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Melanoma is a tumor whose incidence has increased steadily in the last 50 years in fair-skinned populations. Despite
representing less than 5% of all skin cancers, melanoma accounts for the majority of skin cancer deaths [1].

Men have a poorer prognosis compared with women and, in many countries, melanoma incidence is higher in
women [2,3]. These sex differences could be due to both behavioral and biological factors, as reviewed by Schwartz
et al. (3]. Behavioral factors influenced by gender may include, among others, sunbed use, recreational UV exposure,
use of sun protection and skin awareness. The increased risk in women appears to be counterbalanced by increased
protection and early diagnosis, which allows for the detection of thinner tumors, improving the survival rate.
However, biological factors, such as differences in the underlying genetic risk architecture, can also be at play (3.
Males and females also present different primary tumor sites, with a higher incidence on the head, neck and torso
in males and on the legs in females. It is not yet clear whether this could be due to sex differences in behaviors,
genetic make-up, or their interplay (3.

Melanoma and nevi both derive from the proliferation of melanocytes, which is uncontrolled in the former and
benign in the latter. It is estimated that between 20 and 50% of melanomas arise from a nevus [4]. The total body
nevus count is the most powerful phenotypic marker to predict melanoma risk (5], and melanoma and nevi share
multiple genetic and environmental influences [6]. For instance, studies suggest that early exposure to UV light
plays a role in inducing both nevi and melanoma (e.g., (71), and a recent genome-wide meta-analysis by Duffy ez a/.
identified pleiotropic effects on melanoma risk of five genetic loc (namely: IRF4, DOCKS, MTAP, 9q31.2, KITLG
and PLA2G6) influencing nevus count [8].

Mirroring what is already observed for melanoma primary site, sex differences in nevus distribution are observed
at different body sites from childhood onward, with females having more nevi on the legs, and males having
more nevi on the head, neck and torso [9,10]. Interestingly, nevus count on the torso in males and on the legs in
females are better predictors of overall melanoma risk than nevus count at any other site [9]. These sex differences
in nevus counts could be due to both behavioral and genetic factors, with observational studies supporting both
hypotheses. For instance, a small study of men and women living in Spain failed to find any difference in nevus
count on the legs, likely due, according to the authors, to the fact that, in this country, both men and women
commonly expose this site [11]. However, a much larger study carried out in Queensland, Australia, where again
children of both sexes commonly expose their legs, observed an increased number of nevi on the legs in girls
compared with boys [12]. Furthermore, sex chromosomes may also play a role in nevus distribution and number.
For instance, individuals with Turner syndrome (45,X monosomy) show an increased number of nevi (13}, and
a study exploring genes differentially expressed in Turner syndrome versus healthy women (46,XX) identified,
among the others, an autosomal gene (DOCK?) associated to the distribution and function of melanocytes in
mice [14]. Another hypothesis is that the observed differences in body site nevus distribution between sexes could
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be due to sex-specific mechanisms driving melanocyte migration and differentiation during embryogenesis, and
which are likely to continue affecting nevi and melanoma behavior throughout one’s lifetime, an aspect also worth
investigating.

To investigate the role of genetic and environmental factors in these site-specific differences in women, we took
advantage of nevus count data available for 1512 female twin pairs of European ancestry. Twins studies can estimate
the proportion of the variability of a trait that is caused by genetic effect and by environmental factors [15]. We
showed that 69% of the nevus count variability on the legs — the site more common for melanoma in women —
could be explained by genetic effects, and only 31% was due to environmental factors [10]. For comparison, on the
torso, where melanoma incidence is lower in females, genetic effects were the lowest and responsible for only 26%
of the nevus count variability in the female twins. In the same group of female twins, genetics explained 34% of
the nevus count variability on the head and neck, and 54% in the arms.

Next, we investigated whether genetic variants at the six pleiotropic melanoma and nevus count /loc7 identified
by Duffy et al. 8] had a different effect on nevus count distribution at different body sites in 2864 women. We
observed that genetic variants at the /RF4, 9q31.2, and PLA2G6 loci influenced the number of nevi on the legs.
Nevus count on the arms was significantly associated with variants at the DOCKS, MTAP and PLA2GG6 loci, while
nevus count on the head and neck were associated with variants at the /RF4 and MTAP loci. Only the PLA2G6
locus was associated with nevus count distribution on the torso [10].

Our results suggest that, in women, increased nevus count on the legs is under significant genetic control, and
unlikely due to higher UV exposure alone, as already suggested [16], and that the impact of genetics on nevus count
differs according to body sites.

In summary, current research demonstrates that melanoma susceptibility and survival are strongly connected
with biological sex, which appears to influence also the site of the primary tumor [3]. Analogously, nevus count
distribution at different body sites seems to have a sex-specific pattern, which we have shown to be under genetic
influence [10], albeit only in women.

In the future, it would be important, first and foremost, to assess whether nevus count distribution is also
under a site-specific genetic control in men, which we could not test due to the small number of men in our
cohort, and to extend our investigation to the role of sex chromosomes. Then, it would be crucial to translate
these results to melanoma research, investigating whether these pleiotropic loc7, as well as any other associated
locus, are exerting an effect on melanoma susceptibility that is sex dependent. Indeed, few studies have investigated
genetic differences according to sex in melanoma (reviewed in (3]). This would include performing sex-stratified
genome-wide association studies or candidate gene analyses, as well as testing for gene-by-sex interactions. Of
course, this sex-stratified approach of investigation could be extended to other melanoma risk factors, such as hair
and eye color, or tanning ability. In our view, these approaches will allow dissection of the underlying mechanisms
responsible for the observed differences in melanoma susceptibility between sexes, and drive intervention strategies
targeted to men and women distinctly to improve therapeutic outcomes.

Author contributions
A Visconti wrote the manuscript. M Sanna contributed to the literature review. All authors read and approved the final version of
the manuscript.

Financial & competing interests disclosure
M Falchi has received research funding from Sanofi. The authors have no other relevant affiliations or financial involvement with
any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

Open access
This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,
visit http://creativecommons.org/licenses/by-nc-nd/4.0/

Melanoma Manag. (2020) 7(1) future science group


http://creativecommons.org/licenses/by-nc-nd/4.0/

Genetics plays a role in nevi distribution in women

References

Papers of special note have been highlighted as: e of interest ®e of considerable interest

1.

10.

11.

12.

13.

15.

16.

Matthews NH, Li WQ, Qureshi AA ez al. Chapter 1: Epidemiology of melanoma. In: Cutaneous Melanoma: Etiology and Therapy
[Internet]. Ward WH, Farma JM (Eds). Codon Publications, Brisbane, AU (2017).

Joosse A, de Vries E, Eckel R ez al. Gender differences in melanoma survival: female patients have a decreased risk of metastasis. /. nvest.
Dermatol. 131(3), 719-726 (2011).

Schwartz MR, Luo L, Berwick M. Sex differences in melanoma. Curr. Epidemiol. Rep. 6(2), 112-118 (2019).
Review of sex differences in melanoma incidence and survival.

Shitara D, Nascimento MM, Puig S ¢¢ a/. Nevus-associated melanomas: clinicopathologic features. Am. J. Clin. Pathol. 142(2), 485-491
(2014).

Bhatt M, Nabatian A, Kriegel D ez al. Does an increased number of moles correlate to a higher risk of melanoma? Melanoma

Manag. 3(2), 85-87 (2016).

Whiteman DC, Watt P, Purdie DM ez al. Melanocytic nevi, solar keratoses, and divergent pathways to cutaneous melanoma. /. Nat/
Cancer Inst. 95(11), 806—812 (2003).

Augustsson A. Nevi and initiation by sun. In: Skin Cancer and UV Radiation. Altmeyer P, Hoffmann K, Stiicker M. (Eds). Springer
Berlin Heidelberg, Heidelberg, Germany, 589-594 (1997).

Duffy DL, Zhu G, Li X ¢z al. Novel pleiotropic risk loci for melanoma and nevus density implicate multiple biological pathways. Nar.
Commun. 9(1), 4774 (2018).

Kriiger S, Garbe C, Biittner P ¢z a/. Epidemiologic evidence for the role of melanocytic nevi as risk markers and direct precursors of
cutaneous malignant melanoma. /. Am. Acad. Dermatol. 26(6), 920-926 (1992).

Visconti A, Ribero S, Sanna M et a/. Body site-specific genetic effects influence naevus count distribution in women. Pigment Cell
Melanoma Res. doi:10.1111/pemr.12820 (2019) (Epub ahead of print).

The first study investigating body site-specific genetic effects influencing the development of nevi in women.

Echeverria B, Bulliard J-L, Guillén C ¢ al. Indicators for the total number of melanocytic naevi: an adjunct for screening campaigns.

Observational study on 292 patients. Br. /. Dermatol. 170, 144-149 (2014).

MacLennan R, Kelly JW, Rivers JK ez a/. The Eastern Australian Childhood Nevus Study: site differences in density and size of
melanocytic nevi in relation to latitude and phenotype. /. Am. Acad. Dermatol. 48(3), 367-375 (2003).

Becker B, Jospe N, Goldsmith LA. Melanocytic nevi in Turner syndrome. Pediatr. Dermatol. 11(2), 120-124 (1994).

Trolle C, Nielsen MM, Skakkebzk A ez al. Widespread DNA hypomethylation and differential gene expression in Turner syndrome. Sci.
Rep. 6, 34220 (2016).

Verweij KJH, Mosing MA, Zietsch BP ez al. Estimating heritability from twin studies. In: Statistical Human Genetics. Elston
RC, Satagopan JM, Sun S. (Eds). Humana Press, NJ, USA, 151-170 (2012).

Bataille V. Melanoma. Shall we move away from the sun and focus more on embryogenesis, body weight and longevity? Med.

Hypotheses 81(5), 846-850 (2013).

Editorial

future science group www.futuremedicine.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




