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Abstract

:

Human endogenous retroviruses (HERVs) comprise 8% of the human genome, and HERV DNA was reported to be essential in human embryonic development. Specifically, HERV-W encodes a protein, syncytin-1, alternatively known as ERVWE1 (Human Endogenous Retrovirus W EnvC7-1 Envelope Protein), participating in human placental morphogenesis and having a role in immune system regulation. Syncytin-1 activity is increased in neuropsychiatric disorders, autoimmune diseases, and cancer. In our study, forty-four women in the third trimester of pregnancy were tested for ERVWE1 plasma levels. In concomitance with blood samples the following rating scales were administered to women: the Edinburgh Postnatal Depression Scale (EPDS), State Anxiety Inventory (STAI-S), Trait Anxiety Inventory (STAI-T), and Prenatal Attachment Inventory (PAI). We found that higher ERVWE1 protein plasma levels were significantly associated with higher PAI scores (p = 0.02), an earlier gestational age at the time of blood collection (p = 0.01), a longer duration of symptoms (p = 0.03), and fewer lifetime attempted suicides (p = 0.02). Our results seem to support the role of ERVWE1 in maintaining clinical psychiatric symptoms as a result of potential prolonged inflammation. At the same time, this protein may have a protective role in pregnant women by a reduction of suicidal behavior and a better mother–fetus relationship.
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1. Introduction


It is well established that affective disorders have a multifactorial etiology. Specifically, inflammation can trigger depressive symptoms onset with subsequent negative obstetric and neuropsychiatric outcomes [1]. Human endogenous retroviruses (HERVs) are actually considered to be potential pathogenetic factors, triggering the immune system in a variety of ways. Their role is under study in the context of neurological and psychiatric disorders [2,3,4].



HERVs comprise three main classes: class I (HERV-W, HERV- H), class II (HERV-K), and class III (HERV-L). This study was focused on syncytin-1, the envelope protein encoded by HERV-W, alternatively known as ERVWE1 (Human Endogenous Retrovirus W EnvC7-1 Envelope Protein). This protein acts as an immunotoxin, induces inflammation, activates the innate immune system, and upregulates proinflammatory cytokines (e.g., interleukin 1-IL-1, interleukin 6-IL-6). Of note, increased ERVWE1 activity was found in some inflammatory diseases such as multiple sclerosis [5,6]. Despite the role of ERVWE1 in triggering inflammatory processes, the results of some studies indicate that this molecule may modulate the immune system in some specific situations such as pregnancy [7].



With regard to psychiatric conditions, increased expression of Human Endogenous Retrovirus-W (HERV-W) was found in liquor of patients affected by schizophrenia [8]. In addition, Weis and colleagues [9] reported an alteration in glial expression of proteins codified by the HERV-W gene in patients affected by severe psychiatric disorders versus healthy controls. Finally, a recent study reported a trend of HERVs increased expression both in patients with schizophrenia and bipolar disorder [10].



Syncytin-1 (ERVWE1) expression during pregnancy is regulated by epigenetic and nonepigenetic mechanisms, such as progesterone and proinflammatory cytokine levels (Tumor Necrosis Factor α-TNF-α, Interferon γ-IFN-γ, and IL-6). ERVWE1 plays an important role in normal syncytium formation and its maintenance, being a key mediator of cytotrophoblasts fusion process [11,12,13]. During pregnancy, cellular-mediated immunity has to be suppressed, and ERVWE1 contributes to maternal-fetal tolerance [14,15], inhibiting Th1 cytokines (TNF-α, IFN-γ, and interleukin 2-IL-2) and promoting the shift to Th2-mediated immunity [15]. Moreover, the promoter hypomethylation of the corresponding gene is essential for pregnancy maintenance by organizing placenta development and perhaps, in humans, by modulating progesterone action, thus affecting gestational length and labor onset [14,16].



Two studies reported that primate endogenous retroviruses are placenta-specific enhancers of corticotropin-releasing hormone (CRH) that acts in birth timing control [17,18]. Of note, HERV over-expression was reported to be associated with an early gestational age [19]. In contrast, hyper-methylation of the ERVWE1 gene promoter was found in placentas of women affected by pre-eclampsia compared to healthy controls [20]. In agreement, reduced syncytin-1 (ERVWE1) expression in trophoblastic lineages was reported in placentas of women with pre-eclampsia compared to controls [13]. A study on syncytins and their receptors during normal placental development demonstrated the importance of these proteins for normal placenta functioning [21].



Taken as a whole, while human endogenous retroviruses (HERVs) seem to have a negative effect on human health, the envelope protein (ERVWE1) appears to have a role in the maintenance of pregnancy. For this reason, the purpose of the present study is to investigate the association between women’s mental health during pregnancy and ERVWE1 plasma levels.




2. Materials and Methods


2.1. Participants


Forty-four women in the third trimester of pregnancy were selected for the study. The sample consisted of healthy pregnant women (n = 14) and women affected by perinatal major depressive disorder (PMDD) (n = 30), and it was monitored by consultation psychiatric service. Exclusion criteria included the following: (1) being less than 18 years, (2) the incapacity to express informed consent, (3) current treatment with drugs (e.g., corticosteroids), or (4) medical comorbidities (e.g., autoimmune diseases) that can potentially impact both affective symptom severity and ERVWE1 plasma levels [15,22]. If we assume an average difference of Edinburgh Postnatal Depression Scale (EPDS) scores between our sample (mixed healthy and depressed pregnant women) and healthy pregnant women of 3 points (standard deviation ± 5), and if a value of p = 0.05 is considered significant, for a power of 90% a sample of 30 is calculated as adequate.




2.2. Procedures


All participants signed an informed consent, and study procedures were approved by the local Medical Ethics Review Committee. A blood sample was collected in the late morning just before the assessment of mental health. ERVWE1 plasma levels were measured with an ELISA kit (CliniSciences, Nanterre, France). The laboratory staff was blind with respect to the women’s mental health status.




2.3. Measures


The severity of anxiety and depressive symptoms was measured by the EPDS [23], the State Anxiety Inventory (STAI-S), and the Trait Anxiety Inventory (STAI-T) [24]. The EPDS is an instrument with high test–retest reliability, commonly used to monitor depressive symptoms during the perinatal period [25]. STAI-S and STAI-T are sensitive in measuring the level of anxiety of both healthy subjects and those affected by anxiety disorders [24]. The quality of the relationship between mother and fetus was evaluated by the Prenatal Attachment Inventory (PAI) [26]. Duration of untreated symptoms was defined as the time between the onset of anxiety or depressive symptoms and the start of a recommended treatment according to guidelines (antidepressants or cognitive psychotherapy) [27,28].




2.4. Statistical Analyses


Descriptive analyses of the total sample were performed. Mean ERVWE1 plasma levels were compared between healthy women and those with PMDD by one-way analysis of variance. The association between demographic and clinical factors (independent variables) and ERVWE1 plasma levels (dependent variable) was analyzed by performing a multivariate logistic regression. SPSS version 26 was used as statistical software.





3. Results


ERVWE1 plasma levels were measured in 44 pregnant women with a mean age of 36.24 ± 4.42 years. Descriptive analyses of the total sample are reported in Table 1.



No differences were found between women affected by PMDD (43.05 ± 3.83 ng/mL) and healthy controls (43.65 ± 3.40 ng/mL) (F = 0.23, p = 0.64).



The resultant multivariate linear regression model proved reliable (Durbin-Watson: 1.75). In our sample, ERVWE1 protein plasma levels were significantly associated with higher PAI scores (β = 0.76, p = 0.018), an earlier gestational age at the time of blood sample collection (β = −0.80, p = 0.015), a longer duration of symptoms (β = 1.03, p = 0.029), and fewer lifetime attempted suicides (β = −1.37, p = 0.021) (Table 2).




4. Discussion


Syncytin-1 (ERVWE1) induces cell–cell fusion, as demonstrated in vitro, playing an important role in placentation. Syncytin-1 is fundamental for favorable pregnancy outcomes because it blocks immune response against the fetus by creating an immunologic barrier. Of note, this protein is upregulated by progesterone. In our study, the diagnosis of PMDD does not seem to influence the protein plasma levels. In contrast, higher ERVWE1 protein plasma levels were significantly associated with higher PAI scores, earlier gestational age at the time of blood collection, a longer duration of symptoms, and fewer lifetime attempted suicides. Our data seem to indicate a protective role in pregnancy for syncytin-1, in particular with regard to suicidal behavior and mother–fetus relationship, as shown by the higher ERVWE1 plasma levels in the case of high PAI scores. A previous study from our team, conducted in women with perinatal depression, found that high PAI scores seem to be associated with a favorable pattern of clock genes methylation. In particular, we found a lower methylation of CLOCK (expected to be higher in pregnant women, especially the depressed ones) and HERV-W genes (essential for a favorable pregnancy outcome) in women with the highest PAI scores [29].



Conversely, our findings seem to support the possible role of ERVWE1 in the maintenance of poor mental health as shown by the direct association between protein plasma levels and duration of affective symptoms in our sample. This association might be explained by the role of ERVWE1 in enhancing inflammation. Of note, in multiple sclerosis ERVWE1 was reported to act as a trigger of relapse by activation of leukocytes and cytokine cascade [6]. As reported by Garcia Montojo and colleagues [6], syncytin-1 (ERVWE1) could favor cell-to-cell contact to form the immunological synapse between the antigen-presenting cells and the lymphocytes with a consequent immune activation. These authors found that syncytin-1 is intrinsically upregulated in multiple sclerosis, inducing a preactivated status of different leucocytes and determining proinflammatory cytokine release. In agreement with these results, statistically significant correlations were reported between HERV-W levels and diagnosis of multiple sclerosis [30].



Finally, during early stages of pregnancy ERVWE1 seems to be upregulated, whereas a downregulation happens with the progression of pregnancy, in agreement with the results of our study that found an inverse association between gestational age and protein plasma levels. It will be of interest to know how ERVWE1 changes in relation to the mother’s psychopathological status in larger samples to confirm the results of the present study. In addition, future research should clarify the effect of ERVWE1 exposure on the neurodevelopment of the offspring.



Limits of the study consisted of the small sample size, the risk of type 1 statistical error, and the potential influence of antidepressant treatment on ERVWE1 plasma levels, although only 8 out of 30 depressed women received pharmacotherapy at the time of the blood sample (25 mg of citalopram: n = 2; 50 mg of sertraline: n = 3; 20 mg of paroxetine: n = 3). Finally, given the cross-sectional nature of the study, no causal relationship can be made.




5. Conclusions


This is one of the first studies investigating how ERVWE1 plasma levels can affect mental health of women during pregnancy. The diagnosis of PMDD does not seem to influence the protein plasma levels. In contrast, while higher plasma levels of this protein might be related to poor mental health in pregnant women in terms of duration of symptoms, on the other hand it might favor the maintenance of pregnancy by preventing suicidal attempts and by enhancing mother–fetus relationship. We hypothesize that, on the one hand, the affective symptoms can maintain a certain inflammatory state, but on the other hand this protein can play an important role in safeguarding the fetus by mitigating the suicidal risk and improving the mother–fetus relationship. The function of this protein in humans is controversial, and further studies are required to have data about the variations of the plasma levels of this protein in the general population to define the effects of pregnancy [31]. Of note, few data were published about the ERWE1 serum/plasma levels in the general healthy population as well as in patients with psychiatric disorders. In a study comparing healthy controls and schizophrenia subjects, mean ERWE1 values of 17.21 ± 16.61 ng/mL for healthy volunteers and of 72.47 ± 69.07 for patients were found [32]. Finally, future studies should also investigate the effect of exposition to this protein during pregnancy on offspring neurodevelopment.







Author Contributions


Conceptualization, M.B. and V.B.; methodology, M.B. and V.B.; formal analysis, M.B.; data curation, C.M.E.; writing—original draft preparation, M.S., S.G. and M.B.; writing—review and editing, M.S., J.L.B. and M.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The authors would like to thank all women who decided to participate in the present study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Leff-Gelman, P.; Mancilla-Herrera, I.; Flores-Ramos, M.; Cruz-Fuentes, C.; Reyes-Grajeda, J.P.; del Pilar García-Cuétara, M.; Bugnot-Pérez, M.D.; Pulido-Ascencio, D.E. The Immune System and the Role of Inflammation in Perinatal Depression. Neurosci. Bull. 2016, 32, 398–420. [Google Scholar] [CrossRef] [PubMed]

	



Aftab, A.; Shah, A.A.; Hashmi, A.M. Pathophysiological Role of HERV-W in Schizophrenia. J. Neuropsych. Clin. Neurosci. 2016, 28, 17–25. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Huang, J.; Zhu, F. Human Endogenous Retroviral Envelope Protein Syncytin-1 and Inflammatory Abnormalities in Neuropsychological Diseases. Front. Psychiatry 2018, 9, 422. [Google Scholar] [CrossRef] [PubMed]

	



Küry, P.; Nath, A.; Créange, A.; Dolei, A.; Marche, P.; Gold, J.; Giovannoni, G.; Hartung, H.P.; Perron, H. Human Endogenous Retroviruses in Neurological Diseases. Trends Mol. Med. 2018, 24, 379–394. [Google Scholar] [CrossRef] [PubMed]

	



Greenig, M. HERVs, immunity, and autoimmunity: Understanding the connection. PeerJ 2019, 7, 6711. [Google Scholar] [CrossRef] [PubMed]

	



Garcia-Montojo, M.; Rodriguez-Martin, E.; Ramos-Mozo, P.; Ortega-Madueño, I.; Dominguez-Mozo, M.I.; Arias-Leal, A.; García-Martínez, M.Á.; Casanova, I.; Galan, V.; Arroyo, R.; et al. Syncytin-1/HERV-W envelope is an early activation marker of leukocytes and is upregulated in multiple sclerosis patients. Eur. J. Immunol. 2020, 50, 685–694. [Google Scholar] [CrossRef]

	



Grandi, N.; Tramontano, E. HERV envelope proteins: Physiological role and pathogenic potential in cancer and autoimmunity. Front. Microbiol. 2018, 9, 462. [Google Scholar] [CrossRef]

	



Yolken, R.H.; Karlsson, H.; Yee, F.; Johnston-Wilson, N.L.; Torrey, E.F. Endogenous retroviruses and schizophrenia. Brain Res. Brain Res. Rev. 2000, 31, 193–199. [Google Scholar] [CrossRef]

	



Weis, S.; Llenos, I.C.; Sabunciyan, S.; Dulay, J.R.; Isler, L.; Yolken, R.; Perron, H. Reduced expression of human endogenous retrovirus (HERV)-W GAG protein in the cingulate gyrus and hippocampus in schizophrenia, bipolar disorder, and depression. J. Neural Transm. (Vienna) 2007, 114, 645–655. [Google Scholar] [CrossRef]

	



Li, F.; Sabunciyan, S.; Yolken, R.H.; Lee, D.; Kim, S.; Karlsson, H. Transcription of human endogenous retroviruses in human brain by RNA-seq analysis. PLoS ONE 2019, 14, e0207353. [Google Scholar] [CrossRef]

	



Mi, S.; Lee, X.; Li, X.; Veldman, G.M.; Finnerty, H.; Racie, L.; LaVallie, E.; Tang, X.Y.; Edouard, P.; Howes, S.; et al. Syncytin is a captive retroviral envelope protein involved in human placental morphogenesis. Nature 2000, 403, 785–789. [Google Scholar] [CrossRef] [PubMed]

	



Noorali, S.; Rotar, I.C.; Lewis, C.; Pestaner, J.P.; Pace, D.G.; Sison, A.; Bagasra, O. Role of HERV-W syncytin-1 in placentation and maintenance of human pregnancy. Appl. Immunohistochem. Mol. Morphol. 2009, 17, 319–328. [Google Scholar] [CrossRef] [PubMed]

	



Roland, C.S.; Hu, J.; Ren, C.E.; Chen, H.; Li, J.; Varvoutis, M.S.; Leaphart, L.W.; Byck, D.B.; Zhu, X.; Jiang, S.W. Morphological changes of placental syncytium and their implications for the pathogenesis of preeclampsia. Cell Mol. Life Sci. 2016, 73, 365–376. [Google Scholar] [CrossRef] [PubMed]

	



Huang, Q.; Chen, H.; Li, J.; Oliver, M.; Ma, X.; Byck, D.; Gao, Y.; Jiang, S.W. Epigenetic and non-epigenetic regulation of syncytin-1 expression in human placenta and cancer tissues. Cell Signal. 2014, 26, 648–656. [Google Scholar] [CrossRef] [PubMed]

	



Hummel, J.; Kämmerer, U.; Müller, N.; Avota, E.; Schneider-Schaulies, S. Human endogenous retrovirus envelope proteins target dendritic cells to suppress T-cell activation. Eur. J. Immunol. 2015, 45, 1748–1759. [Google Scholar] [CrossRef]

	



Smith, R.; Paul, J.W.; Tolosa, J.M. Sharpey-Schafer Lecture 2019: From retroviruses to human birth. Exp. Physiol. 2020, 105, 555–561. [Google Scholar] [CrossRef]

	



Dunn-Fletcher, C.E.; Muglia, L.M.; Pavlicev, M.; Wolf, G.; Sun, M.A.; Hu, Y.C.; Huffman, E.; Tumukuntala, S.; Thiele, K.; Mukherjee, A.; et al. Anthropoid primate-specific retroviral element THE1B controls expression of CRH in placenta and alters gestation length. PLoS Biol. 2018, 16, e2006337. [Google Scholar] [CrossRef]

	



Chuong, E.B. The placenta goes viral: Retroviruses control gene expression in pregnancy. PLoS Biol. 2018, 16, e3000028. [Google Scholar] [CrossRef]

	



Bergallo, M.; Marozio, L.; Botta, G.; Tancredi, A.; Daprà, V.; Galliano, I.; Montanari, P.; Coscia, A.; Benedetto, C.; Tovo, P.A. Human Endogenous Retroviruses Are Preferentially Expressed in Mononuclear Cells From Cord Blood Than From Maternal Blood and in the Fetal Part of Placenta. Front. Pediatr. 2020, 8, 244. [Google Scholar] [CrossRef]

	



Zhuang, X.W.; Li, J.; Brost, B.C.; Xia, X.Y.; Chen, H.B.; Wang, C.X.; Jiang, S.W. Decreased expression and altered methylation of syncytin-1 gene in human placentas associated with preeclampsia. Curr. Pharm. Des. 2014, 20, 1796–1802. [Google Scholar] [CrossRef]

	



Soygur, B.; Sati, L.; Demir, R. Altered expression of human endogenous retroviruses syncytin-1, syncytin-2 and their receptors in human normal and gestational diabetic placenta. Histol. Histopathol. 2016, 31, 1037–1047. [Google Scholar] [PubMed]

	



Christensen, T. Human endogenous retroviruses in neurologic disease. APMIS 2016, 124, 116–126. [Google Scholar] [CrossRef] [PubMed]

	



Cox, J.; Holden, J.; Sagovsky, R. Detection of postnatal depression. Development of the 10-item Edinburgh Postnatal Depression Scale. Br. J. Psychiatry 1987, 150, 782–786. [Google Scholar] [CrossRef] [PubMed]

	



Guillén-Riquelme, A.; Buela-Casal, G. Meta-analysis of group comparison and meta-analysis of reliability generalization of the State-Trait Anxiety Inventory Questionnaire (STAI). Rev. Esp. Salud Publica. 2014, 88, 101–112. [Google Scholar]

	



Kernot, J.; Olds, T.; Lewis, L.K.; Maher, C. Test-retest reliability of the English version of the Edinburgh Postnatal Depression Scale. Arch. Womens Ment. Health 2015, 18, 255–257. [Google Scholar] [CrossRef]

	



Muller, M.E. Development of the Prenatal Attachment Inventory. Westj. Nurs. Res. 1993, 15, 199–211. [Google Scholar] [CrossRef]

	



Johansen, S.L.; Robakis, T.K.; Williams, K.E.; Rasgon, N.L. Management of perinatal depression with non-drug interventions. BMJ 2019, 364, l322. [Google Scholar] [CrossRef]

	



Molenaar, N.M.; Kamperman, A.M.; Boyce, P.; Bergink, V. Guidelines on treatment of perinatal depression with antidepressants: An international review. Aust. N. Z. J. Psychiatry 2018, 52, 320–327. [Google Scholar] [CrossRef]

	



Buoli, M.; Grassi, S.; Iodice, S.; Carnevali, G.S.; Esposito, C.M.; Tarantini, L.; Barkin, J.L.; Bollati, V. The role of clock genes in perinatal depression: The light in the darkness. Acta Psychiatr. Scand. 2019, 140, 382–384. [Google Scholar] [CrossRef]

	



Dolei, A. The aliens inside us: HERV-W endogenous retroviruses and multiple sclerosis. Mult. Scler. 2018, 24, 42–47. [Google Scholar] [CrossRef]

	



Dolei, A.; Ibba, G.; Piu, C.; Serra, C. Expression of HERV Genes as Possible Biomarker and Target in Neurodegenerative Diseases. Int. J. Mol. Sci. 2019, 20, 3706. [Google Scholar] [CrossRef] [PubMed]

	



Wang, X.; Liu, Z.; Wang, P.; Li, S.; Zeng, J.; Tu, X.; Yan, Q.; Xiao, Z.; Pan, M.; Zhu, F. Syncytin-1, an endogenous retroviral protein, triggers the activation of CRP via TLR3 signal cascade in glial cells. Brain Behav. Immun. 2018, 67, 324–334. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Descriptive analyses of the total sample.






Table 1. Descriptive analyses of the total sample.





	Quantitative Variables
	Mean
	SD





	ERVWE1 plasma levels (ng/mL)
	43.70
	2.79



	Age
	36.24
	4.42



	Number of attempted suicides
	1.14
	0.36



	Duration of untreated symptoms (months) *
	2.52
	3.72



	Gestational age at the time of blood sample collection (weeks)
	32.90
	4.18



	Number of previous pregnancies
	1.43
	0.81



	EPDS scores
	10.29
	9.43



	STAI-T scores
	49.05
	14.47



	STAI-S scores
	51.43
	16.77



	PAI scores
	56.90
	9.26



	Duration of symptoms (months) *
	11.81
	29.19



	Gestational age at birth (weeks)
	39.05
	1.28



	Birth weight (grams)
	3246.90
	436.76







Legend: EPDS: Edinburgh Postnatal Depression Scale; ERVWE1: Human Endogenous Retrovirus; W EnvC7-1 Envelope Protein; PAI: Prenatal Attachment Inventory; SD: Standard deviation; STAI-S: State Anxiety Inventory; STAI-T: Trait Anxiety Inventory; * For healthy controls these variables were computed as = 0.
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Table 2. Multivariate linear logistic regression model about the association between demographic/clinical variables and plasma Human Endogenous Retrovirus W EnvC7-1 Envelope Protein (ERVWE1) concentrations.






Table 2. Multivariate linear logistic regression model about the association between demographic/clinical variables and plasma Human Endogenous Retrovirus W EnvC7-1 Envelope Protein (ERVWE1) concentrations.





	Variables
	ß
	CI
	p





	Age
	−0.36
	−0.56/0.10
	0.14



	Number of attempted suicides
	−1.37
	−19.29/−2.10
	0.02



	Duration of untreated symptoms (months)
	−0.41
	−0.90/0.29
	0.27



	Gestational age at the time of blood sample collection (weeks)
	−0.80
	−0.94/−0.13
	0.01



	Number of previous pregnancies
	0.36
	−1.07/3.55
	0.25



	EPDS scores
	0.04
	−0.49/0.52
	0.95



	STAI-T scores
	0.05
	−0.17/0.19
	0.90



	STAI-S scores
	1.03
	−0.04/0.38
	0.09



	PAI scores
	0.76
	0.05/0.41
	0.02



	Duration of symptoms (months)
	1.03
	0.01/0.18
	0.03



	Gestational age at birth (weeks)
	0.12
	−1.07/1.59
	0.67



	Child birth weight (grams)
	−0.37
	−0.01/0.002
	0.20







In bold, statistically significant p values; Legend: ß: Standardized coefficient; CI: Confidence interval; EPDS: Edinburgh Postnatal Depression Scale; ERVWE1: Human Endogenous Retrovirus W EnvC7-1 Envelope Protein; PAI: Prenatal Attachment Inventory; SD: Standard deviation; STAI-S: State Anxiety Inventory; STAI-T: Trait Anxiety Inventory.
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