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Abstract

Background. Preimplantation genetic testing (PGT) is a powerful tool for patients with a high risk of trans-
mitting a genetic abnormality to their children. Unlike other assisted reproductive technologies (ART), it has
technical issues which remain unresolved.

Objectives. To develop a modified tubing method for placing biopsied samples into amplification tubes
for PGT.

Material and methods. A modified tubing method was developed and applied to PGT, with the microma-
nipulator aiding in the fine movement of transfer pipettes, and with a microinjector to minimize the amount
of medium which is transferred with the biopsy samples into the amplification tube. A total of 826 blasto-
cysts from 222 PGT cycles performed between December 2016 and December 2019 were retrospectively
analyzed. As the tubing of the cells could not always be inspected visually and they would only be detected
by the presence of DNA after amplification, the main outcome measure was the amplification success rate.

Results. The amplification success rate with the modified tubing method was 99.6%.

Conclusions. The modified tubing method is efficient and simple. It is a promising technique for PGT
tubing. To the best of our knowledge, this is the first report on the use of a modified micromanipulator and
microinjector for improving the tubing rate in PGT cycles, and the presented method is by far the closest
to actual use for PGT tubing.

Key words: trophectoderm biopsy, preimplantation genetic testing, modified tubing method, vision-based
tubing system, biopsy tubing
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Introduction

Preimplantation genetic testing (PGT) is used in early
prenatal genetic diagnosis, in which abnormal embryos
are identified, so that only genetically normal embryos can
be used for transfer. Its indications have also been signif-
icantly extended to include common late-onset disorders
and non-genetic conditions, such as testing for human
leukocyte antigens (HLA) matching.!? There is no doubt
that PGT is a powerful tool for patients with a high risk
of transmitting a genetic abnormality to their children,
though the technique has its own set of specific techni-
cal issues.>*

Preimplantation genetic testing requires multiple steps
and manipulations of the gametes and embryos in order
to select unaffected embryos for transfer and subsequent
potential pregnancy. For example, the quantitative poly-
merase chain reaction (QPCR)-based trophectoderm biopsy
for both monogenic diseases and chromosomal abnormali-
ties consists of 32 steps in the process.” The main steps in-
volved in PGT are as follows: embryo biopsy, biopsy tubing,
embryo cryopreservation, diagnosis, embryo warming, and
embryo transfer.® Placing biopsied samples into amplifica-
tion tubes (tubing) without losing genetic material is a pre-
requisite for the ultimate success of DNA amplification.’
Cases of DNA amplification failure are mainly due to los-
ing the biopsy samples during the tubing process, which
requires repeated moving and washing.® Because of these
losses, there may be no biopsy samples to diagnose, which
is an outcome that is unacceptable for all couples.’

Unfortunately, the conventional method relies
on the manual control of micropipettes for transferring
embryonic cells to PCR tubes with or without microscop-
ic visualization.!? Transferring biopsy samples into PCR
tubes and precisely controlling the position of the cells
within the micropipette is challenging because of the small
volume and the strong adhesion force of the cells involved
in the process. Due to the inherently limited manipulabil-
ity offered by manual control, the outcome is heavily de-
pendent on the operator’s ability and experience. These
limitations cause the need for optimization of the tub-
ing process.

In recent years, we have seen progress in automation
and novel techniques in the field of assisted reproduc-
tive technology (ART) manipulation, but there is little
or no debate about the optimization of tubing techniques
for placing biopsy samples into amplification tubes for
PGT.!''" The purpose of this study was to describe a new
method for biopsy sample tubing, which allows the tubing
step to be precisely controlled, and minimizes the amount
of medium transferred along with the cell into the PCR
tube. To our knowledge, this is the first report on the use
of a modified micromanipulator and microinjector for im-
proving the tubing rate in PGT cycles, and the present-
ed method is by far the closest to the actual use for PGT
tubing.
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Material and methods
Patients

This retrospective study was performed at a single in vi-
tro fertilization (IVF) center and analyzed the PGT cycles
of patients who had undergone treatment between Decem-
ber 2016 and December 2019. A total of 826 embryos from
139 patients were biopsied at the blastocyst stage. Only vit-
rified—warmed single-embryo transfers (SETs) were per-
formed in this study. The primary outcome in this study
was the amplification success rate, as the tubing of the cells
could occasionally not be inspected visually and would
only be detected through the presence of DNA after ampli-
fication. The study was approved by the Ethics Committee
of Guangzhou Women’s and Children’s Hospital (China)
and informed consent was obtained from all participants.

Embryo culture and biopsy

Only zygotes presenting with 2 pronuclear bodies were
cultured in G1-PLUS/G2-PLUS sequential media (Vitro-
life, Gothenburg, Sweden) until they reached the blas-
tocyst stage. Blastocyst grading was performed based
on the Gardner and Schoolcraft criteria.!® Biopsies were
performed on day 5 or day 6 according to the blastocyst
grade on that day.

Preparation of modified transfer device

The modified transfer device assembly consists of a mod-
ified micromanipulator, a modified microinjector with
a drawn Pasteur pipette, and a homemade PCR rack
(Fig. 1A). It was used in conjunction with a stereomicroscope
(Fig. 1B). The micromanipulator modified for the movement
of the transfer micropipette could be made by dismantling
part of the injection holder from a commercial microma-
nipulator, such as RI (Falmouth, UK), Narishige (Tokyo,
Japan), or Eppendorf. The modified microinjector (Fig. 2A)
was made from a commercial microinjector, where the end
cap on the top of the micropipette holder was replaced with
aflexiblessilica gel connector with an inner diameter of 200—
300 pm. The rack for the PCR tube (Fig. 2B) was made from
a petri dish with a notch attached to it to give it a suitable
tilting angle (30—35°) for the tube. The micropipettes used
to transfer the biopsy samples (Fig. 2A), with an internal
diameter of 30—40 um, were drawn using Pasteur pipettes.
After being drawn, the glass pipettes were sterilized using
dry heat at 160°C for 2 h.

Biopsy tubing

At any step from biopsy tubing onwards, the proce-
dure of moving biopsy samples from the biopsy dish
to a PCR tube was performed inside an IVF worksta-
tion, with the aid of a modified transfer device and
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Fig. 1. Representation of the modified transfer device. A. The modified transfer device assembly. B. The modified transfer device in conjunction with

stereomicroscope

Fig. 2. Material source and construction of modified microinjector, micropipette and PCR tube rack. Inside the red oval is the flexible silica gel connector

a stereomicroscope. In brief, the biopsy dish is moved
and placed under the stereomicroscope. The magnifica-
tion of the stereoscope is adjusted according to the mi-
cropipette. With the aid of the modified micromanip-
ulator and microinjector, the transfer micropipette
is moved to the biopsy sample, and then the biopsy sam-
ple is drawn into the micropipette (Fig. 3A,B). The biop-
sied specimen is washed with a few drops of clean me-
dia to remove paraffin oil, partial sets of chromosomes
and other potential contaminants. Following the same
steps, the biopsy samples in the micropipette are moved
into the corresponding PCR tube (Fig. 3C,D).

To avoid the biopsied cells becoming stuck to the inner
wall of the transfer micropipette, the micropipette should
be washed in 7% polyvinylpyrrolidone (PVP) medium be-
fore biopsy tubing.

Statistical analysis

All data analysis was performed using SPSS Statistics
v. 25 software (IBM Corp., Armonk, USA). The statistics
are expressed as means * standard deviation (SD) for con-
tinuous variables, while percentages are used for categori-
cal variables.

Results

Characteristics and embryological data
of the study patients

A total of 826 blastocyst-stage biopsies from 222 PGT
cycles at a single center using the modified tubing method
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Fig. 3. Optimization of biopsy tubing procedural steps. A,B. The biopsy sample was transferred from biopsy dish. C,D. The locate the micropipette
containing biopsy sample was inserted into the PCR tube, and the biopsy sample was expelled into the PCR tube. The red arrows showed the microscopic
visualization of biopsy sample

for biopsy samples between December 2016 and December
2019 were included. The characteristics of the study pa-
tients are shown in Table 1. In laboratory outcomes, 2595
metaphase II (MII) oocytes were injected and cultured,
2113 were observed to have 2 pronuclear bodies and 2060
fertilized oocytes reached the cleavage stage. There were
1359 cleavage-stage embryos developed to blastocyst stage,
of which 826 were usable blastocysts and 459 were high-
quality blastocysts. The fertilization rate, cleavage rate,
blastocyst formation rate, usable blastocyst rate, and high-
quality blastocyst rate were 81.4%, 97.5%, 66.0%, 60.8%,
and 33.8%, respectively (Table 2).

PGT results and clinical outcomes
of modified biopsy sample
tubing method
In the PGT results, of a total of 222 PGT cycles, 190 cy-

cles achieved embryo biopsy, while 32 cycles (14.4%) did
not, as no embryo developed to the available blastocyst

stage. Overall, 823 out of 826 (99.6%) blastocyst biopsies
resulted in successful amplification. Three (0.4%), includ-
ing 2 day 5 blastocysts (Fig. 4A,B) and 1 day 6 blastocyst
(Fig. 4C) from different individual patients failed to am-
plify. The mean number of biopsied embryos per patient
was 3.7 £3.4. Of the embryos successfully amplified, 100%
had interpretable results and 38.2% were genetically trans-
ferable. The clinical pregnancy rate per transfer, live birth
rate and miscarriage rate were 80.9%, 74.5% and 6.4%, re-
spectively (Table 2).

Discussion

A key caveat for PGT is the need to prevent the loss of bi-
opsy samples during tubing. This problem is even more
pronounced in patients from whom few oocytes are re-
trieved. How can the loss be minimized? Conventional
PGT to date has focused on embryo biopsy and diagno-
sis,>>10 but not a single paper has been published focusing
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Table 1. Characteristics of the study population

Indication
Number of patients, n 139
Number of cycles, n 222
Maternal age (£SD) [years] 333454
BMI [kg/m?] 217426
Infertility duration (£SD) [years] 23425
Basal FSH [IU/L] 6.0+2.1
Basal LH [IU/L] 3.7 2.1

Indication to PGT (%)

PGT-A 86/222 (38.7)
PGT-M 54/222 (24.3)
PGT-SR 78/222 (35.1)
Other 4/222 (1.8)
Retrieved oocytes, n (mean +SD) 2087 (14.5 £8.9)
MIl oocytes, n (mean £SD) 1707 (11.7 £7.3)

BMI - body mass index; MIl - metaphase Il; PGT-A — PGT for aneuploidies;
PGT-M - PGT for monogenic; PGT-SR — PGT for structural arrangements;
SD - standard deviation.

Fig. 4. Amplification failure — embryos from three different individual patients

on the optimization of the tubing method for placing bi-
opsy samples into amplification tubes for PGT. Our center
had started to advance the safety and accuracy of tubing
and to encourage this technique to be adopted into clini-
cal practice in order to improve PGT.

Precise control is required during tubing, because
of the size of the biopsy samples (no more than 30 pm)
and the volume of lysis buffer in the amplification tube
(usually 3 pL in whole genome amplification). However,
the manual control of micropipettes is notoriously im-
precise. Therefore, tubing biopsy samples into PCR tubes
is a challenging task for many embryologists. For Euro-
pean Society for Human Reproduction and Embryology
(ESHRE) data collection XIV-XV,!® 71 centers reported
data on 11,481 cycles with PGT, along with 64,395 biopsies
from January 2011 to December 2012; DNA amplification

Table 2. Embryological data and PGT results of modified biopsy sample
transfer method

Parameter ‘ Total
Cycle characteristics
Oocytes injected 2595
Fertilization rate, n (%) 2113/2595 (81.4)
Cleavage rate, n (%) 2060/2113 (97.5)
Blastocyst formation rate, n (%) 1359/2060 (66.0)
Usable blastocyst rate, n (%) 826/1359 (60.8)
High-quality blastocyst rate, n (%) 459/1359 (33.8)
PGT results
Cycles with biopsiable embryos, n (%) 190/222 (85.6)
Biopsied embryos, n (mean +SD) 826 (3.7 +3.4)
Amplification efficiency, n (%) 823/826 (99.6)
Not affected embryos diagnosed, n (%) 314/823 (38.2)
Clinical outcomes

Number of embryos transferred, n (mean +SD) 47 (1.0 +0.0)
Implantation rate 38/47 (80.9)
Clinical pregnancy rate, n (%) 38/47(80.9)
Miscarriage rate 3/47 (6.4)
Live birth rate (% per ET) 35/47 (74.5)

SD - standard deviation; ET - embryo transfer.

products were detected in 63,388 biopsies (98.4%) and
59,556 biopsies (92.5%) had interpretable results. In a study
by Capalbo et al. on 2586 blastocyst-stage biopsies from
906 IVE-PGT cycles at 3 IVF centers between April 2013
and December 2014, the amplification success rate and
diagnostic efficiency were 98.8% (2556/2586) and 94.2%
(2,437/2,586), respectively.’” More recently, a study that
included 8990 blastocyst-stage biopsies of 6 IVF centers
found that 98.0% of biopsies could be detected through
the presence of DNA after amplification, but up to 97.5%
of biopsied samples were able to be conclusively diag-
nosed.’® This evidence suggests that diagnostic efficien-
cy is continually improving, whereas the amplification
success rate has remained unchanged. This means that
with new genetic testing technology, the accuracy and
sensitivity of the analysis method has increased,'® though
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no significant development has been made in the tubing
or DNA amplification techniques.

In the present study, the amplification success rate was
99.6%, which was higher than the reference studies select-
ed in it. The reasons for the outcomes were the proposed
optimization approach, which included a few improve-
ments: the modified micromanipulator aided in the fine
movement of the micropipette, the modified microinjec-
tor minimized the amount of medium co-transferred with
the cell, and the modified transfer device combined with
a stereomicroscope provided a vision-based tubing sys-
tem. These simple solutions can lead to a reduced need
for an embryo re-biopsy, benefiting the amplification suc-
cess rate and resulting in improved PGT results. As is well-
known, the guidelines of the Preimplantation Genetic
Diagnosis International Society and the ESHRE PGD
consortium all recommend that the amplification suc-
cess rate be no less than 90%.2>! Based on data from sur-
veys and the PGD Consortium, the Vienna consensus rec-
ommends that the reference values of a successful biopsy
rate be as follows: competency >90% and benchmark >95%.
Additionally, the benchmark of a tubing rate of 95% was
reported in the Alpha survey.?> These recommendations
confirm that this modified approach is technically solid.
At the same time, the tubing procedure with the modi-
fied method was easily standardized among the opera-
tors. As the success of a PGT treatment cycle is the result
of great attention to detail, the optimization of any proce-
dural steps is a pragmatic goal.®

A common characteristic between all biopsy stages
is the limited quantity of samples available for genetic
analysis, potentially compounded by the often sub-opti-
mal quality of the embryo cell biopsied.?® The cell death
in TE cells, damage to genomic DNA from the laser or me-
chanical injury during the biopsy may also affect the qual-
ity of the biopsy samples.?*?> Damaged DNA from poor-
quality biopsy samples may lead to an amplification failure
or to low-confidence profiles.? In the present study, 3 biop-
sies did not produce any DNA amplification (Fig. 4). Ampli-
fication failure (AF) suggests only the absence of TE cells
in the test tube or the presence of degenerated/lysed cells.
The rate of AF is mainly imputable to technical aspects,
and an increasing trend has been found from the most
to the least experienced clinics.!® As the control was visual
and precise in this study, AF may be related not to the loss
of the biopsied TE cells during the transfer from the bi-
opsy dish to the amplification tube, but to the biopsy pro-
cedure. In fact, careful consideration is required when
selecting the optimal time to perform biopsy for PGT. Ac-
cording to our results, as the expansion grade of blasto-
cysts in 3 biopsies of AF was low, these blastocysts would
be better with extended culturing.

In this study, biopsy and embryo transfer were performed
at the blastocyst stage. The different days of biopsy turned
out to be the main variable affecting both the presence
and quality of the analyzed DNA. From days 3 to 5, longer
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culturing in vitro and wider blastocyst expansion were
associated with smaller biopsy samples (i.e., with a higher
DNA content and quality).!® Also, the evidence suggests
that cleavage-stage biopsy impairs the potential for human
embryo implantation significantly more than blastocyst bi-
opsy,?’~% and embryo transfer at the blastocyst stage is ac-
companied by an improvement in pregnancy rates. From
recently performed reviews and meta-analyses, the live
birth rate of PGT ranged between 30% and 70%.30-32
In the present study, the implantation rate, clinical preg-
nancy rate, live birth rate, and miscarriage rate were 80.9%,
80.9%, 74.5%, and 6.4%, respectively. These findings sug-
gest that the PGT technique in our IVF center is stable.

The study has a few limitations. Because there is no ideal
indicator for tubing, our outcome measure was the ampli-
fication success rate rather than the tubing rate. No com-
parative studies between the conventional method and
the modified approach were performed in the same lab,
and there are only few reports on amplification success
rate. However, for safety assessment and training, the mod-
ified approach was evaluated both in a mouse experimen-
tal system and in a preclinical study using spare embryos
from routine IVF procedures, before being applied in clin-
ical PGT. The results were shown to be compatible with
a high tubing rate of biopsy samples.

Conclusions

The present study demonstrates that the tubing method
of biopsy samples can be a viable option for clinical appli-
cation in PGT cycles. Instead of manual control, which re-
quires many procedures of training to obtain proficiency,
this tubing procedure is simple to perform and has a high
degree of precision.
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