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Abstract. Amniotic fluid embolism (AFE) is a serious disease 
in which amniotic fluid components enter the maternal 
systemic circulation, causing cardiopulmonary collapse in 
pregnant women. It has been previously reported that amniotic 
fluid contains extremely high levels of squamous cell carci-
noma antigen (SCCA), and that pregnant women who do not 
survive due to AFE have high blood SCCA levels. The aim of 
the present study was to determine the possible mechanisms 
through which SCCA in amniotic fluid enters the maternal 
blood, as well as the potential origin of SCCA. The prospec-
tive study included a cohort of 464 women (339 normal 
vaginal deliveries, 97 cesarean deliveries without labor, and 
28 cesarean deliveries with labor). The dynamic changes in 
maternal serum SCCA levels were determined before and 
after delivery in relation to the mode of delivery, and SCCA 
levels were measured in the placenta, fetal skin, amniotic 
fluid cell components, amniotic fluid and neonatal urine. 
Serial serum samples collected at the time of admission, at 
2 h postpartum, and on postpartum day 3 were quantitatively 
measured for SCCA by enzyme‑linked immunosorbent assay. 
Amniotic fluid and neonatal urine SCCA levels were also 
measured. The protein expression of SCCA in the placenta 
and fetal skin was assessed by immunohistochemistry. In 
vaginal deliveries, there was a significant increase in serum 
SCCA levels from admission to 2 h postpartum, and SCCA 
levels decreased on postpartum day 3. In cesarean deliveries, 
the SCCA levels at the time of admission and 2 h postpartum 
did not differ. The SCCA levels were significantly higher in 

women who underwent vaginal deliveries compared to those 
that underwent cesarean deliveries without labor (P=0.033). 
Immunohistochemical staining revealed no SCCA expression 
in the placenta and fetal skin. The SCCA levels in neonatal 
urine immediately after birth were as high as those in the 
amniotic fluid, suggesting that SCCA may originate from 
fetal urine. The present study thus suggests that amniotic fluid 
SCCA levels, which may be derived from fetal urine, can enter 
the maternal circulation during vaginal delivery. The onset of 
labor and full cervical dilatation are the main causes of entry 
of amniotic fluid components into the maternal circulation.

Introduction

Amniotic fluid embolism (AFE), a rare and severe obstetric 
complication, is a significant cause of maternal mortality 
worldwide (1). AFE occurs in a fetal antigen dose‑dependent 
(mechanical obstruction subtype) or ‑independent manner 
(anaphylactic and anaphylactoid reaction subtype) (2). The 
former subtype is believed to occur when amniotic fluid disas-
trously enters the maternal circulation, resulting in the physical 
obstruction of pulmonary circulation. The latter subtype is 
predominantly mediated by the first exposure to amniotic 
fluid components that may cause an anaphylactoid reaction (3). 
Although AFE remains unpredictable based on current diag-
nostic strategies, recent advances in molecular biology have 
facilitated analysis of its pathogenesis. Advances in biochem-
istry experiments have enabled the identification of novel serum 
biomarkers of amniotic fluid passage into the maternal circula-
tion (4‑13). For example, Zinc‑coproporphilin‑1 (ZnCP1) (4), 
sialyl Tn (STN) (5,6) and insulin‑like growth factor binding 
protein 1 (IGFBP1) (12) have been reported as substances that 
are extremely abundant in amniotic fluid and present in trace 
amounts in maternal blood. In 2012, the authors newly identi-
fied squamous cell carcinoma antigen (SCCA) as a substance 
with a very high amniotic fluid/maternal blood concentration 
ratio (10). SCCA is a member of the serine protease inhibitor 
family of proteins, serpin, physiologically found in the spinous 
and granular layers of normal squamous epithelium (3,14). 
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SCCA is typically expressed in neoplastic cells of epithelial 
or endodermal origins, such as advanced squamous cell 
carcinomas of the cervix (14). SCCA inhibits cell damage 
caused by lysosomal cathepsins; however, the regulation of 
SCCA gene expression, its biological function and localization 
in each organ remain unclear (15). SCCA is present in trace 
amounts in peripheral blood even in non‑pregnant women (14). 
Therefore, SCCA is not an amniotic fluid specific substance, 
but is characterized by the highest amniotic fluid/maternal 
blood concentration ratio, indicating that SCCA is suitable for 
serodiagnosis of AFE (10). This fact suggests that SCCA is a 
more valuable and reliable marker for serodiagnosis of AFE 
than ZnCP1, STN and IGFBP1 (9‑11). In 2017, the authors 
reported extremely high levels of SCCA in the maternal serum 
of 4 patients with autopsy‑proven AFE (13).

It was previously demonstrated that amniotic fluid enters 
the maternal circulation, particularly in the uterine vasculature, 
in a variety of obstetric disorders (16). Maternal intravascular 
fetal material during peripartum hysterectomy for the treat-
ment of uterine rupture, abruption, uterine atony, placenta 
previa, placenta accreta, coagulopathy and retained placenta 
has been found to be present in one‑third of patients (16). 
Furthermore, the fetal‑to‑maternal transfer of cell‑free fetal 
DNA and fetal blood through the placenta and uterine vascu-
lature may be common at some point during pregnancy (17). 
Therefore, the entry of amniotic fluid and fetal material into 
the maternal circulation and uterine vasculature is necessary 
(minimum requirement) for the onset of AFE, although it is not 
sufficient (2). Anaphylactic and anaphylactoid reactions can 
occur at the first exposure to amniotic fluid components (2).

The aim of the present study was to determine the dynamic 
changes in serum SCCA levels before and after delivery in 
relation to the mode of delivery and the potential origin of 
amniotic fluid SCCA. Maternal serum SCCA levels were 
measured before and after delivery to determine whether 
amniotic fluid components enter the maternal circulation only 
in patients with AFE or even in women with normal labor. 
Knowing whether amniotic fluid gains access to the systemic 
circulation during normal vaginal delivery is important for 
understanding the pathophysiology of AFE.

Patients and methods

Patient information. The collection of blood, amniotic fluid, urine 
and tissue samples was approved by the Institutional Review 
Board for Human Research at Nara Medical University (no. 579, 
579‑2, 873 and 873‑2). Informed consent was obtained from 
all participants. The present prospective first cohort study was 
conducted at the Nara Medical University Hospital, Kashihara, 
Japan, from December, 2011 to October, 2015 to measure the 
dynamic changes in maternal serum SCCA levels before and after 
delivery in relation to the mode of delivery. Japanese pregnant 
women who had been admitted to the labor ward or operation 
room were recruited. All women had singleton pregnancies. 
Women with all levels of parity were included. Women under-
going instrumental delivery and those with pregnancy‑related 
complications, including hypertensive disorders of pregnancy or 
preeclampsia were excluded. No participant had any malignant 
disease. Women who underwent normal vaginal delivery (n=339), 
planned cesarean section without labor (n=97), or emergency 

cesarean section after the onset of labor (n=28) were included. 
The second cohort study was conducted to determine the poten-
tial origin of SCCA in amniotic fluid from September, 2017 to 
December, 2019 (described below in 'Sample collection').

Sample collection. In the first cohort study, a 9‑ml venous blood 
sample was collected from each participant. Maternal serum 
samples were obtained at baseline (time of admission), at 2 h 
postpartum and on postpartum day 3. In the second cohort 
study, placental tissue and amniotic fluid samples were obtained 
during cesarean deliveries. Urine samples (n=7) of neonates 
without complications were obtained within 2 days after birth 
at term. Serum and urine samples were separated by centrifuga-
tion at 1,400 x g for 5 min at room temperature and stored at 
‑80˚C until tested. A pairwise comparison of SCCA measure-
ments between maternal serum and neonatal urine could not be 
performed as they were obtained from separate cases. Amniotic 
fluid samples were aseptically retrieved by amniotomy following 
uterine muscle layer incision. These samples were divided 
into 2 groups as follows: Control samples with clear amniotic 
fluid (n=27) and samples of meconium‑stained amniotic fluid 
(n=4). Formalin‑fixed, paraffin‑embedded tissue sections from 
3 full‑term placentas and 3 cervical cancer cases from the 
Department of Obstetrics and Gynecology of Nara Medical 
University Hospital were obtained from the pathology archives. 
A commercially available fetal skin tissue slide obtained from 
a 35‑week fetus was purchased (Pantomics, Inc.). SCCA protein 
expression was assessed by immunohistochemistry.

Preparation of amniotic fluid samples. Amniotic fluid contains 
fetal skin keratinocytes, amnion epithelial cells, epithelioid 
cells, fibroblasts and pluripotent stem cells. Approximately 
20 ml amniotic fluid was obtained during surgery. As previ-
ously described (18), cell block sections of amniotic fluid 
samples were prepared using the sodium alginate method 
and subjected to hematoxylin and eosin (H&E) and immuno-
histochemical staining. Cellular pellets were fixed with 10% 
paraformaldehyde for 12 h at room temperature. Formalin‑fixed 
pellets were then embedded in paraffin. The unstained sections 
(3‑µm‑thick) were stained with hematoxylin for 5 min and 
with eosin (Sakura Finetek Japan Co., Ltd.) for 2 min at room 
temperature. The slides were examined and photographed 
using an Olympus CX41 microscope (Olympus Corporation).

SCCA measurements. The serum SCCA levels were measured by 
competitive Luminex immunoassay using a commercially avail-
able kit from BML according to the manufacturer's instructions. 
SCCA levels were calculated using their average optical densities 
based on standard curves. The detection limit was 0.1 ng/ml.

Immunohistochemistry. SCCA is a member of the ovalbumin 
serpin (ov‑serpin)/clade B serpin family, which is composed of 
SCCA1 (SERPINB3) and SCCA2 (SERPINB4) (19,20). Routine 
H&E staining followed by immunohistochemical staining was 
performed to detect SCCA protein expression. For immuno-
histochemistry, paraffin sections (3‑µm‑thick) were mounted 
on poly‑L‑lysine‑coated slides. Samples, including fetal skin, 
placental and cervical cancer tissues were incubated for 1 h 
at room temperature with a mouse‑specific antibody against 
pan‑cytokeratin AE1/AE3 (ab27988; Abcam; 1:100 dilution), 
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monoclonal antibodies against SCCA1/A2 (sc‑28384; Santa 
Cruz Biotechnology, Inc.; 1:100 dilution), or normal rabbit 
IgG (#3900; Cell Signaling Technology, Inc.; 1:100 dilution). 
The sections were placed for 30 min at room temperature 
with amplification reagent (Simple Stain MAX PO; Nichirei 
Biosciences), followed by incubation for 5 min with diamino-
benzidine (Simple Stain DAB Solution, Nichirei Bioscience).

Statistical analysis. Statistical analyses were performed using 
SPSS Statistics version 25 (IBM Japan). Data distribution was 
verified by the Shapiro‑Wilk test, indicating that all groups 
exhibited non‑normal distribution (data not shown). Data were 
analyzed using the Kruskal‑Wallis test followed by post hoc 
analysis with Bonferroni correction to evaluate differences 
among the 3 groups in maternal age, gestational age of the 
fetus and SCCA level between baseline, 2 h postpartum and 
3 day postpartum. Pearson's Chi‑squared test was performed 
to compare parity among the 3 groups. P‑values of <0.05 were 
considered to indicate statistically significant differences.

Results

The patient demographic characteristics are presented in Table I. 
There were significant differences between the vaginal delivery 
and the 2 cesarean section groups as regards maternal age, 
gestational age and parity (all P<0.001). Maternal age was lower, 
whereas gestational age was higher in the vaginal delivery group 
than in the cesarean section groups. In the cesarean section 
with labor group, 71.4% of mothers (20/28) were nulliparous 
compared with 51.3% (174/339) in the vaginal delivery group 
and 24.7% (24/97) in the cesarean section without labor group. 
The numbers of serum samples at baseline, at 2 h postpartum 
and on postpartum day 3 are presented in Table II. The serum 
SCCA levels in all groups were significantly altered during the 
study period. In the vaginal delivery group, the SCCA levels 
significantly increased from baseline to 2 h postpartum, and 
decreased 3 day postpartum. The SCCA levels were lowest at 
3 days postpartum. In both cesarean section groups, the serum 
SCCA levels at baseline and 2 h postpartum did not differ 

Table I. Demographic characteristics of the patients in the present study.

Characteristic Normal vaginal delivery CS with labor CS without labor P‑value

Number of deliveries 339 28 97
Maternal age (years)    <0.001
  Mean ± SD 32.1±5.6a 34.8±4.9b 34.3±4.4c

  Median (range) 33.0 (17‑46) 35.0 (26‑43) 34.0 (22‑46)
Gestational age (weeks)    <0.001
  Mean ± SD 39.1±1.5d 38.4±2.3e 37.6±1.5f

  Median (range) 39 (26‑41) 38.0 (29‑41) 38.0 (29‑41)
Parity    <0.001
  0 174 20 24
  ≥1 165   8 73

All P‑values were obtained using the Kruskal‑Wallis test. a vs. b, P=0.054; b vs. c, P=0.999; a vs. c, P=0.002; d vs. e, P=0.134; e vs. f, P=0.001; 
and d vs. f, P<0.001, determined by the Kruskal‑Wallis test with post hoc analysis with Bonferroni correction. CS, cesarean section.

Table II. SCCA levels for each delivery mode at the time of admission, at 2 h postpartum, and on postpartum day 3.

Delivery mode Admission 2 h postpartum Postpartum day 3 P‑value

Vaginal (n) 231 277 150 <0.001
  Mean ± SD 1.83±1.86a 4.15±2.42b 0.96±0.99c

  Median (range) 1.60 (0.40‑19.30) 3.70 (0.60‑18.80) 0.8 (0.40‑11.80)
CS with labor (n) 23 14 8 0.001
  Mean ± SD 1.78±1.35d 1.83±1.05e 0.78±0.16f

  Median (range) 1.40 (0.70‑6.80) 1.60 (0.80‑4.20) 0.85 (0.50‑0.90)
CS without labor (n) 70 60 53 <0.001
  Mean ± SD 1.58±1.82g 1.43±0.56h 0.85±0.53i

  Median (range) 1.30 (0.60‑16.10) 1.30 (0.60‑3.40) 0.80 (0.40‑3.70)

All P‑values were obtained using the Kruskal‑Wallis test. a vs. b, P<0.001; b vs. c, P<0.001; a vs. c, P<0.001; d vs. e, P=0.999; e vs. f, P=0.003; 
d vs. f, P=0.002; g vs. h, P=0.999; h vs. i, P<0.001; and g vs. i, P<0.001, determined by the Kruskal‑Wallis test with post hoc analysis with 
Bonferroni correction. CS, cesarean section; SCCA, squamous cell carcinoma antigen.
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significantly (P=0.999 and 0.999, respectively). All groups 
exhibited a marked decrease in SCCA levels from admission 
or 2 h postpartum to 3 days postpartum (P<0.001 or P<0.001 
for the vaginal delivery group, P=0.002 or P=0.003 for the 
cesarean section with labor group, and P<0.001 or P<0.001 for 
the cesarean section without labor group; Table II).

The origin of SCCA in amniotic fluid was then deter-
mined. No significant differences were observed in the SCCA 

levels between the clear amniotic fluid, meconium‑stained 
amniotic fluid and neonatal urine samples, all of which were 
extremely high (Table III). Finally, the present study investi-
gated whether SCCA was expressed in the placenta, amniotic 
fluid cells and fetal skin. Full‑term placentas, amniotic fluid 
cell blocks, fetal skin and cervical cancer tissues were exam-
ined by immunostaining for cytokeratin and SCCA (Fig. 1). 
Cytokeratin is widely used as a marker for the identification 

Table III. SCCA levels in amniotic fluid and neonatal urine.

SCCA levels (mean ± SD)
Clear amniotic fluid (n=27) Meconium‑stained amniotic fluid (n=4) Neonatal urine (n=7) P‑value

569.37±432.32 378.08±57.82 322.83±427.74 0.147

P‑value was obtained using the Kruskal‑Wallis test. 

Figure 1. Distribution of cytokeratin and squamous cell carcinoma antigen (SCCA) in full‑term placentas, amniotic fluid cell blocks, fetal skin, and cervical 
cancer tissues. The distribution of (A, D, G and J) cytokeratin, (B, E, H and K) SCCA, and (C, F, I and L) normal rabbit IgG in the (A, B and C) full‑term 
placentas, (D, E and F) amniotic fluid cell blocks, (G, H and I) fetal skin and (J, K and L) cervical cancer tissues is shown by representative immunostaining. 
The full‑term placenta was (A) positive for cytokeratin AE1/AE3 and (B) negative for SCCA (magnification, x100). Cytokeratins were present in the epidermis 
and all kinds of trophoblasts. Amniotic fluid cell blocks exhibited (D) intense labeling for AE1/AE3, but (E) weak and scattered staining for SCCA (magnifica-
tion, x100). Fetal skin epidermal cells were negatively labeled for SCCA. SCCA was localized in scattered cells of the keratinization area and hair matrix cells. 
As positive controls for immunostaining, cervical cancer tissues were positively labeled for (J) cytokeratin and (K) SCCA (magnification, x100).
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and characterization of epithelial cells, trophoblasts and 
cervical cancer cells (Fig. 1A, D, G and J). For SCCA immu-
nostaining, cervical cancer tissues were used as the positive 
control (Fig. 1K). The samples were reviewed by experienced 
pathologists (Tomoko Uchiyama and Chiho Ohbayashi, 
Department of Diagnostic Pathology, Nara Medical University, 
Kashihara, Japan) to determine the expression of cytokeratin, 
SCCA and nonimmune IgG. The amniotic membrane, and 
trophoblast cells and mesenchymal cells in the placenta 
were not stained for SCCA (Fig. 1B). Diffuse cytokeratin 
immunostaining was strong in the majority of amniotic fluid 
cells (Fig. 1D), whereas SCCA expression was scattered and 
weakly positive (Fig. 1E). Fetal skin epidermal cells were 
positively labeled for cytokeratin (Fig. 1G), but SCCA expres-
sion was limited (Fig. 1H). In fetal skin, SCCA was localized 
to scattered cells of the keratinization area (stratum corneum) 
and hair matrix cells (Fig. 1H).

Discussion

The present study suggests, for the first time, to the best of our 
knowledge, that amniotic fluid components containing SCCA 
enter the maternal circulation during normal vaginal delivery, 
and that amniotic fluid SCCA may originate from fetal urine.

First, SCCA levels in amniotic fluid were reportedly much 
higher than those in maternal serum, suggesting the potential 
clinical utility of serum SCCA level as a marker for AFE diag-
nosis (10,13). This fact suggests that amniotic fluid components 
enter the maternal circulation in patients with AFE. However, 
it remains unclear whether normal delivery affects the influx 
of amniotic fluid components into the maternal circulation. 
The present study therefore determined the dynamic changes 
in maternal serum SCCA levels before and after delivery in 
relation to the mode of delivery. In vaginal delivery, serum 
SCCA levels increased significantly from baseline to 2 h 
postpartum and decreased 3 days postpartum (Table II). 
The decline in serum SCCA levels 3 days after delivery 
may be due to metabolism of SCCA in the kidney and its 
short half‑life (2). The disappearance curve of serum SCCA 
levels following resection of malignant tumor has exhibited 
an average half‑life of 2.2 h (21). It was found that amniotic 
fluid components entered the maternal circulation in all cases 
of vaginal delivery, but no women exhibited cardiorespiratory 
symptoms suggestive of AFE.

Second, it was hypothesized that during a cesarean section, 
maternal serum SCCA levels should increase as the influx 
of amniotic fluid into the maternal circulation is inevitable. 
Unexpectedly, maternal serum SCCA levels remained unal-
tered at 2 h postpartum compared with those at baseline in 
both cesarean patients with or without labor. However, the 
SCCA levels in patients with normal delivery were signifi-
cantly higher than those of planned cesarean patients without 
labor (1.83±1.86 ng/ml vs. 1.58±1.82 ng/ml, P=0.033; Table II). 
Furthermore, the SCCA levels were extremely high in 
those who reached full dilatation and delivered vaginally 
(4.15±2.42 ng/ml). These data suggest that the onset of labor is 
a major factor for elevated SCCA levels, and that amniotic fluid 
can enter the maternal circulation from a micro‑laceration at 
the amniotic fluid‑maternal blood barrier when the cervix is 
fully opened. Benson et al suggested (16) that amniotic fluid, 

fetal cells, hair and other debris can enter the maternal circu-
lation by breaching the placenta‑uterine vascular circulation 
barrier during full cervical dilatation. That is, both the onset 
of labor and full cervical dilatation are the causes of entry of 
amniotic fluid components into the maternal circulation.

Third, the present study investigated the origin of amniotic 
fluid SCCA. There was no significant difference in SCCA 
levels between amniotic fluid with and without meconium 
staining (Table III), suggesting that meconium is not a source 
of amniotic fluid SCCA. The placenta was negative for SCCA 
immunostaining. Okawa et al reported that the cytoplasm 
of adult skin epidermal cells was positively stained for 
SCCA (22), whereas SCCA was not expressed in the granular, 
superficial spinous, deep spinous and basal layers of fetal 
skin. This difference may be due to insufficient differen-
tiation of fetal skin epidermal cells. With careful observation, 
SCCA‑positive cells can be focally detected in the keratinized 
layer of fetal skin. Furthermore, the immunostaining of amni-
otic fluid cells revealed scattered SCCA positivity, which may 
indicate that SCCA‑positive keratinocytes are released into the 
amniotic fluid. These results suggest that amniotic fluid SCCA 
is unlikely to be derived from placenta, amniotic fluid cells 
and meconium. SCCA levels in amniotic fluid may originate 
from fetal urine, as neonatal urine SCCA levels were nearly as 
high as those in amniotic fluid samples (Table III). However, 
the exact origin of SCCA in fetal urine remains unknown. 
Thus, studies on the origin of SCCA suggest that keratinized 
fetal skin, placenta and meconium are not primary sources, 
whereas the fetal urine is more likely. However, it does not 
deny the possibility other than the above.

Fourth, serum biomarkers including ZnCP‑1, STN, 
IGFBP1 and SCCA are not used widely in clinical practice 
due to several limitations including low sensitivity, lack of 
standardization of methods, difficulty of measuring markers 
during the acute phase of an episode, and the fact that its 
use remains experimental (4‑13). The diagnostic significance 
of SCCA in AFE has been well‑documented recently (13). 
The authors previously reported that serum SCCA levels 
were 25‑fold higher in women with autopsy‑proven AFE 
(mean, 112.0 ng/ml) than in healthy controls with normal 
deliveries (mean, 4.4 ng/ml) (13). The SCCA test can improve 
discriminatory power in predicting AFE (sensitivity, 60.0%; 
specificity, 89.2%) (13). The disastrous amniotic fluid entry 
into the maternal circulation may lead to dramatic sequelae 
of clinical events including cardiopulmonary collapse and 
coagulopathy in autopsy‑proven AFE. The association 
between amniotic fluid entry into the maternal circulation 
and a rapid onset of anaphylaxis may explain the underlying 
mechanism of the pathogenesis of AFE. In the present study, 
however, despite the reliable amniotic fluid entry into the 
maternal circulation during normal vaginal delivery, no case 
of concomitant anaphylactic reaction was found. However, the 
reasons why they did not develop a fatal anaphylactic shock 
are not clear. There are two possibilities for this: AFE does 
not develop unless a certain amount of amniotic fluid enters 
the maternal circulation and an idiosyncrasy may be related 
to AFE onset. Amniotic fluid SCCA may become a useful 
marker for identifying amniotic fluid entry into the maternal 
circulation rather than supporting the potential diagnosis of 
AFE (23). Notwithstanding these limitations, serum SCCA 
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levels are abnormally elevated among women with established 
AFE (13). Currently, serodiagnosis of AFE based on amniotic 
fluid‑specific markers is not internationally accepted.

Finally, there are two limitations to the present study. 
The first is that as this was a single‑center study, it may have 
been subjected to unpredictable selection bias. In addition, 
our hospital is a university hospital; therefore, there may have 
been bias regarding more serious disease cases being present. 
Secondly, the number of emergency cesarean section cases 
was relatively small, which needs to be investigated in future 
large‑scale studies.

In conclusion, the present study demonstrates that dynamic 
changes in maternal serum SCCA levels during labor indicate 
that amniotic fluid components can enter the maternal circula-
tion during normal vaginal delivery. The onset of labor and 
full cervical dilatation are the main causes of entry of amniotic 
fluid components into the maternal circulation. The origin of 
SCCA may be fetal urine, but it does not rule out other possi-
bilities. Amniotic fluid SCCA, which may be derived from 
fetal urine, can enter the maternal circulation during vaginal 
delivery. The onset of labor and full cervical dilatation are the 
main causes of entry of amniotic fluid components into the 
maternal circulation.
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