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ABSTRACT
Objective:  To examine maternal  serum Cripto-1 levels in placenta accreta spectrum (PAS) pregnancies and compare them with
placenta previa (PP) cases and healthy pregnancies.
Study Design: A prospective case-control study.
Place and Duration of Study: Kanuni Sultan Suleyman Training and Research Hospital, Istanbul, Turkey, from April to September 2021.
Methodology: Sixty singleton pregnant patients with PP complicated with PAS were enrolled, 45 singleton pregnant women with a diag-
nosis of PP without PAS, and 48 healthy uncomplicated gestational age-matched singleton pregnant women. Cripto-1 levels were deter-
mined and evaluated.
Results: The median maternal serum concentrations of Cripto-1 were greater in pregnant women with PAS (3.11 ng/mL) than in the PP
(2.52 ng/mL) and the control groups (2.01 ng/mL, p<0.001). Based on the Youden index, a 2.557 ng/mL cut-off value of maternal serum
Cripto-1 level had a 76.7% sensitivity and 72.1% specificity to diagnose pregnancies complicated with PAS. A negative and statistically
significant linear relationship was found between maternal serum Cripto-1 concentration and the gestational week at birth (r= -0.325,
p<0.001). A positive and statistically significant linear relationship was found between maternal serum concentrations of Cripto-1 and
maternal length of hospital stay after birth (r= 0.320, p<0.001).
Conclusion: Serum Cripto-1 levels were significantly increased levels in pregnant women suffering from PAS than in pregnant women
with PP and uncomplicated healthy pregnancies. Higher expression of Cripto-1 might be a crucial factor in the pathogenesis of PAS.
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INTRODUCTION
Placenta  previa  (PP)  is  described  as  the  condition  where  the
placenta is implanted into the lower uterine segment and directly
overlies the cervical os partially or completely.1 This condition
could be complicated by the placenta accreta spectrum (PAS)
which is characterised by placental trophoblast invasion towards
the myometrium beyond Nitabuch’s layer, as a consequence of a
partial or total decidua basalis defect.2
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PAS is  one of  the  most  hazardous  pregnancy complications
since excessive bleeding may end in disseminated intravas-
cular coagulation, multisystem organ failure, need for intensive
care unit (ICU) admission, hysterectomy, or even death.3 The
incidence of PAS has increased over the last decades and is
closely  associated  with  the  increasing  number  of  cesarean
sections and increased rates of PP.2 Damage to the endometrial
and myometrial uterine lining during cesarean section or curet-
tage might induce inflammation, which significantly increases
the risk for PAS.4 Although the related factors for PAS are clearly
identified,  aetiology,  pathogenesis,  and  underlying  mech-
anisms remain to be elucidated.5

Besides the traditional theory of inflammatory injury, recent
studies reported that the underlying molecular mechanisms of
invasive placentation involve a combination of lack of decidua
basalis,  excessive  extravillous  trophoblastic  invasion,  and
abnormal vascular remodelling.6 Recently released animal and
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human studies advanced that numerous regulatory molecules
expressed by the trophoblast or decidua play functional roles in
managing the trophoblast migration and invasion process, and
placental angiogenesis. An imbalance of regulatory signalling
between the maternal-fetal interface components can lead to
an abnormally deep invasion, resulting in PAS.7

Various studies have shown the participation of various trans-
forming growth factor-beta  (TGF-β)  superfamily  proteins  and
their associated receptors in a large number of essential repro-
ductive events, including uterine decidualization, and placenta-
tion.8 Cripto-1 is a signalling protein that functions as a co-re-
ceptor in the TGF-β signalling pathways.9 Cripto-1 has a potent
angiogenic activity and enhanced the proliferation, differentia-
tion, and invasion of endothelial cells, proposing that Cripto-1
can act as an oncogenic factor for endothelial cells and directly
modulates angiogenesis in these cells, as does vascular endothe-
lial growth factor (VEGF). Cripto-1 is overexpressed in numerous
cancer  types.10  Also,  this  protein  is  greatly  expressed  at  the
maternal-fetal  interface  and  serves  functional  roles  in  early
embryonic development and pregnancy maintenance.8 Several
comparisons have been drawn between the PAS microenviron-
ment  and  tumour  behaviour  and  found  that  both  conditions
require the capability of cells to induce angiogenesis and acti-
vate invasion.6 Consistent with the participation of Cripto-1 in
controlling angiogenesis, it was hypothesised that Cripto-1 may
be highly expressed by the trophoblast cells in cases with PAS.
The aim of this study was to determine maternal serum Cripto-1
levels in pregnancies complicated with PAS and compare them
with PP cases and uncomplicated healthy controls.

METHODOLOGY

In this prospective case-control study, serum samples from 153
pregnant women were examined at Kanuni Sultan Süleyman
Training and Research Hospital, from April to September 2021.
The  study  group  consisted  of  60  cases  presenting  with  a
singleton pregnancy diagnosed between 28 and 34 weeks of
pregnancy with a placenta previa complicated with PAS.  PP
without PAS group consisted of 45 singleton pregnant women
who were admitted with a diagnosis of PP without PAS between
28 and 34 weeks of gestation. In all cases, the antenatal diag-
nosis of PP with and without PAS was confirmed intraopera-
tively. Blood samples from 48 healthy uncomplicated gesta-
tional age-matched singleton pregnant women were collected
and  served  as  controls.  All  participants  provided  signed
informed consent. The study project has been approved by the
Ethics Committee of the same hospital (2021.03.82).

Cases with multiple pregnancies, congenital fetal malforma-
tions,  gestational  hypertensive disorders,  ruptured amniotic
membranes,  stillbirths,  infections,  co-existing  diseases,
including hepatic and renal diseases, and previous cancer diag-
nosis were excluded. All patients who were admitted during the
active labour phase were also excluded.

In all cases, the ultrasound (US) examinations and the diagnosis
of abnormal placentation were obtained during the prenatal

period by experienced maternal-fetal medicine specialists util-
ising  transabdominal  and  transvaginal  US  scans.  PP  was
described as the placental tissue overlying the internal cervical
os  partially  or  totally.2  Prenatal  PAS  disorder  diagnosis  was
according  to  the  following  US  findings;  abnormal  placental
lacunae, loss of the clear zone, uterovesical hypervascularity,
and bladder wall interruption.11

In patients who underwent a hysterectomy, PAS was diagnosed
by the histopathological evaluation conducted by a pathologist
blinded to the US and surgery outcomes. Placental invasion
depth  was  described  as  the  trophoblastic  invasion  degree
towards the myometrium. All patients were classified based on
the maximum placental invasion depth detected since diverse
placental invasion degrees might co-exist in the same uterus.12

In cases that did not experience hysterectomy, the existence of
PAS was diagnosed based on the FIGO clinical grading system.13

Based on the clinical protocol, pregnant women with persisted
PP without PAS in the third trimester were scheduled to undergo
a cesarean delivery between 360/7 and 376/7 weeks of gestation.
PP  patients  with  suspected PAS disorder  were scheduled to
undergo a cesarean delivery between 340/7 and 360/7 weeks of
pregnancy.14 The gestational age was calculated by the patien-
t-reported  last  menstrual  period,  confirmed  by  the  first-
trimester US examination.15

The authors retrieved peripheral maternal blood samples by
venipuncture.  For  the PAS group and PP without  PAS group
patients, blood collection was conducted at the admission time
before blood transfusion or steroid administration. At the blood
sample collection time, the gestational ages of the cases were
matched,  and the three groups were comparable  regarding
gestational age.

Serum  concentrations  of  Cripto-1  were  measured  using  an
ELISA kit. Each assay was calibrated using a Cripto-1 standard
curve using the manufacturer’s  instructions.  The variations’
intra- and interassay coefficients were <8% and <10% respec-
tively. The detection limit of the Cripto-1 ELISA kit was 0.22
ng/mL and samples were checked twice.

Kolmogorov-Smirnov and Shapiro-Wilk tests were utilised to
test normality. The group factors that may correlate with the
outcomes  were  analysed  independently  by  either  One-Way
ANOVA or Kruskal Wallis tests. The discrepancies in percent-
ages between groups were compared by utilising Chi-Square or
Fisher’s  Exact  test.  Descriptive  statistics  were  utilised  to
summarise the data and presented it as a count with the percen-
tage of column total for categorical variables, mean ± standard
deviation for  normally  distributed continuous variables,  and
median  (minimum-maximum)  for  skewed  continuous  vari-
ables. Spearman's correlation coefficient was utilised to investi-
gate the monotonic  relationships between two independent
variables. To define the diagnostic power of outcome variable
Cripto-1, Receiver operating characteristic analysis (ROC) was
utilised. An area of 0.50 implies that the variable adds no infor-
mation. The area under the ROC curve and 95% confidence inter-
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vals (CIs) were calculated. In addition, the cut-off point that can
be used to distinguish MAP patients by using the variable Crip-
to-1 was calculated by using the Youden index and summarised
with the relevant sensitivity and specificity points. All statistical
analyses were done by using IBM SPSS Statistics for Windows,
version 25.0. (Armonk, NY: IBM Corp.) and a p-value less than
0.05 is considered statistically significant.

RESULTS

Throughout the course of the study, 49 pregnant women were
identified  with  placenta  previa  without  PAS,  67  pregnant
women  with  placenta  previa  complicated  with  PAS,  and  48
randomly selected healthy pregnant controls. After the utilisa-
tion of the exclusion criteria and excluding patients who were
lost to follow-up, 45 patients remained in the placenta previa
group, and 60 patients in the PAS group.

Figure 1: ROC curve for maternal serum cripto-1 concentrations in preg-
nant women with PAS.

The  demographic  and  clinical  characteristics  and  maternal
outcomes of the study cohort are presented in Table I. The three
groups were comparable concerning the gestational  week at
maternal blood sample collection (p=0.874). The median serum
concentration of maternal Cripto-1 was significantly higher in the
PAS group (3.11 ng/mL, mean= 4.59 ± 4.25 ng/mL) and the
placenta previa group (2.52 ng/mL, mean= 3.59 ± 3.27 ng/mL)
compared to the control group (2.01 ng/mL, mean= 2.32 ± 1.32
ng/mL, p<0.001). Analysis of pregnancies complicated with PAS
compared to pregnancies with placenta previa revealed that the
mean maternal serum Cripto-1 concentration was significantly
higher in the PAS group (p<0.001). Following the analysis of the
area under the ROC curve, the authors revealed that maternal
serum Cripto-1 level could be deemed a significant variable for
diagnosing PAS (AUC= 0.751 ± 0.041, 95% CI= 0.675-0.817,
<0.001, Figure 1). Based on the Youden index, a 2.557 ng/mL cut-
off value of maternal serum Cripto-1 level diagnosed pregnan-

cies  complicated  with  PAS  with  76.7% sensitivity  and  72.1%
specificity. A negative and statistically significant linear relation-
ship was observed between maternal serum Cripto-1 concentra-
tion and the gestational week at birth (r= -0.325, p<0.001, Figure
2). A positive and statistically significant linear relationship was
also detected between maternal serum concentrations of Crip-
to-1 and maternal length of hospital stay after birth (r= 0.320,
p<0.001, Figure 3). The neonatal outcomes of the participants
are summarised in Table II. Gestational week at birth and the
mean birth weight was significantly lower, and the preterm birth
rate  was  significantly  higher  in  the  placenta  previa  group
compared to the control group (p<0.001).

Figure 2: The relationship between maternal serum cripto-1 concentra-
tions and the gestational week at birth according to Spearman's correla-
tion coefficient.

Figure 3: The relationship between maternal serum cripto-1 concentra-
tions and length of hospital stay after birth according to spearman's corre-
lation coefficient.

DISCUSSION

In the current study, maternal serum Cripto-1 concentrations of
pregnant women were assessed in connection with the exis-
tence or non-existence of PAS. This study clarified that Cripto-1
showed significantly increased levels in the serum of pregnant
women complicated by PAS than pregnant women with PP and
individuals with uncomplicated healthy pregnancies. A nega-
tive  and  statistically  significant  linear  relationship  was  also
found between maternal serum Cripto-1 concentration and the
gestational week at birth; and a positive and statistically signifi-
cant linear relationship between maternal serum concentration
of Cripto-1 and maternal length of hospital stay after birth.



Zeynep Gedik Ozkose,  Suleyman Cemil  Oglak,  Mustafa Behram, Ozge Ozdemir,  Zuat  Acar  and Ismail  Ozdemir

Journal  of  the College of  Physicians and Surgeons Pakistan 2022,  Vol.  32(12):1570-1575 1573

Table I: Demographic and clinical characteristics and maternal outcomes of the participants.
 Control group

(n=48)
Placenta previa
group (n=45)

PAS group
(n=60)

p-value

Maternal age, years 28.39±6.65a 31.28±5.73b 32.78±5.03b 0.001
Advanced maternal age (>35 years), n (%) 10 (20.8%)a 11 (24.4%)a 25 (41.7%)b 0.040
Gravidity 3 (1-10)a 3 (1-12)a 3 (1-10)b <0.001
Parity 1 (0-6)a 1 (0-6)a 1 (0-6)b <0.001
Woman with the presence of previous miscarriage, n (%) 17 (35.4%) 10 (22.2%) 26 (43.3%) 0.079
Number of previous cesarean section 0 (0-3)a 0 (0-3)a 2 (0-6)b <0.001
Smoking, n (%) 2 (4.2%) 1 (2.2%) 1 (1.7%) 0.707
Anaemia during pregnancy, n (%) 17 (35.4%) 22 (48.9%) 24 (40.0%) 0.407
Gestational week at blood sample collection 29.47 ± 2.66 29.12 ± 2.88 29.71 ± 3.07 0.874
Cripto-1, ng/mL 2.01 (1.11-9.62)a 2.52 (1.48-16.15)b 3.11(1.44-27.04)c <0.001
Emergency cesarean delivery, n (%) 3 (6.3%) 9 (20.0%) 8 (13.3%) 0.144
Intraoperative massive haemorrhage, n (%) 0 (0%)a 7 (15.6%)b 21 (35.0%) <0.001
Intravenous iron infusion, erythrocyte or blood product
transfusion, n (%)

    

Intravenous iron infusion 0 (0%)a 7 (15.6%)b 21 (35.0%)b <0.001
Erythrocyte transfusion 0 (0%)a 16 (35.6%)b 24 (40.0%)b <0.001
Blood product transfusion 0 (0%)a 22 (48.9%)b 40 (66.7%)b <0.001
Maternal intensive care unit admission, n (%) 0 (0%)a 0 (0%)a 4 (6.7%)b 0.041
Maternal length of hospital stay, days 2.54 ± 0.54a 4.22 ± 2.74b 5.08 ± 2.81c <0.001
Additional surgical procedures, n (%)     
Internal iliac artery ligation 0 (0%)a 4 (8.9%)a 21 (35.0%)b <0.001
Uterine lower segment resection 0 (0%)a 4 (8.9%)a 16-26.70b <0.001
Hysterectomy 0 (0%)a 3 (6.7%)a 31 (51.7%)b <0.001
Descritive statistics summarised as; mean ± standard deviation (One Way ANOVA test) and median (minimum-maximum) (Kruskal Wallis test) for scales, n (%) for
categoricals (Chi-square or Fisher’s Exact test). Subscripts such as a,b and c used to show differences for means and medians.

Table II: Neonatal outcomes of the study cohort.
 Control group

(n=48)
Placenta previa
group (n=45)

PAS group
(n=60)

p-value

Gestational week at birth 38.29 ± 1.44a 35.45 ± 2.86b 34.63 ± 1.87c <0.001
Preterm delivery, n (%) 6 (12.5%)a 24 (54.5%)b 52 (86.7%)c <0.001
Fetal gender (male), n (%) 23 (47.9%) 21 (46.7%) 34 (56.7%) 0.524
Birth weight, g 3222.29±586.07a 2675.33±586.23b 2565.66±413.71b <0.001
1-min Apgar score 7 (5-8)a 7 (2-8)b 7 (5-8)b 0.014
1-min Apgar score <7, n (%) 15 (31.3%)a 22 (48.9%)a,b 35 (58.3%)b 0.019
5-min Apgar score 9(7-9)a 9(5-9)b 9(7-9)b <0.001
5-min Apgar score <7, n (%) 0 (0%)a 7 (15.6%)b 5 (8.3%)a,b 0.020
Umbilical cord blood pH value 7.3 (7.2-7.3) 7.3 (6.7-7.5) 7.3 (7.2-7.3) 0.213
Neonatal intensive care unit
admission, n (%)

7 (14.6%)a 22 (48.9%)b 28 (46.7%)b <0.001

Neonatal intensive care unit
admission, days

10 (7-12) 10 (6-30) 10 (7-12) 0.622

Descritive statistics summarised as; mean ± standard deviation (One Way ANOVA test) and median (minimum-maximum) (Kruskal Wallis test) for scales, n
(%) for categoricals (Chi-square or Fisher’s Exact test). Subscripts such as a,b and c used to show differences for means and medians.

Due to its subtle ultrasound characteristics, PAS remains undi-
agnosed before delivery in approximately 50-66% of cases,
despite the high specificity and sensitivity of US examination.16

Magnetic resonance imaging (MRI) has yet to evidently show a
significant  improvement  in  management  or  pregnancy
outcomes. MRI is a high-cost procedure that is infrequently
applicable in most low- and medium-income countries. Irre-
spective of the imaging procedure utilised, prenatal diagnosis
of PAS cases remains subjective since the accurate diagnosis
depends  on  the  experience  of  the  operator.13  Thus,  better
detection of PAS cases through the utilisation of biomarkers
might aid clinicians additionally to US examination in detecting
these  cases  in  the  early  weeks  of  gestation  and  might
generate more appropriate  planning of  scheduled cesarean
delivery with an experienced surgery team, which could end in
a more favourable outcome for the pregnant woman.16 Several
potential biomarkers were examined in pregnant women with
PAS, including VEGF, and high mobility group box protein-1.4,17

However,  a  highly  sensitive  serum biomarker  for  abnormal
placental  invasion  remains  unknown  at  the  current  time.6

Previous evidence indicated that Cripto-1 overexpression can
stimulate tumour formation and Cripto-1 is overexpressed in
50-80% of distinct cancer types.10 The anti-Cripto-1 antibody
inhibited 50% of the Cripto-1-stimulated neovessel formation,
proposing  that  Cripto-1  may  involve  in  neovascularisation
throughout cancer formation.18  In addition to conducting an
essential role in cellular transformation, Cripto-1 is essential
for  embryo attachment,  germ layer  differentiation,  and organ
development.9  Cripto-1  is  mainly  secreted  by  extravillous
trophoblast  (EVT)  cells.  In  a  healthy pregnancy,  Cripto-1 is
highly expressed during the early weeks of gestation, while
this expression becomes lower in the latter weeks.19,20 During
the latter weeks of gestation, EVT cells convert into a non-pro-
liferative form and exhibit a low apoptotic index, suggesting
that  Cripto-1  contributes  to  the  invasion  and  migration
processes of these cells.21
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Bandeira et al. examined the Cripto-1 expression in healthy and
creta placentas in the term placental bed utilising immunohisto-
chemistry.  They found that  the intensity of  Cripto-1-reactive
cells  and  Cripto-1  expression  was  significantly  higher  in  the
placenta creta group than in the control group. Also, Cripto-1
expression  was  significantly  correlated  with  the  depth  of  inva-
sion as Cripto-1 was more abundant in increta and percreta
placentas than in the accreta placentas, suggesting the critical
importance of EVT cells in the overall degree of placental inva-
siveness.22 In a recent study by Jiang et al., reverse transcrip-
tion-PCR was utilised to quantify the Cripto-1 mRNA expression
in  the  placenta  while  Western  blotting  was  conducted  to
analyse the placental Cripto-1 protein expression. They found
that the PAS group had higher expression levels of  Cripto-1
compared with the control group. Furthermore, the amount of
expression  differed  by  anatomic  sites  as  expression  levels  of
Cripto-1 at the invasion zone is significantly higher than that in
the non-creta zone, indicating the increase of EVT invasion and
excessive placental invasion. In the PAS group, the expression
levels of Cripto-1 in placental tissues were significantly higher in
pregnancies  with  placental  increta  than those with  placenta
accreta. They suggest that the Cripto-1 might disrupt the regula-
tory mechanisms of epithelial-to-mesenchymal transition (EMT)
in EVT cells and stimulate abnormal signal pathways to increase
the intensity and duration of EVT invasion.23 In this study, it was
shown that the median maternal serum concentrations of Crip-
to-1 were greater in pregnant women with PAS (3.11 ng/mL)
than in the PP group (2.52 ng/mL) and in the control group (2.01
ng/mL, p<0.001). Also, the authors calculated the diagnostic
power of the Cripto-1 by using ROC analysis and found it as
0.751 ± 0.041 (95% CI= 0.675-0.817, p <0.001). The Youden
index was used to find the cut-off point for Cripto-1 and demons-
trated that  PAS is  classified correctly  for  maternal  serum Crip-
to-1 values of  2.557 ng/mL and higher  with a sensitivity  of
76.7% and a  specificity  of  72.1%.  Therefore,  that  Cripto-1  is  a
novel identification circulating biomarker in pregnancies compli-
cated with PAS.

The excessive chorionic villi invasion into the deeper layers of
the uterine wall  in the deficiency or absence of decidualisation
frequently  coexists  with  significant  and  idiosyncratic  placental
neovascularisation.  Accordingly,  increased  neovessel  forma-
tions commonly lengthen the radial, arcuate, and parametrial
arteries, enlarging the diameters of the vessels, which becomes
hardly  capable  of  homeostatic  reaction  following  placental
removal  or  abruption.24  Therefore,  pregnancies  complicated
with PAS were significantly associated with an increased risk of
catastrophic bleeding during the antenatal period or cesarean
delivery. Maternal haemorrhage is related to an increased risk
of maternal morbidity, including the need for additional surgical
procedures, blood transfusion, postpartum haemorrhage, and
longer hospital length of stay (LOS).3,25 In this study, there was a
negative and statistically significant linear relationship between
maternal  serum Cripto-1  concentrations  and  the  gestational
week at  birth,  and a  positive  and statistically  significant  linear
relationship between maternal serum concentration of Cripto-1
and maternal length of hospital stay after birth.

The primary strength of this investigation is that, as far as is
known,  this  is  the  first  research  until  now  that  has  evaluated

circulating levels of Cripto-1 in pregnant women with PAS and
compared them with PP cases and healthy pregnant women
with normal placental implantation. This study’s primary limita-
tion was the absence of proving the enhanced expression of
placental Cripto-1 by the histopathological investigation of the
placentas after delivery.

CONCLUSION

Maternal  serum  Cripto-1  concentrations  were  significantly
increased in pregnant women with PAS than in pregnancies
with  PP  and  healthy  pregnancies  with  normal  placental
implantation.  Also,  a  significant  negative  correlation
between maternal serum concentrations of Cripto-1 and the
gestational week at birth,  and a significant positive correla-
tion between maternal serum Cripto-1 levels and maternal
length  of  hospital  stay  after  birth  were  detected.  Higher
expression of Cripto-1 might be a crucial factor in the patho-
genesis of PAS.
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