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Introduction: This study aims to investigate the role of CEACAM1 in preterm birth. Preterm birth is a phenomenon
with numerous triggers, with the immune system hypothesized to play a significant role in the process, aligning
with the concept of "birth as an immunological rejection phenomenon’. There are several approaches to predict
preterm birth, and the determination of SCEACAM1 levels, a member of the carcinoembryonic antigen family,
may serve as a potential candidate biomarker.

Methods: A single-center prospective case series study included 67 pregnant women aged 18 years or older who
presented before 37 weeks of gestation with signs of preterm birth in the years 2021-2023. At the time of
admission, CEACAM1 was determined in maternal blood.

Results: The median sCEACAM1 levels were significantly higher in women who delivered preterm compared to
those who delivered at term respectively, 5014 pg/ml (IQR: 3592-8826) vs. 3353 pg/ml (IQR: 2354-5049) (p =
0.016).

The median SCEACAM1 level in the group with PPROM (premature preterm rupture of membranes) at 34 weeks’
gestation was 7001 pg/ml (IQR: 5683-13509), while the median sCEACAM]1 level in the group without PPROM
at 34 weeks’ gestation was 3884 pg/ml (IQR; 2461-4985) (p < 0.001).

Conclusions: Pregnant women with preterm birth and/or PPROM before 34 weeks’ gestation have higher CEA-
CAM1 levels compared to women with threatened preterm labor who finally had labot at term. The results

suggest early activated immune system as a potential pathomechanism of preterm delivery.

Introduction

Preterm birth, defined as birth before 37 weeks’ gestation affects
5-18 % of pregnancies worldwide [1]. It is one of the leading causes of
neonatal death [1] and of child death before the age of five years, while
also contributing to child morbidity [2]. Around 15 million premature
babies are born each year [3], highlighting the severity of this problem.

Preterm infants face a higher risk of various health complications
compared to those born at term.

Maternal and fetal risk factors for preterm birth include demographic
characteristics, nutritional status, maternal age [4], pregnancy compli-
cations, psychosocial characteristics, infections, clinical signs of preterm
labor, premature rupture of membranes (PROM) and cervical insuffi-
ciency [5].

Methods for predicting preterm birth include measuring cervical
length and various tests to detect specific biomarkers associated with
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preterm birth, including fetal fibronectin, insulin-like growth factor-
binding protein-1, interleukin-6 and placental alpha-macroglobulin-1
[6,7]. These methods have limited positive predictive value and are
primarily used to rule out imminent preterm birth [6]. A potential new
candidate for predicting premature delivery could be the determination
of the concentration of soluble CEACAM1 in maternal blood.

CEACAM]1 (carcinoembryonic antigen-related cell adhesion mole-
cule 1) is a protein encoded by the CEACAM1 gene. It is a member of the
immunoglobulin superfamily and the carcinoembryonic antigen (CEA)
family [8].

CEACAM1-distribution
What distinguishes CEACAM1 from other CEA family members is its

broad tissue distribution. It is expressed on granulocytes, myeloid cells,
in placentas endothelium, thyroid gland, adrenal gland, endometrium,
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in the cell membrane of esophageal glands, uterine glands, pancreas,
bile ducts of the liver, goblet cells as well as prostate and cervical
epithelia [9]. CEACAM1 is also found in extravillous trophoblasts (EVT),
macrophages, T cells, B cells, natural killer (NK) cells and thrombocytes
[10-13].

CEACAM1-structure

CEACAM1 is composed by a transmembrane domain, either long or
short cytoplasmic domains and a variable number of Ig-like extracellular
domains. The highly glycosylated [14] extracellular domains consist of a
membrane-bound immunoglobulin (Ig)V-like N region and a variable
number of alternating IgC1- and IgC2-like proximal regions [8]. There
are 11 isoforms of CEACAMI, resulting from the different combinations
of the 9 exons that CEACAM1 gene contains [14].

In addition to the membrane-bound isoforms, soluble variants of
human CEACAM1 (sCEACAM1) have been identified [15]. These iso-
forms are mainly generated by alternative splicing of the CEACAM1
gene [16]. It has been shown that the presence of soluble CEACAM1
protein has the capacity to alter the functional activity of CEACAM1
[17].

CEACAM1 can dimerize and form a homodimer or a heterodimer
with other CEACAM family members, influencing biological processes
including cell-cell adhesion, signal transduction, and immunomodula-
tion [18,19]. CEACAML1 is also associated with the development and
progression of various pathologies such as cancer [20], infectious [21]
and autoimmune diseases [22]. In addition, CEACAM1 plays a role in
the regulation of insulin sensitivity by promoting hepatic insulin clear-
ance [23]. CEACAM1 sets itself apart from other family members
through its expression in activated T cells [9].

CEACAM1 during pregnancy and its association with (preterm) birth/
preterm labor

We hypothesize that CEACAM1 plays a role in pregnancy, labor and
delivery. During the first trimester of pregnancy, sCEACAM1 serum
levels are higher than in the second trimester, possibly due to a transient
immune activation associated with implantation and placentation [24].
SCEACAM1 serum levels reach their lowest level in the second trimester.
In this pregnancy phase intricate endocrine-immune crosstalk results in
the amelioration of e.g. T cell and macrophage inflammatory responses,
promoting maternal immune tolerance to the fetus and placenta
[25,26]. Hence, reduced sCEACAMI1 levels may result from or
contribute to reduced inflammatory responses in the second trimester
[24]. In the third trimester, levels increase even further as the mother’s
immune system is activated to induce labor. After delivery, sSCEACAM1
levels decrease (although levels are higher than in the second trimester),
indicating the restoration of homeostasis of the mother’s immune sys-
tem [24].

Materials and methods
Study design

The study is a single-center prospective case series study recruiting a
number (series) of clinical cases presenting at the St. Hedwig University
Clinic, Perinatal Center Level 1, Regensburg, Germany, between 2021
and 2023. The study protocol was approved by the Ethic Commission of
the University of Regensburg, Germany (21-2427-101).

Study population

The population included in this study consisted of a contingent of 67
cases of pregnant patients who presented with signs of preterm birth
before 37 weeks’ gestation and met the following conditions:
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Inclusion criteria

Pregnant women aged 18 years or older, who are less than 37 weeks
pregnant, were included in the study if they met one or more of the
following criteria: a cervical length of less than 25 mm on vaginal ul-
trasonography, the presence of uterine contractions or premature
rupture of membranes as reason for admission in the hospital.

Exclusion criteria

Pregnant women with intrauterine growth retardation (IUGR) or
pre-eclampsia were excluded from the study.

The gestational age was confirmed by early measurement of the
crown-rump-length between the 9th and 12th weeks of gestation, ac-
cording to German maternal care guidelines.

Preterm contractions were characterized as painful contractions that
led pregnant women to the hospital.

All participants in the study provided written consent, confirming
their understanding and agreement to participate.

Sample and data collection

At presentation in the clinic a blood sample was collected from the
study participants. Serum was separated after clotting and centrifuga-
tion at 2000g for 10 min, and stored at —80 °C until further use.

Information on the demographic and clinical data of the patients was
retrieved from the database of the St. Hedwig University Clinic,
Regensburg, Germany. Patient data was documented using programs
Viewpoint 6.0 (GE Healthcare) and SAP.

Soluble CEACAM1 determination

Soluble CEACAM1 (Human sCEACAM1 CD66a) was quantified in
serum samples using commercial sandwich ELISA kits, according to the
manufacturer’s instructions (R & D Systems, Catalog Number: DY2244).
The optimal dilution was determined, and each sample was tested in
duplicate. Optical density was determined using a microplate reader set
to 450 nm, with wavelength correction at 540 nm. No cross-reactivity
with human recombinant CEACAM3, CEACAM4, CEACAMS5, CEA-
CAM6, CEACAM7, and CEACAM- has been reported by the
manufacturer.

Data analysis

We analyzed the data using SPSS 25.0 (Statistical Package for Social
Sciences, Version 25.0).

Normally distributed data were expressed as mean and standard
deviation; for non-normally distributed data, median and interquartile
range were also included. Comparison between groups for continuous
variables was performed using the Mann-Whitney U test. The chi-square
test was used to compare proportions. Kendall’s correlation coefficient
was used to analyze correlations between variables. A p-value < 5 % was
considered as significant. The graphs were created using GraphPad
Prism software (version 10.2.3).

Results

The study included 67 pregnant women with characteristics shown
in Table 1. In 59 cases a singleton pregnancy and in 8 cases multiple
pregnancy was present.

Among the 67 women analyzed, 61.2 % (n = 41) gave birth pre-
maturely (< 37 weeks of gestation) and 38.8 % (n = 26) gave birth at
term (>37 weeks of gestation).

The most common reasons for women presenting on the day of blood
collection were preterm premature rupture of membranes (PPROM)
(52.2 %), contractions (32.8 %), cervical shortening (37.3 %) and
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Table 1
Characteristics of the study population.
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Variables n Mean + Median (IQR)
SD
Age in years 67 312147 31 (29-35)
BMI before pregnancy (kg/mz2) 66 243+52 231 (20.5-27.2)
GA at the time of blood sampling (days) 66  221.6 £ 231.5
32.4 (212.8-223.3)
sCEACAM1-value at the time of blood 67 6639 + 4407
sampling (pg/ml) 6529 (3031-6564)
Leukocytes at the time of blood sampling 64  12.2+3.8  11.9(9.95-13.6)
(/nl)
CRP at the time of blood sampling (mg/1) 64  7.04 + 4 (2.0-8.0)
10.06
GA at birth (days) 67 2515+ 251 (243-266)
23.6

GA - Gestational age; BMI- Body-Mass-Index; CRP- C-reactive protein; IQR-
Interquartile range;
SD- Standard Deviation; n- number of cases.

vaginal bleeding (11.9 %). There were more cases of PPROM (80.5 %
vs.7.7 %; p < 0.001) in preterm births compared to term births, while
cervical shortening was more common in term births than in preterm
births (80.8 % vs. 9.8 %; p < 0.001) [Table 2].

In terms of risk factors, differences were found between the preterm
and term births with regard to the diagnosis of PPROM before 34 weeks
of pregnancy, which was significantly more common in pregnant
women with preterm birth, than in pregnant women with term birth
(43.9 % vs. 3.8 %; p < 0.001)), and cervical length (CL) less than 25 mm
before 34 weeks of pregnancy, which was significantly more common in
pregnant women with term birth than in pregnant women with preterm
birth (92.3 % vs. 31.7 %; p < 0.001). The percentage of women in whom
cerclage was performed was significantly higher in pregnant women
with term births than in pregnant women with preterm births (50.0 %
vs. 19.5 %; p = 0.009) [Table 3].

SCEACAM1 concentrations (pg/ml) were found to be elevated in
pregnant women who underwent preterm delivery compared to those
with term delivery. The median value of SCEACAM1 in the group with
preterm birth was 5014 pg/ml (IQR: 3592-8826), while the median
value of SCEACAM1 in the group with term birth was 3353 pg/ml (IQR:
2354-5049) (p = 0.016) [Fig. 1].

When analyzing the correlation between sCEACAM1 and the time
from blood collection to birth, no significant correlation was found (p =
0.09, Kendall-Tau-b coefficient = -0.145).

We also analyzed the associations between sCEACAM1 values and
the time from blood collection to delivery in each subgroup separately.
No significant correlation was observed between sCEACAM1 levels and

Table 2
Reasons for presentation at the hospital.
Reason for presentation Total n Birth p-
at the hospital = 67 (%) value*
Preterm birth Term
n = 41 (%) birth
n=26
(%)
Premature rupture yes  35(52.2) 33 (80.5) 2(7.7) <0.001
of membranes no 32 (47.8) 8(19.5) 24
(92.3)
Contractions yes 22 (32.8) 14 (34.1) 8(30.8) 0.774
no 45 (67.2) 27 (65.9) 18
(69.2)
Vaginal bleeding yes  8(11.9) 5(12.2) 3(11.5) 0.936
no 59 (88.1) 36 (87.8) 23
(88.5)
Shortening of the yes 25 (37.3) 4 (9.8) 21 <0.001
cervix < 25 mm (80.8)
no 42 (62.7) 37 (90.2) 5(19.2)

*Chi-Square test.
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Table 3
Risk factors by time of birth (premature birth/term birth).
Risk factors Total n Birth p-
=67 value*
(%)
Preterm Term
birth, birth, n =
n =41 26 (%)
(%)
Obesity yes 5(7.5) 3(7.3) 2(7.7) 0.955
no 62(92.5) 38(92.7) 24 (92.3)
Age of women over yes 18 (26.9) 10 (24.4) 8 (30.8) 0.566
35 years no 49(73.1) 31 (75.6) 18 (69.2)
PPROM before 34 yes 19 (28.4) 18 (43.9) 1(3.8) <0.001
weeks of pregnancy no 48 (71.6) 23 (56.1) 25 (96.2)
Cerclage yes 21(31.3) 8(19.5) 13 (50.0) 0.009
no 46 (68.7) 33 (80.5) 13 (50.0)
CL < 25 mm before yes 37 (55.2) 13 (31.7) 24 (92.3) <0.001
34 weeks of no 30 (44.8) 28 (68.3) 2(7.7)
pregnancy
Two or more previous  yes 8(11.9) 6 (14.6) 2(7.7) 0.393
miscarriages/ no 59 (88.1) 35 (85.4) 24 (92.3)
abortions
Gestational diabetes yes 10 (14.9) 5(12.2) 5(19.2) 0.431
no 57(85.1) 36 (87.8) 21 (80.8)
COVID19 infection yes 9(13.4) 5(12.2) 4(15.49) 0.709
during pregnancy no 58(86.6) 36 (87.8) 22 (84.6)
Vaginal bleeding yes 1(1.5) 1(2.4) 0 (0.0) 0.422
no 66 (98.5) 40 (97.6) 26 (100.0)
Previous infertility yes 8 (11.9) 7(17.1) 1(3.8) 0.104
treatment no 59 (88.1) 34 (82.9) 25 (96.2)
Previous preterm yes  4(6.0) 2 (4.9 2(7.7) 0.636
delivery no 63(94.0)0 39 (95.1) 24 (92.3)
Previous Sectio yes 5(7.5) 3(7.3) 2(7.7) 0.955
caesarea no 62 (92.5) 38 (92.7) 24 (92.3)
Multiple pregnancy yes  8(11.9) 4(9.8) 2(15.4) 0.489
no 59(88.1) 37(90.2) 22 (84.6)

*Chi-Square-test.

PPROM-Preterm premature rupture of membranes; CL- Cervix length.

Obesity: BMI = 30-34.9 kg/m?; Multiple pregnancy: pregnancy with more than
one fetus.
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Fig. 1. Serum levels of SCEACAM1 among pregnant women were examined,
distinguishing between those who experienced preterm delivery and term de-
livery. [*p < 0.05; Mann Whitney-U Test].
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Table 4

Correlation values for sCEACAMI1 levels (pg/ml) with the time between
admission and delivery in different subgroups of pregnancy characteristics and
outcomes.

Variables Correlation Time from blood
indicators collection to birth (in
days)
Birth Preterm birth < 37 r* 0.026
weeks of pregnancy p-value 0.822
N | 40
Term birth > 37 weeks  r* 0.074
of pregnancy p-value 0.597
n 26
PPROM No PPROM before 34 r* —0.167
weeks of pregnancy p-value 0.101
n 48
PPROM before 34 r* 0.166
weeks of pregnancy p-value 0.342
n 18
Cervical No CL less than 25 mm  r* —0.049
length before 34 weeks’ p-Wert 0.717
(CL) gestation n 29
CL less than 25 mm r* -0.137
before 34 weeks’ p-value 0.234
gestation n 37
Preterm No preterm labor r* —0.123
labor before 34 weeks p-value 0.225
gestation n 48
Preterm labor before r* —0.219
34 weeks gestation p-value 0.21
n 18

*Kendall’s Tau-b correlation coefficient.

PPROM-Preterm premature rupture of membranes; CL- Cervix length.

Time (in days) from blood collection to birth, analyzed depending on the time of
birth; the diagnosis of PPROM before 34 weeks of pregnancy; the diagnosis CL
less than 25 mm before 34 weeks of pregnancy and the diagnosis of preterm
labor before 34 weeks of pregnancy.

the time from blood collection to delivery across the analyzed variables
[Table 4].

No significant difference between multiple and singleton pregnan-
cies was found [respectively median 6667 pg/ml (IQR: 2827-11443) vs.
4310 pg/ml (IQR: 3031-6229) (p = 0.486)].

Concentrations of SCEACAM1 (pg/ml) were found to be elevated in
pregnant women with PPROM before 34 weeks of pregnancy compared
to those without. The median value of SCEACAM]1 in the group with
PPROM before 34 weeks of pregnancy was 7001 pg/ml (IQR:
5683-13509), while the median value of SCEACAM1 in the group
without PPROM before 34 weeks of pregnancy was 3884 pg/ml (IQR:
2461-4985) (p < 0.001) [Fig. 2].

Nine patients showed increased infection parameters (CRP (c-reac-
tive protein) > 20 mg/1, Leukocytes > 16/nl). No significant correlation
was found between sCEACAM1 and leukocytes in maternal blood (p =
0.868) or between sSCEACAM1 and CRP in maternal serum (p = 0.196).

Discussion

The immune system differentiates between self and foreign struc-
tures [27]. The semi-allogeneic nature of the fetus, inheriting genetic
material from both parents, may elicit inflammatory responses [28].
However, in physiological pregnancy immune attack to the fetus and
placenta is prevented, which we refer to as maternal-fetal tolerance. In
particular, the process of placentation requires maternal-fetal tolerance,
which ensures that the fetus and mother can communicate efficiently via
the placenta.

The phenomenon of maternal-fetal tolerance is enabled by several
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%k %k Xk

7.0

sCEACAM1 concentration (ng/ml)

PPROM before
34 weeks

Fig. 2. Serum levels of sSCEACAM1 among pregnant women were examined,
distinguishing between those who experienced preterm premature rupture of
membranes (PPROM) before 34 weeks of pregnancy and those who did not (No
PPROM before 34 weeks of pregnancy). [***p < 0.001; Mann Whitney-U Test].

complex mechanisms. Among many others, maternal decidual macro-
phages have the ability to inhibit NK cell-mediated killing of cyto-
trophoblast cells [29], while Foxp3 + CD4 cells maintain a protective
regulatory memory for the fetal antigen [30]. In addition, silencing
chemokine genes plays an important role in preventing the accumula-
tion of activated T cells [31], ensuring stable maternal-fetal tolerance
throughout pregnancy.

This tolerance comes to an end in the third trimester, when reac-
tivation of maternal inflammatory responses triggers uterine contrac-
tions and thus the delivery of the child [32,33].

Considering CEACAM1’s interaction with activated T cells,
corticotropin-releasing hormone, estrogen, osteopontin, and cytokines,
the changes in its concentration during pregnancy and its presence in
EVT cells and the placenta’s endothelium it is plausible to postulate that
CEACAM1 could also contribute to the occurrence of preterm birth as a
surrogate parameter for preterm immune activation [34-38].

In our study we found that the median value of SCEACAM1 in the
group with preterm birth was almost one and a half times higher than
the median value of SCEACAM1 in the group with term birth at the
moment of presentation with signs of threatened preterm birth.

As mentioned in section 1.3, an increase in the level of SCEACAM1 is
observed as the maternal system prepares for the onset of labor [24].
Therefore, it is not surprising that higher sCEACAM1 values were
identified in women experiencing premature births.

It is also interesting to compare sCEACAM1 levels among various
clinical signs of threatened preterm birth. Therefore, our study design
included different subgroups, which were compared with each other. As
a result, we found that the median value of sSCEACAM1 in the group with
PPROM before 34 weeks of pregnancy was 1.8 times higher than the
median value of SCEACAM1 in the group without PPROM before 34
weeks of pregnancy.

The occurrence of programmed cell death, also known as apoptosis,
has been shown to be a crucial factor in PPROM [39]. Concurrently,
CEACAM1 is able to trigger the cellular apoptosis machinery [40,41],
which may explain the elevated levels of sSCEACAM1 we detected.

Kim et al. conducted a study examining the levels of Vascular
Endothelial Growth Factor (VEGF) to assess their predictive value for
spontaneous preterm birth in singleton pregnancies, finding signifi-
cantly higher mean VEGF levels in the preterm group compared to the
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term group [42]. Ergun S et al. on the other hand demonstrated that
VEGF can upregulate the expression of CEACAM1 in endothelial cells
[43]. This might once again provide a possible explanation for the
higher SCEACAM1 levels we observed.

CEACAM1 is highly expressed by activated decidual lymphocytes
and has been demonstrated to hinder the proliferation, cytokine secre-
tion, and killing mechanism of IL-2-activated CD4+T, natural killer T
(NKT), and NK cells, respectively [10]. Local bacterial or viral infections
can trigger changes in decidual lymphocytes, altering their composition,
cytotoxicity, and cytokine profile. Without proper regulation, such
activation poses the risk of causing damage to placental or fetal tissues
[10]. Therefore maintaining immune balance in the decidua is crucial to
eliminate pathogens without the developing fetus. The mentioned ac-
tivity of CEACAM1 is one of the mechanisms that allows for the main-
tenance of this balance [10]. Given that infections can be associated
with PPROM [44], it is tempting to hypothesize (despite our results
showing no significant correlation between CEACAM1 and leukocytes/
CRP) that (subclinical) infections are one of the reasons that high
SCEACAM1 levels are found in pregnant women who develop PPROM.
This does not imply that every instance of PPROM is necessarily the
result of an infection; however, it does underscore a potential associa-
tion between CEACAM1, PPROM, infection and inflammation.

Although our inclusion criteria, such as cervical length < 25 mm,
uterine contractions, and membrane rupture, are associated with
different risk degrees for threatened preterm birth, we included all pa-
rameters simultaneously, as clinical practice also uses them to indicate
intensified maternal care.

Conclusion

We found higher values of SCEACAM 1 in women with PPROM
before 34 weeks of pregnancy compared to those without, as well as in
women who gave birth prematurely, compared to those who gave birth
on time. These findings support the hypothesis that CEACAM1 con-
tributes to the processes of labor and delivery.

More comprehensive studies involving a larger cohort, wherein
blood samples are collected from all pregnant participants (with or
without signs of preterm birth) at specific time points during gestation,
and subsequent analysis correlating CEACAM1 levels with the duration
until childbirth, could reveal a precise predictive capacity of CEACAM1
in determining the timing of delivery. In this manner, the determination
of CEACAM1 values could enable us to precisely determine the expected
outcome in pregnant women showing signs of preterm delivery, thus
providing us with knowledge that can help prevent or treat premature
births under distinct conditions.
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