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ABSTRACT

Background: Clear cell renal cell carcinoma (ccRCC) is an aggive tumor with 50% risk
of metastases at initial diagnosis or at follow-Ap.inactivation of the tumor suppressor gene
VHL is present in more than 70% of sporadic casesbydf three different mechanisms:

locus deletion, gene mutation or promoter hypergiation.

Objective: To correlate the complete status of #dL gene with clinical and pathological

criteria.

Design, Setting, and Participants. We retrospectively included 98 ccRCCs operated éetw
2002 and 2005vHL gene deletions (71/98, 72.4%), mutations (68/984%) and promoter
hypermethylations (13/98, 13.3%) were screeneddne gopy analysis, gene sequencing and

Methylation Specific-MLPA respectively.

Outcome Measurements and Statistical Analysis. Relationships betweevHL subgroups and
the studied criteria were analyzed usj2gand Student’s tests. Survival using log rank test

and Kaplan Meier curves.

Results and Limitations. Compared to ccRCCs with 2 events (66.3%), tumats & or 1
genetic event (33.6%) were associated with a higluetear grade 4 (p=0.02), metastases
(p=0.04), sarcomatoid component (p=0.01), denseplyrayte infiltrate (p=0.013) and to
VEGF overexpression (>30%) (p=0.003), which waso aé&1 independent factor after
multivariate analysis. Furthermore, wild typ#L tumors (no inactivating event, 11.2%)
were associated with nodal involvement (p=0.018Y had a specific survival of 33 months
compared to patients with ccRCCs having 1 orHL inactivating events (107 months) (p
=0.016). The retrospective design with small nhunddewild type tumors was a limitation to

this work.



Conclusions. This long term study (10-year clinical follow-updrdirms that ccRCCs with

wild type VHL are highly aggressive tumors that need to be fdyndentified.

Patient Summary. Among activatedVHL tumors, the wild type subgroup defines an
aggressive phenotype with worse survival ratesgesiting that these tumors must be more

thoroughly screened.



TEXT

INTRODUCTION

Renal cell carcinoma accounts for 3% of incidestdid tumors, of whom 70% to 75% are
clear cell renal cell carcinomas (ccRCC) which lrghly vascularized tumors/HL is a
major tumor suppressor gene involved in renal oagenesis. Alterations englobing its locus
on chromosome 3p25-p26 in ccRCCs have been fisgridbed in patients with Von Hippel
Lindau disease buHL gene abnormalities are also observed in 60% to @0%poradic
ccRCCs [1-3]. These genetic alterations are speaifthe clear cell subtype and are typically

not associated with other histological subtypeseofl carcinoma [4].

At a cellular level, VHL acts as a tumor-suppressor gene. Its protein, pVidLa
multifunctional protein insuring variable regulatofunctions such as remodeling extra
cellular matrix and controlling the cell cycle. Thenction that has been most thoroughly
studied is the stability regulation of hypoxia itible factor (HIF). pVHL is a component of
an E3 ubiquitin-ligase which targets proteins, ud@hg the transcription factor HIF, leading
to their ubiquitination and degradation by proteass. The consequence of pVHL
impairment is a stabilization and increased le¥dllié-, leading to the transcription of genes
regulated by HIF such as vascular endothelial gndadtor YEGF) or carbonic anhydrase IX
(CAIX) [5]. ConsequentlyWHL acts as one of the main triggers of the angiogericesses in

ccRCC.

VHL gene impairments described in ccRCC necessantyive biallelic alterations in tumor
cells as both first and second “hits” must occub&inactivated. These may reflect either
mutations or deletions of the gene and/or hyperyhatibn of its promoter. One third of

ccRCCs however exhibit no or a single allele atteraof VHL. Even if its key role is not



completely elucidated, the association betweklh alterations and ccRCC carcinogenesis is

well admitted at an early stage.

In this study, we aimed to perform a detailed asialpf theVHL status in a retrospective
cohort of ccRCCs in correlation with pathologicatearia and long term clinical outcomes.
Our main goal was to seek differences in histol@gaspects depending on the compléti
gene status. Our second objective was to verifygiven VHL group was associated with a
worse prognosis, which was clinically relevant lzes duration of our follow-up was a decade

long.



MATERIALSAND METHODS

Patients

Patients operated for sporadic ccRCC in the Departnof Urology at Rennes Hospital
between 2002 and 2005 were retrospectively inclu@ede following surgery complied with
standard recommendations for the given period, patients’ clinical conditions were
monitored by the ECOG scale [6]. The study protagat approved by the local advisory

board and informed consent was obtained from eatarg.

Tissue sample management

All consecutive and histologically validated ccRC@gre analyzed. Immediately after
macroscopic examination, small samples were celietitom surgical specimens and stored
at -80°C until DNA extraction, using QIAamp DNA nikit (Qiagen, Courtaboeuf, France).
DNA quantity and quality were estimated by optidahsity (OD 260/280) measurement and

0,8% agarose gel electrophoresis using standatdquis.

Pathological analysis

After fresh tissue sampling, surgical specimensewermalin-fixed. Paraffin sections were
stained with hematoxylin and eosin-safran. The yaeal parameters were: tumor size,
multifocality, nuclear grade, sarcomatoid pattetamor necrosis, granular component,
lymphocyte infiltrate and microvessel invasion. Tamstage was defined according to the

latest International Union Against Cancer 2009 sifasation [7].

Immunochemistry

For each case, a representative slide of the twitbrthe highest nuclear grade was selected.

VEGFA (Anti-VEGFA, sc-152; Santa Cruz Biotechnolp@anta Cruz, CA, USA) and CAIX



(Anti-CAIX, ab15086, Abcam, Cambridge, UK) express were assessed by
immunohistochemistry. The cut-off for positive caiseas 30% of tumor cells for VEGF and
85% for CAIX as previously described [8-10]. Negaticontrol was performed by omitting
the primary antibody. Regarding tumor infiltratihngnphocytes, CD3 (anti-CD3, clone SP7,
dilution 1/100; Thermo Scientific, Waltham, MA, U$Aand CD20 (anti-CD20, clone L26,
dilution 1/25; Dako, Glostrup, Denmark) expressiamse assessed. The inflammatory extent
was coded as 1 (sparse and rare lymphocytes) magkéd dense lymphocytes or lymphoid
nodules). The reactivity of antibodies was revealgth HRP-labeled polymer conjugated
secondary antibodies using diaminobenzidine (Sigwdaich, France). Tumor expressions
were independently evaluated without knowledge atigmt outcome oWHL gene status

(NRL).

VHL gene analysis

The detection ofVHL mutations was performed by sequencing in denauiiigh
performance liquid chromatography (DHPLC). We affirgadi two overlapping fragments for
exon 1 (1A and 1B) and one fragment for each ohex® and 3, covering part of tML-
5'UTR, the entire coding sequence and exon-intnamctions (VHL Genbank accession
AF010238) as previously described [11]. After pasfion, forward and reverse automatic
sequencing was performed using BigDye Terminatot @ycling Sequencing kit on an ABI
Prism 3100 Genetic Analyser (Applied Biosystemsyi@boeuf, France). All mutations were

confirmed in a second round of PCR and sequeneiactions.

Multiplex Ligation—dependent Probe Amplification [IMA) analysis was used to detect
deletions or duplications of théHL gene with the SALSA MLPA P016B VHL probe kit

(MRC-Holland, AmsterdaniNetherlands), targeting the threelL exons.



After denaturation and probe hybridization, PCR wasformed and fragments were
separated by electrophoresis on an Applied 3130{lillary sequencer and quantified using
the GeneMarker version 1.6 software (SoftGenetiEs). copy number detection, normal
control DNA samples were included in each set offALexperiments. Interpretation was
based on the comparison of peak heights betwednot@NA and the tumor sample. Cut-off

levels for loss of relative copy number were sél.@b.

Methylation-Specific-MLPA (MS-MLPA) was used to et CpG methylation in thgHL
gene promotor [12]. The probe design containing ethglation-sensitive restriction site
(Hhal) allowed detecting aberrant methylation of33glands located in the promoter region

of theVHL gene using the SALSA MS-MLPA MEOO1B Tumor suppoeskKit.

Regarding tumor heterogeneity, we additionally @erfed VHL studies in 10 patients, in

different tumor regions, revealing the sawidL status as initially described.

Statistical analysis

Chi2 and Student’s tests were performed to comgaaditative and quantitative parameters
respectively between groups. Multivariate analysess then performed. Cancer specific
survival was compared by log rank test and reptedewith Kaplan Meier curves. All

analyses were conducted by AP with the Stata Lollgge Station, TX) software and the p-

value significance was fixed at 0,05.
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RESULTS

Patients and histological parameters

The analysis retrospectively included 98 patiefitee median age at diagnosis was 64 years
(40-84). Sixty nine patients (70%) had an ECOG qrenrhince status of 0. In 11 cases
(11.2%), nodal invasion was present at diagnosisZancases (23.5%) had metastases. With
time, 26 patients (26.5%) developed metastases miteal diagnosis. Metastatic patients
received diverse therapies including immunothespidayrosine-kinase inhibitors,
hormonotherapies, and classic chemotherapy. At diamefollow-up of 64 months (0-139
months), 44 (44.9%) subsequently died from thaiiceaand 51 (52%) patients suffered from
disease progression. The mean tumor size was 7.8/<f14 cm with tumors ranging from
1.5 to 18 cm. Population characteristics as wepathological parameters are summarized in

Table 1.

Genetic and epigenetiHL gene alteration

All patients were negative for germ-line mutatioAsVHL gene mutation was found in 68
cases (69.4%). Mutations occurred in exons 1, 23md 27 (27.6%), 27 (27.6%) and 14
cases (14.3%) respectively. Stop, frameshift, msseand splice site mutations were found
in 10 (10.2%), 33 (33.7%), 19 (19.4%) and 6 (6.1€&kes respectivelwHL loss of
heterozygosity and promoter methylation occurred7in (72.4%) and 13 cases (13.3%)
respectively. At least one or mokHL abnormalities were found in 87 cases (88.8%).
Tumors with 2 alterations of théHL gene (n=65 cases, 66.3%) were termed inactivaied f
that geneiiVHL). Those with none or only one alteration (n=33,738) were grouped as
activatedVHL tumors &cVHL). These included tumors with no alteration of ¥idL gene

(n=11, 11,2%) that were termed wild typet\VHL) (Figure 1).

Association betweeWHL gene alterations and histological parameters
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acVHL tumors presented an aggressive clinical and pagieal profile compared to ccRCCs
with invVHL. Fuhrman grade 4 (p=0.02), metastasis (p=0.04)cos@mtoid component
(p=0.03), especially when estimated as20% (p=0.0006), dense lymphocyte infiltrate
(p=0.013) and overexpression of intratumoral VE@GE)0001) were significantly associated
with acVHL ccRCCs (Tables 1 and 2). The overexpression of ME&Snained significant
after multivariate analysis (p= 0.004). Interesyndymph node metastases (p=0.019) was
additionally associated with the subgroup wafVHL. The expression of CAIX was not
associated with any subgroup (mean expression:%88@® invHL, 83% for acvVHL and
74,3% forwtVHL), even though the positive expression of VEGRimdr cells was inversely

correlated with the expression of CAIX (p=0.002adaot shown) (Figure 2).

Relationship betweevWHL gene alterations and survival

While no significant difference was observed concey specific survival rates between
acVHL and inVHL cases (p=0.078), the subgroup vatVHL patients showed a separate
evolution compared to botmVHL and patients with on®&HL alteration (p=0.016), and
separately compared foVHL patients (p=0.009). The survival curves of theuBgsoups
(invVHL, acVHL with one alteration, andcVHL with no alterationatVHL) are illustrated in
Figure 3. Patients with wild typ®HL had the worse prognosis with a median specific
survival of 33 months compared to patients witiHL gene inactivation who had a median

specific survival of 82 months (p=0.035).
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DISCUSSION

This is the first study to our knowledge, with adoterm clinical follow-up of ten years that
deals with histological differences between ccR@€sending on their compleYéL status.

It shows the presence of three subgroups of tumitts different phenotypes and clinical
outcomes. Clear cell renal cell carcinoma is a lyigiascularized tumor, and the major gene
implicated in its carcinogenesis at an early steg®HL, a tumor suppressor gene that
requires at least two events, one on each alleldgoinactivated, as/HL is not a
haploinsufficient tumor-suppressor gene. Deletidntr® VHL gene locus was the most
frequent event, 72.4% in our series which is lbas the 91% loss of the 3p region observed
in a recent cancer genome study [13]. In this satudy, mutations of th&¥HL gene were
observed in 52% of cases and promoter hypermeibigain 7% of tumors. Theses events are
reported in a variable percentage in the literatlbbetween 34% and 71% for mutations
[14,15], and between 5% and 19% for promoter hypéngiations [16,17]. We observed
69.4% and 14.2% of these events respectively. Asedrd, mutations and promoter
methylations were mutually exclusive as no casab#edl the two events simultaneously.
Mutations of the exons 1 and 2 were more frequieah tthose of exon 3 and frameshift
mutations were the most common types of mutati@wants. Tumors with 2/HL hits
(inVHL (2)) represented 66.3% of patients, which was mormguat than tumors with only
one hit @cVHL (1), 22.4%) and even more frequent than tumors withvit. event WtVHL

(0), 11.2%).

VHL inactivation was associated with a better prognesid this was illustrated by better
survival rates, lower nuclear grade, less metastas®l less sarcomatoid component in this
group of tumors than iracVHL tumors. Indeed, we observed that several factasew

significantly associated wittacVHL cases. In opposition to tumors with at least two

alterations of th&/HL gene,acVHL tumors were associated with higher nuclear 4 geade
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metastases. Sarcomatoid component was also moreefiein this group. This parameter is a
major and well known poor prognostic factor [18)deaour results are consistent with recent
studies describing low HIFel expression (due to a functional pVHL proteatVHL) in

ccRCCs with a sarcomatoid component [19].

Dense lymphocyte infiltrate was associated vatk'HL tumors. In ccRCC, the intra-tumoral
mononuclear infiltrate is associated with pejomatoutcomes and higher nuclear grade [20-
22]. For instance, binding of programmed death ligariBD-L1) expressed by tumor cells to
the co-stimulatory receptor on T regulatory cei§-1, promotes inactivation and apoptosis
of activated tumor specific T lymphocytes, and kbme of PD-1 or its ligand PD-L1 by
specific antibodies produce objective responsessame cancers including renal cell
carcinomas [23-24]. This particularly dense lymplteanfiltrate associated tacVHL tumors
could be investigated looking for PD1-positive salhplicated in prognosis of ccRCCs and

in PD1-based immunotherapy [25].

Surprisingly, the overexpression of VEGF was alsdependently associated widltVHL
tumors and inversely correlated to the overexpoessi CAIX. Both CAIX and VEGF are
VHL/HIF downstream targets. However, unlike CAIXhweh is a surrogate indicator for
VHL status, VEGF regulation is much more compleke3e results support the theory of
alternative oncogenic pathways in ccRCC leadingvEEGF overexpression despite HIF
degradation due to the presence of an activated Ykitein @cvVHL). Tumors with no
inactivation ofVHL could use alternative pathways independent fubtth mechanisms and
lead to VEGF overexpression promoting tumor angieges. These alternative pathways [26-
30], that include the MAP kinase and the PI3K-AKT-OR pathways, may be potentially

implicated in the resistance to targeted theraptylnsine kinase inhibitors.
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Furthermore, the subgroup wtVHL tumors was clearly of worse prognosis as demaestra
by significant poorer specific survival rates. lurostudy, clinical outcomes did not
significantly differ between the first two groupsn\{HL and acVHL with one event).

However, the group of patients witltVHL exhibited significant worse outcomes: 73% of
wWtVHL patients died from their cancer at the end obfetup, compared to 45% of patients

with oneVHL alteration and 40% of patients witiVHL tumors.

The limitations to this study, besides the smathbar of wild type cases, are the variation of
treatment given to metastatic patients at the tafore full market approval of protein-

tyrosine kinase inhibitors as a first-line drugnsarly to all studies realized on kidney cancer
at that time. The other limitation is the high fueqcy of metastatic patients in the wild type
group, disabling us from excluding metastatic pasdrom the analysis, and which does not

allow a metastatic-independent evaluation of mibytal

CONCLUSIONS

This study shows the existence of three groupsR{€Cs depending on tharHL status. The
WtVHL subgroup is a separate entity of worse progndsis.wider perspective of this study
is to increase these cases that represent only AD%cRCCs for a better molecular
characterization and the study ofMML tumors in non-metastatic patients. Such an inereas
would enable us to dig further in what makes theseors so specific and more aggressive,
and in why VEGF remains at high levels of exprassaespite a VHL protein that is intact.
These tumors could be screened more thoroughlystuindied as factors of resistance or
sensitivity to targeted therapy. Other types oftcdetherapies targeting alternative pathways

of VEGF may be useful in treating these patients.
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FIGURE LEGENDS

Table 1. Summary of the clinical, histological and immunohistochemical characteristics

of the 98 patients and those with 0-1 VHL events.

The histological prognostic factors were assesseddch tumor. Pathological diagnosis is
according to Fuhrman’s grading system and UICC tunoole-metastasis staging system.
Values are presented as median (minimum — maxinfioimgontinuous variables and number
of patients (percentage) for categorical variablé® immunoexpression of VEGF and CAIX

were considered positive if the percentage of sthitumor cells was above a defined
threshold of 30% and 85% respectively. The inflatamnaextent was coded as 1 (sparse or
rare lymphocytes around the tumor) or as 2 (mardledse lymphocytes or lymphoid

nodules).

Figurel. Results of the complete VHL gene status of the 98 ccRCC patients.

VHL gene mutations are mutually exclusive to proendtypermethylations.

(n): number of events affecting tMHL gene.

Table 2. Associations between VHL gene status and morphological parameters (Chi 2
test)

Activated VHL (0 or 1 event) tumors were significantly assoclai® metastases (p=0.043),
higher Fuhrman grade 4 (p=0.02), sarcomatoid commorip=0.03), dense lymphocyte
infiltrate (p=0.013) and VEGF overexpression (pf0.0) compared to inactivatedHL
tumors (2 events).

** VEGF expression was an independent factor aftaltivariate analysis.
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Figure 2. ccRCC pathological parameters associated with functional VHL gene (acVHL
or wtVHL).

A) ccRCC with Fuhrman grade 4 (x 40);

B) ccRCC with sarcomatoid component (x 40);

C) ccRCC with a dense lymphocyte infiltrate (x10);

D) ccRCC with diffuse and strong cytoplasmic VE@Hmunostaining (x 40)

Figure 3. ccRCC specific survivals according to VHL gene status.

INVHL (2) vs. [acVHL (1) & wtVHL (0)]: p=0.078

wWtVHL (0) vs. [inVHL(2) & acVHL(1)]: p=0.016

wtVHL (0) vs. inVHL (2): p=0.009

wWtVHL : wild type VHL tumors with no alteration of themge (0 event)acVHL : activated
VHL tumors with one alteration of the gene (1 eyemVHL: inactivated VHL tumors with 2

alterations of the gene (2 events).



Table 1 - Summary of the clinical, histologic, and
immunohistochemical characteristics of the 98 patients and those
with no or one von Hippel-Lindau tumor suppressor events

be Pitiante
(n=98) one event (n=33)

Sex

Female 38 (38.8) 13 (39.4)

Male 60 (61.2) 20 (60.6)

Tumor size, cm

Median (range) 7.3 (1.5-18) 7.8(2-13)

Fuhrman grade

] 35(35.7) 9 (27.3)

1] 32(32.7) 8 (2432)

v 31 (31.6) 16 (48.5)

Tumor stage

1 37 (37.8) 10 (30.3)

2 18(18.4) 6 (182)

3 39 (39.8) 14 (42.4)

4 4(4.1) 3 (9.1)

Lymph node status

0 87 (B8.8) 29 (87.9)

1or2 11(11.2) 4(121)

Metastasis status

0 75 (76.5) 21 (63.6)

1 23(235) 12 (364)

Tumor necrosis

Present 53 (54.1) 17 (51.5)

Absent 45 (45.9) 16 (48.5)

Sarcomatoid component

Present 15(15.3) 9 (27.3)

Absent 83 (B4.7) 24 (72.7)

Granular component

Present 51 (52) 19 (57.6)

Absent 47 (48) 14 (42.4)

Microvascular invasion

Present 39(39.8) 14 (42.4)

Absent 59 (60.2) 19 (57.6)

Lymphocyte infiltrate

1 84 (85.7) 24 (72.7)

2 14(14.3) 9(27.3)

VEGF

=30% 59 (60.2) 27 (B1.8)

= 30% 39(39.8) 6 (182)

CAIX

=35% 74(75.5) 24 {72.7)

<35% 24 (24.5) 9(27.3)

CAIX = carbonic anhydrase IX; VEGF = vascular endothelial growth factor.

Data are shown as number (percentage unless otherwise indicated,
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Fig. 1 - Results of the complete VHL gene status of the 98 patients with
clear cell renal cell carcinoma. VHL gene mutations are mutually
exclusive to promoter hypermethylations. Parentheses indicate the
number of events affecting the VHL gene.



Table 2 - Associations between VHL gene status and morphologic
parameters

(n=33) (n=65)

T stage
T3/T4 vs T1/T2 17 (515) 26 (40) 0.29
N stage
N1/N2 vs NO 4(12.1) 7 (10.8) 1
M stage
M1 vs MO 12 (364) 11 (16.9) 0.043 '
Fuhrman grade
Grade IV vs grades [-llI 16 (48.5) 15(23.1) 0.02
Microvascular invasion
Present vs absent 14 (424) 25 (38.5) 0.8
Granular component
Present vs absent 19 (57.6) 32 (49.2) 0.2
Sarcomatoid component
Present vs absent 9(273) 6(9.2) 0.03
Tumor necrosis
Present vs absent 17 (51.5) 36 (55.4) 0.83
Lymphocyte infiltrate
Present vs absent 9(273) 5(7.7) 0.013
Hemorrhagic zone
Present vs absent 25(758) 55 (84.6) 0.28
VEGF ¢
Overexpression vs 27 (81.8) 32 (49.2) 0.0001

no expression
CAIX
Overexpression vs 24 (72.7) 50 (76.9) 0.8

no expression

* Noninactivated VHL (0 or 1 event) tumors were significantly ass
metastases (p=0.043), higher Fuhrman grade 4 (p=0.02), sarcomatoid

component (p =0.03), dense lymphocyte infiltrate (p=0.013), and VEGF
overexpression (p =0.0001) compared to inactivated VHL tumors (two

events).

I Bolded p values indicate significance at <0.05.

§ VEGF expression was an independent factor after multivariate analysis.
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Fig. 2 - Clear cell renal cell carcinoma (ccRCC) pathologic parameters associated with functional VHL gene (noninactivated VHL or wild-type VHL). All
micrographs taken at x40 magnification. (A) ccRCC with Fuhrman grade IV; (B) ccRCC with sarcomatoid component; (C) ccRCC with a dense
lymphocyte infiltrate; (D) ccRCC with diffuse and strong cytoplasmic vascular endothelial growth factor immunostaining.
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Kaplan-Meier survival estimates
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Fig. 3 - Clear cell renal cell carcinoma-specific survival according to VHL
gene status: inVHL (2) versus niVHL (1) and wtVHL (0): p = 0.078; wtVHL
(0) versus inVHL (2) and niVHL (1): p=0.016; wtVHL (0) versus inVHL
(2): p=0.009.

inVHL (2) = inactivated VHL tumors with two alterations of the gene

(ie, two events); niVHL (1) = noninactivated VHL tumors with one
alteration of the gene (ie, one event); wtVHL (0) = wild-type VHL tumors
with no alteration of the gene (ie, no events).



