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Sperm DNA damage has a negative effect on
early embryonic development following in vitro
fertilization

Wei-Wei Zheng'?, Ge Song'?, Qi-Ling Wang?, Shan-Wen Liu’, Xiao-Li Zhu', Shun-Mei Deng?, An Zhong',
Yu-Mei Tan', Ying Tan'

Sperm DNA damage is recognized as an important biomarker of male infertility. To investigate this, sperm DNA damage was
assessed by the sperm chromatin dispersion (SCD) test in semen and motile spermatozoa harvested by combined density gradient
centrifugation (DGC) and swim-up in 161 couples undergoing in vitro fertilization (IVF). Semen analysis and sperm DNA damage
results were compared between couples who did or did not achieve pregnancy. The sperm DNA damage level was significantly
different between the two groups (P < 0.05) and was negatively correlated with IVF outcomes. Logistic regression analysis confirmed
that it was an independent predictor for achieving clinical pregnancy. The effects of different levels of sperm DNA damage on
IVF outcomes were also compared. There were significant differences in day 3 embryo quality, blastocyst formation rate, and
implantation and pregnancy rates (P < 0.05), but not in the basic fertilization rate between the two groups. Thus, sperm DNA

damage as measured by the SCD appears useful for predicting the clinical pregnancy rate following IVF.
Asian Journal of Andrology (2018) 20, 75-79; doi: 10.4103/aja.aja_19_17; published online: 30 June 2017
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INTRODUCTION

Approximately 10%-15% of couples of reproductive age are unable
to conceive within 12 consecutive months of unprotected intercourse
and are characterized clinically as infertile. Male factors are implicated
in almost 50% of cases, either solely (20%) or in combination with
female factors (30%-40%)."* Assessment of male infertility has
traditionally been based on semen analysis classified according to the
World Health Organization (WHO) standards,’ which include semen
volume, and sperm concentration, motility, and morphology. However,
approximately 15% of men with normal basic semen parameters have
been diagnosed as infertile.*

Obviously, we need more sophisticated testings to determine the
functional etiology of male infertility and its relation to reproductive
outcomes. Sperm DNA damage is being recognized as a new parameter
of semen quality and plays a crucial role in fertilization, implantation,
and transmission of paternal genetic information to the offspring.>*
Many studies have found an adverse effect of sperm DNA damage on
the outcomes of in vitro fertilization (IVF).”'® However, the clinical
value of tests for sperm DNA damage is inconclusive.

The packaging of DNA within the sperm head is the result of a
complicated process requiring extensive compaction and remodeling
of the chromatin during the final stages of spermatogenesis. Normal
mature sperm DNA is highly resistant to physical or chemical
denaturation. At least three important mechanisms could explain

sperm DNA damage. First, defective chromatin condensation during
spermiogenesis might induce DNA damage." Second, apoptosis might
lead to the functional elimination of possibly defective germ cells from
the gene pool.”? Oxidative stress is thought to be another potential cause
of sperm DNA damage.”

Currently, there are four widely used methods for the measurement
of sperm DNA damage, including the comet assay, terminal
deoxyuridine nick end labeling (TUNEL) assay of apoptosis, the
sperm chromatin structure assay (SCSA), and the sperm chromatic
dispersal (SCD) assay.'*” Despite differences in the principle and
methodology of these assays, the levels of DNA damage measured
by these assays show some degree of correlation.'® The SCD assay is
based on the principle that spermatozoa with damaged DNA will fail
to produce a characteristic “halo” of dispersed DNA following acid
denaturation and removal of nuclear proteins.*®

The SCD assay has been applied to assess the extent of sperm
DNA damage and to predict the outcome of assisted reproductive
technology (ART). Some studies have shown negative effects of sperm
DNA damage on ART outcomes and provided a clinical indication for
the evaluation of sperm DNA damage that has not been identified using
conventional semen parameters before couples are subjected to ART."**

The aims of this study were as follows: first, to compare difference
in sperm DNA damage between couples who did or did not achieve
pregnancy following IVF; second, to test whether the sperm DNA
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damage was an independent predictor of clinical pregnancy in IVF;
and finally, to evaluate the relationship between sperm DNA damage
and outcomes after IVE

PATIENTS AND METHODS
Patients
A total of 161 couples undergoing IVF treatments at the Family
Planning Hospital of Guangdong province were included in this
study (from March 2013 to September 2015). Informed consent was
received from all participants. All experimental procedures and sample
procurements were approved by the Ethics Committee of the hospital.
All women were aged <35 years and had menstrual cycle day
3 follicle-stimulating hormone (FSH) levels <10 IU! and a normal body
mass index (BMI) range of 18-25 kg m™ Cases with factors adversely
affecting implantation, including ovarian hyperstimulation syndrome,
hydrosalpinx, uterine synechiae, adenomyosis, myomas (=4 cm in
diameter or the submucous type), and uterine abnormalities were
excluded from the study. Only freshly ejaculated semen samples
prepared for IVF procedures were included in the study.

Preparation of semen samples

Semen samples were collected by masturbation from 161 men after
2-7 days of abstinence on the day of oocyte retrieval for IVE. Semen
analyses were performed according to the fifth edition of the WHO
guidelines.’ Each ejaculate was split into two parts: one (100 ul) was
used directly to prepare sperm smears for SCD tests, and the other
was used to harvest a motile sperm fraction by density gradient
centrifugation (DGC; SpermGrad, Vitrolife Sweden AB, Géteborg,
Sweden) at 300 g for 20 min using two layers of 1 ml 45% and 1 ml
90% SpermGrad, respectively. The pellet of motile sperm obtained
using DGC was washed once with 2 ml IVF medium (G-IVF PLUS;
Vitrolife Sweden AB, Goteborg, Sweden). Spermatozoa from the sperm
pellet were allowed to swim up for 30 min in 0.5 ml IVF medium
before IVE. After the swim-up, motile spermatozoa were collected
with the IVF medium, adjusted to a concentration of 1 x 10° ml™, and
then left in an incubator with 5% CO, and 37°C for 2 h to allow for
equilibration from the preparation procedures. Motile spermatozoa
remaining after being used for IVF were then used to make sperm
smears for further SCD tests.

SCD test of sperm nuclear DNA integrity

Sperm DNA damage was assessed by SCD using sperm nuclear
DNA integrity kits (Shenzhen Huakang Biomed Co., Ltd., Shenzhen,
China). In brief, an aliquot of each semen sample was diluted to
5 x 10°-10 x 10° ml™" in phosphate-buffered saline. Gelled aliquots of
low-melting point agarose in Eppendorf tubes were provided in the kits:
each one to process a single semen sample. The tubes were placed in a
water bath at 90°C-100°C for 5 min to melt the agarose, and then in a
water bath at 37°C. After 5 min of equilibration at 37°C, 60 pl aliquots
of the diluted semen samples were added to the Eppendorf tubes and
mixed with the melted agarose. Of the semen-agarose mix, 30 ul
aliquots were pipetted onto slides precoated with agarose (provided in
the kits) and covered with a 22 mm x 22 mm coverslip. The slides were
placed on a cold plate at 4°C for 4 min to allow the agarose to set into
a microgel with sperm cells embedded. The coverslips were removed
gently, and the slides were immediately immersed horizontally in an
acid solution, previously prepared by mixing 0.8 ml of HCI from an
Eppendorftube in the kit with 100 ml of distilled water, and incubated
for 7 min. The slides were immersed horizontally in 10 ml of the lysing
solution for 20 min. After washing for 3 min in a tray with abundant
distilled water, the slides were dehydrated in increasing concentrations
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of ethanol (70%, 90%, and 100%) for 2 min each and then air-dried.
Then, the slides were covered with a mix of Wright’s staining solutions
A and B (1:1) for 5 min with continuous airflow. They were briefly
washed 10-15 times in tap water and allowed to dry. A minimum set
of 400 spermatozoa per sample was scored under a x40 microscope
objective lens. Five SCD patterns were observed: (1) sperm cells with
large halos: those whose halo width is similar to or higher than the
minor diameter of the core; (2) sperm cells with medium-sized halos:
their halo size is between those with high or very small halo; (3) sperm
cells with very small-sized halo: the halo width is similar to or smaller
than one-third of the minor diameter of the core; (4) sperm cells
without a halo; and (5) sperm cells without a halo and degraded: similar
to (4) but weakly or irregularly stained. Calculate the percentage of
sperm cells with very small-sized halo, sperm cells without a halo and
degraded in total spermatozoa as sperm DNA damage."”

IVF procedure

All patients received a midluteal phase downregulation
regimen (long protocol). Pituitary function was suppressed with the
gonadotropin-releasing hormone agonist Triptorelin (Ferring GmbH,
Kiel, Germany) until withdrawal menstrual bleeding and suppressed
estradiol (E2) concentrations were achieved. Concomitant stimulation
was performed with recombinant FSH (Gonal F, Merck Serono,
Geneva, Switzerland). Each ovarian stimulation cycle was monitored
by serial vaginal ultrasound examinations and measurement of serum
E2 levels, and the dosage of gonadotropin was adjusted accordingly.
Ovulation was induced with an injection of 250 ug human chorionic
gonadotropin (hCG; Ovidrel, Merck Serono, Geneva, Switzerland)
when at least two follicles had a diameter of at least 18 mm. Oocytes
were retrieved at 36 h after hCG injection under vaginal ultrasound
guidance. The culture and insemination of oocytes were performed in
IVF medium (G-IVF PLUS; Vitrolife Sweden AB, Goteborg, Sweden) in
an atmosphere of 6% CO, in air at 37°C, at 39-40 h after the injection
of hCG.

Embryo culture and transfer

Oocytes were assessed to determine whether fertilization had occurred
at 16-18 h after insemination. Fertilization was considered normal if
two pronuclei and two polar bodies were identified. Oocytes without
visible pronuclei were considered to be unfertilized. Oocytes with
more than two pronuclei were considered to be abnormally fertilized
and were discarded. On day 3 of culture, embryos were scored from
Grades 1-4 according to the number, size, and shape of blastomeres
and to their degree of fragmentation.?! The grading criteria were as
follows: Grade 1, no or <5% fragmentation with equal-sized cells;
Grade 2, <20% fragmentation with slightly unequal-sized cells; Grade 3,
20%-50% fragmentation with obviously unequal-sized cells; and
Grade 4, >50% damage or severely unequal-sized cells. Embryos
classified as Grade 1 or 2 and with 26 cells were denoted as “good.”
Embryo transfers were performed at 72 h after oocyte retrieval, and
only good embryos were selected for transfer. Luteal phase support for
at least 16 days after oocyte retrieval consisted of daily intramuscular
injections of progesterone in oil and vaginal administration of
micronized progesterone (Utrogestan, Besins Manufacturing Belgium
SA, Drogenbos, Belgium).

Around noon on day 3, the remaining untransferred Grades 1-3
embryos and those with >4 cells were moved to G2 Plus medium
(Vitrolife Sweden AB, Géteborg, Sweden) for further culture. The
percentages of blastocysts formed were determined and each blastocyst
was assigned a score using the system of Gardner et al.?2



Pregnancy outcomes

Pregnancy was initially detected 2 weeks after embryo transfer by a
positive serum B-hCG level. Ultrasound was performed at 6 weeks of
gestation to confirm fetal viability. The clinical pregnancy rate (CPR)
was defined from the presence of a gestational sac detected by
ultrasound. Women with clinical pregnancies who miscarried before
the 12 week were defined as having had a spontaneous abortion.

Statistical analysis

The statistical analysis was performed with SPSS for Windows
(version 21.0, SPSS IBM Corp., Armonk, NY, USA). Parameters of
ejaculated raw and washed motile spermatozoa were compared for
pregnant and nonpregnant couples using independent sample Student’s
t-tests. The significance of any correlations between sperm DNA
damage in both semen and motile spermatozoa and IVF outcomes
were examined by Spearmans tests. Any predictive factors for clinical
pregnancy after IVF were identified by multivariate logistic regression.
Corresponding differences in reproductive outcome (e.g., age, FSH,
BMI, number of oocytes, fertilization rate, good embryo formation
rate, blastocyst formation rate, CPR, and abortion rates) in different
groups were compared using one-way analysis of variance (ANOVA),
Chi-squared tests, and Fisher’s exact tests. P < 0.05 was considered
statistically significant.

RESULTS

This study included a total of 161 cycles of IVE. According to the
outcomes, we divided the cases into pregnant and nonpregnant groups.
There was a significant difference in sperm DNA damage between
groups (P < 0.05), whether from the ejaculated untreated spermatozoa
or washed motile spermatozoa (Table 1).

Spearman correlation coefficients between sperm tests including
sperm DNA damage in both semen and purified motile spermatozoa
and IVF outcomes (day 3 embryo quality, blastocyst formation and
embryo implantation rates and CPR) were determined. All sperm DNA
damage measures including those for semen and motile spermatozoa
were significantly correlated with IVF outcomes, with an increase
in DNA damage associated with decreases in embryo quality and
CPR (Table 2).

We considered female and male ages, number of oocytes retrieved,
oocytes at meiosis (M) stage II, sperm concentration and total
motility, sperm morphology, and sperm DNA damage in raw semen as
covariates, with the clinical pregnancy rate as the dependent variable for
logistic regression analysis. This confirmed that sperm DNA damage
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was an independent predictor of the CPR in these IVF cycles with an
odds ratio of 0.279 (95% confidence interval: 0.086-0.901; Table 3).
To further examine the relationship between sperm DNA damage
and early embryo development, we analyzed the levels of sperm DNA
damage and embryonic development after IVE. Descriptive analysis of
data for couples receiving IVF is listed in Table 4. We divided cycles
into three groups according to the level of DNA damage of motile
spermatozoa (<10%, 11%-20%, and >21%) and did not identify any
statistically significant differences in the three groups with regard to
female or male age, FSH level, female BMI, number of MII oocytes,
or fertilization rates, but the day 3 good embryo formation, blastocyst
formation, and implantation rates and CPR in the group with sperm
DNA damage >21% were significantly lower than in the groups
with <10% and 11%-20% damage (P < 0.05). There was a tendency
for an increased spontaneous abortion rate in the three groups with
increasing levels of DNA damage (6.4% vs 9.3% vs 15.4%, respectively)
although no statistical difference could be detected (Table 4).

DISCUSSION
Some studies have suggested that measuring sperm DNA damage could
be a promising tool in determining a mans fertility status; however,
the relationship between this measure and ART outcomes remains
uncertain.”!*!**2¢ Some studies have suggested that this arises because
different types of sperm samples were used for research into sperm DNA
damage, namely, freshly ejaculated semen samples or washed motile
spermatozoa.” Here, a reduction in DNA fragmentation was seen in
all samples after DGC and swim-up, and this was probably because of
the removal of immotile, nonviable, and degenerated sperm. However,
when we compared semen parameters and sperm DNA damage levels
between the pregnant and nonpregnant groups, including freshly
ejaculated spermatozoa and washed motile spermatozoa, we found a
significant difference in the levels of DNA damage between the two
groups, both in fresh ejaculates and washed motile spermatozoa. One
reasonable explanation for this is that DGC might assist in selecting
motile spermatozoa, but cannot remove the effect of sperm DNA
damage on embryo development; moreover, the forces produced during
centrifugation might even cause new DNA damage. Sperm DNA damage
clearly affected our pregnancy outcomes following IVF regardless
of whether we measured it in fresh ejaculates or in washed motile
spermatozoa, and this was consistent with some previous reports.'*?
Several studies have attempted to investigate the prognostic value
of sperm DNA assessment to predict ART outcomes, but the results are

Table 1: Comparison of various sperm parameters on in vitro fertilization treatment

Variable Pregnant Nonpregnant P
Cycle (n) 97 64 -
Sperm concentration (x108 ml-!), mean+s.d.

Semen 48.53+16.88 50.80+18.00 0.243

Motile 11.18+16.78 9.92+14.08 0.621
Total motility (PR + NP, %), meanzs.d.

Semen 46.56x£12.43 44.05+£9.74 0.154

Motile 87.70+£12.07 86.81+8.82 0.613
Sperm morphology (normal forms, %), meanzs.d.

Semen 8.26+3.64 7.47+3.21 0.158

Motile 14.00+4.13 12.88+5.04 0.124
Sperm DNA damage (%), meanzs.d.

Semen 24.41+7.24 29.95+11.20 0.002

Motile 12.64+6.41 16.19+6.28 0.000

PR: progressive motility; NP: nonprogressive motility; s.d.: standard deviation
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Table 2: Correlations (Spearman test) hetween sperm DNA damage in
semen or motile spermatozoa and in vitro fertilization outcomes

Test DNA damage (semen) DNA damage (motile)
Coefficient P Coefficient P
Good embryo rate -0.330 <0.0001 -0.320 <0.0001
Blastocyst formation rate -0.320 <0.005 -0.347 <0.005
Embryo implantation -0.208 <0.005 -0.274 <0.0001
Clinic pregnancy -0.221 <0.005 -0.289 <0.0001

Table 3: Logistic regression analysis of prognostic factors and clinical
pregnancy

Variable Reference OR 95% Cl

Male age (year) >30 0.934 0.263-3.322
Female age (year) >30 1.470 0.672-3.215
Oocytes (n) >11 0.979  0.938-1.022
M Il oocytes (n) >9 1.004  0.913-1.104
Sperm concentration (x108 ml-!) <15 1.010 0.975-1.045
Total motility (PR + NP, %) <32 0.567 0.978-1.042
Sperm morphology (normal forms, %) <4 0.990 0.864-1.134
Sperm DNA damage (%) >20 0.279  0.086-0.901

Cl: confidence interval; OR: odds ratio; PR: progressive motility; NP: nonprogressive
motility; M Il: meiosis stage Il

Table 4: Comparison of various levels of sperm DNA damage in
outcomes of in vitro fertilization

Variable Sperm DNA damage (motile)
<10% 11%-20% >21%
Cycle (n) 68 60 33
Female age (year), 31.2+2.9 31.1+3.1 31.4+£3.9
mean=s.d.
FSH (1U I-!), meanzs.d. 5.89+1.14 6.03+1.23 5.93+1.69
BMI (kg m~?), meanzs.d. 22.21+£3.45 22.05+3.32 21.89+2.17
Male age (years), meanzs.d. 34.4+2.8 34.1+3.1 34.2+3.4
Oocytes (n), meanzs.d. 11.2+4.4 11.9+3.8 11.4+3.8
M 11 oocytes (n), meanss.d. 9.2+3.6 9.8+£3.7 9.3+3.4
Fertilization rate (%), 77.1+17.6 76.5+15.9 76.4+12.1
meanzs.d.
Good embryo rate (%), 63.0+£28.0 58.2+24.8 38.9+24.1"
mean=s.d.
Blastocyst formation 78.5+19.4 70.6+31.1 50.1+9.8"
rate (%), meanz+s.d.
Transferred embryos (n), 1.94+0.17 1.93+0.12 1.94+0.23

meanxs.d.

Implantation rate (%) 47.7 (63/132) 37.1 (43/116) 20.3 (13/64)"

Clinic pregnancy rate (%) 76.5 (52/68) 56.7 (34/60)  33.3(11/33)"
Abortion rate (%) 6.4 (4/63) 9.3 (4/43) 15.4 (2/13)

“P<0.05, significant compared with other groups in different sperm DNA damage levels;
s.d.: standard deviation; FSH: follicle-stimulating hormone; BMI: body mass index;
M 1l: meiosis stage Il

still controversial. Some studies have concluded that the methods for
assessing sperm DNA damage are not sufficiently robust to provide any
clinical advantage of these assays in evaluating infertile men and ART
outcomes.'**? In contrast, other studies have shown a negative effect
of sperm DNA damage on outcomes and provided a clinical indication
for the evaluation of sperm DNA damage before ART."***%% Here,
we confirmed that sperm DNA damage was negatively correlated
with IVF outcomes (day 3 embryo quality, blastocyst formation,
embryo implantation, and clinical pregnancy rates), and that sperm
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DNA damage was an independent predictor of achieving a clinical
pregnancy.

In the present study, we divided cases into three groups according
to the level of sperm DNA damage in motile spermatozoa. The analysis
of IVF data and sperm DNA damage did not indicate a clear predictive
power regarding fertilization rate. In fact, there is some controversy
regarding the effect of sperm DNA damage on fertilization rates. Some
studies reported that low fertilization rates were linked to high levels
of sperm DNA damage.”* However, other investigators have shown
that sperm DNA damage has minimal effects at the fertilization stage,
in agreement with our finding that sperm DNA damage correlated
poorly with fertilization rate in IVE. Pronuclear formation and early
embryo development do not appear to be dependent on sperm DNA
integrity, as the embryonic genome is only expressed after the second
cell division.*>* In addition, if the type and extent of DNA damage can
be repaired by the oocyte, it is possible to achieve embryo development
even in the presence of elevated sperm DNA damage.>'**

During early embryogenesis, the paternal genome is activated
just after the 4-8-cell stage, so further development of the embryo
is potentially affected by the integrity of the sperm DNA.** In cases
with elevated levels of sperm DNA damage, apoptosis and damage
can also be present in the embryo, leading to slow or arrested embryo
development and difficulty in reaching the blastocyst stage,” along
with low implantation and pregnancy rates.’**” Interestingly, lower
blastocyst formation and implantation rates and the CPR in this study
were associated with increased levels of sperm DNA damage, consistent
with previous studies.

Correlations between sperm DNA damage and abortion rates have
not always been found to be statistically significant, but a tendency
for this was confirmed in our study. Other studies have shown that an
increased proportion of sperm DNA damage is a deleterious factor for
sustaining pregnancies and results in miscarriage.>” Moreover, men
with abnormal sperm parameters had a higher proportion of sperm sex
chromosome aneuploidy than men with normal sperm parameters.*
Thus, paternal genomic abnormalities might be a significant cause of
miscarriage.

CONCLUSIONS

Our data showed that sperm DNA damage was negatively correlated
with day 3 embryo quality, with the blastocyst formation rate and
the CPR. Therefore, addition of sperm DNA damage tests to the
conventional semen analysis might improve the clinical prediction
of male infertility and ART outcomes. Targeted large-scale studies
are necessary to standardize the test methods, sperm variables, and
reference values before these could be integrated into routine ART.
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