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a b s t r a c t 

A 16-year-old boy was evaluated for a history of exercise-induced fatigability associated with nausea

even after minimal effort, lower limbs muscle hypotrophy, and swelling of the masseter muscles after

chewing. Laboratory tests were remarkable for hyperlactatemia and metabolic acidosis after short physical

activity. The muscle biopsy showed non-specific mitochondrial alterations and an increase in intrafibral

lipids. Biochemical analysis showed reduced activity of the respiratory chain complexes. Mitochondrial

DNA sequencing revealed the presence of a homoplasmic variant m.15992A > T in the MT-TP gene, coding

for the mt-tRNAPro in the patient, in his mother and in his brother. Pathogenic or likely pathogenic 

variants in MT-TP gene are rare. They are responsible for different clinical presentation, almost ever

involving the muscle tissue. We report the first family with exercise-induced muscle weakness and

swelling of the chewing muscles due to m.15992A > T variant in absence of J1c10 haplogroup, confirming

its pathogenicity.
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. Introduction

Mitochondrial function depends on both nuclear and 

itochondrial DNA (mtDNA). MtDNA encodes for 13 polypeptide 

ubunits involved in the formation of four out of five standard 

omponents of the mitochondrial respiratory chain. In addition, 

t contains 24 RNA-encoding genes required for mitochondrial 

rotein biosynthesis (2 rRNA genes and 22 tRNA genes). 

itochondrial t-RNA (mt-tRNA) genes account for only 8 % 

f the mitochondrial genome. Nevertheless, among about 200 

athogenic variants identified in mtDNA, more than a half belong 

o mt-tRNA genes. Variants in mt-tRNA genes are associated 

ith a complex group of diseases characterized by different 

linical presentations and involvement of various organs, ranging 

rom myopathies or exercise intolerance, to hearing loss, central 

ervous system disorders, cardiomyopathy, developmental delay, 
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iabetes mellitus and ocular problems [1] . Since mtDNA genes 

re supposed to play a role in mitochondrial respiration and 

XPHOS-related ATP production, mtDNA pathogenic or likely 

athogenic variants are associated with a wide range of pathologic 

henotypes depending on which gene carries the alteration, 

hich tissues are involved, whether variants are heteroplasmic or 

omoplasmic, and to which extent heteroplasmy affects critical 

issues, and finally on the interaction with nuclear genes and 

nvironmental factors. Generally, the affected tissues are those 

ith higher energy requirement, such as the skeletal muscle, 

here a defect in the proteins involved in the respiratory chain 

etermines significant impairment of tissue function [2] . Primary 

itochondrial Myopathies (PMM) are genetic disorders that 

mpair the OXPHOS with myopathy as most prevalent (or unique) 

anifestation [3] . 

We report a family, including a young boy, that presented with 

 PMM. The maternal lineage of the family, including the proband, 

arboured a homoplasmic variant m.15992A > T of the MT-TP gene 

oding for the mt-tRNAPro . 

https://doi.org/10.1016/j.nmd.2023.11.001
http://www.ScienceDirect.com
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.nmd.2023.11.001&domain=pdf
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https://doi.org/10.1016/j.nmd.2023.11.001


Fig. 1. (A) Family tree: the arrow indicates the proband; stars indicate subjects

tested for molecular studies; the color black indicates severe exercise intolerance

and chewing-induced masseter swelling, the color gray indicates moderate exercise

intolerance and chewing-induced masseter swelling, the striped pattern indicates

isolated chewing-induced masseter swelling.
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Fig. 1. (B) Respiratory chain complexes (indicated as CI, CII, CIII and CIV) analysis in

muscle homogenate expressed as nmol x min−1 x mg of protein−1 and normalized 

with CS activity; red boxes indicate the normal range of activity. The activity of

complexes with subunits mtDNA-coded is markedly reduced, the activity of citrate

synthase (CS) is increased (three times the average of control values).

Fig. 1. (C) Basal oxygen consumption rate (OCR) and maximum respiration rate

(MRR) evaluated using the microscale oxygraphy SeaHorse XF96 in fibroblasts of

four controls and patient, expressed as pmol O2 x min−1 x cells−1 . Mean values are 

indicated over the columns; bars indicate the standard deviation (SD). ∗ p < 0.05 

(unpaired, one-tail Student’s t-test).
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. Case description

The patient is a 16-year-old boy, first child of unrelated 

arents (IV-I in Fig. 1A ). He started to complain of muscular 

atigue and myalgia in the lower limbs after physical activity at 

round 6 years of age. Initially the symptom was modest, but 

t worsened over time, associating with nausea and vomiting. 

emarkably, the patient and his maternal relatives (including his 

other, younger brother, maternal aunt, maternal grandmother, 

nd granduncle) ( Fig. 1A ) all reported a history of swelling of the

asseter muscles after prolonged chewing. The patient’s mother 

nd aunt were not very physically active, but never thought to 

e myopathic. The former also had ventricular tachycardia, with 

ormal echocardiography. The patient’s younger brother (IV-2), 

ow 10, around 8 years of age started to complain about muscular 

atigue too. 

The boy’s physical and cognitive development was normal. 

e reached all his neurological milestones in time, and he 

lways had good school grades. At physical evaluation, the 

atient showed muscular hypotrophy, with weakness of the lower 

imbs. Gowers’ sign was negative and deep tendon reflexes were 

resent. At the ergometer treadmill test the patient reached 

4 % of maximum heart rate (189 beats per minute) after 

 min, with dyspnea and lower limb fatigue, showing severe 

xercise intolerance. Biochemical tests revealed exercise-induced 

yperlactatemia (0.51 mmol/L at time 0; 1.99 mmol/L after 5 min, 

nd 1.71 mmol/L after 15 min), metabolic acidosis (pH 7.32, 

CO3 10 mEq/L, BE −21 mmol/L) and creatinine phosphokinase 

CPK) levels ranging from normal to high levels (maximum 

alue observed 811 U/L). His-electromyography was suggestive 

f a myopathy. A cardiac MRI showed left ventricular dilatation 

ith ejection fraction of 51 % (lower limits of normal range), 

owever myocardial wall thickness and signal intensity before 

nd after contrast were normal. Kidney involvement was ruled 

ut by normal values of microalbuminuria, proteinuria, urinary 

lectrolytes, and beta-2 microglobulin. Ocular and audiological 

nvolvement were excluded as well. 

Based on these data, a mitochondrial disease was suspected, 

nd a vitamin cocktail containing riboflavin, coenzyme Q, 

hiamine and biotin was empirically started, with apparent 

mprovement in his fatigue. A muscle biopsy was performed, 

nd the histological examination documented some non-specific 

itochondrial alterations and an increase in intrafibral lipids 

data not shown). In skeletal muscle homogenate a severe 
2

ombined reduction of the respiratory chain complexes containing 

tDNA encoding subunits was found. Specifically, the activities 

f complexes I, III and IV were 6 %, 2 % and 25 % compared to

heir respective control values, while the activity of complex II 

which has no mtDNA-encoded subunits) was normal ( Fig. 1B ). 

otably the activity of citrate synthase was markedly increased 

319 %, which is three times the average of control values). The 

hole mtDNA was PCR-amplified and then sequenced by NGS 

pproach as described by Legati et al. [4] . The analysis assigned 

he patient to haplogroup H12a and revealed the presence in 

uscle of the homoplasmic m.15992A > T variant in the MT-TP 

ene (NC_012920.1) coding for the mt-tRNAPro . The variant was 

uantified by NGS also in blood, fibroblasts, and urinary epithelial 

ells of the patient and in blood and urinary epithelial cells of his 

ealthy mother and younger brother, confirming the homoplasmic 

tatus in all samples. 

Although the patient’s activity of the respiratory complexes 

ere normal in cultured fibroblasts (data not shown), both 

he basal oxygen consumption rata (OCR) and the maximum 

espiration rate (MRR), which were evaluated using the microscale 

xygraphy SeaHorse XF96 [5] , were reduced, respectively to 63 % 

nd 56 % compared to controls’ means (values expressed as pmoles 

2 x min−1 x cells−1 : basal OCR 0.0 0165 ±0.0 0 06 in patient; 

.0 0260 ±0.0 0 07 in controls; p = 0.08; MRR 0.0 0215 ±0.0 0 09 in

atient; 0.0 0385 ±0.0 0 07 in controls; p = 0.03) ( Fig. 1C ). 

Whole exome sequencing (WES) was also performed in the 

atient and in his mother, father, and younger brother. The analysis 

dentified two heterozygous variants in two nuclear genes involved 

n mitochondrial homeostasis. The first one was c.69G > A in GFM1 

NM_024996.5), a gene that encodes for one of mitochondrial 



Fig. 2. Mother’s masseter MRI (axial T1 weighted TSE) before (A) and after (B) chewing; mother’s masseter MRI (STIR weighted) before (C) and after (D) chewing.
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ranslation’s elongation factors. This variant, introducing the 

remature stop codon p.(Trp23Ter) in the transcript, is ultrarare 

ccording to gnomAD (allele frequency 0.0 0 05 %), was predicted as 

amaging by in silico softwares and was categorized as pathogenic 

ccording to the ACMG guidelines. The c.69G > A was identified 

lso in the patient’s asymptomatic father and symptomatic brother. 

he second one was c.50C > G in SLC25A3 (NM_002635.4), the gene 

odes for the mitochondrial phosphate carrier. This variant, causing 

he aminoacid change p.(Pro17Arg) in the predicted mitochondrial 

arget sequence of protein, was not described yet in any public 

atabase, was predicted as damaging by in silico software and was 

lassified as variant of unknown significance (VUS) according to 

he ACMG guidelines. This one was identified also in the patient’s 

on myopathic mother. 

Due to orthodontic appliance, it was not possible to perform 

 masseter MRI scan in the patient, so an MRI of the mother’s 

asseters was carried out before and after prolonged chewing, 

howing a minimal increase of the transverse diameter of the 

asseter. Right and left masseter diameter increased from 20 mm 

o 23 mm ( + 15 %) and from 16.7 mm to 18 mm ( + 8 %)

espectively. Only in the left STIR sequences there was a slight 

ncrease in the muscle’s intensity signal, indicating the presence 

f mild edema. ( Fig. 2 ). 

. Discussion

The clinical history of our patient was characterized by the 

resence of lower limbs muscle fatigability and nausea even 

fter minimal physical activity, associated with masseter swelling. 

lood tests showed lactic acidosis, worsened by physical effort. 

he muscle biopsy confirmed the mitochondrial abnormality, 
3

howing a marked reduction in the activity of the respiratory 

hain complexes containing mtDNA encoded subunits. MtDNA 

equencing revealed the presence of the homoplasmic variant 

.15992A > T in the MT-TP gene, confirming the PMM diagnosis. 

Auré et al. recently described the presence of the same 

omoplasmic m.15992A > T variant in the wobble position of mt- 

RNAPro in five families, all belonging to haplotype J1c10. In two 

ut of five families, PMM was associated with exercise-induced 

uscle edema, especially in masseter muscles, and combined 

espiratory chain defects in all tested patients [6] . 

Until now, fourteen variants in MT-TP gene have been 

ssociated with a clinical phenotype, predominantly myopathic, 

nd are thus currently present in MITOMAP database (URL 

ttp://www.mitomap.org) [7] ( Table 1 ). PMM was caused by 

ix MT-TP heteroplasmic variants, while myopathy plus central 

ervous system (CNS) involvement was caused by six MT-TP 

eteroplasmic variants. Interestingly, one variant (m.15975C > T) 

as identified in both of groups: a 20-year-old patient with 

EO, ptosis and myopathy [12] and a 56-year-old woman affected 

y myopathy and CNS involvement, complicated by ataxia, 

etinitis pigmentosa, leukoencephalopathy and deafness [13] . 

he m.15995G > A variant, associated with another heteroplasmic 

hange in MT-TK , was reported in a 21-year-old woman with 

uscle weakness, dysphagia, eyelid twitching and movement 

isorder; the same patient was also a compound heterozygote for 

wo variants in CFTR gene and developed cystic fibrosis [17] . 

Only three homoplasmic variants in MT-TP were reported in 

ubjects without myopathic features and with peculiar clinical 

ssociations. The first one is the m.15965A > G variant, which was 

ound in the brain of a patient with idiopathic Parkinson disease. 

his association, however, is rather unlikely, due to the lack of any 



Table 1

(a) Variants of MT-TP reported in MITOMAP (URL http://www.mitomap.org ). (b) Variants classification as “primary mitochondrial myopathy (PMM)”,

“myopathy plus central nervous system (CNS)” and “other (without myopathy)”. (c) Brief clinical description and (d) quantification of variant in

different tissues according to original papers (M: muscle; B: blood; L: leukocytes; UEC: urinary epithelium cells; BMC: buccal mucosa cells; Br:

brain; F: fibroblasts). (e) In silico predictive MitoTIP interpretation of score, reported in brackets, for classification of tRNA variants. (CP: Confirmed

Pathogenic; LP: Likely Pathogenic; PP: Possibly Pathogenic; PB: Possibly Benign; LB: Likely Benign; N.A.: not applicable) [28] (∗) The “Confirmed 

Pathogenic” status attributed by MITOMAP replaces the interpretation of MitoTIP score. The references cited in this table are [8–11,14–16] .

4
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orrelation between this finding and Parkinson disease [18] and to 

act that the frequency of this variant is too high in the general 

opulation to be pathogenic. The second one is the duplication of 

5 bp m.16018_16032dup, including the last six nucleotides of the 

T-TP gene, which was reported in a 54-year-old male patient with 

solated dilated cardiomyopathy. Nevertheless, the possible impact 

f this duplication on the stability or secondary structure of mt- 

RNAPro was only hypothesized and its pathogenic role remains 

ndemonstrated [19] . The third is m.15992A > G described by Guo 

t al. in a family with maternally inherited essential hypertension 

nd exercise intolerance [20] that affected the same position of 

he already mentioned m.15992A > T , reported by Auré et al. in five 

amilies [6] , and was found also in our patient and his maternal 

elatives. 

The m.15992A > T variant causes exercise-induced muscle 

welling and fatigue and has been demonstrated to be pathogenic 

scoring 13) according to the pathogenicity scoring system for mt- 

RNA variants [21] and to the criteria to classify mt-tRNA variant 

uggested in 2020 by Wong et al. [22] . According to the latter, the

ariant m.15992A > T is indeed classified as pathogenic (PS4, PS5, 

M1, PM10, PP4 criteria). 

The disease’s causal role of the MT-TP m.15992A > T variant 

an be attributed to different mechanisms, including the defective 

ell respiration, particularly low complex III activity observed 

oth in muscle homogenate of previously reported patients 

nd in ours, and a decreased amount of mt-tRNAPro . The six 

atients reported in the above-mentioned study [6] complained 

f severe exercise intolerance and hyperlactatemia associated with 

rominent exercise-induced muscle swelling in three subjects 

ut of six. The swelling in masseter muscles was remarkable 

n two families, especially in one family with several subjects 

ffected, and was confirmed by MRI scans. The history of our 

atient and his maternal relatives, who reported masseter swelling 

fter prolonged chewing, fits with the features of the previously 

eported patients. The pathophysiological mechanism behind this 

eculiar sign seems to be related to the ionic disturbances 

nvolving the cells containing the mutated mtDNA. Indeed, when 

aced to an isosmotic high potassium concentration inducing 

lasma membrane depolarization, these cells lose part of their cell 

olume, most probably through loss of internal fluid. Interestingly, 

n the subjects affected by essential hypertension and exercise 

ntolerance with m.15992A > G variant described by Guo et al. [20] , 

 significant hypomagnesemia was observed, possibly due to the 

ole of mitochondria in maintaining the Mg2 + homeostasis. In the 

amily that we described, however, no electrolyte alterations have 

ver been found. 

The specific involvement of the masseters in patents with 

.15992A > T variant is not explained. In rabbit’s masseters 

itochondria have a peculiar disposition that facilitates metabolic 

xchanges [23] , but no anatomic or metabolic studies are 

vailable in humans. The histological findings of our patient’s 

uscular biopsy, showing increased intrafibral lipids in some 

bers, represented another similar aspect, and indeed the muscular 

ipid accumulation was also present in four of the six subjects of a 

revious study [6] . 

Remarkably, our patient is the first one who developed 

 mild cardiological involvement, showing a left ventricular 

ilatation with slightly reduced, and therefore not yet pathological, 

lobal left ventricular systolic function at MRI. In fact, other 

ubjects with m.15992A > G in MT-TP were characterized only by a 

ignificantly increase both of the thickness of the interventricular 

eptum and of the left ventricular mass index, indicating left 

entricular remodeling [20] . Furthermore, because all patients 

ith homoplasmic m.15992A > T described by Auré and colleagues 

hared the same J1c10 haplotype, the authors could not exclude 

 role of haplotype in the pathophysiology of the variant. The 
5

dentification of the same homoplasmic m.15992A > T variant in 

 different haplogroup, associated to a very similar clinical and 

iochemical presentation allows us to confirm the exquisitely 

athogenic role of the variant by itself. 

Finally, although the symptoms of our patient appear strictly 

onnected to the MT-TP variant, it could be hypothesized 

hat also the variants in GFM1 and SLC25A3 possibly played 

 role in increasing the severity of the clinical phenotype. 

n fact, GFM1 encodes for one of the elongation factors 

nvolved in mitochondrial translation, which is crucial for 

aintaining mitochondrial function, including the effectiveness 

f the respiratory chain-oxidative phosphorylation system [24] . 

he role of SLC25A3 is not as well-known as GFM1, but in vivo 

tudies showed that it is involved also in copper delivery to the 

itochondria, which is required for the cytochrome c oxydase 

COX) and therefore to produce energy. Furthermore, SLC25A3 

ppear to be required for both the proliferation and differentiation 

f primary myoblasts [25] . Until now, homozygous SLC25A3 

athogenic variants have been associated with a severe phenotype 

haracterized by hypotonia, lactic acidosis and cardiomyopathy, 

ith onset in the first days of life [26] . In our case, the 

ariant p.(Pro17Arg) is heterozygous, and it is present also the 

atient’s mother, who did not developed cardiac abnormalities. 

urthermore, the variant is located in the N-terminal region 

nd supposedly cleaved in the mature protein [27] . Instead, the 

ssociation of m.15992A > T with the hypomorphic GFM1 allele, in 

ur patient and his younger brother, but not in their mother, seems 

 more plausible candidate compared to SLC25A3, hypothesizing a 

ynergistic mechanism that worsen the phenotype of the children 

ompared to that of all maternal relatives . 

This report adds further knowledge to the very limited 

vailable literature on the topic, suggesting also the previously 

nreported possibility of a myocardial involvement and prompting 

 cardiological follow-up in patients with mt-tRNA variant. 
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ultrastructural anatomy of the nuclear envelope in the masseter muscle
indicates its role in the metabolism of the intracellular Ca+ . Ann Anat 

2019;224:117–23 .

24] Simon MT, Ng BG, Friederich MW, Wang RY, Boyer M, Kircher M, et al.
Activation of a cryptic splice site in the mitochondrial elongation factor GFM1

causes combined OXPHOS deficiency. Mitochondrion 2017;34:84–90 .
25] McCann C, Quinteros M, Adelugba I, Morgada MN, Castelblanco AR, Davis EJ,

et al. The mitochondrial Cu+ transporter PiC2 (SLC25A3) is a target of MTF1 
and contributes to the development of skeletal muscle in vitro. Front Mol

Biosci 2022;9(9):1037941 .

26] Mayr JA, Zimmermann FA, Horváth R, Schneider HC, Schoser B,
Holinski-Feder E, Czermin B, Freisinger P, Sperl W. Deficiency of

the mitochondrial phosphate carrier presenting as myopathy and
cardiomyopathy in a family with three affected children. Neuromuscul

Disord 2011;21(11):803–8 .
27] Gyimesi G, Hediger MA. Sequence features of mitochondrial transporter

protein families. Biomolecules 2020 Nov 28;10(12):1611 .

28] Sonney S, Leipzig J, Lott MT, Zhang S, Procaccio V, Wallace DC, Sondheimer N.
Predicting the pathogenicity of novel variants in mitochondrial tRNA with

MitoTIP. PLoS Comput Biol 2017 Dec 11;13(12):e1005867 .

http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0001
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0002
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0003
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0004
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0005
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0006
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0007
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0008
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0009
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0010
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0011
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0012
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0013
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0014
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0015
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0016
https://doi.org/10.1002/ajmg.10767
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0018
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0019
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0020
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0021
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0022
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0023
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0024
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0025
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0026
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0027
http://refhub.elsevier.com/S0960-8966(23)00774-5/sbref0028

	A new family with a case of severe early-onset muscle fatigue and a peculiar maternally inherited painful swelling in chewing muscles associated with homoplasmic m.15992A>T mutation in mitochondrial tRNAPro
	1 Introduction
	2 Case description
	3 Discussion
	Author contributions
	Funding
	Ethical approval
	Declaration of Competing Interest
	Acknowledgement
	References




