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ABSTRACT:

Krev interaction trapped protein 1 (KRIT1) is a féold protein known to form functional
complexes with distinct proteins, including Malceva, PDCD10, Rapl and others. It appears
involved in several cellular signaling pathways axerts a protective role against inflammation
and oxidative stress. KRIT1 has been studied asgalator of endothelial cell functions and
represents a determinant in the pathogenesis o#b@dr Cavernous Malformation (CCM), a
cerebrovascular disease characterized by the fameat clusters of abnormally dilated and leaky
blood capillaries, which predispose to seizuresuraolegical deficits and intracerebral
hemorrhage. Although KRIT1 is ubiquitously expressdew studies have described its
involvement in pathologies other than CCM includaamcer. Cutaneous melanoma represents the
most fatal skin cancer due to its high metastatp@nsity. Despite the numerous efforts made to
define the signaling pathways activated during ma&taa progression, the molecular mechanisms
at the basis of melanoma growth, phenotype pl&gtasid resistance to therapies are still under
investigation.

The hypothesis driving this work is that KRIT1 magntrol melanoma progression by acting as a
tumor suppressor. Here, we show that KRIT1 is esq@é in normal human melanocyte but is
lacking in melanoma. In human cell model of melanoKRIT1 silencing induced increased
growth and invasion and a switch toward a maligratitphenotype. These data candidate KRIT1
as a new possible player of a complex signallirntgvaek that regulates melanoma progression and

offer a new possible target for melanoma therapies.
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1. INTRODUCTION:
KRIT1 (Krev interaction trapped protein-1) is arratellular protein isolated by a two-hybrid
screening through its interaction with the Ras-fan@TPase Krevl/Rapla [1]. KRIT1 lacks
defined catalytic domains while contains a well relsterized protein-protein interaction motifs
and domains, including three NPXY/F motifs, thredain repeats and a FERM domain. It has
been extensively described that KRIT1 is able tenflunctional complexes with distinct proteins,
comprising Malcavernin (CCM2), PDCD10 (CCM3), ICARRapl, Nd1-L and others [2—6].
KRIT1 is ubiquitously expressed during early emigsoesis, followed by a restricted expression
which persists up to adult life. During this secqithse, KRIT1 is mainly expressed in neuronal
cells of central and peripheral nervous system iangarious epithelia (epidermal, digestive,
respiratory, uterine and urinary) both in mouse lamchan [7].
KRIT1 signalling pathway has been extensively stddsince its mutation causes Cerebral
Cavernous Malformations (CCMs), a rare vasculagatie typically found in the central nervous
system with a prevalence of 0.3%-0.5% of the pdmng8,9]. CCMs are characterized by thin
walled vessels lacking of normal structure [10-12]the CCM disease, endothelial cells of brain
vessels acquire characteristics comparable to wnmoiuding increased growth and migration,
reduced apoptosis, endothelial mesenchymal transitloss of cell-cell junction, pro-
inflammatory status, altered redox homeostasis aaotivation of growth factors receptor
signalling.
The mechanisms by which the loss of KRIT1 leadsascular malformations has not yet been
fully clarified, although many evidences supposiglropic effects related to the eventual ability
of KRIT1 to modulate several mechanisms involve@dmngiogenesis, vascular homeostasis, cell
responses to oxidative stress and inflammationludiveg cytoskeleton dynamics [2,13-19].
KRIT1 is associated with microtubules, membrandbggents junctions and cellular nucleus [20].
In particular, as Rapl GTPase effector, KRIT1 ités with cell junctions in a complex with VE-
cadherin, p120-catenin afiecatenin [5]. Consequently, KRIT1 depletion coulduce the loss of
a stable cellular architecture and the activatibm@F3/BMP signalling downstream @f-catenin
[21].
Previous studies demonstrated that KRIT1 is araagibgenic protein able to keep the human
endothelium quiescent and to inhibit proliferatianigration, lumen formation and sprouting
angiogenesis [17,22-24]. In addition, KRIT1 negafvcoordinates cell cycle by controlling
FoxO-mediated downregulation of cyclin D1 and uptagion of p27Kipl levels through the

modulation of intracellular reactive oxygen spe¢R®S) levels [25].



Based on its ability to regulate several signapathways and its ubiquitous expression, KRIT1 is
likely to be involved in others pathological comalits than CCM. To date, very few studies have
demonstrated that KRIT1 is implicated in other péibies as cardiovascular disease [26],
diabetes [16], intestinal epithelial barrier dysredgion [14] and cancer [27,28]. In particular, the
involvement of KRIT1 as tumor suppressor in car@s been hypothesized since the oncogenic
miR-21 expression anticorrelates with KRIT1 [27p bther data are available in the literature on
the contribution of KRIT1 in cancer progression.

Cutaneous malignant melanoma (CMM), which compris#s of all skin cancers, is the most
aggressive and highly lethal form of skin cance®,3P]. Several factors contribute to the
formation of melanoma, including exposure to ulivéet (UV) radiation and the malignant
transformation of nevus, along with a variety ohegc factors [31]. Most forms of melanoma are
sporadic, so the somatic mutations are acquiredgperson’s lifetime and are present only in the
melanocytes that give rise to the melanoma. In soases this is the result of environmental
insults followed by proto-oncogene activation caaplwith suppression of tumor suppressor
genes and defects in DNA repair mechanism [32]. Mia¢éignancy is more likely to spread in
patients with deep primary tumors or regional lympude metastases, which leads to a median
survival of only 6—-9 months [33]. Significant pregs has been made in the identification of
genetic markers and cellular pathways involved i melanoma progression to identify novel
therapeutic targets; nevertheless, additional kégyeps underlying melanoma onset and
progression need to be identified. Recently, momatiof genes involved in human melanoma have
also been found in angiomas [34,35].

Taken together, all these elements gave rise ta#gethat KRIT1 could be involved in the onset
and progression of melanoma. To demonstrate thatwestigated the role of KRIT1 in the

growth and metastasis of melanoma by using KRITdckdown melanoma cells and specimens
from patients. We hypothesized that KRIT1 may @aymportant role in the formation of
melanoma metastasis and may control tumor progressi acting as a suppressor. This novel
hypothesis opens the avenue to the study of a @tatpinew role of KRIT1 in cancer

development giving new perspectives for melanoneagation and treatment.



2. MATERIALSAND METHODS:

2.1 Cédll culture

A375 melanoma cells (ATCC, Rockville, MD, USA) weseltured in DMEM (Gibco, Waltham,
MA, USA) supplemented with 10% fetal bovine serdiB$%, Hyclone, Chicago, IL, USA), 100
U/ml penicillin/streptomycin (Gibco), and 4 mM Ligamine (Corning, NY, USA) [36].

2.2 Human melanocytic samples analysis

Taking advantage of the rich collection of samjdest at the Section of Pathological Anatomy of
the Azienda Ospedaliera Universitaria Senese (Si&alg), we choose 57 consecutive samples of
melanocytic lesions with a 5-year minimum follow ¢gee Tabl). They included 5 benign

common nevi (BCN); 5 dysplastic nevi (DN); 5 radigbwth phase melanomas (RGPMM), 23

vertical growth phase malignant melanomas (VGPMRKY 41 melanoma metastases (MelMet).
As inclusion criteria, we chose frozen samples wmthitations for BRAF, NRAS, and C-KIT.

Control samples were represented by healthy s&m the lesion margins.

2.3 Immunohistochemistry

As previously described [37], tissue slides wer@adaffinised in xylene and dehydrated in
ethanol. Microwave pre-treatment in 10 mM citratéfér (pH 6.0) was performed for 30 min.
Non-specific binding was blocked for 20 min wittb% normal horse serum (NHS). The slides
were incubated with primary antibodies targetinglRR(1:100; ThermoFisher, Waltham, MA,
USA) followed by chromogenic visualization usingniress-AP (Vector). In particular, sections
were incubated for 15 min with NBT-BCIP added witvamisole. After counterstaining with
nuclear fast red (NFR), slides were washed thoryugtiehydrated, cleared in xylene and
mounted. Staining intensity was scored as negdtive staining) or positive (blue colour).
Fluorescence quantification was calculated as rbgbwveen the area of each cell and the
fluorescence intensity.

A semiquantitative evaluation of the immunostainwegs performed by using the software ImageJ
(version 1.52v, https://imagej.nih.gov/ij/). KRITiddmunostained cytoplasm of normal

melanocytes served to choose the threshold. Albtusactions were examined.

2.4 SIRNA transfection
A375 cells, were plated (5.0 x Léells/well) on 6 well multiplates and after asiiom transfected

with 50 nM of control or KRIT1 siRNA (Qiagen, Hilde Germania) using 4 pL of lipofectamine
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3000 (Invitrogen, Carlsbad, CA, USA), accordingranufacturer’s instructions and as previously
described [38]. 6 hours post-transfection, cellsemgashed with PBS, and media was changed.
Cells were used for experiments 24 hours post{fieation.

25MTT assay

Cells were plated (2.0 x i@ells/well) in 96 wells multiplates in DMEM 10% BB After 24 hrs,

the medium was removed, and cells were incubated fours with fresh medium in the presence
of 1.2 mM MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-dignyltetrazolium bromide) (Sigma-
Aldrich,St. Louis, MO, USA). The MTT solution wasmoved and 100 pL of DMSO were added
to each well to dissolve the blue formazan crystalse absorbance of the formazan dye was
measured at 570 nm with a microplate reader (Spmetx M5 multimode microplate reader,
Molecolar Device, San Jose, CA, USA). Data weraesged as a percentage of the basal control
[39].

2.6 BrdU assay

For 5-bromo-2-deoxyuridine (BrdU) experiments, A3%lls were seeded (5.0 x*1¢ells/well)

in a 96-well plate and incubated overnight. Thetngxy, cells were transfected with 50nM
concentration of either control or KRIT1 siRNA ugif.3 uL of lipofectamine 3000 in 200 uL
total volume of media, using the same method agiquely mentioned (see SiRNA transfection
section for method). Six hours post-transfectioedimmm was changed. BrdU experiments were
performed 24 hours post-transfection, using a Badshy kit (Roche, catalog no. 11 647 229 001),
and BrdU was added to the cells for 1 hour (as estgg by the manufacturer for this cell line).
After labeling, cell culture medium was removedxtehe cells were fixed, and the DNA was
denatured by adding FixDenat (from kit). Then, @&rU-POD, an anti-BrdU antibody
conjugated with peroxidase, was added to the sanplas antibody binds to newly, synthesized
cellular DNA with BrdU incorporated. Next, the lselvere washed with PBS, and the peroxidase
substrate was addeflbsorbance was measured&@70 nm (reference wavelength: 492 nm). [38]

2.7 Migration assay

A375 cells were seeded (1.0 xX°Ilis/well) in 24-well multiplate in DMEM 10% FB®\fter 12
hours, cell monolayers were scored vertically dalancenter of each well with a sterile tip. Each
well was washed with PBS to remove detached céfissh medium (1% serum), with ARA C
(Sigma—Aldrich) (2.5 mg/ml) to inhibit cell prolifation, was added. Images of the wound in each

well were acquired at time 0 and after 6 and 12rdhmagnification of 10X). Results were
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expressed as arbitrary units of wound and percentddhealing taking as reference the area at
time 0 [39].

2.8 Invasion assay

Chemotaxis experiments were performed using traglssystem. The day before, the trans-well
was coated with gelatin 0.25% (100 pL /well) andnteaned overnight at 4°C. A375 cells were
plated (1.0 x 10cell/well) in coated trans-well in DMEM without B and 650 pL of DMEM
10% FBS were added in the lower chamber. The eedi® incubated and after 12, 18 and 24
hours were fixed in EtOH 70%, colored with CoomadBiue solution (10% Acetic acid, 10%
ethanol and 0,25% Blue Coomassie) and washed vidihwiater.

The number of migrated cells present in five fielddl was counted at 20X magnification. Data

were reported as percentage of migrated cells [41]

2.9 Protein extraction and Western blotting

Cells silenced with siKRIT1 and siCTRL were seed¢dhe density of 500,000 cells/well in 6
well multiplates in DMEM with 10% FBS. After 24 hmy cells were lysated and briefly
centrifuged at 15,000xg for 20 min at 4 °C.

Protein content was measured using a BCA protesayakit (Thermo Scientific). For Western
blotting analysis, aliquots of cell extract supe¢amés containing an equal amount of proteins (50
ug) were treated with Laemmli buffer, boiled for fn, resolved on 4-20% stain-free gel and
then blotted onto a nitrocellulose membrane. Memésavere incubated with 1:1,000 dilutions of
anti-KRIT1 (Millipore, Burlington, MA, USA), antp actin (Sigma Aldrich), anfs-catenin (Santa
Cruz, Dallas, TX, USA), anti-vimentin (Santa Cruajti-N-cadherin (Bioss, Woburn, MA, USA),
anti-COX-2 (Cell signaling, Danvers, MA, USA), amPGES-1 (Santa Cruz) or anti-cyclin D1
(BioRad, Hercules, CA, USA) antibody. The membramese then incubated with 1:10,000
dilutions of horseradish peroxidase-conjugated @@y antibody (BioRad) for 1 hour at RT.
Chemiluminescence was detected by ChemiDoc imaBe&wRéd), and quantification was

performed using Image J [43].

2.10 MMP activation assay

5 x 10 cells/well (A375) were cultured in 96-well celllawre plates in 10% fetal bovine serum
medium. After adhesion, cells were incubated wilhu® of serum-free conditioned media. After
48 hours, media were collected, clarified by cé&mfggation and assayed by zymography. Media

were subjected to electrophoresis in 8% SDS-PAGHaonng 1 mg/ml gelatin under non-
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denaturing conditions, by using Sample Buffer wpeME and sample boiling. After
electrophoresis, gel were washed with 2.5% TritethOR to remove SDS and incubated for 48
hours at 37°C in 50 mM Tris buffer containing 20MmMaCl and 20 mM CaCl2, pH 7.4. Gels
were stained with 0.05% Coomassie brilliant blu29®-in 10% acetic acid and 10% ethanol and
destained with 10% acetic acid and 10% ethanol.dBaof gelatinase activity appeared as
transparent areas against a blue background. Gadatactivity was then evaluated by quantitative
densitometry [15,42].

2.11 Proliferation assay

A375 cells were seeded in 96-well microplates (2.00° cells/well) in DMEM 10% FBS and
after 12 and 18 and hours they were fixed for 10 with 70% EtOH and colored with Coomassie
Blue solution (10% Acetic acid, 10% ethanol, ar2b@p Blue Coomassie).

The number of proliferated cells present in fivelds/well was counted at 20X magnification.

Data were reported as percentage of proliferateiig ¢40].

2.12 Immunofluor escence analysis

A375 cells (2.5 x 10cells/well) were seeded on glass cover-slips.rAftehours cells were fixed
with formalin for 10 min and permeabilized with PBR5% Triton x100 for 10 min, incubated
with 1% BSA for 30 min and stained overnight at@ with primary antibody fo3-catenin,
Vimentin and N-cadherin (Santa Cruz). Slips weresiveal three times with PBS and then
incubated 1 hour at room temperature with AlexaoFI668 or 488 secondary antibodies
(ThermoFisher Scientific, Waltham, MA, USA). Nucleere stained with juig/ml DAPI (D1306
Invitrogen, USA) for 1 min after removal of secondantibody. Microscopy imaging was
performed on Olympus 1X71/X51 (Olympus Life sciengeverted microscope using a 60X
objective [43].

The Corrected Total Cell Fluorescence (CTCF) waasueed in at least 15 view fields at 600X
magnification. The images were taken at the sampestion time and light intensity. Then, the
data were evaluated using the ImageJ software megsiotal cell area and a region next to
selected cell as background. The following equatvas used:

CTCF = integrated density — (area of selected>cetiean fluorescence of background readings)
To studyp-catenin cellular localization, the intensity ofatear and cytoplasmic fluorescence was
measured in SICTRL and siKRIT1 cells and the folly formula was applied:
SsiCTRL([intensity in the cytoplasm] / [intensity the nucleus]) versus siKRIT1([intensity in the

cytoplasmy] / [intensity in the nucleus]).



2.13 Statistical analysis
Data were generated from three independent expetamend expressed as means * standard

deviation (SD). Statistical analysis was performethg Student’s t test for unpaired data; p<0.05

was considered statistically significant.



3RESULTS:

3.1 KRIT1 expression in benign melanocytes and in melanoma

In the adult life the expression levels of KRITE dmigher in endothelium and in neuronal cells of
central and peripheral nervous system but it isdnthat KRIT1 is also present in endothelia [44]
and in various epithelia such as epidermal, digestrespiratory, uterine and urinary [7].
Although, several studies have been performeddeeroto define the physio-pathological role of
KRIT1 in Cerebral Cavernous Malformation modelsiyview studies report the involvement of
KRIT1 in other pathologies. To explore a possildie rof KRIT1 in cancer, and in particular in
melanoma progression, in this study we evaluateel éxpression levels of KRIT1 by
immunohistochemical and Western blot analysis imé&o specimens (Fig.1A). In all sections, the
endothelium was intensely positive to KRIT1, andepresented our internal positive control.
KRIT1 immunopositivity was also observed in the loal side of the sweat glands epithelium.
Normal melanocytes, as well as benign common rig@N), were strongly decorated by KRIT1
(Fig. 1A, panel a). In dysplastic nevi (DN) andadial growth phase melanomas (RGPM), single
melanocytes and groups of negative melanocytes aeserved, disorderly mixed with positive
melanocytes. The quantification of immunohistocloai images shows a significant and
progressive decrease of KRIT1 protein expressiobMy vertical growth phase melanomas
(VGPM), and melanoma metastasis (MelMet), when amegh to BCN, with the lowest values
registered in MelMet. In addition, these data weoafirmed by Western blot analysis of the
corresponding frozen samples (Fig 1B). These dat@ated a possible regulatory role of KRIT1

in melanoma metastasis.

3.2 KRIT1 knockdown stimulates cellular proliferation in A375 cells

In order to investigate the role of KRIT1 in melame progression, we knocked down KRIT1 in
A375 cells using siRNA transfection (SiKRIT1 A37%Fig. 2A). We observed that KRIT1
knockdown increased cellular viability measured My T assay(Fig. 2B and, consistently,
stimulated cellular proliferation (Fig. 2C and Burthermore, we observed increased in cyclin D1
and decrease in p27 levels in siKRIT1 A375 celdpeet to SICTRL A375 cells (Fig. 2E).

3.3 KRIT1 downregulation increases migration and invasion in A375 melanoma cells

In view of the observation reported for human mefaa samples, we evaluated whether loss of

KRIT1 affected cell migration and invasion by usiagvound closurén vitro scratch assay. As

reported in Fig. 3A, the rate of wound closureikRIT1 A375 cells was faster than in siCTRL

A375 cells. Additionally, we performed a migrat@gsay to assess whether knockdown of KRIT1
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affected the ability of the cells to directionallyove towards a selected chemoattractant. We
observed that knockdown of KRIT1 promoted cell siea (Fig. 3B. It is known that the
invasion process is linked to activation of metailtdeinases (MMPSs), key enzymes involved in
extracellular matrix (ECM) degradation and in thegulation of cancer cells invasion into
surrounding tissue/circulation [45]. In additiohetability of KRIT1to affect MMP2 activity was
also assessed and as shown in Fig.3C, silencing KRikcreased MMP-2 activity in melanoma
cells.

34 KRIT1 knockdown induces B-catenin nuclear translocation and the expression of
metastatic markersof A375 melanoma cells

Since we observed increased migration and invasiosiKRIT1 cells, we hypothesized that
knockdown of KRIT1 may affect also phenotype plasti through regulation of the Wit/
catenin signalling pathway [46]. Perturbations inntWBIcatenin signalling and elevated
B Icatenin levels are positively correlated with melaa aggressiveness and are associated with
melanoma malignant phenotype [47]. In addition,hds been already demonstrated that
knockdown of KRIT1 increases nuclefircatenin localization and activation @¥catenin-
dependent transcription [24].

As shown in Fig. 4A, siKRIT1 A375 cells showed hegltevels off-catenin expression in respect
to SiCTRL cells. Moreover, immunofluorescence asialyof B-catenin localization indicated a
shift of the protein from cytoplasm to nucleus ().

As nuclear translocation d¢f-catenin leads to transcription ffcatenin genes [48], which are
involved in EMT associated protein network and ielamoma plasticity, we measured the levels
of EMT proteins as vimentin and N-cadherin in siKRland siCTRL A375 cells [49]. As shown
in Fig. 5, silencing KRIT1 increased the levelsboth mesenchymal markers, evaluated by both,
Western blot (Fig. 5A) and immunofluorescence (big).

Recently it has been reported that melanoma preigresand metastatization is linked to
inflammatory pathways [50-53]. In addition, elevh&xpression of cyclooxigenase-2 (COX-2)
plays an important role in tumorigenesis as meatjathe progression and metastasis of many
epithelial cancer and melanoma [54]. As reporteBign 6 siKRIT1 A375 expressed higher COX-
2 levels than control cells (Fig. 6A). Moreover, \aso measured the expression levels of
microsomal Prostaglandin E synthase 1 (mMPGES-&)ettzyme responsible of prostaglandin E2
synthesis and downstream to COX-2, and we obseahagdloss of KRIT1 promoted mPGES-1
upregulation (Fig. 6B), indicating that KRIT1 islabto regulate the inflammatory status in

melanoma cells possibly contributing to melanomégnancy.
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4. DISCUSSION
In the present study we described for the firstetiavidences on the possible contribution of
KRIT1 in melanoma progression. Even if most of tierent literature links KRIT1 functions to
endothelial cells and to cardiovascular developm&RIT1 is ubiquitously expressed. As
previously reported, KRIT1 modulates endotheliall danctions by inducing proliferation,
migration, angiogenesis and vascular permeab®;g5]. KRIT1 expression affects endothelial
functions and its loss induces an endothelial ptyg®ohighly invasive. It is well known that
KRIT1 is an intracellular protein that interactsosigly and specifically with the tumor suppressor
Rapl, [56] and it has been demonstrated that, ooteelial cells, KRIT1/Rapl interaction
regulates VE-cadherigdcatenin association and KRIT1 loss increases theslocation off}-
catenin to the nucleus [5,57]. In addition, Gladetgal., showed that through this mechanism,
KRIT1 mutations may lead to increased intestinahdtigenesis [57]. Furthermore, Orso et al.,
have reported an anti-correlation between miR21 KRIT1 that regulates epithelial tumor
growth [27], supporting the idea that KRIT1 couldypa role as tumor suppressor.
Cutaneous melanoma accounts for less than 5% skiallcancer but it causes the majority of skin
cancer deaths [58]. The main reason for the melarethality is its high metastatic capacity even
when the primary tumor is still significantly smailsize. Intriguingly, we found that melanocytes
constitutively express KRIT1, while in melanomastis, cancerous cells did not express KRIT1,
or KRIT1 expression was limited to a focal immunsipigity. These findings support the idea that
KRIT1 could be involved in melanoma progression &l us to explore the consequence of
KRIT1 downregulation in A375 melanoma cell line. riQdata indicate that KRIT1 deficiency
increased cell survival, proliferation, migratiomdainvasion, sustaining our original hypothesis.
Wnt/B Icatenin signalling plays an important role in meleyte biology, especially in the early
stages of melanocyte transformatigi.catenin is an intracellular signal transducer oftWn
signalling and triggers transcription of genes imed in cell proliferation and invasion.
Wnt/B[Icatenin signalling is frequently activated in melara and elevatefil Icatenin levels are
positively correlated with melanoma aggressivenddsewever, mechanisms that regulate
B catenin expression in melanoma are not fully undeds In our melanoma model, loss of
KRIT1 induced increasefl-catenin expression and its nuclear translocasapporting the idea
that KRIT1 could play a role as a tumor suppressonelanoma. Additionally, since in epithelial
cancerg[catenin controls the expression of proteins maimyplved in EMT, we explored the
possibility that KRIT1 loss could induce the upriegion of mesenchymal markers that are
associated to melanoma phenotype plasticity. Ota danfirmed also this hypothesis being N-

cadherin and vimentin upregulated after knockingmé&RIT1.
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Moreover, it is recognized that inflammatory pracesay drive melanoma cancer progression,
and inhibition of COX-2 may inhibit melanoma metes$ [50,52,53]. In this work we showed
that COX-2 and m-PGES1 are up-regulated after KRililéncing in melanoma cells, supporting
the idea that KRIT1 loss could increase melanomgresgiveness also by modulating the

inflammatory pathways.

5. CONCLUSIONS
In the present work, we have identified a novelhpaty that could play a role in melanoma
progression. Depletion of KRIT1 increased melanareis growth, migration and invasion,
improved theflIcatenin expression and its translocation into theleus, and induced the
expression of markers of inflammation and melanpraaticity.
Data deriving from the analysis of oncological taises, including canSAR Black
(https://cansarblack.icr.ac.uk), = COSMIC __ (httpser,sanger.ac.uk), and cBioPortal

(https://www.cbioportal.org), showed an incidendeK&RIT1 mutations in melanoma ranging

between 3 and 12.5% versus a prevalence of 0% nigfemelanocytic nevi, supporting our
hypothesis that KRIT1 mutations play a role in melaa development. Among the three mutated
genes in the CCM disease, KRIT1 is by far the noablved in melanoma. Furthermore, data

from the Cavernous Angioma patient registry (AnggoAiliance association, www.angioma.org)

showed that the incidence of melanoma in CCM pttieabout 1.2% versus an incidence of

about 0.02% in general population (https://canedisticscenter.cancer.org,

https://seer.cancer.gov). Thus, even though spetiformation about the type of CCM gene
(KRIT1/CCM1, CCM2 or CCM3) involved in CCM patientgith melanoma is not available to
date, the analysis of the different databases gliy@uggest that patients bearing mutations in any
of the three CCM genes are more likely to develoglamoma. The greater involvement of
mutations of the KRIT1 gene in melanoma comparetheoCCM2 and CCM3 genes, however,
suggests that CCM patients bearing KRIT1 heterozygoutations might be at higher risk of
developing melanomas, possibly due to local effectkin cells.

In conclusion, the data reported here strongly ertpipe hypothesis that KRIT1 acts as a tumor
suppressor in melanoma and its loss increases amanaggressiveness. Thank to this
fundamental function, KRIT1 has the potentialityb® a future therapeutic target and diagnostic
marker for melanoma.

Even though more in-depth epidemiological studiaB ke necessary to sustain and better
elucidate these data, they will have important iogtions and relapses for both CCM and

melanoma patients.
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Figurelegends

Figure 1. KRIT1 expression in melanoma and healthy tissues. (A) Strongly immunopositive
melanocytes (as the one indicated by the arrom)ammal skin (a), and in a benign common
nevus, BCN (b). Marked decrease in immunopositiiitya group of melanocytes of a dysplastic
nevus, DN (c, arrow), and in a radial growth phasdanoma, RGPM (d). Alimost completely
immunonegative melanocytes in a vertical growthsphaelanoma, VGPM (e) and in a melanoma
metastasis, MelMet (f; the thick arrow points onisslated immunopositive melanocyte, and the
thin arrow on immunopositive vessels). Details &IK1 immunohistochemistry: normal skin (g);
benign common nevus (h); dysplastic nevus (i);yegrbwth phase melanoma (j); vertical growth
phase melanoma (k), and melanoma metastases @)afrbws in “k” and “I" boxes indicate
immunopositive vessels. (B) Western blot analydisKRIT1 levels in patient samples. The
histogram represents the KRIT1 relative expressionmalized with3-actin expression (A.D.U.:
arbitrary densitometry units) (** p<0.01; ***p<0.0Q #p<0.0001). The scale bar in figures (a-f)

represents 50m; in figures (g-I) represents 20n.

Figure 2. KRIT1 knockdown stimulates cellular proliferation in A375 cells (A). Western blot
analysis of KRIT1 levels in siKRIT1 and siCTRL A3%&ells. The histogram represents the
relative expression, normalized withactin expression (A.D.U.: arbitrary densitometnyts) (**
p<0.01). (B) Cell viability of siKRIT1 and siCTRL 3¥5 cells by MTT assays. These results are
representative of three independent experimentp€®.01). (C) Cellular proliferation in siKRIT1
and siCTRL A375 cells. Images are obtained at 20xgmification. Results are reported as
percentage of proliferating cells above the cont(dl p<0.05; ***p<0.001). (D) BrduU
incorporation assay was performed in A375 cellsdfected with either control siRNA (siCtrl) or
KRIT1-targeting siRNA (siKRIT1) 24 hours post-tréastion. Data shown are the averages of
results from three independent experiments. *p<Q(Bb Western blot analysis of cyclin D1 and
p27 in siKRIT1 and siCTRL A375 cells. The histograepresents the relative expression,
normalized top-actin expression. (A.D.U.: arbitrary densitometnyits) (* p<0.05, **p<0.01).

The scale bar in figure above represents 400

Figure 3. KRIT1 downregulation increases migration and invasion in A375 melanoma cells.

(A) Confluent monolayers of siKRIT1 and siCTRL A3¢Blls were scratched, and images were
taken 6 and 12 hours post-wounding at 20x magtifica Data are reported as percentage of
wound closed area for well and are representafive® independent experiments (*p<0.05). (B)

Invasion assay. Image (20x magnification) of siKREANd siCTRL A375 cells. Data are reported
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as percentage of migrated cells for well and apeesentative of three independent experiments
(*** p<0.001; # p<0.0001) (C) Enzymatic activity MMP-2 in siKRIT1 and siCTRL A375 cells.
Percentage of MMP-2 band was evaluated by quamétatensitometry and normalized to the
number of cells/well (A.D.U.: arbitrary densitometunits). Data are representative of three

independent experiments (# p <0.001). The scalendagures (A) and (B) represents 4Q0.

Figure 4. KRIT1 silencing induces p-catenin overexpression and nuclear translocation of
A375 melanoma cells. (A) Western blot analysis ¢f-actin levels in siKRIT1 and siCTRL A375
cells. Quantification off-catenin levels normalized tp-actin (A.D.U.: arbitrary densitometry
units) (**p<0.01). (B) Immunofluorescence imagespedatenin (40X magnification) in siKRIT1
and siCTRL A375 cells. Quantification of nucleardanytoplasmaticp-catenin fluorescence
intensity (CTCF: corrected total cell fluorescengep <0.001). The scale bar in figures above

represents 1pm.

Figure 5. KRIT1 silencing induces epithelial mesenchymal transition of A375 melanoma
cells. (A) Western blot analysis of vimentin and N-cadhezkpression in siKRIT1 and siCTRL
A375 cells. Quantification of vimentin and N-cadherlevels normalized top-actin
(A.D.U.:arbitrary densitometry units) (*p<0.05; *&«0.001). (B) Immunofluorescence images of
vimentin and N-cadherin (40X magnification) in siKR and siCTRL A375 cells. Quantification
of N-cadherin and vimentin fluorescence intens@fCF: corrected total cell fluorescence) (*
p<0.05; ** p<0.01). The scale bar in figures aboseresents 1pm.

Figure 6. KRIT1 silencing induces COX-2 and mPGES-1 expression. (A, B) Western blot
analysis of COX-2 and, mPGES-1 expression in siKIRAnd siCTRL A375 cells. Quantification
of COX-2 and mPGES-1 levels normalized feactin (A.D.U.: arbitrary densitometry units)
(**p<0.01).
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Table 1: Main clinicopathologica data of melanocytic lesions used in this study

A): BCN, benign common nevi; DN, dysplastic nevi

B): RGPM, radia growth phase melanomas; VGPM, vertical growth phase melanomas; MelMet,
melanoma metastases; MM, malignant melanomas

A)
BCN DN
(n) 5
Male/female 3/2 5/0
Median age (range) 40 (29-55) 45(41-64)
Site (HN/TILIF) 1/3/10 0/5/0/0
AML (BCN/DN/MM/NO) 3/0/0/2 0/4/2/0*
B)
RGPM VGPM MEL MET
(n) 5 23 11

Male/female 2/3 10/13 3/8
Median age (range) 72 (44-87) 67 (33-86) 59 (25-86)
MM Site (HN/TIL) 2/2/1/0 71719 -
MelMet Site (siLnv) - - 4/4/3
MM type (ALM/LMM/NM/NeM/SSM) 0/2/0/0/3 1/3/6//1/12 -
PT (is1a/1b/2/3/4) 3/2/0/0/0/0 0/2/0/8/7/6 -
CSDS/non-CSDS 3/2 4/19 -
M (n)/wt(n)/nd(n):

BRAF wt (1)/nd (4) p.V600E3(14)/wt(3) p.V600E(3)/p.V600K (1)

p.GA466(1)/wt(6)

NRAS wt(1) /nd (4) p.Q61R(3);p.Q61K (2)/wt (18) p.Q61R(1)/wt (10)

C-KIT wt(1)/nd (4) p.L576P(1)/wt(22) wt(11)
Progression (Smet/LNmet/NoP) 0/0/5 8/7/8
Status(a/pruy 5/0/0 17/6/0 7131

HN, head and neck; T, trunk; L, limbs; F, foot; AML, associated melanocytic lesions (BCN, benign common nevi, DN, dysplastic nevi;

MM, malignant melanomas; No, none)
(n), number of cases

* apatient with Dysplastic nevus syndrome had both DN and MM

HN, head and neck; T, trunk; L, limbs
S, skin; LN, lymph node; V, visceral

ALM, acral lentiginous melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma; NeM, nevoid melanoma; SSM, superficial spreading

melanoma
pT according to AJCCC, 8th ed.

CSDs, chronically sun damaged skin; non-CSDs, not chronically sun damaged skin

M, mutation; wt, wild type; nd, not done

Smet, skin metastases; LNmet, lymph node metastases; NoP, not progressed; U, unknown

A, alive; D, dead; U, unknown
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Figure 5
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