Int J Clin Exp Med 2019;12(5):5820-5827
www.ijcem.com /ISSN:1940-5901/1JCEM0084845

Original Article

Preliminary screening for

pre-pregnancy thyroid dysfunction using magnetic
hanoparticle based time-resolved fluoroimmunoassay

Jun Fan®, Yijuan Cai?*, Biao Huang?, Fang Ling?, Yun Gao?, Bin Zhou?, Jue Zhang?, Lili Deng?, Yi Zhang?,
Xufeng Ding?

1Key Laboratory of Nuclear Medicine, Ministry of Health, Jiangsu Institute of Nuclear Medicine, Wuxi, Jiangsu,
China; 2Yixing Maternal and Child Health Care Hospital, Wuxi, Jiangsu, China; *School of Life Science, Zhejiang
Sci-Tech University, Hangzhou, China. *Equal contributors.

Received August 30, 2018; Accepted February 11, 2019; Epub May 15, 2019; Published May 30, 2019

Abstract: Purpose: Antibodies against thyroid peroxidase (TPOAb) and thyroglobulin (TgAb) have been found to be
significant risk factors for hypothyroidism in pregnancies. Screening for TPOAb and TgAb will identify cases missed
by measurement of serum thyroid-stimulating hormone (TSH) alone. In this study, a novel immunoassay was es-
tablished for detection of TPOAb and TgAb in pre-pregnant women. Materials and methods: This new immunoassay
method combined time-resolved fluoroimmunoassay (TRFIA) and magnetic nanoparticles. Results: With the advan-
tages of magnetic nanoparticles, the TRFIA immunoassay exhibited broad dynamic assay ranges for TPOAb and
TgAb, with detection limits of 0.31 ng/mL and 0.35 ng/mL, respectively. Coefficient variations of the method were
lower than 6% and recoveries were in the range of 99-101%. Good correlation levels were obtained in the analysis
of 58 serum samples between the proposed method and a commercial kit, with correlation coefficients of 0.9937
and 0.9965 for TPOAb and TgAb, respectively. Conclusion: Present results demonstrate that the developed immu-
noassay for determination of TPOAb and TgAb is a reliable method for clinical application, with superior sensitivity,

specificity, and accuracy.
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Introduction

Thyroid hormones are crucial for the growth
and maturation of many target tissues, espe-
cially the brain and skeleton. Thyroid dysfunc-
tion is common in pregnancies and has adver-
se fetal and maternal health consequences.
Women with thyroid dysfunction have an in-
creased risk of fetal-maternal complications,
including miscarriages, stillbirths, preeclamp-
sia, and neonatal morbidity [1-3]. Adequate
maternal thyroid status in early gestation is
critical for fetal brain development, as the fetus
relies exclusively on maternal thyroxine sources
[4]. Importantly, some complications appear to
be preventable by treatment, underpinning the
need for prompt correction of gestational thy-
roid dysfunction. In recent years, with the na-
tional population policy adjustment, China has
paid more attention to health care in pre-preg-

nant and pregnant women. In many parts of
China, free pre-pregnancy care is provided to
the pregnant population, playing an important
role in improving the quality of the born popula-
tion and ensuring the safety of mothers and
children.

Free pre-pregnancy checkups include many
items, in which thyroid function screening plays
a key role in female care during the pre-preg-
nancy period. Clinical diagnosis of thyroid dys-
function during pre-pregnancy and pregnancy is
based on serum thyroid-stimulating hormone
(TSH) concentrations [5, 6]. TSH in pregnancies
is physiologically lower than levels in the non-
pregnant population. Due to lower costs of sc-
reening for the population, routine TSH detec-
tions are currently more available. For those
with abnormal TSH, it is necessary to check
other indicators. Antibodies against thyroid per-
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oxidase (TPOAb) and thyroglobulin (TgAb) are
important indicators of thyroid immune inflam-
mation [7-9]. Even when thyroid function is
normal, TPOAb and TGAb positive may have an
impact on pregnancies. Thus, using the classi-
cal reference range for serum TSH could lead to
the underdiagnosis of hypothyroidism and over-
diagnosis of hyperthyroidism, missing many
cases of thyroid antibodies. Therefore, screen-
ing for TPOAb and TgAb is important for detec-
tion of thyroid dysfunction.

Currently, detection of serum TPOAb and TgAb
mainly depends on enzyme-linked immunosor-
bent assay (ELISA), chemiluminescence immu-
noassay (CLIA), and electrochemiluminescence
immunoassay (ECLI) [10-12]. However, these
methods are either associated with low stabili-
ty, sensibility, and repeatability or require large
instruments and lots of space, with high costs.
It is difficult to carry out extensive screening in
pre-pregnant and pregnant populations. Mag-
netic nanoparticles based time-resolved fluoro-
immunoassay (TRFIA) is a novel immunoassay
method. This method involves primary antibod-
ies immobilized on the surface of magnetic par-
ticles and labeled with stable fluorescent che-
lates. This method combines the advantages of
magnetic particles and TRFIA, resulting in high
sensitivity, satisfactory specificity, short ana-
lytical time, and cost-effectiveness. For this
study, researchers developed an immunoassay
for measurement of TPOAb and TgAb in human
serum, characterized by the use of magnetic
particles, as a solid-phase, and detection of Eu
chelates. Results indicate that this novel meth-
od possesses notable advantages of higher
sensitivity, shorter analysis times, and larger
linear range. Therefore, this strategy shows sig-
nificant promise for future application in practi-
cal clinical detection.

Materials and methods
Reagents

Magnetic particles were obtained from JSR Life
Sciences (Tokyo, Japan). Monoclonal anti-TPO-
Ab antibodies B1 and B7, anti-TgAb antibodies
LAOO1 and CA001, and TPOAb and TgAb stan-
dard were purchased from Wason Biotech
(China). Eu®*-labelling kits were obtained from
Perkin-Elmer Wallac (Turku, Finland). PD-10
and Sepharose CL-6B were purchased from
Amersham Pharmacia Biotech (Piscataway, NJ,
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USA). TPOAb and TgAb commercial immunoas-
say kits were provided by Roche (Swiss).

Bovine serum albumin (BSA), diethylenetriami-
nepentaacetic acid (DTPA), 4-morpholineethan-
esulfonicacid (MES), N-hydroxysulfosuccinimide
(NHS), 1-ethyl-3-(3-dimethylaminopropyl) carb-
odiimide hydrochloride (EDC), proclin-300, and
Tween-20 were purchased from Sigma (St. Lo-
uis, MO, USA). All other chemicals used were of
analytical reagent grade. Ultra-pure water was
obtained using a Milli-Q water purification sys-
tem (Millipore, Bedford, MA, USA). It was used
throughout the experiments.

Serum samples

A total of 58 serum samples were collected fr-
om pre-pregnant women with no history of thy-
roid disease, from March 2017 to May 2017, in
Yixing Maternal and Child Health Care Hospital,
Jiangsu Province, China. All patients were diag-
nosed according to clinical symptoms and labo-
ratory tests. Serum samples were stored at
-20°C.

Coating conjugate preparation

Magnetic particles (10 pL, 1 mg/mL) were first
activated using a mixed solution (pH 7.2-7.6) of
EDC (300 pL, 50 mg/mL) and NHS (300 pL, 50
mg/mL). After 30 minutes at room temperature
for incubation, the mixture solution was wash-
ed three times with phosphate buffer solution
(0.05 M, pH 7.2-7.6) containing 1% BSA, 0.1%
Tween-20 (PBST), then anti-TPOAb antibody B1
(4 mL, 15 pg/mL) was added. After incubation
overnight at 4°C, the magnetic particles were
separated by an external magnetic field and
washed three times with PBST. This was to
remove unbounded antibodies with the mag-
netic separation process. Non-specific sites on
magnetic particles were blocked using 2% BSA
solution for 30 minutes at 25°C. Obtained mag-
netic particles-antibody conjugates were stored
at 4°C until use.

Anti-TgAb antibody LAOO1, conjugated using ma-
gnetic particles, was prepared using a similar
method.

Labeling of antibodies

Anti-antibody labeling with Eu chelates was
carried out according to manufacturer instruc-
tions. The PD-10 column was used to exchange
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buffers to pH 8.5 (50 mmol/L Na,CO,-NaHCO,
0.155 mol/L NaCl). Anti-TPOAb antibody B7 or
anti-TgAb antibody CAOO1 labeling buffer (500
uL, 2 mg/mL, pH 8.5) was added to 0.2 mg
Eu-chelate of N1-pisothiocyanatobenzyl-dieth-
ylenetriamine-N1, N2, N3, N4-tetraacetic acid,
then incubated overnight at 4°C. The labeled
antibody was isolated from the free chelate and
aggregated Mc Abs with Sepharose CL-6B gel
filtration column (1 cm x 40 cm) in an elution
buffer containing 50 mmol/L Tris-HCI (pH 7.8
containing 0.9% NaCl and 0.05% sodium azide
as a preservative). Fluorescence was measured
by dilution with an enhanced solution and the
concentration of EU%* in the sample was ob-
tained. Collected protein fractions were rapidly
frozen and stored in high vacuum drying after
dilution with an elution buffer containing 0.2%
BSA as a stabilizer. Labeled Mc Abs were stored
at-20°C.

Preparation of TPOAb and TgAb standards

Concentrations of TPOAb in the six mixed stan-
dards were prepared by diluting highly purified
TPOADb in a standard buffer (50 mmol/L pH 7.8
Tris-HCI buffer containing 2 g/L BSAand 1 g/L
NaN,) to O, 7, 15, 30, 50, and 100 ng/mL. Co-
ncentrations of TgAb in the six mixed standards
were prepared by diluting highly purified TgAb in
a standard buffer to 0O, 10, 50, 100, 200, and
400 ng/mL.

Time-resolved fluoroimmunoassay

Initially, 5 yL of magnetic nanoparticles, coated
with anti-TPOAb antibody B1, 75 uL of Eu®*
labeling anti-TPOAb antibody B7, and serum
samples or standards, were added sequentially
into the analytes. After 15 minutes of incuba-
tion with continuous gentle stirring at room
temperature (25°C), the plate was positioned
on the magnet for 5 seconds. The supernatant
was discarded. After removing the free sub-
stances and rinsing with washing buffer six
times, 200 pL of enhancement solution was
added. Next, the immunocomplexes were re-
suspended in the enhancement solution and
the mixtures were incubated for 5 minutes with
stirring at room temperature. Finally, the fluo-
rescence signal was measured with the Au-
toDEFIA .. Multi-label Counter. Fluorescence
of Eu®* was measured at an excitation wave-
length of 340 nm and an emission wavelength
of 615 nm.
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Statistical analysis

Data are presented as mean * standard de-
viation (SD). Student’s t-test was used for co-
mparisons between the two groups. Standard
curves were obtained by plotting the fluores-
cence intensity (Y) against the sample concen-
tration (X) and fitting a linear regression equa-
tion. Pearson’s linear regression was used to
obtain linearity and correlations. Serum sam-
ples were measured using the proposed meth-
od and a commercial kit (Roche). They were
analyzed and compared using the Bland and
Altman method. P < 0.05 indicates statistical
significance. All statistics were generated using
SPSS 17.0.

Results
Optimization of the assay

Reaction parameters, including reaction tem-
perature, incubation time, concentration of ma-
gnetic particles, and the dilution ratio of Eus*-
labeling antibody, were optimized and reported
in a previous work. Reaction conditions were
optimized as follows: one-stop reaction finished
within 15 minutes in a total volume of 50 pL
with 5 yL magnetic particles. Optimized mag-
netic particle-based TRFIA reduced analysis
times and minimized the amount of blood sam-
ples required.

Calibration curves

Under optimized experimental conditions, stan-
dard curves for the TOPAb immunoassay and
TgAb immunoassay were generated using a
dilution series of standards (O, 7, 15, 30, 50,
and 100 ng/mL for the TOPAb immunoassay
and O, 10, 50, 100, 200, and 400 ng/mL for
the TgAb immunoassay). Calibration curves we-
re obtained using linear regression. As shown
in Figure 1, calibration curves for both TPOAb
and TgAb were linear over the concentration
range, with a correlation coefficient of 0.9972
and 0.9946, respectively. The linear regression
equation of TPOAb was Y = 1165.3X + 4924.3,
with a lower detection limit of 0.31 ng/mL (de-
fined as the concentration corresponding to
blank fluorescence intensity plus two standard
deviations, n = 20). The linear regression equa-
tion of TgAb was Y = 546.92X + 268.06, with a
lower detection limit of 0.35 ng/mL. No high-
dose hook effects were observed within these
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4). Present results verify
the high specificity of this
novel assay, indicating this
method could be used for
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Figure 1. Calibration curves for magnetic nanoparticle-based TRFIA measure-

ment of TPOAb (A) and TgAb (B) standards.

Table 1. Intra-assay reproducibility

Theoretical value Observed value® CV (%)

Sample (ng/mL) (ng/mL) n=10

TPOAD 20 20.83+155 3.8
100 101.42+9.78 4.3

TgAb 50 4921+1.07 47
400 405.84 +1021 4.9

@aMean value + standard deviation.

linear ranges. Results suggest that sensitivity
reached the permitted determination for very
low levels of TPOAb or TgAb.

Precision, specificity, and recovery

Precision of the current method was estimated
by inter-assay and intra-assay coefficients of
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determination of TPOAb and
TgAb in human serum.

400 500

Analytical recoveries were
evaluated via spiking differ-
ent concentrations of TPO-
Ab and TgAb standards into
maternal serum controls. Results are present-
ed in Table 5. Recoveries of TPOAb and TgAb
varied from 99.4-100.1% and 99.2-101.0%,
respectively, indicating that recovery of the pro-
posed immunoassay was satisfactory.

Clinical application of the established assay

TPOAb and TgAb in 58 clinical serum samples
were analyzed to evaluate the feasibility of the
developed TRFIA based on magnetic nanopar-
ticles in clinical applications. These serum sam-
ples were also assayed in parallel, using com-
mercial kits (Roche). Results from the devel-
oped method revealed a good correlation with
those from Roche kits (Figure 2). The equation
of the regression curve was Y = 1.096X + 0.2088
(R? = 0.9937) for TPOAb and Y = 0.9733X +
1.5214 (R? = 0.9965) for TgAb. X represents
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Table 2. Inter-assay reproducibility

roid dysfunction failed to be identified

Theoretical value Observed value?

[20].

Sample (ng/mL) (ng/mL) CV (%) n=10 . . .
TPOAD 20 21.04 + 1.09 40 Thyroid autoant!bodles' (TPOADb and/pr
100 110.54 + 12.45 5.1 .TgAb) are ass.oc'ated W.'t.h r.'yp.Other'd'
ism. TPOAb is a specific indicator of
TeAb 50 51.14+1.05 3.8 autoimmune thyroid disease and an
400 410.13 £10.14 6.0 important indicator of subclinical hy-
°Mean value + standard deviation. pothyroidism. Positivity for TPOAb is
common in women of childbearing age
Table 3. Cross-reactivity for TPOAb and bears a considerable risk for the
development of postpartum thyroid-
Interfering substance F)oncentra- Observed Crggs-reac- itis, with eventual Iong—term hypothy—
tion (ng/mL) value (ng/ml) _ tivity (%) roidism in the mother. Tg is a thyroid
TeAb 500 0.2 0.04 storage protein. Its levels positively
TSH 250 12 0.48 correlate with thyroid volume. Tg levels
increase in early pregnancy, are main-
tained at stable levels throughout
Table 4. Cross-reactivity for TEAD mid-pregnancy, increase further at 36
Interfering substance poncentra- Observed Crgs's-reac- weeks of gestation, and decrease to
tion (ng/mL) value (ng/mL) tivity (%) non-pregnant levels after delivery [21].
TPOAb 200 0.1 0.05 A recent study reported the assess-
TSH 250 0.7 0.28 ment of serum Tg levels as a marker

TPOADb or TgAb concentrations, estimated with
the proposed method, and Y represents those
obtained using the Roche kit.

Discussion

Thyroid dysfunction is the second most com-
mon endocrine disturbance in women of repro-
ductive age, especially in pregnant women
[13]. About 2-3% of pregnant women are diag-
nosed with hypothyroidism and 10-20% of all
euthyroid pregnant women are positive for thy-
roid antibodies [14]. Hypothyroidism is an im-
portant factor in pregnancy outcomes, as well
as neonatal and childhood development [15].
Studies have shown that subclinical hypothy-
roidism and thyroid autoimmunity adversely
affect maternal and fetal outcomes [16-18].
Pre-pregnant women with severe hypothyroid-
ism often have difficulty conceiving. Moreover,
risks of adverse maternal complications in an
untreated hypothyroidism pregnancy are high-
erthan those in normal pregnant women. Wang
et al. reported that the case identification sc-
reening strategy failed to diagnose 81.6% of
pregnant women with hypothyroidism [19].
Ohashi et al. also showed that, in targeted
high-risk case pregnant women diagnosed with
thyroid disease, only 10% of women with thy-
roid dysfunction and 90% of women with thy-
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for iodine deficiency [22]. Positivity for

TPOAb and/or TgAb is common in wo-
men of reproductive age in countries with good
iodine supplies. The prevalence of positivity for
TPOAb among pregnant women has been re-
ported to be between 5.1 and 12.4% [23-25].
Based on these studies, TPOAb and TgAb are
believed to be significant risk factors for hypo-
thyroidism in pregnancies.

Currently, laboratory diagnosis of thyroid dys-
function during pregnancy is based on serum
TSH concentrations. However, only detecting
serum TSH may miss TPOAb- or TGAb-positive
cases. Moreover, concentrations of TPOAb and
TgAb have been associated with thyroid dis-
ease, helping to detect thyroid disease to some
extent. Therefore, screening for thyroid disor-
ders in pre-pregnancy and pregnancy women
should also include assessment of TPOAb and/
or TgAb.

TRFIA is a promising immunoassay method
labeled with rare earth metals. This method
can generate strong fluorescence with long
decay times, large Stokes shifts, and sharp
emission profiles [26, 27]. However, some limi-
tations in the conventional TRFIA still remain.
Specific antigen or antibody reagents and inter-
actions may not absorb fully (and so be immobi-
lized) on the plastic surface of 96-well micro-
plates. Thus, they could be washed out. Ma-
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Table 5. Recoveries determined via spiking different concentrations of TPOAb and TgAb standards

into maternal serum controls

Sample Serum concentration Spiked standard Observed value® Theoretical value Recovery
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (%)
TPOAb 25.80 23.95 49.45 + 0.88 49.75 99.4
25.80 52.15 78.03 + 1.06 77.95 100.1
25.80 87.25 112.60 + 2.37 113.05 99.6
TgAb 162.48 56.24 220.90 £ 1.63 218.72 101.0
162.48 120.88 281.09 + 2.58 283.36 99.2
162.48 368.45 533.58 + 1.96 530.93 100.5

aMean value + standard deviation.

w
a
o

Y=1.096X+0.2088

R?=0.9937
250+

200+
150+

100+

50+

TPO detected by Roche kit (ng/ml) >

150

200

250 300

350

0 50 100
TPOADb detected by the proposed method (ng/ml)
B 700,
£ Y=0.9733X+1.5241
S 600
2 R2=0.9965 *
2 500
@
=
H
& 400
-
=
= 300-
3
3
= 2004
&)
= 100+
0 : : - - - - .
0 100 200 300 400 500 600 700

TgAb detected by the proposed method (ng/ml)

Figure 2. Comparison of results obtained using the proposed method versus
those obtained using Roche kits for TPOAb (A) and TgAb (B) detection in 58

serum samples.

gnetic nanoparticles with bioactive molecules
are very useful tools for immunoassays due to
large surface areas available for reactions and
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less loss of specific anti-
gens or antibodies in the
plate-washing process. Co-
mbining the advantages of
using magnetic nanoparti-
cles with TRFIA, present
researchers established a
magneticparticle-based TR-
FIA method. This method is
a new generation of sensi-
tive technology, character-
ized by immobilizing primary
antibodies on the surface
of magnetic particles and
labeling with stable fluor-
escent chelates. This meth-
od achieves high sensitivi-
ty, good specificity, high pre-
cision, high recovery rate,
and stable detection resu-
Its. It is effective in clinical
application. Moreover, this
method can possibly repla-
ce the electrochemical Iu-
minescence detection me-
thod.

This novel immunoassay
method is applicable to the
determination of TPOAb and
TgAb. As indicated by pres-
ent results, the assay pro-
cedure is more straightfor-
ward than the conventional
method, with acceptable re-
producibility, specificity, and
recovery. Moreover, the co-

st of the proposed method established is much
lower than the commercial kit (Roche kit). Good
correlation was found with the Roche kit, sug-
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gesting that the new method could be devel-
oped into commercially available kits for clini-
cal application.

In summary, the current study developed a
TRFIA method for determination of thyroid auto-
antibodies (TPOAb and/or TgAb) by immobiliz-
ing primary antibodies on the surface of mag-
netic nanoparticles. Present results demon-
strate its high sensitivity, specificity, accuracy,
and reproducibility, as well as its cost-effective-
ness and short assay times. The present novel
immunoassay for serum TPOAb and TgAb may
be suitable for clinical use in the future.
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