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Abstract
Objective: To investigate the possible role of maternal serum concentrations of placental growth hormone variant (GHV), insulin-like growth factor (IGF) 1 and 2, and IGF binding proteins (IGFBP) 1 and 3 in pregnancies complicated by
otosclerosis.
Method: Otosclerosis cases (n = 22) and age, ethnicity-matched controls (n = 22) were selected in a nested case-control
study. Maternal serum hormone concentrations at 26 and 34 weeks of gestation were determined by enzyme-linked immunosorbent assay (ELISA).
Results: Maternal serum GH-V concentrations at 26 and 34 weeks of gestation were significantly increased in the otosclerosis group, when compared to the control group (2.53 ± 0.17 ng/ml vs. 1.78 ± 0.19 ng/ml, p = 0.036; 4.34 ± 0.31 ng/ml
vs. 3.12 ± 0.18 ng/ml, p < 0.001, respectively). Maternal serum IGF-1 concentrations at 34 weeks in otosclerosis pregnancies were significantly higher than in the controls (589.1 ± 21.4 ng/ml vs. 499.7 ± 17.8 ng/ml, p < 0.001). The increase of
IGF-1 was not observed at 26 weeks of gestation. There were no significant differences in serum IGF-2 or IGFBP-1 or
IGFBP-3 concentrations between groups.
Conclusion: Concentrations of GH-V and IGF-1 in maternal serum were altered in pregnancy complicated with otosclerosis, suggesting that the GH-IGF axis may contribute to the development of this condition during pregnancy.

Keywords: Placental Growth Hormone; Pregnancy; Otosclerosis.
Abbreviations: GH-V: Growth Hormone Variant; PGH: Placental Growth Hormone; IGF: Insulin-like Growth Factor;

IGFBP: Insulin-like Growth Factor Binding Proteins; ELISA: Enzyme-Linked Immunosorbent Assay; TMB: Tetramethylbenzidine; MMR: Measles, Mumps, and Rubella.

Introduction
Otosclerosis is a common form of progressive hearing loss
in adults, which characterized by alternating phases of bone
resorption and formation [1]. The activity of osteoblasts and
osteoclasts plays an important role in the disease process [2].
Its aetiology remains poorly understood with a number of
possible factors implicated in its development, including genetics,
autoimmunity, viruses, inflammation, and hormones [3]. Hormone
factors, especially estrogen, have long been considered to involve
in the pathogenesis of otosclerosis due to the observations that
increased occurrence or aggravation of the hearing loss in women
during or shortly after pregnancy [4, 5]. However, a retrospective

study by Lippy et al., on 128 women does not support this
belief [6]. Moreover, despite the well-established participation
of estrogen in osteoblastic function [7], hormonal influence of
oral contraceptives does not predispose the female population to
an increase in otosclerosis [8]. Therefore, based on the current
evidence, the definitive conclusions, in terms of the association
of otosclerosis and pregnancy, cannot be drawn.
Pregnancy involves endocrine and metabolic changes as a
consequence of physiological alterations between mother and
fetus, leading to the vast changes in maternal hormones during
gestation. Placental growth hormone variant (GH-V) is a
hormone specifically expressed in the syncytiotrophoblast layer
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of the human placenta [9]. GH-V gradually replaces GH-N as
the main form of circulating GH at approximately 20 weeks
gestation and is therefore thought to play a key role in maternal
adaptation to pregnancy [10, 11]. GH-V differs from pituitary
growth hormone (GH-N) by only 13 amino acids and shares
similar physiological effects with GH-N, including the stimulation
of insulin-like growth factor (IGF)-1 [12, 13]. Providing the
evidence that GH regulates osteoblasts and osteoclasts activity
and plays an important role in the maintenance of bone mass
and the process of bone remodelling [14, 15], we hypothesised
that GH-V was associated with the development of otosclerosis
during pregnancy. The aim of this study was to determine
whether maternal serum concentrations of GH-V, IGF-1 and 2,
IGF binding proteins (IGFBP)-1 and 3 were altered in pregnancy
complicated with otosclerosis.

Materials and Methods
Participant
This retrospective study was conducted in The First Hospital
of Wenzhou Medical University according to the principles
of the Declaration of Helsinki. Ethical approval was obtained
from the institutional ethics committee of Wenzhou University
on human research, and all women provided written informed
consent. Between June 2013 and May 2017, 1286 nulliparous
women from Wenzhou city (Zhejiang Province, China) with
singleton pregnancies were recruited. Participants were given
routine antenatal care. Detailed clinical and demographic data
were collected. Maternal serum samples were collected at 26 and
34 weeks and stored at -80 °C. The specimens did not undergo
any freeze/thaw cycles prior to analysis. 22 participants firstly
diagnosed with otosclerosis during pregnancy were selected in
our study. Diagnosis of otosclerosis was based on symptoms
of progressive hearing loss, vertigo and tinnitus, audiometric
examination with low-frequency conductive hearing loss, and
the exclusion of other audiologic pathologies. Participants then
underwent surgery after delivery, and the definite diagnosis was
made by postoperative histopathologic analysis [16]. Exclusion
criteria includes previous hearing impairment, gestational diabetes,
preeclampsia, renal/liver failure, cardiovascular disorders, bleeding
disorders, bone disorders, autoimmune disorders, congenital
defects and abnormal fetal growth. In this nested case-control
study, 22 otosclerosis cases were matched by ethnicity and age (±
3 years) to 22 controls.
GH-V ELISA Procedure
The serum concentrations of GH-V were determined by an inhouse enzyme-linked immunosorbent assay (ELISA) [17]. In brief,
microtiter plates were coated with the human GH-V monoclonal
antibody 78.8E8 (Bio-Rad AbD Serotec) diluted in phosphate
buffer (0.1M Sodium Carbonate, pH 9.5) at a concentration
of 2 µg/ml by overnight incubation at 4°C and then blocked
by Ultrablock (Bio-Rad AbD Serotec) at room temperature for
1 hour. Recombinant human 22-kDa GH-V protein (Protein
Laboratories Rehovot) was reconstituted in 0.4 % NaHCO3 pH
9 as previously described [18]. GH-V standards were prepared
with a range from 0.078 to 5 ng/ml. Standards and 1:2 diluted
serum samples were incubated for 2 hours at room temperature,
then washed for three times. All serum samples were measured
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in duplicate. The human GH-V monoclonal antibody 78.7C12
(Bio-Rad AbD Serotec) was biotinylated using a LYNX Rapid
Biotin Antibody Conjugation Kit (Bio-Rad AbD Serotec). 8 µg/
ml biotinylated antibody 78.7C12 was added and incubated for
1 hour. After being washed three times, 200 ng/ml horseradish
peroxidase conjugated streptavidin (Bio-Rad AbD Serotec)
was added and incubated for 30 minutes. The microtiter plates
were washed four times. 3, 3′, 5, 5′-Tetramethylbenzidine (TMB)
Substrate Reagent Set (BD Biosciences) and stop solution (2N
H2SO4) were used for end-point detection. Absorbance was read
at 450 nm and 590 nm within 30 minutes of stopping reaction.
Serum samples were spiked with recombinant GH-V and the
average recovery rate was 106%. Coefficients of variation of
intra-assay and inter-assay were 4.8% and 6.8%, respectively.
Serum Analysis
Serum concentrations of total IGF-1, total IGF-2, IGFBP-1 and
IGFBP-3 were assayed with human-specific ELISAs as per the
manufacturer’s instructions (Mediagnost).
Statistical Analysis
Data are expressed as means ± S.E.M unless stated otherwise.
Group means were compared using a Student’s t test. Categorical
variables were compared using chi-square or Fisher’s exact test.
All analyses were conducted using IBM SPSS Statistics 23. A
p-value of < 0.05 was accepted as statistically significant.

Results
The demographic and clinical details are shown in Table 1. There
were no significant differences in family history of hearing loss,
the measles, mumps and rubella (MMR) vaccination status,
smoking and drinking habit, and previous oral contraceptives use
between the otosclerosis group and the control group (Table 1).
The average gestational age when diagnosed with otosclerosis is
25.9 ± 2.9 weeks (range from 21 to 32 weeks).
Maternal serum concentrations of GH-V, IGF-1, IGF-2 and
IGFBP-3 in both the otosclerosis group and the control group
increased as pregnancy progressed (Figure 1). Interestingly,
maternal serum GH-V concentrations at 26 and 34 weeks of
gestation were significantly increased in the otosclerosis group,
when compared to the control group (2.53 ± 0.17 ng/ml vs. 1.78
± 0.19 ng/ml, p = 0.036; 4.34 ± 0.31 ng/ml vs. 3.12 ± 0.18 ng/
ml, p < 0.001, respectively) (Figure 1A). Maternal serum IGF1 concentrations at 34 weeks in otosclerosis pregnancies were
significantly higher than in the controls (589.1 ± 21.4 ng/ml vs.
499.7 ± 17.8 ng/ml, p < 0.001) (Figure 1B). The increase of
IGF-1 was not observed at 26 weeks of gestation. There were no
significant differences in serum IGF-2 or IGFBP-1 or IGFBP-3
concentrations between groups (Figure 1C, D and E).

Discussion
The present study, for the first time, investigated the changes
of GH-V, IGFs and IGFBPs in pregnancy complicated with
otosclerosis. Otosclerosis is a localized bone remodelling process
that occurs in the vicinity of the otic capsule, in which the normal
structure of the bone has been replaced by the otosclerotic
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Table 1. Demographic and clinical findings.

Maternal characteristics
Maternal age (years)
Family history of hearing loss, n (%)
MMR vaccinated, n (%)
Smoker, n (%)
Alcohol intake during pregnancy, n (%)
Oral contraceptives use, n (%)
Gestational age at delivery (weeks)
Infant characteristics
Birth weight (g)
Placental weight (g)
Male, n (%)

Otosclerosis
n=22

Control
n=22

30.3 (0.9)

30.5 (0.8)

4 (18.2)
19 (86.4)
1 (4.5)
2 (9.1)
10 (45.5)
39.4 (0.3)

2 (9.1)
20 (90.9)
0 (0)
2 (9.1)
14 (63.6)
39.5 (0.4)

3226 (101)
689 (29)
13 (59.1)

3325 (85)
612 (35)
12 (54.5)

Results expressed as mean (SEM) or n (%); ns: not significant; MMR: measles, mumps and rubella.
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Figure 1. Serum GH-V, IGF-1, IGF-2, IGFBP-1 and IGFBP-3 concentrations.

8000

26 weeks

34 weeks

100
80

Otosclerosis
Control

60
40
20
0

26 weeks

34 weeks

Otosclerosis
Control

6000
4000
2000
0

26 weeks

34 weeks

Maternal serum concentrations of GH-V, IGF-1, IGF-2 and IGFBP-3 increased at 34 weeks of gestation than at 26 weeks. Maternal
serum GH-V of the otosclerosis group significantly increased at both 26 and 34 weeks than the control group. The increased concentrations of IGF-1 were also observed at 34 weeks but not at 26 weeks. There were no significant differences in serum IGF-2 or
IGFBP-1 or IGFBP-3 concentrations between groups. Data are expressed as means ± S.E.M. *p < 0.05.
bone [1]. Histology reveals that otosclerosis as a perturbation
of the local control of osteoclasts and osteoblasts, resulting
to the failure of regulation of bone remodelling. A number of
known factors and most likely a cascade of tightly controlled
promoters and inhibitors mediate this process, including growth
factors, cytokines, Eicosanoids, enzymes and free radicals [1].
Therefore, GH, as one of the regulators of bone remodelling,
is likely to be associated with the development or the process
of otosclerosis. In the present study, we found that increased

serum GH-V concentrations in pregnancy complicated with
otosclerosis, providing further evidence for this hypothesis.
GH has been long accepted to be the key hormone in normal
postnatal longitudinal bone growth. However, it is now well
established that GH also exerts important effects in adults and
play a role in bone remodelling, supported by studies in both
animals and humans [19]. For example, GH directly stimulates
osteoblasts in a number of osteoblastic cells of various origin,
including human, chicken, rat and mouse [20-23]. Further study
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also indicates that GH stimulates osteoblast activity through both
its direct and indirect actions on osteoblast differentiation and
though its activation of mature osteoblasts via osteoblasts [14].
Moreover, the regulation of bone remodelling also achieves by
the GH-induced local production of IGF-1 and by a GH-induced
increase in circulating levels of IGF-1, apart from the direct effect
of GH [24, 25]. Consistent with this, we found that increased
maternal serum IGF-1 at 34 weeks in otosclerosis pregnancies.
However, how much of the GH effect is mediated by IGFs and
how much is IGF-independent are still unclear.

Conclusions
The findings of our study indicate that the maternal serum
concentrations of GH-V and IGF-1 are likely to be associated
with the occurrence of otosclerosis during pregnancy. The
limitations of this study are that only two sampling time-points
(26 and 34 weeks) were applied and the sample sizes were relatively
small. Large-scale prospective studies to investigate the change of
GH-V and IGF-1 during pregnancy complicated by otosclerosis
would provide valuable insights and support our findings.
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