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Detection of fetal RhD gene fromm maternal blood
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Tuba Giinel', ibrahim Kalelioglu?, Hayri Ermis?, Kilic Aydinli3
/[stanbul University, Faculty of Science, Departiment of Molecular Biology and Genetics, Istanbul, Turkey
ZIstanbul University, Faculty of Medicine, Departiment of Obstetrics and Gynecology, Istanbul, Turkey
Istanbul University, Cerrahpasa Faculty of Medicine, Departrment of Obstetrics and Gynecology, Istanbul, Turkey

Abstract

Ozet

Objective: Hemolytic disease of the newborn (HDN) is a clinic phe-
nomenon which occurs during pregnancy due to the Rhesus (Rh) D
alloimmunization between a Rh (-) pregnant woman, who has become
sensitive to RhD antigens, and her Rh (+) fetus. As a result of the at-
tack of maternal RhD antibodies on fetal RhD antigens, fetal anemia,
HDN and fetal death may occur. % 40 of Rh (-) pregnant women carry
Rh (-) fetus. However, all Rh (-) pregnant women are offered anti-D
Immunoglobulin (Anti-D Ig) at 28 weeks’ gestation in case of fetoma-
ternal haemorrhage, so the pregnant women carrying Rh (-) fetus are
exposed to blood products unnecessarily. Although the RhD of fetus
can be detected, methods used for prenatal diagnosis recently are in-
vasive tests and they can result in abortion in a certain percentage . The
discovery of circulating cell-free fetal nucleic acids in maternal plasma
has opened up new possibilities for non invasive prenatal diagnosis.
The aim of this study was to detect prenatal RhD by analysing the pres-
ence of the RhD gene of fetal DNA in maternal blood.

Material and Methods: Total free DNA was isolated from the blood of
19 Rh (-) pregnant women, who had RhD alloimmunization with their
husbands, in the 11-14 th week of their pregnancy. The existence of a
gene in isolated DNA was investigated with TagMan prob and “Real-
time PCR” method by using primers belonging to exon 7 of RhD gene.
Results: Using a quantitative real-time PCR assay, the presence of RhD
gene sequences was evaluated in the serum of patients at the onset
of pregnancy. We have analyzed 19 Rh (-) pregnant women. Twelve of
them were Rh (-) and the rest of them were 7 Rh (+). After birth the
baby’s blood groups were concordant with our results.

Conclusion: The results obtained by RhD primer were analysed. The
possibility of detection of fetal RhD gene in maternal blood contributed
to noninvasive prenatal diagnosis.
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Amag: Yeni doganin hemolitik hastaligl, daha 6nce “Rhesus” (Rh) D
antijenleri ile duyarli hale gelmis Rh (-) anne ile Rh (+) ¢ocugu ara-
sindaki RhD uyumsuzluguna bagl olarak hamilelik siirecinde ortaya
cikan Kklinik bir tablodur. Maternal RhD antikorlarnin fetal RhD anti-
jenlerini yok etmesiyle, fetusta kansizlik, yenidoganda sarilik veya fetal
oliim gerceklesebilir. Rh (-) gebelerin yaklasik % 40’1 Rh (-) fetus tagi-
maktadir. Buna ragmen tiim gebelere olasi bir fetal kanama riskine
kars1 hamileliklerinin 28. haftasinda anti D immiinglobulin (Anti-D Ig)
uygulanmakta ve Rh (-) fetus tasiyan gebeler gereksiz asi tiriiniine ma-
ruz kalmaktadir. Dogum 6ncesi tan ile fetusun RhD tayini yapilabilse
de, giiniimiizde kullanilan dogum 6ncesi tan1 metodlan girisimsel tet-
kikler olup belli oranlarda gebelik kayiplarina neden olabilmektedir.
Anne kaninda fetusa ait niikleik asitlerin hiicre disinda serbest dolasa-
bileceklerinin kesfi noninvazif prenatal tani i¢in yeni olanaklar acmis-
tir. Bu calismada da maternal kandan fetal DNA'da RhD geninin varli-
gina bakilarak dogum 6ncesi RhD tayini yapilabilmesi amaclanmustir.
Gereg ve Yontemler: 11-14. gebelik haftalarinda bulunan ve egleriy-
le aralarinda RhD uyumsuzlugu olan 19 Rh (-) gebeden kan alinarak
total serbest DNA izolasyonu yapilmustir. izole edilen DNA'larda RhD
geninin ekson 7 bolgesine ait primerler kullanilarak, TagMan prob
yontemi ile ve “Real-time PCR” araciligiyla genin varligr arastirlmustir.
Bulgular: “Real-time PCR” kullanilarak gebeliklerinin baginda olan
hastalarin serumlarinda RhD gen dizilerinin varhg1 degerlendirildi.
Analiz edilen 19 Rh (-) gebenin 12’sinin (Rh-), 7’sinin Rh (+) oldugu
belirlendi. Dogum sonrasinda bebeklerin kan gruplar ile bizim sonug-
larimiz birebir uyumlu ¢ikmustir.

Sonug: RhD primeri ile alinan sonuclar analiz edilmistir. Fetiise ait
RhD geninin maternal kanda belirlenebilmesi girisimsel olmayan do-
gum oncesi tani icin 6nemli bir katki saglamistir.
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Introduction

Hemolytic disease of newborn (HDN) is a clinic phenomenon
evidenced in children due to the rhesus (Rh) blood group
incompatibility between maternal and paternal blood groups.
The RhD antigens encoded by the RhD gene on the chromo-
some 1 determine the RhD blood group (Rh-, or Rh+) of
people, and in case of incompatibility between maternal and
paternal RhD blood group, this may result in intrauterine fetal

death, fetal anemia or neonatal icterus (1). The Rhesus (Rh)
blood group system is a very polymorphic system. RhD and
RhCE are located in the region of p36.13-p34.3 on chromo-
some 1, and they are 97% homologous to each other. Each
of these genes consists of 10 exones, and they contain 69 kb
of DNA. The regions of exone 7 and exone 10 within the RhD
gene are the areas of focus. In all positive results, the RhD
blood group has also been found positive (2). The bi-sidal
flow from the placenta during pregnancy has been presented
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in many studies (3). Free fetal DNAs stemming from the destruc-
tion of fetal cells in earlier weeks of pregnancy transport to the
maternal blood via the bi-sidal flow through the placenta (4).
3%-6% of free DNAs in the plasma of pregnant women have
been found to be fetal in origin (5). When the properties
brought by the the fetal DNA as a genetic substance has been
considered, many studies putting forward the assumptions of
the possibility of recognizing some of the genetical diseases
during pregnancy and the emphasis of the issue at prenatal
diagnosis have been subject to questioning. However, as the
purifying can be applied to have an access to total free DNA,
the particularity that belongs to the fetus does not have to be
found in the mother (the chromosomal disorders and gender)
and has to be inherited by a single gene (thalassemia and cystic
fibrosis) (6).

The determination of the free fetal DNA and RhD gene in mater-
nal blood make it possible to detect the RhD sitiuation of baby
via a non-invasive method. Studies put more emphasis on this
area (7). Unnecessary application of Anti D Ig can be prevented
for pregnant women who carry a Rh - fetus, also this results in
a better follow-up of pregnant women who carry a Rh+ fetus
with the detection of RhD genotype of fetus in maternal plasma
at the first trimester of pregnancy.

Lately, widely used methods of prenatal genetic diagnosis are
invasive examinations that may lead to specific rates of preg-
nancy loss. Therefore, prenatal diagnosis should be applied
to high risk pregnant women rather than all pregnant women.
Despite applying some prenatal screening methods to consti-
tute the so-called risk group, these screening results cannot
provide an accurate result (8). With the help of developing
noninvasive prenatal diagnostic techniques, prenatal diagnostic
methods giving certain results can be applied to all pregnant
women without any screening. Therefore, the need of the
invasive procodures, such as amniocentesis and chorion villus
sampling to get fetal cells for the resources of fetal DNA, has to
be replaced (9).

Horizons of prenatal diagnosis expand continuously, and the
methods which are faster, less costly and harmful for the baby, as
well as mothers are being developed in order to put into practice.

Material and Methods

5 ml blood was taken from each 19 Rh (-) pregnant woman
having Rh incompatibility with their husbands who came
to 11-14 week controls to the Istanbul University Faculty of
Medicine, Department of Gynecology and Obstetrics, and
Istanbul University Cerrahpasa Medical Faculty, Department
of Gynecology and Obstetrics. The day blood was taken, they
were centifuged 15’ at 4100 g, and saved at -80° until the day
of the isolation of upper fluid. The total free DNA isolation was
performed according to free DNA isolation procedures of High
Pure PCR Template Preparation Kit” (Roche Applied Science
Kat. No: 11 796 828 001). The samples that were saved at-80°
were first centrifuged at 13000 rpm for 10’ and upper fluids were
taken. 200 ul “Binding Buffer” and 40 ul “Proteinase K” were put

in each sample, and they were kept at 70° in a water bath for
10’. 100 ul isopropanol were also added to them and the mix-
tures were taken to strainer eppendorf and centrifuged until all
of the liquid passed to the bottom. 500 ul “Inhibitor Buffer” was
added to eppendorfs and centrifuged. Two cetrifuges were then
also formed by adding 500 ul “Wash Buffer” each time. Next,
50 ul “Elution Buffer” was added to strainer eppendorfs, the
sub- tube which had free DNA after centrifugation was taken
to -20° until the day of “Real Time PCR” would be conducted.
With the content on Table 1 and at the conditions on Table 2,
“Real Time PCR” for gene detection was perfomed by using the
specific primers (5’-CTC CAT CAT GGG CTA CAA-3’, 5’-CCG GCT
CCG ACG GTA TC-3’) for region exon 7 which belongs to RhD
and TagMan prob (5’-FAM AGC AGC ACA ATG TAG ATG ATC
TCT CCA TAMRA-3’); FAM [6 carboxyfluorescein] and TAMRA
[6 carboxytetrametthylrhodamine] were the fluorescent reporter
dye and quencher dye, respectively. The tubes which contained
RhD genes were used for positive control, and the tubes that
were known not to contain RhD gene were used for negative
control. The tubes containing the NTC (PCR mixture without
DNA) reaction mixture was used for the determination of con-
tamination.

Results

The total DNA of 19 pregnant women that were known to be
Rh-, was analyzed with positive and negative controls by NTC
“TaqMan prob” method, negative control, NTC. 12 samples
were found to be RhD (-) and positive control, and 7 samples
were found to be RhD (+) (Table 3).

Discussion

After the discovery of free fetal DNA (10), tremendous progress
has been made in prenatal diagnosis. The detection of prenatal
fetal gender, and fetuses having single gene disorders that are
paternally inherited and hemolytic diseases are actualized by

Table 1. Components of amplification mixture

Component Volume (ul) Final amount
TagMan Probes 0.6 25nM
Forward Primer 3 300nM
Reverse Primer 3 300nM
dH,0 13.4 -
Template DNA 5 20ng
PCR Reaction Buffer 25 -
Table 2. Cycling parameters

Segment 1 Segment 2
Temperature (°C) 95 95 60
Time 10 min 15min 1 min
Cycles 1 50
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Table 3. Results of RhD genotyping of fetuses of RhD negative
women with the use of RhD Real-time PCR assay and serologic
RhD typing of the newborns

Samples CT |Real-Time PCR Newborn
values results | Rh phenotypes
NTC
(No template - - -
control)
Positive control | 25.63 Rh (+) Rh (+)
Negative control - Rh (-) Rh (-)
1 - Rh (-) Rh (-)
2 - Rh (-) Rh (-)
3 - Rh (-) Rh (-)
4 - Rh (-) Rh ()
5 34.83 Rh (+) Rh (+)
6 - Rh (-) Rh (-)
7 34.25 Rh (+) Rh (+)
8 - Rh (-) Rh (-)
9 34.65 Rh (+) Rh (+)
10 35.52 Rh (+) Rh (+)
11 32.31 Rh (+) Rh (+)
12 34.56 Rh (+) Rh (+)
13 - Rh () Rh ()
14 - Rh (-) Rh (-)
15 34.19 Rh (+) Rh (+)
16 - Rh () Rh ()
17 - Rh (-) Rh (-)
18 - Rh () Rh ()
19 - Rh (-) Rh (-)

the researches conducted during this period. The accuracy
rates between 98%-100% of researches shows that recently,
fetal RhD detection can be applied routinely to Rh (-) women,
and the use of human anti -D can be significantly reduced (9).
Fetal DNA can be identified from the 5th week of pregnancy
in maternal blood and is rapidly destroyed immediately after
birth. However, only 3%-6% of total DNA in maternal blood is
welded fetal origin (11). Genes inherited from the mother are
pressured by excessive quantities of free maternal DNA. This
situation prevents only prenatal diagnosis of X-linked or reces-
sive inherited diseases. The sensitivity of the studies that have
been recently carried out by the devoleped PCR techniques has
been increased, but the greatest difficulty encountered is the
isolation of pure and high scale fetal DNA. By doing this isola-
tion, the need of invasive procedures, such as amniocentesis
will largely be eliminated (9).

The complete disappearance of invasive procedures can be
made possible by putting studies into practice that begin with

the discovery of fetal mRNA transcripts. The discovery can open
a new array in the field of detection of chromosomal disorders,
which cannot be determined by free DNA and follow-up fetal
maturing (9).

In the study, the reality of results were confirmed by postnatal
tests and after birth the baby’s RhD blood groups were con-
cordant with the results. There have been no nonunderstood
amplifications and contaminations found in the samples. Only
7 of the 19 pregnant women that are known as Rh (-) samples
have been found with RhD gene. 40% of Rh (-) pregnant women
were identified to have Rh (-) fetus (12). The low number of
samples that was analyzed indicates higher results than expect-
ed. The higher rate expected from the society can be related
to the higher number of heterozygote fathers than supposed
and this can be changed by increasing the number of samples.
The costs of use of unnecessary vacine products can be higher
according to our results (13).

There are RhD variants in society that make no expression
or low expression, and this causes false negative results. The
RhDW pseudogene, which causes RhD negative phenotype in
the African black population is exposed to too many mutations.
As aresult, it has variants that make low expression, which may
in turn lead to false negative and false positive results (14).
The concordance of the results of “Real-Time PCR” analysis of
region exon 7 belonging to RhD gene after the detection of fetal
DNA from maternal plasma and the RhD blood group results of
babies confirm the high sensitivity and reliability of the method.
The study indicates toe need to work on the regions of exon 7
and exonl0 together for more sensitive and reliable applica-
tions (14, 15).
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