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Abstract

Recent findings demonstrated that a subset of lpapihyroid cancers (PTCs) is characterized by
reduced expression of the von Hippel-Lind&H{) tumor suppressor gene, and that lowest levels
associated with more aggressive PTCs. In the predady, the levels of the two VHL mRNA
splicing variants, VHL-213 (V1) and VHL-172 (V2),ere measured in a series of 96 PTC and
corresponding normal matched tissues by meansaiftigative RT-PCR. Variations in the mRNA
levels were correlated with patients’ clinicopatigital parameters and disease-free interval (DFI).
The analysis of VHL mRNA in tumor tissues, compam@dormal matched tissues, revealed that its
expression was either up- or down-regulated inrtfagority of PTC. In particular, V1 and V2
MRNA levels were altered, respectively, in 78 (84)3and 65 (67.7%) out of the 96 PTCs
analyzed. A significant positive correlation betwethe two mRNA variants was observed
(p<0.001). Univariate analysis documented the latkassociation between each variant and
clinicopathological parameters such as age, tuniog, shistology, TNM stage, lymph node
metastases, and BRAF mutational status. Howeveroag correlation was found between altered
V1 or V2 mRNA levels and DFI. Multivariate regressi analysis indicated higher V1 mRNA
values, along with lymph node metastases at diagnas independent prognostic factors predicting
DFI. In conclusion, the data reported demonstras\f{HL gene expression is deregulated in the
majority of PTC tissues. Of particular interesttie apparent protective role exerted by VHL

transcripts against PTC recurrences.
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Introduction

The von Hippel-Lindau(HL) gene, located on chromosome 3p25-p26, consistseabns
(Latif et al. 1993). Two different VHL mRNAs are mgrated because of differential splicing: the
variant 1 (V1), including all three exons, and tagiant 2 (V2), lacking exon 2 (lliopolus et. 1998;
Gnarra et al. 1994; Richards et al. 1996). FromthenRNA, two VHL protein (pVHL) isoforms
are synthesized due to alternate initiation sitegamslation; the pVHgs3 of about 30 kDa and
containing 213 amino acids, and the p\Vkh- of about 19 kDa and containing 160 amino acids
(Schoenfeld et al. 1998). The V2 mRNA variant ermsod protein of 172 amino acids lacking an
amino-terminal pentameric acid repeédpmain), with a predicted molecular weight of abb
kDa (pVHL;72) (Chesnel et al. 2015).

The VHL gene is widely expressed in human tissues andaacts tumor suppressor gene
(Los et al. 1996). Loss-of-function mutations cauke so-called VHL disease, an autosomal
dominant disorder characterized by retinal angiooegbellar and spinal hemangioblastomas,
clear-cell renal cell carcinoma (ccRCC), pheochroytmma and pancreatic neuroendocrine tumor
(Maher et al. 2011). Besides, a number of sporadiecers, including ccRCC, are strongly
associated withVHL reduced expression and/or loss-of-function mutgtiGnarra et al. 1994;
Cassol and Mete, 2015). The best characterized p¥iction is ubiquitination followed by
proteasome degradation of target proteins (RobiasonOhh, 2014). In particular, the pVHL forms
a multiprotein complex with elongins B and C, aulft and Rbx-1, which functions asuhiquitin-
ligating enzyme (E3 ligase). Within the complex pVId responsible for recognition of substrates,
among which the members of the hypoxia-inducibtgdiaa (HIFa) family (Robinson and Ohh,
2014). In complex with HIB, HIFa act as transcription factors enhancing the exprassf a
variety of genes involved in the adaptive respaonskypoxic condition and tumor progression as
well, such as genes that promote neoangiogenegisv@scular endothelial growth factor, VEGF),
energy metabolism (e.g. glucose transporter 1, GL)U@&rythropoiesis (e.g. erythropoietin, EPO),
and cell survival (e.g. transforming growth factgr-TGF-a) (Robinson and Ohh, 2014,
Balamurugan, 2016). In addition, VHL has been shdwraffect several hypoxia-independent
cellular functions, including extracellular matriermation, spindle microtubule stability, cilia
formation, epithelial-to-mesenchymal (EMT) trarmitj cell proliferation, apoptosis and DNA
damage response (Robinson and Ohh, 2014).
The pVHL region interacting with the elongins andl-2, named BC box, is coded by the third
exon, thus all pVHL isoforms are able to form thg lgase complex (UniProtKB — P40337).

However, the binding with HiéF occurs via thef-domain, which is missing in the pVhi



(Bonicalzi et al. 2001). Such domain is also esakfdr VHL interaction with the chaperonin-
containing t-complex polypeptide 1 (CCT), a cytosaholecular chaperone that assists in the
folding of actin, tubulin and other cytosolic primig Even if the physiological role of pVhi;
remains to be elucidated, it might be supposed tthiatisoform behaves, at least partially, as a
VHL 13 antagonist, and possibly is endowed with new fonst

Some reports suggested that pVHL could play a atde in the progression of epithelial thyroid
cancer (TC) (The Cancer Genome Atlas Research Met2614; Stanojevic et al. 2015; Hinze et
al. 2000; Hunt et al. 2003). The latter represdhis most common endocrine malignancy
accounting for roughly 1% of all human cancers, @mdécidence has been increasing over the last
decades mainly due to the improved ability to desgnmalignant transformation in small non-
palpable thyroid nodules (Jemal et al. 2009; Daaed Welch, 2006; Kinder, 2003; Patel and
Shaha, 2006; Pasieka, 2003). More than 90% of BQddferentiated thyroid carcinomas (DTC),
70-80% of which are represented by the papillaflyQJ and the remaining by the follicular (FTC)
histotype (Nikiforov et al. 2009). Although derivédm the same cell type, the DTC show specific
histological features, biological behavior and @egof differentiation because of different genetic
alterations (The Cancer Genome Atlas Research Nep®014; Nikiforov et al. 2009). Among the
somatic activating mutations, those of genes iewlin the mitogen activated protein kinase
(MAPK) signaling pathway, e.g. Ras, BRAF and RETZPearrangements, are held responsible
for the majority of PTC (The Cancer Genome Atlasddch Network, 2014; Nikiforov et al.
2009). Treatment of patients includes total thyroidectoimljowed, if necessary, b¥*Yi therapy.
The prognosis is generally favorable, with a 10rsavival rate of approximately 90%.
Nevertheless, nearby 20% of patients have diseasgrences and tumor-related deaths (Eustatia-
Rutten et al. 2006). The stratification and prognad patients depends on clinicopathological
variables such as age, tumor size, histology, lymqdal or distant metastases (Eustatia-Rutten et
al. 2006; Gospodarowicz et al. 2001; Passler €2(04; Castagna et al. 2011). These parameters,
however, are capable of providing only a rough jotezh of the disease outcome placing patients
with very different disease-specific progressior @urvival times within the same risk group.
Similarly, they fail to predict the risk of canceelapse. Therefore, the identification of new
prognostic molecular biomarkers able to testify duraggressiveness is required (Handkiewicz et
al. 2010; Baldini et al. 2012; Ulisse et al. 2011).

Although, to date, no loss-of-function mutations tbe VHL gene in PTC tissues have been
described, recent studies demonstrated that a tsab$T'Cs was characterized by low levels of
VHL mRNA, which associated with more aggressive BTChe Cancer Genome Atlas Research
Network, 2014; Stanojevic et al. 2015).



In the present work, we measured the expressithedfHL gene, at mRNA level, in a case-study
of 96 PTC tissues compared with their normal matckeunterparts, and we evaluated the
correlation of theVHL expression changes with clinicopathological patarseand disease-free

interval.

Patients and Methods

Tissue samples, histology and patient’s staging

Normal and matched tumor thyroid tissues were abthifrom surgical specimens of 96 patients
(19 males and 77 females, age range 11-83 yr, meliayr) who underwent total thyroidectomy
for PTC at the Department of Surgical Sciencespi&aa” University of Rome (39 patients) or at
the Department of Medicine, University of Padua (@&fients). All patients gave their informed
consent, and the study was approved by the lobadadtcommittee (Protocol No. 2615). Tissue
samples were collected, frozen in liquid nitroged atored at —80 °C. Of the 96 PTC patiei,
exhibited classical, 17 follicular, 3 tall cell addoncocytic variants. The histological diagnoses
were made independently by two different histoplatiists according to the World Health
Organization classification (Hedinger et al. 198®).the time of surgery lymph node metastases
were found in 39 patients. Following TNM staging, gatients were at stage I, 1 at stage Il, 27 at
stage Ill and 6 at stage IV. Approximately 40 toda@s later, all the patients underwent radioiodine
treatment followed by thyroid hormone replacememerapy. To ascertain their disease-free
condition, 4 to 5 months later all the patients ement neck ultrasound and serum Tg
measurement. Recurrences were diagnosed by measuremserum Tg levels either in basal
conditions or following recombinant human TSH stiation; FNA cytology and/or Tg
determination in the FNA wash-out from lymph nod€d; whole body scan; histological analysis
following surgical resection of the lesion. Thelda-up included 80 patients (mean 57.9+36.0
months, range 5-141 months), 54 of whom were at Thlge I. During the follow-up 17
recurrences were recorded.

00 mutation

Determination of BRA
Genomic DNA was extracted from the frozen tumasues using the DNeasy Blood and Tissues kit
(QIAGEN, Milan, Italy) according to the manufacttseprotocol. The BRAF status of exon 15 was

assessed by both direct sequencing and mutané-afeicific PCR amplification for the T to A



substitution at nucleotide 1799 (V600E), using pinecedure previously described (Barollo et al.
2010).

Extraction of mMRNA and quantitative RT-PCR

Frozen normal and tumor thyroid tissues were homiage with the ultra-turrax, and total RNA
extracted applying the acid guanidinium thiocyanpteenol-chloroform method (Chomczynsky
and Sacchi, 1987). The first cDNA strand was sysitesl from 5ug of RNA with M-MLV reverse
transcriptase and anchored oligo(dT)23 primersni@ig¢hemicals Co.). Parallel controls for DNA
contamination were carried out omitting the reveraascriptase. The templates obtained were used
for quantitative PCR amplifications of the VHL mRN¢ariants 1 and 2, and three different
housekeeping genes (GAPDH, RPL13A and SDHA) empiptte LightCycler instrument (Roche
Diagnostics, Mannheim, Germany), the SYBR PremixTag Il (TliRNase H Plus) (Takara, Otsu,

Shiga, Japan) and specific primers listed in Table

Table 1. Sequences, genomic positions, and amplicseizes of the primers used in gqRT-PCR
for the target and reference genesVHL, von Hippel-Lindau; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; RPL13A, ribosomal prdiéBa; SDHA, succinate dehydrogenase
complex, subunit A; V1, VHL variant 1; V2, VHL vamt 2.

Gene Primers Exon Size (bp)

Forward 5GACACACGATGGGCTTCTG-3 2

VHL-213 (V1) Reverse STGACGATGTCCAGTCTCCTG-3 3 176
Forward 5GCATCCACAGCTACCGAGTGTA-3 1-3

VHL-172 (V2) Reverse 5TGACGATGTCCAGTCTCCTG-3 3 99

GAPDH Forward 5-ATCATCAGCAATGCCTCCTG-3 6-7 136
Reverse 5'-GGCCATCCACAGTCTTCTG-3 8
Forward 5-ACCGTGCGAGGTATGCTG-3' 4-5

RPL13A Reverse 5-TAGGCTTCAGACGCACGAC-3 6 148

SDHA Forward 5-GCATAAGAACATCGGAACTGC-3’ 12 147
Reverse 5'-GGTCGAACGTCTTCAGGTG-3’ 13




Amplicon specificities were checked by automatedAD$équencing (Bio-Fab Research, Rome,
Italy), evaluation of melting temperatures, andcetgphoresis on 2% agarose gel containing
ethidium bromide. For the relative quantificatiohgene expression, standard curves were made
with five-fold dilutions of mixed cDNAs from humatmyroid tissues for all reference and target
genes. Calculation of data was performed by thatiRel Expression Software Tool (REST 2009)
using a normalization factor computed as geometedia of the 3 reference genes, as previously
described (Vandesompele et al. 2002; Ulisse ét(dl2). The fold change &HL gene expression
for each tumor sample was referred to its normahterpart.

For the absolute quantification of VHL V1 and V2 MRs, two standard curves were created with
five-fold dilutions of known amounts of two differeBamHI-linearized plasmids, each containing
the sequence of a VHL variant. Specifically, pPCODNBA&lagHA-VHL213 or -VHL172 plasmids
were generated by inserting a 639bp or a 516bp Baxhidl fragment (coding for human VHL
open reading frames digested out of pET21-VHL213BT21-VHL172 plasmids, respectively)
(Chesnel et al. 2015) in frame to the 3’-end of Ftey-HA sequence of pcDNA3-FlagHA plasmid
(a kind gift from Dr S. Rouquier, Toulouse, Franc&onstructs were confirmed by Sanger
sequencing, amplified in NEB5alpha bacteria (Nevgl&nd Biolabs, Evry, France) and purified
using the Nucleobond Endofree plasmid purificatkin(Macherey Nagel, Hoerdt, France). Copy
numbers of the VHL mRNA variants were estimated iterpolation of the crossing points
obtained for the tissue samples on these standaves; and quantitative ratios VHL V1/V2 were

calculated for normal and tumor tissue of eachepéti

Statistical analysis

First, the Shapiro-Wilk test was used to check Wwhethe mRNA data were normally distributed,
and they were not. Thus, the non-parametric ManmswWi U-test was used to calculate the
statistical significance of differences in the eegwion levels of VHL mRNA V1 and V2 in female

vs male patients; in classical PTC variarstother variants; in BRAFYF

mutatedvs wild type
PTC; in metastatic (N1ys non-metastatic (NO) PTC; in T1x T3-4 tumor sizes; in TNM I-Ivs
[lI-1V stages; in presence or absence of recurrembe correlation between V1 and V2 mRNAs,
and between each of them and patient’s age wasated| by the Spearman’s Rho test.

The VHL V1/V2 mRNA ratio comparison between norraatl PTC tissues was performed with the
Wilcoxon signed-rank test. To assess the indepérasociation of patient’s age, gender, tumor
size, histological variants, BRAF status, lymph @adetastases, stage and VHL mRNA variants
with recurrences, the Cox regression with backwardlysis was used. The impact of V1 or V2
expression on DFI was assessed by the Kaplan-Meaysis combined with Mantel-Cox log-rank.
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For the latter, values were classified based on fthlewing criteria: fold change > 1.2 as
“‘increased”; fold change < 0.8 as “decreased”; £.8ld change< 1.2 as unvaried. All the
statistical analyses were carried out with the SB&8vare (IBM, Armonk, NY, USA), and the

results were considered significantly differerp ¥alues were lower than 0.05.

Results
VHL gene expression in papillary thyroid cancer (BTissues

The analyses of V1 and V2 mRNA levels in PTC tissgempared to their normal matched tissues,
revealed that V1 mRNA was deregulated in 78 ol @6@PTC (81.3%), with an increase in 36 and a
decrease in 42 cases (Figure 1A). The V2 mRNA wtasea in 65 out of 96 PTC (67.7%), being
up-regulated in 24 and down-regulated in 41 caBggife 1B). As reported in Figure 1C, mRNA

levels of the two VHL variants positively correldtes each other (p<0.001).
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Figure 1: Relative expression levels of the VHL mRA splicing variants in 96 PTC tissuesA)
and B) Variations of the V1 and V2 mRNAs, respesv The fold changes were calculated
considering the mRNA values of normal matched thyriissues equal to one. The statistical
evaluation of the data was performed with the narametric Mann-Whitney test. The small bars in
the graph indicate the median values. C) Correiadinalysis of V1 and V2 mRNAs in PTC tissues.
The data were evaluated by applying the Rho Speatesh.



Absolute quantification of the V1 and V2 mRNA copymber for each tumor and normal matched
tissue showed that V1 mRNA copy number was higberpared to the V2 mRNA, with a median
V1/V2 ratio of 3.95 in normal tissues (Figure 2hig ratio did not change significantly in PTC
tissues, the median being 3.52 (p=0.655).
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Figure 2: VHL V1/V2 mRNAs ratio in PTC and normal matched tissues.

BRAF®mutation and VHL expression in PTC tissues

To assess the effect of BRAR® mutation on VHL expression, we analyzed the V1
MRNA levels in 76 PTC tissues for which the anaysi BRAF gene status was available. Of
these, 37 PTC (48.7%) harbored the BRRE mutation while 39 (51.3%) had the wild type
BRAF. The results, reported in table 2, showed thatBRAF®°Fmutation did not affecvHL

gene transcription in PTC tissues.

Prognostic relevance of VHL expression in PTC pasie

Among the clinicopathological parameters analyzedignificant association emerged between
tumor relapse and low levels of V2, and a simitantl (p=0.057), was recorded for V1 (Table 2).
Moreover, increased V1 mRNA levels were found inen®l C tissues compared to the female ones
(p=0.03). Cox regression analysis indicated thapreg all the parameters considered, the presence
of lymph node metastases at diagnosis representesk dactor for tumor recurrences (Hazard
Ratio, HR 9.37, p=0.003), while patients with iresed V1 levels had a reduced risk of tumor
recurrences (HR 0.18, p=0.025). Kaplan-Mayer amalgemonstrated a significant correlation of

both V1 and V2 mRNA levels with patients’ diseaseefinterval (DFI). In figure 3, panels A and
10



B, the DFI is represented for patients groupedhiad categories based on the mRNA fold changes:
increased, unvaried and decreased. Looking atrghs of V1 mRNA, the trends for patients with
unvaried and decreased values were very similathep were grouped together and compared
against PTC patients with increased values. As shiaviigure 3 (panel C), the returned p-value of
log-rank test was 0.007. Regarding the V2 mRNA, BB@ents with unvaried or increased values
had analogous DFI profiles (figure 3, panel B). Whhbe latter were grouped together and
compared to patients with decreased V2 mRNA lewekgnificant difference (p=0.025) emerged

(figure 3, panel D).
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Table 2. Univariate statistical analysis of VHL mRM variants, and PTC patient’s
characteristics and high-risk clinicopathological Eatures.

VHL-213 (V1) p value VHL-172 (V2) p value
Gender
Male (n=19) 1.48 (0.19-2.84) 0.030 1.07 (0.38-2.73) 0.151
Female (n=77) 0.81 (0.12-6.48) 0.91(0.25-3.05)
Age (years) Corr. Coeff. 0.004 0.971 Corr. Coeff. -0.015 0.885
Histology
Classical variant (n=72) 0.93 (0.12-6.48) 0.538 0.87 (0.36-2.73) 0.467
Other variants (n=24) 0.85 (0.15-4.84) 0.99 (0.25-3.05)
BRAF
Wild type (n=39) 1.00 (0.19-3.43) 0.532 0.98 (0.38-2.25) 0.285
V600E (n=37) 0.93 (0.22-6.48) 0.91 (0.34-3.05)
Tumor size
T 1-2 (n=41) 0.94 (0.12-1.96) 0.781 0.94 (0.38-2.25) 0.141
T 3-4 (n=55) 0.93 (0.15-6.48) 0.91 (0.25-3.05)
Lymph node metastases
No (n=57) 0.85 (0.12-6.48) 0.296 0.93 (0.25-2.25) 0.835
Yes (n=39) 0.99 (0.19-4.84) 0.91 (0.36-3.05)
TNM stage
I-11 (n=63) 0.8 (0.12-3.43) 0.425 0.86 (0.36-2.73) 0.833
-1V (n=33) 0.96 (0.15-6.48) 0.98 (0.25-3.05)
Recurrences
No (n=63) 1.04 (0.15-6.48) 0.057 0.94 (0.25-3.05) 0.006
Yes (n=17) 0.68 (0.22-2.34) 0.63 (0.36-1.6)
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Figure 3: Levels of VHL mRNA variants and disease-free interval (DFI) n PTC patients.
Kaplan-Mayer analysis combined with Mantel-Cox hagk statistical test, performed on 80 PTC
patients followed-up from 5 to 141 months. Expressralues of V1 and V2 VHL variants were
classified as increased (fold change > 1.2), dseckd#fold change < 0.8) or unvaried (&.8old
change< 1.2).
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Discussion

To date, relative few studies have attempted teestigate the effects of a deregulatéHiL
expression in DTC evolution (The Cancer GenomesARasearch Network, 2014; Stanojevic et al.
2015; Hinze et al. 2000; Hunt et al. 2003). Eaillemunohistochemical analyses demonstrated the
presence of pVHL in normal thyroid follicular epilium as well as in non-neoplastic lesions, and
in DTC (Hinze et al. 2000). Intriguingly, an inversorrelation betweeviHL expression and tumor
differentiation was found, the pVHL being diminishi poorly differentiated TC, and very weak
or undetectable in the most deadly type of TC, dhaplastic carcinoma (Hinze et al. 2003).
However, no correlation between pVHL and VEGF pgrateould be observed, suggesting addlF
independent role of pVHL in TC progression (Hinzeaké 2003). Although no loss-of-function
mutations ofVHL have been described so far in PTC, one study tegbdoss of heterozygosis
(LOH) at theVHL gene in FTC (Hunt et al. 2003). These authorstifilett LOH in malignant but
not in benign follicular tumors, and described gndicant association between LOH and disease
recurrence (Hunt et al. 2003). In PTC, no LOH sfpefor the VHL gene has been identified so far;
however, different studies documented a variabléiLfor the chromosomal region 3p where the
VHL gene is located (Grebe et al. 1997; Rodrigues&Setpal. 2003). In particular, Grebe and
colleagues reported the presence of LOH on thenobsome 3p in 28.5% of PTC analyzed, while
Rodrigues-Serpa made the same observations in 405® (Grebe et al. 1997; Rodrigues-Serpa
et al. 2003). Since in our PTC series we found loéih V1 and V2 mRNAs were downregulated in
about 43% of cases, it may be speculated that imspiificiency is, at least in part, the cause @ th
reduction. Nevertheless, further studies will bguieed to prove this point.

More recently, Stanojevic and colleagues (2015)uatad the status and expression of Wil
gene on a case study of 264 patients with PTC. dweatic mutations or evidence WHL down-
regulation via promoter hypermethylation were fouddwever, low VHL mRNA levels strongly
associated with older patient’s age, advancedcdirstage, classical PTC variant, and multifocality
(Stanojevic et al. 2015). The authors noticed alsoarginal influence of lowHL expression on
disease-free interval (DFI) §©.0502).

Over the years, most of the studies regardiitt). expression have been accomplished without
distinguishing between isoforms. However, as mewtib above, the absence of part of he
domain (aa 114-154) in pVH}{, modifies the number of beta sheets in the stractwhich is
likely to cause altered protein activity and intdi@ns (Schoenfeld et al. 1998). In our case study
we sought to examine separately VHL isoforms ineortb determine any differences in their
expression profile that could be of relevance igrald tumor progression. Unfortunately, this

approach implies the impossibility to discriminaseoforms at the protein level by means of
14



immunohistochemistry, due to the lack of antiboddse to specifically identify the pVHE.
Therefore, we analyzed the mRNA levels of the twdlL\splicing variants by means of specific
primers. The results obtained indicate that thenRNA variant is the most abundant one in almost
all samples analyzed, and the median V1/V2 ratimoibchange significantly between tumor and
normal matched tissues. The expression of bothAdL\& is deregulated in the majority of PTC
tissues (81.3% and 67.7%, respectively), comparedtheir normal matched counterparts.
Univariate analysis clearly showed the absence oofetation between the VHL mRNAs and
patient’s age, histological variant, tumor sizemph node metastases and stage. Reduced V1
MRNA levels significantly associated with femalender, but the meaning of such association
remains to be defined. The activating mutation VE5@d the BRAF gene is frequently encountered
in PTC where it has been associated with a moreeagiye phenotype, thus we decided to
investigate its effect on the expression of the ML mMRNA variants. The statistical results
showed, however, the lack of any influence of tiRAB"°°°F mutation on VHL expression.

A significant association of low V2 mRNA levelstlvitumor recurrence was found, and a similar
trend (p=0.057) appeared for the V1 variant. Ineagrent with this, multivariate analysis
demonstrated that patients bearing increased lefell mRNA had a reduced risk of tumor
recurrences. In addition, the output of Kaplan-Meiealysis evidenced a shorter DFI for patients
with reduced level of the V2 mRNA in tumor tissuesid for patients with either unvaried or
diminished V1 mRNAsThe protective effect of theVHL gene in PTC patients is in line with its
anti-oncogenic role extensively documented for kidey cancer.

The discrepancy between our observations and tlepseted by Stanojevic and colleagues (2015)
may be explained by the fact that they analy¥étl transcripts without distinguishing the two
splicing variants, and they adopted a different hoétof relative quantification based on the
comparison of PTC samples with each other, rathan twith the normal matched samples.
Anyway, while taking into accourthe conflicting statistical results of the two dag] Stanojevic
and colleagues pointed to an inverse correlatiomvden VHL expression and PTC aggressive
behaviour, essentially reflecting the overall iradions emerged in our findings.

In conclusion, although the data here reported teéeé confirmed by means of larger case-studies,
they demonstrate that the expression of both VHindcriptional variants is deregulated in the

majority of PTC tissues. Their role(s) in PTC prggion remains, however, to be clarified.
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Highlights
* Reduced expression of the VHL gene has been associated with more aggressive PTCs.
» Here we characterized the expression of the two VHL mRNA variantsin PTC tissues.

* We showed that VHL gene expression is deregulated in the maority of PTC tissues.
» Of noteisthe protective role exerted by VHL transcripts against PTC recurrences.





