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Abstract

Project Code : RSA5180013

Project Title : Prenatal diagnosis of homozygous alpha-thalassemia-1 by cell-free fetal

DNA in maternal plasma

Investigator : Supatra Sirichotiyakul, MD, Associate Professor

Faculty of Medicine, Chiang Mai University

E-mail Address : ssiricho@med.cmu.ac.th

Project Period : 1 May 2008 — 1 May 2011 (3 years)

Background: Homozygous alpha-thalassemia (Hb Bart’s) is one of the most common
inherited genetic diseases in Southeast Asia. Couples who both were the carrier of
alpha-thalassemia 1 gene will have a 25% risk of having affected fetuses as a result of
autosomal recessive inheritance. Pregnant women who carried Hb Bart’s fetuses will
usually have increased risk for complications such as preeclampsia and postpartum
hemorrhage. Prenatal diagnosis for this condition is still based on invasive procedures
such as chorionic villus sampling (CVS), amniocentesis or fetal blood sampling
(cordocentesis). These techniques accompanied with risk of fetal losses. Non-invasive
prenatal diagnosis using cell-free fetal DNA (cff-DNA) in maternal plasma had been
reported in various genetic diseases. However, there were a few studies reported using

cff-DNA in maternal plasma for diagnosis of Hb Bart’s.

Objective: To investigate the possibility of using cell-free fetal DNA (cff-DNA) to
determine the fetal status in pregnant women who were at risk of having Hb Bart’s

fetuses.

Material and Method: Couples who both were alpha-thalassemia carrier (SEA deletion)
were invited to participate in the study at the time they came for prenatal diagnosis
(chorionic villi sampling or fetal blood sampling). Plasma DNA was extracted from 10

mL of maternal blood. Real time quantitative PCR was performed using fluorescence-



labeled probe to monitor wild type (wt) allele and SEA allele. The cycle threshold (Ct)
was used to determine the quantity of each allele. Delta Ct (Ct of wt allele — Ct of SEA
allele) was calculated from each sample. Prenatal diagnosis was performed using

standard technique to determine fetal status (Hb Bart’s, alpha-trait, or normal).

Result: There were 62 Hb Bart’s, 62 alpha-trait and 25 normal fetuses recruited into this
study. Mean delta Ct was 1.04 +/-0.38, 0.21+/-0.37 and 0.20+/-0.59 in Hb Bart’s
hydrops, alpha-trait and normal fetuses, respectively. Based on the Receiving Operating
Curve (ROC) of delta Ct value, the best cut-off point for predicting Hb Bart’'s hydrops
was 0.51, which gave 98.4% sensitivity and a false-positive rate of 23.0%. All but one
Hb Bart’s hydrops (98.4%) had delta Ct above 0.51, whereas 74.2% of alpha-trait and
84.0% of normal fetuses had delta Ct below 0.51. Using delta Ct 0.51 as a cut-off gave
98.4% sensitivity, 77.0% specificity, 75.3% positive predictive value and 98.5% negative

predictive value.

Conclusion: There is a positive trend to use cff- DNA in maternal plasma for prenatal
diagnosis of homozygous alpha-thalassemia-1 (Hb Bart’s). With this technique, invasive
prenatal testing and its complications can be avoided in approximately two-third of

unaffected fetuses

Keywords: thalassemia, alpha-thalassemia, Hb Bart’s, fetal DNA, maternal plasma,

prenatal diagnosis
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The prevalence of alpha-thalassemia-1 trait in the northern part of Thailand is
relatively high compared to other part of the country(tz). It has been estimated that there
will be 2 fetuses with homozygous alpha-thalassemia-1 (Hb Bart's hydrops fetalis) in
every 1000 pregnant womenm. Prenatal diagnosis is widely accepted as a part of
prenatal control of severe thalassemia(3). Each year approximately 80-100 risk couples
for this condition come to Maharaj Nakorn Chiang Mai hospital for prenatal diagnosis.
Currently, prenatal diagnosis methods offered are either chorionic villi sampling,
amniocentesis or cordocentesis(4_9). However, these methods carry risks of
complications such as infection, leakage, and miscarriage(m).

Non-invasive prenatal diagnosis for detection of Hb Bart's hydrops has been
proposed using ultrasonographic markers such as cardio-thoracic ratio, placental
thickness, fetal ascitesm). However, these markers are usually detected after mid-

pregnancy or later.

In 1997, Lo et alm) reported the presence of free fetal DNA in maternal plasma
and serum, their findings gives light to a new method of prenatal diagnosis which is
non-invasive and carries no risk for the fetuses. Since then, there has been many
studies reported the use of free fetal DNA in maternal plasma for molecular diagnosis.
In the earlier period, free fetal DNA in maternal plasma was used for detection of
SRY(Y-chromosome specific sequence) and fetal RhD statusm;m). Recently, there have
been many reports in using this technique to detect other genes for prenatal diagnosis
of various genes such as achondroplasia, myotonic dystrophy, beta-thalassemia gene

and Ho E"™.

In this study we proposed to investigate the feasibility of using free fetal DNA in
maternal plasma for the prenatal diagnosis in the pregnancies at risk for having
homozygous alpha-thalassemia-1 fetuses. The recent advance in real-time PCR makes
it possible to detect minute amount of DNA because of the high sensitivity and
specificity of amplification. If this method is proved to be useful, it can be offered as a
non-invasive prenatal diagnosis to prevent the complications of invasive prenatal
diagnosis. This will facilitate the prevention and control program of severe thalassemia

syndrome.



The objectives of this study are

1.

To evaluate the feasibility of using free fetal DNA in maternal plasma for
the prenatal diagnosis in the pregnancies at risk for having homozygous
alpha-thalassemia-1 fetuses

To evaluate the sensitivity and specificity of prenatal diagnosis of alpha-
thalassemia-1 gene from fetal DNA in maternal plasma using real-time
PCR

To investigate whether the quantity of PCR product can be used to
distinguish between normal, heterozygous and homozygous state of the

fetuses

10
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Thalassemia is a major problem in healthcare in Thailand due to its high
prevalence of carrier states. The prevalence of alpha-thalassemia-1 trait in the northern
part of Thailand is relatively high compared to other part of the country(m. It has been
estimated that there will be 2 fetuses with homozygous alpha-thalassemia-1 (Hb Bart’s
hydrops fetalis) in every 1000 pregnant womenm. Prenatal diagnosis is widely accepted
as a part of prenatal control of severe thalassemia(3). Each year approximately 80-100
risk couples for this condition come to Maharaj Nakorn Chiang Mai hospital for prenatal
diagnosis. Currently, the accepted prenatal diagnosis in Thailand is either chorionic villi
sampling, amniocentesis or cordocentesis“_g). However, these methods carry risks of
complications such as infection, leakage, and miscarriage(m).

Non-invasive prenatal diagnosis for detection of Hb Bart’s hydrops has been
proposed using ultrasonographic markers such as cardio-thoracic ratio, placental

thickness, fetal ascitesm). However, these markers are usually detected after mid-

pregnancy or later.

In 1997, Lo et alm) reported the presence of free fetal DNA in maternal plasma
and serum. They studied 30 maternal plasma samples from women bearing male
fetuses (gestational age 12-40 weeks) and found Y-specific fetal sequences in 80% of
the cases. Negative control used in their study were 13 women bearing female fetuses
and 10 non-pregnant women, none of them had a positive Y signal when plasma or
serum DNA was amplified. Their findings gives light to a new method of prenatal

diagnosis which is non-invasive and carries no risk for the fetuses.

In 1998, Lo et al(14) reported that fetal DNA can be detected in maternal serum
as early as 7th week of gestation. The concentration of fetal DNA in early pregnancy
was 3.4% (range 0.39-11.9%) of the total plasma DNA or 25.4 genome equivalents/mL.
In late pregnancy the concentration increased to 6.2% (range 2.33-11.4%) of the total
plasma DNA or 292.2 genome equivalents/mL. This concentration is high compared to
the DNA derived from fetal cells in maternal plasma which found only 1.2 ceIIs/mL(19).
Later on, Dhallan et al(zo) had reported that the addition of formaldehyde along with
careful sample processing can increase the proportion of free fetal DNA in maternal

plasma to about 25%.
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There has been many studies reported the use of free fetal DNA in maternal
plasma for molecular diagnosis. In 2002, Honda et al(21) studied the SRY gene in
maternal serum of pregnant women 5th-10th week gestation for fetal gender
determination and reported 100% sensitivity when using real time PCR assay. Fetal sex
determination from free fetal DNA in maternal plasma has been reported in many
publicationsm'%). The clinical implication was to determine male fetuses in X-linked
recessive disorders. Fetal RhD status was also reported to be correctly determined by
real-time PCR from maternal serum(13;27;28). Recently, there have been many reports in
using this technique to detect other genes for prenatal diagnosis of various genes such

as achondroplasia, myotonic dystrophy, beta-thalassemia gene and Hb E“S_m).

In 2006, Tungwiwat et al(zg) reported the prenatal diagnosis of alpha-thalassemia
from fetal DNA in maternal serum in 13 pregnant women. They used semi-nested real-
time PCR system and detected the product with SYBR green. In their series, there were
2 normal, 8 heterozygous, 1 Hb H disease and 2 homozygous alpha-thalassemia
fetuses correctly diagnosed. However, the number of the cases is limited. In this study
we proposed to perform the prenatal diagnosis of this condition using maternal serum in

a larger scale to prove the feasibility to implement in clinical practice.

12
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31uuuN135998 (Research design)

Diagnostic test

Uszpnsuaznanaa:19 (Study population)

Target population

Risk couples who seek for prenatal diagnosis of alpha-thalassemia 1 at Maharaj

Nakorn Chiang Mai hospital between May 2008 and September 2010.

Inclusion criteria

1. Age 18 years old or more

2. Risk for having homozygous alpha-thalassemia 1 fetus (by history of having

previous child with the disease or by carrier screening results)
Schedule for conventional method of prenatal diagnosis to detect whether
the fetus is affected or not (either by chorionic villi sampling, amniocentesis

or cordocentesis)

Exclusion criteria

1.

2.

The result of conventional method of prenatal diagnosis could not be
obtained

Unwilling to give consent or unable to understand about the protocol

ABADIHNIIANRWN15IV8 (Conduct of study)

1.

Subjects who meet the inclusion criteria will be invited to participate the
study

After informed consent, 8-10 mL of blood from pregnant women will be
collected in EDTA tube

Blood samples will be processed immediately for plasma DNA preparation
The plasma will then be collected and stored at -20°C until processing
DNA will be extracted from the plasma and will be amplified using real-time
PCR to identify alpha-thalassemia 1 gene (SEA-deletion)

Pregnant women will have conventional prenatal diagnosis as scheduled

and will be managed accordingly

13



7. Demographic data and the results from conventional prenatal diagnosis will
be collected and compared with the results from fetal DNA in maternal

serum

Plasma DNA preparation will be processed will be process within 1-3 hour after
blood collection. Blood samples will be centrifuged at 3000 g for 10 minutes. Plasma
will be carefully removed and transferred to clean tubes, then recentrifuged at 8000 g
for 10 minutes and transferred to fresh tubes. The supernatant was then centrifuged
again at 13200 rpm for 15 min and the final plasma was stored at -20°C until DNA
extraction and analysis.

DNA extraction from plasma using QlAamp DNA Blood Mini Kit (QIAGEN Inc.,

Hilden, Germany)

Real-time quantitative Polymerase Chain Reaction (RT-qPCR) assay

RT-gPCR using gap-PCR technique to determine the amount of wild type (wt)
allele and alpha-thal-1 (SEA) allele was carried out on the ABI 7500 Real-time PCR
system (Applied Biosystems, Foster city, CA, USA). Two primer sets, P123F/P12R and
P123F/P13R, were designed to simultaneously amplify the wt allele and SEA allele,
respectively (Table 1). The PCR products were monitored and analyzed by
fluorescence-labeled Tagman probes specific for each amplicon; P1P2 probe (labeled
with 6-FAM) for wt allele and P1P3 probe (labeled with VIC) for SEA allele. The quantity
of the PCR product was determined by cycle threshold (Ct) which is the number of PCR
cycles that the amount of PCR product was enough to cross the defined threshold. If
the DNA template in the sample is less, it would need more PCR cycles to get enough
PCR product to the threshold level and the Ct value would be high. Conversely, if the

DNA template is more, the Ct value would be low.

Table | : Sequences of the primers and probes for real time quantitative PCR (RT-
gPCR) for wild type and SEA allele (GenBank accession n0.Z84721 and Z69706)
P123F: TCG GTC GTC CCC ACT GT

P12R: GGA CTG CTC CGC TCC AC

P13R: CAG CCT TGA ACT CCT GGA CTT AA

P1P2 probe: 6-FAM-TCT AGC CCC TGA GCA CCG-MGBNFQ

P1P3 probe: VIC-CTC CAA GTG AAC CTC C- MGBNFQ

14



The 25 uL reaction mixture consisted of 5 uL of plasma DNA, 1X Tagman
Universal PCR master mix, 0.3 uM of each primer and 0.1 uM of each fluorescence-
labeled probe. The PCR conditions were as followed; 50°C for 2 min, 95°C for 10 min,
then 45 cycles of 95°C for 15 seconds and 60°C for 1 min.

The efficacy of each primer set was tested before use in 10 heterozygous blood
samples from men in which the ratio of wt allele and SEA allele was one to one.
Therefore the cycle threshold (Ct) of both alleles should be closed to one another, and
the delta Ct (Ct of wt allele — Ct of SEA allele) should be close to zero. The delta Ct of
the designed primer sets ranged between -0.21 to 0.26, thus confirmed that both primer
sets had almost equal efficacy and can be used in this study. Theoretically, delta Ct of
heterozygous alpha-thalassemia (alpha-trait) should be close to zero while delta Ct of

Hb Bart’s, and normal genotype should be higher and lower than zero, respectively.

3§3Lﬂiﬁzﬁﬁa§a (Method of data analysis)

SPSS will be used to analyze sensitivity, specificity, and accuracy of the test.

15
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One hundred and forty nine samples were recruited into this study including 62
Hb Bart's hydrops, 62 alpha-trait and 25 genotypic normal fetuses. Mean gestational
age was 17.23 +/- 3.61 weeks (range 11-28 weeks). The delta Ct of the samples from
each group was shown in Figure 1. Mean delta Ct was 1.04 +/-0.38, 0.21+/-0.37 and
0.20+4/-0.59 in Hb Bart’s hydrops, alpha-trait and normal fetuses, respectively. Mean
delta Ct of Hb Bart’'s hydrops was statistically different from that of alpha-trait and
normal group (p <0.01). However, mean delta Ct between alpha-trait and normal could
not be differentiated. Based on the Receiving Operating Curve (ROC) of delta Ct value,
the best cut-off point for predicting Hb Bart’s hydrops was 0.51 (Figure 2), which gave
98.4% sensitivity and a false-positive rate of 23.0%. All but one Hb Bart’'s hydrops
(98.4%) had delta Ct above 0.51, whereas most alpha-trait (74.2%) and normal (84.0%)
had delta Ct below 0.51. Using delta Ct 0.51 as a cut-off would give 98.4% sensitivity,
77.0% specificity, 75.3% positive predictive value and 98.5% negative predictive value.
All samples were also tested for SRY gene using RT-PCR to confirm the presence of
fetal DNA in maternal plasma. There were 77 female and 72 male fetuses in this study
and the results of SRY gene determination were consistent with the gender of the

fetuses in all cases.

16



Figure 1 : Delta Ct (Ct of wt allele — Ct of SEA allele) of maternal plasma DNA analysis

from pregnant women who carried Hb Bart's hydrops (N = 62), alpha-trait (N = 62) and

normal fetuses (N = 25).
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Figure 2 : ROC curve of delta Ct for predicting Hb Bart’'s hydrops fetus (are under the

curve was 0.96 and 95% confident interval was 0.92-0.99)
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In maternal plasma, free fetal DNA is of little amount (3.4-6.2%) compared to
free maternal DNA(M). In couple at risk of having Hb Bart’s fetuses, the mother is
always heterozygote and carries both wt allele and SEA allele in equal amount. Fetal
DNA from the affected fetus that passed into maternal plasma contained only SEA
allele, resulting in increased total amount of SEA allele in the maternal plasma.

In this study, the delta Ct in Hb Bart’s group was increased which indicated that
there was higher amount of SEA allele (from fetal DNA) than wt allele in maternal
plasma, resulted in less number of the PCR cycle required to amplify the SEA allele to
reach the threshold. The delta Ct of alpha-trait fetuses was closed to zero as expected,
but normal fetuses also showed delta Ct close to zero in spite of the negative value. As
a result, we could not distinguish normal from alpha-trait fetuses in this study. However,
in clinical practice the fetuses in both conditions are unaffected and may not be
necessary to distinguish one from another.

Our finding suggested that quantitative RT-qgPCR for prenatal diagnosis of Hb
Bart's hydrops had good sensitivity when using the delta Ct of 0.51 as a cut-off.
Although this method could not exclusively differentiate unaffected fetuses from Hb
Bart’s, invasive prenatal testing can be avoided in approximately one-third (77.0%) of
the unaffected fetuses if this test was performed.

Previous report by Pornprasert et al(30) using RT-gPCR with cff-DNA in maternal
plasma showed that delta Ct was above zero in all Hb Bart’s fetuses, which was
consistent with our study. However, they were unable to differentiate Hb Bart’s from the
unaffected fetuses possibly due to small sample size.

Ho et al(31) reported the use of microsatellite markers to detect non-deletion (wild
type) paternal allele in maternal plasma in order to exclude Hb Bart’s fetus. In their
study only one-third of the fetuses can be excluded, these markers were uninformative
in another two-third of the cases because both parents share the same markers.
Therefore, to adopt this technique these markers need to be tested in advance to see
whether they were informative in each couple.

The advantage of serial ultrasound to detect Hb Bart's fetuses is that it is non-

invasive. The ultrasound findings of fetal anemia in these fetuses include increased

18



cardio-thoracic ratio, increased placental thickness, ascites, hepatomegaly and
increased middle cerebral artery peak systolic velocity. Although some studies reported
that ultrasonographic changes could be detect as early as 12 weeks(32;33), but the
majority of the cases show such finding in midpregnancy. Furthermore, it needs to be
performed by experienced sonographers and high resolution ultrasound machines. The
presence of cff-DNA in maternal plasma as early as 7th weeks gestationm) opens
another possibility of early detection of Hb Bart’s fetuses. However, future researches
need to be explored in very early pregnancy.

In conclusion, there is a positive trend to use cff- DNA in maternal plasma for
prenatal diagnosis of alpha-thalassemia-1. With this technique invasive prenatal testing

and its complications can be avoided in approximately two-third of unaffected fetuses.
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Abstract

Objective

To investigate the possibility of using cell-free fetal DNA (cff-DNA) to determine the fetal
status in pregnant women who were at risk of having Hb Bart’s fetuses

Material and Method

Couples who both were alpha-thalassemia carrier (SEA deletion) were invited to
participate in the study at the time they came for prenatal diagnosis (chorionic villi
sampling or fetal blood sampling). Plasma DNA was extracted from 10 mL of maternal
blood. Real time quantitative PCR was performed using fluorescence-labeled probe to
monitor wild type (wt) allele and SEA allele. The cycle threshold (Ct) was used to
determine the quantity of each allele. Delta Ct (Ct of wt allele — Ct of SEA allele) was
calculated from each sample. Prenatal diagnosis was performed using standard
technique to determine fetal status (Hb Bart’s, alpha-trait, or normal).

Result

There were 62 Hb Bart’s, 62 alpha-trait and 25 normal fetuses recruited into this study.
Mean delta Ct was 1.04 +/-0.38, 0.21+/-0.37 and 0.20+/-0.59 in Hb Bart’s hydrops,
alpha-trait and normal fetuses, respectively. Based on the Receiving Operating Curve
(ROC) of delta Ct value, the best cut-off point for predicting Hb Bart’'s hydrops was 0.51,
which gave 98.4% sensitivity and a false-positive rate of 23.0%. All but one Hb Bart’s
hydrops (98.4%) had delta Ct above 0.51, whereas 74.2% of alpha-trait and 84.0% of
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normal fetuses had delta Ct below 0.51. Using delta Ct 0.51 as a cut-off gave 98.4%
sensitivity, 77.0% specificity, 75.3% positive predictive value and 98.5% negative
predictive value.

Conclusion

There is a positive trend to use cff- DNA in maternal plasma for prenatal diagnosis of
alpha-thalassemia-1. With this technique, invasive prenatal testing and its complications

can be avoided in approximately two-third of unaffected fetuses.

Keywords: thalassemia, alpha-thalassemia, Hb Bart’s, fetal DNA, maternal plasma,

prenatal diagnosis
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Introduction

Prenatal diagnosis for genetic diseases nowadays is still based on invasive procedures
such as chorionic villus sampling (CVS), amniocentesis or fetal blood sampling
(cordocentesis). These techniques, however, accompanied with risk of fetal losses.
Since the discovery of cell-free fetal DNA (cff-DNA) in maternal plasma by Lo et alm,
there had been huge progress in non-invasive prenatal diagnosis (NIPD). Detection of
the paternal allele not present in maternal genotype using cff-DNA, such as Y-specific
sequence or Rh antigen, was reported in several studies(%). However, there were
limited number of studies using cff-DNA for NIPD on genetic disorders where the
mother and the father carried the same mutation.

Homozygous alpha-thalassemia (Hb Bart’s) is one of the most common inherited
genetic diseases in Southeast Asia. Couples who both were the carrier of alpha-
thalassemia 1 gene will have a 25% risk of having affected fetuses as a result of
autosomal recessive inheritance. Pregnant women who carried Hb Bart’s fetuses will
usually have increased risk for complications such as preeclampsia and postpartum
hemorrhage. Therefore, prenatal diagnosis should be offered to prevent these
complications. Prenatal diagnosis for this condition can either be done by invasive
procedures or by serial ultrasound to detect the ultrasonograpic signs of fetal anemia
which usually developed in midtrimestera_m). There were a few studies reported using
cff-DNA for diagnosis of this condition(11_15). Most studies had a small sample size and
the results were controversial. In this study we would like to investigate the possibility of
using cff-DNA to determine the fetal status in pregnant women who were at risk of

having Hb Bart’s fetuses in a larger scale.

Materials and Methods

Plasma DNA preparation:

This study was approved by research ethic committee of Faculty of Medicine, Chiang
Mai University. During May 2008 to September 2010, pregnant women and their
husbands who both were alpha-thal 1 carrier (SEA deletion) and at risk for having Hb
Bart’s fetuses were invited to participate in this study at the time they were seeking for
prenatal diagnosis, either by CVS or cordocentesis. Ten milliliters of venous blood were

obtained in EDTA tube from the pregnant women before the invasive prenatal diagnosis
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procedures. Plasma was separated from maternal blood within 3 hours after the
collection by 3-step centrifuge. First, EDTA blood was centrifuged at 3000 rpm for 10
min. The plasma was collected and subjected to second centrifuged at 8000 rpm for 10
min. The supernatant was then centrifuged again at 13200 rpm for 15 min and the final
plasma was stored at -200C until DNA extraction and analysis. DNA was extracted from
2400 uL of plasma according to manufacturer’s protocol using QlAamp DNA Blood Mini
Kit (QIAGEN Inc., Hilden, Germany) and brought up to 50 uL of plasma DNA. Prenatal
diagnosis using conventional methods (CVS or cordocentesis) and DNA analysis using
gap-PCR technique as described by Sanguansermsri et al(16) to confirm the diagnosis

was performed in all cases.

Real time quantitative polymerase chain reaction (RT-qPCR)

RT-gPCR using gap-PCR technique to determine the amount of wild type (wt) allele and
alpha-thal-1 (SEA) allele was carried out on the ABI 7500 Real-time PCR system
(Applied Biosystems, Foster city, CA, USA). Two primer sets, P123F/P12R and
P123F/P13R, were designed to simultaneously amplify the wt allele and SEA allele,
respectively (Table 1). The PCR products were monitored and analyzed by
fluorescence-labeled Tagman probes specific for each amplicon; P1P2 probe (labeled
with 6-FAM) for wt allele and P1P3 probe (labeled with VIC) for SEA allele. The quantity
of the PCR product was determined by cycle threshold (Ct) which is the number of PCR
cycles that the amount of PCR product was enough to cross the defined threshold. If
the DNA template in the sample is less, it would need more PCR cycles to get enough
PCR product to the threshold level and the Ct value would be high. Conversely, if the
DNA template is more, the Ct value would be low.

The 25 uL reaction mixture consisted of 5 uL of plasma DNA, 1X Tagman Universal
PCR master mix, 0.3 uM of each primer and 0.1 uM of each fluorescence-labeled
probe. The PCR conditions were as followed; 500C for 2 min, 950C for 10 min, then 45
cycles of 950C for 15 seconds and 600C for 1 min.

The efficacy of each primer set was tested before use in 10 heterozygous blood
samples from men in which the ratio of wt allele and SEA allele was one to one.
Therefore the cycle threshold (Ct) of both alleles should be closed to one another, and
the delta Ct (Ct of wt allele — Ct of SEA allele) should be close to zero. The delta Ct of
the designed primer sets ranged between -0.21 to 0.26, thus confirmed that both primer

sets had almost equal efficacy and can be used in this study. Theoretically, delta Ct of
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heterozygous alpha-thalassemia (alpha-trait) should be close to zero while delta Ct of

Hb Bart’s, and normal genotype should be higher and lower than zero, respectively.

Statistical analysis
Data analysis was performed using SPSS version 17.0 software. Student t-test was
used to compare means between groups. P-value < 0.05 was considered statistically

significant.
Results

One hundred and forty nine samples were recruited into this study including 62 Hb
Bart's hydrops, 62 alpha-trait and 25 genotypic normal fetuses. Mean gestational age
was 17.23 +/- 3.61 weeks (range 11-28 weeks). The delta Ct of the samples from each
group was shown in Figure 1. Mean delta Ct was 1.04 +/-0.38, 0.21+/-0.37 and 0.20+/-
0.59 in Hb Bart’s hydrops, alpha-trait and normal fetuses, respectively. Mean delta Ct of
Hb Bart’'s hydrops was statistically different from that of alpha-trait and normal group (p
<0.01). However, mean delta Ct between alpha-trait and normal could not be
differentiated. Based on the Receiving Operating Curve (ROC) of delta Ct value, the
best cut-off point for predicting Hb Bart’'s hydrops was 0.51 (Figure 2), which gave
98.4% sensitivity and a false-positive rate of 23.0%. All but one Hb Bart’s hydrops
(98.4%) had delta Ct above 0.51, whereas most alpha-trait (74.2%) and normal (84.0%)
had delta Ct below 0.51. Using delta Ct 0.51 as a cut-off would give 98.4% sensitivity,
77.0% specificity, 75.3% positive predictive value and 98.5% negative predictive value.
All samples were also tested for SRY gene using RT-PCR to confirm the presence of
fetal DNA in maternal plasma. There were 77 female and 72 male fetuses in this study
and the results of SRY gene determination were consistent with the gender of the

fetuses in all cases.

Discussion

In maternal plasma, free fetal DNA is of little amount (3.4-6.2%) compared to free
maternal DNA(17). In couple at risk of having Hb Bart’s fetuses, the mother is always

heterozygote and carries both wt allele and SEA allele in equal amount. Fetal DNA from
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the affected fetus that passed into maternal plasma contained only SEA allele, resulting
in increased total amount of SEA allele in the maternal plasma.

In this study, the delta Ct in Hb Bart’s group was increased which indicated that there
was higher amount of SEA allele (from fetal DNA) than wt allele in maternal plasma,
resulted in less number of the PCR cycle required to amplify the SEA allele to reach the
threshold. The delta Ct of alpha-trait fetuses was closed to zero as expected, but
normal fetuses also showed delta Ct close to zero in spite of the negative value. As a
result, we could not distinguish normal from alpha-trait fetuses in this study. However, in
clinical practice the fetuses in both conditions are unaffected and may not be necessary
to distinguish one from another.

Our finding suggested that quantitative RT-qPCR for prenatal diagnosis of Hb Bart’s
hydrops had good sensitivity when using the delta Ct of 0.51 as a cut-off. Although this
method could not exclusively differentiate unaffected fetuses from Hb Bart’s, invasive
prenatal testing can be avoided in approximately one-third (77.0%) of the unaffected
fetuses if this test was performed.

Previous report by Pornprasert et a|(15) using RT-gPCR with cff-DNA in maternal plasma
showed that delta Ct was above zero in all Hb Bart’s fetuses, which was consistent with
our study. However, they were unable to differentiate Hb Bart’s from the unaffected
fetuses possibly due to small sample size.

Ho et alm) reported the use of microsatellite markers to detect non-deletion (wild type)
paternal allele in maternal plasma in order to exclude Hb Bart’s fetus. In their study only
one-third of the fetuses can be excluded, these markers were uninformative in another
two-third of the cases because both parents share the same markers. Therefore, to
adopt this technique these markers need to be tested in advance to see whether they
were informative in each couple.

The advantage of serial ultrasound to detect Hb Bart’s fetuses is that it is non-invasive.
The ultrasound findings of fetal anemia in these fetuses include increased cardio-
thoracic ratio, increased placental thickness, ascites, hepatomegaly and increased
middle cerebral artery peak systolic velocity. Although some studies reported that
ultrasonographic changes could be detect as early as 12 weeks(7’10), but the majority of
the cases show such finding in midpregnancy. Furthermore, it needs to be performed by
experienced sonographers and high resolution ultrasound machines. The presence of

cff-DNA in maternal plasma as early as 7th weeks gestation(m opens another possibility

30



of early detection of Hb Bart’s fetuses. However, future researches need to be explored
in very early pregnancy.

In conclusion, there is a positive trend to use cff- DNA in maternal plasma for prenatal
diagnosis of alpha-thalassemia-1. With this technique invasive prenatal testing and its

complications can be avoided in approximately two-third of unaffected fetuses.
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Table | : Sequences of the primers and probes for real time quantitative PCR (RT-

gPCR) for wild type and SEA allele (GenBank accession no.Z84721 and Z69706)

P123F: TCG GTC GTC CCC ACT GT

P12R: GGA CTG CTC CGC TCC AC

P13R: CAG CCT TGA ACT CCT GGA CTT AA

P1P2 probe: 6-FAM-TCT AGC CCC TGA GCA CCG-MGBNFQ
P1P3 probe: VIC-CTC CAA GTG AAC CTC C- MGBNFQ
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Figure 1 : Delta Ct (Ct of wt allele — Ct of SEA allele) of maternal plasma DNA analysis
from pregnant women who carried Hb Bart's hydrops (N = 62), alpha-trait (N = 62) and

normal fetuses (N = 25).
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Figure 2 : ROC curve of delta Ct for predicting Hb Bart’'s hydrops fetus (are under the

curve was 0.96 and 95% confident interval was 0.92-0.99)
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