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ABSTRACT

Mitochondrial diseases, taking into account those that affect 

the processes of the respiratory chain (RC) and mitochondrial 

oxidative phosphorylation system (OXPHOS), make up a 

relatively frequent group within rare diseases that usually have 

multisystem involvement, a very variable phenotypic expression 

and a complex genetic base. Renal involvement is uncommon, 

with the tubule being the most affected, specifically its 

proximal portion, developing into full Toni-Debré-Fanconi 

syndrome in the most serious cases. However, in some cases 

the glomerulus is involved, fundamentally in focal segmental 

glomerulosclerosis form (FSGS), expressed by proteinuria and 

renal failure. It is important that the Nephrologist keeps in mind 

the possibility of a mitochondrial disease in patients with this 

type of renal involvement that present clinical data with these 

characteristics, especially diabetes mellitus and deafness. In cases 

with FSGS, a correct diagnosis will avoid the inappropriate use 

of immunosuppressive medication. Specific treatments do not 

exist for the majority of mitochondrial diseases, but it is likely 

that the intense research that currently exists for these diseases 

will eventually produce effective treatment possibilities.
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¿Cuándo debe sospechar un nefrólogo una enfermedad 

mitocondrial?

RESUMEN

Las enfermedades mitocondriales, considerando aquellas que afectan 

a los procesos de la cadena respiratoria (CR) y fosforilación oxidativa 

mitocondrial (OXPHOS), constituyen un grupo relativamente 

frecuente dentro de las enfermedades raras que habitualmente 

tienen afectación multisistémica, una expresión fenotípica muy 

variable y una base genética compleja. La afectación renal es poco 

común, siendo el túbulo, y más concretamente su porción proximal, 

el principal afectado, desarrollándose un síndrome de Toni-Debré-

Fanconi completo en las formas más graves. No obstante, en algunos 

casos existe afectación glomerular, fundamentalmente en forma de 

glomeruloesclerosis segmentaria y focal (GESF), manifestada por 

proteinuria e insuficiencia renal. Es importante que el nefrólogo 

tenga presente la posibilidad de una enfermedad mitocondrial en 

pacientes con esta forma de afectación renal que presenten datos 

clínicos acompañantes característicos, sobre todo diabetes mellitus 

y sordera. En los casos con GEFS, un diagnóstico correcto evitará 

el uso inapropiado de medicación inmunosupresora. No existen 

tratamientos específicos para la mayoría de las enfermedades 

mitocondriales, pero es probable que la intensa investigación 

actualmente existente sobre estas patologías lleve finalmente a 

posibilidades terapéuticas eficaces.

Palabras clave: Enfermedad mitocondrial. Glomeruloesclerosis 

segmentaria y focal.

INTRODUCTION
 
H u m a n  m i t o c h o n d r i a l  d e o x y r i b o n u c l e i c  a c i d 

(mtDNA) is a double-stranded circular molecule that 

contains 37 genes (Figure 1).  Of these genes, 24 

encode mitochondrial translation machinery proteins, 

22 transfer ribonucleic acids (tRNAs), one for each 

amino acid except leucine and serine, which contain 

2 tRNAs and 2 ribosomal ribonucleic acids (rRNA). 

The remaining genes encode 13 polypeptides that are 

part of the enzyme complexes of the respiratory chain 

(RC). Genes MTND1 – MTND6 and MTND4L are part 

of complex I (NADH-coenzyme Q oxidoreductase), 

the MTCYB gene,  cytochrome b of  complex III 
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literature of glomerular involvement in the form of 

focal segmental glomerulosclerosis (FSGS)2-20 and 

other less frequent glomerulopathies such as minimal 

change disease13,14, IgA11 nephropathy or extracapillary 

glomerulonephritis21. Cystic renal diseases have also 

been described12,22,23.

 
MITOCHONDRIAL DISEASES DUE TO MTDNA 
MUTATIONS
 
Mitochondria are inherited exclusively through the 

maternal l ine, so that mutations in mitochondrial 

genome will  be transmitted from mother to child 

without paternal contribution. Unlike nDNA, mtDNA 

has thousands of copies within a cell and mutated 

DNA can coexist  with normal DNA; this state is 

known as heteroplasmy. Clinical manifestations of 

mitochondrial disease will occur when the mutated 

DNA exceeds a  l imit  determined by the energy 

requirements of each cell, causing cell dysfunction24. 

For these reasons, mitochondrial diseases have a wide 

(ubiquinol-cytochrome C reductase), genes MTCO1, 

MTCO2 and MTCO3, of complex IV (cytochrome 

oxidase). Finally, genes MTATP6 and MTATP8 of 

Complex V (ATP synthase). Complex II (succinate 

dehydrogenase) is exclusively formed by subunits 

encoded in nuclear DNA (nDNA). Most of the assembly 

and structural proteins of the CR complexes, such as 

those involved in mtDNA maintenance processes or 

biogenesis, are encoded by nuclear genes and imported 

into mitochondria1.  Therefore, we can deduce that 

mitochondrial disorders may be due to sporadic or 

inherited mutations in both mtDNA and nDNA. The 

form of inheritance will depend on the location of the 

mutation, as discussed below.

Kidney disorders described as mitochondrial diseases 

include a wide spectrum whose most frequent target 

are tubular cells, due to the high energy expenditure 

required for  ion exchange in these cel ls ,  which 

becomes apparent as proximal tubulopathy, distal 

tubulopathy or  renal  tubular  acidosis .  However, 

there are ever more frequent cases described in the 

Figure 1.  Mitochondrial DNA Molecule. 

Map of the 16,569 bps of mtDNA. It shows the genes that encode proteins for the seven subunits of complex I (ND), the 

three subunits of cytochrome oxidase (CO), cytochrome b (Cyt b), and the two subunits of ATP synthetase (ATPase 6 and 8).

Modified figure from www.mitomap.org
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variability in phenotype expression even within the 

same family.

Mutations that occur in the mitochondrial genome 

can be point mutations, small and large deletions 

and duplications. Since the mitochondrial genome is 

very susceptible to mutation, it has a large number 

of  neutral  or  adapt ive gene var iants ,  known as 

polymorphisms. Other mutations,  a good portion 

of them heteroplasmic, are deleterious, especially 

those occurring in the 13 proteins encoded in the 

mitochondrial genome or rRNA and tRNA. Although 

most mitochondrial diseases caused by mutations 

in  mtDNA are  materna l ly  inher i ted ,  some a re 

sporadic, because they occur during oogenesis or 

early embryogenesis, the most well-known are large 

(unique) simple mtDNA deletions.

 
Maternally inherited diabetes and deafness 
(MIDD) 
 
Maternally inherited diabetes and deafness is one 

of the most common mitochondrial diseases. As its 

name indicates, patients have non-insulin dependent 

diabetes mellitus (NIDDM) produced by a decrease 

in insul in release from beta  pancreat ic  cel ls  as 

well as a slowly progressive sensorineural hearing 

loss.  Other accompanying clinical manifestations 

are  cardiomyopathies  (hyper t rophic  or  di la ted) , 

cardiac conduction disorders in the form of blocks 

or  arrhythmias 10,  proximal  myopathy or  fundus 

alterations, such as pigmented maculopathy, which 

on rare occasions can decrease visual acuity. About 

80% of patients  have sensorineural  hearing loss 

or diabetes at the time of diagnosis2-14,25.  The most 

commonly found mtDNA mutation in this disease 

is a point mutation (m.3243A>G), in the MT-TL1 

[tRNALeu (UUR)] gene, leading to inadequate translation 

of mitochondrial proteins that form CR subunits. 

Regarding renal involvement, cases of interstitial 

nephritis12,26, polycystic kidney12 and FSGS have been 

described2-14,25.

The association between FSGS and mitochondrial 

disease is not yet well known in nephrology. Early 

diagnosis  of  th is  form of  renal  involvement  is 

particularly important to prevent patient exposure 

to ineffective and often toxic immunosuppressive 

therapies. In addition to knowledge of the disorder, it 

is essential, for early diagnosis, to have the patient’s 

complete clinical history and to carry out a physical 

examination to detect characteristic clinical signs of 

these disorders, which we summarise in Table 1. In 

this form of FSGS, the most frequent presentation 

is non-nephrotic proteinuria with poor response to 

antiproteinuric treatment, which slowly progresses to 

end-stage renal disease (ESRD). Approximately 50% 

of patients will develop ESRD in the first ten years 

after diagnosis. Because of the association of deafness 

and renal disease, these patients can be misdiagnosed 

with Alport disease. The absence of haematuria in this 

form of FSGS is important for differential diagnosis, 

since haematuria is  a constant  f inding in Alport 

disease.

On histological  exam, nei ther  the FSGS lesions 

observed by optical microscopy nor the absence of 

immune complex deposition by immunofluorescence 

(IF) make it possible to suspect a secondary form 

of  mi tochondr ia l  d i sease ,  s ince  no  sub type  i s 

predominant .  However,  when there is  suff icient 

material  available for  electron microscopy,  i t  is 

frequently possible to see abnormal mitochondria of 

different shapes and cristae with distortion of the inner 

membrane and ridges (Figure 2). Accumulations of 

these mitochondria are located in the tubular cells and 

podocytes, but are absent in capillary mesangial and 

endothelial cells. In addition, podocytes are frequently 

binucleate and undergo focal pedicel fusion. Another 

striking frequently observed disorder is hyalinosis of 

smooth muscle cells of afferent arterioles and small 

arteries. Indeed, according to microscopic findings 

two pathophysiologic mechanisms for FSGS have 

been hypothesised in this disease, which are still 

to be elucidated. On the one hand, the authors who 

found intense arteriolar hyalinosis in renal biopsies 

consider that glomerular sclerosis could be due to an 

alteration in the self-regulation mechanism that would 

lead to excessive glomerular pressure and consequent 

hyperf i l t ra t ion 7,9.  As in  MELAS (Mitochondria l 

encephalomyopathy, Lactic Acidosis and Stroke-like 

Episodes), these authors believe that the main damage 

occurs at the level of the vascular smooth muscle, 

where abnormal mitochondria have also been found27. 

However, the authors who found megamitochondria at 

podocyte level8,10-13,25 speculate that glomerular injury 

is produced by direct podocyte damage secondary to 

mitochondrial dysfunction in these cells.

Below we summarise three clinical cases diagnosed 

between the years 2012-2014 in the Nephrology 

Service of the 12 de Octubre Hospital, including, the 

most frequent clinical symptoms of this disease and, 

confounding diagnostic facts that may arise.

First  case 14:  a 38-year-old male pat ient ,  with a 

history of NIDDM and hypertension (HTA) of three 

years of evolution, hypertrophic cardiomyopathy, and 

sensorineural hearing loss from youth. The patient is 

referred to the nephrology clinic due to non-nephrotic 

proteinuria and chronic renal failure with creatinine 
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kidney disease and hypertrophic cardiomyopathy in a 

patient who also has a sediment without haematuria, 

mitochondrial disease is suspected and confirmed 

after a genetic study.

Second case14:  19-year-old woman with a history 

of high blood pressure, sensorineural hearing loss 

from youth, non-autoimmune hypothyroidism and 

pigmented maculopathy of the fundus, with no relevant 

family history. The patient is referred to nephrology 

due to non-nephrotic proteinuria. Studies performed 

included urinary sediment without microhaematuria, 

negative autoimmunity and serology tests. At that time, 

a kidney biopsy puncture was performed which yielded 

insufficient material .  And was therefore repeated 

5 years later. This new biopsy has eight optically 

of 2.4mg/dl, and suspected Alport syndrome. Family 

history: his mother is diabetic, with hearing loss and 

chronic renal failure of unknown aetiology. After a 

thorough study, including urine sediment without 

microhaematuria,  and negative autoimmunity and 

serological  tests for hepati t is  B, hepati t is  C and 

human immunodeficiency virus, a kidney biopsy is 

performed. This shows eight glomeruli, of which three 

are sclerotic, two present focal segmental sclerosis 

lesions with hyalinosis, two marked capsular fibrosis 

and the others slight mesangial hypercellularity. In 

addition, there is intense arteriolar subendothelial 

hyal inosis  wi th  marked lumen reduct ion.  IF  i s 

negative and ultrastructurally megamitochondrias 

were observed in the podocytes (Figure 2 A and Figure 

2 C). Due to the association of NIDDM, deafness, 

Table 1. Most common clinical manifestations and complementary laboratory tests recommended in patients with 
suspected MIDD (maternally inherited diabetes and deafness) 

CLINICAL SYMPTOMS

Endocrine: non-insulin dependent DM that can progress to insulin dependent, non-autoimmune hypothyrodism, hyper 
or hypoparathyroidism 

Ear nose and throat: hypoacusia or neurosensoiral deafness, peripheral vertigo

Cardiological: hypertrophic or dilated cardiomyopathies, conduction disorders (blocks or arrhythmias)

Kidney: most frequently non-nephrotic proteinuria, rare nephrotic syndroms; tubulopathies such as Toni-Debré-Fanconi 
or Bartter syndoromes; tubulointerstitial nephritis

Eyes: pigmented macular dystrophy

Musculoskeletal: proximal myopathy

Neurological: headache

COMPLEMENTARY TESTS

- Blood: Glycated haemoglobin, glucose, oral glucose overload test
- Glomerular filtration rate
- CPK
- Lactic acid (frecuently normal in this disease)

Urine:    -     24 hour Proteinuria
 -     Amino acids, glucosuria, pH
 -     Urinary sediment (absence of haematuria)

Cardiological: Echocardiogram, electrocardiogram and Holter

Audiometry: Neurosensorial hypoacusia 

Fundoscopy: Pigmented maculopathy

Neuroimaging: Cerebral CT (calcifications in basal ganglia)

Biopsies:    Kidney: abnormal mitochondria by electron microscopy (podocytes, tubules)
      Muscle: ragged red fibres

Genetic study: ADNmt or ADNn in peripheral blood leucocytes, biopsy tissue or saliva.

mtDNA: mitochondrial Deoxyribonucleic Acid; nDNA: Nuclear deoxyribonucleic acid; CPK: Creatine phosphokinase; DM: Diabetes 

mellitus; DMC: Dilated myocardiopathy; HMC: Hypertrophic myocardiopathy; ORL: Oto-Rhyno-Laryngeal; CT: Computerised 

tomography
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proteinuria. The second case, after sixteen years of 

evolution, has a normal renal function with non-

nephrotic proteinuria. The third case, under follow-

up since 2011, has normal renal function and non-

nephrotic proteinuria.

In Table 2 we summarise the published clinical series of 

cases of MIDD and FSGS. Of the 135 patients included 

in the published papers, 106 (78.5%) had MIDD. Of these 

135 patients, in 9 (4) there was no description of presence 

or absence of hearing loss, but 120 of the remaining 126, 

did suffer from hearing loss (95.2%). Regarding renal 

involvement, only 51 patients had proteinuria, and in 4 

the degree of this was not specified. Of the remaining 47 

patients, 40 (85.1%) had non-nephrotic proteinuria, and 7 

(14.9%), nephrotic proteinuria. Only three patients presented 

a full nephrotic syndrome. In the data obtained from 83 

patients, the first symptom of the disease was sensorineural 

hearing loss in 49 patients (59%), diabetes in 25 (30.1%) 

and proteinuria in 9 (10.8%). 42.3% (22/52) of those who 

showed renal involvement ended in dialysis during follow-

up. Of the 11 patients reported to have received renal 

transplant (3,7,9,12), as was to be expected, none had 

disease relapse in the graft. However, none of the above 

publications were designed to describe their evolution.

 
Mitochondr ia l  Encephalomyopathy,  lact i c 
acidosis and stroke-like episodes (MELAS)
 
MELAS syndrome is an encephalomyopathy with lactic 

acidosis and stroke-like episodes with seizures and 

normal glomeruli, IF with no relevant findings and 

an electron microscopy image not compatible with 

Alport disease, with megamitochondria showing ridge 

distortion and an unstructured inner matrix (Figure 2 

B and Figure 2 D). In her third pregnancy (during the 

first two she suffered early miscarriages) the patient 

develops diabetes and massive nephrotic syndrome. 

With a probable diagnosis of FSGS decompensated 

by pregnancy, treatment with steroids and tacrolimus 

is initiated, in spite of which adequate control of 

nephrotic syndrome is not achieved and impaired 

renal function is evident. Finally, it was decided to 

terminate the pregnancy due to foetal distress and 

risk for the mother ’s life. Proteinuria returned to 

non-nephrotic levels and renal function to normal, so 

immunosuppression was suspended. Once again, in 

view of the association of diabetes, deafness, steroid-

resistant nephrotic syndrome (SRNS) and pigmented 

maculopathy of the fundus, we requested a genetic 

s tudy for  mitochondrial  disease,  to confirm our 

clinical suspicion.

Third case: a 66-year-old woman, diabetic from 34 years 

of age, currently insulin-dependent with sensorineural 

hearing loss and significant family burden of type 2 

diabetes mellitus on the maternal side. She was referred 

to the nephrology clinic due to non-nephrotic proteinuria 

with normal renal function. Because the patient does not 

have diabetic retinopathy of the fundus, but does have 

diabetes, deafness and proteinuria with a family history 

on the maternal side, we requested a genetic study for 

mitochondrial disease, which, once more confirmed our 

clinical suspicions. No renal biopsy was performed.

In all three cases, the symptoms were similar: diabetic 

patient,  with hearing loss and renal involvement, 

non-nephrot ic  proteinuria  and sediment  without 

microhaematuria. Genetic studies showed the same 

mutation in mtDNA (m.3243A>G in the tRNALeu(UUR)), 

with very different levels of DNA heteroplasmy in 

peripheral blood (79% first case, 37% second case 

and 17% third) detected by direct Sanger sequencing 

of the MTTL1 gene and quantified by polymerase 

chain reaction and restriction analysis (PCR-RFLP) 

of a 1000 DNA chip in an Agilent Technologies 2100 

Bioanalyzer, which confirmed diagnosis of MIDD. 

This variability may be due to a high index of mitotic 

replacement in white blood cells (WBC) and mitotic 

segregation of mtDNA. Post-mitotic tissues would 

be more reliable for these studies. Musculoskeletal 

system or  s lowly mitosis  cel ls ,  such as  urinary 

sediment cells. In all three cases, we began treatment 

with renin-angiotensin system blockers with very 

little response as far as proteinuria reduction. The 

first case, after five years of follow-up, continues 

with creatinine levels of 2.4mg/dL and non-nephrotic 

Figure 2.  Pathological anatomy. 

A) Masson (40X): Focal segmental glomerulosclerosis. B) PAS 

(20X): Four glomeruli of normal aspect. C) Electron microscope 

(EM): Megamitochondrias in podocytes with cristae and 

inner matrix distortion. D) EM: Normal mitochondrias. E) EM: 

Megamitochondrias in podocytes with marked distortion of 

cristae and increased internal matrix osmiophilia.

A B

DC

C
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Kearns-Sayre
 
Syndrome character ised by chronic  progress ive 

external ophthalmoplegia,  ptosis,  abnormal heart 

rhythms, diabetes, deafness, pigmented retinopathy 

and  ce rebe l l a r  anomal i e s ,  t ha t ,  a t  t imes ,  a r e 

accompanied by renal involvement, especially tubular 

dementia. A number of different mutations have been 

associated with this syndrome (www.mitomap.org), 

although in 80% of cases it is due to the aforementioned 

mutation (m.3243A> G in tRNALeu(UUR))28.  As with 

MIDD syndrome, the most characteristic renal disorder 

is FSGS29, although tubular pathologies and interstitial 

nephritis have also been described.

Table 2. Review of cases of maternally inherited diabetes and deafness with renal involvement in the form of focal 
segmental glomerulosclerosis 

Authors
No of 
cases

DM Hypoacusia Proteinuria PD TxR PA

Manonvier et al.2, 
1995

40 17/40 40/40 DN
15/40 (IRC,  

non-specific if 
HD)

DN 1/15 FSGS

Jansen et al.3,  
1997

4 4/4 4/4
4/4 Non-specific 

proteinuria 
4/4 4/4 2/4 FSGS

Kurogouchi et al.4, 
1998

1 No Yes Non-nephrotic Yes No FSGS

Nakamura et al.5, 
1999

9 9/9 -----
1/9 Nephrotic

8/9 Non-nephrotic
4/9 No 1/9 FSGS

Cheong et al.6,  
1999

1 Sí Yes DN Yes No FSGS

Doleris et al.7,  
2000

4 4/4 3/4
1/4 Nephrotic

3/4 Non-nephrotic
2/4 2/4

4/4 FSGS 
(arteriolar hyalinosis)

Hotta et al.8,  
2001

4 2/4 1/4 4/4 Non-nephrotic 1/4 DN
4/4 FSGS 

(abnormal mitochondria)

Guillausseau et al.9, 
2001

54 54/54 53/54
10/13 

Microalbuminuria
3/13 Non-nephrotic

2/13 1
3/3 FSGS 

(arteriolar hyalinosis)

Takeda et al.10,  
2002

1 Yes No Nephrotic Yes DN
FSGS

(abnormal mitochondrias)

Yamagata et al.11, 
2002

2 No 2/2 DN DN No
2/2 FSGS

(abnormal mitochondria) 

Guéry et al.12,  
2003

9 9/9 9/9
3/9 Nephrotic

6/9 Non-nephrotic
5/9 4/7

2/5 FSGS 
(abnormal mitochondria)

3/5 NTI

Dinour et al.13,  
2004

2 1/2 2/2 2/2 Non-nephrotic 1/2 No
1/2 ECM

(abnormal mitochondria)

Löwik et al.25,  
2004

1 Yes Yes Nephrotic No No
FSGS

(abnormal mitochondria)

Cavero et al.14,
2014

3 3/3 3/3 3/3 Non-nephrotic 0/3 No
1/2 FSGS and 1/2 ECM

(abnormal mitochondria)

DM: diabetes mellitus; PD: periodic dialysis; RTx: renal transplantation; PA: pathological anatomy; ND: no data; TIN: tubulointerstitial 

nephritis; MCD: minimal change disease; FSGS: focal segmental glomerulosclerosis.
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(Table 3). Martín-Hernández et al. published a series 

of 42 patients with mitochondrial disease, 21 of whom 

had renal involvement. Of these, 6 showed well-defined 

pathologies28,30, although glomerular disorders have 

also been described30. This mitochondrial disease is 

usually caused by large deletions at mtDNA levels 

Table 3. Renal diseases associated with mutations in mitochondrial deoxyribonucleic acid

Mutation Gene Renal involvement Extrarenal disorders References

MUTACIONES PUNTUALES

3243A>G tRNALeu FSGS MELAS, MIDD 2-13, 25, 29

TIN MELAS, MIDD 12, 26

586A>G tRNAPhe TIN MELAS 31

608G>A tRNAPhe TIN MELAS 32

3242A>G tRNALeu ATR type 4 Cardiomyopathy, hypotonia, lactic acidosis 33, 15

4269G>A tRNAIle FSGS
Encephalomyopathy, cardiomyopathy, deafness, 

epilepsy
34

5656G>A ----- TIN
Heart conduction disorders, pigmented 

retinopathy, psychiatric disorders
16

5728G>A tRNAAsn FSGS
Mental retardation, growth retardation, ataxia, 

myopathy
17

5843G>A tRNATyr FSGS 35

12425delA ND5
Renal 

glomerulocystic 
disease

Lactic acidosis, myopathy, pigmented 
retinopathy 

22

8344G>A tRNALys Aminoaciduria MERRF 18

13513A>G ND5 FSGS MELAS/CPEO 36

Size of deletion Location Renal involvement Extrarenal disorders References

DELETIONS

2608-pb 10598-13206 TIN ----- 37

2800-pb 10000-12800 Proximal tubulopathy Megaloblastic anaemia 38

3500-pb ND5 gene region Proximal tubulopathy Pearson 19

4900-pb ----- FSGS Ptosis, ophthalmoplegia, delayed development 39

4977-pb 8469-13447 Proximal tubulopathy Pearson, DM 19

4977-pb 8469-13447 FSGS, IgAN Deafness 11

5700-pb 8400-14100 Proximal tubulopathy Hypoplastic anaemia, DM 40

6000-pb 6000-12000 Proximal tubulopathy MELAS 41

7315-pb 7325-14639 Proximal tubulopathy Seizures, lactic acidosis 42

7400-pb 8648-16702 Proximal tubulopathy Corneal dystrophia 20

7500-pb 6100-13600 FSGS and RTA KSS 30

8000-pb 7485-15519 Distal tubulopathy Endocrine pathologies, encephalomyopathies 43

8661-pb 6800-15600 Bartter-like KSS 28

In the first part of the table, we have listed mitochondrial diseases due to a point mutation (substitution or deletion of a nucleotide) in 

mtDNA. The number between the two capital letters indicates the location of the mutation in the mitochondrial genome. In the second 

part of the table, we have listed mitochondrial diseases due to base pair deletions. In the first column, the number of base pairs of the 

deletion is indicated. In the second column the location in the mitochondrial genome where such deletions have been described.

FSGS: focal segmental glomerulosclerosis; TIN: tubulointerstitial nephropathy; RTA: renal tubular acidosis; MELAS: mitochondrial 

encephalomyopathy lactic acidosis and stroke-like episodes; MIDD: maternally inherited diabetes and deafness; MERRF: myoclonic epilepsy 

with ragged red fibres; CPEO: chronic progressive external ophthalmoplegia; KSS: Kearns-Sayre syndrome; del: deletion; -BP: Base pairs; 

DM: diabetes mellitus; IgAN: IgA nephropathy.
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MITOCHONDRIAL DISEASES DUE TO NDNA 
MUTATIONS 
 
Contrary to mtDNA mutations, mutations in nDNA 

exhibit Mendelian inheritance, although autosomal 

dominant and X-linked mutations are known, most are 

autosomal recessive and therefore, patients’ siblings, 

and not their parents, may present the disease.

 
Coenzyme Q10 biosynthesis
 
Primary defects of coenzyme Q, intermediary redox 

substrate of complex I, II and III of the CR, are associated 

with a decrease in mitochondrial oxidative phosphorylation 

(OXPHOS) that primarily affects the kidneys with little 

renal disease: 3 Toni-Debré-Fanconi syndromes within a 

Pearson syndrome, one patient a Kearns-Sayre syndrome 

and the last patient presented this syndrome secondary 

to a mutation in the BCS1L gene. In the remaining case, 

the patient had a nephrotic syndrome secondary to FSGS 

due to a deficiency of CR complex III44.

 
Pearson
 
Syndrome that appears in childhood and typically 

takes the form of sideroblastic anaemia, exocrine 

pancreat ic  fai lure and renal  involvement s imilar 

to  that  seen in  Kearns-Sayre  syndrome 19.  Large 

deletions of mtDNA as causes of this disease have 

also been reported.

Table 4. Renal diseases associated with mutations in nuclear deoxyribonucleic acid

Gene Function Renal involvement Extra-renal involvement

Coenzyme Q10 biosynthesis

COQ2 CoQ10 biosynthesis SRNS Progressive encephalopathy

COQ6 CoQ10 biosynthesis SRNS Deafness, seizures

COQ9 CoQ10 biosynthesis Proximal tubulopathy Lactic acidosis, encephalopathy

PDSS2 CoQ10 biosynthesis SRNS Progressive encephalopathy

Translation of mitochondrial proteins

SARS2 Seril TRNA synthetase CKD, distal tubulopathy HUPRA syndrome

MRPS22 Ribosomal protein Tubulopathy Cardiomyopathy, hypotonia

POLG DNA polymerase Proximal tubulopathy Age associated phenotypes

Assembly and operation of the respiratory chain

BCS1L Complex III assemblage factor Proximal tubulopathy, TIN Encephalopathy and liver failure

SURF1 Citochrome C oxidase biogenesis Renal tubular acidosis Leigh syndrome

COX10
Citochrome C oxidase assemblage 

protein
Proximal tubulopathy Encephalopathy, cardiomyopathy, Leigh syndrome

TMEM70 Complex V assemblage Renal tubular acidosis Myocardioencephalopathy

ETHE1 Sulfur dioxenase biogénesis SRNS Methylmalonic encephalopathy

Mitochondrial proteins post-translation processing

XPNPEP3 Aminopeptidase Nephronoptisis

ADNmt depletion syndrome

MPV17 Mitochondrial internal membrane protein FSGS Hypoacusia

C10orf2 DNA helicase Proximal tubulopathy Liver failure

SUCLA2 Subunit β, uccinate-CoA ligase Methylmalonic aciduria Leigh syndrome

SUCLG1 Subunit β, succynil-CoA synthetase Methylmalonic aciduria Encephalomyopathy

RRM2B Ribonucleotide reductase subunit Proximal tubulopathy Encephalomyopathy, hypomyelinisation

DGUOK Deoxiguanosine kinase Cystinuria Liver and cerebral disease

CoQ10: Coenzyme Q10; SRNS: steroid-resistant nephrotic syndrome; RTA: renal tubular acidosis; CKD: chronic kidney disease; 

TIN: tubulointerstitial nephritis; Tubulopathy: tubulopathy not specified by the authors.

Gene: nuclear DNA gene affected by the mutation.

Function: normal function of the protein expressed by the gene of the previous column.

Renal involvement: Renal involvement as a result of a mutation of a gene in the first column.

Extrarenal involvement: systemic involvement due to the mutation of a gene in the first column.
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factor necessary for the assembly of complex III54, 

or in SURF1 gene encoding a protein involved in the 

biogenesis of complex IV, or mutations in the COX10 

gene, the assembly factor for this last complex, have 

been described in children with renal tubular acidosis 

proximal tubulopathy and other systemic disorders. 

In addition, mutations in TMEM70 gene encoding a 

protein of the baseline membrane for the function of 

V complex were associated with hypoplastic kidneys 

in 5 of 25 neonates also suffering from hypotonia, 

cardiomyopathy and lactic acidosis (Table 4).

 
Posttranslational processing of mitochondrial 
proteins and mtDNA depletion syndromes
 
D e f e c t s  i n  p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  o f 

mitochondrial proteins as well as mtDNA depletion 

syndromes have been associated with renal disease in 

rare cases, causing tubular atrophy with interstitial 

fibrosis and chronic renal failure and proximal tubular 

dysfunction, respectively (Table 3)44.

 
DIAGNOSTIC ORIENTATION
 
Knowledge of the association between mitochondrial 

disease and renal disease is very important, especially 

in cases of nephrotic syndrome or FSGS, in which 

diagnosis of mitochondrial disease prevents exposure 

of patients to immunosuppressive therapy, also in 

those cases in which the mutation affects biosynthesis 

of coenzyme Q10, where early treatment with said 

cofactor can prevent progression of kidney disease 

and death.

As is the case with any genetic disease, the existence 

of relatives with similar clinical conditions should 

make us think of a mitochondrial disease, although, at 

times, the wide fenotype variability of these disorders 

can make our job difficult. According to the location 

of the mtDNA or nDNA mutation, inheritance will be 

exclusively maternal and we must search for affected 

relatives on the mother’s side of the family, but in the 

case of an autosomal recessive inheritance we must 

look for the disease in siblings; bearing in mind that 

large deletions of mtDNA usually occur spontaneously. 

In addition, another fact that should make us suspect 

mitochondrial disease with renal implication, is the 

involvement of various organs, especially the central 

nervous system and skeletal muscles in a patient 

with proximal tubulopathy,  proteinuria  or  distal 

tubulopathy. Most mitochondrial diseases, although 

not all, also present lactic acidosis. Therefore, the 

presence of elevated lactic acid in blood and urine 

can help. It is important to remember that not all patients 

extrarenal expression. The mechanism by which these 

mutations affect the kidney, specifically the podocyte but 

not tubular cells, and not other more strongly OXPHOS 

dependent organs, is still unknown. Six cases have been 

described with COQ221,45,46 gene mutations, suffering 

from SNCR and progressive encephalopathy; 11 more 

cases with COQ6 gene mutations also showing SNCR 

associated with deafness and seizures47; and 2 more cases, 

one with a PDSS2 mutation suffering from SNCR and 

encefalopathy48, and one with a COQ9 mutation suffering 

from encephalopathy and renal tubulopathy49 (Table 4). 

The most important characteristic of this set of mutations is 

that they cause the only mitochondrial diseases with good 

response to treatment with supplemental oral coenzyme Q. 

Regarding renal involvement, proteinuria improves with 

early diagnosis and treatment when there is no chronic 

renal damage. Some published cases failed to demonstrate 

these benefits because treatment was initiated when renal 

damage was advanced50,51. However, Montini et al.52 

described a 12-month-old girl with a COQ2 gene mutation 

who showed initial symptoms of a full nephrotic syndrome 

and impaired renal function. After immediately starting 

supplementary treatment (coenzyme Q10 30mg/kg/day) 

she showed progressive recovery, achieving normal renal 

function and non-nephrotic proteinuria, which continue 

after 50 months follow-up52.

 
Translation of mitochondrial proteins
 
The  aminoacyl  tRNA synthe tases  requ i red  for 

mitochondrial tRNA aminoacylation, are encoded in 

the nuclear genome. Of the 20 tRNA synthetases, only 

one has been associated with renal disease, serilARNt 

synthetase. SARS2 gene mutations encoded by this 

aminoacyl synthetase, cause a syndrome known as 

HUPRA (hyperuricemia, pulmonary hypertension, 

renal failure and alkalosis) with renal failure and 

distal renal tubular dysfunction (Table 4)53.

The  mi tochondr ia l  genome encodes  two rRNA 

molecules; however, all ribosomal subunit proteins 

are encoded in the nuclear genome, so that mutations 

at that level cause mitochondriopathies. Mutations in 

MRPS22 ribosomal protein have been associated with 

renal tubular disease in a patient with cardiomyopathy 

and hypotonia (Table 4).

 
Assembly and operation of the respiratory 
chain
 
CR defects  due to mutat ions in  different  genes 

encoded in the nuclear genome lead to decreased 

complex activity, mainly, of complexes III and IV. 

Mutations in BCS1L, the mitochondrial assembly 
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1. Mitochondrial diseases are a rare cause of 
renal disorders, but all nephrologists should 
be aware of their existence. Their prevalence 
may be higher than current estimates, since 
a large number of cases are not properly 
diagnosed.

 
2.  They appear primarily as tubulopathies 

(Toni-Debré-Fanconi or Bartter-like type) 
or glomerular conditions (mainly focal 
segmental glomerulosclerosis).

 
3. The presence of extrarenal symptoms, 

especially MIDD, deafness, muscular and 
neurological disorders, must lead to suspicion 
of mitochondrial disease.

 

4.  Maternal  transmiss ion or Mendel ian 
i n h e r i t a n c e  ( a u t o s o m a l  r e c e s s i v e ) , 
respectively, depend on the location of the 
mutation in the mitochondrial or nuclear 
DNA, respectively. A genetic study in 
peripheral blood will diagnose mitochondrial 
disease.

 
5.  Although there are no specific treatments 

for most mitochondrial diseases, a correct 
diagnosis is crucial for prognosis and 
prevention of aggressive and ineffective 
treatments (e.g., immunosuppression in 
patients with glomerulosclerosis).
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