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ABSTRACT 

OBJECTIVE: Fractalkine is a newly discovered chemokine that is expressed in placental tissue during 

pregnancy and is subsequently shed into the maternal serum. Although there are a few studies exam-

ining the relationship between fractalkine and preeclampsia, its role in isolated fetal growth restriction 

has not been investigated yet. In this study, we aimed to investigate the relationship between isolated 

fetal growth restriction and maternal serum fractalkine concentrations. 

STUDY DESIGN: This cross-sectional study was conducted on 86 pregnant women, 25 of whom were 

diagnosed with fetal growth restriction in the third trimester, 23 were small for gestational age, and 38 

were healthy controls. These three groups were compared in terms of maternal serum fractalkine con-

centrations. 

RESULTS: While the highest mean maternal serum fractalkine concentration was found in the small for 

gestational age group at 23.31 ng/mL, it was determined as 18.06 ng/mL in the fetal growth restriction 

group and 16.03 ng/mL in the control group. We did not find a statistical difference between the groups 

in terms of fractalkine concentrations (p=0.258). When the patients with fetal growth restriction and small 

for gestational age were evaluated as a single group and compared with the control group, the mean 

fractalkine concentration in the fetal growth restriction+small for gestational age group was higher than 

the control group, but this difference was not statistically significant (p=0.214). 

CONCLUSION: Maternal serum fractalkine concentration was higher in both fetal growth restriction and 

small for gestational age groups compared to healthy controls, but this difference was not statistically 

significant. The role of the fractalkine molecule in the development of fetal growth restriction remains to 

be clarified in future studies with larger series. 
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Introduction 

Fetal growth depends on many maternal, placental, and 

fetal factors, including the fetus's genetic background, hor-

mones, growth factors, and nutrient supply (1). Fetal growth 

restriction (FGR) is known as the failure of the fetus to reach 

its genetically determined growth potential before birth and 

occurs in 10% of all pregnancies (2,3). A fetus can be consid-

ered small for gestational age (SGA) when the estimated fetal 

weight (EFW) or abdominal circumference (AC) falls below 

the 10th percentile of the predefined reference ranges for ges-

tational age but, there is currently no gold standard for the di-

agnosis of FGR (4). Fetuses with AC or EFW below the 3rd 

percentile, fetuses with a decrease of more than 2 quarters or 

more than 50% in AC or EFW during follow-up, and also un-

favorable findings detected in the uteroplacental and fetopla-

cental circulation are generally considered as FGR (4). The 

most important difference between FGR and SGA is that fe-

tuses with FGR have an increased risk of adverse perinatal 

outcomes (5). 

Copyright© 2023. Toprak Sager et al. This article is distributed under a Creative Commons Attribution 4.0 International License.
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Fractalkine (CX3CL1) also known as neurotactin was first 

described in 1997 and it is encoded on chromosome 16 in hu-

mans (6,7). Fractalkine, a new member of the chemokine fam-

ily, is a low molecular weight protein and consists of two iso-

forms;  soluble and membrane-bound form (8). The mem-

brane-bound form mediates the adhesion of leukocytes to en-

dothelial and epithelial cells via its receptor (CX3CR1), while 

the soluble form results from metalloprotease-induced shed-

ding and carries chemoattractive activity for leukocytes (9).   

In the literature, it has been revealed that fractalkine as a 

chemokine plays a role in the pathogenesis of some inflam-

matory diseases such as allergic asthma, atherosclerosis, 

rheumatoid arthritis, and Crohn's disease (10,11). Fractalkine 

has also been shown to be expressed in the endometrium, pla-

centa, and amniotic epithelial cells (10,11). This knowledge 

has led scientists to investigate the role of fractalkine in preg-

nancy, and studies have shown that fractalkine is up-regulated 

in chorioamnionitis, gestational diabetes mellitus, and 

preeclampsia (12-14).  

Data from studies on the role of fractalkine in pregnancy 

are still accumulating. A study published in 2014 showed that 

placental fractalkine is expressed in the apical microvillous 

plasma membrane of syncytiotrophoblasts, from which it is re-

leased into the maternal circulation by shedding due to metal-

loprotease enzymes (15). It has also been demonstrated in an in 

vitro study that the fractalkine/CX3CR1 system plays an effec-

tive role in the adhesion of THP-1 monocytes to villous tro-

phoblasts (16). Other studies revealed that fractalkine, together 

with some other cytokines, is involved in the processes of im-

plantation, invasion of trophoblast to spiral uterine arteries, and 

placental angiogenesis at the uteroplacental interface (17,18).  

When we searched the studies on fractalkine in the litera-

ture, we found that no data was evaluating the relationship be-

tween fetal growth and fractalkine. Encouraged by previous 

studies, we hypothesized that fractalkine might play a role in 

the pathogenesis of FGR.  In this context, we aimed to inves-

tigate the fractalkine concentrations in the serum of pregnant 

women diagnosed with isolated FGR. 

Material and Method 

This cross-sectional study was conducted with 86 pregnant 

women who applied to the Umraniye Training and Research 

Hospital, Department of Obstetrics and Gynecology, Istanbul, 

Turkey, between March 2020 and March 2021 and had their 

pregnancy follow-up and delivery in our hospital. Twenty-five 

pregnant women diagnosed with isolated FGR in the third 

trimester, 23 pregnant women diagnosed with SGA, and 38 

healthy pregnant women matched for age, body mass index 

(BMI), and the gestational week were included in the study. 

Gestational age was calculated according to the last men-

strual period and confirmed with fetal crown-rump length in 

the first trimester.  Since all the pregnancy follow-ups of the 

participants were carried out in our clinic, fetal biometric mea-

surements and percentiles were recorded in ultrasound exam-

inations until delivery. FGR was diagnosed in pregnant 

women whose fetal AC or EFW values were below the 3rd per-

centile according to the gestational week, and whose fetal AC 

or EFW was below the 10th percentile with increased resis-

tance in umbilical artery blood flow or loss of end-diastolic 

flow in the umbilical artery. SGA was diagnosed in pregnant 

women whose fetal AC or EFW values were between the 3rd 

and 10th percentiles according to the gestational week, who did 

not have oligohydramnios, and whose umbilical artery was 

Doppler velocimetry values were normal.  

Since we think that serum Fractalkine concentrations may 

vary depending on maternal age, BMI, and gestational week, 

three groups were formed by matching these variables. 

Smokers, multiple pregnancies, a history of any pregestational 

or gestational systemic disease, pregnant women with known 

vascular disease, thrombophilia or autoimmune disease, con-

genital uterine anomaly, and those using aspirin or low molec-

ular weight heparin were not included in the study. Pregnant 

women diagnosed with FGR and developing gestational hy-

pertension, preeclampsia, or HELLP syndrome during preg-

nancy were not included in the study. In addition, pregnant 

women with known chromosomal or structural abnormalities 

in themselves, their partners, or fetuses, and pregnant women 

who were found in the high-risk group in fetal chromosomal 

anomaly screening tests were not included in the study. 

Age, BMI, total weight gained during pregnancy, and ob-

stetric history of the pregnant women who participated in the 

study were recorded. A single obstetrician performed the fetal 

ultrasound examination on the same ultrasound device 

(Voluson E6 Ultrason Device) on all participants. Fetal biom-

etry, amniotic fluid, and umbilical artery Doppler velocimetry 

values were evaluated. 

To investigate fractalkine concentrations, approximately 5 

ml of blood samples were drawn from the participants at any 

time of the day during the third trimester. The samples taken 

from each participant were stored in biochemistry tubes. After 

waiting for approximately 20 minutes at room temperature, 

the samples were centrifuged at 3500 rpm for 10 minutes. 

After centrifugation, the supernatant was separated from the 

sediment and stored at -80 degrees. Fractalkine concentrations 

were studied with the Fractalkine Elisa Kit (BT LAB, Suarge 

Biotechnology, Pendik, Istanbul, Turkey) by Enzyme-Linked 

Immunosorbent Assay (ELISA) method by the manufacturer's 

recommendations. 

As the primary outcome of the study, FGR, SGA, and con-

trol groups were compared in terms of maternal serum 

fractalkine concentrations. 

The Local Ethics Committee of Umraniye Training and 
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Research Hospital, Istanbul, Turkey has approved this study 

(Ethics Committee Approval No: B.10.1.TKH.4.34.H.GP. 

0.01/42, Date:15.02.2021) 

The study protocol was maintained by the Declaration of 

Helsinki, and informed consent was obtained from all the par-

ticipants. 

Statistical analysis 
Statistical analysis was performed with Statistical Package 

for the Social Sciences (SPSS) version 25.0. The 

Kolmogorov-Smirnov test was used to determine whether the 

data were normally distributed or not. While evaluating the 

study data, descriptive statistical methods (mean, standard de-

viation, frequency, ratio) were used. An independent t-test 

was used for the comparison of two groups showing paramet-

ric distribution, and One-way ANOVA test analysis methods 

were used for comparing more than two groups. The Post-Hoc 

test was used to determine the difference obtained in the com-

parison of more than two groups. The Chi-square test was 

used in the evaluation of categorical data. Statistical signifi-

cance was accepted at p<0.05 for all values. 

Results 

When the FGR group, SGA group, and control group were 

compared in terms of demographic features, all three groups 

were similar in terms of age, BMI, and weight gained during 

pregnancy (p=0.268, p=0.493, p=0.498, respectively). Parity 

was found to be significantly higher in the control group than 

in the other groups (p=0.015) (Table I). 

When the three groups were compared in terms of fetal 

umbilical artery Doppler velocimetry values, umbilical artery 

PI, RI, and S/D were found to be significantly higher in the 

FGR group, as expected (p=0.000, p=0.000, p=0.000, respec-

tively) (Table II). 

FGR Group 

n=25

SGA Group 

n=23 

Control Group 

n=38
p

Age (Years) mean± SD 26.20 ± 4.02 26.0 ± 5.33 27.95 ± 5.78 0.268*

BMI (kg/m2)  mean± SD 28.66 ± 3.25 27.46 ± 4.39 28.78 ± 5.0 0.493*

Weight gained during pregnancy (kg)  mean± SD 12.80 ± 4.43 11.35 ± 4.78 12.55 ± 4.55 0.498*

Parity
Nulliparous  n (%) 12 (48%) 16 (69.6%) 12 (31.6%)

0.015**
Multiparous  n (%) 13 (52%) 7 (30.4%) 26 (68.4%)

FGR Group (n=25) SGA Group (n=23) Control Group (n=38) 
p

Mean±SD Mean± SD Mean± SD 

Umbilical artery Doppler PI Mean ± SD 1.32± 0.46ab 0.75 ± 0.2 0.78 ± 0.13 <0.001 

Umbilical artery Doppler RI Mean ± SD 0.72 ± 0.12ab 0.51 ± 0.09 0.54 ± 0.07 <0.001* 

Umbilical artery Doppler S/D Mean ± SD 3.45 ± 1.02ab 2.12 ± 0.54 2.17 ± 0.29 <0.001* 

Gestational age at birth mean± SD 37.44 ± 1.08ab 38.48 ± 1.2 38.63 ± 1.22 <0.001 

Birth weight Mean ± SD 2274.20 ± 379.48ab 2634.13 ± 212.72c 3242.11 ± 427.67 <0.001* 

Mode of Delivery
 Vaginal Birth n (%) 8 (32) 9 (39.1) 23 (60.5) 

0.060**
Cesarean Section n (%) 17 (68) 14 (60.09) 15 (39.9) 

1st minute APGAR Score Mean ± SD 8 ± 0.96 7.87 ± 1.01 8.34 ± 1.07 0.180* 

5th minute APGAR Score Mean ± SD 9.28 ± 0.74 9.22 ± 0.74d 9.63 ± 0.54 0.031* 

NICU Admission
Yes n (%) 5 (20) 2 (8.7) 6 (15.8) 

0.544**
No n (%) 20 (80) 21 (91.3) 32 (84.2) 

Table I: Comparison of groups in terms of demographic features

*One-way ANOVA, ** chi-square test, FGR: fetal growth restriction, SGA: small for gestational age

Table II: Comparison of the groups in terms of fetal umbilical artery doppler values and perinatal outcomes

*ONE-WAY ANOVA, **chi-square test, FGR: fetal growth restriction, SGA: small for gestational age, NICU: neonatal intensive care unit. Groups were 
compared by ONE-WAY ANOVA, followed by post hoc analyses for two group pairwise comparisons with the Bonferroni correction for multiple test-
ing. a: Represents a comparison between FGR and SGA group, p < .001. b Represents a comparison between FGR and the control group, p < .001. 
c Represents a comparison between SGA and the control group, p < .001. d Represents a comparison between SGA and the control group, p < .05 
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When the three groups were compared in terms of perina-

tal outcomes, there was no difference between the three 

groups in terms of mode of delivery and 1st-minute Apgar 

score, while the 5th-minute Apgar score was significantly 

lower in the group with SGA (p=0.060, p=0.180, p=0.031, re-

spectively). While gestational age at birth and birth weight 

were significantly lower in the FGR group, the rate of admis-

sion to NICU was similar in all three groups. (p=0.000, 

p=0.000, p=0.544, respectively) (Table II). None of the par-

ticipants included in the study had a fetal loss in the prenatal, 

intrapartum, or postnatal period.  

Maternal serum fractalkine concentrations of the three 

groups were compared. While the highest maternal serum 

fractalkine concentration was found in the SGA group at 

23.31 ng/mL, it was determined as 18.06 ng/mL in the FGR 

group and 16.03 ng/mL in the control group. We did not find 

a statistical difference between the groups in terms of third-

trimester maternal serum fractalkine concentrations (p=0.258) 

(Table III). 

We evaluated the patients with FGR and SGA as a single 

group under the name of FGR+SGA and compared them with 

the control group in terms of third-trimester maternal serum 

fractalkine concentrations. Although the mean maternal serum 

fractalkine concentration was higher in the group with 

FGR+SGA (20.5 ng/mL) than in the control group (16 

ng/mL), this difference did not reach statistical significance 

(p=0.214) (Table IV). 

Discussion 

In this study, we investigated maternal serum fractalkine 

concentrations in the third trimester in pregnant women with 

isolated fetal growth restriction. Although we detected higher 

maternal serum fractalkine concentrations in the FGR and 

SGA group compared to the normal healthy controls, this was 

not statistically significant. 

In the literature, there is limited knowledge about the role 

of fractalkine in pregnancy. Studies with trophoblast cell lines 

have shown that fractalkine is involved in establishing the first 

contact between blastocyst and endometrium and then tro-

phoblast migration to the maternal decidua in the early stage 

of pregnancy (18,19). Siwetz et al. stated that placental 

fractalkine expression and placental fractalkine release in-

crease from the first trimester to the term. As a result of the 

fragmentation of membrane-bound form on the syncytiotro-

phoblasts by metalloproteases (ADAM10 and ADAM17), sol-

uble fractalkine is occurred and is shed into the maternal cir-

culation. They also noted another source of fractalkine is ma-

ternal endothelium and the maternal serum soluble fractalkine 

pool is consist of the sum of these two forms (15). The contri-

bution of placental fractalkine to the pool of soluble 

fractalkine during pregnancy is difficult to estimate and is 

thought to represent a small amount compared to fractalkine 

shed from the endothelium of the maternal blood vessels (15).  

After it was revealed that fractalkine mediates the migra-

tion of trophoblasts to the maternal decidua in early preg-

nancy, studies have been conducted to examine the role of 

fractalkine in preeclampsia. In a study conducted by Usta et 

al., it was found that the expression of fractalkine in the pla-

cental tissue of pregnant women complicated with preeclamp-

sia, both in the trophoblast, decidua, and capillary endothelial 

cells, was increased, especially in severe preeclampsia, com-

pared to normotensive pregnant women. Although they stated 

that fractalkine expression in the placenta in preeclampsia 

showed a positive correlation with the accompanying FGR, 

high blood pressure, and the amount of proteinuria (14).  

In a study performed on placental explants, it was deter-

mined that the concentration of fractalkine expressed in pla-

cental tissue was incubated with a metalloprotease enzyme in-

hibitor that mediates shedding of soluble fractalkine in-

creased, but soluble fractalkine decreased. The decrease in 

soluble fractalkine after metalloprotease inhibitor was much 

Table III: Comparison of the groups in terms of maternal serum fractalkine concentrations 

FGR Group (n=25) SGA Group (n=23) Control Group (n=38) p 

Mean ± SD Mean ± SD Mean ± SD  

Gestational age at blood sampling (weeks) 35.80 ± 1.14 35.90 ± 1.02 36.11 ± 0.92 0.592* 

Fractalkine concentration (ng/mL) 18.06 ± 16.07 23.31 ± 17.7 16.03 ± 16.46 0.258* 

*ONE-WAY ANOVA, FGR: fetal growth restriction, SGA: small for gestational age 

Table IV: Comparison of the group with FGR+SGA and the control group in terms of maternal serum fractalkine concentrations 

FGR+SGA Group (n=62) Control Group (n=28) p 

Mean ± SD Mean ± SD  

Gestational age at blood sampling (weeks) 35.90 ± 1.08 36.11 ± 0.92 0.343* 

Fractalkine concentration (ng/mL) 20.50 ± 16.9 16.0 ± 16.4 0.214* 

*Independent t-test, FGR: Fetal growth restriction, SGA: small for gestational age 
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higher in the third trimester than in the first trimester (15). 

This study revealed that if these metalloproteases are some-

how overactive, the concentration of soluble fractalkine will 

increase, or vice versa, if there is a decrease in the activity of 

these metalloproteases, the concentration of soluble 

fractalkine will decrease. 

In different studies, it has been shown that metallopro-

teases (ADAM10 and ADAM17) detected in syncytiotro-

phoblasts, which mediate the shedding, are interestingly in-

creased in preeclampsia (20,21). Consistent with this informa-

tion, it is not surprising that in subsequent studies, serum 

fractalkine concentrations were found to be higher in women 

whose pregnancy was complicated with preeclampsia than in 

normotensive healthy pregnant women (22,23).  

In the ECLAXIR study conducted by Stephanian et al. 

about fractalkine receptor CX3CR1 polymorphisms, they 

found no difference in CX3CR1 polymorphisms in pregnant 

women whose pregnancy was complicated with preeclampsia 

compared to normotensive pregnant women in the third 

trimester; but found a higher concentration of fractalkine in 

maternal serum in the preeclampsia group. They stated that an 

increase in soluble fractalkine is a consequence of more prote-

olysis of the membrane-bound form. Therefore, they suggested 

that the change in fractalkine concentration rather than 

fractalkine receptor is most likely related to preeclampsia (22).  

In all these studies conducted in preeclampsia cases, it was 

shown that the expression of fractalkine in the placental tissue 

increased, the metalloproteases that mediate the shedding of 

soluble fractalkine into the maternal circulation increased, and 

accordingly, the soluble fractalkine increased. However, con-

sidering that vasoactive substances released in preeclampsia 

affect the entire vascular system in the whole body, the con-

tribution of fractalkine released from the endothelium to 

preeclampsia still awaits investigation.  

Fetal growth restriction is seen in approximately 30% of 

pregnant women whose pregnancy was complicated by 

preeclampsia. The relationship between preeclampsia and 

FGR is not fully understood, both are thought to be associated 

with placental insufficiency (3). Just as FGR is not seen in all 

preeclamptic cases, hypertensive disorders are not the only 

cause in all FGR cases. Although the cause of FGR seen in 

pregnancies not accompanied by hypertensive disorders is un-

known, it is thought to be a multifactorial effect (24).  

At the beginning of this study, we hypothesized that ma-

ternal serum fractalkine concentrations would be higher in 

cases whose pregnancy was complicated by isolated FGR, as 

shown in preeclamptic cases. Consistent with this, we found 

that maternal serum fractalkine concentration was higher in 

the FGR group than in healthy controls. In previous studies, 

maternal serum fractalkine concentrations were found to be 

higher in cases with FGR secondary to preeclampsia during 

pregnancy, and it was determined that the increase in placen-

tal fractalkine expression showed a positive correlation with 

the severity of FGR (14,23). However, we could not find a re-

lationship between FGR severity and maternal serum 

fractalkine concentrations in our study. The highest mean 

fractalkine concentration (23.31 ng/ml) was found in the SGA 

group with a mean birth weight of 2634 g, while the 

fractalkine concentration in the FGR group with a mean birth 

weight of 2274 g was lower than that in the SGA group (18.06 

ng/ml). Due to the small number of participants in the study 

groups, we think that we could not show a positive relation-

ship between FGR severity and maternal serum fractalkine 

concentrations, as in the preeclampsia studies in the literature. 

Limitations of this study are the small number of partici-

pants and the fact that the expression of fractalkine and its re-

ceptor in the placenta was not evaluated. Another limitation is 

that the fractalkine concentration detected in the maternal 

serum is the sum of the fractalkine shredded into the serum 

from the placenta and all other tissues expressing fractalkine. 

We couldn’t determine how much of the fractalkine concen-

tration detected in peripheral venous blood originates from the 

placenta and how much comes from other tissues.  

To the best of our knowledge, this is the first study in the 

literature examining the maternal serum fractalkine concen-

tration in the third trimester in pregnant women with isolated 

FGR. 

In conclusion, we found that maternal serum fractalkine 

concentration was higher in the group with FGR and SGA 

compared to the healthy control group, but this was not statis-

tically significant. Also but we did not detect any relationship 

between FGR severity or birth weight and maternal serum 

fractalkine concentrations. In isolated FGR cases, the state of 

placental fractalkine expression and the activity of metallo-

proteases that mediate the shedding of soluble fractalkine re-

main to be explored. 
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