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Abstract

Aim: There is limited data about the association between tenascin X deficiency and obstetric outcomes. Here, we aimed to search the 
predictive role of amniotic fluid and serum tenascin X for adverse pregnancy outcomes.

Methods: This is a prospective study conducted at a university-affiliated hospital between May 2021 and December 2021. A total of 70 
patients who underwent amniocentesis for any reason were included. Patients were divided into two groups: adverse pregnancy outcome group 
(n = 35) and controls (n = 35). Demographic, laboratory and obstetrics features were recorded. Amniotic fluid and serum tenascin X levels were 
measured using the ELISA method.

Results: Amniotic fluid tenascin X were 19.1(8.2–39.13)ng/ml in the adverse perinatal outcome group and 22.34(2.91–61.99)ng/ml in control 
group which was significantly lower in adverse outcome group (p=0.020). Similarly, serum tenascin X levels were lower in adverse perinatal 
outcome group compared to control group (1.97[1.07–5.85] ng/ml vs 3.03[1.31–8.15] ng/ml, p=0.030). Amniotic fluid tenascin X<20.7ng/ml 
predicted adverse perinatal outcomes, with a sensitivity of 74.29% and specificity of 65.7% (p=0.016, AUC=0.662). Serum tenascin X≤1.97ng/
ml predicted adverse perinatal outcomes with a sensitivity of 54.29% and specificity of 80% (p=0.024, AUC=0.651). The analysis revealed 
no significant difference between serum and amniotic fluid (p=0.91). Amniotic fluid tenascin X levels were significantly lower in patients who 
developed gestational diabetes, preterm birth, premature rupture of membranes and an Apgar score ≤7.

Conclusion: Amniotic fluid and serum tenascin X could be a valuable marker for predicting adverse perinatal outcomes. Large scaled, 
prospective randomized studies are needed to clarify this association.
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Introduction

Tenascins are extracellular matrix glycoproteins that play role in 
the modulation of cell signaling, collagen deposition and resistance 
to proteolysis.1 The family is composed of four members: Tenascin 
C, R, W and X.2 Tenascin C expresses in embrional period, modulates 
wound healing and neovascularization while tenascin R expresses 
in central nerve system. Tenascin W expression is limited to 
developing skeletal tissue and neural crest cells in zebrafish.3

Tenascin X (TNX) regulates connective tissues such as muscles, 
joints and skin. It provides elasticity and flexibility to connective 
tissues via stabilizing elastic fibers and producing some types of 
collagen.4,5 Ehler Danlos Syndrome, a heritable connective tissue 
disorder, has been shown to be related to TNX deficiency.6 In a 
study, pregnant women with Ehler Danlos Syndrome were found 
to be more prone to postpartum hemorrhage, preterm birth and 
premature rupture of membranes.7-9 This situation raises the 
suspicion that TNX deficiency may be associated with adverse 
pregnancy outcomes such as preterm birth and premature rupture 
of membranes. Unfortunately, there is limited data about the 
association between TNX deficiency and obstetric outcomes.

To the best of our knowledge, this is the first study searching 
the predictive role of TNX for adverse pregnancy outcomes. 
Additionally, we aimed to evaluate both second trimester amniotic 
fluid and serum TNX levels and to determine cut-off levels for 
adverse perinatal outcomes.

Materials and Methods

This is a single center, prospective study performed at a university 
affiliated research and training hospital between May 2021 and 
December 2021. For power analysis, NCSS statistical package 
program was used and it was determined that a minimum of 
66 patients should be included in the study by accepting 80% 
power and α=0.01. A total of 70 patients who were admitted to 
the University of Health Sciences, Bursa Yuksek Ihtisas Research 
and Training Hospital, Department of Obstetrics and Gynecology, 
Perinatology Outpatients Clinic and underwent amniocentesis for 
any reason were included in the study. Then, patients were followed 
for their antenatal visits and adverse pregnancy outcomes were 
recorded. Adverse perinatal outcomes were defined as having 
hypertensive disorders of pregnancy, gestational diabetes, preterm 
birth, preterm premature rupture of membranes, intrauterine 
growth restriction and Apgar score ≤7. Finally, patients were 
grouped as adverse pregnancy outcome group (n = 35) and a 
control group (n = 35).

Inclusion criteria of the study were having single pregnancy, being 
between 16-35 years old, undergoing amniocentesis between 16-
20 weeks of gestation, having regular antenatal visits and birth in 
our clinic. Pregnant women with any inflammatory or autoimmune 
disease, hepatic and renal dysfunction, thyroid disorders, smoking 
or alcohol use, history of stroke and anti-inflammatory drug use 
were excluded. Age, gravida, parity, height, weight, date of last 
menstrual period, gestational week confirmed by ultrasound, 
amniocentesis week, the time between pregnancies, adverse 
pregnancy outcomes, birth week, birth weight, delivery type, Apgar 
score, maternal hemoglobin at birth, hematocrit, white blood 
cell (WBC), platelet, fasting blood glucose, creatinine, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
C-reactive protein parameters were recorded.

In our clinic, amniocentesis was performed between 16-20 weeks 
of gestation by the transabdominal route and 22 gauge needle 

using the free hand technique, accompanied by ultrasonography. 
All procedures were performed by the same perinatologist. The 
first 5 cc fluids taken during amniocentesis and maternal serum 
samples of all patients were stored in the biochemistry laboratory 
at -80 degrees. Tenascin X levels were measured by ELISA method.

Ethical Approval
This study was approved by the Ethics Committee of Health 
Science University Bursa Yüksek İhtisas Training and Research 
Hospital (Date: 12.04.2021, Decision No: 2011-KAEK-25).

Statistical Analysis
Normality assumption was evaluated with Shapiro Wilk test. 
Variables were expressed as mean ± standard deviation or median 
(minimum-maximum) values as descriptive statistics. Categorical 
variables were presented with frequency and related percentage 
values. Student’s t-test was used to compare normally distributed 
quantitative data between two groups, and Mann Whitney-U test 
was used to compare non-normally distributed quantitative data 
between two groups. Chi-square or Fisher’s Exact test was used 
to compare categorical data. Receiver operating curve analysis 
was used to determine the predictive role of amniotic fluid and 
serum TNX levels for adverse perinatal outcomes. The sensitivity, 
specificity, Youden index and cut-off values were analyzed. Also, 
the predictive role of amnion fluid and serum TNX were compared 
with receiver operating curve analysis. The statistical analysis were 
performed with SPSS 21.0 program and the level of significance 
was accepted as α=0.05.

Reporting Guidelines
This study was reported in accordance with the STROBE guidelines.

Results

A total of 70 patients who underwent amniocentesis were included 
and grouped as adverse outcome group (n = 35) and control group 
(n = 35). Hypertensive disorders of pregnancy were detected in 
8 (11.4%) patients, gestational diabetes was detected in 7 (10%) 
patients, preterm birth was detected in 10 (14.3%) patients, 
preterm premature rupture of the membrane was detected in 9 
(12.9%) patients, intrauterine growth restriction was detected 
in 18 (25.7%) patients and Apgar score ≤7 was detected in 10 
(14.3%) patients. The sociodemographic features of adverse 
perinatal outcomes and control groups were demonstrated in Table 
1. No significant difference was detected in terms of age, gravida, 
parity, abortion, BMI and interval between pregnancies.

The obstetric characteristics of adverse perinatal outcomes and 
control groups are shown in Table 1. There was no significant 
difference between two groups in terms of the week of 
amniocentesis while birth week and weight, Apgar scores of first 
and fifth minutes were lower in the adverse perinatal outcome 
group. The Cesarean section rate was significantly higher in the 
adverse perinatal outcome group.

The laboratory features of adverse perinatal outcome and control 
groups were presented in Table 2. There was no significant 
difference between the two groups regarding WBC, hemoglobin, 
hematocrit, platelet, fasting glucose, creatinine, AST, ALT and C 
reactive protein levels. Median amniotic fluid TNX levels were 
19.1 (8.2- 39.13)ng/ml in adverse perinatal outcome group and 
22.34 (2.91- 61.99)ng/ml in control group which was statistically 
significantly lower (p=0.020). Similarly, median serum TNX levels 
were significantly lower in adverse perinatal outcome group as 
compared to control group (1.97 (1.07- 5.85) ng/ml vs 3.03 (1.31- 
8.15)ng/ml , p=0.030).
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The ROC curve evaluating the role of amniotic fluid TNX in 
predicting adverse perinatal outcomes is shown in Figure 1.

According to this analysis, amniotic fluid TNX cut-off value of 
20.7 was found to be statistically significant in predicting adverse 
perinatal outcomes with 74.29% sensitivity and 65.7% specificity 
(p=0.016, AUC=0.662).

The ROC curve evaluating the role of serum TNX in predicting 
adverse perinatal outcomes is demonstrated in Figure 2. According 
to this analysis, serum TNX cut-off value of 1.97 was found to be 

statistically significant in predicting adverse perinatal outcomes 
with 54.29% sensitivity and 80% specificity (p=0.024, AUC=0.651).

The ROC curve comparing the role of amniotic fluid and serum TNX 
in predicting adverse perinatal outcomes is presented in Figure 
3. The analysis revealed no statistically significant difference 
between serum and amniotic fluid TNX levels (p=0.91).

Amniotic fluid and serum TNX levels for each adverse perinatal 
outcome are shown in Table 3. No significant difference was 
detected between patients with and without hypertensive 

Table 1. The sociodemographic features and obstetric characteristics of adverse perinatal outcome and control groups 

Table 2. The laboratory features of adverse perinatal outcome and control groups  

ALT: alanine aminotransferase, AST: aspartate aminotransferase, aTNX: amniotic fluid tenascin X, sTNX: serum tenascin X, WBC: white blood cell 

Table 3. Amniotic fluid and serum TNX levels for each adverse perinatal outcomes
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disorders of pregnancy in terms of amniotic fluid and serum TNX 
levels. Likewise, there was no significant difference according to 
amniotic fluid and serum TNX levels in patients with and without 
intrauterine growth restriction. Serum TNX levels were similar 
between other subgroups like hypertensive disorders of pregnancy 
and intrauterine growth restriction whereas amniotic fluid TNX 
levels were statistically significantly lower in patients who 
develop gestational diabetes, preterm birth, premature rupture of 
membrane and Apgar score ≤7.

Discussion

Tenascin X, the largest member of the tenascin family with a 
weight of 450 kDa, interacts with extracellular matrix components 
such as fibrils, collagens type I, III, and V and proteoglycans such 
as decorin.10 Extracellular matrix, composed of fibrous proteins 

along with various types of collagen, provides the architectural 
and structural framework of the fetal membranes. Disruption of 
the collagen-rich extracellular matrix that connects the amnion and 
chorion layers of the fetal membranes is one of the key events 
leading to membrane rupture.3,11-13 Recent studies have shown 
that Ehler Danlos syndrome is related to TNX deficiency and low 
TNX levels could cause an increased risk of preterm premature 
rupture of membranes in Ehler Danlos cases.8 This condition was 
explained with the reduced binding of TNX deficient fibroblasts to 
fibronectin, an important adhesion molecule for fetal membranes.14 
Rood and colleagues showed that fetal membranes contained 
significantly higher levels of TNX compared to myometrium, cervix 
and placenta. Moreover, it was shown that TNX expression tended 
to increase in amniotic fluid and decrease in fetal membranes 
during intraamniotic infection, independent of preterm premature 
rupture of membranes.3 All these studies has supported the role of 
TNX deficiency in premature rupture of membranes. Consistently, 
we found lower TNX levels in preterm birth and premature rupture 
of membrane cases.

There are limited studies in the literature about the role of TNX on 
other perinatal outcomes. In a study, searching the effect of TNX 
levels in human and mouse uterine connective tissues on obstetric 
complications, TNX deficiency was not found to be related to 
major complications except one postpartum hemorrhage case. In 
another study, a shorter pregnancy period was reported in TNX 
deficient mouses.15 Another study found an increase in abnormal 
mRNA expression for the tenascin-X gene in euploid fetuses with 
ventricular septal defects between 19 and 24 weeks of gestation.16

In a study by Alcaraz et al, it was shown that the TNX plays a 
key role in the conversion of latent TGF-β to an active molecule.17 
It is known that obesity, insulin resistance and endothelial 
dysfunction causing early atherosclerosis occur in women 
with gestational diabetes. TGF-β1 is a key cytokine in obesity 
and insulin resistance and also plays an important role in the 
development of atherosclerosis. Yener et al showed that serum 
TGF-β1 levels were increased in patients with gestational diabetes 
mellitus.18 Morisette et al showed that TNX levels in patients 
with congenital adrenal hyperplasia were associated with TGF-β 

Figure 1. The ROC curve evaluating the role of amniotic fluid TNX in 
predicting adverse perinatal outcomes

Figure 2. The ROC curve evaluating the role of serum TNX in 
predicting adverse perinatal outcomes

Figure 3. The ROC curve comparing the role of amniotic fluid and 
serum TNX in predicting adverse perinatal outcomes
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pathway abnormalities.19 In our study, amniotic fluid TNX levels 
were lower as compared to non-diabetic patients. We suggest 
that this condition could be related to increased TGF-β activation 
due to TNX deficiency which can lead to insulin resistance. It is 
also known that TNX increases endothelial cell proliferation by 
binding to VEGF-1.20 There are studies in the literature showing the 
presence of endothelial dysfunction and decreased VEGF-1 levels 
in gestational diabetes.21,22 Based on these, another mechanism 
explaining the relationship between TNX and gestational diabetes 
may be the decreased VEGF-1 interaction due to TNX deficiency 
that results in endothelial dysfunction.

Although there is no study about TNX deficiency in hypertension, 
Liang et al demonstrated that TGF-β is critical for vascular smooth 
muscle cells differentiation playing a role in atherosclerosis, 
hypertension, and aortic aneurysm.23 Considering the role of TNX 
deficiency in increased TGF-β activation, we suggest that TNX 
deficiency could be associated with hypertensive disorders of 
pregnancy. Unfortunately, no significant difference was detected 
between patients with and without hypertensive disorders of 
pregnancy in terms of amniotic fluid and serum TNX levels. This 
could be related to the small number of hypertensive cases.

There is no study examining TNX levels in other pregnancy outcomes 
where inflammation, angiogenesis and fibrogenesis play a role in 
the etiopathogenesis. Our study primarily showed that serum and 
amniotic fluid TNX levels were lower in composite adverse perinatal 
outcomes. Moreover, amniotic fluid TNX <20.7 predicted adverse 
perinatal outcomes with 74.29% sensitivity and 65.7% specificity 
and serum TNX <1.97 predicted adverse perinatal outcomes with 
54.29% sensitivity and 80% specificity. When we searched for the 
other outcomes separately, amniotic fluid and serum TNX levels 
were lower in intrauterine growth restriction while only amniotic 
fluid TNX levels were lower in patients with low Apgar scores.

Another interesting finding of our study is the comparison of the 
predictive roles of amniotic fluid and serum TNX levels. The analysis 
revealed no statistically significant difference between serum 
and amniotic fluid TNX levels. Although there was no difference 
between amniotic fluid and serum in composite adverse outcomes, 
amniotic fluid TNX was found to be more significant between the 
groups when adverse outcomes examined individually.

Limitations
This study has some limitations. The data arose from single center 
and it had a small sample size. The predictive role of TNX levels could 
not be assessed for each outcome due to the small sample size.

Conclusion

Consequently, we suggest that amniotic fluid and serum TNX could 
be valuable marker for predicting adverse perinatal outcomes. 
Large scaled, prospective randomized studies are needed to clarify 
this association.
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