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Abstract 

Problem: We first reported Human herpesvirus (HHV)-6A DNA presence in 43% of endometrial 

cells from women with idiopathic infertility, whereas no fertile control women harbored the virus. 

We investigated the effect of HHV-6A infection on the immunological status of the endometrium. 

Method of study: Endometrial biopsies, uterine flushing, and whole blood samples were collected 

from 67 idiopathic infertile women (mid-secretory phase). We analyzed the endometrial 

immunological status evaluating: i) the effect of HHV-6A infection on endometrial immune profile 

analyzing the ratio of Interleukin (IL)‐15/ Fibroblast growth factor-inducible 14 (Fn‐14) and IL‐18/ 

TNF-related weak inducer of apoptosis (TWEAK) mRNA as a biomarker of endometrial (e)Natural 

killer activation/maturation, angiogenesis, and Th1/Th2 balance; ii) endometrial receptivity to 

trophoblasts in endometrial 3D in vitro model; iii) Natural killer (NK) cells and T cells percentage 

and subpopulations by flow cytometry.  

Results: We confirmed the presence of HHV-6A infection in a 40% of idiopathic infertile women, 

characterized by an immune profile reflecting eNK cell cytotoxic activation and a decrease in 

CD4+CD25+CD127dim/- regulatory T cells. The co-culture of endometrial epithelial cells with 

spheroids generated from the extravillous trophoblast-derived cell line JEG3 showed a 2-fold 

expansion of spheroids on endometrial epithelial-stromal cells (ESC) culture surface from HHV-6A 

negative women while no expansion was observed on the surface of ESC from HHV-6A positive 

women.  

Conclusions: The identification of an effect of HHV-6A infection on endometrial immune status 

opens new perspectives in idiopathic infertile women care management. In addition, it would be 

possible to select antiviral therapies as novel, non-hormonal therapeutic approaches to those 

idiopathic infertile women characterized by the presence of endometrial HHV-6A infection, to 

increase their pregnancy rate. 
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Introduction 

It is believed that the impairment of endometrial receptivity can be a major cause of primary 

idiopathic infertility, a phenomenon that occurs with the failure of implantation. We have previously 

associated the positivity for HHV-6A infection of endometrial epithelial cells with primary infertility 

1. Human herpesvirus 6 (HHV-6) is an ubiquitous pathogen of the Betaherpesvirinae subfamily, 

which primarily infects CD4+ T cells 2. Similarly to other herpesviruses, HHV-6 remains in latency 

into the host, after an initial productive infection 3. HHV-6 is a set of two related viruses known as 

HHV-6A and HHV-6B 4. Even if these two viruses present a similar genetical sequence, they differ 

for biological and pathogenic characteristics. HHV-6B causes exanthema subitum in young children 

5. HHV-6A seems to be involved in other pathologies, such as multiple sclerosis 6 and encephalitis 7. 

Moreover, we have recently shown the presence of HHV-6A, but not HHV-6B infection in 

endometrial epithelial cells of a subgroup of idiopathic infertile women 1. HHV-6 infection is 

implicated in immune-regulation:  i) direct infection and induction of apoptosis of CD4+ T 

lymphocytes 8 9; ii) lysis of cytotoxic leukocytes (CD8+ T cells, NK cells) 10,11; iii) block of dendritic 

cells and macrophages maturation 12 13; iv) inability of macrophages and dendritic cells to produce 

IL-12p70 after interferon gamma induction 13-15; v) dysregulation of cytokine networks, with 

increased secretion of IL-10, RANTES, TNF-alpha and IL-1beta 16; vi) decreased expression of 

CD14, CD64 and HLA-DR on the surface of monocytes as a mechanism of immune evasion 17. 

The embryo implantation is influenced by local and systemic immune responses involving 

immunoglobulins, cytokines, hormonal and other endometrial factors. A synergism of these factors 

is critical for successful implantation and subsequent conception. In particular, Natural killer (NK) 

cells, regulatory T cells (Treg) and cytokines have been implicated to play a role in female 

reproductive performance 18-20. NK cells are a type of large granular lymphocyte that belong to the 

innate immune system. NK cells cause cytotoxic effects by inducing lysis or apoptosis of the target 

cells mediated by the release of granular components within their cytoplasm (perforin, granzymes) 

or secretion of cytokines, such as tumour necrosis factor-alpha, interleukin (IL)-10, interferon-gamma 



and transforming growth factor-beta. Uterine NK cells are adjacent to trophoblast cells, and thereby 

considered as one of the important players behind maternal acceptance of the fetus. Decidual NK 

cells have generally reduced cytotoxicity, promote vascular formation of spiral arteries and allow 

trophoblast invasion through various cytokine secretion, including macrophage colony-stimulating 

factor (M-CSF) and granulocyte macrophage-colony stimulating factor (GM-CSF) [29]. 

Additionally, the secretion of growth-promoting factors from NK cells has shown to be essential for 

fetal growth [30]. Uterine NK cells have a unique receptor repertoire, expressing killer-cell 

immunoglobulin-like receptors (KIRs) and immunoglobulin-like transcript-2 (ILT2), and lack 

NKp30, one of the natural cytotoxicity receptors (NCRs) known to be expressed in peripheral blood 

NK cells [27], [42]. Some of the KIRs are receptors for HLA-G and HLA-C; both are surface antigens 

on trophoblast cells and are implicated inthe maintenance feto-maternal tolerance.  

The T cell population in the endometrium consists of different subsets, including regulatory 

CD4+CD25+ T cells (Tregs) [52]. The Treg subset develops in the thymus and peripheral tissue, 

infiltrates the endometrium and functions by e.g. secreting immunosuppressive cytokines to prevent 

the immune system activation. Tregs are essential for successful pregnancy, protecting the semi-

allogenic fetus from immune rejection [56]. One study reported that soluble HLA-G (HLA-G5), 

secreted by human mesenchymal stem cells, induced CD4+CD25+FoxP3+ regulatory T cells [60], 

suggesting a local induction of Treg proliferation and differentiation in relation to pregnancy. HLA-

G is a nonclassical MHC class I antigen with very little sequence variability 21. It is expressed as 

membrane-bound molecule (HLA-G1-3) and soluble molecule (HLA-G5-7) obtained by mRNA 

alternative splicing. It is not expressed in normal tissues except in trophoblasts from early gestation 

placentas 22. HLA-G exerts multiple immunoregulatory functions such as inhibition of natural killer 

(NK) cell or T-cell-mediated cytolysis, induction of T-cell apoptosis, or inhibition of trans-endothelial 

NK cell migration. Since the net result of these effects is immunosuppression, HLA-G expression in 

fetal-maternal interface may favor implantation and pregnancy outcome 23. The specific interaction 

between KIR2DL4 and HLA-G leads to the secretion of pro-angiogenic factors as VEGF from eNK 

https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0145
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0150
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0135
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0210
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0260
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0280
https://www.sciencedirect.com/science/article/pii/S0198885918302453#b0300


cells 24. Similarly, NK cells are controlled by HLA-E molecules. HLA-E functions as ligand for 

CD94-NKG2 receptors and has a peptide-binding groove that is ideally suited for binding peptides 

derived from the leader sequences of other MHC-I molecules 25. In this regard, the loss of leader-

peptide loaded HLA-E expression is a marker for cells having lost expression of HLA class Ia 

molecules, which targets these cells for recognition and lysis by NK cells. 

Another important factor implicated in the maintenance of pregnancy is the cytokine secretion and 

the Th1/Th2 balance. Helper T cells are classified as Th1 or Th2 according to their cytokine secretion 

profile. Th1 cells produce especially IL-2, INF-γ, and TNF-α. In contrast, Th2 cells produce IL-4, IL-

5, and IL-10. With the onset of pregnancy, the local endometrial immune system seems to switch to 

an immunity dominated by a Th2 environment. This switch is believed to reduce eNK cell 

cytotoxicity, but also eNK cells have been reported to facilitate the Th2 immune environment 20. 

Recently, the endometrial immune profile has been evaluated on the basis of the ratio of IL-15/Fn-14 

mRNA as a biomarker of eNK cell activation/maturation (together with the eNK cell count) and the 

IL-18/TWEAK mRNA ratio as a biomarker of both angiogenesis and the Th1/Th2 balance 26. An 

imbalance of this ratio might explain one of the mechanisms behind unexplained infertility.  

Understanding the complex mechanisms by which extravillous trophoblast (EVT) are not able to 

invade the uterine lining may be considered as one of the primary aim in women with reproductive 

dysfunctions including infertility. One mechanism could be the presence of HHV-6A infection, that 

can alter the immune cell interactions at the feto-maternal interface during implantation. Therefore, 

to explain how HHV-6A infection can affact the maternal immune system, we have to consider a 

more complex interaction and cooperating immunological network. In this manuscript, we have 

evaluated the modification in NK and T cells immunephenotype, HLA-G and HLA-E expression in 

the endometrium of idiopathic infertile women.    

Materials and Methods 



Clinical samples 

Endometrial speciments were obtained from patients admitted for tubal patency assessment by 

Hystero-sono contrast sonography at secretory stage of the menstrual cycle.  

The endometrial sampling was performed by the Pipelle device. The Pipelle (Endocurrette, Midvale, 

Utah, USA) was introduced without performing cervical dilatation and withdrawn outside the uterus 

with a rotatory movement to get the sample that was mantained in HEPES-buffered Dulbecco 

modified Eagle medium/ Hams F-12 (DMEM/F-12; Invitrogen, Carlsbad, CA) with 1% antibiotic- 

antimycotic solution (final concentrations: 100 μg/ml penicillin G sodium, 100 μg/ml streptomycin 

sulfate, 0.25 μg/ml amphotericin B; Invitrogen), and 5% newborn calf serum (NCS; CSL Ltd., 

Parkville, VIC, Australia), stored at 4°C, and processed within 2 hrs. 

We selected women with these characteristics: 21–38 years old, regular menstrual cycle (24–35 days), 

body mass index (BMI) ranging between 18 and 26 Kg/m2, FSH (day 2-3 of the menstrual cycle) 

<10 mUI/mL, 17-β-Estradiol < 50 pg/ml (day 2–3 of the menstrual cycle), normal karyotype. Women 

that presented endometritis, endometriosis, tubal factor, ovulatory dysfunction, anatomical uterine 

pathologies and recurrent miscarriage were excluded.  

 

Ethics Statement 

This study was approved by the “Ferrara Ethics Committee” and we collected written informed 

consent from all subjects. All subjects gave written informed consent in accordance with the 

Declaration of Helsinki. 

 

Preparation of endometrial epithelial and stromal cells 

The endometrium was prepared as previously described 1. Cell dissociation was performed in Ca2+ 

and Mg2+ free phosphate buffered saline (PBS, pH 7.4) additionated with 300 μg/ml collagenase 

type III (Worthington Biochemical Corporation, Freehold, NJ) and 40 μg/ml deoxyribonuclease type 

I (Roche Diagnostics, Mannheim, Germany) in a shaking incubator (Bioline 4700; Edwards 



Instrument Company, Narellan, NSW, Australia) rotating at 150 rpm at 37°C. Every 15 minutes, the 

digested tissues were homogenized vigorously and dissociation was checked microscopically. After 

45 min, the digests were filtered using a 40-μm sieve (Becton Dickinson Labware, Franklin Lakes, 

NJ) to obstain a single cells suspension without debris. The digestion process was stoped by the 

addition of HEPES-buffered DMEM/F-12 containing 5%FCS. We isolated the different endometrial 

cellular components (mononuclear, stromal and epithelial cells) by centrifugation for 8–10 min at 390 

× g on Ficoll-Paque (Pharmacia Biotechnology, Uppsala, Sweden). Endometrial cells were collected 

from the Ficoll-Paque-medium interface using BerEP4-coated magnetic Dynabeads (Dynal Biotech, 

Oslo, Norway) positive selection system. The sorted epithelial cells were recovered using a magnetic 

particle collector (Dynal Biotech) and washed in HEPES-buffered DMEM/F-12/1%FCS. The 

collected cells were finally seeded on culture plates coated with basement membrane extract (BME) 

(Matrigel®, Collaborative Biomedical Products, Bedford, MA, USA). The fraction containing 

mononuclear and stromal cells were collected and seeded on 100 mm plastic tissue culture dishes. 

After 12hrs, the supernatant cells were collected from the culture, to recover non adherent 

mononuclear cells.  Purity of epithelial and stromal components was morphologically evaluated by 

light microscopy and assessed by cytokeratin-18 (CK18) and vimentin staining for epithelial and 

stromal cells respectively. The purity reached for each cell population was routinely over 98%. 

 

DNA analysis 

DNA extraction and analysis was performed as previously described 27. Real time quantitative 

(qPCR) specific for the U94 gene were used to determine HHV-6 DNA presence and load. Samples 

in which 1 µg of cell DNA harbored more than 100 copies of viral DNA, were considered positive. 

Human RNase P or beta-actin house-keeping genes were used as a control. Real-time PCR for HHV-

6 DNA was performed with the following set of primers/probe: HHV6 U94(+) (5′-GAG CGC CCG 

ATA TTA AAT GGA T-3′); HHV6 U94(−) (5′-GCT TGA GCG TAC CAC TTT GCA-3′); HHV6 



U94 PROBE (5′-FAM-CTG GAA TAA TAA AAC TGC CGT CCC CAC C-TAMRA-3′). The 

standard curve was generated by amplification of a plasmid containing the targeted HHV-6 

sequences. The method had a 6-log dynamic range and a sensitivity of 20 copies/mL. All clinical 

samples were randomly and blindly investigated. Furthermore, when enough material to repeat the 

analysis was present, the analysis was repeated again in a randomized and blinded fashion at a distant 

time from the first analyses. HHV-6A or B identification was performed as reported previously 27, by 

restriction enzyme digestion of the U31 nested PCR amplification product and visualition of the 

digestion products on ethidium bromide stained agarose gel after electrophoresis migration. 

RNA analysis  

RNA cell extraction was performed using the RNeasy kit (Qiagen, Hilden, Germany). Extracted RNA 

did not contain contaminant DNA, as assured by DNase treatment and control β-actin PCR without 

retrotranscription reverse transcription 28. RNA reverse transcription was performed by the RT2 First 

strand kit (Qiagen, Hilden, Germany). The cDNAs were stored at –20°C until use. 

Quantitative RT‐PCR 

Quantitative RT‐PCR was performed with a  Applied Biosystems™ 7500 Fast Real-Time PCR 

System and  SYBR Green Master mix (Applied Biosystems; USA). Final concentrations for reaction 

setup were 0.5 μm of sense and antisense primers and 1/20 of diluted cDNA. Cycling conditions were 

as follows: denaturation (95°C for 5 min), amplification, and quantitation (95°C for 10 s, 60°C for 10 

s, and 72°C for 15 s) repeated 40 times, a melting curve program (65–95°C with a ramp rate of 

2.2°C/s), and a cooling step to 4°C. Primer sequences are detailed in Ledee et al 26. Each quantitative 

RT‐PCR assay included a solution without cDNA and inter‐run calibrator (IRC) samples as negative 

and positive controls 26. The IRC was obtained from pools of PHA (phytohaemagglutinin A)‐

stimulated lymphocytes for TWEAK, Fn‐14, RPL13A, and beta‐2‐microglobulin (β2M) and from the 

endometrial sample for IL‐18 and IL‐15. The IRC cDNA, after dilution by a factor of 20, underwent 

the same quantitative RT‐PCR protocol as the unknown samples. PCR efficiency for each quantified 

https://www.fishersci.ca/shop/products/7500-fast-real-time-pcr-system-5/4351106
https://www.fishersci.ca/shop/products/7500-fast-real-time-pcr-system-5/4351106


target and reference was calculated with known serial dilutions of each specific cDNA. DataAssist 

software (Applyed Biosystems) was used to analyze data, and each specific target transcription level 

was normalized to the geometric mean of the transcription level of the reference gene. Gene 

amplification efficiency was specifically determined. For each sample, the results were expressed as 

the ratio of target/reference cDNA. 

 

 eNK cell purification 

Endometrial NK cells were separated from endometrial leukocyte samples using the negative 

magnetic cell separation (MACS) system (Miltenyi Biotech, Gladbach, Germany) 1. The analysis of 

purified cell fraction by flow cytometry with CD3-PerCp-Cy5.5, CD56-FITC moAbs (e-Bioscience, 

Frankfurt, DE), demonstrated that the NK cell content was >90% (data not shown). Freshly purified 

NK cells were cultured for 24 h in presence of suboptimal doses of IL-12 (1 ng/ml). 

 

Flow cytometry 

eNK cells were labeled with fluorophore-conjugated antibodies: CD3-PE-Cy7, CD16-PE, CD56-

APC (BD, Italy).  

PBMCs were extracted by Ficoll-Paque (Pharmacia Biotechnology, Uppsala, Sweden) and analyzed 

for immunephenotype: T cells: CD3-AmCyan (Clone SK7), CD4-PE (Clone S3.5), CD8-PECy7 

(Clone: RPA-T8), CD25-PerCPCy5.5 (Clone PC61.5), CD127-APCCy7 (Clone A7R34) monoclonal 

antibodies; B cells: CD19-APC (Clone SJ25-C1), HLA-DR-FITC (Clone LN3) monoclonal 

antibodies; NK cells: CD3-AmCyan (Clone SK7), CD19-APC (Clone SJ25-C1), CD16-APCCy7 

(Clone B73.1), CD56-PE (Clone CMSSB) monoclonal antibodies. Anti-isotype controls (Exbio, 

Praha, Czech Republic) were performed. Data were analyzed using FACS CantoII flow cytometer 

(BD, Milan, Italy) and FlowJo LLC analysis software (Ashland, Oregon, USA). Ten thousand events 

were acquired.  



 

JEG3 cell spheroids 

The human JEG-3 choriocarcinoma cell line (ATCC HTB-36) was used for attachment assays. Cell 

spheroids were generated in complete RPMI medium additioned with 1.5% agarose, obtaining 100–

250 μm diameter spheroids at 2- 4 days of culture, using 3x104 cells/ml medium 29.  

For attachment assays, JEG-3 spheroids were transferred onto endometrial epithelial-stromal cells 

(ESC), prepared in a 1:1 ratio, from HHV-6A positive and negative women, one by one with a fine 

Pasteur pipette. After 2, 3 days of incubation, the attachment rate was calculated by the Syto59 

(Thermo Fisher Scientific, USA), under fluorescence microscopy, to visualize the modification in 

spheroid contours in comparison with the beginning of the observation period (T0). The ratio between 

T3 and T0 area, calculated by Nikon Nis-Elements (Nikon Italy) was used to evaluate the 

modification in spheroid dimensions.  

 

Immunofluorescence assay  

HLA-G and MUC-1 expression was analized by immunofluorescence with   FITC anti-human HLA-

G (Clone 87G)and PE anti-human CD227 (MUC-1) Ab (Clone 16A) (Biolegend, CA, USA), as 

previously described 1. 

 

Western Blot analysis 

Proteins were obtained by cell lysis with ReadyPrep Protein Extraction Kit (Bio Rad, Segrate, MI, 

Italy) and the concentration was quantified by means of the Bradford assay (Bio Rad) using bovine 

albumin (Sigma-Aldrich, S.Louis, MO, USA) as standard. Twenty µg of total proteins were analyzed 

in denaturating conditions in 10% TGX-Pre-cast gel (Bio Rad), with subsequent electroblotting 

transfer onto a PVDF membrane (Millipore, MA, USA) 30. The membranes were incubated with 

mouse anti-Human CD227 Moab (Biordad) for MUC1 detection, or mouse monoclonal 4H84 to 

http://www.bio-rad.com/it-it/product/readyprep-protein-extraction-kit-total-protein?ID=749eaa83-8fb4-4854-bc8a-84ab01195fb9
http://www.bio-rad.com/it-it/product/readyprep-protein-extraction-kit-total-protein?ID=749eaa83-8fb4-4854-bc8a-84ab01195fb9


HLA-G Moab and with a horseradish peroxidase (HRP)-conjugated antimouse antibody (1:5000; 

Amersham Biosciences, NJ, USA) and then developed with the ECL kit (Amersham Biosciences, NJ, 

USA). The images were acquired by Gel Doc XR+ System (Bio Rad). 

 

Statistical analysis 

Data were analyzed by Student T test and Fisher exact test (Stat View software (SAS Institute Inc)). 

Statistical significance was assumed for p<0.05 (two tailed). 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

HHV-6 in clinical specimens 



We enrolled 67 idiopathic infertile women and 100 fertile women with at least one previous 

successful pregnancy. As reported in Table 1, the two cohorts presented no significant differences. 

The endometrial biopsies were analyzed for the presence of HHV-6 infection in epithelial and stromal 

cells fractions. Purity of epithelial and stromal components was morphologically evaluated by light 

microscopy and assessed by cytokeratin-18 (CK18) and vimentin staining for epithelial and stromal 

cells respectively (Supplementary Figure 1A). As reported in Table 2, we found HHV-6B DNA in 

the peripheral blood mononuclear cells of the 25% and 24% of idiopathic infertile women and control 

women, respectively (p=0.856; Fisher exact test). These results confirmed the previously reported 

frequency of the HHV-6B virus in a 25-30% of peripheral blood samples 1. On the contrary, HHV-

6A DNA was not revealed in the peripheral blood of all the subjects. Forty percent (27/67) women 

with idiopathic infertility were positive for HHV-6A DNA in their endometrial epithelial cells, while 

fertile women did not present HHV-6A viral DNA in their endometrial epithelial cells (p<0.0001; 

Fisher exact test). HHV-6B DNA was not present in all the endometrial biopsies, as previously 

reported 1.  

The average viral load in endometrial epithelial cells from HHV6-A positive infertile women was 

520.000 copies/ug of cellular DNA (range 710.000–189.000 copies/ug DNA), corresponding to about 

4 copies of viral DNA per diploid cell (Table 2, Supplementary Figure 1B).  

 

Effect of HHV-6A infection on endometrial immune profile 

On the basis of the results previously obtained on the ratio of IL‐15/Fn‐14 mRNA as a biomarker of 

uNK cell activation/maturation and the IL‐18/TWEAK mRNA ratio as a biomarker of both 

angiogenesis and the Th1/Th2 balance 26, we evaluated the immune profile in our women (Table 3).   

We considered the presence of a modification in the immune-profile when a parameter is below (low 

immune activation) or above (high immune activation) 2SD of the values observed in fertile women 

group, used as control. The IL-15/Fn-14 and IL-18/TWEAK mRNA ratio were considered as 

previously reported 26. In particular, an IL‐18/TWEAK mRNA ratio was considered low when below 



0.03 (mean −1 SD) and high when >0.12 (mean + 1 SD), while an IL‐15/Fn‐14 mRNA ratio was 

considered low when below 0.3 (mean −1 SD) and high when >3 (mean + 2 SD). We observed a low 

immune activation profile in HHV-6A negative infertile women, characterized by a low IL-15/Fn-14 

mRNA expression, reflecting a low eNK maturation and a low local IL-18/TWEAK mRNA ratio, 

reflecting a low local angiogenesis. On the contrary, HHV-6A positive infertile women presented an 

over-activated immune-profile, with high IL-15/Fn-14 and IL-18/TWEK mRNA expression, 

representative of eNK cell cytotoxic activation.  

As a proof of concept, we evaluated the immune phenotype of eNK cells. We observed a lower 

percentage of CD56brightCD16- (e)NK cells in women positive for HHV-6A infection (p<0.01) 

(Figure 1A, Supplementary Figure 1C as previously observed 31 and in agreement with immune-

profile results (Table 3), while no differences in the cytotoxic CD56dimCD16- eNK cells (Figure 1A). 

When we looked at peripheral blood cell subsets, we observed no differences in the percentage of T, 

B and NK cells (Figure 1B). On the contrary, when we evaluated the immune-phenotypes, we 

observed a decrease in CD4+CD25+CD127dim/- regulatory T cells in women positive for HHV-6A 

infection (p<0.01) (Figure 1C).  

 

Effect of HHV-6A infection on endometrial receptivity to trophoblast invasion.  

To assess the effect of HHV-6A infection on endometrial receptivity, we set up an in vitro model of 

implantation by co-culturing endometrial epithelial cells with spheroids generated from the EVT-

derived cell line JEG3.  

A co-culture model was established to mimic the trophoblast– decidual interface in early pregnancy. 

Spheroids were formed from the trophoblast cell line JEG-3 and placed onto a monolayer of 

epithelial-stromal cells in a 1:1 ratio (ESC) from HHV-6A positive and negative women. For 

comparison, spheroids were plated in the absence of ESC. The area covered by each individual 

spheroid was determined at the beginning and at the end of the co-culture period. To visualize the 

spheroid contours, Syto 59 staining for the JEG3 spheroids was performed at the beginning of the 



observation period (T0) (Figure 2) Within 3 days (T3), spheroids on ESC culture surface from HHV-

6A negative women expanded 2-fold while spheroids on ESC culture surface from HHV-6A positive 

women failed to expanded. Meanwhile, we evaluated if the co-culture of ESC with trophoblast 

spheroid impact on trophoblast molecular expression. We analyzed the expression of HLA-G and 

mucin-1 (MUC1) by both immunofluorescence and Western Blot analysis. MUC1 expression in 

endometrial tissues is at the highest in secretory phases, when embryo implantation occurs and seems 

to protect the mucosal surface from infection and the action of degradative enzymes 32. We observed, 

by immunofluorescence, a decrease in HLA-G and MUC1 expression in trophoblast spheroids co-

cultured with ESC from HHV-6A positive women (Figure 3A, upper panels). On the contrary, the 

HLA-G expression was preserved in trophoblast spheroids co-cultured with ESC from HHV-6A 

negative women and MUC1 expression was increased (Figure 3A, lower panels).  

The Western blot analysis conducted under reducing conditions showed the monomeric HLA-G at 

39kDa and an HLA-G-like isoform at 53 kDa (Figure 4B) in all the samples, with a decrease in 

trophoblast spheroids co-cultured with ESC from HHV-6A positive women (Figure 3B, upper 

panel). MUC1 expression was similarly decreased in trophoblast spheroids co-cultured with ESC 

from HHV-6A positive women (Figure 3B, lower panel). 

 

 

 

 

 

 

Discussion 

Herein, we demonstrate for the first time that HHV-6A infection of human endometrial epithelial 

cells (ESC) might impair decidualisation and alter the endometrial moelcular expression. Using 

an in-vitro model, we demonstrated that HHV-6A infection attenuates ESC decidualisation. 



Furthermore, HHV-6A infection caused a reduction in protein levels of the widely used phenotypic 

decidualisation marker, HLA-G 23 and MUC1 32. HLA-G is a key factor in the process of 

decidualisation and is thought to also be involved in endothelial cell differentiation, implantation, 

angiogenesis, trophoblast cell growth and immune regulation during early pregnancy. MUC1 

expression in endometrial tissues is at the highest in secretory phases, when embryo implantation 

occurs and seems to protect the mucosal surface from infection and the action of degradative enzymes 

32. This observation is of extreme importance, since a reduction of endometrial HLA-G and MUC1 

has been linked to recurrent miscarriage 23,33. Furthermore, we show that HHV-6A infection 

changes the cytokine secretion profile, with an impact on endometrial immune phenotype. 

Interestingly, we observed a reduction in the levels of IL-15/Fn-14 and IL-18/TWEAK mRNA 

expression in HHV-6A negative infertile women, characterized by a low immune activation profile 

and reflecting a low eNK maturation and a low local angiogenesis. On the contrary, HHV-6A positive 

infertile women presented an over-activated immune-profile, with high IL-15/Fn-14 and IL-

18/TWEK mRNA expression. We observed a lower percentage of CD56brightCD16- (e)NK cells in 

women positive for HHV-6A infection, as previously observed 1 and a decrease in 

CD4+CD25+CD127dim/- regulatory T cells. The immune dysregulation observed in HHV-6A positive 

infertile women might have relevance for embryo implantation, that is controlled by endometrial 

immune environment 26. It is possible that the infection could therefore lead to defective 

trophoblast invasion due to modification in the expression of essential attractant signalling 

molecules, as HLA-G and MUC1. The HLA-G isoform at 39kD is the HLA-G1 isoform. This 

isoform is the functional HLA-G isoform, with a recognized function at the maternal-fetal interface 

34. The HLA-G-like isoform at 53 kDa is known to be present 35 but no information is available on its 

function.  

Alternative splicing may regulate MUC1 expression and possibly function in different cell types 36. 

The isoforms identified are representative of the core protein, that has an estimated weight of 120–

225 kDa, and is typical for the endometrial epithelium 37. 



Our findings are also important because infertile women have been reported to have different 

immune cell profiles compared to fertile women 26, including increased levels of uterine natural 

killer cells 38 and decreased Treg cells 24. Dysregulated immune profiles due to HHV-6A infection, 

as indicated in our study, could therefore also impact on the population of immune cells at the 

feto-maternal interface by altering immune cell recruitment. 

In summary, our data suggest a novel mechanism through which HHV-6A infection leads to 

defective endometrial decidualisation, resulting in an altered immune response that could impact 

upon trophoblast migration and immune cell recruitment. Future work to clarify the potential role 

of HHV-6A infections upon embryo implantation and trophoblast invasion via immune 

dysregulation and immune cell recruitment in the endometrium due to altered immune profile 

could further our understanding of this potential mechanism of infection associated infertility. 
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Table 1. Women cohorts: demographical and clinical parameters 

Parameters (medain; mean±SD) Infertile (67) Fertile (100) p  value † 

Age (yrs) 34.6 

(33.2±2.2) 

33.8 

(32.5±2.9) 

0.97 

Duration of infertility (yrs) 3.5 

(3.6±2.9) 

- 

 

- 

Length of menstrual cycle (days) 28 

(25±2.9) 

29 

(26±315) 

0.56 

FSH (mUI/mL) (day 3) 7.7 

(7.9±1.8) 

7.5 

(7.6±2.7) 

0.54 

LH (mUI/mL) (day 3) 6.7 

(6.8±2.3) 

7.1 

(6.5±2.5) 

0.53 

Estradiol (pg/mL) (day 3) 71.4 

(72.1±53.5) 

63.4 

(58.6±47.2) 

0.054 

TSH (uUI/mL) 3.1 

(2.8±2.5) 

2.9 

(2.6±2.4) 

0.51 

FT4 (pg/mL) 2.3 

(2.3±1.6) 

2.4 

(2.5±1.6) 

0.92 

Progesterone (pg/mL) (day 21) 14.9 

(14.5±5.2) 

14.8 

(14.3±6.4) 

0.72 

Smoke habits (≥1 cigarette/day) (%)‡ 32 53 0.45 

Day (mestrual cycle) of sample collection 14.0 

(13.1±2.3) 

14.1 

(13.4±2.6) 

0.97 

†Student T test 

‡ Fisher exact test 

 

 

 

 

 

 

 

 



 

Table 2. HHV-6 DNA results in peripheral blood mononuclear cells (PBMC) and endometrial 

biopsies 

Samples (N) Infertile (67) Fertile (100) p  value† 

HHV6-A    

Endometrial epithelium 27‡ 0 <0.0001 

Endometrial stroma 0 0 NA 

Endometrial leukocytes (CD45pos) 0 0 NA 

PBMC 0 0 NA 

HHV-6B    

Endometrial epithelium 0 0 NA 

Endometrial stroma 0 0 NA 

Endometrial leukocytes (CD45pos) 0 0 NA 

PBMC 17 24 0.856 

†Fisher exact test 

‡ (range 710.000–189.000 copies/ug DNA) 

 

 

 

 

 

 

 



Table 3. Comparison of endometrial biomarkers in fertile and infertile women.  

 Fertile group 

N=100 

Infertile group  

N=67 

Biomarkers  

 

HHV-6A pos 

N=27 

HHV-6A neg 

N=40 

IL-18/TWEAK 0.081±0.021 0.15±0.04 0.015±0.022 

IL-15/Fn-14 1.3±0.56 3.2±0.69 0.25±0.12 

The values are reported as mean±SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure legends 

Figure 1. A) eNK cell subpopulations CD56bright (left panel) and CD556dim (right panel); B) 

peripheral blood immune cells. Results are expressed in cells/ul; C) Percentage of 



CD4+CD25+CD127dim/- regulatory T cells in peripheral blood. Each data point is calculated as the 

mean ± S.D. Significant p-values are reported (Student T test).  

Figure 2. Co-culture model to mimic the trophoblast– decidual interface in early pregnancy. 

Spheroids were formed from the trophoblast cell line JEG-3 and placed onto a monolayer of 

epithelial-stromal cells (ESC) in a 1:1 ratio from HHV-6A positive and negative women. A 

representative result is reported from the beginning of the observation period (T0), after 2 days (T2) 

and 3 days (T3). To visualize the spheroid contours, Syto 59 staining for the JEG3 spheroids was 

performed at the beginning of the observation period (T0). The area covered by each individual 

spheroid was determined at the beginning (T0) and at the end (T3) of the co-culture period. In the 

lower panel, the spheroid expansion is reported relative to T0. The ratio between T3 and T0 area (T3 

area/T0 area), calculated by Nikon Nis-Elements (Nikon Italy) was used to evaluate the modification 

in spheroid dimensions. Each data point is calculated as the mean ± S.D. Significant p-values are 

reported (Student T test). Images were taken in fluorescence (Nikon Eclipse TE2000S) equipped with 

a digital camera. Original magnification 20x and 40x.   

Figure 3. Impact of 3 days co-culture of ESC with trophoblast spheroid on trophoblast molecular 

expression. We analyzed the expression of HLA-G and mucin-1 (MUC1) by both A) 

immunofluorescence, where images were taken in bright field (left panels) or fluorescence (right 

panels)  (Nikon Eclipse TE2000S) equipped with a digital camera and an original magnification 20x; 

and B) Western Blot analysis, conducted under reducing conditions. For HLA-G the arrows indicate 

the monomeric HLA-G at 39kDa and an HLA-G-like isoform at 53 kDa while in MUC1 the arrows 

indicate the MUC1 120kDa and an isoform at 240 kDa, that depends on glycosylation level. The 

densitometric analysis is reported as fold changes of the most representative and functional isoforms 

HLA-G (39kDa) or MUC1(120kDa) expression relative to T0. Each data point is calculated as the 

mean ± S.D. Significant p-values are reported (Student t test).  

 



Supplementary Figures 

Figure 1. A) Epithelial and stromal cell fraction derived by immunomagnetic separation was 

characterized by immunofluorescence for cytokeratin18 (CK18) and vimentin expression, 

respectively. Images were taken in bright field (left panels) or fluorescence (right panels) (Nikon 

Eclipse TE2000S) equipped with a digital camera. Original magnification 20×. B) HHV-6 DNA was 

searched by real-time qPCR specific for U94 gene in endometrial biopsies. Results are expressed in 

viral copies/ug DNA and represent the mean copy number ± SD referred to duplicates of 2 

independent assays. C) Representative dot plot of eNK cells obtained from endometrial biopsies from 

HHV-6A positive and negative infertile women. eNK cells were stained with CD3-AmCyan (Clone 

SK7), CD16-APCCy7 (Clone B73.1), CD56-PE (Clone CMSSB) monoclonal antibodies. Cells were 

gated to be CD3-.  
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