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Abstract
BACKGROUND
Major depressive disorder (MDD) is the most frequent reason of disabled people in the world, as reported by the World Health Organization. However, the diagnosis of MDD is mainly based on clinical symptoms. 

CASE SUMMARY 
The clinical, genetic, and molecular characteristics of two Chinese families with MDD are described in this study. There were variable ages of onset and severity in depression among the families. Both Chinese families had a very low prevalence of MDD. The mitochondrial genomes of these pedigrees were sequenced and indicated a homoplasmic T3394C (Y30H) mutation, with the polymorphism located at a highly conserved tyrosine at position 30 of ND1. The analysis also revealed unique sets of mitochondrial DNA (mtDNA) polymorphisms originating from haplogroups M9a3 and M9a.

CONCLUSION
This finding of the T3394C mutation in two unrelated depressed patients provides strong evidence that this mutation may have a part in the etiology of MDD. However, In these two Chinese families having the T3394C mutation, no functional mtDNA mutation was observed. Therefore, T3394C mutations are related with MDD, and the phenotypic manifestation of these mutations may be affected by changes in nuclear genes or environmental factors.
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Core Tip: We characterized two Chinese families with suspected maternal transmission of major depressive disorder at the clinical, genetic, and molecular levels in the present study. Molecular investigation revealed that the T3394C mutation in the ND1 gene was present in these Chinese families.

INTRODUCTION
Major depressive disorder (MDD) is a frequent dangerous human disease, which severely impairs the normal life and work of patients and causes a heavy burden on their family and society. In 2008, the World Health Organization rated it as the third leading cause of worldwide disability, and by 2030, it is expected to lead the list[1]. Despite its high incidence and prevalence, clinical symptoms are the primary basis for a diagnosis of MDD, and there is little evidence at the molecular level[2]. In addition, current drug therapy for MDD is not effective, with only 27% of patients in remission after the first treatment and 67% in remission after four complete treatments[3]. These considerations imply that the currently available antidepressants that target the monoaminergic system are insufficient for therapeutic use. In evaluating new therapeutic approaches, specific biomarkers should be identified that objectively determine the pathology involved in MDD, and relevant molecular targets might be revealed[4].
Mitochondrial DNA (mtDNA) is a 16.6 kb circular molecule that is maternally transferred and found within the mitochondrion[5]. Mitochondria can be considered "power generators" because they transform oxygen, energy substrates (proteins, carbohydrates, and lipids), and other substances into adenosine triphosphate[6]. In major psychiatric diseases, significant changes in the mitochondrial count, shape and electron transport activity in neurons are accompanied by an increase in mitochondrial DNA polymorphism, deletion and mutation, suggesting that defects in the mitochondria might be a primary cause of MDD[7,8]. Munakata et al[9] sequenced the whole mitochondrial genome of white blood cells from a family in which a proband was suspected of maternal inheritance of borderline personality disorder, MDD, suicide and other psychiatric disorders. The patient was identified as having both MDD and epilepsy. Comparing the proband sequence to the standard human mtDNA sequence, the authors identified 34 base changes. From the mtDNA sequence, it is possible to detect comprehensive subhaplogroups, new mutations, and common single nucleotide polymorphisms. It is also possible to determine private mutations in mtDNA through resequencing, especially if they are homoplasmic, which contributes to the variance between individuals in mtDNA composition[10].
This study aimed to characterize clinical, genetic, and molecular characteristics of two Chinese families with possible maternally transmitted MDD. The T3394C mutation in the ND1 gene in these Chinese families was identified through molecular analysis. We employed polymerase chain reaction (PCR) amplification of fragments covering the full mitochondrial genome and subsequent DNA sequence analysis to shed insight on the significance of the mitochondrial haplotype in the phenotypic expression of the T3394C mutation in two Chinese families.

CASE PRESENTATION
Chief complaints
We ascertained two Han Chinese families (Figure 1) through the Psychiatric Clinic of Ningbo Kangning Hospital, Zhejiang. The Ningbo Kangning Hospital Ethics Committee approved the protocol, and obtaining clinical assessments and collecting blood samples from all family members required informed consent. In-depth interviews were conducted with members of these pedigrees to discover family and personal medicinal records of major depressive disorder and other medical abnormalities. To check for mtDNA alterations, we collected 167 DNA samples from healthy Chinese people who served as controls.
In family NB011, as shown in Table 1, the proband (II-4) complained of depression and visited the Psychiatric Clinic at Ningbo Kangning Hospital at the age of 62. She struggled with MDD approximately 12 years prior. The Hamilton depression rating scale (HDRS) showed a score of 24 and no history of suicide attempt. She exhibited the classic clinical features of MDD. The psychiatric examination found no other abnormalities. In addition, no further significant medical background was discovered. The family was from East China’s Zhejiang Province. None of the remaining seven matrilineal relatives displayed MDD.
In the NB054 pedigree, the proband (III-4) visited the Psychiatric Clinic at Ningbo Kangning Hospital upon reaching the age of 20. He struggled with MDD 8 years prior. The HDRS showed a score of 39 and a history of suicide attempt. Thus, he had classic symptoms of clinical features of MDD. no further significant medical background was discovered. The family was also from Zhejiang Province in Eastern China. Clinical testing and additional research into II-6's family history confirmed that she had MDD. Other matrilineal relatives did not show signs of MDD.

History of present illness
In addition, there was no indication that any member of these families had an alternative recognized etiology for MDD.

History of past illness
Comprehensive family medical histories of these individuals showed no other clinical abnormalities existed in these people's families, such as diabetes, hearing loss, or vision problems.

Psychiatric examinations and evaluation by the Hamilton depression rating scale
The diagnosis of MDD for the probands was developed by utilizing structured clinical interviews[11] and was confirmed by a separate diagnostic examination conducted by a licensed psychiatrist. Depressive symptom intensity in patients with MDD was measured by the HDRS[12]. The probands with MDD got a minimum HDRS score of 17 on 17 items. The severity of MDD was determined by HDRS as follows: normal < 7; mild = 7-17; moderate = 17-24; severe > 24. The probands of MDD were not included if they had any of the following conditions according to DSM-IV: (1) abuse of alcohol or drugs within the previous six months; (2) bipolar disorder; and (3) post-traumatic stress disorder or a history of an eating disorder within the previous month of study enrollment.

Laboratory examinations
Mitochondrial genome mutational analysis: Utilizing Puregene DNA Isolation Kits (Gentra Systems), genomic DNA was extracted from the subjects' entire blood. As previously stated, L- and H-strands oligonucleotide primer sets were used to amplify the whole mitochondrial genomes of the two probands by PCR in 24 overlapping fragments[13]. Each purified fragment was examined using direct sequencing on an ABI 3100 automated DNA sequencer utilizing a Big Dye Terminator Cycle sequencing reaction kit. Consensus Cambridge sequence was matched to these sequence findings (GenBank accession number: NC 012920)[14]. The Seqweb program GAP (GCG) was used for DNA and protein sequence alignments. Genomic DNA from Chinese controls were used as templates, we amplified segments spanning the required sites by PCR and sequenced the resulting PCR products to determine the allele frequency of the T3394C mutation in the ND1 gene.

Phylogenetic analysis and haplogroup analyses: Homo sapiens[14], mouse[15], bovine[16], and Xenopus laevis[17] mitochondrial DNA sequences were utilized in the interspecific study. By comparing the four animals, the conservation was evaluated. The complete mtDNA sequences of the two Chinese probands with the T3394C mutation were allocated to the Asian mitochondrial haplogroups as per the nomenclature of mitochondrial haplogroups[18,19].

Mitochondrial DNA analysis: The mitochondrial genome of these probands for mutations was analyzed to determine the molecular basis of MDD. PCR was used to amplify the whole genome fragments of mitochondria that were then sequenced from the samples of these probands. Substances with MDD have been shown to carry a T-to-C transition at position 3394 (T3394C) in the ND1 gene, which causes the amino acid tyrosine to be replaced by histidine (Y30H) at position 30[20]. Figure 2 shows that the tyrosine at ND1 position 30 is significantly preserved across 27 different species. Leber's hereditary optic neuropathy (LHON) has been linked to this mutation in 3 Chinese families[21] and 1 Finnish family[22], as well as metabolic diseases[23], and deafness[24] in 1 Chinese family. From a sample of 167 unrelated Chinese control people, we know that one (20-year-old man) carries the T3394C mutation based on allele frequency analysis.
Besides the identical T3394C mutation (Table 2), these individuals displayed unique mtDNA polymorphisms. Other nucleotide variations in these mitochondrial genomes include 12 documented variations in the D-loop, three recognized variations in the 12S rRNA gene, 1 recognized variation in the 16S rRNA gene, 14 recognized silent variants, and 11 (2 novel/9 known) nonsense mutations in the polypeptide-encoding genes. These nonsense mutations are T4216C (T304H) in the ND1 gene; G4491A (V8I) in the ND2 gene; A8701G (T59A), TG8728T (T68G), A8860G (T112A) and A9136G (I204V) in the A6 gene; A10398G (T114A) in the ND3 gene; A14417G (V86A) in the ND6 gene; and C14766T (T7I) and A15326G (T194A) in the Cytb gene. There were 31 mutations that were carried by both probands. Phylogenetic analysis of these RNA and polypeptide variations and sequences from other taxa, such as mice[15], cattle[16], and Xenopus laevis[17], was used to assess these variants further. Nevertheless, with the exception of T3394C, none of these variations shown evolutionary conservation. The mtDNA sequence variants of two Chinese relatives were used to identify their haplogroup affiliation of each mtDNA using the nomenclature of mitochondrial haplogroups[18,19]. The mtDNA of pedigrees NB011 and NB054 correspond, respectively, to the Eastern Asian haplogroups M9a3 and M9a.

FINAL DIAGNOSIS
The described patients are all ultimately diagnosed with MDD.

DISCUSSION
In this investigation, the clinical, genetic, and molecular characteristics of two Chinese families with MDD were determined. MDD had a distinct clinical phenotype and solely existed in the maternal lineage in the two families, prompting us to speculate that mtDNA may be the molecular foundation of MDD. Complete mitochondrial genome sequence study of the two pedigrees revealed different mtDNA polymorphisms except for the same T3394C (Y30H) mutation in the ND1 gene. The ND1 gene is the central component of the 45 subunits of complex I, and the T3394C mutation caused a shift from tyrosine to histidine (Y30H) at position 30[25,26]. Actually, the hydroxyl group on Y30 of ND1 interacts electrostatically with the side chain of E4 and the carbonyl group on M1 of NDUFA1[26,27]. Consequently, the T3394C mutation may disturb the interactions among ND1 and NDUFA1, consequently affecting the structure and function of complex I[28]. Leber's optic neuropathy[21,22], metabolism disorders[23] and deafness[24] are only some of the additional clinical problems linked to the T3394C mutation.
Although both families had typical clinical manifestations of major depressive disorder, there were differences in penetrance, age at onset, and severity. The penetrance of the two families was 8.3% and 14.3%, respectively. This relatively low penetrance of MDD in two Chinese families having the T3394C mutation and its presence in one out of 167 controls suggests that, similar to previous mutations[29,30], the T3394C mutation alone is inadequate to induce the clinical manifestation. Therefore, the T3394C mutation requires modifying variables, such as nuclear histories, additional external variables, and mitochondrial haplotypes for phenotypic expression. Particularly, it has been demonstrated that mitochondrial haplotypes alter the penetrance and expressivity of MDD linked with primary mtDNA mutations[31]. The mtDNA of pedigrees NB011 and NB054 correspond, respectively, to the Eastern Asian haplogroups M9a3 and M9a.
The homogenous mutation T3394C was found in MDD families with different genetic backgrounds. The minimal penetrance of MDD among families with this mutation suggests that the T3394C mutation is a molecular base for the pathogenesis of MDD, but the mutation alone is not sufficient to cause phenotypic expression of MDD. This suggests that other mediators played a synergistic role in the pathophysiology of these families. Furthermore, the whole mitochondrial genome of the two families did not carry other highly conserved and functional mutation sites, indicating that polymorphic sites related to mitochondrial haplomorphism may not have a significant impact in the pathophysiology of two MDD families with the T3394C mutation. Moreover, mtDNA epigenetics may be involved in the occurrence of MDD, but research on the role of mtDNA epigenetics in diseases and therapeutic targets is insufficient. Therefore, nuclear-modified genes or external variables have a function in the phenotypic expression of MDD related T3394C mutations in these Chinese individuals. In conclusion, the ND1 T3394C mutation may be a mitochondrial gene mutation site associated with MDD.

CONCLUSION
This observation of the T3394C mutation in two genetically unrelated individuals who suffer from depression strongly indicates that the current mutation might contribute to developing MDD. However, in these two Chinese families having the T3394C mutation, no functional mtDNA mutation was found. Therefore, the phenotypic manifestation of T3394C mutations linked to MDD may be affected by nuclear changed genes or environmental factors.
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Figure Legends
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Figure 1 Two Chinese pedigrees with major depressive disorder. Patients are indicated by filled symbols. The arrow denotes the probands. 
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Figure 2 Alignment of partial ND1 polypeptides from different species. The arrow indicates the tyrosine at position 30 (Y30) at the N-terminus of the ND1 polypeptide, corresponding to the T3394C mutation.

Table 1 Summary of clinical molecular data for two probands carrying the ND1 T3394C mutation
	Subject
	Gender
	Age at testing (yr)
	Age at onset (yr)
	First episode
	History of suicide attempt
	HDRS
	Level of depression
	mtDNA haplogroup

	NB011-Ⅱ-4
	F
	62
	50
	N
	N
	21
	Moderate

	M9a3

	NB054-Ⅲ-4
	M
	20
	12
	N
	Y
	39
	Severe

	M9a


HDRS: Hamilton depression rating scale.

Table 2 mtDNA mutations in two Chinese pedigrees with major depressive disorder
	Gene
	Positon
	Replacement
	Conservationa (H/B/M/X)
	CRSb
	NB011
	NB054
	Previously reportedc

	D-loop
	73
	A-G
	
	A
	G
	G
	Y

	
	146
	T-C
	
	T
	C
	C
	Y

	
	153
	A-G
	
	A
	G
	G
	Y

	
	263
	A-G
	
	A
	G
	G
	Y

	
	309
	C-CCT
	
	C
	
	CCT
	Y

	
	310
	T-C
	
	T
	TC
	C
	Y

	
	489
	T-C
	
	T
	C
	C
	Y

	
	16223
	C-T
	
	C
	T
	T
	Y

	
	16234
	C-T
	
	C
	T
	T
	Y

	
	16291
	C-T
	
	C
	T
	
	Y

	
	16316
	A-G
	
	A
	G
	G
	Y

	
	16362
	T-C
	
	T
	C
	C
	Y

	12S rRNA
	750
	A-G
	A/A/A/-
	A
	G
	G
	Y

	
	1041
	A-G
	A/T/T/T
	A
	G
	G
	Y

	
	1438
	A-G
	A/A/A/G
	A
	G
	G
	Y

	16S rRNA
	2706
	A-G
	A/G/A/A
	A
	G
	G
	Y

	ND1
	3394
	T-C (Tyr30His)
	Y/Y/Y/Y
	T
	C
	C
	Y

	
	4216
	T-C (Tyr304His)
	Y/H/H/H
	T
	C
	
	Y

	ND2
	4491
	G-A (Val8Ile)
	V/I/I/V
	G
	A
	A
	Y

	
	4769
	A-G
	
	A
	G
	G
	Y

	CO1
	7028
	C-T
	
	C
	T
	T
	Y

	
	7142
	T-C
	
	T
	C
	
	Y

	CO2
	7861
	T-C
	
	T
	C
	
	Y

	ATP6
	8701
	A-G (Thr59Ala)
	T/S/L/Q
	A
	G
	G
	Y

	
	8728
	TG-T (Trp68Gly)
	W/W/W/W
	TG
	
	T
	N

	
	8860
	A-G (Thr112Ala)
	T/A/A/T
	A
	G
	G
	Y

	
	9136
	A-G (Ile204Val)
	I/F/F/I
	A
	
	G
	N

	CO3
	9242
	A-G
	
	A
	G
	
	Y

	
	9540
	T-C
	
	T
	C
	C
	Y

	ND3
	10398
	A-G (Thr114Ala)
	T/T/T/A
	A
	G
	G
	Y

	
	10400
	C-T
	
	C
	T
	T
	Y

	ND4
	10873
	T-C
	
	T
	C
	C
	Y

	
	11719
	G-A
	
	G
	A
	A
	Y

	ND5
	12705
	C-T
	
	C
	T
	T
	Y

	ND6
	14308
	T-C
	
	T
	C
	C
	Y

	
	14417
	A-G (Val86Ala)
	V/K/W/S
	A
	G
	
	Y

	CYTB
	14766
	C-T (Thr7Ile)
	T/S/T/S
	C
	T
	T
	Y

	
	14783
	T-C
	
	T
	C
	C
	Y

	
	15043
	G-A
	
	G
	A
	A
	Y

	
	15301
	G-A
	
	G
	A
	A
	Y

	
	15326
	A-G (Thr194Ala)
	T/M/I/I
	A
	G
	G
	Y


aConservation of amino acids for polypeptides or nucleotides for RNAs in human, bovine, mouse, and Xenopus laevis.
bCambridge reference sequence (Andrews et al[14], 1999).
cSee online mitochondrial genome databases http://www.mitomap.org and http://www.genpat.uu.se/mtDB/.
CRS: Cambridge reference sequence; H: Human; B: Bovine; M: Mouse; X: Xenopus laevis.
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