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retrieval and isolation of the cervix: preliminary study

Min Jin Lee'”, Soo Hyun Kim*“, Hee Jin Park’”, Sung Han Shim’”, Hee Yeon Jang’”, and Dong Hyun Cha**
'Department of Obstetrics and Gynecology, CHA llsan Medical Center, CHA University, Goyang, Korea

*Department of Obstetrics and Gynecology, CHA Gangnam Medical Center, CHA University, Seoul, Korea

*Genetics Laboratory, Fertility Center of CHA Gangnam Medical Center, CHA University, Seoul, Korea

Purpose: Trisomy 21, the cause of Down syndrome (DS) with various medical problems, is the most common aneuploidy
during the fetal period. For diagnosis, a non-invasive screening test using maternal blood, which cannot be confirmed and
invasive confirmation test with a risk of miscarriage, may be performed. The trophoblast retrieval and isolation of the cervix
(TRIC) have been proposed by some researchers as an alternative to overcome the limitations of current tests. We experi-
mented using TRIC to identify the possibility of trisomy 21 for the first time in Asia.

Materials and Methods: Three cases of DS were analyzed confirmed by invasive tests (chorionic villus sampling, amniocen-
tesis). All samples of trophoblasts immediately were immersed in phosphate-buffered saline and processed with formalin for
fixation. The trophoblasts were isolated using an anti-human leukocyte antigen-G antibody coupled to magnetic nanopar-
ticles. B-human chorionic gonadotropin (hCG)-expressing cells were considered as trophoblast cells, and the detection rate
calculated. DS was confirmed by fluorescence in situ hybridization (FISH).

Results: The mean trophoblast detection rate using B-hCG was 78.1%, and the detection rate using FISH was 22.2%. In all
cases, the trisomy of chromosome 21 was identified.

Conclusion: Trophoblast can be obtained from the five weeks of gestation and has a high detection rate, so it is noted that it
can replace the current prenatal genetic test. To realize the clinical application as a prenatal genetic test, we will need addi-
tional efforts to identify trisomy 21 as well as other chromosomal abnormalities in future large-scale studies.
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and isolation from the cervix.

Introduction

According to the European Surveillance of Congenital Anom-
alies, trisomy 21, a common cause of Down syndrome (DS), ac-
counts for more than half of all aneuploidy pregnancy [1]. About
50% of neonates born with DS have cardiac defects (ventricular

septal defects and endocardial cushion defects), and 12% have
gastrointestinal abnormalities (esophageal atresia, Hirschsprung
disease, and duodenal atresia). Children have health problems
(hearing loss, severe optical refractive errors, cataracts, obstruc-
tive sleep apnea, thyroid disease, and leukemia) [2]. In adults,
one-third of women deliver DS babies, and almost men are
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infertile [3]. DS can affect not only the economic problems of
medical costs but also social adaptation, as it is accompanied by
varying degrees of mental retardation [4]. Therefore, prenatal
testing for DS provides essential information to pregnant wom-
en preparing for childbirth.

Currently, prenatal tests that can identify DS are divided into
diagnosis and screening. Diagnosis is a confirmative test to
determine whether a fetus has chromosomal abnormalities.
Confirmative tests such as chorionic villous sampling (CVS) and
amniocentesis are invasive and performed to analyze chromo-
somes in cells derived from fetus extracted from the chorion
and amniotic fluid. Although the detection rate for DS is more
than 99%, it is reported that the procedure-related pregnancy
loss rated is 1-2%, which makes maternal anxiety [5]. On the
other hand, the screening method predicts the risk of fetus'
chromosomal abnormalities and analyzes fetal DNA in the blood
serum of pregnant women. The detection rate of DS using a
non-invasive prenatal test (NIPT) is known to be 98-99% [6]. If a
high-risk result is found for chromosomal abnormality in NIPT,
the invasive test should be done. People hope for an innovative
technology that overcomes the limitations (invasiveness, need
to confirm) of the current testings, so some researchers have
suggested the alternative testing using trophoblast retrieval and
isolation of the cervix (TRIC).

The TRIC is based on the theory that during the 5-12 weeks of
gestation, a portion of the extravillous trophoblast may fall from
the edge of the placenta, enter the uterine cavity, then reach
to the cervix and be isolated. Many studies have shown that
samples taken in the same way as the Papanicolaou (Pap) test,
performed in early pregnancy, have reported a detection rate of
75-1000% of the TRIC. TRIC has confirmed the higher detection
rate of trophoblasts than cell-free fetal DNA (cff DNA) using ma-
ternal blood. Various studies are currently underway to detect
chromosomal abnormalities using TRIC. Our team has already
reported on how to separate more efficiently TRIC cells using
post-fixation [7]. This study aimed to confirm the diagnosis of
DS, the most common aneuploidy in the prenatal period, using
our post-fixation TRIC method for the first time in Asia.

Materials and Methods

1. Patient selection

We received the IRB approval of the Gangnam Cha Medical
Center (GCI-17-38). The study conducted with the informed
consent of all participants between August and November 2018.
The clinician who took a sample knew that the fetus had a DS,

but the researcher who processed the tissue and conducted it
did not know about it. All participants were singleton pregnant
women within 17 weeks of gestation. Three cases of DS were
analyzed by invasive confirmatory tests (CVS, amniocentesis)
due to increased nuchal translucency, positive maternal bio-
chemical serum marker, advanced maternal age.

2. Endocervical sampling and fixation

The samples are taken in the same way as the Pap test using
the cytobrush. To prevent cell aggregation caused by alcohol, we
immediately immersed in PBS and transferred to the laboratory.
The mucus of samples was removed using 3% acetic acid (300
ul/10 mL) at room temperature for 5 minutes and then washed
and treated with trypsin-EDTA. The washed cells were then fixed
with 3.7% formalin at 4°C for 10 minutes. Fixed cells centrifuged
at 900 g for 5 minutes stored at 4°C immediately after washing.

3. Isolation of trophoblast cells

The 20 pL of 250 nm magnetic nanoparticles conjugated to
goat anti-mouse IgG antibody (Clemente Associate, Madison,
CT, USA) was incubated with Mouse anti-human leukocyte
antigen (HLA)-G antibody (5 ng, Clone 4H84, BD Biosciences,
Pharminge, CA, USA) for overnight at 4°C. The fixed cells conju-
gated HLA-G coupled nanoparticles and incubated overnight at
4°C with mixing. Using magnetic immobilization, the bounding
cells, which were considered trophoblast cells, were collected
and washed with cold PBS.

4. Immmunochemistry

Since trophoblast secrets human chorionic gonadotropin
(hCG) specifically, the experimental method for detecting tro-
phoblast using it is as follows.

The HLA-G positive cells suspended in 200 pl of PBS were
centrifuged onto a slide using a Cytospin 7620 (Wescor Inc.,
Logan, UT, USA) at 1,500 rpm for 5 minutes. The cells were dried
on slides and blocked for 1 hour or more in PBS with 3% BSA
at 4°C.The slides were labeled with a 3-hCG primary antibody
(1:50 dilution) overnight at 4°C. The slides were incubated with
the primary antibody at 4°C overnight. Then the slide was incu-
bated with Alexa Fluor® 555 goat anti-mouse lgG (Invitrogen,
Carlsbad, CA, USA) at 4°C for 1 hour. Then, the cells dyed at room
temperature with 4', 6-diamidino-2-phenylindole dihydrochlo-
ride for 10 minutes. The cells were observed under ZEISS Axio
Imager 2 fluorescence microscope (Carl Zeiss, Thornwood, NY,
USA.
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5. Fluorescence in situ hybridization

According to the manufacturer's protocol, trisomy 21 was
confirmed using FISH probes for chromosome 21 using TelVys-
ion 21q SpectrumOrage (Abbott Molecular, Des Plaines, IL, USA)
and signals were analyzed using Zeiss AXIO Imager A2 fluores-
cent microscope (Carl Zeiss) with the Isis FISH imaging system.

Table 1. Characteristics 3 cases of DS diagnosed for TRIC analysis

Results

Of the three cases, advanced maternal age was 2 cases, and
multiparous was 1 case (Table 1). The average number of total
endocervical cells was 4.7x105, and HLA-G(+) was 1,440 (Table
2). The mean trophoblast detection rate using B-hCG was
78.1%, and the detection rate using FISH was 22.2%, which was

Sample number Age Gravity Parity GA Confirm test Indication
1 38 3 2 13+5 CVS Increased NT
2 4 1 0 1640 Amniocentesis Integrated test-DS, NTD high risk
3 34 1 0 1645 Amniocentesis Integrated test-DS, NTD high risk

DS, down syndrome; TRIC, trophoblast retrieval and isolation of the cervix; GA, gestational age (weeks); CVS, chorionic villous sampling; NT, nuchal trans-

lucency; NTD, neural tube defect.

Table 2. Cytologic characteristics of 3 cases using TRIC

Sample number Total endocervical cells

HLA-G positive cells

Detection rate (%)

B-hCG FISH
1 5.3x10° 900 81.5 24.0
2 4.2x10° 1,670 65.7 233
3 4.5x10° 1,750 78.0 19.4
Mean 4.7x10° 1,440 781 22.2

TRIC, trophoblast retrieval and isolation of the cervix, HLA, human leukocyte antigen; hCG, human chorionic gonadotropin; FISH, fluorescent in situ hybrid-
ization.

Fig. 1. Fluorescence in situ hybridization
result for Down syndrome diagnostic ana-
lyzed with trophoblast retrieval and isola-
tion of the cervix. The yellow arrow points
to chromosome 21. (A-C) correspond to
samples number 1-3 cases, respectively.
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3.4 times lower (Table 2). DS identified chromosome 21 using
FISH (Fig. 1).

Discussion

DS is affected by the maternal age because it is known to be
caused by nondisjunction during meiosis. While women's socio-
economic status gradually improves, the incidence of DS preg-
nancy according to advanced maternal age has increased by
about 33% during four decades [8,9]. Therefore, the importance
of prenatal genetic testing is emphasized to prepare for the birth
of DS.

Pregnant women hope to be confirmed with high accuracy
tests for genetic abnormalities without threatening their fetus'
well-being. To meet these needs, the cff DNA analysis using ma-
ternal blood, presented by Lo et al. [10] in 1997, led to the rapid
growth of the NIPT market. Compared to conventional screen-
ing tests, the NIPT market has increased dramatically because of
the higher sensitivity and specificity and lower false positive rate
of aneuploidy for 13, 18, 21, and sex chromosomes, as well as
the absence of miscarriage risk. NIPT utilizes a fetal DNA fraction
derived from apoptotic trophoblast cells programmed cell death.
The traditional NIPT fragment is 160 bp and is generally known
to be about 10%. For this reason, cffDNA derived from maternal
and placental is affected by placental mosaicism, vanishing twin,
occult maternal malignancy [11]. A low fraction of less than 4%
causes assay failure, high assay variance, and is influenced by
the maternal weight or early gestational age [12]. NIPT can't
overcome the limitations of the screening test. Ultimately, there
is no hon-invasive diagnostic test yet.

In 1971, Shettles [13] first confirmed the presence of tropho-
blast from the cervix. For half a century, various studies have
proven that the trophoblast obtained from the cervix is intact
fetal DNA [14]. It has been reported that this makes it possible
to identify fetal DNA regardless of the maternal weigh [15].
On average, a woman notices pregnancy at 5.5 weeks. When
pregnancy is confirmed, the prenatal test, including a screening
test for cervical cancer, is performed at the early pregnancy [16].
The safety of the cytobrush used at this time has already been
proven [17]. Most TRIC studies use cytobrush for trophoblast
sampling, which is the same as the Pap test. Also, it has been re-
ported that trophoblast can be obtained from the five weeks of
gestation [18,19]. This means that pregnant women do not have
to spend extra time or perform any additional procedures, and
can check DS at the earliest of the existing test. It can also pro-
vide mothers sufficient information and time to plan for their

future.

Prenatal genetic testing using TRIC is the hope of non-inva-
sive confirmatory testing that satisfies all conditions of early
testing, conciseness, safety, and intact fetal DNA. The key to the
clinical application of TRIC depends on how purely the tropho-
blast is isolated. Our research team defined the basic concept of
TRIC in four-steps (sampling, fixation, isolation of trophoblast,
analysis), and among them, reported a study on how to increase
the efficiency of cell isolation in the cell fixation step (called
as post-fixation method) [7]. Using the post-fixation method,
the possibility of a diagnosis of DS, which is the most common
chromosome abnormality in the prenatal period, was confirmed
in the study. However, unlike the FISH results that can confirm
the pure trophoblast, the rate of trophoblast detection in im-
munochemistry is nearly four times different. This suggests that
non-trophoblast cells have not been sufficiently isolated by TRIC
using immunochemistry. This remains a challenge for us to im-
prove on the TRIC.

This study has the strength of being the first study to confirm
the DS diagnosis in Asia by TRIC. On the other hand, the limita-
tions are that the small sample size and the number of gesta-
tional age are extensive. Our research expected to confirm the
diagnosis of other aneuploidies using TRIC in the future, and to
be used as a basis for confirmatory tests that can replace NIPT
and conventional invasive tests by combining NGS technology.
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