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Abstract

Background: Human Endogenous Retroviruses (HERVs) are genetic elements in the human 

genome which resulted from ancient retroviral germline infections. HERVs have strong 

transcriptional promoters and enhancers that affect a cell’s transcriptome. They also encode 

proteins that can exert effects in human cells. This review examines how our increased 

understanding of HERVs have led to their potential use as biomarkers and immunologic targets.

Material and Methods: PubMed/Medline, Embase, Web of Science and Cochrane databases 

were used in a systematic search to identify all articles studying the potential impact of HERVs 

on surgical diseases. The search included studies that involved clinical patient samples in 

diseases including cancer, inflammatory conditions and autoimmune disease. Articles focused 

on conditions not routinely managed by surgeons were excluded.

Results: 86 articles met inclusion and quality criteria for this review and were included. Breast 

cancer and melanoma have robust evidence regarding the use of HERVs as potential tumor 

markers and immunologic targets. Reported evidence of the activity of HERVs in colorectal 

cancer, pancreatic cancer, hepatocellular cancer, prostate and ovarian cancer, germ cell tumors 

as well as idiopathic pulmonary hypertension, and the inflammatory responds in burns was also 

reviewed.

Conclusions: Increasingly convincing evidence indicates that HERVs may play a role in 

solid organ malignancy and present important biomarkers or immunologic targets in multiple 

cancers. Innovative investigation of HERVs is a valuable focus of translational research, and can 

deepen our understanding of cellular physiology and the effects of endogenous retroviruses on 

human biology. As strategies for treatment continue to focus on genome-based interventions, 

understanding the impact of endogenous retroviruses on human disease will be critical.
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Introduction

Human endogenous retroviruses (HERVs) represent a class of retrotransposable elements 

in the human genome derived from insertion of retroviral DNA in the human germline. 

They comprise 8% of the human genome and have broad effects on human biology [1]. 

An example of the biologic function of these viruses is the Syncitin protein, which is 

exapted from a HERV envelope gene that drives cell-cell fusion and the formation of 

syncitiotrophoblasts in the mammalian placenta [2]. Another biological function is a HERV 

promoter that activates the amylase gene in the human salivary gland which contributed to 

the expansion of the human diet to include starches [3].

Retroviruses are RNA viruses that replicate via a DNA intermediate and integrate 

permanently into a host’s genome. The retrovirus then utilizes the host transcriptional 

machinery to generate progeny virions. Though retroviral infection usually occurs in somatic 

cells, over evolutionary time, different retroviruses have infected and integrated into the 

genome of human germ cells. When the provirus becomes permanently integrated into the 

human germline, it is passed onto progeny in Mendelian fashion. After initial integration, 

the provirus is also capable of retrotransposition, which has the effect of amplifying the 

number of copies (100–1,000) of the provirus in the host genome. The viruses are eventually 

rendered replication-incompetent through accumulated deletions and nonsense mutations 

within the viral genome. In this way, the virus becomes fixed in the human genome. At 

this point, these retroviruses are “endogenized,” as they are no longer capable of horizontal 

infection of another host and are re-classified as HERVs. In addition to acquiring large 

deletions and nonsense mutations within the proviral genome, HERVs experience host 

transcriptional silencing through DNA methylation and chromatin remodeling [4, 5].

There have been approximately 40 independent, phylogenetically distinct HERV groups 

categorized in the human genome [6]. This has led to a classification system based on the 

tRNA primer binding site of the HERV reverse transcriptase [7]. For example, the most 

recently integrated HERV, which was acquired in the human genome after the divergence 

of chimpanzees and humans [8], has a lysine (amino-acid code K) tRNA binding site and 

is so classified as HERV-K. The HERV-K members are the most biologically active of the 

HERVs, as they were most recently acquired and have therefore undergone the least amount 

of genetic silencing.

Within every retroviral genome, including HERVs, two flanking long-terminal repeats 

(LTRs) contain promoters that drive transcription of viral sequences, which include at least 

3 genetic regions common to all retroviruses: Gag, Pol, and Env (Figure 1). The Gag 
region encodes structural proteins for assembly and encapsulation, the Pol genes encode 

enzymes for replicating the genomic RNA, including retroviral enzymes protease, reverse 
transcriptase and integrase, and the Env region encodes envelope proteins that mediate viral 

fusion and infection.
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Investigators have been attempting to elucidate the functions, either biologic or 

pathophysiologic, for these endogenous sequences since their discovery [9]. As techniques 

for detecting HERVs have improved, so has their detection in human biology. They have 

correspondingly been increasingly studied. This is evidenced by the progressive expansion 

of HERV-related scientific publications since the early 1990’s (Figure 2), covering a diverse 

range of inquiry including cancer [10], neuroinflammatory disease [11], innate immunity 

[12], autoimmune disease [13], zoonosis in xenotransplantation [14] and activation by other 

viruses [15, 16]. For some disease processes like multiple sclerosis, robust evidence has 

demonstrated the Env protein from a HERV group is highly expressed in neural plaques 

and enacts a pro-inflammatory microenvironment in neurons [17, 18]. This has led to the 

development of a humanized monoclonal antibody to the Env protein and a current clinical 

Phase-2 randomized trial evaluating the monoclonal antibody efficacy in patients diagnosed 

with multiple sclerosis [19].

A major area of investigation has been in oncogenesis, where there is a well-established 

history of retroviruses associated with malignancy. [20]. Controversy remains whether 

the presence of HERV elements have a role in cancer initiation or progression, or if 

they are a bystander effect of epigenetic changes in the cancer cell [21]. Generally, 

HERV differential regulation in cancer cells is likely a result of the global genomic 

instability of tumors leading to hypomethylation of DNA and chromatin remodeling. These 

epigenetic changes can expose previously transcriptionally silent HERV LTRs which results 

in increased transcription and translation of HERV elements [21]. Though HERVs are 

no longer replication competent, they can have significant effects on transcription levels 

of human genes and oncogenic pathways through the insertional position of the LTRs 

near, for example, proto-oncogenes [22]. HERVs can also act as alternative promoters and 

polyadenylation signals resulting in alternative splicing of human genes, especially when 

they are inserted within intronic regions [23, 24].

HERV proteins have been shown to interact with other cytosolic proteins including zinc 

finger motifs on tumor suppressor genes [25], and are involved in tumor immune-evasion 

[26] as well as metastatic transformation through cell fusion [27]. HERV proteins are 

also immunogenic; a strong body of evidence demonstrates upregulation of an adaptive 

immune responses to HERVs in malignant tissue and serum. Such a response is absent 

in unaffected organs or serum from disease-free individuals. Consequently, HERVs are 

viewed as intriguing targets for immune therapy and as biomarkers for diagnosis and disease 

progression. It is important to emphasize that HERVs roles in cancer progression (or any 

disease) is not a result of an “infection” as HERV elements were permanently integrated 

into the human genome millions of years ago. Rather, these genomic elements are regulated 

by epigenetic phenomena and when expressed, seem to be important components in several 

disease pathways.

The purpose of this systematic review is to summarize the highest-quality data regarding 

the effects of HERVs on conditions commonly encountered by surgeons. Surgeons are 

distinctively situated to construct tissue data banks and follow patients longitudinally [28, 

29]. They often meet patients early in their disease course and may acquire tissue on 

multiple occasions, thereby shedding light on how the host genome activity changes as a 
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disease progress. Furthermore, understanding how HERVs behave in the genome will extend 

our understanding of the behavior of other highly repeated genomic elements and yield 

important new concepts in epigenetics, bioinformatics, and genome-wide studies. Though 

the scope of this report is not exclusive to a specific intervention, a systematic PRISMA 

approach was adopted to capture the full range of existing evidence, and provide objectivity 

to evaluation of studies [30].

Methods

This systematic review was registered on PROSPERO (Registration #CRD42015016330, 

http://www.crd.york.ac.uk/PROSPERO/) and conducted using PRISMA guidelines for 

systematic reviews [30]. We searched PubMed/Medline, Embase, Web of Science and 

the Cochrane Database on February 1, 2018 using the key terms Human Endogenous 

Retrovirus, HERV, Cancer, Autoimmune Disease, Inflammation, and Transplantation (search 

strategies for each database available in Supplementary Document). In addition, the 

reference sections of recent articles were individually reviewed to assure inclusion of the 

most up-to-date and clinically important articles. We included original articles that addressed 

HERV expression in surgical disease. We concentrated on solid organ malignancies as the 

majority of HERV research has been conducted in this field. In addition, surgeons are 

uniquely positioned to both acquire tumor samples and investigate the biologic role of 

HERVs in cancer.

We further concentrated on articles that directly implicated HERV pathology and/or 

indicated clinical relevance of HERVs in diagnosis, disease stratification, response to 

therapy, or as a target for immune therapy. We excluded all review articles, abstracts, papers 

published in a non-English language, papers published exclusively using animal tissue or 

cell lines, and papers addressing pathologies that are unlikely to require surgical care.

Titles were screened by DFG to eliminate articles concentrating on neurodegenerative 

diseases and porcine endogenous retrovirus involved in xenotransplantation. Abstracts and 

full articles were independently screened by the same authors (DFG and SKR). Conflicts 

regarding eligibility were resolved through discussion between authors. As the majority of 

the included studies are human tissue analyses, standard ratings of quality including the 

Oxford Centre for Evidence-base medicine rating were not applicable. We thus gauged and 

independently assigned a quality score (low, intermediate, high) of clinical applicability 

to each study based on number of patients included, experimental rigor and evidence of 

pathophysiologic role of HERVs. Articles with low quality scores were removed.

Results

The initial literature search identified 2,072 studies of which 1,829 were eliminated by title 

and abstract screening. The majority of these articles were eliminated as they focused on 

neurodegenerative diseases, porcine endogenous retrovirus involved in xenotransplantation 

and activation of HERVs by other viruses. 243 full articles were reviewed and 86 met both 

inclusion and quality criteria for this review. The modified PRISMA flowchart showing 

study selection is presented in Figure 3. The majority of HERV-related literature for surgical 
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disease has concentrated on cancer with a small subset on autoimmune and inflammatory 

conditions. The following sections summarize the included body of literature, grouped by 

disease. Also included is an abridged table (Table 1) of select references that highlight the 

clinical impact of HERVs on surgical disease (a summary table of all references is provided 

in the Supplementary Document).

Breast Cancer

HERV impact on the pathogenesis of breast cancer has been extensively studied. The course 

of endogenous retrovirus research and its effects on breast cancer mirrors the activity of 

the entire field with early studies focused on HERV identification and characterization in 

breast cancer tumors samples [31] [32, 33], and later studies focused on biologic roles. As 

techniques for studying HERV elements became more developed, investigations transitioned 

to identifying an oncologic mechanism for HERVs in breast cancer [34] and later its clinical 

utility as a tumor marker [35–37] and therapeutic target [38, 39].

A study by Golan and colleagues measured HERV Reverse Transcriptase (RT) protein in 

over 100 patients with 5–10-year follow-up and found a negative correlation between HERV 

transcription and disease-free survival (p< 0.004) as well as overall survival (p <0.0034). 

Additionally, the RT over-expression was associated with distant metastases indicating a 

possible prognostic role [40]. Another study by Zhao et. al. found that HERV envelope 

mRNA and protein expression were increased in breast cancer compared to normal adjacent 

tissue and was undetectable in healthy controls [41]. In this study, 70% of tumors had 

measurable HERV mRNA, and 86% had positive immunohistochemical staining for viral 

envelope protein. Moreover, the authors demonstrated a significant correlation between 

increased HERV expression and tumor size, lymph node metastases, and in turn overall 

survival. Interestingly, two studies detected no statistical correlation between the presence of 

genomic insertional polymorphic HERV-Ks and breast cancer risk [42, 43]. These studies, 

however, did not examine the transcriptional activity of the proviruses or test for differential 

gene expression between normal tissue and cancerous breast tissue.

In a separate study, HERV activity was examined as a possible prognostic biomarker 

for early stage breast cancer, somewhat akin to the use of measuring Human Papilloma 

Virus (HPV) in early detection of cervical cancer. This study utilized real-time reverse-

transcriptase PCR to quantitate expression of HERV RNA in patients with breast cancer 

and examined if HERV mRNA levels in tumors correlated with eventual development of 

distant metastasis. Additionally, the authors of this study measured antibody responses 

in the sera of breast cancer patients and patients with ductal carcinoma in situ. The 

diagnostic performance of antibody titer was favorable to mammograms. Furthermore, 

HERV mRNA and antibody response did serve as a sensitive and specific screening test 

for early stage and preneoplastic breast cancer markers. Lastly, it was proposed that HERV 

proteins may make attractive vaccines against breast cancer [44]. Interestingly, Johanning 

and colleagues looked at HERV-K expression in different intraductal carcinoma subtypes 

and found significant overexpression of HERV-K in basal cell subtype [45], the subtype with 

the poorest prognosis.
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Breast cancer patients have also been shown to possess HERV-specific antibody in serum 

and cytotoxic T-cell responses, as well as HERV-induced cytokine up-regulation [46]. This 

has led to recent studies evaluating HERV-K as a potential target for immunotherapy. Wang-

Johanning et al. developed an anti-HERV-K Env antibody and demonstrated significant 

reduction in growth of xenograft tumors in an in-vivo mouse experiment [39] confirming the 

role of HERV-K Env as a tumor-associated antigen. This group then developed a chimeric 

antigen receptor (CAR) T cell specific for the HERV-K Env protein. Administration of 

the HERV-K CAR T-cells exhibited significant, tumor-specific cytotoxicity toward breast 

cancer cells in a mouse xenograft-model. It also prevented tumor metastasis [38]. Continued 

analyses from this investigation indicate HERV-K Env may act as a oncoprotein with effects 

on both the p53 and RAS signaling pathways [47].

Melanoma

An early study by Muster and colleagues assessed 50 clinical samples of melanoma, 

metastatic lymph nodes and corresponding normal tissue. They found highly specific 

expression of HERV sequences and viral proteins in all tumor samples and metastatic lymph 

nodes but only 1 of 29 normal tissues including non-metastatic lymph nodes [48]. In a 

study by Singh et al, patient samples from melanoma, benign nevi, and normal controls 

were studied [49]. Although all samples contained transcribed HERV mRNA, the Rec gene 

was only transcribed in melanoma, and its expression was associated with thicker lesions. 

HERV Env protein has also been observed in melanomas and atypical nevi, and in vitro 
experiments have suggested that a functional Env protein contributes to fusogenic activity in 

melanoma cells and may directly contribute to melanoma metastasis [50].

Though early studies by Buscher found variable expression of HERV products and poor 

humoral response in melanoma samples and patients [51, 52]; more recent studies by Hahn 

and colleagues demonstrated a clear serologic response to HERV antigens and observed 

a correlation between increased HERV antibody response and a decrease in both disease-

specific (stage I-IV, p < 0.001) and overall survival (stage I-III, p = 0.005) [53]. Additional 

tissue and serum-based studies also demonstrated an immune response to HERV-derived 

epitopes, including a HERV-K env splice variant name HERV-K-Mel, indicating that HERVs 

expressed in melanoma do function as immune targets and could potentially serve as targets 

for cancer vaccination or immunotherapy [54, 55]. Krishnamurthy et al. confirmed that 

HERV-K Env is a tumor associated antigen in 220 melanoma samples compared to 139 

normal tissue controls. The group developed a Chimeric Antigen Receptor (CAR) T cell 

specific to the HERV-K Env protein. Administration of the HERV-K Env CAR T cell 

demonstrated significant anti-tumoral effect in a melanoma in-vivo mouse xenograft model, 

including a reduction in overall tumor burden (p < 0.0001) and number of liver metastatic 

colonies (p < 0.05) [56].

Colorectal Cancer

Recent attention has turned to the HERV-H provirus in both colorectal and gastrointestinal 

cancer and its candidacy for targeted immune therapy. Wentzensen and colleagues first noted 

that between 40–50% of all gastric and colorectal cancers expressed HERV-H transcription 

secondary to CpG hypomethylation of the provirus’ viral promoter [57]. This finding was 
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corroborated by Liang et al. [58]. Mullins et al. later noted that HERV-H Gag protein was 

expressed in colorectal cancer [59]. Gibbs and colleagues noted that a long non-coding 

RNA produced from a HERV has been evolutionarily conserved and is upregulated in 63 

colorectal carcinomas when compared against matched controls [60]. Alves et al. followed 

with an evaluation of colorectal cancer to determine candidate genes for immunologic 

therapy and determined that the HERV-H provirus was the most promising candidate of 

2100 genes that were differentially expressed [61]. Mechanistic evaluations of HERV-H in 

colorectal cancer showed that its transcription was strongly associated with immune invasion 

[62], microsatellite instability and early lymph node invasion [63]. Lastly, Diaz-Carballo 

and colleagues noted that HERV expression was strongly associated with chemotherapy 

resistance. In a corresponding cell-line experiment, the addition of anti-viral therapy in 

combination with cytotoxic chemotherapy demonstrated a synergistic antiproliferative effect 

[64]. Additional investigations are needed to validate the clinical impact of HERV-H 

blockade on colorectal cancer as an intervention.

Hepatobiliary Cancer

Schmitz-Winnenthal and colleagues evaluated 130 pancreatic adenocarcinoma tumor 

samples compared to 23 normal tissue controls to screen for novel targets for 

immunotherapy. The investigators found that HERV-K-MEL was expressed in >20% of 

pancreatic tumors but not in normal pancreatic tissue and may present a novel target for 

immunotherapy [65]. An investigation of the role of HERV-K Env in pancreatic cancer by 

Li et al. noted that HERV-K env was expressed in 80% of pancreatic adenocarcinoma 

but not in normal tissue and that serum antibody levels were significantly higher in 

patients diagnosed with the disease [66]. Through an in-vivo mouse model, the authors 

demonstrated that shRNA knock-down of HERV-K env reduced tumor growth rates and 

lung metastases. An RNA-seq analysis determined that HERV-K-env knock-down decreased 

expression of the RAS-ERK-RSK pathway. HERV-K expression has also been demonstrated 

in normal liver tissue as well as hepatocellular carcinoma [67]. In an investigation of 

hepatocellular carcinoma and surrounding normal tissue, Ma et al. noted that increased 

transcription of HERV-K was an independent prognostic factor for lower overall survival 

rates in hepatocellular carcinoma [68].

Germ Cell Tumors

Germ cell tumors (GCT) represent one of the earliest tissues studied for the clinical impact 

of HERVs. Multiple investigations completed in the mid-1990s demonstrated the presence of 

HERV protein transcription and the development of highly specific antibodies to HERV-K 

Env protein in various GCTs [69–71]. However, HERV Gag protein expression has been 

found in normal testes as well disease tissue, potentially reducing its utility as a biomarker 

[72]. Conversely, during this same period, a separate group noted that serum titers for 

HERV-K proteins resolved with resection of the GCTs and proposed HERV-K antibodies 

as a tumor marker for disease response and surveillance [73]. Similarly, Kleiman and 

colleagues noted that a decrease in HERV-K Gag and Env antibody titers after the first round 

of chemotherapy in patients with GCTs directly correlated with disease free survival (p = 

0.01) [74].

Grabski et al. Page 7

J Surg Res. Author manuscript; available in PMC 2022 July 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



More recently, investigations of patients with seminomas have noted a strong adaptive 

immune response to HERV-K [75] and differential expression of syncytin-1, a HERV-W env 

protein [76]. The latter group noted that syncytin-1 may be a useful and specific biomarker 

for pure seminomas or GCT with a seminoma component. Though there is strong evidence 

that HERV proteins generate disease specific immune responses, no clinical evaluation of 

their utility against other GCT disease markers has been conducted to date, likely because of 

GCT’s relative rarity.

Renal Cell and Urothelial Carcinoma

HERV-E env is a potential therapeutic target for urothelial and clear cell renal cell carcinoma 

(ccRCC). Early investigations in RCC explore multiple different HERV families. Florl and 

colleagues demonstrated that HERV transcription was upregulated in urothelial carcinoma 

as a result of genomic instability and hypomethylation of retrotransposable elements [77]. 

Haupt et. al noted that overall HERV transcription was upregulated in RCC cancer cell lines 

but not RCC tissue as compared to normal controls [78]. Yu and colleagues noted that an 

increased expression of HERV-W env expression in urothelial carcinoma was a result of a 

mutation in the 3’LTR allowing increased binding of the C-Myb transcription factor [79].

A more recent investigation by Gosenca determined that a specific HERV-E provirus is 

located in an antisense orientation of an intron in the cytosolic phospholipase A2 gene 

(cPLA2), a common cancer pathway. The authors found that upregulation of the HERV-E 

provirus corresponded to down-regulation of the cPLA2, which the authors suggest may 

potentially contribute to tumorigenesis [80]. The finding of strong differential expression of 

HERV-E in renal cell carcinoma [81] led to the discovery by Cherkasova and colleagues 

that HERV-E env upregulation is a result of inactivation of the von Hippel Lindau tumor 

suppressor gene. This leads to over-expression of hypoxia-inducible transcription factors 

1α and 2α and subsequent hypomethylation of the HERV-E viral promoter [82]. The same 

group later described the presence of HERV-E Env on the cell surface of ccRCC tumors. By 

creating stimulated CD8+ T cells that responded to the HERV-E env as an antigen, the group 

identified this as a potential target for T cell-based immunotherapy [83, 84].

Prostate Cancer

HERV activity within tumor tissue and serum from prostate cancer patients have been 

compared against that of healthy controls and patients with benign prostate conditions [85–

90]. These studies demonstrate a correlation between expression and translation of HERV-K 

gag and antibody response, and propose the application of HERVs as novel biomarkers 

and/or immunotherapeutic targets in prostate cancer. Furthermore, Reis and colleagues noted 

that HERV-K- Gag antibody expression levels closely correlate with disease progression and 

mortality [91]. Wallace et al. corroborated these findings and noted that the specificity of 

HERV-K gag expression performed better as a disease biomarker in older men as opposed 

to younger men. This is in contrast to prostate-specific antigen (PSA) where sensitivity 

decreases with age [92].
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Ovarian Cancer

A study by Rycaj et al, examined tumor tissue, benign tissue, ascites fluid, and serum from 

healthy patients, patients with ovarian cancer, and patients with benign ovarian disease [93]. 

They detected reverse transcriptase activity in tumors and in the serum of patients with 

ovarian cancer, as well as expression of envelope protein on the surface of tumor cells. 

This study also identified human antibody responses to envelope proteins from HERVs 

and proposed that these antigens could be potential targets for immunotherapy. Three 

additional papers examining HERV activity in ovarian cancer [5, 94, 95] showed that 

patients with ovarian cancer expressed higher levels of anti-HERV antibodies than healthy 

controls, and ovarian cancer samples stained positive for envelope protein. Hypomethylation 

of HERV-K transcripts was also shown to correlate with inferior response to platinum-based 

chemotherapy and decreased overall survival. However, it was unclear if HERVs appeared 

to be specifically targeted for hypomethylation in the genomes of these tumors, or whether 

there was global hypomethylation in tumors. Regardless, only HERV hypomethylation was 

correlative with clinical outcome.

Other Cancers

HERV transcription has been reported in several other cancers. HERV-K polymorphisms 

at specific loci were found in female never-smokers over 60 who developed lung 

adenocarcinoma [96]. HERV-K-MEL transcription is expressed in 40% of tumor samples 

in head and neck squamous cell carcinoma but correlation with clinical-pathologic 

parameters have not been proven [97]. Buslei and colleagues reviewed Syncytin-1 

expression in pituitary adenomas and noted that deregulation of Syncytin-1 leads to an 

increased expression in all subtypes of pituitary adenomas [98]. In a comparison between 

osteosarcomas and normal bone, HERVs were noted as being the most differentially 

expressed repetitive elements, suggesting a pathophysiologic role [99]. Strissel and 

colleagues examined the role of Syncytin-1 in 10 endometrial carcinomas with patient-

matched controls and noted that hypomethylation of the HERV-W LTR opened a 

transcription factor binding site that leads to up-regulation of the transcript in disease tissue 

[100].

Several investigations have demonstrated increased expression of HERVs in combined 

leukemia and lymphoma experimental populations when compared to normal controls 

[101, 102]. However, recent investigations of HERV expression in leukemia and lymphoma 

have found mixed results. Bergallo et al. found that HERV-K is over expressed in Acute 

Lymphoblastic Leukemia (ALL) compared to unaffected patient controls, while Acute 

Myeloid Leukemia (AML) was not differentially expressed [103]. Conversely, in a separate 

investigation, authors noted that HERV-K env is over-expressed in AML but not in ALL 

[104]. Preliminary studies in Cutaneous T Cell Lymphoma have found that HERV-W and 

HERV-K is over expressed compared to normal controls [105] and investigators have 

demonstrated increased HERV-K expression in the serum of lymphoma patients [35]. 

However, to date, there have been few clinical investigations in hematologic malignancies 

that link HERV activity with malignant transformation.
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HERV Activity in Other Surgical Disease

HERV activity has been investigated in both inflammatory and autoimmune disease. Low 

expression of HERVs in peripheral blood mononuclear cells (PBMCs) has been correlated 

with up-regulation of toll-like receptors in patients with idiopathic nephrotic syndrome 

[106]. HERV-K env is also upregulated in patients with idiopathic pulmonary hypertension 

and induces pro-inflammatory cytokines (interleukin 6, interleukin 1β, tumor necrosis 

factor α) [107]. One group has examined the transcriptional profile of HERVs in major 

burn patients [108, 109]. Their work indicated a correlation between burn severity, HERV 

transcription, and inflammatory mediator expression, suggesting a possible application of 

HERVs as inflammatory biomarkers. The effect HERV transcription plays on divergent 

injury response has been extensively studied in animals [110], but has yet to be fully 

understood in humans.

HERV activity and expression have been linked to multiple human reproductive pathologies 

encountered by obstetricians, gynecologist and urologists including pre-eclampsia [111], 

endometriosis [112], placentation [113], hydatidiform moles [114] and azoospermia [115]. 

Several studies have noted decreased expression of human syncitin-2 protein (encoded by 

HERV-W sequences) in patients with pre-eclampsia. Moreover, the severity of the condition 

appears to correlate with the magnitude of down-regulation [111, 116]. The decreased levels 

of syncitin expression are measurable in-patient serum, indicating its potential use as a 

biomarker in a disease that often has an insidious and silent presentation. Subsets of males 

in Japan with azoospermia and oligospermia were found to have HERV-mediated deletion 

of testis-specific transcripts of the Y-chromosome [115], leading the authors to suggest that 

HERV-mediated recommendation events could be a cause of idiopathic male infertility.

Discussion:

Evidence that HERV activity in the human genome has an impact on the pathogeneses 

of human diseases is growing rapidly. In breast cancer, melanoma, and colorectal cancer, 

studies are now concentrating on immunologic response and targeted therapy. Several other 

diseases regularly treated by surgeons including germ cell tumors, prostate cancer, ovarian 

cancer and hepatobiliary cancer have growing evidence that HERVs may serve as clinically 

important tumor markers or play a role in tumorigenesis.

One crucial factor that makes the impact of HERVs on human biology difficult to quantitate 

is their highly repetitive nature and polymorphism in the human population. Because of 

their genetic amplification and properties of transposability, they have been traditionally 

overlooked in genome-wide association studies. They also remain largely unannotated in the 

human genome. Because of this, many of the early publications reporting HERV detection in 

human disease were descriptive and qualitative in nature. As HERV detection has increased, 

so has the awareness that these elements have important influence on cell biology and 

our understanding of the basic mechanisms of these elements’ activity is lacking. With 

genomic and transcriptomic technology becoming less expensive and higher in quality, it is 

becoming easier to look at individual patients’ expression profiles. This growing biologic 

data set is allowing more sophisticated molecular subtyping of tumors, including HERVs, 

which will undoubtedly benefit immunotherapy and/or targeted therapy in the future. As 
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such, we believe it is critical for surgeons to work closely with the biorepository and 

pathology department at their local institution to preserve fresh frozen tissue for exome and 

transcriptome analysis [117].

Nevertheless, it remains unproven whether changes in HERV expression and translation are 

truly causal and impactful in disease pathogenesis. While the body of evidence is significant, 

it is also heterogeneous, as different investigators have emphasized the study of different 

HERV groups and specific elements. Furthermore, most studies in this review do not include 

normal human tissue from patients without a history of the disease being studied, instead 

using normal tissue from the afflicted patient. While noting a difference in HERV activity 

between normal and diseased tissues within the same patient does lend support to the 

hypothesis that HERVs play a role in disease, tissue from unaffected patients remains an 

important negative control. This presents a potential challenge, as the collection of solid 

organ tissue samples from healthy individuals is fraught with ethical considerations. It is 

possible that HERV activity correlates with some host factor not yet identified that activates 

HERV transcription prior to malignant transformation or disease presentation. Moving 

forward, a more complete understanding of the basic mechanisms of these observations will 

be paramount in order for the clinical impact of HERV research to be fully realized. This 

includes a detailed understanding of the mechanisms and interactions of different HERV 

elements in both a tissue- and disease-specific manner.

Conclusion:

Human endogenous retroviruses comprise roughly 8% of the human genome and contain 

transcriptional promoters and open reading frames for viral proteins. The evidence that 

HERVs are differentially expressed in many human diseases is strong. Future studies of 

these elements’ effects on human disease should focus on broad populations of patients, 

given that individual HERV polymorphisms may have an epigenetic clinical impact. Tissue- 

and disease-specific databanks are ideal for studying these elements. Surgeons can play a 

vital role in the investigation of HERVs because of their unique access to tissue and their 

longitudinal patient interactions. As genomics becomes an increasingly important part of an 

individualized approach to treatment, elucidating the roles of these endogenous sequences in 

human disease may guide new therapies or provide new biomarkers for disease progression. 

Toward this overarching goal, collaboration among clinicians, surgeons, retrovirologists, 

geneticists and other basic scientists will be crucial.
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Figure 1. 
Schematic representation of a retrovirus genomic structure. This figure depicts the genes 

common to all retroviruses. In complex retroviruses, such as HIV and HERV-K, additional 

accessory genes are present.
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Figure 2. 
HERV-related Publications, 1990–2017. This figure depicts the numbers of publications per 

year related to HERVs since 1990, categorized into the different human diseases studied.

Grabski et al. Page 20

J Surg Res. Author manuscript; available in PMC 2022 July 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Prisma Diagram of Search Methodology. This figure depicts the PRISMA pathway applied 

to the literature search and the criteria used for article inclusion and exclusion.
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Table 1:

Summary of Key HERV Investigations in Surgical Disease by Disease Type

Disease Review 
Number

Year First Author N Tissues examined Role for 
HERV

Application

Breast cancer [38] 2015 Zhou 21 Tumor tissue Yes Immunologic therapy

Breast cancer [39] 2012 Wang-Johanning 223 Tumor tissue Yes Immunologic target

Breast cancer [44] 2014 Wang-Johanning 155 Tumor tissue, 
serum

N/A Screening Biomarker

Melanoma [53] 2008 Hahn 312 Serum N/A Biomarker

Melanoma [56] 2015 Krishnamurthy 359 Tumor Tissue N/A Immunologic Target

Colorectal cancer [63] 2015 Perot 139 Tumor tissue Yes Biomarker

Pancreatic cancer [66] 2017 Li 30 Tumor tissue and 
Serum

Yes Immunologic Target

Hepatocellular 
Carcinoma

[68] 2016 Ma 84 Tumor tissue No Biomarker for 
disease progression

Renal cell carcinoma [82] 2011 Cherkasova 67 Tumor tissue Yes Immunologic Target

Prostate cancer [91] 2013 Reis 370 Serum, tissue Yes Biomarker

Pulmonary Arterial 
Hypertension

[107] 2017 Saito 18 Disease tissue Yes Therapeutic target

Burns [109] 2014 Lee 11 Serum Yes Biomarker
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