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Case report: TMEM106B haplotype alters penetrance of GRN mutation in frontotemporal dementia family
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Frontotemporal dementia (FTD) is the second-most common young-onset dementia. Variants in the TMEM106B gene have been proposed as modifiers of FTD disease risk, especially in progranulin (GRN) mutation carriers. A patient in their 50s presented to our clinic with behavioral variant FTD (bvFTD). Genetic testing revealed the disease-causing variant c.349 + 1G > C in GRN. Family testing revealed that the mutation was inherited from an asymptomatic parent in their 80s and that the sibling also carries the mutation. Genetic analyses showed that the asymptomatic parent and sibling carry two copies of the protective TMEM106B haplotype (defined as c.554C > G, p.Thr185Ser), whereas the patient is heterozygous. This case report illustrates that combining TMEM106B genotyping with GRN mutation screening may provide more appropriate genetic counseling on disease risk in GRN families. Both the parent and sibling were counseled to have a significantly reduced risk for symptomatic disease. Implementing TMEM106B genotyping may also promote the collection of biosamples for research studies to improve our understanding of the risk-and disease-modifying effect of this important modifier gene.
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1. Introduction

Frontotemporal dementia (FTD) is the second-most common presenile dementia after Alzheimer’s disease. Up to 40% of affected individuals have a family history of FTD or a related neurodegenerative disease, with 10–30% having an autosomal dominant pattern of inheritance (1). Pathologically, FTD is characterized by the accumulation of Tau, TDP-43 or FUS protein which leads to atrophy of the frontal and temporal regions of the brain referred to as frontotemporal lobar degeneration (FTLD) (2) Mutations in progranulin (GRN) account for 5–20% of familial FTLD-TDP and 1–5% of sporadic cases. The phenotype of symptomatic GRN carriers has considerable intra-and inter-familial variation, including age of onset, duration of disease, and manifested symptoms. Penetrance is age-related with 90% of carriers being affected by age 70 (3, 4).

TMEM106B was first identified as a risk-associated gene for FTD with TDP-43 pathology (FTLD-TDP) and since then has been recognized as an important modifier of disease risk in a variety of neurodegenerative disorders [reviewed in (5, 6)]. Multiple single nucleotide polymorphisms (SNPs) are present at the TMEM106B locus on chromosome 7p21 which are in strong linkage disequilibrium (LD). Consequently, it has been difficult to pinpoint the specific functional variant (s) modulating the disease risk. The genetic status of TMEM106B is therefore usually described as either a risk or protective haplotype with the most significant SNP from the original genome-wide association study, rs1990622, often stated as the sentinel SNP representing the haplotype (Figure 1A). Here, the major T allele is associated with an increased risk and the minor C allele with a reduced risk for developing disease (7). Alternatively, the two haplotypes can be differentiated by the only coding variant rs3173615 (c.554C > G) where the risk haplotype carries a Threonine and the protective haplotype carries a Serine at position 185.
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FIGURE 1
 TMEM106B gene structure, TMEM106B haplotype-associated phenotypes and family pedigree. (A) Gene architecture and effect of risk/protective haplotype of TMEM106B. The TMEM106B gene is comprised of nine exons, coding regions are labeled in purple. The major SNPs associated with neurodegenerative diseases are indicated with sentinel SNP (rs1990622), located in the regulatory sequence downstream of TMEM106B, and coding variant rs3173615 (c.554C > G, p.Thr185Ser). (B) Current understanding of the effect of TMEM106B haplotype on brain health and disease susceptibility in FTLD-GRN. (C) Family pedigree. Patient II-2 presented in the clinic in their 50s with symptoms of bvFTD. Genetic testing revealed a disease-causing variant in GRN (c.349 + 1G > C, Splice donor). The patient’s asymptomatic parent (I-1) and younger sibling (II-1) who also carry the mutation were evaluated in their 80s and late 40s, respectively. TMEM106B genotyping showed I-1 and II-1 to have two copies of the protective TMEM106B allele (SS), while the patient is heterozygous (TS). The children of II-1 and II-2, were not genetically tested but are at risk of carrying the mutation, as represented with a question mark within the symbol. Figure was created using BioRender.com.


While the functional variant remains a topic of active discussion, the TMEM106B haplotype is proposed to alter TMEM106B expression, with an increased expression correlating with the risk haplotype. The non-coding variant, rs1990620, is proposed to modulate TMEM106B expression through transcriptional activation due to altered long-range chromatin-looping interactions (8) while the one coding variant (rs3173615, p.T185S), located in TMEM106B’s fourth N-X-T/S glycosylation motif, may affect TMEM106B protein levels by affecting the protein stability and degradation rate due to differences in N-glycosylation (9). As an integral lysosomal transmembrane protein, TMEM106B regulates several aspects of lysosomal functioning, and proper TMEM106B protein levels are crucial for maintaining lysosomal health.

Interestingly, the risk-modifying effect of TMEM106B is most prominent in FTLD-TDP patients harboring disease-associated GRN mutations (4) and the premise that the alteration in TMEM106B levels is the driver of the disease-modulating effect is further substantiated by the observation that TMEM106B mRNA and protein levels were significantly increased in GRN mutation carriers (10, 11). Considering, PGRN is cleaved within the lysosome into functional granulins and also affects several aspects of lysosomal function, it is likely that the exceptionally strong disease-modifying effect in GRN mutation carriers occurs within the endolysosomal system, but the precise mechanism remains unknown.

Functionally, the TMEM106B ‘risk’ haplotype has been associated with lower progranulin levels (12, 13), reduced volume of the superior temporal gyrus (especially in the left hemisphere) (14), decreased functional network connectivity (15), decreased neuronal proportion (16), and a faster cognitive decline (17) (Figure 1B). The association with cognition, neuronal proportion, and general brain health was also replicated in the absence of brain disease (18), suggesting that TMEM106B may modulate the susceptibility of an individual to the pathophysiology of FTLD and related disorders and functions as natural protection against neurodegeneration in general. However, despite the clear functional effect of the TMEM106B haplotype, TMEM106B genotyping is not routinely implemented in diagnostic testing.



2. Case description


2.1. Clinical presentation

A patient in their 50s presented to our clinic with progressive cognitive and behavioral impairment (Patient II-2; Figure 1C). The patient’s partner reported that the proband suffered from cognitive changes starting a year earlier with forgetfulness, difficulty with calculations and computers, impaired judgment while driving, behavioral changes, and lack of initiative in household chores. Concurrent with onset of cognitive symptoms, the patient had prominent dietary changes, including increased appetite and sweet cravings, resulting in a 30 pounds weight gain. Mood swings including episodes of crying were also noted, for which the patient was treated with Zoloft with some benefit. Psychotic symptoms included visual illusions, paranoia, and rare auditory hallucinations. The patient had partial insight into their cognitive and behavioral changes, with relative preservation of emotional range such as maintained interest in their family. The clinical impression was behavioral variant frontotemporal dementia (bvFTD), which the neuropsychological testing and neuroimaging workup supported (Table 1; Figure 2).



TABLE 1 Family member information and results of neurological assessment.
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FIGURE 2
 MRI images of the proband at evaluation. Portrayed are representative images from a T1-weighted sequence indicating severe global atrophy, slightly right > left, most pronounced in frontal, temporal, and parietal regions, and deemed consistent with behavioral variant frontotemporal dementia.




2.2. Diagnostic screening and family work-up

The patient’s family history was unremarkable (Figure 1C). The parents are still living (in their 80s) without any neurological or psychological symptoms. The patient has a healthy sibling (in their late 40s) and three healthy adult children. Much of the family history was lost due to grandparents and many other family members dying during the World War II era. Despite a lack of family history, we performed a full dementia-ALS genetic testing panel as well as expansion testing for the hexanucleotide repeat in C9orf72 in patient II-2. The only disease-causing variant identified was a previously reported variant, c.349 + 1G > C (Splice donor site), in GRN (19) This variant is predicted to lead to skipping of exon 3, introducing a premature termination codon, nonsense-mediated decay, and loss of progranulin protein.

In order to understand the origin of this mutation, the patient’s parents and sibling were also tested which revealed that both the parent (I-1) and sibling (II-1) also carried the mutation. We subsequently evaluated the patient’s parent (I-1) which revealed no current neuropsychiatric or behavioral symptoms. The psychiatric history was also unremarkable. The parent had no reported difficulties performing ADLs and IADLs and brief cognitive testing on the Mini Mental State Exam revealed intact cognition. On video examination, the parent was socially appropriate and there were no motor abnormalities or Parkinsonism. The patient’s sibling (II-1) was also evaluated, which revealed no significant cognitive changes, socially inappropriate behavior, or other symptoms consistent with bvFTD. The sibling did endorse some longstanding navigational problems as well as more recent subjective memory complaints, low mood, and anxiety. These recent changes were judged to be likely related to their concern about the patient’s condition and the recent familial genetic findings. Neuropsychological testing was largely within normal limits (Table 1). Neurological examination was normal, with the exception of brisk reflexes.



2.3. Genetic analyses of TMEM106B

The family wished to understand the reason why the parent was asymptomatic despite carrying the same mutation. Since we previously identified TMEM106B as the only genome-wide significant modifier of disease risk in GRN mutation carriers using a population of symptomatic individuals, TMEM106B genetic testing was performed in all GRN mutation carriers from the family. This analysis revealed that the asymptomatic parent and sibling both carry two copies of the protective TMEM106B haplotype (rs3173615; SS at position 185) while the patient was found to be heterozygous (rs3173615, ST at position 185). Based on our previous study (4) the family was counseled that the parent and sibling have a theoretical 50% reduced risk to develop symptoms as compared to those with no protective haplotypes.




3. Conclusion

We present a GRN family with a proband presenting with classical young-onset FTD whose parent is an asymptomatic carrier in their 80s, possibly protected from developing disease symptoms because of the modifying effect of TMEM106B. This report is in line with our previously reported TMEM106B genetic study in unrelated GRN patients, in which very few of the symptomatic GRN carriers were homozygous for the TMEM106B protective haplotype (4), and suggests that the presence of at least one TMEM106B risk haplotype is required - as a permissive haplotype - to develop FTLD-GRN. This family report highlights the importance of genotyping FTD patients and relatives for their respective TMEM106B haplotypes, especially in at-risk GRN mutation carriers.

Given the diverse and repeatedly demonstrated modifying effect of TMEM106B on the development and presentation of neurodegenerative brain diseases, it is surprising that TMEM106B genotyping is usually not reported in scientific publications and is also not routinely implemented in diagnostic profiling. Even though the specific functional variant(s) responsible for the disease-modifying effect is not known, candidate functional variants are in strong LD (rs1990622 and rs3173615; r2 = 0.976 in European populations), and genotyping either one of the variants will provide the necessary information. We argue that TMEM106B genetic testing for the ‘risk haplotype’ could be established by sequencing for the rs3173615 variant as it is the only coding variant differentiating the permissive (T) from the protective (S) haplotype and therefore present in exome sequencing data, which is the predominant sequencing method used for genetic testing.

The lack of systematic genotyping of TMEM106B in GRN families has hampered identification of GRN carriers who are also homozygous for the TMEM106B ‘protective’ haplotype (and thus often remain without symptoms) simply because they do not show up in the clinic to participate in research studies. Moreover, the few GRN carriers who were reported to develop symptoms without carrying a TMEM106B risk haplotype may have developed disease due to additional risk factors or advanced aging or have in fact a different disease etiology. Detailed investigation of these individuals will be necessary as it is possible that the molecular mechanism underlying disease in GRN carriers that do not carry the permissive risk haplotype is mechanistically distinct; information that will be vital, especially in light of the development of gene-based therapies for GRN mutation carriers.

In sum, diagnostic testing for the TMEM106B haplotype does not only hold potential to improve genetic counseling in GRN families but will also facilitate further studies by enabling the collection of patient data and material (such as biofluids) crucial for research. A deeper understanding of the risk- and disease-modifying effect of TMEM106B will be essential and could hold the key towards new insights and therapeutic avenues for FTD and related neurodegenerative diseases.



4. Methods


4.1. Patient consent and ethical approval

Data from the proband, the parent, and sibling were obtained through research overseen and approved by the Institutional Review Boards at the Johns Hopkins School of Medicine and Columbia University Irving Medical Center; (JHM IRB00227492, CUIMC IRB-AAAS8862, CUIMC IRB-AAAP1303). The patient and family provided approval to share information in this case report and the family pedigree was anonymized. The changes do not affect the current description and conclusion of this report.



4.2. Clinical evaluation

Clinical evaluations of the proband, the parent, and sibling were completed at Columbia University Irving Medical Center as part of their involvement in the following NIA-sponsored research studies: ARTFL-LEFFTDS Longitudinal Frontotemporal Lobar Degeneration (ALLFTD) and Neuroanatomical associations with the factor structure underlying neuropsychiatric symptoms in Alzheimer’s disease (NAPS).



4.3. Genetic analyses

Saliva samples from the proband, the parents, and sibling were collected and sent to Invitae Laboratory, San Francisco, California for genetic testing. A 33-gene Hereditary Amyotrophic Lateral Sclerosis, Frontotemporal Dementia, and Alzheimer’s Disease Panel was analyzed by next-generation sequencing followed by analysis of GRN (c.349 + 1G > C) and TMEM106B (c.554C > G).
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