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Purpose: The ratio of mitochondrial DNA to genomic DNA (mtDNA/gDNA) in embryo
culture medium as a predictor of embryonic development is a new method of noninvasive
embryo screening. However, current tests based on this concept have proven inconsistent.
The aim of this study was to define the predictive value of the ratio of mtDNA/gDNA for
embryonic developmental potential.

Materials and Methods: We used digital PCR to measure mtDNA/gDNA ratios in day 3
culture media of 223 embryos from 56 patients. We compared the relationship between the
predictive value of mtDNA/gDNA ratio and each of embryo fragmentation, embryo mor-
phological grade, and blastocyst formation.

Results: mtDNA/gDNA ratio decreased significantly with a decrease in embryo rating:
22.54 (44.66); 31.25 (36.97) and 46.33 (57.11); Grades A vs C, P = 0.006; B vs C, P =
0.015. mtDNA/gDNA ratio increased overall with an increase in embryo fragment content
but did not differ significantly between high-, -medium, and poor-quality embryos.
Interestingly, this trend differed from that of the unformed blastocysts. mtDNA/gDNA
ratio of cleavage stage embryos forming blastocysts was lower (P=0.005). Trends of
mtDNA/gDNA ratio differed according to inner cell mass (ICM) and trophectoderm (TE)
levels, but not significantly. mtDNA/gDNA ratio in day 3 culture medium was not signifi-
cantly improved over morphological scores.

Conclusion: We hereby show the correlation of mtDNA/gDNA ratio in the culture medium
of developing embryos. The correlation between the mtDNA/gDNA ratio and early embryo-
nic development was controversial. Furthermore, an increase in mtDNA/gDNA ratio might
indicate reduced development potential, but the difference remains insufficient for applica-
tion as a clinical predictor.
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Plain Language Summary

Noninvasive embryo screening technology is a new method to evaluate the contents of
metabolites and nutrients in embryo culture medium. During the development of embryo,
the contents of mitochondrion in the blastomere decreased gradually, and the contents of cell-
free mtDNA in the corresponding embryo medium increased. It has been studied that the
ratio of mtDNA/gDNA in embryo culture medium can be used to predict embryo develop-
ment, but its predictive value is controversial, while the positive detection rate of gDNA is
low, and a more accurate technology is to be found for verification. In this study, we used
digital PCR system to explore the relationship between cell-free mtDNA in culture medium
and the development potential of embryo. The mtDNA/gDNA ratio is associated with the
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cleavage stage embryo rating, fragmentation, and developmental
state, and correlates with the blastocyst rating. According to our
research, shortcomings are still associated with using only this

indicator to predict embryonic development potential.

Introduction

New techniques to screen for the highest quality embryos
for transfer can reduce transfer embryo numbers, improve
pregnancy outcomes, and reduce the risk of multiple
births. This topic has become a focus of assisted reproduc-
tive technology (ART) research. Selective single blasto-
cyst transplantation can improve pregnancy rates and
reduce the risk of multiple pregnancies.' Embryos during
the cleavage and blastocyst phases have been rated during
in vitro fertilization (IVF) using morphological scoring
methods. Some of these screening metrics have been
applied to predict developmental potential including
embryonic development speed, degrees of uneven blasto-
mere cleavage, fragment content, inner cell mass (ICM),
and trophectoderm (TE) levels.>® However, that the best
quality embryos will be selected for transfer is not guar-
anteed. Because morphology can appear normal, morpho-
logical screening cannot detect genetic defects, nor can it
completely ensure optimal embryo development potential.
Traditional observation at a fixed time point will miss
some important parameters and key events during embryo-
nic development. These parameters are all related to
embryonic development potential, and to achieve standar-
dization by relying on subjective differences in artificial
observation scores is difficult.””’

Therefore, new methods are needed to screen embryos
to ensure that blastocysts of the best quality are selected
for transfer. Chromosomal abnormalities in human
embryos are mainly caused by chromosomal segregation
errors during stage 1 meiosis. This is usually related to
maternal age and is also an important cause of early
miscarriage and chromosomal diseases.'® Preimplantation
genetic screening (PGS) can eliminate embryos with
abnormal chromosomes, but this technique has several
disadvantages: embryo biopsy remains invasive, little is
known about the safety of children born after embryo
biopsy, trained experienced embryologists are required to
conduct technical operations, and specialized equipment is
required. These increase costs and are time-consuming for
patients undergoing IVF assistance.'' Based on the limita-
tions of blastocyst TE biopsy technology, new non-
invasive embryo selection technologies are urgently
required.

Mitochondria are important cytoplasmic organelles.
They function not only as sites of ATP synthesis, but
also for the regulation of calcium homeostasis and redox
balance.'*'® Mitochondria provide various intermediate
metabolites and mediate many signal transduction path-
ways. Mitochondria are sensitive to the environment and
induce apoptosis during injury.'* The mitochondria of
oocytes have profound significance for the reproductive
process, as they support fertilization and embryo growth
before implantation. During the early stages of embryonic
development, the zygotic genome is not activated, and the
mitochondria do not replicate. All energy-consuming
activities of early embryos depend mainly on mitochondria
stored by oocytes. Oocyte mitochondrial status and egg
apoptosis are closely associated with embryonic develop-
mental arrest.'>'® Therefore, the quality of mitochondria
in mature oocytes is an important indicator during fertility
screening.'” Mitochondrial genes are transferred to off-
spring. Mitochondria are the only organelles in human
cells that contain maternally inherited, extranuclear genetic
material.'"® Sperm mitochondrial DNA (mtDNA) in the
fertilized egg is quickly recognized and degraded by ubi-
quitin hydrolase in the cytoplasm.'” Thus, mtDNA in off-
spring normally originates from the mother. If mutations
carried by oocytes escape reproductive screening, they
might result in deleterious effects such as increased
organ oxidative phosphorylation requirements after
birth.'® Therefore, oocyte mtDNA has a significant and
extensive impact on the health of offspring.

Embryos can reportedly be screened by detecting
mtDNA and genomic (g) DNA based on embryo culture

2022

medium; However others have suggested the

opposite.*?

We explored the relationship between the
mtDNA/gDNA ratio and embryonic developmental poten-
tial by measuring levels of cell-free DNA in embryonic
culture medium using digital polymerase chain reaction
(dPCR) technology that has better detection accuracy
than real-time quantitative (RT-q PCR). Digital PCR is
a new method of measuring DNA that independently
divides PCR reaction units. The terminal dPCR measures
fluorescence signals and uses a positive partition number
determined from the total target concentration calculated
according to Poisson distribution and the proportion of the
positive partition number.>* Compared with traditional RT-
gPCR, dPCR does not require the inclusion of a standard
or creation of a standard curve, and directly determines
copy numbers. Digital PCR also has several other
advantages,24 such as better sensitivity and precision,
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although it uses the same primers and probes as qPCR.
Real-time-qPCR cannot distinguish < 2-fold differences in
gene expression or copy number variations. Conventional
methods also cannot identify alleles with frequencies < 1%
because they also detect highly abundant common alleles
with similar sequences.”> Here, we measured cell-free
DNA in embryo culture medium using dPCR, and applied
mtDNA/gDNA ratios to predict embryonic development
potential. This technology improved detection accuracy
and positive detection rates.

Materials and Methods

Patient Selection

This study included patients aged < 35 years from whom
5-15 eggs were harvested, and those who conceived at our
center for the first time. We recruited 56 pairs of patients
who were unable to conceive due to male infertility, from
the Department of Reproductive Medicine of Xiamen
Maternity and Child Health Hospital. We collected 223
embryos from these patients to prevent the influence of
sperm and granulosa cells on culture medium. All selected
patients had undergone fertilization via intracytoplasmic
sperm injection (ICSI). The selected patients used their
own eggs and sperm. We excluded patients who donated
eggs and sperm, and who underwent cycles of implemen-
tation with frozen eggs and/or sperm, and without surgi-
cally recovered semen.

Ethical Approval

All patients provided written, informed consent to the use
of embryonic culture medium for this study. The ethics
committee at Xiamen Maternity and Child Health Hospital
approved this study (Approval No. KY-2020-064), which
proceeded in accordance with the Declaration of Helsinki
(2013).

Embryo Culture and Media Collection
After ICSI fertilization, embryos were cultured to the
blastula stage in Sydney IVF Cleavage Medium (Cook
Medical Inc., Bloomington, IN, USA) then transferred to
blastocyst culture medium for embryo exchange on day 3.
The cultures were placed in MINC® Benchtop Incubators
(Cook Medical Inc.) and only 2PN-derived embryos were
collected. We sampled 20 pL of CM culture media per
embryo in DNase and RNase-free sterile PCR tubes and
froze them at —40°C. Unused culture medium was the
negative control.

DNA Purification

Free DNA in culture medium was purified using QIAamp
Circulating Nucleic Acid kit (Qiagen, Hilden, Germany)
as described by the manufacturer, mixed with 30 pL of
elution buffer, then quantified using a NanoDrop 2000
spectrophotometer (Thermo Scientific Inc., Waltham,
MA, USA).

Digital PCR Quantitative Detection

We established a digital PCR detection system with refer-
ence to primers in the literature. We then optimized and
amplified the D-loop region of the mitochondrial
(NC _012920.1) gene, and B-actin (NG_007992.1) was
the internal reference gene. Table 1 shows the primers
and probes.

We used a QX200 droplet dPCR system (Bio-Rad
Laboratories Inc., Hercules, CA, USA). We found
mtDNA in 223 samples, (Average: 219.80, n = 223). We
did not detect gDNA in 25 samples (Average: 8.04, n =
198), 1.8.
Therefore, the number of copies of gDNA that were not

and the minimum detection value was

detected were counted as 1.8.

Reaction Mixture

The primers and probes in this paper were diluted to 10uM
(10umol/L). Reaction mixtures (20 pL) contained 10 pL
ddPCR Supermix for Probes (No dUTP) (Bio-Rad
Laboratories Inc.), forward and reverse primers (1.8 pL)
for the target and B-actin genes, the target gene probe (0.4
pL), the PB-actin gene probe (0.4 pL), and 2 pL of
template.

Preparation of Microdroplets
Reaction mixtures (20 pl) were added to 8 holes in the
middle row of a DG8 cartridge (20 uL X control buffer

Table | Primer and Probe Sequences

Name Sequences (5’ to 3')

MTF TGACCACCATCCTCCGTGAAAT

MTR ATCGTGATGTCTTATTTAAGGGGAA
MT-TZ FAM-CAAGAGTGCTACTCTCCTCGCT-MGB
Act-F2 GCCTCGCTGTCCACCTTCCA

Act-R3 TTTTGTCAAGAAAGGGTGTAACGCA
Act-TZ2 VIC-AAGCAGGAGTATGACGAGTCCG-MGB
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doubled for ~8 samples). About 70 pL of microdrop-
generated (DG) oil was added to the bottom row of 8
holes in the cartridges, and all holes were filled. The
gasket was covered and all holes on both sides were
secured. The holder was placed above the QX200 micro-
droplet generator to produce microdroplets for 2 minutes
in the top row of the cartridge. These were then transferred
to 96-well plates, covered with a membrane and heat-
sealed.

PCR Amplification

The PCR amplification conditions were 95°C for 10 min,
followed by 40 cycles of 94°C for 30 s, 60°C for 60 s, 98°
C for 10 min, then the reactions were cooled at 4°C.

Embryo Scores

We modified the described morphological scoring
method® as follows: grade 1, 4 cells on day 2, 8 cells
on day 3, uniform size, regular shape, uniform arrange-
ment, uniform cytoplasm, no vacuoles, no polynuclear
phenomenon, and <5% fragments; grade 2, 3 ~ 5 cells
on day 2 (mostly 4 cells), 7 ~ 9 cells on day 3 (mostly 8
cells). The blastomeres were uniform or approximately
uniform, the number was equal or approximately equal,
the cytoplasm was uniform, large vacuoles and multinu-
cleation were absent, and the fraction accounted for 10%
~20%; grade 3, 2—6 cells on day 2, 6-12 cells on day 3.
Blastomeres were uniform/uneven, the number was equal/
unequal, and the cytoplasm contained more vacuoles, no
polynuclear phenomenon, fragments accounted for 20%
~30%; grade 4, > 6 embryonic cells or no cleavage on day
2, < 6 or >12 embryonic cells on day 3, blastomere was
not uniform, cytoplasm was not uniform and contained
many vacuoles, multicore phenomenon, fragment content
>30%. Current scoring rules indicated very few grade 1
embryos. Therefore, we combined grades 1 and 2 embryos
and classified them as Grade A and considered them as
being of high quality. Embryos classified as Grade B were
usable, and equivalent to grade 3. Embryos classified
Grade C were not usable, and equivalent to embryo
grade 4. Blastocysts were scored with reference to the
Istanbul consensus.”® We grouped blastocysts according
to the ICM and TE ratings: group A was rated as high-
quality, with ICM and TE ratings of AA, AB, AB, BA,
and BB; group B was rated as medium with ICM and TE
rating of BC, and group C was unusable, containing early
(stages 1, 2, and 3) blastocysts on day 6, and the ICM and
TE rating of CC.

Statistical Analysis

All data were statistically analyzed using SPSS 20 (IBM
Corp., Armonk, NY, USA). Variables that were not nor-
mally distributed were analyzed using Mann—Whitney and
Kruskal-Wallis tests, and qualitative variables were ana-
lyzed using chi-square tests. Optimal cut-off values and
the validity of specific variables were determined from
(ROC)
Quantitative variables are described as medians with inter-

receiver  operator  characteristics curves.
quartile ranges (Q1-Q3), and qualitative variables are
described as numbers (n) with ratios (%). Values with

P < 0.05 were considered statistically significant.

Results
Free DNA was quantified by dPCR in culture medium of
223 embryos and five negative controls. Figure 1 shows
significantly increased mtDNA/gDNA ratios in day 3 cul-
ture medium (33.33 [42.54] and 5.00 [3.90], P = 0.001).
Morphological criteria remain the predominant factors
when selecting embryos for uterine transfer during IVF.
Therefore, relationships between variations in mtDNA
quantities and aspects of embryonic morphology are
important to understand. We examined a subset of 223
embryos for which morphological data were available
(Figure 2). The results revealed three groups of embryonic
morphological quality: grades A, B and C were considered
the highest, medium, and poorest quality (n = 62, 85 and
76), respectively. The ratios of mtDNA and gDNA copy
numbers in the embryo culture medium were measured by
dPCR. The mtDNA/gDNA ratios were 22.54 (44.66),
31.25 (36.97), and 46.33 (57.11) for Grades A, B, and C,
respectively, and the results are shown as medians with
interquartile ranges (IQR; Q1-Q3). The ratios of mtDNA/
gDNA detected in the culture medium did not significantly
differ between Grades A and B (P = 1.000), but signifi-
cantly differed between grades A and C (P = 0.006), and
between grades B and C (P = 0.015). These findings
revealed that the copy numbers of mtDNA in the medium
were associated with embryonic morphological criteria,
especially in comparisons of poor- and high-quality
embryos. As the embryo quality rating decreased, the
number of mtDNA copies in the medium tended to
increase, but the absence of a statistical difference
between Grades A and B indicated that poor-quality
embryos are more likely to release more free mtDNA

into the medium.

5 2 4 https:

Dove!

Pharmacogenomics and Personalized Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

% %k

500

o 400- o
© -
S 3004
o

o .
< 200 .
-

€ 100-

0 %
D3 NC

Figure | mtDNA/gDNA ratio in culture medium (n=223) and negative control
medium (n=5). D3 was experimental group, NC was the control groups that
identically processed but did not contain embryo. One black dot or square repre-
sents one sample. Data are presented as the median with interquartile ranges (QI-
Q3). (*P <0.01).

Figure 3 shows embryos with different fragment con-
tents. We investigated relationships between embryo frag-
mentation and mtDNA/gDNA ratios (Figure 4). The
embryos were assigned to groups according to embryo
fragment contents of <10% (n = 127), 10-15% (n = 59),
and >15% (n = 37).

The results showed that that as the proportion of
embryo fragments increased, the mtDNA/gDNA ratios in
the embryo culture medium also increased from 30.00
(41.33) to 32.40 (53.18), to 45.63 (44.34), respectively.
However, the mtDNA/gDNA ratios did not significantly
differ among the three groups (P = 0.582, F <10 vs 10 <
F<15P=0.153,F<10vs 15<F; P=0.763, 10 <F <
15 vs 15 <F.

We further investigated whether the mtDNA/gDNA
ratio in the group that did not form blastocysts was con-
sistent with above findings, by analyzing 82 non-
embryogenic embryos based on fragment contents
(Figure 5). Fragmentation of embryos in the first, second
and third groups were <10% (n = 37), 10-15% (n = 18)

and >15% (n = 27). The mtDNA/gDNA ratio was higher
in the medium of embryos that did not form blastocysts
and had fewer fragments than those with more fragments.
However, the three groups overall did not significantly
differ 47 (51.23), 34.97 (55.60) and 37.78 (41.90), respec-
tively (P = 0.946).

Embryos were classified based on whether they formed
blastocysts (n = 141) or not (n = 82) (Figure 6). The
mtDNA/gDNA ratios were 29.09 (41.80) and 39.15
(43.39), respectively (P=0.005). Therefore, the ratio of
mtDNA/gDNA was lower in the culture medium of clea-
vage stage embryos that formed blastocysts.

Embryos were then classified based on their ICM and
TE morphology (Figure 7) as high- (Group A, n = 41),
medium- (Group B, n = 76), and poor- (Group C, n = 24)
quality blastocysts. The average ratios of mtDNA/gDNA
in the culture media did not significantly differ (24.50
[43.56], 32.20 [39.26], and 26.03 [37.85], P = 0.965).

The predictive performance of day 3 morphological
grades and mtDNA/gDNA ratios in embryo -culture
media for blastocyst formation was analyzed using ROC
curves (Figure 8).

Univariate comparisons revealed significant differences
in the numbers of embryonic cells, % fragmentation, mor-
phology grade on D3 and mtDNA/gDNA ratios between
the groups that formed and did not form blastocysts
(Table 2).

Logistic regression analysis significantly associated
only day 3 embryo morphology grade and % fragmenta-
tion with blastocyst development. The possibility of devel-
oping into a blastocyst was reduced as the morphological
quality of the embryo decreased (P < 0.0001). The
mtDNA/gDNA ratio in culture medium was not associated
with blastocyst formation (Table 3).

We further analyzed the embryo parameters affecting
embryo blastocyst formation. We compared the number of
embryonic cells, morphology grade on D3, % fragmenta-
tion, and mtDNA/gDNA ratios in culture medium among
the groups using a generalized estimating equation model
(Table 4).

Discussion

Non-invasive embryo selection techniques have focused
for the past decade on embryonic oxygen consumption,
and metabolites and nutrients in embryo culture media,
such as glucose, lactic acid, pyruvate, amino acids, pyru-
vate and glucose intake, and amino acid metabolism.
However, such do not have

screening techniques
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Figure 2 mtDNA/gDNA ratio in embryo culture medium for different cleavage
stages on day 3. The high-quality embryo group is categorized as Grade A (n = 62),
the medium-quality group is Grade B (n = 85), and the poor-quality embryo group is
Grade C (n = 76). One black dot, triangle, or square represents one sample. Data
are presented as the median with interquartile ranges (QI-Q3). (**P <0.0l,
*P<0.05).

substantial proven value for clinical applications, and pro-
spective randomized controlled trials have not found that
relative morphological screening methods have obvious
advantages.27 Therefore, a simple, reliable, non-invasive,
embryo screening technology is needed that can predict
embryo developmental potential. This should result in the
best quality blastocysts being identified and selected for

& <&

Q
L
J

Figure 4 Difference in mtDNA/gDNA ratio in the culture medium of embryos
with different fragment content at day 3. The mtDNA/gDNA ratio corresponding
to different proportions of embryo fragments in the embryo culture medium were
divided into three groups: Fragmentation of embryos in the first group is less than
10% (n = 127), the fragment content of embryos in the second group is between
10% and 15% (n = 59), and in the third group, embryo fragmentation>15% (n = 37).
One black dot, black triangle, or black square represents one sample. Data are
presented as the median with interquartile ranges (Q1-Q3).

single blastocyst transfer to the uterus, and consequently

increase pregnancy rates and reduce multiple birth

rates.21’22’28

Figure 3 Embryos with different fragments content. (A) Day 3 embryos developing showed fragmentation less than 5%. (B) Day 3 embryos developing showed 5-10%
fragmentation. (C) Day 3 embryos developing showed 10—15% fragmentation. (D) Day 3 embryos developing showed 15-20% fragmentation. (E) Day 3 embryos developing
showed 20-25% fragmentation. (F) Day 3 embryos developing showed more than 25% fragmentation. Scale bar, 60 um.
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Figure 5 Group comparison of cleavage stage embryo fragments without blasto-
cyst formation. Fragmentation of embryos in the first group was <10% (n = 37), the
fragment content of embryos in the second group between 10% and 15% (n = 18),
fragmentation of embryos in the third group was >15% (n = 27). One black dot,
black triangle, or black square represents one sample. Data are presented as the
median with interquartile ranges (Q1-Q3).

Commercial embryo culture media might be contami-
nated with small, or negligible amounts of DNA, but
reported analytical details remain scant.’**’ Levels of
DNA in medium exposed to embryos are generally
thought to be much higher. This indicates that embryonic
DNA enters the medium. The present findings showed
a significantly lower mtDNA/gDNA ratio in the blank
control than in the embryo culture medium. Therefore,

* %
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Yes blastulation No blastulation
Figure 6 Comparison of mtDNA/gDNA in embryo culture medium of groups with
different blastulation outcomes. Embryos were grouped according to whether they
grew to the blastocyst stage or not. One black dot or black triangle represents one
sample. Data are presented as the median with interquartile ranges (Q1-Q3). (**P
<0.01).

ranges (Q1-Q3).

we could disregard the small amount of DNA already in
the medium.

Some studies have found that the mtDNA/gDNA ratio
in embryo culture medium can predict embryo develop-
ment potential, and this notion has recently attracted inter-
est. The implantation potential of blastocysts can be
evaluated by detecting the mitochondrial content in the
TE of embryos.’® However, the source of DNA in the
culture medium should not be ignored, as it could be
contaminated by maternal granulosa cells. Additional pre-
cautions such as more thorough cumulus cell denudation
should be taken to reduce genetic contamination.®'

Here, we used dPCR technology to detect the copy
number of free DNA in culture medium. This strategy
improved the sensitivity of detection and greatly improved
the detection rate of gDNA. The mtDNA/gDNA ratios
varied among the morphological scores. Grades A and
B did not significantly differ, whereas Grades A and
C and B and C did (P < 0.001 and P < 0.05, respectively).
We identified a positive correlation between the ratio of
mtDNA/gDNA and the morphological rating of embryonic
development in day 3 media. Therefore, the mtDNA/
gDNA ratio tended to increase as the embryo morpholo-
gical rating decreases, especially in unusable embryos.

The mtDNA/gDNA ratio in culture medium correlated
with embryo fragmentation. This result is consistent with
that of previous reports.”’ The mtDNA/gDNA ratio
increased as that of embryo fragments increased, but the
difference did not reach statistical significance. This also
indicated that an increase in embryo fragmentation might
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Figure 8 ROC curve of morphological grade and the mtDNA/gDNA ratio: (A) day 3 morphological grade group undergoing IVF: area under the curve (AUC)= 0.793
[0.734-0.853], cutoff value= 3.50 with sensitivity=63.4% and specificity= 83.0%. (B) mtDNA/gDNA ratio group undergoing IVF: area under the curve (AUC)= 0.614

[0.539-0.689], cutoff value= 24.83 with sensitivity= 73.2%and specificity= 47.5%.

lead to increased mtDNA release. Embryos with fewer
fragments have a lower mtDNA/gDNA ratio in culture
medium, and they are more likely to develop to the blas-
tocyst stage, which is consistent with previous reports
describing fragments as unfavorable factors in embryo
development.*** Trends of mtDNA/gDNA and fragment
ratios in embryos that had not formed blastocysts were
inconsistent with previous findings, which also suggested
that although fragments can retard blastocyst formation
and development, other factors might also cause embryos
to release more mtDNA into culture medium. An embryo
could have mild or extensive fragmentation involving the

entire blastomere during development. Extensive fragmen-
tation is usually associated with genetic abnormalities,

namely aneuploidy and mosaicism,’**

and fragmentation
is in general, a manifestation of embryonic defects.
Cytoskeleton and spindle defects can also cause chromo-
somal aberrations and fragmentation. The postulated ori-
gin of embryo fragmentation is that it is a function of
apoptosis.*®*” Our results of mtDNA/gDNA ratios and
whether the embryo can develop to the blastocyst stage
are inconsistent with previous findings. The mtDNA/
gDNA ratio in culture medium reportedly correlates with
fragmentation; the amounts of cell-free DNA appeared

Table 2 Univariate Comparison of Exposure Factors Between Blastocyst Formation Group and the Non-Blastocyst Formation Group

Blastocyst Formation Group (n=141) | Non-Blastocyst Formation Group (n=82) ZI)(2 P
Age 30.00(5.00) 29.0(5.00) -0.721 0.471
Number of embryonic cells **
n<é 45(31.91%) 60(73.17%) 3542 <0.001
6<n<9 87(61.70%) 20(24.39%)
9<n 9(6.38%) 2(2.44%)
% fragmentation**
F<I10 90(63.83%) 37(45.12%) 25.038 | <0.001
10<F<15 41(29.08%) 18(21.95%)
I5<F 10(7.09%) 27(32.93%)
Morphological grade**
Grade A 59(41.84%) 3(3.66%) 60.85 <0.001
Grade B 58(41.13%) 27(32.93%)
Grade C 24(17.02%) 52(63.41%)
The mtDNA/gDNA ratio** 29.09(41.8) 39.15(43.39) 4462.50 | 0.005

Note: **Statistically significant differences, with P < 0.01.
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Table 3 The Logistic Regression Analysis

B S.E, Sig. Exp
(B)
Step n<é 0.502
" 6<n<9 —0.386 | 0.492 | 0.432 | 0.680
9<n 0.505 0.885 | 0.568 | 1.658
GradeA** 0.000
GradeB VS GradeA** | —2.509 | 0.687 | 0.000 | 0.08I
GradeC VS GradeA** | —3.921 | 0.829 | 0.000 | 0.020
F<10 0.081
10<F<15 VS F<10 0.527 0.396 | 0.184 | 1.694
I5<F VS F<10 —0.607 | 0.476 | 0.202 | 0.545
The mtDNA/gDNA —0.001 | 0.002 | 0.554 | 0.999
ratio
Constant 3.352 0.772 | 0.000 | 28.570

Notes: *Variable (s) entered on step |: number of embryonic cells, morphology
grade, % fragmentation and the mtDNA/gDNA ratio. **Statistically significant
differences, with P < 0.01.

larger in spent media of embryos with fair and poor
morphological score compared with those of high-grade
embryos, although the difference was only statistically

significant for dsDNA (P = 0.0452). The ratio was lower
in patients aged < 35, than in those aged > 35 years (P <
0.05).%° But other studies have shown different results,
they found that a high mtDNA/gDNA ratio in spent med-
ium was associated with successful implantation outcome
(P = 0.0452) of good-quality embryos.?' Which seems to
be the opposite of the previous and fragment results. It is
hard to explain why embryos with more fragments are
more likely to be implanted. This might have been due
to the selection of different populations. With the multiple
annealing and looping-based amplification cycles method
of next-generation sequencing for whole genome amplifi-
cation, a study reported that the mt/gDNA ratio of medium
from embryos that reached blastulation with successful
pregnancy showed a decreasing trend, but the differences
were not statistically significant.”> Based on previous
research, we reduced the impact of individual differences
and the influence of age by selecting standard patients in
our center seeking assistance with pregnancy. We also
used digital PCR technology, which provided better detec-
tion sensitivity and more accurate results.

We further analyzed the relationship between blasto-
cyst ratings and the mtDNA/gDNA ratio of cleavage stage
blastocysts and found no relationship between them. The
small sample size might also account for the results

Table 4 Generalized Estimating Equation Model Compare Embryological Parameters Between Groups

Parameter B S.E, Wald Chi-Square Sig. Exp (B)
n<é —0.672 0.8169 0.677 0411 0.511
6<n<9 —0.931 0.7850 1.408 0.235 0.394
9<n 0* |
Grade=A** 3.714 0.7365 25.432 0.000 41.033
Grade=B** 1.302 0.4276 9.276 0.002 3.678
Grade=C 0* |
F<10 0.583 0.4625 1.591 0.207 1.792
10<F=<15 1.109 0.5959 3.462 0.063 3.030
I15<F 0* |
mtDNA/gDNA=0-15.79 0.576 0.5392 1.140 0.286 1.778
mtDNA/gDNA=15.80-33.33 —0.114 0.3811 0.089 0.765 0.892
mtDNA/gDNA=33.34-58.33 —0.163 04315 0.143 0.705 0.850
mtDNA/gDNA=58.33—433.33 0* |

Notes: Dependent: Whether blastocyst is formed. Model: (Intercept), number of cells, D3 morphology grade, % fragmentation and the mtDNA/gDNA ratio. *This
parameter is redundant, so it is set to zero. **Statistically significant differences, with P < 0.01.

Pharmacogenomics and Personalized Medicine 2021:14

529

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

differing between the present and previous studies.”> We
classified blastocysts as high-, -medium, and poor-quality
according to the ICM ratings and TE as an integrity factor.
The ICM and TE were separately analyzed a previous
study.”?

We further investigated the relationship between the
mtDNA/gDNA ratio and embryo development, by subdi-
viding the unformed blastocysts according to embryo frag-
mentation. We found a tendency towards increased
embryo fragmentation, and a decreased mtDNA/gDNA
ratio in the group that did not form blastocysts. However,
the tendency did not reach statistical significance. This
might have been due to the fact that among the 82
embryos, blastocysts did not form due to fragments, and
other factors might have affected blastocyst formation.
Other factors will cause embryos with fewer fragments
to consume more mitochondria and increase the content
of mtDNA in the medium. However, this needs to be
addressed in a larger patient cohort.

Although the non-invasive detection of embryos has
good application prospects, the use of the mtDNA/gDNA
ratio in culture medium for prediction requires more para-
meters. Logistic regression analysis significantly asso-
ciated only the morphology grade of day 3 embryos with
the blastocyst formation (P < 0.001). The same conclusion
was obtained when comparing embryological parameters
between groups using a generalized estimating equation
model; when the embryo was Grade A, P < 0.001 and the
odds ratio was 41.033. A comparison of the blastulation
effect of the embryo morphological rating and the
mtDNA/gDNA ratio as the area under the ROC curve
showed that the embryo morphological rating has obvious
advantages.

We used dPCR to assess the relationship more accu-
rately between the mitochondrial genome content in cul-
ture medium and embryonic developmental potenFn
a larger study cohort and increasing the proportion of
single blastocyst transplants in the data population.

Conclusion

The mtDNA/gDNA ratio is associated with the cleavage
stage embryo rating, fragmentation, and developmental
state, and correlates with the blastocyst rating. However,
shortcomings are still associated with using only this indi-
cator to predict embryonic development potential.
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