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Abstract

Patients with non-supernumerary ring chromosome 7 syndrome have an increased incidence of 

hemangiomas, café-au-lait spots and melanocytic nevi. The mechanism for the increased incidence 

of these benign neoplasms is unknown. We present the case of a 22-year old man with ring 

chromosome 7 and multiple melanocytic nevi. Two nevi, one on the right ear and the other on the 

right knee, were biopsied and diagnosed as desmoplastic Spitz nevi. Upon targeted next-generation 

DNA sequencing, both harbored BRAF fusions. Copy number alterations and fluorescence in 

situ hybridization (FISH) for BRAF suggested that the fusions arose on the ring chromosome 

7. Hence, one reason for increased numbers of nevi in patients with non-supernumerary ring 

chromosome 7 syndrome may be increased likelihood of BRAF fusions, due to the instability of 

the ring chromosome.

Keywords
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Introduction

Non-supernumerary ring chromosome 7 syndrome is defined genetically by one abnormal 

chromosome 7 that forms a ring and has a characteristic phenotype. The ring is caused 

by double-stranded DNA breaks of the short and long arms of the chromosome, which 

become subsequently joined, resulting in the formation of the ring. As a consequence 
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the subtelomeric regions of both chromosomal arms may become lost (Velagaleti et al., 

2002). The ring chromosome 7 may be detected by traditional G-banded karyotyping or 

fluorescence in situ hybridization (FISH) and may be performed on peripheral lymphocytes, 

normal skin fibroblasts, bone marrow or nevi (Salas-Labadía et al., 2014; Velagaleti et 

al., 2002). The phenotypic traits may include neurodevelopmental delay, psychomotor 

delay, microcephaly, dysmorphic facial features, genital anomalies, skeletal anomalies and 

cutaneous lesions, including capillary malformations (so-called “nevus flammeus” or port 

wine stain), capillary hemangiomas of the head and neck, café-au-lait spots, hypopigmented 

macules and numerous melanocytic nevi (Salas-Labadía et al., 2014; Vollenweider Roten, 

Masouyé, et al., 1993). These melanocytic nevi have been described as darkly pigmented 

papules or macules that may occur on varied anatomical sites (abdomen, thorax, upper and 

lower extremities). In 5 of 11 ring chromosome 7 patients with melanocytic nevi, the nevi 

were reported to be congenital (Table 1). Their histomorphology has not been well studied, 

and their genomic alterations remain to be elucidated.

Materials and Methods

The study was approved by the human research ethics committee of the University of 

California, San Francisco (11–07922) and was conducted according to the Declaration of 

Helsinki.

Tumor DNA was analyzed using capture-based next-generation sequencing with the 

UCSF500 Cancer Gene Panel which examines the coding regions of 479 genes 

(Supplementary Table 1) and the select introns of 47 genes. Analysis was performed as 

previously described (Afshar et al., 2019).

Fluorescence in situ hybridization (FISH) using the ZytoLight SPEC BRAF dual color break 

apart probe (Zytovision, Bremerhaven, Germany) was carried out on 5 μm sections.

Results

The patient was a 22-year old man with a 46 XY, r(7) karyotype who had global 

developmental delay, relative microcephaly and several papules (presumed to be 

melanocytic nevi) present since early childhood. Hemangiomas and café-au-lait spots were 

not present. Two of his nevi (right ear and right knee) which had been present since early 

childhood and were stable in size and shape for 3 years, were biopsied and showed similar 

histopathologic findings. Melanocytes were arrayed in a predominantly dermal distribution 

with rare Kamino bodies in the slightly hyperplastic epidermis. In the papillary dermis, 

large epithelioid melanocytes had moderately abundant gray cytoplasm and large nuclei with 

prominent nucleoli. Some showed multinucleation and pigmentation was faint or partial. 

Nests and fascicles of melanocytes positioned between desmoplastic collagen bundles 

demonstrated “maturation” (diminished size of melanocytes and nests of melanocytes) with 

increased depth in the reticular dermis (Figure 1A and C). Both tumors were negative for 

PRAME and demonstrated mosaic expression of p16 by immunohistochemistry (Figure 1B 

and D).
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By targeted gene panel sequencing, the Spitz nevus on the ear harbored both a TMEM106B-
BRAF fusion and its reciprocal BRAF-TMEMB106B fusion (Supplementary Data 1). The 

resulting TMEM106B-BRAF gene retained exons 8–18 of BRAF and was predicted to result 

in an in-frame transcript. The Spitz nevus on the knee harbored a WDR91-BRAF fusion 

that retained exons 9–18 of BRAF and was also predicted to result in an in-frame transcript. 

Both the TMEMB106B-BRAF and WDR91-BRAF fusions are predicted to encode fusion 

proteins with constitutive BRAF kinase activity as they include the BRAF kinase domain but 

not the autoinhibitory N-terminal domain of BRAF (Botton et al., 2013; Ross et al., 2016; 

Tran et al., 2005). Both tumors showed amplification of the genomic regions containing 

the BRAF fusion gene, with identical losses of the tips of both arms of chromosome 7 

(likely reflecting DNA lost in the process of the ring formation) and amplification of the 

portions of chromosome 7 proximal to the losses at the tips of chromosome 7, suggesting 

that the amplifications occurred on the ring chromosome (Figure 2A). No additional 

genetic alterations including TERT promoter or BRAF mutations or CDKN2A mutations or 

deletions were identified. Except the aforementioned copy number changes on chromosome 

7 there were no additional copy number changes in the rest of the genome in either tumor.

Fluorescence in situ hybridization (FISH) with BRAF break apart probes was performed on 

both tumors. The probes flank the BRAF locus with red on the 3’ and green on the 5’ side. 

Normal keratinocytes showed 1–2 closely juxtaposed red and green signals, representing the 

intact BRAF loci. By contrast, in both tumors, neoplastic melanocytes had approximately 

5 pairs of red and green signals, most of which appeared to be slightly more distant than 

those in keratinocytes (Figure 2B). Given the FISH findings, the TMEM106B-BRAF fusion 

must occur on the ring chromosome. Because TMEM106B and BRAF are far apart on 

chromosome 7, a complete spatial separation of BRAF probes would be expected if the 

fusion occurred on a normal chromosome 7 (Figure 2C). However, a TMEM106B-BRAF 
fusion on the ring chromosome 7 could occur through an inversion of the genomic region 

spanning the 5’ end of BRAF, the distal q-arm, the junction with the p-arm, the distal p-arm, 

and the 5’ end of TMEM106B and would result in a partial split of FISH probes and the 

reciprocal fusion as seen in our case. This finding indicates that the TMEM106B-BRAF 
fusion affected the BRAF locus on the ring chromosome and not on the normal chromosome 

7. The WDR91-BRAF fusion can arise from tandem duplication, and the FISH findings are 

compatible with tandem duplication of the 5.6 Mb segment between WDR91 and BRAF 
occurring on either the ring or normal chromosome 7. However, the number of reads 

supporting the WDR91-BRAF fusion indicate that the fusion was amplified, and the copy 

number profile of chromosome 7 suggests that the amplification (and thus the BRAF fusion) 

occurred on the ring chromosome 7.

Discussion

Herein, we present a patient with non-supernumerary ring chromosome 7 syndrome and 

multiple melanocytic nevi. Two of the nevi were biopsied and both were histopathologically 

characterized as desmoplastic Spitz nevi and not common or conventional melanocytic nevi. 

Both harbored BRAF fusions occurring on the pre-existing ring chromosome 7. Because of 

their topology, ring chromosomes are likely to be unstable during cell divisions, making 

them prone to double-stranded DNA breaks and structural rearrangements (Velagaleti 
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et al., 2002). Melanocytic nevi, specifically Spitz nevi, can be initiated by a structural 

rearrangement that generates constitutively active kinases (Wiesner et al., 2014; Yeh et al., 

2015). Two of the kinases found to be rearranged in Spitz nevi are located on chromosome 

7: BRAF and MET. Kinase fusions involving these genes in Spitz tumors often have a 

fusion partner that also is contained in chromosome 7 (Botton et al., 2019). Our findings 

suggest that kinase fusions resulting from intrachromosomal structural rearrangements on 

chromosome 7 may contribute to the increased number of melanocytic nevi observed in 

patients with non-supernumerary ring chromosome 7 syndrome.

Another observation that supports this hypothesis is that increased numbers of melanocytic 

nevi are not characteristic in the supernumerary form of the ring chromosome 7 

syndrome; they are only observed in the non-supernumerary form (Velagaleti et al., 2002). 

Supernumerary ring chromosomes 7 contain comparatively little genetic material without 

the distal portion of the long arm on which BRAF and MET are located (Velagaleti et al., 

2002).

BRAF fusions are associated with Spitz cytomorphology and are among the defining genetic 

alteration of Spitz nevus in the 2018 WHO classification of skin tumors (Elder et al., 2018). 

Amin et al. described that melanocytic tumors with BRAF fusions tend to show a sheet-like, 

sclerosing growth involving both the epidermis and dermis (Amin et al., 2017). Epidermal 

hyperplasia was frequently observed and cytomorphology was more likely to be epithelioid, 

with “severe nuclear atypia” (Amin et al., 2017). The nevi in our case demonstrated features 

of Spitz nevus, such as Kamino bodies, epidermal hyperplasia and epithelioid melanocytes 

with clefting around nests of melanocytes. There also was desmoplasia, which is seen in 

Spitz nevi with HRAS mutation but also may be common in Spitz tumors with BRAF 
fusion.

The histopathology of melanocytic nevi in ring chromosome 7 syndrome has not been 

extensively studied. We reviewed published cases of ring chromosome 7 syndrome 

(Table 1). Few case reports show figures of the pertinent histopathology. One interesting 

histopathologic description from the nevi of an 8-year old male (Wahlström et al., 1996) 

described “pigmented nevi with pronounced dysplasia”, in which the melanocytes were 

“heavily pigmented” and large cells were confluent as “syncytia-like giant cells”, possibly 

indicating a spitzoid or pigmented epithelioid melanocytoma-like morphology. There has 

been a report of a melanoma developing in a 17-year old girl with ring chromosome 

7 syndrome and multiple congenital nevi (Vollenweider Roten, Delozier-Blanchet, et al., 

1993). The melanoma was retroauricular and showed “pigmented epithelioid-type cells 

invading the epidermis and the reticular dermis”(Vollenweider Roten, Delozier-Blanchet, 

et al., 1993). Reviewing their provided figure, we do observe large cells with abundant 

cytoplasm, prominent nucleoli and large melanophages. This lesion could potentially fit 

within the spectrum of Spitz tumor. As for our patient, the absence of secondary genetic 

alterations associated with progression such as TERT promoter mutation and homozygous 

9p21 (CKDN2A locus) deletions ruled out melanoma. We recommended clinical follow-up 

and/or re-biopsy of any recurrent lesions.
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BRAF fusions are expressed under the promoter of the 5’ gene, TMEM106B and WDR91 
in our case. It is conceivable that expression of one copy of these BRAF fusions does not 

lead to enough BRAF fusion protein to initiate tumor growth and that tumor formation was 

contingent on the secondary amplifications of the BRAF fusion genes. This would be akin 

to the situation in nevus spilus, which has a mutant HRAS in the background lentigo with 

gain of the mutant allele in the compound melanocytic proliferations within it (Sarin et al., 

2013). The genomic instability of ring chromosomes could increase the likelihood of not 

only BRAF fusion but also subsequent amplification.

To conclude, the cutaneous phenotype of non-supernumerary ring chromosome 7 syndrome 

consists of capillary hemangiomas, café-au-lait spots and dark, pigmented nevi which may 

show large epithelioid cells on histomorphology. Herein, we molecularly characterize two 

desmoplastic Spitz nevi in a 22-year-old man with ring chromosome 7 syndrome. The 

presence of two distinct BRAF fusions occurring on the ring chromosome 7 suggest that 

nevi with BRAF fusion may be observed more frequently in patients afflicted with this 

genetic syndrome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance

The mechanism underpinning the increased number of melanocytic nevi observed in 

patients with non-supernumerary ring chromosome 7 syndrome is unknown. Our findings 

suggest that kinase fusions such as BRAF gene fusions resulting from intrachromosomal 

structural rearrangements on chromosome 7 due to the instability of the ring may be a 

major contributing factor. Nevi occurring in the ring chromosome 7 syndrome may best 

correspond to the clinical, pathological and genomic category of Spitz tumors.
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Figure 1. 
Histopathology of the Spitz nevus from the knee showing a predominantly dermal 

distribution of melanocytes, with nests and fascicles of melanocytes extending into the 

reticular dermis with a wedge-shaped profile. (1A,C: H&E) Large epithelioid melanocytes 

with abundant cytoplasm and prominent nucleoli are observed. The melanocytes 

demonstrated strong mosaic expression of p16 by immunohistochemistry with less 

expression in the deeper aspects of the nevus (a gradient pattern of expression) (1B,D).
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Figure 2. 
Molecular characterization of the two Spitz nevi. (A) Copy number profiles derived by 

next-generation DNA sequencing. In both tumors, there is loss of the identical distal portions 

of chromosome 7, reflecting the genomic material lost from the ring chromosome 7. Both 

tumors demonstrate amplified regions consistent with amplification of the BRAF fusion. 

(B) FISH with break-apart probes for the BRAF region showed two closely paired red and 

green signals in keratinocytes and several loosely paired signals in neoplastic melanocytes 

from the Spitz nevus on the ear. (C) The illustration shows the BRAF and TMEM106B loci, 
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which are far apart on the opposing arms of chromosome 7. The location targeted by the red 

and green FISH probes flanking the BRAF locus are shown. The top panel illustrates how a 

TMEM106B-BRAF fusion would lead to widely split signals. The lower panel shows closer 

proximity of the BRAF and TMEM106B loci in the setting of a ring chromosome 7, and 

how a TMEM106B-BRAF fusion would result in loosely split FISH signals as seen in the 

neoplastic melanocytes of our case.
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