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HERVs: THEIR ASSOCIATION WITH NEUROLOGICAL DISEASE Table 1. HERVs associated with neurological disease
Human endogenous retroviruses (HERVs) are DNA sequences from ancient viral germ line in- DISEASE RETROTRANSPOSON ELEVATED CYTOKINES
fections which comprise 8% of the human genome. They consist of two long terminal repeats Multiple Sclerosis (MS) HERV-W, HERV-H IFN-y, IL-6, TNF-a
(LTR)encompassingthree proviral gene openreading frames: gag, polandenv, although some Fibromyalgia (FM) HERV-K, HERV-H, HERV-W | INF-B, INF-y
have lost some, or even all, the proviral genes. HERVs can control gene expression of nearby Attention deficit hyperactivity disorder (ADHD) | HERV-H IL-6, TNF-B
genes, being necessary for some physiological processes. However, their expression needs Aicardi-Goutieres syndrome (AGS) LINE-1 TNF-a, IL-15, IFN-a
tobe tightly regulated to avoid potential harmful effects, such as neurological disease (Table Rett syndrome (RTT) LINE-1 L6, IL-8
1). HERVSs transcription is restricted by epigenefic mechanisms such as DNA methylation and Autism spectrum disorder (ASD) HERV-H, HERV-W, LINE-1 | IFN-y, IL-1B, IL-6
histone modifications (Figure 1), modulated by environmental factors like nutritional defi- Binolar disorder (BD) HERV-W. HERV-K L6, TNF-a. IL-10
cits or viral infections, among other. Under neuroinflammatory pathological conditions, such _ ) )
_ _ _ _ _ _ Sporadic amyotrophic lateral sclerosis (ALS) HERV-K TNF-a, IL-6, IL-8, IL-1B
as in Mulfiple Sclerosis (MS) and Amyotrophic Lateral Sclerosis (ALS), fwo diseases whose e T S I Ny, (L4, 1L6, 1L, 113
primary cause remains unknown, aberrant HERV expression is clearly evidenced, and its pre- myaigic encephalomyelitis (CFS/MS) L6, TNF-c, IL-1B, IL.2
: : Schizophrenia HERV-W, HERV-K ENov. IL-8 ! ’
sence linked as causative. Y. IL-
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Methylation Figure 1. Retroelements silencing mechanisms.
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H3K14 q SUV39H1 ¥  Hu3kia | H3KO In adult tissues, refroelements are repressed by epigenetic modifications. DNA methylafion impairs franscription fac-
ONMTA H3K Aeel T“}: tors binding, inhibiting gene expression. It is controlled by DNA methyltransferases (DNMTs). DNMT3L binds to his-
.ﬂ:?____{:?..g Ve Q s @ tone 3 (H3) tails and recruits DNMT3a and DNMT3b to establish de hovo methylation in hypomethylated DNA. Also,
) ?’.HDNMTSHKU"J DNMT3a/b bind to DNA hypomethylated regions, not protected by transcription factors. When DNA is hemimethyla-

e

Methylation

v

ted, methyl-CpG binding proteins (MBD), like MeCP2, bind fo methylated DNA and recruit various repressor comple-
xes. MeCP2recruits DNMT1 to perform DNA methylation and can also bind fo histone deacetylases (HDAC) and H3KS
methyltransferases like SUV39H1 to stabilize chromaftin structure repressing gene expression. Moreover, MBD pro-
teins expressionis higher in brain than in other tissues. Another family of proteins, KRAB zinc finger proteins (KRAB-
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M;;gyﬂf Herglleghr{fmd Me 3 Hypgggeahﬂfmd /FPs) are essential in retroelement silencing. They bind to specific posifions and recruit the corepresor TRIM28/
H3K9 KRAB H3K14 KAP1, which also recruifs the SETDB1 methyltransferase. SETDB1 binds to K9 methylated or K14 acetylated tails of
TRIM28 H3 to repress refroelements in brain cells, B lymphocytes and T lymphocytes. (Created with Biorender.com).
- /KAP1
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HERV-W AND MULTIPLE SCLEROSIS (MS)
HERV-K AND AMYOTROPHIC LATERAL SCLEROSIS (ALS) On the other hand, MS is a chronic inflammatory and neurodemyelinating disease whose

assoclation with HERV-W has been demonstrated. MS development is characterized by

In ALS motor neuronsfromthebrainand/orspinal cord progressivelydegenerate causingmus- an acute inflammatory process af early stages mediated by penetrating T and B cells in the

cle weaknessthat lead fo paralysis and death of the patient. ALS can be sporadic (sALS) (90% brain while impairment of myelin infegrity and axonal damage are taking place. With im-

of the cases) or genetic (107%) due to specific mutations. It has been shown that the HERV-K proved knowledge of MS, new therapies with fewer secondary effects and better efficacy

env gene Is highly expressed in cortical and spinal neurons of sALS, and nof in other neuro- nave arisen. From IFN injectables or fingolimod oral treatment to monoclonal anfibodies

degenerative diseases such as Alzheimer’s or Parkinson’s disease, indicafing its expression . . . . . .
Ike natalizumab or ocrelizumab, all therapies target immune cells. However, and, despi-

s specific 1o SALS. Furthermore, invifro expression of HERV-K envin human neurons causes te their contribution fo MS symptoms amelioration, none showed neuroprotective effects.

neuro’rc:?(ic:i’ryz.mdinvivngxgressimn in’rransgenicmic‘e Ieads.’rc: progressive mm’rmrdysfunc.:’rimn. A recently developed monoclonal antibody against HERVW- Env protein, GNbACT (also
Interestingly, increased incidence (3.5 out of 1.000) in HIV-infected persons, HIV -associated
ALS (HALS), is found compared 1o sALS (4-6 out of 100.000). Clinical manifestation of HALS
Is Idenftical to sSALS despite it occurs at an earlier age and its clinical progression is faster. In
fact, It has been shown that HIV-Tat protein induces the activation of HERV-K. When HALS

pafients are treated with antiretroviral therapy, HERV-K expression decreases, and symp-

called temelimab), is currently being tested in clinical trials (Table 2) constituting the first
biological directed therapy against an HERV-encoded product. As GNbAC1 seems to have
remyelinating benefits but does not seem to be iImmunomodulator, it would be interesting

to test a combinatorial therapy between monoclonal antibodies targeting B cells and GN-
bAC1 antibody. A current clinical trial which studies the effects of GNbAC1 administration
following rituximab therapy is ongoing (NCT04480307/, Table 2).

toms related 1o ALS are relieved. However, It remains unclear whether HERV-K expression
Is directly inhibited by the antiretroviral therapy or If It Is a consequence of HIV inactivation.

Inferestingly, HERV-.K seems fo be the only HER‘TJ c:apa.ble. C.If retrotranscription in .’rhe human CONCLUDING REMARKS
genome. Invitro studies testing FDA approved anti-HIV inhibitors of reverse transcriptase (te-
nofovir, abacavir, lamivudine) orintfegrase (dolutegravir) also show areduction of HERV-K ex- In addifion fo the observed biomarker value of HERVs in neurological disease, this focu-
pression, while protease inhibitors (Darunavir or Lopinavir) are not as effective. Currently the sedreview for ALS and MS updated freafments points at the potential for HERV-directio-
NCT02437110clinicaltrial (Table nal therapies foradditional diseases associating with HERV activation. Further research on
| | P"ii?'é‘éﬁ?i:{‘“ 2) aimed atlearninghow anti-HIV the epigenetic mechanisms involved in the expression landscape of HERVs genome-wide
termi ,.?Ig::ﬂg?a?de @;;i;;a] Eé‘ﬁ;ﬁﬁﬁﬂ“ drugs affect HIV-negative sALS may bring light fo their particular implication in each of the neurological diseases exami-
\ Eit"li’.?fﬁﬁiﬁ ::,.- Corerri patients is ongoing. ned which present with clearly distinctive symptomatology.
Extracellular v
00000 000000 Table 2. Clinical trials on HERV-K and HERV-W expression

DISEASE CI_'IERN]I‘E?L TYPE HERV MECHANISM OF ACTION RESULTS RESPONSIBLE PARTY

Dolutegavir: HIV-1 integrase inhibitor

_ Triumeq (dolutegravir Small Abacavir: carbocyclic nucleoside with po- Safe and well tolerated. Neuroscience Trials
Cytoplasmic ALS NCT02868580 9 regravir, HERV-K tent selective anti-HIV activity. Favorable response on .
abacavir, lamivudine) molecule L : . Australia
Lamivudine: reverse transcriptase HERV-K expression levels.
inhibitor

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Darunavir: HIV protease inhibitor

Fiaure 2. GNbAC1 taraets both MSRV and Svncvtin-1 Darunavir, rifonavir, : . — National Institute of
9 g yneyt NCT02437110  dolutegravir, fenofovir > HERV-K Sronavin Iy protease inhibitor Not available Neurological Disorders
HERVW-Env protein (GenBank: AF331500) structure has been predic- alafenamide (TAF) 9 ' 9 and Stroke (NINDS)

TAF: reverse transcriptase inhibitor
ted by PhyreZ2 software. The GNbAC1 epitope amino-terminal location is

shown in light green. Epitope amino acid sequence and residue posifions

are indicated. The 4 amino acid sequence that differentiates the MS -rela- Ms | NCT02782858 Temelimab (GNbACT) Biological HERV-W 532?:23,:”52 ;?;I_Eﬁfj I:ea:;rcanbll:\:;z GeNeuro SA
ted HERVW-Env protein (MRSV) from the HERVW/Syncytin-"1 are shown Humanised |gG4 monoclonal antibody P P
in dark green. The positions of these 4 amino acids in MRSV primary se- that fargets the envelope protein (Env) of - paqyiction in brain atrophy of 40% under
| inal disposition | NCT03239860 Temelimab (GNbAC1) Biological HERv-w hehumanendogenous multiple sclero- 4g mq 1 g GNbACT and remyelinati
quence are shown and their carboxy-tferminal disposition in the structure 8 emelimab ( ) Biologica _ _ _ 8 mg/kg and remyelinating GeNeuro SA
| | | | sis-associated refrovirus (HERV-W) effects
s labeled in dark green. This shows that the GNDACT antibody dOES NOT L ettt ssssss st ssssssessssensseenmesies e esesss s ess s s eosss e E a2 SERRS R85
differentiate between either orthe two HERVW-Env profeins cited. (Crea- NCTO04480307 Temelimab (GNbAC1) Biological HERV-W Not available GeNeuro SA

ted with Biorender.com)
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