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Human endogenous retroviruses (HERVs) are ancient, currently inactive, and non-infectious due to recombination, dele-
tions, and mutations in the host genome. However, HERV-derived elements are involved in physiological phenomena in-
cluding inflammatory response. In recent studies, HERV-derived elements were involved directly in various inflammatory
diseases including autoimmune diseases such as rheumatoid arthritis (RA), multiple sclerosis, amyotrophic lateral sclerosis
(ALS), and Sjogren’s syndrome. Regarding the involvement of HERV-derived elements in inflammation, two possible
mechanisms have been proposed. First, HERV-derived elements cause nonspecific innate immune processes. Second,
HERV-derived RNA or proteins might stimulate selective signaling mechanisms. However, it is unknown how silent
HERV elements are activated in the inflammatory response and what factors and signaling mechanisms are involved with
HERV-derived elements. In this review, we introduce HERV-related autoimmune diseases and propose the possible action
mechanisms of HERV-derived elements in the inflammatory response at the molecular level.
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Retroviruses insert their genes into the host’s
DNA during the viral replication process. Some
retroviruses inserted into the human genome
from millions of years ago are inactive and exist
as endogenous retroviruses that are no longer
replicated as active viruses due to various
causes, such as mutations or deletions, and only
traces of viral genes remain in the human
genome. These endogenous retroviruses account
for approximately 8 % of human chromosomal
DNA. Human endogenous retroviruses
(HERVs) have lost the ability to replicate and

infect by forming an active virus. However,
there are recent reports that viral genes of the
HERV family were actively expressed and
HERV-derived elements were the pathological
contributor to various diseases. A typical exam-
ple is the correlation between cancer and HERV
elements; HERV element expression is associ-
ated with various cancers including lymphoma,
breast cancer, prostate cancer,1 melanoma,2 pan-
creatic cancer,3 ovarian cancer,4 and leukemia.5

Based on our recently published study results,
the expression of HERV-K and HERV-R Env
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proteins in 10 representative cancer tissues was
significantly higher than in normal tissues sur-
rounding the tumor.6 HERV elements are report-
edly involved in cancer as well as other several
diseases. The expression of HERV-K and HERV-
W elements was significantly increased and con-
tributed to chronic fatigue syndrome and myalgic
encephalomyelitis.7

Reportedly, HERV-W plays a role in major de-
pressive disorder and schizophrenia.7,8 Further-
more, HERV elements have been shown to be
involved in autoimmune diseases including
rheumatoid arthritis (RA), systemic lupus erythe-
matosus (SLE), multiple sclerosis, Sjogren's syn-
drome, alopecia areata, type I diabetes, primary
biliary cirrhosis, and systemic sclerosis.9 Inflam-
matory diseases accompanied by autoimmune
diseases account for a significant portion of
HERV-related diseases other than cancer. How-
ever, it is unclear how HERV elements affect in-
flammatory diseases including autoimmune
disorders. In this review, we examine the rela-
tionship of HERV elements in inflammatory ac-
tions, including autoimmune diseases, and the
possible involvement of HERV-derived elements
underlying the mechanism of inflammatory con-
trol.

HERVS AND AUTOIMMUNE DISEASES
HERVs account for approximately 8 % of the

human genome and play various roles; however,
the contribution of HERVs to inflammatory and
neurological diseases has been investigated. In a

previous study, HERVs induced and increased
inflammatory diseases.10 Although HERVs are
involved in existing diseases, the contribution to
inflammation is a newly discovered role, and the
mechanism of action has yet to be established.
The human body has a complex immune system
for defense against invasion of external patho-
genic viruses. The immune system is divided into
innate immunity that responds immediately with-
out association with a specific pathogen and ac-
quired adaptive immunity obtained by exposure
to disease or vaccination. These immune re-
sponses induce abnormal immune reactions,
causing allergies or immune diseases. Excessive
reactions in the immune system, such as the
well-known cytokine storm, occur and attack
normal cells, causing large-scale inflammatory
reactions. The expression of HERV elements can
trigger both innate and adaptive immunity, and
immune cells can induce the expression of
HERV elements. The research to date shows that
abnormal activation of HERVs can induce in-
flammation and lead to abnormal regulation of
the immune system.11 Autoimmune disease in-
volves abnormal regulation of the HERV-re-
lated immune system.12 Autoimmune reaction
is an abnormal immune response that recog-
nizes and attacks self-antigens and includes
typical autoimmune diseases such as insulin-
dependent diabetes mellitus, multiple sclero-
sis, and RA. Typical autoimmune diseases
reportedly associated with HERVs include
multiple sclerosis and amyotrophic lateral
sclerosis (ALS), and their relationship with
HERVs is discussed in detail.
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Multiple sclerosis
Previous study suggested that HERV elements

may play an important role in initiating neuro-
genic inflammation.13 Multiple sclerosis is a rep-
resentative neurological disease in which
inflammation frequently recurs in various areas
of the central nervous system. Symptoms and
signs of the disease vary depending on location
of pathological symptoms. The exact cause re-
mains unknown, but autoimmune reactions play
a major role in the development of multiple scle-
rosis in patients with genetic factors. The HERV-
W family has been proposed as an important
contributor to multiple sclerosis.14 The HERV-W
family is activated and expression increased in
neuropsychiatric and autoimmune diseases.15

Multiple sclerosis is more common in Westerners
than Asians, including Koreans, and most previ-
ous studies have focused on European groups
with a very high risk of multiple sclerosis. In a re-
cent study, HERV-W expression was reported to
differ depending on race and residential area.14

Another study also suggested that the expression
of HERV genes as possible biomarker and target
in neurodegenerative diseases  including multiple
sclerosis.16

ALS
ALS is a neurodegenerative disease that causes

loss of muscle control by affecting nerve cells in
the brain and spinal cord. HERV-K has been
shown to be involved in ALS.10 Reverse tran-
scriptase (RT) encoded by the HERV-K pol gene
was detected first in the brains of ALS patients;
in a follow-up study, the HERV-K gag, pol, and

env genes were confirmed to be expressed in the
brains of ALS patients.10,17 Expression of HERV-
K elements was observed in cortical and spinal
neurons of ALS patients but not in healthy indi-
viduals. Among the HERV-K elements, env, in
particular, is expected to be involved in neurode-
generation.10 Although HERV-K elements are ex-
pressed specifically in ALS, the cause of
HERV-K activation in neurons in ALS patients is
unknown. HERV-K activation is hypothesized to
be involved in the pathogenesis of ALS, possibly
through activation of an ancient fragment of
HERV-K in certain areas of the central nervous
system by an unknown mechanism, causing neu-
rotoxicity.11 In addition, HERV-K affected nerve
cells in mouse experiments by reducing the length
or complexity of dendrites.10 These results indi-
cate that HERV-K is closely involved in ALS dis-
ease in various ways. 

Rheumatism
HERVs also are associated with rheumatic dis-

eases. For example, RA is an autoimmune disease
in which chronic inflammation occurs only in
joints. Although the etiology of RA is unknown,
HERVs have been reported as a potential cause
of the disease.9 To clarify the role of HERVs in
RA, serological and molecular analyses were per-
formed, and results confirmed that HERV-K
(HML-2) gag activity was significantly increased
in RA patients compared with healthy individu-
als.18 In addition, HERV-K mRNA was signifi-
cantly upregulated in RA patients when the
degree of inflammation in RA patients and con-
trol groups was compared based on real-time



PCR analysis.19 Consequently, HERV-K is con-
sidered to play an important role in the onset of
RA; however, the exact mechanism has not been
identified, and future studies are needed to clearly
analyze the association between HERV-K and
RA.

Another rheumatic disease is systemic lupus
erythematosus (SLE), which attacks all tissues
of the body. SLE is difficult to predict, diagnose,
and treat due to its various symptoms. Although
the HERV activity involved in SLE remains un-
clear, HERV-E mRNA expression was high in
CD4+T cells in SLE patients. This result indi-
cates that HERV-E mRNA could be used as a
biomarker of SLE.20 In another study, RNA-seq
analysis of SLE patients and controls showed
that expression of HERV LTR and sub-HERV
families was significantly increased in the blood
of SLE patients compared with controls.13, 21, 22

These results indicate that HERVs contribute to
SLE, and further studies are needed to determine
how increased expression of HERV elements af-
fects SLE. 

Sjogren’s syndrome
Sjogren's syndrome is an autoimmune disorder

in which lymphocytes invade exocrine glands
such as salivary and lacrimal glands and cause
chronic inflammation, leading to secretion dis-
orders including dry mouth and eyes. The cause
of Sjogren's syndrome remains unclear, although
genetic causes, viral infections, and hormonal
abnormalities are expected to be involved. In a
previous study, HERV-E clone 4-1 was shown
to affect Sjogren's syndrome.23 In 2005, HERV-

K113 was reported to be expressed in 15.6% of
96 Sjogren's syndrome patients in the UK, indi-
cating HERV-K113 as a genetic risk factor for
some autoimmune diseases.24 Studies about
HERV in Sjogren’s syndrome in Asians are lack-
ing.

HERVS IN THE INFLAMMATORY RESPONSE
One thing to consider to determine the correla-

tion between HERV and inflammatory response
is how the inflammatory response induces latent
HERV activity. Although the mechanism by
which the inflammatory response induces HERV
activation has not been elucidated, several hy-
potheses have been proposed. The HERV locus
has been identified as a potential modulator of
autoimmunity,25 and changes in cytokines were
suggested to induce autoimmune diseases by reg-
ulating HERV gene expression.26, 27 Various fac-
tors expressed by the inflammatory response
either directly or indirectly promote HERV gene
expression or activate the HERV gene that has
been suppressed through epigenetic regulation.
Recently, Krüppel-associated box domain zinc
finger proteins (KRAB-ZFPs) were reported to
regulate the expression of endogenous viruses
in mice and to be involved in SLE.28 These re-
sults indicate the existence of factors regulating
the expression of HERVs. Activated HERV
genes are likely to contribute to immune activ-
ity at the RNA or protein level. Hypothetically,
activated HERV genes induce an immune re-
sponse by acting as a foreign antigen, or the
RNA and proteins elicit a specific signaling
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mechanism to produce a selective immune re-
sponse. 

Induction of inflammation due to HERV el-
ements 

Most HERVs have an inactivated provirus
genome to prevent transcription of the retrovirus
gene. However, some HERVs have the potential
for transcription and translation and maintain an
open reading frame (ORF) within the human
genome. Although expression of HERVs in
healthy humans is limited, HERV gene expres-
sion might occur due to malignant transforma-
tion or epigenetic stimulation. This type of
HERV gene is not normally present, but newly
exists in a specific environment by certain stim-
ulation and can be recognized as an external
antigen. The HERV Env protein has been re-
ported to induce both innate and adaptive immu-
nity, leading to inflammation, cytotoxicity, and
apoptosis.29 In addition, the HERV Env protein
acts as a powerful activator of the immune sys-
tem, with superantigen function, promoting non-
specific stimulation of T lymphocytes, and can
lead to massive cytokine release with wide-
spread tissue damage and systemic life-threat-
ening symptoms (e.g., shock, multicenter
failure).30 HERV-derived proteins can form anti-
gens that can be recognized by T cells and B
cells, and cell-mediated immune responses to
ERV antigens have been observed in animal
models and human studies. In addition, im-
munological self-tolerance to HERVs is incom-
plete.31 In particular, HERV-W Env can induce
dendritic cell maturation through the Th1-like

immune response, a helper T cell, and HERV-W
Env is reported to stimulate CD14/toll-like re-
ceptor 4 (TLR4) to promote the Th-1like im-
mune response, promoting a congenital immune
response.19 These results indicate that HERV-de-
rived factors newly introduced by certain stim-
ulation can be recognized as external antigens
and cause new immune responses. 

Involvement of HERV-derived RNA in the
inflammatory response   
In recent studies, RNA in the HERV-K (HML-

2) env gene domain was shown to bind to TLR7
in mouse neurons and microglia. The RNA also
binds to human TLR8, causing neurodegenera-
tion, indicating that HERV-K RNA participates
in the neurodegenerative process by inducing a
selective signaling mechanism through TLR as
a ligand of TLR7 or TLR8. In another study,
HERV-K env RNA induced the expression of
type I interferon and cytokines by binding to
MDA-5 and TLR3 receptors in THP-1 mono-
cyte cells. These results confirmed that HERV-
derived RNA is involved in a selective signaling
mechanism by binding to a receptor.32 In addi-
tion, gamma irradiation triggered HERV-de-
rived RNA binding to TLR3 to induce signal
transduction in macrophages.29 These results in-
dicate that HERV-derived RNA mediates sev-
eral immune responses by binding to receptors.

Involvement of HERV-derived protein in the
inflammatory response  
Reportedly, RNA as well as HERV-derived pro-

teins participate in the inflammatory response



through a selective signaling mechanism such as
direct interaction between HERV proteins and
TLR. The HERV-W Env protein binds to TLR4
and CD14 and stimulates production of proin-
flammatory cytokines including IL-1β, IL-6, and
TNF-α.19 In addition, TLR interacts with the
HERV-W family and produces an inflammatory
response in multiple sclerosis. TLR2 stimulated
by HERV-W protein induces NF-κB to generate
Th1 and Th17 cytokine responses.33, 34 Report-
edly, recombinant TM protein and peptide cor-
responding to the immunosuppressive domain
(ISD) of HERV-K inhibit the proliferation of
human immune cells and regulate the release of
cytokines, similar to the ISD of HIV-1.30 The SU
region of the HERV Env protein has been shown
to induce cell-cell fusion and fusion formation,
resulting in tumorigenesis and chromosomal in-
stability. The TM region of the protein mediates
tumor cell immune evasion through immuno-
suppressive activity.31 These results indicate that
HERV-derived proteins can play an important
role in inflammatory response.

Ongoing research
Experiments to suppress the expression of spe-

cific HERV elements using siRNA or CRISPR-
Cas9 are being conducted to elucidate the
functions of HERV-derived elements. Studies of
siRNA treatment with HERV-K env in pancre-
atic cancer cell lines and removal of HERV-K
env in lung cancer cell lines using the CRISPR-
Cas9 system showed that tumorigenic properties
including proliferation, invasion, and migration
of cancer cells were significantly reduced. The

HERV-K env gene was found to affect the RAS-
ERK-RSK pathway in pancreatic cancer and the
NUPR1-Rb pathway in colorectal cancer.3,35

Based on these study results, HERV elements
regulate specific signaling pathways; however,
further studies are needed to determine whether
regulation of the signaling pathways occurs
through RNA or proteins and what types of re-
ceptors are involved.

CONCLUSIONS

The reported immune diseases affected by
HERV elements are summarized in Figure 1.
Several HERV-derived elements have been re-
ported to play important roles in various immune
diseases, including autoimmune disorders. Al-
though the mechanism of immunomodulatory
action of HERVs has not been elucidated, pro-
motion of various immune responses with a new
antigen by activation of latent HERVs is possi-
ble, promoting multiple immune responses. Fur-
thermore, HERV-derived RNA and proteins
could combine with receptors to induce specific
signaling mechanisms. The schematic diagram
of the HERV mediated immune response path-
way are summarized in Figure 2. However, con-
sidering the various effects and actions of
HERVs, induction of new receptors and signals
might be involved in addition to known mecha-
nisms and pathways, and the specific stimuli that
activate HERVs have yet to be clarified. There-
fore, further research regarding HERV-derived
elements is needed. 
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Fig. 1. Autoimmune diseases associated with HERV-derived elements

Fig. 2. Schematic diagram of the HERV mediated immune response pathway
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