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Mitochondrial neurogastrointestinal encephalomyopathy is a rare multisystemic autosomic recessive disorder characterized by:

onset typically before the age of 30 years; ptosis; progressive external ophthalmoplegia; gastrointestinal dysmotility; cachexia;

peripheral neuropathy; and leucoencephalopathy. The disease is caused by mutations in the TYMP gene encoding thymidine

phosphorylasethymine phosphorylase. Anecdotal reports suggest that allogeneic haematopoetic stem cell transplantation may be

beneficial for mitochondrial neurogastrointestinal encephalomyopathy, but is associated with a high mortality. After selecting

patients who fulfilled the clinical criteria for mitochondrial neurogastrointestinal encephalomyopathy and had severe thymidine

phosphorylase deficiency in the buffy coat (510% of normal activity), we reviewed their medical records and laboratory studies.

We identified 102 patients (50 females) with mitochondrial neurogastrointestinal encephalomyopathy and an average age of

32.4 years (range 11–59 years). We found 20 novel TYMP mutations. The average age-at-onset was 17.9 years (range 5 months

to 35 years); however, the majority of patients reported the first symptoms before the age of 12 years. The patient distribution

suggests a relatively high prevalence in Europeans, while the mutation distribution suggests founder effects for a few mutations,

such as c.866A4G in Europe and c.518T4G in the Dominican Republic, that could guide genetic screening in each location.

Although the sequence of clinical manifestations in the disease varied, half of the patients initially had gastrointestinal

symptoms. We confirmed anecdotal reports of intra- and inter-familial clinical variability and absence of genotype–phenotype

correlation in the disease, suggesting genetic modifiers, environmental factors or both contribute to disease manifestations.

Acute medical events such as infections often provoked worsening of symptoms, suggesting that careful monitoring and early

treatment of intercurrent illnesses may be beneficial. We observed endocrine/exocrine pancreatic insufficiency, which had not

previously been reported. Kaplan–Meier analysis revealed significant mortality between the ages of 20 and 40 years due to

infectious or metabolic complications. Despite increasing awareness of this illness, a high proportion of patients had been

misdiagnosed. Early and accurate diagnosis of mitochondrial neurogastrointestinal encephalomyopathy, together with timely

treatment of acute intercurrent illnesses, may retard disease progression and increase the number of patients eligible for

allogeneic haematopoetic stem cell transplantation.
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Introduction
Defects of intergenomic communication are clinically and genet-

ically diverse autosomal disorders with pathogenic secondary

instability of mitochondrial DNA manifesting as multiple deletions,

depletion and point mutations. The first defect of intergenomic

communication to be molecularly defined, mitochondrial neuro-

gastrointestinal encephalomyopathy (MNGIE), is caused by muta-

tions in nuclear gene TYMP, encoding thymidine phosphorylase

(Nishino et al., 1999). Since the initial clinical description in

1976 (Okamura et al., 1976), studies of MNGIE have followed

a clear path from characterization of the clinical features, defin-

ition of the diagnostic clinical criteria, identification of the patho-

genic TYMP mutations and characterization of the molecular

pathogenesis (Hirano et al., 1994, 1998; Papadimitriou et al.,

1998; Nishino et al., 1999; Spinazzola et al., 2002; Martı́ et al.,

2003; Nishigaki et al., 2003). Moreover, remarkable thera-

peutic success has been obtained using allogeneic haematopoetic

stem cell transplantation, the first example of stem cell therapy in

mitochondrial diseases (Hirano et al., 2006; Schüpbach et al.,

2009).

We update the epidemiological, genetic and clinical aspects of a

large cohort of patients with MNGIE to highlight interesting new

observations that refine the approach to diagnosis, follow-up and

treatment of the disease. We also report 20 new pathogenetic

TYMP gene mutations.

Materials and methods
We identified patients who fulfilled MNGIE clinical criteria (severe

gastrointestinal dysmotility; cachexia; ptosis, ophthalmoparesis, or

both; peripheral neuropathy; and leucoencephalopathy) with thy-

mine phosphorylase activity 510% of the normal control mean.

Measurement of thymine phosphorylase activity in the buffy coat,

plasma thymidine and deoxyuridine levels and sequencing of the

TYMP gene were performed using described methods (Nishino

et al., 2000; Marti et al., 2004). Three previously reported patients

have late-onset MNGIE with the buffy coat thymine phosphoryl-

ase activities 10–15% of the normal control mean (Martı́ et al.,

2005). Informed consent for anonymous publication of the pa-

tients’ clinical features and analyses of blood and urine were ob-

tained from all study participants under a Columbia University

Institutional Review Board-approved protocol.

Clinical records and clinical laboratory results including blood

lactate, CSF lactate and protein, brain MRI and magnetic reson-

ance spectroscopy scans, electromyography and nerve conduction

velocity and muscle biopsy histology were reviewed.

Results

Epidemiology
A cohort of 102 patients (50 females) with an average age of 32.4

years (range 11–59 years) was collected between 1988 and 2011.

Of these, 59 were previously reported (Hirano et al., 2004, 2006;

Martı́ et al., 2005; Kintarak et al., 2007; Zimmer et al., 2009).

In terms of geographic origin, Europeans comprised the largest

group (53%), followed by Americans (13.7%) and Asians

(13.7%). Only 3% of patients were Oceanic. Seventeen patients

had mixed or unspecified ethnic backgrounds: eight European-

American patients; three African-American patients; three

Caucasian patients; one multi-racial patient; one German-

Canadian patient; and one French-Canadian patient.

Genetic aspects
We identified TYMP mutations in 92 patients: 47/92 (51%) had

point mutations (39 homozygotes and eight compound heterozy-

gotes); 13/92 (14.1%) had splice site mutations (12 homozygotes

and one compound heterozygote); 6/92 (6.5%) had deletion mu-

tations (five homozygotes and one compound heterozygote); 3/92

(3.3%) had insertion mutations (two homozygotes and one com-

pound heterozygote); and 23/92 (25%) had compound heterozy-

gote mutations. Of these mutations, 20 are novel (Poulton et al.,

2009; Table 1). We could not confirm the genetic diagnosis in

three affected siblings of known patients, because the siblings

died prior to the identification of TYMP mutations. In seven pa-

tients, DNA samples were inadequate for sequencing.

In comparing the distribution of mutations in different countries

and continents (Supplementary Table 1), we observed that three

mutations were restricted to single families e.g. c.131G4A in a

Spanish family, c.1159G4A in a Dutch family and c.1211insT

in an Israeli family, while two mutations were restricted to one

continent or country, i.e. c.866A4G was found only in European

patients and c.518T4G only in Dominican patients.

Table 1 Novel TYMP gene mutations

DNA mutation Protein/RNA
alteration

c.1067T4C p.Leu356Pro

c.401C4A p.Ala134Glu

c.112G4T p.Glu38X

c.893G4A p.Gly298Asp

c.1360G4C p.Ala454Pro

c.146T4G p.Leu49Arg

c.1010_1019del_inAA; p[Gly337Glu]fs

c.1319inG p.[Gly440Val]fsX42

c.328C4T p.Gln110X

c.1160-2A4G;c.1382insC Exon 9 skipping

c.1160-2A4C; Exon 9 skipping

c.1159G4A p.Gly387Ser

c.1160-2G4A Exon 9 skipping

c.931G4A p.Gly311Ala

c.931G4T p.Gly311Cys

c.1311delG p.[Cys437Trp]fsX45

c.715G4A p.Ala239Thr

c.623T4G p.Val208Gly

c.263_264del p.[Thr88Ile]fsX68

c.1394_1400del p.[Phe468Pro]fs
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Splice-site mutations were predominantly found in Europeans

and present in six Italian patients, three siblings from a Greek

family and one mixed European patient. Insertions were found

only in Asian patients. No genotype–phenotype correlation was

observed.

Clinical aspects
The average age of disease onset is 17.9 years (range 5 months to

35 years) but the majority of patients reported the first symptoms

in childhood. Surprisingly, among patients with severe thymine

phosphorylase deficiency in the buffy coat (510% of normal con-

trol mean), early onset does not correlate with short life expect-

ancy. In fact, patients with late onset can manifest rapidly

progressive disease (Figs 1 and 2). In contrast, three previously

diagnosed patients with late-onset and less severe deficiency of

thymine phosphorylase in the buffy coat (10–15% of normal con-

trol mean) are alive in their sixties (Martı́ et al., 2005).

At least 34/102 (33%) patients had consanguineous parents.

Moreover, 52 (51%) patients had siblings or other relatives with

the same disease.

Gastrointestinal symptoms have been confirmed as the most

frequent first feature of the disease as found in 36/63 (57.1%)

patients. These symptoms included: diarrhoea (11/36); abdominal

pain (8/36); nausea/vomiting (6/36); abdominal cramps (6/36);

weight loss (4/36); borborygmi (3/36); wasting/failure to thrive/

thin (2/36); intestinal pseudo-obstruction (2/36); bloating (1/36);

and intestinal invagination (1/36). Ocular symptoms preceded

gastrointestinal disease in 14/63 (22.2%) patients presenting

with: ptosis (9/14); external ophthalmoplegia (3/14); eye wander-

ing (1/14); or loss of vision (1/14).

Although gastrointestinal and ocular symptoms are common in

the initial stages of the disease, peripheral neuropathy or hearing

loss can be the initial manifestation. In our cohort, 9/63 (14%)

patients presented with: peripheral neuropathy manifesting as

numbness or foot drop (5/9); limb weakness and paraesthesia

(1/9); leg cramps (1/9); tripping (1/9); or hearing loss (1/9).

Other initial symptoms have sporadically been reported in some

(6/63, 10%) patients: dry mouth and tinnitus (1/6); tinnitus (2/6);

or myopathy (3/6 with exercise intolerance or weakness).

All clinical criteria for MNGIE disease were met during the

course of disease:

(i) gastrointestinal symptoms (102/102 patients): thinness

(65/102), abdominal pain (46/102), vomiting/nausea (48/

102), diarrhoea (47/102), borborygmi (46/102), abdominal

cramps (42/102), pseudo-obstruction (32/102), early satiety

(25/102), gastroparesis (22/102), dysphagia (21/102),

bloating (11/102), distention (10/102), diverticulosis (7/

102), aspiration (5/102), constipation (4/102) and malab-

sorption (3/102);

(ii) ocular symptoms: ptosis (66/69), external ophthalmoplegia

(65/69);

(iii) neurological symptoms: peripheral neuropathy (69/71),

absent reflexes (53/61), leucoencephalopathy (64/64) and

hearing loss (23/59). The white matter lesions appear hyper-

intense on T2-weighted or fluid-attenuated inversion recov-

ery images and may initially be patchy, but eventually

become diffuse and confluent.

Some clinical features are particularly noteworthy because they

require medical care. Severe hypokalaemia recurred in two

Figure 1 Relationship between age-at-onset and age-at-death.
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patients causing muscle tetany in one case and cardiac arrhythmia

in the other. Infections recurred in seven patients due to rupture

of diverticuli (peritonitis, three patients) or aspiration (pneumonia,

four patients) and represented the most frequent cause of

death. The clinical course was complicated by an endocrine or

exocrine pancreatic insufficiency in nine patients: diabetes (four

patients); amylase increase (two patients); glucose intolerance

(one patient); or exocrine insufficiency (two patients). Severe

hyperlipidaemia with marked hypertriglyceridaemia was noted in

two patients.

Uncommon clinical features included short stature (five patients)

and cardiopathy (three patients with prolonged QT interval, car-

diac arrest or supraventricular tachycardia). Malnutrition caused

anaemia in four patients and amenorrhea in two patients. Other

sporadic findings included: pigmentary retinopathy (three pa-

tients); dry mouth/eyes (three patients); psoriasis (one patient);

and coarse bronze skin (one patient).

Hepatopathy presented as: fatty liver (five patients); hepato-

megaly (two patients); cirrhosis (one patient); and increased

transaminases (one patient). Hepatic steatosis and elevated trans-

aminases were observed particularly in association with total par-

enteral nutrition.

Plasma lactic acidosis (27/40 patients) and high CSF protein

(19/21 patients) were frequently observed.

Kaplan–Meier analysis revealed significant mortality between

the ages of 20 and 40 years (Fig. 2). The average age of death

is 35 years (range 15–54 years) and identified causes included:

pneumonia due to aspiration (eight patients); peritonitis due to

intestinal rupture (two patients); suicide (two patients); electrolyte

imbalance (two patients); sepsis (one patient); malignant melan-

oma (one patient); cardiac arrhythmia (one patient); metabolic

acidosis (one patient); cardiopulmonary arrest (one patient); and

oesophageal varicocoele bleeding (one patient).

Central and peripheral nervous system
involvement
Our study confirmed that leucoencephalopathy is a main criterion

for diagnosis and is asymptomatic in almost 80% of cases.

Nevertheless, 20% of patients had manifestations in the CNS,

which included: varying degrees of cognitive impairment (seven

patients); dementia (two patients); seizures (three patients); or

headache (six patients). A small number of patients reported de-

pression (four patients) or anxiety (two patients), but it is unclear

whether these psychiatric manifestations are due to CNS involve-

ment or secondary reactions to the disease.

Brain MRI (Supplementary Table 2) typically revealed diffuse

leucoencephalopathy involving the cerebral hemispheres, but

basal ganglia, cerebellum and brainstem were often affected.

Since the MRIs were obtained with varying protocols and were

reviewed by multiple neuroradiologists, it is difficult to discern

specific patterns of brain involvement.

Prominent demyelinating peripheral neuropathy has been

confirmed by electromyography and nerve conduction studies

(56 patients): demyelinating neuropathy (24/56, 43%); mixed

axonal–demyelinating neuropathy (23/56, 41%); axonal neur-

opathy (1/56, 2%); and unspecified neuropathy (8/56; 14%).

Additional signs of myopathy were noted in 16/56 (29%)

patients.

In some patients, neuromuscular impairment was supported by

the presence of proximal limb weakness (15 patients), exercise

intolerance (nine patients), sensory ataxia (seven patients) and

clawed hands (two patients).

Misdiagnoses
Although diagnostic criteria for MNGIE were defined in 1994

(Hirano et al., 1994) and biochemical and molecular genetic

Figure 2 Kaplan–Meier analysis showed the high mortality rate between the ages of 20 and 40 years.
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testing were available in 1999 (Nishino et al., 1999), at least 21/

101 (22%) patients had been misdiagnosed as having: psychiatric

eating disorders (5/21); peripheral neuropathy: chronic inflamma-

tory demyelinating neuropathy (6/21) or Charcot–Marie–Tooth

disease (2/21); gastrointestinal disease: Crohn’s disease (3/21),

inflammatory bowel disease (2/21), superior mesenteric artery

syndrome (2/21), coeliac disease, Whipple disease, bowel obstruc-

tion due to short ligament of Treiz and irritable bowel syndrome;

and other mitochondrial diseases: autosomal dominant progressive

external ophthalmoplegia and Kearns–Sayre syndrome; and

Sjögren’s syndrome.

Muscle biopsy
Since the introduction of thymine phosphorylase enzyme activity

and plasma thymidine and deoxyuridine measurements and TYMP

gene sequencing to diagnose MNGIE, patients rarely undergo diag-

nostic muscle biopsies. Muscle biopsies of 40 patients with MNGIE

revealed mitochondrial abnormalities in the majority (32/38); how-

ever, muscle of six patients did not show ragged-red fibres or

cytochrome c oxidase-deficient fibres (Supplementary Table 3).

Histochemistry revealed cytochrome c oxidase-deficient fibres in

25 of 32 patients, while a lower proportion (21/37) showed

ragged-red fibres. Defects of mitochondrial respiratory chain en-

zymes were detected in 9 of 14 patients (deficiency of cytochrome

c oxidase in four, complexes I and IV in four and complexes I, III

and IV in one). Molecular genetic analyses of muscle revealed

mitochondrial DNA depletion of all 12 patients tested and multiple

deletions of mitochondrial DNA in 13 of 19 patients. Somatic

mitochondrial DNA point mutations in muscle were detected in

both patients tested. Neurogenic changes evident as variable com-

binations of group atrophy, fibre type grouping and target/targe-

toid fibres were found on 23/38 samples analysed.

A possible relationship between tumours and thymine phos-

phorylase deficiency is suggested by the observation of tumours

in 3% of patients: malignant melanoma (one patient); metastatic

squamous cell carcinoma (one patient); or benign tumours (one pa-

tient). Only 2% of patients had family histories of cancer (lung

and prostate cancer).

Discussion
More than three decades after the initial description by Okamura

et al. (1976), MNGIE is a well-characterized disorder. Clinically,

MNGIE is a multisystemic autosomic recessive disorder character-

ized by: onset typically in the first three decades of life, but as late

as the fifth decade; ptosis; progressive external ophthalmoplegia;

gastrointestinal dysmotility; cachexia; peripheral neuropathy; and

diffuse leucoencephalopathy (Hirano et al., 2004). MNGIE is

caused by the TYMP gene mutations that cause severe biochem-

ical defects of thymine phosphorylase activity, which, in turn,

cause marked increases in thymidine and deoxyuridine nucleoside

levels in blood, urine and tissues (Nishino et al., 1999; Spinazzola

et al., 2002; Martı́ et al., 2003; Valentino et al., 2007). The

increased nucleosides, in turn, cause mitochondrial DNA instability

and respiratory chain dysfunction (Hirano et al., 1994; Nishino

et al., 1999; Spinazzola et al., 2002; Martı́ et al., 2003;

Nishigaki et al., 2003, 2004; Pontarin et al., 2006; López et al.,

2009).

There have been reports of patients with MNGIE-like clinical

manifestations of gastrointestinal dysmotility, progressive external

ophthalmoplegia, ptosis, cachexia and peripheral neuropathy due

to the mitochondrial myopathy, encephalopathy, lactic acidosis

and stroke, m.32443A4G, POLG or RRM2B mutations; however,

all patients had patchy or absent white matter lesions in contrast

to the diffuse leucoencephalopathy that is characteristic of MNGIE

(van Goethem et al., 2003; Chang et al., 2004; Shaibani et al.,

2009).

In the 12 years since our identification of TYMP gene mutations in

MNGIE (Nishino et al., 1999), we have collected a cohort of 102

patients, showing a high incidence of MNGIE relative to other auto-

somal recessive mitochondrial disorders. The patient distribution

suggests a relatively high prevalence in Europeans. The mutation

distribution suggests founder effects for some mutations such as

c.866A4G in Europe and c.518T4G in the Dominican Republic;

this information can guide genetic screening in each area.

Although there is considerable variation in the age-at-onset

and sequence of organ involvement in MNGIE, half of the pa-

tients initially reported gastrointestinal symptoms. As previously

reported, peripheral neuropathy or extraocular muscle weakness

were often the initial manifestations (Nishino et al., 2000; Hirano

et al., 2004).

In the early stages of MNGIE, the neuropathy may resemble

demyelinating forms of Charcot–Marie–Tooth disease or chronic

inflammatory demyelinating polyneuropathy, while the gastro-

intestinal manifestations may be misdiagnosed as a psychiatric

eating disorder, coeliac disease, inflammatory bowel disease,

Whipple disease or other gastrointestinal disorder.

Diagnosis of an eating disorder requires an aberrant pattern of

eating behaviour and weight regulation as well as disturbances in

attitude to weight and perception of body shape, which patients

with MNGIE do not manifest (American Psychiatric Association,

2000). When these criteria for eating disorders are absent, we

recommend screening thymine phosphorylase activity for

MNGIE. In a case of neuropathy or malabsorption syndrome, asso-

ciated symptoms including ophthalmoparesis and leucoencephalo-

pathy should be indicators for clinicians to screen thymine

phosphorylase activity.

Demyelinating neuropathy has been reported in almost all pa-

tients of our cohort from electrophysiological studies and sup-

ported by nerve biopsy studies. Said et al. (2005) reported

reductions of nerve fibre density and segmental abnormalities of

myelin including demyelination, remyelination and clusters of

regenerating fibres and tomacula-like irregularity in nerve biopsies

of four patients. Petcharunpaisan and Castillo (2010) postulated

that demyelinating neuropathy may contribute to progressive ex-

ternal ophthalmoplegia in MNGIE, based on the observation of

post-contrast enhancement of cisternal portions of the oculomotor

and trigeminal nerves on T2-weighted images, in addition to mul-

tiple symmetric white matter changes on T2 fluid-attenuated in-

version recovery signals.

Although the leucoencephalopathy in MNGIE had been con-

sidered asymptomatic (Nishino et al., 2000), an increasing
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number of patients have been noted to have mild neurological

symptoms such as cognitive impairment, dementia, seizure, head-

ache or other psychiatric symptoms. Longitudinal neuropsycho-

logical studies should be performed to confirm a decline of

cognitive functions during the course of the disease and to char-

acterize the psychiatric disorders.

Absence of correlation between the clinical features and TYMP

mutation and intra- and inter-familiar phenotype variability sug-

gests a role for unknown nuclear modifier or mitochondrial genes

(Nishino et al., 2001). Nuclear gene modifiers have been hypothe-

sized to contribute to the phenotypic expression of homoplasmic

mitochondrial mutations causing Leber hereditary optic neur-

opathy, mitochondrial cardiomyopathy or sensorineural hearing

loss (Davidson et al., 2009).

We have noted endocrine and exocrine pancreatic insufficiency

not previously reported in patients with MNGIE. Thymine phos-

phorylase is not expressed in the pancreas; therefore, we suspect

that the accumulation of extracellular nucleosides, thymidine and

deoxyuridine, exerts toxic effects in this tissue (Yoshimura et al.,

1990; Waltenberger et al., 1992; Eccleston et al., 1995; Fox et al.,

1995; Matsukawa et al., 1996).

MNGIE can be diagnosed by demonstrating severely reduced

thymine phosphorylase activity in the buffy coat, marked eleva-

tions of thymidine, deoxyuridine or both in plasma or urine, or

by detecting TYMP gene mutations (Marti et al., 2004; Schüpbach

et al., 2007). Muscle biopsies typically reveal mitochondrial alter-

ations such as ragged-red fibres, cytochrome c oxidase-deficient

fibres or decreased activities of mitochondrial respiratory chain

enzymes; however, as previously reported (Szigeti et al., 2004)

and confirmed in our series (Supplementary Table 3), skeletal

muscle may not show mitochondrial abnormalities in patients

with MNGIE. Thus, absence of mitochondrial pathology in a skel-

etal muscle biopsy does not exclude the diagnosis of MNGIE.

The reduction of circulating nucleosides, as achieved transiently by

haemodialysis and platelet infusion, and long-term by successful

allogeneic stem cell transplantation, should be therapeutic in

MNGIE (Spinazzola et al., 2002; Hirano et al., 2006; Lara et al.,

2006). Preliminary data for enzyme replacement by allogeneic hae-

matopoetic stem cell transplantation showed a biochemical improve-

ment with a rapid restoration of enzyme activity and reduction or

disappearance of plasma thymidine and deoxyuridine (Hirano et al.,

2006; Schüpbach et al., 2009; Halter et al., 2011). Although

follow-up is too short to evaluate clinical benefit, in all nine patients

engrafted, ‘considerable clinical improvement up to 3.5 years post-

transplantation’ has been reported (Schüpbach et al., 2009; Halter

et al., 2011). However, most patients are not eligible for allogeneic

haematopoetic stem cell transplantation because of their poor med-

ical conditions at the time of diagnosis. Therefore, to maximize the

benefits of treatment, diagnosis in children should be achieved to

prevent organ damage and to reduce the risk of complications asso-

ciated with transplantation (Halter et al., 2011).
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