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ecreased expression of mitochondrial
enes in human unfertilized oocytes and
rrested embryos

ong-Hong Hsieh, Ph.D.,a,b Heng-Kien Au, M.D.,c Tien-Shun Yeh, Ph.D.,d

hu-Ju Chang, M.S.,c Yu-Fei Cheng, M.S.,c and Chii-Ruey Tzeng, M.D.a,c

aipei Medical University and Taipei Medical University Hospital, Taipei, Taiwan

bjective: To evaluate the relationship between mitochondrial gene expression of oocytes/embryos and their
ertilizability in unfertilized oocytes, arrested embryos, and tripronucleate zygotes, because both nuclear and
ytoplasmic factors contribute to oocyte activation, fertilization, and subsequent development.

esign: Prospective laboratory research.

etting: In vitro fertilization (IVF) laboratory in a university hospital.

atient(s): Seventy-five unfertilized oocytes, 45 arrested embryos, and 24 tripronucleate (3PN) embryos from
5 female patients undergoing IVF.

ntervention(s): Analysis of mitochondrial gene expression by semiquantitative reverse transcription poly-
erase chain reaction (RT-PCR).

ain Outcome Measure(s): Comparison of the expression levels of mitochondrial genes including ND2, CO
, CO II, ATPase 6, CO III, ND3, ND6, and Cyt b in three groups.

esult(s): Significantly decreased transcription levels were expressed in unfertilized oocytes and arrested
mbryos. The average expression levels of the eight determined genes compared with the control (GAPDH)
as 4.4 � 0.7, 6.4 � 1.1, and 13.2 � 1.1 in unfertilized oocytes, arrested embryos, and 3PN embryos,

espectively. Significantly decreased expressions of the ATPase 6, CO III, and ND3 genes were detected from
amples with 4977-bp common deletion in the mitochondrial DNA (mtDNA) compared with the non-deletion
roup.

onclusion(s): The present study is the first report to present globally decreased mitochondrial gene
xpression levels in human compromised oocytes and embryos. These data support the notion that the
own-regulation of mitochondrial RNA by defective oxidative phosphorylation genes possibly affects oocyte
uality including fertilization and further embryo development. (Fertil Steril� 2004;81(Suppl 1):912–18. ©
004 by American Society for Reproductive Medicine.)
c
c

In eukaryotic cells, mitochondria are special
rganelles that are responsible for the synthesis of
denosine triphosphate (ATP). Two distinct ge-
omes exist in all eukaryotic cells. One is located
n the nucleus and is transmitted in the mendelian
ashion, and the other is located within the mito-
hondria and is transmitted through maternal lin-
age. The respiratory chain comprises five en-
yme complexes located on the inner
itochondrial membrane. Complex I is the larg-

st of these proteins with at least 26 polypeptides.
he NAD-linked substrates feed reducing equiv-
lents into the chain via complex I, which passes
lectrons down the chain to ubiquinone.

Complex II accepts reducing equivalents

rom succinate and subsequently passes elec- C
rons to ubiquinone. From ubiquinone, elec-
rons pass to complex III, to cytochrome c, and
hen via cytochrome oxidase to oxygen. The
lectrochemical proton gradient that supplies
he energy for complex V to generate ATP is
roduced by complexes I, III, and IV (1–3).
resent in one or more copies in every mito-
hondrion, mtDNA comprises a circular, his-
one-free molecule composed of 16.6 kb of
NA.

There are 13 protein subunits: NADH:u-
iquinone oxidoreductase subunit 1 (ND1),
D2, ND3, ND4, ND4L, ND5, and ND6 of

omplex I; cytochrome b of complex III; cyto-
hrome c oxidase subunit 1 (CO I), CO II, and

O III of complex IV; and subunits 6 and 8 of
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TPase of complex V. They are required for oxidative
hosphorylation of a total of about 83 subunits, with the
emainder of 70 subunits being encoded by nuclear genes
nd imported into the mitochondrion. Also, mtDNA contains
wo ribosome subunits and 22 transfer RNAs. The oxidative
hosphorylation capacity of mitochondria is determined by
he interplay between nuclear and mitochondrial genes;
tDNA encodes 13 proteins that are all components of the

espiratory chain, whereas nuclear DNA encodes the major-
ty of the respiratory chain proteins, all proteins that regulate
eplication and transcription of mtDNA, as well as proteins
ecessary for the biogenesis of mitochondria (2).

The mitochondria in an oocyte must have produced and
tored all the energy required for the resumption of meiosis
I, fertilization, and development of the embryo (4–6). De-
ciencies in mitochondrial ATP production may be associ-
ted with impairment of oocyte fertilization or retarded em-
ryonic development at later stages (7, 8). When the mutant
tDNA accumulates to a significant level, a reduction in

xidative phosphorylation efficiency may occur (9, 10). In
umans, germ-line cells are derived from primordial germ
ells, which are conspicuous in the developing zygote by the
hird week after conception. Quiescent primordial follicles
ight not enter meiotic division for a period of up to 40

ears, and therefore they are expected to accumulate abun-
ant mutant mtDNA in oocytes which may be unable to
roduce enough energy because of a dysfunction in the
xidative phosphorylation system. Recent studies have
hown that the accumulation of mtDNA deletions may con-
ribute to mitochondrial dysfunction and the failure of em-
ryonic development (8, 11, 12).

Furthermore, mitochondrial replication for maintenance
f a proper amount of functional mitochondria, transcription
or synthesis of mtRNA, and translation for mitochondrial
iogenesis during oogenesis is crucial for successful fertili-
ation and embryo development. We examined the expres-
ion levels of eight mitochondrial genes, the ND2, CO I, CO
I, ATPase 6, CO III, ND3, ND6, and Cyt b genes, in human
nfertilized oocytes and abnormal embryos to determine
hether decreased expression of mitochondrial genes possi-
ly interferes with developmental capacity.

MATERIALS AND METHODS

reparation of Oocytes
The Institutional Review Board of Taipei Medical Uni-

ersity Hospital approved the study we performed on oo-
ytes and embryos discarded during an in vitro fertilization
IVF) program. Oocytes were obtained from patients who
ere recruited into an IVF-ET (embryo transfer) program.
varian stimulation was performed by desensitization by
sing a gonadotropin-releasing hormone agonist (GnRH-a)
ollowed by treatment with gonadotropins (FSH and hMG).

vulation was induced using hCG. Oocytes were then re- 7

ERTILITY & STERILITY�
rieved by transvaginal ultrasonography-guided aspiration 34
o 36 hours after hCG administration. Oocytes were insem-
nated in vitro with spermatozoa for 16 to 18 hours and
ubsequently cultured in human tubal fluid (HTF; Irvine,
anta Ana, CA) supplemented with 10% human plasmanate
8). Twenty hours after insemination, cumulus cells were
echanically removed, and oocytes were examined for the

resence of pronuclei.

Unfertilized oocytes collected 48 hours after retrieval
ere prepared for evaluation of mitochondrial gene expres-

ion. Abnormal embryos were harvested when embryos were
rrested or severely fragmented at two to four blastomeres
rom unknown causative factors. Tripronucleate embryos
btained 18 to 24 hours after IVF were cultured until they
ere four to eight blastomeres and then were prepared for

nalysis. From 48 patients enrolled in the IVF procedures, 75
nfertilized oocytes were donated to our research. In addi-
ion, 45 embryos that were abnormally arrested and 24
hree-pronuclei (3PN) zygotes unsuitable for embryonic re-
lacement or cryopreservation were also donated and used
or the following experiments.

emiquantitative RT-PCR
Total RNA extracted from oocytes and embryos was used

s templates and cDNA was prepared using the RNA ex-
raction and reverse transcription polymerase chain reaction
RT-PCR) kit from Ambion (Austin, TX). The RT-PCR
mplifications were performed with 3 �L of cDNA in a total
olume of 50 �L of amplification buffer, 40 pmol of specific
rimers, and 2.5 units of Taq DNA polymerase (Life Tech-
ologies, Grand Island, NY). The sequences of the oligonu-
leotide primers used in this study are listed as follows: ND2
Forward, np5101-5120, TAACTACTACCGCATTCCTA;
everse, np5400-5381, CGTTGTTAGATATGGGGAGT),
O I (Forward, np7041-7060, GTCCTATCAATAG-
AGCTGT; Reverse, np7340-7321, CTTCGAAGCG
AGGCTTCTC), CO II (Forward, np7845-7864, CAGAC-
AGGTCAACGATCCC; Reverse, np8130-8111, GTTTG-
TTTAGACGTCCGGG), ATPase 6 (Forward, np8781-
800, CGGACTCCTGCCTCACTCAT; Reverse, np9090-
071, AGAGGGAAGGTTAATGGTTG), CO III (Forward,
p9611-9630, CGTATTACTCGCATCAGGAG; Reverse,
p9908-9889, GCCAAAGTGATGTTTGGATG), ND3
Forward, np9981-10000, TGAGGGTCTTACTCTTTTAG;
everse, np10300-10281, GTTTGTAGGGCTCATGG
AG), ND6 (Forward, np14291-14310, TCATAAATTAT-
CAGCTTCC; Reverse, np14579-14560, TGATTGT-
AGCGGTGTGGTC), Cyt b (Forward, np15506-15525,
ACAATTATACCCTAGCCAA; Reverse, np15800-
5781, GTCCAATGATGGTAAAAGGG), and GAPDH
Forward, CCTTCATTGACCTCAAC; Reverse, AGTTGT-
ATGGATGACC).

For semiquantitative amplification, each cycle was car-
ied out at 92°C for 30 seconds, 58°C for 30 seconds, and

2°C for 60 seconds. The reactions were analyzed after 15,

913



2
a
s
E
w
p
w
e
m
t
p
r
b

D

b
a
m
t
t
f
A
G
v
m
m
t
c
6
m

t
a
P
M
D
F
P

S

A
d

I
w
o
b
R
a
3
a
c
e
h
o
(
4
b

g
m
t
w
p
m
6
t
i
n
e

l
d
t
l

E
e

G

U
A
3

N
a

H

9

0, 25, 30, 35, and 40 cycles to optimize the linear range of
mplification. The PCR reactions were optimized with re-
pect to annealing temperature and numbers of PCR cycles.
ach PCR product was run through a 2% agarose gel and
as visualized with ethidium bromide staining. Cycle-de-
endent amplification of the housekeeping GAPDH mRNA
as almost identical in oocytes, arrested embryos, and 3PN

mbryos, which allowed semiquantitative comparison of
tDNA PCR products obtained with each sample by densi-

ometric analysis. The relative expression levels of the PCR
roducts were determined using an imaging desitometer, and
esults were expressed as a ratio of above eight genes divided
y GAPDH.

etermination of the 4977-bp Deleted mtDNA
Oocytes and embryos were stored in 20 �L of 1� PCR

uffer containing 0.05 mg/mL of proteinase K, 20 mM DTT,
nd 1.7 �M SDS. After digestion for 1 hour at 56°C and 10
inutes of heat-inactivation of proteinase K at 95°C, this

emplate was then used in the PCR assays. The sequences of
he oligonucleotide primers used in this study are listed as
ollows: H1 (np 8285-8304 CTCTAGAGCCCACTGTA-
AG) and L1 (np 13650-13631 GGGGAAGCGAGGTT-
ACCTG). The mtDNA was amplified in a 100-�L reaction
olume containing a final concentration of 1.5 mM MgCl2, 1
M dNTPs, 20 pmol of each primer, and 1.5 IU Taq poly-
erase (Life Technologies). Then the following amplifica-

ion profile was used: 1 cycle of 95°C for 5 minutes; 35
ycles of 95°C for 40 seconds, 58°C for 40 seconds, 72°C for

minutes, and 1 cycle of 72°C for 7 minutes, then the
ixture was kept at 4°C (8).

The PCR products were examined by agarose gel elec-
rophoresis in which 8 �L of PCR products was separated on
1.5% agarose gel and stained with ethidium bromide. The
CR products were cloned into a pGEM-T vector (Promega,
adison, WI). We performed DNA sequencing using the
ye Terminator cycle sequencing kit (Applied Biosystems,
oster, CA). Sequencing reactions were read on an ABI

T A B L E 1

xpression ratios of oxidative phosphorylation genes in m
mbryos compared with GAPDH.

roup ND2 COI COII ATPase6

nfertilized 4.5 � 0.6a 4.6 � 0.7a 4.7 � 0.8a 4.0 � 1.0
rrested 6.9 � 1.2a 6.9 � 0.6a 6.3 � 1.1a 5.8 � 1.4
PN 13.1 � 1.1b 12.5 � 0.8b 13.1 � 0.9b 13.7 � 1.3

ote: Data are presented as mean � SEM.
,b Values with different superscripts denotes statistically significant differe

sieh. mtRNA expression in human zygotes. Fertil Steril 2004.
rism Model 377 cycle sequencer (Applied Biosystems). b

14 Hsieh et al. mtRNA expression in human zygotes
tatistical Analysis
All experiments were repeated at least three times. An

NOVA analysis was used to test statistically significant
ifferences (P �.05) between experimental groups.

RESULTS
Transcript levels of the ND2, CO I, CO II, ATPase 6, CO

II, ND3, ND6, and Cyt b genes in oocytes and embryos
ere determined. To measure the relative expression levels
f oxidative phosphorylation genes in each oocyte or em-
ryo, semiquantitative RT-PCR was performed on total
NA extracted from unfertilized oocytes, arrested embryos,
nd tripronucleate embryos. The PCR products of 15, 20, 25,
0, 35, and 40 cycles were analyzed to determine the optimal
mplification conditions for RT-PCR reactions. Twenty cy-
les were necessary to visualize the ND2 PCR product of the
xpected size (300 bp). Performing additional cycles en-
anced DNA amplification without the appearance of any
ther band, arguing in favor of the specificity of the reaction
Fig. 1A). As expected, no PCR product was observed after
0 amplification cycles in the control reaction without cDNA
y reverse transcription.

The expression levels of all eight examined mitochondrial
enes and the GAPDH gene were determined by densito-
etric analysis of RT-PCR products (see Fig. 1B). To obtain

he relative expression levels of the eight genes, each of them
as followed by normalization to the GAPDH gene. Sam-
les were collected into three groups according the develop-
ent stage of oocytes and embryos. We collected 16, 9, and
cohorts of unfertilized oocytes, arrested embryos, and

ripronucleate zygotes, respectively, with each cohort includ-
ng three oocytes or embryos from the same donor. The
ormalized expression ratios of the eight different genes in
ach sample are presented in Table 1.

These eight gene transcription levels remained at similar
evels in the same groups, with no statistically significant
ifferences among analyzed genes in each cohort. However,
here were statistically significant decreases in transcript
evels expressed in unfertilized oocytes and arrested em-

A in unfertilized oocytes, arrested embryos, and 3PN

COIII ND3 ND6 Cyt b Average

3.9 � 0.8a 3.8 � 0.7a 4.6 � 0.5a 4.8 � 0.7a 4.4 � 0.7
5.5 � 1.7a 5.9 � 1.4a 7.1 � 1.4a 6.9 � 0.7a 6.4 � 1.1
3.1 � 1.1b 12.9 � 1.8b 13.7 � 0.6b 13.2 � 0.8b 13.2 � 1.1

P�.05; ANOVA).
tDN

a

a

b 1

nce (
ryos compared with 3PN embryos. The mean ratios of the

Vol. 81, Suppl 1, March 2004
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xpression of the eight different genes was 4.4 � 0.7, 6.4 �
.1, and 13.2 � 1.1 in unfertilized, arrested, and 3PN em-
ryos, respectively (see Table 1).

In our previous study, the 4977-bp rearranged mtDNA
as commonly observed to exist in oocytes and embryos,

nd resulted in compromised developmental capacity (8). To
xamine whether rearranged mtDNA in oocytes and em-

F I G U R E 1

A) Optimal amplification cycles of RT-PCR. After reverse tr
mplified with 15, 20, 25, 30, 35, and 40 cycles. (B) Semiquan
he PCR products of the ND2, CO I, CO II, ATPase 6, CO III

sieh. mtRNA expression in human zygotes. Fertil Steril 2004.

T A B L E 2

xpression ratios of oxidative phosphorylation genes in m
ocytes, arrested embryos, and 3PN embryos compared

roup ND2 CO I CO

nfertilized oocyte
With 4977 bp deleted mtDNA 4.5 � 0.7a 5.0 � 0.7a 4.6 �
Without 4977 bp deleted mtDNA 4.4 � 0.6a 4.2 � 0.7a 4.8 �

rrested embryo
With 4977 bp deleted mtDNA 7.7 � 0.4a 6.9 � 0.7a 6.3 �
Without 4977 bp deleted mtDNA 6.5 � 1.3a 6.9 � 0.5a 6.3 �

ripronucleate embryo
With 4977 bp deleted mtDNA 13.9 � 0.9b 13.4 � 0.1b 13.0 �
Without 4977 bp deleted mtDNA 12.7 � 1.0b 12.0 � 0.6b 13.1 �

ote: Data are presented as mean � SEM.
,b,c Values with different superscripts denotes statistically significant diffe
sieh. mtRNA expression in human zygotes. Fertil Steril 2004.

ERTILITY & STERILITY�
ryos affects expression levels of mtDNA genes, mitochon-
rial RNA expression was also classified according to sam-
les with or without the 4977-bp deletion (Table 2). The
requencies of 4977-bp mtDNA were 62.7%, 31.1%, and
0.8% in unfertilized oocytes, arrested embryos, and 3PN
mbryos, respectively. In a comparison of cohorts with and
hese without the 4977-bp deletion, there were statistically

ription of total RNA from oocytes, the ND2 transcript was
n of mitochondrial RNAs by RT-PCR. Lanes 1 to 9 represent

3, ND6, Cyt b, and GAPDH genes.

A with or without 4977-bp deletion in unfertilized
GAPDH.

ATPase 6 CO III ND3 ND6 Cyt b

2.6 � 1.0c 2.6 � 0.9c 2.5 � 0.6c 4.7 � 0.4a 5.0 � 0.7a

4.5 � 0.9a 4.3 � 0.7a 4.2 � 0.6a 4.5 � 0.6a 4.6 � 0.7a

4.1 � 0.6c 3.6 � 0.6c 4.4 � 0.6c 6.4 � 0.3a 7.1 � 1.1a

6.6 � 0.6a 6.5 � 1.1a 6.7 � 0.9a 7.4 � 1.6a 6.8 � 0.6a

14.8 � 0.6b 13.5 � 2.3b 14.3 � 0.6b 13.9 � 0.9b 12.9 � 0.4b

13.1 � 1.3b 13.0 � 0.5b 12.2 � 1.8b 13.6 � 0.6b 13.4 � 1.0b

(P � .05; ANOVA).
ansc
titatio
, ND
tDN
with

II

1.0a

0.5a

0.5a

1.4a

1.8b

0.5b

rence
915
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ignificant decreases in RNA expressions of the ATPase 6,
O III, and ND 3 genes in unfertilized oocytes and arrested
mbryos harboring the 4977-bp deletion. However, there
ere no differences in 3PN embryos with or without the
977-bp deletion (Fig. 2).

DISCUSSION
Unknown factors causing oocytes to remain unfertilized

nd abnormal embryo development may be related to cyto-
lasmic defects of the oocytes. In particular, the organization
nd continued metabolic activity of mitochondria are neces-
ity for cytoplasmic maturation and resumption of meiosis
7, 13). Accumulation of mtDNA mutation, decreased
tDNA copy number, and decreased mtRNA expression

eflecting mitochondrial defects may compromise the matu-
ation of oocytes. The 4977-bp deletion, the most common
tDNA deletion associated with human aging processes, is

ound in oocytes and embryos (8, 14, 15). In this study, the
requencies of 4977-bp mtDNA were 62.7%, 31.1%, and
0.8% in unfertilized oocytes, arrested embryos, and 3PN
mbryos, respectively. The results similar with our previous
eport, the frequencies of 66.1% in unfertilized oocytes,
4.8% in arrested embryos, and 21.1% in tripronucleate
3PN) embryos (8).

There was a statistically significant increase in the pro-
ortion of deleted mtDNA in unfertilized oocytes. Accumu-
ation of mtDNA deletions may contribute to mitochondrial
ysfunction and impaired ATP production, and may also

F I G U R E 2

he relationship between defective mtDNA gene expression

sieh. mtRNA expression in human zygotes. Fertil Steril 2004.
nterfere with fertilization of human oocytes and subsequent a

16 Hsieh et al. mtRNA expression in human zygotes
mbryonic development (8, 11). Frequencies of the 4977-bp
eleted mtDNA in oocytes have also been determined and
eported by other studies (11, 16, 17). The 4977-bp deletion
auses the removal of major structural genes containing
TPase 6 and 8, cytochrome oxidase III, and NADH-CoQ
xidoreductase (ND3, ND4, ND4L, and ND5) (see Fig. 2).
he deleted genes in this rearranged mtDNA may result in

mpaired gene expression by decreasing the expression of
orresponding genes in H strand of circular mtDNA.

This deletion also creates a chimeric gene, which fuses
he 5�-portion of ATPase 8 and the 3�-portion of ND5
enes of mtDNA. Therefore, the deleted or truncated
enes in this rearranged mtDNA may result in decreasing
he expression of the deleted genes by producing tran-
cripts of fused genes. In this study we demonstrated that
ower expression levels of ATPase6, CO III, and ND3
enes in unfertilized oocytes and arrested embryos with
he 4977-bp deleted mtDNA were significant than other
enes outside of the deleted region. The decreased tran-
cription reflected rearranged mtDNA in unfertilized oo-
ytes and arrested embryos. However, compensatory tran-
cription may take place in 3PN zygotes with rearranged
tDNA. There was not statistically significant decrease in

xpression levels in 3PN zygotes with or without the
977-bp deletion in mtDNA, indicating the sperm factor
lays an important role in 3PN formation.

Piko and Taylor (4) reported that mouse mitochondrial
NA does not replicate during preimplantation development
ut is transcribed actively from the two-cell stage. There is

ocytes and embryos with common 4977-bp deletion.
in o
bout a 30-fold rise during cleavage through the blastocyst

Vol. 81, Suppl 1, March 2004
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tage (18). To date, there is no experimental data to show
itochondrial expression levels in different stages of human

mbryos. Increased expression of mtDNA will accompany
ith embryo development, and lower transcription ability
ay interfere with oocyte fertilization or embryo devel-

pment. Because amounts of RNA in single oocytes or
mbryos were too low to determine the expression level of
pecific genes by Northern blotting, in this study cohorts
f every three oocytes or embryos were lysed to harvest
otal RNA and determine the semiquantitative expression
evel of RNA by RT-PCR. To rule out limitations of
T-PCR, various replication cycles were decided to iden-

ify the optimal cycles with RT-PCR products in a linear
ange. The average expression proportions (mean � SEM)
f the eight studied genes compared with the control was
.4 � 0.7, 6.4 � 1.1, and 13.2 � 1.1 in unfertilized
ocytes, arrested embryos, and 3PN embryos, respec-
ively.

The ND2, CO I, CO II, ATPase 6, CO III, ND3, ND6, and
yt b gene transcription levels remained at similar levels in

he same groups. The mtDNA transcripts are polycistronic
19, 20), which means that each gene is separated following
recise endonucleolytic excision of the tRNAs from the
ascent transcripts. Although different mtDNA transcripts
ncode different protein assemblies to one of five mitochon-
rial complexes, in our study the expression levels of the
ight genes were similar in unfertilized oocytes, arrested
mbryos, and tripronucleate zygotes. The polycistronic
tDNA transcripts are consistent, with different mtRNA

xpression levels showing the same pattern in the same
ocyte. The lower expression level representing the overall
efective transcription was observed in unfertilized oocytes.
here was a higher expression level in 3PN embryos com-
ared with unfertilized oocytes and arrested embryos. In this
tudy, arrested or severely fragmented embryos were col-
ected at the two-cell to four-cell stage, and 3PN zygotes
ere collected at the four-cell to eight-cell stage with normal
rowth rates.

In normal embryonic development, the stage with two to
our blastomeres may have more than twice the expression
evel of mtRNA compared with unfertilized oocytes. In fact,
itochondrial transcription appeared to be hampered from

nfertilized oocytes to the four-cell stage of the examined
rrested embryos, and hence there was no statistically sig-
ificant difference in expression levels between unfertilized
ocytes and arrested embryos in this study. Oocytes with
ntact mtDNA resumed with transcription may correlate with
ufficient production of ATP. Differences in the amount of
TP generated by mature human oocytes may be related to

he fertilization potential and developmental competence of
n embryo (7).

There was almost a threefold higher expression level of
he oxidative phosphorylation subunits in 3PN zygotes com-

ared with unfertilized oocytes. Mitochondrial RNA expres-

ERTILITY & STERILITY�
ion did not seem to be modified in embryos developed with
bnormal 3PN. The existence of 3PN would be normal
ertilization by a single injected spermatozoon along with the
onextrusion of a second polar body or merely a polyspermy
21, 22). In addition, injection with the cytoplasm of 3PN
ygotes may enhance the clinical pregnancy rate in patients
ith repeated implantation failure (23). This implies that
PN zygotes may have sufficient amounts of mtDNA con-
ent and mtDNA transcripts for embryo development. Our
eport does not contradict the contention that decreased
xpression levels of the ATPase 6 gene in unfertilized oo-
ytes compared with early cleavage-stage 3PN embryos
24).

In conclusion, the current study is the first report to
resent globally decreased mitochondrial gene expression
evels in human compromised oocytes and embryos. These
ata support the notion that the down-regulation of mito-
hondrial RNA possibly affects oocyte fertilization and em-
ryo development.
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