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To the Editor:

Biosensor technology based on surface plasmon resonance (SPR)
and automated systems such as Biacore™ instruments, is an interesting
tool for the real-time study of biomolecular interactions, including the
identification of point mutations related to human genetic diseases as
cystic fibrosis and β thalassemia [1,2].

Moreover, we have recently reported the detection of Y-chromo-
some sequences in circulating cell-free fetal (cff) DNA analyzing plasma
samples obtained from 26 pregnant women at different weeks of gesta-
tion using BiacoreTM X100, identifying with high accuracy Sex-deter-
mining Region Y (SRY) sequence of male fetuses in samples at early
gestational age (6th–7th week), not usually detectable by quantitative
Real-Time PCR, suggesting the possibility of non-invasive early fetal
gender determination using cffDNA in combinationwith SPR-based bio-
sensors [3].

Since the discovery of cffDNA in maternal plasma [4], non-invasive
prenatal diagnosis has been assayed including the investigation of
monogenic disorders [5], trying to manage the very low amount of
fetal DNA sequences obtainable from maternal plasma [6].

So we have focused on the possible application of the developed
SPR-based techniques as a non-invasive diagnostic tool to identify ge-
netic point mutations such as the β+IVSI-110 responsible of a β+ thal-
assemia phenotype, characterized by reduction of the β globin chains of
adult hemoglobin and severe anemia.

The β+IVSI-110 mutation consists of the replacement of a guanine
with an adenine in the first intron of theβ globin gene, creating an alter-
native intronic splicing site causing the abnormal processing of 80–90%
of pre-mRNAs [7].

This non-invasive diagnostic strategy for the detection of the
β+IVSI-110 thalassemia mutation inherited from the father, was ap-
plied to blood samples obtained from pregnant women at different ges-
tational ages after informed consent and with the approval of Ethical
Committee of S. Anna Hospital Ferrara, Italy. Plasma samples were pre-
pared according to the protocol described in the literature [8]. The total
cell-free circulatingDNAwas extracted from2ml ofmaternal plasmaby
using the QIAamp® DSP Virus Spin Kit (Qiagen), as previously reported
[3] and all experiments were conducted in agreement with the Declara-
tion of Helsinki.
http://dx.doi.org/10.1016/j.cca.2016.09.008
0009-8981/© 2016 Elsevier B.V. All rights reserved.
In order to confirm the father mutation or analyze the fetus geno-
type for the β+IVSI-110 thalassemiamutation, salivary swabs were col-
lected, and genomic DNAs were extracted and sequenced as previously
reported [9].

Three plasma samples from pregnant women were available with
father carriers of β+IVSI-110 thalassemia mutation: #138, #140 and
#207, collected at the 37th, 15th and 37th gestational week, respectively.

Moreover fetal genotypes were determined by sequencing the puri-
fied genomic DNA: only in one case (#140) the fetus had inherited the
mutation from the father, resulting in a heterozygous N/β+IVSI-110 ge-
notype, but not in the other two cases (#138 and #207).

In order to obtain a detectable amount of PCR product for the hybrid-
ization with the immobilized probes on sensor chips, 5 μl of the DNA
template were subjected to a double pre-amplification reaction before
the unbalanced PCR to produce single-stranded target sequences useful
for the interaction with the probes. In fact a double pre-amplification of
templates was required, as already demonstrated in the application of
Biacore™ system for the non-invasive prenatal detection of the fetal
sex [3]. In particular, the first balanced amplification of a 74 bp sequence
was performed in a final volume of 50 μl containing ExTaq Buffer
(Takara) with 2 mM MgCl2, 0.2 mM dNTPs, 150 ng PCR primers
(IVS110BF, 5′-AGAGAAGACTCTTGGGTTTCTGATAG-3′ and IVS110BR,
5′-GCAGCCTAAGGGTGGGAAA-3′), and 1.25 U/reaction ExTaq DNA po-
lymerase (Takara). The following amplification programwas employed:
94 °C for 2 min; 50 amplification cycles comprising 94 °C for 30 s, 55 °C
for 30 s and 72 °C for 10 s; 72 °C for 10 min.

For the double pre-amplification, a second identical balanced ampli-
fication was performed using 5 μl of the first PCR product as a template.
Finally, an unbalanced amplification was performed using 5 μl of the
balanced PCR product with only the forward primer IVS110BF at the
same PCR conditions previously described.

The BiacoreTM X100 analytical system (Biacore, GE Healthcare,
Chalfont St Giles, UK) was used with SA sensor chips (Biacore, GE
Healthcare), precoated with streptavidin, and the running buffer HBS-
EP+ (Biacore, GE Healthcare). The experiments were conducted at
25 °C temperature and at 5 μl/min flow rate. In order to immobilize
the biotinylated DNA probes (normal βN probe: 5′-biot-
AGACCAATAGGC-3′; mutated βM probe: 5′-biot-AGACTAATAGGC-3′)
on the SA sensor chip surface, the well-documented streptavidin-biotin
interaction was employed [10]. After pretreatment with three 10 μl
pulses with 50 mM NaOH-1 M NaCl, an injection of 40 μl of HBS-EP+
containing the oligonucleotide probe at the concentration of 10 ng/μl
was administered on the sensor chip.

The analysis of biospecific interactionwith unbalanced PCR products
was carried out by injecting the target in HBS-EP+ buffer for 12 min,
and then carrying out a 3 min washing step with the running buffer
alone. After hybridization, the sensor chip was regenerated by
performing a 5 μl pulse of 50 mM NaOH. Sensorgrams were analyzed
with the BiacoreTM X100 Evaluation Software, version 2.0.1 (Biacore,
GE Healthcare). Resonance unit (RU) values were measured after the
analyte injection (RUfin) and the washing step (RUres).
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Table 1
List ofmean final (RUfin) and residual (RUres) resonance unit valuesmeasured after three
SPR-based analyses for each specimen of circulating DNA. The gestational age of the preg-
nant woman and the actual fetus genotype are also indicated for all the samples.

Sample Gestational week Fetus genotype Probe RUfin RUres

#138 37 N/N βN 220 168
βM 12 4

#140 15 N/β+IVSI-110 βN 272 216
βM 39 15

#207 37 N/N βN 283 213
βM 18 6
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As reported in Table 1, the mutated probe was able to produce, with
the target PCR product obtained from sample #140 (carrying a hetero-
zygous N/β+IVSI-110 fetus), an ibridization signal higher than those
of #138 and #207 samples, showing high binding specificity, despite
the reduced amount of circulating fetal DNA compared to maternal
DNA. In this case, a lower cell-free fetal DNA concentration was expect-
ed for sample #140 in comparison with samples #138 and #207, be-
cause the pregnant blood collection had been performed at an earlier
gestational period.

In conclusion our data demonstrated the potential applicability of
the developed SPR-based diagnostic approach to non-invasive prenatal
diagnosis. Obviously, the validation as diagnostic tool in thisfield should
require the analysis of a greater number of samples, possibly collected at
various gestational ages to determine whether the fetal alteration can
be identified at early gestational weeks. In addition, the non-invasive
prenatal analysis of other point mutations causing β thalassemia or dif-
ferent genetic diseases should be performed.

Funding

This work was supported by the Ministry of Health, Italy under the
project n. 098/GR-2009-1596647-Young Investigators-2009 to MB. RG
is funded by UE FP7 THALAMOSS Project (THALAssaemia MOdular
Stratification System for personalized therapy of beta-thalassemia;
grant n. 306201-FP7-Health-2012-INNOVATION-1), Fondazione Cassa
di Risparmio di Padova e Rovigo (I-2011/2015) andAssociazioneVeneta
per la Lotta alla Talassemia (AVLT) Rovigo (#1/2014).

References

[1] G. Feriotto, G. Breveglieri, S. Gardenghi, G. Carandina, R. Gambari, Surface plasmon
resonance and biosensor technology for real-time molecular diagnosis of β039 thal-
assemia mutation, Mol. Diagn. 8 (2004) 33–41.

[2] G. Feriotto, G. Breveglieri, A. Finotti, S. Gardenghi, R. Gambari, Real-time multiplex
analysis of four beta-thalassemia mutations employing surface plasmon resonance
and biosensor technology, Lab. Investig. 84 (2004) 796–803.

[3] G. Breveglieri, E. Bassi, S. Carlassara, L.C. Cosenza, P. Pellegatti, G. Guerra, A. Finotti, R.
Gambari, M. Borgatti, Y-chromosome identification in circulating cell-free fetal DNA
using surface plasmon resonance, Prenat. Diagn. 36 (2016) 353–361.
[4] Y.M. Lo, N. Corbetta, P.F. Chamberlain, V. Rai, I.L. Sargent, C.W. Redman, J.S.
Wainscoat, Presence of fetal DNA in maternal plasma and serum, Lancet 350
(1997) 485–487.

[5] F.M. Lun, N.B. Tsui, K.C. Chan, T.Y. Leung, T.K. Lau, P. Charoenkwan, K.C. Chow, W.Y.
Lo, C. Wanapirak, T. Sanguansermsri, C.R. Cantor, R.W. Chiu, Y.M. Lo, Noninvasive
prenatal diagnosis of monogenic diseases by digital size selection and relative muta-
tion dosage on DNA in maternal plasma, Proc. Natl. Acad. Sci. U. S. A. 105 (2008)
19,920–19,925.

[6] T.L. Wu, D. Zhang, J.H. Chia, K-Tsao, C.F. Sun, J.T. Wu, Cell-free DNA:measurement in
various carcinomas and establishment of normal reference range, Clin. Chim. Acta
321 (2002) 77–87.

[7] T.H.J. Huisman, M.F. Carver, E. Baysal, A Syllabus of ThalassemiaMutations, Augusta:
Sickle Cell Anemia Foundation, 1997.

[8] T.J. Legler, Z. Liu, A. Mavrou, K. Finning, I. Hromadnikova, S. Galbiati, C. Meaney, M.A.
Hultén, F. Crea, M.L. Olsson, D.G. Maddocks, D. Huang, S.A. Fisher, M. Sprenger-
Haussels, A.A. Soussan, C.E. van der Schoot, Workshop report on the extraction of
foetal DNA from maternal plasma, Prenat. Diagn. 27 (2007) 824–829.

[9] G. Feriotto, F. Salvatori, A. Finotti, G. Breveglieri, M. Venturi, C. Zuccato, N. Bianchi, M.
Borgatti, I. Lampronti, I. Mancini, F. Massei, C. Favre, R. Gambari, A novel frameshift
mutation (+A) at codon 18 of the β-globin gene associatedwith high persistence of
fetal hemoglobin phenotype and deltabeta-thalassemia, Acta Haematol. 119 (2008)
28–37.

[10] M. Leblond-Francillard, M. Dreyfus, F. Rougeon, Isolation of DNA-protein complexes
based on streptavidin and biotin interaction, Eur. J. Biochem. 166 (1987) 351–355.

Giulia Breveglieri
Department of Life Sciences and Biotechnology, Biochemistry and

Molecular Biology Section, University of Ferrara, Ferrara, Italy
Biotechnology Center, University of Ferrara, Ferrara, Italy

Tiziana Eleonora Gallo
Anna Travan

Department of Life Sciences and Biotechnology, Biochemistry and
Molecular Biology Section, University of Ferrara, Ferrara, Italy

Patrizia Pellegatti
Giovanni Guerra

Operative Unit of Laboratory Analysis, University Hospital S. Anna, Ferrara,
Italy

Roberto Gambari
Department of Life Sciences and Biotechnology, Biochemistry and

Molecular Biology Section, University of Ferrara, Ferrara, Italy
Biotechnology Center, University of Ferrara, Ferrara, Italy

Monica Borgatti
Department of Life Sciences and Biotechnology, Biochemistry and

Molecular Biology Section, University of Ferrara, Ferrara, Italy
Corresponding author at: Department of Life Sciences and

Biotechnology, Biochemistry andMolecular Biology Section, Via Fossato
di Mortara 74, University of Ferrara, 44121 Ferrara, Italy.

E-mail address: brgmnc@unife.it

4 August 2016

http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0005
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0005
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0005
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0005
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0010
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0010
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0010
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0015
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0015
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0015
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0020
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0020
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0020
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0025
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0025
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0025
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0025
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0025
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0030
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0030
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0030
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0035
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0035
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0040
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0040
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0040
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0040
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0045
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0050
http://refhub.elsevier.com/S0009-8981(16)30381-3/rf0050
mailto:brgmnc@unife.it

	Surface plasmon resonance analysis to detect the β+IVSI-110 thalassemia mutation in circulating cell-free fetal DNA
	Funding
	References


