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Client:  Frye, Richard, MD, PhD 
Date:  2/23/2024 
Patient:  Qemali, Albana 
DOB:  11/13/2013 (10y) 
Service level: Basic Standard Comprehensive 
Test/lab: WGS trio / Variantyx  
Off-target: Requested by adult patient 
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Summary of the discussion: 
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Patient information: 
 
Dr. Frye: 

 



 

 

  

 



  
 
PFO spontaneously closed, lipoma removed from back, strabismus 
 
Family history: 
 

  
 
Non-genetic test results: 
 

 



  

 
 
 
  



Genetic test results: 
 

 
 



Official laboratory report: 

 

 



 

 

 

 
 



Comprehensive Sequence Re-analysis - Variants of potential interest: 
 
De novo small variants:  
 
ERF c.205G>A, p.Val69Ile, chr19:42,250,383, Exonic (Nonsynonymous SNV), heterozygous, 
de novo: 

 

  

 

 



 

 

 

 



 
UCSC-GB: Valine is highly conserved in mammals, but not beyond that. Isoleucine is formed by 
a transition (common mutation), and is only found among mammals in panda and Tasmanian 
devil. This suggests that this variant may not be tolerated. Opossum has arginine, all others 
mammals have valine. 



 

 
ERF: ETS2 repressor factor   

 



OMIM: 

 
     Description: Members of the ETS family of transcription factors, such as ERF, regulate cell 
proliferation and differentiation. They share a highly conserved DNA-binding domain, the ETS 
domain, that recognizes the sequence GGAA/T (de Castro et al., 1997). For further information 
on ETS transcription factors, see ETS1 (164720). 
     Gene Function-Using transfection assays of HeLa cells, Sgouras et al. (1995) found that ERF 
repressed the ETS2 promoter more than 30-fold. ERF also repressed the GATA1 (605371) 
promoter in the presence of its transactivator, GATA1. ERF suppressed the ETS-dependent 
transforming activity of the gag-myb (189990)-ets fusion oncogene of the avian E26 virus. The 
level of transcriptional repression by ERF was proportional to its affinity for the ERF target 
sequence in the promoter. The isolated DNA-binding domain of ERF strongly inhibited the 
ETS2 promoter, whereas removal of the DNA-binding domain of ERF abrogated its repressor 
activity. Sgouras et al. (1995) mapped the ERF repressor domain between amino acids 472 and 
530. Although the ERF protein level remained constant throughout the cell cycle, ERF 
phosphorylation status was altered as a function of the cell cycle and after mitogenic stimulation. 
ERF was hyperphosphorylated in cells transformed by the activated Ha-ras (HRAS; 190020) and 
v-src (SRC; 190090) genes, and the transcription repressor activity of ERF was decreased after 
cotransfection with activated Ha-ras or the kinase domain of RAF1 (164760), indicating that 
ERF activity is probably regulated by the Ras/MAPK pathway. Consistent with the in vivo 
phosphorylation and inactivation by Ha-ras, ERF was efficiently phosphorylated in vitro by Erk2 
(MAPK1; 176948) and CDC2 (116940)/cyclin B (see CCNB1; 123836) kinases at sites similar 
to those detected in vivo. Mutation of thr526 to ala eliminated a major ERF phosphoprotein in 
vivo, after phorbol ester induction, and in vitro, after ERK2 phosphorylation. Substitution of 
thr526 for glu also decreased the repression ability of ERF. Sgouras et al. (1995) concluded that 
ERF is involved in transcriptional regulation of genes activated during entry into G1 phase.  
     Bose et al. (2017) showed that ERF mutations in prostate cancer cause decreased protein 
stability and mostly occur in tumors without ERG (165080) upregulation. ERF loss recapitulated 
the morphologic and phenotypic features of ERG gain in normal mouse prostate cells, including 
expansion of the androgen receptor (AR; 313700) transcriptional repertoire, and ERF had tumor 



suppressor activity in the same genetic background of PTEN (601728) loss that yields oncogenic 
activity by ERG. In the more common scenario of ERG upregulation, chromatin 
immunoprecipitation followed by sequencing indicated that ERG inhibits the ability of ERF to 
bind DNA at consensus ETS sites both in normal and in cancerous prostate cells. Consistent with 
a competition model, ERF overexpression blocked ERG-dependent tumor growth, and ERF loss 
rescued TMPRSS2 (602060)-ERG-positive prostate cancer cells from ERG dependency. Bose et 
al. (2017) concluded that their data provided evidence that the oncogenicity of ERG is mediated, 
in part, by competition with ERF, and raised the larger question of whether other gain-of-
function oncogenic transcription factors might also inactivate endogenous tumor suppressors. 
     Molecular Genetics-Craniosynostosis 4: In 12 families with craniosynostosis (CRS4; 
600775), Twigg et al. (2013) identified heterozygosity for mutations in the ERF gene (see, e.g., 
611888.0001-611888.0005).  
     Chaudhry et al. (2015) analyzed the ERF gene in 40 patients with genetically undiagnosed 
multiple suture or sagittal synostosis, and identified 2 heterozygous mutations, one in the start 
codon (611888.0006) and the other in a splice site (611888.0007), in 2 affected boys. Chaudhry 
et al. (2015) noted that 2 (5%) of 40 patients in their study population had a pathogenic variant in 
the ERF gene, similar to the 3% frequency that was observed in a larger cohort (Twigg et al., 
2013).  
     In a cohort of 182 Spanish craniosynostosis probands, Paumard-Hernandez et al. (2015) 
screened 7 craniosynostosis-associated genes, including the ERF gene, but did not detect any 
mutations in ERF. The authors suggested that the frequency of ERF mutations might be lower 
than previously reported.  
     Chitayat Syndrome: In 5 patients from 4 families with Chitayat syndrome (CHYTS; 617180), 
Balasubramanian et al. (2017) identified heterozygosity for a recurrent missense mutation in the 
ERF gene (Y89C; 611888.0008). The authors stated that it was unclear why the Y89C variant 
produced a different phenotype from that associated with previously reported mutations in the 
same region of ERF, such as R86C (611888.0003) and R65Q (611888.0004). [Albana V69I] 
     Description: Chitayat syndrome (CHYTS) is a rare condition characterized by respiratory 
distress presenting at birth, bilateral accessory phalanx resulting in shortened index fingers with 
ulnar deviation, hallux valgus, and characteristic facial features including prominent eyes, 
hypertelorism, depressed nasal bridge, full lips, and upturned nose (summary by 
Balasubramanian et al., 2017). 
     Animal Model: Papadaki et al. (2007) found that mouse Erf was expressed throughout 
embryonic development and adulthood. However, in situ hybridization of developing placenta 
showed that, after 7.5 days postcoitum, expression of Erf was restricted to extraembryonic 
ectoderm, and after 9.5 days postcoitum, it was restricted to a subpopulation of labyrinth cells. 
Erf +/- mice appeared normal and were fertile, but Erf -/- embryos died in utero at day 10 due to 
severe placenta defects. Erf -/- embryos failed to undergo chorioallantoic attachment and 
labyrinth development and instead had an expanded chorion layer that failed to further 
differentiate. These mice also failed to close the ectoplacental cone cavity. Erf -/- placentas had 
abnormalities in the giant cell and spongiotrophoblast layers. Erf -/- trophoblast stem cells 
showed delayed differentiation compared with wildtype cells and failed to express specific 
differentiation markers.  
     Twigg et al. (2013) generated mice with a conditional Erf allele and observed that mice 
heterozygous or homozygous for the conditional allele were grossly normal, whereas mice that 
were compound heterozygous for the conditional allele and a null allele had domed heads that 



became apparent during the first 3 to 6 weeks of life. Micro-CT scanning showed 
craniosynostosis affecting multiple calvarial sutures. No other specific skeletal abnormalities 
were evident. Quantification of transcripts in embryonic day 16.5 calvaria showed up to 2-fold 
downregulation of multiple osteogenic markers in conditional/null mutants compared to wildtype 
littermates. Despite this mildly delayed embryonic ossification, by postnatal day 14 there was 
variable fusion of the cranial sutures of mutant, but not of wildtype, pups. 
 
Functional disease gene list: ATP1A2, ATP1A3, ATXN8OS, CACNA1A, CACNA1S, CDK8, 
CHAMP1, CLCN1, CNR1, COQ2, GFAP, GLA, GLS2, HMBS, INF2, KCNH2, KCNJ18, 
KCNK18, KIF1B, MAP1B, MEFV, OCM, OPRM1, OTC, PMP22, POGZ, POLG, PPM1D, 
PRRT2, PRX, RYR2, SCN1A, SCN2A, SCN4A, SCN9A, SCN10A, SCN11A, SH3TC2, 
SLC1A3, SLC2A1, TNFRSF1A, TNFRSF1B, TNXB, TRAP1, TRPA1, TRPC3, TRPV1, 
TUBB3:  
 
KIF1B c.4798G>A, p.Val1600Met, chr1:10,368,512, Exonic (Nonsynonymous SNV), 
heterozygous, paternally inherited:

  

 
IVG checked 
 



MEFV c.2084A>G, p.Lys695Arg, chr16:3,243,403, Exonic (Nonsynonymous SNV), 
heterozygous, maternally inherited:

 

 



 

 



 
IGV checked: Patient is heterozygous, mother is homozygous 
 
SCN10A c.2485C>T, p.Arg829Cys, chr3:38,728,697 & c.268C>T, p.Arg90Trp, 
chr3:38,793,743; both are Exonic (Nonsynonymous SNV), heterozygous, and maternally 
inherited:

 



 

 

 
ClinVar: Benign x3 

 



  
 

 
IGV checked x2 
SCN10A: sodium voltage-gated channel alpha subunit 10  
Gene Other Names: Nav1.8, hPN3, SNS, PN3 
Function Description: Tetrodotoxin-resistant channel that mediates the voltage-dependent sodium 
ion permeability of excitable membranes. Assuming opened or closed conformations in response to 
the voltage difference across the membrane, the protein forms a sodium-selective channel through 
which sodium ions may pass in accordance with their electrochemical gradient. Plays a role in 
neuropathic pain mechanisms. 



 
 
  



Other inherited small variants:  
 
Calcium level was normal, so these variants are likely not disease related in Albana: 

 
 
  



COQ4 c.397G>T, p.Val133Leu, chr9:128,325,876, Exonic (Nonsynonymous SNV), 
heterozygous, maternally inherited:

 

 
 
 
mtDNA variants: No variants of interest 
 
  



Loss-of-heterozygosity: 
 

 
 
Structural variants: No variants of interest 
 
Short tandem repeats: No variants of interest; CACNA1A 11/13 CAG repeat by GAV = normal 
 
Off-target/incidental variants: No variants of interest 
  
Per our discussion today: All variants listed above were discussed, only those believed to be the 
most relevant are in this summary below: 
   

• ERF c.205G>A, p.Val69Ile, chr19:42,250,383, Exonic (Nonsynonymous SNV), 
heterozygous, de novo:  

o This de novo variant is highly likely to alter protein function, as it is very rare in 
humans (3/100K people), well conserved in mammals, and variably predicted as 
such by computer algorithms. 

o The variant is in a hot spot for mutation in this gene. 
o The protein encoded by this gene is a transcriptional repressor. 
o Variants in this gene have been reported in craniosynostosis or autism/NDD. 
o This variant is an excellent candidate for being disease causal or related in this 

patient. 



• SCN10A c.2485C>T, p.Arg829Cys, chr3:38,728,697 & c.268C>T, p.Arg90Trp, 
chr3:38,793,743; both are Exonic (Nonsynonymous SNV), heterozygous, and maternally 
inherited: 

o This variant is likely to alter protein function, as it is rare in humans, conserved in 
vertebrates, and variably predicted as such by computer algorithms. 

o The protein encoded by this gene is a sodium channel in noxious neurons. 
o Variants in this gene have been reported in chronic pain conditions. I have seen 

variants in this gene in patients with autism before likely associated with 
behavioral meltdowns, probably due to noxious symptoms. 

o This variant is a good candidate for being disease related in this patient, especially 
in regards to possible behavioral meltdowns. 

• MEFV c.2084A>G, p.Lys695Arg, chr16:3,243,403, Exonic (Nonsynonymous SNV), 
heterozygous, maternally inherited: 

o This variant is common in humans. 
o The protein encoded by this gene is pyrin, in the inflammatory cascade. 
o Variants in this gene have been reported in autoinflammatory conditions, 

including FMF and fibromyalgia. 
o This variant is a good candidate for being disease related in this patient, especially 

in regards to improvement on therapies that decrease inflammation (e.g., IVIG). 
 
Potential management issues for consideration: 
 

• SCN10A-targeted therapies: In particular, mitochondrial-targeted dietary supplements, 
additional magnesium and zinc, gabapentin, and/or duloxetine 

• MEFV-targeted therapies: In particular, NSAIDS – ibuprofen, naproxen, colchicine, 
ketorolac 

 
Additional information regarding one of the above genes: 
 
SCN10A: This gene encodes for one subunit of the NaV1.8 sodium channel that transmits 
electrical signals in nociceptors, which are the peripheral nerve cells that transmit pain signals. 
Disease manifestations are generally autosomal dominantly-inherited, chronic pain conditions 
resulting from hyperactive mutant channels in which an increase in sodium ion influx enhances 
the transmission of pain signals. The SCN9A gene (NaV1.7 sodium channel) is a better-known 
cause of chronic pain, although SCN10A is thought to be similar. Conditions caused by these 
genes include erythromelalgia, paroxysmal extreme pain disorder, and small fiber neuropathy, all 
of which have in common episodes of severe noxious stimuli (often pain, but can be burning, 
itching, etc., often with allodynia). Signs and symptoms can be localized or generalized, often 
associated with erythema, swelling, and warmth, sometimes accompanied with an extended 
peripheral (e.g., autonomic, enteral, sensory) neuropathy, and occasionally associated with 
seizures or degeneration. No treatment is consistently effective. However, the diagnosis is often 
helpful in understanding that the pain is “real”, and not driven by neurosis or secondary gain. 
Additionally, a diagnosis suggests that chronic treatment of neuropathic pain is indicated, and 
not a “course” of narcotics. Therapies shown to be effective in relieving pain in some individuals 



include avoidance of triggers, cooling of the extremities, gabapentin, serotonin-norepinephrine 
reuptake inhibitors, selective serotonin reuptake inhibitors, tricyclic antidepressants, 
carbamazepine, and sodium channel blockers, among several others. Functional medicine 
approaches might include neuroprotective agents such as supplementation with antioxidants or 
magnesium. 
 

 
Richard G. Boles, M.D.          
Medical Geneticist 
Director, Neurabilities NeuroGenomics Program 
Cell: 310-869-6332 
Fax: 626-270-4272 
rboles@neurabilities.com 
https://neurabilities.com/neurogenomics 
 
 
This “Peer-to-Peer” Service is performed as part of the Neurabilities NeuroGenomics Service, and further 
information regarding the nature and limitations of the Service are found at https://cnnh.org/cnnh-
services/neurogenomicsprogram/#. In particular, this Service involves a discussion among professionals of potential 
diagnoses and/or management options, but does not constitute the practice of medicine, and no physician-patient 
relationship is provided or inferred by this Service. 
 
Disclosure: I am the Chief Medical & Scientific Officer for NeuroNeeds LLC, the start-up company that makes 
SpectrumNeeds®, EnergyNeeds®, QNeeds®, OmegaNeeds®, and CalmNeeds®. As such, I may receive financial 
compensation based upon by efforts and/or the success of the company. However, I receive no appreciable 
additional compensation based of if you buy this product. My primary interest herein is as your child's physician. 
You are under no obligation to purchase this or any product, whether recommended by myself (Dr. Boles) or 
another health care provider. As always, it is recommended that you contact your physician regarding any changes 
to disease management. 
 


