monocarboxylate transporter (MCT) inhibitor, syrosingopine. MCTs 

play an important role as proton transporters in tumor cells. Inhibiting one or several of them can represent 

a great anti-cancer strategy.  

In the first study, glucose consumption, lactate secretion and Extracellular Acidification Rate (ECAR) were 

measured in vitro after exposure of cervix cancer SiHa cells and breast cancer 4T1 cells to UK-5099 (10 μM). 

For the in vivo part of the study, mice bearing the 4T1 tumor model were treated daily during four days with 

UK-5099 (3 mg/kg). The pHe was evaluated in vivo using either chemical exchange saturation transfer (CEST)-

MRI with iopamidol or 31P-NMR spectroscopy with 3-aminopropylphosphonate (3-APP). Both molecules are 

knowned to be pHe reporter probes. MR protocols were applied before and after 4 days of treatment. 



 
 
Glucose consumption, lactate release and ECAR were increased in both cell lines after UK-5099 exposure. 

CEST-MRI showed a significant decrease in tumor pHe of 0.22 units in UK-5099-treated mice while there was 

no change over time for mice treated with the vehicle. Parametric images showed a large heterogeneity in 

response with 16 % of voxels shifting to pHe values under 7.0. In contrast, 31P-NMR spectroscopy was unable 

to detect any significant variation in pHe.  

In the second part of our work, the impact of syrosingopine was studied on several metabolic processes. 

Glucose consumption, lactate secretion, ECAR, pHi, cell proliferation, viability and apoptosis were measured 

in vitro after treatment of human breast cancer MDA-MB-231 cells and squamous cell carcinoma FaDu cells 

with syrosingopine. For the in vivo part of the study, we used the same protocol as before, with mice bearing 

the MDA-MB-231 tumor model. The pHe was evaluated only with CEST-MRI. Syrosingopine led to a decrease 

of glucose consumption, lactate secretion and ECAR after exposure to 10 µM in MDA-MB-231 cells. Only 

ECAR was reduced in FaDu cells. Intracellular pH, cell proliferation and viability were measured after exposure 

to increasing doses of syrosingopine. Decreases in all parameters were observed starting at 10 µM in MDA-

MB-231 cells and 25 µM in FaDu cells. Apoptosis was increased after exposure to 25 µM in both cell types. 

No significant effect of treatment with syrosingopine (5 mg/kg) on pHe was measured in vivo using CEST-

MRI, nor on tumor growth or survival.  

MCT inhibition showed great effects in vitro but not in vivo. We speculate that the dose of treatment was 

too low but no dose escalation is possible in vivo as syrosingopine can have hemodynamic effects. MPC 

inhibition led to a moderate acidification of the extracellular medium in vivo. CEST-MRI provided high 

resolution parametric images (0.44 μl/voxel) of pHe highlighting the heterogeneity of response within the 

tumor when exposed to UK-5099.  
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Multiple studies in various cancers have shown that the acidic microenvironment found in poorly vascularized 

regions of solid tumors favors cancer aggressiveness, yet the mechanisms involved are incompletely 

understood 1. Here, we tested the hypothesis that adaptation to growth in a very acidic environment selects 

for cancer stem cell (CSC) properties in pancreatic cancer. RNA sequencing of PANC-1 human pancreatic 

cancer cells adapted to growth at extracellular pH (pHe) 6.5 revealed the upregulation of several CSC markers, 

including cell surface glycoprotein CD44, the ABC transporter ABCG2, the proteasomal subunit PSMD11, the 

aldehyde dehydrogenase ALDH1A3, and the long noncoding RNA HOTAIR2. To further explore this 

phenomenon, we adapted two pancreatic cancer cell lines with higher intrinsic stem cell content, MIA PaCa-

2 and PaTu 8988s, to growth at pHe 6.5. In both cell lines, the upregulation of CSC markers, including ABCG2 

and the intermediate filament protein Nestin, was confirmed by either qPCR analysis, Western blotting or 

both. Additionally, the protein level of stem cell factor Krüppel-like factor 4 (KLF4) was upregulated in acid 

adapted MIA PaCa-2 cells.  

Importantly, pancreatosphere assays – an established measure of pancreatic cancer cell stemness potential 

– revealed that pancreatosphere forming efficiency (PFE) was significantly increased in acid adapted MIA 

PaCa-2 and PaTu 8988s cells compared to that of parallel control cells. Thus, both first and second generation 

PFE was increased by ~100% for MIA PaCa-2 cells and by ~50% for PaTu 8988s cells. Also consistent with 

increased CSC properties, preliminary analyses suggest that the acid-adapted PaTu 8988s cells exhibit 



 
 
increased resistance to erlotinib and gemcitabine, chemotherapeutic drugs widely used to treat pancreatic 

cancer.  

Collectively, we suggest that adaptation to growth in acidic tumor niches selects for CSC properties of 

pancreatic cancer cells, and that this in turn may contribute to the aggressiveness of the disease.      

References: 
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The mechanisms linking tumor microenvironment acidosis to disease progression are incompletely 

understood.  Several studies have shown that adapting cancer cells to growth at a pH mimicking that in the 

core of solid tumors favors epithelial-to-mesenchymal transition (EMT), invasion and metastasis, and hence 

tumor aggressiveness1,2. We recently demonstrated a strong correlation between the gene expression 

profile of acid adapted cancer cells and patient tumor tissue3, highlighting the relevance of characterizing 

the cells in the acidic microenvironment. Using cancer cells adapted to growth at extracellular pH (pHe) 6.5, 

we show that the acid adaptation-induced phenotype is characterized by increased metabolic flexibility, 

increased peroxisome- and lipid droplet content, elevated triacylglycerols, and fatty acid desaturation. Acid 



 
 
adapted cells increase expression of net acid extruding transporters, which, under pHe conditions simulating 

those outside the tumor core (7.4), causes their intracellular pH to be similar or even elevated compared to 

‘normal’ cancer cells. RNA-sequencing data and metabolic analyses demonstrate that acid adapted cells 

maintain the capacity for high glycolytic activity but preferentially employ oxidative metabolism. Accordingly, 

we discovered that the gene products upregulated by acid adaptation are dominated by peroxisome 

proliferator-activated receptor- (PPARA, PPAR) and its targets, including the metabolic regulator 

thioredoxin-interacting protein (TXNIP), which negatively regulates glycolysis, and peroxisomal biogenesis 

factor-5 and carnitine palmitoyltransferases, which are key proteins in peroxisomal and mitochondrial lipid 

metabolism, respectively. Consistent with this, transcriptional activity driven by PPAR-response elements 

(PPRE) is increased 2-3 fold in acid-adapted cells, and upon specific inhibition of PPAR, the acidosis-induced 

upregulation of TXNIP is abolished. Therefore, we suggest that by enabling increased levels of lipid 

metabolism, PPAR is a key upstream regulator of the acid adaptation-induced metabolic changes, thus 

supporting cancer cell survival in acidic tumor niches.      
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Human cancers typically evolve through a multistep progression process, starting from mammary epithelial 

hyperplasia and progressing to carcinoma in situ and finally to late-stage invasive carcinomas. Although we 

know that abnormal metabolism and vascularization plays an important role during tumor progression, 

information are still limited about in vivo tumor acidosis evolution in terms of both spatial and temporal 

changes along these pathological stages. This study aims to evaluate the role of tumor acidosis during cancer 

progression in the transgenic PyMT mouse breast cancer model that recapitulates human breast cancer 

progression by combining multiparametric MRI analysis with histological and molecular investigations.    

Methods: FVB/N-Tg(MMTV-PyVT) (n=20) female transgenic mice (PyMT) were imaged every two weeks, from 

pre-malignant to malignant stages, with a Bruker 7T scanner. A multiparametric CEST-MRI imaging approach 

was used to evaluate tumor pH and heterogeneity, DCE-MRI (for vessel permeability) and DWI (for cellular 

density). At each stage a group of mice was sacrificed and the mammary glands removed for histopathology, 

WB and IHC staining for LDH, LAMP2 and GLUT1. 

T2w images of PyMT mice showed an increasing degeneration of the mammary gland tissue (Fig.1b) that was 

confirmed by H&E sections (Fig.1a) showing a transition from low-grade lesions in first stages (6 to 8 weeks) 

to an increased number and volume of tumors in late stages (10 to 12 weeks). An increasing mammary gland 

acidification during cancer progression was observed along stages (mean pH values of 7.1, 7.0, 6.9 and 6.8 

respectively, Fig.1c) reflecting underlying metabolic changes. Furthermore, an increased tumor pH 

heterogeneity associated to a shift to malignant stages was observed (Fig.1 e/f). Additionally, a moderate 

increase in Ktrans (permeability) (Fig.1d) and in vp (vascular volume fraction) values in PyMT mice, reflecting 

angiogenesis and new vasculature formation, with no changes in cellular density was observed. 

Our results show that MRI-CEST pH imaging can successfully monitor in vivo spatial and temporal tumor 

acidosis evolution along breast cancer malignant progression in the PyMT murine model. 

mailto:elisa.pirotta@unito.it


 
 

Figure1. H&E sections of PyMT mammary gland showing cancer progression (A) and representative patient’s 

mammary gland T2w images of the four stages (B). Mean pHe values of PyMT mammary glands showing 

progressive acidification (C). Mean Ktrans values of PyMT showing increased vessel permeability/perfusion 

(D). Combined MRI T2w/CEST pH images at early stage (6-8weeks, E) and at late stage, (12 weeks, F) showing 

increased tumor acidification and heterogeneity.  
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Breast cancer is one of the leading causes of cancer-related death in world’s women. Tumor metabolism is a 

key factor in promoting cancer progression and aggressiveness and non-invasive imaging techniques able to 

distinguish metastatic from non-metastatic tumors is an unmet medical need. In this study we investigated 

a multiparametric MRI-based approach to characterize tumor microenvironment (acidosis, vascularization 

and hypoxia) to distinguish between metastatic and non-metastatic murine breast tumor models. 

Two murine breast cancer cell lines, 4T1 (metastatic) and 67NR (non-metastatic), were orthotopically 

injected into the 4th mammary glands fat pads of 6 weeks old Balb/c female mice (n=7 each) with ultrasound 

guidance. Mice underwent through a single MRI session with a 7T scanner (Bruker) with sequential CEST pH 

imaging to evaluate tumor extracellular pH (pHe), DCE-MRI for tumor vascularization and Oxy Enhanced-MRI 

to map hypoxic regions. After MRI acquisitions, tumors were excised for ex vivo IHC/IF staining and WB 

analyses for main markers of acidosis (LAMP2A), metabolism (LDHA, PDK1), vascularization (CD31) and 

hypoxia (pimonidazole, CAIX). 

MRI-CEST tumor pH imaging highlights that 4T1 tumors are strongly more acidic than 67NR and IHC and WB 

analyses for LDHA and PDK1 confirmed a different metabolic alteration, with higher levels for both markers 

in the more aggressive 4T1 breast tumors that can explain the observed higher acidosis. The 4T1 tumors 

showed a lower vascular permeability and a different spatial vascularization than 67NR tumors, that was 

confirmed by higher CD31 expression in 67NR tumors. Although MRI-hypoxia imaging did not report 

differences in hypoxic levels between the two tumor models, higher accumulation of pimonidazole and 



 
 
higher expression of CAIX (both IHC and WB) were observed in 4T1 tumors, indicating a more hypoxic 

microenvironment that can drive the altered metabolism of the 4T1 cancer model.  

In conclusion, our study successfully aimed to demonstrate the capability of a multiparametric MRI approach 

to characterize tumor microenvironment properties of murine breast cancers with different metastatic 

potential. Marked differences in tumor metabolism, acidosis and vascularization were observed for the more 

aggressive breast cancer model in contrast to the less aggressive one, providing a new non-invasive approach 

for assessing cancer aggressiveness. 
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injection.  
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MRI is a powerful and safe technique useful for studying cancer. About 40% of clinical scans are performed 

using Gd-based-contrast-agents (GBCAs), which shorten longitudinal water relaxation time(T1) thus 

generating contrast where distribute. GBCAs are administrated intravenously and diffuse in the 

extravascular/extracellular tumor space so generating hyperintensity in T1-weighted-images.  

Recently, APT-MRI has been proposed as an alternative to conventional T1w-MRI. It reports on the transfer 

of saturated magnetization to bulk water signal when N-H amide protons of mobile proteins are saturated 

with an additional rf-field. APT is enhanced in tumors because the content of cytoplasmatic proteins is high 

in metabolically activated cells.  

 

Our work aims at exploiting the effect of GBCAs on the APT to extract information on the transport of water 

molecules across the tumor cell membranes. When the water proton T1 in the extracellular space is 

shortened by the presence of GBCAs, the APT response is affected by the amount of water molecules entering 

the intracellular space. As the exchange of water molecules across the cellular membranes depends on the 

expression of suitable transporters, the determinants of the effect of GBCAs on the APT response are i)the 

“wash-in/wash-out” of the GBCA in the extracellular region and ii)the activity of transporters.  

Herein, breast cancers(BCs) models at different levels of malignancy were investigated, i.e. 4T1-BCs(high 

malignancy), TS/A-BCs(medium malignancy) and FARN168-BCs(low malignancy). APT-MRI was carried out for 

1h post injection of ProHance(Fig.1A). Information on ProHance wash-in and wash-out in the tumor was also 

gained by acquiring DCE-MRI. Fig.1A reports an example of ST% variation in the presence of ProHance, with 

a first phase corresponding to a marked decrease of ST%(dotted blue line) followed by a recovery(red line). 

The three models showed differences ascribable to the above indicated determinants(red lines,Fig.1B-D). 

To gain insights into the relationship between the GBCA/APT response and tumor metabolism, animals were 

stimulated with a high i.v. dose of glucose(3g/kg) 1h before ProHance-contrasted-APT-MRI(Fig.1B-D,black). 

In the less aggressive tumor(FARN168) there is a disappearance of any effect due to GBCA as no ST%-variation 

was recorded(Fig.1D). In the highest aggressive model(4T1) the glucose has not effects on the GBCA/APT 



 
 
response(Fig1B). In TS/A, upon the glucose administration, the APT effect remained at low values for all 

measuring time(Fig.1C). 

The GBCA/APT experiments were accompanied by ex-vivo tumor FACS analysis and histological analysis for 

quantification of transporters involved in membranes water exchange.  

Concluding, the reported approach is an innovative tool for analyzing tumor metabolism as it provides a way 

to access to the new tumor hallmark represented by the water exchange across the cellular membrane.  

 

Fig.1.A) Example of APT(ST%=saturation transfer) upon i.v. of ProHance. B,C,D) ST%-changes in tumor 

xenografts with/without glucose. 
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Glioblastoma is the most aggressive primary malignant brain tumor. Despite MRI gadolinium contrast-

enhanced imaging being widely utilized examination in the diagnosis and post-treatment management of 

patients with glioblastoma, it’s limited to vascular information, whereas additional imaging approaches are 

needed for assessing alteration in tumor metabolism. The aim of this study is to evaluate MRI-based tumor 

pH imaging for assessing in vivo the metabolic phenotype in two glioblastoma murine models. 

We compared two glioblastoma models obtained upon stereotaxic injection of 1 x 106 U87 cells and 2x105 

GL261 cells. Tumor MRI-CEST pH imaging was obtained following Iopamidol injection, acquiring extracellular 

tumor pH maps with high spatial resolution. Metabolites were assessed by single voxel spectroscopy (MRS) 

with a PRESS sequence with short (16ms) and long TE (135ms), in a voxel size of 2x2x2mm3.Tumor border 

sharpness were assessed from T1w contrast enhanced (CE) images following Gd injection. Western blot and 

IHC analysis for LDHA, PDK1 and LAMP2 were performed in tumor sections to confirm imaging findings. 

Both glioblastoma models showed altered metabolites levels with a decrease in Cho and TNAA levels and an 

increase of mobile lipids levels. The U87 model was characterized by lower contrast enhancement upon 

gadolinium injection, suggesting reduced vascularization and likely higher hypoxic environment in 

comparison to the GL261 one. A higher extracellular tumor acidification was observed in vivo for U87 tumors 

when compared to the GL261 ones. This marked tumor acidosis correlated with increased lactate levels as 
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measured by MRS, confirming the glycolytic-dependent phenotype of the U87 tumors. Higher levels of CA9 

and of PDK1 in the U87 tumors were confirmed by IHC and WB analysis 

In conclusion, we observed in the U87 glioblastoma models a marked tumor acidosis compared to the GL261 

model, reflecting a more glycolytic phenotype, suggesting that MRI-CEST pH imaging can be potentially 

exploited for assessing in vivo metabolic alteration involved in tumor aggressiveness. 
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The failures in drug and targeted therapy developments suggest that after the revolution of cancer genomics 

and molecular biology, we need to study and consider the oncogenic alterations related metabolic changes 

in tumour tissues in cancer treatment. Tumour cells have unique metabolic characteristics in tissue 

microenvironment instead of harbouring an identical genetic background. The recently used in vitro model 

systems can hardly represent the real heterogeneity of tumour tissues. After the rediscovery of spheroid 

culture systems, additional new methodological possibilities are emerging including 3D bioprinted tumour 

model systems. Our research group established a 3D bioprinting method to compare the drug sensitivity 

differences and metabolic enzyme expression profiles in 2D, 3D spheroid, 3D bioprinted and xenograft 

tumour models using different human cancer cell lines. 

Analysing our data from a Luminal B type human breast cancer cell line, we could observe decreased 

doxorubicin and rapamycin sensitivity in 3D bioprinted in vitro and in the vivo xenograft models. Additionally, 

mTOR activity markers and several metabolic enzyme expressions could correlate with these expression 

pattern differences. Comparing 5 different model systems (2D, hanging drop, spheroid cultures, 3D 

bioprinted cultures and xenograft model) in case of this cell line, the highest similarity was occurred between 

3D bioprinted and xenograft model systems. The relative expressions of 14 different metabolic proteins were 

analysed by WES Simple. According to the results, 7 of the studied proteins had similar, 6 had almost similar 

and only one had different expressions. These suggest that 3D bioprinted in vitro tumour models can be 

applied in drug toxicity/sensitivity tests and tumour metabolism research. In correlation with our results, we 

started to test the developed 3D bioprinting method for establishing patient-derived 3D bioprinted in vitro 

model systems. Considering the applicability of this model system, there could be a great possibility to reduce 

or replace certain parts of animal experiments.  
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Skin Cutaneous Melanoma is the most lethal form of skin cancer. Unlike any other cancer type, melanoma 

cells can synthesize melanin, becoming heavily pigmented. However, the metabolic role of melanin in 

melanoma progression remains unknown. MITF (Microphthalmia-associated transcription factor) is the 

master regulator of melanocyte development and differentiation that controls the expression of 

pigmentation genes. Importantly, MITF is considered an oncogene that plays a role in melanoma both when 

overexpressed or downregulated. Recently, we showed that Transglutaminase type 2 (TG2) is involved in 

vertebrate development, as its silencing leads to impaired melanocyte specification and loss of pigmentation. 

Here, by means of traditional and multi-omics approaches, we demonstrate a link between TG2 and 

melanogenesis induction by direct regulation of MITF, both in vitro and in vivo. We proved that genetic 

ablation of TG2 significantly affects MITF activation, impairing melanogenesis, so impacting on melanoma 

growth and spreading abilities. Thus, our work may pave the way for better assessing the role of pigmentation 

in melanoma progression. 
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Globally almost 10M people die from cancer each year. While a large body of research exists on cancer-

specific genetics, the role of the tumor microenvironment (TME) in driving cancer development, metastasis, 

and recurrence remains vastly unexplored. The TME is highly complex in vivo and can only be studied in an 

observational setting. To understand causality of environmental effects, in vitro methods are necessary.  

Currently, one of the main challenges for in vitro analysis is to measure how cells respond to long-term 

gradients of environmental states, beyond imaging experiments. Specifically, gene expression analysis of cells 

with precise spatiotemporal gradient information is necessary for an in-depth understanding of these 

processes. 

To address this challenge, we aimed to design a microfluidic device that enables analysis of how multifactorial 

microenvironmental gradients impact cancer cell biology and behavior in pH mimicking that in the TME. To 

do so, we developed a device with a workflow that can create a gradient over a large area (cm²), containing 

in situ sensors, and with a reversible sealing to later perform spatial transcriptomics. 

Our microfluidic device consists of a PDMS chip in which channels are molded following the design in (a). This 

chip is sealed onto a glass slide on which both cells and spheroids have been cultured in biologically relevant 

hydrogels (b). Next, pH gradients and temporal pH oscillations are applied on the cells (c), following a prior 
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successful characterization of the gradients using fluorescent sensor beads or pH-responsive dyes (d). This 

device allows us to perform live cell imaging. It can be subsequently opened (e) for immunofluorescence 

analysis (e.g., live/dead staining, (f)). The ultimate goal is to apply spatial transcriptomics to characterize the 

gene expression response to each TME condition imposed by the device (g); to that end, spatially resolved 

RNA extraction and capture has been optimized.  

 

Figure: (a) schematic view of the PDMS chip with the pH gradient design; (b) growth of cells and spheroids in 

hydrogels on glass slides; (c) pH gradient applied on cells or spheroids in hydrogel, using the microfluidic 

device; (d) characterization of pH gradients and temporal pH oscillations obtained in microfluidics; (e) 

microfluidic chip disassembled from the glass slide; (f) live dead staining using Calcein AM (3 µM) and 

Propidium Iodide (3 µM); (g) H&E staining of the cells to optimize for RNA extraction and spatial 

transcriptomics 
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Cancer cachexia is characterized by a weight loss with or without adipose tissue depletion and limits both 

the survival and the anticancer response in patients. Advanced tumors which are associated to cachexia 

present a profoundly altered microenvironment with large hypoxic and/or acidic areas. We know from 

previous work that acidosis-adapted cancer cells present a shift from glycolysis toward lipid metabolism, the 

latter further supporting cancer cell invasion and metastases. As fatty acid consumption by acidic cancer cells 

increases, we reasoned that fatty acids derived from adipose tissue lipolysis could sustain tumor fatty acid 

craving leading to the subcutaneous and visceral adipose tissue depletion observed in cancer cachexia.  

In this study, we aimed to investigate the potential pro-lipolytic capacity of acidosis-adapted cancer cells. For 

this purpose, primary mouse adipocytes from subcutaneous and visceral adipose tissues were exposed ex 

vivo to conditioned medium from acidic cancer cells (pH 6.5) or naïve cancer cells (pH 7.4); cancer cell lines 

were issued from different tissue origins including pharynx (Fadu), cervix (Siha) and colon (HCT116). Glycerol 

released by adipocytes was used as a measure of lipolytic activity and the expression of key players of lipid 

metabolism in the above cancer cells was determined. 

Conditioned media from acidosis-adapted cancer cells triggered an increase in the release of glycerol by 

subcutaneous and visceral primary adipocytes when compared to conditioned media collected from naïve 

cells (pH 7.4). In parallel, we documented that de novo lipogenesis was largely downregulated in acidic cancer 

cells further supporting the high dependency of these cells on exogenous fatty acids. Stimulated lipolysis 

from adipocytes was further associated with the upregulation in acidic cancer cells of various actors 

associated with lipid metabolism, including the fatty acid transporter CD36 and key enzymes involved in β-

oxidation and fatty acid storage (although distinctly according to the cancer cell type).  

In conclusion, microenvironmental acidosis promotes the mobilization of fatty acids derived from adipocytes 

via the release of soluble factors by cancer cells. Some of these factors are currently being examined with 

the goal to identify attractive candidates for dualistic innovative treatments tackling both cancer progression 

and cachexia. 
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Cancer and anti-cancer therapies have devastating impacts on skeletal muscle metabolism, eventually 

leading to cellular energy crisis. We previously showed that NAD+ levels are depleted in the muscle of C26-
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bearing mice, in parallel to a strong downregulation of the muscle-specific nicotinamide riboside kinase 

(Nrk2) gene1.  

In this work, we tested if the supplementation with niacin (NA), an NAD+ precursor that by-passes NRK2, 

prevented muscle NAD+ depletion in cancer cachexia. NA was orally administered (150 mg/kg, daily) to C26-

bearing mice undergoing FOLFOX chemotherapy (C26-F) and to one-year old Villin-Cre/Msh2loxP/loxP (VCM) 

mice2, the latter resembling the spontaneous progression of human gastrointestinal cancer. NAD+ 

quantification was performed using a colorimetric assay1 and mitochondrial respiration was assessed with 

the O2k-FluoRespirometer (Oroboros). In parallel, metabolomic profiling of muscle and serum samples from 

healthy subjects, precachectic and cachectic cancer patients was conducted at the Metabolomics Expertise 

Center (KU Leuven). 

Consistent downregulation of Nrk2/NRK2 was observed in the skeletal muscle of C26-F mice, VCM mice, KPC-

bearing mice and colorectal or pancreatic cancer patients, although Nrk2 repression was not always 

correlated to NAD depletion. Interestingly, cancer patients with low NRK2 displayed a distinctive 

metabolome profile compared to high NRK2 or healthy subjects independently from cachexia classification. 

In mice, NA treatment mitigated muscle wasting and force decline in both C26-F and VCM mice. In particular, 

NA prevented NAD+ depletion and improved protein synthesis in C26-F animals. Additionally, NA rescued 

mitochondrial DNA and OXPHOS protein content in both C26-F and VCM mice, although not rescuing 

mitochondrial respiration in C26-F ones. Notably, both C26-F and VCM mice presented with a pronounced 

depletion of hepatic NAD metabolites that was reverted by NA. Moreover, NA-treated animals showed 

improved markers of mitochondrial mass and partially rescued respiratory capacity in the liver, when 

compared to untreated tumor-bearing animals. 

In conclusion, the present study unveils a promising therapeutic use of NA as an anti-cachexia drug to support 

whole-body energy metabolism, foreseeing its prospective use in cachectic patients. 
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Most patients with solid cancers exhibit features of cachexia, a syndrome characterized by significant loss of 

skeletal muscle mass and strength that ultimately accounts for 20-30% of cancer deaths. As the underlying 

mechanisms of this multifactorial syndrome are incompletely defined, effective therapeutics have yet to be 

developed. Muscle loss is the most important clinical event in cancer cachexia. Preservation of muscle mass 

despite unchanged tumor growth, fat loss and pro-inflammatory cytokine production improves survival in 

mice. The BMP (Bone and Morphogenetic Protein) axis plays a critical role in muscle mass regulation. 

However, its role in cancer-induced muscle loss has never been investigated. We observed diminished Bone 

Morphogenic Protein (BMP) signaling early in the onset of skeletal muscle wasting associated with cancer 

cachexia in mouse model and in human cancer patients. Cancer-mediated factors trigger in muscle the 

expression of the BMP inhibitor Noggin, which blocks the actions of BMPs on muscle fibers and motor nerves, 

causing muscle wasting, neuromuscular junction (NMJ)’s disruption and denervation. Increasing BMP 

signaling in the muscles of tumor-bearing animals prevents muscle wasting and preserves NMJ function. We 

identify perturbed BMP signaling and denervation of muscle fibers as important pathogenic mechanisms of 

muscle wasting associated with cachexia, and present modulation of BMP-mediated signaling as an attractive 

approach for the development of interventions to address the loss of functional musculature in cancer 

patients. 
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Chronic lymphocytic leukemia (CLL) is a lymphoproliferative disorder characterized by accumulation of 

mature B-cells in the blood stream and secondary lymphoid organs. The B cell receptor (BCR) is a master 

regulator of B cell behavior and it contributes to disease pathogenesis and progression by regulating 

proliferation and survival. In CLL the mutational status of the BCR carries prognostic implications, with 

patients without somatic hypermutation in the immunoglobulin variable heavy chain genes (IgHV-UM) 

characterized by an earlier need for treatment and a shorter overall survival compared to patients with 

mutated IgHV genes (IgHV-M). NOTCH1 is the single most recurrently mutated gene in CLL, with 

approximately 10% of all patients at diagnosis carrying activating mutations typically in the PEST domain of 

the protein. NOTCH1 activating mutation occurs mostly in IgHV-UM patients and a functional cooperation 

between the two pathways was previously shown by us and others. 

This work was undertaken with the aim of studying metabolic adaptation of CLL cells carrying distinct genetic 

lesions. We established an ad hoc cellular model, using the MEC1 CLL-like cell line to reconstitute the 

expression of an IgHV-UM or a IgHV-M BCR in a wild-type (WT) or mutated NOTCH1 genetic background. 

We demonstrated that upon BCR stimulation, IgHV-UM MEC1 cells, with NOTCH1-WT, showed increased 

mitochondrial oxidative phosphorylation (OXPHOS) compared to IgHV-M MEC1. IgHV-UM MEC1 cells showed 

increased oxygen consumption rate (OCR) and ATP production, accompanied by a significant decrease in 

lactate production, compared to IgHV-M MEC1 cells, all in a NOTCH1-WT background. The presence of 

activating mutations in the NOTCH1-PEST domain was accompanied by a metabolic boost, with IgHV-UM, 

NOTCH1-M MEC1 cells showing the highest metabolic shift from anaerobic glycolysis to OXPHOS, when 

compared to IgHV-M, NOTCH1-M MEC1 cells. Finally, we performed in-vivo experiments to analyze 

differences in growth rate and diffusion of MEC1 cell line variants in different organs. As expected, 

NOD/SCID/γ chain-/- mice injected with IgHV-UM MEC1 carrying NOTCH1 mutations were characterized by 

shorter overall survival compared to those inoculated with IgHV-M, NOTCH1-M MEC1 cells. Data were 

confirmed by injecting mice with mixed populations of IgHV-M and IgHV-UM NOTCH1-mutated MEC1 cells, 
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which showed a predominance of IgHV-UM cells in different organs, including the bone marrow and 

peripheral blood.  

In conclusion, these findings suggest that OXPHOS is the primary route for production of energy used by 

MEC1 cells, and both IgHV and NOTCH1 cooperate to increase this metabolic pathway. 
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In the context of non-small cell lung cancer (NSCLC), KCa3.1 channels play an important pathophysiological 

role by regulating some of the main cancer cell functions, promoting cancer aggressiveness and progression. 

When EGF receptor (EGFR) mutation is occurring in this cancer, EGFR tyrosine kinase inhibitors (TKIs) such as 

erlotinib are commonly used but almost all patients initially responding to erlotinib develop acquired 

resistance. Since there are evidences that KCa3.1 channels are involved in the resistance mechanisms, the 

aim of this project is to study how the blockade of KCa3.1 channels with senicapoc helps to overcome the 

resistance to erlotinib. Here we focused on the apoptosis cascade and the role that the mitoKCa3.1 has in 

this process. 

Meta-analysis performed on microarray data sets, coming from online repositories, revealed a differential 

expression of KCa3.1 channels in erlotinib-resistant NSCLC cells compared to the sensitives ones and its 

correlation with genes of the apoptosis pathway. Based on these results we then focused mainly on studying 

the involvement of KCa3.1 in apoptosis of erlotinib-sensitive and -resistant NSCLC cells. Apoptosis was 

quantified with fluorescence-based caspase-3 assays and annexin-V staining. Both assays revealed that 

senicapoc induces apoptosis, also in erlotinib-resistant cells.  

While KCa3.1 channels are expressed in the mitochondria, we therefore put emphasis on the role of 

mitochondrial KCa3.1 channels in this process by measuring the mitochondrial membrane potential with the 

voltage-sensitive dye TMRM and quantified ROS production with mitoSOX. mitoKCa3.1 channel inhibition 

causes a hyperpolarization of the mitochondrial membrane potential, increases ROS production and induces 

cytochrome C release. Mitochondrial stress driven by the impairment on these processes was then confirmed 

by quantifying ATP levels on the cells after KCa3.1 inhibition. 

Taken together, these results indicate that mitochondrial KCa3.1 channel inhibition with senicapoc in NSCLC 

cells induces an alteration of mitochondria equilibrium and metabolism and contribute to overcoming 

erlotinib-resistance by inducing apoptosis. 
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During cancer progression, tumor cells are exposed to multiple physiological constraints present in the 

growing tumor tissue. These constraints dynamically change in a spatial and temporal manner, generating 

selection pressures and adaptive responses leading to expansion of cancer cells that are able to survive and 

sustain proliferation. Selected cancer cell subpopulations exhibit phenotypic and metabolic plasticity and 

invasive/pro-metastatic behavior, and contribute to complex and heterogeneous tissue architecture with 

various physiological gradients. Understanding mechanisms behind these phenomena requires not only 

technologically advanced high-throughput metabolomic, proteomic, and genomic approaches, but also 

classical methods of molecular and cellular biology. The latter approaches have already uncovered spectrum 

of molecules and pathways that often display highly heterogeneous expression pattern reflecting 

dynamically changing selection-adaptation forces in tumor microenvironment. Using the example of carbonic 

anhydrase IX (CA IX), we will provide a basic insight into the current challenges of investigation of tumor 

heterogeneity in experimental cell models and in tissue specimens. Since CA IX expression pattern reflects 

gradients of oxygen, pH, and other intratumoral factors, we use it as a paradigm to discuss an impact of 

antibody quality and research material on resulting data, their interpretation and reproducibility. Based on 

the validation, we propose the most reliable CA IX-specific antibodies and suggest conditions for faithful 

immunohistochemical analysis of molecules contributing to heterogeneity in cancer progression. 
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Glioblastomas (GBM) are heterogeneous tumors with high metabolic plasticity. Their poor prognosis is linked 

to glioblastoma stem cells (GSCs) which confer resistance to chemotherapy, notably to temozolomide (TMZ). 

Mesenchymal stem cells (MSCs) recruitment to GBM contributes to GSC chemoresistance, by mechanisms 

still poorly understood.  

We provide evidence that MSCs transfer mitochondria to GSCs through tunneling nanotubes which results in 

enhancing GSCs survival to TMZ. RNA-seq analyses revealed that MSC mitochondria disrupt GSC 

transcriptional response to TMZ leading to changes in gene expression related to DNA damage and 

metabolism. We further show that MSC mitochondria alter the metabolism of TMZ-treated GSCs, resulting 

in increased OXPHOS and in nutrient shift from glucose to glutamine, together with increased production of 

metabolites related to the TCA cycle, the pentose phosphate pathway and pyrimidine/purine synthesis. Thus, 

our data identify MSC mitochondria as master triggers of cancer stem cell chemoresistance through 

metabolic remodeling. 
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The survival rate for patients with brain tumors has remained to be low despite of the improved development 

of surgery, radiation therapy, and chemotherapy over the past two decades. Neoplastic cells acquire the 

ability to change shape, detach and easily move through spaces disorganizing the normal tissue architecture. 

This property is due to changes in expression levels of adhesion molecules and/or due to elevated levels of 

secreted proteolytic enzymes, including matrix metalloproteinases (MMPs) and their inhibitors (tissue 

inhibitor of metalloproteinases, TIMPs). Increased expression of various metalloproteinases observed in 

brain tumors is a result of multiple intracellular events which may be termed as dysregulated pathways. 

The tissue was surgically removed from 45 patients: glioblastoma (GBM; n=20), astrocytoma (AST; n=9), 

meningioma (MNG; n=16). As a control group, we chose a commercially available material from normal brain 

tissue (n=3). For molecular analysis, we used a custom RT2 Profiler PCR Array to quantify the expression of 

10 genes associated with MMPs and TIMPs. The quantitative PCR was performed on the ViiA7 Real-Time PCR 

system and used SYBR Green detection. The difference in gene expression between control and test group 

of samples was performed by ∆∆Ct method. Moreover, using dot blot analysis, we determined the relative 

levels of MMP and TIMP proteins in brain tumor samples. 

Glioblastomas and astrocytomas showed high expression level for MMP2, MMP9 and TIMP1. However, at 

the protein level, we were able to confirm high levels of MMP9 and TIMPs in all glial patients compared to 

healthy controls. We found a positive correlation between MMP2 and tissue inhibitor of metalloproteinases-

1 and TIMP2, but negative with TIMP4. These findings suggest that MMPs play an important role in human 

brain tumor invasion, probably due to an imbalance between the production of MMPs and TIMP1 and TIMP2 

by the tumor cells. 

In conclusion, this study indicates that MMP2, MMP9 and TIMP1 are associated with aggressiveness in 

astrocytomas and may hold an unfavorable prognostic value in patients with glioblastoma. 
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Reprogramming of core cellular metabolic pathways represents a key feature of most cancer cells. Despite 

the many efforts made to elucidate the metabolic adaptations of cancer cells and their contribution to tumor 

progression, surprisingly little is known about the role of metabolic reprogramming during early stages of 

transformation and the specific metabolic properties of tumor initiating cells (TICs). In this context, 

identification of metabolic pathways controlling the fate of these cells will help in designing new therapeutic 

approaches, as TICs have been proposed to drive tumor recurrence and metastatic dissemination. Using the 

intestine as a model tissue, we have recently demonstrated that the epigenetic control of glucose metabolism 

by the histone deacetylase SIRT6 regulates stem cell activity and tumor initiation. Importantly, our work has 

unveiled an unappreciated metabolic heterogeneity among intestinal epithelial cells and intestinal 

adenomas, where we found a quiescent glycolytic cell type with strong stem cell potential, which depends 

on active glucose metabolism to decrease oxidative metabolism and ROS production. By employing novel 

genetically-encoded metabolic reporters in combination with patient-derived organoids, we are starting to 

functionally characterize this metabolic heterogeneity within colorectal tumors and its relevance on tumor 

formation and progression. Together, our results highlight a driving role for glucose metabolism in the control 

of stem cell fate and tumorigenesis and indicate that metabolism contributes to cancer heterogeneity, similar 

to what it has been proposed for genetic and epigenetic events. 
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Melanoma incidence is increasing, but prognostic factors available for melanoma development and 

progression remain poorly known. Among these factors, the most intriguing is sex: men have a higher risk of 

developing this cancer than women, and a worse prognosis if they do. Researchers suggest that there is a 

biological trait not yet fully elucidated, that accounts for the sex-related survival advantage in melanoma. In 

our laboratory, we recently found that acidosis, which is a known key player in cancers, able to induce in 

tumor cells many aspects of malignancy, including metabolic changes, induces an enhanced expression of 

EMT markers (Snail, Twist, N-cadherin, Vimentin) in male melanoma cells, but not in female melanoma cells 

at the same level of malignancy. Moreover, we found that acidic male melanoma cells acquired an invasive 

phenotype associated with a reduction of MITF/ZEB1 ratio, changes which did not characterize acidic female 

melanoma cells. In addition, acidic male melanoma cells showed an enhanced expression of NF-kB, which 

disclosed a possible metabolic reprogramming. 

 Thus, we investigated whether melanoma cells grown in an acidic medium undergo a metabolic 

reprogramming associated with their malignancy. Male (SSM2c) and female (M51) primary cultures isolated 

from clinical comparable cutaneous metastatic melanoma were treated for 24 hours with an acidic medium 

at pH 6.7 to mimic the acidosis of tumor microenvironment and the metabolic profiles of male and female 

cells were analyzed. 

We found that extracellular acidosis induced in male melanoma cells an OXPHOS metabolism and reduced 

glycolysis, as shown by an increased OCR and a significant reduction of ECAR and of HK2, PKM2 and GLUT1 

expression, instead of female cells grown in an acidic medium don’t modify their metabolic profile, as 

demonstrated by the unchanged OCR and ECAR and by the unaltered expression of HK2, PKM2 and GLUT1. 

The change toward OXPHOS metabolism of acidic male melanoma cells represents an additional phenotypic 

aspect related to malignant progression. Then, NF-kB silencing experiments allowed us to demonstrate that 

the metabolic change of acidic male melanoma cells is under the control of NF-kB. 

This finding may lead to new gender personalized strategies for melanoma, based on metabolic inhibitors.  
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Glycans were among the first cancer biomarkers and continue to be used to identify cells with stem-cell-like 

phenotypes, both within cancer and healthy tissue. As cancer cells evolve through multiple stages of the 

disease, glycan composition can change in parallel with changes in cellular metabolism. These changes could 

lead to different glycan signatures from different cancer subgroups. Despite this, little is known on how 

specific metabolic states or dependencies could affect glycan signatures. We hypothesize that subgroups of 

PDAC have metabolic dependencies, influencing the glycan signature expressed in the cancer cells. Using 

lectin staining combined with flow cytometry in a pancreatic cancer cell line panel, we were able to quantify 

the expression of specific glycan structures. Also, we were able to disrupt the biosynthetic pathways of glycan 

precursors, using gene editing against GFPT-1 or drug inhibition against GFPT-1 using DON, causing changes 

in the glycan signature. Cell lines classified as basal subtypes showed increased fucosylation and terminal N-

GlucNAcylation and sialylation compared to those classified as classical subtypes. When the glycan precursors 

biosynthesis was disrupted with GFPT-1 KO or GFPT-1 inhibition with DON, it caused an increase in alfa-2-

fucosylation, high mannose, and 2-4 branched N-glycans and sialylated Tn antigens in O-Glycans in the basal 

subtype. Evidence from this work suggests that cell lines have their specific glycan signature, and genetic or 

metabolic perturbations can alter it.  
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The majority of solid tumors, including head and neck squamous cell carcinomas (HNSCCs), display a high 

level of intratumoral metabolic heterogeneity and consequently also variance in the response to therapy. 

This heterogeneity may lie in the ability of cancer cells to reprogram their metabolism, which is highly flexible 

and evolves due to metabolic cooperation between cancer cells and tumor microenvironment. Cancer-

associated fibroblasts (CAFs) represent the most abundant cell population within the tumor stroma. 

However, CAFs are not homogenous cellular type but also display significant molecular and metabolic 

heterogeneity and high levels of metabolic plasticity. Cancer cells and CAFs can establish a metabolic 

symbiosis to adapt to the nutrient-poor microenvironment.  
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We investigated the tumor-promoting and tumor-inhibiting effects of the HNSCC-derived CAFs, with focus 

on the role of CAFs in the metabolic and biomechanical reprogramming of cancer cells. HNSCC cell lines have 

been cocultured with patient-derived CAFs. qRT-PCR, Seahorse assay, and lactate assay were used to analyse 

the effect of CAFs on the metabolism of cancer cells. Atomic force microscopy, holographic microscopy, and 

RT-DC were used to assess the changes in the biomechanics of cancer cells after coculture.  

It was observed that the right kind of cooperation between cancer cells and CAFs is necessary to establish a 

tumor-promoting environment. Specifically, the mRNA subtype of the tumor from which the CAFs were 

derived directed the cancer cell colony-supporting effect and cancer cell stiffness. Moreover, this level of 

colony-forming support was reflected in cancer cell glycolytic activity and expression of lactate shuttle-

related monocarboxylate transporters. The metabolic crosstalk between CAFs and cancer cells can result in 

many different symbiotic effects including CAF support of cancer cell growth, proliferation, and migration via 

various metabolic mechanisms. A deeper investigation into the CAF subpopulations emerging during cancer 

progression is crucial for the successful therapeutic targeting of symbiosis between CAFs and cancer cells. 
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An emerging theme is that some cancer cells exhibit metabolic flexibility and engage both glycolysis and 

oxidative phosphorylation (OXPHOS) to adapt to metabolic challenges. However, very little is known about 

the molecular mechanisms that coordinate the switch among different metabolic pathways.  

We used an integrated transcriptional and metabolic profiling to classify a wide panel of melanoma cell lines 

according to the bioenergetic pathway they predominantly utilize (glycolysis or OXPHOS). This initial 

screening identified subgroups of melanoma cells that were either highly glycolytic or highly dependent on 

OXPHOS for their ATP production. 

In a second step, we examined the response of glycolytic and OXPHOS-dependent cells to the inhibition of 

their wired bioenergetic program. Our findings show that regardless of the bioenergetic preferences at 

baseline, glycolysis- or OXPHOS- dependent cancer cells showed remarkable differences in sensitivity to the 

inhibition of their bioenergetic dependency: While some cancer cells suffered a metabolic crisis and a drop 

in ATP and eventually cell death, others were able to adapt and tolerate the inhibition of their wired 

bioenergetic program. Further analysis showed that the resistance of the latter cells correlated tightly with 

their ability to shuffle between OXPHOS and glycolysis to circumvent the inhibition of either process. 

Differential capacity of cancer cells to switch among alternative bioenergetic pathways may reflect varying 

potential of metabolic plasticity. 

Our analysis showed that regardless of their dependency at baseline, melanoma cells can be collectively 

categorized according to their adaptability into “bioenergetically-committed” to one of the two pathways or 

“bioenergetically-plastic” cells which are able to switch from one to the other upon metabolic challenges.  

These findings were reproducible in an in vivo xenografts models. FDG-PET scan showed that tumors derived 

from bioenergetically-plastic (but not committed) switched to glycolysis to circumvent the inhibition of 

OXPHOS. This metabolic switch of bioenergetically-plastic tumors correlated with higher growth rate. 
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Interestingly, bioenergetic dependency of melanoma cells significantly correlated with their migration 

capacity in wound healing assays whereas glycolytic cells showed significantly higher migration as compared 

to OXPHOS-dependent cells, suggestive of higher metastatic potential.  

Metabolic plasticity of tumors gives the rationale to attempt strategies simultaneously targeting both 

glycolysis and OXPHOS. As one may expect such approaches may be complicated by the possible toxicity on 

normal cells. We have recently described a therapeutic approach to target metabolic plasticity of tumors 

combing intermittent fasting and metformin (Elgendy et al, Cancer Cell 2019). This approach was both 

effective in impeding tumor growth as well as tolerated by mice. This approach shows promise in ongoing 

clinical trial (NCT03709147). 

 

In conclusion, our work sheds unpresented light into the processes of bioeneretigic dependency and plasticity 

with correlation with metastatic potential and finally describes clinically relevant therapeutic approaches to 

target this plasticity.  
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Pancreatic ductal adenocarcinoma (PDAC) is typically characterized by high chemoresistance and metastatic 

spread, features mainly attributable to cancer stem cells (CSCs). It is of central interest the characterization 

of CSCs and, in particular, the study of their metabolic features in order to selectively identify their 

peculiarities for an efficient therapeutic approach. In this study, CSCs have been obtained by culturing 

different PDAC cell lines with a specific growth medium. Cells were characterized for the typical 

stem/mesenchymal properties at short-, medium-, and long-term culture. Metabolomics, proteomics, 

analysis of oxygen consumption rate in live cells, and the effect of the inhibition of lactate transporter on cell 

proliferation have been performed to delineate the metabolism of CSCs. We show that gradually de-

differentiated pancreatic cancer cells progressively increase the expression of both stem and epithelial-to-

mesenchymal transition markers, shift their metabolism from a glycolytic to an oxidative one, and lastly gain 

a quiescent state. These quiescent stem cells are characterized by high chemo-resistance, clonogenic ability, 

and metastatic potential. In addition, we demonstrate that CSCs show elongated mitochondria and metabolic 

plasticity. Re-differentiation reverts these features, re-activating their proliferative capacity and glycolytic 

metabolism, which generally correlates with high aggressiveness. These observations add an important piece 

of knowledge to the comprehension of the biology of CSCs, whose metabolic plasticity could be exploited for 

the generation of promising and selective therapeutic approaches for PDAC patients. 
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The microbiome has recently become a highly topical point of interest in cancer research. In colorectal cancer 

(CRC), the gut microbiome has been suggested to be a key player in the immunomodulatory and pro-

tumorigenic microenvironment. Over the past years, different bacteria have been shown to possess pro-

tumorigenic properties. However, the role of the microbiome metabolic cross-talk within the tumor remains 

to be explored. In our study, we focus on Fusobacterium as a CRC-associated bacteria. By using in vitro, in 

vivo, and in silico methods, we identify a novel microbe-host interaction keystone: formate. We observe a 

metabolic shift towards increased F. nucleatum formate secretion in gut-on-chip model co-cultures with 

patient-derived CRC cells, along with an accelerated cancer glutamine metabolism. Microbiome-derived 

formate induces AhR signaling and drives cancer stemness and metastatic dissemination. Intriguingly, 

formate-induced tumorigenesis is accompanied by an expansion of Th17 cells. Taken together, our results 

suggest implications for the role of microbiome-derived metabolites, especially formate, as a key player 

responsible for Fusobacterium’s pro-tumorigenic properties via enhanced AhR signaling and cancer stem cell 

regulation. Altogether, we identified microbiome-derived formate as an oncometabolite in CRC 

pathogenesis.  
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The microbiome has recently become a highly topical point of interest in cancer research. In colorectal cancer 

(CRC), the gut microbiome has been suggested to be a key player in the immunomodulatory and pro-

tumorigenic microenvironment. Over the past years, different bacteria have been shown to possess pro-

tumorigenic properties. However, the role of the microbiome metabolic cross-talk within the tumor remains 

to be explored. In our study, we focus on Fusobacterium as a CRC-associated bacteria. By using in vitro, in 

vivo, and in silico methods, we identify a novel microbe-host interaction keystone: formate. We observe a 

metabolic shift towards increased F. nucleatum formate secretion in gut-on-chip model co-cultures with 

patient-derived CRC cells, along with an accelerated cancer glutamine metabolism. Microbiome-derived 

formate induces AhR signaling and drives cancer stemness and metastatic dissemination. Intriguingly, 

formate-induced tumorigenesis is accompanied by an expansion of Th17 cells. Taken together, our results 

suggest implications for the role of microbiome-derived metabolites, especially formate, as a key player 

responsible for Fusobacterium’s pro-tumorigenic properties via enhanced AhR signaling and cancer stem cell 

regulation. Altogether, we identified microbiome-derived formate as an oncometabolite in CRC 

pathogenesis.   
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Breast cancer tumours are embedded in a collagen I rich extracellular matrix (ECM) network where nutrients 

are scarce due to limited blood flow and elevated tumour growth. Metabolic adaptation is required for breast 

cancer cells to endure these conditions. Here, we demonstrated that the presence of ECM supported the 

growth of invasive breast cancer cells, but not non-transformed mammary epithelial cells, under amino acid 

starvation, through a mechanism that required ECM uptake. Importantly, we showed that this behaviour was 

acquired during carcinoma progression. ECM internalisation, followed by lysosomal degradation, contributed 

to the upregulation of the intracellular levels of several amino acids, including tyrosine and phenylalanine. 

Finally, we showed that cells on ECM had elevated tyrosine catabolism, leading to elevated fumarate levels, 

potentially feeding into the tricarboxylic acid cycle. Interestingly, this pathway was required for ECM-

dependent cell growth under amino acid starvation, as the knockdown of p-hydroxyphenylpyruvate 

hydroxylase-like protein (HPDL), the third enzyme of the pathway, opposed cell growth on ECM without 

affecting cell proliferation on plastic. Moreover, high HPDL expression 

correlated with poor prognosis in breast cancer patients. Collectively, our results highlight that the ECM 

surrounding breast cancer tumours represents an alternative source of nutrients to support cancer cell 

growth, by regulating phenylalanine and tyrosine metabolism  
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Richter’s syndrome (RS) is the development of a high-grade aggressive lymphoma in a previous or 

concomitant background of chronic lymphocytic leukemia (CLL), lacking effective therapies. The genetic and 

molecular mechanisms underlining disease pathogenesis are still largely undefined. To study the biology of 

these cells, we have recently established 4 different RS-patient-derived xenograft (PDX) models, fully 

genetically characterized. Metabolic reprogramming is a hallmark of cancer, necessary to sustain the high 

proliferative rate of these cells. CLL energy metabolism is mainly sustained by oxidative phosphorylation, 

using free fatty acids as principal substrate. However, nothing is known about energy production or metabolic 

adaptation in RS. 

The main aims of this work are i) to provide a complete picture of the metabolic landscape of RS cells, looking 

at the expression and activity of key enzymes involved in different metabolic pathways, and ii) to identify the 

metabolic dependencies of these cells in a translational perspective. 

Firstly, taking advantage of transcriptomic data of RS-PDXs compared to publicly available CLL data, a distinct 

metabolic profile between the two disease entities was highlighted. Gene sets enrichment analyses revealed 

oxidative phosphorylation, reactive oxygen species pathway, glycolysis, and fatty acid metabolism among the 

most significantly enriched gene sets in RS. These data were supported by the measurement of the enzymatic 

activity of key enzymes controlling the different pathways. 3 out of 4 PDXs were characterized by an elevated 

mailto:andrea.iannello@unito.it


 
 
metabolic rate compared to CLL, in terms of Krebs cycle, oxidative phosphorylation and glutamine 

metabolism, while the remaining RS-PDX model showed a Warburg profile. The higher energetic state of 

these models was demonstrated also by the elevated ATP content and sustained by an enhanced glucose 

and glutamine uptake. These metabolic cascades finally led to a higher proliferation rate of RS cells, as shown 

by Ki-67 staining. The metabolic dependencies of RS cells from glucose and glutamine were formally 

demonstrated by treatment with highly selective metabolic inhibitors. BPTES, a glutaminase inhibitor, and 

UK5099, a mitochondrial pyruvate carrier blocker, led to a significant reduction in the oxygen consumption 

rate and ATP production, while no effects were obtained when treating RS cells with Etomoxir, a fatty acid 

oxidation inhibitor.  

Overall, these data highlighted the metabolic features and dependencies of RS cells and open for preclinical 

studies addressing the impact of specific metabolic inhibitors, alone or in combination with drugs already in 

the clinics, known to act on molecular players controlling metabolic pathways. 
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Pancreatic cancer is almost always fatal, reflecting late diagnosis, insufficient therapeutic options, and 

extensive treatment resistance development. Tumor microenvironment acidosis, one of the hallmarks of 

pancreatic cancer, has been shown to favor several aspects of cancer progression, including drug uptake and 

distribution, and hence the efficacy of anticancer treatments (1).  

The aim of this study was to investigate the impact of adaptation to the extracellular acidosis which is a 

hallmark of solid tumors, on growth and drug resistance in pancreatic cancer organoids.  

To this end, we employed murine pancreatic cancer organoids harboring KRAS-G12D mutation and organoids 

derived from normal pancreatic ducts. The organoids were gradually adapted to grow at pH 6.7, mimicking 

the extracellular pH of solid tumours. In parallel, organoids were adapted to grow with increasing doses of 

the drugs Erlotinib, Gemcitabine or both, or were acutely treated with these drugs. Acid- and drug-adapted 

organoids alongside their control counterparts (cultured at pH 7.4) were subjected to RNA-Seq and 

quantitative viability assays. 

In control conditions, KRAS-G12D acid-adapted organoids showed 50% increased viability in absence of 

drugs, and increased resistance to Gemcitabine and Erlotinib (viability increased by 100% and 40% 

respectively), compared to their controls cultured at pH 7.4. Similarly, adaptation to low extracellular pH 

increased resistance to Gemcitabine by 5-fold and resistance to Erlotinib by 4-fold in organoids developed 

from normal pancreatic ducts. The RNA-Seq results uncovered transcriptomic specificities in these two 

different genotypes. Thus, while the control organoids invariantly display up-regulated genes related to 

epithelial to mesenchymal transition, growth, motility and stress, KRAS-G12D organoids seem to shut down 

these pathways throughout the acid-adaptation process. On the contrary, KRAS-G12D acid-adapted cells 



 
 
showed a strong up-regulation of ciliary genes and a clear activation of drug resistance pathways, shedding 

light on the viability assay results and bringing out candidate genes. 

In conclusion, our data suggests that adaptation to growth at the low extracellular pH of solid tumors 

promotes drug resistance in both normal ductal and pancreatic cancer organoids harboring KRAS-G12D 

mutation.  

 

(1) Cruz-Monserrate et al. Targeting Pancreatic Ductal Adenocarcinoma Acidic Microenvironment. Sci Rep 4, 

4410 (2014). https://doi.org/10.1038/srep04410 
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Nicotinamide phosphoribosyltransferase (NAMPT) is a key metabolic enzyme in NAD+ synthesis and is found 

upregulated in several tumors. Thus, NAD(H) lowering agents as the NAMPT inhibitor FK866 offer an 

appealing approach for anticancer therapy.  

We developed the triple negative breast cancer cell line MDA-MB-231 resistant to FK866 (MDA-MB-231-R) 

by exposing it to increasing concentrations of the small molecule. In this model, NAMPT is not mutated and 

MDA-MB-231-R are not sensitive to verapamil or cyclosporin A co-treatment with FK866, excluding a 

potential role of increased efflux pumps activity as a mechanism of resistance. Similarly, the silencing of the 

enzyme Nicotinamide Riboside Kinase 1 (NMRK1; phosphorylating Nicotinamide Riboside to Nicotinamide 

Mononucleotide) in MDA-MB-231-R does not increase FK866 toxicity excluding this pathway as a 

compensatory mechanism of NAD production. 

Mitochondrial substrate utilization revealed a higher rate of pyruvate and malic acid metabolism in MDA-

MB-231-R. Co-treatment of MDA-MB-231 with FK866 and the mitochondrial pyruvate carrier (MPC) 

inhibitors UK5099 and rosiglitazone, induces a FK866 resistant phenotype. Similar results were obtained 

through the transient silencing of MPC2. Taken together, these results unravel MPC as a potential mediator 

of FK866 adaptation to NAD(H) deficiency in the acute phase of the treatment, that is later sustained by 

mitochondrial metabolic rewiring and increased spare respiratory capacity in MDA-MB-231-R. 
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We previously demonstrated that ADAM17 cleaves the ectodomain of carbonic anhydrase IX (CA IX), a 

cancer-associated, hypoxia-induced type I transmembrane protein participating in pH regulation, metabolic 

adaptation to hypoxia/acidosis and in cell migration-invasion-metastasis. CA IX ectodomain (ECD) consists of 

two structural components: a highly active enzyme domain (CA) catalyzing a reversible conversion of carbon 

dioxide to bicarbonate and proton, and an N-terminal proteoglycan-like region (PG). While the CA enzyme 

activity of CA IX participates in the control of tumor pH, the PG region mediates a non-catalytic proton 

extrusion across the plasma membrane and is principaly implicated in cell adhesion. A short stalk connecting 

the CA IX ECD to a single-pass transmembrane region contains the ADAM17 cleavage site. Deletion of 10 

amino acids from the stalk completely prevents the CA IX ECD shedding and reinforces the tumorigenic 

phenotype of CA IX-expressing cells.  

However, neither silencing nor inhibition of ADAM17 are sufficient to fully block the CA IX ECD release 

suggesting that additional protease can participate in this process. As ADAM10 is structurally and functionally 

related to ADAM17, we decided to investigate its possible involvement in the CA IX ECD shedding. Here, we 

show the first experimental evidence using biochemical and molecular/cell biology approaches that ADAM10 

can cleave the CA IX ECD via an overlapping cleavage site with ADAM17 and moreover, we showed that both 

proteinases contribute to CA IX ECD shedding in a complementary, non-redundant manner. 
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Cell division is the most dramatic phase of the cell cycle in which a complex sequence of events results in the 

equal distribution of genetic material in two daughter cells. These processes require both structural 

rearrangements of organelles and chromosomes which are high energy demanding. Hence, just before entry 

in mitosis OXPHOS is boosted ensuring sufficient ATP to support the assembly of the mitotic spindle, the 

condensation of chromosomes and their segregation. However, recent studies and ongoing research in our 

group show that, beyond bioenergetics, metabolic changes during mitosis have important consequences in 

mitotic progression and in the fidelity of DNA inheritance. In order to monitor metabolic changes during 

mitosis, we make use of FRET and ratiometric reporters, which we introduced in cell lines and human tumor 

organoids to perform 3D and 4D live imaging. Using the Sonar sensor we noticed prominent peak in 

NAD/NADH ratio upon nuclear envelope breakdown. Interestingly, we find that disrupting this NAD/NADH 

peak by addition of lactate results in an increase in the incidence of mitotic errors. NAD is a cofactor of Sirtuin-

deacetylases, some of which, as SIRT2, have an important role in mitosis. In line with that, we show that some 

of their protein targets remain acetylated in mitosis when in the presence of high lactate. The overarching 

goal of this research is to investigate the impact and associated molecular mechanisms of the Warburg effect 

(low glucose-high lactate environment) on chromosome missegregation and CIN in tumor development. 
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In multiple myeloma (MM), malignant plasma cells (PCs) proliferate in the bone marrow (BM) where they 

establish close relationships with other cell populations in the BM niche that support cancer progression. 

Lacking Glutamine Synthetase (GS), the only enzyme that synthesizes glutamine from glutamate and 

ammonium, MM cells avidly take up extracellular glutamine through the activity of ASCT2 transporter and 

are glutamine addicted. These metabolic features severely impact on the tumor microenvironment creating 

a peculiar low-glutamine, high-glutamate and ammonium metabolic niche. BM mesenchymal stromal cells 

(MSCs) adapt to glutamine shortage by GS induction and express the outward glutamine transporter SNAT5, 

although their metabolic relationship with MM cells is still uncharacterized.  

We found that a panel of human MM cell lines secrete high amounts of glutamine-derived glutamate and 

express the efflux glutamate transporter Xct (SLC7A11), whose expression increases during MM progression. 

On the other hand, primary human BM MSCs are able to support MM cell growth in low-glutamine media. 

Moreover, the expression of SNAT5 transporter, as well as of GS, is increased in primary human MSCs co-

cultured with MM cells. These results suggest that MSCs recycle glutamate secreted by MM cells to neo-

synthetize and secrete glutamine needed for cancer growth.  

Consistently, when incubated under glutamine-free conditions in the presence of 15N-ammonium, primary 

human MSCs produce and secrete 15N-glutamine, whose secretion is 5-fold increased when glutamate is 

added in the extracellular space. Glutamate supplementation also increases α-ketoglutarate secretion by 

MSCs. MSCs actively take up glutamate through the inward EAAT3 glutamate transporter, whose expression 
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is further increased at the low oxygen level typical of BM. The transcriptional profile of primary human 

undifferentiated MSCs and osteoblast (OBs), derived from BM biopsies of healthy donors (n=7) or MM 

patients (n=16), reveals that the expression of EAAT3 transporter is higher in MSCs compared to OBs. 

Consistently, radiolabeled glutamate uptake is faster in undifferentiated MSCs than in OBs.  

These results demonstrate that glutamate secretion from MM cells is functional to satisfy their glutamine 

craving thanks to the ability of MSCs to produce and secrete glutamine by coupling the glutamate taken up 

by EAAT3 with ammonium through the activity of GS and SNAT5, whose expression is stimulated by the 

presence of myeloma cells. Several steps of this metabolic vicious cycle are potentially targetable by 

pharmacological means.  
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Immortalized cell lines have been used to study cancer and related ailments for decades. It has long been 

understood that the ability of cancer cells to thrive is greatly dependent on the tumor microenvironment. 

While cell lines are not perfectly reflective of in vivo, manipulatable factors such as oxygen concentration 

allow scientists to set up experiments that more closely resemble these conditions. As such, the dynamic 

changes in oxygen consumption in cancer cells and the subsequent changes in microenvironments are an 

important consideration when assessing disease progression and therapy effectiveness. While research in 

this area has been advancing rapidly, there have been some limitations with regards to oxygen sensing over 

long culture periods as cells develop. 

To address the aforementioned need, we have developed a real-time, oxygen sensing platform for measuring 

oxygen concentration and oxygen consumption rates (OCR) of many cell types in standard multiwell plates. 

Here, we describe the operating principles of the system as well as present oxygen data measured from cell 

culture experiments showing cell growth over time. These experiments show the stark differences in oxygen 

consumption and oxygen concentration between varying seeding densities of C2C12 cells through the culture 

period. For the initial low seeding densities (500, 750, 1000, 1250, and 1500 cells/well), OCR stabilizes at 50-

60 fmols/mm2/s after 65-90 hours of culturing and the cells are observed to be partially differentiated. OCR 

differences at the onset of the detection period between the low densities are read to be 1 fmols/mm2/s per 

250 cell difference. OCR rises to and then plateaus at 120 -150 fmols/mm2/s around 30 hours after a media 

change as the cells become fully differentiated. For higher densities (5k, 10k, 20k, and 40k cells/well), OCR 

also stabilizes at the same level (50-60 fmols/mm2), but this stabilization occurs much faster (around 30 

hours for 40k cells/well). These results demonstrate the value of the use of real-time oxygen sensing for 

better characterization and understanding of cell cultures over time. 
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Elevated levels of lysophosphatidic acid (LPA) have been reported in blood and ascites of advanced-stage 

ovarian cancer patients. Extracellularly, LPA is generated from phospholipids by phospholipase A and 

autotaxin. Through the interaction with G-protein coupled receptors, LPA activates intracellular signaling 

pathways to regulate numerous cellular processes, such as proliferation, migration or survival. Several 

intracellular pathways are involved in LPA production and degradation, but little is known about the fate of 

intracellular LPA besides its role as a precursor in phospholipid synthesis. We previously demonstrated that 

altering the expression of mitochondrial LPA-producing enzyme glycerol-3-phosphate acyltransferase 1 

(GPAM) in different cell lines affected intracellular 16:0 and 18:1 LPA levels and cell migration. Moreover, 

increasing intracellular LPA levels by direct transfection of LPA into cells, led to significant increase in cell 

migration. To investigate the mechanism by which intracellular LPA levels affect cancer-related phenotypes, 

we first aimed to identify the key enzymatic network regulating the metabolism of LPA and related lipids in 

a panel of ovarian cancer cell lines. Our targeted lipidomics approach identified 16:0, 18:2, 18:1, 18:0 and 

20:4 LPA, as well as 81 other lipid species of potential biological relevance, such as the LPA precursor, 

lysophosphatidylcholine, the LPA breakdown product phosphatidic acid, and the signaling lipid diacylglycerol. 



 
 
The gene expression levels of 30 enzymes involved in LPA-metabolism, as well as of the six known LPA 

receptors were determined using quantitative real-time PCR. For the 12 studied ovarian cancer cell lines, 

basal migratory capacity (modified Boyden chamber and scratch assays) and cell survival (colony formation 

assay) were assessed. Our analysis revealed a network of enzymes and lipids that correlates with basal 

migration and survival. By manipulating the expression levels of key LPA-metabolizing enzymes, such as 

GPAM, acylglycerol kinase (AGK), phospholipid phosphatase 3 (PLPP3), and 1-acylglycerol-3-phosphate O-

acyltransferase 2 (AGPAT2), we observed significant changes in LPA levels. For example, knocking down LPA-

producing enzyme AGK in OAW28 cells resulted in decreased intracellular LPA levels and cell migration in 

vitro. Conversely, knocking down the LPA-degrading enzymes, namely PLPP3 and AGPAT2 in the same cell 

line increased LPA levels, as expected, but had no effect on or decreased cell migration, respectively. 

Altogether, the data indicate that genetically manipulating enzymes that regulate LPA levels affects cancer 

cell function. Ongoing work continues to characterize the complex interplay between key enzymes and 

metabolite levels, and to elucidate how these all work together to regulate cancer-related phenotypes. 
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Acute myeloid leukemia (AML) is the most common type of acute leukemia with higher incidence in elderly 

population. Individuals with genetic predisposition, previous cancer and with an age-related genetic 

condition, named Clonal Hematopoiesis of Indeterminate Potential (CHIP) are also at a higher risk of 

developing AML. AML is characterized by altered autophagy, a vital mechanism to remove and recycle 

unnecessary or dysfunctional cellular components. ATG10 is one of the autophagy core genes, involved in 

the autophagosome formation, a crucial step in the autophagy process. In this study, we examined the 

association of three potentially functional genetic polymorphisms in the ATG10 gene: rs1864182T>G, 

rs1864183C>T and rs3734114T>C, with AML. For that, a multicenter cohort involving 309 AML patients and 

356 healthy subjects was screened for the three ATG10 SNPs. Functional consequences of the ATG10 SNPs 

in its canonical function were investigated in vitro by using peripheral blood mononuclear cells (PBMCs) from 

a cohort of 46 healthy individuals. Autophagy flux for the most interesting SNPs was performed using gold 

standard protocols. Logistic regression analysis adjusted for age and gender revealed that patients carrying 

the ATG10rs1864182G allele showed a significantly decreased risk of developing AML under the dominant 

model (OR[odds ratio]=0.58, p=0.006), whereas patients carrying the homozygous ATG10rs3734114C allele 

had a significantly increased risk of AML in the recessive model (OR=of 2.70, p=0.024). We did not find any 

association between ATG10rs18641823 with AML. Functional analysis showed that individuals carrying the 

ATG10rs1864182G allele had both decreased levels of ATG10 protein, as well as autophagy flux when 



 
 
compared to homozygous major allele carriers. In particularly, we found a reduced degradation step in the 

autophagy process when compared with the homozygous major allele group. Our results indicate that ATG10 

genetic variants show potential clinical implications in AML. Elderly and patients at higher risk could be 

screened for ATG10rs3734114 to define further monitoring, while our results regarding ATG10rs1864182 

suggest a new target that is worth to be further explored in the context of AML. 
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Presenting author: Smiles WJ, Paracelsus Medical University, Müllner Hauptstrasse 48, Salzburg, 5020, 
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AMPK and mTORC1 are nutrient-sensitive protein kinases that form a fundamental negative feedback loop 

governing cell growth and proliferation. AMPK is an αβ heterotrimer expressing multiple isoforms of each 

subunit (α1/2, β1/2, 1/2/3), whereby α2-S345 was shown to be directly phosphorylated by mTORC1 to 

suppress AMPK activity. Using mass spectrometry, we generated precise phosphorylation profiles of all 12 

AMPK complexes expressed in proliferating human cells. Of the 18 phosphorylation sites detected, several 

are previously uncharacterised and sensitive to pharmacological mTORC1 inhibition, including four in the 

unique NH2-terminal extension of the 2 isoform, α2-S377 which is located in the AMPK nucleotide-sensing 

motif, and the conserved β1-S182 and β2-S184 (β-S182/4) residues. β-S182/4 in particular is the most heavily 

phosphorylated under cellular growth conditions and was identified as a direct mTORC1 substrate in vitro. β-

S182/4 phosphorylation was elevated in α1-containing AMPK complexes relative to α2, and this effect was 

partly attributable to the poorly conserved α-subunit serine/threonine-rich loop, a target of growth factor 

signalling in tumour cells. While mutation of β-S182/4 to a non-phosphorylatable Ala residue had no effect 

on basal and ligand-stimulated AMPK activity, the β2-S184A mutation, but not its β1-S182A counterpart, 

preferentially increased nuclear AMPK activity to enhance cell proliferation in response to nutrient stress. 

Our findings demonstrate that mTORC1 governs nuclear AMPK activity and may reconcile, in part, the 

complex role AMPK plays in cancer, whereby in the established tumour nuclear AMPK endows cancerous 

cells with an ability to proliferate in a nutrient-scant environment.  

This work was supported by grants from the Australian National Health and Medical Research Council  
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Recurrence of oncocytic parathyroid tumors with an accumulation of somatic mitochondrial DNA (mtDNA) 

mutations was found in several members of a family affected by Hyperparathyroidism-Jaw Tumor (HPT-JT) 

syndrome. Oncocytic cells when carrying pathogenic mtDNA mutations are characterized by mitochondrial 

dysfunction, which is pivotal in cancer cell fate. Since the recurrence of oncocytic phenotype in the context 

of HPT-JT tumors is a rare event, we sought for its putative nuclear genetic determinants in HPT-JT subjects. 
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We found that the inherited large deletion of the tumor suppressor CDC73, affected regulatory elements of 

the upstream gene GLRX2, encoding Glutaredoxin-2 (GLRX2), an enzyme involved in mitochondrial redox 

homeostasis through reversible protein S-glutathionylation/deglutathionylation whose role in cancer has 

never been depicted. While GLRX2 expression was halved in lymphocytes and fibroblasts of HPT-JT subjects, 

it was completely lost in tumors. To investigate whether the lack of GLRX2 may impair a proper protein 

deglutathionylation, leading to metabolic reprogramming favoring mtDNA mutations, we generated thyroid 

TPC1 and colorectal HCT116 cancer cell models knockout for GLRX2. As observed in the case of more indolent 

slow-growing oncocytomas, GLRX2-KO cells showed a decreased growth ability and proteome S-

glutathionylation analysis revealed a delay in protein deglutathionylation after oxidative stress stimuli. A pilot 

in vivo experiment showed that GLRX2-KO cells had an oncocytic-like phenotype, characterized by an 

increased number of deranged mitochondria, suggesting that lack of GLRX2 may contribute to mitochondrial 

dysfunction. Glutathionylation has been reported to regulate OXPHOS and TCA cycle enzyme activity. Upon 

oxidative stress, a significantly higher glutathionylation of the pyruvate dehydrogenase complex (PDH) was 

observed in GLRX2-KO cells, in association with a decreased ATP synthesis when pyruvate/malate were used 

as substrates instead of glutamate/malate. Considering the importance of oxidative stress in the 

pathophysiology of cancer we point to a role of GLRX2 as a modifier of cancer phenotype through the 

regulation of oxidative metabolism in stress-exposed cancer cells. 
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Doxorubicin is considered a first-line treatment for osteosarcoma. Although the benefits of this 

chemotherapeutic agent are largely recognized, the therapeutic effectiveness is limited by the onset of 

resistance. Resistance to doxorubicin is one of the major causes that hampers the therapeutic efficacy, 

inducing cancer relapse, failure of subsequent treatments and eventual patients’ death. Several molecular 

mechanisms, such as changes in drug transport and accumulation, increase of DNA repair and detoxification 

systems as well evasion from apoptotic cell death, have been described to explain doxorubicin resistance. 

Accumulating evidence highlighted deregulation of cellular energy as a feature of drug resistance. In 

particular, mitochondrial alterations play a central role in cancer development and progression.  

The aim of this work is to phenotype the mitochondrial profile of sensitive and doxorubicin-resistant 

osteorsarcoma cells to identify altered targets that could be exploited for therapeutic approaches. 

Doxorubicin-resistant osteosarcoma cells (HOS DXR 10-30-100 ng/mL and MG63 DXR 30-100 ng/mL) showed 

a different mitochondrial phenotype with respect to their sensitive clones (HOS and MG63), highlighted by 

decreased mitochondrial membrane potential evaluated by rhodamine 123 fluorescence. In addition, DXR 

clones present reduced mitochondrial mass, represented by lower intensity of Nonyl Acridin Orange (NAO) 



 
 
and decreased protein expression of TOM20 and VDCA1. mRNA levels of genes involved in mitochondrial 

biogenesis (PGC-1alpha, TFAM) and mitophagy (BNIP3) appear to be reduced, further studies will be 

necessary to determine which process is more affected by doxorubicin resistance. Moreover, doxorubicin-

resistant clones had altered ROS levels and appeared to be much less sensitive to hypoxia than parental cells.  

The characterization of the mitochondrial phenotype of sensitive and doxorubicin-resistant osteosarcoma 

cells highlights differences between clones. These alterations could be exploited for new pharmacological 

approaches that selectively target resistant cells with the final aim of overcoming drug resistance. However, 

further studies will be necessary to better elucidate molecular mechanisms involved in doxorubicin 

resistance.  
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Eukaryotic Initiation Factor 6 (eIF6) is rate limiting for growth factor-stimulated translation. In the liver, 

translation rapidly increases following a meal. Non-Alcoholic Fatty Liver Disease (NAFLD) is the abnormal 

accumulation of fat in the liver. NAFLD evolves to high frequency to liver failure and hepatocellular carcinoma 

(HCC). We asked whether the increase of translation mediated by eIF6 had an impact on the evolution from 

NAFLD to HCC. In short, we found that eIF6-driven translation contributes to disease progression. eIF6 levels 

increase throughout the progression from Non-Alcoholic-Fatty-Liver Disease (NAFLD) to hepatocellular 

carcinoma. eIF6 depletion delays the progression from NAFLD to hepatocellular carcinoma, in vivo. 

Mechanistically, eIF6 depletion blunts de novo lipid synthesis and increases fatty acid oxidation (FAO) by 

preserving mitochondrial integrity. Most of the effects are due to reduced translation of transcription factor 

C/EBP  and other lipogenic transcription factors, by impairment of re-initiation of translation, i.e. the 

recycling of ribosomes at the stop codons of uORFs (upstream Open Reading Frames). Interestingly, 

mitochondrial respiration is preserved by an alternative mTORC1-eIF4F translational branch that increases 

the expression of transcription factor YY1. We hypothesize the existence of a targetable, evolutionarily 

conserved translation circuit optimized for lipid accumulation and tumor progression. This loop, defined as 

metabolic learning, converts the postprandial increase of global protein synthesis, in the specific translation 

of lipogenic transcription factors, thus providing a mechanistic link between protein synthesis and lipid 

accumulation. 
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Nicotinamide adenine dinucleotide (NAD) is a central regulator of important biochemical processes including 

redox reactions and cellular growth. As it serves as a substrate for the enzymes Poly (ADP-ribose) 

polymerases (PARPs), sirtuins and cADP-ribose synthases, it is additionally involved in DNA repair, epigenetics 

and signaling. NAD can be produced via three different main pathways that start from three different 

precursors: the de novo pathway uses tryptophan (Trp), the Preiss-Handler and the salvage pathway use 

nicotinic acid/niacin (NA) and its derivative nicotinamide (NAM), respectively. Most cells rely mainly on the 

salvage pathway, but Trp can also be metabolized to NAD through the kynurenine pathway. Tryptophan-2,3-

dioxygenase (TDO2) and indoleamine-2,3-dioxygenase 1 (IDO1), the initial enzymes of the kynurenine 

pathway, are expressed in many different tumor types. In glioblastoma, TDO2 promotes tumor cell motility 

and suppresses anti-tumor immune responses. To investigate the role of different NAD precursors in NAD 

formation, we cultured different glioblastoma cell lines in self-made medium lacking different NAD 

precursors and quantified cell proliferation as well as NAD levels. We are currently performing epigenetic 

analyses, metabolomics (semi-targeted/profiling and targeted), proteomics and transcriptomics to unravel 

how the glioblastoma cells cope with limitations in NAD precursors. 
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Cisplatin (CDDP) is a widely used chemotherapeutic agent against several solid human cancers, including 

ovarian cancer. Despite its clinal benefits, the major problem is the potential development of drug-resistance. 

Acquired drug resistance of cancer cells is related, between other mechanisms, also to metabolic 

reprogramming. Previous studies of our laboratory demonstrated that CDDP-resistant ovarian cell lines 

present a higher level of lipids stored in Lipid Droplets (LDs), with respect to the sensitive counterpart. Thus, 

we hypothesize that a metabolic remodeling throughout a lipogenic phenotype can be an advantageous 

mechanism to escape cisplatin-induced apoptosis and we focus our attention on lipid metabolic remodeling 

in resistant cells. 

With the aim of identify which mechanisms are mainly involved in lipid accumulation, we focused our 

research on liponeogenesis, lipolysis and lipid uptake from the environment. We investigate these pathways 

by evaluating mRNA and protein levels of key factors in these processes and using enzymatic assays to deeply 

understand whose mechanism is involved. Moreover, we studied the lipid content of cells by metabolomic 

analysis. 

Results showed that resistant cells present an increased level of LDs and a different lipid profile compared to 

the sensitive counterparts. 

The analysis of the possible pathways involved in the accumulation of LDs indicated that there is nor an 

increased production of fatty acids neither a decreased activity of lysing enzymes.  

Interestingly the resistant clones presented a higher level of lipid uptake from the environment.  

Our results indicate that CDDP resistant cells present a higher and different lipid content respect the sensitive 

ones leading to think that this excess of lipids can be involved in the drug resistance. Realistically the lipid 

accumulation is due to an increased lipid uptake from the environment and these results are opening up a 

broad spectrum of possible strategies to counteract cisplatin resistance.  
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Pancreatic Ductal Adenocarcinoma (PDAC) is among the most lethal cancers [1]. Recently, evidence 

demonstrated a key role of mutant p53 (mutp53) in altering the secretion of proteins and signaling 

molecules, thus manipulating the tumor microenvironment (TME) to drive invasion [2]. Since a deeper 

knowledge of cancer secretome is particularly relevant in asymptomatic diseases as PDAC, we focused our 

study on the roles of mutp53-dependent secretome in the TME of PDAC cells. First, we demonstrated the 

oncogenic role of mutp53-driven secretome on PDAC cells [3]. Then, by performing a high-resolution SWATH-

MS analysis, we detected secreted proteins modulated by mutp53 and, among them, we selected the nuclear 

high mobility group A1 (HMGA1) for further studies.   

HMGA1 is an architectural transcription factor involved in several cellular processes whose high intracellular 

expression levels are correlated with poor prognosis of PDAC patients.  

Our data show that mutp53-induced secretion of HMGA1 influences PDAC growth and inhibition of 

apoptosis, while blocking extracellular HMGA1 reverts the hyperproliferative effect.  

We also proved that gemcitabine (GEM) treatment increases HMGA1 secretion in mutp53-PDAC cells. Since 

we previously published that GEM aberrantly stimulates mutp53 activity in PDAC cells [4], we assumed that 

mutp53-driven HMGA1 secretion may constitute a mechanism of chemoresistance to GEM. Therefore, 

HMGA1 can be a therapeutic target in mutp53-PDAC cells.  

Our preliminary data suggest that mutp53-driven secretion of HMGA1 may act in an autocrine/paracrine 

manner stimulating crucial anabolic and oncogenic pathways such as PI3-K/Akt/mTOR in PDAC cells.  

In conclusion, our study demonstrates that hypersecretion of HMGA1 by mutp53 induces the 

hyperproliferation and invasiveness of PDAC cells. This represents a promising secreted target in aggressive 

PDAC with mutations in TP53 gene thus confirming that the alteration of tumor microenvironment might 

mailto:federica.danzi@univr.itx


 
 
provide new therapeutic opportunities for clinical studies counteracting chemoresistance in mutp53-PDAC 

patients. 

 

[1] Liu, J., et at. (2015). Cancer letters, 356(2), 197-203. 

[2] Cordani, M., et al. (2016). Cancer letters, 376(2), 303-309. 

[3] Butera, G., et al. (2020). Biomolecules, 10(6), 884. 

[4] Fiorini, C., et al. (2015). Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, 1853(1), 89-100. 

 

 

  



 
 
114 - tRNA editing-mediated control of redox metabolism unveils new metabolic vulnerabilities in lung cancer  

Ning An (1) - Marine Leclercq (1) - David Sumpton (2) - Arnaud Blomme (1) - Pierre Close (1) 

 

University of Liège, Laboratory of Cancer Signaling - GIGA-Research Institute, Liège, Belgium (1) - CRUK Beatson Institute, 
Metabolomics, Glasgow, United Kingdom (2) 

 

tRNA editing-mediated control of redox metabolism unveils new metabolic vulnerabilities in lung cancer 

 

Ning An1, Marine Leclercq1, David Sumpton2, Arnaud Blomme1* & Pierre Close1* 

1 Laboratory of Cancer Signaling, GIGA-Institute, University of Liège, B-4000, Liège, Belgium. 2 CRUK Beatson 

Institute, Garscube Estate, Switchback Road, Glasgow, G61 1BD, UK. (*equal contribution). 

 

Presenting author: Arnaud Blomme, University of Liège, Avenue de l’hôpital 11, Bat. B34 +2, 4000 Sart tilman, 

a.blomme@uliege.be. 

 

Reprogramming of mRNA translation is central to cancer development, mediating cancer cell adaptation and 

supporting tumour progression. tRNAs are highly modified molecules that are essential to correctly translate 

mRNAs into proteins. Through the addition of various, specific modifications, tRNA-modifying enzymes 

ensure translation efficiency and fidelity. Recently, the importance of tRNA-modifying enzymes in promoting 

cancer development through translation reprogramming has been uncovered. tRNA-specific Adenosine 

Deaminase 2 (ADAT2) is an evolutionarily conserved enzyme that catalyses the conversion of adenosine to 

inosine at the wobble position of tRNAs (A34). In this study, we demonstrate that ADAT2 and ADAT2 

canonical tRNA substrates are highly expressed in lung cancer. In lung cancer cell lines, ADAT2 depletion 

significantly decreases de novo protein synthesis, pointing towards major translational defects in absence of 

the enzyme. Phenotypically, ADAT2 depletion decreases cancer cell proliferation and migration, induces cell 

death, and significantly impairs the growth of lung cancer xenografts. Using a combination of proteomics, 

ribosome sequencing and metabolomics, we show that ADAT2 loss significantly decreases glutaminase (GLS) 

expression, resulting in impaired glutamine utilization and altered glutathione levels. As a consequence, 

ADAT2-depleted cells exhibit impaired redox and lipid metabolism, accumulate large amounts of reactive 

oxygen species (ROS) and display molecular signatures of ferroptosis activation. In line with these data, 

ADAT2 loss sensitizes lung cancer cells to chemical induction of ferroptosis. Finally, we show that ADAT2 

silencing potentiates the cytotoxic effect of ferroptosis-inducing chemotherapies, therefore uncovering new 

metabolic vulnerabilities with the potential to be exploited for the treatment of lung cancer. 
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Solid tumors are acidic due to the combination of high rates of glycolysis with poor perfusion. The consequent 

establishment of the acidosis state leads to an immunosuppressive mechanism in the tumor 

microenvironment, inhibiting T-cell activation and leading to tumor growth. We previously showed that 

neutralization of tumor acidity using sodium bicarbonate could be additive or synergistic with checkpoint 

blockade (anti-PD1 and anti-CTLA4) in pre-clinical models. However, the buffer therapy phase I/IIa clinical 

trials failed due to poor patient compliance. Thus, the overall aim of the current work is to test clinically 

translatable alternative agents to bicarbonate to neutralize tumor acidity and improve pancreatic ductal 

adenocarcinoma (PDAC) response to immune checkpoint blockade. In this study, we test L-DOS47, a targeted 

urease designed to directly neutralize tumor acidity that has been shown to be well-tolerated in a phase I/IIa 

trial. It targets CEACAM6; a cell surface protein highly expressed in GI and lung cancers, where urease will 

cleave endogenous urea into two NH4+ and one CO2, raising local pH. Immunocompetent mice were 

inoculated orthotopically with KPC961 cells transfected to express human CEACAM6, and after 7 days, mice 

were randomized into groups with equal tumor volume averages to initiate therapies. Mice were treated 

with anti-PD1 (300 µg) in combination with L-DOS47 (90 µg/kg) or bicarbonate (200 mmol/L), and control 

groups included monotherapies with L-DOS47, bicarbonate, and anti-PD1, in addition to the no therapy 

group. Tumor volumes were measured weekly by ultrasound until day 28. Some mice were euthanized before 

the study endpoint due to ascites or tumor burden. Chemical exchange saturation transfer-magnetic 



 
 
resonance imaging (CEST-MRI) was used to measure tumor extracellular pH (pHe). Results showed that 

combination of bicarbonate or L-DOS47 with anti-PD1 showed great efficacy in controlling tumor growth and 

tumor regression was observed in these therapy groups. Comparison of pHe distribution between groups 

using an empirical cumulative distribution function coupled with k-sample Anderson-Darling test showed 

higher pHe values in the combination groups. In conclusion, this study shows that neutralizing acidic tumor 

pH strengthens the response to immune checkpoint blockade in the PDAC model. 
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Introduction. Neurofibromatosis type 1 (NF1) is a genetic mendelian disease due to germline inactivating 

mutations in the NF1 gene that encodes for neurofibromin, a negative RAS regulator. A severe aspect of this 

disease is the potential development of malignant peripheral nerve sheath tumors (MPNSTs), aggressive 

cancers unresponsive to conventional treatments. MPNSTs display significant immune cell infiltrates, 

including tumor associated macrophages (TAMs). TAMs often display an anti-inflammatory, M2-like, 

phenotype that mediates different pro-neoplastic functions as immune escape, proliferation and metastasis. 

Recently, it has emerged that both MPNSTs and TAMs are characterized by robust metabolic adaptations 

determining their aggressiveness and functional commitment, respectively. 

The aim of the project is to investigate the potential metabolic nature of the cross-talk between infiltrating 

TAMs and MPNSTs exploiting the mitochondrial chaperone TRAP1 as a molecular rheostat in the bioenergetic 

state of MPNSTs. 

Material and method. We use in vitro models of cell crosstalk mechanisms (co-cultures, conditioned media) 

employing MPNSTs and bone marrow derived macrophages (BMDM) in which TRAP1 inhibition is achieved. 

Through WB, ELISA and qPCR assays we study the ability of MPNST cells to drive a metabolic-based TAM 

phenotype acquisition. Using Boyden chamber assay of tumor cells co-cultured with M2-like TAMs we 

investigate the effect of macrophage metabolism on invasion/migration of MPNSTs. 

Results and discussion. Our findings indicate that MPNST cells induce a significant transition of BMDM toward 

the M2-like TAM profile with robust upregulation of ARG1 (Arginase 1), VEGF-A (Vascular Endothelial Growth 

Factor) and MGL1 (Macrophage Galactose-C type Lectin 1). This specific macrophage commitment is instead 

prevented when TRAP1 is ablated in MPNSTs. In support of these findings, macrophages exposed to 

conditioned media from MPNSTs lacking TRAP1 are less effective in promoting migration of cancer cells. 

Conclusion. Together our findings suggest a new crosstalk between MPNSTs and TAMs, in which TRAP1 

expression in tumor cells exerts a role in educating macrophages. This inter-cellular signaling could be crucial 

in facilitating tumor maintenance and invasion. Targeting TRAP1 with the newly identified selective inhibitor 

(Cmp5) could help unraveling the MPNSTs to TAM crosstalk and could be used as a therapeutic strategy to 

reverse this macrophage mis-education. 
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High grade serous ovarian adenocarcinoma (HGSOC) is the most lethal gynecologic malignancy with limited 

diagnostic and therapeutic tools. Tumor associated macrophages (TAMs), which are essential to sustain 

tumoral growth and metastasis, are emerging as potential target for novel diagnostic and therapeutic 

strategies in ovarian cancer.   

In our study, we isolated ascitic macrophages (AMs) from ascitic fluids of HGSOC patients, through a rapid 

procedure which ensures high purity and yield, in order to characterize AMs from a genetic and metabolic 

point of view. From the comparison with single cell RNA-Seq data obtained from ascitic tumor cells (TU) and 

TAM-matched HGSOC samples we tested the possibility to exploit AMs as a representative model of TAMs 

with the objective of identifying useful signatures for diagnosis and prognosis of ovarian cancer patients.   
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The voltage-gated potassium channel Kv1.3 is highly expressed in lymphocytes, where it regulates cytokines 

level and T cell proliferation. Moreover, its expression is increased in many types of cancer, making it an 

attractive oncological target. Specific small molecule and toxin inhibitors of Kv1.3 are available and have been 

exploited in the context of cancer and autoimmune diseases. Regulatory T cells (Tregs) are important 

components of the tumor microenvironment where they suppress the anti-tumor immune response, 

favoring tumor progression. Alterations of Kv1.3 expression in Treg cells was already found to be associated 

with different human diseases, including multiple sclerosis and chronic heart failure. However, its role in 

Tregs during tumor growth is largely unknown. Therefore, we generated a novel regulatory T cells specific 

KO mouse to study the effects of Kv1.3 ablation in these lymphocytes in the context of oncological disease. 

Preliminary results show that ablation of Kv1.3 in Tregs modulates tumor growth and cytokines content in 

the tumor microenvironment. This model will allow a better comprehension of the role of the druggable 

Kv1.3 channel in Tregs physiology and tumor immunity. 
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Myeloid cells in the tumor microenvironment actively support tumor growth and progression. Another factor 

that associates with poor outcomes is chronic inflammation, characterized by an increased neutrophil to 

lymphocyte ratio (NLR) in the peripheral blood. The voltage-dependent potassium channel Kv1.3 located 

mainly in the plasma membrane and inner mitochondrial membrane, is expressed in many cell types. In 

immune system Kv1.3 play important roles in regulating immune cell’s functions, and in cancer cells this 

channel is emerging as promising oncological target. We generated a novel conditional knockout mouse 

model, which specifically lacks Kv1.3 in the myeloid compartment. Here we show that Kv1.3 modulates 

mitochondrial respiration, metabolic rewiring, and activation of macrophages. Mice lacking Kv1.3 in myeloid 

cells have higher NLR and increased tumor burden. Taken together our data indicate that expression of Kv1.3 

in the myeloid cells suppress systemic inflammation and is required for anti-tumor immunity. 
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Since 2015 a new method of tobacco consumption, consisting of heating tobacco leaves with the help of an 

electric device, has been placed on the market. According to the industries, heating instead of burning 

tobacco reduces the amount of carbon monoxide and carcinogenic components usually found in cigarette 

smoke, making this tobacco consumption much less harmful than conventional cigarettes. However, few 

independent studies have investigated the impact of heated tobacco consumption on the lung. In the present 

work, we are studying the potential effects of heated tobacco smoke on pulmonary homeostasis and cancer 

development using both in vitro and in vivo expositions models. 

 

Mice were exposed to heated tobacco smoke daily for three weeks and the bronchoalveolar lavages (BAL) 

were collected for analysis of the immune cell populations. Our preliminary data showed an increase in the 

total number of alveolar macrophages in the BAL of heated tobacco exposed mice when compared to control 

mice. After further analysis, we noticed that these particular macrophages are loaded with lipid droplets. In 

addition, an increase in the amount of peroxidized lipids and ROS production has been demonstrated. In 

order to characterize these macrophages, the expression of the receptors involved in the capture of 

surfactant lipids and efferocytosis was analysed by flow cytometry. We observed a significant decrease of 

these receptors at the surface of the macrophages, suggesting an impairment in their lipid processing ability. 

The source of these lipids remains to be determined, whether it is a de novo synthesis or a change in the 

composition of the surfactant after exposure to heated tobacco that could disrupt the lipid capture. Other 

analyses revealed that these lipid-laden macrophages express more anti-inflammatory cytokines, usually 

found in M2 macrophages, suggesting that these immune cells would be less responsive to infection or cancer 

progression.  

 

These preliminary data suggest that the daily consumption of heated tobacco is not as harmless as claimed 

by the tobacco industry. Further experiments are ongoing to evaluate the potential pro-carcinogenic role of 

these lipid-laden macrophages after exposure to heated tobacco.  
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CD147 is a transmembrane glycoprotein enriched on the cancer cell surface. Besides its original function in 

promoting tumor invasion and metastasis, CD147 was also identified as a key mediator of immune responses. 

Although the CD147 role in tumor immunity remains unclear, recent studies pointed to an 

immunosuppressive activity for CD147 due to its ability to interact with tumor-infiltrating immune cells and 

their ligands. Previous data from our lab suggested tumoral CD147 might be a potential target to reduce the 

extracellular lactate levels that are known to promote a pro-tumoral phenotype of tumor-associated 

macrophages (TAMs). Thus, we aimed to understand how inhibiting CD147 remodulates immunosuppressive 

properties of the TME and impacts on the infiltration and phenotype of tumor infiltrated immune cells. To 

assess the effect of CD147 in cancer immunosuppression in vivo, cancer cells were injected in C57BL/6J and 

NSG mice and tumor growth, macrophage and T-cell phenotype was evaluated by FACS. The results 

demonstrated that CD147 KO in cancer cells led to a decrease in tumor growth in immunocompetent 

C57BL/6J but not in immunodeficient NSG mice. The FACS analysis of MC38 CD147 KO tumors in C57BL/6J 

mice revealed a decrease in M2-like macrophages and regulatory T-cells, and an increase in M1-like 

macrophages and CD8 T-cells. Furthermore, in vitro experiments showed that CD147KO conditioned media 

led to an increase in M1- and a decrease in M2-expression markers in BMDMs and an increased in phagocytic 

capacity of BMDMs. These results suggest that target CD147 leads to a decrease in TME immunosuppression. 
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In several cancers, high tumor-associated macrophages (TAMs) densities are correlated with poor clinical 

outcomes. As macrophages infiltrate the tumor, they are exposed to several signals from the tumor

 micro-environment (TME), leading to their reprogramming into M2-like 

immunosuppressive phenotype. Among these signals, lactate was shown to polarize mouse macrophages 

towards a M2-like state that is critical for tumor growth. Lactate is a metabolic end- product of tumor cells 

and is exported to the microenvironment. It has been shown that after its import through monocarboxylate 

transporters (MCTs) into macrophages, intracellular lactate can induce M2- like genes through different 

signaling pathways and epigenetic modifications (histones lactylation). Besides, extracellular lactate also acts 

as a signaling molecule in the TME and can interact with some G-protein coupled receptors (GPCRs). 

However, the mechanisms enabling lactate-mediated immunosuppression are not elucidated yet. Moreover, 

it is important to mention that most studies were conducted on mouse models and there is a need to 

transpose our knowledge in human cancers. The goal of the project is to study the role of lactate in the 

functional reprogramming of human melanoma-associated macrophages, and the mechanisms/signaling 

pathways underlying their acquisition of an immunosuppressive phenotype. We hypothesize that lactate can 

signal through specific receptors (GPCRs) in the TME to activate M2-like related signaling pathways in TAMs 

and in addition, the accumulation of intracellular lactate in TAMs can induce epigenetic reprogramming 

towards an immunosuppressive phenotype. 

To decipher the pathways/mechanisms underlying TAM reprogramming by tumor-derived lactate, we are 

using four complementary models. We first generated an in vitro benchmark model, in U937 cell line, to 

investigate the effect of lactate on transcriptional and epigenetic modifications in TAMs and select the best 
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molecular targets (GPCRs, MCTs…), that will be then validated in human monocyte-derived macrophages. 

Then, to have a better recapitulation of the TME, we will take advantage of a model of human co-culture 

melanoma spheroid (Pierre van der Bruggen, Université Catholique de Louvain) and study the interactions 

between tumor cells, TAMs, and tumor-specific CD8+ T cells. These in vitro platforms will allow us to select 

relevant targets before switching to our MISTRG melanoma humanized mouse model, which allows a better 

recapitulation of the human myeloid cells, compared to other available humanized mouse models. 

Altogether, this will bring new insights on TAMs reprogramming in human melanoma cancer and will 

potentially lead to the discovery of new therapeutic targets.  
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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive disease with limited therapeutic options. The 

unique metabolic features of PDAC unveil metabolic liabilities that can be therapeutically explored. The key 

player of metabolic adaptation to nutrient availability is the mTOR (mechanistic target of rapamycin) 
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pathway. Targeting mTOR showed clinical benefit in a minority of patients. Identification of critical regulators 

of mTOR signaling might be helpful to select patients that can benefit from mTOR inhibition. 

We measured the levels of a class II PI3K, PI3K-C2  in human resected PDAC samples and associated it with 

patient outcomes. We performed studies with KRasG12D/+;p53R172H/+;Pdx1-Cre (KPC) mice and KPC 

Pik3c2g-null mice. We used CRISPR/Cas9 system to disrupt PIK3C2G gene in human PDAC cells. Functional 

studies were performed to determine the significance of loss of PI3K-C2  and the sensitivity of deficient cells 

to mTOR and glutaminase inhibition.  

We demonstrated that PI3K-C2  expression is reduced in about 30% of PDAC cases, associating with 

aggressive phenotype and increased phosphorylation of S6K. In KPC mice, loss of PI3K-C2  increases tumor 

development and progression, strongly reducing mice overall survival time. The ability of tumors with PI3K-

C2  loss to grow faster correlates with hyperactivation of mTORC1 pathway through the newly discovered 

Asap1/Arf1 axis and glutamine metabolism rewiring to support lipid synthesis. PI3K-C2 -KO tumors failed to 

adapt to metabolic stress induced by the depletion of glutamine or glutaminase inhibition, resulting in cell 

death.  

In conclusion, loss of PI3K-C2  activates mTOR signaling and renders tumors vulnerable to RAD001 (mTOR 

inhibitor) and BPTES/CB-839 (glutaminase inhibitors). Therefore, our study indicates a new therapeutic 

strategy of targeting the mTOR pathway in PI3K-C2  deficient-tumors.  
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Reprogramming cellular energetics is a hallmark shared among all tumors in order to meet their bioenergetic 

and biosynthetic needs. While many tumors enhance glucose uptake, prostate carcinomas rely on increased 

oxidation of fatty acids (FA) as energy supply to support cell growth and survival. Still, inhibition of lipid 

metabolism in prostate tumors led to limited success in the clinic. The recent emergence of ferroptosis may 

however provide another therapeutic option, namely to exploit the addiction of cancer cells to lipid uptake 

to preferentially introduce deleterious peroxidable fatty acids in cancer cells. Several lines of research suggest 

that enhanced ferroptosis sensitivity can be achieved by supplementing mouse tumors with polyunsaturated 

fatty acids (PUFA). Still, administrating PUFA to combat cancer progression has been attempted in the past, 

without major clinical success so far, most likely due to the limited amount of PUFA reaching tumors in cancer 

patients. We propose here that plant-derived conjugated linolenic acids (CLnA) could represent a more 

attractive FA source to promote ferroptosis. Due to the conjugated configuration of their three double bonds, 

CLnA are much more susceptible to peroxidation than non-conjugated PUFA. Recently, our team has shown 

that punicic acid (PunA), a CLnA isomer, acts as a potent inhibitor of carcinoma cell growth upon triggering 

lipid peroxidation and consecutive ferroptosis.1  

Taking advantage of the high dependency of prostate cancer cells on FA metabolism, we have now compared 

the ferroptosis-sensitizing potential of PunA in prostate cancer cells with various androgenic backgrounds. 

We found that androgen-negative therapy-resistant prostate cancer cells are more sensitive than androgen-

positive cells (i.e. IC50 of 1.5 µM versus 14 µM, respectively). PunA toxicity was further significantly enhanced 

by inhibition of either ß-oxidation or lipid droplet incorporation, two protective mechanisms known to divert 

PUFA from peroxidation-prone species. Similar effects were observed when PPAR, a master lipid 

metabolism regulator, was inhibited. The differential effects of PunA was further supported by reduced 

expression in androgen-negative cells, of enzymes involved in both PUFA incorporation into phospholipids 

and cellular detoxification of lipid peroxides. Lipidomic analysis also revealed that PunA uptake and 

incorporation within cellular lipid species are increased by two-fold in the most sensitive cells. Altogether, 

our findings validate prostate cancer as a particularly suited tumor type to respond to the pro-ferroptotic 

effects of PunA but also reveal critical metabolic differences in prostate cancer cell subtypes that may be 

used to select the most peroxidation-sensitive ones.  

1. Vermonden, P. et al. Nutrients 13, 2751 (2021). 
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Targeted-therapy and immune checkpoint inhibitors (ICIs) have notably improved the treatment of BRAF-

mutated metastatic melanoma (MM) patients; however resistance to treatment dramatically impacts on the 

survival of patients, indicating that complementary/alternative therapeutic approaches are needed to obtain 

long-lasting remission. Resistance to conventional therapies arises via multiple mechanisms regulated by the 

BRAF oncogenic signaling and environmental inputs, including metabolic, epigenetics and gene expression 

reprogramming and/or changes in the tumor immune landscape with the development of local 

immunosuppressive mechanisms.  

I demonstrated that BRAF(i)nhibitors-resistant MM requires increased amounts of NAD, an essential redox 

cofactor, to support its metabolic adaptation mechanisms essential during the acquisition of drug resistance. 

MM cells, to generate NAD, selectively over-expressed the rate-limiting NAD-biosynthetic enzyme 

nicotinamide phosphoribosyltransferase (NAMPT). NAMPT become a driver of melanoma progression and 

resistance to targeted-therapy. In addition, is highly released in MM patients’ plasma correlating with tumor 

burden. Furthermore, NAMPT inhibition decreased cell survival and reduced melanoma tumor growth, 

suggesting that it may be therapeutically targeted. Mechanistically, we found that mutations in the BRAF 

oncogene, as well as in other genes belonging to MAPK pathway, positively correlate with NAMPT expression. 

BRAF-mutated tumors become strictly dependent on this enzyme for NAD generation and are therefore more 

sensitive to NAMPTi opening the way for novel combination therapies including NAMPTi with BRAFi/MEKi, 

to postpone and/or overcome drug resistance. Lastly, the over-expression of NAMPT correlates with its gene 

amplification in tumors, including in melanoma. We started to evaluate the nature of this genetic 

amplification and its functional significance.  

Preliminary and unpublished data revealed a significant increase in the nuclear localization of NAMPT in 

resistant cells, also as NAMPT nuclear fraction chromatin-bound, opening to a possible NAMPT-mediated 

epigenetic remodeling. A second set of preliminary data support a link between NAMPT over-expression and 

a complex signature of genes enriched in immune regulation and inflammatory response categories. In 

particular, by analyzing TCGA melanoma cohort we highlighted a positive correlation between NAMPT 

expression and genes involved in the interferon signature, including PD-L1/CD274, IFIH1, STAT1, FYB, as well 

as the immunosuppressive molecule IDO1. The “cytokine-like” extracellular properties of NAMPT are known; 

here we speculate that NAMPT could therefore modulate not only metabolic reprogramming mechanisms 

supporting NAD generation, but also immune responses within the melanoma microenvironment, with a 

possible impact on ICIs activities.  
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Acute Myeloid Leukemia (AML) cells - like many other cancer cells - exploit lipid metabolic pathways to 

support their high demands for energy and biomass, while maintaining an immature phenotype. Though lipid 

synthesis and catabolism may be equally important to sustain AML cell survival, much of the focus in the field 

has been on the oxidation of fatty acids (FAs). 

To help close this gap, we queried publicly available data to identify FA biosynthetic enzymes that may be 

essential for AML cells. We found that the expression of Fatty Acid Desaturase 1 (FADS1) – a key regulator of 

highly unsaturated fatty acid (HUFA) biosynthesis – significantly correlates with poor outcomes in AML and 

is enriched in subtypes associated with chemotherapy resistance and intermediate-to-poor prognoses. 

Through an shRNA-mediated loss-of-function approach, we have demonstrated that FADS1 downregulation 

slows leukemia cell proliferation in vitro and impedes disease propagation in vivo. Interestingly, 

pharmacological inhibition of FADS1 selectively impairs AML cell colony formation while sparing normal 

hematopoietic stem and progenitor cells. FADS1-deficient cells display increased expression of mature 

myeloid markers, distinct morphology, and superior phagocytosis capabilities. These results suggest that 

disruption of HUFA biosynthesis pushes AML cells towards differentiation, overcoming a block that is a 

hallmark of malignant hematopoiesis. 

Next, we employed mass spectrometry to examine complex lipids and found that FADS1 knockdown (FADS1 

KD) cells accumulate lipids containing very long-chain fatty acids (VLCFAs – i.e., ≥ 22 carbons). To determine 

the source of VLCFAs upon FADS1 KD, we measured the expression of several genes involved in lipid synthesis 



 
 
and catabolism but found no change that could explain our observations. Strikingly, the mRNA and protein 

expression of CD36, a scavenger receptor that mediates FA import, is increased 4-fold in FADS1-deficient 

cells. We speculate that AML cells become heavily reliant on FA import after FADS1 KD due to an inability to 

assemble building blocks used for proliferation. The greater influx of FA then directly boosts the activity of 

elongase enzymes by increasing substrate availability. 

Our work supports the hypothesis that FADS1 reinforces the differentiation blockade and molecular 

pathogenesis of AML, and that targeting the biosynthesis of polyunsaturated fatty acids represents an 

exploitable vulnerability in this aggressive type of blood cancer. 
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Radioresistance is one of the leading causes of treatment failure in breast cancer (BC). Besides the well-

known Oxygen Effect accounting for the stabilization of DNA damage and hypoxia accounting for the 

opposite, we hypothesized that other metabolic adaptations could account for BC radioresistance. 

Accordingly, considering that mitochondrial DNA is more sensitive to ionizing radiations than nuclear DNA 

and based on indications from one of our previous studies (1), we here aimed to test whether an acceleration 

of mitochondrial turnover could improve BC cell recovery after a single X-ray insult. Our overall aim is to 

provide a precise understanding of how mitochondria control radioresistance. 

To test our hypothesis, we generated radioresistant (RR) human BC cell lines by exposing MCF-7 and MDA-

MB-231 cells to increasing doses of X-ray irradiation over time. Acquired radioresistance was verified through 

proliferation and colony formation assays. Cellular metabolic profiling was determined using Seahorse 

bioanalysis, and metabolite assays (ISCUSflex analyzer). MitoTimer, a mitochondria-targeted fluorescent 

reporter that changes its fluorescence wavelength over time from red to green, was used to probe 

mitophagy. 

Metabolic comparison revealed that MDA-MB-231 RR had a more oxidative phenotype compared to their 

parental counterpart. Conversely, MCF-7 RR had a more glycolytic phenotype. Both RR cell lines showed a 

decrease in mitochondrial turnover reported by MitoTimer analysis, thus suggesting an association between 

mitophagy and acquired radioresistance. Using these models, further studies are ongoing firmly establish a 

causal link between radioresistance and mitochondrial dynamics (fission, mitophagy, mitochondrial 

biogenesis, fusion). 

 

Reference: (1) Grasso D. et al., Front. Pharmacol., 2020; 11:263.  
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Metabolic reprogramming in melanoma cells is linked to the constitutive activation of MAPK and PI3K 

signaling induced by driver mutations in BRAF and NRAS oncogenes, leading to various metabolic 

phenotypes. Moreover, an impressive metabolic flexibility allows melanoma cells to acquire resistance 

against BRAF/MEK inhibitors. Using metabolic profiling, we have shown that human melanoma cells 

engrafted into mice present distinct metabolomes partially independent of the genetic background. 

Treatment of both genetically and metabolically heterogeneous melanoma xenografts with low-

carbohydrate/high-fat ketogenic diets effectively reduced tumor growth. To elucidate potential antitumor 

mechanisms of ketogenic diets in vivo, we performed an in-depth metabolomics analysis of plasma and 

tumor samples.  

Targeted metabolomics revealed distinct alterations in amino acid metabolism induced by the ketogenic 

diets, including reduced availability of essential amino acids and increased betaine and citrulline levels. 

Ketogenic diets altered amino acid related metabolic pathways such as lysine degradation, glycine, serine 

and threonine metabolism, arginine biosynthesis, and tryptophan metabolism. Moreover, the ketogenic 

diets increased primary bile acid synthesis. Furthermore, plasma and tumor lipid profiles were affected by 
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ketogenic dietary intervention. In particular, ketogenic diets increased sphingomyelin synthesis as well as the 

hydroxylation of sphingomyelins and acylcarnitines.  

Taken together, our data indicate that ketogenic diets concomitantly reprogram multiple metabolic 

pathways to create an environment unconducive for melanoma cell proliferation, reinforcing the potential 

for ketogenic diets as complementary nutritional approaches to melanoma therapy. 
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Neuroblastoma (NB) is a childhood cancer within a subgroup of high-risk patients. The MYCN amplification is 

the most acknowledged marker of poor NB prognosis. Previously we revealed that a low carbohydrate, high 

fat ketogenic diet (KD) successfully targets NB, especially when combined with classical cytotoxic therapy 

cyclophosphamide (CP). Recent findings have suggested that the inhibition of residual oxidative 

phosphorylation (OXPHOS) activity could be beneficial for cancer treatment. Metformin (MET) is a compound 

that targets complex I of the OXPHOS system. Therefore, the aim of this study was to elucidate whether MET 

can enhance the anti-tumorigenic effects of a KD in NB. Because, MET and the KD also target the gut 

microbiota, we investigated the effect of these treatments on its composition. To determine if MET affects 

mitochondrial function, NB cells were treated with MET, and oxygen consumption rate (OCR) was measured 

by metabolic flux (Seahorse XF) Analysis.  Maximal mitochondrial respiration was inhibited by MET (doses 

from 1 mM to 10 mM) in the MYCN amplified NB cells. NB xenografts were established in CD-1 nude mice 

with SKNBE(2) and KELLY NB cells. MET (100 mg/kg body weight) alone had no significant effect on the growth 

of NB xenografts. However, MET enhanced the anti-proliferative effect of the KD when combined with CP. 

The triple therapy (MET+CP+KD) also led to an increase of survival when compared to CP + control diet in 

both xenografts models. The KD-induced elevation of ketone bodies was not influenced by co-treatment with 

MET, while blood glucose levels were reduced in the KD + CP + MET groups. From 20 different biomarkers 

potentially involved in tumor progression, fibroblast growth factor 21 (FGF-21) was highest in MET+CP+KD 

compared to all other treatment group. Lactobacillus levels were reduced in all KD groups. Clostridium cluster 

IV level was only reduced in groups treated with MET in combination with the KD. Our data suggest that MET 

and KD can enhance the anti-tumor efficacy of chemotherapy and points to potentially novel adjuvant 

therapy opportunities, which is urgently needed in NB treatment of high-risk patients. The influence of FGF-

21 expression and the alterations of the microbiota may in part, contribute to the anti-tumor effects of the 

combination therapy.  
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Pheocromocytomas/Paragangliomas (PPGLs) are rare neuroendocrine tumours that arise from the adrenal 

medulla (pheochromocytoma) or paraganglia (paraganglioma), respectively. The 30-40% of PPGLs are germ 

line mutated in one of the 20 susceptibility genes known so far. Surgery is the current therapy, but in presence 

of metastasis there is no effective treatment.  

Metformin is one of the most widely used anti-hyperglycaemic drugs and insulin sensitizers, which showed 

anti-proliferative activity in many types of human cancers, but no data are available on its possible effects on 

PPGLs growth and migration. 

In this study, we investigated the role of metformin in modulating cell growth and metabolism of a murine 

pheochromocytoma cell line (mouse tumour tissue cells, MTT), and of cancer associated fibroblasts (CAFs), 

as representatives of the tumour microenvironment. MTT were cultured as 2D monolayer and as 3D 

spheroids. After 72h of 4mM metformin treatment, we observed a significative reduction of 2D cell 

proliferation rate (p<0.05), only in MTT cells, but not in CAFs. In MTT spheroids a significative size reduction 

was already detectable after 48h of treatment (p<0.01). Since metformin induced a significant decrease in 

the pH of culture media, we hypothesized that metformin could induce a metabolic shift in an aerobic 

glycolysis. This assumption was confirmed by the significant decrease of intracellular ATP levels with a 

concomitant increase of intracellular lactate concentration (p<0.001, both cases) after 72h of drug 

administration. To verify whether the acidification of the media itself was sufficient to impair cell growth, 

cells were kept in a 6.5 pH medium, and counted at different times. No differences in proliferation were 

recorded. We have previously demonstrated that MTT spheroids, cocultured with CAFs, significantly rose 

their ability to invade the surrounding matrix, compared with their single culture counterparts. Intriguingly, 

despite metformin treatment caused a growth impairment of MTT cells, it did not affect their migration 

capability. Conversely, metformin inhibited CAFs migration already after 24h of drug treatment (p<0.01). 

These data indicate that metformin has different effects on the diverse cell populations within tumour 

microenvironment. Since tumor heterogeneity is considered the major cause of treatment failure in current 

cancer therapies, using the same drug to target differential biological features and cell functions could impact 

on clinical outcomes. 

 

Supported by the AIRC IG Grant (IG 2020 - ID. 24820)  



 
 
32 - THE EFFECT OF TEMOZOLOMIDE ON APOPTOSIS-RELATED GENE EXPRESSION CHANGES IN GLIOBLASTOMA CELLS 

 Katarína Dibdiaková (1) - Zuzana Majerčíková (1) - Eva Vidomanová (2) - Jozef Hatok (1) 

 

Jessenius Faculty of Medicine in Martin, Comenius university in Bratislava, Martin, Slovakia (slovak Republic) (1) - Biomedical 
center Martin, Jessenius Faculty of Medicine in Martin, Martin, Slovakia (slovak Republic) (2) 

 

The effect of temozolomide on apoptosis-related gene expression changes in glioblastoma cells 

 

DIBDIAKOVA Katarína1, VIDOMANOVA Eva1,2, MAJERCIKOVA Zuzana1, HATOK Jozef1 

1Department of Medical Biochemistry, Jessenius Faculty of Medicine in Martin, Comenius University in 

Bratislava, Martin, Slovakia. 2Biomedical Center Martin, JFM CU in Martin 

 

Presenting author: Dibdiakova Katarina, Department of Clinical Biochemistry, Jessenius Faculty of Medicine 

in Martin, Mala hora 4D, Martin, 03601, Slovakia. katarina.dibdiakova@uniba.sk 

Glioblastoma (GBM) is one of the most common and aggressive brain neoplasms with a relatively unfavorable 

prognosis. Standard therapy is based on surgical procedures followed by radiation and chemotherapeutic 

treatment. Temozolomide (TMZ) is still the chemotherapeutic of choice, despite the fact that many patients 

develop resistance over time. The aim of our study was to detect the sensitivity of glioblastoma T98G cells to 

TMZ treatment and subsequently to determine the expression changes of apoptosis-associated genes in 

glioblastoma cells. 

The human glioblastoma cell line (T98G) was treated with specified concentrations of TMZ during different 

time periods. Their viability was measured by colorimetric MTT assay and the activation of the apoptotic 

pathway was determined by measuring the caspase 3/7 activity. Commercial pre-designed microfluidic array 

was used to quantify expression of human apoptosis-associated genes. 

The untreated control of T98G cell line against human brain total RNA standards reported significant changes 

in several apoptotic genes expression levels. We identified also a deregulation in gene expression levels 

between the TMZ treated and untreated T98G cells associated with apoptotic pathways. After 48 hours of 

exposure of T98G cells to TMZ, we observed a significant deregulation of several genes especially compared 

to RNA control of healthy brain tissue. Among other genes, mainly expression of genes Bcl2, casp10 and 

DAPK1 was significantly downregulated. After comparing RNA from TMZ-treated cells with control cells, 

altered expression was observed only for genes Bcl2L1, CARD6 and DAPK1.  

Our results suggest the importance of continuously studying the mechanisms of apoptosis in glioblastoma 

cell metabolism with a focus on the effectiveness of TMZ therapy. 

Identification of apoptotic gene panel in T98G cell line could help to improve understanding of brain tumor 

cells metabolism. Recognizing of the pro-apoptotic and anti-apoptotic genes expression changes could 

contribute to clarify the sensitivity to TMZ therapy and molecular base in healthy and tumor cells.  
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Neuroblastoma is the most frequent type of cancer within the first year of life and represents the most 

diagnosed embryonal derived cancer among all age groups. After being diagnosed, curation and survival 

mostly depend on age of the patient and clinical as well as biological characteristics of the tumor. Albeit stage 

1 and stage 2 of the disease with localized tumors can be cured with surgical resection in over 90% of cases, 

high-risk disease patients, which are frequently characterized by MYCN amplification, often rely on very 

aggressive treatment schedules with a survival rate of only 40-50%.  

Since there is already evidence that the use of certain food additives, e.g., resveratrol, spermidine, 2'4'-

dimethoxychalcone, and mannose, reduce tumor cell growth, the first aim of the study was to determine the 

most potent anti-proliferative compound for neuroblastoma cell lines, including MYCN-amplified cell lines 

SK-N-BE(2) and Kelly, and non-MYCN-amplified cell lines SH-SY5Y and GI-ME-N. Furthermore, we determined 

if specific combinations exert synergistic effects on cell proliferation of neuroblastoma cells. 

The neuroblastoma cell lines were seeded in multi-well plates and treated with resveratrol, spermidine, 2´4´-

dimethoxychalcone, mannose, hydroxycitrate and lipoic Acid for 72h. The effect on cell proliferation was 

determined by crystal violet assay. Furthermore, human dermal fibroblasts (HDF1/2 cells) and human 

embryonic kidney cells (HEK293) were also treated with compound combinations to elucidate potential toxic 

effects of the food additives used. 

All compounds decreased dose-dependently the cell proliferation of the neuroblastoma cell lines. The 

strongest individual effect was observed with spermidine and 2´4´-dimethoxychalcone. Despite their strong 

individual effects on neuroblastoma cell viability, treatment with the combination of spermidine and 2'4'-

dimethoxychalcone did not result in a synergistic or additive effect. Triple-combination treatments revealed 

that the combination of mannose, 2´4´-dimethoxychalcone and spermidine was most effective against the 

treatment resistant MYCN amplified SK-N-BE(2) cell line.  

 The present study will be the basis for further in vivo studies with these food compounds as an adjunct 

therapy to cytotoxic, radiation and antibody therapies in neuroblastoma. 
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Triple Negative Breast Cancer (TNBC) are a subtype of breast cancer (BC), accounted for about 10-15%, that 

differs from other types of invasive BC in that they growth, spread faster and worse outcome. TNBC also have 

limited treatment options. In fact, TNBC initially responds well to chemotherapies, but a greater percentage 

of woman diagnosed with TNBC died within five years of diagnosis because of the onset of cancer metastasis. 

Thus, the challenge is to seek new strategies capable of limiting the aggressiveness of the TNBC. 

Bromodomain and extraterminal domain (BET) family proteins are epigenetic readers that control the 

expression of different oncogenic proteins. BET inhibitors (BETi), which induce growth inhibition in several 

tumors, are drugs that obstruct BET proteins’ function and are considered a promising anti-cancer strategy. 

Recent evidence also demonstrated as BET proteins exert their function regulating metabolic processes.  

Here, we examined the role of Adipose triglyceride lipase (ATGL, encoded by PNPLA2 gene) acting as an 

intermediary necessary to BETi to carry out their anti-tumoral effects. ATGL catalyzes the initial step in 

triglyceride (TAG) lipolysis, working in concert with other enzymes to mobilize TAG for energy production. 

We found that treatment of TNBC cells with two different BETi, JQ1 and OTX-015, markedly increased ATGL 

expression and its lipolytic function decreasing intracellular lipid content in dose and time dependent. The 

intracellular composition of fatty acids (FAs) after BETi treatment, determined using Nuclear Magnetic 

Resonance (NMR), reflected a significantly less amount of TAG and other neutral lipids. We confirmed the 

dependency of TNBC to FAs by mimicking ATGL activity with the short-chain FA propionate and, 

consequently, the ATGL knockdown attenuated the tumor proliferation rate. Although the anti-proliferative 

effects exerted by BETi are not dependent by ATGL mediating lipolysis, the results of the present study 

showed that BETi promoted their antitumoral effects altering mitochondrial dynamics through ATGL. We 

established that ATGL knockdown decreased ROS, upregulated SOD1 level, a major antioxidant enzyme, and 

reduced CPT1a, the enzyme that controls the mitochondrial FAs uptake and determines the ß-oxidation flux. 

Moreover, ATGL downregulation helps to switch from mitochondrial FAs ß-oxidation to a glycolytic 

phenotype. We analyzed the expression of several genes and we observed the upregulation of glycolytic 

markers and downregulation of ß-oxidation genes. The enhanced glycolysis reflected a markedly increase of 

the metabolic viability in the mitochondria measured by MTT assay.  



 
 
Finally, we found that FoxO1 binds PNPLA2 promoter and FoxO1 over expression leads to ATGL induction. 

However, FoxO1 only partially prompted the induction of ATGL expression by BETi.  
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5-fluorouracil (5-FU) is a central component of chemotherapy for colorectal cancer (CRC). 5-FU exerts 

cytotoxicity by interfering with nucleotide biosynthesis and inducing DNA/RNA damage. 5-FU efficacy is 

established by intracellular levels of folate cofactors and DNA-damage repair strategies. However, drug 

resistance still strongly limits the effectiveness of 5-FU-based therapies. Recognizing the metabolic 

requirements of CRC cells evading 5-FU treatment is a necessary step to develop novel strategies to overcome 

drug resistance. Cancer cells are highly dependent on serine metabolism, and several studies reported the 

therapeutic advantage of targeting this property to impair tumor growth. 

In this study, we identified a correlation between serine accessibility and 5-FU response in CRC. We 

demonstrated that targeting serine availability effectively potentiates the antitumor effects of 5-FU both in 

in vitro and in vivo CRC models. Moreover, we found that increased serine utilization is a driving metabolic 

adaptation underpinning acquired 5-FU resistance in CRC. By investigating specific adaptive strategies in 



 
 
selected resistant cells, we identified that this metabolic requirement is achieved either by upregulating the 

endogenous serine synthesis pathway (SSP) or increasing exogenous serine uptake depending on the genetic 

background of parental cells. In particular, we identified p53 status and consequent MDM2 levels as key 

elements governing the differential response to increased serine demand during the acquisition of 5-FU 

resistance. 

Notably, regardless of the serine-feeder strategy, serine hydroxymethyltransferase-2 (SHMT2)-mediated 

shift toward mitochondrial serine metabolism emerged as a specific adaptation to prevent the accumulation 

of drug-induced DNA damages in resistant cells. Mitochondrial compartmentalization of serine metabolism 

supports 5-FU resistance by promoting purine nucleotides biosynthesis to prevent DNA damage and decrease 

cytosolic CH2-THF levels, thereby reducing the inhibitory complex formation on TS by 5-FU derivatives. 

Interfering with serine accessibility and affecting mitochondrial/cytosolic SHMT isoforms balance revert 5-FU 

resistance. The relevance of these results was further confirmed in clinical settings indicating that CRC 

patients that do not respond to 5-FU-based therapies display lower cytosolic SHMT1 expression than 

responder patients. Together, these data disclose mitochondrial serine metabolism as a relevant mechanism 

supporting 5-FU resistance in CRC and open new perspectives for future therapeutic approaches. 
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 Resistance to glucocorticoids (GC) represents a major hurdle to the successful treatment of patients 

with T-cell acute lymphoblastic leukemia (T-ALL). GC resistance has been linked to several genetic/metabolic 

alterations, including constitutive activation of the mTOR pathway and activation of NRF2, a redox-regulated 

transcription factor. Interrogation of a published gene expression dataset from a cohort of therapy-resistant 

and -responsive T-ALL samples revealed enrichment for transcripts related to mTOR and reactive oxygen 

species (ROS) in the therapy-resistant samples. This finding, together with our previous observation that T-

ALL cells respond to GC when exposed to drugs that increase ROS1, led us to investigate the links between 

mTOR, redox homeostasis, and response to GC. 

 Results of in vitro studies carried out on GC-resistant T-ALL cell lines, primary T-ALL samples and 

patient-derived T-ALL xenografts (PDX) showed that the mTORC1 inhibitor everolimus increased ROS levels, 

augmented lipid peroxidation, and activated NRF2. These effects were accompanied by a decrease in the 

levels of NADPH. Further analyses showed that everolimus induced mitochondrial inner membrane 

depolarization, release of cytochrome c into the cytoplasm, and dose-dependent apoptosis of T-ALL cells, but 

did not kill normal T-cells. Importantly, the combination of everolimus and the GC dexamethasone had a 

synergistic killing effect. Glucose-6-phosphate dehydrogenase (G6PD), the rate-limiting enzyme of the 

NADPH-producing pentose phosphate pathway (PPP), was found to be downregulated in everolimus-treated 

cells. The link between G6PD levels, ROS and response to everolimus was confirmed in mTOR, G6PD 

knockdown and overexpression experiments. Studies of PDX-inoculated mice confirmed the everolimus 

mailto:v.ciminale@unipd.it


 
 
overcame dexamethasone resistance in conditions of high tumor burden that mimicked the clinical setting 

of acute leukemia.  

 These findings identify a link between mTOR, G6PD expression, and ROS homeostasis in T-ALL cells 

and furnish mechanistic evidence to support the combination of glucocorticoids with mTOR inhibitors to treat 

GC-resistant T-ALL2. 
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Cisplatin (CDDP) is commonly used to treat a multitude of tumors including sarcomas, ovarian and cervical 

cancers. Despite recent investigations allowed to improve chemotherapy effectiveness, the molecular 

mechanisms underlying the development of CDDP resistance remain a major goal in cancer research. Here, 

we show that mitochondrial morphology and autophagy are altered in different CDDP resistant cancer cell 

lines. In CDDP resistant osteosarcoma and ovarian carcinoma, mitochondria are fragmented and closely 

juxtaposed to the endoplasmic reticulum; rates of mitophagy are also increased. Specifically, levels of the 



 
 
mitophagy receptor BNIP3 are higher both in resistant cells and in ovarian cancer patient samples resistant 

to platinum-based treatments.  

Genetic BNIP3 silencing or pharmacological inhibition of autophagosome formation re-sensitizes these cells 

to CDDP. Our study identifies inhibition of BNIP3-driven mitophagy as a potential therapeutic strategy to 

counteract CDDP resistance in ovarian carcinoma and osteosarcoma. 
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Triple Negative Breast cancer (TNBC) is a tumour type of significant clinical unmet need due to the lack of 

actionable biomarkers and efficacious targeted therapies. Aberrant metabolism has been known to be 

central to oncogenic transformation since the inception of cancer research. Indeed, some of the first 

treatments empirically identified to treat cancer target metabolic pathways. Thus, although cancers undergo 

metabolic transformation to promote their growth, these changes render tumours more sensitive than non-

cancerous tissues to perturbations within their metabolic network. Lipid biosynthesis has been predicted to 

be an essential process in cancer cells, and we have shown previously that targeting lipid desaturation, via 

inhibition of stearoyl-CoA desaturase (SCD) in particular, is a tractable node in cancer, especially TNBCs (Peck 

& Schug et al 2016).  

We set out to identify biomarkers that determine dependency on lipid desaturation and sensitivity to 

inhibitors that target specific desaturases. Indeed, analysis of breast cancer cohorts from publicly available 

datasets found that the expression of CD36, a mono-unsaturated fatty acid (MUFA) transporter, was reduced 

in 7% of cancers, and that these patients have a poorer overall survival. Strikingly, SCD expression is 

significantly upregulated in these patients. Utilising both 2- and 3-dimentional biologically relevant models 

of cancer, our preliminary evidence shows that CD36 loss is a novel biomarker for SCDi sensitivity 

independent of extrinsic lipid supply. Moreover, this sensitivity was rescued by reinstating intracellular MUFA 

levels via a CD36-independent mechanism. Together, this data suggests that CD36 status could be an 

important biomarker for patient stratification when testing SCDi’s in the clinic. 
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Melanoma is the most aggressive and treatment-resistant form of skin cancer with an inherent metabolic 

plasticity due to the upregulation of MAPK pathway triggered by BRAFV600E mutation. We have previously 

found that TRAP1, the mitochondrial paralog of HSP90, is a master regulator of cell metabolism in tumors 

endowed with dysregulation of Ras/ERK signaling, where it inhibits the activity of succinate dehydrogenase 

(SDH) thus causing succinate-dependent stabilization of the transcriptional factor HIF1alpha. Moreover, 

TRAP1 inactivation was shown to increase glutamine utilization in some cancer models, even though the 

mechanisms underlying this regulation and whether these impact on melanoma progression are still 

unknown.  

Here, we have exploited a mass spectrometry (nanoLC-MS/MS) and immunoprecipitation assays to reveal 

that TRAP1 interacts with Glutaminase 1 (GLS1), a mitochondrial enzyme that converts glutamine into 

glutamate. We find that TRAP1 exerts an inhibitory effect on GLS1 as its enzymatic activity increases in TRAP1 

knock-out A375 melanoma cells. Moreover, GLS1 contains a predicted ERK1/2 phosphorylation site, and it 

undergoes TRAP1-related post-translational modification. Our data point toward a role of TRAP1 in regulating 

glutamine metabolism as an increase in glutamine synthase (GS) mRNA and protein levels was detected in 

TRAP1 KO melanoma cells. This is in line with previous observations showing augmented GS activity in 

malignant peripheral nerve sheath tumor and lung cancer cell models and increased glutamine availability in 

TRAP1 knock-out Zebrafish embryos. A screening of 17 human derived melanoma cell lines revealed a 

heterogeneous TRAP1 expression, and its genetic ablation reduces in vitro tumor growth, SDH activity and 

invasiveness capacity of A375 melanoma cells. Additionally, the double inhibition of both TRAP1 and GLS1 

results in a reduction of in vitro tumor growth while slowing down the invasiveness property of melanoma 

cells. 

Altogether, these results indicate the existence of a new metabolic regulatory mechanism mastered by 

TRAP1 that will be suitable to develop selective and innovative anti-tumor strategies to treat melanoma. 

Supported by AIRC (grant IG20749 and IG23129)  



 
 
 

45 - TFEB DRIVES CHEMO-IMMUNO-RESISTANCE IN LUNG CANCER  

 

Muhlis Akman (1) - Camilla Ariano (1) - Gabriella Doronzo (1) - Federico Bussolino (1) - Chiara Riganti (1) 

University of Turin, Department of Oncology, Turin, Italy (1) 

 

Tfeb drives chemo-immuno-resistance in lung cancer 

Akman M1, Ariano C1,2, Doronzo G1,2, Bussolino F1,2, Riganti C1 

1Department of Oncology, University of Turin, Turin, Italy. 2Candiolo Cancer Institute-FPO, IRCCS, 10060 

Candiolo, Italy 

 

Transcription factor EB (TFEB) is a leucine zipper protein and a major regulator of lysosomal biogenesis and 

autophagy [1]. These two events confer chemoresistance in solid tumors, by sequestrating chemotherapeutic 

drugs and/or triggering a cytoprotective autophagy, and also modulate the immune-recognition [2]. In this 

study, we investigated if TFEB affects the response to chemotherapy and to Vγ9δ2 T-lymphocytes in non-

small cell lung cancer (NSCLC). We silenced TFEB in NCI-H441 and NCI-H2228 cells. Changes in ABC 

transporters involved in chemo-immunoresistance (ABCA1, ABCB1, ABCC1) and metabolic associated 

pathways were measured by RT-PCR, immunoblotting, and radiolabelling. Co-cultures between NSCLC cells 

and Vγ9δ2 T-lymphocytes were set-up to measure their expansion and cell killing. Sensitivity to cisplatin was 

evaluated by the WST-1 assay. By reducing the pERK1/2-SREBP2 axis that modulates genes of cholesterol 

homeostasis, TFEB silencing decreased expression and activity of the cholesterol/IPP transporter ABCA1, the 

efflux of IPP, an endogenous activator of Vγ9δ2 T-lymphocyte, and the NSCLC killing by Vγ9δ2 T-lymphocytes. 

shTFEB cells had increased expression of ABCB1 and ABCC1 and significantly higher IC50 to cisplatin, the first-

line drug used in NSCLC. A CRISPR-KO kinome library followed by NGS was built to identify further oncogenic 

kinases involved in these events. We suggest that TFEB controls simultaneously the expression of ABCA1 and 

ABCB1/ABCC1. As a consequence of the reduced cholesterol/IPP synthesis and efflux, and ABCA1 expression, 

TFEB-silenced cells resulted resistant to the immune-killing by Vγ9δ2 T-lymphocytes. At the same time, the 

up-regulation of ABCB1/ABCC1 confers chemoresistance. We propose TFEB as a driver of chemo-immuno-

resistance in NSCLC.  

 

[1]. Settembre C, Ballabio A. Lysosome: regulator of lipid degradation pathways. Trends Cell Biol. Dec 

2014;24(12):743-50. doi:10.1016/j.tcb.2014.06.006 

[2]. Alexa-Stratulat T, Pešić M, Gašparović A, Trougakos IP, Riganti C. What sustains the multidrug 

resistance phenotype beyond ABC efflux transporters? Looking beyond the tip of the iceberg. Drug Resist 

Updat. 09 2019;46:100643. doi:10.1016/j.drup.2019.100643 
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Pancreatic ductal adenocarcinoma (PDAC) is a devastating and essentially incurable disease. A hallmark of 

the disease is a pronounced collagen-rich fibrotic extracellular matrix known as the desmoplastic reaction. 

Collagen fibrils are mostly synthesized and secreted by stromal cells, although cancer cells also deposit a 

small fraction of the total tumor collagen. However, the significance and function of the cancer-cell-derived 

collagen has been largely overlooked. 

We demonstrated that PDAC tumors, characterized by high stroma and TGF-β1 content, exhibited reduced 

L1 cell adhesion molecule (L1CAM, L1) expression, which marks a highly tumorigenic subpopulation of cancer 

stem cells (CSCs) capable of disseminating and forming metastases. mRNA sequencing revealed an increased 

expression in genes involved in collagen fibers biosynthesis, cross-linking and assembling in cells with low 

levels of L1 (L1low) respect to their counterpart. We showed that the L1low cancer cells actively synthesized 

and secreted proline enriched-fibrillar collagens, which serves both as reservoir of energy for sustaining 

cellular metabolism and tumor progression, and as a drug resistance barrier. In addition, we performed 

polarimetric analysis of tumor collagen fibers using second harmonic generation (SHG) and observed an 

altered orientation and increased collagen deposition in tumor generated by L1low cancer cells compared to 

their counterpart. The data were further strengthened by specific staining for collagen fibers using Picrosirius 

Red, COLI and COLIV. Conversely, we observed that the overexpression of L1 counteracted stemness and in 

vivo reduced fibrosis, inhibited tumor growth and sensitized tumor to chemotherapy (i.e, gemcitabine).  

Notably, the treatment of the L1low-derived tumors with Tranilast, an anti-asthma and fibrotic drug, showed 

a significant reduction in tumor collagen, desmoplasia and tumor volume compared to the untreated tumors.   

Our study provided evidence of a new CSC subpopulation (characterized by low levels of L1CAM) able to 

secrete collagen fibers that contributed to the PDAC aggressiveness. We propose L1 as a both novel 

prognostic markers to stratify the patients and a therapeutic target to reduce tumor fibrosis and PDAC 

progression. 
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Introduction 

The current targeted treatment for lung cancer patients harbouring BRAFV600E consists of a dual blockade 

of RAF and MEK kinases often combining dabrafenib with trametinib (hereafter referred as D/T). This regimen 

results in extended survival when compared to single agent treatments but, as with other targeted 

treatments, disease relapse is a frequent clinical outcome. A significant fraction of these resistant tumours 

display mutations in other members of the RAS-ERK pathway resulting in reactivated signalling. These 

alterations co-exist with the original BRAFV600E driver and it is so far unknown whether, as observed in 

melanoma patients, the oncogenic combination could drive relapse at the expense of acquiring novel 

targetable vulnerabilities. Furthermore, there is limited information of how BRAFV600E-driven LUAD 

tumours adapt to D/T treatment before overt relapse can be detected. 

 



 
 
 

Material and methods 

In this work, we have combined naïve BRAFV600E cell lines as well as PDX-derived cell lines with acquired 

D/T resistance in the clinic, CRISPR/Cas9 screening and pharmacological treatments to identify mechanisms 

of resistance as well as associated vulnerabilities that could potentially be implemented to fight disease 

relapse. 

Results and discussion  

BRAFV600E mutant LUAD undergoes a non-mutational drug tolerance period that precedes the emergence 

of secondary alterations giving rise to full blown resistant clones. Our results suggest that oxidative stress is 

a prominent feature boosted by D/T treatment with concomitant induction of antioxidant responses. Yet, 

the nature of the oxidative damage and the detoxification systems engaged by cancer cells display substantial 

temporal differences. Drug tolerant cells suffer from lipid peroxidation and strongly rely on GPX4 to prevent 

ferroptosis-driven cell death whereas D/T resistant tumours harbouring NRAS secondary mutations enhance 

cystine transport to boost antioxidant responses. Accordingly, targeting these detox programs by GPX4 or 

HDAC inhibitors decreased cell viability and extend therapeutic efficacy. 

Conclusion 

Different redox profiles define stage specific vulnerabilities of BRAFV600E mutant LUAD upon D/T treatment 

that can extend therapeutic response in vivo.  
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Extracellular acidification of the tumor microenvironment is a key player in cancer progression. It drives 

invasiveness, survival, drug resistance, and metabolic activity of different cancer cell types. We have 

previously shown that osteosarcoma cells cultured in an acidic microenvironment increase intracellular lipid 

deposition and that acid-induced lipid droplets-accumulation was not functional to a higher energetic 

request, but rather to cell survival. This finding is somewhat contradictory because aberrant fat deposition 

within the cytoplasm usually causes cellular damage, namely lipotoxicity. Further lipidomic analysis revealed 

increased levels of sphingomyelin and secretion of the sphingosine 1-phosphate, a protumorigenic lipid 

involved in cancer progression. 

To better understand why osteosarcoma cells stressed by extracellular acidosis accumulate lipids and 

enhance the sphingolipid pathway, we studied the activation of one of the most important cellular 

mechanisms in response to stress: the unfolded protein response (UPR). The UPR is conventionally described 

as an endoplasmic reticulum (ER) stress signalling pathways that is deployed to maintain ER homeostasis and 

thereby prevent cell death when unfolded proteins accumulate. However, recent evidences suggest that it 

may also integrate lipid stress by limiting the amount of lipids that accumulate intracellularly. Here, we show 

that osteosarcoma cells in acidic microenvironment activate the UPR to avoid cell death and that those cell 

lines that under acidosis increase lipid accumulation specifically activate the IRE1alpha branch, which is 

responsible for modulating lipid metabolism. Inhibition of the IRE1alpha branch results in increased cytotoxic 

lipid accumulation and increased picnotic nuclei. 

Overall, our preliminary data suggest that IRE1alpha possesses two activation mechanisms: lipid activation 

and proteotoxic stress activation and that modulation of this branch might interfere with the sphingolipid 

protumorigenic mechanisms and suggest the use of UPR modulators for osteosarcoma treatment. 
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Inhibition of NHE1 (SLC9A1) mediates fibrosis and anti-tumor immunity in pancreatic ductal adenocarcinoma 

 

Pancreatic cancer is accompanied by a marked tumor fibrosis, caused primarily by pancreatic stellate cells 

(PSCs). Moreover, impaired ductal HCO3- secretion in transformed tumor ducts leads to a relative 

alkalinization of the interstitial pH, which we hypothesize to activate PSCs and ultimately induce fibrosis. In 

this study, we aim to test this hypothesis and thus, elucidate key underlying mechanisms in vitro in primary 

murine PSCs and confirm its relevance in vivo in genetically induced murine pancreatic cancer.  

In primary PSCs activated in vitro we found that alkaline extracellular pH (pHe) substantially activates PSCs, 

especially on a rigid substrate. We revealed that this is largely caused by the Na+/H+-exchanger NHE1 in 

conjunction with YAP1-signaling. Upon applying the NHE1-inhibitor cariporide in vivo as an adjuvant therapy, 

we found that tumor fibrosis decreases and the tumor immunity becomes lymphocyte-rich. In conclusion, 

we propose cariporide as a feasible therapeutical adjuvant for pancreatic cancer.    

  



 
 
58 - Adaptive mechanisms triggered by metabolic rewiring upon Complex I impairment in ovarian cancer  

 

Manuela Sollazzo (1) - Sara Milioni (2) - Stefano Miglietta (1) - Monica De Luise (2) - Beatrice Cavina (2) - Elisabetta Rossi (1) - Anna Myriam Perrone (2) - 

Ivana Kurelac (2) - Luisa Iommarini (1) - Giuseppe Gasparre (2) - Anna Maria Porcelli (1) 

 

Department of Pharmacy and Biotechnology (FABIT), University of Bologna, Bologna, Italy (1) - Department of Medical and Surgical Sciences 

(DIMEC), University of Bologna, Bologna, Italy (2) 

 

Adaptive mechanisms triggered by metabolic rewiring upon Complex I impairment in ovarian cancer  

 

Sollazzo M,1,2 Milioni S,1,2,3 Miglietta S,1,2 De Luise M,2,3 Cavina B,2,3 Rossi E,1 Perrone AM,3,4 Kurelac 

I,2,3 Iommarini L,1,2 Gasparre G,2,3 Porcelli AM.1,2 

 

1Deparment of Pharmacy and Biotechnology (FABIT), University of Bologna, Bologna, Italy. 2Center for 

Applied Biomedical Research (CRBA), University of Bologna, Bologna, Italy. 3Department of Medical and 

Surgical Sciences (DIMEC), University of Bologna, Bologna, Italy. 4Division of Oncologic Gynecology, IRCCS 

Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy. 

 

In the last years the involvement of mitochondrial respiration has been increasingly recognized during tumor 

progression and resistance to chemotherapy. In particular, targeting respiratory Complex I (CI) has been 

proposed as a new therapeutic approach to hinder cancer growth. In this context, we have demonstrated 

that a severe CI impairment promotes a delay of tumor expansion but not its complete eradication. Indeed, 

over time CI-defective cancer cells survive and undergo growth reactivation, allowing us to speculate that 

the occurrence of adaptive mechanisms overcomes the metabolic and molecular consequences of 

mitochondrial impairment. This scenario might be relevant in ovarian cancer (OC), where about 85% of 

patients develop relapses after standard surgical and pharmacological treatments. Here we show that under 

metabolic stress condition the activation of AMPK allows CI-defective cancer cells to experience a 

downregulation of mTORC1 activity and a block of protein synthesis which could explain their proliferation 

slowdown. The survival of CI-defective quiescent cells may be supported by an upregulation of a matricellular 

protein and activation of autophagic recycle. This phenotype is associated with a cytoskeleton remodeling 

likely mediated by mTORC2/PKC axis. The dissection of such different pathways may offer potential 

molecular players in synthetic lethality with CI inhibition, thus providing new synergistic strategies for cancer 

treatment and in particular for OC. 
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Endothelial cells play a fundamental role in the development and function of blood and lymph vessels. 

Dysregulation of their proliferation leads to pathological angiogenesis or vascular malfunctions. For example, 

endothelium fosters cancer development creating new blood vessels within the tumor mass, to supply 

nutrients and oxygen to the growing tumor, removing waste products and maintaining tumor homeostasis. 

Tumor angiogenesis does not progress in a physiological way, since pro-angiogenic factors are present in the 

tumor microenvironment, continuously secreted by cancer cells. Moreover, tumor vessels differ from healthy 

vasculature, due to their abnormal branching and their leakiness. The heterogenous vessel caliber size, that 

causes uneven blood flow leading to the formation of hypoxic regions, or the disruption of the endothelial 

junctions, producing enhanced vascular permeability, profoundly shape tumor microenvironment. We have 

recently demonstrated the existence of a mitochondria-Wnt axis, by which defects in mitochondrial ATP 

production can downregulate Wnt/β-catenin signaling. Since Wnt signaling is a key pathway important not 

only for cancer development but also for angiogenesis, we decided to apply the same paradigm to endothelial 

cells to understand the possibility to modulate blood vessels formation by targeting endothelial cells 

energetic metabolism and modulating Wnt pathway. We observed that impairment of this newly described 

mitochondria-Wnt axis affects angiogenesis, in particular impacting on endothelial cells proliferation, 

migration and ultimately in blood vessels formation. Targeting tumor angiogenesis in cancer treatment has 

already been explored, but limited results have been obtained due to intrinsic and acquired resistance of 

endothelial cells to therapy, mainly targeting pro-angiogenic signaling pathways. In this context, clarifying 

the importance of mitochondrial metabolism in endothelial cells would be relevant to find new possible 

targets in cancer treatment by modulating intra-tumor blood vessels formation. 
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Proliferating cancer cells are able to reprogram their energy metabolism, favouring glycolysis even in the 

presence of oxygen and fully functioning mitochondria. Research is needed to validate glycolysis-related 

proteins as prognostic/predictive biomarkers in urothelial bladder carcinoma (UBC), a malignancy tagged by 

high recurrence rates and poor response to chemotherapy. Here, we assessed GLUT1, HKII, PFKL, PKM2, 

phospho-PDH and LDHA immunoexpression on 76 UBC samples, differentiating among urothelial, fibroblast 

and endothelial cells and among normoxic versus hypoxic fractions, and studied the functional effects of the 

HKII inhibitor 2-deoxy-D-glucose (2DG) in “in vitro” and “in vivo” preclinical assays. We showed that 

expression of glycolysis-related proteins associates with UBC aggressiveness and poor prognosis. HK2 

remained as an independent prognostic factor for disease-free and overall survival. 2DG decreased UBC cell’s 

viability, proliferation, migration and invasion; inhibition of cell cycle progression and apoptosis occurrence 

was also verified. A significant reduction in tumour growth and blood vessel formation upon 2DG treatment 

was observed in a chick chorioallantoic membrane assay. 2DG potentiated cisplatin-induced inhibition of cell 

viability in a cisplatin-resistant subline. This study highlights HK2 as a prognostic biomarker for UBC patients, 

and demonstrates the potential benefits of using 2DG as a glycolysis inhibitor. Future studies should focus 

on integrating 2DG into chemotherapy design, as an attempt to overcome cisplatin resistance. 
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Colorectal cancer (CRC) is a major public health burden and one of the leading causes of cancer-related 

deaths worldwide. Colonoscopy screening programs allow the early detection and removal of precancerous 

lesions in time and therefore significantly reduce CRC-associated mortality. Levels of serum metabolites 

directly reflect the underlying biochemical processes, and consequently serum metabolomics offers the 

potential to extract vital molecular information that may increase the sensitivity and specificity of 

colonoscopy in combination with histopathological examination.  

The study included participants of the SAKKOPI (Salzburg Colon Cancer Prevention Initiative) program, who 

underwent CRC colonoscopy, according to the national screening recommendations. We used a targeted 

flow injection analysis and liquid chromatography-tandem mass spectrometry metabolomics approach (FIA- 

and LC-MS/MS) to characterise the serum metabolomes of an initial screening cohort and two validation 

cohorts in sera of treatment-naïve patients, diagnosed with either advanced adenoma (AA) or CRC and as 

well as participants without AA and CRC (in total 66 CRC, 76 AA and 93 controls).  

The lipidome was significantly perturbed, with a proportion of lipid species downregulated in CRC patients, 

as compared to AA and controls. The predominant alterations observed, were in the levels of lyso-lipids, 

glycerophosphocholines and acylcarnitines, but additionally, variations in the quantity of hydroxylated 

sphingolipids were detected. Altered amino acid metabolism was restricted mainly to metabolites of the 

arginine/dimethylarginine/NO synthase pathway.  

The identified metabolic alterations observed in CRC set the foundation for mechanistic studies to 

characterise biochemical pathways that become deregulated during progression through the adenoma to 

carcinoma sequence and highlight the key importance of lipid metabolites. Biomarkers related to these 

pathways could improve the sensitivity and specificity of diagnosis, as well as therapy monitoring. 
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The intermediate-conductance calcium-dependent potassium channel (KCa3.1) is functional in the inner 

mitochondrial membrane (IMM) of various cancer cell lines, as demonstrated by electrophysiological 

experiments and Western Blot. Decreased expression of KCa3.1 was found to affect oxidative 

phosphorylation and ATP production (Kovalenko et al., 2016) suggesting a role in fine-tuning mitochondrial 

energy metabolism, but its precise role in the IMM has not been elucidated so far. Here we report the 

synthesis and characterization of a mitochondria-targeted derivative of a high-affinity KCa3.1 antagonist. We 

show that this new drug is able to block KCa3.1, induces changes in the mitochondrial membrane potential 

and triggers release of reactive oxygen species. At sub-lethal concentrations, pharmacological targeting of 

mitoKCa3.1 affects cell survival-related pathways and cell migration, while at higher concentrations this 

treatment leads to cancer cell death. When applied in vivo, the novel drug reduces primary tumor growth as 

well as metastatic spread. Our results identify mitochondrial KCa3.1 as a promising pharmacological target 

against the growth and dissemination of cancer cells. 
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The metabolic crosstalk among cancer cells and tumor-associated stromal cells has a prominent role in cancer 

progression. In this scenario, tumor-associated endothelial cells (TECs), beside their angiogenic function, 

actively modulate the shuttling of nutrients within the tumor microenvironment. Recent evidence pointed 

out the pivotal role of heme metabolism in controlling energetic balance in hyperproliferative cells.  

The present study shows that interfering with endothelial heme metabolism by targeting the cell membrane 

heme exporter Feline Leukemia Virus subgroup C Receptor 1a (FLVCR1a) resulted in enhanced fatty acid 

oxidation (FAO). Moreover, FAO-derived acetyl-CoA was partly consumed through ketogenesis resulting in 

the accumulation of ketone bodies (KBs) in FLVCR1a-deficient TECs. Noteworthy, TEC-derived KBs are then 

secreted in the extracellular environment, thus inducing a metabolic reprogramming in the neighbouring 

cancer cells. Finally, the results from this study indicate that tumor endothelium not only act as physical holes 

for cancer cells escaping, but also play a prominent role in shaping cancer cells metastatization properties.  

Taken together these data outline the existence of a metabolic symbiosis between TECs and cancer cells and 

that targeting endothelial heme dynamics may represent a promising strategy to find out new metabolic 

vulnerabilities. 
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Development of targeted therapy in breast cancer, such as trastuzumab in HER2+ breast cancer, has led to 

significant improvement in patient survival. A fraction of these patients however relapse, and are often no 

longer responsive to available therapies, underlying the need for alternative therapeutic options. The 

glycerophosphodiesterase EDI3 (GPCPD1) hydrolyzes glycerophosphocholine (GPC) to choline and glycerol-

3-phosphate, and altering EDI3 levels influences both choline and glycerophospholipid metabolism, as well 

as cancer-associated endpoints, such as migration and attachment. Although abnormal choline metabolism 
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has been reported in breast cancer, a role for EDI3 in this cancer type was never examined. In the present 

study, we investigated EDI3 mRNA and protein expression in publicly available human breast cancer 

transcriptomics datasets (n=540) and with immunohistochemistry on a tissue microarray (n=265). Our 

analyses show that EDI3 is highly expressed in ER-HER2+ human breast cancer. Accordingly, EDI3 expression 

and activity were also highest in ER-HER2+ cells, which had elevated PCho:GPC ratio as previously reported 

in more tumorigenic cell lines. Silencing and pharmacological inhibition of HER2 decreased EDI3 expression, 

suggesting that EDI3 is regulated by HER2 signaling, and our subsequent analyses identified the pathway 

downstream of PI3K/Akt/mTOR as the most relevant. Silencing EDI3 with siRNA preferentially decreased cell 

viability in ER-HER2+ than ER+HER2+ cells, and finally silencing or inhibiting EDI3 in ER-HER2+ cells resistant 

to HER2 therapy decreased cell viability in vitro and tumor growth in vivo. Altogether, our results indicate 

that targeting EDI3 may be an alternative in HER2-targeted therapy-resistant breast tumors, and a better 

understanding of EDI3 and choline metabolic pathways in this specific molecular subtype may provide 

potential targets for treatment. 
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Conjugated linolenic acids (CLnAs) of plant origin are positional and geometrical isomers of α-linolenic acid. 

CLnAs have been discovered to induce ferroptosis in some cancers, among which breast cancer, through the 

oxidation of their double bonds leading to the lethal accumulation of lipid hydroperoxides.  

Here we showed that two breast cancer cell lines, MCF7 and Hs578T, originating from different breast cancer 

subtypes, have different sensitivities to CLnA-induced ferroptosis. The Hs578T cell line derived from highly 

aggressive triple negative breast cancer (TNBC) subtype appeared significantly more sensitive than the MCF7 

cell line from the luminal A subtype. A LD50 of 5.97 µM was measured for punicic acid (PunA, C18:3 

c9,t11,c13) with Hs578T cells, versus 25.42 µM with MCF7 cells. Three other CLnA isomers were next assessed 

for their cytotoxicity towards the two cell lines, α-eleostearic acid (αESA, C18:3 c9,t11,t13), β-eleostearic acid 

(βESA, C18:3 t9,t11,t13) and jacaric acid (JA, C18:3 c8,t10,c12). Strikingly, JA was consistently the most potent 

ferroptotic inducer in both cell lines. Conversely, αESA cytotoxicity differed depending on the cell line. It was 

as cytotoxic as PunA and βESA for Hs578T cells, but significantly more cytotoxic than PunA and βESA for MCF7 

cells. Fatty acid profiling of MCF7 and Hs578T cells treated with the corresponding CLnAs revealed a higher 

rate of disappearance of JA with both cell lines, suggesting a higher rate of metabolization of JA into other 

lipid compounds or a higher level of lipid peroxidation. In addition, a positive correlation could be observed 

between the time of treatment and the rate of disappearance of the CLnAs for all the conditions.  

Screening of existing databases for differential expression of genes involved in lipid metabolism and 

ferroptosis was carried out to identify candidate enzymes accounting for the different sensitivity of the two 

cell lines towards CLnAs. Stearoyl-CoA desaturase (SCD1) and fatty acid synthase (FASN), among others, 

appeared to be significantly upregulated in MCF7 cells with respect to the more sensitive Hs578T cells. SCD1 

is the enzyme responsible for the synthesis of monounsaturated fatty acids (MUFAs) known for their anti-

ferroptosis potential. FASN is the enzyme responsible for de novo biosynthesis of long-chain saturated FAs 

from acetyl-CoA. Inhibiting FASN may increase cell dependence on the uptake of exogenous FAs, thereby 

fostering the accumulation of deleterious CLnAs. Consistent with the roles of SCD1 and FASN, we showed 

that chemical inhibition of these enzymes significantly increased MCF7 sensitivity to PunA-induced 

ferroptosis.  

Our findings suggest that the aggressive TNBC subtype may be particularly suited to respond to pro-

ferroptotic CLnAs. Future work will aim at identifying the key drivers involved in cell sensitivity to these lipids. 

Combining gene deletion and lipidomic analysis will help understanding the mechanisms behind cell line-

specific and isomer-specific sensitivity of distinct breast cancer subtype cells. 
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The mitochondrial voltage-gated potassium channel, Kv1.3 is emerging as an attractive oncologic target in 

the context of several types of cancer (Leanza et al, 2017, Severin et al, 2022). Here we evaluated tissue 

expression of Kv1.3 in resected PDAC from 55 patients using immunohistochemistry (IHC) and show that all 

tumors expressed Kv1.3 with 60% of tumor specimens having high Kv1.3 expression. Next, an orthotopic 

pancreas tumor model was used to test the effect of the Kv1.3 inhibitors PCARBTP and PAPTP developed in 

our groups on tumor growth: the treatment resulted in tumor reductions of 87% and 70%, respectively. When 

combined with gemcitabine plus albumin-bound paclitaxel, reduction reached 95% and 80% without 

resultant organ toxicity. While PAPTP treatment did not yield resistant cells, in vitro-generated resistant 

clones to PCARBTP escaped cell death through upregulation of the anti-oxidant system as determined using 

mass spectrometry analysis and experimentally confirmed. Our data show Kv1.3 is highly expressed in 

resected human PDAC and the use of novel mitochondrial Kv1.3 inhibitors combined with cytotoxic 

chemotherapies might be novel, effective treatment for PDAC.  
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Hepatocellular carcinoma (HCC) is a multi-step process whereby abnormally proliferating cancer cells often 

undergo metabolic reprogramming. Increasing evidences suggest that the different metabolic alterations 

taking place in hepatocarcinogenesis depend on the activation of specific oncogenes, partially explaining the 

HCC heterogeneity.  

c-Myc oncogene overexpression - frequently observed in human HCCs - leads to a metabolic rewiring toward 

a Warburg phenotype generating large volumes of lactate, through lactate dehydrogenase A (Ldha), even in 

the presence of oxygen. Ldha overexpression is associated with poor prognosis since it results in an excess 

of lactate release from the neoplastic cell leading to the acidification of the extracellular space, favoring the 

emergence of an immune-permissive tumor microenvironment (TME).  

Here we demonstrated and characterized the metabolic reprogramming of tumors induced in C57BL/6J mice 

hydrodynamically co-transfected with c-Myc and h-Ras, two of the most frequently upregulated oncogenes 

in human HCCs. Using the same experimental model, we also investigated the effect of Ldha inhibition – 

gained through the inducible and hepatocyte- specific Ldha knock-down - on cancer cell metabolic 

reprogramming, as well as on TME alterations. 

The results of the present work highlighted that c-Myc/h-Ras-driven tumors display a glycolytic metabolism 

suggestive of a switch to a Warburg phenotype, and an enhanced activity of pentose phosphate pathway 

(PPP). However, differently from HCCs generated by the overexpression of c-Myc alone, glutamine is used to 

sustain glutathione synthesis instead of Tricarboxylic acid (TCA) cycle and oxidative phosphorylation 

(OXPHOS) is impaired.  

Ldha deletion strongly inhibited tumor progression and partially inhibited the Warburg-like metabolic 

feature. In addition, Ldha loss also gave rise to a remarkable increase of CD4+ lymphocytes compared to Ldha 



 
 
WT, thus preserving the anti-neoplastic effect exerted by the CD4+ lymphocytes, with a concomitant increase 

in CD8+ ones. 

Taken together, these results suggest the potential usefulness of targeting Ldha in combination with 

immunotherapy to enhance the efficacy of the current therapeutic options.  
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Acute myeloid leukemia (AML) comprises a heterogeneous group of aggressive hematologic neoplasms that 

occurs in the bone marrow as a result of several genetic alterations that promote abnormal differentiation 

and uncontrolled proliferation of hematopoietic stem cells. Despite the advances on the pathogenic 

mechanisms of the disease, the main molecular mechanisms underlying chemotherapy resistance and AML 

progression are still poorly understood. In recent years, Krebs cycle intermediates, central molecules in the 

synthesis of nucleotides, lipids and amino acids needed for cell proliferation, have assumed a central role on 

the development of AML. Several enzymes that participate or replenish Krebs cycle on its intermediates are 

found mutated in AML patients, such as isocitrate dehydrogenase 1 and 2 (IDH 1/2) enzymes. Mutated IDHs 

enzymes impact on cellular metabolism and thus, the main goal was to investigate a putative metabolic link 

between mutated IDH enzymes and lipid metabolism in the context of AML pathophysiology. Three different 

AML cell lines were used for the study, NB-4, HL-60 and KG-1 cells. Data herein presented suggest that the 

presence of the single nucleotide polymorphism (SNPs) IDH1rs11554137T/T in NB-4 cells is associated with 

increased production of 2-hydroxyglutarate (2-HG) and a metabolic reprograming for increased lipids 

biogenesis. A major amino acids dependency was also revealed by NB-4 cells. In contrast, the OXPHOS cells, 

KG-1, which is heterozygous for IDH1rs11554137, exhibited lower 2-HG/α-ketoglutarate ratio, lipids content 

and amino acids dependency. In general, the results reinforce that there is no specific metabolic profile 

associated with AML tumorigenesis and that the therapeutic strategy must pass through personalized 

therapy adjusted to the heterogeneity of this group of neoplasms. 
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Cisplatin is the first-line treatment for different types of solid tumors, such as ovarian, lung, and head and 

neck cancers. Despite its clinical use, the severe toxicity and the onset of drug resistance are the main issues 

that hamper the success of chemotherapy. It is well established that cisplatin resistance is a multi-factorial 

phenomenon, which includes reprogramming of the metabolic pathways allowing cells to elude drug toxicity. 

Our previous results showed that cisplatin-resistant ovarian cancer cells (C13), compared to their sensitive 

clone (2008), increase their demand for glucose that is partially redirected toward the pentose phosphate 

pathway (PPP). In particular, it has been demonstrated that C13 showed higher mRNA levels, protein 

expression, and activity of glucose-6-phosphate dehydrogenase (G6PDH), the rate-limiting enzyme of PPP. 

The aim of this project is therefore to investigate the metabolic dependency of another ovarian cancer cell 

line (IGROV-1) and its cisplatin-resistant clone (IGROV1 Pt) and to test a new therapeutic strategy to 

overcome drug resistance. Results show that cisplatin-resistant ovarian cancer cell line, IGROV1 Pt, compared 

with the sensitive clone, increased the glucose demand shifting their metabolism toward the PPP. Moreover, 

6-amino nicotinamide (6-AN), an inhibitor of the enzyme glucose-6-phosphate dehydrogenase (G6PDH), 

restored drug sensitivity. The second aim of the work was to test if a lyophilized stealth liposomal formulation 

of cisplatin was able to reduce cisplatin toxicity. Moreover, the combined treatment of 6-AN and liposomal 

cisplatin showed the ability to sensitize the resistant cells. The obtained results confirmed that the IGROV1 

Pt shifted their metabolism toward the PPP and that treatment with 6-AN re-sensitized the cells to cisplatin. 

Furthermore, the combined treatment of liposomal cisplatin and 6-AN presents promising cytotoxic activity 

in drug-resistant cells opening the way for a new therapeutic option against ovarian cancer. 
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Tumours rely on lactate transporters (MCT1-4) to maintain glycolytic flux and avoid intracellular acidification. 

In haematological tumours the MCT1 transporter acts as a lactate and pyruvate exporter. AZD3965 is a potent 

and specific inhibitor of MCT1 causing intracellular lactate accumulation. In vivo efficacy was observed in 

xenografts of DLBCL and BL, expressing high levels of MCT1 and no or low levels of MCT4. In the AZD3965 

Phase I (NCT01791595) dose-escalation an oral recommended phase 2 dose (RP2D) of 10mg twice-daily (bd) 

was determined. Pharmacokinetic (PK) showed exposure estimated to produce a minimum MCT1 occupancy 

of 90% (based on modelling). DLTs were primarily on-target dose-dependent, reversible, asymptomatic 

alterations in retinal function seen on ERG.   

Methods: This expansion cohort enrolled patients with relapsed/refractory DLBCL and BL. Expression of 

MCT1/MCT4 was assessed by immunohistochemistry. Pharmacokinetic (PK) sampling was performed and 

pharmacodynamic assessments included [18F]FDG-PET/CT imaging, plasma/urine metabolomics, genomic 

analysis of pathogenic or likely pathogenic variants and cfDNA dynamics.  



 
 
Results: 11 DLBCL patients were treated with AZD3965 10mg bd. PK showed exposure to be broadly in line 

with the escalation cohort. No significant ERG changes were observed. One patient experienced a dose-

limiting SUSAR of Troponin I increase. MCT1 is expressed in erythrocytes, however no serious events of 

anaemia were seen, with one non-clinically significant episode of grade 3 anaemia reported. 

Urine analysis showed increased excretion of lactate and ketone bodies post AZD3965 treatment consistent 

with renal target engagement. No alteration was detected in plasma. Ongoing stable disease at cycle 5 was 

observed in one patient and an additional patient had a confirmed complete response (CR) lasting 17 cycles, 

with no significant toxicity. In the patient showing PR a reduction in tumour FDG uptake was observed on 

day 3 of cycle 1. The other four patients who consented to research imaging did not have a clinical response 

and no changes were observed on FDG-PET. 

Genomic analysis of relevant DLBCL target variants was conducted in nine patients and showed 11 genes 

with variants considered to be likely pathogenic, with tumour protein P53 (TP53), lysine 

methyltransferase 2D (KMT2D) and Pim-1 proto-oncogene, serine/threonine kinase (PIM1) being the 

most mutated genes. 

 

Conclusions:  AZD3965 can be safely administered at 10mg bd. In one DLBCL patient monotherapy activity 

was observed with changes in FDG-PET providing evidence indicative of proof of mechanism. These changes 

in FDG uptake as early as on day 3 in the responding patient warrant further investigation of FDG-PET as a 

predictive biomarker. Further preclinical studies are ongoing to explore effective combinations with other 

agents targeting tumour cell metabolism and immunotherapies.    
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Chemotherapy is the main treatment for pancreatic cancer (PC) patients. Presently, gemcitabine (GEM) 

monotherapy or in combination with other drugs is the most widely used scheme for PC. However, GEM 

therapy is poorly effective due to resistance development. GEM-resistance is related to several mechanisms 

among which a relevant role is assigned to cancer metabolism. Noteworthy, PC exhibits an increased flux 

through the Hexosamine Biosynthetic Pathway (HBP), involved in protein O- and N-glycosylation (O-GlcNAc, 

N-gly). Notably, our previously results establish that FR054, a small molecule able to target PGM3 a key HBP's 

enzyme, fight PC enforcing the notion that HBP is crucial for PC cell survival and GEM resistance. 

 Despite the few studies correlating HBP flux and protein O-GlcNAc increase with chemosensitivity, recently 

it has been shown that protein O-GlcNAc regulates DNA damage response (DDR) factors and cell cycle 

progression, including DNA replication, mitosis, and cytokinesis. Here we show that inhibition of HBP, by 

using the specific inhibitor FR054, combined with GEM enhances cell death in several pancreatic cancer cells 

through the induction of a cell cycle arrest and an increase in DNA damage. In particular, combined treatment 

augments cleaved poly[ADP-ribose]-polymerase and caspase 3 as well as annexin-V-positive cells, indicating 

the induction of apoptosis. In vivo, administration of GEM and FR054 is well tolerated and suppresses almost 

completely tumor growth either in xenograft or PDX mice. Mechanistically, the combined treatment elevates 

γH2A.X and changes cyclins expression levels. Interestingly, FR054 prevents the GEM-induced intra-S-phase 

checkpoint activation since a significant decrease of the phosphorylation status of several DNA damage 

sensitive proteins including CHK1 and CHK2 is observed. Altogether these findings suggest a direct role of 

protein glycosylation in S-phase checkpoint control. Given that the relationship between glycosylation and 

the DNA damage response is still poorly understood, we can suppose that glycosylation of DDR proteins is 

necessary for their function and that impingement of this post translational mechanism may overcome GEM 

resistance as well as resistance to other chemotherapeutic drugs providing a mechanistic link among 

metabolic reprogramming, genomic instability, and potential therapeutic response. 

Supported by grants from MAECI (Executive Programme of Scientific and Technological Cooperation Italy-

China 2019–2021, #CN19GR03), and Bando Fondo di Ateneo-Quota competitiva 2021. 
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Chronic myeloid leukaemia (CML) is a haematopoietic neoplasm induced by the t(9;22) translocation, which 

results in the expression of the BCR/Abl oncoprotein, a constitutively active cytoplasmic tyrosine kinase. 

Tyrosine kinase inhibitors (TKI) capable to block the ATP-binding site of BCR/Abl inhibit its enzymatic activity, 

inducing remission of disease in, and extended survival of, chronic phase CML patients. 

Our study was directed to deepen the characterization of tissue environmental conditions capable to 

suppress BCR/Abl expression and thereby to render CML cells refractory to TKI. In this field, we focused on 

the effects of nutrient shortage. We had previously demonstrated that glucose consumption drives BCR/Abl 

protein suppression and that glutamine regulates this consumption. On this basis, we cultured stabilized CML 

cell lines in medium lacking glucose and glutamine, to characterize under these conditions the effects of 

lactate, the main byproduct of glucose metabolism. We focused in particular on the role of lactate, and of its 

conversion to pyruvate, in the modulation of the maintenance of CML stem/progenitor cell potential, a 

crucial determinant of relapse of disease.  

The results obtained indicated that lactate, via its conversion to pyruvate, is a powerful surrogate of glucose 

to prevent suppression of BCR/Abl protein and signaling under glucose and glutamine shortage, and thereby 

to drive the maintenance of stem/progenitor cell potential in a subset of BCR/Abl-dependent, TKI-sensitive 

CML cells. The effects of lactate or pyruvate on the expression of some determinants of the cells’ metabolic 

profile, such as the cell surface lactate carrier MCT-1, were also determined. The pivotal role of MCT-1 in the 

observed effects of lactate or pyruvate was confirmed by means of the treatment of CML cells with the MCT-

1 inhibitor AR-C155858. Moreover, the block of mitochondrial pyruvate carrier (MPC) with a selective 

inhibitor (UK-5099) zeroed the effects of either metabolite. Thus, lactate conversion to pyruvate and the 

translocation of the latter into the mitochondria are required to maintain BCR/Abl protein expression and 

signaling and BCR/Abl-dependent stem/progenitor cell potential. 

 

Supported by Associazione Italiana per la Ricerca sul Cancro (AIRC) (IG23607 awarded to Persio Dello Sbarba). 
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Mutant KRAS is the most common oncogenic driver in lung and pancreatic adenocarcinomas. The presence 

of KRAS mutations is associated with aggressive, metastatic and therapy resistant cancers both in humans 

and in mouse models. Lipids not only act as ligands to mediate signal transduction, but they are also 

mediators of signalling pathways, and substrates of lipid kinases and phosphatases. Therefore, lipid 

deregulations that occur frequently in cancer are expected to affect many cellular functions.  

Mutated KRAS drives a complex network of lipid metabolic rearrangements to support the crosstalk between 

cancer cells and the tumor microenvironment as well as promote the adaptation of cancer cells to harsh 

environmental conditions such as hypoxia and nutrient deprivation to ensure their survival. We are 

investigating the lipid metabolic alterations that are driven by oncogenic KRAS to understand how they 

contribute to progression, metastasis and fibrosis formation in lung and pancreatic cancer. Our overarching 

goal is to identify specific tumor vulnerabilities and design targeted therapies to improve cancer treatment. 

In this meeting, I am going to present the latest developments related to our understanding of mutant KRAS-

driven lipid metabolic deregulation and how we can use this information for cancer therapy. 

 

 

Supported by the Swiss National Science Foundation, Swiss Cancer League and Innosuisse (Suisse Innovation 
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Our paper titled: Glycine decarboxylase maintains mitochondrial protein lipoylation to support tumor 

growth, was published in “Cell Metabolism” journal on the third of May (the cover image of the journal). 

Link: https://www.sciencedirect.com/science/article/pii/S1550413122001334  
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Cancer cells develop remarkably distinct metabolism compared to that of normal cells. Evidence for 

alterations in metabolic activity of malignant cells goes back almost a century ago to the discovery of the 

‘Warburg effect’.  

The recent resurgence of interest in the field of cancer metabolism involved numerous findings of metabolic 

alterations in a variety of pathways in cancer cells, oncogenes and tumor suppressors regulating metabolism, 

and specific oncogenic mutations in metabolic genes.  

A major current challenge is characterizing metabolic alterations that may be therapeutically targeted to 

selectively slow or halt tumor growth.  

A metabolic system that is highly dysregulated in cancer is one-carbon (1C) metabolism. This system 

encompasses the folic acid and methionine cycles and mediates the transfer of 1C units to support the 

biosynthesis of RNA and DNA, as well as methylation of DNA and proteins.  

The importance of 1C metabolism in cancer was discovered ~60 years ago when antifolate drugs, such as 

methotrexate, were used in the treatment of leukemia. However, these drugs have many side effects due to 

the significant role of THF, the central carrier of 1C moieties, in a variety of healthy tissues. Recent studies 

revealed major alterations in tumor expression of 1C metabolic genes 1C flux, leading to an upsurge of 

interest in cancer 1C metabolic research. 

Serine transfers a 1C unit to the folic acid cycle via serine hydroxymethyl transferase (SHMT1/2), producing 

glycine; while glycine can be oxidized via the mitochondrial glycine cleavage system (GCS), transferring a 1C 

moiety to the folic acid cycle. While the importance of serine as a mitochondrial and cytosolic donor of folate-

mediated 1C units in cancer cells has been thoroughly investigated, a potential role of glycine oxidation 

remains unclear. 

In Shlomi's lab we developed an approach for quantifying mitochondrial glycine cleavage system (GCS) flux 

by combining stable and radioactive isotope tracing with computational flux decomposition. We find high 

GCS flux in hepatocellular carcinoma (HCC), supporting nucleotide biosynthesis. Surprisingly, other than 

supplying 1C units, we found that the proper function of GCS is important for maintaining protein lipoylation 

and mitochondrial activity. 

Genetic silencing of glycine decarboxylase, GLDC (one subunit of GCS), inhibits the lipoylation and activity of 

pyruvate dehydrogenase and impairs tumor growth. 

 

Considering the physiological role of liver glycine cleavage, our results support the notion that tissue of origin 

plays an important role in tumor-specific metabolic rewiring. Our findings suggest GLDC as a novel drug target 

for HCC, calling for the development of novel chemical inhibitors for GLDC and follow up pre-clinical studies.   
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Physicochemical properties can predictably affect the intracellular distribution of a drug, which is important 

for its efficacy. Drugs with LogP>2 and a pKa>6 can be trapped in acidic intracellular compartments such as 

lysosomes far from their targets. Their protonation at acidic pH causes their sequestration. Therefore, these 

drugs are qualified as lysosomotropic. 

 

We have shown that sunitinib (LogP=5.2, pKa=8.95), an antiangiogenic drug used as first-line treatment for 

metastatic renal cell carcinoma, is a lysosomotropic drug. It crosses cell membranes by passive diffusion, and 

becomes protonated in lysosomes where it is trapped. The resulting increase in lysosomal pH inhibits 

lysosomal proteases and consequently leads to an incomplete autophagic process (Giuliano et al., Autophagy, 

2015). 

The consequences of lysosomal sequestration and autophagy defect have been poorly explored. Our recent 

results show that sunitinib treatment triggers induction of the de novo serine pathway via an adaptive 

response to cellular stress: GCN2/eIF2/ATF4. Interestingly, this metabolic adaption maintained proliferation 

in cells transiently and chronically exposed to sunitinib but also to various lysosomotropic drugs. 

 

Our results suggest original mechanisms related to the limited efficacy of sunitinib efficacy through tumor 

cell metabolic adaptation and microenvironment. adjustment They suggest unexplored pathways that could 

be targeted for patients confronted to therapeutic impasses with lysosomotropic treatments.  
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Worldwide lung cancer is the leading cause of cancer deaths. One of the most frequent drivers of lung cancer 

is oncogenic mutant KRAS. Despite current advances with mutant-specific G12C inhibitors, a critical need 

remains to develop therapeutic strategies to combat oncogenic mutant KRAS.  

We previously discovered that reactive oxygen species (ROS) produced by pro-oxidants specifically inhibit 

oncogenic KRAS signaling by reacting with Cysteine 118 in Caenorhabditis elegans (Kramer-Drauberg M et al, 

PLoS Genetics 2020). We are now investigating whether the discovered mechanism of oncogenic mutant 

KRAS inhibition through oxidation at C118 is maintained in mammalian cells in vitro and in vivo and we are 

exploring the potential therapeutic value of KRAS oxidation as an innovative anti-oncogenic KRAS treatment. 

To explore the therapeutic effect of KRAS oxidation at C118 and to find compounds that cause the oxidation 

of KRAS, we use in vitro KRAS-driven models and Genetically Engineered Mice (GEMM) with inducible KRAS 

mutant lung tumors. Replacing Cysteine 118 in oncogenic KRAS with the structurally similar but redox-

insensitive Serine inhibits the effect of pro-oxidant treatments. In contrast, mimicking a permanent Cysteine 

118 oxidation by substituting Cysteine 118 with an Aspartic acid inhibits oncogenic mutant KRAS signaling. 

Preliminary observations indicate that oncogenic KRAS oxidation affects cellular redox homeostasis. 

The findings from this study may prove that oncogenic KRAS is inhibited via oxidation and could uncover a 

compound able to impair mutant KRAS oxidation which could ultimately lead to the development of a 

ground-breaking anti-KRAS cancer drug in humans. 
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In oncology, the occurrence of distant metastases often marks the transition from curative to palliative care. 

Such outcome is highly predictable for triple-negative and HER2-positive breast cancer patients, even if 

tumors are detected early, and there is no specific treatment to prevent metastasis. Considering that 

mitochondria are bioenergetic sensors that can raise their own production of superoxide to trigger 

metastasis (1), we tested whether mitochondria-targeted antioxidant MitoQ could fulfil this need.  

 To establish a causal relationship between mitochondrial superoxide production and metastasis, metastasis-

prone human breast cancer cells MDA-MB-231, SkBr3 and MDA-MB-436 were treated or not with MitoQ and 

metabolically compared to nonmalignant MCF10A human breast epithelial cells using Seahorse oximetry, JC-

10 (mitochondrial potential), enzymatic assays and electron paramagnetic resonance (to unambiguously 

measure mitochondrial superoxide levels). The phenotypic effects of MitoQ on cancer cell numbers, cell 

cycle, apoptosis, necrosis, clonogenicity, migration, invasion, sphere formation and spheroid stability were 

tested in vitro. Primary tumor recurrence, metastatic take and overall metastasis were tested in mice, 

combining surgery, chemotherapy and MitoQ 

We report that MitoQ repressed all the prometastatic phenotypes that we tested in vitro (2). In mice, we 

further report that human breast cancer relapse is not a fatality: local recurrence and metastatic 

dissemination can be prevented by MitoQ (3). Metastatic prevention was confirmed in the MMTV-PyMT 

model of spontaneously metastatic mouse breast cancer. After oral delivery, MitoQ was effective at clinically 

relevant nanomolar concentrations, at which nonmalignant cells were spared. It did not interfere with 

chemotherapy.  

Conclusively, MitoQ, which already underwent Phase I safety clinical trials in humans, prevents human breast 

cancer recurrence and metastasis in preclinical conditions. Clinical trials are planned. 

 

 



 
 
References: (1) Porporato et al. Cell Reports 2014;8:754-766. (2) Capeloa T et al. Cancers 2022;14:1516. (3) 

Capeloa T et al. Cancers 2022;14:1488. 

 

Supported by ERC Starting Grant 243188 TUMETABO, ITN-ETN 722605 TRANSMIT, the Communauté 

Française de Belgique (ARC 09/14-020 and 14/19-058), Belspo, the Fondation Belge contre le Cancer, the 

Belgian F.R.S.-FNRS, Télévie, the Louvain Foundation, the Fonds Joseph Maisin, UCLouvain Fonds Spéciaux 

de la Recherche and Italian AIRC; grant #MFAG-21564. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

9 - MITOCHONDRIA PRESERVE AN AUTARKIC ONE-CARBON CYCLE TO CONFER GROWTH-INDEPENDENT CANCER CELL MIGRATION AND METASTASIS  

Nicole Kiweler (1) - Johannes Meiser (1) 

Cancer Metabolism Group, Luxembourg Institute of Health, Luxembourg, Luxembourg (1) 

 

Mitochondria preserve an Autarkic one-carbon cycle to confer growth-independent cancer cell migration and 

metastasis 

 

Kiweler N,1 Delbrouck C,1,2 Pozdeev VI,3 Neises L,1 Soriano-Baguet L,2,4,5 Eiden K,1,2 Xian F,6 Benzarti 

M,1,2 Haase L,1,2,7 Koncina E,3 Schmoetten M,3 Jaeger C,7 Noman MZ,9 Vazquez A,8 Janji B,1 Dittmar G,2,6 

Brenner D,4,5,9 Letellier E,3 Meiser J.1 

 

1Cancer Metabolism Group, Department of Cancer Research, Luxembourg Institute of Health, Luxembourg, 

Luxembourg. 2Faculty of Science, Technology and Medicine, University of Luxembourg, Esch sur-Alzette, 

Luxembourg. 3Molecular Disease Mechanisms Group, Department of Life Sciences and Medicine, Faculty of 

Science, Technology and Medicine, University of Luxembourg, Esch-sur-Alzette, Luxembourg. 4Experimental 

& Molecular Immunology, Department of Infection and Immunity, Luxembourg Institute of Health, Esch-sur-

Alzette, Luxembourg. 5Immunology & Genetics, Luxembourg Centre for Systems Biomedicine, University of 

Luxembourg, Esch-sur-Alzette, Luxembourg. 6Proteomics of Cellular Signalling, Department of Infection and 

Immunity, Luxembourg Institute of Health, Strassen, Luxembourg. 7Luxembourg Centre for Systems 

Biomedicine, University of Luxembourg, Esch-sur-Alzette, Luxembourg. 8Institute of Cancer Sciences, 

University of Glasgow, Glasgow, United Kingdom. 9Tumor Immunotherapy and Microenvironment (TIME) 

Group, Department of Cancer Research, Luxembourg Institute of Health, Luxembourg, Luxembourg. 

10Odense Research Center for Anaphylaxis (ORCA), Department of Dermatology and Allergy Center, Odense 

University Hospital, University of Southern Denmark, Odense, Denmark. 

 

Metastasis is the most common cause of death in cancer patients. However, canonical drugs target mainly 

the proliferative capacity of cancer cells, which leaves slow-proliferating, persistent cancer cells unaffected. 

Metabolic determinants that contribute to the proliferation-independent processes of metastasis formation 

in such persistent cells are still poorly understood. 

Interestingly, we find that antifolate induced growth-arrest does not correlate with decreased migration 

capacity. In our work, this allowed us to disentangle cancer cell proliferation and migration and to profile the 

metabolic phenotype of migrating, growth-arrested cells. We find that antifolate treatment provokes an 

uncoupled and autarkic mitochondrial one-carbon (1C) metabolism during cytosolic 1C metabolism 

impairment. We observe that increased serine de novo synthesis (SSP) supports this autarkic mitochondrial 

serine catabolism upon antifolate treatment. In accordance, inhibition of SSP using the competitive PHGDH-

inhibitor BI-4916 or genetic silencing of mitochondrial serine catabolism reduces cancer cell migration. 

Furthermore, we find that sole inhibition of mitochondrial serine catabolism does not affect primary breast 

tumor growth in vivo but strongly inhibits pulmonary metastasis formation. 



 
 
Our results demonstrate that mitochondrial 1C metabolism, despite being dispensable for proliferative 

capacities, confers a critical advantage to cancer cells by supporting their motility potential. 
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While radiotherapy is standard clinical practice for women with breast cancer (BC), the consequences 

surrounding low-dose ionizing radiation (LDIR) are much less understood. Due to uneven dose distribution, 

the tumor core, margins and diffusive infiltrates can receive LDIR as a byproduct of primary tumor irradiation. 

This would generate subcytotoxic effects, among which mitochondrial defects could be relevant based on 

the consideration that mitochondrial DNA (mtDNA) is a primary target of radiation. Recently, our lab has 

reported a link between mitochondrial defects and the promotion of cancer cell migration, invasion and 

metastasis, where subcytotoxic levels of mitochondrial ROS (mtROS) activate the transforming growth factor 

β (TGFβ) pathway at the level of src kinase directly within mitochondria (1). Therefore, we hypothesize that 

BC cells receiving LDIR could also display an increased capacity to migrate, invade and metastasize.  

Here, using human MCF-7 and MDA-MB-231 breast cancer cells, we report that a single dose of LDIR elicits 

maximal migration below the conventionnal clinical dose of 2 Gy (0.5 Gy and 0.125 Gy, respectively). In MCF-

7 cells, maximal migration was accompanied by a peak in basal respiration and ATP production detected by 

Seahorse oximetry, and a concomitant increase in mtROS production via dihydroethidium (DHE) and MitoSox 

staining. In MDA-MB-231 cells, maximal migration was accompanied by a decrease in basal respiration and 

ATP production, however still associated with an increase in ROS production. In MCF-7, the general ROS 

inhibitor N-acetyl-L-cysteine, but also specific mtROS inhibitors MitoQ, SOD2 overxpression and 

mitochondrial-targeted catalase overexpression all abolished LDIR-induced metastasis. In MDA-MB-231, 

pharmacalogical and transgenic ROS inhibitor experiments are currently ongoing.  

Collectively, our data indicate that BC cell migration and therefore possibly also invasion and metastasis could 

be a side effect of radiotherapy when the cytotoxic dose is not reached. This study provides an incentive to 

evaluate mitochondria-targeted pharmacological agents as inhibitors of LDRI-induced prometastatic 

responses and to elucidate targetable mtROS-induced pathways that contribute to these responses. 

 

Reference: (1) Porporato PE, et al. Cell Reports 2014;8:754-766. 
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Pancreatic ductal adenocarcinoma (PDAC) is a highly metastatic disease characterized by a poor five-year 

survival rate due to late diagnosis and largely ineffective treatment strategies. Previous research from our 

lab has shown that altered cancer cell metabolism can promote the metastatic process. In line with the seed-

and-soil hypothesis, we hypothesize that specific metabolic changes could also control the invasion and 

selective tropism of metastases to distant organs in human PDAC. 

Here, we selected PANC-1 and MIAPaCa-2 cells to generate superinvasive human PDAC cell lines in vitro, 

using three successive rounds of transwell invasion. Superinvasive PDAC variants exhibited an increase in 

clonogenicity and invasion in 3-D space, which was further accompanied by a metabolic downshift in 

glycolysis. RNA sequencing revealed a contrasting gene signature in both superinvasive variants, with seven 

unique, clinically relevant genes upregulated compared to wild-type parental cells. Liver-seeking and brain-

seeking PDAC variants are now being generated by serial cycles of in vivo selection to better understand the 

metabolic control of tissue-specific metastasis. 

Our study ultimately aims to establish a link between human PDAC invasion, metastasis tropism and 

mitochondrial metabolism in order to therapeutically target key metabolic markers of cancer cell 

dissemination. Preventing invasion and metastasis could indeed increase the success rate of curing primary 

PDAC in patients.  

 

Supported by European Union’s Horizon 2020 research and innovation program under the Marie Skłodow-

ska-Curie grant agreement No 860245 THERADNET, the French Community of Belgium (ARC 21/26-118), the 

Belgian Fondation contre le Cancer, the Belgian F.R.S.-FNRS, the Télévie, and the Louvain Foundation. 

 

 



 
 
19 - A MITOCHONDRIAL RESIDENT PROTEIN IS RESPONSIBLE FOR BRAIN-SPECIFIC METASTASIS IN HUMAN TRIPLE 

NEGATIVE BREAST CANCER 

Marine Blackman (1) - Tania Capeloa (1) - Justin Rondeau (1) - Pierre Sonveaux (1) 

IREC, UCLouvain, IREC, FATH, Bruxelles, Belgium (1) 

 

A mitochondrial resident protein is responsible for brain-specific metastasis in human triple negative breast 

cancer 

 

Marine CNM Blackman1, Tania Capeloa1, Justin Rondeau1, Pierre Sonveaux1 

1Pole of Pharmacology and Therapeutics, Institut de Recherche Expérimentale et Clinique (IREC), Université 

catholique de Louvain (UCLouvain), Brussels, Belgium. 

 

Brain metastases affect up to 50% of triple-negative breast cancer (TNBC) patients.1 The onset of metastasis 

is devastating, rapidly decreasing both life quality and expectancy. We previously found that altered 

metabolic behaviors of cancer cells can promote the metastatic process.2 In line with the seed-and-soil 

hypothesis,3 we hypothesized that metabolic alterations could also control the tropism of metastases for 

secondary organs. For anticancer therapy, we therefore aimed to identify differentially expressed metabolic 

enzymes or transporters responsible for such tropism. Here, we focused on brain-specific metastasis in TNBC, 

using human MDA-MB-231 metastatic cancer cells and two matched brain-seeking variants that were 

generated independently by serial cycles of in vivo selection for brain specificity.4 Compared to wild-type 

cells, brain-specific variants had an increased number of mitochondria and accelerated mitochondrial 

respiration (Seahorse oximetry), with an unaltered glycolytic rate (enzymatic assays). Mitochondria were 

more numerous. Exploiting RNAseq data 4, we further identified 4 genes encoding metabolic proteins that 

were overexpressed in brain-seeking variants, among which only one was shared between the 2 variant cell 

lines upon independent RT-qPCR and western blot validation. This gene encodes a mitochondrial protein.* 

In vitro, brain-seeking variants deficient (CRISPR-Cas9) for this protein had decreased mitochondrial 

respiration and reduced in vitro migration (transwell assays), but only towards mouse or human astrocytes, 

and not towards serum, human hepatocytes or human bronchial epithelial cells. They had a reduced in vivo 

ability to colonize mouse brains, as detected using IVIS Spectrum bioluminescence and confirmed by 

immunohistochemistry. Conversely, overexpression of the gene in parental MDA-MB-231 cells increased 

mitochondrial respiration, their selective migration towards astrocytes in vitro and brain homing in vivo. We 

concluded that the protein that we identified is responsible for the brain tropism of human TNBC cells, at 

least in the MDA-MB-231 model. A high expression of this protein correlated with a low overall survival of 

breast cancer patients.  

 

*Kept anonymous for patent reasons.  

References: 1. Lin NU et al. Cancer 2008;113:2638-45. 2. Porporato PE, et al. Cell Reports 2014;8:754-66. 3. 

Paget S. Cancer Metastasis Rev 1889;8:98-101. 4. Burnett RM et al. Oncotarget 2015;6:12682-96.   

Supported by the Belgian F.R.S.-FNRS, the Belgian Télévie and European Union ETN-ITN Marie Skłodowska-

Curie grant agreements No 722605 TRANSMIT and No 860245 THERADNET. 
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The adrenal gland is an endocrine organ consisting of a central medulla and peripheral cortex. The chromaffin 

cells of the medulla derived from the neural crest, while the adrenocortical cells have a mesenchymal origin. 

A correct development of the gland is ensured by the crosstalk between chromaffin and steroidogenic cells, 

essential for the functionality of the organ including the hormone synthesis and stress-response. Cortical-

chromaffin interaction is also relevant for the pathogenesis of different diseases.  

The aim of this work is to create an in-vitro 3D model of the whole adrenal gland to study adrenal-associated 

diseases, such as adrenal tumours, in the context of cortical-medulla interaction. 

 The presented model is called adrenoid (ADR), and was established by mixing mouse tumour tissue 

phaeochromocytoma cell line, MTT, and the human adrenocortical carcinoma cell line, H295R, in a 2:1 ratio. 

The ADR mass showed round morphology with a necrotic core and clear margins 48 hours after induction. 

We compared the growth of ADRs and MTT-derived-spheroids (MTT-S), and showed a significant increase in 

the ADR growth rate compared to MTT-S from day 5 onwards (p<0.005). Margin spalling was evident from 

day 7 in MTT-S, but not in ADRs. Transmission Electron Microscopy is ongoing to investigate substructures 

such as cell-cell junctions and mitochondria. 

We assessed the ratio between the two cell populations in the ADRs over time and found an increase of 

medullary relative to cortical components (1.9-fold at day 5 and 6.8-fold at day 10). A significant decrease in 

the cortical component was evident by a reduction of steroidogenic factor-1 (SF1) expression (Fold-increase 

vs T0 ADR: 0.4±0.0, p<0.001 at day-5; 0.2±0.0, p<0.001 at day-10). Conversely, the expression levels of 

markers for chromaffin cells, tyrosine hydroxylase (TH) and chromogranin (CG), significantly increased (Fold-

increase vs T0 ADR: 1.9±0.1, p<0.001 & 5.5±0.3, p<0.001 at day-5; 1.7±0.0, p<0.001 & 3.2±0.2, p<0.001 at 

day-10). Mass spectrometry revealed the maintenance of the secretory activity of the cells of origin, as 

corticosteroids, androgens and catecholamines were measurable in ADRs. Spatial distribution of the two 



 
 
populations within the ADR was investigated by immunofluorescence confocal microscopy and revealed that 

H295R were located to the outside of the structure, while MTT cells were present in the centre.  

This innovative 3D model reflects the spatial complexity and cell functionality of the gland since both 

components are maintained within the ADR. Our findings may be relevant to extend the repertoire of 

preclinical models of endocrine tumours, useful for development and testing of novel drugs. 
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Endothelial lipase (LIPG) is a cell surface associated lipase that displays phospholipase A1 activity towards 

phosphatidylcholine present in high-density lipoproteins (HDL). Several studies have reported a role for LIPG 

in breast cancer supporting proliferation, tumorigenicity and metastasis as well as survival under oxidative 

stress. In human breast cancer, high LIPG expression was observed in a limited subset of tumours and was 

significantly associated with shorter metastasis-free survival in node-negative, untreated patients. We 

hypothesized that LIPG may support the metastatic process by enhancing cell attachment to the extracellular 

matrix. Our findings show that an overexpression of LIPG significantly accelerated the attachment process in 

MCF7 cells,whereas a downregulation of LIPG expression via siRNA knockdown led to significantly slower cell 

attachment. We will analyse whether LIPG knockdown will prevent metastasis and tumor formation in vivo 

in CD1nude mice. Furthermore we will investigate the contribution of LIPG-derived products, fatty acids and 

lysophosphatidylcholine, to this process. Changes in LIPG expression may be crucial to determine adverse 

tumor progression. 
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Cancer cells are intermingled within a microenvironment consisting of stromal cells, immune cells and a large 

assortment of extracellular matrix proteins. Bidirectional interactions between cancer cells and their 

microenvironment govern tumor growth and development. Among the stromal cells present in this 

microenvironment, adipocytes were reported to up-regulate cancer cells migration and invasion by providing 

fatty acids to tumor cells. Also, tumor cells were reported to alter adipocyte phenotype notably by increasing 

lipolysis. Here, we aimed at identifying key adipocyte genes involved in the crosstalk between tumor cells 

and adipocytes.  

Adipose triglyceride lipase (ATGL), CGI-58 (its activator) and G0S2 (one of its inhibitors) are key actors of the 

first and rate-limiting step of lipolysis. Among them, we observed that G0S2 is the most strongly repressed 

in adipocytes upon co-culture with cancer cells. During these experiments, we noticed an acidification of the 

culture medium which we demonstrated to be the main driver of cancer cells-induced lipolysis. We further 

established that slight acidification of culture medium to pH values similar to those encountered in tumors 

was sufficient to repress the expression of G0S2 in adipocytes, that this inhibition can be reversed by PPARɣ 

activators and that CEBPα is involved in this regulation (as revealed through chromatin immunoprecipitation 

assay). To better characterize the potential implication of G0S2 in cancer progression, we generated 

adipocytes expressing G0S2 in a doxycycline-dependent way. We observed that re-expression of G0S2 in 

adipocyte was sufficient to repress lipolysis, to decrease their capacity to stimulate tumor cell migration and 

to antagonize their pro-survival effect on cancer cells treated with the chemotherapeutic agent doxorubicin.  

In order to verify in vivo the relevance of our in vitro data, we decided to use MMTV-PyMT mice because 

they develop spontaneous tumors in the mammary glands, a tissue rich in adipocytes. PyMT mice 

overexpressing G0S2 specifically in adipose tissue (PyMT-aP2G0S2) were generated and compared to control 

PyMT mice for mammary tumor formation. While tumors developed similarly in both models, the incidence 

of lung metastases was significantly reduced in the PyMT-aP2G0S2 mice.  

Our results support a key role for G0S2 in the crosstalk between adipocytes and cancer cells, since the 

regulation of its expression in adipocytes is sufficient to modulate the phenotype of tumor cells, their 

resistance to chemotherapeutic agents and their capacity to form metastases in vivo.  

 

Supported by grants from the University of Liège to Deroanne C. and the Belgian F.R.S.-FNRS (Télévie, 

n°7.4595.19 et 7.6507.21) to Cremer J. 
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microRNAs (miRNAs) are often abnormally expressed in pathological conditions and affect cancer 

progression by targeting a variety of cell processes, including metabolism. The oncogenic miR-214 plays a key 

role in promoting melanoma and breast cancer progression, by downregulating the expression of direct 

targets, such as adhesion molecules and transcription factors, as well as by inhibiting miR-148b, an 

antimetastatic small non-coding RNA. miR-148b is often downregulated in cancer, including breast carcinoma 

and melanoma, where it blocks malignancy by impairing tumor cell dissemination. Since a complex interplay 

occurs between tumor progression and metabolic rewiring, we investigated the impact of miR-214 and miR-

148b on cell metabolism. We evidenced that glucose uptake, glycolysis and lactate production were 

upregulated in miR-214-overexpressing cells, as well as the activity of several glycolytic enzymes. Instead, 

miR-148b-overexpressing cells showed decreased glucose uptake, glycolysis lactate production and reduced 

activity and expression of some main players of glucose metabolism. Among them, glucose transporter 1 

(GLUT1), which is a predicted direct target of miR-148b, was found dimished at the protein level upon miR-

148b overexpression. Recent data also suggested the  intervention of miR-148b on glucose metabolism via 

the downmodulation of signalling pathways, such as PI3K/AKT and WNT/β-catenin pathways. Importantly, 

when we evaluated the impact of miR-214- and miR-148b-dependent glycolysis on metastatic traits of breast 

cancer and melanoma cells, we observed altered cell adhesion and cell motility suggesting a direct link with 

tumor dissemination. In addition to glycolitic alterations, we observed decreased oxidative phosphorylation 

in miR-214- and miR-148b-overexpressing cells, as indicated by decreased electron transport chain activity 

and mitochondrial ATP production. In line, we evidenced alterations in mitochondrial morphology and 

function. miR-214 could affect mitochondrial function by altering Mitofusin 2 expression, a proven direct 

target which mediates outer membrane fusion and contributes to the maintenance of the mitochondrial 

network. As for miR-148b-overexpressing cells, the impairment of mitochondrial function could depend on 

the downregulation of peroxisome proliferator-activated receptor-gamma coactivator-1alpha (PGC-1α), a 

master regulator of mitochondrial biogenesis and a predicted target of miR-148b, downregulated in  miR-

148b overexpressing cells. Altogether, these data suggest that miR-148b mediates a metabolic 

downregulation that contributes to the impairment of tumor cell dissemination. Instead, miR-214-

overexpressing cells show the well-known Warburg effect, which favours malignancy and supports tumor 

progression. 

Supported by AIRC 2017 (IG2017-20258DT).  
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Pancreatic cancer (PC) is one of the most lethal types of cancer, with a poor prognosis that has changed little 

over the past few decades. The oncogenic KRAS mutation is the major event in PC, which acts as a molecular 

switch to activate various intracellular signaling pathways, inducing cell proliferation and metabolic rewiring. 

Unfortunately, there is only one clinically approved KRAS inhibitor, which selectively target the KRASG12C 

mutation. Therefore, the identification of critical molecular mechanisms underlying the pathogenesis of PC 

is necessary to design alternative therapeutic approaches. We decided to focus our attention on MLK4, a 

poorly characterized serine/threonine kinase acting downstream of KRAS, which is known to contribute to 

tumorigenic processes in different cancer cell lines. 

Interestingly, immunohistochemical analysis of a cohort of PC patients revealed that MLK4 levels are reduced 

in about 20% of pancreatic ductal adenocarcinoma samples, in line with expression data from TCGA, and are 

associated with poor prognosis, suggesting a tissue-specific tumor suppressor role in PC. PC cell lines 

knocked-out for MLK4 showed reduced proliferation but increased invasive capability in vitro and in a 

zebrafish xenograft model. Metabolic and Seahorse analysis revealed defective mitochondrial respiration and 

increased glycolytic rates in KO cells, which are associated with fragmented mitochondria and increased 

levels of ROS. Moreover, impairment of the glycolytic flux drastically reduced cell viability of KO cells. 

Mechanistically, by confocal imaging and fractionation experiments we demonstrated for the first time the 

presence of MLK4 in mitochondria, where it regulates ERK signaling and contribute to maintain mitochondrial 

homeostasis. 

Taken together, our findings revealed an unexpected tumor suppressor role of MLK4 in PC. Loss of MLK4 

increases the aggressiveness of PC cell lines and results in metabolic rewiring. The analysis of the molecular 

pathways regulated by MLK4 could pave the way to the development of new therapeutic strategies in the 

treatment of PC. Moreover, given the metabolic addictions of PC cells, the in-depth characterization of the 

metabolic alterations will open new insights in the molecular mechanisms underlying the metabolic 

adaptation of PC cells. 



 
 
 

76 - MCT4-CD147 INTERPLAY REGULATES MIGRATION, INVASION AND MATRIX DEGRADATION IN MDA-MB-231 BREAST CANCER CELLS  

Signe Meng (1) - Ester Ellegaard Sørensen (2) - Muthulakshmi Ponniah (1) - Jeppe Thorlacius-Ussing (3) - Stine Falsig Pedersen (1) 

 

University of Copenhagen, Department of Biology, Section for Cell Biology and Physiology, Copenhagen, Denmark (1) - Aarhus University Hospital, 

Department of Molecular Medicine, Aarhus, Denmark (2) - Nordic Bioscience, Nordic Bioscience, Biomarkers and Research A/S, Herlev, Denmark (3) 

 

 mct4-cd147 interplay regulates migration, invasion and matrix degradation in mda-mb-231 breast cancer 

cells  

 

Meng, Signe1, Sørensen, Ester E.1,2, Ponniah, Muthulakshmi1, Thorlacius-Ussing, Jeppe3, Pedersen, Stine 

F.1 

1Section for Cell Biology and Physiology, Department of Biology, University of Copenhagen, Copenhagen, 

Denmark. 2Department of Molecular Medicine, Aarhus University Hospital, Aarhus, Denmark. 3 Nordic 

Bioscience, Biomarkers & Research A/S, Herlev, Denmark.  

 

Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer mortality among 

women, largely due to development of metastases at distant sites. Upregulation of the H+-lactate co-

transporter MCT4 (SLC16A3) and its chaperone, CD147, in breast cancer correlates with an adverse outcome 

for the patients. MCT4 and CD147 have been assigned roles in cancer cell migration and invasion, however, 

the mechanisms involved, and in particular the interdependence of the two proteins in this process, remain 

essentially unelucidated. 

The aim of this study was to test the hypothesis that MCT4 and CD147 favor breast cancer cell invasiveness 

through interdependent effects on extracellular matrix (ECM) degradation.  

Transient overexpression and siRNA-mediated knockdown (KD) were used to in- and decrease MCT4 and 

CD147 protein levels in invasive breast cancer cells (MDA-MB-231), respectively, and the changes in 

expression were confirmed by qPCR and Western blot. MCT4 KD by ~95 % decreased CD147 protein levels 

by ~65 %, whereas CD147 KD by ~75 % decreased MCT4 protein levels by ~90 %. MCT4 and CD147 colocalize 

intracellularly as well as at the plasma membrane in MDA-MB-231 cells, as assessed by immunocytochemistry 

and confocal microscopy. MCT4 overexpression, leading to a 4-fold increase in MCT4 protein level, increased 

plasma membrane localization of both MCT4 and CD147. Flow cytometry was used to confirm that the CD147 

protein level in the plasma membrane increased upon overexpression, and further increased when CD147 

was co-overexpressed with MCT4. Collectively, these results showed that MCT4 and CD147 protein 

expression and localization were highly interdependent in MDA-MB-231 cells. The effects of overexpression 

and KD, respectively, of MCT4 and CD147 on the ability of the cells to migrate, invade and degrade matrix 

were investigated using transwell migration/invasion assays, gelatin degradation assays (as a proxy for ECM 

degradation) and ELISA measurements of matrix metalloprotease (MMP)-mediated degradation of type I 

collagen. KD of MCT4 or CD147 decreased MDA-MB-231 cell migration, invasion and gelatin degradation, 

whereas overexpression of MCT4 and/or CD147 increased the invasion 4-fold. CD147 overexpression 



 
 
resulted in a 3-fold increase in the level of the MMP-mediated collagen I degradation product, C1M, in the 

culture medium of MDA-MB-231 cells grown on collagen I. Furthermore, the data indicated that co-

overexpression of MCT4 and CD147 had a synergistic effect on C1M levels. 

In conclusion, our results suggest that a close interplay between MCT4 and CD147 contributes to migration, 

invasion and matrix degradation in invasive breast cancer cells.  
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Drugs that modulate cellular metabolism such as metformin and 2-deoxy-D-glucose (2DG) have various 

mechanisms of anti-cancer action that are still under investigation. We have recently shown that their 

combination induces triple negative breast cancer (TNBC) cell detachment and survival in anchorage-

independent conditions. The process is reversible and in cell in treatment free media resumed their normal 

proliferation rate. To explore which mechanisms support this phenomenon and also to further understand 

metformin action we have performed LC/MS metabolic profiling of the attached cells and of the detached 

MDA-MB-231 cells population.  

Metformin alone treated cells had higher fatty and amino acid levels with lower purine nucleotide levels, 

which relevant for understanding the anticancer mechanisms of metformin. Surprisingly, the metabolic 

profile of the detached cells was closer to the untreated control than attached treated cells, suggesting 

detachment might help cells adapt to energy and ER stress. Detached cells had higher NADPH levels and 

lower fatty acids and glutamine levels compared to the attached cells, in agreement with the AMP-

independent AMPK activation and reductive carboxylation in supporting anchorage-independent survival. As 

mitochondria play crucial role during anchorage independent growth we specifically studied the effects on 

mitochondria. We found that metformin-2DG treatment increased mitochondrial mass and size of 



 
 
mitochondria in MDA-MB-231 cells but not the number of mitochondria. No significant alteration in 

mitochondrial biogenesis was observed in metformin-2DG or 2DG detached MDA-MB-231 cells. Glucose 

starvation had in general only small effects on mitochondria. Altogether, we show that the combined 

metformin-2DG treatments leads to ER stress and unfolded protein response, which can led to mitochondrial 

biogenesis under conditions where enough ATP is available. The results suggest that mitochondrial 

biogenesis and other metabolic alterations provide additional adaptation to ER and energy stress and 

promotes survival in the anchorage-independent growth conditions.  

 

 

 

Metabolic alterations in TNBC cells in response to metformin and 2DG treatment. Metabolomics was 

performed by LC-MS, ATP rate by Seahorse analyzer, protein N-glycosylation and mitochondrial mass by flow 

and HSPA5 mRNA by qt-rtPCR, mitochondrial number and size by TEM. *p<0.05, **p<0.01, ***p<0.001, 

****p<0.0001 as determined by ANOVA. 
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Despite promising results in some cancers, the benefits of metformin in breast cancer are still unclear. One 

possible reason is the acquired resistance of breast cancer cells to metformin due to metabolic plasticity and 

adaptive responses such as mitochondrial biogenesis. To overcome this, the combination with glycolysis 

inhibitor 2-deoxy-D-glucose (2DG) was suggested. However, this combination induced detachment of viable 

breast cancer cells retaining their proliferation capacity in vitro. We therefore explored the metabolic 

adaptations to metformin and 2DG treatment and the role of detachment in MDA-MB-231 triple-negative 

breast cancer (TNBC) cells. 

 Metformin-treated cells completely compensated suppressed oxidative phosphorylation with glycolysis and 

total ATP production was only partially reduced by high 2DG or metformin+low2DG that induced 

detachment. LC/MS metabolomics showed metformin profoundly changed the metabolic profile, increasing 

fatty and amino acid levels while lowering purine nucleotide levels. High 2DG and metformin+low2DG 

induced similar but less pronounced changes in attached cells. Detached cells had higher ATP production, 

lower fatty acid and glutamine levels, indicating the involvement of AMP-independent AMPK activation and 

reductive carboxylation. Surprisingly, their metabolic profile was closer to untreated control than attached 

treated cells, suggesting detachment might help cells adapt to energy stress.  

Metformin+low2DG and high 2DG also increased mitochondrial mass in TNBC cells by increasing the size but 

not number of morphologically normal mitochondria. This was driven by the induction of mitochondrial 

biogenesis rather than suppressed mitophagy. 2DG induced the ER stress and unfolded protein response by 



 
 
inhibiting protein N-glycosylation, and concurrent metformin treatment potentiated this effect. Together 

with adequate energy stress and AMPK activation, this was likely the trigger of mitochondrial enlargement. 

Mitochondrial biogenesis is associated with both metformin resistance and anchorage-independent growth, 

so together with detachment might promote TNBC cell survival and metastasis formation in response to 

energy and ER stress. 

 

TNBC cell response to metformin and 2DG. ATP production was determined by Seahorse analyzer, protein N-

glycosylation and mitochondrial mass by flow cytometry (concanavalin A and nonyl-acridine orange) and 

XBP1S mRNA by qt-rtPCR. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 as determined by ANOVA. 
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Metastatic breast cancer cells disseminate to organs with a soft microenvironment. Whether and how the 

mechanical properties of the local tissue influence their response to treatment remains unclear. Here we 

found that a soft extracellular matrix empowers redox homeostasis. Cells cultured on a soft extracellular 

matrix display increased peri-mitochondrial F-actin, promoted by Spire1C and Arp2/3 nucleation factors, and 

increased DRP1- and MIEF1/2-dependenmitochondrial fission. Changes in mitochondrial dynamics lead to 

increased production of mitochondrial reactive oxygen species and activate the NRF2 antioxidant 

transcriptional response, including increased cystine uptake and glutathione metabolism. This retrograde 

response endows cells with resistance to oxidative stress and reactive oxygen species-dependent 

chemotherapy drugs. This is relevant in a mouse model of metastatic breast cancer cells dormant in the lung 

soft tissue, where inhibition of DRP1 and NRF2 restored cisplatin sensitivity and prevented disseminated 

cancer-cell awakening. We propose that targeting this mitochondrial dynamics and redox-based 

mechanotransduction pathway could open avenues to prevent metastatic relapse.  
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Pancreatic ductal adenocarcinoma (PDAC) is a lethal disease with elevated mortality due to its late diagnosis, 

early metastastic development and impaired response to chemotherapy. Due to its extremely invasive 

phenotype and dense, hypoxic, and acidic tumor microenvironment, PDAC is one of the most chemoresistant 

cancers. Dissemination of cancer cells and their spread to distant sites is a multistep process that 

characterizes the deadliest aspect of cancer. Gemcitabine is an FDA approved drug utilized as first-line 

therapy in PDAC and is a nucleoside analogue which replaces triphosphate cytidine during DNA replication 

to arrest tumor growth. Nevertheless, gemcitabine is rapidly deaminated to its inactive metabolite, exported 

to the extracellular compartment and excreted in the urine. Several gemcitabine prodrugs have emerged to 

improve its metabolic stability and cytotoxicity. Here we analyzed how the tumor microenvironment can 

modulate the effect of both gemcitabine and its C18 prodrug as therapy for PDAC. 

PANC-1 and MIA PaCa-2 cells were adapted to pH 6.6 or not for 1 month and cultured in a 3D organotypic 

cell culture model composed of Matrigel and Collagen I. The cells were exposed to 50 µM gemcitabine or 

gemcitabine-C18 in the presence and absence of acidosis and/or 100 or 200 µM deferoxamine, a chemical 

hypoxia inducer. Cell growth, apoptosis, autophagy and extracellular matrix proteolytic activity were 

evaluated and quantified.    



 
 
pH-adapted cells exhibited lower sensitivity to chemotherapy compared with the non-adapted PDAC cells. 

Moreover, it is believed that autophagy may play a role contributing as a self-defense mechanism and 

conferring protection. C18 is a more effective treatment compared with gemcitabine against both adapted 

and non-adapted PDAC cell lines. Regarding proteolysis data, while exposure to low extracellular pH (6.7) 

increased invadopodia activity only in the acidic pH-adapted cells, hypoxia increased invadopodia activity in 

both cell lines. Furthermore, in pH-adapted cells hypoxia and acidosis together increased invadopodia activity 

synergistically. Importantly, C18 was much more effective than gemcitabine in reducing invadopodia activity 

and, consequently, the digestion of extracellular matrix in low pHe, hypoxic and also under the joint, 

synergistic hypoxia and acidosis condition.  

By targeting both the biological events of primary tumor and the early steps of metastasis, C-18 might be a 

very promising drug candidate for future PDAC therapy. 
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Pancreatic ductal adenocarcinoma (PDAC) is a disease characterized by an extremely high mortality, mainly 

due to typically late diagnosis and the lack of biomarkers and actionable targets to hit its onset and 

progression. Most of PDAC patients harbor activating mutations in the KRAS and p53 genes, which are major 

drivers of the disease. We previously showed that mutant KRAS promotes augmented levels of both acetyl-

CoA and histone acetylation in pre-malignant pancreatic cells, in a way that is critical to promote the 

development of pancreatic cancer. The work here presented stems from these observations and is aimed to 

elucidate the dynamic crosstalk between mitochondria-derived metabolites and the epigenome in pancreatic 

carcinogenesis. On one side, we will show that rewired cellular metabolism dictates citrate cataplerosis for 

conversion into acetyl-CoA, the universal acetyl donor. Indeed, modulating either mitochondrial metabolism 

or citrate levels impacts the histone acetylation profile. On the other side, we will show that targeting the 

architecture of the mitochondrial network also impacts acetyl-CoA-dependent processes. Together, our work 

indicates that remodeling of the mitochondria is an early event in pancreatic carcinogenesis that dictates 

susceptibility to transformation. Expanding this framework, we are examining the possibility that pancreatic 

inflammatory events may promote the formation of a metabolic and epigenetic memory, leading to an 

increased risk of developing pancreatic cancer. 
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PDA (Pancreatic Ductal Adenocarcinoma) is one of the most lethal forms of cancer, often characterized by 

late manifestation of the symptoms. In this context, a better understanding of the mechanisms responsible 

for its initiation and progression could enable early diagnosis and improve prognosis. We focus on metabolic 

and epigenetic alterations preceding tumor formation. We aim to assess if oncogenic KRAS, present in more 

than 90% of PDA patients, could alter mitochondrial function and morphology, ultimately impacting 

pancreatic carcinogenesis. The expression of mutant KRAS in pancreatic acinar cells significantly fosters basal 

mitochondrial respiration. Moreover, pancreata expressing oncogenic KRAS display minimal increase of 

mitochondrial fragmentation and significant increase of mitochondrial cristae density. We hypothesize that 

these alterations in mitochondrial morphology and function are linked with a pro-oncogenic epigenetic 

reshaping, because of fluctuations of metabolites levels. Indeed, overexpression of OPA1, a pivotal regulator 

of mitochondrial ultrastructure, is upregulated in mutant-KRAS-expressing cells and enhances both histone 

acetylation and proliferation in normal pancreatic acinar cells. OPA1 drives metabolite changes that will be 

discussed. In vitro, acinar cell plasticity is impaired by OPA1 modulation, suggesting that alterations in 

mitochondrial cristae organization could impact the early events of the tumorigenic process. In accord, 

transgenic mice expressing both mutant KRAS in the pancreatic epithelium and elevated OPA1 levels 

(KC;Opa1TG), exhibit increased histone acetylation in pre-malignant pancreata, and accelerated PDA 

progression.  
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Germinal centers (GCs) are transient histological structures that form within secondary lymphoid organs 

upon antigen challenge. Within GCs, B cells proliferate and improve their BCR affinity through iterative 

rounds of somatic hypermutation of their immunoglobulin gene loci. During GC reaction, chromatin 

accessibility is dynamically modulated to allow the transient expression of GC master transcription factors 

BCL6 and AID. Importantly, most B cell lymphomas, including the highly aggressive and prevalent Diffuse 

Large B Cell Lymphoma (DLBCL) originate from GC B cells, which feature phenotypic hallmarks of cancer: 

sustained proliferation; genomic instability; extensive remodeling of their metabolism and epigenome. 

Despite of a widely recognized epigenetic basis of DLBCL, much less is known about the crosstalk between 

metabolism and epigenetics in its pathogenesis. 

We posit to define whether and how metabolic rewiring of GC B cells affects epigenetic reprogramming in 

GCs and DLBCL, with a special focus on acetyl-CoA, a pivotal metabolite that also serve as the universal acetyl 

donor.   

We mimicked GC reaction by in vitro B cell stimulation and observed an increase in global histone acetylation, 

together with phosphorylation of the acetyl-CoA-producing enzyme, ACLY. By chromatin 

immunoprecipitation (ChIP), we also assessed the acetylation pattern of Bcl6 and Aicda regulatory regions 

on stimulated B cells. This data suggest that ACLY contributes to GC phenotype by supporting histone 

acetylation. In line, immunostaining of GCs in mice showed elevated histone acetylation and ACLY 

phosphorylation compared to non-GC follicular cells. 



 
 
We took advantage of publicly avaible RNA-Seq and ChIP-Seq to identify epigenetically regulated genes which 

are overexpressed in DLBCL compared to non-GC lymphoma cell lines. We found sustained H3K27 acetylation 

at promoters of genes that control cell proliferation and cell cycle progression. Our ultimate goal is to identify 

metabolic cues that synergize with epigenetic mechanisms to promote B cell specification and/or DLBCL 

tumorigenesis through histone hyperacetylation. In this respect, we are currently interrogating the impact of 

different types of fatty acids on DLBCL cell proliferation and survival. 
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Diffuse large B-cell lymphoma (DLBCL) arises from lymph node Germinal Center (GC), where neoplastic B cells 

undergo profound transcriptional changes caused by dysregulated epigenetic modifiers and chromatin 

remodeling factors. Repression of differentiation and cell cycle checkpoint genes favors proliferation of GC B 

cells leading to lymphomagenesis. This process requires H3K27me3 histone trimethylation by the EZH2 

methyltransferase, a hallmark of DLBCL. Opposing reactions are catalyzed by histone lysine demethylases, 

among which Jumonji C histone demethylases (JHDMs) are allosterically regulated by TCA cycle 

intermediates, with -ketoglutarate acting as an inducer and fumarate and succinate as inhibitors. To date, 

the molecular determinants that tune the crosstalk between metabolic and epigenetic changes remain poorly 

elucidated. Our group found that the chaperone TRAP1 is a key component of the mitochondrial metabolic 

machinery, and its activity enhances tumor progression. We have shown that TRAP1 prompts a proneoplastic 

succinate accumulation in diverse cancer cells by inhibiting succinate dehydrogenase (SDH), but no TRAP1-

dependent epigenetic change has ever been reported. We have observed that genetic or pharmacological 

TRAP1 suppression, the latter achieved by using selective TRAP1 allosteric inhibitor, upregulate SDH activity 

in a panel of DLBCL cells, suggesting that TRAP1 prompts an increase in succinate levels, in line with 

observations in other tumor models. We have also found that TRAP1 inhibition leads to a dramatic decrease 

of H3K27me3 levels, supporting the possibility of a link between TRAP1 bioenergetic effects and the 

epigenetic status of DLBCL cells. Treatment with succinate or SDH inhibition with 3-nitropropionic acid 

maintain a high H3K27me3 level in TRAP1 knock-out DLBCL cells, indicating the existence of a connection 

between TRAP1-dependent SDH inhibition and histone methylation status, possibly mediated by succinate-

dependent regulation of JHDM activity. We have evaluated the levels of EZH2 target genes involved in B cells 

differentiation and cell cycle repression, finding that the absence of TRAP1 restores expression of BLIMP1, 

CDKN2A CDKN1A and IRF4, both at mRNA and protein level. These observations strengthen the hypothesis 

that a TRAP1-dependent epigenetic modulation is involved in DLBCL lymphomagenesis, by acting as a 

connector of their metabolic and epigenetic changes. By performing an Oncomine survey, we have found a 



 
 
significant TRAP1 induction in DLBCL patients’ samples compared to non-neoplastic control. In parallel, 

immunohistochemical analyses have documented a TRAP1 positivity consistent with its mitochondrial 

localization in all tested DLBCL samples, whereas non-neoplastic counterpart was negative. Altogether these 

data represent the starting point in the definition of novel clinical and prognostic indicators, paving the way 

for improving the therapeutic armamentarium against DLBCL. 

 

Supported by Fondazione Città della Speranza (21/03). 

 

 

  



 
 
72 - Subcellular acyl-coenzymeA analysis reveals distinct nuclear metabolism  

Sophie Trefely (1) - Kathryn E Wellen (2) - Nathaniel W Snyder (3) 

 

Babraham Institute, Epigentics & Signalling Programmes, Cambridge, United Kingdom (1) - Perelman School of Medicine, University of Pennsylvania, 

Philadelphia, United States (2) - Lewis Katz School of Medicine, Temple University, PHiladelphia, United States (3) 

 

Subcellular acyl-coenzymea analysis reveals distinct nuclear metabolism 

 

Trefely S1, Wellen KE,2 Snyder NW.3  

 

1Babraham Institute, Epigenetics & Signalling Programmes, Cambridge, UK. 2Perelman School of Medicine, 

Department of Cancer Biology, University of Pennsylvania, Philadelphia, USA, 3Lewis Katz School of Medicine, 

Center for Metabolic Disease Research, Temple University, Philadelphia, USA  

 

Metabolites can act as signaling molecules in cancer. Subcellular metabolomic measurements can provide 

crucial insights into the roles of metabolites in cellular processes and nutrient-sensing mechanisms but are 

subject to multiple confounding factors. In particular, rigorous mass-spectrometry-based methodologies for 

the determination of nuclear metabolite pools are needed to advance the mechanistic understanding of the 

links between metabolism and chromatin modification.  

Acyl-coenzyme A thioesters (acyl-CoAs) are a family of metabolites involved in diverse metabolic pathways. 

A variety of short chain acyl-CoAs also serve as substrates for histone lysine acylation marks, which are 

nutrient sensitive and affect gene expression. However, acyl-CoA metabolism is highly compartmentalised 

within cells and many acyl-CoA species are annotated to pathways within the mitochondria. Thus, the 

mechanisms controlling availability of many acyl-CoA species in the nucleus, and their subsequent effect on 

chromatin modification, are poorly understood. 

We developed Stable Isotope Labeling of Essential nutrients in cell Culture – Subcellular Fractionation (SILEC-

SF), which uses isotope-labeled internal standard controls that are present throughout fractionation and 

processing to quantify acyl-coenzyme A (acyl-CoA) thioesters in subcellular compartments by liquid 

chromatography-mass spectrometry. This approach builds on the SILEC approach using 15N1 13C3-vitamin 

B5 to generate cell lines highly enriched for 15N1 13C3-labeled acyl-CoAs. SILEC-SF applies SILEC-labeled cells 

as rigorous internal standard controls, which are introduced prior to fractionation. Thus, in addition to 

correcting for a range of factors in analysis by liquid chromatography-MS (LC-MS) including variability in 

processing, analyte loss, extraction inefficiency, and ion suppression, SILEC-SF can also account for metabolic 

disruptions and sample losses during the fractionation process. 

We tested SILEC-SF in a range of sample types and examined the compartmentalised responses to oxygen 

tension, cellular differentiation, and nutrient availability. Application of SILEC-SF to the nuclear compartment 

revealed a nuclear acyl-CoA profile distinct from that of the cytosol, with notable nuclear enrichment of 

propionyl-CoA. Using stable isotope tracing, we identified the branched chain amino acid (BCAA) isoleucine 



 
 
as a major metabolic source of nuclear propionyl-CoA and of histone propionylation, a mark linked to active 

gene expression, at specific histone lysine residues. Thus, SILEC-SF reveals distinct nuclear metabolic 

regulation and a new mechanism of crosstalk between metabolism and the epigenome with wide-ranging 

implications including for the role of BCAAs in cancer. 
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Acute myeloid leukemia (AML) is a collection of genetically heterogeneous hematopoietic stem cell 

malignancies characterized by the aberrant expansion of myeloid progenitors that are unable to differentiate 

into mature myeloid cells. Compared to all other cancers, AML has one of the lowest overall 5-year survival 

rates, at approximately 25%. These unsatisfactory outcomes are largely due to the ineffectiveness and 

toxicities of existing therapies. This is evident in the fact that one third of AML patients do not respond to 

first line therapy treatment, and an overwhelming majority develop chemoresistance to chemotherapy 

regimens. While the immediate need for more effective AML therapies is clear, developing such novel 

therapies relies on first identifying targetable pathways that support AML pathogenesis.  

 

The expression of activating transcription factor 4 (ATF4) is significantly elevated in numerous genetic 

subtypes of AML compared to healthy hematopoietic stem and progenitor cells. This suggests that ATF4 is 

broadly deregulated in AML and interventions targeting this pathway may be broadly applicable. 

Additionally, we have shown that ATF4 is required for AML survival in vitro and in vivo, and ATF4 inhibition 

promotes AML cell cycle arrest, differentiation, and death. To identify downstream gene targets of ATF4 in 

AML, RNA-sequencing analysis was conducted in human leukemic cells expressing control or shRNAs 

targeting ATF4. A gene expression enrichment analysis of genes that were specifically downregulated by ATF4 

inhibition revealed genes associated with amino acid metabolism, which were confirmed by qPCR. 

mailto:jmh@temple.edu


 
 
Additionally, chromatin immunoprecipitation (ChIP) assays showed that ATF4 localized to the promoters of 

many of these genes, suggesting that they are direct transcriptional targets. Furthermore, metabolic analyses 

were also conducted in these cells to further investigate how ATF4 regulates these pathways. A pathway 

enrichment analysis of total steady-state polar metabolites indicated that ATF4 inhibition reduces 

metabolites involved in the synthesis and catabolism of several amino acids, as well as disrupts de novo 

synthesis of nucleotides. Lastly, various amino acids were depleted from cell culture media with and without 

ATF4 inhibition to assess the therapeutic potential of targeting the ATF4 pathway, which showed that the 

depletion of amino acids, specifically serine and glycine, from growth media suppressed AML cell growth, 

which was further attenuated by the inhibition of ATF4.  

 

Metabolic reprogramming is a common feature of many human cancers, including AML. From these data it 

is apparent that ATF4 acts as an upstream regulator to promote metabolic reprogramming in AML, 

specifically in amino acid metabolism, and could be a potential broadly applicable therapeutic target. 
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Oncometabolites are of the utmost importance to our understanding of tumor initiation, progression and 

resistance to therapy. Methylglyoxal (MG), a reactive dicarbonyl spontaneously formed in glycolytic cancer 

cells, unexpectedly enhanced their metastatic potential. Using genome-wide DNA methylation analysis, we 

report that MG stress results in DNA hypermethylation in triple negative breast cancer (TNBC) cells. Breast 

cancer cells under MG stress showed elevated expression of DNMT3B methyltransferase and significant loss 

of tumor suppressor genes, as assessed using integrated analysis of methylome and transcriptome data. Both 

DNA demethylating agent and MG scavengers triggered the re-expression of representative silenced genes. 

Importantly, we delineated an epigenomic MG signature that effectively stratifies TNBC patients based on 

survival. This study emphasizes the importance of MG oncometabolite, occurring downstream of the 

Warburg effect, as a novel epigenetic regulator and proposes MG scavengers to reverse altered patterns of 

gene expression associated with the pro-cancer effects of MG stress. 
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Tumors arise as a result of uncontrolled cell proliferation driven by mutations in the signaling pathways that 

regulate the balance between cell division and differentiation. Despite of that, in the tumor, cancer stem 

cells seem to retain their capability to differentiate, which can lead to differential chemotherapy response. 

We previously showed that intestinal stem cells and differentiated cells display specific metabolic features 

and that they interact through metabolites1. Moreover, we found that altering mitochondrial metabolism is 

sufficient to lead and define stem cell differentiation2. In cancer, cellular metabolism is highly derailed. 

However, how metabolic changes in the cancer cell contribute to cell fate decisions remains unknown. 

Recently, the crosstalk between metabolism and epigenetics has emerged as one of the players in tumor 

development. Here we aim to address the impact of the altered metabolism of cancer cells on their 

epigenome as a regulatory axis of cell identity and fate. We use human-derived tumor organoids where we 

introduce genetic encoded fluorescent-based reporters to visualize cell identity and metabolism at single cell 

level. We combine 4D live imaging with a recently developed machine learning method3 to re-construct cell-

lineages, trace stem cell state and metabolic changes during tumor organoid development. Next to that, we 

analyze epigenetic changes at the single cell level by scChiCseq to determine the specific genome regions 

sensitive to metabolic changes. We find that, mimicking the tumor metabolic microenvironment (Warburg 

effect-driven low-glucose high-lactate) leads to changes cellular metabolism and histone 

acetylation. Strikingly, these alterations provoke profound changes in tumor development by increasing the 

population of cancer stem cells and their proliferation and differentiation dynamics.  

Rodriguez Colman et al. 2017. Nature.  Doi: 10.1038/nature21673 
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