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Abstract  

 

Background and purpose: Human endogenous retroviruses-K/W seem play a role in fostering and 

exacerbation of some neurological diseases, including amyotrophic lateral sclerosis (ALS). Given 

these findings, we investigated the immunity response against HERV-K and HERV-W envelope 

surface (env-su) glycoprotein antigens in serum and cerebrospinal fluid (CSF) of ALS, multiple 

sclerosis (MS) and Alzheimer’s disease (AD) patients, and in healthy controls (HCs). 

 

Methods: Four antigenic peptides derived respectively from HERV-K and HERV-W env surface 

proteins were studied in twenty-one definite or probable ALS, twenty-six possible or definite 

relapsing-remitting (RR) MS, eighteen patients with AD and thirty-nine HCs. An indirect ELISA was 

set up to detect specific antibodies (Abs) against env surface peptides.  

 

Results: Among the measured levels of Abs against the four different HERV-K peptide fragments, 

HERV-K env-su 19-37 only was significantly elevated in ALS compared to other groups, both in serum 

and CSF. Instead, among the Abs levels directed against the four different HERV-W peptide 

fragments, only HERV-W env-su 93-108 and HERV-W env-su 248-262 were significantly elevated, in 

serum and CSF of MS, compared to other groups. In ALS patients, the HERV-K env-su 19-37 
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antibodies levels were significantly correlated with clinical measures of disease severity, both in 

serum and CSF.  

 

Conclusions: Increased circulating levels of Abs directed against the HERV-W env-su 93-108 

and HERV-W env-su 248-262 peptide fragments could serve as possible biomarkers in patients 

with MS. Similarly, increased circulating levels of Abs directed against the HERV-K env-

su19-37 peptide fragment could serve as possible early novel biomarker in patients with ALS.  

 

Introduction 

Amyotrophic lateral sclerosis (ALS) is a relentlessly progressive fatal neurodegenerative 

disorder, which leads to loss of cortical and spinal motor neurons [1]. Although several 

genetic forms of ALS have been documented, the etiology of the sporadic form of this 

pathology remains unknown [1].
 
Recently, in the pathophysiology of ALS, a possible 

retroviral implication has been hypothesized since some murine and human retroviruses can 

cause similar neurodegeneration, and in serum of patients with sporadic ALS high activity 

levels of the retroviral enzyme reverse transcriptase (RT) have been demonstrated [2-5]. In 

particular, the exogenous retrovirus human T-lymphotropic virus-1 (HTLV-1) has been 

detected by its RT activity in post-mortem brain tissue of Guamanian ALS patients [6], and 

human endogenous retroviral (HERV) sequences have been detected in motor neurons and 

other cells of the central nervous system (CNS) [6]. Such RT analysis does not identify the 

origin of the enzyme, but it indicates the possible involvement of HERV-encoded elements. 

Different research groups focused on HERV expression in ALS patients studying serum, 

muscle biopsy and brain specimens. Hadlock et al. showed that more than half of sporadic 

ALS patients presented serum IgG reactivity against the HERV-K (HML-2) gag protein [7].
 

These patients disclosed a 10-fold reduction of viral RNA in peripheral blood mononuclear 
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cells, suggesting an effective and ongoing immune response against HERV-K [7]. Increased 

env and gag expression levels have been reported for HERV-W in ALS muscle biopsies [8], 

and for HERV-K pol in ALS post-mortem brain tissue [9]. In a recent study, Li et al. 

demonstrated that HERV-K env protein is able to induce damage in human motor neurons 

[10].
 
Moreover, in motor neurons of transgenic animals the amplified HERV-K env gene 

expression led to progressive motor dysfunction, decreased synaptic activity in pyramidal 

neurons, and DNA damage [10]. The authors concluded that increased HERV-K expression 

in neurons of patients with ALS might contribute to neurodegeneration and disease 

pathogenesis. On the other hand, HERV-W env protein expression has been found in 

association with multiple sclerosis (MS) and seems to correlate with the course and prognosis 

of the disease [11]. In MS, this envelope protein may act as a super-antigen that activates a 

pro-inflammatory and immune-mediated cascade fostering MS [11-14]. Of note, the specific 

humoral immune response against HERV-W env-su glycoprotein antigens found in MS is 

widely missing in neuromyelitis optica spectrum disorder [15]. In the present study, we 

investigated the IgG antibody response against four antigenic peptides derived respectively 

from HERV-K and HERV-W env surface proteins in serum and cerebrospinal fluid (CSF) of 

patients with ALS, MS, Alzheimer’s disease (AD) and in serum of healthy controls (HCs). 

Moreover, in ALS patients, the levels of the four HERV-K antibodies evaluated in serum and 

CSF have been correlated with clinical measures of disease severity.  

 

Results  

Serum analysis, CSF analysis, CSF/Serum Albumin ratio and IgG index. 

Serum inflammatory laboratory parameters as erythrocyte sedimentation rate, C-reactive protein and 

complete blood count were within normal limits in the 3 groups, as also the results of cytochemical 

analysis of CSF, including the white blood cell count. Two or more CSF-restricted oligoclonal bands 
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(OCB) were detected in all MS patients (100%) and none (0%) in patients with ALS and AD, thus 

any correlation between OCB and the occurrence of disease specific antibodies in patients with ALS 

and MS seems unlikely.  

For all samples, IgG index as the marker of intrathecal IgG synthesis, CSF/serum albumin ratio (Q 

Alb) as a marker of blood-brain barrier (BBB) integrity and percentage of samples with different type 

of BBB damage were calculated and shown in Table 1 (supplementary file). No statistically 

significant damage was observed at BBB in MS patients compared to other groups, as evidenced by 

the IgG index and the CFS/albumin ratio.  

Elisa 

Antibodies (Abs) against HERV-K env-su19-37 were found in the sera of 81% ALS patients, whereas 

only 3% of HCs were positive and none of MS and AD patients (AUC=0.96, p<0.0001, ALS vs MS 

and ALS vs AD, p<0.0001) (Fig. 1A). Abs against HERV-K env-su 19-37 were found in CSF of 86% 

ALS, 50% of MS and 39% of AD (AUC=0.75, ALS vs MS p=0.0026; ALS vs AD p<0.00014) (Fig. 

1B). Regarding HERV-K env-su 109-126 peptide, 95% of ALS patients, 69% of MS, 72% of AD and 0% 

of HCs were positive for Abs in sera (AUC=0.997, p<0.0001, ALS vs MS and ALS vs AD, p 

<0.0001) (Fig. 1C), whereas 81% of ALS patients, 42% of MS, and 56% among AD patients reacted 

against HERV-K env-su 109-126 in CSF, (AUC=0.65, no statistical differences were observed between 

ALS vs MS or ALS vs AD) (Fig. 1D). No differences between ALS, MS and AD were observed 

when antibodies against HERV-K env-su164-186  were searched in sera of ALS patients (62%), MS 

(42%),  AD (56%) and in 5% of HCs (AUC=0.73, p=0.0018) (Fig. 1E). The same trend was observed 

in CSF where 43% of ALS, 81% MS, and 56% AD patients showed Abs positivity against HERV-K 

env-su164-186 (AUC=0.63) (Fig. 1F).  

Regarding HERV-K env-su205-226, 71% of ALS patients, 85% of MS,  100% of AD and 10% of HCs 

were positive for Abs in sera (AUC=0.90, p<0.0001) (Fig. 1G) and 57% of ALS, 50% of MS, and 

28% of AD patients showed CSF Ab positivity against HERV-K env-su205-226 (AUC=0.53) (Fig. 1H). 
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Abs positivity against HERV-W env-su93-108 peptide was searched as well and we found 62% of MS 

patients positive whereas only 38% of ALS, 28% of AD and 21% of HCs were also positive 

(AUC=0.78, p<0.001, MS vs ALS, p =0.044, MS vs AD p =0.016) in serum (Fig. 2A). In CSF we 

observed the same trend where 62% of MS patients, 14% of ALS and 17% of AD were positive for 

Abs against HERV-W env-su 93-108 (AUC=0.7, p=0.0008, MS vs ALS, p =0.001; MS vs AD, p=0.034) 

(Fig. 2B). Regarding antibody reactivity against HERV-W env-su129-143, 50% of MS patients, 10% of 

ALS, 44% of AD patients and 26% of HCs were positive in serum (AUC=0.67, p=0.0027, MS vs 

ALS, p=0.002, MS vs AD was not significant) (Fig. 2C); whereas no statistical differences were 

observed in CSF where 46% of MS patients, 33% ALS, and 22% of AD patients were positive (AUC 

= 0.53) (Fig. 2D). Abs positivity against HERV-W env-su161-180 was found in 50% of MS patients, 

43% of ALS, 44% of AD and 28% of HCs in serum (AUC=0.74, p=0.0027) (Fig. 2E), in CSF we 

observed a statistical difference among positivity in MS (58%), ALS (14%) but not in AD patients 

(28%) (AUC=0.7, p=0.058, MS vs ALS p=0.019, MS vs AD was not significant) (Fig. 2F). Finally, 

serum reactivity against HERV-W env-su248-262 peptide was observed in 69% of MS patients, however 

only 5% of ALS, 6% of AD and 18% of HCs were positive (AUC=0.82, p<0.0001, MS vs ALS and 

MS vs AD p <0.0001) (Fig. 2G); a similar difference was found in CSF, where 65% of MS patients, 

0% of ALS and 17 % of AD were positive for HERV-W env-su248-262 (AUC=0.89,  p<0.0001, MS vs 

ALS,  p <0.0001; MS vs AD, p<0.0001), (Fig. 2H).  

We also searched for the occurrence of a double positivity of autoantibodies in serum and CSF in the 

3 groups, in order to find a peptide suitable to serve as possible serum biomarker also predictive of a 

CSF positivity. Sixteen out of 17 sera antibody positive to HERV-K env-su19-37 were also positive in 

CSF (94%). This finding may indicate that this peptide could represent a possible serum biomarker in 

ALS pathology (p<0.0001), (Table 2).  

Regarding HERV-W env peptides both HERV-W env-su93-108 and HERV-W env-su248-262 peptides 

could serve as possible biomarkers of disease in MS but not in ALS and AD. A double positivity in 

serum and CSF was found in 75 % of HERV-W env-su93-108  and 83% of HERV-W env-su248-262 

(p<0.0001) (Table 2).  
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Correlation analyses 

A correlation analysis was performed to establish the association between the antibody positivity 

toward the selected peptides in serum and CSF in the different pathologies. In patients with ALS, we 

found a very good correlation between Abs HERV-K env-su19-37 peptide in serum compared to CSF 

(R2=0.6; P<0.002) (Fig 3A). Instead, no correlation was found in serum and CSF for this peptide in 

MS and AD. (Figs 3B and C). A positive result was also observed for antibodies against HERV-K 

env-su109-126 in serum compared to CSF in patients with ALS (R2=0.33; p=0.03), but not in MS and 

AD (Fig 3D, E and F), whereas the antibody correlation against HERV-K env-su164-186 between serum 

and CSF was significant in ALS (R2=0.4; p=0.003) (Fig 3G). Finally, antibody response against 

HERV-K env-su205-226
 peptide was also slightly correlated in serum and CSF of ALS and MS patients 

(R2=0.2; p=0.04), (Fig 3L and M). These results indicate a good correlation of HERV-K peptides Abs 

response in serum and CSF in ALS patients compared to other groups.  

As previously shown, analysis of HERV-W correlation showed a positivity only in MS patients 

regarding the HERV-W env-su93-108 Abs in serum and CSF (R2=0.27; p=0.05) (Fig 4A, B and C). No 

correlation for antibodies against the other two peptides analysed, HERV-W env-su129-143 and HERV-

W env-su161-180 was observed in the 3 groups (Fig 4D, E, F,G, H and I). A good correlation between 

serum and CSF was found for the antibody response against HERV-W env-su 248-262 in MS compared 

to ALS and AD (R2=0.43; p=0.004) (Fig. 4L, M and N).  

Another correlation analyses was performed to establish the association between the antibody 

positivity of the HERV-K env surface selected peptides in serum/CSF of ALS patients and ALS 

functional rating scale revised (ALSFRS). We found a good correlation between Abs HERV-K env-

su19-37 peptide compared to ALSFRS in serum (R2=0.45; p=0.003) (Fig 5A) and CSF (R2=0.41; 

p=0.004) (Fig 5B). No significant correlation was found for the antibody response against the other 

HERV-K env surface peptides evaluated in serum and CSF of ALS patients compared to ALSFRS. 

(Figs 5C-5H).  
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Peptide IgG-specific antibody index (AI) in the 3 groups.  

Antibody Index (AI) for all patients was calculated according to the following formula AI = 

QIgG[spec]/Qlim [22,24]. A high number of positive samples against the selected peptides in all 

groups showed an AI > 1.5 suggesting an intratecal IgG-specific antibody production against HERV-

K and HERV-W env peptides, as shown in Table 3 (supplementary file). 

 

HERV-K peptides as possible biomarker for ALS 

We collected and analysed serum samples of ALS patients resulted positive to IgG against HERV-K 

surface peptides, before or contemporary to clinical/EMG diagnosis. HERV-K env su19-37 was 

recognized in all samples whereas Abs against HERV-K env109-126 in 93% of samples (Table 4, 

supplementary file). 

 

Discussion 

Currently, no specific biomarkers are available for differential diagnosis of ALS and other 

neurological disorders. Thus, diagnostic and prognostic biomarkers for ALS remain a major unmet 

clinical need.  

Although the cause of neurodegeneration in ALS remains unknown, recently the Avindra Nath 

research group showed that the env glycoprotein of HERV-K might contribute to neurodegeneration 

and disease pathogenesis [9,10,25]. In particular, sustained activation of HERV-K in the CNS of 

sporadic ALS patients, due to still now unknown etiological factors, might induce an innate cellular 

immune response, amplify neuro-inflammation and, ultimately, promote neuronal injury [5,9,10]. 

These authors documented also that, in some patients with HIV-associated motor neuron disease, 

HERV-K activation might be responsive to antiretroviral therapy [26]. However, definite proof that in 
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ALS, HERV-K expression has really a pathogenic role and is not simply an epiphenomenon of HIV 

infection, is still lacking [27].  

Considering these findings, we investigated the HERV-K and HERV-W env antigen-specific humoral 

immunity response in serum and CSF of patients with suspected ALS, MS and AD, with the aim to 

identify a possible biomarker able to support and facilitate an early diagnosis of ALS. In particular, 

we explored an immunological IgG response against HERV-K and HERV-W env surface peptides in 

serum and CSF in patients with ALS, MS and AD. We evaluated the humoral immune response in the 

form of IgG antibodies against peptides previously identified by in silico analysis that allowed us to 

select different antigenic peptides from HERV-K and HERV-W env surface proteins.  

Only one of HERV-K peptides was able to induce a significant humoral immune response in serum 

and CSF of ALS patients. On the other hand, two HERV-W peptides were able to induce a significant 

humoral immune response in serum and CSF in MS patients.  

We also investigated the presence of intrathecal immune response against HERV-K and HERV-W 

surface env peptides. To check the BBB integrity, IgG index (as a marker of intrathecal IgG 

synthesis) and CSF/serum albumin ratio (Q Alb) were evaluated. Results showed a specific intrathecal 

IgG synthesis against the HERV-K and HERV-W peptides (AI >1.5) and the integrity of BBB in the 

majority of patients in the three groups. ELISA analysis showed that IgGs against the HERV-K env-

su19-37
 peptide was higher in cases with ALS compared to the other groups, in both CSF and serum. Of 

note, a higher serum/CSF correlation was found between the levels of IgGs against all HERV-K 

peptides. This result was confirmed by serum and CSF comparison, since only HERV-K env-su19-37 

was significantly positive in both. With regard to HERV-W, the indirect ELISA showed that HERV-

W env-su93-108 and env-su248-262 peptides were able to induce a higher IgG response in MS cases 

compared to ALS and AD patients. As observed in previous studies, these findings suggest a 

possible pathophysiological role of HERV-W family in MS [28-30], and indicate the potential use of 

these antibodies as humoral biomarkers in patients with MS [14, 15].  
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Of note, in this study we exclusively evaluated levels of total IgG antibodies anti-HERV-K and anti-

HERV-W peptides, thus which IgG subclasses were predominant in patients with ALS and MS 

remain to be determined. This is an important issue considering recent data indicating that IgG4 

antibodies fulfil a protective role dampering the more harmful effects of IgG1 when directed against 

to same epitopes [31]. Given these findings, it should also be considered the possibility that the 

immune response we observed might actually have a protective role in these diseases.  

In conclusion, our results are useful both to better understanding the putative role of 

endogenous retroviruses in neurodegenerative and autoimmune diseases, and to indicate 

novel therapeutic strategies for some ALS patients such as the possible utility of specific 

immune treatment. Moreover, the selective increase of circulating levels of the HERV-K env-

su19-37 antibody in serum and CSF may have prognostic significance and serve as early novel 

candidate biomarkers for ALS.  
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Figures Legend. 

Figure 1. Antibody OD measured by indirect ELISA. 21 ALS patients, 26 MS, 18 AD and 39 HC 

were screened for their reactivity against plate-coated with HERV-K env 19-37, HERV-K env 109–126 , 

HERV-K env 164–186  and HERV-K env 205–226  peptides in serum (A, C, E, G ) and CSF (B, D, F, H). 

Scatter plots present median values with interquartile range. Area under ROC curve (AUC) as well as 

p value are displayed in the top-right corner.  Differences with p<0.05 were considered statistically 

significant. Cut-off values for positivity, calculated by ROC analysis are indicated by dashed lines.  

 

Figure 2. Antibody OD measured by indirect ELISA 21 ALS patients, 26 MS, 18 AD, and 39 HC 

were screened for their reactivity against plate-coated with  HERV-W env 93-108 , HERV-W env 129–143 

, HERV-W env 161–180  and HERV-W env 248–262  peptides in serum (A, C, E, G ) and CSF (B, D, F, 

H). Scatter plots present median values with interquartile range. Area under ROC curve (AUC) as 

well as p value are displayed in the top-right corner. Differences with p<0.05 were considered 

statistically significant. Cut-off values for positivity, calculated by ROC analysis are indicated by 

dashed lines.  

 

Figure 3. Scatter plot showing the correlations between IgG against HERV-K env 19-37  in CSF  with 

HERV-K env 19-37   in serum of ALS, MS and AD (A, B, C). IgG against HERV-K env 109-126  in CSF  

with HERV-K env 109-126   in serum of ALS, MS and AD (D, E, F). IgG against HERV-K env 164-186  in 

CSF  with HERV-K env 164-186   in serum of ALS, MS and AD (G, H, I). IgG against HERV-K env 205-

226  in CSF  with HERV-K env 205-226   in serum of ALS, MS and AD (L, M, N). The abscissa in all 

panels represent antibody OD in serum, the ordinate represent antibody OD in CSF. 
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Figure 4. Scatter plot showing the correlations between IgG against HERV-W env 93-108  in CSF with 

HERV-W env 93-108   in serum of ALS, MS and AD (A, B, C). IgG against HERV-W env 129-143  in CSF 

with HERV-W env 129-143   in serum of ALS, MS and AD (D, E, F). IgG against HERV-W env 161-180  

in CSF with HERV-W env 161-180   in serum of ALS, MS and AD (G, H, I). IgG against HERV-W env 

248-262  in CSF with HERV-W env 248-262   in serum of ALS, MS and AD (L, M, N). The abscissa in all 

panels represent antibody OD in serum, the ordinate represent antibody OD in CSF. 

 

Figure 5. Scatter plot showing the correlations between IgG against HERV-K env 19-37  in serum and 

CSF of ALS patients compared to ALS functional rating scale revised (ALSFRS) (A, B). IgG against 

the other HERV-K env surface peptides (HERV-K env 109-126,  HERV-K env 164-186, HERV-K env 205-226 

)  in serum and CSF of ALS patients compared to (ALSFRS)  (C, D, E, F, G, H).  

 

 

Table 2.  The table shows ALS, MS-AD samples serum-CSF double positive for the HERV-K 

and HERV-W peptides. P value was calculated by Fisher’s exact test. 

Peptide name ALS double positive 

CSF-SERUM (%) 

MS-AD double positive 

CSF-SERUM (%) 

P value 

HERV-K SU 19-37  94%   0% P<0.0001 

Peptide name MS double positive 

CSF-SERUM (%) 

ALS-AD double positive 

CSF-SERUM (%) 

  P value 

HERV-W SU 93-108 75% 31% P<0.0001 

HERV-W SU 248-262 83% 0% P<0.0001 
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