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Abstract

Purpose: To determine if mosaic tuberous sclerosis complex (TSC) can be stratified into 

subtypes that correspond with prognosis and extent of disease.

Methods: Next-generation sequencing of skin tumor and other samples was used to identify 

patients with mosaic pathogenic variants in TSC1 or TSC2. Extent of disease, onset age, and 

family history of TSC were determined through retrospective analysis of patient records.

Results: The median number of disease findings and age at penetrance differed between mosaic 

patients with asymmetrically distributed facial angiofibromas (4 findings, 24y, n=7), mosaic 

patients with bilaterally symmetric facial angiofibromas (8 findings, 10y, n=12), and germline 

TSC patients (10 findings, 4y, n=29). Cutaneous and internal organ involvement positively 

correlated in mosaic (R=0.62, p=0.005), but not germline (R=−0.24, p=0.24) TSC. Variant allele 

fraction (VAF) in the blood (range: 0-19%) positively correlated with the number of major features 
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(R=0.55, p=0.028). Five had a TSC2 variant identified in the skin that was below detection in the 

blood. One of 12 children from a mosaic parent had TSC.

Conclusion: The phenotype of mosaic TSC ranged from mild to indistinguishable from 

germline disease. Patients with mosaicism and asymmetric facial angiofibromas exhibited fewer 

findings, later onset, and lower VAF in the blood.
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Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant neurocutaneous syndrome 

characterized by hamartomas in multiple organ systems1. TSC results from a pathogenic 

variant of TSC1 or more commonly, TSC2. One-third of patients inherit the disease from a 

parent with a germline variant and the remaining two-thirds of cases result from a sporadic 

(de novo) variant 2. Many of these sporadic cases represent mosaicism due to a post-zygotic 

mutation resulting in an individual comprised of wild-type and heterozygous cells. We have 

previously used next-generation sequencing (NGS) to identify mosaic TSC1/TSC2 variants 

in patients with TSC who had no mutation identified (NMI) by conventional genetic testing 
3. About 15% of patients with a clinical TSC diagnosis, of which half are mosaic, have NMI 

by conventional sequencing methods 3; yet little is known about diagnosis or prognosis in 

this significant proportion of TSC patients.

The spectrum of disease documented to date in those with genetically proven mosaic TSC 

overlaps extensively with that of individuals with germline TSC. As a group, patients with 

mosaic TSC tend to exhibit a lower overall severity 3, but distinctive clinical features are 

incompletely defined. This is in contrast to neurofibromatosis type 1 (NF1), another 

autosomal dominant neurocutaneous syndrome. Mosaicism in NF1 has historically centered 

on a phenotypically distinct form called segmental NF1, characterized by localized or 

asymmetric distribution of lesions, particularly in the skin 4,5. Those with segmental NF1 

tend to have a lower disease severity 4 and lower risk of disease transmission 6 than those 

with germline NF1.

Patients with TSC have several types of skin lesions that could serve as markers of 

segmental disease, including facial angiofibromas (AFs), fibrous cephalic plaques (FCP), 

hypomelanotic macules (HM), shagreen patches (SP), and ungual fibromas (UF). Among 

these, facial AFs have the greatest potential to be markers of mosaicism, since they occur in 

most patients and are typically multiple and bilateral. This symmetrical pattern is not seen in 

rare individuals in whom there is unexpected sparing of one side of the face7. Unilateral AFs 

have been hypothesized to represent a segmental mosaic form of TSC, and this has been 

genetically confirmed in one patient 8. Some of the patients with unilateral AFs reported to 

date exhibit low disease severity 7, but this has not been characterized in any detail.

In our earlier study testing cultured skin tumor cells to elucidate pathogenetic mechanisms 

underlying the formation of TSC skin tumors, we unexpectedly identified eight individuals 
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with TSC who had bilaterally symmetric AFs but were nonetheless genetically mosaic 9. 

This prompted the current study to look specifically for patients with unilateral or 

asymmetrically distributed AFs as a potential marker for mosaic TSC. Skin lesions were 

again used as the target tissue to identify mosaicism, this time using mostly whole tissue 

rather than cultured tumor cells as the DNA source. The genetic findings of an additional 12 

patients are reported herein, together with extensive phenotyping of these and our previous 

patients, including those with germline TSC. These studies broaden our understanding of the 

range of phenotypes displayed in mosaic TSC and improve our clinical and genetic 

diagnostic capabilities.

Materials and Methods

Patients with TSC were recruited to participate in studies at the National Institutes of Health 

Clinical Center in Bethesda, Maryland between 2005 and 2018. Written informed consent 

was obtained according to IRB-approved protocols 00-H-0051, 95-H-0186, 96-H-0100, 

and/or 82-H-0032 (ClinicalTrials.gov identifiers: NCT00001975, NCT00001465, 

NCT00001532, and NCT00001183, respectively). Patients seen under these protocols 

consented to skin biopsies of cutaneous tumors for research purposes. NGS was performed 

on DNA isolated from fibroblast cultures, whole tumor tissue, or components of whole 

tumor split by dispase (Supplemental Methods). Unaffected skin, blood, buccal cells, saliva 

and/or urine were also collected. Our cohort of 112 patients with TSC were screened for 

asymmetric or unilateral AFs, and those suspected of having mosaic TSC on this basis had 

NGS performed on skin tumor and control tissue samples. Three patients exhibited absence 

of tubers and subependymal nodules (SENs) as a potential marker for mosaicism10. 

Mosaicism was defined as a variant allele fraction (VAF) of less than 40%11. Results from 

newly identified patients with mosaic or germline TSC were combined with our previously 

reported cases for phenotype-genotype analysis.

A retrospective review of clinical records from all patients with mosaic or germline TSC was 

performed. This included a review of history, patient photography and radiographic imaging. 

The presence of major and minor features for the clinical diagnosis of TSC12 was 

determined, including eight mucocutaneous findings (AF, UF, FCP, SP, HM, confetti, dental 

pitting (DP), and oral fibromas (OF)), and six internal findings (tuber, SEN, subependymal 

giant cell astrocytoma (SEGA), lymphangioleiomyomatosis (LAM), angiomyolipoma 

(AML), and retinal hamartoma (RH)). The radiologist was blinded to patient’s genotype. 

The term features is used in analyses where the presence of AF or FCP is combined, as it 

comprises one major feature for diagnosis12. The term findings is used herein when AF and 

FCP are counted separately. Mucocutaneous findings that were present but insufficient in 

number to meet diagnostic criteria (AF≥3, HM≥3, UF≥2, DP ≥3, and OF≥2) were also 

recorded. AF distribution was determined to be symmetric or asymmetric (estimated as more 

than ¾ of lesions on one side of the nose and cheeks) upon clinical examination, and 

quantified retrospectively using patient photography. Patients with genetically proven 

mosaicism and similar numbers of AFs on each side of the cheeks and nose were 

categorized as having symmetrical-AF (Sym-AF) mosaicism, and those with unilateral or 

asymmetrically distributed AFs were classified as having asymmetrical-AF (Asym-AF) 

mosaicism. Patient-reported ages of onset and diagnoses were recorded. The age at first TSC 
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finding was defined as the age when the first TSC-associated lesion presented, and the age at 

TSC penetrance was the age at which features were sufficient to diagnose TSC. In patients 

with LAM, baseline pulmonary function testing (PFT) results; specifically the percent 

predicted forced expiratory volume in one second (%FEV1) and diffusing capacity of the 

lungs for carbon monoxide (%DLCO), were recorded. Pulmonary cyst burden was 

quantified using a computer aided diagnostic system to measure percentage of the total lung 

volume occupied with cysts (cyst score) 13.

Continuous characteristics of phenotypes were compared using two-sided t-tests following a 

validation of normality and equal variances. Ages of onset and diagnosis variables, and the 

sum of findings present were assessed using two-sided Mann-Whitney test. Bivariate 

correlation was assessed using Pearson’s correlation coefficient. Due to the nature of these 

data lending to small observed cell counts, nominal characteristics of the phenotypes were 

assessed using Fisher’s exact test. The Chi-squared test was supplemented where 

appropriate. Means were compared across genotypes using one-way analysis of variance. 

All analyses were conducted in IBM SPSS Statistics software and R statistical software. 

Type I error was controlled at 5%.

Results

Patient Characteristics

A total of 52 patients were included in this study from our cohort of 112 patients. Fifty were 

female and two male, reflecting enrichment of the cohort with patients diagnosed with 

LAM, a TSC-associated lung disease that occurs primarily in women. A flow diagram of all 

patients included in this study, including those previously published9,14,15 is provided in 

Figure S1. The average age at initial evaluation was 38.0 ± 11.7 years, and did not differ 

between patients with germline and mosaic TSC (p=0.39).

Pathogenic Variant Identification using NGS

Skin biopsies were obtained from 12 new patients and three patients previously reported as 

NMI. NGS analysis identified 11 with mosaicism, 1 with germline disease, and 3 with NMI 

(Table I). Twenty-four skin tumor samples from these 11 new mosaic patients were 

evaluated by NGS (8 cultured fibroblast, 15 whole tumor, 1 dermis). Mosaic variants were 

detected in 21/24 (88%) samples, and the VAF ranged from 0.7-23.7%. Second-hit variants 

were identified in 8/24 (33%) samples and 7/11 (64%) patients. They were identified as 

second-hit variants due to presence in the skin tumor and absence in control tissues, and two 

of these had a UV signature mutation, as we have previously observed 9. Once the variant 

was identified in the affected skin, we looked for the same variant in additional tissues 

utilizing amplicon NGS. These patients and our 8 previously reported patients with 

mosaicism 9 carried mosaic variants in TSC2, and the identical variant was confirmed in 

control and/or different skin tumor samples. In one case (P49), the variant was identified 

only in the skin tumor.
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Angiofibroma Distribution in Asym-AF and Sym-AF Mosaicism

By definition, AF distribution was bilateral and symmetric in patients with Sym-AF, and 

unilateral or asymmetric in those with Asym-AF (Figure 1A, 1B). The side of AF 

predominance contained 52 ± 1% of the AFs in Sym-AF (n=12) and 87 ± 9% in Asym-AF 

(n=7), (p<0.001) (Table S1). The total number of AFs on the nose and cheeks ranged from 6 

to greater than 600 in Sym-AF and 10 to 91 in Asym-AF. One patient (P26) selected for 

study based on asymmetric AF distribution had germline disease. This patient had 127 AFs 

on the nose and hundreds on the cheeks, which was much greater than the number observed 

in those with Asym-AF mosaicism. Since prior data indicates that AFs develop through a 

two-hit mechanism with biallelic inactivating mutations in TSC2 (or TSC1), it is possible 

this germline patient had a generalized second-hit mutation affecting skin fibroblasts on one 

side of the face (type 2 segmental mosaicism16), causing this asymmetric presentation.

The Clinical Phenotype of Germline Disease, Asym-AF Mosaicism, and Sym-AF Mosaicism

The overall range of clinical phenotypes observed in each individual with germline and 

mosaic TSC is summarized in Figure 2 and Figure S2. Twenty-nine had germline disease, 

including those identified through NGS (TSC1:1, TSC2: 16), routine genetic testing (TSC1: 

3), or parental transmission without genetic testing (9). Of the 17 patients identified with 

germline TSC by NGS, there were five with and twelve without a family history of TSC in a 

parent or sibling. Nineteen (12 Sym-AF, 7 Asym-AF) had mosaicism. Many with Sym-AF 

were indistinguishable from patients with germline disease, whereas those with Asym-AF 

were among the most mildly affected (Figure 2, Figure S2).

Extent of disease was assessed by counting the number of mucocutaneous, internal, and total 

findings. Patients with Asym-AF had fewer mucocutaneous (Figure 3A), internal (Figure 

3B), and total findings (Figure 3C) than those with germline disease or Sym-AF (Table S2). 

Those with Sym-AF had significantly fewer mucocutaneous and total findings than in those 

with germline TSC, but more than those with Asym-AF. There were 11/12 (92%) with Sym-

AF and only 1/7 (14%) with Asym-AF with at least three of eight mucocutaneous findings 

(p=0.002). All but one patient with germline disease had at least three mucocutaneous 

findings. The number of major internal (tuber, SEN, SEGA, LAM, AML) and cutaneous 

findings (AF, FCP, HM, UF, SP) correlated significantly in mosaic (R=0.62, n=19, p=0.005) 

but not germline TSC (R=−0.24, n=26, p=0.24), (Figure 3E, 3F).

Many mucocutaneous findings were less frequent in mosaic TSC (Table S3). UF, DP, and 

OF were less common in both Sym-AF and Asym-AF than in germline disease. 

Additionally, patients with Asym-AF less frequently had HM, FCP, and SP than those with 

germline TSC and were less likely to have HM, SP, and UF than those with Sym-AF.

Tubers were common in all groups, but SENs were less frequent in Asym-AF than in Sym-

AF and germline disease (Table S3). The most common CNS phenotype was tubers without 

SENs in Asym-AF (6/7, 86%), (Figure 3D). This phenotype was more frequent in patients 

with Asym-AF than in those with germline TSC (6/26, 23%) or Sym-AF (2/12, 17%), 

(p=0.005, p=0.006). The most common CNS phenotype was tubers with SENs in Sym-AF 

(8/12, 67%) and germline TSC (20/26, 77%) while this phenotype was not seen in any 
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subject with Asym-AF (p<0.001, p=0.013). There were 2/12 (17%) with Sym-AF, and 1/7 

(14%) with Asym-AF without tubers or SENs. None of the patients with germline disease 

had this phenotype, and all patients with SENs also had tubers.

The prevalence of LAM and AMLs did not differ between groups (Table S3). A past history 

of surgical interventions (embolization, renal transplant, or nephrectomy) also did not differ 

between germline and mosaic TSC. However, those with Asym-AF were more likely to have 

undergone renal embolization than those with germline disease (p=0.012). Cyst burden and 

pulmonary function, assessed by %FEV1 and %DLCO, did not differ between groups (Table 

S4).

Patients with Asym-AF were older than those with germline disease at age of first TSC 

finding onset and TSC penetrance (p=0.042, p=0.043 respectively), (Table S5). The onset of 

UF and AF tended to be later in patients with mosaic TSC compared to those with germline 

TSC. UF onset was before the age of 15 years in 11/26 (42%) with germline and 2/13 (15%) 

with mosaic TSC (p=0.15). Likewise, AF onset was before the age of 5 years in 10/27 (37%) 

with germline and 3/16 (19%) with mosaic TSC (p=0.31). There was no difference in the 

age at TSC diagnosis, LAM symptom onset, LAM diagnosis, or AML diagnosis between the 

three groups.

Fourteen germline patients had a total of 16/26 (62%) children with TSC. In contrast, one of 

12 (8%) children from a parent with mosaic TSC developed germline TSC (p=0.002). Five 

with Sym-AF had a total of seven children, one of whom was diagnosed with TSC. Three 

with Asym-AF had a total of five unaffected children.

Correlation of VAF with the Extent of Organ Involvement

Blood samples from 16/19 patients with mosaicism were available for NGS, and the median 

VAF was 1.35% (range: 0 - 19%). The VAF correlated positively with the number of major 

TSC features present (R=0.55, p=0.028) (Figure 4A). The average VAF in the blood differed 

between Sym-AF (6.3 ± 6.1%) and Asym-AF (1.0 ± 1.8%), (p=0.043). The VAF in the 

blood was also greater in those with mosaicism and SENs (9.1 ± 6.8%) than in those without 

(1.7 ± 2.2%), (p=0.005).

Variant Detection is Enhanced in Lesion Fibroblast Cultures and in the Dermis

Mosaic variants were identified in 31/36 (86%) samples (15 whole tumor, 21 cultured 

fibroblast) derived from 19 patients with mosaicism. Cultured fibroblast samples had a 

median VAF of 10% (range 0-94%), whereas the median VAF in whole tumor samples was 

3.3% (range 0-24%), (Figure 4B). Eight AFs from a patient with Sym-AF (P05) were 

analyzed to determine if mutated cells were more prevalent within the epidermis or dermis 

(Table S6). The VAF of TSC2 from four whole tumor samples was compared to that of four 

tumors split at the dermal-epidermal junction using dispase. The mean VAF was higher in 

the dermis (10.8%) than whole tumor (5.7%), (p=0.013).

The majority of blood and whole tissue skin tumor samples evaluated from patients with 

mosaicism fell below the usual detection limit of Sanger sequencing (20%), (Figure S3). 

None of the 16 patients that underwent NGS of the blood had a VAF greater than 20%, 
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whereas NGS was able to detect variants above a frequency of 1% in 9/16 (56%). The VAF 

in the blood was <1% in 2/9 (22%) with Sym-AF and 5/7 (71%) with Asym-AF. Only 1/10 

(10%) patient with whole tumor samples exhibited a VAF greater than 20%, compared to 

7/14 (50%) of patients with skin tumors processed as cultured fibroblasts.

Discussion

In this cohort of germline and mosaic TSC patients, we present extensive information on the 

occurrence, genetic consequences, and clinical importance of Asym-AF and Sym-AF 

mosaicism in TSC. Although earlier case reports had noted unilateral AFs in TSC, the 

clinical presentations and significance had not been reported in detail previously. Those with 

Asym-AF manifested the fewest median clinical findings and oldest median age of TSC 

penetrance; while those with Sym-AF were intermediate by both of these measures relative 

to germline disease. This is remarkable considering the high variability in disease expression 

among those with germline disease. One source of variability in germline disease is that 

individuals with variants in TSC1 tend to be less severe than those with variants in TSC2 
1,17-19. Our germline patients included four with TSC1 variants whereas all those with 

mosaicism had variants in TSC2, making the observation of fewer manifestations in the 

mosaic group even more surprising. A milder phenotype and/or later onset have also been 

observed in mosaic NF120, NF221,22, and Turner syndrome23.

In those with mosaic TSC, the number of cutaneous findings correlated with the number of 

internal findings, as previously reported in a genetic condition that is always mosaic, Proteus 

syndrome24. External features may provide clues about the extent of internal organ 

involvement in mosaic TSC, but it should be cautioned that individuals with germline 

disease may exhibit minimal or no skin manifestations, particularly in early childhood25. It 

is the unilateral or asymmetric pattern of AFs that is a marker for mosaicism, rather than the 

absence of cutaneous findings. Those with Asym-AF mosaicism had a minimum ratio of 3:1 

for one side of the nose and cheeks versus the other, and typically had fewer AFs. There may 

a spectrum from the mildest disease in those with a single patch of strictly unilateral AFs as 

the sole cutaneous manifestation to those with more extensive internal disease in someone 

with asymmetric AFs combined with other skin findings. It may be possible to use other 

TSC skin manifestations as markers for mosaic disease, but confidence that these reflect 

mosaicism is low for lesions that are few in number, particularly if they are sometimes 

unilateral in germline disease.

The VAF detected in the blood in mosaic TSC correlated positively with the number of 

major features present. A higher fraction of affected cells, presumably from an earlier post-

zygotic mutation, would be expected to result in a greater number and variety of disease 

manifestations 26,27. Correspondingly, individuals with Asym-AF mosaicism, likely arising 

from a later post-zygotic mutation, had a lower VAF in the blood and a milder phenotype 

than those with Sym-AF. This observation suggests that the proportion of affected cells is 

the major factor influencing extent of disease and age of onset. Since tumor development in 

TSC fits the Knudson two-hit mechanism, it is not surprising that a lower prevalence of 

mutation means that there are fewer cells susceptible to tumor development through a 

second hit mutation. However, even those with Asym-AF in our cohort, which is biased 
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through ascertainment towards those with LAM and AMLs, were not spared from 

potentially life-threatening TSC manifestations. Hence, mosaic TSC patients should have a 

complete evaluation and periodic surveillance28.

A clinical feature enriched in those with mosaicism was the occurrence of cortical tubers 

without SENs, seen in almost all (6/7) of our patients with Asym-AF. Mosaicism cannot be 

ruled out in patients with both tubers and SENs since most of our patients with Sym-AF 

mosaicism had this phenotype. Mosaic TSC patients who lacked SENs had a lower VAF in 

the blood than those with SENs. Likewise, the VAF in the blood or buccal samples of 

patients with a mosaic PIK3CA variant was lower in those without than with brain 

overgrowth/malformation (p<0.001)29. Furthermore, two of our patients without cutaneous 

signs of mosaicism had no tubers or SENs. The lack of tubers and SENs could represent a 

subtype of mosaic TSC limited to the neural crest lineage 10. Thus, the neurological 

phenotype is another useful clue for mosaic disease, and may be the only sign of mosaicism 

in patients with a generalized pattern of cutaneous manifestations.

One patient of five (20%) with Sym-AF mosaicism in our cohort had an affected child, out 

of seven children total. Further, none of five children born to those with Asym-AF 

mosaicism had TSC. Although a very conservative approach is to estimate the risk of 

transmission to offspring at up to 50% for an individual with mosaicism, it is clearly much 

lower than that in this aggregate though limited series (1 of 12 (8%) children). The risk of 

transmission is lower in sporadic NF2 patients, and decreases with increasing age at 

presentation 30,31. The risk is also lower if the NF2 variant is only detectable in the tumor 

and not the blood 32. Enhanced methods using NGS for detection of mosaic disease using a 

patient’s blood or cutaneous tumor may improve genetic counseling and allow for pre-

implantation screening or presymptomatic detection in offspring 33,34.

Although our sample size is relatively small, this study is the first to describe differences in 

overall extent of organ involvement between Asym-AF and Sym-AF mosaic TSC. Our 

patients with mosaicism were identified through genetic testing of affected skin, however 

other tissues such as AMLs may also be used to identify the mosaic variant 35. Our 

population consisted mostly of adult women with LAM, and therefore may not reflect 

findings in the general TSC population. Although LAM may not be as prevalent in mosaic 

TSC as within our cohort, this study shows that patients with Asym-AF may develop LAM. 

Future studies are warranted to determine if the VAF in children with mosaic TSC predicts 

the extent of organ involvement in adult life, and to further investigate the severity of disease 

in mosaic TSC.

We note that a parallel study on mosaicism in TSC, also reported in this issue, came to 

similar observations on the prevalence and clinical significance of mosaicism but with some 

distinct differences. In that report, individuals with mosaic TSC had a high prevalence of 

facial AFs and kidney angiomyolipoma, but a low incidence of most other TSC clinical 

findings, and LAM was rare. These two sets of mosaic TSC patients have many similarities 

as well as some differences which we suspect are due to the methods by which they were 

ascertained.
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In conclusion, the spectrum of mosaic TSC ranges from a mild phenotype with localized 

cutaneous findings to a more generalized phenotype that is indistinguishable from patients 

with inherited germline variants. Clinical clues suggestive of low-level mosaicism in an 

adult with TSC include asymmetric distribution of AFs, disease penetrance in adulthood, 

and lack of tubers and SENs. Patients with these features are likely to have no pathogenic 

variant identified when non-NGS approaches are used for genetic testing of the blood, and 

thus require NGS of their blood or affected skin to detect the disease-causing variant. 

Patterns of mosaic disease observed in TSC provide clues about prognosis and risk of 

disease transmission to offspring that may hold true in many other mosaic genetic 

conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. The Clinical Picture of Mosaicism in Tuberous Sclerosis Complex.
(A) Mosaicism with an asymmetric distribution of angiofibromas (AFs) on the nose and 

cheeks. (AR, AL) Right and left lateral views of the nose highlight the left sided 

predominance of AFs. (B) Mosaicism with numerous AFs distributed symmetrically on the 

nose and cheeks, indistinguishable from a patient with germline TSC. (BR, BL) Right and 

left lateral views of the nose reveal more numerous and symmetric distribution of AFs.
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Figure 2. Phenotypic Spectrum of TSC Patients with Mosaic Subtypes or Germline Disease.
Patients were first sorted by the variant allele fraction in the blood from highest to lowest, 

and then from the highest to lowest sum of total findings (major & minor mucocutaneous 

and major internal), color-coded from dark red to yellow. Those with germline disease 

tended to have a greater extent of disease than those with mosaic TSC. The phenotype of 

mosaic TSC ranged from very mild to indistinguishable from germline TSC. Bolded text 

indicates those with Asymmetrical-Angiofibroma mosaicism. Patients with Asymmetrical-

Angiofibroma mosaicism have fewer findings (enriched toward the bottom), whereas those 

with Symmetrical-Angiofibroma mosaicism tended to have more findings (enriched towards 

the top). Symbols and abbreviations used: U, Unknown; MCF, Mucocutaneous Findings; IF, 

Internal Findings; NA, Not Applicable – patients who lack UF but are under age 30 years.
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Figure 3. The Number TSC Findings and Neurological Tumor Status Differs Between Patients 
with Asymmetrical-Angiofibroma Mosaicism, Symmetrical-Angiofibroma Mosaicism, or 
Germline Disease.
(A) The number of mucocutaneous findings increased sequentially from Asymmetrical-

Angiofibroma (Asym-AF) mosaicism, to Symmetrical-Angiofibroma (Sym-AF) mosaicism, 

to germline TSC. (B) The number of internal findings was significantly lower in patients 

with Asym-AF mosaicism than Sym-AF mosaicism and germline TSC. (C) The number of 

total findings increased sequentially from Asym-AF mosaicism, to Sym-AF mosaicism, to 

germline TSC. (D) The most common CNS phenotypes were tubers without SENs in Asym-

AF mosaicism, and tubers with SENs in Sym-AF mosaicism and germline TSC. (E) The 
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number of major internal and cutaneous findings correlated significantly in mosaic TSC 

(R=0.62, n=19, p=0.005). Those with Asym-AF mosaicism (white) clustered in the lower 

left quadrant whereas those with Sym-AF mosaicism (light grey) clustered in the upper right 

quadrant as observed in germline TSC. (F) In patients with germline TSC, the number of 

internal and cutaneous findings did not correlate (R=−0.24, n=26, p=0.24). These patients 

clustered in the upper right quadrant of the figure.
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Figure 4. The Variant Allele Fraction (VAF) in the Blood Correlates with the Number of Major 
Features in Patients with Mosaic TSC.
Patients with Asym-AF and Sym-AF mosaicism are represented by white and grey circles 

respectively. (A) The VAF detected in the blood of patients with mosaicism correlated 

significantly with the number of major TSC features present (R=0.55, n=16, p=0.028). (B) 
The range of the VAF detected in cultured fibroblast and whole skin tumor DNA samples. 

Samples included 29 angiofibromas, 3 ungual fibromas, 3 shagreen patches, and 1 oral 

fibroma. Four cultured fibroblast samples from three patients, and one whole tissue sample 

had NMI. These samples include our newly analyzed and previously published samples.
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