
Introduction

Fetal growth restriction (FGR) is a serious pregnancy re-

lated the early impaired placentation and restricted growth

of the fetus. The pathogenesis of idiopathic FGR is com-

plex. However this theory accepted the characterized poor

placentation, shallow trophoblast invasion, and impaired

transformation of uterine spiral arteries. These pathological

changes could reduce transfer of nutrients and oxygen from

the placenta to the fetus followed and developed the fetal

growth restriction [1, 2].

Human transthyretin (TTR) is a 55-kDa homotetrameric

protein carrier for thyroxin (T4) which is mainly synthe-

sized by the liver, meninges, choroid plexus, pancreas, in-

testine, and the syncytiotrophoblast of human placenta. Its

function is to carry T4 by binding with thyroxine-binding

protein (TBG) in plasma [3, 4] and play an important role

in the transport of T4. Moreover, TTR is responsible for

transporting retinol by forming a complex with retinol-

binding protein 4 (RBP4). It has been known that retinol

plays an important role of many physiological processes,

including immune function, reproduction, and normal em-

bryonic and fetal development [5]. RBP4 is a 21-kDa

adipokine which highly expressed in liver, fat, and placenta

during pregnancy. The complex of TTR-RBP4 (in a 1:1

molar ratio) is the specific receptor which can prevent

retinol form excreting in the kidney, increase the stability

and solubility, and reduce the toxicity of retinol [6, 7].

Recent studies showed that point mutations of the TTR

gene was responsible for many diseases such as gestational

diabetes mellitus and familial amyloidosis [8]. Although

some studies showed TTR was dysregulated in FGR, but

the relationship with complex of TTR-RBP4 and fetal birth

weight has not been investigated in FGR. The aim of this

study was to evaluate the concentration of TTR and RBP4

in maternal blood and placentas in FGR, and furthermore to

study the relationship between TTR-RBP4 and birth

weight.

Materials and Methods

This was a retrospective study on maternal serum and placen-

tas which collected during the period between 2015 and 2016 at

the Beijing Luhe Hospital, Capital Medical University, China.

Medical and obstetric history was obtained for each woman using

the institutional data base (Obstetrics and Gynecology, Beijing

Luhe Hospital, Capital Medical University, China). Gestational

age was determined by the last menstruation or ultrasonic gesta-

tional age by calculated embryonic crown-rump length (CRL).

All the samples were collected and kept at 4°C for 24 hours until

samples were stored at –80°C. Before screening program and col-

lecting sample, an informed consent was signed. This retrospec-

tive study was conducted with the Declaration of Helsinki.

The study consisted of 60 pregnant women who were assessed

between the 32

rd

and 36

th

gestational week, including 30 FGR and

30 normal pregnancies. The FGR patients had no other compli-

cation such as gestational diabetes mellitus, preeclampsia, and

medical disease. All collected samples were matched with respect
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to gestational age of sampling. Maternal serum were selected be-

fore pregnant women accepted treatment in FGR. Placentas were

selected among consecutive pregnancies that delivered during the

period 2015–2016 at the Clinic for Obstetrics and Gynecology,

Beijing Luhe Hospital, Capital Medical University, China. FGR

was defined as the birth weight lower than the average weight of

the fetus with two standard deviations or 10 percent, or having a

birth weight less than 2,500 grams after 37 weeks. Doppler pa-

rameters showed absent/reversed end-diastolic umbilical artery

flow (ARED) and increased resistance in uterine artery Doppler

[9, 10]. Controls were selected normal women with singleton

pregnancies and undergoing pregnancy legal termination.

Concentrations of serum TTR and RBP4 were measured by

using enzyme-linked immunosorbent assay (ELISA) kit using

polyclonal rabbit anti-human antibodies).

Tissue samples were fixed in 10% buffered formalin for 24

hours. Sections (2 µm thickness) of formalin-fixed paraffinem-

bedded tissues were deparaffinized according to standard proce-

dures. The sections were dehydrated with xylene and graded

alcohol/water mixtures, deparaffinized, rehydrated, and treated

with 3% H

2

O

2

for ten minutes to inhibit endogenous peroxidase.

Antigen retrieval was performed by incubating sections in citrate

buffer at 95°C for 15 minutes. After blocking with normal goat

serum for 30 minutes, sections were incubated with anti-TTR and

anti-RBP4 (1:150) at 4°C overnight. Sections were then incubated

with a sheep secondary antibody for one hour and stained using a

diaminobenzidine kit. Visualization was performed by incubating

the slides with AEC chromogen single solution for 10 minutes.

Negative controls were performed by omitting the primary anti-

body. Sections were counterstained with hemalaun.

The statistical analysis was performed with R (version3.0.1).

The normality of data distribution was checked using the Kol-

mogorov–Smirnov test. A p-value of < 0.05 was considered sig-

nificant. Data that were normally distributed were presented as

mean (± standard deviation). Correlation analyses were performed

using Pearson’s coefficient (parametric data) or Spearman’s co-

efficient (non-parametric data). Then, the following statistical

analysis was also using Wilcoxon test, t-tests, and Kruskall–Wal-

lis test. In case of multivariate analysis was performed using lo-

gistic regression.

Results

The present study reports features of the study popula-

tion as follows: maternal age in FGR (mean ± SD) of 28.70

± 0.77 (28.87 ± 0.88 in controls, p > 0.05) years, gestational

age at delivery (mean ± SD) of 34.99 ± 0.55 (34.96 ± 0.54

in controls, p > 0.05) weeks, gravidity of 1.67± 0.19 (1.73

± 0.23 in controls, p > 0.05), and parity of 1.07 ± 0.05 (1.10

± 0.07 in controls, p > 0.05). The authors found no signif-

icant differences in maternal age, gestational week, gra-

vidity, and parity (Table 1).

FGR patients were characterized by reduced TTR in ma-

ternal serum compared to controls (mean ± SD: 4.05 ± 0.32

ng/ml vs. 5.20 ± 0.27 ng/ml p < 0.05). However RBP4 did

not show changes in two groups (FGR vs. controls RBP4

35.36 ± 2.15 ng/ml vs. 35.09 ± 1.58 ng/ml, p > 0.05) (Fig-

ure 1). The authors also studied the relationship between

fetal birth weight and the concentration of TTR and RBP4

in FGR patients. As Figure 2 shows, the birth weight had a

positive relationship with TTR in FGR and it was  signifi-

cantly correlated (r = 0.620, p < 0.05). However, the con-

centration of RBP4 had not significant correlation (r =

0.105, p < 0.05).

All placentas of the two groups was performed with sec-

tions by immunohistochemistry. Figure 3 shows character-

istic staining patterns of TTR in FGR compared with

control. It is obvious that FGR shows a strong staining for

TTR, while control only a weak one. Staining is mostly lo-

calized on the villous trophoblast. The expression of RBP4

was poor in FGR and control. Semi-quantitative analysis

of the staining pattern of TTR in villous trophoblast of

preterm placentas was also performed. The authors invited

two independent pathologists to analyze the semi-quantify

TTR staining focussing on intensity and distribution within

the villous trophoblast. The staining intensity was graded as

follows: -, +, ++, +++, ++++. Quantification of staining re-

veals that there is a significant difference between the two

Table 1. — Features of the study population.

Group Age (years) Gestational  Gravidity Parity

Week (weeks)

FGR 28.70±0.77 34.99±0.55 1.67±0.19 1.07±0.05

Control 28.87±0.88 34.96±0.54 1.73±0.23 1.10±0.07

There were no significant differences in maternal age, gestational week, gra-
vidity, and parity in two groups (p > 0.05).

Figure 1. — Serum concentrations of TTR and BRP4 in FGR and

control. (A) The concentration of TTR in FGR is reduced (p <

0.05). (B) RBP4 did not distinguish changes in two groups (p >

0.05).

Figure 2. — Relationship between fetal birth weight and the con-

centration of TTR and RBP4 in FGR patients. (A) Plot of linear

regression between fetal birth weight and TTR, showing no sig-

nificant correlation (r = 0.620, p < 0.05). (B) Linear regression

between fetal birth weight and RBP4 (r = 0.105, p < 0.05). The r-

values in the plots refer to Pearson’s correlation coefficient. 
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groups with a significantly increased staining in FGR in

Figure 4 (red and blue bars).

Discussion

This is the first study to consider the relationship between

TTR and fetal birth weight of FGR in maternal serum. The

authors also researched the expression of RBP4, which

forms a complex with TTR to transfer retinol from the pla-

centa to the fetus [7, 8]. Retinol is important in fetal devel-

opment [5]. Some studies have shown that the expression

of retinol had decreased FGR in animal models, but few

studies focused on the complex TTR-RBP4 metabolism in

the placenta. Gharesi-Fard et al. reported TTR of placentas

increased compared to normal pregnancies versus preg-

nancies complicated by using a proteomic analysis [11].

Patel et al. analyzed the expression of TTR in normal pla-

centa at different gestational weeks and described a signif-

icant correlation between TTR levels and gestational age

in the first trimester of pregnancy, but the expression of

TTR did not increase in the second trimester [12, 13]. No

previous study has investigated the relationship between

TTR \ RBP4 and the fetal birth weight of FGR.

In the present study, the authors demonstrated that TTR

of plasma concentrations decreased in FGR compared to

normal pregnancies, while the RBP4 had no significant dif-

ference. TTR acts as carrier to transport the retinol-RBP4

complex and forms a ternary complex with retinol-RBP4

in the blood [14]. However, such ligands to the human fetus

through the placenta are mostly not yet elucidated. Re-

cently, other studies reported the deficiency of RBP4 may

affect the metabolites of retinol following development in

FGR [15, 16]. However, the present data show plasma

RBP4 concentration is not significantly different between

FGR and normal pregnancies (p > 0.05). Some studies in-

dicated maternal serum concentration of RBP4 had no sig-

nificant difference in FGR [17]; this result is the same as

the present. Whether RBP4 plays a role in the pathogene-

sis of FGR still needs further study. The present study re-

ports that the deficiency of TTR is associated with the onset

of FGR, which is in agreement with other research [18-20].

Furthermore, the present data showed that there was a sig-

nificant positive correlation between the birth weight and

the concentration of TTR in FGR (r = 0.620, p < 0.05). 

In this study, the authors describe an enhancement of

TTR immunoreactivity in placentas of FGR. It is obvious

that FGR shows a distinguished increased expression of

TTR in the villous trophoblast compared to controls. It has

been reported that the expression of TTR in placenta is in-

creased because of the relative hypoxia [13]. Also, other

studies detected that TTR is modified in several types of

post-translational modifications especially under oxidative

conditions [21-23]. Post-translational modifications of the

cysteine residue in position 10 (Cys10) in TTR can affect

the stability of the TTR tetramer [24]. Arrigo et al. found

that relative deficiency of the amount of TTR modified by

chemical modification of cysteine side chain to form

glycine Cys10 in TTR is located away from the sites of in-

teraction of TTR with RBP4, and it seems unlikely to have

an effect on the interaction with such TTR ligands. More-

over, RBP4 can undergo post-translational modifications,

resulting from the truncation of RBP4 at the C-terminus by

one or two leucine residues. Thus, it is possible that aug-

mented TTR expression in placentas of FGR in this study

may be the result of placental hypoxia. Because the post-

translational modifications in TTR under hypoxia condi-

tions alter its stability, the placenta needs more TTR to

transport T4 or the complex retinol-RBP4. The concentra-

tion of TTR in maternal serum was positively correlated

Figure 3. — Immunohistochemical staining for TTR and RBP4 in

preterm placenta. The images (A) show representative staining

patterns of TTR in preterm controls. (B) Staining patterns of TTR

in FGR. (C) Representative staining patterns of RBP4 in preterm

controls. (D) Staining patterns of TTR in FGR. FGR shows a

stronger staining for TTR than the control, and the expression of

RBP4 are poor in the two groups.

Figure 4. — Semi-quantitative analysis of the staining pattern of

TTR in villous trophoblast of preterm placentas. Staining intensity

of villous trophoblast is classified into five categories (++++, +++,

++, +, -) and staining is quantified using systematic random se-

lection of images and point grid analysis. There is a significant

difference between two groups with a significantly increased

staining in the groups FGR (p < 0.05). 
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with birth weight in FGR (r = 0.620, p < 0.05). Possibly, the

higher the maternal plasma in TTR, the better the fetal de-

velopment. Moreover, TTR may be a marker to diagnose

FGR and forecast the sequelae of the fetus.
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