Does an Ancient Retrovirus Come Out of Hiding in ALS?

Amber Dance | 27 Dec 2010 https://www.alzforum.org/news/research-news/does-ancient-retrovirus-come-out-hiding-als 

The human genome is littered with scraps of millennia-old retroviruses, which hopped in, never hopped back out, and now pass from parents to children. Some of those retroviruses may wake up and contribute to amyotrophic lateral sclerosis, according to researchers at Johns Hopkins University in Baltimore, Maryland. Their paper was accepted November 8 by the Annals of Neurology and is available online. If confirmed, the results suggest that retroviral genes and proteins could be a useful biomarker for ALS.

First author Renée Douville, who has since moved to the Lady Davis Institute in Montréal, Canada, led the research in the Johns Hopkins laboratory of senior author Avindra Nath. She hunted down the retroviral gene pol, which encodes reverse transcriptase, in a collection of frozen brain samples: 28 cases of ALS (25 sporadic, three familial); 12 cases of chronic systemic disease such as coronary artery disease or cancer; 10 control cases of accidental death, mostly traffic accidents; and 12 cases of Parkinson’s disease. She found the retrovirus HERV-K was active, to varying levels, in nearly all people who had ALS, plus the chronic disease cases. Viral proteins could have been toxic to neurons or upset cellular metabolism, Nath suggested. However, he noted that it is too early to do much more than speculate about the results. “So far, all we have shown is association,” Nath said. “The caveat of all this is it could be a non-specific finding.”

The study is not the first to link ALS and retroviruses. After all, TAR-DNA binding protein 43, currently starring in many an ALS research program, was first identified because it binds the HIV gene TAR (Ou et al., 1995). Scientists have found reverse transcriptase in serum from people with ALS before (MacGowan et al., 2007; McCormick et al., 2008), and hunted for evidence of infectious environmental viruses such as HIV, which can cause ALS-like symptoms (see ARF related news story on MacGowan et al., 2001 and Moulignier et al., 2001; also Verma and Berger, 2006). “They never found anything,” Nath said. Instead, he and Douville sought evidence of endogenous retroviruses, which jumped into human DNA and stayed put millions of years ago (reviewed in Bannert and Kurth, 2006). “Nine percent of the human genome is retroviral sequences,” Nath said.

Nath studies neurological complications of retroviruses such as HIV; he collaborated with Jeffrey Rothstein, an ALS researcher in the laboratory next door, who provided the brain tissue. Douville screened mRNAs, via RT-PCR, with a handful of primers for endogenous retroviral pol. She found that HERV-K pol was transcribed in the ALS cases—sporadic and familial—as well as the systemic disease samples. PD and accidental death samples did not evince RT pol transcription. HERV-K has also been implicated in multiple sclerosis (Dolei et al., 2009; Perron and Lang, 2010). Although HERV-K was the strongest hit, the researchers note that their findings do not eliminate the possibility that other retroviruses are active, too. HERV-K pol mRNA showed up strongly in the prefrontal and sensory cortex, with less in the motor cortex. Nath suggested this is because so many motor cortex cells have already died. The researchers have not yet examined spinal cord tissue.

Is HERV-K expression a cause of neurodegeneration, or merely the swan song of neurons dying for a different reason? The researchers do not know, Nath said, although he pointed to the lack of HERV-K pol transcription in Parkinson’s cases as evidence that it does not show up in every neurodegenerative disease.

Douville further examined pol expression by immunostaining. Ten of 13 ALS cases were positive for RT, versus three of 10 systemic disease cases. Reverse transcriptase tended to show up in clusters of neurons, in the kind of staining pattern one might expect if the virus were made in one cell and released to attack neighboring neurons, Nath noted. He added that the idea was purely hypothetical.

Dozens of HERV-K sequences are sprinkled throughout the human genome, so the researchers attempted to pinpoint the ALS-related loci by sequencing DNA. They used primers that started in the retroviral genes and followed the sequence through into the native human DNA. They found hits on the seventh chromosome, among others. ALS cases, in particular, expressed pol genes at 7q34 and 7q36.1. Tantalizingly, these loci sit within an unidentified motor neuron disease (MND) locus in the 7q34-7q36 region (Gopinath et al., 2007); Douville and Nath suggest the unknown ALS gene could be a retroviral polymorphism.

Garth Nicholson of the University of Sydney, Australia, authored the 2007 paper identifying the 7q34-36 MND locus, and he was skeptical of the retroviral connection. “Our locus causes a non-lethal but disabling motor neuron disease,” he wrote in an e-mail to ARF. “It would need to be a functional gene (rather than a virus relic) and have a disease-specific mutation to be relevant to our disorder.” Further, Nicholson cautioned, “Every now and again retroviruses have been said to cause neurological disorders, but they have not stood the test of time.” Most recently, researchers hypothesize a link between Herpes viruses and Alzheimer’s disease (Porcellini et al., 2010; for review, see also Itzhaki and Wozniak, 2010).

Jeremy Garson of University College London, U.K., has studied RT expression in ALS serum (Andrews et al., 2000; Steele et al., 2005; McCormick et al., 2008). He said this is the first study to identify a specific retrovirus, but agreed the results are very preliminary. “If the findings are independently confirmed and extended by others, it is possible that HERV-K expression might in future become a useful biomarker or diagnostic/prognostic indicator (assuming, of course, that brain biopsy is not required to measure it),” he mused in an e-mail to ARF. “Aberrant HERV-K expression might prove important in understanding the pathogenesis of ALS,” he wrote.

Nath noted that drug companies already possess libraries of retroviral drugs originally developed for HIV. If, indeed, HERV-K or another retrovirus proves important in ALS, it might be worth testing on endogenous retroviruses, he suggested.
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Antiretroviral Therapy for HIV-Associated ALS

Linda Peckel September 30, 2016 https://www.neurologyadvisor.com/topics/neurodegenerative-diseases/antiretroviral-therapy-for-hiv-associated-als/ 

Antiretroviral therapy is effective for treatment of human immunodeficiency virus (HIV)-related motor neuron disease (MND) associated with activation of the human endogenous retrovirus K (HERV-K) within the brain and cortical neurons, according to a National Institute of Health (NIH) study. The small study, which was reported in Neurology,1 included 5 patients with HIV infection who developed signs that closely resembled amyotrophic lateral sclerosis (ALS). 

Of the 5 patients treated, ALS-like symptoms reversed completely in 3 and progression was slowed in the other 2. All patients demonstrated both upper and lower motor neuron involvement that was observed to be consistent through independently performed serial electromyogram (EMG) and nerve conduction studies. 

An accompanying editorial2 by Joseph R. Berger, MD, of the University of Pennsylvania and Christopher Power, MD, of the University of Alberta in Canada, noted that coexistent cases of ALS and overlapping HIV infections were first reported in 1981,3 although over subsequent years, these cases appeared to remit or at least stabilize. Seven cases of ALS-type symptoms were effectively resolved by antiretroviral therapy in seropositive HIV patients in 2001.4,5 The suggestion at the time was that the mechanism of retroviruses provided the perfect vehicle for transmission of ALS into the DNA. This HERV-K variation appears to be symptomatically identical to idiopathic ALS, with the important exception that it appears to be largely treatable if caught early.

Based on this history, the investigators monitored HERV-K levels in all 5 patients studied. Antiretroviral therapies may produce varied responses in different cell types, and some of the agents have reduced uptake by the central nervous system (CNS), although the degrees of variation are not clearly measurable. One patient treated with a dosage sufficient to manage viral load still demonstrated HERV-K activity, and so the dose was enhanced, which resulted in stabilizing the HERV-K levels. Three of the patients who received antiretroviral treatment within 6 months of the appearance of ALS-like symptoms showed significant improvement in those symptoms, suggesting that up to 6 months is the optimal treatment window when given in higher doses that penetrate the CNS. 

As it appeared that HERV-K levels, while reduced in all patients, did not fully arrest after treatment, the investigators further recommended monitoring HERV-K levels to prevent re-elevations from occurring over time. 

Although this initial study was small, Drs Berger and Power speculate that it points to acquired HERV-K activation as a potential mechanism for HIV-associated ALS that may be generalizable to other sporadic forms of ALS. If this turns out to be the case, they suggest, then by extension, HERV-K expression in people without HIV infection suggests justification for antiretroviral therapy at similar doses to reduce HIV-ALS-type symptoms.
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Abstract

Objective: To determine whether there is activation of human endogenous retrovirus K (HERV-K) in amyotrophic lateral sclerosis in HIV infection and whether it might respond to treatment with antiretroviral drugs.

Methods: In this case series, we present 5 patients with HIV infection who subsequently developed motor neuron disease involving both upper and lower motor neurons. We monitored HERV-K levels in plasma of 4 of these patients.

Results: Three patients who received antiretroviral therapy had reversal of symptoms within 6 months of onset of neurologic symptoms and the other 2 had slow neurologic progression over several years. Three patients in whom the levels were measured at onset of neurologic symptoms showed elevated HERV-K levels that responded to optimization of antiretroviral therapy for CNS penetration.

Conclusions: Thus, motor neuron disease in individuals with HIV infection may a treatable entity, but early treatment with CNS-penetrating antiretroviral therapy may be necessary. Monitoring of HERV-K levels may help guide treatment.

GLOSSARY

ALS= amyotrophic lateral sclerosis; 

ARV= antiretroviral; 

CPE= CNS penetration efficacy; 

HERV-K= human endogenous retrovirus K; 

MND= motor neuron disease; 

NCV= nerve conduction velocities
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Viral revival may cause ALS

By Bradley J. Fikes | Sep 30, 2015 | 2:00 PM | https://www.baltimoresun.com/sdut-als-endogenous-retrovirus-2015sep30-story.html 

Reactivation of a dormant retrovirus present in all people can cause ALS, or Lou Gehrig's disease, according to scientists led by National Institutes of Health researchers.

The study raises the possibility that antiretroviral therapy, used for retroviruses such as HIV, might be useful in treating "sporadic," or non-inherited ALS.

Reseachers found that the entire genome of the virus, called HERV-K, was abnormally activated in the brains of deceased ALS patients, including an envelope protein made by the virus.

Experiments in mice found that producing the envelope protein led to neural degeneration, specifically of the brain's motor cortex and motor neurons in the spinal cord. ALS is characterized by loss of motor neurons.

The study was published Wednesday in the journal Science Translational Medicine.

An accompanying analysis piece said the study made a strong case, although it was not conclusive.

"Perhaps most fundamental is the proverbial chicken and egg challenge: Is the activation of HERV-K a cause or a consequence of motor neuron degeneration? In this context, the most compelling aspect of their transgenic mouse work is the finding that elevated expression of the HERV-K env protein is directly pathogenic to motor neurons," the analysis said.

"Although this does not necessarily define primary causality, these data certainly underscore that activation of HERV-K and viral proteins such as env can accelerate motor neuron pathology."

Besides pointing to a possible therapy, the study highlights the ability of such retroviruses, called human endogenous retroviruses, or HERVs, to revive, even after millions of years of hitching a ride on the human genome.

Retroviruses have the ability to incorporate their genome into the genome of the host. HIV is a famous example. DNA sequences recognizable as viral are also found in the genomes of all people, but they normally don't do anything. These HERVs are estimated to make up about 8 percent of the human genome.

Comparative studies with similar sequences in primates and other animals indicates that they were caused by infection in a common ancestor at varying times in the past. Older HERV sequences have often incurred mutations that make them non-functional.

But HERV-K retains its ability to come out of its slumber, making proteins and fashioning virus particles. This is known to take place in certain diseases such as melanoma and HIV infection. It's also the most recently acquired HERV, having repeatedly infected people and chimps before and after the species diverged.

And HERV-K may actually perform a useful function, according to a study published in Nature earlier this year. The study, led by Stanford University scientists, found evidence that HERV-K is activated in human embryos. One of the viral proteins, called Rec, was found to inhibit infection by other viruses when produced in pluripotent human stem cells.

"Moreover, Rec directly binds a subset of cellular RNAs and modulates their ribosome occupancy, indicating that complex interactions between retroviral proteins and host factors can fine-tune pathways of early human development," the Stanford study indicated.

That interaction extends to pregnancy itself, according to research including a 2012 study in Current Biology. The study noted that retroviruses have an affinity for the placenta, often being expressed there.

"Placental expression probably evolved to facilitate retroviral transmission from mother to offspring and from offspring to mother," the Current Biology study stated. "In the process, the placenta became a site where retroviral genes were 'domesticated' to serve adaptive functions in the host, including the manipulation of maternal physiology for the benefit of the fetus."



Bradley J. Fikes is The San Diego Union-Tribune's biotechnology reporter. and covers the San Diego Zoo. He has been covering the industry since 1990, most recently for the North County Times. Other topics he's covered include health care, water supply and wireless technology. A native San Diegan, Fikes started in journalism at San Diego State University, where he served on the staff of the Daily Aztec student newspaper.
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Highlights

· A small percentage of HIV-1 or HTLV-1 patients develop ALS-like syndromes.

· HTLV-1 associated ALS syndrome has autonomic and sensory features, atypical of ALS.

· HIV-associated ALS (HALS) can mimic classical ALS.

· HALS occurs at a younger age and may improve with antiretroviral therapy.

· Recent studies have revealed significantly increased expression of HERV-K in ALS cases.

Abstract

Amyotrophic lateral sclerosis (ALS) is a progressive, invariably fatal neurologic disorder resulting from upper and lower motor neuron degeneration, which typically develops during the sixth or seventh decade of life, and is diagnosed based on standard clinical criteria. Its underlying cause remains undetermined. The disease may occur with increased frequency within certain families, often in association with specific genomic mutations, while some sporadic cases have been linked to environmental toxins or trauma. Another possibility, first proposed in the 1970s, is that retroviruses play a role in pathogenesis. In this paper, we review the published literature for evidence that ALS is associated either with infection by an exogenous retrovirus or with the expression of human endogenous retroviral (HERV) sequences in cells of the central nervous system. A small percentage of persons infected with the human immunodeficiency virus-1 (HIV-1) or human T cell leukemia virus-1 (HTLV-1) develop ALS-like syndromes. While HTLV-1 associated ALS-like syndrome has several features that may distinguish it from classical ALS, HIV-infected patients may develop neurological manifestations that resemble classical ALS although it occurs at a younger age and they may show a dramatic improvement following the initiation of antiretroviral therapy. However, most patients with probable or definite ALS show no evidence of HIV-1 or HTLV-1 infection. In contrast, recent reports have shown a stronger association with HERV, as analysis of serum samples, and postmortem brain tissue from a number of patients with a classical ALS has revealed significantly increased expression of HERV-K, compared to controls. These findings suggest that endogenous retroviral elements are involved in the pathophysiology of ALS, but there is no evidence that they are the primary cause of the syndrome.

ALS-like Symptoms in HIV-infected Patients Reversed by Retroviral Therapies

Tom Fagan 09 Oct 2001 https://www.alzforum.org/news/research-news/als-symptoms-hiv-infected-patients-reversed-retroviral-therapies#article-start 
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Researchers have suspected retroviruses to play a role in amyotrophic lateral sclerosis (ALS) since the 1960s, when poliomyelitis was proposed to contribute to progression of the disease. Through the '80s and '90s, ALS syndromes associated with retroviral infection have been reported, though a direct correlation between the two has been lacking. In last month's Neurology, papers by Moulignier et al. and MacGowan et al. describe seven new cases of ALS-like symptoms in patients infected with HIV. Interestingly, the ALS symptoms responded to retroviral therapy.

MacGowan et al. report a patient, positive for HIV, who had rapidly progressing ALS-like symptoms. The ALS functional rating score dropped from 34/40 at the initial visit, to 13/40 three weeks later, at which time the patient was in a quadriplegic state. She was started on antiretroviral therapy and within six months could again walk with assistance; four years later she has almost fully recovered, with an ALS functional rating of 40/40.

Moulignier et al. identified six HIV-infected patients with ALS-like symptoms, from approximately 1,700 referrals over a 13 year period. The ALS symptoms improved in all patients under antiretroviral therapy, though in two cases symptoms reappeared when therapy failed. In two patients ALS symptoms completely disappeared.

"These data validate the idea that ALS-like symptoms seen in such cases are a consequence of HIV infection and suggest, as the authors point out, that an overactivated immune system may have an effect on motor neurons similar to classical ALS," notes Harvey Cantor, of the Dana-Farber Cancer Institute.

Reversible ALS-like disorder in HIV infection
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Abstract

Objective: To describe the clinical features, treatment, and outcome of six cases of HIV-1-associated ALS-like disorder.

Methods: The authors reviewed patients with HIV infection with neurologic symptoms seen over a 13-year period. Patients were identified by using the El Escorial research diagnostic criteria defining three categories of certainty for definite, probable, or possible ALS. Clinical features, EMG, CSF, serum analyses, and imaging and virological studies were assessed.

Results: Six patients with immunodepression (mean CD4+ cells = 86.2/mm3; mean age = 34 years) developed distal motor weakness mimicking a monomelic amyotrophy that subacutely progressed regionally or assumed a symmetric distribution on more than one region. EMG was characteristic of motor neuron disease with no multifocal conduction block. Causes other than HIV-1 were ruled out. The unusual rapid extension of the disease and the positive response to antiretroviral therapy suggest that ALS syndrome and HIV infection are etiologically related. HIV-1 might cause an ALS-like disorder by several mechanisms—via neuronal infection, by secretion of toxic viral substance, by inducing the immune system to secrete cytokines, or by inducing an autoimmune disease.

Conclusion: These cases suggest that the association between some motor neuron diseases and HIV infection is not coincidental but pathogenetically related and that ALS-like disorder should be considered an HIV-related neurologic complication.

· Received March 30, 2001.

· Accepted July 14, 2001.
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Antiretroviral therapy in sporadic adult amyotrophic lateral sclerosis.
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Abstract

Clinical and experimental findings in idiopathic amyothrophic lateral sclerosis (ALS) would be compatible with a retroviral involvement. In 35 adult patients with non-familial ALS we observed elevated circulating immune complexes, a decrease in IgG3 isotype and enzyme-linked sorbent assay (ELISA) serum antibodies against human spuma retrovirus (HSRV), confirmed by specific human foamy virus immunoblots. All 35 were negative for IgM or relevant IgG anti-ganglioside antibodies. We treated 12 HIV-negative, immune-complex-positive ALS patients with 500 mg d-1 zidovudine p.o. over 2-10 months and found reductions of serum creatine kinase and circulating immune complexes from two days to two weeks after the beginning of medication.
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