LOSS OF GLUTAREDOXIN-2 CONTRIBUTES TO TUMOR ONCOCYTIC TRANSFORMATION VIA DIFFERENTIAL
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Introduction

A family affected by autosomal dominant Hyperparathyroidism-jaw tumor syndrome (HPT-JT), carrying a unique large deletion of tumor suppressor CDC73, showed an unusual predisposition
to develop oncocytic tumors of the parathyroid characterized by the accumulation of somatic mtDNA mutations. Hallmarks of oncocytomas, the latter hamper mitochondrial function leading
to the acquisition of an indolent clinical behavior. We hypothesize that the CDC73 deletion might be causative of the oncocytic phenotype occurrence in the tumors of these patients.

Aim&Results Pathogenic mutations load correlates with phenotype severity in HPT-JT family
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Prioritization criteria: HmtVar Prediction for pathogenic variants: disease score 2 0.43, allele frequency < 0.003264. synthesis

*The m.14387A>G was detected only within the thyroid infiltration of the parathyroid carcinoma, but not in the parathyroid.

MtDNA sequencing and immunohistochemistry analysis confirmed the acquisition of an oncocytic phenotype in HPT-JT patients. ChiP-seq, CRISPR interference (CRISPRi) and gRT-PCR analysis
were used to reveal a candidate gene for the triggering of oncocytic transformation. The deletion inherited by HPT-JT patients spans a region with putative regulatory elements of GLRX2, a
mitochondrial enzyme that catalyzes the interplay between the glutathione (GSH) pool and protein thiols in response to altered redox states. Loss of GLRX2 might be causative for a
dysfunctional mitochondrial redox system, which may set the environment for the onset and accumulation of mtDNA mutations in the patients’ tumors. To investigate the effects of GLRX2 loss
on tumor phenotype we generated TPC16'*2/- and HCT116°*%2/-

ChIP- H3K27Ac and CRISPR interference analyses confirmed the presence of GLRX2 active regulatory regions | GLRX2 mRNA expression is reduced in PBLs, LCLs and fibroblasts
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presence of active regulatory regions in HPT-JT fibroblasts®®“>*/* and in HCT116 colorectal cancer line (N=3). CRISPRi was | S-glutathionylated proteome is altered in GLRX2-/-
used to repress the transcription of region 1 (Regl) and 2 (Reg2) . The reduction of GLRX2 expression observed in HCT116
confirmed that the regulatory elements near CDC73 deletion induce GLRX2 expression. Basal conditions Treatment with H202
GLRX2-/- cell lines shows reduced growth and a slowdown in proteome S-glutathionylation under H,0, treatment | 3 l .
. | e
_ T 2TIL. TPCI-CRISPRGLRX2 TPC1 TPC1 Yoo . e .
£ S oW ot smin tomin 20min 30min _ 20 - GLRX4+ - s < ey L
E o oem L PO g 8 GLRX2- g Aot ‘ e
8 4 5 1 0006 % ke, | T s
5 o 2 . 7 3 ‘ : " \ e
2 ) zod 8 : : : — h__
8 ¢ 2 4
¢ o & =z » Ly
N o % 05 3 o
& " E T T T T
....---""'“. 0.0 -«
ur 5 1020 %0 Difference TPC16R2/-- TPC1GRR:/+ Difference TPC1G0/-- TPC1GR+/+

. H202 exposure (min)
Time (nours)

Identification and quantification of S-glutathionylated proteins in TPC1 (GLRX2+/+
and GLRX2-/-) cell lines, through liquid chromatography-mass spectrometry.
Volcano plots show a significant enrichment of glutathionylated proteins in
TPC16"%%2/- in basal conditions, while following H202 treatment TPC1GLRX2+/+
resulted in more glutathionylated proteins.

These results confirmed a basal alteration of the antioxidant system and revealed a reduced ability to protect the proteome under oxidative stress in these models. Loss of GLRX2 in tumors
may lead to a dysfunctional detoxification system that, by altering mitochondrial protein S-glutathionylation, may favor oncocytic transformation. Moreover, Cl-driven ATP synthesis is

significantly reduced in GLRX2-/- in basal conditions and is further compromised following treatment with H,0,, suggesting a greater impairment of the mitochondrial respiration under
oxidative stress.

Complex I-driven ATP synthesis is impaired in GLRX2-/- |

TPC16LRX2/,, TPC16LRX2#/+ proliferation was monitored by analyzing the % of confluence over time with IncuCyte® live imaging
system. Western blot showed an impaired capacity to restore basal levels of total protein glutathionylation (P-SSG) over time in
GLRX2-/- after treatment with H202. Data are normalized on total proteins; densitometric analysis of n=3 experiments is shown.
Unpaired T-test was used for statistical analysis. Comparable results were obtained with HCT1166:%%2/- (data not shown).

lysfunctional mitochondria

HCT116%482%*  and  HCT116°%%/  cells  were
subcutaneously injected in athymic nude mice. The H&E
staining on the obtained tumors showed the presence of
necrosis in GLRX2+/+ xenografts, while no such evidence
was present in GLRX2-/- masses, suggesting a less
aggressive phenotype of the knockout. In GLRX2+/+
tumors, mitochondria appear normal, elongated and
electron-dense (light blue arrows). GLRX2-/- xenografts
presented less electron dense, rounded, enlarged,
mitochondria with deranged cristae, thus recapitulating
oncocytoma features (yellow arrows).

Our findings shed light on the role of GLRX2 in mitochondrial response to oxida stress in a tumorigenic context and offer new perspectives on the possible

mechanisms which may confer a more indolent phenotype.

Complex I-driven ATP synthesis rate
measured in TPC1 cell line GLRX2+/+ and
GLRX2-/- untreated (UT) and after
treatment with H202 for 5 and 30
minutes. Data are normalized on citrate
synthase activity (CS). Mean values of the
treated and the UT GLRX27 cells were
referred to those of UT GLRX2**, set to
100%. Unpaired T-test was used for
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