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Human endogenous retrovirus W family envelope proteins (pHERV-W ENV/syncytin-1) have been repeatedly associated with multiple sclerosis (MS). Here, we have focused on the study of pHERV-W ENV/syncytin-1 expression levels in MS patients (relapsing and progressive forms) and in healthy donors (HD) and on exploring their possible relationship with Epstein-Barr virus (EBV) and human herpesvirus-6A/B (HHV-6A/B). We included blood samples from 101 MS patients and 37 HD to analyze antiviral antibody titers by ELISA and pHERV-W ENV/syncytin-1 expression levels by flow cytometry as well as by qPCR. Patients with relapsing MS forms showed significantly higher pHERV-W ENV/syncytin-1 protein and gene expression levels than HD. Progressive MS patients also showed significantly higher protein and gene expression levels than both HD and relapsing MS patients. Regarding antiviral antibodies titers, anti-HHV-6A/B IgM levels were positively correlated with pHERV-W ENV/syncytin-1 protein expression levels in patients with relapsing MS, while in the progressive forms patients this correlation was found with anti-HHVA/B IgG levels. Therefore, pHERV-W ENV could be involved in MS pathogenesis, playing a role in relapsing and progressive forms. Besides, anti-HHV-6A/B antibodies positively correlated with pHERV-W ENV expression. Further studies are needed to better understand this possible relationship.
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1 Introduction

Multiple sclerosis (MS) is a chronic, autoimmune and demyelinating disease that affects the central nervous system (CNS). It is mainly characterized by lesions in the myelin of neuronal axons, threatening their integrity and causing irreversible damage to them. In spite of its huge variability, MS manifests mainly with episodes of neurological dysfunction, called relapses, followed by partial or complete recovery (relapsing-remitting MS, RR-MS); however, in certain cases, there could exist a progressive degeneration from the onset of MS (primary progressive MS, PP-MS) (1).

Despite being discovered more than a century ago, MS etiopathogenesis is partially unknown. At present, certain environmental factors are considered to develop an abnormal immune response in genetically susceptible individuals (2). One of the most studied environmental factors are viruses, and especially herpesviruses – such as the Epstein-Barr virus (EBV) and the human herpesvirus 6A/B (HHV-6A/B) – or human endogenous retroviruses (HERVs).

There are a considerable number of studies supporting the involvement of both EBV and HHV-6A/B in MS. Nevertheless, the actual mechanisms by which they may act are not completely understood (3). One of the theories involves the possible transactivation of HERVs (4).

HERVs come from exogenous retroviruses that integrated their genome into human germinal lines thousands of years ago. Currently, they constitute around 8% of the human genome (5). The HERV-W family, and its two main members (multiple sclerosis-associated retrovirus, MSRV, and ERVWE1), have been the most studied ones concerning MS. While MSRV (whose genomic location is unknown) is able to form complete viral particles, ERVWE1 (located at 7q21.2) has inactivating mutations that prevent their formation. Moreover, ERVWE1 envelope protein (env), called syncytin-1, is a fusogenic protein essential for placental syncytiotrophoblast formation (6). Since MSRV env location is unknown, all of the HERV-W env sequences except for syncytin-1 are referred to as pHERV-W ENV. pHERV-W ENV and syncytin-1 show a high degree of homology (94%), so it is impossible to differentiate them at the protein level with nowadays commercial antibodies (7). In relation to MS, proinflammatory and neurotoxic properties of pHERV-W ENV could lead to the development and progression of the disease (8).

Therefore, our aim in this study was to compare the levels of protein and gene expression of pHERV-W ENV/syncytin-1 in RR-MS, PP-MS, and healthy donors (HD), and to analyze their possible relationship with anti-EBV and anti-HHV-6A/B antibody titers. We concluded that pHERV-W ENV could be involved in MS pathogenesis, playing a role both in relapsing and progressive forms. Besides, the positive correlation found between HHV-6A/B and pHERV-W ENV expression could support a possible transactivation process.



2 Materials and Methods


2.1 Patients and Samples

We performed a cross-sectional study including 80 RR-MS patients, 21 PP-MS patients, and 37 HD diagnosed at “Hospital Clínico San Carlos” (Madrid, Spain) and “Hospital Universitario Ramón y Cajal” (Madrid, Spain) according to updated McDonald criteria (9). Table 1 shows the demographic and clinical characteristics of the included individuals. The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by our local Ethic Committee: Comité Ético de Investigación Clínica del Hospital Clínico San Carlos (C.P. - C.I. 16/070-E). Informed consents were obtained from all subjects involved in the study.


Table 1 | Demographic and clinical characteristics of patients and HD included in this study.



We collected peripheral blood samples from each enrolled patient. For serum obtention, one dry tube was collected, centrifuged (900 g, 15 min), and stored at -80°C. In addition, one cell preparation tube (CPT™, BD Vacutainer) was collected for peripheral blood mononuclear cells (PBMCs) isolation using density gradient centrifugation (920 g, 30 min); afterward, PBMCs were cryopreserved in fetal bovine serum (FBS) with dimethyl sulfoxide (DMSO) (10%) and stored in liquid nitrogen (-176°C).



2.2 Variables of the Study


2.2.1 Laboratory Variables

pHERV-W ENV/syncytin-1 protein expression, pHERV-W ENV and syncytin-1 gene expression, and titers of anti-VCA (EBV viral capsid antigen) IgG, anti-EBNA-1 (Epstein-Barr nuclear antigen) IgG, anti-HHV-6A/B IgM, and anti-HHV-6A/B IgG antibodies.



2.2.2 Demographic Variables

Sex and age.



2.2.3 Clinical Variables

MS presence/absence, MS clinical form, age of onset of MS, disease duration, treatment, disability (according to EDSS – expanded disability status scale – and MSSS – multiple sclerosis severity score), and presence/absence of relapses.




2.3 Enzyme-Linked Immunosorbent Assay (ELISA)

We used commercial kits for the detection of IgG against VCA and EBNA-1 of EBV (Captia™; Trinity Biotech, Wicklow, Ireland), as well as for the detection of IgG and IgM against HHV-6A/B (Vidia, Ltd.; Czech Republic), following in both cases the manufacturer’s instructions, including the use of negative controls and standards.



2.4 Flow Cytometry

For flow cytometry experiments, 500,000 PBMCs were used to determine pHERV-W ENV/syncytin-1 protein expression through an indirect staining method. Firstly, Fc receptors were blocked using 2.5 μl of Human TruStain FcX (BioLegend Cat# 422302, RRID : AB_2818986) (10 min, RT). Afterwards, 3 μl of primary monoclonal antibody anti-pHERV-W ENV/syncytin-1 (Sigma-Aldrich Cat# WH0030816M6, RRID : AB_1841512) were added (30 min, 4°C). After washing, a secondary PE-labelled antibody against murine IgG (BioLegend Cat# 406608, RRID : AB_10551618) was added (20 min, 4°C). PBMCs were washed again and the secondary antibody-free places were blocked with 20 μl of murine IgG (Sigma-Aldrich Cat# I5381, RRID : AB_1163670) (15 min, RT). Finally, PBMC were stained with a set of monoclonal antibodies against the following surface markers: CD3-PerCP (BD Biosciences Cat# 345766, RRID : AB_2783791), CD14-FITC (BD Biosciences Cat# 345784, RRID : AB_2868810), CD19-APC (BD Biosciences Cat# 345791, RRID : AB_2868817), CD45-APC-H7 (BD Biosciences Cat# 641417, RRID : AB_2800453) and CD56-BV421™ (BD Biosciences Cat# 562751, RRID : AB_273205).

Stained PBMC were analyzed in a Gallios flow cytometer and data analysis was performed using Kaluza Flow Cytometry Analysis Software (GalliosTM Kaluza, RRID : SCR_016700), both supplied by Becton Dickinson (Franklin Lakes, NJ, USA). An average of 50,000 events per sample was analyzed. For gating, a first selection of monocytes and lymphocytes was made to exclude debris and apoptotic/dead cells, followed by the selection of singlets and CD45+ (PBMCs marker) cells.

pHERV-W ENV/syncytin-1 protein expression levels were analyzed in each of the following cell populations: monocytes, B lymphocytes, T lymphocytes, and NK cells.



2.5 qPCR for pHERV-W ENV and Syncytin-1 Gene Expression Quantification

Firstly, RNA was isolated from PBMCs using the QIAamp RNA Blood Mini kit (Qiagen, Valencia, CA, USA) and treated with the TURBO DNA-free™ (Invitrogen, Carlsbad, CA, USA), following in both cases the manufacturer’s instructions. Afterward, cDNA was obtained using the Transcriptor First Strand cDNA Synthesis kit (Roche Diagnostics, S.L., Barcelona, Spain), where negative controls (without retrotranscriptase) were included.

Quantitative real-time polymerase chain reactions (qPCR) were performed using the TaqMan™ Gene Expression Master Mix system (Thermo Fisher Scientific, Waltham, MA, USA) in a Rotor-Gene3000 (Corbett Research, Sydney, Australia). We used previously published primers, probes, and conditions for pHERV-W ENV and syncytin-1 detection (7). Glucuronidase B was used as the housekeeping gene (Human GUSB Endogenous Control; Thermo Fisher Scientific, Waltham, MA, USA). For relative quantification, the 2-ΔΔCt (10) method was applied. Finally, negative controls were included in each assay, and samples with cycle threshold values above 40 were considered negative.



2.6 Statistics

Continuous variables were expressed as mean ± SD (standard deviation) – if they were parametric – or as median (25th, 75th percentile) – if they were not –, while categorical variables were expressed as percentages.

We analyzed pHERV-W ENV/syncytin-1 protein and gene expression differences among RR-MS patients, PP-MS patients, and HD. For parametric continuous variables, the t-Student’s test was used; otherwise, we used the Mann-Whitney U test.

Moreover, we studied the possible link between antiviral antibodies titers and pHERV-W ENV/syncytin-1 expression in RR-MS patients, PP-MS patients, and HD; for antibodies titers, only positive values were used in the analyses, except for anti-HHV-6A/B IgM titers, due to low seroprevalence reasons. We also analyzed the possible impact of demographic, clinical, and radiological features on these relationships, stratifying populations accordingly; for continuous variables, the median values were selected as the cut-offs, except for age (the cut-off was 45 years old, proposed as the possible immunosenescence onset for MS patients) and EDSS (the cut-off was 3, proposed as the onset of irreversible disability). We used the Pearson correlation coefficient for combinations of two parametric variables and the Spearman’s rank correlation coefficient for the non-parametric ones.

Demographic, clinical, and radiological variables were also taken into account for their possible effect as confounding factors by conducting linear regression models when cohorts were not homogeneous for those variables.

Subjects with missing data were omitted from the corresponding analyses. P-values < 0.05 were considered as statistically significant. All analyses were performed using SPSS version 21.0 (IBM SPSS Statistics, RRID : SCR_019096) and graphs were made using Prism version 5.0 (GraphPad Prism, RRID : SCR_002798).




3 Results


3.1 pHERV-W ENV/Syncytin-1 Protein and Gene Expression in RR-MS Patients, PP-MS Patients, and HD

pHERV-W ENV/syncytin-1 protein expression levels were significantly higher in MS patients compared to HD. As it is shown in Figure 1, this increase was found in every analyzed cell population (monocytes, p=8.14e-6; B lymphocytes, p=0.010; NK cells, p=1.73e-8) except for T lymphocytes.




Figure 1 | Protein expression levels of pHERV-W ENV/syncytin-1 in RR-MS patients, PP-MS patients and HD. (A) Monocytes (mean ± SD): RR-MS = 87.54 ± 11.36; PP-MS= 94.24 ± 5.97; HD = 68.76 ± 20.70. (B) B lymphocytes (mean ± SD): RR-MS = 68.64 ± 16.53; PP-MS = 69.32 ± 18.98; HD = 56.12 ± 24.65. (C) NK cells [median (P25-P75)]: RR-MS = 4.19 (2.40-6.25); PP-MS = 3.26 (1.92-4.55); HD = 1.63 (0.74-2.24). (D) T lymphocytes [median (P25-P75)]: RR-MS = 2.08 (1.19-5.07); PP-MS = 2.29 (0.92-3.75); HD = 1.67 (0.48-3.06). [*t-Student test; **Mann-Whitney U test; (#) age-adjusted p-value; n.s., not significant].



Considering only RR-MS patients (Figure 1), results were almost the same as those previously described, with significantly higher pHERV-W ENV/syncytin-1 protein expression levels in RR-MS patients compared to HD (monocytes, p=2.83e-5; B lymphocytes, p =0.012; NK cells, p=1.35e-8).

Relating to PP-MS patients (Figure 1), they showed significantly higher protein expression levels in monocytes (p=1.50e-7) and NK cells (p=0.001) compared to HD. Moreover, these patients showed significantly higher pHERV-W ENV/syncytin-1 protein expression levels in monocytes (p=7.46e-4) compared to RR-MS patients.

Regarding gene expression levels (Figure 2), we only found that MS patients (p=0.010), both RR-MS (p=0.029) and PP-MS (p=0.006), showed significantly higher pHERV-W ENV gene expression levels compared to HD; moreover, levels were higher in PP-MS patients compared to the RR-MS ones, showing a trend to statistical significance. We found no significant differences in syncytin-1 gene expression levels.




Figure 2 | Gene expression levels of pHERV-W ENV and syncytin-1 using the 2-ΔΔCt method. (A) pHERV-W ENV [median (P25-P75)]: RR-MS = 1.33 (0.89-1.89); PP-MS = 1.91 (0.98-2.49); HD = 1.01 (0.72-1.45). (B) Syncytin-1 [median (P25-P75)]: RR-MS = 1.15 (0.47-2.88); PP-MS = 0.64 (0.31-2.59); HD =0.86 (0.42-1.45). [*Mann-Whitney U test; (•) tendency to signification; n.s., not significant].





3.2 Relation Between pHERV-W ENV/Syncytin-1 Protein/Gene Expression and Titers of Antibodies Against EBV and HHV-6A/B in RR-MS, PP-MS, and HD

Regarding RR-MS patients (Figures 3A, B), we found a positive significant correlation between anti-HHV-6A/B IgM antibodies titers and pHERV-W ENV/syncytin-1 protein expression levels in NK cells (r=0.310, p=0.009) and T lymhpocytes (r=0.282, p=0.016).




Figure 3 | Correlation plots between antiviral antibodies titers and pHERV-W ENV/syncytin-1 protein expression levels in (A, B) RR-MS patients, (C, D) PP-MS patients, and (E) HD. Only statistically significant correlations are shown. [*Pearson’s Correlation Coefficient; **Spearman’s Correlation Coefficient; (+), positive values (≥11 AU); (T), total values (positive&negative); AU, arbitrary units].



On the other hand, PP-MS patients (Figures 3C, D) showed a positive significant correlation between anti-HHV-6A/B IgG antibodies titers and pHERV-W ENV/syncytin-1 protein expression levels in monocytes (r=0.479, p=0.038) and T lymphocytes (r=0.475, p=0.040).

Relating to HD (Figure 3E), and contrary to the aforementioned trends, there was a negative significant correlation between anti-EBNA-1 IgG antibodies titers and pHERV-W ENV/syncytin-1 protein expression levels in monocytes (r=-0.578, p=0.010).

Finally, due to the small sample size of the PP-MS patients and the HD cohorts, we could only analyze the possible impact of demographic, clinical, and radiological factors on the aforementioned correlations in the RR-MS cohort. In those patients, correlations seemed to be more associated with the following factors: age < 45 years old, age of MS onset < median (30 years old), duration of the disease < median (102 months), EDSS ≥ 3, presence of relapses in the two previous years and absence of gadolinium-enhancing lesions. Data can be seen in Supplementary Figure 1.




4 Discussion

Despite MS etiopathogenesis is still partially unknown, it is undeniable that there exists an autoimmune process in the CNS which leads to the destruction of oligodendrocytes and myelin sheaths. In addition, it is accepted that both environmental factors and genetics interplay in MS development. Researchers have repeatedly described the potential role of viruses (especially herpesviruses) in MS. For example, it has been shown how EBV can trigger a specific humoral immune response in MS patients, more intensely than in HD or in other neurological diseases patients; furthermore, anti-EBNA-1 IgG antibodies titers seem to be increased in MS patients compared to HD, decreasing after treatment with interferon (11, 12). These antibodies are also negatively correlated to B lymphocyte activating factor (BAFF) levels, which appear to be associated with more stable disease (13). However, the actual mechanisms of action of viruses in MS are unknown and many theories have been proposed in this regard (14), such as their role in overstimulating immune responses (15) or a possible cross-reaction with myelin proteins due to molecular mimicry (16). One of the theories proposed involves their possible role as transactivators of HERV elements, such as the HERV-W family envelope proteins.

Since their identification, many studies have pointed out a possible link between pHERV−W ENV/syncytin-1 and MS (17). In fact, antibodies against pHERV-W ENV have even been proposed as biomarkers to discriminate MS from other diseases, especially neuromyelitis optica, since titers are significantly higher in MS patients (18, 19).

In line with previously published investigations (20, 21), here we have observed significantly higher pHERV−W ENV/syncytin-1 protein expression levels in PBMC from MS patients compared to HD. This rise has been observed in every studied population except for T lymphocytes, which barely expressed these proteins.

PP-MS patients have shown significantly higher pHERV-W ENV/syncytin-1 protein expression levels in monocytes compared to RR-MS too. Previous studies have linked MSRV presence in MS patients to a worse prognosis and greater progression and severity of the disease (22, 23); besides, the phase 2b clinical assay carried out with temelimab (GNbAC1, anti-pHERV-W ENV monoclonal antibody) supports the use of this treatment in progressive MS forms because of its potential anti-neurodegenerative effect (24). Although monocytes have not been especially linked to PP-MS in the literature, proteins such as sialoadhesin-1 have been reported to be increased in those patients compared to the RR-MS ones (25). In addition, this overexpression in monocytes could lead to a higher antigen presentation contributing to promoting the immune response. However, it is an interesting result to delve into in future studies.

Relating to gene expression results, both RR-MS and PP-MS patients showed significantly increased pHERV-W ENV gene expression levels compared to HD, as well as PP-MS patients compared to the RR-MS ones. However, no differences were found in terms of syncytin-1 gene expression. These results are in line with previous studies (7) and they reinforce the possible link between pHERV-W ENV and MS development. Taking these results into account, we may hypothesize that the pHERV-W ENV/syncytin-1 protein increase could be a result of a rise in pHERV-W ENV gene expression. However, the lack of specific commercial available antibodies prevents us from validating this theory.

In spite of their sequence homology and sharing many properties and features, they show some functional and structural differences to take into consideration. For example, while the transmembrane domine of syncytin-1 has fusogenic properties, it is not functional in pHERV-W ENV. On the other hand, while syncytin-1 is a membrane protein, pHERV-W ENV can be both membrane-associated and soluble (forming hexamers, trimers, or monomers) (26, 27). Therefore, the same as only syncytin-1 is involved in the syncytiotrophoblast formation, only pHERV-W ENV proteins would take a part in MS pathogeny. However, other investigators disagree and propose a possible involvement of syncytin-1 in MS (28).

The possible involvement of pHERV-W ENV proteins in MS could be justified by their proinflammatory properties. These proteins, through TLR4 receptors, could promote adhesion, diapedesis, and infiltration of immune cells into the CNS, activate microglia cells, induce cytokine production, or damage oligodendrocyte precursors, preventing remyelination (29). Moreover, this overexpression could contribute, for example, to an increase in the antigen-presentation rate in monocytes or to the aberrant activation of cells which barely express pHERV-W ENV proteins, such as T lymphocytes, through proinflammatory factors release (in fact, CD4+ T lymphocyte activation through TLR4 receptors leads to a boost of autoimmune processes in experimental autoimmune encephalomyelitis, the mouse model of MS (30)). In general, these proteins would promote a proinflammatory environment and an aberrant and sustained immune response.

Another theory that would support the involvement of pHERV-W ENV in MS could be based on a cross-reaction between these proteins and MOG (myelin oligodendrocyte glycoprotein). In silico studies have described that these proteins show a huge sequence homology and that they perfectly fit in the antigen presentation pocket of HLA class II molecules (31, 32). Therefore, antibodies against pHERV-W ENV could also attack MOG, as there has been seen in other in vivo studies (33). In contrast, in HD there would be a generalized immunotolerance towards pHERV-W ENV proteins, avoiding the immune response against these proteins (8).

Although in the literature it is commonly found that there could be a link between pHERV-W ENV and MS, there are also some opposed opinions. Some studies have not found significant differences between MS patients and HD in terms of pHERV-W ENV expression levels (34–36). Thus, there is not a complete consistency among the studies up to date, which justifies continuing delving into this matter.

As regards the possible relationship between antiviral antibodies and pHERV-W ENV/syncytin-1 expression, we have found a positive correlation between anti-HHV-6A/B antibodies titers and pHERV-W ENV/syncytin-1 protein expression levels in MS patients. Furthermore, this relationship was found with anti-HHV-6A/B IgM antibodies in RR-MS patients and with anti-HHV-6A/B IgG antibodies in PP-MS patients.

In RR-MS patients, a moderate positive correlation was found between anti-HHV-6A/B IgM antibodies and pHERV-W ENV protein expression levels in NK cells and T lymphocytes. The relationship between HHV-6A/B and NK cells has been profoundly studied by Dr. Di Luca’s group. They have shown how HHV-6A/B is able to regulate the expression of several miRNAs related to autoimmune and inflammatory processes (37, 38). As far as T lymphocytes are concerned, it is the most suitable cell type for HHV-6A/B replication, so this would be an expectable result.

On the other hand, PP-MS patients showed a moderate-strong positive correlation between anti-HHV-6A/B IgG antibodies titers and pHERV-W ENV/syncytin-1 expression in T lymphocytes and monocytes. Monocytes are one of the main reservoirs for HHV-6A/B. However, taking into account that monocytes are not particularly related to PP-MS, once again it is an interesting result to delve into in further studies.

On the contrary, in the HD cohort, we found a negative correlation between anti-EBNA-1 antibodies and pHERV-W ENV/syncytin-1 expression levels in monocytes. Despite being a result to be confirmed in further studies, this fact could involve a possible opposite role of the analyzed herpesviruses in MS patients and HD.

Due to the small sample size of the PP-MS and the HD cohorts, we could only analyze the impact of demographic and clinical factors in the RR-MS cohort. In light of the results, previously found correlations seemed to be more related to the following factors: age under 45 years old (both males and females), early age of disease onset (under the median of the RR-MS cohort, 30 years old), short disease evolution (under the median of the complete cohort, 102 months), EDSS ≥ 3, presence of relapses during the two previous years and absence of gadolinium-enhancing lesions. Having found clearer correlations in those patients with an earlier disease debut, an EDSS ≥ 3 or who recently suffered relapses might be related to the role of the relationship between HHV-6A/B infection and pHERV-W ENV expression in an active MS. In general, we have found a consistent, direct relationship between anti-HHV-6A/B antibodies titers and the expression of pHERV-W ENV, therefore it is remarkable to have repeatedly found this link throughout the aforementioned analyses, especially in both NK cells and T lymphocytes. These results could support a possible role of HHV-6A/B upon pHERV-W ENV transactivation in these cell populations.

Other groups have described a possible role of HHV-6A/B upon pHERV-W ENV expression transactivation. Charvet et al. (39) have proposed that HHV-6A, through CD46 receptor, could trigger a signaling pathway that would promote pHERV-W ENV expression and, finally, would lead to tissular damage. However, other investigators have found no link between HHV-6A/B and pHERV-W ENV (40).

Regarding CNS, viruses might penetrate inside immune cells like a Trojan horse. There, these virus-carrier immune cells would develop an inflammatory environment where proinflammatory factors would induce pHERV-W ENV sequences expression. This overexpression would lead to even more proinflammatory factors release, creating a neuroinflammatory loop that would provoke structural damage (41). While in a healthy CNS these reactions would be under control, in MS patients the altered immune system would promote an aberrant and exacerbated immune reaction (42).

Concerning the limitations of this study, although we have tried to minimize the possible confounding agents effects, HERV elements expression is characterized by a huge variability. There exists a high genetic-based interindividual variability in HERV expression (35). Furthermore, diverse factors have been described to promote or inhibit HERV expression (microbiota microorganisms; chemical agents, such as aspirin or caffeine; biological modulation, such as epigenetics; etc.) (43–45).

Another factor to be considered is the small sample size of the HD cohort compared to that of the RR-MS. During this project, the commercial antibody used for pHERV-W ENV/syncytin-1 analyses was discontinued. This fact forced us to terminate the analyses of HD samples and, therefore, this cohort is not as large as we had originally planned. Besides, the limited radiological data that we could gather during the collection of information from medical records should also be taken into account. Therefore, this small sample size may be the reason for not having found significant relationships in patients with gadolinium-enhancing lesions, as we have found in some previous studies (46).

Regarding MS patient treatment, it would be useful to assess the possible effect of the different therapies on the aforementioned results. It has been published that long-term treatment with natalizumab is able to reduce the humoral immune response to pHERV-W ENV antigens (47), as well as interferon therapy can reduce this response after six months of treatment (48). The median duration of treatment with natalizumab in our patients was 17 months, while for interferon it was 36 months. By conducting a longitudinal study, we would be able to evaluate the potential effect of these treatments on pHERV-W ENV/syncytin-1 levels and their correlation with antiviral antibodies.

Although in this study we have analyzed antibody titers against HHV-6A/B together, using available ELISA commercial kits, a recently published paper has analyzed the titers against HHV-6A and HHV-6B separately, using a novel multiplex serological assay. Thus, it would be of great interest to determine in future studies whether HHV-6A or HHV-6B could correlate with pHERV-W ENV/syncytin-1 expression (49).

Despite we have studied several variables and performed the corresponding tests, we have not applied corrections for multiple comparisons due to the exploratory nature of this study.

All in all, in light of the results, pHERV-W ENV could be involved in MS pathogenesis, playing a role in relapsing and progressive forms. Besides, the positive correlation found between HHV-6A/B and pHERV-W ENV expression could support previous findings of a possible transactivation process. Moreover, it should be pointed out that this work is one of the most detailed studies performed up to date relating to the possible involvement of pHERV-W ENV in MS, as well as its possible link to HHV-6A/B, using MS samples, both from RR-MS and PP-MS patients, and HD.
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