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Introduction

Mitochondrial DNA (mtDNA) is 10–100 times more

prone to genetic mutations than nuclear DNA (nDNA)

because it lacks introns, has a very basic proof reading

and repair mechanism and lacks nucleoproteins (Yakes &

Van Houten, 1997). Mutant mitochondria release abnor-

mally high levels of free radicals called reactive oxygen

species (ROS) (Cummins et al., 1994) and experience

decrease in ATP production, which lead to defects in

spermatogenesis, impaired motility, and compromised

nuclear genomic integrity. This may adversely affect the

outcomes of assisted reproductive technique (ART) such

as intracytoplasmic sperm injection (ICSI). Thus the

sperm is not a mere vector for paternal DNA but its plays

a dynamic and critical role which extends beyond fertili-

sation and determines pre- and post-implantation growth

and development. This case report features an infertile

man with idiopathic asthenozoospermia who with his

wife had unsuccessfully undergone ICSI three times. It

was not until he underwent mtDNA and nDNA assess-

ment that the possible cause of repeated ICSI failure was

revealed: he had a large number of mtDNA mutations

and high sperm nDNA fragmentation. We believe that

this case highlights the need for a comprehensive, sequen-

tial diagnostic work up in this patient population. This

case study also emphasises that seminal ROS and DNA

integrity analysis have better diagnostic and prognostic

capabilities and must be included in the diagnostic

workup on couples experiencing recurrent ART failure.
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Summary

Infertility affects about 15–20% couples attempting pregnancy and in about

half cases the problem lies in the male. Among the sperm parameters, linear

progressive motility is one of the most important predictors of fertility poten-

tial. Though genetic and chromosomal abnormalities are important aetiological

factors in the pathogenesis of male infertility, the mechanism involved in

impaired sperm motility is poorly understood. Here we report mitochondrial

DNA (mtDNA) mutations with increased seminal reactive oxygen species

(ROS) levels and higher DNA fragmentation level in the sperm resulting in

decreased ATP production which plays an important role in sperm motility

defect. Thus it is important to understand the aetiology of asthenozoospermia

and to distinguish if infertile men harbour nuclear or mtDNA mutation as they

are very important prognostic markers. This case study also highlights that

routine semen parameters are very modest predictors of fertility outcome but

ROS estimation and DNA integrity analysis by Comet assay have better diag-

nostic and prognostic capabilities. Thus this study is a detailed and compre-

hensive workup of an infertile asthenozoospermic male.
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Subjects and methods

Patient

The proband was a 42-year-old infertile male. He was

born at term and was a product of non-consanguineous

marriage. All his developmental milestones were normal.

He and his wife had been unable to conceive for the pre-

vious 12 years. The couple underwent ICSI 3 times with

unsuccessful results. His wife had no abnormalities

detected during gynaecological examination and had a

normal 46, XX chromosomal complement. The patient

was 5 feet 6 inches tall, weighed 150 pounds and had

normally developed secondary sexual characters and nor-

mal external genitalia. He had no history of varicocele,

cryptorchidism, hypertension or diabetes. He did not

consume alcohol or take any drugs. He was a software

engineer and had smoked 6–8 cigarettes per day for the

past 15–20 years. Semen culture revealed no microbiolog-

ical growth.

Methods

Cytogenetics and Y-chromosome microdeletion analysis

Cytogenetic analysis was performed using standard

protocol (Lelikova et al., 1971). G-banded metaphases

were karyotyped with Cytovision software (Olympus

microscope, Olympus America Inc, Center Valley, PA,

USA). Yq microdeletion analysis was performed using

AZFa (sY84, sY86); AZFb: (sY127, sY134) and AZFc

(sY254, sY255) markers under the following conditions:

initial denaturation at 95 �C for 5 min, 35 cycles of

95 �C for 1 min, 56 �C for 30 s and 72 �C for 1 min

and final extension at 72 �C for 7 min (Lelikova et al.,

1971). All chemicals were purchased from Sigma

(Sigma, St. Louis, MO, USA) unless otherwise stated

and were of analytical grade.

Seminal ROS measurement

Levels of ROS were measured in fresh washed sperm

suspensions using a chemiluminescence assay (Agarwal

et al., 2006). With this protocol, liquefied semen was

centrifuged at 300 g for 7 min, and after washing the

pellet with phosphate-buffered saline (PBS) it was resus-

pended in the same washing media at a concentration

of 20 · 106 spermatzoa ml)1. Four hundred microlitre

aliquots of the resulting cell suspensions were used to

assess basal ROS levels. Ten microlitres of luminol (5-

amino-2,3,-dihydro-1,4-phthalazinedione; Sigma), pre-

pared as 5 mm stock in dimethyl sulphoxide (DMSO),

were added to the mixture and served as a probe. A

negative control was prepared by adding 10 ll of 5 mm

luminol to 400 ll of PBS. Levels of ROS were assessed

by measuring the luminol-dependent chemiluminescence

with the luminometer (Sirius, Berthold Detection Sys-

tems GmbH, Pforzheim, Germany) in the integrated

mode for 15 min. The results were expressed as · 106

counted photons per minute (cpm) per 20 · 106 sper-

matozoa.

Single cell electrophoresis (COMET) assay

Sperm single stranded DNA fragmentation was examined

using a protocol of Singh et al., (2003). Slides with mi-

crogels were incubated in a pre-warmed (37 �C) lysing

solution (pH 10) for 2 h at 37 �C. After lysis, slides with

microgels were allowed to equilibrate for 20 min. They

were electrophoresed for 20 min at 12 V and 250 mA

while the electrophoresis tank (running buffer pH 9.0)

was packed with ice packs to maintain cold conditions.

Slides were immersed in freshly prepared 20 mm Tris, pH

7.4, in 50% ethanol with 1 mg ml)1 of spermine for

15 min. Slides were then air-dried. Each slide was stained

with 60 ll of 0.25 lM YOYO-1 (Molecular Probes Inc.,

Eugene, OR, USA) fluorescent dye. Images were observed

using an Olympus microscope (BX 51) at 400· magnifi-

cation. A minimum of 100 cells per sample were scored

for grades. Tail length was measured using an eye piece

micrometre to assess the level of DNA damage. The con-

sistency of the measurements was estimated by scoring

two samples three times and by scoring seven slides of

one sample. Sperm DNA fragmentation was scored as (A)

no fragmentation, (B) low fragmentation, (C) medium

fragmentation and (D) high fragmentation.

Genotyping/mtDNA sequencing

Sperm DNA was isolated, and the whole mitochondrial

genome was amplified and sequenced (Kumar et al.,

2007). Primer sequences for whole mitochondrial gen-

ome amplification were obtained from Rieder et al.,

1998. PCR was carried out in 0.2 ml thin-walled tubes

using 50 ng of DNA, 10 pmol of each primer, 200 lm

of dNTPs, 1· Buffer, 1.5 mm MgCl2 and 1 U of Taq

polymerase (Genei, Bangalore, India) in a thermocycler

(Bio Rad, New Delhi, India). Amplified products were

purified using the Geneaid PCR DNA fragments purifi-

cation kit. Samples were dissolved in 10 ll of 50%

Hi-Di formamide and analysed in an automated DNA

analyzer (Applied Biosystems Inc, Foster City, CA,

USA). The obtained sequence was aligned using the auto

assembler and compared with the reference sequence to

determine the nucleotide changes. The whole mitochon-

drial genome was amplified from DNA isolated from

both the patient’s blood and spermatozoa.
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Results

The proband’s sperm count was 28 million ml)1. He had

10% motility (grade a + b) and was confirmed to be

asthenozoospermic. He had >75% morphologically

normal spermatozoa as confirmed by light microscopy as

per WHO (1999) guidelines. The seminal ROS levels were

35.7 · 105 cpm per 20 million spermatozoa, DNA integ-

rity testing using Comet – single cell gel electrophoresis

revealed that 70% of the spermatozoa had highly dam-

aged DNA, 14% had moderately damaged DNA, 12% had

minimal damaged DNA and 4% had intact DNA). In

control samples, 80% of spermatozoa had no damage and

only 10% had minimal DNA damage (Fig. 1a).

This patient had a normal chromosomal complement

(46, XY). No Yq microdeletions in AZFa, AZFb or AZFc

loci could be detected in the DNA from the spermatozoa

and blood. A comparison of the sequences of the mito-

chondrial genes revealed a total of 42 nucleotide changes in

sperm mtDNA when compared with 36 nucleotide changes

in the patient’s blood mtDNA. Nineteen nucleotides

changes were common in both patient and controls. One

novel mutation (A to G change at position 8301 of ND5

gene; Fig. 1b) was observed in this patient. Of 42 nucleo-

tide changes observed in mtDNA, four were in cytochrome

oxidase (CO) I/II/III, eight were in ATPase 6/8, 14 in

NADH dehydrogenase (ND)1/2/3, eight in ND4/5, five in

cytochrome-b (Cyt b), two in tRNA and one in 12 sRNA

gene regions. Of 42 substitutions, 16 resulted in amino acid

changes (two in ND1, one in ND3, five in ND5, four in

ATPase6, two in ATPase8, two in Cyt b) whereas the

remaining 26 substitutions were silent mutations.

Discussion

Reduced sperm motility has been previously reported

with mtDNA mutations (Shamsi et al., 2008; Thangaraj

et al., 2003; St John et al., 2005). Large-scale deletions

and point mutations affect sperm motility and morphol-

ogy (St John et al., 2005). However, it has recently been

observed that spermatozoa with DNA damage may be

morphologically normal (Venkatesh et al., 2009c). In this

case, we found that although only 4% of spermatozoa

had intact nDNA but the majority (>75%) had normal

morphology and thus routine semen analysis provide

little information about the integrity of nDNA. Spermato-

zoa contain few mitochondria when compared with other

cells (oocytes – 100 000), so even a few mtDNA muta-

tions can adversely affect sperm function. Mitochondrial

nucleotide changes have been reported in oligozoospermic

and oligoasthenozoospermic Indian men (Singh et al.,

2003; St John et al., 2005). Shamsi et al. (2008) reported

ultrastructural alterations in sperm flagellum in men with

mitochondrial mutations. In such cases, mtDNA muta-

tions may impair ATP production and thus adversely

affect tubulin polymerisation as well as disturb the

dynamic equilibrium of microtubules to the unpolymer-

ised form.

Spermatozoa are exposed to oxidative stress (OS)

following release from the testis and exist in a state of

Fig. 1 (a) COMET image showing moderate, severe and minimal DNA fragmentation (H, Head; T, Tail) (b) Nucleotide A to G change at position

8301 in sperm mitochondria ND5 gene of the patient.
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oxygen paradox and 25% infertile men have high ROS

levels. During this time, it is possible for non-repairable

damage to accumulate in nuclear and mtDNA. This may

be exacerbated by any additional sources of OS such as

smoking. Smoking results in a 107% increase in ROS pro-

duction. This potential for cumulative mtDNA damage in

spermatozoa may be the evolutionary reason why paternal

mtDNA is either not expressed or is eliminated from the

embryo and mtDNA are reduced to disposable elements

after fertilisation. In this report, sperm mtDNA harboured

higher substitutions than mtDNA from blood. This may

be due to increased ROS levels being generated in the

sperm mid-piece, which resulted in mtDNA damage.

Unhealthy mitochondria produce subnormal levels of

ATP and high levels of ROS, which induce additional

damage to the mtDNA and nDNA. High seminal ROS

levels also cause peroxidative damage to all biological

molecules and damage nucleotides by inducing formation

of ethenonucleotides in the DNA. These ethenonucleo-

tides inhibit the oocytes DNA repair capacity by impair-

ing the nucleotide excision repair mechanism. Thus the

damaged sperm DNA is not repaired post-fertilisation

also.

It has also been reported in several studies that mito-

chondrial mutations accumulate with age. This patient

was 42 years old and had been smoking for the last

20 years, which may explain why the number of mito-

chondrial substitutions was high. Smoking is one of the

leading causes of OS as it induces testicular inflammation.

Thus it is possible that the cumulative effect of increased

ROS levels over the past 20 years led to both increase in

number of mt nucleotide alterations and loss of DNA

integrity. It is also possible that smoking and accumulat-

ing mutant mtDNA exerted an additive affect and

resulted in further increase in ROS production. This may

explain for sperm motility defect due to low ATP levels

and alterations in sperm membrane permeability and

fluidity. High ROS levels lead to both reversible and irre-

versible changes in spermatozoa and can impair fertilisa-

tion, cause pronuclear block and slow cleavage rate

(Venkatesh et al., 2009a,b).

In the present case, the patient was cytogenetically nor-

mal (46, XY) and had neither spermatozoa nor lymphocyte

Yq microdeletions but did harbour sperm mtDNA muta-

tions and nDNA damage. Nuclear DNA fragmentation may

also explain why the patient and his wife experienced

recurrent ICSI failure. Supraphysiological ROS levels in

spermatozoa not only impair motility, which could be cir-

cumvented by ICSI, but can also affect embryo quality and

ICSI outcome by affecting sperm DNA integrity. Thus the

spermatozoon is not a mere vector of paternal DNA but

plays a dynamic role in normal embryogenesis, foetal well

being and its function extends clearly beyond fertilisation.

This case report highlights the need to include ROS assess-

ment and DNA integrity analysis by Comet assay in all

cases experiencing recurrent ART failure or recurrent spon-

taneous abortion following normal or ART induced con-

ception. Thus tests for ROS assessment and DNA damage

assays have better diagnostic and prognostic capabilities

than routine sperm parameters which are very modest pre-

dictors of fertility potential.

This case study suggests the importance of a compre-

hensive sequential diagnostic work-up, including ROS

assessment, mtDNA and nDNA study in asthenzooosper-

mic men whose partners experienced repeated ICSI fail-

ure. More large-scale studies are required to confirm and

identify the cut-off values of ROS, mutation type and

extent of DNA damage in such patients.
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