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Abstract

Objective: To investigate the relationship between cannabinoid receptor expression within the placenta after delivery and
the problem of preterm delivery. Design, setting, and participants: The retrospective, observational study was conducted on
a multicenter material of 150 women. The study group included 115 women after premature delivery. The control group
consisted of 35 women after term delivery. Methods. To determine the expression of cannabinoid receptors after the end of
the third stage of labour, several sections were taken from the placenta. RNA isolation, reverse transcription, and Real-Time
PCR were performed to assess the expression of the cannabinoid receptors in the placenta. Results: Cannabinoid receptor
type 2 expression was lower in the placentas of women after preterm delivery. Urinary tract infections and bleeding at any
stage of pregnancy occurred statistically more frequently in the study group and correlated with cannabinoid receptor type 2
expression. In the study group, the history of preterm labor, history of intrauterine fetal deaths, pregnancies terminated by a
Caesarean section, and uterine tenderness correlated with lower expression of cannabinoid receptor type 2 and 1a. Conclusions:
Cannabinoid receptors mRNA were present in human placental tissue during pregnancy. Decreased cannabinoid receptor type 2
expression in preterm delivered placentas should be further investigated, as perinatal endocannabinoid receptor expression could
serve as a predicting tool of preterm birth. For example, liquid-based cytology could be used as a noninvasive perinatal method
of measuring the expression level of cannabinoid receptors in decidual cells during pregnancy. KEYWORDS: Cannabinoid
receptor; CB2; endocannabinoid system; preterm delivery; PTB

Introduction

Preterm delivery is a persisting problem of modern neonatal medicine. Despite the continued development
of neonatal support, due to the frequent occurrence of preterm birth (PTB), neonatal outcomes are still
unsatisfactory1. PTB occurs in 5-9% in Europe, 12-14% in the United States, and around 18% in Africa
and Asia2; it leads to critical medical conditions of the fetuses, the psychological distress of the parents, and
significant economic losses as each of these newborns require exceptional medical support.

Preterm babies are vulnerable because of the high incidence of respiratory distress (93% of infants), retinopa-
thy of prematurity (59%), patent ductus arteriosus (46%), bronchopulmonary dysplasia (42%), late-onset
sepsis (36%), necrotizing enterocolitis (11%), grade III or higher (7-9%) intraventricular hemorrhage, periven-
tricular leukomalacia (3%), according to a report from the Eunice Kennedy Shriver National Institute of
Child Health and Human Development Neonatal Research Network on very low birth weight (less than 1500
g)3.

There are several hypotheses on why PTB occurs. The factors which seem to play a role include preterm
hypothalamic–pituitary–adrenal axis stimulation connected with a stress reaction, preterm placental abrup-
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tion, pathological uterine expansion, and resulting preterm rupture of the membranes, as well as an inflam-
matory response in the urogenital tract4,5.

The inflammatory effect is one of the mechanisms of PTB and term delivery. A higher concentration of
the inflammatory cytokines was found in the amniotic fluid after delivery6,7. Raba et al., in their study,
observed that inflammatory cytokines played a crucial role in over 80% of PTB cases, especially in deliveries
before 30. hbd8. Preterm prelabour rupture of the membranes might also be caused by an infection of the
amniotic sac. Vagina’s bacterial flora plays an important role, as the presence of Ureaplasma urealyticum,
Mycoplasma hominis, and Chlamydia trachomatis predisposes to PTB9,10.

The endocannabinoid signaling system (ECS) includes the endocannabinoid receptor type 1 (CB1) and
type 2 (CB2) as well as endogenous ligand (arachidonoylethanolamide and 2-arachidonoyl glycerol) for the
cannabinoid receptors11. Low levels of anandamide help support the pregnancy, however, if its level becomes
too high, it can lead to miscarriages12. One of the best-known exogenous activators of CB1 and CB2 is Δ9-
tetrahydrocannabinol (THC), found in Cannabis sativa (marijuana), which is often used as a psychoactive
agent13. Signaling pathways mediated by the cannabinoid receptors (CB) may affect cell proliferation,
differentiation, and apoptosis in animal and human cells14,15.

CB1 is encoded by the CNR1 gene and is found mainly in the central nervous system and the heart,
liver, uterus, testes, and the small intestine16,17. CB1 receptor also has alternative splice variant forms -
endocannabinoid receptor type 1a (CB1a) and endocannabinoid receptor type 1b (CB1b). Both isoforms
are encoded by the gene CNR1 and are found in the brain, similarly to CB118,19. The CB2, encoded by
CNR2 is expressed in T and B lymphocytes as well as macrophages and hematopoietic cells, brain, and
other peripheral tissues, where it modulates the immune response16,17 .

CB is involved in both male and female reproductive systems13. In the female reproductive system, the CB
receptors are located in the oviduct, uterus, embryo14. ECS plays a significant role in oogenesis regulation,
embryo development, embryo transport, implantation, and placental development. ECS is also involved
in the maintenance of pregnancy and in childbirth14. Many studies show that the ECS affects pregnancy
outcomes, but the precise role of the endocannabinoid receptor is still unknown.

The objective of the study was the investigation of the relationship between the expression of the cannabinoid
receptors within the placenta after delivery and the problem of preterm delivery.

Materials and methods

The study was conducted on a multicenter material of placental probes from the Obstetrics Department of
the Provincial Hospital of Przemyśl, Department of Perinatology of the Medical University Bialystok, and
Obstetrics Clinic of the Medical University of Lublin. Using CinCalc.com sample size calculator the minimal
sample size was established on 34 women20. The material was taken from 150 women who gave birth in the
period from March 2004 to December 2012. 115 women were diagnosed with premature delivery and were
included in the Study Group, 35 women had a delivery at term and were allocated to the Control Group.

The following inclusion criteria were used: spontaneous deliveries concluded with vaginal delivery or with an
emergency Cesarean section between 22. gestational weeks and 36. gestational weeks and 6 days. The control
group consisted of women who had a spontaneous delivery between 37 gestational weeks and 40 gestational
weeks and 6 days were included. Patients with diagnosed complications during the current pregnancy, as
multiple gestations, anemia, intrahepatic cholestasis of pregnancy, acute fatty liver of pregnancy, chronic
kidney disease, autoimmune disorders, immunodeficiency, group of placentae previa, fetal growth restriction,
oligohydramnios, polyhydramnios and other rare complications not otherwise described were excluded from
the study. Fetal chromosomal abnormalities, fetuses with diagnosed anatomical abnormalities during the
current pregnancy, pregnancies conceived using in vitro fertilization, and intrauterine fetal demise were also
excluded from the study.

This study was in accordance with the STROBE Statement - Checklist of items of cohort studies, which can
be found in the appendix of the study21.
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Every patient was informed about the aim of the study, its process, and agreed to it before the involvement
in the study. The study had received the approbation of the Bioethical Committee of the University of
Rzeszów (Nr. 05/10/2020).

Placental samples

Placental tissue samples were collected directly after the third stage of labour. Samples were taken from
four, unaffected parts of the placenta, one from each quadrant. The tissue was placed in a tube and stored
at -80°C until the analysis. CB expression was compared to reference proteins glyceraldehyde 3-phosphate
dehydrogenase and β-actin. RNA isolation, then reverse transcription, and finally, Real-Time PCR was
conducted to calculate the expression of the mRNA of the examined genes.

RNA isolation

Total RNA was isolated from placental tissue with the use of Gene MATRIX Universal RNA Purification
Kit (EurX, Gdansk, Poland) supplemented with TRI-reagent (phenol equilibrated, stabilized: chloroform:
isoamyl alcohol 25:24:1) (AppliChem GmbH, Darmstadt, Germany) and β-mercaptoethanol (Acros Organ-
ics, New Jersey, USA). The procedure was conducted according to the manufacturer’s protocol. 3 mg of
each sample were homogenized using gentleMACS Tubes (Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many) and gentleMACS Dissociator (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Total RNA
quantity and concentration were measured by Nanodrop 2000 spectrophotometer (Thermofisher Scientific,
Massachusetts, USA) and stored at -80°C.

Reverse transcription

RNA extraction was followed by gDNA elimination and reverse transcription performed using QuantiTect
Reverse Transcription Kit (Qiagen, Hilden, Germany). 1 μg of RNA was transcribed. All reactions were
prepared on ice. Incubations during the reverse transcription procedure were conducted in Labcycler 48
(SensoQuest GmbH, Göttingen, Germany). Obtained cDNA was stored at -80°C temperature.

Real-Time PCR

Real-Time PCR procedure was carried out in thermal cycler Roche LightCycler® 480 Real-Time PCR
System (Roche Diagnostics Ltd, Basel, Switzerland) with the use of Power-Up SYBR Green Master Mix
(Applied Biosystems, California, USA). The target genes in our study wereCNR1 , CNR1a, and CNR2
encoding CB1, CB1a, and CB2, respectively. The reference genes in the procedure were ACTB (β-actin)
and GAPDH (glyceraldehyde 3-phosphate dehydrogenase). In a single reaction, we used 1 μl of cDNA.
Gene-specific primers were used at a 10μM concentration (Table 1).

Table 1. Primers’ sequences

Target gene Primers’ sequences (5’-3’)

ACTB F: 5’-CTGGAACGGTGAAGGTGACA-3’ R:
5’-GTAACAACGCATCTCATATTTGGAA-3’

GAPDH F: 5’-AGAAGGCTGGGGCTCATTTG-3’ R:
5’-TGATGGCATGGACTGTGGTCAT-3’

CNR1 F: 5’-TCATTAAGACGGTGTTTGCATTCT-3’ R:
5’-CGTGTCGCAGGTCCTTACTC-3’

CNR1a F: 5’-TGCAGAGCTCTCCGTAGTCA-3’ R:
5’-TGGTCCTCGGGACAGAAG-3’

CNR2 F: 5’-TCATCTACACCTATGGGCATGTTCT-3’
R: 5’-CCTCATTCGGGCCATTCC-3’

The Real-Time PCR procedure was preceded by standard curve preparation. The Real-Time PCR programs
consisted of the Uracil-DNA glycosylase activation step at 50°C for 2 min, initial denaturation at 95°C for
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2 min followed by 45 cycles of denaturation at 95°C for 15 sec and annealing at 60°C for 1 min. The last
step was the melting curve performed to ensure reaction specificity. Specific expression levels were calculated
using the 1/[?]Ct algorithm, where ΔCt is the Ct value of the target splicing variant minus the mean of Ct
value of reference genes.

Statistical analysis

All statistical analyses were performed using StatSoft, Inc. STATISTICA (data analysis software system),
13.3 version, and the significant values were assessed for p-value [?] 0.05.

Results

There were not statistically or clinically significant differences between the study and the control groups.
The characteristics of the analysed population are presented in Table 2.

The average expression of the CB2 was significantly lower in the study group than in the control group, 26,8
vs. 31,1 (p=0.038), respectively. There were more placentas without CB2 expression in the study group, 23
vs. 3, respectively. Moreover, CB2 expression correlated with the occurrence of PTB (p=0.038), what was
shown in the Figure 1. Table 4 shows the correlation between PTB risk factors and the level of receptors.
Expression of the receptors in the study and control group were shown in the Table 3.

Discussion

Main findings

This study seems to be the first report on the expression of CB during human pregnancy. This study found
the link between the expression of CB receptors and PTB in analysed postpartum placentas. First of all,
endocannabinoid receptors were present in the placental tissue after delivery. Moreover, PTB correlated with
lower CB2 expression in the placentas and was significantly lower than in term births. This could result from
a few mechanisms of CB action, namely its two main effects: influence on muscular tissue and engagement
in the inflammatory process.

Interpretation

Raba and Tabarkiewicz showed that the level of cytokines influence PTB. Moreover, an algorithm based on
the measurement of selected cytokines’ concentration might help predict PTB22. Multiple studies describe
CB2 modulating influence the release of the cytokines23–26. Moreover, CB can be stimulated a number
of cytokines (IL-1, IL-4, IL-10, IL-6, TNF-a, IL-8, MIP-1(CCL3 and CCL4), RANTES(CCL5))23,27–30.
Further studies are needed to establish the exact correlation between cytokines and CB2 stimulation in
pregnant women. The endocannabinoid system modulates the action of leukocytes by stimulating the CB2
presented on leukocyte cells31, which in turn inhibits the inflammatory response32. This observation was also
made intrauterine in patients with adenomyosis33,34. PTB might be associated with inflammation caused
by intraamniotic infection35, but inflammation as an origin of physiological delivery takes place without
infection4,32. Inflammation could be initiated by a decrease in the expression of CB2 in the placenta, leading
to a complete loss of the receptors26. Stimulation of the CB2 during pregnancy could be responsible for
pregnancy tolerance36. However, further studies are needed to confirm this hypothesis.

There was a positive correlation between the tenderness of the uterus before labour and CB1 and CB1a
expression. This symptom could be associated with worsened contractions of the uterus. In earlier studies,
the stimulation of the CB receptor led to the relaxation of the skeletal muscles37,38, smooth muscles of
blood vessels39, and uterine smooth muscles40. Therefore, the stimulation of the CB receptors in the uterus
was described as tocolysis41. As a result, a decrease in level of the receptors could lead to preterm uterine
contractions and PTB. CB1 and CB1a expression was not connected with PTB. Nevertheless, in the study
group, lower CB1 and CB1a expression correlated with higher uterine pain. This correlation could be caused
by the generally increased pain feeling of the patients. Stimulating the peripheral CB receptors could lead
to an antipoint effect without central, psychoactive action42–44, also in the uterus34. There are no studies
describing supervised usage and the influence of selective CB modulators in pregnant women. However,
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retrospective studies of exogenous cannabinoid usage confirmed a rising percentage of adverse pregnancy
outcomes45–47. What if there were selective CB stimulators without harmful effects? They could be used
to relieve patients’ pain without the psychoactive influence of the cannabinoids. The potential role of CB2
expression in human myometrium in the development of the placenta, uterus, and thus in childbirth, was
demonstrated by Dennedy40. Further studies gave information about an important role of anandamide
in supporting pregnancy, including in placental hormonal activities and its development48,49. Studies also
suggest that testing for anandamide levels may be one methods used to predict PTB50.

In the human model, there are studies on CB expression in the endometrium in patients with endometriosis
due to the inflammatory process33,34,51–53, and as an inflammatory response to endometrial cancer54.

Earlier studies in animal models reported similar results. Sun et al. observed that a lower expression of the
CNR2 gene correlated with PTB in mice55. Another study also showed that decreased CB2 and increased
CB1 expression are associated with PTB. In this study, PTB appeared due to preterm induction with
lipopolysaccharide32. Wang et al. showed that decreased CB1 expression in the placenta of mice correlated
with PTB56.

In earlier studies, there are only a few reports about the connection of CB expression and risk factors of the
PTB. Increased CB1 protein level has been shown in women with a spontaneous miscarriage, furthermore
higher CB1 protein levels were observed in preeclamptic placental tissue57. Therefore, it seems that a
decrease in CB1 and CB1a mRNA level could be connected with, for example, preterm placental abruption,
which leads to delivery of the immature fetuses or intrauterine death of the fetus58. We have not observed
similar effects in our study as no observation of intrapartum CB mRNA levels was performed. Nevertheless,
low CB1 and CB1a levels correlated with a history of intrauterine death of the fetus. In the current study,
a significant correlation was observed between bleeding in the early stages of the pregnancy with lower CB2
expression. Vaginal bleeding in late pregnancy is the most common early symptom of placental abruption59.
Bleeding in the first trimester is a known PTB risk factor60,61. Thus, bleeding can be interpreted as a risk
of preterm delivery because of extremely early placental abruption. This raises another question - what if
the lowering of CB is responsible for extremely preterm (<22 hbd) delivery in the mechanism of placental
abruption, presenting as an intrauterine death of the fetus or miscarriage?

Strengths and Limitations

The correlation between CB expression and PTB observed in this study could be used in clinical practice.
Further studies should be performed to assess the expression of CB receptors during pregnancy. Knowledge
about perinatal receptor expression could lead to improved PTB prediction. This tool could improve neonatal
outcomes connected with prematurity. Amniocentesis or chorionic villus sampling could be used to examine
intrauterine CB level. Moreover, liquid-based cytology could be used as a noninvasive perinatal method of
measuring the expression level of CB in decidual cells during pregnancy. However, further researches seem
necessary to verify this thesis,

Conclusions and Implications

The expression of CB1, CB1a, CB2 mRNA was found to be present in human placental tissue during
pregnancy. The finding that there is lower CB2 expression in PTB placentas is a crucial step which might, in
further investigations, lead to the development of a prediction model of PTB. The correlation between CB1,
CB1a, CB2 expression and pregnancy complications found in this study, such as history of preterm delivery,
history of intrauterine death of the fetus, vaginal bleeding during pregnancy, increased body temperature
during delivery, and urinary tract infections, shows that the assessment of cannabinoid receptor expression
in pregnant women at various stages of pregnancy should be performed. Further studies are needed to
assess the expression of CB during pregnancy. Knowledge about perinatal receptor expression could lead
to improved PTB prediction. Liquid-based cytology could be used as a noninvasive perinatal method of
measuring the expression level of CB in decidual cells during pregnancy.

Abbreviations:
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Average value (A)

β-actin (ACTB)

Body mass index (BMI)

Cannabinoid receptors (CB)

Cannabinoid receptor type 1 (CB1)

Cannabinoid receptor type 1 alpha (CB1a)

Cannabinoid receptor type 2 (CB2)

Cannabinoid receptor type 1 gene (CNR1 )

Cannabinoid receptor type 1 alpha gene (CNR1a )

Cannabinoid receptor type 2 gene (CNR2 )

C-reactive protein (CRP)

Δ
9-tetrahydrocannabinol (THC)

Endocannabinoid system (ECS)

Fetal heart rate (FHR)

Gestational week (hbd)

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

Preterm birth (PTB)

Reference gene (REF)

Standard deviation (SD)
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205 p.

9. Krymko H, Bashiri A, Smolin A, Sheiner E, Bar-David J, Shoham-Vardi I, et al. Risk factors for
recurrent preterm delivery. European Journal of Obstetrics and Gynecology and Reproductive Biology.
2004;113(2):160–3.

10. Lamont RF, Taylor-Robinson D, Wigglesworth JS, Furr PM, Evans RT, Elder MG. The role of mycoplas-
mas, ureaplasmas and chlamydiae in the genital tract of women presenting in spontaneous early preterm
labour. Journal of Medical Microbiology. 1987;24(3):253–7.

11. Correa F, Wolfson ML, Valchi P, Aisemberg J, Franchi AM. Endocannabinoid system and pregnancy.
Vol. 152, Reproduction. BioScientifica Ltd.; 2016. p. R191–200.

12. Shao Z, Yin J, Chapman K, Grzemska M, Clark L, Wang J, et al. High-resolution crystal structure of
the human CB1 cannabinoid receptor. Nature. 2016 Dec 22;540(7634):602–6.

13. Innocenzi E, De Domenico E, Ciccarone F, Zampieri M, Rossi G, Cicconi R, et al. Paternal activation of
CB2 cannabinoid receptor impairs placental and embryonic growth via an epigenetic mechanism. Scientific
Reports. 2019;9(1):1–13.
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